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Abstract: In this study, alkoxysilane-functionalized amphiphilic polymer (AFAP), which have hydrophilic
segment and hydrophobic segment functionalized by alkoxysilane group at the same backbone, was synthesized
and used as a dispersant and control agent for reaction rate in the preparation of colloidally stable
organic-inorganic (O-I) hybrid sols. After reaction with fluorosilane compounds, fluorinated O-I hybrid sols
were prepared and coated onto glass substrate to form hydrophobic O-1 hybrid coating films through
low-temperature curing process. Surface hardness and hydrophobicity of cured coating films were varied with
type of solvent and composition of AFAP and fluorinated alkoxysilane compounds. At appropriate solvent and
composition of fluorinated alkoxysilane compounds, O-I hybrid coating film having high transparency and
surface hardness could be prepared, which could be applicable to cover window of solar cell and displays.
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Table 1. Recipe from preparation of O-I hybrid sols

I-0 Weight ratio of

AFAP TEOS Solvent 0.IM
hybrid  AFAP to TEOS oven

solution (© (® (2 (g HC (g
AT-1 1:1 6 6 40 15522
AT-3 1:3 6 18 40  4.6657
AT 1:5 6 30 40 77761
AT-8 1:8 6 48 40 124418
AT-10 1:10 6 60 40 15.5522
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Figure 1. Schematic presentation for Alkoxysilane-
functionalized ~Amphiphilic ~Polymer Precursor (AFAP)
precursor.
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B ARl A Az %ot FAA WA
TEA} AFEA el AFAP §HA] o= Glycerol Propoxylate
(GP, Mw = 266 g/mol, Sigma Aldrich, USA), 2,4-

Toluene Diisocyanate (2,4-TDI, Mw = 174.16 g/mol,
Sigma Aldrich, USA), (3-Aminopropyl)triethoxysilane
(APTES, Mw = 221.372 g/mol, Sigma Aldrich, USA),
Polyethylene Glycol (PEG, Mw = 1305~1595 g/mol,
Sigma Aldrich, USA), &1l 2+ Acetone (Ac, Mw =
58.08 g/mol, Sigma Aldrich, USA)ES A&} oW, -
7] ste]lB8]= & (Organic-Inorganic hybrid sol, ©|3}
O-I hybrid sol)@] A ZA| Tetraethyl orthosilicate (TEOS,
Mw = 208.33 g/mol, Sigma Aldrich, USA), DI water,
Hydrochloric acid (HCl, ACS reagent, 37 %, Aldrich
Chem ical) &1 2= Ethanol (EtOH, Mw = 46.07 g/mol,
Sigma Aldrich, USA), 1-methoxy-2-propanol (PGME,
Mw = 90.1 g/mol, Sigma Aldrich USA), Cyclohexanone
(Mw = 98.15 g/mol, Sigma Aldrich, USA), Methyl
Isobutyl Ketone (MIBK, Mw = 100.16 g/mol, DAEJUN
G Chemical, Korea)S A3} 1L, 243 EREE 1H,
1H, 2H, 2H-Per fluorooctyltriethoxysilane (FAS, Mw =
510.36 g/mol, Sigma Aldrich, USA)E A}&-3} %t}
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Table 1. o] AFAPZ} TEOSE t}oFal u| &= H7}a}
o] Hydrolysis- Condensation HF-3-2 Z3f A% S-F
7] Bho] o= Solo] A& e glet. A £UT
7b AFEE 500 ml shol el 37 2w 7l oA T4
=l AFAPE EtOH, Cyclohexanone, PGME®} 72 o] g
7FA] gufjell Zkzb g A7l 5, ZH2Ee] uh-g E-uf ol A
&3l ¥l AFAP §W-Z AF-2of A wHtA]7]HA TEOSE
A7bslgar, o] o 0.1M HCIE A2 H7tet &
80~85 Col|A] mHl W-2-A]# Hydrolysis-Condensation
Hh32& A3t om 12417F Fof ¥h-3-& SA A ZTh
Hydrolysis-Condensation ¥+-3-A], R Value (H,0/Si%] &
H)= 302 14 sto] o]of ajst= 0.1IM HCl 484
= A7tstodth olgdt WHor AlxE= F-F7] st
o|H | E solof] EAst= Ui UAO 27|15 245}
fI3 4 AFAPQ} TEOSO] 7} Hl&, A& §rfjof w
2} ohoFobA WHItA Z o A E XA A At
A AFPAS} TEOSS] FAHo] utg} Hydrolysis-
Condensation BF-$-2 &3 A|xH §-F7] stolBEg =
Sol& AT solo]g}tal Y3141, AFAPS} TEOSS] H
AvE 1:1,1:3,1:51:8,1:100=% )4 A==
AT sol& ATI1, AT3, ATS, ATS, AT102. 2 7zFHzF s}

24. 22 B8R NBBIHES 0|88 8-57| sfo|=a|S
4 FHUO| FE
223G §-77] StolHeE ol A 237 919

A, WA B w9 ASkE IH, IH, 2H, 2H-
Perfluorooctyltriethoxysilane (FAS)E 0.1 M HCI-S &7}
3}o] Hydrolyzed FASE A %3193 o] & H-FASZ 9
Wetslth. o3 74X W §u)2 o gsto] Axw
F-771 stolHEE Yk dAvE #4HE AT solof
Hydrolyzed FASQl g E thH] 0.3~5 %7tX] A 713t
T, Aol A 12417 FoF HHAA F U §HE A
zstth AlxE eIy A2 ATxx-F00=tal gy st
ATH00 = AT sol o] w2 FASS] H7bo|R).

ol & ET AFAPQ} TEOSO] FEAM|7F 1 : 100]1L
FAS #7}2Fo] AT sol 35| 3 % u AT10-F030]
b3 wyeislch AZE W TPl Edela,
0] 3. EtOH, Cyclohexanone. PGME, MIBK Z}2+9] §-7]
801 ALgelol S HSAT, HEAOR DAL 10 %
of ofe] hx] Ha p§ ARl WrbE §-77]
stoluels wemgol Alxsisic
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25. 9-27| 310|2E|S sl 0|83 2HE HH 2F
Zata &Eto] =2 HCI 10 wt%/ H0 90 wt% o] 4=
ol @A ol 2w Helg B EAHYS
Yol EWA e H Zets Seto]=E EOH| &
A Fo| 2gu g B Fepas Leto|=o EH
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g Akt
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2.6. &N

SHAE AFAPO] BARE selsts] $s) A w3}
F2utE 183 (Gel permeation chromatograph, GPC,
EcoSEC HLC-8320GPC, Tosoh)& ©o]-&3}o] A= A
TA Y A A4S AASER o, Alm &5 A
= SHEs] AHolA A=, HEEEES
Polystyrene, AH-8-% A7|&m 2= THF & AR&3H3AtH
AHL 2 x TSKgel SupermultiporeHZ-H + TSKgel
SuperHZ-2500 (4.6 x 150 mm), A|Z-8No|}= 045 mm
PTFE filterE AF&35}¢1 3l 12]a1 40 Co A A8 =
3mg/ml, F=Q1oF 30 pl, 0.35 ml/min®] §&£Ho0 2 BAALS
Agsteiet. EAFRE Fo g A oA EEH
(Fourier Transform Infrared Spectrometry, FT-IR,
Thermo scientific, US)& ©]&3}o] 4000-400 cm™ & &
oA HAFA FFESY Fx FAS AASHA,
Hydrolysis-Condensation HF-3- A] EAF oA A 4 wh-g-
&% A2 AE-E AFAPQ} TEOSE AHE-8o] Al
H Uk FRol=9 JA AV]= &4 FAbst (DLS,
Dynamic Light Scattering, Zetasizer Nano ZSP, Malvern
Instrument, UK)S A}-stol Z4atsich. A28 AT
sole] HAF2E mhotsly] 98] wialr] B R3]
500 MHz(Nuclear Magnetic Resonance 500, Avance-500,
Bruker, German)S ©]-&3}o] 29Si NMR spectras H4]
Steith AT sol AHE-Sto] A5 A3t 59 F7&
dF= A fE dEEEA7l (TGA,
Thermogravimetric analyzer)& ©|-&3}o] =82 A7 5}
I ALE7] steA 25~800 C oA £ 2
oot 9o =g Selstr] s €A =E
o]-g-3to] 1Kg Load 27104 HHEAS I3t
o, ZPYLY FAE A5l Y& FASAE7
(Digimatic micometer, Mitutoyo, Japan)S ©]-835}o] #l
yotelar, o] Wz gk2lsty| 93 DI Water
£ o) gslo] AHAEL ZAssch B el £ 7
272 warel7] 9 YAH0] A (AFM, Atomic Force
Microscope)& Fall X5}, IR A|mxHo| &

ofs
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Figure 2. FT-IR spectrum of various AFAP precursors.

At gase] A AageEe 2457 9
ol Ago] FHR B3Fr] (XPS, X-ray Photoelecrton
Spectroscopy) & ©] §5te] Aaysteict. FHure] £
=& ZASHZ] §J3l UV-visible SpectroscopyE ©]-83}
o] 350~800 nm Wavelengtho] QoA HAS X3
sh3lch.

3. 210 32 IH

3.1. AFAP &FH|2 S &4

Fig. 20] @A of2] 7}x] A LA A4 9
sbebE 25 wotstr] Qs o] vE AoH &
¥ (Fourier Transform Infrared Spectrometry, FT-IR,
Thermo scientific, US)S ©]8-3}o] 4] 4000~400 cm™
o o] AHEgL et

2. 2280~2260 cm™ ¢ &l o] A Isocyanates group?]
-NCO peak7} UEIY R ¢= Ao 2 Hol Hydroxyl
group?l -OH®} HF-3-2 %3] Urethane bondingo] & A
H AL A, 2990~2850 cm’ G oA A=
shetEol Sl -CHs-} -CH,-7} E2A8t= A& &elst
2o, 950~900 cm™ <o A Vinyl groupol &35}
= CH; out of plane wagging peak”’} £A|3}= A2 3
Ql3t 2= 919l o1, 3350~3250 cm-1 o] 4] PEGY]
9]3} -OH peakS 218ttt E3F 1740~1720 cm™ <
Aol dHls]=of &3t C=0 peakE =215+t
4% AFAP A B3} B34 o) ebgE 1
Zo|= 48908 YAeln DLS ZHE A
A5k Ak, 24 Y275 23~38 nm W 9lof 9)
o} A B3} AzulEdd T (GPC) AL
H AFA Y A EAE 2,211g/mol, FHFE A E
2 4,400g/mol=Z 2l ¥ ¢t

e

A&

o

317

Table 2. DLS results for AT sol prepared with various weight
ratio of AFAP to TEOS

AFAP : TEOS .
Sample . . solvent Size (nm)
(weight ratio)
AT1 1:1 18.14
AT3 1:3 38.01
ATS 1:5 Ethanol+water 37.46
ATS8 1:8 20.50
ATI10 1:10 17.59
100
ol
80|
ol
= L a
S el
@ L
S sf d
,“;g::: wl
= sl e
2l
w0l
D i 1 1 1 1 1 1 Il
0 100 200 300 400 500 600 700 800

Temperature (C)

Figure 3. TGA results for cured coating AT films prepared
at various weight ratio of AFAP to TEOS : (a) AT10, (b)
ATS, (c) ATS5, (d) AT3, (e) ATI0.
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Table 2. o] = t}oF3t AFAP : TEOSS] FA B E 7}
Z] 3L Hydrolysis- Condensation §t-8&-& 3l A =9 -
7] sfo]Hal = Solgl AT sol®] DLS %4 A32 Lpe}
Youek AzE §-577] stolHel= e JAe] A7)
L TEOS/AFAP®| %} u]o| u}a} wWslstd on, o7}
7] 10~40 nm Hejol AU ol A=
TEOS Sol¥} AFAP7} 743t =4 A%HS & 4Adsto] TEOS
Sole] ™ ¢ A5t} TEOS Sole] Y= UALE7]
o $% 9 $HHL AL PASE VL £ A
o AZTEM, o] Qs A FAE o ol
w 27]9) Solg ARY & 9 Aol AEL
Fig. 3o]&= AFAP¥} TEOS$¢] Hydrolysis-Condensation
He& &8 Al=E 5771 stolE2 = Sola ¥ F
ASNA AxE 2Eute] 578 FFE 2415 9
A 25800 Cof W 9ofA 2ERste] e f71&
A9 B4 FANMIE A 918 TGA &
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Figure 4. ¥Si NMR spectra of amphiphilic sol : (a) ATI0,
(b) AT10-FO3.

7} B8 W% gero] R9on] AT, 3,5, 8, 10
XY =ZE 26.85 %, 45.13 %, 54.21 %, 60.09 %, 64.45
%o F7]EvrEol AR QAT

Fig. 4o]l= §-F7] 3lo]E 8= Sol® 29Si NMR
sperctras 3t 1T E veEFY o, R (OH/SI) %k
2 302 ngste] ARE AelR SHABLS -100.59
ppm Jelol A W} e Ao ¥ o, shpe] b
2 A8l D8-S Bekei 327] A gl
Q9 F22 2= AR 5ol AXH AL <
stqih [17-20].

33. X |/-F7| ofo|HE[E sol2] ZHEH =4 HI}

AFAP ATA S 7514 obe AHolA 4k Zu) =
Ao A TEOSHHS AF-8-3}19] A Hydrolysis-Condensation
32 F3 Al2HE Sol& 100 ColA] F sl o,
AHs ol 2ol Aut WA E Aot WEL Fdo| st
A A7, 71 2ke] F2abeo] HolFth 2Lt AFAP
AAAE BARHA W 9hg& = 2 -4A| 2 0] &5}
A A ZE AT Sol& Glass Slide$jo]] 100 CTojlA 108
7 ALAENE FAA WS FAY DY G

o g4E DPee FAS AYFAL o] Fglon
AL 15~30 m Wele] UAsleh ol IYTHE B
) S olF F ARAL 1, AT ez} A
2 $&3to] mYupo] FYH L Flojn], o] F AR el
2§ AESE NS ARI], 54 7| So]
HE F712Q) £EsS Fa) A1) dejzt vheg
A2 AFHE L, of U AFAP HASS §4HL Al
s 2 YR $F, SHHE AS $A
SHe Q@E stof S FUAT Uel7h e YaEol
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F7) Soluels & A% B olF olgF W =Y 15

R

Table 3. Transmittance and Surface hardness under 1 Kg
Load and Thickness of coating films that prepared by various
composition ratios of UAN and TEOS

Sample  Transmittance (%) Hargzgscsﬂ ) Thl(ill;l)less
ATI 82.79 - 2.7
AT3 91.20 1 2.8
AT5 90.99 5 1.5
AT8 91.20 6 22
AT10 91.20 6 3.1
120 b)

of ™

60 |

40 |

Water Contact Angle (°)

20

AT3 ATS5 AT8 AT10

Figure 5. Water contact angle for coating films prepared using
(a) ATxx sol and (b) ATxx-FO5 sol.

agde] YAHE 482 S Ao ARHEL §
Aol FAE et e GAES ddste 488
sho] w4 FGolu} pinholeo] §li= o FAT 317
422 PHT 5 Yt ATE 2YFE Ao AL
g}

Table 3. o] AT sol €90o] FEE ZFtA &gfol=
yot 2 '

o B W AeE SAT ARE 47 UEY
ATt TEOS/AFAPE] H|&o] & §AE59] APl =
F P F84 1 K kg9 EA =l T
2 #UAEE YEdden, FrE dFo] ¥
AT AT39] A9 22 Feel We RuAEE Y
ERf et

34, UeTYYO| I BH E4 It

Fig. 5= o8] 71A] 2402 Azd §-57] slo]=2
2]E Solof] &4 3F AHIFES LPEY 5 % v
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Table 4. Water contact angle for ATxx and ATxx-F05

Water Contact Angle (°)

Sample ;
No FAS Adding FAS 5wt%
AT3 62.25 79.9
AT5 70.57 105.6
ATS 75.24 103.1
ATI10 69.44 111.4

Table 5. AT10-F’s water contact angle according to the
amount of H-FAS

Sample Water Contact Angle (°)

ATI0 80.2
AT10-F003 106.7
AT10-FO1 108.5
AT10-F03 114.5
AT10-F05 111.4

Table 6. Transmittance, surface hardness and thickness of
cured coating films of AT10-FO3 prepared by various
solvents

Solvent used for

Transmittance Pencil Thickness
ATI10-F
0 0 3 (%) Hardness(H) ()
preparation
EtOH 91.62 3 3.25
EtOH + PGME 87.83 6 445
EtOH + MIBK 51.55 6 4.7
EtOH +
75.11 5 3.25
Cyclohexanone
PGME 75.11 5 2.45
PMGE + EtOH 88.46 6 29
Cyclohexanone 75.11 3 3.55
Cyclohexanone
+ EBtOH 92.18 6 3.1
At B E shFo] 50 % o]AFQl ATS, ATS, AT109]
79 AFAP/TEOS®| 7} u&o] w7] ujio] 57]%
%2 o2& Merh Limglapel] AESHE nlukg Azt
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Figure 6. AT10-F’s water contact angle according to the
amount of H-FAS.

Figure 7. AFM topographies of AT10-F03 films spun-cast on
glass substrates at various solvents : (a) PGME + EtOH, (b)
PGME, (c) Cyclohexanone, (d) EtOH, (e) Cyclohexanone +
EtOH, (f) EtOH + MIBK.
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Figure 8. XPS results of various coating films : (a)

AT10-F003, (b) ATI10-F03, (c¢) ATI10-FO5, (d) Fluorine
content change at the surface of ATI10-F coating films.
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