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SI1 Absorption spectra of AgNP samples 

 

Figure S1: Absorption spectra of the studied water dispersions of AgNPs before and 

after (excitation wavelength - 514.5 nm was marked by dashed line) Raman 

measurement. 

 

SI2 Arrhenius plot for data extracted from Walrafen et al.  

 

Figure S2: Arrhenius plot of the ratio I3400/I3200 determined for water within this study 

and water data extracted from Walrafen et al. [1]. 
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 S3 

SI3 Procedure used to estimate the energy barriers for the movement of water 

molecules in the bulk and close to the Ag surface 

The simulations were performed on a 100×100×32 FCC lattice and were averaged 

over 104 time units. The hard wall {100} was placed at z = 1 (layer z = 32 was also 

immobile) representing an inert reflecting wall of Ag. In the remaining directions, 

periodic boundary conditions were used. All lattice sites were occupied either by water-

like or by Ag-like elements. A large size in both x and y directions provided good spatial 

averaging for results. To introduce the electrostatic interactions to the DLL simulation, 

the probability of movement of the solvent molecule was modified according to the 

following formula P = exp(−E/RT), where T is temperature (T = 300 K), R is universal 

gas constant and E is the diffusion/translational activation energy expressed in J/mol. 

The reference energy level was set to the bulk state (i.e., E = 0 for solvent molecules 

in the bulk or E = Ew2 − Eb2 for water molecules close to the Ag surface (immobile 

wall)). The parameter Eb2 stands for water translation activation energy (potential 

barrier) in the bulk and Ew2 stands for water translation activation energy close to the 

Ag surface. The index 2 refers to the potential barrier height, while the index 1 stands 

for (as showed later) the absolute interaction energy (depth of the potential well). It is 

also worthy to notice that, for the athermal case, all interactions are equal (P = 1). 

Since there are different values in the literature for the interaction energy and, 

therefore, potential barriers for water translation in the bulk and close to the Ag surface 

[2-5], four different pairs of Ew2 and Eb2 values were considered according to different 

assumptions. 

CASE A 

The distance between two water molecules was assumed to be equal to 2.8 Å, as a 

commonly accepted O∙∙∙O distance in liquid water [6]. The depth of a single potential 
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well (Lennard-Jones type potential with the addition of electrostatic interactions [7]) for 

water was assumed to be equal to Eb1 = 41 kJ/mol, according to the work of 

Michaelides [2]. The overlapping of two wells (the green dashed lines on the figures 

below correspond to constituent potential curves, while the black continuous line 

represents their sum) with the mentioned parameters leads to the estimated energy 

barrier in the bulk Eb2 = 26 kJ/mol as the figure below presents. 
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To estimate the Ew2 value, an analogous procedure was applied assuming that the 

total energy of the interaction between the water molecule and its nearest neighbours, 

close to the Ag surface, is Ew1 = 45 kJ/mol (originally 0.46–0.48 eV) and the distance 

between the water molecule and the Ag surface is equal to 2.8 Å [2]. These 

assumptions lead to Ew2 = 29.3 kJ/mol, as the figure below shows. 
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The difference between Ew2 and Eb2 is equal to 3.3 kJ/mol and, consequently, the 

probability of movement of the solvent molecule decreased to P ≈ 0.2663, comparing 

with the DLL model with no electrostatic interactions. 

 

CASE B 

The second considered approach was also based on the results from Michaelides 

work, as two approaches to determine the energy values of water–water and water–

metal interactions, near the Ag surface, were presented (for details, see Michaelides 

et al. [2]). Assuming Eb1 = 36 kJ/mol for bulk water, Eb2 = 26.6 kJ/mol was found. 

Consequently, a superposition of two potential wells, with depth values of Eb1 = 36 

kJ/mol and Ew1 = 45 kJ/mol, leads to Ew2 = 30.4 kJ/mol, which gives E = Ew2 − Eb2 = 

7.6 kJ/mol and P ≈ 0.0494. 
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CASE C 

The next approach is based on the experimental results presented by Holtz et al. [8]. 

The authors, by using pulsed magnetic field gradient NMR spectroscopy, determined 

the self-diffusion constant for liquid water at a broad temperature range. Using the 

Arrhenius-type equation D = D0exp(−Ea/RT), the translational activation energy was 

determined as Ea = Eb2 = 17.5 kJ/mol. Next, the Eb1 = 27.5 kJ/mol value was found to 

be the depth of the potential well for which the energetic barrier Eb2 reaches an 

appropriate value. The Eb1 value was used to estimate Ew1 according to the formula: 

Ew1 = (3/4Eb1 + Emetal–water) = 26.5 kJ/mol, where Emetal–water = 10 kJ/mol as it was found 

to be the upper value [2] for a Ag–water system by DFT calculations. The factor 3/4 

was introduced since water molecules, in the direct vicinity of a metal surface, can be 

involved in a maximum of three H bonds with other water molecules (one of the H-

bond centres of the water molecules is consumed by the water–metal interaction). In 

the result Ew2 = 16.6 kJ/mol, E = Ew2 − Ew1 < 0 and P = 1, which corresponds to an 

athermal case. 

CASE D 

In the last considered case, Eb1 = 30 kJ/mol was assumed to be the approximately 

mean value from the DFT calculations [3] (the potential energy of the well for the 

biggest water clusters presented in the referred article was taken into account). The 

calculation procedures presented in detail for the CASE A were applied to estimate 

Eb2 = 19 kJ/mol. The values Ew1= 32.5 kJ/mol and Ew2 = 21.1 kJ/mol were obtained 

according to the procedures presented in the CASE C section. It results in E = 2.1 

kJ/mol and P ≈ 0.4309. 
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