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Note S1. UV-Vis absorption spectrum of graphene oxide (GO) and reduced

graphene oxide (rGO)
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Figure S1. UV-Vis absorption spectrum of GO and rGO.

Note S2. Evaporation performance evaluation

The evaporation rate, "¢ can be calculated via the following equation:

my
me =

4 (S1)
where, ™h is mass loss of water per hour (kg/h) due to evaporation and 4 is the area (m?)

of the evaporation surface.

The evaporation efficiency, "se can be calculated using equation (S2).

m,; (HLV + Q)
Nee = ———F
se E, (S2)
Hy, = 191846 + 10° » [To/(T, - 33.91)]? (S3)
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Q=cx*(T,-T,) (S4)

where, "™ = net evaporation rate (kg/m?2),
m=m,—- my (85)

M4 is the dark evaporation rate

Einis the energy input of the incident light (kJ/m2h),

Hyy is the latent heat required for vaporization of water (J/kg),

Teis the average temperature of the solar evaporation surface,

Q is the required heat for increasing the temperature of water,

C is the specific heat of water (4.2 J/gK),

Ty is the initial temperature of the top surface of the evaporation surface.

Note S3. Salt-rejection experiment

The salt rejection property of the interfacial solar desalination evaporator holds paramount
importance. The accumulation of salt can obstruct water transportation channels and
impede solar absorption, ultimately leading to a reduced evaporation rate. To assess the
salt-rejection capability, seawater from Whampoa Harbor, Hong Kong, was collected.
Solar evaporation experiments were conducted using the CF coated with rGO and the
TEG module-based solar evaporator under 1 sun illumination for a duration of 6 hours,
as illustrated in Fig. S2(a). Remarkably, as depicted in Fig. S2(b) and Fig. S2(c), no salt
deposits were observed on the evaporator's surface even after this extended period.
Throughout the experiment, we monitored the mass loss and calculated the photothermal
evaporation rate. As indicated in Fig. S2(d), the evaporation rate remained consistent at
an average of 1.503 kg m2 h' during the entire 6-hour duration. However, this
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evaporation rate is slightly lower than the DI evaporation rate of 1.741 kg m2h-', which is
owing to the higher evaporation enthalpy of seawater compared to DI water. This data
conclusively validates the exceptional salt-rejection capacity of our proposed
photothermal evaporator. These results underscore the reliability and effectiveness of our

approach in maintaining long-term desalination performance.
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Figure S2. (a) Practical setup for salt-rejection experiment; (b) top view and (c) side view
of the absorber surface after 6 hours of experiment; (d) measured water evaporation rate
during the 6 h experiment.

Note S4: Water transportation ability of cotton fabric (CF)

According to the proposed design illustrated in Figure S2, the uncoated CF plays a crucial
role in facilitating water transportation from the underlying bulk water to the evaporator
surface. To assess the water transportation capacity of the CF, an uncoated piece of CF
devoid of any rGO coating was employed. One end of the CF was submerged into a
methyl red solution, while the other end was held by a tweezer. The water uptake was
measured at 3 seconds and 13 seconds. The findings, illustrated in Figure S3, reveal that
within a span of 10 seconds, the water uptake measures 8.1 cm, indicative of the CF's

remarkable water transportation ability.
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Figure S3. The water transportation ability of CF after (a) 3 sec and (b) 13 sec.

Note S5. Efficiency calculation of the TEG modules

The efficiency of the TEG modules (n), operated based on the Seebeck effect, can be

written as shown in equation (S6).0'-]

T (S6)

The conversion unit, M can be calculated from equation (S7).0'-3I
Z 1
M= [1 + (T + TC)] /2 (S7)
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The efficiency by which a material is capable of generating power, Z, can be expressed

by equation (S8).1'-3]

7 =

where,

Sc

PH

Pc

ky

ke

SH_SC

Pk + Jpck,

? (S8)

Efficiency (%)

Hot side temperature of the TEG (K)

Cold side temperature of the TEG (K)

Conversion Unit

Efficiency with which a material can generate power (K-')

Seebeck coefficient for hot material (For n-type Bismuth Telluride the value
is -228 pV/K)

Seebeck coefficient for cold material (For p-type Antimony Telluride the
value is 185 pV/K)

Electrical conductivity of hot material (For n-type Bismuth Telluride the
value is 12.6 uQm)

Electrical conductivity of cold material (For p-type Antimony Telluride the
value is 12.6 pQm)

Thermal conductivity of hot material (For n-type Bismuth Telluride the value
is 1.8 W/mK)

Thermal conductivity of cold material (For p-type Antimony Telluride the
value is 1.3 W/mK)

From the experimental value, the hot side and cold side temperatures of the TEG module

are found to be:

Ty=37.2°C=(37.2+273.15) K=310.35 K

Tc=16.2°C =(16.2 +273.15) K= 289.35 K
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Therefore, from equations (S8) and (S7) the value of Z and M can be calculated

respectively.

-228-185

7= 2-2197811 K1
\J12.6 X 1.8 +/12.6 x 1.3

1/2

M=|1+

2197.811
[ _ =811.7971

(310.35 + 289.35)]

Finally, the efficiency can be calculated from equation (S6).

Ty-Te\| M-1 310.35 - 289.35 811.7971 -1
= T ( )
C

T, |7 28935 289.35
31035

811.7971 +

H

1n=0.073 x0.998 =0.073 X 100% = 7.3%
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Figure S4. Custom-made Hoffman apparatus for conducting the hydrogen production
experiments.

Note S6. Thevenin Equivalent resistance and duty cycle calculation for transferring

maximum power
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Figure S5. Series parallel combination of the TEG modules

The internal resistance of each TEG module was measured as 6.1Q. Therefore, the

Thevenin equivalent resistance can be calculated as 10.17 Q.
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Figure S6. Buck-boost converter circuit
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The input-output equation of the buck-boost converter can be expressed by equation
(S9).
(S9)

Neglecting the switching loss, the input and output power can be considered the same
for the DC-DC converter circuit.

Py =Py,
DV.
2 2 in\2 R
= = — .
R, R, R, R, in
D _ (R __p+1-D_Ro+Ru
1-D R, D-1+D \/Ri_ IR,
1 \/RO +\/Rin \/R70 - Rln
>2D-1=
2D-1 Ry - Ry, JRo +/Rin
\/Rio + «/Rin
R,=R; =190.120 and R, = Ropt =10.17Q
1
D=
1+ Fopt
R, (S10)
Putting the values into these equations, the value of duty cycle (D) becomes 81%.
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Figure S7. (a) A schematic diagram of the simulated circuit; (b) the buck-boost converter
circuit; (c) the simulated circuit for 81% duty generation; (d) the waveform of the generated
duty cycle.

Note S7. Hydrogen and oxygen generation reactions

At 25 °C and 1 atm pressure, the water electrolysis equations for hydrogen and oxygen

generation from alkaline medium can be written as follows:

— - 0 _
Cathode  2H20+2e= H,+20H E®=-083V

_ 1 0
20H  =H,0 + 0, + 2e E- =040V
Anode 2 /2 2 a

with the total reaction expressed as follows:

H,0=H,+'/,0, v°=123V
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u° is known as theoretical decomposition voltage, which is a thermodynamic parameter,

and has the value 1.23 V at 25 °C and 1 atm pressure.

Note S8. Performance comparison

Table S1. Solar steam generation performance comparison

. . Evaporation rate Maximum
Evaporation material under 1 sun Evaporation Ref.
[kg m2 h-] Efficiency
Carbonized daikon 1.57 85.9% “
Biomass based carbon particles (CPs)
coffee goo.0.03 1.49 76% 5l
roSe.600-0.03 1.65 93.4%
straw_sg0-0.03 1.69 92.8%
Carbonized lotus seedpod 1.30 86.5% 6]
SM-LS 1.30 79.98% Y
Ag nanoparticles coated on bamboo 0.96 ~87% 8l
TiN nanoparticles on carbonized wood 1.26 92.5% 9]
solver?c: Eélzsg:aegldcwood 13 89% "
Fe3* ion loaded wood 1.85 ~90% (1]
CuFeSe, nanoparticle coated wood ~1.3 ~70% [12]
WO, nanorod decorated wood ~6.1 ~82.5% (3]
MoS,.« NSAs 1.32 80.3% (14]
rGO coated cotton fabric 1.385 86.98 This work
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