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® & IR W RE % #
(RG2S IR 5 2 R 560 % BRITATE A TRV SHATLAG RS 9% 710129)

o)
=

i PAAS S5 %45 R 3 Fh 4548 R A POSS 24 A0 2R HY L Y AR R — 9 LT8R ( POSS-PTFEMA ) (POSS ¢
IR R L N 1 = 9 £ i o B R SR L A 92 WY i ( POSS-PMMA-PTFEMA ) K POSS % A6 3 1 P s 1
i 7 B e TR SR Y B D T — S T A RSB A B, 1) PO % P 5 025 o o L 25 1 ) e o IR SR 5 ) 22 L. A1)
FHAARE HLBE (SEM) X i R WUESIEA T IEE 04 1 FLIB SR me R 3R, JFBIF5E 1 25 FL A i 7K et e P R i
. FTE RN, USR5 R U 7], 3 AN RS 8 9 2 AL 3R & 42 T AR BOR B EE Y R (5 ~ 30 mg/mlL)
1 #5 ML RE (R A AL SR 5 W 22 FLIGE , T2 1) FLARS B 3R 5 Wk B A 189 DR TTT84 K5 JR 45 ) POSS-PTFEMA iy T L4544
& A BZ ) TFEMA 2554 570, HOAUREE b s ARRTB K i oA R T3 2R 7K 1 5845 ) 2 LIS iy il 4.
I it 22 FLI AT R4 Bl P RE RS K FE il A | XK A ff A0 T 98° ~ 116° Z 18], 4 TE + e i 4 fish

FAAT 43° ~66° 2 [4].
KA

W07 P %2 7% ( breath figure ) J& — il F| FH ¢ 45
It LU 7 HES 8 K AR A i 3 iR
Z AL Tkt AR 1 o, AR IR B, 52
B AR, HANAFTE S 19) 25 B (0], £L 3 i)
ROF AT DL i s S 50 2807 A Rt A7 4
TN e IR R AR R A | Al B 7% A5 4
SR ELA B AR S A (R RN A S o A
() — IR

—FBORE, ML AE I 24 1Y ¥ 5] vh BEK KRG 73
TEIBEAE K 78 W T AR %) L JE A e, 4T i
o ORI T B AT AT Y A 2R T R U s R AL
ZER I Z2FLIE 7 R, A 22 FL AR A B
MEAFEER A RSN R A
Pt BORA B Er T R A Y -k
LR E ARG KA
Py AR R AT LT
PORORL S EALRE N T % H
BT AR A ) SO A T RO 5T 3R A
e Z LI AH AT TE A EAT B2 E 2 i) 3
RS, T H S H AR A (.

Z &K R AF 2 A B ( polyhedral
oligomeric silsesquioxanes, Rl POSS) , J&— Ff 7 A4
O3 T NAHL-TCHLAARRE, o BEXTFR Y Si-0-Si

WO RISk, EE R 2 LI, s B R G, POSS, HIIENMRIR — IR LK

ST IRFERLE SR AT AT MORMIG ) 2R T i 05+
A A AR ST R PR AR F IR IR — 3R
CPRME—RR R R B9, A = RS K
P TH BT R BRI | A A O ot St T
TR AR LA (R s e B R I

e POSS F1H JE PN 5 2 — 90 TR n AR S 1k
fE , A SCBTH A =25 LA POSS A3k & a4 Y
B U B LR Y o R ) SR s AL s R A, 3
SERAS F A M BE UL R | TR PR AR R A POSS #2
R AR AL s AR A R BUBEAA 2, )
FHIER [ 58 15 il £ 1 5 IR IR B W 2 LI IR R Y
PCRRE 254 22 FL AR ) S5 4, X6 22 LR %) 2 1T
REAN A SET T 20 B, DA SC 3R L B S D e 4
PER Z LRSS A R 2 R B B ), SRS A 5 R
UK B I B AR T Y 22 T RE T, O3
BRI AR SR ) 1 R

1 SEIGERS

L1 ER

LA EE POSS(POSS-Cl) , %5 % 3
BR[36 140k, e Al =& ke (CHCL) .=
AW LE(CH,CL,) PO LI (THF) (FI & (TL)
KA AT W TR B A AL TARA R, |
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Fefdi F 5 1+ 8% (dihexyl) 18 40 B 46, 1 T 5%
FRTR AL TG0 T, Bl .

= ZRLL POSS 3k | 7 i IR Wy kB itk B
LIy R AR Z A6 3R 51 POSS-PTFEMA |
POSS-PTFEMA-b-PMMA %2 POSS-PMMA-b-
PTFEMA W2 DL b 28 - B G N 56 POSS 51 &
#|,CuCl/PMDETA i 465, TL Ay i 5], i ik Jit
TR H i 3G (ATRP) )5 ¥E 4 1 (k454
WRERE 1) BAREGS S5 T .

POSS-PTFEMA , = % 23.84%. FTIR ( KBr) :
1173 em ™' (v, Si—0—Si), 1275 em ™' (v, C—F),
1742 em ™' (v, C=0).'H-NMR (CDCl,, TMS,$§) :
4.34 (s, —CH,—CF,), 1.97 (d, J =44.3 Hz,
—CH,—C(CH,)—), 1.74 ~1.42 (m, —CH,—
C(CH,)—), 1.28 (d, J =20.5 Hz, —Si—CH,-
CH,CH,—), 1.10 (s, —Si—CH,CH,CH,—),
0.94 (d, J=8.3 Hz, —Si—CH, CH,CH,—). M,
=53700,PDI = 1. 76.

POSS-PTFEMA-PMMA , 7= % 24.42% . FTIR

(KBr) :1172 em ™' (v, Si—0—Si),1270 em ™' (v,
C—F),1740 em ™' (v, C = 0).'"H-NMR ( CDCl,,
T™MS, §): 4.34 (s, —CH,CF,), 3.60 (s,
—CO0—CH, ), 2.14 ~ 1.71 (m, —CH,C-
(CH,)—Cl), 1.51 (d, J =80.3 Hz, —Si(CH,),—
CH,—), 1.25 (s, —Si(CH, ), —CH,—C(CH,)—),
1.09 ~0.97 (m, —Si—CH,CH,CH,— ). M, =
52100,PDI = 1. 94.

POSS-PMMA-PTFEMA , 7= %R 24.45% . FTIR
(KBr) ;1170 ¢em ™' (v, Si—0—Si),1272 ¢m ™' (v,
C—F),1741 em ™' (v, C = 0).'H-NMR ( CDCl,,
T™MS, §): 4.34 (s, —CH,CF,), 3.60 (s,
—CO00—CH,), 2.17 ~ 1.73 (m, —CH,C-
(CH,)—Cl), 1.50 (dd, J =41.6, 28.0 Hz,
—Si(CH,),—CH,—), 1.23 (dd, J=46.6, 26.5
Hz, —Si (CH,),—CH,—C (CH,)—), 1.16 ~
0.71 (m, —Si—CH,CH,CH,—). M, = 76500,
PDI =1.92.

E (6] )
O g25o-ga i
Sig \SI\QO\/\—%CHZ—C cl
POSS-PTFEMA /\ 0/ e
@g\USi\O//SJ |
s'i\O/Si-O (I)
)
CF;

POSS-PTFEMA-PMMA

POSS-PMMA-PTFEMA

Scheme 1 The structures

of hybrid copolymers
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SRl [ S5 i & R a2 ALK, BB
JEAN [R) R B A [R] 9 70 B4 SR 5 T R, w4 .
TE—E AR R A 0F T I —E i LRI T
Tt A L TR] S A PR 98 25 SO i W 3
T, PR MK S8 5 A, RIS s ARG 4 22 4L
JiE. HAA A RN IA 1 Bs.

[Tadpole fluorinated acrylateJ

Ultrasonic
dispersion

Fully [ Polymer solution ]

] dissolved

[ Solvent utilized

Transfer

Preprocess
[ Substrate ] —_— [ Clean substrate ]
Steam atmosphere
' water condensation
top view Volatile Solvent evaporation
completely ryrvwesrwwre
~ polymer solution
side view

Fig. 1 The preparation process of porous films

1.3 Mk ERAE

FH VEGA 3 LMH ( Cesko TESCAN ) #1454
H, - 5 s (SEM) I 52 2 391 7= W) 22 FL I i 6 T

sascs

an
=9

FES, B i 3 AT B 25 0% S P, i R R R 10
kV ;>R JC2000D4 $22 s A7 0 2 43 | L0 15 I 5 R
G =y 22 FLBE A EE s A | 220k I R 241

2 #R5iTiR

P B G e — A AR SRR AR T ST A AR
FEE L AR R A SR B W S R B PR T B IR 25 R
T VRIS R M Y N R
SN ZFLM I B M B FLEE M S A 2 R
SCLAE R = Rtk POSS JE 5 HARIL R &
R LA L R 0 (] 22 ki & T A E 2 AL
JBE IR T R G WAl R AR S REYIRIE
K H G5 R SR Z2 AL S A . [R)Bs, Xof 22
FLIBE B4R S R (48 T YL B 7K L B v e ) 2
11T 53 HriEoe.
2.1 BEWEHNSILERRNEIE

ZAL T A WU E N 30 mg/mL, CHCL, N7
B ZFLISIE S 4 7 2 FFzm , AR RE A FL A AL 1]
FEEAES T2 1. I T RHUR G W L5 ZFLAK
TS BIRE M, A 38 SCH R 20 B T 51 & 71l POSS-CL
FIAR S50 % A LI 75 TR 2 (PS) 0 BB 114 W s
HIZR AL 5 43 T POSS-PMMA-PS (M, = 94600, PDI
= 1. 53) TEMRI A T B Z LI 5.

Fig. 2 SEM micrographs of porous films prepared from 30 mg/mL polymer solutions using CHCl; as solvent; (a) POSS-Cl, (b) POSS-
PTFEMA, (c¢) POSS-PTFEMA-PMMA, (d) POSS-PMMA-PTFEMA and (e) POSS-PMMA-PS, respectively

R LAAE H, POSS-Cl K> F 51 & 77 78 ]
FEAMF T AREIE B B iR Z AL (UL 2 (a) ),

R KRG 51 KA — A KRR N 1
Hor 58 OB/ 1 iU I i vh A REA 8O AR
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Table 1 Average pore sizes and rim of width for porous films

Polymer DPy Pore sizes (um) Rim of width ( um)
POSS-PTFEMA 314 1.304 £0. 109 0. 487 +0. 083
POSS-PTFEMA-PMMA 164 1.306 +0. 120 0.801 £0.277
POSS-PMMA-PTFEMA 171 0. 841 £0. 160 0.748 £0. 183

KT, BT AR REIE 2 FLak# 7

HHIZ 4 BRI POSS HEZ4 1k B-A 13wl L)
W2 FLE5 4, (H 2 A R 55 7F T, POSS-PTFEMA
Fil POSS-PMMA-PTFEMA 3% 2 Flt 58 & W) TE 1 1 i
BRI, A4 R LR s M £,

REVRERIE OB S5+ 1y 2 FLIE, 5 Hifk
SEEE R U HOEH P MR A BRI OC &,
L5 POSS-PMMA-PS # b4, L 95| A BER 2L
BELRS T R B2 rhok i 8] 19 & o AR B B T
B IR Z LG MIE G AR AW h
TFEMA R4 (DP) A9 328 38 A, FL Y HL & % i
Z IR POSS-PTFEMA B A e K Y TFEMA R4
JE |, DAHON OISR 545 20 i) Z2FL AR 5 R A% | an =]
2(b) B, X 5 5% FrifF 55 1Y PS-co-PPFS
REM A A —E 22 5, X T e 2 TR
FH 11 RSB 2R 0 1) 285 4 55 1 AN T s

B TALAZ5 R A, o PR/ ML 2 5
i Z2 FLEEA IR . 43T i K/ NI e B A W ) 2%
JE , DTS00 5 7K T 70 W AR 7 ) S TORR
KRR WA R 2 (R S5 A A BT
2250, 5 [ FLIR A FLAR FNFL A A B B AR 1R
W 3 FR. MK TE b AL, BA B K i fL
A/ NFLIE . AR SCHEFH Y POSS 3 & f 241k
BEY, TR R POSS B HI—CF, 45H 881
SIAARSEA R KRR EWERE, KiES T1E
% AL YT L POSS-PMMA-PTFEMA 5 POSS-
PTFEMA-PMMA AH# , Hif & BB 4= 45 /K i
UURRTE R s 07, Fe (LA /N LRI B K.

Increasing density

Side view

Top view

oNONe

d

Fig. 3 The impact of density on the porpus structures

AL R AT A R R 22 FLA ) B LR
FERE 73T B RN Z2ALAS A I LT 25 7

B T e #E b R B LR G 75 SR o AR M
VA 7 1T B PR 25, DASDIAS LR ST T 4 Bl 4%
HEZn
2.2 B EFLRFRAZN

VA A O FL R /N 5 R R 2 A R e
ASCLL POSS-PTFEMA by J8 B 44 5, 43l 356 6 44
5 G e PP % Y Ak g 3k 0 e FH 7 7
il s A3 2 Z LI A 4 TR,

POSS-PTFEMA 1 28 i iR i e ik LU0 2%
e R LG5 (K 4 (¢) ) s B AW HE THF % i
PERAF{H THF A5 5/KIRE, R aeA a4 kR K
A I, AR M Z AL RN I (& 4
(d)).

CH,Cl, Fl CHCL, 2 Z A bR &P A,
W AR, 0] LU B Z L2450, WL 4 (a) 1
4(b). WK, E 4 (a) MRERETE & fLARTE K, X
JEHF CHCL, te CH,CL, 3500 A 5 ir s Y.
TP T A AT BT VA 300 P 4 R R B AR K IR
JE 0% 1 B[R] SR T A T B A HE B 1 75 0 215 30 11 e
TR ZALEE AR AR R 2 I I . T 24 3 590 B A
BT I VAR S BT B TR AR K VA B TR IR
T B /N KT S A 08 1 st ) A K T R I B RE A
SEAE W) T A A R B P DR T 1 3 s R
PRAEAK I 1R HES | e 208 USSP g FLAR
LGNIVEZ NS

F G TT DA H 53, I 0 1] 28 2 il 4 22 LK
I, BEPRAH A AT 5 KN TR FLI% & o T v
AR AT ) T R 3 45 4 1 22 FLIE. X T S
rh ) dRIsE Y POSS i 5 U Ak i o 1ok, =5
F ot 2 i A BHEARL 375 741
2.3 REVABRENSILERRZME

R TV AL 2 R i 31 22 AL ) L
PESFLAR R/ AR SC B B M 45 45 1) POSS-
PTFEMA i3 B HAE 5 ~ 60 mg/mL KUK
JEVER T Z LIS AR (B S) . AT AR H %
ZACREWITE 5 ~ 30 mg/mL i [ A 45 7] LAAS 3
A 2 FLA5H , BAE 15 me/mL ¥ BRI ALY
FELEE R e FAE . T 24V KT 45 mg/mlL B, 1)
FILAE AR 2
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Fig. 4 SEM micrographs of of the porous films prepared from 30 mg/mL polymer solutions using different solvents; (a) CHCly, (b)

CH,Cl,, (¢) TL and (d) THF

Fig. 5 SEM micrographs of the porous films prepared using different solution concentrations and CHCl; as solvents: (a) 5 mg/mL, (b) 15

mg/mL, (c¢) 30 mg/mL, (d) 45 mg/mL and (e) 60 mg/mL

I3 M Z2FLIE R FLAR RN LR B (& 6) |, & B b
UK POSS-PTFEMA Z=1b 584 W) £ LI
AFLAR 34 K, it L 1) BE 8/, X 55 Stenzel 204
I FE 25 SR AR . Stenzel S5 IN h bifi 8 45 10175 Wk
BERBEA, HAh EEAR R 3G K (A KA Z A
G I, LR/ RIR K H B R Z R &Y o
TF, eI 2 2 AL A BE RS . T 24 LA POSS 57
AL R AW R B, 7K & POSS TE AL

PR AZ R S HE AT B A7 A, (5 5 B8 50 Y C-H-
O REY B R — IR X85 B A0 TR %
iESE SER7/NNEL IR PN SER7/ N Sl 2 NN
TR RO B 57 i oo 5 5 70K R 5003 A 52
Afi, VR R R A L AR, AR, AL ] B
RIS (DLIEL 3) 5 i B e JBE At — 2B R K
{1 07 B R, K 7 B e i, LA SR B
NN EE-0
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Fig. 6  Concentration effects on pore size and rim width of

porous films prepared from POSS-PTFEMA

2.4 ZHEYISILEREZME

S R DN SR W RN K A AN [ 3
P S0 A KT ARV TR T RBE 3R . IR S
X 2 FLRRTE S5 1) 5 ), P S ol B R 58 28
BE R IX PRI A 5 L EL SR /K 2250 1) SCEE P 2 1
il By Z LI R TR T .

SRER ERUBAH L SRS IR LR A&
FEERBE A LA 2 i 2L, LFLARmE R,
PR 2 — 2k IO T X POSS a1k
MEE S FKEEREN. REY A SGH#ESA
POSS 251 TFEMA 54 5.0, XS K PR
T LATE LR T A IR A RE R L B R S R

Fig. 7 Metallscope micrographs of the porous films prepared on different substrates from 30 mg/mL polymer solutions in CHCl;: (a), (d)
POSS-PTFEMA, (b), (e) POSS-PTFEMA-PMMA and (c¢), (f) POSS-PMMA-PTFEMA

The top three films were prepared on glass substrate, and the bottom three were prepared on silicon wafer.

FLESHYTERLAL | Ferrari S5 A 53A F1 HuIE B 13X
. ,J_:,; [40] .

A UL AE Z AL, Al AR 4R S
SF L 7K A BB B S 1 W) S ARG T 1) T 7 25
B RIS S B B R R FR T RE /N DS
Bt , K i ) 2R - 400 B BT B K AR
JBE ) F 2, SRR ) 5 ) W A S K M SR AR I g
T2 HEAR 19 Z fLB. Cheng AL TE Rk W
SRS A itk BE L SR W Sk R G, 2% KM 1R 1Y
o RE AR I T 55 RS Al RN K A TR B, T A
A FLES LA Y

AL LA POSS-PMMA-PTFEMA #8454 4%
JEI TFEMA 254 500, 72 8085 7 b iR, /4%

AP R R EHAL AR W] 4 K. ] WS4
AR PR XS 22 AL IR DB S0 A AR R 152, 78 2 4L
S IR R A A S e 0 5 | A2 A 11 AR
2.5 ZFUREWEILENMRERAR
PLIX 3 FiiRHist 7 POSS #2455 AL R &Y
SR SBT3 ) e IR 2 AL A HAA AR
B 10 2 TP BERR IR 1 | S (B4 DG T A — A ) R
TR, 73BT T JUARLRE 250 22 LR R i /K | it i 1
AE , [ X LRGSR E PR HEAT TIPSR
2.5.1 RG22 K BT PERT 5T
PEPE CHCL, A, LL 30 mg/mL ¥ JE Y 3
TSRS IR AE BT b il 2 e s IR 2 LI, []
FI 8 T 22 LR % T 6 7K RITXE 3 (IE ) 1
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40}
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Fig. 8 Water and dihexyl contact angles of different films
(a) POSS-PTFEMA, (b) POSS-PMMA-PTFEMA and (c¢)
POSS-PMMA-PTFEMA

MIEL 8 Hal A 3 ARG W 2 LR S R4
PRI RE R, X K% il £ 6, A T 98° ~
116°2Z [8] , XF 1E+ B ML 6, WA T 43°
~66° 2 [i].

XL 3 A Ak R AW 2 AL, w1 A
HE A A LAY AR b, R, POSS-PMMA-
PIFEMA #% 4, POSS-PTFEMA X 2, POSS-
PTFEMA-PMMA fx 22. POSS-PTFEMA #1 POSS-
PMMA-PTFEMA ¥ % file /1 %4 {5 £ K F POSS-
PTFEMA-PMMA 1%, 3% J& fH 244k /& 4 1 b 22 45
Fpk 52 1, i & TFEMA 2549 BTt T 22 b R &
Wy B B R 7K B T

POSS-PMMA-PTFEMA % & ¥ H TFEMA %
4 BRI /NT POSS-PTFEMA |, {H i 25 (4 42 fish £ %
(B R T2 8 T 5 0 1, X B D FROR g 2 4L
250919 R IEF E AT POSS-PMMA-PTFEMA )
REVZAEA R RWALEE(E 7) Wil TS
TR AR o Py [ AR AF X TR () B/, R A Cassie-
Baxter PRI (cos®™ =f. (cos® + 1) — 1), HF W%
fid 7y B . 33X U 7 B RREAA } Ab 7 1 JB A 25 K
HITEOLT  HORGFLAROK | 22 FLIE B8 /K B 3
PR

AL R Y SR TET K R A P A A2
SERPLE Y (A A SRS B A Y
HFEWEHT , 4R EMZAUEEAT R A B
B H .

2.5.2  ZALREY Z LT HRAEETY

ARSI HA AL 1 POSS-PTFEMA 2%

L AL (15 mg/mL, CHCL, SHIEH]) M6 R AF 5T
JLi A RE. B B ) £ Y 2 A0 R T 9
100 CEEIMFIA 1 b J5, B2 H 2 ZIREUE. B
S ARSI B B W R 5, K 9 iR
S P PRI AL R () SEM &,

AT B, 22 R G 2 FLIE 24 B iR AL
PRIGATHRE P4 T LT 2 A AT i T P 1) R e g R
ZALE5H , HA LS i v RE , won R ORE
I I 77

10 um

b

Fig. 9 SEM micrographs of POSS-PTFEMA films (a) before and

(b) after thermal treatment

3 Fig

DL 3 Fpistist Al POSS B S WAL R AW R
B B 5T, KR BF W R Rk il & T POSS-
PTFEMA , POSS-PTFEMA-PMMA F1 POSS-PMMA-
PTFEMA [ ZFLE . 25 5 &0, LG 0h M5,
“RRE W TR UL (5 ~ 30 mg/
mL) T & L HE A 0t s R 2 LR, B FL AR
Wit R 5 0 AR R ) 6 T 398 K 5 A X it K A A
AR TXEB AR REY Z UG % R T
E4H W) POSS-PTFEMA ™ & i £ () TFEMA 4%
F TG, HAL R MR . T ) 2 FLIE A R 4F
A K AR PE RN R A e
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Preparation of Porous Films with Tadpole-shaped POSS-Poly ( fluorinated acrylate)s

Xiu Qiang, Xiao-yan Ma®, Yu Xia, Zhi-guang Li, Tao Yu
( Key Laboratory of Space Applied Physics and Chemistry, Ministry of Education, Key Laboratory of Polymer Science and Technology,

Shaanxi Province, Northwestern Polytechnical University, Xi’ an  710072)

Abstract  Well-defined tadpole-shaped hybrid copolymers including POSS-poly ( trifluoroethyl acrylate )
(POSS-PTFEMA ) , POSS-poly ( trifluoroethyl acrylate-b-methyl methacrylate) ( POSS-PTFEMA-PMMA ) and
POSS-poly ( methyl methacrylate-b-trifluoroethyl acrylate) (POSS-PTFEMA-PMMA ) were used as precursors
for the formation of well-ordered honeycomb porous films via breath figure method, and the film morphologies
were characterized by scanning electron microscope ( SEM ). The effects for porous formation including
molecular architectures, solvents utilized, solution concentrations and substrates selection were investigated ,
and the hydrophobic and oleophobic properties along with thermal resistance were also analyzed
simultaneously. It was found that all of the three hybrid copolymers were good candidates for honeycomb films
and could form highly ordered porous structures under solution concentrations ranging from 5 mg/mL to 30 mg/
mL, and the pore sizes increased with the solution concentrations. The regularity of pore structures would also
increase with the inducing of TFEMA groups. Compared with dichloromethane, toluene and tetrahydrofuran,
chloroform was proven to be the robust solvent to form the well-ordered porous film owing its suitable volatility
as well as the solubility for the hybrid copolymer. With the substrate changed from the glass slide to silicon
wafer, the average pore sizes decreased, accompanying a reduction of regularity. The obtained films were
proven to have well heat-resistance, hydrophobicity and oleophobicity, with contact angles for water in the
range of 98° ~116° and 43° ~66° for dihexyl.

Keywords  Breath figure method, Honeycomb porous film, Tadpole-shaped hybrid polymer, POSS,
Trifluoroethyl acrylate
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