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  1.     Introduction 

 One-dimensional self-assembled nanostructures are of par-
ticular interest in nanoelectronics, optoelectronics, nanomag-
netism, and biosensing devices, [ 1 ]  which were often formed 
from ferromagnetic and superparamagnetic nanoparticles on 
supporting surfaces [ 2–5 ]  or in solutions. [ 6 ]  Nanoparticle chains 
are much less known for nonmagnetic materials although they 
can form for nonmagnetic semiconductors and metals, due to 
the complex interparticle interactions involving electrostatic 
interactions and other forces. [ 1,7–10 ]  Finding their new examples 
and interactions that could contribute to their formation would 
be potentially useful. 

 Recent discovery of ferromagnetism in Pt nanoscale systems 
has generated great attention for basic investigations as well as 
for practical applications, for example, in data storage. [ 11–15 ]  It 

is well known that Pt bulk metal is para-
magnetic, in which the magnetic anisot-
ropy (that is, the intrinsic preference of 
magnetization to lie along an easy axis) is 
very small due to the orbital momentum 
of the electrons is strongly quenched by 
crystal fi elds. [ 13 ]  However, on the nanom-
eter scale, more Pt atoms will be located 
at the surface of the nanocrystal, leading 
to the resurrection of the orbital moment 
at lower coordinated surfaces and thus a 
larger magnetic anisotropy energy. Similar 
phenomenon was also suggested in other 
4d and 5d noble metals and alloys such 
as Pd, Au, and Au/Pt in the nanodimen-
sion, whereas their bulk counterparts are 
nonmagnetism. [ 16–21 ]  In these confi ned 
nanostructures, narrower electron bands 
induced by the reduced coordination 
number of surface atoms yield a larger 

density of states n( E  F ) at the Fermi level and thus more easily 
satisfi es the Stoner criterion for ferromagnetiam n( E  F )· J  > 1, 
where  J  is exchange integral. [ 22 ]  

 Besides the size effects, the origin of ferromagnetism in 
nanocrystals was also attributed to the change in electronic 
structure. For examples, the change in electronic structure of 
Au nanoparticles and thin fi lms has been recently found after 
capping them with organic molecules and accordingly induces 
their ferromagnetic behavior, although bulk Au is diamag-
netic. [ 20,23,24 ]  When thiols are chemisorbed on Au surface, the 
charge can transfer from the Au to the S, leading to the increase 
of 5d density of holes at the Au site. As a result, a localized 
magnetic moment fi xed along the bond direction was formed, 
enabling ferromagnetism even at room temperature (RT). [ 20 ]  
Except the noble metal nanosystems, similar observations have 
also been discovered in organically coated semiconductors such 
as ZnO, [ 25,26 ]  ZnS, [ 27 ]  CdSe, [ 28 ]  and PbS. [ 29 ]  Recently, Sakamoto 
et al. proclaimed another mechanism for ferromagnetism 
based on their theoretical and experimental studies. [ 15 ]  In that 
case, a decrease in the 5d hole number was found through the 
 s – d  rehybridization and lead to a stronger modifi cation of elec-
tronic structure in a nanodiamensional system. [ 30 ]  

 Herein, we report for the fi rst time that Pt nanoparticle 
nanochain networks can be directly assembled in solution due 
to induced magnetic dipoles originated from the alterant elec-
tronic structure modifi ed by the capped polyvinylpyrrolidone 
(PVP) molecules. Our results presented here not only support 
the observation of ferromagnetism in traditional nonmagnetic 
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nanoparticles. Figure   1 c shows the high-reso-
lution TEM (HRTEM) image of several assem-
bled nanoparticles extracted from a typical Pt 
chain, from which a lattice spacing of 2.30 Å 
can be observed, corresponding to the (111) 
facet of face-centered cubic (fcc) Pt. It should 
be noticed that interparticle gap (≈0.7 nm) 
between adjacent Pt nanoparticles can be 
clearly seen (marked by red arrows), which is 
quite different from previously reported Au 
chains governed by electric dipoles, [ 1,10 ]  for 
which the adjacent nanoparticles were often 
in close contact within the chains. Although 
the presence of PVP can be detected by Fou-
rier transform infrared (FTIR) spectrum dis-
cussed below, the polymer coating is almost 
invisible in Figure   1 c, indicating that PVP 
molecules form a very thin layer on the sur-
face of the Pt nanoparticles. The composition 
and crystal phase purity of the product were 
analyzed by energy dispersive X-ray spectrom-
etry (EDS) and powder X-ray diffraction (XRD) 
techniques, respectively (Figures   1 d,e). As 
expected, the EDS spectrum only reveals Pt 
signal from the Pt nanochain networks, where 
Cu and C peaks emanate from the carbon-
coated TEM grid (Figure   1 d). The XRD pattern 
(Figure   1 e) shows that all of the refl ections 
can be indexed to fcc Pt with a lattice constant 
 a  = 0.391 nm (JCPDS Card no. 87–0640).    

 2.2.     Effect of Temperature on the Pt 
Nanostructures 

 It was found that the morphology and self-
assembly behavior of the Pt nanoparticles are 
very sensitive to the change of reaction tem-
perature ( Figure    2 ). When the reaction vessel 
was heated at 90 °C for 18 h, small nanopar-

ticles (≈3.1 nm) with high dispersibility were obtained (Figures 
  2 a,a’). Reaction at 110 °C yielded uniform Pt nanostars (Figures 
  2 b,b’). This star-like nanostructure was frequently observed in 
the homogeneous nucleation and then overgrowth of Pt, for 
which low concentration of seeds and high concentration of Pt 
atoms were necessary. [ 31,32 ]  In our system, the ideal temperature 
for sustaining the prerequisite of the overgrowth mechanism 
and leading to the formation of Pt nanostars is 110 °C. The reac-
tion at 130 °C also yielded star-like Pt (Figures   2 c,c’). Noticeably, 
some self-assemblies of star-like nanoparticles began to appear 
(marked by red arrows). When switching the temperature to 
150 °C, relatively uniform Pt chain networks were obtained 
(Figures   2 d,d’). Here, two points are worth highlighting: one 
is that the length of chains is much shorter than that prepared 
at 160 °C (Figure   1 a); the other is that the building units of Pt 
chains are not nanostars but spherical nanoparticles. Such 
morphology change could be attributed to higher temperature 
applied: the decomposition of Pt precursor and subsequent par-
ticle growth occurred at a very fast reaction rate at 150 °C, so the 

Pt but also suggest the possibility of using such magnetism as 
an intrinsic driving force to construct other assembled struc-
tures of nonmagnetic nanoscale building blocks.   

 2.     Results and Discussion  

 2.1.     Characterization of Pt Chain Networks 

 Transmission electron microscopy (TEM) image in  Figure    1 a 
shows that the overall morphology of the sample is composed of 
network-like structures. The individual Pt chain including closed 
loops and branched superstructures often extends to hundreds 
of nanometers in length and consists of tens of nanoparticles 
with an average size of about 7.6 nm (Inset in Figure   1 a). The 
corresponding selected-area electron diffraction (SAED) pattern 
shown in Figure   1 b highlights not only continuous rings indexed 
to (111), (200), (220) planes of Pt, but also discrete diffraction 
spots that comes from the substructure of the whole ensemble of 

   Figure 1.    a) TEM image of Pt nanoparticle chain networks synthesized at 160 °C for 18 h. Inset 
shows the corresponding particle-size histogram. b) The SAED pattern taken from the top right 
corner in (a). c) HRTEM image of a typical Pt nanoparticle chain. d,e) EDS spectrum and XRD 
pattern of the Pt nanoparticle chain networks, respectively. 
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measurements for the sample prepared at 160 °C by a SQUID 
magnetometer (Quantum Design) and the main results were 
presented in  Figure    3 . The magnetization data of the samples 
prepared at 110 and 180 °C were also collected for compar-
ison (Figure   3 ). Figure   3 a,b show the  M – H  curves of the three 
Pt nanostructures in the applied fi eld range of 0–20 kOe, 
which indicate that their magnetizations are not saturated up 
to 20 kOe at 5 K and 300 K. As to the sample prepared at 
160 °C, the saturation magnetization should be higher than 
0.025 emu g –1  at 5 K and 0.013 emu g –1  at 300 K inferred 
from Figure   3 a,b, respectively. Figure   3 c,d reveal obvious hys-
teresis loop for the three samples at low fi elds of the  M – H  
plots, indicating their ferromagnetic behavior even at room 
temperature. The variations of coercivity  H  c  and the rema-
nence  M  r  for the samples prepared at 110, 160, and 180 °C 
are shown in Figure   3 e. It can be found that the magnitudes 
of  H  c  and  M  r  for the sample obtained at 160 °C are much 
higher than those of the samples obtained at 110 and 180 °C. 
The above results suggest that the magnetic dipolar interac-
tions may be strong enough to drive the formation of chain-
like assemblies at 160 °C. The magnetization property of the 
three samples was further studied using the standard zero 
fi eld cooling (ZFC) and fi eld cooling (FC) protocols under an 
applied magnetic fi eld of 1000 Oe between 5 and 300 K, as 
shown in Figure   3 f. All the samples exhibit a paramagnetic-
like Curie-Weiss behavior. [ 35 ]  However, apparent divergence of 
the FC and ZFC magnetizations for the samples prepared at 
160 (up to 250 K) and 180 °C (up to 125 K) can be observed, 
which can exclude the para- and diamagnetic contributions 
to the hystersis loop [ 36,37 ]  and thus further confi rms the fer-
romagnetism of the as-made Pt nanostructures.  

 The above samples were also characterized by electron para-
magnetic resonance (EPR, microwave frequency: 9.065 GHz) 
spectroscopy ( Figure    4 ), which provides further evidence for the 
ferromagnetic behavior of these samples. Based on the theory 
of ferromagnetic resonance, [ 38 ]  the effective  g -factor ( g  eff ) can be 
determined by  g  eff  =  hγ / μ  B  H  center , where  h ,  γ ,  μ  B , and  H  center  are 
Plank constant, frequency of the applied microwave magnetic 
fi eld, Bohr magnetron, and resonance magnetic fi eld, respec-
tively. Thus, the  g  eff  values for the samples prepared at 110, 160, 
and 180 °C are ≈2.08, 2.36, and 2.15, respectively, at room tem-
perature. These values are all larger than the free-electron value 
of 2.0023, [ 39 ]  indicating the presence of ferromagnetic behavior 
of these samples.  

 During the preparation processes, we carefully avoided 
the use of any magnetic-elements-related objects; however, 
it is also needed to appraise the possible magnetic impurities 
quantitatively. To this end, we used the inductively coupled 
plasma atomic-emission spectroscopy (ICP-AES) technique to 
determine the magnetic contribution from metal impurities. 
The results showed that magnetic metals such as Fe, Co, and 
Ni were all below the detectable limits. Therefore, the experi-
mentally observed ferromagnetism of our samples was their 
intrinsic properties. 

 Notwithstanding the existence of ferromagnetism in tra-
ditional nonmagnetic materials such as noble metals, semi-
conductors, and even carbon-based materials [ 40,41 ]  has been 
generally accepted, the origin of which is still not fully under-
stood. As to nanoscale Pt, a recent report from Sakamoto et al. 

kinetic controlled process should be suppressed and the reac-
tion was under thermodynamic control. [ 33,34 ]  Particles tend to 
minimize the surface energy through the transformation from 
the highly faceted multiarmed nanostars to spheres that possess 
lower specifi c surface area than nanostars. Further increasing 
the temperature to 180 °C could lead to damaging the self-
assembled structures with bigger spherical nanoparticles (≈12 
nm) as building units (Figures   2 e,e’).    

 2.3.     Magnetism and Electronic Structure of Pt Chain Networks 

 To determine if the magnetic dipolar interactions induce 
the Pt nanochain networks, we carried out magnetization 

   Figure 2.    TEM images with different magnifi cations of Pt nanostructures 
prepared for 18 h at various reaction temperatures: a,a’) 90, b,b’) 110, 
c,c’) 130, d,d’) 150, and e,e’) 180 °C. 
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summed up several possible mechanisms to interpret its fer-
romagnetism. [ 15 ]  It was found that coating molecules are often 
necessary in that the charge can transfer between the nanopar-
ticle and surrounding coating molecules, leading to the change 
of electronic structure in Pt. [ 15 ]  To determine if the ferromag-
netism of Pt nanochain networks originated from the interac-
tion of PVP molecules and Pt nanoparticles, we fi rst detected 
the presence of PVP after synthesis. As shown in  Figure    5 a, the 
characteristic vibration band of C=O (PVP) located at 1664 cm −1  
and other vibration bands can be observed for the samples 
prepared at 110, 160, and 180 °C, respectively, suggesting the 
existence of PVP in these products. Compared with that of pure 
PVP, the weak intensity of all vibrations and the absence of sev-
eral bands presumably are due to the low content of PVP in 
the Pt nanostructures, which agrees with the HRTEM obser-
vation as shown in Figure   1 c. For comparison, we also car-
ried out the experiment reacted at 160 °C without PVP as the 
surfactant. TEM images show that the sample is composed of 

   Figure 3.    Hysteresis curves recorded at a) 5 K and b) 300 K from the three Pt nanostructures prepared at 110, 160, and 180 °C, respectively. c,d) Cor-
responding magnifi ed views of the central portion of the loops of (a,b), respectively. e) Coercive fi eld  H  c  and remanent magnetization  M  r  extracted 
from (c,d). (Note: �, 5 K; •, 300 K) f) Temperature-dependent magnetizations (FC and ZFC) for the three Pt nanostructures measured under applied 
fi eld of 1000 Oe, respectively. 

   Figure 4.    EPR spectra recorded at room temperature for the three Pt 
nanostructures prepared at 110, 160, and 180 °C, respectively. 
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structure, leading to moment stabilization and even the ferro-
magnetism in Pt nanoparticles. [ 13,15 ]   

 To gain detail insights into the electronic structure change of 
the PVP-coated Pt nanostructures, X-ray photoelectron spectra 
(XPS), X-ray absorption near edge structure (XANES), and soft 
X-ray absorption spectroscopy (XAS) analyses were performed 
(Figure   5 b–d). The electronic states of Pt 4f in Figure   5 b show 
that the binding energies of PVP-coated Pt nanostructures are 
shifted to lower values compared with no-PVP synthesized Pt 

large aggregates of Pt nanoparticles (Supporting Information, 
Figure S1). FTIR spectrum of the sample confi rms the absence 
of PVP coating (Figure   5 a). The fi eld dependence of magnetiza-
tion of the sample reveals the paramagnetism of these Pt aggre-
gates at 5 K and 300 K (Supporting Information, Figure S2), 
acting as their corresponding bulk forms. [ 18 ]  These results sug-
gest that the coating PVP molecules not only serve as surfactant 
to stabilize the nanoparticles in solution but also interact with 
surface atoms of Pt nanoparticles and change their electronic 

   Figure 5.    a) FTIR spectra for the Pt nanostructures prepared at different temperatures with PVP, Pt aggregate prepared at 160 °C without PVP, and 
PVP reference. b) Pt 4f XPS spectra for the Pt nanostructures prepared at different temperatures with PVP and Pt aggregate prepared at 160 °C without 
PVP. c) Pt L 3 -edge XANES spectra for the Pt nanostructures prepared at different temperatures with PVP, Pt aggregate prepared at 160 °C without 
PVP and Pt foil reference. d) Enlarged region of peaks of Pt L 3 -edge XANES white line extracted from (c). e) O K-edge soft XAS spectra for the Pt 
nanostructures prepared at different temperatures with PVP and PVP reference. f–i) Spin-density maps obtained for three structural models of Pt-PVP 
NPs with f) intermolecular, g) Pt-N coordination, and h) Pt-N coordination combined with Pt-O covalent bonds between Pt surface and PVP. i) Local 
ionization potential map for the cluster model in (g). The red/blue color corresponds to the more positive/negative ionization potential and the area 
of relatively lower/higher electron density. 
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(Figure   5 i), which is a consequence of partial charge transfer 
from PVP to Pt.   

 2.4.     Evolution Process of Pt Chain Networks 

 To trace the nucleation and growth process of Pt nanochains, 
a sequence of UV-vis spectra and TEM images recorded at cru-
cial evolution stages (<70 min) were shown in  Figure    6 . For 
the initial growth solution, a strong peak at 266 nm is from 
the PtCl 6  2− , [ 45 ]  which decays to about 1/2 of its original inten-
sity within 4 min due to the loss of PtCl 6  2−  (Figure   6 a). At 
5 min, clear broadening of the peak at 266 nm can be observed, 
as well as the slight shoulder appeared at ≈247 nm, which is 
the result of the emergence of Pt(II) intermediate during the 
reduction process of Pt(IV) to Pt(0). [ 45 ]  Only one minute later, 
the peak at 266 nm disappeared and only the peak at 247 nm 
stayed. We found the solution color changes greatly during 
the period between 5 and 6 min. Figure   6 b shows the optical 
images recorded at 5′5″, 5′10″, 5′15″, 5′20″, and 6 min, where 
a quickly darkening color was observed, indicating the reaction 
evolved very fast during this period. Whereas before 5 min, the 
solution color was always transparent yellow and no change 
can be observed. Interestingly, a new peak at 313 nm began to 
appear at ∼ 6.5 min along with the weakening intensity of peak 
at 247 nm (Figure   6 a), which reached the highest intensity at 
about 26.5 min. This new peak has not been documented previ-
ously, which may suggest the formation of a unknown interme-
diate during the reduction process of Pt(IV) to Pt 0  by ethylene 
glycol. [ 45,46 ]  A conclusive answer regarding this needs further 
investigation. The reduction was completed at 66.5 min, as con-
fi rmed by the fl at UV-vis spectrum in Figure   6 a, and the solu-
tion color is nearly black at this stage as shown in Figure   6 b.  

 Figure   6 c shows the morphology evolution of Pt nanochains 
captured at different reaction stages. The burst nucleation trig-
gered by high temperature (160 °C) generates seeds with an 
average size ≈5.8 nm and the number of the seeds increases 
rapidly from 5 s to 20 s. At 5 min, some star-like nanoparticles 
emerged, which continued to appear until consumed all of the 
Pt seeds (at ≈8 min). These star-like nanostructures resemble the 
Pt nanostars prepared at 110 °C for 18 h (Figures   2 b,b’). HRTEM 
images of the star-like nanostructures (Supporting Information, 
Figure S3) revealed that they were single-crystalline, indicating 
that they were also formed via an overgrowth mechanism rather 
than through random aggregation of preformed seeds. [ 31,32 ]  
These branched nanostars will evolve into spherical shape from 
the viewpoint of thermodynamically stability. [ 33 ]  At this stage, 
the change in shape and size of nanoparticles is quite limited, 
which is benefi cial to the interaction between the Pt nano-
particles and surrounding PVP molecules. Therefore, the sur-
face electronic structure of Pt was modifi ed by PVP, producing 
an extrinsic magnetic dipole in Pt nanoparticle. Assembly of Pt 
nanoparticles will thus emerge by dipolar interactions, as proved 
by TEM observations in Figure   5  (15–60 min). At 15 min, some 
Pt nanoparticulate dimers were fi rst formed, which further link 
together due to the increase in magnetic dipole-dipole interac-
tions and long Pt chains were obtained at 60 min (Figure   6 ). 
Eventually, Pt nanoparticles chain networks could be achieved 
through anisotropic dipolar interactions (Figure   1 a), similar 

(i.e., ≈1.04 eV decrease for 160 °C sample, ≈0.86 eV decrease 
for 180 °C sample and ≈0.56 eV decrease for 110 °C sample). 
The change of binding energy for PVP-coated samples is prob-
ably due to the electron transfer from PVP to Pt, which is 
similar to the observation in thin fi lm of Pt/oxide interface. [ 42 ]  
Such electronic structure change in PVP-coated samples was 
further confi rmed by XANES technique. Figure   5 c,d show the 
normalized XANES spectra collected at Pt L 3  edge, from which 
we can fi nd that intensity of the white line, whose magnitude 
is a direct measure of occupancy of  d -band, [ 43 ]  is in the order Pt 
foil > no-PVP synthesized Pt > PVP-coated Pt (110 °C) > PVP-
coated Pt (180 °C) > PVP-coated Pt (160 °C), with PVP-coated Pt 
prepared at 160 °C showing the lowest intensity. Here, a lower 
intensity of the white line is associated with a larger electron 
transfer from PVP to Pt, which leads to a higher electron den-
sity around the Pt atoms and hence a decrease in the 5 d -band 
vacancy. [ 43 ]  The XANES data show good agreement with the 
XPS results. One question is which atom in the PVP molecule 
can donate electron to Pt? Using soft XAS technique, we found 
that O atom in C=O group could make it, which is presented 
in oxygen K-edge absorption spectra (Figure   5 e). Similarly, the 
band intensity is also linear with the number of holes. [ 44 ]  It can 
be found that, after coating the PVP molecules around Pt, the 
low-energy absorption feature (528–533 eV) increases in inten-
sity, indicating the electron donation from O to Pt. Figure   5 e 
also shows that the most charge transition comes from the 
160 °C-synthesized sample and the least one comes from the 
sample obtained at 110 °C, which agrees well with the XPS 
(Figure   5 b) and the Pt L 3 -edge analyses (Figures   5 c,d) discussed 
above. 

 The appearance of ferromagnetism in nanoscale Pt can 
be correlated with the interfacial electron density transfer 
and the bonding strength between PVP and Pt surface. Star-
shaped nanoparticles obtained at 110 °C are associated with the 
weaker bonding primarily due to intermolecular forces. The 
nanoparticles synthesized at 160 °C and above have stronger 
binding between PVP and Pt, which can be verifi ed by the 
progression of FTIR spectra (Figure   5 a). We carried out the 
calculation of spin-density maps of the nanoparticle models 
by PM3 quantum mechanical algorithm (Figures   5 f–i) in 
order to fi nd the qualitative changes in the magnetic proper-
ties which depend on the bonding between Pt and PVP rep-
resented by the three cases: I) proximal positioning of PVP to 
Pt surface (Figure   5 f), II) bonding via Pt-N coordination bond 
(Figure   5 g), and III) the bonding via both Pt-N and Pt-O bonds 
(Figure   5 h). These three cases can be related to three tempera-
ture regimes during the synthesis, that is, 110 °C, 160 °C, and 
180 °C, respectively. Within the limits of structural approxima-
tion of the nanoparticles used here, spin-density maps clearly 
indicate that cases I) and III) show no spill-over of spin-density 
across the interface in the PVP capping (Figures   5 f,h). The case 
of intermediate bonding via Pt-N coordinating bond demon-
strates noticeable transfer of spin-density to the nitrogen atom 
(Figure   5 g). Such spill-over resulted in unusual magnetic prop-
erties of the clusters and high sensitivity of the nanoparticle 
assembly in magnetic fi elds to the interfacial conditions, which 
we observed in the experiments. We note that the spin den-
sity spill-over also correlates with the general shift of electron 
density toward Pt based on the local ionization potential map 
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transfer between PVP molecules and surface Pt atoms can 
modify the electronic confi guration of Pt and induces its ferro-
magnetism even at room temperature. It has been observed that 
the in-situ formed magnetic dipole–dipole interactions can drive 
the organization of Pt nanoparticles into unique chain networks 
spontaneously in solution. These fi ndings raise a promising 
opportunity for self-organizing other nonmagnetic nanoscale 
building blocks into ordered nanostructures by the capped-agent-
induced magnetic dipoles, which is highly required for exploring 
new properties and functionalities of current nanomaterials and 
thus for their newly emerging technological applications.   

to dipolar forces induced branched confi guration reported by 
Tlusty and Safran. [ 47 ]  Of note, the as-synthesized Pt chain net-
works in solution can be coated by silicon dioxide in aqueous 
solution (Supporting Information, Figure S4), suggesting that 
these nanoparticulate self-assemblies were formed directly in the 
reaction solution by dipolar-dipolar interactions.    

 3.     Conclusions 

 In summary, we demonstrated that weak ferromagnetic moments 
can be stabilized in PVP-coated Pt nanocrystals. The electron 

    Figure 6.    a) UV-vis spectra of reaction solutions taken at different stages of the synthesis. b) Optical images of Pt nanocrystals obtained at the designed 
times based on the result of UV-vis spectra (a). c) TEM images of Pt nanocrystals made from the samples obtained at different stages of the synthesis. 
All scale bars are 100 nm. 
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 4.     Experimental Section 
  Chemicals : All chemicals are of analytical grade and were used as 
received without further purifi cation. 

  Synthesis of Pt Chain Networks : The Pt chain networks were prepared 
by a modifi ed polyol reduction method and a typical procedure was 
as follows: 4 mL EG was injected into a three-neck fl ask (25 mL) 
equipped with a refl ux condenser, followed by heating in air at 100 °C 
for 1 h to boil off trace water. After that, the reaction fl ask was moved 
in another oil bath with temperature of 160 °C. Then, 1 mL of freshly 
prepared PVP solution (0.045 g mL EG  –1 ) and 1 mL H 2 PtCl 6  solution 
(0.033 g mL EG  –1 ) were added dropwise simultaneously to the reaction 
fl ask within 1.5 min. The reaction was allowed to continue at 160 °C for 
another 18 h. The fi nal sample was collected by centrifugation, washed 
several times by distilled water and ethanol to remove EG and excess 
PVP, dispersed in ethanol for further use. The temperature and reaction 
time can be changed to investigate their infl uence on the synthesis of 
Pt chain networks (Caution: in order to avoid bringing magnetic metal 
impurities, all magnetic-metal-related building blocks, such as magnetic 
stirring bar, were not used during the synthesis). 

  Synthesis of SiO 2  Coated Pt Chain Networks : A patch of Pt chain 
networks prepared by the polyol reduction method described above was 
dispersed into a mixture of 60 mL of isopropanol, 2 mL of deionized 
water, and 2 mL of ammonium. After vigorous mechanical stirring for 
30 min, 2.25 mL tetraethoxysilane solution (TEOS solution, which were 
obtained by diluting 40 μL of TEOS in 20 mL of deionized water) was 
injected dropwise with 10 h under mechanical stirring. The mixture was 
allowed to stir for another 10 h and the fi nal product was centrifugated 
and redispersed in ethanol. 

  Characterization : X-Ray powder diffraction (XRD) was carried out on a 
Rigaku D/max-rA X-ray diffractometer with Cu Ka radiation ( λ  = 1.54178 Å). 
TEM images, HRTEM images, selected-area electron diffraction (SAED), 
and an energy-disperse X-ray spectrum (EDS) were taken with a JEOJ-
2010 transmission electron microscope with an acceleration voltage 
of 200 kV. The magnetic properties of samples were investigated using 
a superconducting quantum interface device (SQUID) magnetometer 
(Quantum Design MPMS XL). Room temperature electron paramagnetic 
resonance (EPR) spectra were performed on JEOL JES-FA200 EPR 
spectrometer (300 K, 9064 MHz, X-band). The Fourier transform infrared 
(FTIR) spectra were measured on a Bruker Vector-22 FT-IR spectrometer 
at room temperature. The XPS were recorded on an ESCALab MKII X-ray 
photo-electron spectrometer using Mg Ka radiation exciting source. The 
XANES measurements were performed in transmission mode at U7C 
XAFS station in NSRL (National Synchrotron Radiation Laboratory, Hefei, 
P. R. China). UV-visible absorption spectra were recorded on a Shimadzu 
DUV-3700 spectrometer. The possible magnetic metal impurities 
were determined by the inductively coupled plasma atomic-emission 
spectroscopy (ICP-AES) technique using an Atomscan Advantage 
(Thermo Jarrell Ash Corporation, U.S.A.) instrument. 

  PM3 Quantum Mechanical Calculation : The PM3 calculations were 
performed using SPARTAN 10 quantum mechanical software package from 
Wavefunctions Co (Irvine, CA, USA) using global convergence settings. The 
limit for a number of atoms allowable for this package for PM3 algorithm 
is 500. The initial geometrical optimization was accomplished by Molecular 
Mechanics subroutine. The clusters calculated were considered to carry a 
positive charge according to the experimental data.   
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