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The energy of H2O formation from surface hydroxyl groups

The energy of H2O formation from surface hydroxyl groups ( ) was calculated 𝐸𝐻2𝑂 𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛

using the following equation:

(1)𝐸𝐻2𝑂 𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 = 𝐸𝑎𝑓𝑡𝑒𝑟 𝐻2𝑂 𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 ‒ 𝐸𝑏𝑒𝑓𝑜𝑟𝑒 𝐻2𝑂 𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛

where is the total energy after the OH and H groups on the surface combine 𝐸𝑎𝑓𝑡𝑒𝑟 𝐻2𝑂 𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 

to form an H2O molecule, and is the total energy of the initial surface.𝐸𝑏𝑒𝑓𝑜𝑟𝑒 𝐻2𝑂 𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 

   

Fig. S1 The energy of H2O formation from surface hydroxyl groups.



Temperature-dependent free energy change for the desorption of H2O

We considered the formation of the H2O from the structure (3) at an elevated temperature in 

Fig. S1. We then calculated the free energy of the initial substrate, the substrate after H2O 

release, and the H2O molecule at a given temperature using DFT.1 The pressure of H2O was 

assumed to be 1 Torr. The change in Gibbs free energy (ΔGT) was determined by the following 

equation:

 (2)∆𝐺𝑇 = 𝐺𝑇 𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒 𝑎𝑓𝑡𝑒𝑟 𝐻2𝑂 𝑟𝑒𝑙𝑒𝑎𝑠𝑒 +  𝐺𝑇 𝐻2𝑂 ‒  𝐺𝑇 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒

The temperature-dependent change in free energy for releasing an H2O molecule is shown 

in Fig. S2. The release of H2O from the OH-passivated surface was expected to be spontaneous 

at 298°C or higher temperatures. Therefore, we concluded that it was unlikely that more water 

molecules would be released at the ALD process temperature compared to 0K. 

Fig. S2 The temperature-dependent free energy change for the desorption of an H2O molecule 

at 1 Torr.



Slab thickness convergence

Surface energy (Esurf) of the hydroxylated surface slab model was calculated using the 

following equation:2

 (3)
𝐸𝑠𝑢𝑟𝑓 =

(𝐸𝑠𝑙𝑎𝑏 ‒ 𝑛𝐸𝑏𝑢𝑙𝑘  ‒ 𝑚𝐸𝐻2𝑂)
2𝐴

where the Eslab and Ebulk are the total energies of the bare slab and the bulk of TiO2, and m is 

the number of H2O required to form the hydroxyl groups. The surface energy of hydroxylated 

TiO2 almost converges at the two Ti layers, as shown in Fig. S3.

Fig. S3 The surface energy convergence on various layer thicknesses of the hydroxylated TiO2 

slab.



Adsorption energies (Eads) of a TDMAT molecule on the optimized hydroxylated TiO2 

surface with various numbers of layers were calculated using the following equation:

 (4)𝐸𝑎𝑑𝑠 = 𝐸𝑝ℎ𝑦𝑠 ‒ (𝐸𝑠𝑙𝑎𝑏  ‒ 𝐸𝑇𝐷𝑀𝐴𝑇)

where the Ephys and ETDMAT are the total energies of physisorbed TDMAT on the surface and a 

TDMAT molecule. The adsorption energies of TDMAT molecules converge at three Ti layers 

but almost converge at two Ti layers, as shown in Fig. S4.

Fig. S4 The adsorption energy of a TDMAT molecule on various layer thicknesses of the 

hydroxylated TiO2 surface. The bottom half layer was fixed.
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