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Abstract 
We report on a new magneto-plasomonic material consisting of 1-nm thick ferromagnetic 
nanosheets and Au nanoparticles. The magneto-optical (MO) Kerr spectra of Ti0.8Co0.2O2 
nanosheets near Au surfaces show a gigantic MO response (~106 deg/cm) in the visible 
wavelength region (380−600 nm), not present in Ti0.8Co0.2O2 nanosheets on a bare glass 
substrate. The observed peaks correspond to intrinsic d−d* electronic transitions in 
Ti0.8Co0.2O2 nanosheets and is consistent with the near-field enhancement of the MO 
response resulting from the spectral overlap of the surface-plasmon-resonace (SPR) in the 
Au surface with the electronic transition in Ti0.8Co0.2O2. Similar SPR effects are also 
achieved in ferromagnetic nanosheet/Au with different compositions and with different 
separation distances (< 5 nm). This demonstration of SPR-enhanced magneto-optics in the 
ferromagnetic/plasmonic nanosystem may enable design of nanoarchitectures for 
miniaturized high-performance MO devices and for remote sensing and imaging of magnetic 
fields. 
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Surface plasmon is a coupled mode of electromagnetic waves and collective 
oscillations of free electrons in metallic nanostructures, which is accompanied by an 
evanescent near field.1 Manipulating the surface plasmon in nanostructured materials are 
now central problems of the growing field of plasmonics;2,3 in particular, enhancing the 
surface plasmon, a phenomenon termed as surface plasmon resonance (SPR), is of 
importance for the basis of surface-enhanced Raman scattering (SERS),4,5 biosensing,6 
electromagnetic waveguide,7,8 and subwavelength lithography.9 The overwhelming majority 
of current SPR studies has focused on Au or Ag nanoparticles because these metals have 
suitable optical constants for applications with visible-wavelength lights.10 However, once 
the size, morphology, and composition of a nanostructure have been fixed, it is difficult to 
change or control the SPR properties by external means, which would be desirable for the 
development of active plasmonic nanodevices.  

Magnetic materials combined with the plasmonic structure are appealing for new 
applications in plasmonics because they open up the possibility of using external magnetic 
fields in plasmonic devices.11 In such nanostructures, their optical properties change 
markedly even with a weak magnetic field. A strong enhancement of the magneto-optical 
(MO) properties is also possible due to the strong electro-magnetic field associated with the 
localized SPR. Several attempts to develop these kinds of nanostructures have been carried 
out by forming continuous thin films of Au/Co/Au multilayers.12,13 More recently, the 
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enhancement of the MO response due to the localized SPR effects has also been found in 
magnetic films integrated with Au nanoparticles,14 Au/Co/Au nanosandwich structures,15 
and core-shell nanoparticles.16 In these nanostructures, however, the enhancement factors of 
the MO response lie in the range of 2 − 3, which is much smaller than other SPR phenomena 
like SERS (of 105 − 106). Here, we show a new platform for magneto-plasmonic effects, 
where a gigantic SPR effect (of > 103) on the MO activity occurs when 1-nm thick 
ferromagnetic nanosheets (Ti0.8Co0.2O2) are placed in the proximity to Au surfaces.  

Ferromagnetic nanosheet is a new class of ferromagnet based on two-dimensional (2D) 
nanosheet derived from layered titanate by exfoliation.17,18 2D nanosheets, which possess a 
molecular dimension (~ 1 nm) in the thickness and have a micrometer length in the plane 
(Figure 1a), are emerging as an important ferromagnetic nanomaterial because of their 
room-temperature ferromagnetism (~1.4 �B/Co)17 and robust MO response (~104 deg/cm) 
in the ultraviolet wavelength.18 Due to their highly 2D anisotropy and colloidal nature, 
nanosheets can be organized into various assemblies such as multilayers, superlattices, and 
heterostructures, through which we can control/design the cooperative interaction between 
organized components. These features make ferromagnetic nanosheet an ideal system for 
studying magneto-plasmonic effects, e.g., by forming nanofilms of ferromagnetic nanosheets 
onto Au nanoparticles. In this way, we can control the spatial localization of the electro-
magnetic field in 1-nm thick ferromagnetic nanosheets, promoting the near-field 
enhancement of the MO process. Here, we demonstrate that, in such a magneto-plasmonic 
nanostructure, the strong confinement of the electro-magnetic field in 1-nm thick 
ferromagnetic nanosheets causes a gigantic enhancement (~103) of the MO properties. 
Moreover, the MO properties are strongly linked to the SPR spectrum, which can be tuned 
by modifying of the composition of ferromagnetic nanosheets.  

The nanostructured films composed of 1-nm thick ferromagnetic monolayer on Au 
nanoparticles were fabricated by a self-assembly process (Figure 1b). Au colloidal 
nanoparticles, prepared by chemical reduction of HAuCl4 using sodium borohydride and 
sodium citrate, were immobilized to a glass substrate.19 Au nanoparticles formed are nearly 
monodispersed with the average diameter of ~50 nm. A colloidal suspension of 
ferromagnetic nanosheet (Ti0.8Co0.2O2) was used to deposit ferromagnetic monolayer by 
Langmuir-Blodgett technique20 on the Au-coated substrates. X-ray photoelectron 
spectroscopy was used to identify the composition of the assembled films (Figure 1c). The 
film of Ti 0.8Co0.2O2/Au exhibited many peaks, which can be assigned to Ti, Co, O, C, and N 
from film components as well as Au and Si from the substrate. 

The plasmonic and MO properties were analyzed by UV-visible spectroscopy and MO 
Kerr spectroscopy, respectively. The MO Kerr effect consisted of a change in the reflectivity 
of the magnetic material when a magnetic field was applied. In particular, we employed a 
polar Kerr configuration (Figure 2a) in which the magnetic field was perpendicular to the 
films. In this configuration, the light reflected by the magnetized sample was subject to a 
rotation of the polarization plane and a change in ellipicity state with respect to the incident 
linearly polarized light.21 The main data were obtained from the nanostructures composed of 
ferromagnetic Ti0.8Co0.2O2 nanosheet on Au nanoparticles (Ti0.8Co0.2O2/Au). Complimentary 
data were obtained by another ferromagnetic nanosheet (Ti0.75Co0.15Fe0.1O2).

22 
Figure 2b shows extinction spectra for monolayer films of Ti0.8Co0.2O2 nanosheet 

deposited on Au-coated and bare glass substrates. The monolayer Ti0.8Co0.2O2 film without 
Au does not show any strong absorption in the visible region. In Ti0.8Co0.2O2/Au, on the 
contrary, a visible absorption band develops at ~530 nm, which can be attributed to the 
localized SPR of the Au nanoparticles. A characteristic color of the SPR is also seen in the 
photograph (the inset of Figure 2b). 

In Figure 2c, we display magnetic circular dichroism (MCD) spectra for the same films 
as Figure 2b. The spectrum of a 10-layered Ti0.8Co0.2O2 film on a bare glass substrate is also 
included for a reference. MCD is proportional to ∆α, which is the difference between the 
left-hand and right-hand circular polarization absorption coefficients. The 10-layered 
Ti0.8Co0.2O2 film without Au shows MCD peaks near the bandgap region (~300 nm) due to 
the Zeeman splitting of the Co2+ 3d band,17,18 whereas no well-resolved feature can be 
discerned in the monolayer Ti0.8Co0.2O2 film. In Ti0.8Co0.2O2/Au, on the contrary, the 



 

3 

amplification of the MO effect by ~103 is observed in the presence of Au; the MCD 
spectrum shows pronounced features at about 390, 470, and 600 nm, which are not present 
in Ti0.8Co0.2O2 nanosheets. We also note that the observed MO response is reached to 1.7 × 
106 deg/cm, a value being the highest seen so far in MO materials. 

The overall signal in the Kerr configuration consists of two contributions. The first is 
the direct reflection by the nanosheet film and the second contribution comes from the light 
passing through the film and reflected from the film/Au interface. Because the optical 
density of the ferromagnetic monolayer is low (< 0.01) in the visible region (Figure 2b), it is 
reasonable to assume that the second contribution is the major one in the case of 
Ti0.8Co0.2O2/Au.  

The remarkable feature in Ti0.8Co0.2O2/Au is the appearance of sharp MCD peaks, 
which are indiscernible in Ti0.8Co0.2O2 nanosheets on the bare glass. It is interesting to note 
that these MCD peaks fall close to the d−d* transitions observed in some compounds 
containing Co2+ in octahedral geometry.23-26 The origin of the MCD peaks can thus be traced 
to the electronic structure of Ti0.8Co0.2O2, specifically the crystal-field transitions of the Co2+ 
electrons; the MCD signal at 390 nm may be attributed to the charge transition of O 2p to 
Co 3d, and the peaks at 470 and 600 nm fall close to the d−d* transitions of Co−Co.23-26  

These d−d* transitions of the Co2+ electrons are in principle both spin and parity-
forbidden. Hence, these transitions usually make a small contribution to the electronic 
absorption and MO response in comparison with the stronger electronic absorption 
transitions observed in the UV region. However, the strength of dipole-forbidden crystal 
field transitions can be enhanced when electric-dipole transitions that can be ad-mixed to 
relieve the parity constraint lie close by in energy. The excitation of localized surface 
plasmon in our nanostructure provides strong dipoles spectrally and spatially close to the 
d−d* transitions. These plasmon resonances could lead to an increase in the oscillator 
strength of the d−d* transitions, allowing this transition to contribute to the MO response.  

To check the generality of this idea, we also investigated another ferromagnetic 
nanosheet (Ti0.75Co0.15Fe0.1O2) on Au nanoparticles (Figure 3). This nanosheet is suitable for 
this purpose, since large MO responses induced by the d−d* transitions are observed even in 
the multilayered films on the bare glass.22 We found that such a magneto-plasmonic effect is 
not limited to Ti0.8Co0.2O2 nanosheet. As is clearly seen in Figure 3, a similar SPR effect is 
also observed in Ti0.75Co0.15Fe0.1O2, in which the spectral features are more complicated due 
to the mixed-valence states with the coexistence of (Co2+/Co3+) and (Fe2+/Fe3+) ions, distinct 
from Ti0.8Co0.2O2 case. In Ti0.75Co0.15Fe0.1O2, the MCD peaks induced by the d−d* transitions 
are strongly resonated; strong features at about 510 and 590 nm fairly agree with the d−d* 
transitions involving Co2+ and Fe3+. These MCD peaks thus correspond to an intrinsic 
electronic transition in ferromagnetic nanosheets and is consistent with a near-field 
enhancement of MO response resulting from the spectral overlap of the SPR in the Au 
nanoparticles with the electronic transition in Ti1-xMxO2 (M =Co, Fe). These results suggest 
that the MCD peaks in our Ti1-xMxO2/Au system are a consequence of the close proximity of 
ferromagnetic nanosheets and the Au surface. 

In order to further study the proximity effects, we fabricated hetero-assemblies of 
Ti0.8Co0.2O2/(Ti0.91O2)n/Au (Figure 4a) by electrostatic layer-by-layer assembly.27 Here, the 
interleaving layer of non-magnetic (dielectric) nanosheet (Ti0.91O2)

28,29 were stacked on the 
Au-coated substrates before depositing the ferromagnetic nanosheet. In this way, we can 
control the separation distances between the ferromagnetic monolayer and the Au surface. 
UV-visible absorption monitored on the bare glass reference indicates the successful buildup 
of Ti0.8Co0.2O2/(Ti0.91O2)n in the designed sequence.  

Figure 4b displays the change in MCD spectrum for Ti0.8Co0.2O2/(Ti0.91O2)n/Au with n = 
0, 1, 3, 5. Figure 4c plots the intensity of MCD peak as a function of the separation distance. 
Here, the separation values are calibrated using the intersheet spacing (1.4 nm) determined 
by X-ray diffraction. Clearly, the increase of the separation between ferromagnetic 
nanosheet and Au causes the decrease in the enhancement of the MCD response. There 
appears to be a sharp decrease in the enhancement with the increase in the separation 
distance, and the resonant feature is almost suppressed at the separation distance of about 5 
nm. This situation is similar to what observed in distance-dependent SERS experiments 
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where SERS on molecules bound to Au substrates showed a similar decrease of signal with 
increasing separation between molecules and Au.30 Thus, our results appear to pertain to the 
same class of other surface-enhanced phenomena where the spectrum of the scattered light 
is affected by the SPR in the evanescent near field (< 5 nm). Gigantic MO effects observed 
here suggest that, by optimizing the noble metal-magnetic nanocrystals configuration, it 
would be possible to significantly increase the magneto-plasmonic effects in MO devices as 
well as various SPR phenomena such as SERS, electromagnetic waveguide. 

In summary, we have explored a new magneto-plasmonic material consisting of 
molecularly thin ferromagnetic nanosheet and Au nanoparticles. In Ti0.8Co0.2O2/Au, a 
gigantic SPR effect (of > 103) on the MO activity was obseved when 1-nm thick 
ferromagnetic nanosheets was placed in the proximity to Au surfaces. Moreover, the MO 
properties were strongly linked to the SPR spectrum, which can be tuned by modifying of 
the composition of ferromagnetic nanosheets. We also found a sharp decrease in the 
enhancement with increasing separation between Ti0.8Co0.2O and Au, a situation being 
similar to what observed in distance-dependent SERS experiments. This demonstration of 
SPR-enhanced magneto-optics in the ferromagnetic/plasmonic nanosystem may enable 
design of nanoarchitectures for miniaturized high-performance MO devices and for remote 
sensing and imaging of magnetic fields. 
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Figure 1. (a) Typical AFM image of Ti0.8Co0.2O2 nanosheets on a Si substrate. (b) 
Fabrication process for nanostructured film composed of monolayer ferromagnetic 
nanosheet and Au nanoparticles. (c) Survey XPS spectrum for the nanostructured film 
composed of Ti0.8Co0.2O2/Au. 



 

6 

 

 
 
Figure 2. (a) Schematic illustration of our magneto-plasomonic system composed of 1-nm 
thick ferromagnetic nanosheets and Au nanoparticles. (b) Extinction spectra for the 
monolayer films of Ti0.8Co0.2O2 nanosheet deposited on Au-coated and bare glass substrates. 
The inset shows the photograph of Ti0.8Co0.2O2/Au. (c) MCD spectra for the same films as 
Fig. 2b. The spectrum of a 10 layered Ti0.8Co0.2O2 film on a bare glass substrate is also 
included for a reference. 
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Figure 3. MCD spectra for monolayer Ti0.75Co0.15Fe0.1O2 film on the Au-coated substrate and 
10-layered Ti0.75Co0.15Fe0.1O2 film on the bare glass substrate. 

 
 
 
 
 
 

 
 
Figure 4. (a) Schematic illustration of hetero-assemblies of Ti0.8Co0.2O2/(Ti0.91O2)n/Au. (b) 
MCD spectra for Ti0.8Co0.2O2/(Ti0.91O2)n/Au with n = 0, 1, 3, 5. (c) The change in the MCD 
peak intensity (at 470 nm) as a function of the separation distance. 
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