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1. Calculation of the Evaporation Rate and Evaporation Efficiency! 2

The evaporation rate (77) of the samples was calculated by the following Equation 1:

m=dm /(A dt) (1)

Where m is the mass change of the entire evaporator, A is the irradiated evaporator area, and t is the
irradiation time.

The evaporation efficiency (1) can be calculated by the following Equation 2.

n =1 hy/ Cop Py 2)

Where i was the mass flux (71 = mpight — Mpar) (kg m2 h!), Cyp is the multiple of 1 sun illumination
density, Py is the solar intensity, and /4, is the water evaporation enthalpy. According to the energy
conversion principle, water evaporation rates can be expressed using the equations.

h;, was calculated using Equations 3 and 4.

hy, = Co(T—Ty) + gy 3)

Uin=VH, my= VH; m; 4)

The energy input (Uin) in the darkness was equal. Among them, VH, (2444 J g!) and m, (0.098
kg'm2-h") represent the enthalpy and rate of evaporation of bulk water in the dark, while VH; and
m; (0.191 kg m? h'!) represented the equivalent enthalpy of evaporation (4;,) and vaporization rate
of BST/LFICS in the dark. C, is the specific heat capacity of water (4.2 J g'! K1), T is the initial

temperature of water, and T is the temperature of steam.

The following assumptions were made for all calculations:

1. Steady-state evaporation conditions were achieved during the test period.

2. Heat losses to the surrounding environment (convection, conduction, radiation) were corrected
for via the dark evaporation baseline.

3. The effective enthalpy h;, was constant for each sample during the test.

4. The incident solar intensity was uniform and stable at 1000 W-m throughout the measurement.
A detailed example calculation for TIOC@SA-TiOC is now provided below, and all other samples
follow the same stepwise calculation:

1. Net evaporation rate: m = 2.61 —0.39 = 2.22 kg'm>-h"!

2. Effective enthalpy:

hoy = Cp (T — Ty) + VH mo/my = 4.2%(373.0-303.5) + 0.19%2444/0.39 = 1493.87 J-g'!

3. Efficiency: 5 = m hy/ Cop Pg= 2.22%1493.87/3600%100%= 92.19%



2. Theoretical Simulation

Spin-polarized density functional theory (DFT) calculations were performed using the Vienna ab
initio simulation package (VASP) with the projector augmented wave (PAW) method.>* The
Perdew—Burke—Ernzerhof (PBE) functional within the Dudarev +U scheme was used to describe
the Ti 3d states, with U= 4.0 €V.> Dispersion interactions were treated using the DFT-D3 method
with Becke—Johnson damping. A plane-wave cutoff energy of 450 eV was employed.® Local bulk-
like defect thermodynamics were modeled using a 2 x 2 x 1 supercell of anatase TiO,, containing
16 Ti and 32 O atoms. The Brillouin zone was sampled using a 3 x 3 x 3 Monkhorst—Pack k-point
mesh. The total-energy and force convergence criteria were set to 10 eV and 0.02 eV/A,
respectively. Three representative defect models were first considered: pristine anatase (TiO;);, the
intrinsic oxygen-vacancy model (Ti0,),4-0,, the isolated carbon-substituted model C-(TiO,);¢, and
the aromatic-carbon-associated model C,o/Csp?~(TiO»)¢ .

The formation energies were calculated as follows:

0
E g E . -FE +
f [(Ti0)16-0,] " [(Ti04),4] Ho 5)
EC@OU ‘ £
- K, -u
f [€-(Ti0) 6] T[(Ti0y)14-0,] "€ (6)
C10/C ,@30,
Sp = E - E - E
f C.IC - —(TiO Ti0.),. - 30 T
[ 10/ sz (Ti 2)16] [( g 2)16 17] sp (7)

where E[*] denotes the total energy of the corresponding supercell, Ejcrioz)i6), £tioz)i6-0v]> Eq(rioz)is-
ov)» Efc<riozyis) Eqcrion)is-30vys Efciocspr-tiozyis) and Ecioicspz are total energies of the corresponding
structure, the #0 and #¢ denote as the chemical potential of the oxygen and carbon, respectively.

It should be noted that this DFT model was used to compare the relative thermodynamic
stability of local OV-containing defect motifs in bulk-like anatase TiO,. It does not explicitly
describe the polymeric Ti(D100), precursor, mesoscale porosity, surface reconstruction, oxygen

transport, or the decomposition kinetics of D100 during calcination.
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Fig. S1 '"H NMR spectrum of D100 in DMSO-d6 solution.
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Fig. S2 3C NMR spectrum of D100 in DMSO-d6 solution.
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Fig. S4 Digital photo of hydrogel precursor Ti(D100),.
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Fig. S6 TEM image of TiOC-0.



Fig. S8 TEM image of TiOC-1.



Fig. S9 FE-SEM image of TiOC-3 (inset: an optical image of the corresponding particles).

Fig. S10 TEM image of TiOC-3.
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Fig. S11 HAADF-STEM image and element mappings of TiOC-2.
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Fig. S12 XRD patterns of TiOC-n .
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Fig. S13 Raman spectra of TiOC-n .
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Fig. S14 N, adsorption-desorption isotherms of TiOC-n .
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Fig. S15 Pore diameter distribution of TiOC-n .
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Fig. S16 (a) TG curves of various TiOC-n and (b) their fitting result based on TGA.
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Fig. S19 Photocatalytic MB degradation performance of P25 and TiOC-n under 1 kW m?

illumination.

12



100 35
[ | Degradation rate 92.3
1 [ Aborsption rate e
« @+ Normalized rate constant - 30 '

— 80 - E
=)

é B 25(17;
= 60 - =
=1

i ST
S -
E 4[] = B 15 ;
(<] =

- S

- 10 @
20 4 -
=4
- 5
0 -

K\ =} ) B
N 92 0000 g0 500
Fig. S20 Photocatalytic MB degradation performance of P25 and TiOC-n under 1 kW m?

illumination.

104 =

0.8 4

—a—TIOC-2 50 C
0.6 4

Qe

0.4 4

0.2 4

0.0 — . - . v .
-40 -20 0 20 40 60 80 100
Time (min)

Fig. S21 MB degradation performance of TiOC-2 at 50 °C in dark.
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Fig. S23 The reactive specie scavenger experiments in MB photocatalytic degradation of TiOC-2
under 1 sun irradiation. The scavengers used were benzoquinone (BQ) for superoxide radicals
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Fig. S24 Mott—Schottky diagrams of TiOC-0 and TiOC-2.
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Fig. S25 Electronic band structures of TiOC-0 and TiOC-2. The flat-band potentials were
determined vs. Ag/AgCl. The conduction band (Ecg) position was calculated vs. NHE according to
the equation Ecg = Eagagcny +0.197 V, the valence band (£vg) position was calculated according
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Fig. S26 Top digital photographs of as-prepared (a) SA, (b) SA-TiOC and (c) TIOC@SA-TiOC
aerogels.
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Fig. S29 FE-SEM image of TiIOC@SA-TiOC aerogels (a) the top view image, (b) cross-sectional
view, and (¢) EDS mapping.
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Fig. S30 Cycling stability of the TIOC@SA-TiOC evaporator.
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Fig. S31 Surface and morphology stability of the TiOC@SA-TiOC evaporator. (a) XRD
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Fig. S34 The DTG-DSC curves of (a) D100 and (b) Ti(D100),.
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Fig. S36 XRD patterns of TiOC-2-300 °C, TiOC-2-400 °C and TiOC-2-500 °C.
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Fig. S37 Optimized local defect models used for DFT formation-energy calculations in bulk-like
anatase TiO,: pristine (Ti0,)1¢, intrinsic OV (Ti0;),6—0, isolated C-substituted model.
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Fig. S40 TEM image of Ti(100),-300 °C.
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Fig. S41 XRD patterns of TiOC-2-300 °C and Ti(100),-300 °C.
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Table S1 BET and surface area-normalized rate constant results

Sample As Average pore volume Average pore diameter k,
m?g! cm? gl nm *10~° g m?min!
TiOC-0 179.04 0.45 6.67 4.40
TiOC-1 263.21 0.25 3.52 6.48
TiOC-2 267.31 0.21 3.29 10.61
TiOC-3 258.47 0.19 3.15 5.05
Table S2. Intensity ratio calculated from high-resolution XPS spectra.

Olart O.ds 0-H,0 Oa4¢/(O1a+O-H,0) Ti3t/ Ti*
TiOC-0 82.3% 13.9% 3.8% 16.1% 0
TiOC-1 61.3% 28.2% 10.5% 39.3% 20.8
TiOC-2 54.9% 34.5% 10.6% 52.7% 35.0
TiOC-3 56.8% 32.3% 10.9% 47.7% 24.4
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Table S3 Calculated TPRL parameters of TiOC.

Samples T; (ns)? T, (ns)? I, (%)° L (%)P I/ 1,
TiOC-0 0.925+0.023 6.536+0.103 19.85 80.15 0.25
TiOC-1 1.278+0.039 7.286+0.132 18.15 81.82 0.22
TiOC-2 1.633+0.042 6.775+0.171 36.11 63.89 0.57
TiOC-3 1.170+£0.079 4.690+0.317 31.67 68.33 0.46

3 Two distinct lifetime components T, and 7, calculated by a biexponential function of time (t),
1 1

1 T2
F(t)y=Ae ~+A4e “+y,

b The relative intensities of different lifetime components.
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Table S4 Comparison of TiO, based solar evaporators under 1 sun simulated light.

Evaporation rate

Energy efficiency

Cums

Time

Photocatalytic performance

Evaporators (ke m? h!) (%) (ppm) (h) (%) Ref.
Defective Black TiO, film! 1.624 85 - - - 11
Black TiO, nanocages film! 1.13 70.9 - - - 12
CDs/TiO, nanotube@Ti! 1.762 55.3 - - - 13
b-TiO,/mesh? 0.92 - - - - 14
Oxygen-deficient TiO, ceramics? 2.38 81.26 - - - 15
Black TiO,/PVA2 2.492 - - - - 16
PAM/SA/Ti0,-CQDs/CNTs 3D? 2.56 - - 2 85.5 17
Ti0,/SiO,@CNMs? 1.71 92.1 10 1.5 91.3 18
CNTs/TiO»/Ag SWDIES? 1.46 - 10 4 87 19
TiO,@CB/CF> 1.42 90.4 5 2 57 20
TiOC@SA-TiOC? 2.61 92.19 10 3 91.2 This work

I Calculate the photothermal efficiency according to formula n = n1-He/Qs, where He is fixed at the bulk water phase-change enthalpy (22562260 J g™'). This
overestimates hy, and results in artificially high efficiency values.

2 Calculate the photothermal efficiency according to formula # = 71 hy,/ C,p, Py where hy, is calibrated to match the system’s actual evaporation enthalpy, producing
efficiency values that reflect the real photothermal performance of the reactor.
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Table SS. Intensity ratio calculated from high-resolution in-situ XPS spectra.

Oatt Ous  O-HO 0.45/(O1a¢tO-H,0) Ti**/ Ti**
TiOC-2/300 °C-1 h 70.6 15.8 13.6 18.8 44.9
TiOC-2/300 °C-2 h 72.8 211 6.1 26.8 35.6
TiOC-2/400 °C-1 h 85.5 9.8 4.7 10.9 8.1
TiOC-2/500 °C-1 h 77.0 9.3 12.8 10.2 0
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Table S6 Formation energy (Es) for each optimized local defect models as a function of total energy of pristine (Ti0,);, intrinsic OV (TiO;);6—0, isolated C-substituted

model, and aromatic Csp?-associated OV-containing model.

Structure Energy (eV)
0
E v
E. E.. f
[(Ti0,) 6] Ho [(Ti07)14-0,]
T102 -Ov
-397.453 -4.930 -387.933 4.590
E. . E ) C@0
TiO, -C [(noz)1 e ov] He [€ - (Ti05),] E v
-387.933 -8.390 -393.865 2.458
E E E ) C/C ,@30
[(710)16-30,] Clo/cspz [610/ Csp2 B (T102)16] % ’
TiO, -30v-C;(/Csp?
-367.815 -75.326 -445.967 -2.826
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