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Fig. S1. (a) XPS spectrum of Co 2p for as-prepared samples. (b) The fitting of 

Co 2p3/2 XPS peak. (c) Uniform CoPt hollow NPs solution. (d) The CoPt 

hollow NPs solution after exposure to an external magnetic field.



Fig. S2. (a) EDS of CoPt hollow NPs revealing the atomic ratio of Pt to Co as 

7:3. (b) EDS of CoPt hollow NPs etched by 1 mol/L HCl solution, revealing the 

atomic ratio of Pt to Co as 4:1.

Fig. S3. (a) The Co element EELS spectrum of the CoPt hollow NPs. (b) The 

Co element EELs spectrum of the HCl-etched CoPt hollow NPs. (c) Shell 

thickness distribution histograms of CoPt hollow NPs. (d) Shell thickness 

distribution histograms of HCl-etched CoPt hollow NPs.



Fig. S4. (a) and (b) TEM images of CoPt hollow NPs. (c) and (e) STEM-EDS 

mapping of Pt and Co from the area in (a). (d) and (f) the STEM-EELs 

mapping of Pt and Co from the area in (b).



Fig. S5. HCl-treated CoPt hollow NPs. (a) STEM image; (b) Electron 

diffraction; (c) TEM image; (d) and (e) STEM-EDS mapping of Pt and Co from 

the area in (c).



Fig. S6. (a) The TEM image of as-prepared CoPt hollow NPs. (b) The STEM image 

of as-prepared CoPt hollow NPs. (c) The STEM image of the HCl-treated CoPt hollow 

NPs.



 Fig. S7. (a) and (d) STEM images of CoPt hollow NPs without HCl treatment. 

(b) and (c) STEM-EDS mapping of Pt and Co from the selected area in (a). (e) EDS 

elemental mapping for the selected circular area of (d), revealing Co and Pt 

distribution in CoPt hollow NPs. (e) EDS elemental mapping for the selected area 

of (d) in a circle, revealing Co and Pt distribution in CoPt hollow NPs. 



Fig. S8. The Co and Pt distribution in HCl-treated CoPt hollow NPs. (a) and (d) 

TEM and STEM image of CoPt hollow NPs with HCl treatment. (b) and (c) 

STEM-EDS mapping of Pt and Co from the selected area in (a), corresponding 

to the yellow selected area of Figs. S5 (d) and (e). The inset of (d) is the EDS 

elemental mapping for the selected circular area of (d), revealing Co and Pt 

distribution in CoPt hollow NPs.



Fig.S9. Emission spectra collected from different regions of agglomerated 

CoPt hollow NPs on quartz. (a) As-prepared NPs; (b) NPs after HCl etching. (c) 

Emission spectra of CoPt hollow NPs (black line) and quartz substrate (red 

line). The emission peak at ~700 nm in the spectrum is a result of the 

amorphous structure of the quartz wafer substrate. In (d) and (e), emission 

spectra peaks are seen at ~550 nm and at ~610 nm, respectively. Again, the 

black lines are obtained from the CoPt samples and the red lines are from the 

quartz substrate.



Fig. S10. The SERS spectrum of CoPt hollow NPs after adsorbing 4-MBA tip 

molecules from an extremely diluted solution with concentration of 10-8 mol/L.

Table. S1 SERS properties of Pt/Pd-based materials from previous reports, 

along with the data of CoPt hollow NPs in this work.



Fig. S11. TEM image of CoPt hollow NPs used to calculate the areal density, 

taken to be indicative of that on other substrates which were used for optical 

measurements.

The EF factor (G) was calculated to be approximately 0.5×106, according 

to the equation as following: 

G= (ISERs/NSERs)/(Ibulk/Nbulk),



where the number of tip molecules is represented as:

NSERs=A×Nsub×Asub/σ,

where A is the laser irradiation area (~1.5 μm2), Nsub is the CoPt hollow NPs 

areal population (~1.6×10-2 nm−2) and the diameter size (~8 nm) of the NPs was 

taken from Fig. S7; Asub is the area of a single CoPt hollow NP (~200 nm2), σ is 

the area of a single adsorbed 4-MBA molecule (~0.2 nm2). It is assumed here 

that the substrate material surface was fully saturated with 4-MBA molecules 

and one monolayer was homogeneously deposited on the CoPt hollow NPs.

The number of tip molecules contributing to the Raman signal in the 

experiment was:

Nbulk=A×h×nbulk=A×h×NA×ρbulk/Mbulk,

where A is the laser irradiation area (~1.5 μm2), h is the laser focusing depth 

(~10 μm), nbulk is the number of tip molecules per unit volume, ρbulk is the 

density of bulk (~1.5 g/cm3), Mbulk is the molecular weight of 4-MBA molecule 

(~154.19 g/mol), NA is the Avogadro constant (~6.02×1023).

This can be calculated as:

G = (ISERs/NSERs)/(Ibulk/Nbulk).

Hence, the EF factor G is approximately 0.5×106. 



Scheme. S1 The illustration for the formation process of CoPt hollow NPs.

In the experimental process, Co atoms and Pt ions are involved in replacement 

reactions, leading to the formation of hollow nanostructures as illustrated in 

Scheme S1. At first, the short PVP chain aggregated Co ions, and facilitated the 

formation of small NPs. Secondly, Co ions were fast reduced, the Co-B 

compounds occur (a). And then, the Co-B nano-compounds became more and 

more, forming nanoparticles of amorphous Co-B nano-compounds, as depicted 

in step (b). At the same time, part of Co metal generated. After chloroplatinic 

ions were added, Pt ions were reduced at the expense of the Co in the Co–B 

compounds. Then Pt along with the co-reduced Co participated in the formation 

of CoPt nanocrystallite over the surface of Co–B compounds. With the 

additional acid corrosion effects on the Co–B nanocompounds, CoPt hollow 

alloys were formed as described in step (c). The chemistry is summarised by 

the equations below

2Co+PtCl6=2Co2++Pt↓+6Cl- (a)

BH4
-+4Co2++8OH-=4Co↓+BO2

-+6H2O (b)

2PtCl6
2-+ BH4

-+ 8OH-=2Pt↓+BO2
-+6H2O + 12Cl- (c)



Fig.S12 Two SERS spectra from 4-MBA (10-2 mol/L) on the NPOM 

configuration and solid 4-MBA, respectively.

According to the equation as follows: 

G= (ISERs/NSERs)/(Ibulk/Nbulk),

the EF factor G is approximately ~2×106.
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