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Appendix 1 – Table of video data 

Table S1 Key for Actuator Videos showing active and substrate layer thicknesses and brief description of treatment.
	Video Number
	Active layer thickness (ha) / μm
	Substrate layer thickness (hs) / μm
	Treatment

	S1
	1
	2
	Illumination 100 mW cm-2

	S2
	2
	5
	Illumination 100 mW cm-2

	S3
	5
	6
	Illumination 100 mW cm-2

	S4
	10
	9
	Illumination 100 mW cm-2

	S5
	2
	3
	Humidity decrease according to Figure S1. 
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Figure S1 Change in relative humidity inside glovebag with time under N2 atmosphere





Appendix 2


Appendix 3 – Python script for conversion of bending radius to C-parameter change 
Plot of (𝒙𝟎−𝒙)=𝒇(𝒙𝟎) for different values of 𝜺𝒂𝒊 as per equation 2: 
import matplotlib.pyplot as plt 
import numpy as np 
def epsi (x,y): 
return(((0.8*x+(1-x)*0.4605)/(y*0.8+(1-y)*0.4605))-1)*100; 
x=[i for i in range (0,10001)] 
y=[i for i in range (0,10001)] 
n=len(x) 
z=n*[n*[0]] 
S1=[] 
S2=[] 
S3=[] 
S4=[] 
S5=[] 
S6=[] 
S7=[] 
S8=[] 
S9=[] 
S10=[] 
Ys1=[] 
Ys2=[] 
Ys3=[] 
Ys4=[] 
Ys5=[] 
Ys6=[] 
Ys7=[] 
Ys8=[] 
Ys9=[] 
Ys10=[] 
for k in range (0,n): 
for l in range(k,n): 
z[k][l]=epsi(k/10000,l/10000) 
if -0.110 <= z[k][l] and z[k][l]<= -0.09: 
Ys1.append(l/100) 
S1.append(l/100-k/100) 
if -0.210 <= z[k][l] and z[k][l]<= -0.19: 
Ys2.append(l/100) 
S2.append(l/100-k/100) 
if -0.310 <= z[k][l] and z[k][l]<= -0.29: 
Ys3.append(l/100) 
S3.append(l/100-k/100) 
if -0.410 <= z[k][l] and z[k][l]<= -0.39: 
Ys4.append(l/100) 
S4.append(l/100-k/100) 
if -0.510 <= z[k][l] and z[k][l]<= -0.49: 
Ys5.append(l/100) 
S5.append(l/100-k/100)
if -0.610 <= z[k][l] and z[k][l]<= -0.59: 
Ys6.append(l/100) 
S6.append(l/100-k/100) 
if -0.710 <= z[k][l] and z[k][l]<= -0.69: 
Ys7.append(l/100) 
S7.append(l/100-k/100) 
if -0.810 <= z[k][l] and z[k][l]<= -0.79: 
Ys8.append(l/100) 
S8.append(l/100-k/100) 
if -0.910 <= z[k][l] and z[k][l]<= -0.89: 
Ys9.append(l/100) 
S9.append(l/100-k/100) 
if -1.10 <= z[k][l] and z[k][l]<= -0.99: 
Ys10.append(l/100) 
S10.append(l/100-k/100) 
fig = plt.figure(figsize = (10, 5)) 
plt.plot(Ys1, S1,c='lightblue',label='epsI=0.1%') 
plt.plot(Ys2, S2,c='cyan') 
plt.plot(Ys3, S3,c='blue',label='epsI=0.3%') 
plt.plot(Ys4, S4,c='green') 
plt.plot(Ys5, S5,c='yellow',label='epsI=0.5%') 
plt.plot(Ys6, S6,c='coral') 
plt.plot(Ys7, S7,c='red', label='epsI=0.7%') 
plt.plot(Ys8, S8,c='brown') 
plt.plot(Ys9, S9,c='black') 
plt.plot(Ys10, S10,c='grey',label='epsI=1%') 
plt.xlabel('xo : before actuation (%)') 
plt.ylabel('(xo-x) humidity concentration change during actuation(%)') 
plt.xlim(40,60) 
plt.legend() 
plt.show()
if -0.610 <= z[k][l] and z[k][l]<= -0.59: 
Ys6.append(l/100) 
S6.append(l/100-k/100) 
if -0.710 <= z[k][l] and z[k][l]<= -0.69: 
Ys7.append(l/100) 
S7.append(l/100-k/100) 
if -0.810 <= z[k][l] and z[k][l]<= -0.79: 
Ys8.append(l/100) 
S8.append(l/100-k/100) 
if -0.910 <= z[k][l] and z[k][l]<= -0.89: 
Ys9.append(l/100) 
S9.append(l/100-k/100) 
if -1.10 <= z[k][l] and z[k][l]<= -0.99: 
Ys10.append(l/100) 
S10.append(l/100-k/100) 
fig = plt.figure(figsize = (10, 5)) 
plt.plot(Ys1, S1,c='lightblue',label='epsI=0.1%') 
plt.plot(Ys2, S2,c='cyan') 
plt.plot(Ys3, S3,c='blue',label='epsI=0.3%') 
plt.plot(Ys4, S4,c='green') 
plt.plot(Ys5, S5,c='yellow',label='epsI=0.5%') 
plt.plot(Ys6, S6,c='coral') 
plt.plot(Ys7, S7,c='red', label='epsI=0.7%') 
plt.plot(Ys8, S8,c='brown') 
plt.plot(Ys9, S9,c='black') 
plt.plot(Ys10, S10,c='grey',label='epsI=1%') 
plt.xlabel('xo : before actuation (%)') 
plt.ylabel('(xo-x) humidity concentration change during actuation(%)') 
plt.xlim(40,60) 
plt.legend() 
plt.show()























Appendix 4 – Supplementary Figures and Tables
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Figure S2 Synthetic method for production of tri-layer actuator devices
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Figure S3 Video Snapshot showing sputter (green) and analysis (red) areas during a typical ToF-SIMS analysis
(a)
(b)
(c)
Figure S4 Potential traces vs time for galvanostatic electrochemical deposition of actuator layers. (a) Deposition of Ni substrate layer (b) Deposition of Ni(OH)2 active layer onto Ni/Au substrate (Insert is magnification of first 1000 s)(c) Deposition of Ni(OH)2 onto FTO substrate
Figure S5 EDX spectra for electrodeposited layers showing the substrate Ni layer (black) and the Ni/Au/Ni(OH)2 tri-layer device (red) deposited on FTO (a) Whole spectrum taken up to 10 keV (b) Detailed spectrum of low BE region
(a)
(b)




















	




Table S2: EDX atomic percentages in deposited layers on FTO.
	Deposited Layers
	Element / atomic %

	
	C
	O
	Na
	S
	Ni
	Au

	Ni Only
	7
	8
	3
	1
	81
	0

	Ni/Au/Ni(OH)2
	6 
	54
	9
	11
	18
	2


[image: ]Figure S6 XRD diffractogram of the substrate and tri-layer actuator after each synthetic step. * denotes a peak assigned to FTO substrate.
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Figure S7 Cyclic Voltammetry of tri-layer Ni/Au/Ni(OH)2 actuator. CV was performed at 50 mV s-1
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Finally, the stress in the active layer induced by the strain mismatch is:
04(2) = Eq(£q(2) — &) (47)

Therefore, the mechanical behaviour of the actuator, characterised by the actuating strain and stress, is described
by the bending curvature x and the system parameters (Young modulus, layer thickness).
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Mechanical model

First, an expression for the true strain in the active layer as a function of the depth z in the film can be set:

s e=(hy —2)K (A1)

where k = 1/R is the curvature (m™?). The mechanical model
studied in this work inspired from 2 is represented in figure 4.

Inthe section SS’, the moment % is created by the couple

force P. The moment equilibrium between this and the bending

moments gives M =M, +M; (A2).

Figure 4. Schematic diagram of the mechanical model representing the force and moment equilibrium in the actuated state. P
s the force created by the actuated layer on the substrate. Ma and Ms are respectively the bending moments of the active layer

and the substrate.

Active layer

Ni substrate

z To calculate the bending moment relative to the

hat hs/2 midplane of the substrate, a new coordinate system is defined
figure 5. As the Ni substrate is purely elastic, its internal stress

is E.&;, where Eg is its Young Modulus and & the strain in
hs/2 equation (A1) can be expressed as a function of z’. Then, the
0 bending moment relative to the midplane of the substrate is

-hs/2 MS:ESL";I;ZS,z’dz'ZiEShEK and in a similar manner
1

Mg = 15 Eqhgx. Thus, from equation (A2):
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Figure 5. New coordinate system to calculate the bending moment Ms.
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If the average actuation stress in the active layer is defined as G, = hi, from equation (A3) a relation can be set:

- K 3 3
e iy, Bl + B (44)

Establishing the force equilibrium for the substrate, —P = E, [/ £,zdz = Ejh, (h,, +3h— h,,) x

leads to a new expression of G, = hiand by substituting this new expression in equation (A3):

R
hy 8] (Eqhd + Esh3) + ho +— (45)
B

T 6E,hy(h + 2

Thus, the strain € (equation (A1)) is a function of the thicknesses, Young modulus of the actuator’s layers, of the
depth z in the film and of the curvature.
On the other hand, the strain in the active layer can be divided in two components &, = 4 + ££1%°, the intrinsic

component previously defined in figure 1 and an elastic component £,§"‘“ = ? Therefore, this average strain is

4 >

Equalizing these two latter expressions allows the setting up of two relations for the intrinsic actuation strai

+ ? but can also be expressed from equation (A1) in this way &; = %f:“(z — hy)kdz = ('i —hp)k.

el = —C,0, = —K,x (46)
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Figure 5. New coordinate system to calculate the bending moment Ms.
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