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In this work, the magnetic Cu,Ni,_, alloy nanoparticles were obtained from DCSs by a chemical reduction method. In this method
magnetic Cu,Nij, alloy nanoparticles were prepared from [Cu(NH;)4][Ni(C;04),], [Cu(en),][Ni(C,04),] and [Cu(py)s][Ni(C,04),]
coordination complexes. Reduction of these complexes was occurred in ethanolic aqueous solution by hydrazine monohydrate. In order
to characterization the synthesized compounds, we have used, IR spectroscopy, EDX, SEM and XRD. The magnetic properties of
nanoalloys were measured using a Vibrating Sample Magnetometer (VSM). Magnetoimpedance (MI) measurements were performed
using a Lock-in Amplifier (7265 Perkin Elmer) at the frequency of 250 kHz. These alloys demonstrate ferromagnetic behaviour which is
due to presence of nickel in the alloys. This property makes them as an excellent candidate for technological applications such as
magnetic devices or sensors based on MI effect. The powder x-ray diffraction patterns were analyzed by Rietveld method. The analyses
carried out with the GSAS software package. The results of the Rietveld refinements show a good agreement between the observed

pattern and the calculated values.

1. Introduction is sensitive to composition, morphology, annealing conditions,
and quenched in internal stresses ''. Copper-nickel alloys are
Alloys formed from combination of metals, nonmetals, or .5 well-known with considerable interest because of its magnetic

metalloids which are very beneficial in all branches of industry. properties. Many traditional and conventional methods exist to
Alloys have specific properties such as high strength, low melting prepare magnetic nanoalloys from miscible metals including
temperatures, corrosion resistance, thermal and electrical and vapour deposition, solid state milling, spray pyrolysis, electrode
magnetic  conductivity. Among these properties, magnetic position and solution chemistry '*'. A new preparation method
behaviour is the most important one and make the magnetic 5 of metallic nickel and cobalt nanoparticles from coordination
nanoalloys more attractive compared to the bulk alloys'. Due to compounds was reported ' 'S, The chemistry of coordination
this fact, the experimental and theoretical studies of magnetic compounds is a wide area of inorganic chemistry and enormous
nanoalloys are outstanding research field during the last decade. number of reactions is known to occur in these compounds.
Plenty of magnetic nanoalloys have already been used in some of Transition metal complexes have several unique features in
critical industries, ranging from catalysis to optoelectronic, s reactions. The most important one is the pattern of electron
magnetic, metallurgical and even medical applications **. transfer. The chemical reduction of metal complexes provides an
Soft ferromagnetic materials with giant magnetoimpedance active area of research in the metallic nanoparticles, chemical
(GMI) effect in amorphous and nanostructured form generated redox reactions, and coordination chemistry. Using coordination
growing interest "'. As our focus in this research is on the compounds as reactants in the preparation of alloy nanoparticles,
magnetic properties of these compounds, The GMI factor has ¢ creates a new area of research in coordination chemistry.
been measured, as well. The magnetoimpedance (MI) effect Whereas straight forward synthesis for preparation of
explain the relationship of clectrical impedance, Z, between a nanostructured copper-nickel alloys powders is rare, effective and
ferromagnetic conductor and an ac current flow on external DC simple way to produce nanocrystalline alloys (Cu,Nij) of
magnetic field. Its origin lies in the changes on the skin effect immiscible metals, therefore this method has been versatile by
penetration depth arising from the modification of the ¢ using chemical wetness technique. Salts of cation and anion
permeability. This effect detected in various types of soft complex containing DCSs have not been used as efficient
magnetic materials such as amorphous wires, ribbons, pellet, and precursors for preparation of magnetic alloy nanopowders ' 2.
thin films ”. These alloys show excellent soft magnetic behaviour, For the first time coordination complexes,
such as high magnetic permeability and low Hc. The GMI effect [Cu(NH;)4][Ni(C,04)2], [Cu(en),][Ni(C,04),] and

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00-00 | 1
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[Cu(py)4][Ni(C,04),] were synthesized and characterized by IR
and XRD. Our purpose in this paper is proportion nanoalloys
from their desired complexes. In order to achieve this purpose,
the use of reducing agents such as sodium borohydride, hydrazine
and formaldehyde is a relatively simple method. One of the most
powerful and strong reductant widely used in various chemical
reactions is hydrazine. A series of significant results have been
obtained while hydrazine is used as a reducing agent for the
production of finely hydrosols, and electroless plating > %. In
this work, we introduce the novel method for magnetic nanoalloy
copper-nickel recovery from coordination complexes by
hydrazine. Furthermore, the effect of current annealing in
samples pellet (disk) state of Cug.7sNig.;0, CugosNigos and
Cuy.5,Nig sg studied to achieve the best GMI response for sensor
applications. In this order, various driving currents passed
through the samples at different vacuums to increase soft
magnetic properties.

2. Experimental

2.1 Materials

The starting chemicals, nickel(Il) chloride hexahydrate,
hydrazine monohydrate solution, sodium hydroxide, ammonia,
pyridine, ethylendiamine, copper(Il) chloride, potassium oxalate
and  ethanol were  purchased from Merck. The
[Cu(NH;)4][Ni(C,04),], [Cu(en),][Ni(C,04),] and
[Cu(py)4][Ni(C,04);] complexes were synthesized using as
described in the literature »°. The used water throughout this work
was doubly distilled.

2.2 Instrumentation

XRD patterns were recorded by a Phillips X Pert PRO X-ray
diffractometer using graphite monochromatized CuKa radiation.
The crystallite size was determined from the X-ray line
broadening studies using the Scherrer’s formula %,
Morphological study of the synthesized products was carried out
directly by a Hitachi S4160 field emission scanning electron
microscope (FESEM). The vibrating sample magnetometer
(VSM), Meghnatis Daghigh Kavir Co.) was used to evaluate the
magnetic parameters of the Cu,Ni;_, nanoalloys. Measurements
of impedance, a constant current (I,,= ImA) was supplied by a
Lock-in Amplifier (7265 Perkin Elmer) at the frequency of 250
kHz. Changes of AC impedance of the samples were evaluated
by measuring the AC voltage drop across the samples. The
required DC axial field, H, for investigating the magnetic field
dependence GMI, was provided by a solenoid with a maximum
field value of H,,,=160 O¢. The GMI ratio is defined as all of the

samples in pellet (disk) state, low values of GMI ratio obtained.

[Z(H) — Z(Hmax)]

GMI = %100
Z(Hmax)

The infrared spectra were recorded with a Magna 550 Nicolet
FTIR instrument, in the spectral range between 4000 and 400 cm’
" using the KBr pellet technique.

ss 2.3 Synthesis of double complex salts
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These double complexes are synthesized by mixing of 0.01 M
solutions of [Cu(NHj3)4]SO4, 0.01 M of [Cu(en),]SO,4 or 0.01 M
of [Cu(py)4]Cl, to 0.01 M solutions of K,[Ni(C,0,),] to produce
complexes, at room temperature. After 1 h, the precipitates were
filtered from the mother liquor and washed with alcohol and
ether. All reactions to prepare double complexes
[Cu(NH;),4][Ni(C,04),] DCSI, [Cu(en),][Ni(C,04),] DCS2 and
[Cu(py)4][Ni(C,04);] DCS3 were carried out according to the
literature. The resulting compounds were dried at room
temperature in a vacuum and then used in all analytical
characterization as well as preparation of Cu-Ni nanoalloys.

2.4 Synthesis of Magnetic Cu-Ni nanoalloy

In  typical procedure, 0.l1g (0.325 mmol) of
[Cu(NH3)4][Ni(C,04),] complex was dissolved in 20 ml of a
mixture of water-ethanol solution (50:50), After that 5 ml of
hydrazine (excess) and 10 ml of NaOH (4 M) were added to
above mixture at 70-80 °C and the resulting mixture was stirred.
The temperature was kept constant in order to obtain alloy
nanocrystallites. As the reduction reaction proceeded, the solution
turned to red and after 1 h the black solid was observed, that
indicating formation of copper-nickel alloy (Al). The resulting
black nanoalloy was carefully decanted and washed repeatedly
with doubly distilled water and absolute alcohol to remove by-
products and unreacted hydrazine or NaOH. Then the product
(Al) was dried at room temperature for 24 h. The other
nanoalloys (A2 and A3) were synthesized in similar method with
0.1g (0.278 mmol) of DCS2 complex and 0.1g (0.179 mmol) of
DCS3 complex respectively. The following reactions (Eq. 1, 2
and 3) were take place at 70-80 °C in alcoholic aqueous solution.

[CuNH:),J[Ni(C,04),] + NoH, +  4NaOH  —
CuNi + N, +4NH; + 2Na,C,0,+ 4H,0 (1)
[Cu(en),][Ni(C,04)1] + N,H,4 + 4NaOH -
CuNi + N, + 2en+ 2Na,C,0, + 4H,0 @)
[Cu(py)a][Ni(C,04)] + N,H, + 4NaOH -
CuNi + N, + 4py + 2Na,C,0, + 4H,0 3)

3. Results and discussion

Bimetallic nanoalloys were prepared by chemical reduction of the
DCS:s in the solution by hydrazine. During the reduction process,
anionic complex Ni(ox,)* with the highest redox potential is
precipitated to the metallic nickel. On the other hand, cationic
complexes [Cu(NH;),]*", [Cu(en),]*" and [Cu(py)s]*" are
deposited to metallic copper. If two metals in a high stable
complex have different redox potentials, they will be arranged in
a core-shell structure. On the contrary, when the two metals with
similar redox potentials in a complex have large enthalpies of
mixing, alloyed bimetallic particles can be generated **. Here the
reduction of DCSs leads to formation of Cuy.75Nig.22, Cug sNig.o4
and Cuy 5;Nij sg. It was found that the formation of copper-nickel
nanoalloys in the reduction of [Cu(NHj),][Ni(C,0,),],
[Cu(en),][Ni(C;04);] and [Cu(py)s][Ni(C;04),] by hydrazine
occurred at ambient temperature. In alkaline aqueous solution,

1o hydrazine can be oxidized in a one, two, or four electron

oxidation as the following (Eq. 4, 5 and 6).

2 | Journal Name, [year], [vol], 00—-00

This journal is © The Royal Society of Chemistry [year]



RSC Advances

N,H + OH — 12N, + NH; + H,0 + le
E%=242V “)
N,H, + 520H — 12NH; + 1/2N;~ + 5/2H,0+2¢”
E’=0.92V 5)
sNbHy, +  40H — N, +  4H,0 +  4e
E’=1.16V (6)

An important half reaction involving hydrazine is 4¢” in a
basic medium, and it can be easily oxidized to N,. The favored
10 hydrazine reaction pathway is illustrated in Eq. (6). A major
problem in the producing of copper and nickel nanoparticles is its
high reactivity and oxidation by moist air. Nitrogen which is
produced by the oxidation of the hydrazine would be provided an
inert atmosphere for the protection of metallic copper and nickel.
15 Thus it can be inferred that the whole reaction proceeds through
co-reduction of Cu®* and Ni*'. As the reduction of Cu*" is easier
than Ni*', copper nucleates first then nickel reduced and
precipitates with copper, so these Cu,Niy, solid solution
nanoparticles were formed (Fig. 1).

20

Cuyg.5Niosg

*|
Z

[Cu(py)][Ni(C,04),]

Fig. 1. Schematic diagram illustrating the reduction process

25
3.1 Infrared spectra of complexes and Cu,Ni,_, nanoparticles
Fig. 2 shows the FTIR spectra of reactant [Cu(NH3)4][Ni(C,0,),],
[Cu(en),][Ni(C,04),] and [Cu(py)s][Ni(C,04),] and nanoalloy
products in the 4000-400 cm™' region. The absorption spectra of
30 the coordination complexes, [Cu(NH;),4][Ni(C04),],
[Cu(en),][Ni(C,04),] and [Cu(py)4][Ni(C,04),] have been studied
2526 1n infrared spectra of the [Cu(NH;)4][Ni(C,0,),] complex,
the asymmetric and symmetric stretching, degenerate
deformation, symmetric deformation, and rocking vibrations of
3s NH; appear in the regions of 3400-3000, 1650-1550, 1370-
1000, and 950-590 cm’', respectively. The coordinated NH;
stretching frequencies of the complexes are lower than those of
free NH; molecule. Upon coordination, the N-H bond is
weakened and the NHj stretching frequencies are lowered. The
40 stronger Cu—N bond and the weaker N-H bonds lead to decrease

4

o

93
3

o
b

the NH; stretching frequencies. Thus, the NH; stretching
frequencies may be used as a rough measure of Cu-N bond
strength. Oxalate and ethylenediamine can coordinate to a metal
as a bidentate or a bridging bidentate ligand [26]. The oxalate
ligands in [Ni(C,04),]* are bidentate. Fig. 2 shows the IR spectra
of ethylenediamine complexes [Cu(en),][Ni(C,04),] that
absorbance bands in the region 3000-2800 cm™ are assigned to
(C-H) stretching vibrations. The vibrations of free pyridine (py)
are not shifted appreciably in the high frequency region, whereas
those at 604 (in plane ring deformation) and 405 cm™ (out of
plane ring deformation) are shifts to higher frequencies for py on
complex formation [Cu(py)s][Ni(C,04),]. Fig. 2 displays the

pyridine ring vibrations appear in the regions of 1400-1700 cm™
and vibration of C-N observe at 1223 cm™. In conversion of
complexes into nanoalloys Cu-Ni (Al, A2 and A3) absorption
bands disappeared in medium IR region due to removal of the

ligands group in complexes. Alloy nanoparticles have various
unusual chemical and physical properties compared to those bulk
alloys due to their large superficial area. Therefore, the weak
absorption bands because of the water and organic copper
metallic nanoparticles are observed in infrared spectrum (Fig. 2).

3.2 Scanning electron microscopy (SEM)

Scanning electron microscopy of nanoalloys prepared via
chemical reduction, are shown in Fig. 3, where (A1, A2 and A3)
are for the products of coordination complex, DCSs,
[Cu(NH3)4][Ni(C,04),], [Cu(en),][Ni(C,04),] and
[Cu(py)4][Ni(C,04),] respectively. Morphology of the prepared
nanoalloys was dependent on the DCSs as reactant. The SEM
studies from Fig. 3 show nearly monodisperse, spherical and
uniform particles of Cu-Ni and the average diameter size of the
particles was found to be 15 and 20 nm for Al and A2
respectively, SEM of A3 show aggregated pore structure
containing the nanorod. The nanorod thickness ranging is 30-40
nm. The images of SEM revealed that spherical morphology will
be changed by increasing the presence of nickel in nanoalloys
prepared (Al and A2) to nanorod (A3). Besides SEM
micrographs, the different dispersion of the two metallic phases
formed using the CuyNi; can be also argued by considering
Energy-dispersive X-ray (EDX) data. The EDX spectra acquired
at low magnification of the powders shown in Fig. 3. EDX
analysis show that these prepared alloys nanoparticles are pure
bimetallic copper and nickel.

3.3 X-ray diffraction

The most widespread use of powder diffraction is in the
identification and characterization of crystalline solids. The
fundamental difference between crystalline solids is due to their
X-ray diffraction patterns 2’. However, XRD patterns and crystal
structure of prepared double complex salts have not been
reported. According to the XRD patterns the noncubic structure
can be proposed for the double complexes salts which were
shown in fig. 4, [Cu(NH;3)4][Ni(C;04),], [Cu(en),][Ni(C;04),]
and [Cu(py)4][Ni(C,04),].

This journal is © The Royal Society of Chemistry [year]
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25 Fig. 3. SEM image (a, b and ¢) and EDX analysis (d, e and f) of copper-
nickel alloy nanoparticles show (Cug 7sNi 22, Cug.o6Nig .94 and Cug s2Nig s5)
respectively.

" [Cu(NH3)4][Ni(0x),] —
Ni-Cu Alloy —

counts

1500

Cu- Ni Alloys
1000

500

T T
4000 3000 2000 1000
wavenubers (cm-1)

Fig. 2. FTIR spectra of [Cu(NH;)4][Ni(C,04)], [Cu(en),][Ni(ox),] and /

[Cu(py)s][Ni(ox),] in the region 400-4000 cm ' and copper-nickel alloy

nanoparticle (A1-A3) are produced, and all the absorption bands 4000 1
5 disappear

TCu(en)z] [Ni(0x),] —
Ni-Cu Alloy —
3000

Fig. 5 shows the diffraction peaks when the double complexes 2000
salts transform to Cu,Ni;., nanoalloys that shows these

1000 4
compounds are in the fcc phase. As show in Fig. 5, these ®, J \ =

10 compounds can be considered as Ni/Cu bimetallic nanoparticle 0
form that the amounts of Ni and Cu are different in this phase. In /
Fig. 5, Al three distinct diffraction peaks are clearly observed at 30001
20 values of 43.53, 50.69 and 74.51, corresponding to the
reflections of the (111), (200) and (220) crystal planes, 2000 1

15 respectively. The Cu metallic cubic structure peaks are in good
agreement with the standard values given (A1l with card no. 85- 10001
1326). On the other hand, the results show that nickel has more p.
fractions than copper in A2 alloy sample (with card no. 87-0712) 0 % o 2 P o
while in A1 alloy copper is more nickel. Overally, the amount of Position [°2Theta]

» nickel z.ind copper in A3 samp l.e is betwee.n th.ese .tWO samples. Fig. 4. XRD patterns show both, double complex salts and fcc nanoalloys
According to the Scherrer equation, crystallite size in (111) plane 3, (A1, A2, A3) which are produced from double complex salts;

direction for was calculated nanoalloys (Table 1). [Cu(NH3)4][Ni(0x)2],  [Cu(en)][Ni(ox).] ~ and  [Cu(py)s][Ni(ox).]
respectively.

[Cu(py)][Ni(ox)] —

Ni-Cu Alloy 2

4 | Journal Name, [year], [vol], 00—00 This journal is © The Royal Society of Chemistry [year]
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Table 1. Crystallite size Cu-Ni alloy nanoparticles (A1, A2 and A3) that
prepared from [Cu(NH;)4][Ni(C,04)2], [Cu(en),][Ni(C204),] and
[Cu(py)s][Ni(C204),] respectively.

Cu-Ni alloy nanoparticles crystallite size hkl
Al 28.96 (111)
A2 20.76 (111)
A3 18.16 (111)

1500
1000 - * Cu
500

: e
1000 4 : 1

Al =

500

0
2600
1600

40
Position [2Theta)

Fig. 5. X-ray diffraction patterns (Al, A2, A3) which are produced from
10 double complex salts;[Cu(NH;)4][Ni(C,04),], [Cu(en):][Ni(ox),]and
[Cu(py)a][Ni(ox),] respectively.

In the present study, we have adopted the Rietveld’s powder
structure refinement analysis of X-ray powder diffraction data to

15 obtain the refined structural parameters. To estimate the relative
phase abundances, structural changes and microstructure
parameters of individual phases XRD patterns are analyzed.
These refinements are carried out with the GSAS software
package. The results of the Rietveld refinements are presented in
20 Fig. 6. The experimental data (red plus) are fitted well with the
refined simulated patterns (Green curve). The difference curve of

the observed powder pattern intensities and the calculations is

displayed near the bottom of the graph with a zero line. Clearly,
there is good agreement between the observed pattern and the

»s calculated values. The residue of fitting is negligible and there is

good agreement for all the fittings. The final values of weight
fractions have also been listed in Table 2.
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30 Fig. 6. Rietvelt refinement profiles of nanoalloy (Al, A2, A3) which are
produced  from  [Cu(NHj)4][Ni(0x).], [Cu(en),][Ni(0x)] and
[Cu(py)s][Ni(0x).] respectively.

Table 2. The final values of weight fraction are obtained from the
35 Rietveld method in Cu-Ni alloy nanoparticles

Cu-Ni alloy nanoparticles Weight fraction %

Cu Ni
Al 78 22
A2 6 94
A3 52 48

This journal is © The Royal Society of Chemistry [year]
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3.4 Magnetic properties of copper-nickel nanoalloy and GMI
behaviour

Crystalline Cu,Nij_, alloys show interesting magnetic behaviour

w

over the entire concentration regime. The magnetization curves of
Samples (Al, A2 and A3) show in Fig. 7. The shapes of these
magnetization and curves are characteristic of ferromagnetic
materials. Table 3 lists the values of saturation magnetization
(Ms) and coercivity (Hc) for samples Al, A2 and A3. The
10 magnetic properties of Cu,Ni;_.alloys show that the Ms decreases
with increasing Cu concentration. The reason of the decrease in
Ms of Cu,Ni_, alloys is due to the presence of dissolved Cu in the
Ni matrix. Further research is needed to understand the variation
in Ms Cu,Ni,, alloys. Magnetic properties of the prepared
Cu,Ni;, alloys nanoparticles have been studied extensively.
Nickel alloys have been known to be one of the important
magnetic materials.
prepared from coordination compounds by chemical reduction.
All  of the DCSs such as [Cu(NHj)4][Ni(Cy04),],
[Cu(en),][Ni(C,04),] and [Cu(py)4][Ni(C,04),] are paramagnetic.
The conversion of DCS complexes into Cu,Nij, alloys are
accompanied by a change in magnetization.
These coordination paramagnetic complexes changed to
ferromagnetic Cu,Ni,, alloy nanoparticles (Fig. 7). The
25 saturation magnetization (M) values of Al, A2 and A3 are 13,
45 and 18 emu/g, at 300 K, respectively (Table 2). Here the
copper-nickel alloy nanoparticles have Ms less than the bulk
nickel. The Mg value of the bulk nickel was about 55 emu/g at
300 K. It is reported in literature that the magnetic property of
30 magnetic nanoparticle is often smaller than on the bulk solid.
Furthermore, the GMI ratios were calculated by impedance
measurements of Cug.7sNig.0, CuggeNiges and CugspNig sg
samples. The GMI ratio initially will be reduced by increasing in
the induced magnetic field and then declined to saturation at
35 higher fields (Fig. 8).

@

Here nickel alloy nanoparticles were

2

S

The best result was obtained with the highest GMI ratio (60%)
for the nanoalloy prepared A3. Therefore, these alloys show
excellent soft magnetic properties, such as high magnetic

40 permeability and low Hec, so these materials have promising
applications in magnetic sensors.

60

40t

20

Magnetization (emu/g)

— Al
—_A2

—_—A3

-4000 0 4000

Applied Field (Oe)

-60
-8000

4s Fig. 7. The magnetization curves and saturation magnetizations of
copper-nickel alloy nanoparticles (A1=13, A2= 45 and A3 = 18 emu/g)
respectively.

Table 3. Magnetic parameters of Cu-Ni alloy nanoparticles that have
s0 been measured at 298 K

8000

Cu-Ni alloy Hec (Oe) Mg (emu/g)  Ms (emu/g)
Al 41 5 13
A3 94 6.8 18
60|
50
s 40
% 301
g |
= 200
&) L
10
oF

0 10 20 30 40 50 o0 70

H (Oe)

Fig. 8. Field dependence of GMI effect at various frequency of copper-
nickel alloy nanoparticles (Al, A2 and A3) respectively.

55
4 Conclusions
This work proposed a method for the synthesis of Cu,Nij_,
bimetallic nanocrystals by chemical reduction of copper and
nickel double complexes. The precursor DCSs
60 [Cu(NH;)4][Ni(C204)2], [Cu(en),][Ni(C204),] and
[Cu(py)4][Ni(C,0,),] are used as reactants. Magnetic Cu,Ni;_,

6 | Journal Name, [year], [vol], 00—00
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bimetallic nanoalloys with different compositions were prepared
by hydrazine chemical reduction. The composition of prepared
samples is varied by using the different precursor and indicates
that the stoichiometry of the resultant alloys can be controlled by
the precursor composition. The composition, structure,
morphologies and magnetic properties of the Cu,Ni,_, nanoalloys
were characterized by Energy-dispersive X-ray spectroscopy
(EDX), X-ray diffraction (XRD), field emission scanning
electron microscopy (FESEM) and vibrating sample
magnetometer (VSM). The results of the Rietveld refinements
show that the expected Cu,Ni,, ratios are (Cug.7sNig.20,
Cug6Nigos and Cugs,Nigsg) in these nanoalloys. The XRD
patterns showed the formation of fcc phase in the Cu,Ni;
nanoalloys. The morphological characteristics of the Cu,Nij_,
nanoalloys show quasi-spherical for A1, A2 and nanorod for A3.
Magnetic measurements reveal that the Cu,Ni;_, nanoalloys have
ferromagnetic behavior. It was illustrated that the M, of prepared
samples were smaller than that of the metallic nickel and by
increasing the fraction weight of copper the calculated value is
decreased. Furthermore, another observed important feature in
these nanoalloys compounds is the so called magnetoimpedance
(MI) effect that making them as an excellent candidate for
technological applications such as magnetic devices or sensors
based on MI effect. This phenomenon is a strong dependence of
the electrical impedance Z (f, H), of a ferromagnetic conductor on
an external static magnetic field H, when a high frequency
alternating current flows through it. Soft magnetic behaviour
observed for the Cu,Ni,., nanocrystalline alloys based on our
magnetic data and MI results which believed to be related to the
reduction of the magneto crystalline anisotropy due to the
substitution of Cu for Ni in Cu,Ni,_, alloys.
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