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students and post-doctoral. computer programs with robotics students that can be done by.2~, and CoFe~2~O~4~ NPs
exhibited a similar trend on the magnetization curves (Fig. [2](#Fig2){ref-type="fig"}c--e). The saturation magnetization

(Ms) values of the CoFe~2~O~4~, NiFe~2~O~4~, and MnFe~2~O~4~ NPs were 24.8, 23.5, and 19.4 emu/g,
respectively, at 300 K. With the increasing diameter, the Ms values of NiFe~2~O~4~ and MnFe~2~O~4~ NPs increased
slightly, and a reverse effect was observed in the case of CoFe~2~O~4~ NPs. This could be due to the different crystal

structure of the NPs, which results in different crystal field strength of the d-orbital of the three species. As shown in
Fig. [2](#Fig2){ref-type="fig"}f, the coercive field (H~c~) values of the NiFe~2~O~4~ and MnFe~2~O~4~ NPs were 8.4

and 4.4 kOe, respectively, at 300 K. The H~c~ value of the CoFe~2~O~4~ NPs was about 23 kOe. With increasing the
diameter of the NPs, the H~c~ value of the CoFe~2~O~4~ NPs decreased. The magnetization values of the catalysts

decrease with increasing the diameter of the NPs because the NPs possess a large surface energy and high specific surface
area, which brings the particle surface closer to disorder of the atomic structure and thus induce small ferromagnetic

hysteresis loop \[[@CR42]\].Fig. 2The magnetization of the NPs as function of temperature for NiFe~2~O~4~,
MnFe~2~O~4~, and CoFe~2~O~4~ NPs with different diameters SERS activity {#Sec10} -------------
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