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Fig. S1. Gelation mechanism and characterization of PAA hydrogel based on the
quinone/semiquinone-catechol redox system by Ag/lignin NPs. a) Schematic illustration of
gelation process of PAA hydrogel. b) Necking behavior of 2AA-2LG hydrogel during the
stretching process. c¢) Tensile stress-curve of 2AA-2LG hydrogel during stretching, the peak of
the curve indicates the presence of necking behavior. d) Adhesion strength of 2AA-2LG
hydrogel on different substrates (silicon wafer: 6.0+0.6 kPa, aluminum foil: 5.0+0.3 kPa, PTFE:
6.7+0.3 kPa and porcine skin: 4.7+0.7 kPa). The scale bar in Fig. S1bis 1 cm.
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Fig. S2. FT-IR spectra of Ag/lignin NPs and lignin. The peak at 2837 cm! stands for -CHj3 in
the methoxy groups and the peak at 2930 cm™! is assigned to methyl and methylene groups,!
suggesting the partial hydrophobicity of lignin and Ag/lignin NP surfaces.



Fig. S3. SEM image of a hydrogel fiber generated by extending the 2AA-2LG hydrogel after
necking propagation. Fig. S3b is the enlarged view of area shown in the read box in Fig. S3a.
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Flow Meter

Fig. S4. House-built apparatus to fabricate hydrogel coatings using bubble blowing strategy.



Increasing Ag/lignin NP Content

Fig. S5. Porous structures of hydrogels with different contents of Ag/lignin particles by SEM
imaging, indicating that a higher content of Ag/lignin NPs resulted in a less compact network
and larger pore sizes. The scale bars are 100 pm.
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Fig. S6. High transparency of an ultrathin hydrogel coating on a glass slide.



Half-wave loss happens when light enters from air
to hydrogel (n,<n,) and does not happen when light
enters from hydrogel to SiO, layer (n,>n;).

Incident Light

Air n,
Hydrogel n,
Sio, n,

Fig. S7. Schematic interference of the two reflected light from the air-hydrogel coating and
hydrogel coating-Si0,. n;, n, and n; are the refractive indices of air, hydrogel and SiO,,
respectively. 6 is the incident angle of light.
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Fig. S8. Adhesive properties of PAA/SA double network hydrogel, P(AA-co-AAm) hydrogel
and P(AA-co-AMPS) hydrogel gelated via dynamic quinone-catechol redox system by
Ag/lignin NPs onto silicon wafer, favoring the transferring of the hydrogel films to the wafer
surface (P(AA-co-AAm): 16.9+1.4 kPa, P(AA-co-AMPS): 35.64+3.8 kPa, PAA/SA: 38.844.1
kPa).
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Fig. S9. FT-IR spectra of different coatings fabricated using bubble blowing strategy using a)
PAA/SA DN hydrogel, b) P(AA-co-AAm) SN hydrogel and c¢) P(AA-co-AMPS) SN hydrogel
on silicon wafers. Fig. a: peak at 1028 cm™' represents the stretching vibration of —C-OH of
sodium alginate;? Fig. b: peaks at 3336 cm™!, 1664 cm’!, and 1610 cm™' represents the N-H
stretching, C=0 stretching and C-C stretching of acrylamide, respectively;3 Fig. c: peak at 1038
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cm! represents the sulfonic groups of AMPS.#
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Fig. S10. AFM image (5x5 pm) of edge area of the PAA/SA hydrogel coating.
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Fig. S11. Stretching pure PAA hydrogel prepared using APS under the external stimulus of
thermal and no obvious necking behavior was observed.
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Fig. S12. Necking propagation of PAA+1LG hydrogel containing a proper amount of lignin
particles, indicating that the addition of lignin particles would lead to the necking behavior of
hydrogel.
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Fig. S13. AFM image (5x5 um) of edge area of the PAA+3LG hydrogel coating.
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Fig. S14. The tensile stress-strain curves of hydrogels containing different contents of Ag/lignin
NPs.
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Fig. S15. a) Mechanical properties of PAAm hydrogels with or without the presence of lignin
particles, demonstrating that the addition of lignin particles into hydrogel could lead to obvious
necking behavior. b) A hydrogel coating on silicon wafer prepared using PAAmM+0.5 LG
hydrogel via bubble blowing strategy, the near transparent part of coating near the edge area
suggests the ultrathin thickness. The scale bars are 1 cm.
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Fig. S16. Mechanical properties of PAA hydrogels containing hydrophilic particles (SiO, and
CNC) or hydrophobized particles (H-SiO, and H-CNC).
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Fig. S17. Stretching process of a) PAA+SiO, NP hydrogel, b) PAA+H-SiO, NP hydrogel, c)
PAA+CNC hydrogel and d) PAA+H-CNC hydrogel, demonstrating the benefit of hydrophobic
particles on the mobility of polymer chains and resulting necking behavior during stretching
process. The scale bars are 1 cm.
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Fig. S18. FT-IR spectrum of a) SiO, and b) CNC with or without hydrophobization. The peaks
at ~2924 and ~2855 cm! of H-SiO,, and ~2921 and 2853 cm! stand for the C—H asymmetric
and symmetric stretching vibration in all hydrocarbon constituents,’ suggesting the grafting of

hydrophobic functional groups.
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Fig. S19. Stretching of a) PAA+0.00lMBAA hydrogel and b) PAA+0.00lMBAA+3LG,
indicating the necking behavior of the hydrogel after adding lignin particles. The scale bars are
I cm.
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Fig. S20. a)Hydrogel coating fabricated using PAA+0.00lMBAA hydrogel and b) FT-IR
spectra of ultrathin hydrogel film fabricated using PAA+0.001MBAA hydrogel via blowing
strategy. MBAA: 1655 cm™': C=0 stretching; PAA: 1703 cm': C-O vibration, 1239 cm™': C-
O stretching coupled with O-H in-plane bending mode, 1173 cm!: C-O stretching of
neighboring carboxyl groups. The scale bar is 1 cm.
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Fig. S21. AFM image (5%5 pum) of edge area of the PAA+0.001lMBAA+3LG hydrogel coating.
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Fig. S22. Ultrathin hydrogel coatings prepared via blowing strategy using a) PAA+O0.1
MBAA+3LG and b) PAA+0.01MBAA+3LG, respectively, and the near-transparency of the
coating around edge area suggests the ultrathin thickness of the coating. The tensile stress-strain
curves of the corresponding hydrogels are shown in Fig. 4f. The scale bars are 1 cm.
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Fig. S23. Fabrication of 2AA-2LG hydrogel film using blowing strategy onto different
substrates: a) PTFE, b) filter paper, c) rubber glove and d) human skin. The scale bars in Fig.s
are 1 cm.
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Fig. S24. Fabrication of 2AA-2LA hydrogel films with masking method into different shapes:
a) triangle, b) square and c¢) hexagon onto silicon wafer. The scale bar in Fig. S24a is 1 cm.
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Fig. S25 The change of frequency (solid lines) and dissipation (short dash lines) of a hydrogel
coating on QCM-D sensor surface (fabricated at RH 33%) in ambient environments with
different humidity levels. Red: RH 33%, black: RH 44%, blue: RH 53%, pink: RH 64%, green:
RH 75% and dark yellow: RH 85%. The peaks observed in the dissipation change may result
from the structural change due to too much adsorbed water in hydrogel coating.
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Fig. S26. The reflected spectra of the hydrogel coating after five cycles of swelling/deswelling
by adsorbing/desorbing water from the ambient atmosphere. The spectra were collected from
the white dot area shown in Fig. 5a and measured under an ambient condition of humidity
~33%,
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Table S1. Polymer/Nanoparticle films/coatings fabricated by blowing polymer-dissolved
solutions or nanoparticle suspensions.

i Preparation
Matel‘lifls for Thickness P Application Ref.
Coating Method?
0 1 +
Epoxy solution ~ 200-500 nm Blowing+solvent Nanorod 6
evaporation alignment
ing+
Silk Solution ~~ >150nm  Dlowingtsolvent Soft .
evaporation electronics
TPE solution > 90 nm B10W1ng+591Vent Nano- .
evaporation membrane
GO suspension >14.7 nm Blowing+solvent Conductive 0
evaporation film

2 Unlike the hydrogel coating proposed in this work, the solvent evaporation is a necessary
step for the listed methods to transfer liquid films to solid or quasi-solid film.
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Table S2. Comparison between the hydrogel coating fabricated using blowing strategy and
the hydrogel coatings reported.

Preparation
Materials for Coating Thickness Ref.
Method ?
Pre-gelated hydrogels > 5 nm Blowing strategy e
work
NSD-Gel > 800 pum Flaying from goat+nanoengineering 20
PVA hydrogel 0.5-600 um Cryo-microtomy 1
Bacterial hydrogel 4-10 um Mechanical exfoliation e
P(SA-co—AAc‘) dissolved- 40-80 pm Solvent spreadlgg+solvent -
solution evaporation
P2VP precursor solution 20-100 nm Spin-coating+chemical crosslinking 14
PAAm/SA-Ca?" hydrogel >20 um Renatured hydrogel painting L=
e Precursor ~ 158 £ 16 nm Antigen-specific coating+LED =
solution
P(AMSA-co-AA) ~300 nm to 3.5 S coa A U 7
precursor solution pum
BB precursor ~10 um Submerging+UV Lt
solution
PDMS precursor solution 5-25 pm Submerging+UV =
PVPON/PMA.A POl > 43 nm Submerging+solvent evaporation 20
solution
SA precursor solution ~ 100 nm LbL submerging+ion crosslinking 2
SA precursor solution >3 nm LbL submerging+ion crosslinking 2
A81DIG e ISR >20 nm Submerging+UV 23
solution
HPMA precursor solution > 65 nm Submerging+UV 28
Cellimlozs precursor 170 £7 nm Spin-coating+chemical crosslinking 22
solution
PNIPAAm precursor 60 £9.2 um Casting+ chemical crosslinking 26
solution
PVA solution ~20 um Casting+freeze-thawing 2
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Fe3*-PAA precursor

: N - . 28
solution 2mm Casting+crosslinking
Colrdti Fecursor ~ 150 nm Submering+chemical crosslinking 2
solution
P(HEMA_CO_AAC) > 100 nm Spin-coating+UV =
precursor solution
P(AAm-co-AAc-co-
AAene) precursor ~ 300 nm Spin-coating+UV =
solution
P(NIPAm-co-TMSPMA) o . . .
. - +
srastmser saluien 2-20 pm Dipping/Brushing/Spraying+UV
PVA/TA precursor 1.9 um Dipping/Brushing/Spraying+solvent 33
solution I H evaporation
PEG-ACLT precursor .
: ~ + 34
solution 7 um Spraying+UV
PAA precursor solution ~ 600 nm Submerging+UV- e
(e precursor 15-150 nm Submerging+chemical crosslinking =
solution
PVA precursor solution >30 nm Dip-coating+chemical crosslinking 37
PVA/Salicylic Acid ~120 nm Spin-coating+freeze-thawing =2
ALG/CHI/HA precursor LbL submerging +chemical 39
. ~71 nm . C.
solution crosslinking
PAAm precursor solution >2 pum Molding+UV 40
+algi ..
e >7 um Cold-lamination+UV 4
precursor solution
+ .
AN A D ~500 pm Submerging+UV 42
solution
PDMS precursor solution >12.15um LbL spin-coating+thermal =

2 For the preparation method, ex-situ methods are highlighted in grey, which refer to coating of
already-gelated hydrogels. In-situ methods are highlighted in blue, which refer to locating
hydrogel precursor solution on targeting surface, followed by curing step to obtain final
hydrogel coating.
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Table S3. Comparison between the thicknesses of the hydrogel coating measured using a
commercial instrument Filmetrics and theoretical thicknesses calculated from wavelengths at
constructive and destructive peaks in corresponding spectrum.

Measured Thickness (nm) Theoretical Thickness (nm)

31 -

53 -

101 119
110 131
174 169
253 248
291 266
344 314
447 418
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Table S4. Preparation of Ag/lignin NP solutions with different concentrations of Ag/lignin

NPs.
Lignin 5M
Aqueous Solution A(gnljg()h NH3-H,0 DI(n\’:’Iil)ter Abbreviation

(2.5mL) (mL)

0 mg/mL 0 0.5 2 Ag/OLG NP
10 mg/mL 15.75 0.5 2 Ag/1LG NP
20 mg/mL 31.5 0.5 2 Ag/2LG NP
30 mg/mL 47.25 0.5 2 Ag/3LG NP
40 mg/mL 63 0.5 2 Ag/4LG NP
50 mg/mL 78.75 0.5 2 Ag/5LG NP
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Table S5. Preparation of Ag/lignin hydrogel using different Ag/LG NP solutions.

1 wt%
Ag/LG NP Other AA S wiv%
APS Abbr.
Solution (mL) Materials (mg) (mL) CA/Water (mL)
(mL)
Ag/OLG NP,
- 2 1.5 2AA-OLG
2.5
Ag/1LG NP,
1 - 2 1.5 2AA-1LG
2.5
Ag/2LG NP,
1 - 2 1.5 2AA-2LG
2.5
Ag/3LG NP,
1 - 2 1.5 2AA-3LG
2.5
Ag/ALG NP,
1 - 2 1.5 2AA-4LG
2.5
Ag/5LG NP,
1 - 2 1.5 2AA-5LG
2.5
Ag/2L.G NP,
1 - 1.5 1.5 1.5AA-2LG
2.5
Ag/2LG NP,
1 - 1 1.5 1AA-2LG
2.5
Ag/2L.G NP, P(AAm-co-
1 AAm, 400 1 1.5
2.5 AA)
Ag/2LG NP, P(AA-co-
1 AMPS, 400 1 1.5
2.5 AMPS)
Ag/2LG NP,
1 N SA, 400 1 1.5 PAA/SA
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Table S6. Preparation of hydrogels polymerized using thermal initiator.

1 Other 0
wt% NP Suspension Uil
APS Materials Aqueous Abbr.
(mL) .
(mL) (mg) Solution (mL)
1 DI water, 2.5 - DI Water, 1.5 PAA
10 mg/mL
1 lignin particle, - DI Water, 1.5 PAA+1LG
2.5
20 mg/mL
1 lignin particle, - DI Water, 1.5 PAA+2LG
2.5
30 mg/mL
1 lignin particle, - DI Water, 1.5 PAA+3LG
2.5
40 mg/mL
1 lignin particle, - DI Water, 1.5 PAA+HALG
2.5
5 wiv%
20 mg/mL SiO, CA/Wats .
1 NP. 2.5 - ater, PAA+SiO,
a 1.5
S5wiv%
1 T?g n;\%/) mzL : , CA/Water, PAA+TIO,
S 1.5
20 mg/mL 5wiv%
1 cellulose = CA/Water, PAA-+Cellulose
particle, 2.5 1.5
5 wiv¥%
20 mg/mL H- CA/W tO .
1 3i0, NP. 2.5 - ater, PAA+H-SiO,
T 1.5
1 DI water, 2.5 ME%A’ DI Water, 1.5 PAA+0.1IMBAA?
1 DI water, 2.5 MéS &A’ DI Water, 1.5 PAA+0.01MBAA?
1 DI water, 2.5 M2 Ye s DI Water, 1.5 PAA+0.00IMBAA?

0.046



30 mg/mL

1 lignin particle, MEIEA’ 2 DI Water, 1.5 PAA+0.IMBAA+3LG?
2.5 '
30 mg/mL
1 lignin particle, M(])S%A’ 2 DIWater,1.5 PAA+0.0IMBAA+3LG®
2.5 ’
30 mg/mL
1 lignin particle, MBS, 2 DI Water, 1.5 PAA+0.00lMBAA+3LG?
)5 0.046
5 wiv%
AAm,
1 DI water, 2.5 - CA/Water, PAAmM
500
1.5
o AAm 5 wiv%
> megml lignin - CA/Water, PAAM+0.5LG
particle, 2.5 500
1.5
‘ 10_ mg/m.L AAm, 5 wiv%
1 lignin particle, - CA/Water, PAAmM+1LG
2.5 — 1.5
20 mg/mL AAm, S wiv%
1 lignin particle, - CA/Water, PAAM+2LG
2.5 500 15

3 Numbers including 0.1, 0.01 and 0.001 before term “MBAA” stand for the mole ratio of
MBAA to monomer AA in the hydrogel precursor solution.
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