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1. Computational Methods

Density functional theory (DFT) calculations were performed using Vienna ab initio simulation 

package (VASP).1, 2 A 3 x 3 surface slab supercell of TiO2 and TiO2-x anatase were used for 

adsorption studies to ensure sufficient separation between adsorbates in adjacent supercells, thus 

preventing unintended adsorbate-adsorbate interactions. The lattice parameters of the surface slab 

were a = 10.210 Å, b = 11.328 Å, c = 29.353 Å with a slab thickness of ~8 Å. The {101} facet 

surface was chosen due to its prevalence on the anatase surface as shown in the Wulff 

construction,3 and the subsurface oxygen vacancy position was used in the TiO2-x model due to its 

stability.4 Due to the infeasibility of simulating a polyethylene hydroperoxide macromolecule with 

large number of atoms, sec-pentyl hydroperoxide was chosen as the model adsorbate, which 

sufficiently describes the nature of hydroperoxide functional group on the secondary position of 

the polymer backbone. A vacuum layer of ~20 Å perpendicular to the surface was also employed 

to prevent spurious interactions between the periodic slabs. 

The exchange and correlation potential was described using Perdew-Burke-Ernzerhof (PBE) 

parameterization of generalized gradient approximation (GGA) level of theory.5 The plane wave 

basis set cut-off energy was set at 520 eV, and pseudopotentials were resolved using projector 

augmented wave (PAW) frozen core model.6, 7 The Brillouin zone was sampled with (3 x 3 x 1) 

Monkhorst-Pack scheme of kpoint mesh to carry out numerical integration in the reciprocal space.8 

Computation was performed with criterion of 10-5 eV and 0.04 eV/Å for electronic self-consistent 

field calculations and Hellmann-Feynman forces respectively. The adsorption energy ( ) was 𝐸𝑎𝑑𝑠

calculated according to Eq. 1.

𝐸𝑎𝑑𝑠 = 𝐸(𝑎𝑑𝑠𝑜𝑟𝑏𝑎𝑡𝑒 ‒ 𝑠𝑢𝑟𝑓𝑎𝑐𝑒) ‒ 𝐸𝑎𝑑𝑠𝑜𝑟𝑏𝑎𝑡𝑒 ‒ 𝐸𝑠𝑢𝑟𝑓𝑎𝑐𝑒 (1)
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where  is the total energy of sec-pentyl hydroperoxide adsorbed onto the TiO2 𝐸(𝑎𝑑𝑠𝑜𝑟𝑏𝑎𝑡𝑒 ‒ 𝑠𝑢𝑟𝑓𝑎𝑐𝑒)

or TiO2-x surface,  is the total energy of isolated sec-pentyl hydroperoxide, and  is 𝐸𝑎𝑑𝑠𝑜𝑟𝑏𝑎𝑡𝑒 𝐸𝑠𝑢𝑟𝑓𝑎𝑐𝑒

the total energy of the TiO2 or TiO2-x relaxed surface slab. Bader charge analysis9 was performed 

using Henkelman’s code to integrate electron densities per unit atom basins.10 Transition state and 

activation energy were also investigated using climbing image nudged elastic band (CI-NEB) 

method.11

Density of states calculation were converged with more stringent parameters. TiO2 and TiO2-x 

surface structures were modelled with a 1 x 3 surface slab having a slab thickness of ~8 Å and a 

vacuum layer of ~20 Å, with anatase {101} facet and subsurface oxygen vacancy for TiO2-x. The 

lattice parameters of the surface slab were a = 10.210 Å, b = 3.776 Å, c = 29.353 Å. Exchange 

correlation potentials, basis sets and pseudopotentials were the same as before (vide supra). The 

Brillouin zone was sampled with (4 x 4 x 1) Monkhorst-Pack scheme of kpoint mesh to carry out 

numerical integration in the reciprocal space.8 Computation was performed with criterion of 10-6 

eV and 0.01 eV/Å for spin polarized electronic self-consistent field calculations and Hellmann-

Feynman forces respectively. Spurious self-interaction errors from Ti 3d shells were resolved 

utilizing on-site Coulombic interactions employed via the Hubbard U correction (GGA+U) 12, 

following the Dudarev method of implementation 13. Hubbard parameter of U = 4eV for Ti species 

was selected as it best describes and reproduces the d electron localized nature of the defect states 

in TiO2-x 14. Calculations of d-band center was implemented according to Eq.  2.15

𝜀𝑑 =

∞

∫
‒ ∞

𝑛𝑑(𝜀)𝜀 𝑑𝜀

∞

∫
‒ ∞

𝑛𝑑(𝜀) 𝑑𝜀
(2)

where  is the DOS of 3d orbitals of the surface Ti atoms at a given energy . 𝑛𝑑(𝜀) 𝜀
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2. Experimental Methods

2.1 Chemicals and Materials

Titanium (IV) fluoride, polyethylene powder and sodium hydroxide were obtained from Sigma 

Aldrich. Titanium (III) chloride 30% solution and cyclohexane were obtained from Merck. 

Absolute ethanol was obtained from J. T. Baker. All chemicals were used as received without any 

further purification.

2.2 Photocatalyst Synthesis

TiO2-x was synthesized via solvothermal method. Briefly, TiF4 was dissolved in 5ml of absolute 

ethanol under vigorous stirring. Then, 2ml of 30% TiCl3 solution was added and stirred for 30 

minutes, resulting in a solution with a Ti4+:Ti3+ molar ratio of 0.06. The solution was transferred 

into a Teflon-lined stainless steel autoclave and heated to 180°C for 24 hours under a ramping rate 

of 10°C min-1. The photocatalyst obtained was then washed with ethanol, 0.1M NaOH and DI 

water, then dried overnight in an oven. Pristine TiO2 was synthesized by calcining the as-

synthesized TiO2-x in a furnace at 400°C for 4 hours at 5°C min-1 ramping rate.

2.3 Characterization

Powder X-ray diffraction (XRD) was conducted using Bruker D8 Discover with Cu Kα radiation 

(λ=1.54056 Å). Energy dispersive X-ray spectroscopy (EDX) was performed using Hitachi 

SU8010 under 15kV accelerating voltage.

2.4 Photocatalytic Degradation of Polyethylene

Photocatalyst-polyethylene nanocomposite films were prepared using a two-step casting 

method. In the first step, 150mg of polyethylene powder was added into 20ml of cyclohexane and 

heated to 70°C under stirring for 1 hour to achieve dissolution. 2ml aliquots were sampled and 

casted into a 4cm petri dish, then heated to 100°C for 20 minutes to evaporate the solvent, and 
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dried overnight in an oven at 40°C. In the second step, an appropriate amount of photocatalyst was 

added into the petri dish to match the amount of polyethylene casted. Then, 3ml of cyclohexane 

was added and ultrasonicated for 5 minutes at 80°C to disperse the photocatalyst within the 

polyethylene film. The nanocomposite film was then heated to 100°C for 20 mins to drive off the 

solvent, and dried overnight in an oven at 40°C. 

Photocatalytic polyethylene degradation was performed using a 100W UV395nm LED lamp at 

an irradiation intensity of 10mW/cm2 for the duration of 2 weeks. The degradation performance 

was quantified by the mass loss of polyethylene according to Eq. 3

𝐷𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 (%) =
𝑚𝑃𝐸,  0 ‒ 𝑚𝑃𝐸

𝑚𝑃𝐸,  0
× 100%

(3)
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3. DFT results

Figure S1. Configurations of sec-pentyl hydroperoxide adsorption onto TiO2 surface.

Table S1. Comparison of adsorption energies of sec-pentyl hydroperoxide adsorption onto TiO2. 

Adsorption energies reported are relative to the most stable adsorption configuration TiO2-O2a.

Adsorption Orientation Adsorption Energy, Eads (eV)

TiO2-O1a 0.2811

TiO2-O1b 0.1225

TiO2-O1c 0.2425

TiO2-O2a 0.0000

TiO2-O2b 0.4479

TiO2-O2c 0.2213
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Figure S2. Configurations of sec-pentyl hydroperoxide adsorption onto TiO2-x surface.

Figure S3. a) top view and b) side view of unique adsorption active sites on TiO2-x surface. Orange 

circle and arrows depict the non-symmetrically equivalent undercoordinated adsorption sites.
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Table S2. Comparison of adsorption energies of sec-pentyl hydroperoxide adsorption onto TiO2-

x. Adsorption energies reported are relative to the most stable adsorption configuration TiO2-x-

O2a1.

Adsorption Orientation Adsorption Energy, Eads (eV)

TiO2-x-O1a1 0.2776

TiO2-x-O1a2 0.3319

TiO2-x-O1a3 0.5321

TiO2-x-O1b1 0.1097

TiO2-x-O1b2 0.2310

TiO2-x-O1b3 0.3476

TiO2-x-O1c1 0.2903

TiO2-x-O1c2 0.2645

TiO2-x-O1c3 0.4355

TiO2-x-O2a1 0.0000

TiO2-x-O2a2 0.0623

TiO2-x-O2a3 0.1345

TiO2-x-O2b1 0.3603

TiO2-x-O2b2 0.3656

TiO2-x-O2b3 0.1625

TiO2-x-O2c1 0.2323

TiO2-x-O2c2 0.2656

TiO2-x-O2c3 0.3805
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Figure S4. Density of states of a) TiO2 and b) TiO2-x.
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