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Table S1. Examples of commercially available magnetic nanoparticles

Manufacturer Catalog # Composition Coating Size (nm) Zeta potential 
(mV)

Saturation 
magnetization

Ref.

Ocean Nanotech SHA-5 γ-Fe2O3, Fe3O4 Monolayer of 
oleic acid and 
another of an 
amphiphilic 
polymer

10.46 ± 3.88 (HD) -0.03 ± 0.005 ≈ 44.69 emu/g 1

SHA-10 18.07 ± 4.72 (HD) 5.03 ± 0.07 ≈ 29.85 emu/g

SHA-15 20.69 ± 6.31 (HD) 7.66 ± 0.05 ≈ 58.41 emu/g

SHA-20 27.56 ± 11.29 (HD) -0.41 ± 0.33 ≈ 54.66 emu/g

SHA-25 28.28 ± 10.38 (HD) 1.15 ± 0.49 ≈ 38.70 emu/g

SHA-30 32.60 ± 12.17 (HD) -0.69 ± 0.05 ≈ 35.78 emu/g

Chemicell fluidMAG-Amine Fe3O4 Aminosilane 114.2 ± 1.2 (HD) 54.6 ± 0.8 106.8 emu/g Fe 2

fluidMAG-ARA Glucuronic acid 10.98 (U) n.a. 49 emu/g 3,4

fluidMAG-UC/A None 50, 100 and 200 (HD) n.a. n.a. 5

Micromod Synomag®-D 
104-00-501

Dextran iron 
oxide composite 
particles

None 50 (U) n.a. > 110 emu/g 6

Synomag®-D 104-
56-501

PEG-COOH 50 (U) n.a. n.a. 7

Synomag®-D 104-
26-501

Biotin 50 (U) n.a. n.a. 8

Sigma-Aldrich 700312 Fe3O4 None 10 ± 1 (CD) n.a. > 45 emu/g 9

747408 PEG 28–32 (CD) n.a. n.a. 10

747254 Fe3O4 COOH 9–11 (CD) n.a. n.a. 11

773352 CoFe2O4 None 20–30 (CD) n.a. (56.0 ± 0.5) emu/g 12

US Research 
Nanomaterials

Iron Oxide 
Nanopowder/ 
Nanoparticles 
(Fe3O4, high purity, 
99.5+%, 15–20 nm)

Fe3O4 None 15–20 (CD) n.a. n.a. 13,14

Shanghai JinSui n.a. Fe3O4 None 20–30 (U) n.a. n.a. 15

BASF SE n.a. CFeO None 1260 (U) n.a. n.a. 16

Nanjing Emperor 
Nano Material Co., 
Ltd.

n.a. Fe3O4 None 10–20 (U) n.a. ≈ 30 emu/g 17

NanoMyp n.a. Fe3O4 MMA, HEM, 
and EDGM

110 (HD) n.a. n.a. 18

Macklin Co., Ltd. n.a. Fe3O4 TMSPMA ≈ 200 (CD) n.a. n.a. 19

Abbreviations: CD, core diameter; EGDM, ethylene glycol dimethacrylate; HD, hydrodynamic diameter; HEM, hydroxyl ethyl methacrylate; MMA, methyl 
methacrylate; TMSPMA, 3-(trimethoxysilyl)propyl methacrylate; U, unspecified, n.a., not available.



Magnetic (Bio)inks for tissue engineering

https://doi.org/10.36922/ijb.09652Volume 10 Issue 1 (2024)

International Journal of Bioprinting

References

1.	 Wu K, Liu J, Saha R, et al. Investigation of commercial iron oxide nanoparticles: Structural and magnetic property characterization. 
ACS Omega. 2021;6(9): 6274–6283.

	 doi: 10.1021/acsomega.0c05845

2.	 Cole AJ, David AE, Wang J, Galbán CJ, Hill HL. , Yang VC. Polyethylene glycol modified, cross-linked starch-coated iron oxide 
nanoparticles for enhanced magnetic tumor targeting. Biomaterials. 2011;32(8): 2183–2193.

	 doi: 10.1016/j.biomaterials.2010.11.040

3.	 Mischenko I, Chuev M, Cherepanov V, Polikarpov M, Panchenko V. Biodegradation of magnetic nanoparticles evaluated from 
Mössbauer and magnetization measurements. Hyperfine Interact. 2013;219(1–3): 57–61.

	 doi: 10.1007/s10751-012-0710-8

4.	 Raffa V, Riggio C, Calatayud MP, et al. Poly-l-lysine-coated magnetic nanoparticles as intracellular actuators for neural guidance. Int 
J Nanomedicine. 2012;3155.

	 doi: 10.2147/IJN.S28460

5.	 Chemicell, Product information - fluidMAG-UC/A.
	 http://www.chemicell.com/products/nanoparticles/docs/PI_fluidMAG-UC-A_4114.pdf, accessed May 8th, 2023

6.	 Micromod, Technical Data Sheet - 104-00-501.
	 https://micromod.de/wp-content/uploads/datasheets/104-00-501_tds_en.pdf, accessed May 8th, 2023

7.	  Micromod, Technical Data Sheet - 104-56-501.
	 https://micromod.de/wp-content/uploads/datasheets/104-56-501_tds_en.pdf, accessed May 8th, 2023

8.	  Micromod, Technical Data Sheet - 104-26-501.
	 https://micromod.de/wp-content/uploads/datasheets/104-26-501_tds_en.pdf, accessed May 8th, 2023

9.	 Sigma-Aldrich, Product specification - 700312.
	 https://www.sigmaaldrich.cn/specification-sheets/949/087/700312-BULK_______ALDRICH__.pdf, accessed May 8th, 2023

10.	 Sigma-Aldrich, Product specification - 747408.
	 https://www.sigmaaldrich.com/specification-sheets/887/338/747408-BULK_______ALDRICH__.pdf, accessed May 8th, 2023

11.	 Sigma-Aldrich, Product specification - 747254.
	 https://www.sigmaaldrich.com/specification-sheets/239/110/747254-BULK_______ALDRICH__.pdf, accessed May 8th, 2023

12.	 Shibaev A, Smirnova M, Kessel D, Bedin SA, Razumovskaya IV, Philippova OE. Remotely self-healable, shapeable and pH-sensitive 
dual cross-linked polysaccharide hydrogels with fast response to magnetic field. Nanomaterials. 2021;11(5): 1271.

	 doi: 10.3390/nano11051271

13.	 Choi Y, Kim C, Kim HS, Moon C, Lee KY. 3D printing of dynamic tissue scaffold by combining self-healing hydrogel and self-healing 
ferrogel. Colloids Surf B Biointerfaces. 2021;208: 112108.

	 doi: 10.1016/j.colsurfb.2021.112108

14.	 US Research Nanomaterials, Inc., Iron Oxide Nanopowder/Nanoparticles (Fe3O4, high purity, 99.5+%, 15-20 nm).
	 https://www.us-nano.com/inc/sdetail/435, accessed May 8th, 2023

15.	 Wang L, Li T, Wang Z, et al. Injectable remote magnetic nanofiber/hydrogel multiscale scaffold for functional anisotropic skeletal 
muscle regeneration. Biomaterials. 2022;285: 121537.

	 doi: 10.1016/j.biomaterials.2022.121537

16.	 Nardecchia S, Jiménez A, Morillas J R, de Vicente J. Synthesis and rheological properties of 3D structured self-healing magnetic 
hydrogels. Polymer. 2021;218: 123489.

	 doi: 10.1016/j.polymer.2021.123489

17.	 Chen M, Tan H, Xu W, et al. A self-healing, magnetic and injectable biopolymer hydrogel generated by dual cross-linking for drug 
delivery and bone repair. Acta Biomater. 2022;153: 159–177.

	 doi: 10.1016/j.actbio.2022.09.036

18.	 Bonhome-Espinosa AB, Campos F, Durand-Herrera D, et al. In vitro characterization of a novel magnetic fibrin-agarose hydrogel 
for cartilage tissue engineering. J Mech Behav Biomed Mater. 2020;104: 103619.

	 doi: 10.1016/j.jmbbm.2020.103619

19.	 Hu X, Nian G, Liang X, et al. Adhesive tough magnetic hydrogels with high Fe3O4 content. ACS Appl Mater Interfaces. 2019;11(10): 
10292–10300.

	 doi: 10.1021/acsami.8b20937

http://doi.org/10.1021/acsomega.0c05845
http://doi.org/10.1016/j.biomaterials.2010.11.040
http://doi.org/10.1007/s10751-012-0710-8
http://doi.org/10.2147/IJN.S28460
http://www.chemicell.com/products/nanoparticles/docs/PI_fluidMAG-UC-A_4114.pdf
https://micromod.de/wp-content/uploads/datasheets/104-00-501_tds_en.pdf
https://micromod.de/wp-content/uploads/datasheets/104-56-501_tds_en.pdf
https://micromod.de/wp-content/uploads/datasheets/104-26-501_tds_en.pdf
https://www.sigmaaldrich.cn/specification-sheets/949/087/700312-BULK_______ALDRICH__.pdf
https://www.sigmaaldrich.com/specification-sheets/887/338/747408-BULK_______ALDRICH__.pdf
https://www.sigmaaldrich.com/specification-sheets/239/110/747254-BULK_______ALDRICH__.pdf
http://doi.org/10.3390/nano11051271
http://doi.org/10.1016/j.colsurfb.2021.112108
https://www.us-nano.com/inc/sdetail/435
http://doi.org/10.1016/j.biomaterials.2022.121537
http://doi.org/10.1016/j.polymer.2021.123489
http://doi.org/10.1016/j.actbio.2022.09.036
http://doi.org/10.1016/j.jmbbm.2020.103619
http://doi.org/10.1021/acsami.8b20937

