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The self-assembled monolayers (SAMs) of perfluorocarboxylic acids were fabricated on several metal oxide powders.
Perfluorododecanoic acid and perfluorooctadecanoic acid were used to study the effect of chain length on SAM. Alumina,
Tantalia, Titania, and Zirconia were the metal powders used. The formation of the SAMs was confirmed by DRIFT
(Diffuse Reflectance Infrared Fourier Transform) spectroscopy. Since the perfluorohydrocarbons are well known for their
hydrophobicity, the resulting monolayers are also expected to have high hydrophobicity. The quality of DRIFT spectra
of SAMs was dependent on the powder size as well as the element of metal oxides.
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Figure 1. DRIFT spectra of (a) neat CF3(CF;);0COOH diluted
with KBr powder, and (b) neat CF3(CF,);sCOOH diluted with KBr

powder.
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Figure 2. DRIFT spectrum of CF3(CF;);sCOOH monolayer on Ag
powder.
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Table 1. Peak Positions (in cm'l) and Mode Assignments for CF3(CF;)iscCOOH Powder Dispersed in KBr and CF;(CF,);sCOOH Monolayers

Adsorbed on Metal Oxides

Assignments Powder Monolayers on
(in KBr) Ag ALO; TaxOs TiO, 7r0,
v(C=0) 1758 - - 1755* 1763* -
Val(COy) - - 1682 1667 1679 1659
Vs (COY) - 1403 1424 1426 1432 1445
V(CF2), V(CF») - 1235 1253 - - 1234*
V(CF2, Az) + V(CF3) 1210 1212 - 1210 1212 1211
Vy(CF2, E), 8(CF>) 1154 1153 1166 1153 1154 1157

* shoulder peak
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Figure 3. DRIFT spectra of CF3(CF2)iscCOOH monolayer on (a)
ALO; powder, (b) ZrO; powder, (c) Ta;Os powder, (d) TiO, powder.
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Table 2. Peak Positions (in cm") and Mode Assignments for CF3(CFz);0COOH Powder Dispersed in KBr and CF3(CF;);0COOH Monolayers

Adsorbed on Metal Oxides

Monolayers on

Assignments Powder
(in KBr) Ag ALO; Ta.0s TiO, 710,

V(C=0) 1756 - - - - -
Va(COY) ; ; 1679 1680 1689 1670
Vy(COy) - 1406 1416 1414 1419 1424
V(CF2), ¥(CF2) 1223# 1233 1250 1252 1254 1251
V(CFs, As) + V(CF3) 1203 1209 1227+ 1227 1230 1225

Vi(CF2, E)), 6(CF,) 1152 1153 1158 1156 1154 1157

* shoulder peak
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Figure 4. DRIFT spectrum of CF3(CF;);0COOH monolayer on Ag
powder.
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Figure 5. DRIFT spectra of CF3(CF2);0COOH monolayer on (a)
ALQO; powder, (b) ZrO, powder, (c) Ta,Os powder, (d) TiO, powder.
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23 Co, HIvE AFAET Coy o AFES] F FF &5
Abe1e] ZFAA)E 247 em™ellA] 270 em™ & T Yol 21E E 5 )
Tk CF3(CF,)sCOOH THEAM o= 1212 em' ol #2EE F5
B-9-217} 1230 em” & 0] 58kl shoulder® WERFR 1254 em™ 2] &

& 857 A7 Aoz ol TU1eE W, 1154 em™ 9] F5 B
22 A7) Ao R A 2E B 5 Qlvh B8 CF(CFa)is
COOH HEAFEA 1606 em™ollA #EEE F5 5927} 1617
em' &2 o) EEAN FEAZI7E A AE B 4 gl

9 AHES HEs B CF3(CF)iCOOH THEA[ER] A #H =
of H]3l| CF3(CF2)10COOH THEAFERe] AHER o= CO, HIthH
AEZET COy U AFZEY] F FF 598 Aol 1 Av)ol
U WoH= 28 B 5 Ak 22lar 1250 em ' e F4 -5
AL iR ew aA S/ s B vk

McQuillan®] K.31e]] 2]} carboxylic acid”} carboxylate®] S E|Z
v} 9]= W= unidentate 2} bridging bidentate, “12] 3L chelating biden-
tate2] Al 712 397} 7Fssickar doi15). o] w) 242k A= A
2] AHEHAA carboxylated] F 7HA] AFZF] S B-9-g
Ao ZHE] FHE &= Q)t). 5, unidentated 9ol F 5 5
$-2]9] 7+70] 350~500 cm™©] 1L, bridging bidentate?) Z-$-oll3= 150
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Table 3. Contact Angles of H;O and CH:I, on the Surface Uncoated
and Coated with Stearic Acid, or Perfluorooctadecanoic Acid

contact angles (degree)
uncoated CHs3(CH,);sCOOH coated CF3(CF2)isCOOH coated
H0 31 78 99
CHal, 38 46 90

~180 cm™©]™, chelating bidentate®d 7-$-¢l&= 60~ 100 cm™©]T}. ©]
23 carboxylate?] 7 714 AERNFO ¢ B9 7170 2 H5E]
carboxylate®] ¥l $] “FENE & = ATH15]. & AFeA 323 vl
o3t F&atsE 2 e FAE T el tidte] CFx(CF)is
COOHIA K.t} CF3(CF2)10COOHIA carboxylate®] F 714 2157
T F By el o AXE AL & F 9lEt, ol Ch
(CF2)1yCOOH 247} F4:4k81E ol &2 u bridging bidentate
BHT}= unidentated] 717H8- HE|E F3E Aolgh= A vEhiIth

1231 Buke] 2 E0] 2 Ti0,9h Tax0s F 2ol A= CFy(CFs)COOH
9} CF3(CF2)iCOOH A EZ Q] F= g-9-2] Fo] Afo|7} vpA] ¢kt
O, el XFo] 1 pym "RERL ZrO, ¥ ALO; ol A=
CF3(CF,)10COOHO A Bt} CF3(CF,)sCOOH THERERe] Al ER] o
A F B2 O A deRs e, o] gh dA AEo] 7?’3} z

& 302 A ALO, RuelA b #45) ekt ol 3%
& Sl B39 ke A18o) e walo] FaEUA o 1 2%

Aol arejiio] FAME 7hsAdol £7] WEoR FE

3.4. Perfluorocarboxylic acid2| S=0| 2|st EMHe| MFZ} s}
&0l 2] AkslE ®el perfluorocarboxylic acid”} 52+
o] o] AFAOE Mgk RS (Ao R FAs] flste] &
Fulgo] IR E PMMAde] ofe] 714 7F2EARS Q8] HE54E
%osl' ATt A WO HFA, 24 o E(H0)9] EHel o
i) 7t 2o 7 o %P_f’% duodomethane (CHaly)9] 9ol of
3t AFZto 2 H{A(lypophilic), A-d(lypophobic) ¢1F-5 & =
2 O % perfluorooctadecanoic acid= EF3}=22] stearic acid
of Hjsto] AHdo] o Aetal ¥ wdetal o & 9 E AUr &S
ol & Aow deiA glrhie).

]2] A, stearic acid 2 perfluorooctadecanoic acid@ *2]¥ %42
E3} CHalholl T3t H=2F Avl= Table 33} 24t} Stearic acidZ ]
¥ 49 =7 diiodomethane®]l tidte] x2|a}A] ¢k Fhol H]a}o]
HA=7to] ZFUlsh= 7o) s Jelgjon ZZe=w X3y

perfluorooctadecanoic acid®l -9+ "¢ & AH2Hs YRSt o]
+ perfluorooctadecanoic acid”} &) # HH2 Fof AA] o= A&
Ggol S 2 WHS PYohs AL BE OE AR BAE 2
S gk T oUAZE S e EAS BHATH: AL =
Stk olelgh 9 oUA|7L W WS 9 ©slra Foll A &
glo] B4 eyt waEo] ke A4S HAE Bt} U K WSl
o] &8 7Fs7dol TS|
4.4 B
Fo2 A% PR BAS AvtYs) e Ew oIS

]%?_P thegh §87Fs A o QlEl o] o] 8% A7t &ts] o]
o]2] a1 it} o] Aol A= perfluorododecanoic acid [CF3(CF2)10COOH]
2} perfluorooctadecanoic acid [CF3(CF,)sCOOH]E % HEQ Ag,

R ANl

O~
ARE

kel

He AR 547

ALO;, TiOz, ZrO, ¥ Ta0s X 3}8-52AA S ¥4
& 7 ZRNEXS DRIFT WS o) 4sle] AFslda ey e
A& Ud F Atk

(1) Ag, AlOs, TiO,, ZrO, % Ta,0s2] 5714 T;L*}%\‘ B adef &3
# spectrumel] ] =5 -COOH”]2] C=0 A1F W%9| & 852
7t AL AR AL Al o, vt AlF%% %ﬂ} COy W 21&3E
o] F4 SEl7F WA= A0 E BO} CF3(CFa)isCOOHS} CF3(CFa)io
COOH #Ak= o+ =% &% 3ol carboxylate®] FE|Z S =
A& Btk wEbA] JApAA S5 B A 2HYPO R APl
ZAet AESSIES FHAA 25790 BHoR M= 54
-T—f—\?ﬂﬁ— 2= olgd]q.
(2) CF5(CF2)0COOH7} 3 F4Ak8Hz0] CF3(CF,)6COOH7}
Pl SEAslE Rt Fea-g-ge] FHo] ANt oR Folxl= A
B CF3(CF2)10COOH7} CF5(CF2)1sCOOHE.TF v o] 245t
Z]-El 1o 63/\']6]—_0_ 01— /\ 9\19};}
(3) CF3(CF1),0COOH7} &% %%*Pﬁ}gol CF3(CF»)1sCOOH7}
Fel SE5ANSHE R T carboxylated] F AlE FFo] &4 B¢ 1F

o AA= ez H CF;(CFQ)IOCOOH FAF TEA s
-2 o] unidendate®l] 77k FE|Z & E= Fow vy

O

mlo

M o oo
i-m 4

ﬂ:l

2 0 ND

oot o
£

B Y o

(4) WS CF(CF)i6COOHE A#sh= A 3EHe HEH7R>
CH;3(CH,)1sCOOH®E A &|dh= 799} Bliwste] H02 CHaLoll 3l
B OL 34 S7FI3TE S, CF3(CF)16COOHE A E3h= 3% &
739 vl vk B UXE AYs EES AT

o] =i 2002d%  FETEREAGS] A Y(KRF-2002-002-
D00038)ll oJ3te] A-E]9lom o]o TPAL=g] T
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