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Fig. 1 Photochromism of spiropyran.
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Bl B 2 R L SRR S . B R AR ] L HE S
T, E I MR IR7E 5 K SPAISE K PMC 22 [8] ) 5%
Pk, SEIIL T SR TN ) AT I ) 6

SR, RN 23 S A AL R el P A S
B N IR A AR 2 10 R, 45 Gl i )9 2% ek 4 1)
BRI . BT RE A (] 1K 3 g ntt i
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& B 792:% PDMS R AT AL BE, et
HA M C=C XU HFE R (B BE R KHS 70,
i A B SRR SR A T V2K A M R R A T g
M (SPMA) 2 ¥ & PDMS [ 35 [ il 2% — Fh ' i
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TR ZBE . WA, 3-TR RS R 3 R 09
A S-HEEKMEE . AR A . p-H I BEA
FE P HE = AR IR RE SR (KHS70) VK2R (A —
5 THE(AIBN). N,N-—H EE XA B (MBA)
NorHTal, T ECER R A T . 2,3,3- = H
-3 H-MIEIR AR T _E3 S M AR A TR A
F] . G00#HS 4K, 1000480 4% I T~ 1 AR s i AR R}
A R A\ . PDMS 3 771 A [& 44 77 21 & Sylgard
184( T2 TP IRAS: . iR A 57 e 7 —

RAbTE, n] B4 .
1.2 SPMARIEK

SPMA & g 2k i ¥ 2 fr s, 3-SR )
1% 1R 75 BiE (Br-PMA) 1 1-(3'- FFY 35 7 45 ok 480 35 1
H)-2- 3V F -3, 3- — HI - 3H-I5| W (I-PMA) 7 5l ¥
FESCHR[13] (14,1517 6B K. 1-(3-F 2L 9 4
T A0 T 3 )-3, 3 - A M| PR bR - 6'- i 2R - gt
M (SPMA) Z H SCHk[16] & Hi: ¥ 2.1 g [.)PMA
(7.36 mmol) % fif T 20 mL E/K LEEH, 75N, R
PR T IO 1.54 g (9.2 mmol) 5-f4FE /K%
FHE A 80 °C, S8 20 h. Jo o e 72 oA 224 [ 14
Mrit, JSSEEESEHhUE, WA R, PR
MY TR 51 0.8 g IR SR CLTE MK A . K TR 4 S v
T RS 75 AN bR 2 B8, 19 31 2 g A [ 44
FECBI A VO ) (282 2.158) = 10:1 [ JE I
BATHET A, 1521R SN KR 0.4 g,
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Fig. 2 Synthesis route of SPMA.
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{61 T 45 B[R] AL RS B 119 PDMS 2R 1T . 43 931 PA A
. 1000 #7045, 600 #H04%. WPARITESEE s TR
ZIDh S OB M B RE R T, FR I E DA DU
AT 1) 25 16T PDMS Syt B2

SEEG FH B HER F #BT A 2 em x 4 cm K,
£ BT /KA TK OB B A TEGE 3 K, BHK
Smin, B ZH8FREMMEHEER T, T
JE N 2.5 mol/L 1) ZhER V& R Z ok 15 min, H
FEFKMBE3 G, N AERSLF K+
Ak 4 9 15 min, K AR AAE SE H R
T, 1330 5A PR RGN 5 —RbAR
FTBEER A AR 1) & I FE AR, 26442 cm x 4 cm
K/NHIER A 600 #b 4RIFRE N 2 AN T 1) 43 ) 4T
BE 10K, FTE/K CREER 25 8 F /K v 1% Ja
TR HARBRITTE oL, HEETK
M 3 IR LB R T AR A G T4

FREL2 g Sylgard 184 F 77 A10.2 g [l 44 77 ()5
&N 10:1) T 10 mL BEFSFE A, A 0.5 mL
IECUREA A, =i N30 min/s, BT R
THEFEM 30 min, H— IR EERREE R IUR A
WRERZI M R, R AR RISA G
NBR T 46, 80 °Cil4k 1 h, Mi:, 133
S22 T B SR THIREL RS 225 #4) 1) PDMES L . 46 FH A
F B, KR EiAH & RER SR, 153
5 MPAN[F)RE RS R 1 Y PDMS T
1.4 PDMS RMEE AT

PDMS I8 1 R BCHAE AT RN 2
A5 BT — PG AL 3, X PDMS R TR T
MR TTEAIRZ , AR T 7T EHRGE B AR
ROFISE B3 5%

¥ PDMS # B BN 10mm, JEE 0.5 mm
MR Fr, TREZIN0S g I E 255 Fil bl
PR BT IR AR T, S50 H R F IS4k 3%
TR AT EEFIETAUN TAEFEER: fEA
I EEA, FH 2 AN ERIE s . BEE S
PRERRBEAR T, 7 (B S REIA AR P R A Rl T
TE RS B TR IR P~ AR MO . S5 8S TRTE B2 A
AN EHBE3), AW R R S
HIR N AR R BT %G, MRk
THI 1 P24 5y F 5 23 SRR A b, AR BOE TE
FEH.
1.5 PDMS FREREELL

IR 1.4 g4 AR Y PDMS W] 78 3R T

JRAAE K — e BRI E, TP RN
A Bk ORI AR e AR IR K A b, AL
K fEREAL . PDMS K I H:5: SPMA 75 H 245
T Y A A T SR 1 AR B 77 KHS 70. DA B8 1
IK:TEK 2 KH570 = 9:1:1 (V/V) R Ee 45 e 2=
BT KETKCEERE, HUKCRRIG IR G
pH A4 A ARG IINKHS70, #BFR5)
JE R R KR 1 h A L SRR TS 10 S (1) PDMS
VHE RS TRON K R 2 1) KHS 70 /K SR b, 8T R R
72 h, il PDMS 3R 135 14 35 H] 5 KHS70 1)
FRIEIR L, KA T — v R P R R T I 4R
5] NPDMS R . [ B 56 B fa B I EL B
75 - 8 15 21 38 TH #E 5t 46 ¥ PDMS # JIEX PDMS-
KH570.
1.6 SPMA-g-PDMS Hy%1%&

PDMS-KH570 R 1 £ 48 51 N 7 36 M H L TN
IR L], DLAIBN v H HEIL R A5 R A5
& SPMA 5 PDMS-KH570 & 4= A i R 3L &
N, ¥ SPMA 4% £ PDMS K 1f, S5 2
.

¥ Jfi & N SPMA:MBA:AIBN=20:20:1 [{] LL
Bk =1 RE RN = DS, SERTFMA
20mL 2K, fERSRY FHRAEER. RS
80 °C, [ i s 1] 4 4 i) PDMS-KHS70 18 A\ J B
Wb, WEDIEEETR r OBE3 he [N SERE R, B
FF PDMS i H, fETE/K SR HRIR I 2 h R
FZHWIH R, HHALKOEMEEFRKRE
7 IR 35 1 Uk R MR SR A AR R R e B AR A
FLAE TP B B P i SPMA-g-PDMS.
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WS =T RAE, SR EI3 AR, 'H-NMR
i P rh A [R) A B USSR A AR CUAE
B3 b 4 B A AR B L I 3 ik 1R (b) A SPMA
MS I, AT CABA B A H SPMA FInE S A
51 85106 . SPMA UL AN G RE(FTIR) 41 4(a)
fi7s, 1700 cm™ A1 1680~1600 cm™ 4k 43 5] Ay
5 TR 05 Tk S8 32 B €= O XUz C=C XU ) fif
FiRaNE, 1600~1450 cm™ VU Hl N R IF ()i 45
PR . AN, 2356 cm ! b CO, T4 . DL 1
FAELE FIJAE S SPMA A R .
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Fig. 3 'H-NMR spectra (a) and MS spectrum (b) of SPMA.
MW"”WW”W PDMS # [ ; 5 SPMA ) W Ui il 25 (a) #H LE
\, 2356 c'! SPMA-g-PDMS Wit ith 5 (c) £ 1680~1600 cm ! {1
168071600 et b P oA R R 5 PR A T 4R 2 A R C=C XU )
T (RGRENIE, 31U SPMA o i) C=C XUt T 4 2
R T B RS B, SPMA PLALA 4 1) TR
. —— 5 PDMS #4 % 3 .
aB 23 PDMS REALHEFELMHEMITE
700 2.2 EIE S SPMA RLSEAN g (1 051 A
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Y o 1450 e SPMA-g-PDMS i VERISEm, AT E 7 74
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Fig. 4 ATR-FTIR spectra of SPMA (a), PDMS (b) and
SPMA-g-PDMS (c).

22 BEMZERE RS LINEIE S (ATR-
FTIR)

F 4 ST AL A1 E R AE SPMA-g-PDMS )
PR, & B IHE FA 4000~500 em . K] 4
N SPMA-g-PDMS. “* [{ PDMS Fll SPMA ] 4= )X
SAAMEEE . 5AREM PDMS #HE, SPMA-g-
PDMS W Wz il 26 (c) v LB st i 1600~1450 cm™!
PR IR 4 R B 06, F7E 1700 em ! b H 3
T TR A TR SR [ R C = O U AR AE IR AU
X LA W Wi U 7 HE B 3R B SPMA & R 51N

fisl 1 (contact angle, CA). LATHHE N 10 W, KN
365 nm RSN EIEN RRAEAE TR 15 s, T0RE
A0 BECRT S5 1 B2 o Ff 22 1B (ACA) SR VA 175 10 3%
B, BRI E R 1. B S NER 1R ACA FE
SETURAC IR R AR 2R, FTRUEH, ACA
I A [ 5 25— A 3T 5] 1738 £ 0% A B S A
PE Y AL PR A N 3 min B, ACA K, A
13.7°, LI} SPMA-g-PDMS % [ 8 3 1 7] 46 %%
R . BRI, 71 B TR A I B R
IR IE R, ASCR S &1 40P 3 min X
PDMS [ #EATIEAL .
2.4 PDMS R EFEKE B X 8 AR R 1 A9 5 M

1.3 75 ARG ) &6 1 6 FlAN R R RS B2 1)
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Table 1 Contact angles of SPMA-g-PDMS with different plasma treatment time before and after UV-light.

Time (min) The CA before UV-light (°) The CA after UV-light (°) ACA? (°)
1 82.4 88.1 92.4 89.4 80.0 84.7 2.9
2 94.2 93.6 94.4 89.7 90.7 90.4 3.8
3 100.8 101.4 98.9 84.0 85.2 90.9 13.7
4 96.5 98.2 98.1 93.1 91.2 92.1 5.5
5 94.4 96.1 101.3 91.2 91.5 88.9 6.7
6 91.1 91.0 88.7 87.6 88.8 90.1 1.4
7 95.7 88.5 89.4 87.2 83.8 79.0 7.9

 The difference between the average value of CA before and after UV-light.
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Fig. 5 ACA of different plasma treatment time.

PDMS ¥ 5, 2y 1 A7t 5 36 TR 2 o Vi 0 1 ) 5
W), 3R FH JE - 1 S e R il A N 2 300] A 4
A2 IR (1) PDMS 78 5 3 AT R A41E
241 JE 777 8 BB A R R TH A [R) R RS
FREE

K2 B AIST-NT 2 =] 4E£ 7™ [ Smart SPM %!
JRF- 77 AR (AFM)TE K26 T R iR T
FORTREFLRE . 938N 1 Hz, FFEIEUA S pm x
5 um, AR . B 6 4 6 FhAS [F AR il
# ¥ PDMS W R R S, a~f 5 AR LA
SR VY A% B B AR | 46 1) D' T PDMS 3K 1H
(@) (b)

16 nm
0 nm

4:.5
-0 W
/(12] y- S.Q

d
@ 100 nm
\/OHm
.5.0/”2] );',50\““

PAS LA BRZI TR Fr o 1000 #RPAG. 600 #1ib
g%, RO ARET B v N AR AL R RS PDMS %
T, FORLREFEA ¢ REUINER 2 B .

MEL 6 HRTLUE H, JalE PDMS ik (a) K
BORCERE, RRE NN B, PR R
FE(R)N 1.240 nm, 3575 HEHLRE £ (R, 1.648 nm
SINHREE R 2 J5, b~fHIXT T a R RMRE K,
RE I B 22 TR AR K, HH IR “ug
AR F0 U ER” WA BN, R EHIX S Fh
PDMS ¥ JIE S5 5 1 52 2] 1 REURE ABE AR (1) 3 T &5 44
ot DURR 2 bl (4 85 v 9 S AR 1) PDMS 3R T (c)
Uk st t, HE R 5 RS HIN
40.47 % 30.20 nm, iBH ¢ 7F 6 Fh A [F] % [ Aok R
EfRK. by dv e £ “URIRY K “VHEVR” S5
BN BCONI S, REAIRERRE DN, K2
W e A e A TR B A
242 il A SR 1iE PDMS iR 3K T IR
B

P i A7 0 43 32 B P 0 S A S [ R SR T
(Pl A,  Befh A B PR IR AR K ] 44 2 TV
TEAEE I R A br . AR JRUH R AR A
R SO — R R AR AR IR T SR T, YR

LR o 2R TR il e i ' S TR AR s B
ST B R B e AT

Fig. 6 AFM of different rough surfaces.
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Table 2 R, and R, of different rough surfaces.

R, (nm) Ry (nm)
a 1.240 1.648
b 16.490 20.290
[¢ 30.200 40.470
d 9.005 11.538
e 27.420 36.750
f 6.099 8.799

N T A HIAT FURLBE R 20 PDMS 2R T
PERISZM, RS T, BATH A A I R
T IR 6 TR FE BRI K F2 A 4 (CA) I L
MR ZB K, AWBOy2.0 L, Frast
dn BIAE K1 6 _EREAT IR . 247K 7 /£ PDMS
KI5 € 10 s FREATIE, &1 PDMS i
BEHLIE 4 0B R, IR RO EE 5 B K
®3.MNRIFLLEH, il PDMS Rl /-1
BN 11140, J& T gk PRI . 248 A [R] A
BAE PDMS R R SRR G FE I, PDMS 2% i it
FPIHANFIREEE AL, B 7 9 AN [R] 3% I 2 fioh
FbEHALRE RE A AL A, KK PDMS & i
FHRESE, FF AL LM A BB HTE K. BRI R AT &
Wenzel JEIEA AL, RIS ELAARPRONER K A}

Table 3 Contact angles of different rough surfaces.

PDMS entry CA(°)
a 111.4
b 118.2
¢ 133.8
d 114.1
e 118.7
f 112.8
140 - — Contact angle
R ﬁ 40
120 - —
<100 30
e B
§ 80 20%
g 60 - / °<E
© 40t T 10
20 - / 0
0

@ f d b e ¢
Different PDMS surfaces
Fig. 7 Roughness and contact angle of different PDMS

surfaces.
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DABR ZI) ot 1) 85 BRI, ARMUIR St s
PDMS 3R TR RS B2 R, HLIi 3R 7K S fid Ay 1
15 B 6 P [RIAELRE BEAF it (%) e R AR 133.8°. 1445
W2 BT DA B RS RS, R RE S RN ER A 7E ]
SR KA T B RN BT, MR RIE
SR B RhE, 8 A IR EE o e s, TR
FHE il — LA (Ve BRI R . ok, KR
Z okt R R RN K B FE R, R TR
559K & AR I SR B ALOs xH,0, I Bk K iR
Al AW AR R, AT IR,
SR R TH FRDRE R 3 — 2P iR

¥ b3 6 Fh PDMS I 35 3E 1T 525 SPMA 4k
PR ) % e e R, 9 5 SPMA-g-PDMS-a ~
SPMA-g-PDMS-f. H1 8 41~ 0] WL 43 6 0% BE v il 5%
F32H T R AE 2240 6(10 W, 365 nm) 48 [ 15 s J5 1Y
W FEAE,  FRAHBS Al T SPMA I E AL T3 &
FRATTIN g 8 JEEAE S5 R MSTIRE A () A2 PR TR FEE
EEROK, R AT B i A 2 SPMA #: A
&, HPAI7E PDMS 2 [ & A6 m B A SPMA
X Syah, P A AN SR A A 2H e 7
JEETE S A0 G B AT IS 2 fk /. €1 8(2) 9 SPMA-g-
PDMS-a ~ SPMA-g-PDMS-f7£ £ 4 I8 I iR
FEAE, oA IR R e 1Y 7K SPMA-g-PDMS-¢
P ARG 2 b5 v At Bl i) %, (RIS, AP 8(b)
A LA B, K SPMA-g-PDMS-c 7£ 45 41
BRI JG 1 ACA E B k. LA 1 0 BA 12 7 i 35 T
SPMA $4% 5t ie rey HOGmm BV VE Re e i, IX 2
FH T BE R A R s R 3 K T R LR TR, M
MHErE T SPMA IER &R, k2 T S f it e v
TR RUR .

gx b, DARRZIVER Fr AR i %5 PDMS i fi5
W, R TR RE i s, I HLIS SPMA (1)
Bk R, e NEWEROCR . Rk, 1A
PR CARRZI T R 55 P AR ) 2% B A R RE 45 R 1)
micro-nano PDMS, M 1] 245 SPMA #il] £& 't i |37
5 SPMA-g-PDMS.
2.5 SPMA R0 =X i FEE R M A 22 M

N T BRI SPMA HAR T I X SPMA-
g-PDMS i BB E (52, A SCT 1 10 15K
5o BAFEERL I micro-nano PDMS 78 IR L BY 145
EZN05g, HAENI0mm, EEN0S5mml
[ . LL0.01 g N HLAL, K SPMA FUAYR & A
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Fig. 8 (a)The absorbance after UV-light and (b)ACA of
SPMA-g-PDMS-a-SPMA-g-PDMS-f.

0.01 giZ s 0.1 g, BJ SPMA 144 5 PDMS
THEJEL I3 B 11 T 29 B M 2 wt% B T 48 0 3] 20 wt%.
FH 58 A0 -] DL 49 6 ' B8 T A0 fi oy 0 2 A R AIE
SPMA-g-PDMS i JIE [ 14 B .

PSR 3 IR A B vT LA Y, R4 Pl
WEANHE R J5 1) PDMS Ve THT 2 i £ 3 2 PG, X
J& SPMA (1) 3 55 Fa 4k BT 850, SPMA 431 J3

LRI R A TFER, 2 AR MM L IEAS AR
/AT 11752 W P2 VN 5 N A o £
MR IR K ZS . [FIR, T4 AR
250 VLR TR REL R 7 A — e S, 3 S M i)
MEPE, (HS B R A B I R R K
SR /& SPMA 731 It e M A i = A AR PR 2%

24 SPMA ¥ ITE N 0.07 g (14 wi%)isf, SPMA-
g-PDMS [ ACA K, 7925.8° M SPMAJR=EH
G362 YoM 4 wi%elhf,  SEAIMG R Rk £ B 5
KT )5 JLAL(6 wt% 8 wi%. 10 wt%. 12 wt%),
7 AR IR S G 4 R 1) 5 R R 1% /& SPMA FRLAAER TN
BHidb, BN ERE, PDMS RIHEAH
K25 kN EFEEASEKIER, SR
i £ Rk /1S . W %22 4 1 SPMA-g-PDMS ] ACA 1]
KL, EZE R —E AN, RIFEE SPMA
IO P3G, FAB GG KSR . I G
T SPMA & AE 85 1) 4k 2 S Bt s o 0 A 14 AR
1k, B SPMA WS INEIRHIE K, A I N 58 R
Je, SRS RIFHARMC RGN, i
R ACA IZWTHE K . 1 5 3053 ACA SZ B Ik /N
S KN PDMS SR TH] S A AT PRI, RIS T %
PRI —E, 24 SPMA R iA P 2 J5
LA FREAT, B 24 R B R R R
i), AHAFLENNE SPMA 431 2 [ A5 SN 1)
YEF, 11115 PDMS K [fi#4% SPMA & ks>, M
MR I H ACA BEE SPMA 5 B 18 K32 3 ek /)N
O EEZ N

FH SR A0 -1 UL 6 6 BE TH R AEAS [ SPMA ¥
iR YRS P CY SR S N
SPMA M #H HF 3 & . LL SPMA ¥ &2 x #ll

Table 4 Contact angles of SPMA-g-PDMS with different SPMA addition amounts.

. Mass ratio of SPMA Average value of CA Average value of CA
The addition of SPMA (g) . . ACA (°)
(Wt%) before UV-light (°) after UV-light? (°)
0.01 2 96.7 96.2 0.5
0.02 4 92.0 90.8 1.3
0.03 6 111.6 108.6 3.0
0.04 8 112.7 108.7 4.1
0.05 10 1152 106.5 8.7
0.06 12 100.3 89.2 11.1
0.07 14 101.6 75.8 25.8
0.08 16 105.2 97.4 7.8
0.09 18 104.2 97.3 6.9
0.1 20 91.7 84.2 7.5

3 The CAs in the column are all measured under UV-light of 15 s.
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Preparation and Properties of Spiropyran-based Polydimethylsiloxane with
Photo-responsive Wettability

Cong-cong Cui, Guo-jie Liu, He Gao, Min Wang, Jun Gao"
(School of Chemical Engineering, Sichuan University, Chengdu 610065)

Abstract In recent years, smart materials have attracted much attention. The active switch of smart materials can
be turned on or off reversibly in response to different external stimuli. Inspired by previous studies, we have
prepared a photo-responsive smart wetting material with spiropyran as the active switch group. The photosensitive
monomer 3-(3',3'-dimethyl-6-nitrospiro- (chromene-2,2'-indolin)-1'-yl) propyl methacrylate (SPMA) was grafted
on the surface of polydimethylsiloxane (PDMS) by free radical copolymerization to prepare a photo-responsive
film named SPMA-g-PDMS. The film is sensitive to ambient light, and it is colorless and transparent under
visible light, while after being excited by 365 nm ultraviolet light for 15 s, it immediately turn purplish
accompanied by the change of polarity, resulting in the wettability transition of the film. When SPMA-g-PDMS is
exposed to visible light or darkness, the wettability of the film can be restored to its initial state. The difference of
contact angle before and after ultraviolet irradiation can reach 38.5°. This remarkable performance of reversible
switchable wetting gives SPMA-g-PDMS potential application value in the fields of biomedical materials, cell
culture, non-enzymatic desorption, smart window coating and so on. In addition, after several alternating UV-
visible light cycles, SPMA-g-PDMS still possesses good photo response and reversible wetting performances.
Keywords Light response, Spiropyran, Reversible wettability, Polydimethylsiloxane
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