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1. Supporting Data (Table S1-S3 and Figure S1-S3)

Table S1. Water-induced deformation performance of PVA composite films

Sample Curvature (mm-1) Time (s) Speed (mm-1·s-1)

PVA/CS-CNF0 - - -

PVA/CS-CNF5 0.52±0.06 52±7 0.0303±0.0048

PVA/CS-CNF10 0.57±0.07 64±9 0.0352±0.0043

PVA/CS-CNF15 0.69±0.05 67±5 0.0392±0.0070

PVA/CS-CNF20 0.55±0.05 161±9 0.0168±0.0031

PVA/CS-CNF30 0.53±0.06 241±11 0.0106±0.0028

PVA/CS-CNF40 0.52±0.06 306±7 0.0085±0.0014
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Table S2. Data collection pertaining to Figure 2f

Material Curvature (mm-1) Time (s) Conditions Reference

PNIPAAm/ALG 0.62 3600 T=42 °C 19a [1]

Silk Fibroin Film 0.62 0.4 T=20 °C 19b [2]

PDMS/PEDOT:PS

S

0.42 140 T=20 °C 19c [3]

Pollen paper 0.19 80 T=20 °C 7a [4]

PLLA Films 0.6 5 T=75 °C 19d [5]

Graphene hydrogels 0.14 200 T=20 °C 14 [6]

NFC nanopapers 0.193 35 T=20 °C 19e [7]

EVOH/CNC 0.314 1.2 T=30 °C 19f [8]

PVA/PET film 0.09 700 T=20 °C 19g [9]

PI/CNF 0.65 6 T=85 °C 19h [10]

GO/PPy bilayer 0.41 10 T=20 °C 1c [11]

Polyester paper 0.175 600 T=20 °C 19i [12]

LDPE/PVC 0.25 40 T=20 °C 1b [13]

CS/cellulose 0.14 180 T=20 °C 15b [14]

PA6/CNC/PEGDA 0.09 8 T=20 °C 19j [15]

PVA/CS/CNF 0.69 67 T=20 °C This work
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Table S3. Mechanical propertie for PVA/polysaccharide composite films

Sample Tensile 

strength

(MPa)

Young’s modulus

(MPa)

Elongation at break

(%)

Toughness*

(MJ·m-3)

PVA/CS-CNF0 57.1±5.7 2090±130 13.6±8.1 5.7±2.4

PVA/CS-CNF5 58.1±3.4 1910±120 44.6±8.9 21.6±4.7

PVA/CS-CNF10 62.4±2.6 1790±130 49.6±6.1 24.7±3.5

PVA/CS-CNF15 63.6±6.9 1710±60 51.3±11.4 26.9±4.5

PVA/CS-CNF20 57.9±3.2 1400±140 56.7±9.2 22.7±3.7

PVA/CS-CNF30 46.8±3.1 750±80 54.5±4.1 21.1±1.3

PVA/CS-CNF40 44.1±2.3 700±160 54.1±3.9 17.1±3.0

* Toughness (T) is defined as the area surrounded by the stress-strain (σ-ε) curves as 

following [16, 17]:

𝑇=

𝜀𝑚𝑎𝑥

∫
0

𝜎 ∙ 𝑑𝜀

where σ and ε represent stress (MPa) and strain (mm·mm-1), respectively.
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Figure S1. The formation process of the deposited layer.

The picture shows the change after casting CNF suspension on top of PVA/CS solution. 

At the beginning, the system was transparent, and the text in the background could be 

clearly seen. As the deposition time increases, the system becomes white, which is 

caused by the formation of a white deposition layer.
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Figure S2. Zeta potential for CNF suspension, CS solution and PVA/CS solution.

It can be seen from the figure that carboxylated CNF has a significant negative charge 

(-55.4 mV), while the potential of chitosan (CS) is positive (+70.0 mV). The huge 

potential difference lays the foundation for the implementation of interface co-

precipitation and the performance improvement of composite films.
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Figure S3. AFM images of the surface for PVA/CS-CNF0 (a, a’) and PVA/CS-

CNF15 (b, b’).

It can be seen that the surface of the PVA/CS-CNF15 sample exhibits obvious 

alignment stripes, which are caused by the shrinkage of deposited layer during the 

drying process. So that the CNF embedded in the deposited layer obtains a certain 

orientation arrangement.
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Figure S4. Typical stress-strain curve of PVA composite film after adding chitosan.

The addition of 50 wt.% chitosan significantly increased the tensile strength of the PVA 

composite film, but also significantly reduced the elongation at break.
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2. Supplementary Information Movies

Movie S1. Interface co-precipitation process: Formation of deposited layer.

Movie S2. Water-induced deformation behavior of samples deposited at different time 

(0 min, 10 min, 15 min).

Movie S3. Deformation of the samples with different cutting directions in water.

Movie S4. Deformation of PVA/CS-CNF15 at pH = 4.

Movie S5. Deformation of PVA/CS-CNF15 between water and 3M NaCl solution.

Movie S6. Deformation and simulation of Confederate Jasmine with composite films.

.
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