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a b s t r a c t

Among many ferromagnetic materials, CoPt alloy nanoparticles with high coercivity and small grain size
are one of the potential candidates having its application in high-density storage media manufacturing.
CoPt alloy nanoparticles of different compositions have been prepared in TX-100 micellar medium and
capped with sodium oleate to prevent the agglomeration during annealing at high temperature. Their
structural and magnetic properties were investigated before and after heat treatment. The particles with
�50:50 compositions of Co and Pt gives L10 phase after annealing at 900 �C for 1 h and show a high coer-
civity (�4.4 kOe at room temperature) and remanence due to its highly anisotropic L10 structure.
1. Introduction

Now-a-days magnetic nanoparticles are of immense interest
because of their use in diverse fields like Biology, Medical Science,
Electronics etc. Specially single domain ferromagnetic alloy nano-
particles have tremendous potentiality in the application of storage
device [1]. Among ferromagnetic binary alloy nanoparticles, CoPt is
being extensively investigated not only from a fundamental but
also from a technological point of view due to their remarkable
magnetocrystalline anisotropy, chemical stability, high Curie tem-
perature and possible applications in magnetic recording media
[2–6] and also their integration capability in functional micro or
nanodevices (MEMS/NEMS) [7].

CoPt alloys have various crystalline phases such as L10, L12, L11,
m-DO19 and FCC structures and they have different applications
[8–11]. These phases can be obtained under specific experimental
conditions, with specific composition of constituent elements.
Among these phases, the equiatomic composition with L10 struc-
ture, is found to be most interesting. In this structure, the (001)
atomic plane perpendicular to the C-axis and with Co and Pt atoms
in alternate layers results in uniaxial magnetocrystalline anisot-
ropy along the 001 axis. Because of this high uniaxial anisotropy
(Ku � 5 � 107 erg/c.c) [12–14], the ordered L10 alloys of CoPt, FePt
etc. show very high coercivity and retain a ferromagnetic state
even in their very small grain sizes. Moreover, various phases of
these binary alloys provide us a good opportunity to study the
transformation and interplay of different phases [15,16]. The CoPt
alloy nanoparticles with ordered L10 phase can exhibit a large mag-
.

netocrystalline anisotropy and high coercivity along with signifi-
cant remanence. Therefore, preparation of this alloy with
magnetically hard L10 phase is a challenge and it should be exten-
sively and carefully studied to understand how their magnetic
properties are influenced by the structure, phase of the particles
and also by the ratio of the constituents of the particles.

The CoPt alloy films prepared by various techniques, such as
molecular beam epitaxy (MBE), electron beam evaporation, sput-
tering, electro deposition etc. have been widely studied [17–19].
For such kind of preparation very costly instruments are required
in most of the cases, in addition to that controlling the size and ra-
tio of constituent materials in the alloy nanoparticles and optimi-
zation of the manufacturing procedure are very difficult and in
some cases are not possible. People have synthesized CoPt alloy
nanoparticles in liquid phase also but there are also some difficul-
ties. For example, Sun et al. developed a liquid phase method to
synthesize monodispersed magnetic Pt–alloy nanoparticles [20].
This technique, though opens up new avenues to the researchers,
careful thermal treatment is required to achieve ordered phase
and annealing induces the nanoparticles to agglomerate. In our
case we have found that, use of sodium oleate as capping agent
prevent the agglomeration up to a reasonably high annealing tem-
perature. In this paper we have reported a wet chemical route for
the synthesis CoPt nanoparticles of different compositions, which
is very easy and cost effective. In addition to that we can change
ratio of Co and Pt in the alloy by varying the ratio of precursor salts
of Co and Pt only. Thus flexibility in changing the ratio is important
because crystal structure changes with change of ratio of Co and Pt
in particles. The micellar technique was used for the synthesis of
nanoparticle. It is well known that surfactant form the micelles
above certain concentration. Micellar core can be used as reactor
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to prepare the nanoparticles [21–23]. Due to dynamic character of
micelles, the reactants come into contact and reaction occurs. Mi-
celles house the particles into its core restricting its size in nano re-
gime. In our method we have successfully used TX-100 micelles to
prepare the nano-size CoPt alloy particles. Moreover the micelles
facilitate the reactants to be mixed homogeneously due to their or-
ganic and ionic character, which leads to CoPt alloy formation. We
have prepared CoPt alloy nanoparticles varying the ratio of Co and
Pt and studied their properties. In our case it has been shown that
the alloy with Co and Pt in 50:50 stoichiometric composition forms
the L10 phase on heat treatment at 900 �C and other compositions
remain in FCC phase.

2. Materials, sample preparation and instruments

All the reagents used were of analytical grade and purchased
from Sigma-Aldrich. The water used was of Millipore grade. CoPt
alloy nanoparticles with various compositions of Cobalt and Plati-
num were prepared by micellar technique. Cobalt sulfate and
hexachloro platinate salts were used as sources of Co and Pt,
respectively. These salts were taken in different ratios and were
dissolved in TX-100 micellar medium under Argon atmosphere.
The mixture was stirred for 30 min then it was heated at 80 �C. So-
dium borohydride and oleic acid were added to it under stirring
and heating condition. The solution turned into black after the
addition of sodium borohydride. The particles were separated from
the mixture by the method of centrifugation and purified by wash-
ing the particles several times by ethanol to remove TX-100 mi-
celles. We prepared CoPt alloy nanoparticles with different ratios
of Co and Pt such as sample A (Co:Pt = 90:10 in at%), B
(Co:Pt = 75:25 in at%), C (Co:Pt = 50:50 in at%), D (Co:Pt = 25:75
in at%) and E (Co:Pt = 10:90 in at%). The particles were dispersed
in hexane and dropped on silicon wafer to make the thicker film
of all five samples. These films were subjected for heat treatment
at 900 �C for 1 h under N2 and H2 atmosphere and different mea-
surements were done on the samples before and after the heat
treatment to investigate the properties of the particles.

The structure and phase of the samples were confirmed by tak-
ing XRD spectra from X-ray diffractometer (X’Pert Pro, Panalytical)
using Cu-Ka radiation source. The morphology, phase, surface and
size of the particles were characterized by Transmission Electron
Microscopy (JEOL-2010) applying the voltage 200 kV. The magnetic
properties were measured by a vibrating sample magnetometer
(Lakeshore, model 7144) with maximum applied field 16 kOe
within the temperature range of 80–350 K. The sensitivity of this
instrument for measuring the magnetization and the magnetic
field are 10�6 emu and 10�3 Oe, respectively.
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Fig. 1. XRD spectra for all five samples. Curve ‘a’ for sample A, ‘b’ for B, ‘c’ for C, ‘d’
for D and e for sample E.
3. Results and discussion

It is well known that the solution of water containing micelles is
employed as suitable reaction media for the synthesis of nano-
sized particles [21–23]. This is achieved by creating micellar core
of nano-size and carrying out the reaction inside the core. As a con-
sequence of micellar dynamic motion, the reactant can come in
contact and react to each other to form the nuclei of nanoparticles.
By the same dynamic process these precursor nuclei are accumu-
lated in some closed micellar core leading to the formation of sta-
ble nanoparticles of limited growth. In our experiment TX-100
micellar medium was used to control the growth of particles in
nano-size regime. After preparing the nanoparticles, they were
subjected for heat treatment in N2 and H2 atmosphere. N2 and H2

atmosphere were used to prevent the oxidation. The composition
was measured by electron dispersive X-ray (EDX) analysis of each
sample. EDX measurement shows that the ratios of Co and Pt in all
five samples are nearly same with the ratio of Co and Pt taken as
precursor salts. This indicates the complete reduction of the Co
and Pt ions present in the salts. Thus in our method it is easy to
maintain the ratio of Co and Pt in CoPt alloy.

The crystallinity of the alloy particles has investigated by X-ray
diffractometer using Cu-Ka radiation. Before annealing all the sam-
ples are in disordered FCC CoPt phase. As Co and Pt in 50:50 com-
position forms the L10 phase on heat treatment above 850 �C
[24,25], all the samples are annealed at 900 �C. XRD curve for five
different sets of particles after annealing at 900 �C for 1 h in the N2

and H2 atmosphere are shown in Fig. 1. All the curves show the
peaks for (111) and (200) planes of CoPt alloy, in case of sample
‘C’ some more new peaks are observed in addition to (111) and
(222). No separate peak for Co or Pt alone is observed. This con-
firms the formation of CoPt alloy. In the XRD curve, shifting of
the peak position to left region of X-axis, that is, towards lower
‘2h’ value is observed with the increase of Pt percentage. From
the Bragg’s equation, we get d = k/2sinh, now k is 1.5418 Å as Cu-
Ka radiation source is used in our case and h is obtained from the
XRD peak position of (111) plane. From this equation it is clear
that the ‘d’ increases with decrease of ‘2h’ position. Applying this
equation we have calculated ‘d’ corresponding to (111) plane for
all the five samples and plotted the atomic percentage of ‘Pt’ vs.
‘d’ in Fig. 2. The composition of Pt was obtained from EDX measure-
ment for each sample. It is found here that the ‘d’ increases from
2.124 to 2.231 Å due to increase of Pt content from 10% to 90%.
The error limit of ‘d’ is in 3rd decimal place. This change is in good
agreement with the Vegard’s law. It is well known that Pt atom is
larger in size than the Co atom. Therefore the cell parameter as
well as the interplanar distance, ‘d’ increases when the smaller
Co atom is replaced by the larger Pt atom.

The XRD curve for the sample C (50:50) indicates the formation
of phase L10 showing all the peaks from (001), (110), (111),
(200), (002) planes. Samples of other compositions do not show
evolution of such phase. From the equilibrium phase diagram it
is known that at room temperature the stability region for L10
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Fig. 2. Plot of interplanar distance (d) corresponding to (111) plane vs. atomic
percentage of Pt for all the five samples A–E.
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Fig. 4. Magnetic hysteresis loops for five different samples measured at room
temperature. Curve ‘a’ for sample A, ‘b’ for B, ‘c’ for C, ‘d’ for D and e for sample E.
phase of CoPt ranges from about 37% to 53 at% of Pt [26,27]. Hence
our result for sample ‘C’ is compatible with this phase diagram.

The TEM micrograph for sample ‘C’ is shown in Fig. 3a and b be-
fore and after annealing the sample, respectively. Before annealing
the particle size is �6 nm and are of almost uniform in size and
after heat treatment particle size becomes �7 nm. After heat treat-
ment, particle size increases slightly but do not fuse all together to
grow a much larger size. It may be because we have used sodium
borohydride as reducing agent. Sodium borohydride under hydro-
lysis produce sodium hydroxide which form sodium oleate with
oleic acid. To confirm the sodium oleate formation we took FTIR
spectra from our sample. From the spectra a peak at �1575 cm�1

is observed, which is due to C@O stretching of –COONa group.
Hence this result proves formation of sodium oleate. We have
tested that mixture of sodium hydroxide and oleic acid does not
evaporate even at 600 �C. But at 900 �C a black colored precipitate
is formed which is nothing but carbon particles. These carbon par-
ticles may form metal carbide or may remain as carbon coating on
the boundary of the CoPt particles after annealing and thus pre-
venting the coalescence of particles even at such high temperature.
As this kind of material is amorphous in nature so it does not show
any signature in XRD pattern.

The electron diffraction pattern taken from sample ‘c’ after heat
treatment is shown in the inset of Fig. 3b. The analysis of this pat-
tern again indicates the formation of L10 phase. FCC phase in little
amount may be present there. But in this case it is very difficult to
discriminate one from other as rings pattern for (111) and (200)
from the L10 phase overlap on the same from FCC phase.
Fig. 3. TEM micrograph of sample C before (a) and after (b) heat treatment. The electron
(b).
Magnetic hysteresis loops for all the samples (A–E) were mea-
sured at room temperature (300 K) with applied magnetic field
from �15 to +15 kOe, perpendicular and parallel to the film sur-
face. As the results obtained in both the perpendicular and parallel
cases are the same, perpendicular hysteresis loops for all the sam-
ples were considered. This applied maximum field is not sufficient
to saturate the magnetization exhibited by the particles. But due to
the limitation of our instrument, we could not go beyond this
range of magnetic field to saturate the samples. In Fig. 4 we ob-
serve that the coercivity decreases from 1200 to 800 Oe for sam-
ples A–B due to the change in Co content from 90% to 75%. We
have seen with the decrease of Co content, lattice constant for
the alloy increases. Due to increase in lattice constant, the ex-
change interaction between the cobalt atoms decreases reducing
coercivity of sample B. But in case of sample C (Co and Pt equi-
atomic), the coercivity was found to be �4400 Oe due to the
change of crystalline phase from FCC to L10. The L10 structure is
tetragonally elongated along C-axis, which produces very high
magnetocrystalline anisotropy and hence such high value of coer-
diffraction pattern taken from the sample ‘C’ after heat treatment is given in set of



civity. Moreover as the particles are single domain in nature, mag-
netization takes place by rotations resulting further increase in
coercivity. In samples D and E, coercivities are 550 and 100 Oe,
respectively, much less than that of sample C because of the disor-
dered FCC structures. The ratios, Mr/Mmax, where Mr is the residual
magnetization at zero applied field and Mmax is the magnetization
at the maximum applied field, were measured for all of the sam-
ples. In this case, Mmax is not the saturation magnetization as avail-
able magnetic field can not saturate the hysteresis loop. The
coercivities and the ratios, Mr/Mmax measured for all the samples
are given in Table 1. The larger value of both the coercivity and
the Mr/Mmax ratio for sample C indicates formation of hard phase
like L10.

Hysteresis loops were measured at 80, 100, 150, 200, 250, 300
and 350 K and some of them are shown in Fig. 5 for clarity. Coer-
civity decreases with the increase of temperature as usually ob-
served in case of most of the ferromagnetic materials due to
decrease in ordering of the atomic moments. But the magnetiza-
tions ‘M’ at the region of saturation magnetic field are almost same
at 100 and 300 K. Our particles are nanoparticles and are of single
domain in nature. Hence there is no chance of domain wall shift in
these particles. So number and property of unit magnet per unit
volume of materials remain fixed with the application of magnetic
field and temperature. Moreover available field can not saturate
the sample. As this Mmax is far below from the saturation field so
this result may be obtained. Existence of double jump is observed
Table 1
The values of coercivity and (Mr/Mmax) ratio for five different samples measured at
room temperature (300 K).

Samples Coercivity (Oe) (Mr/Mmax) ratio

A (Co:Pt = 90:10) 1200 0.615
B (Co:Pt = 75:25) 800 0.604
C (Co:Pt = 50:50) 4400 0.749
D (Co:Pt = 25:75) 550 0.59
E (Co:Pt = 10:90) 100 0.31
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Fig. 5. Magnetic hysteresis loops measured at three different temperatures for
sample ‘C’.
in hysteresis loop. It is due to presence of two phases FCC and FCT
in the sample. When two hysteresis loops, one for FCC phase and
other for FCT phase are coupled to one hysteresis loop this kind
of behavior is observed. This can be clear from other samples also.
Because other samples (A, B, D, E) which are totally in FCC phase do
not show such jump in their hysteresis loops.

4. Summary

We have successfully prepared CoPt alloy nanoparticles of dif-
ferent ratios using micellar technique and investigated their mor-
phology, structural and magnetic properties. Our method is cost
effective and easy compared to others. Formation of sodium oleate
on the surface of particles prevents the coalescence of particles
restricting from much bigger particle formation during annealing.
The CoPt alloy of equiatomic composition (50:50 � Co:Pt) shows
L10 phase in it on annealing at 900 �C for 1 h. The L10 phase shows
very hard and stable magnetic property due to large magneto crys-
talline anisotropy along the C-axis. The Mr/Mmax ratio for the sam-
ple C is also very high due to magnetically hard and ordered L10

phase. This CoPt alloy nanoparticles with very small size, high
coercivity and Mr/Mmax ratio might be a potential candidate for
data storage device application in future.
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