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1. Experimental Details

Selected area electron diffraction characterization of MGN@PDAs.

We identified a crystalline body-centered cubic FeCo core for the MGN@PDAs by selected area 

electron diffraction (Figure. S1). The diffraction patterns in the electron diffraction can be assigned 

to the (002) facets of the hexagonal crystalline graphite, the (110), (200) and (211) facets of the 

body-centered cubic structures of FeCo crystal, respectively. 

Dynamic light scattering characterization of MGN@PDAs.

The hydrodynamic diameters of the MGN@PDAs under investigation were measured using a 

Zetasizer Nano ZS90 DLS system equipped with a red (633 nm) laser and an Avalanche photodiode 

detector (APD) (quantum efficiency > 50% at 633 nm) (Malvern Instruments Ltd., Worcestershire, 

England). DLS measurements were performed at room temperature at a fixed scattering angle of 90°. 

Figure. S2 shows the size distribution of the suspended MGN@PDAs. The average size was around 

15 nm, which agreed with the size measured from the TEM. All size distributions reported here were 

based on number counting. The average particle size was obtained using a non-negative least-squares 

(NNLS) analysis method. For each sample, two DLS measurements were conducted with a fixed 10 

runs, and each run lasted 10 s.

ζ-potential measurement of MGN@PDAs. 

ζ-potential measurements were performed in water. The measurements were carried out at room 

temperature on the ZetaSizer Nano ZS90 equipped with a MPT-2 Autotitrator and a 4 mW He−Ne 

Laser (λ0 = 633 nm), using the Laser Doppler Electrophoresis technique. The ζ-potential was 

calculated by Dispersion Technology software provided by Malvern according to the Smoluchowski 

approximation in an automatic mode. Figure. S3 shows the ζ-potential curves of the MGN@PDAs 
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water solution. The negative charge of the MGN@PDAs originated from the carboxyl groups of the 

PDA molecules.

Optimization of the fabrication of MGN@PDAs. 

To fabricate the water-soluble and stable MGN@PDAs with high fluorescence signal, optimization 

of the MGN over PCDA concentration ratio was explored. UV-Vis was utilized to characterize the 

assembly efficiency of the PDAs on the MGN surface. The absorbances around 694 nm and 808 nm 

were used to represent the concentration of the PDAs and MGN, respectively. As shown in Figure. 

S4, after the concentration ratio of the PCDA over MGN was larger than three, the I694/I808 reached a 

plateau, which indicated saturation of the PCDA molecules assembled on the MGN surface. The 

optimized concentration ratio of 3 was then fixed for all later experiments. 

Thermo-responsive property of the MGN@PDAs

The MGN@PDAs complex is thermo-responsive, because heating disturbs the hydrogen bonds in 

the MGN@PDAs and induces changes in fluorescence intensity. The temperature effect of the 

MGN@PDAs was investigated with fluorescence measurement. As shown in Figure. S5, when the 

temperature increased, the fluorescence of MGN@PDAs also increased. A sharp intensity change 

occurred when the temperature exceeded 60 °C after 10 minutes of heating, which indicated the 

breaking of hydrogen bonds in the MGN@PDAs. 

MGN@PDAs as a MRI contrast agent 

MGN@PDAs could be used as a good MRI contrast agent. The capability of MGN@PDAs for T2 

imaging was investigated. All the measurements were performed on the Magnetom Avanto MRI 

machine (Siemens) with a constant magnetic field of 1.5 T. MRI imaging properties of PDAs, water, 

MGN and MGN@PDAs with different dilution solutions were explored, respectively. Figure. S6 

shows the MRI T2 images of these solutions. No obvious contrast effect was observed for PDAs, 

while MGN and MGN@PDAs exhibited remarkable T2 contrast imaging effects. 

  

Imprinting of the MGN@PDAs on different substrates 

To prove the generality of the MGN@PDAs inks, different substrates, such as paper, glass, clothes, 
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plastics and banknotes, were utilized for MGN@PDAs ink printing. Figure. S7 shows the digital 

camera images of the “dragon” pattern imprinted on different substrates. The MGN@PDAs inks 

demonstrated good reliability and compatibility, which are essential properties for real applications. 
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2. Supplementary Figureures
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Figure. S1. Selected area electron diffraction characterization of the MGN@PDAs.
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Figure. S2. DLS characterization of the size distribution of suspended MGN@PDAs.
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Figure. S3. Zeta potential curves of the MGN@PDAs water solution at room temperature on the 

ZetaSizer Nano ZS90.
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Figure. S4. Optimization of the fabrication of PCDA assembly on MGN surfaces.
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Figure. S5. Thermal heating response of MGN@PDAs. Fluorescence signal changes according to 

various temperatures. Inset: MGN@PDAs solutions after thermal heating to different temperatures. 
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Figure. S6. MRI T2 images of PDAs, water, MGN and MGN@PDAs solutions. 
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Figure. S7. Digital camera images of the “dragon” pattern imprinted on different substrates with 
MGN@PDAs inks.


