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Ferromagnetic (L1, phase) FePt alloy nanoparticles (NPs) with extremely high magnetocrystalline

anisotropy are considered to be very promising candidates for the next generation of ultrahigh-density

data storage system. The question of how to generate L1, FePt NPs with high coercivity, controllable size,

and a narrow size distribution is a challenge. We report here a single-step fabrication of L1, FePt NPs by

employing one of the two new polyferroplatinyne bimetallic polymers as precursors. The influence of the

pyrolysis temperature on the size and magnetic properties of the resulting FePt alloy NPs has been

investigated in detail.

Introduction

Ferromagnetic L1, phase FePt alloy nanoparticles (NPs) have
attracted growing interest of researchers in the last decade,
because of their interesting redox, catalytic and magnetic
properties,"* especially their potential application in mnext
generation of ultrahigh-density magnetic data storage media,
which is a consequence of its extraordinarily large uniaxial
magnetocrystalline anisotropy K, ~ 7 x 10°J m™ in the bulk
phase and high chemical stability.> FePt NPs are commonly
synthesized through refluxing a Fe-source and a Pt-source
together in a high boiling organic solvent. However, the
superparamagnetic A; phase FePt NPs are usually formed first in
this way, and a post annealing step is required to give rise to the
desirable L1, phase. Inevitably, some problems such as sintering,
agglomeration, broad size distribution, etc, will be concomitant
with this method.®” This might be attributed to the fact that the
elements Fe and Pt reside in the separate compounds which have
different onset decomposition temperatures. Hence, in this work
we have prepared some organometallic complexes containing
both Fe and Pt atoms and subsequently investigated their use as a
single source precursor to generate the L1, phase FePt NPs by the
one-step decomposition.*® Metallopolymers have attracted
intense and increasing research interest over the last two
decades'™" and are of growing importance in many practical
applications, e.g. photovoltaic cells,'”” nanocomposites,'®'”
biosensors,'® and polymer light-emitting diodes,'** etc. In recent
years, researchers have attempted to synthesize metal NPs and
metal alloy NPs by utilizing metallopolymers as templates which,
on pyrolysis or photolysis, generate NPs with a narrow size
distribution and a precisely controllable composition as well as
density per unit area.”"*” In 2008 and 2012, our groups reported a
one-pot method to directly synthesize L1, FePt alloy NPs through
the pyrolysis of a metallopolymer containing both Fe and Pt

atoms.?** However, no work has been done to investigate the
temperature factor of pyrolysis that controls the size and
magnetic property of the resulting alloy NPs. In this work, we
report the synthesis of two FePt-containing metallopolymers,
followed by one-step generation of L1, FePt NPs by pyrolyzing
the FePt-containing metallopolymers at different temperatures.
We also investigated the effect of pyrolysis temperature on the
size and magnetic properties of the resulting FePt alloy NPs.

Results and discussion

Synthesis and characterization of target metallopolymers
Synthesis of the target metallopolymers was performed via
Sonogashira coupling reaction which gives the macromolecular
products almost quantitatively. The diethynyl ligands
incorporating ferrocene moiety were prepared first. Then, the
coordinated Pt dichloride complex was used to couple with the
diethynyl ligands to form the FePt-containing metallopolymers.
Scheme 1 shows the chemical structures and the synthetic
strategies to the dithynyl ligands L1 and L2. To begin with,
commercially available 4-iodotoluene is brominated by N-
bromosuccinimide ~ (NBS) and benzoyl peroxide in
tetrachloromethane to give the corresponding brominated product.
Then, the well-known Wittig reaction is involved in preparing the
ferrocenylethylene compound. In this practical case, above 90%
of the resulting product is in the trans-conformation. So, we
separate the trans-product by column chromatography without
further transforming little cis-compound into trans-one. The N-
arylation of 3,6-dibromocarbazole and bis(4-bromophenyl)amine
was achieved by the modified Ullmann condensation with p-
iodoarene to result in the production of intermediates 4 and 6,
which then underwent the well-established palladium-catalyzed
trimethylsilylethynylation to give trimethylsilyl-terminated
compounds 7 and 8, respectively. Finally, the TMS group was
removed in the presence of potassium carbonate in methanol and
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Scheme 1. General synthetic routes for diethynyl ligands .1 and L2 as well as their metallopolymers A and B

dichloromethane at room temperature to give diethynyl ligands
s L1 and L2 in up to 95% yields. Metallopolymers A and B were
prepared by the Cul-catalyzed dehydrohalogenation between
Pt(dipyridyl) dichloride precursor and L1 and L2, respectively.
Both polymers exhibit low solubility in common organic solvents.

10 Pyrolysis of FePt-containing metallopolymers
The FePt-containing metallopolymer was placed in a ceramic
boat, which was then allowed to put in a tube furnace and
underwent pyrolytic treatment in a nitrogen atmosphere with the
heating rate of 20 °C min™ at 600 °C, 700 °C and 800 °C,
15 respectively. Finally, the tube furnace was allowed to cool down

to ambient temperature. The NPs synthesized from pyrolysis of

metallopolymer A at 600 °C, 700 °C and 800 °C were denoted as

NP@A-600, NP@A-700 and NP@A-800, respectively, and those

from pyrolysis of metallopolymer B were recorded as NP@B-
20 600, NP@B-700 and NP@B-800 correspondingly.

Characterization of the FeP alloy NPs

Powder X-ray diffraction (PXRD) measurement was performed

in order to identify the compositions and phases of the resulting
25 NPs as-generated from pyrolysis of metallopolymers A and B at

different temperatures. Fig. 1 shows the PXRD patterns of as-

synthesized FePt NPs and Fig. 1(a) is the PXRD pattern of
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NP@A-600, in which each peak was recognized as an overall highly crystalline. The NP size distribution of each sample has
reference for other patterns. From this pattern, (001) and (110) also been studied by analysis of the corresponding TEM images.

peaks (which are the characteristic peaks for L1, phase FePt alloy Fig. 3 shows the histograms of the size distribution of each
NPs®) are clearly observed at ~22° and ~33°. All the other * sample. As indicated in Fig. 3, the average NP sizes of NP@A-

600, NP@A-700 and NP@A-800 are 14.7, 12.9 and 11.3 nm,
’ san}p} es also show the (001) and (1,10) pealfs as well as apparent respectively, with relatively broad size distribution (standard
splitting of the (200)/(002) peak which signifies a tetragonality of deviation ca. 15-21%). While the average NP sizes of NP@B-

each sample.”** The (I11) diffraction peak in cach sample 600, NP@B-700 and NP@B-800 are 7.78, 7.20 and 6.30 nm,

appears at 20 = 40.96°, which is consistent with a Fe content of 4s respectively, and the size distribution is reasonably narrow
(standard deviation ca. 9-12%). Hence, NPs generated from
1(a) an 1{(d) metallopolymer A render larger size compared to those

synthesized from metallopolymer B. This could be attributed to
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\ Fig. 2 TEM and high-resolution TEM images of (a) NP@A-600, (b) NP@A-
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10 Fig. 1 XRD spectra of as-prepared NPs from pyrolysis of metallopolymers A
and B: (a) NP@A-600, (b) NP@A-700, (c) NP@A-800, (d) NP@B-600, (¢)
NP@B-700 and (f) NP@B-800. —— I
approximately 55 atom%.*° Besides, no Fe,Ny and Pt,N, phases - Paricle diameter (1m) 1 (e) S )
are observed in these PXRD patterns. Thus, the results of PXRD

15 measurement suggest that the structure and composition of the
resulting NPs corresponds to the pure chemically ordered L1,
FePt phase with an atomic ratio of Fe and Pt near unity. Energy-
dispersive X-ray (EDX) elemental analysis for the resulting bulk
FePt NPs as powder was also carried out to further verify the o]

20 composition of each sample. The EDX results are tabulated in ;
Table 1, which manifest that the ratio of Fe and Pt is R 4 oo el e
approximately 50:50 as-expected for L1, phase FePt NPs except *1(c) *1(f)
for NP@A-800 with a slightly Pt-rich composition. This is in 5
close agreement with the composition as inferred from the (111)

»s peak in the PXRD pattern, and is also consistent with the
stoichiometry of the metallopolymer with the near equal atomic
ratio of Fe and Pt. Morphologies of the resulting FePt alloy NPs
were investigated by transmission electron microscopy (TEM), as ]
shown in Fig. 2. It can be seen clearly that all of the resulting o e

30 FePt alloy NPs exhibit well-faceted spherical morphology. Insets s L e s R
of Fig.2 are the high-resolution TEM images of a single FePt NP Fig. 3 Particle-size histograms of as-prepared L1, FePt NPs: (a) NP@A-600,
for each sample, which appeared as uncapped nanocrystals with (b) NP@A-700, (c) NP@A-800, (d) NP@B-600, (¢) NP@B-700 and (f)

: . L NP@B-800.
rounded facets. The continuous fringe-patterns with interplanar . .
. . . the high t tion t f metallopol B
distances of around 0.22 nm, corresponding to (111) d-spacing ¢ high onset decomposition temperature of metallopolymer B,

s as-expected for L1, FePt NPs, were observed conspicuously for 6 which would result in the relatively fast nucleation of Pt followed

L . by the diffusion of Fe into the Pt nuclei to form compact alloy
3
cach sample.” The well-faceted shape indicates that the NP is NPs; also, it is noticeable that the average size of the resulting
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NPs decreases with the increase of the pyrolysis temperature
which is quite evident in the case of metallopolymer B (Fig.3).
This is because chemical bonds are more rapidly cleaved at
higher temperature, and thus more FePt seeds were generated,

s meanwhile, the organic segments originally bound to the Fe or Pt
atoms would protect the FePt seeds from further sintering at
higher temperature, which is similar to the function of MgO as
reported by Sun e. al. in 2009.*'

10 Table 1. EDX results of NPs prepared from polymers A and B

NPs NP@A-600 NP@A-700 NP@A-800

Fe Pt Fe Pt Fe Pt

Atomic % 51 49 51 49 54 46
NPs NP@B-600 NP@B-700 NP@B-800

Fe Pt Fe Pt Fe Pt

Atomic % 50 50 49 51 49 51

Magnetic properties of the as-synthesized FePt alloy NPs
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Magnetic hysteresis loops recorded for as-prepared bulk FePt
NPs as powder at 300 K are shown in Fig. 4. The coercivity (.,
an indicator of magnetocrystalline anisotropy) of NP@A-600,
NP@A-700 and NP@A-800 are 175.4 Oe, 190.9 Oe, 97.1 Oe,
respectively (as indicated in Fig. 4(A)). Therefore, FePt NPs
pyrolyzed from metallopolymer A at 700 °C hold the highest H,.
While the H, of NP@B-600, NP@B-700 and NP@B-800 are
312.9 Oe, 209.8 Oe and 622.8 Oe, respectively, demonstrating
that 800 °C is the premium temperature for the generation of FePt
NPs with the highest H, using metallopolymer B (as indicated in
Fig. 4(B)). The relationship of H, and NP size is plotted in Fig. 5.
As we can see, although there is no regular trend of H, with the
shrinkage of NP size, the FePt NPs as-prepared from
metallopolymer B possess larger H, in comparison to those from
A in general. Given the size of the NPs investigated in this work,
one would expect that they have single domain behavior, which
normally exhibit a rising H, with increasing particle size**; on the
contrary, the opposite trend was observed in this work. However,
it is noted from Fig. 3 that increasing pyrolysis temperature can
give rise to smaller NPs. We therefore attribute the observed
trend of H, to the improved crystallinity within each NP, which is
a function of pyrolysis temperature. The presence of grain
boundaries within the NP can weaken the exchange coupling
within the NP on one hand,” and leads to the presence of
multiple anisotropy axes (and hence reduced magnetic
anisotropy) on the other,* both of which causes a reduced H...

—=— NP@A
—e— NP@B
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500

400
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300

200

100

T T T T T T T T T T T T
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Fig. 5 Relationship between NP size and coercivity (H,) of the resulting FePt
NPs.

We also performed magnetic measurements at low temperature
for NP@A-700 and NP@B-800 (see Fig. S1 in ESI). The results
indicate that the H, of two samples are 680 Oe (NP@A-700) and
1230 Oe (NP@B-800), respectively, which are higher than those
at room temperature. More importantly, the low-temperature
loops exhibit stronger contributions from the high-coercivity part
of the “double coercivity” behavior. These results, together with
the absence of secondary phase peaks in the XRD data, suggested
that the double coercivity behavior should arise from the
existence of a small amount of superparamagnetic L1, FePt NPs
with ultra small size.
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Conclusions

We have presented the synthesis of two FePt-containing
metallopolymers with an approximately equal atomic ratio of Fe
and Pt. By taking the two metallopolymers as precursors, nearly
equiatomic L1, phase FePt NPs were synthesized in a single step
without any post annealing treatment as reported previously.
Pyrolysis of metallopolymer A generated L1, FePt NPs with
average size of 11.3-14.7 nm while metallopolymer B gave rise
to L1y FePt NPs with average size of 6.3-7.78 nm. Both polymers
A and B gave rise to FePt NPs with the smallest average size by
pyrolyzing them at 800 °C. The TEM images indicate that the
resulting FePt NPs are well-faceted spherical NPs within
carbonaceous matrix which could immobilize and protect the
FePt NPs. Magnetic properties of the resulting FePt NPs were
investigated by VSM measurements, which manifest that NPs as-
synthesized from metallopolymer B exhibit higher coercivity as
compared to NPs generated from A owing to the smaller NP size.
Hence, NPs as-prepared at higher temperature render smaller
average size and possess larger coercivity. In the future work, we
will try to purify these FePt NPs and explore their application in
catalysis or biosensing.

Experimental

General information

All reactions were carried out under nitrogen unless otherwise
stated. Commercially available reagents were used as received
without further purification. All reactions were monitored by
thin-layer chromatography (TLC) with Merck pre-coated glass
plates. Compounds were visualized with UV light irradiation at
254 and 365 nm. Separation or purification of products was
achieved by column chromatography or preparative TLC using
silica gel from Merck (230-400 mesh). NMR spectra were
measured in CDCl; on Bruker AV 400 NMR instrument with
chemical shifts being referenced against tetramethylsilane as the
internal standard for '"H and *C NMR data. IR spectra were
recorded on the Nicolet Magna 550 Series II FTIR spectrometer
using KBr pellets for solid state spectroscopy. The positive-ion
fast atom bombardment (FAB) mass spectra were recorded in m-
nitrobenzyl alcohol matrix on a Finnigan-MAT SSQ710 mass
spectrometer. Thermal analyses were performed with a Perkin-
Elmer TGA 6 thermal analyzer. The molecular weight of the
polymer was determined by GPC using a HP 1050 series HPLC
with visible wavelength and fluorescent detectors against
polystyrene standards.

Preparation of p-bromomethyliodobenzene (1)

To a solution of 4-iodotoluene (1.414 g, 6.48 mmol) in 15 mL of
tetrachloromethane was added, with stirring and in an ice-water
bath, N-bromosuccinimide (1.153 g, 6.48 mmol) and benzoyl
peroxide (40 mg). The mixture was warmed at the reflux
temperature overnight. Afterwards, the mixture was filtered and
the solvent removed to give a residual solid which was purified
by chromatography on a silica gel column using n-
hexane/dichloromethane (5:1, v/v) as eluent. The p-
bromomethyliodobenzene was isolated as a white solid: 1.635 g
(85%).'H NMR (CDCl;, 400 MHz, 8/ppm): 7.68 (d, J = 8.0 Hz,
2H, Ar-H), 7.14 (d, J = 8.0 Hz, 2H, Ar-H), 4.42 (s, 2H, ArCH,);

65

%
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3
73

©
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105

110

FAB-MS: m/z 413.90 (M").

Preparation of Preparation of 1-ferrocenyl-2-(p-iodophenyl)-
ethene (2)

A solution of triphenylphosphine (177 mg, 0.67 mmol) in 20 mL
of anhydrous toluene and p-bromomethyliodobenzene (200 mg,
0.67 mmol) was warmed at the reflux temperature overnight to
give a white solid that was filtered and washed with toluene. The
p-iodobenzyltriphenylphosphonium bromide is a white solid: 356
mg (95%). In a three-necked round-bottom flask, previously
flamed and under argon atmosphere, in an ice-water bath, was
placed p-iodobenzyltriphenylphosphonium bromide (250 mg,
0.45 mmol) dispersed in anhydrous toluene (15 mL). To this
mixture was added potassium tert-butoxide (76 mg, 0.675 mmol)
and, after 30 min, the solution took an intense orange colour. Into
this was dropped a solution of ferrocenecarbaldehyde (96 mg,
0.45 mmol) in dry toluene (5 mL). After 30 min, the mixture was
stirred at room temperature overnight. Then, the solvent was
removed and the residual solid was extracted with
dichloromethane and purified by silica gel column
chromatography using n-hexane/ dichloromethane (8:1, v/v) as
eluent. The 1-ferrocenyl-2-(p-iodophenyl)-ethene was obtained as
an orange solid: (298.1 mg, 72%). '"H NMR (CDCls;, 400 MHz,
&/ppm): 7.63 (d, J = 8.0 Hz, 2H, Ar-H), 7.17 (d, J = 8.0 Hz, 2H,
Ar-H), 6.88 (d, /=16 Hz, 1H, CH=CH), 6.60 (d, J = 16 Hz, 1H,
CH=CH), 4.46, 4.45 (s, 2H, Fc-H), 4.30, 4.30 (s, 2H, Fc-H), 4.14
(s, 5H, Fe-H); *C NMR (CDCl;, 125 MHz, 8/ppm): 137.64,
137.39, 128.02, 127.49, (Ar), 124.71, 91.50 (C=C), 77.21, 69.41,
69.23, 66.94 (Fc).

Preparation of
dibromocarbazole (3)
To a solution of 1-ferrocenyl-2-(p-iodophenyl)-ethene (318 mg,
0.77 mmol) and 3,6-dibromocarbazole (200 g, 0.615 mmol) in 8
mL p-xylene, 1,10-phenanthroline (16.5 mg, 0.092 mmol) and
potassium hydroxide (120 mg, 2.15 mmol) were added
respectively. After the mixture was stirred at 80-100 °C for 30
min, copper iodide (17.5 mg, 0.092 mmol) and potassium
hydroxide (120 mg, 2.15 mmol) were added, and the solution was
allowed to reflux at 140 °C for 3 days. Then, the mixture was
extracted with chloroform, and the combined organic layer was
washed with water, and dried over Na,SO,. The solvent was
removed and purified by silica gel column chromatography using
n-hexane/dichloromethane (5:1, v/v) as eluent. The N-(p-2-
ferrocenyl-ethenyl-phenyl)-3,6-dibromocarbazole was obtained
as an orange solid (385 mg, 63%). 'H NMR (CDCl;, 400 MHz,
&/ppm): 8.20 (s, 2H, Ar-H), 7.65 (d, J = 8.0 Hz, 2H, Ar-H), 7.51
(d, J= 8.0 Hz, 2H, Ar-H), 7.44 (d, J= 8.0 Hz, 2H, Ar-H), 7.28 (d,
J=28.0 Hz, 2H, Ar-H), 6.99 (d, J= 16 Hz, 1H, CH=CH), 6.78 (d,
J =16 Hz, 1H, CH=CH), 4.52 (s, 2H, Fc-H), 4.34 (s, 2H, Fc-H),
4.18 (s, 5H, Fc-H); *C NMR (CDCl,, 125 MHz, 8/ppm): 139.82,
137.81, 134.88, 129.36, 128.64, 127.14, 127.09, 124.54, 123.90,
123.19 (Ar), 113.01, 111.57 (C=C), 82.75, 69.36, 69.29, 67.05
(Fc); FAB-MS: m/z 611.00 (M").

N-(p-2-ferrocenyl-ethenyl-phenyl)-3,6-

This journal is © The Royal Society of Chemistry [year]
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Preparation of bis(4-bromophenyl)amine (4)

To a stirred solution of diphenylamine (8.46 g, 50 mmol) in 50
mL of DMF at 0 °C was added dropwise a solution of N-
bromosuccinimide (17.8 g, 100 mmol) in 50 mL DMF over 30
min. The resulting solution was allowed to stir at 0 °C for a
further 6 h. Then, water was added under vigorous stirring to
afford the dibrominated compound as a pure white product which
was filtered off and dried in vacuo (16.26 g, 99%). 'H NMR
(CDCl3, 400 MHz, 8/ppm): 7.36 (d, J = 8.0 Hz, 4H, Ar-H), 6.92
(d, J = 8.0 Hz, 4H, Ar-H), 5.65 (s, 1H, NH); '*C NMR (CDCl;,
125 MHz, &/ppm): 141.69, 132.30, 119.48, 113.37 (Ar-C).

Preparation of N-(p-2-ferrocenyl-ethenyl-phenyl)-3,8-
dibromobiphenylamine (5)

The procedure for the preparation of 5 was similar to that of 3.
The resulting product was obtained as a brown-yellow solid (426
mg, 57%). 'H NMR (CDCl;, 400 MHz, &/ppm): 7.36-7.31 (m, 6H,
Ar-H), 6.99-6.94 (m, 6H, Ar-H), 6.79 (d, J = 16 Hz, 1H,
CH=CH), 6.64 (d, J = 16 Hz, 1H, CH=CH), 4.45 (s, 2H, Fc-H),
4.28 (s, 2H, Fc-H), 4.14 (s, 5H, Fc-H); *C NMR (CDCl;, 125
MHz, &/ppm): 146.34, 145.43, 133.48, 132.36, 126.82, 126.14,
125.16 (Ar), 124.61, 115,49 (C=C), 83.45, 69.22, 69.03, 66.77
(Fe).

Preparation of N-(p-2-ferrocenyl-ethenyl-phenyl)-3,6-
bis(trimethylsilylethynyl)carbazole (6)

To an ice-cooled mixture of 3 (372 mg, 0.609 mmol) in freshly
distilled triethylamine (10 mL) and CH,Cl, (10 mL) solution
mixture was added Cul (20 mg), Pd(OAc), (20 mg) and PPh; (20
mg). After the solution was stirred for 30 min at 0 °C,
trimethylsilylacetylene (0.52 mL, 3.7 mmol) was then added and
the suspension was stirred for 30 min in an ice-bath before being
warmed to room temperature. After reacting for 30 min at room
temperature, the mixture was heated to 70-80 °C for 24 h. The
solution was then allowed to cool to room temperature and the
solvent mixture was evaporated in vacuo. The crude product was
purified by column chromatography on silica gel with a solvent
combination of CH,Cly/ethyl acetate (5:1, v/v) as eluent to
provide N-(p-2-ferrocenyl-ethenyl-phenyl)-3,6-bis(trimethylsilyl-
ethynyl)carbazole as an orange-yellow solid (240 mg, 61%). 'H
NMR (CDCl;, 400 MHz, 8/ppm): 8.24, (d, J = 8.0 Hz, 2H, Ar-H),
7.63 (d, J = 8.0 Hz, 2H, Ar-H), 7.52 (d, J = 8.0 Hz, 2H, Ar-H),
7.45 (d, J = 8.0 Hz, 2H, Ar-H), 7.31 (d, J = 8.0 Hz, 2H, Ar-H),
6.98 (d, J = 16 Hz, 1H, CH=CH), 6.78 (d, J = 16 Hz, 1H,
CH=CH), 4.52 (s, 2H, Fc-H), 4.33 (s, 2H, Fc-H), 4.17 (s, 5H, Fc-
H), 0.29 (s, 18H, SiMes); *C NMR (CDCl,, 125 MHz, &/ppm):
140.75, 137.57, 134.77, 130.11, 128.37, 126.97, 126.93, 124,44,
122.60, 114.68 (Ar), 109.79, 105.97 (C=C), 92.25, 82.65 (C=C),
77.08, 69.36, 69.29, 67.05 (Fc); FAB-MS: m/z 645.40 (M").

Preparation of N-(p-2-ferrocenyl-ethenyl-phenyl)-3,6-
bis(trimethylsilyl-ethynyl)biphenylamine (7)

The procedure for the preparation of 7 was similar to that of 6.
The resulting product was obtained as an orange-yellow solid
(253 mg, 63%) 'H NMR (CDCls, 400 MHz, 8/ppm): 7.37-7.34
(m, 6H, Ar-H), 7.04-6.99 (m, 6H, Ar-H), 6.82 (d, /=16 Hz, 1H,
CH=CH), 6.67 (d, J = 16Hz, 1H, CH=CH), 4.47 (s, 2H, Fc-H),
4.30 (s, 2H, Fc-H), 4.16 (s, 5H, Fc-H), 0.26 (s, 18H, SiMe;); *C

a5

S

S

b

S

S

NMR (CDCl;, 125 MHz, d/ppm): 147.12, 145.06, 133.78,

e 133.02, 126.74, 126.23, 125.26, 125.13 (Ar), 123.18, 116,99

(C=0C), 105.03, 93.58 (C=C), 83.39, 69.16, 68.97, 66.73 (Fc);
FAB-MS: m/z 647.40 (M").

Preparation of N-(p-2-ferrocenyl-ethenyl-phenyl)-3,6-
diethynylcarbazole (L1)

A mixture of 6 (230 mg, 0.356 mmol) and K,CO; (111 mg, 0.803
mmol) in a mixture of methanol (8 mL) and CH,Cl, (8 mL) was
stirred overnight under a nitrogen atmosphere at room
temperature. The completion of the reaction was verified by spot
TLC. The solvent was removed by rotary evaporation. The
resulting mixture was redissolved in CH,Cl, (40 mL) and washed
with three portions of 20 mL water. The light yellow organic
phase was dried over anhydrous sodium sulfate and evaporated to
dryness. The crude product was purified by
chromatography on silica gel eluting with hexane to provide L1
as an orange solid (171 mg, 96%). "H NMR (CDCl;, 400 MHz,
d/ppm): 8.27 (d, J = 0.8 Hz, 2H, Ar-H), 7.65 (d, J = 8.0 Hz, 2H,
Ar-H), 7.57 (d, J = 1.6 Hz, 2H, Ar-H), 7.55 (d, J = 1.6 Hz, 2H,
Ar-H), 7.46 (d, J = 8.4 Hz, 2H, Ar-H), 7.00 (d, J = 16 Hz, 1H,
CH=CH), 6.78 (d, J = 16 Hz, 1H, CH=CH), 4.52 (s, 2H, Fc-H),
4.34 (s, 2H, Fc-H), 4.18 (s, 5H, Fc-H), 3.10 (s, 2H, C=C-H); “C
NMR (CDCl;, 125 MHz, d&/ppm): 141.11, 137.84, 134.81,
130.45, 128.64, 127.17, 124.73, 124.60, 122.71 (Ar), 113.81,
110.16 (C=C), 84.59, 82.80 (C=C), 75.89, 69.41, 69.35, 67.10
(Fc); FAB-MS: I?’{/Z 502.20 (M"); IR (KBr): 2104 (ve=c) cm’',
3295 (DCEC-H) cm .

column

Preparation of N-(p-2-ferrocenyl-ethenyl-phenyl)-4,4-
diethynyl-biphenylamine (L2)

The procedure of for the preparation of L2 was similar to that of
L1. The resulting product was obtained as an orange-red solid
(145 mg, 98%) 'H NMR (CDCl;, 400 MHz, 8/ppm): 7.36 (m, 6H,
Ar-H), 7.03-7.01 (m, 6H, Ar-H), 6.81 (d, J = 16 Hz, IH,
CH=CH), 6.65(d, J = 16 Hz, 1H, CH=CH), 4.45 (s, 2H, Fc-H),
4.28 (s, 2H, Fc-H), 4.14 (s, 5H, Fe-H), 3.05 (s, 2H, C=C-H); *C
NMR (CDCl;, 125 MHz, d/ppm): 147.41, 145.01, 134.03,
133.21, 126.84, 126.41, 125.54, 125.10 (Ar), 123.20, 115.94
(C=C), 83.62, 83.36 (C=C), 77.15, 69.20, 69.03, 66.78 (Fc);
FAB-MS: r_r%/z 503.20 (M"); IR (KBr): 2102 (ve—c) cm™, 3283
(ve=c.n) cm .

Preparation of [PtCl,("Non,bipy)]

A suspension of K,PtCl, (100 mg, 0.245 mmol) in water was
mixed with 4,4’-dinonyl-2,2’-bipyridyl ("Non,bipy, 101.6 mg,
0.245 mmol). Then, a drop of concentrated HCI was added as a
catalyst. The reaction mixture was allowed to warm at 60 °C and
stirred overnight. The reaction mixture was then cooled down to
room temperature and extracted with dichloromethane. The crude
product was purified by column chromatography on silica gel
eluting with dichloromethane to provide [PtCl,("Non,bipy)] as a
bright yellow solid (140 mg, 85%). 'H NMR (CDCls, 400 MHz,
&/ppm): 9.17 (s, 2H, Ar-H), 7.89 (s, 2H, Ar-H), 7.20, 7.18 (d, J =
6.0 Hz, 2H, Ar-H), 2.81 (t, J = 8.0 Hz, 4H, CH,CH,), 1.76-1.72
(m, 4H, CH,CH,), 1.41-1.28 (m, 24H, CH,CH,CH,), 0.88 (t, J =

us 1.6 Hz, 6H, CH,CH;); *C NMR (CDCl;, 125 MHz, &/ppm):

156.60, 156.39, 148.18, 126.41, 123.81 (Ar), 35.86, 32.28, 30.03,
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29.95,29.72,27.23,25.32, 23.05, 14.12 (CoHyy).

Synthesis and characterization of the metallopolymers

Since the metallopolymers A and B were prepared by a similar
procedure, the typical method for the copper(I)-catalyzed
dehydrohalogenation reaction is illustrated here by the
preparation of metallopolymer A. To a solution of L1 (30 mg,
0.12 mmol) in 30 ml of CH,Cly/triethylamine (1:1, v/v) was
added [PtCl,("Nonybipy)] (81 mg, 0.12 mmol) and Cul (5 mg).
The mixture was allowed to stir at room temperature for 24 h
under a nitrogen atmosphere. Afterwards, the solvent was
removed and the residue was redissolved in a small amount of
CH,Cl, and reprecipitated from methanol. Centrifugation was
performed to give A as a red solid (yield: 93%). Metallopolymer
B was isolated as a red solid with a yield of 90%. For A: IR
(KBr): 2107 (ve=c) cm™'; GPC (THF): M,, = 90390, M, = 52080,
M, /M, = 1.74; Anal. calcd for CqHgsNsFePt: C, 67.51; H, 5.94;
N, 3.81. Found: C, 67.32; H, 6.10; N, 3.98%; T4ecomp (°C): 356 °C.
For B: IR (KBr): 2104 (ve—c) cm™; GPC (THF): M,, = 115230,
M, = 98390, M, /M, = 1.17; Anal. calcd for Ce,Hg;NsFePt: C,
67.38; H, 6.11; N, 3.80. Found: C, 67.55; H, 6.43; N, 4.08%;
Tgecomp (°C): 321 °C.

Pyrolysis of metallopolymers

The as-synthesized metallopolymer was put in a ceramic boat,
which was then placed inside a quartz reaction tube equipped
with temperature and gas-flow controls. Then, the whole set-up
was heated up to the desired temperature at a rate of 20 °C min™'
under a nitrogen atmosphere.

Nanoparticle characterization

Structural characterization of as-synthesized FePt NPs was
performed by PXRD on a Bruker AXS D8 Advance X-Ray
Diffractometer machine, with CuK,; (A = 540 nm, 40 kV, dan 40
mA) for analyzing the composition and phase purity of the
resulting NPs. TEM was performed using a Tecnai G2 20 S-
TWIN for probing the morphology, particle size and size
distribution of NPs. EDX spectra were obtained using a LEO
1530 scanning electron microscope for studying the ratio of Fe
and Pt in the resulting metal alloy NPs. Magnetic properties of
as-prepared FePt NPs were investigated at room temperature and
100 K by a Lakeshore 7407 vibrating sample magnetometer
(VSM), with an applied field up to 2 T.
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ToC Graphic

Ferromagnetic (L1y phase) FePt alloy nanoparticles (NPs) can be
generated by single-step pyrolysis of metallopolymers. The
influence of the pyrolysis temperature on the size and magnetic
properties of the resulting FePt alloy NPs has been investigated in
detail.
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