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WE  LUERERR W5 (TEOS) Fl P i = Z 4 5L fik ks (MTES) 2 [FIRTEK 14, ¥ 75 5L-B-FRMIKE (HPCD) M AL
R, IKFICEENTER], ZK AT, SR B -BE S 5 i 4 T HPCD-Si0, ¥R, 1M 285t 75 H Ok — ik e
(HMDS) Stk E , HI73 5 K AU AT 5 L2, HEARYT 5 RT3k 1,05, #8 KM MM 66.4° LT+ =
128.7°. LAFETNHE-B-BRMPRE M BRI RIS B Z LR N 4 nm, PR A 2 PR FLAR IO I K 1 1/4
M5 EHU. 555 MEAFNIAE DI (F127) A0 L, F5 - MIRE A SFLACR ST 3T 3 AR 450
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AT SR A T B A (H AT USRS DA A R, AL (S0, , n=1.46) I Fifk
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T, NTIR A mEE A g AL, 35 B2 AL B3 64 75 1 i AR AT 36 R AL AR AUSR IR T
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it HR AN T 3 S 07 P B G P M 9, TR R R B A 7 i R TR R, PR EOR A, eIk
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AR AE R, ZEIER 15 I ABCLE R DR 5 (04 i FL A2 9 B -B- TG %0, AT Ak — 2 18 Jon 58 )22 4 et
AIFLERAR s Pt R R A B Z AR TR St i R R ) A R I S R R Z AR R e 2P Ry TR
JEBPT SRS FUBEE AU AR O, AT S AR A FLBR AR AR o, 5 BUBEZ e B W BRI 8 K 2% ot
SEMACE IR B S, BRI, B S EUEIR. J N AR T RE RS (HMDS) P4 B
AT LUK B AR AR Y —OH JEFA AR —Si (CH, ) 5, FEARIEZ S RE SRk, Dol IR X PR B oK
ORI, SRTIREE ORI iR PR AR E PR RE.

ARSCR FBRAEAL T35, DA 3L = 2 S REBE (MTES ) FILERERR 2, Fi§ (TEOS ) A3k R A gk {4, il 75 i
JEYTI AR BRI BRI, [R5 | AL N L -B- 208 (HPCD ) , b — D RRARIRR A 4%, il
HMDS etk , KT T U2 s K MERE , AR T2 7ERR 5 b R0
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(NH, « H,0, &BUML25% ~28%) , BUERBHE AT AR, LRSI GRS [ ; RN IE-6-50
WIS (HPCD) |, Aladdin 23] 5 THIS VM (F127) , Sigma-Aldrich A 7] 5 75 5 ik A 24 ke (HMDS) , Alfa-
Aesar 28 Al 5 SEE K R B il 22 B K.

Horiba B B3R G354, B E Uvisel 23] ; Lambda750 B4 4h-A] WL (UV-Vis) 4066 E T, £ H
PerkinElmer /A ] ; Innova A J5F 71 B 5385 (AFM ), 78 [E Bruker 23 F]; S-4800 Y 49 4 By 7 i T %
(SEM), HZ Hitachi A F]; JEM-100CX B33 5 HL B i85 (TEM ) , H A JEOL A Fl; Autosorb SI %%
18] S ALAE ST, SEE Quantachrome 23 Rl 3 JGW-360B Fl Yt 2 32 fir £ I A 4, AR AT Al 2R I8 WL A FR
N,

12 XEE

1.2.1 BALAE s & ARSI AR, RS A v] AR B R A 12 S i e AL 7. i
FEIIE AR I I R 116 IR ot S P I B I HE S LU A4 55, BT WU B2 AR RO B v, iR
B s AR AT BT A R DR A, - 70 S RS AN ] st G b 25 B N 4B B, DR I 2 I FL R B Bk, T
BEREG, Ik, 8B AT SR Z2 T, KA NH, - H,0 L7 -SRI 2l % HPCD-Si0, .

4 6.69 g IEREIR TR 8.59 ¢ AL = LA FEREREIS T 4. 0 g /KN 138. 13 ¢ SFEMIR AW, 7
SHRAE, MA 0.87 ¢ NH, - H,0 KRR BT A EELF HPCD. 78 30 C 4/ Ttk 2 h. KR AWK
EIER MR, T 25 CHik 7 d, #il7% HPCD-Si0, K.

H F127 B4R HPCD 4§ F127-Si0, L.

122 Akl FRARHALSEEES , 40l HPCD-SI0, WA F127-Si0, ¥ H i A HMDS[ HMDS
B AR R Si0, B Y 2 A% (B RTIR R Rk i IR 55 AN Si0,) 15 K el RV I TE 30 °C F 784y
Ptk 2 h, 7525 CHEML 7 d, ARIEsta B R 0 52 4.

1.2.3 EEHE& DL BK7 B K b i R o SR ARL, BE BRI S SIS AR T B VR S Ak
PE 10 min, JfFJCAR AT IR G, AEAINHREE R 30% K 25 °C (9 4048 R B T 45 1 325 40 90 il 4 LA
HPCD F1 F127 LA A K BB AR 5 R A2, 3R B LIS SN R R BE 0 B2 . B8 R 1 s
J2T100 CHULTE2 b, LIFEE RSG5, FET 400 CHEES 1 h, 564 LR EELH], ISR
IKBGEBARIT ST R BEZ ML, 43 3IFRIE S HPCD BEJZF1 F127 2.

2 #RER
2.1 FRFEEE

2 1 ARV BFLF AR EALA) S i B2 TSR n(7E A =632 nm Ab) R RiBILR T, %
fE. Ho I 2R EELRIAEYT Sio, s, BT F127 ZE OB RERIEA IR, SInA F127 1Y
wEH Si0, 19 50% )5, BALA G ad mAT Y, AN ER e T JC A

Table 1 Optical parameters of porogen HPCD and F127 with varing contents

r HPCD F127

Refractive index, n Toux (%) Refractive index, n T (%)
0.10 1.101 97.47 1.098 97.18
0.15 1.080 96.54 1.094 96.98
0.20 1.056 95.28 1.092 96.52
0.30 1.046 94.58 1.103 97.22
0.50 1.058 95.40 1.116 97.99
0.75 1.063 95.67 — —
1.00 1.075 96.29 — —
1.50 1.085 96.81 — —
2.00 1.096 97.30
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(FEW) FEIBRE R o P v 5 035 R 3R THT A 8 S8 3K A1 R AR 40 6 SO, A3 e D AT g T % 8 R Wi 4 o 22 3%
8, SRR R LA ST 2 FhELEZ kUL, FE P S E R (HPCD, I'=0.3, F127, I'=
0.2), F—NHEAEBZIEM & EHA, BZITHRE T 0TS mkeAt; BEE SeLA S & AW
B, i A ECFLR B e R E I 254 T, (HIBERES AR Z s, 5 ST i e g,

FEJZ T 5 AT 45 R W], HPCD BIBLIEREI] B4 T F127. B HPCD il £ A AR HT 5 R 2 41
BHOFARYT I F AT IR 1. 05, 302 H A h i e -5E e hil A5 1 B AT 3 S 82, 5 =2 1% HPCD 2
A T=0.15 F10. 2 FBEZPT SRR, RGX 2 P2 M e KB LR (T, ) 1351, I'=2 ) HPCD )2
M KB i REL L F127 B2 0. 2% ~0. 3% , #lls Apetz % [PAGISY, XJEH T F127 B2 LR
R, FEOCTEFLE P & ARG, R b E e,

KRR 2 BT TFCalc( Version 3. 5, Software Spectra) Ko 58 )2 175 1k 2 il 2R A T AL , HrpEitZ
Bron=1.051, BIZIEEEN 142 nm. 1 4 BN L K i 500 i 2 gt 1. 2 S A8 b it
A—2, WML HFAE 570 nm &b, WE(EFZE AL 0. 1%, W I'=0. 3 # HPCD JE)Z 643505 i
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Fig.1 Measured transmittance spectrum of coatings Fig.2 TEM image of sol particles with m (HPCD)/
with m (HPCD )/m ( SiO, ) = 0.3 (a) and the m(Si0,)=0.3

simulated spectrum of coatings with n=1.05(b) Inset: SEM image of cross-section.

Inset; the dispersion curve of the corresponding coatings.
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Fig.3 Nitrogen adsorption isotherms(A) and pore size distributions(B) for calcined HPCD-SiO,
at 400 °C for 1 h(a) and the uncalcined one(b)
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f# /] Brunauer-Emmet-Teller (BET) 23 x0T 5 511, 485 AL BEFT HPCD Bt 5 76 HPCD )2 (],
I HPCD B5)2 A4 He 22 1 AR AL A 20 91 158. 2 m*/g F10. 206 em®/g. MBEBE)5 B2 o HPCD #4522,
FRJZ 1 3 B R 4RSS R I AR IR, DR P2 0 L R T BRI L2 34 5 4R o, 4R T = 620. 6 FI
1.055 em’/g. MALEESH M AT LA, 48085 BEZ AALARHE K (2 nm 3 K% 4 nm) (B4 /N T AT
IR 174 e, v LLZ20ms Hh L5 DR G B 4.
2.4 EaokiEmf

L J2 110 0 25 I Mt o 54 T DA i B2 A VR IR B v A RSB P RE. LB . SR RE R )2 )
i) 25 S PR ISOK o B e 26 i, BB E 2R M RE MO, SR . ot SR HMDS A A BT LUK
R AR R W SR ORI —Si (CHy ) 5, FEIREZ R HEE, I THIRZ i K ERE. 181 4 4
SO I I VS F L - R R HL AR G o7 () A S oy T . PT AR M, 0ied o v MBS 22 26 T i /K 7 B A 42
o, HOKESEM A i 66. 4° 1 FH 2 128. 70, ULIH 2l eiebE I 2 8T R4 oK PERE, #2772
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Fig.4 Model of particles of HPCD-SiO, sol before ( A) and after (B) modification with HMDS and

corresponding static contact angle images
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KV e -5E e, LA TEOS Fl MTES AL [a]aiigikias , Hil & 7 —Fhii K BB AR 5 R 26 R, H
YR BT 34 1. 05, JRZE I =4EM LR , BEZFLIRZAN 4 nm, £03F HMDS 2Pk e iR Z B
KA A IR 128, 7°. SLEG TR 5] AR IE-B- IS M A EFLA, ZBELAIERETL =, I HA BN
FHAG 5.
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Sol-gel Preparation of Hydrophobic Silica Coating-materials

with Ultralow Refractive Index’

HE Meiying', LUO Jianhui*®, YANG Bowen', XIA Bibo', LI Yuanyang',
ZHANG Shuming', JIANG Bo'”
(1. Key Laboratory of Green Chemistry and Technology, College of Chemistry,
Sichuan University, Chengdu 610064, China;
2. Research Institute of Petroleum Exploration and Development, PetroChina, Beijing 100083, China;
3. Key Laboratory of Nano Chemistry, China National Packaging Corporation, Beijing 100083, China)

Abstract  Using methyltriethoxysilane ( MTES ) , tetraethylorthosilicate ( TEOS ) as co-precursors and
hydroxypropyl-B8-cyclodextrin( HPCD ) as porogen, ultralow refractive index films were prepared based on a
base-catalysed sol-gel process. After further modification by hexamethylisilazane ( HMDS) , the lowest refractive
index of these silica coatings obtained from the hybrid sol were 1. 05 and the static water contact angles of the
coatings increased from 66. 4° to 128. 7°. The data showed that the films prepared with HPCD as porogen got
a pore diameter around 4 nm. Compared with those templates such as poloxamer ( F127), HPCD not only
perform well in decreasing the refractive index of films, but also eliminate light scattering caused by mesopore
of the film, will have potential value in the field of surfactant-templated methods.

Keywords Ultralow refractive index; Sol-gel method; Hydrophobic; Hydroxypropyl-B-cyclodextrin
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