Electronic Supplementary Material (ESI) for Journal of Materials Chemistry B.
This journal is © The Royal Society of Chemistry 2020

Supporting Information

Facile synthesis of Au@Mn;04 magneto-plasmonic nanoflowers for
T,-weighted magnetic resonance imaging and photothermal therapy
of cancer

Gohar Ijaz Dar®b, M. Zubair Igbal®*, Ozioma Udochukwu Akakuru®?, Chenyang Yao®’, Gul
Awiaz®b, Aiguo Wu?*

aCixi Institute of Biomedical Engineering, CAS Key Laboratory of Magnetic Materials and
Devices, & Key Laboratory of Additive Manufacturing Materials of Zhejiang Province, Ningbo
Institute of Materials Technology and Engineering, Chinese Academy of Sciences, Ningbo
315201, P.R. China
bUniversity of Chinese Academy of Sciences, No.19(A) Yuquan Road, Shijingshan District,
Beijing, 100049, P.R. China
¢School of Materials Science and Engineering, Zhejiang Sci-Tech University, No. 2 Road of
Xiasha, Hangzhou, 310018, PR China.

*Corresponding author email: aiguo@nimte.ac.cn, zubair@nimte.ac.cn
Tel: +86 57487617278, Fax: +86-57486685163

Experimental section

Figure S1. TEM images of monodisperse Au nanoparticles at various magnifications. (a) scale
bar 100 nm. (b) scale bare 50 nm and (¢) scale bar 20 nm.

Synthesis process of NFs with 30 min, 1h, and 1.5 h

In the synthesis of Au@Mn;0, nanoflowers experiments were also conducted at various times
like 30 min, 60 min, 90 min, and 120 min. The TEM images of the 30 min, 60 min, and 90 min

were shown in Figure S2. The temperature of all the systems remains constants (315 °C).
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Figure S2. TEM images of various results experienced at different intervals of time. (a) TEM
image shows the 30 min time interval (scale bar =100 nm). (b) The TEM image of reaction time
was 60 min (scale bar = 100 nm). (c) TEM image of reaction at 90 min (scale bar =100 nm).

Characterization

DLS and Zeta Potential of Au@Mn;0,@PF-127
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Figure S3. Dynamic light scattering and Zeta potential results. (a) DLS distribution of prepare
Au@Mn;04@PF-127 nanoflowers. (b) Zeta Potential of synthesized NFs @ PF-127.



The magnitude of the zeta potential is predictive of colloidal stability. Nanoparticles with Zeta
Potential values greater than +25 mV or less than -25 mV typically have high degrees of stability
1. As per our observation of the prepared NFs, the zeta potential was measure at -39.6 mV. It
shows that the prepared nanoflowers are potentially stable in the suspension and it is a positive

factor for biomedical applications.

Table S1. Relaxivity Data of Manganese Oxide-Based Nanoparticles

Name Core Material r; (mM-1S-1) By (T) Ref.
Au@Mn;04 NFs Mn;0, 5.74 0.55 This Work
HMONs MnO 2.58 7 2
MnO MnO 0.12 3 3
HMnO@mSiO, MnO 1.72 1.5 4
Mn;0,4 nanocubes Mn;04 1.08 3 3
Mn;0,4 nanospheres Mn;0,4 1.31 3

Mn;0,4 nanoplates Mn;0,4 2.06 3

Mn-MSNs MnO(Mn;0,4)/SiO, | 2.28 3 6
Spherical Mn;0y4 Mn;0, 2.38 1.5 7
HSA-MONP MnO 1.97 7 8
HMONSs Mn;0, 1.42 3 9
Ml’l304@Si02 Ml’l304 0.47 3 10
Fe;04/MnO hybrid Fe;04/MnO 1.4 3 1

Nanoparticle annotations: NFs- nanoflowers, HMONSs-hollow manganese oxide nanoparticles,
HMnO@mSiO,-mesoporous silica-coated hollow MnO nanoparticles, HAS-MNOP-human
serum albumin-coated manganese oxide nanoparticles,

PTT efficiency of the Au@Mn;0,@PF-127 NFs

The photothermal conversion effect of the prepared Au@Mn;04@PF-127 NFs was measured
through the implementation of the reported method '> 13. The prepared sample (150ug/ml) was
placed in the Macro plastic cuvette and irradiated by 808 nm laser (1.2 W/cm?) for 10 min
interval. The water sample was considered as a control. Then, the photothermal conversion

efficiency of prepared nanoflowers was calculated as follows:

The total input heat energy and dissipation of the system is expressed as in equation

dT
zmicp,i Z - QNPS + Qs - Qloss (1)

i



Where, the suffix “i” of m and Cp refers to solvent (water) or dispersed matter (nanoparticles).
Cp and m are the heat capacity and mass respectively. T is referred to as temperature of solution
and Qpps 1s the heat energy from the prepared nanoflowers, Q is referred to as heat energy by
sample cell and Q,; is the heat dissipated by the system in the surroundings by air. The Qup, can

be obtained from the following equation (2)

Qwps =1(1-10") )

Where ‘I’ referred to as the laser power density, ‘AL’ is the absorbance of the Au@Mn;04@PF-
127 NFs against the 808 nm wavelength and ‘n’ is heat energy conversion by the prepared
Au@Mn;04@PF-127 NFs in aqueous solution.

Quss In equation (1) is the loss of heat energy in the surroundings by air and can be expressed as:
Qloss =hAAT = hs(T'Tsurr) (3)

As ‘h’ is the heat transfer coefficient, ‘A’ is referred to as the surface area of the cuvette, ‘T’ is
the solution temperature and ‘Ty,,,” is the atmosphere surrounding temperature. As [AT 0 mix =

Tmax - Tsurr] .

Qs in equation (1) is the heat energy-related to the energy absorbed by the sample cell without

NFs, so the heat input and dissipation is equal. Therefore, the equation can be written as:

Qs + QNPS = Qloss =hA (Tmax - Tsurr) (4)

Rendering to the temperature profile as shown in Figure 4a, the [AT,.ux miv = Timax — Tourr] Was ~

40 °C for 150 pg/ml.

According to the above equations (2), (3), and (4), the heat energy conversion efficiency can be

written as:

hA(AT AT

max,mix max, water )

1(1-10""Y (5)




As in the equation (5) the ‘hA4’is unknown and the € will introduce to calculate the value of hA4.
As 0 is equal to AT / AT .« By the substituting the value of @ into equation 1, the equation will

become

do _ h4 [QNPS+QS_
dr Y mC,, hAAT,,

0] (6)

when the laser light is being turned off then the Qg + Qups is equal to zero and the equation

becomes

d=—t "9 7)

Calculating the /4 by the linear time data against —In(0) and then integrating the equation
(7). The ‘m’ and ‘C’ is the mass (0.2 g) and the specific heat capacity of the deionized water (4.2
J/g) employed as solvent. Subsequently, the value of ‘h4’is calculated as 0.0280. Generally, the

specific heat value of the deionized water is much larger than other materials, so the values of

™MNPs and CP,NPS were neglected. The laser power intensity was 2.99 W, the 44 was calculated as
1.6. By substituting the all values in the equation (5), the photothermal conversion efficiency ‘n’
of the prepared Au@Mn;0,4@PF-127 NFs is calculated as ~ 38% which is much better and

higher than other reported composite materials.

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

Materials Wavelength Laser Power (W) Efficiency (%) Ref
Irradiation (nm)
Au@Mn;04@PF- 808 1.2 W/em? 38 Present work
127 NFs
Biodegradable Au 808 1 37 14
nano vesicles
FePt NPs 800 1uJ / Pulse 30 15




Au/ Si02 nano 815 0.163 34 16
shells

Au nano rods 808 1 22 14
Au nano shells 808 2 25 17
Cu9S5 NPs 980 0.51 25.7 18
HER-DIR-SPIO- 808 2 5.9 19
PLGA/PFP NPs

Cu2-xSe NPs 800 2 22 20
Au-Fe2C JNPs 808 1 30.2 21
Cys-Cus NPs 980 0.288 21.3 22
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