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Table S1: Comparison of recent literature available for uranium determination employing

various different techniques with the present method.
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Figure S1: FESEM images of PANPs electrodeposited A)with 5% hydration of DES andB)

under heating condition

Section S1: Mechanism of different shapes of PANPs deposition employing DES

Utilizing deep eutectic solvents (DES) as a medium for nanoparticle electrodeposition presents
several benefits in contrast to traditional approaches employing standard solvents. Scheme 1
illustrates the potential mechanistic aspects influencing the formation of diverse Pd nanoparticle
shapes under varying conditions. In this study, the DES employed consists of Choline chloride
and urea in a 1:2 ratios, composed of natural components devoid of toxicity. This characteristic
endows the electrodeposition process from DES with ecological integrity, aligning seamlessly
with sustainable practices. The decreased viscosity, due to water addition and heating, inherent in
DES heightens the transport of ions to the electrode surface, engendering an enhanced mass

transfer phenomenon. Consequently, electrodeposition gains efficiency, potentially reducing the



energy demand for the deposition process. Furthermore, the lower viscosity and unique solvation
attributes of the current DES formulation facilitate the realization of uniform particles with
diminished tendencies for aggregation.Upon the addition of 5% water into the DES medium
containing palladium salt, the morphology of the nanoparticles transitions from distorted spheres
to cauliflower-like structures. The introduction of water into the Reline DES engages in
competition with urea for hydrogen bond interaction with choline chloride. This competitive
interaction induces alterations in the solvation environment around the Pd*" ions. The modified
solvation environment is postulated to influence growth kinetics and the favored crystallographic
facets of the PdANPs, thus shaping them into cauliflower forms.Additionally, subjecting the
system to a temperature of 60°C results in further changes in morphology. This phenomenon can
be attributed to the elevated temperature of the reline DES, which increases the thermal energy
within the system. This, in turn, boosts collision frequency and energy of the palladium precursor
while reducing the overall system viscosity. As a consequence, heterogeneous rates—nucleation

and growth processes in particular—accelerate.
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Scheme 1:Probable mechanistic aspect of getting different shape of Pd nanoparticles under
different condition viz. water addition into DES and heating the DES system

The heightened reaction kinetics exerts an impact on nucleation sites, growth rates, and
nanoparticle aggregation behavior, ultimately influencing their resulting shape. This potentially
accounts for the observed agglomeration of particles, leading to the formation of larger, flower-
like structures.By modifying the water content within the DES and applying heat, various forms
of PdNPs, including those resembling flowers, were synthesized with distinct surface
structures.The synthesis process was finely tuned to yield nanoparticles of different shapes and
distinctive surface characteristics. This innovative method offers a versatile and efficient route
for tailoring nanoparticle morphology, enabling researchers to explore a wide range of
applications where specific shapes and surface structures are crucial for optimized performance

and functionality.
Section S2. Determination of electrochemical active surface area

To determine the electrochemically active surface area of the three modified electrodes, cyclic
voltammetry experiments were conducted using a 5 mM potassium ferricyanide solution as the
redox probe. In cyclic voltammetry studies, the current associated with the electrochemical
reaction occurring at the electrode surface, particularly when it is limited by mass transfer, can

be quantified using the Randle-Sevick equation.

31 1
I$=2.69 x 10°n*D*AC,v*

where A is the electrochemical active area, D is the diffusion coefficient, C is the bulk
concentration of ferricyanide, n is the number of electrons transferred and [ is the scan rate’. In
the case of a diffusion-controlled process, when we plot the current peak (I,,.) against the square
root of the scan rate (v'/?), the resulting graph will exhibit a linear relationship. From the slope of
this linear plot, we can determine the value of parameter A. This is possible because we have

precise knowledge of the diffusion coefficient of ferricyanide, which is 8.9%10° cm?/s.



For the electrochemically active surface area (EASA), the bare gold electrode had a value of
0.031 cm?. In contrast, when PdNPs were deposited on the gold electrode using a room
temperature deposition electrochemical solution (DES), the EASA increased to 0.112 cm?. When
PdNPs were deposited under conditions involving 5% hydration of the DES, the EASA further
increased to 0.141 cm?. Lastly, when the deposition was carried out with heating, the EASA was

determined to be 0.10 cm?.
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Figure S2: The variation of Ln(-I;,) with Ln(v) observed in PANPs/Au electrode deposited
A)at RT B) with 5% hydration of DES andC) under heated conditionin the system S mM
U(VI) in saturated Na,COj solution (I, = cathodic peak current, v = scan rate)
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Figure S3. Equivalent circuit used for fitting the impedance.
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Figure S4. EDS spectra of PANPs deposited at ITO substrate after equilibration with
solution containing UQ,>*
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Figure S5. DPV of 5 uM UO,** and mixed solution of UO,?*, Ca** Cu?*, , Mg?*" and Fe3*
(5 pM each) in saturated carbonate media recorded at PANPs/Au electrode



Table S2: Average structural parameters of uranyl(VI/V) carbonate complexes with the 3

Na* ions
Calculated Reference®
Parameters
Na;[UO,(CO3)3]" | Naz[UO,(CO3)3]* | Naz[UO,(CO3)3]- | Nas[UO,(CO3)3]*
U=0 (A) 1.81 1.88 1.81 1.88
U-0, (A) 2.45 2.54,2.56 2.46 2.55
U-C (A) 2.92 3.00 2.93 3.01
U-Na (A) 3.78 3.74 3.96 3.94
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