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The surface morphology of the original cellulose paper is characterized by scanning
electron microscopy (SEM). Figure S1 shows the original paper at different scale bars.
Cellulose paper composed of adjacent and interlaced cellulose fibers exhibits lightweight,
flexibility, hydrophily, and porosity and can be used for wearable devices.

Figure S1. SEM images of cellulose paper.

By analyzing N-type modified paper and P-type modified paper, the elemental
composition and content can be obtained. N-type modified paper is composed of C, O,
Se, Te, Bi, and the atomic percentages indicate that Se:Te:Bi is approximately 31.1:9.9:8.3.
P-type modified paper is composed of C, O, Sb, Te, Bi, and the atomic percentages indi-
cate that Sb:Te:Bi is approximately 18.6:26.9:3. The C and O element are from the cellulose

paper.
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C 869 44.09
(0] 1.74 6.61
Se 40.34 31.12
Te 20.63 9.85
Bi 28.60 8.34
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Figure S2. (a) Energy dispersive spectroscopy results and composition element content of N-type
Materials. (b) Energy dispersive spectroscopy results and composition element content of P-type
Materials.

Figures S3 shows the XRD images of N-type and P-type modified paper before su-
perhydrophobic treatment, respectively. The XRD peaks of the samples match well with
the peaks of previously published single crystal samples [1-3].
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Figure S3. (a) XRD pattern of N-type modified paper before superhydrophobic treatment. (b) XRD
pattern of P-type modified paper before superhydrophobic treatment.

Figure 54 shows that Seebeck coefficient was measured using a self-made heating
and signal acquisition system that establishes a stable temperature difference on the
material surface.
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Figure S4. A self-made heating and signal acquisition system.



As shown in Figure S5, the maximum Seebeck coefficient for a single N-type TE leg
and a single P-type TE are-789uV-K"! and 798uV-K1, respectively.
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Figure S5. The Seebeck coefficients for individual (a) N-type and (b) P-type thermoelectric materi-

als with different the weight percentages of TE materials (45% to 67%) and temperature differences
(AT).

In order to observe the thickness of deposited thermoelectric materials, we meas-
ured the height of different content of thermoelectric materials deposited on cellulose
paper using a step gauge. The thickness variation of TE materials with different weight
percentages is shown in Figure S6. The thickness of the deposited layer of modified paper
also increases with the weight of the thermoelectric materials.
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Figure S6. Changes in the thickness of modified paper film.

Figure S7 shows SEM images of the cross-section of N-type and P-type modified
cellulose paper.



Figure S7. SEM images of the thickness of the deposited layer of (a-c) N-type and (d-f) P-type
modified cellulose paper increasing with the weight (45% to 67%) of the thermoelectric material.

Figure S8 shows a comparative analysis with similar organic-inorganic composite
paper-based thermoelectric materials can be added in the paper. The TE performance of
PTEG is much higher than that of previously reported flexible TEGs.
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Figure S8. Comparison of the open-circuit voltage and Seebeck coefficient of previously reported
flexible TEGs and our PTEG.

Figure S9 shows the output voltage of PTEG attached to the dry and wet arms. The
former PTEG can generate an open-circuit voltage of ~13.85 mV, while the performance
of PTEG on wet arm was badly affected due to the high water-absorbing quality of cel-
lulose paper, and an open-circuit voltage of ~2.27 mV can only be generated.

Figure S9. Photographs of human skin generating electricity with the PTEGs from (a) dry arm; (b)
wet arm.

By analyzing the P-type modified paper with superhydrophobic layer encapsula-
tion, the elemental composition and content can be obtained. A small number of F ele-



Modified paper

ment is detected, indicating the introduction of fluorine group in the modified paper. The

P-type modified paper with superhydrophobic layer encapsulation is composed mainly
of F, Sb, Te and Bi.
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F 0.8
Te 552
Sb 37.0
Bi 7.0
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Figure 510. Energy Dispersion Spectroscopy results and composition element content of water-
proof P-type modified paper.

Figure S11 shows that the contact angle of cellulose paper is ~1.5° indicating the
superhydrophilicity of cellulose paper.

1.5°

Figure S11. Contact angle of cellulose paper.
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Figure S12. (a) Comparison of the contact angles of the modified paper before and after superhy-
drophobic treatment. (b) XPS peak results of F 1s for the superhydrophobic P-type modified paper.
(c) Output voltages of the PTEG and WPTEG attached to a dry arm and a wet arm.



Figure S13 shows that the modified paper before superhydrophobic treatment rap-
idly absorbs water and curls up in contact with the solution and reaches saturation, while
the modified paper after superhydrophobic treatment isolated the water from the device
and maintains a the morphology and stiffness after 10 min, reflecting the waterproof and
adaptability to humidity or water.
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Figure S13. Optical images of modified paper (a) before and (b) after superhydrophobic treatment
submerged in water.

Figure 514 shows that WPTEG has good flexibility.

Figure S14. (a) Twisted WPTEG. (b) Curved WPTEG.
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After 50 wet-dry cycles, the changes of Seebeck coefficient and internal resistance are
less than 5% and 4% with the humidity reached ~100%, as shown in Figure S15. The slight
changes in internal resistance and As shown in Figure S16(a), we stick the WPTEG to our
wrist and insert it into cold water(25 degree, 40 seconds). The output voltage of the
WPTEG is 4.94mV. Also, we stick WPTEG onto a hose filled with hot water(100°C) and
immerse the hose deep into cold water. The output voltage of the WPTEG is 10.33mV, as
shown in Figure 516(b). The results shows that the WPTEG is still able to harvest thermal
energy from the human body, water pipes and other heat sources at underwater envi-
ronments. Prior to application, the interface is tightly encapsulated so that the WPTEG is
not affected by short circuits in water.
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Figure S15. The material durability of WPTEG after 50 cycles.

Seebeck coefficient indicate that the modified paper has high stability, waterproof-
ing, and durability.

Figure S16. (a) Photograph of a WPTEG absorbing body heat from an underwater environment
(25 degree, 40 seconds). (b) Photograph of a WPTEG absorbing thermal power from a hose filled
with hot water (100°C) in an underwater environment.
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