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Calibration of sonicator

Prior to manipulating the nanomaterials, the ultrasonication apparatus must be
calibrated through a calorimetric approach since each machine has a specific frequency,
amplitude and delivers a certain amount of energy [1, 21. The mean delivered acoustic
power of the cup-horn sonicator was 5.4 + 0.3 J/K.

Figure 1. shows one of the calorimetric experiments to determine the delivered power of
the sonicator. The calibration was performed by sonicating a 35 mL of water in 50 mL
polystyrene tube for 30 min at 75% amplitude in the presence of a recirculating chiller
(Qsonica, Newtown, CT, USA. model# 4900). The change in temperature was recorded
every 10 s for 30 min. Time of sonication versus the temperature of water inside the tube
was plotted to calculate the delivered acoustic power p (W=J/s). The delivered acoustic
power =

slope of temperature (K)vs. time (s) * mass of water(g)
* (specific heat of water4.186 (J/gK))

The water level in the cup-horn sonicator must align with water level in the sample
tube, to avoid variability in results. Each sonication machine delivers a specific amount

. — .t
of energy called the delivered sonication energy (DSE). DSE = P *
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Figure S1. Calorimetric graph of sonicated water to calculate the delivered
power from the sonication machine. (A)The graph shows an increase in the
suspension temperature in a duration of 30 min, amplitude was 75%. (B)
Represents the first 10 points of A (change of temperature in 90 sec). The
delivered acoustic power= (slope from B) *mass of water *(specific heat of water
4.186 J/g K). The delivered acoustic power = 0.0385*34.88 g*4.186 ]/s.



Optimum sonication duration

ENM were dispersed using a cuphorn sonicator (Model # 431C2. Qsonica,

Newtown, CT). The specific duration of sonication needed for each ENM, DSE.: (critical
delivered sonication energy) was determined by suspending the NPs in ultrapure water
(Barnstead™ GenPure™ Pro Water Purification System, ThermoFisher) to achieve the
concentration of 500 pg/mL. The suspension was vortexed for 30 s then ultrasonicated for
2 min and then 1 mL of the sonicated sample was drawn and measured with the Zetasizer
Nano-ZS (Malvern Instruments, Westborough, MA, USA). The drawn amount was
returned to the original tube and sonicated again for 2 min. The process of sonication and
measuring the hydrodynamic size continued until the ENM reached a stable minimum
size.
Cumulative DSE vs. mean hydrodynamic size were plotted (Figure 2). According to
Deloid et al., the DSE« is within 10% of the least readings, when slope equals to zero [1].
For the nanoparticles that were used in this study, further sonication for ENM after
reaching the lowest hydrodynamic diameter caused the material to agglomerate as the
particles started to re-agglomerate, so we picked the lowest reading we have achieved.
For ZnO NPs (10 nm), the lowest size was reached after sonication for 6 min. For CeO:
NPs (15 — 50 nm), the lowest size was achieved after 18 min of sonication.
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B Determining critical delivered sonication energy for CeO:
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Figure S2. Determining DSEcr that produces the smallest and the most stable
hydrodynamic size of NPs (A) ZnO (B) CeO:. To calculate the optimum time for
sonication for each of the NPs, we have to find the (DSEcr) that produces the
smallest and the most stable hydrodynamic size. To calculate the required time
for sonication t=V*DSEcr/delivered power.



Figure S3. Microscopic images at 20x magnification of A549 cells after treatment with
NPs. The normal shape (control) of A549 cells is spindle-like (A). Treatment with 62.5
ug/mL of CeO: had no effect on viability (B). Treatment with 62.5 pg/mL of ZnO caused
loss in viability and changes in morphology from spindle shape to round shape (C).
Mixture of 62.5 ug/mL of ZnO & 62.5 ug/mL of CeO: (D). Higher concentrations of ZnO
and CeO: mixture reduced the number of live cells, dead cells were bright and detached
from the wells to form clumps like in as shown in (D), and this agrees with viability and
LDH assays. The images were obtained for the cells while in 12-well plates right after the
24hrs treatment.



Table S1. Serial dilution of NPs from stock (500 mg/mL) to prepare treatment doses.
Stock concentration = 500 pg/ml, dilution factor =2

Volume of Cell culture , .
) i ) Final concentration
o nanoparticles medium (mL) in .
Dilution . of nanoparticles
suspension added the tube before (ug/mL)
(mL) dilution He
1 8 (from 500 pg/mL g 250
stock)
2 8 (from dilution 1) 8 125
3 8 (from dilution 2) 8 62.5
4 8 (from dilution 3) 8 31.3
5 8 (from dilution 4) 8 15.6
6 8 (from dilution 5) 8 7.8
7 8 (from dilution 6) 8 3.9
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