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Figure S1. High resolution-TEM images of multiple Au-MnO hybrid nanoparticles.

Table S1: Relaxivity comparison data of manganese oxide-based nanoparticles.

Name Core material Bo(T) 7 (mM'S") Ref.
COS-PF127@Au-MnO HNPs Au 0.55 1.2 Current data
MnO@PEG-phospholipids MnO 3 0.37 [1]
MnO@PEG-phospholipids MnO 3 0.18 [1]
MnO@PEG-phospholipids MnO 3 0.13 [1]
MnO@PEG-phospholipids MnO 3 0.12 [1]
Au@MnO Au 0.224 [2]
MnOe@trioctylphosphine oxide -
silica (poly(ethylene oxide F127 MnO 1.5 1.17 [3]
micelles))
MnOe@trioctylphosphine oxide -
silica (poly(ethylene oxide F127 MnO 1.5 0.976 [3]
micelles))
MnO@PLGA MnO 4 0.21 [4]
MnO@mSiO»-Ir-PEG MnO 3 0.17 [5]




MnO@PEG2000-PE-DC

cholesterol-DOPE MnO 7 117 (6]
Mn304@SiO:-PEG-aptamerAS411 Mns3Ox 0.5 0.53 [7]
Mns04@SiO2(PEG)FA MnsOs 0.5 0.49 [8]
MnO@SiO2-PEG/NH: MnO 3 0.47 [9]

The photothermal conversion efficiency

The photothermal conversion efficiency of Au-MnO HNPs was calculated according
to previous reports.
The total energy balance of this system as following equation:

dT
z micp,i E = QQDS + Qs — Quoss (S1)
i

i
1

where m and C, are the mass and heat capacity, respectively. The suffix of m and
C,, refers to solvent (water) or dispersed matter (HNPs). T is the solution temperature. Qaps
is the photothermal energy generated by Au-MnO HNPs. Qs is the heat associated with
the light absorbed by solvent. Qs is thermal energy lost to the surroundings. Qops can
be obtained from the following equation:

Qops = 1(1 — 10742 (S2)

where I is the laser power intensity, Ax is the absorbance of Au-MnO HNPs at the
wavelength of 808 nm in aqueous solution, and 1 is the photothermal conversion
efficiency of Au-MnO HNPs which means the ratio of absorbed light energy converting
to thermal energy.

In the situation of heating pure water, the heat input is equal to the heat output at the
maximum steady-statue temperature, so the equation can be:

Qoss = hAAT = hA (T - Tsurr) (83)

Where & is the heat transfer coefficient, A is the surface area of the container, T is the
temperature of solution. Ty, is the ambient surrounding temperature.

As it to the experiment of Au-MnO HNPs dispersion, the heat inputs are the heat
generated by nanoparticles (Qqps) and the heat generated by water (Qs), which is equal to

the heat output at the maximum steady-statue temperature. As ATyqx, ops = Tmax, ops —
Tsurr, 50 the equation can be written as:
QQDS + Qs = Qoss = hAATmax, QDs (54)

Where Ty, ops is the temperature of the Au-MnO HNPs dispersion at the maximum
temperature steady-state.
The photothermal conversion efficiency (1) can be expressed as following equation:

_ hA(ATmax, QDs — ATmax, water)
I(1 —10742)

In this equation, only hA is unknown and the 6 will introduce to calculate the value
of hA. As Oisequal to AT/ AT,4y, ops- Here, hA can be obtained by equation:

(S5)
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mcC
hA = —2

(56)
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In which m and Cp are the mass and thermal capacity of the sample, respectively,
and 7, is the system time constant.



t = —15In(0) = —14ln (

Tmax,

T - Tsurr )

QDs — Tsurr

(S7)

t is the time of the cooling process after irradiation. 7, is calculated by the slope of fitted
line of time data against —In(6).

In this work, 75 was calculated as 256.4 s. The values of m and Cp are 0.2 g and 4.2
J/(g-°C), respectively. Subsequently, ‘hA' is calculated as 0.0033 mW/°C, and Asos un, I, and
Tmax,ops — Tsurr are measured as 0.10, 1.2 W/cm?, and 27.7 °C, respectively. Above all, the
photothermal conversion efficiency was calculated as 33 %.

Table S2. Comparison of photothermal conversion efficiency of various nanocomposites.

Laser Power

Materials Laser Wavelength Intensity  Efficiency (%) Reference
(nm)
(W/cm?)
Au-MnO QDs 808 1.2 33 This work
Gold Nanoshell@
Mesoporous Silica 808 8 17 [10]
Nanorod
Au-Fe:C JNPs 808 1 30.2 [11]
MnQO2-mSiO@Au
NPs 808 1.5 25.38 [12]
CusSs NPs 980 0.51 25.7 [13]
CuzxSe nanocrystals 800 2 22 [14]
GNR@SiO2@MnO: 1064 0.4 27.47 [15]
Cu2+Te nanocubes 808 2.02 25.68 [16]
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Figure S2. Viability of 4T1 cells treated with varying concentrations of COS-PF127-Au-MnO QDs
with 808 nm laser irradiation (10 min).
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