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Figure S1. A) ATR-FTIR of TREG, trisodium citrate coated Zn4Fe, ¢O4 NPs and trisodium

citrate. B) Digital image of stable trisodium citrate coated Zn,4Fe, 40, ferrofluid under the

influence of a bar magnet.
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Figure S2. Magnetic field measurements over distance using a gaussmeter for the bar magnet

used in single cell magnetophoresis.
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Figure S3. A) US87MG cell growth curve. B) Spontaneous and Maximum LDH activity

controls with respect to cell number for optimum cell seeding number.
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Figure S4. Comparison of iron content in Fe;O4@y-Fe,0; and Zng 4Fe; 04 NPs by ICP-OES

and UV-Vis measurements (@ = 5,p > 0.05),
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Figure S5. TGA of Zn(acac),.xH,0 and Fe(acac); under nitrogen.

Table S1. Zinc ferrite NPs with their respective elemental composition, average size and Ms.

Average Ms

Composition S () (emg) Reference
Zngs0Fe; 6104 13.4 30 27
Zng16Fe; 8404 14 97 28
Zny4Fe, ¢0, 15 99.3¢ 26

Zng 34Fe; 6604 17 64.6 29
Zng4Fe; 404 22 105¢ 19

®value converted to emu/g of material from emu/gge:z,.



From Tp values the effective anisotropy (K.) can be estimated according to eq (1)
K, ffV
Tm) (M

To

Tp=
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Where Tj is the blocking temperature (221 K for Fe;0,@y-Fe,O5 and 175 K for Zng 4Fe; 404 NPs), K is

the effective anisotropy, V is the volume of the NPs, kg is the Boltzmann constant (1-38 X 10" 23] /K ), T

Tm

1o

In ( )
is the measurement time and 1, is the attempt time; the value has the value of 25 in typical laboratory

measurements:



221K x 1.38 x 10~ 23 J/K x 25

K =152x10"°J/m?
effFe304@V - Fe,04 0.5x 10~ %*m?3 I/

175K x138x 107 % J/K x 25

K = =121x10"°J/m3
effZ"0.4F"2.604 0.5 x 10 ~ 24 m3
K
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Figure S6: Calculations of the K. of Fe30 4@y—Fe203 and Zny 4Fe; ¢O4 NPs and estimation of

their magnetocrystalline anisotropy (K) value.



Figure S7. Illustration of the proportion of spin-canting on large versus small sized NPs.
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Figure S8. A) TEM of Znj4Fe;s04 NPs prepared under ambient pressure. B) Size
distribution histograms of Zn,4Fe,; 04 NPs prepared at high temperature (250 °C) and

ambient or autogenous pressure.

Table S2. Size, lattice strain and Mg measurements of Zng 4Fe, (O4 NPs prepared under high
temperature with ambient or autogenous pressure (= 3). Values reported as mean + SEM.



p-Values were calculated based on a two-tailed t-test: *** indicates » <0.001, ** jndicates

p <0.01 and * indicates » < 0.05,

Table S3. Absolute change in temperature and SLP values of Fe;O,@y-Fe,O; and

Zng4Fe; 04 NPs at 20 mgge.z,/ml subjected to an alternating magnetic field with different

product of frequency and amplitude. Values reported as mean £ SEM. p-values were

calculated based on a two-tailed t-test between the change in temperature and SLP values of

an alternating magnetic field with the same field amplitude but different frequency: **

indicates » <0.01, p =3,

AT £ SD (°C) SLP * S.D (W/gke+zn)
Field Frequency
Fe,O,@y-Fe,0, Zn,,Fe,:0, | Fe,0,@y-Fe,0, Zng,Fe,:0,
(kA/m) (kHz)
342 10.3+£1.2 10.7+1.5 216+28 23.4+3.38
104 471 17.9+29 18.1+27 38.5+55 40.5+6.8
Significance ** x> ** >
342 17.6+24 174+£22 37.2+6.6 378159
s 471 249+22 250+ 34 63.1+6.6 63.1+10.1
Significance > > > >
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Figure S9. A) and B) is the absolute change in temperature and SLP values respectively, of
Fe;0,@y-Fe,03 and Znj4Fe, 04 NPs at a concentration of 20 mgg..z,/ml subjected to
alternating magnetic fields of different combinations of frequency and field but having

similar product of the two. n = 3.
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Figure S10. PT measurement of aqueous suspension of Zn( 4Fe, (O, NPs and water only.
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Figure S11. Absorbance of 808 nm light of Zn 4Fe, 04 NPs at different concentrations. The

slope yields the molar attenuation coefficient according to Beer-Lambert law.
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Figure S12. Photothermal heating cycles of Zn 4Fe, ¢O4NPs at 808 nm.
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