RSC Advances

RSC Advances

ROYAL SOCETY
OF CHEMISTRY

ROYAL SOCIETY
OF CHEMISTRY

This is an Accepted Manuscript, which has been through the
Royal Society of Chemistry peer review process and has been
accepted for publication.

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. This Accepted Manuscript will be replaced by the edited,
formatted and paginated article as soon as this is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes

to the text and/or graphics, which may alter content. The journal's
standard Terms & Conditions and the Ethical guidelines still

apply. In no event shall the Royal Society of Chemistry be held
responsible for any errors or omissions in this Accepted Manuscript
or any consequences arising from the use of any information it
contains.

WwWWw.rsc.org/advances



Page10P8 R SC Advance

o

o

S

by

S

Cite this: DOI: 10.1039/c0xx00000x

WWW.rscC.org /XXXXXX

RSC Advances

Dynamic Article Links »

PAPER

SCO@SiO,@Au core-shell nanomaterials:

enhanced photo-thermal

plasmonic effect and spin-crossover properties

Dan Qiu,” Ling Gu,” Xiao-Li Sun,* Dong-Hong Ren,* Zhi-Guo Gu, ™" and Zaijun Li*

Received (in XXX, XXX) Xth XXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX

DOI: 10.1039/b000000x

We reported here an effective synthetic route to gold coated spin-crossover core-shell nanocomposites (SCO@SiO,@Au) in
which [Fe(Htrz),(trz)|(BF,)@SiO, (SCO@SiO,) served as a support to Au nanopartilces. The obtained core-shell nanocomposites
were studied using numerous characterization techniques to define the structure, morphology, composition and especially the

spin-crossover properties. The transmission electron micrographs illustrated that Au nanopartilces with an average diameter

around 2.5 nm were decorated uniformly on the surface of SCO@SiO,. X-ray photoelectron spectroscopy measurements further

confirmed the successful incorporation of gold nanoparticles on spin-crossover core. The Raman spectrum indicated that the
plasmonic Au nanopartilces made an efficient photo-thermal heating in the SCO@SiO,@Au nanocomposites, leading to a ~100
times reduction of laser energy needed for spin state switching compared with SCO@SiO,. The magnetic study demonstrated

that the embedded Au nanopartilces not only influenced the spin transition temperatures but also changed the widths of
hysteresis loops. SCO@SiO,@Au nanocomposites may be applied to various areas where the fascinating spin-crossover core and

the functional gold shell can be beneficial.

1. Introduction

As frontier of molecular magnetic materials, the spin-crossover
complexes (SCO) have received enthusiastic pursuit due to the
magnetic bistability and photo-switching capabilities.' It is well

known that the changes between low spin (LS) and high spin (HS)

states in SCO materials can be triggered by external stimuli e.g.
temperature change, different degree of pressure, and light
irradiation.? The triazole-based iron(IT) polymeric compounds, as
an important member in the SCO system, are still regarded as the
ideal materials for technological applications owing to their
cooperative spin transition around room temperature with large
hysteresis loops and unique color change.® A variety of elaborate
methods have been applied to manufacture SCO complexes at the
3 nanometer scale for the integration into functional devices.* The
spin transition temperatures and the widths of the hysteresis loop
can be tuned intelligently by the sizes and morphologies of the
SCO nanopartilces (NPs).” In the numerous merits of triazole-
based SCO compounds, the laser-induced spin transition at room
temperature is an excellent property for writing and erasing
information optically in storage devices.® However, the technique
is limited to the high laser power needed for inducing the
conversion of spin state. Thus, the development of new SCO
nanomaterials to diminish the needed laser power for the
complete spin state switching is indispensible.

Over the past decades, much significant endeavors have been
devoted to the plasmonic NPs which have excellent photo-
thermal performance based on the surface plasmons, favoring the
different potential applications such as data transport and
ss processing.” In the realm of plasmonics, Au NPs have been
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intensively pursued owing to their facile synthesis, high chemical
stability, oxidation resistance, good biocompatibility, useful
electronic properties and good affinity.® The latter allows Au NPs
bind to amine (-NH,), sulthydryl (-SH) or carboxyl (-COOH)
groups and thus functionalized, making them possible to form
hybrid nanomaterials.” In particular, the size-dependent surface
plasmon resonance (SPR) property of Au NPs exhibiting strong
absorbance with tunable wavelength in the near-infrared (NIR)
region has been widely studied for photo-thermal therapy.'® That
is, the plasmonic Au NPs as photo-thermal agents induced by the
selective laser illumination can control the local heating
temperatures in photo-thermal treatment."'

On the account of unusual switching characteristics of SCO
nanomaterials and parallel to the photo-thermal property of Au
NPs, an emerging class of hybrid nanostructure consisting of
plasmonic Au and SCO NPs is receiving increasing attention.'*'*
Bousseksou and co-workers have found that the SPR as a
powerful tool can be exploited to detect the spin state changes in
the SCO NPs with high sensitivity.'” In the system, molecular
spin state switching was efficiently triggered, fast achieved, and
highly localized by photo-thermal effect of gold nanorod arrays
covered with a thin layer of SCO complex."* Recently, the photo-
thermal plasmonic effect of Au NPs has also been evidenced on
spin state conversion in SCO nanocomposites and the needed
laser power intensity reduced 3 times compared with the pure
SCO polymers."* However, it remains a challenge to develop a
more convenient and flexible method to increase the amount of
Au NPs on the surface of SCO NPs to modulate their SPR

property.
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In this contribution, an alternative strategy is proposed to
synthesize two different sizes of SCO@SiO2@Au core-shell
nanocomposites using an in-situ growth of gold NPs. The Raman
signals and behaviors were highlighted
significantly to investigate the influence of Au NPs on the spin-
crossover properties of nanocomposites. And the efficient spin
state switching resulted from the enhanced plasmonic heating
effect in SCO/gold nanocomposites will be promising for
information storage and other different potential applications.

spin-crossover

2. Experimental Section

2.1 Chemical materials

Fe(BF,),"6H,0, Htrz (Htrz=1,2,4-triazole), HAuCl; 4H,0, (3-
aminopropyl) triethoxysilane (APTES), NaBH,, tetraethyl
orthosilicate (TEOS), Triton X-100, n-pentanol, hexamethylene,
acetone and ethanol were all reagent grade and purchased from
Sigma-Aldrich and used without further purification. Ultrapure
milli-Q water (18.2 MQ. cm) was used in all experiments.

2.2 Apparatus

The fourier transform infrared (FT-IR) were taken from FA-
LA2000 FT-IR spectrometer (ABB Bomen Canada) (KBr disk).
XRD patterns were collected on a D8 Advance X-ray
diffractometer (Bruker AXS Germany) with Cu Ka radiation in a
20 range from 5° to 90°, and the scan speed was 2° min™'. The
size and morphology of the nanocomposites were observed by
JEM-2100 (HR) transmission electron microscopy (TEM) (JEOL
Japan). The TEM analysis of sample was obtained by dipping a
holy grid to NPs ethanol solution and evaporated in air at room
temperature. UV-visible absorption spectra were measured in
ethanol solution with Shimadzu UV-2101 PC scanning
spectrophotometer (Shimadzu Japan). The Raman spectra of the
particles deposited on a glass slide were obtained from Invia
Raman spectra (Reinshaw England) with 785 nm excitation line.
The laser power intensity was adjusted by changing the
percentage of 280 mW, the largest laser power intensity in 785
nm excitation line. The laser beam was focused on a ca. 1 um
spot. The data acquisition time used in the measurement was 15 s.
Replicate measurements on different areas were made three times
to verify that the spectra were a truer presentation of each
experiment. Differential scanning calorimeter (DSC) curves were
obtained by (PE) DSC-8000 (PE US) from 300 K to 400 K with
rate of 10 K min'. The X-ray photoelectron spectra (XPS) were
carried out by Axis Ultra Imaging Photoelectron spectrometer
(Kratos Analytical Ltd. Japan), from which can analyze the
composition of elements. The magnetic property of
nanocomposites was analyzed using a MPMS-XL-7 super strong
quantum interference magnetometer (Quantum Design US). The
samples were testing at two temperature stages, which were from
300 K to 400 K, and then back to 300 K and the sweep rate is 3 K
min'. The correction of the diamagnetism for the composite
material was difficult. Data was corrected for the diamagnetic
contribution calculated only from Pascal constants of
[Fe(Htrz),(trz)](BF,).

2.3 Synthesis of SCO@SiO, NPs
SCO@Si0,-1: Under nitrogen atmosphere, Fe(BF,;),-6H,0 (118
mg, 0.35 mmol) resolved in 0.25 mL demineralised water and
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Fig. 1 The synthesis strategy for SCO@SiO>@Au core-shell

nanocomposites.

tetracthyl orthosilicate (TEOS) (0.25 mL) were added dropwise
into a mixed solution of Triton X-100 (2 mL), n-amyl alcohol (2
mL), and cyclohexane (8 mL) with stirring to form a clear water-
in-o0il microemulsion. 0.25 mL aqueous solution of Htrz (73 mg,
1.05 mmol) was added dropwise into the above microemulsion,
followed by continuously stirring at room temperature for 24 h in
the dark. The color of microemulsion changed from colorless to
pink during the reaction suggested that SCO@SiO,-1 NPs had
been fabricated successfully. Finally, the resulting NPs were
collected by demulsification (acetone, 5 mL), centrifugation,
washed three times with ethanol (8 mL), then redispersed into 4
mL ethanol.

SCO@Si0,-2 NPs were prepared by a similar procedure to that
described for SCO@SiO,-1 except the water volume of
Fe(BF,), 6H,0 and Htrz was changed into 0.2 mL.

2.4 Synthesis of SCO@SiO,@Au core-shell nanocomposites
SCO@SiO,@Au-1: The core-shell nanocomposites
prepared by two steps: 1) For the modification with amino groups,
2 mL the previous prepared SCO@SiO,-1 NPs suspension were
redispersed into another 5 mL ethanol by sonication, then 50 pL
APTES was added dropwise into the mixture and stirred at room
temperature for 12 h. The resulting SCO@SiO,-NH, NPs were
washed twice with ethanol (8 mL) and centrifugated, and finally
dispersed into 5 mL of ethanol; 2) For the synthesis of gold-
coated NPs, 2 mL of 3 x 10> M HAuCl,-4H,0 solution prepared
at advance and 8 mL demineralised water were added into the
above SCO@SiO,-NH, NPs dispersion (1 mL) and stirred at
temperature for 0.5 h. Then 0.72 mL of 0.1 M NaBH, solution
was added into the mixed solution and continued reacting 5 min.
The solution turned into black once the addition of NaBH,
solution and the change of color indicated the formation of Au
NPs. At last, the products SCO@SiO,@Au-1 were covered by
centrifugation, washed three times with ethanol (8mL), and then
dried at 60 [ in vacuum overnight.

SCO@SiO,@Au-2 nanocomposites were prepared by a similar
procedure to that described for SCO@SiO,@Au-1 except
SCO@Si0,-1 was replaced by SCO@SiO,-2.

were

3. Results and Discussion
The syntheses procedure of the Au NPs-functionalized
SCO@Si02 core-shell nanocomposites was illustrated in Fig. 1.
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Fig. 2 XRD diffraction patterns of SCO@SiO,-1 (a), SCO@SiO,-2 (b),
SCO@SiO@Au-1 (c), SCO@SiO@Au-2 (d).

The fabrication of the SCO@SiO, NPs was achieved by a
reverse-micelle technique that triazole aqueous solution
permeated in the water-in-oil microemulsion droplets including
Fe(BF,), 6H,0 salt and TEOS."” Two subsequent processes of
amino-functionalization and electrostatic interaction with HAuCl,
were taken for SCO@SiO, NPs core. The silica has been widely
used and functionalized as supports for the decoration with gold
NPs or gold nanoshell.'® In our case, the surface modification of
SCO@SiO, was carried out using APTES as a linker agent,
which was known to result in a stable and uniform adsorption of
gold NPs.'” The final gold coated SCO nanocomposites were
achieved by reducing the AuCl, anions, and immobilized on the
surface of modified cores. In comparison with the published
SCO/gold nanocomposites,'* the synthesis was simplified, and
the Au NPs with a small size were formed by in-situ growth and
simultaneously anchored to the amino functionalized cores within
one step. In addition, the approach promised the attachment of
discrete Au NPs onto SCO@SiO2 NPs with forming a full and
uniform coating.

FTIR measurements were employed to testify the formation of

SCO@SiO, NPs and SCO@SiO,@Au nanocomposites (ESIT)
For SCO@Si0,, two bands observed at ~1453 and ~1496 cm’!
corresponded to the ring stretching of 1,2-coordinated triazole
ligands, and the peak at ~634 cm™ was the out-of plane vibration
of the triazole.'® While these vibration bands were weakened in
the case of SCO@SiO,@Au nanocomposites. The observed
peaks near 1085 cm™ in all samples were anti-symmetric Si-O-Si
stretching, indicating the formation of SiO,.
The powder X-ray diffraction patterns of as-prepared SCO@SiO,
NPs and SCO@SiO,@Au nanocomposites were displayed in Fig.
2. For SCO@SIi0,, the obvious diffraction peaks around 20 at 10°,
18° and 25° corresponded to the positions of the reported
[Fe(Htrz),(trz)|BF, micrystalline material.'” The same peaks were
also observed in the SCO@SiO,@Au nanocomposites. However,
compared with SCO@SiO,, the characteristic peaks were
whittled in SCO@SiO,@Au nanocomposites. This might be
explained by the heavy atom effect of Au or the relatively weak
intensity between them.”” After assembling of Au NPs, four
characteristic peaks at 38.1°, 44.3°, 64.6° and 77.5° matched the
(111), (200), (220) and (311) planes of the gold crystal with a
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45 Fig. 3 TEM images of as-prepared SCO@SiO,-1 (a, b), SCO@Si0,-2 (c,
d), SCO@SiO,@Au-1 (e, f), SCO@SiO,@Au-2 (h, i). Size distribution

histogram and statistics are for
SCO@SiO@Au-2 ().

SCO@SiO@Au-1 (g) and

cubic phase.”' In addition, all samples exhibited a very broad
peak in the 20 range from 15° to 30° was assigned to the
characteristic diffraction peak of amorphous silica materials. The
above analysis indicated that SCO@SiO,@Au composites were
fabricated successfully.

The morphology and structure of the as-synthesized samples
were investigated by TEM. The SCO@SiO, NPs displayed two
different sizes that 750~800 nm length and 150~250 nm width for
SCO@SiO,-1 (Fig. 3a), and 200~250 nm length and 200~230 nm
width for SCO@SiO,-2 (Fig. 3c), which distributed uniformly
(Fig. S2). As shown in Fig. 3b and Fig. 3d, SCO@SiO,-1 NPs
exhibited rectangular prisms while SCO@SiO,-2 NPs appeared
as saw-tooth rods. It revealed that not only the sizes but also the
shapes of the SCO@SiO, NPs were significantly modified by the
change of ratio of water to surfactant. TEM images of the SCO
nanocomposites showed lots of small and high dispersed Au NPs
anchored on the surface of the nanocomposites, owing to their
dark image contrast against the support. In particular, as shown in
Fig. 3g and 3j, the average diameters of attached Au NPs were ca.
2.44 and 2.55 nm for SCO@SiO,@Au-1 and SCO@SiO,@Au-2,
respectively. Additionally, it was obvious that the attached Au
NPs of SCO@SiO,@Au-2 were slightly denser than
SCO@SiO,@Au-1 (Fig. 3f and 3i), which might be attributed to
the mass ratio of SCO@SiO, to AuCl, salt. The different
magnification TEM images evidenced the inclusion of the SCO
polymers into the silica matrix, from which the narrow outer shell
of irregular SiO, with ~20 nm thickness were observed
surrounding the SCO polymers. The incorporation of silica was
also demonstrated in the FT-IR and XRD analysis. Therefore, the
analysis of TEM images further revealed that Au NPs were
successfully located on the surface of SCO@SiO, NPs.

XPS measurements are usually used to analyze the surface
characterization materials, from which the
unambiguous results can be acquired when unique elemental
markers present in the various surface components.'® To further
confirm the decoration of Au NPs on the surface of SCO@SiO,
NPs, the two nanocomposites were given XPS measurements. As
shown in Fig. 4a, it was apparent that the based elemental
contents in hybrids consisted of C, N, O, Si, Fe and Au. Both of

of various
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Fig. 5 UV-visible absorption spectra of as-prepared SCO@SiO,-2 (a),
SCO@Si0:-1 (b), SCO@SiO@Au-2 (c) and SCO@SiO-@Au-1 (d).

SCO@SiO,@Au-1 (Fig. 4bl) and SCO@SiO,@Au-2 (Fig. 4b2)
showed double peaks at ~707.3 and ~710.3 eV for Fe 2ps),, and
10 ~720.0 and 723.5 eV for Fe 2p,),. The four binding energy values
in the Fe 2p core level spectra were owing to the different spin
state of iron spin crossover complexes, that is, ~707.3 and ~720.0
eV for the LS state and ~710.3 and ~723.5 eV for the high HS
state.”” The HS remain at room temperature resulted from the
15 surface partial coordinated Fe atoms, which supported by the high
surface area of SCO@SiO,@Au nanocomposites. In addition, the
binding energies at ~83.11 and ~86.81 eV (Fig. 4c) were
attributed to the Au 4f;, and Au 4f5,,> demonstrating that Au
NPs were successfully coated on the surface of SCO@SiO, NPs.
20 Compared with the metallic Au, the measured binding energies of
Au NPs in the two nanocomposites were lower, indicating a
negative shift of Au NPs.?*
Au NPs, as well known, has fascinating optical properties and its
optical extinction can be related to the plasmon resonance.'® The
25 optical properties of nanocomposites with Au NPs coating were
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carried out via UV-visible absorption spectroscopy. As shown in
s Fig. 5, SCO@SiO,@Au-1 exhibited absorption at ~525 nm and
the peak was sharp and intense. The absorption peak moved to
~545 nm in SCO@SiO,@Au-2, which was red-shift and broader
attributing to the sensibility of Au NPs. Spherical Au NPs with a
diameter of 5 nm presented the surface plasmon band at 520 nm
35 in ethanol while it could be changed by the size, shape,
interparticle distance and environment of the particles.”

To investigate the laser-induced spin transition and the
plasmonic heating effect of Au NPs on SCO@SiO, NPs, Raman
spectra were obtained by varying the selective output power

40 intensity of Raman laser illumination with 785 nm excitation line.
The positions of the samples measured with the various laser
power intensities were different to make sure that the testing
points were initially in the LS state at room temperature. The
most significant characteristics in wavenumber between 100 and

45 400 cm™" were typically used to indicate the spin transition of iron
(II) triazole complexes because of the external metal-ligand
vibrational modes.”® As shown in Fig. 6a and Fig. S3a, for
SCO@SiO, NPs, the most significant changes observed in the
Raman spectra were that the particular vibration modes at 106

so cm’' assigned to HS state appeared and 286 cm™' related to the LS
state disappeared completely after the laser power intensity
approached from 2.8 to 14 mW. This phenomenon demonstrated
the achievement of the LS to HS switch. The internal stretching
and deformation modes of the triazole ring observed in the

ss spectroscopic region between 900 and 1400 cm™ were no major
change in the process of spin conversion of SCO@SiO, NPs,
except that the bands at 1056 and 1308 cm™ attributed to Htrz and
those at 1083 and 1282 cm’ due to trz shifted to the lower

4 | Journal Name, [year], [vol], 00—00
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s wavenumber lightly (Fig. S3c and Fig. S3e), which also
evidenced the spin switching. In the case of SCO@SiO,@Au
nanocomposites, the characteristic Raman bands of
[Fe(Htrz),(trz)|(BF,) complex almost weakened which might be
due to the surface-enhanced Raman scattering (SERS) effect (Fig.

10 6b and Fig. S3b).”” In other words, the dominant SERS effect
associated to the surface contact between the assembling Au NPs
and [Fe(Htrz),(trz)](BF,) molecules made it difficult to observe
the typical Raman signals of [Fe(Htrz),(trz)](BF,) polymers.
However, it was obvious that SCO@SiO,@Au nanocomposites

15 displayed strong Raman signal of HS state, which appeared as an
upward trend of intensity around at 106 cm™. And no signal of LS
state was observed at 0.14 mW, the lowest laser power intensity
to obtain the Raman spectrum. In addition, the Raman signals of
Htrz and trz due to HS state in the SCO@SiO,@Au kept at 1305

wand 1278 cm” (Fig. S3d and Fig. S3f). Therefore, the results
demonstrated that a very low laser power could induce the spin
state conversion by decorating Au NPs on the surface of
SCO@SiO, NPs. Compared with SCO@SiO, NPs, the decrease
of the laser power intensity could be explained by the plasmonic

25 heating effect of Au NPs, which made an efficient photo-thermal
heating in the direct vicinity of the SCO@SiO,@Au
nanocomposites, leading to a ~100 times reduction of laser
energy needed in spin state switching. Additionally, the needed
laser power intensity for SCO@SiO,@Au nanocomposites

30 reduced substantially in the paper evidenced that the increasing
amount of Au NPs could be more effective to control spin
switching of SCO polymers according to the reported literature.'*

DSC curves were performed to check the spin-crossover phase
transition temperatures of SCO@SiO, NPs and SCO@SiO,@Au

35 nanocomposites. As shown in Fig. 7, the peaks of phase transition
temperatures in the heating and cooling modes of DSC curves
were 401 K and 342 K for SCO@SiO,-1, 391 K and 344 K for

SCO@Si0,-2. Compared with SCO@SiO, NPs, it was obvious
that the transition temperatures of SCO@SiO,@Au core-shell

40 nanocomposites shifted slightly to right (Fig. 7b and 7d). The

temperatures estimated at 400 K and 401 K in the warming
process and 350 K and 355 K in the cooling process for
SCO@Si0,@Au-1 and SCO@SiO,@Au-2, respectively. The
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45 Fig. 8 Plots of yu7 versus 7 for SCO@SiO,-1 (a, black spheres),
SCO@Si0,-2 (b, red triangles), SCO@SiO,@Au-1 (c, green spheres),
SCO@SiO,@Au-2 (d, blue triangles).

Table 1 The magnetic data of SCO@SiO, and SCO@SiO,@Au
nanoparticles.

T Tl AT

SCO@SiO0,-1 399 K 341K 58K
SCO@SiO@Au-1 398 K 348 K 50K
SCO@Si0-2 390K 343K 47K
SCO@Si0@Au-2 399 K 353K 46 K

50
primary DSC results indicated that the presence of Au NPs
influenced the magnetic phase transition temperatures of
SCO@SiO,@Au nanocomposites.
To confirm the change of spin-crossover properties by
ss assembling Au on SCO@SiO, NPs, the magnetic susceptibilities
were measured over the temperature range 300-400K with a
heating and cooling sweep. The SCO phenomenon of each
sample was clearly displayed by ym7 vs T curves (Fig. 8).
Different degree remnant of HS residue was observed in the two
o samples at 300 K, and the higher remnant HS ratios were as
expected for SCO@SiO,-2 with smaller particle size compared
with SCO@Si0,-1, which were demonstrated in the Mdssbauer
spectra (Fig. S4). The similar phenomenon was shown in SCO@
SiO,@Au, which corresponded to the XPS analysis above.
s SCO@Si0,-1 revealed very abrupt and almost complete
transition with a large hysteresis loop of ca. 58 K occurring
around 7.7 =399 K in the warming mode and 7,.| = 341 K in the
cooling mode. Compared with SCO@SiO,-1, the two processes
of the spin crossover took place with 7,1 = 390 K and 7,| = 343
70 K for SCO@Si0,-2 and its width of the thermal hysteresis was ca.
47 K. The different hysteresis loop width of SCO@SiO, might be
explained by the different sizes, morphologies, quantity of
solvant molecules and the cristallographic defaults of SCO@SiO,
NPs.?® With the integration of Au NPs, the transition temperatures
75 of SCO@SiO,@Au-1 in the heating and cooling cycles were 7,1
=398 K and T.| = 348 K, defining a hysteresis loop of ca. 50 K.
While for SCO@SiO,@Au-2, the spin crossover transition in
both of that protocols appeared at 7.7 = 399 K and 7| =353 K
with a hysteresis loop width of 46 K. According to the above
so results, there were significant changes of magnetic properties in
the nanocomposites (Table 1). Compared with the pure SCO NPs,
the transition temperatures from HS state to LS state in the
cooling mode increased 7 K and 10 K for SCO@SiO,@Au-1 and

This journal is © The Royal Society of Chemistry [year]
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SCO@SiO,@Au-2, respectively. While the temperatures in the
warming process of LS state converted into HS state decreased 1
K for SCO@SiO,@Au-1 and increased 9 K for SCO@SiO,@Au-
2. As a result, the thermal hysteresis width of the hybrids became

snarrow and shifted to right after coating of Au NPs on
SCO@SiO,. We speculate this change of magnetization in the
nanocomposites can be attributed to the increased mass of Au
NPs on the surface of SCO@SiO, NPs and the good thermal
conductivity contribution of Au NPs.

4. Conclusion
In summary, a facile and efficient method was established for
the synthesis of SCO@SiO,@Au core-shell nanocomposites with
core spin-crossover and shell SPR properties. The less laser
15 energy consumption of full LS state to HS state transition for
SCO@SiO,@Au nanocomposites verified that the phasmonic
heating effect associated to the SPR absorption of Au NPs
favored the laser-induced spin transition. The change of
hysteresis loops in SCO@SiO,@Au nanocomposites also
confirmed that the surface Au NPs influenced the magnetism
behaviors of spin-crossover complexes. The results offered a
powerful platform to construct other similar multifunctional spin-
crossover nanomarterials, which were looking forward to
expanding many potential applications in information storage.
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Graphic abstract
SCO@SiO,@Au core-shell nanomaterials: enhanced

photo-thermal plasmonic effect and spin-crossover properties
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Synopsis

[Fe(Htrz),(trz)|(BF4)@SiO2@Au core-shell spin-crossover nanocomposites have
been successfully synthesized, and Au nanopartilces made an efficient photo-thermal
heating in the nanocomposites and influenced the spin-transition temperatures and the

widths of hysteresis loops.
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