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Probe : Ref-241 Methode : C:\EmpaDaten\Methoden\TFE_Fischer_01_2014.
Basislinie von : 4.950 ml bis : 26.417 ml
Integration von :  4.917 ml bis : 26.242 ml
Kalibration : PDMS_THF _alteS&ule_31012014.cal Eluent : THF
MHK - A (Kal.):  0.000E+0 MHK -K (Kal):  1.000E+0 mlig
Int.Stand.-K : 23.429 ml Int.Stand.-M : 23.585 ml
Pumpe : PSS SECcurity Flufrate : 1.000 mifmin
Konzentration : 2.000 g/l Injektvolumen :  20.000 ul
Siule1: PSS SDV 5um Temperatur : 30.000°C
Sdule 2: PSS SDV 5pm Temperatur : 30.000 °C
Detektor 1 : PSS SECcurity UV Versatz : 0.000 mi
Detektor 2 : PSS SECcurity UV Versatz : 0.160 mi
Detektor 3 : PSS SECcurity RI Versatz : 0.000 ml
Operateur : Beatrice Fischer Messintervall : 1.000 sec

Figure S1. GPC elution curve of PO.
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Probe :
Integration von :
Integration bis :
Kalibration :
MHK - A (Kal.):
Int.Stand.-K :

Pumpe :
Konzentration :
Shule 1 :

Séule 2 :
Detektor 1 :
Detektor 2 :

Detektor 3 :
Operateur :

Molare Masse D

Ref-241
Mittwoch  20.03.17 12:29:.05
Mittwoch  28.03.17 12:31:53
PDMS_THF_alteSaule_31012014.cal
0.000E+0
23429 ml
PSS SECcurity
2.000
PSS SDV S5pm
PSS SDV Sum
PSS SECcurity UV
PSS SECcurity UV
PSS SECcurity RI
Beatrice Fischer

PSS SECcurity RI

Mn: 91277ed
Mw: 1.7597e5
Mz : 3.1971e5
My:  0.000000
D: 1.9278e0
[n]:  0.000000
Vp: 1.1823e1
Mp:  1.4744e5
Fi: 3.00%-3
< 12998 0.00

wia 100.00
= 1711465 0.00

Figure S2. GPC analysis of PO (M, = 90.000 g mol™, M,,= 175.000 g mol™, PDI = 1.9).
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Figure S3. 'H NMR spectrum of P2.
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Figure S4. *C NMR spectrum of P2.
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Figure S5. *H NMR spectrum of P3.
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Figure S6. *C NMR spectrum of P3.
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Figure S7. *H NMR spectrum of P4.
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Figure S8. *C NMR spectrum of P4.
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Figure S9. *H NMR spectrum of P6.
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Figure S10. **C NMR spectrum of P6.
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Figure S11. *H NMR spectrum of P8.
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Figure S12. **C NMR spectrum of P8.

[ppm]

10



cap dues 085F
=z Zz =z = z
-
[ M
”Jﬁ“‘\ i k _JL |

l S i |
. . st . i B s i o [
4 3 2 1 [ppm]

Figure S13. *H NMR spectrum of P10.
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Figure S14. **C NMR spectrum of P10.
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Figure S15. 'H NMR spectrum of P12.
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Figure S16. 3C NMR spectrum of P12.

Operator ID: - o ——— capl3: cap13-1+2.dsd
Sample ID: capii Heat Flow Endo Up (mW) : Step: 4
Sample Weight: 10.348 mg — capl3l cap13-1+2.dsd

Heat Flow Endo Up (mW) : Step: 1
capi31: cap131-1+2.dsd
Heat Flow Endo Up (mW) : Step: 2

Funktionspolymerne

Delta Cp = 0.373 Jig*™*C
Delta Cp = 0.365 Jig**C

Tg: Half Cp Extrapolated = -93.51 °C

2

Tg: Half Cp Extrapolated = -93.26 °C

51

Heat Flow Endo Up (mW) —— ——
g

Tg: Half Cp Extrapclated = -102.08 °C

) Delta Cp = 0.503 Jig**C

-120 -100 -80 -60 20 0 20 4

-40
Temperature (°C)
15.09.2016 14:14:22

1) Heat from -120.00°C 10 40.00°C at 20.00°Cimin 3} Hold for 5.0 min at -120.00°C
2} Cool from 40.00°C to -120.00°C at 20.00°Cimin 4)  Heat from -120.00°C to 40.00°C at 20.00°C/min

Figure S17. DSC curves of P2.
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Operator 1D: b
Sample ID: cap125
Sample Weight: 10.619 mg

cap125: cap125-1+2.dsd
Heat Flow Endo Up (mW) : Step: 4
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1) Heat from -120.00°C to 40.00°C at 20.00°C/min
2) Cool from 40.00°C to -120.00°C at 20.00°C/min

Figure S18. DSC curves of P2.
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Sample ID: dues01-095C
Sample Weight: 9.818 mg

Temperature (°C)
15.09.2016 14:08:59

3) Hold for 5.0 min at -120.00°C
4)  Heat from -120.00°C to 40.00°C at 20.00°C/min
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Figure S19. DSC curves of P6.
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3) Hold for 3.0 min at -120.00°C
4) Heat from -120.00°C to 50.00°C at 20.00°Cimin
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Operator ID: fb
Sample ID: dues01-0950
Sample Weight: 9.492 mg
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Heat Flow Endo Up (mW) : Step: 2
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Heat Flow Endo Up (mW) : Step: 4
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Figure S20. DSC curves of P8.

3) Held for 3.0 min at -120.00°C
4) Heat from -120.00°C to 50.00°C at 20.00°C/min
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1) Heat from -120.00°C to 50.00°C at 20.00°C/min
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Figure S21. DSC curves of C10.
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3) Hold for 3.0 min at -120.00°C
4)  Heat from -120.00°C to 50.00°C at 20.00°C/min
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2) Cool from 50.00°C to -120.00°C at 20.00°C/min 4) Heat from -120.00°C to 50.00°C at 20.00°C/min

Figure S22. DSC curves of P12,
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Figure S23. Dielectric properties of CI-CL and CN-CL. Dielectric permittivity & was taken at
10° Hz where the contribution of ions can be neglected.
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Figure S25. TGA curve of P3.
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Figure S29. TGA curve of E2-CN-20.



TG /%

173 angb-ct3 DTG /(%/min)
— TG
————— DTG
100 14 Y Onset: 373.7 °C B A A 0
- _"_.F-
e
J__/' -2
80 1 —f
\ Massenanderung: -65.14 % 4
[
B0 1
\ -6
...
\
| -8
40 .
L
li f Restmasse: 34.86 % (897.7 °C) =10
20 il
il 12
i!
¥
o0 Peak: 405.4 °C 14
100 200 300 400 500 600 700 800
Hauptansicht  2017-08-30 1520 Nutzer: o Temperatur °C 173 argh-tan
Figure S30. TGA curve of E3-CI-33.
TG % 173 b.ngb-di3 DTG /(%/min)
————- DTG
1004 Onset": 379.4 °C B i ttal I
. o
_I"‘
- -2
o
80 4 1I,w
g -4
Massendnderung: -67.84 %
! 5
60 | i
|
i -8
i
40 1 i -10
b
L Restmasse: 32.16 % (897.7°C) [ =12
201 L
Ly -14
b
¥ -
ol Peak: 4038 °C 16
100 200 300 400 500 600 700 800
Maugtansicht  2017-08-30 1520 Nutzer- o Temperatur °C 173 bgb-taa

Figure S31. TGA curve of E3-CI-20.
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Figure S37. DSC curves of E2-CI-33.
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Figure S41. DSC curves of E3-CI-33.
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Figure S42. DSC curves of E3-CN-20.
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Figure S43. DSC curves of E3-CN-33.
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Figure S44. Tensile tests of Er. Three independent tests were performed.
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Figure S45. Tensile tests of E2. Three independent tests were performed.
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Figure S46. Tensile tests of E3. Three independent tests were performed.
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Figure S47. Tensile tests of E4. Three independent tests were performed.
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Figure S48. Tensile tests of E6. Three independent tests were performed.
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Figure S49. Tensile tests of E8. Three independent tests were performed.
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Figure S50. Tensile tests of Er-ClI-20. Three independent tests were performed.

rreept = Q%dg 57, Slope = 0.00535

0.8

0.6

0.4

stress [MPa]

0.2

0.0

——average

T T
0 50 100

T T T T T 1
150 200 250 300 350 400
strain [%]

stress [MPa]

1.4-
—1
12 5
—3
1.0 average
0.8
0.6
0.4
0.2
0.0
T T T T T
0 100 200 300 400

strain [%)]

Figure S51. Tensile tests of Er-ClI-33. Three independent tests were performed.
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Figure S52. Tensile tests of E2-CI-33. Two independent tests were performed.
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Figure S53. Tensile tests of E2-CI-20. Three independent tests were performed.
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Figure S54. Tensile tests of E3-CI-33. Three independent tests were performed.
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Figure S55. Tensile tests of E3-CI-20. Three independent tests were performed.
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Figure S56. Tensile tests of E2-CN-33. Three independent tests were performed.
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Figure S57. Tensile tests of E2-CN-20. Three independent tests were performed.
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Figure S58. Tensile tests of E3-CN-33. Three independent tests were performed.
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Figure S59. Tensile tests of E3-CN-20. Three independent tests were performed.
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Figure S60. Tensile tests of Elastosil®Film. Three independent tests were performed.
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Figure S61. Lateral actuation strain of Elastosil®Film 30% prestrained measured at various
frequencies (0.5-8 Hz) and an electric field of 90 V pm™.



Figure S62. Photos showing that the actuator inflates in both directions.

Video 1. Circular membrane actuator constructed from E3-CI-20 operated for 100 cycles with
53 V um™ at 0.5 Hz. The diameter of the film is 25 mm, the electrode diameter is 8 mm. Car-
bon black powder was used as electrode.

Video 2. Circular membrane actuator constructed from E3-CI-20 operated for 1000 cycles at
42 V um™ at 10 Hz.

Video 3. Circular membrane actuator constructed from E3-CI-20 tested at different voltages.
The movie was constructed by combining photos which were taken at certain time intervals.



