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A o)A BAHE o] gato] HAke] thekst pH(3 ~11) W3} W F&ol&(Na', Ca®!, La’") Aol w2 perfluorostearic acid
(PFS)9] o]23} Aol 3t A5 43813t} Langmuir-Blodgett (LB) 4322 315 gl £A18k= pH W3}l 4 F&ol
9] FHoll W2 PFSS] -COOHY C = 0 A%3% =49 COO B9 o)F W 7o) Wals WA An} sy -89
9] pH7} & 7Z-¢ol= PFSY] -COOH 159 C = 0 I3 Al71¢] 747} La3+ > Ca’" > Na'9] 07 et} o=
PES®] it ket La¥' 7} 71 220, Ca™ @ Na'9) M2 gt 218 o 4= Qloh T8k S5 sl A
% perfluorostearate ©]-22] E-&& 57 IR ~AFER 02 RE A lst Qﬂr oF pH 39] Y2 pH %Ioﬂ*t_ 50% ©]4+9]
perfluorostearate ©]-2-°] == Z& #A3IG o, o]2ldh AI= PFSQ| o] 2317} stearic acid (SA)ETF H& A&
ERdHTH

Collapsed perflurostearic acid (PFS) films were prepared on the different pH and the various metal ion (Na', Ca’", La’")
containing subphase using Langmuir-Blodgett (LB) trough. The degree of ionization of collapsed PFS film formed from
floating monolayer has been determined by Fourier transform infrared (FTIR) spectroscopy. The intensity of C = O of
-COOH peaks of collapsed PFS decreased with increasing pH of subphase. The order of ionization of collapsed PFS on
the subphase of the same pH was La’" > Ca’* > Na'. The degree of ionization of collapsed PFS on the Deionized (D.L)
water subphase is above 50% even at subpahse pH 3, which is much higher degree of ionization than that of stearic acid.
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1. M = 31sto 24 SAS -COOH7|9] € = 0 939 A7|& #43stal 1600~
1500 em™ oA YERH= -COO™ Bl 415 A% A7t Ajze] 44 H
Stearic acid (SA)S] BE TAUAE B4AUAE X3 perfluoro- © g Eelon, sHAe pH # Wisle] webdE -COO™ o9
stearic acid (PFS)= 54 4 APAbE o Seksla 738 25A4)S XU, A= A7t d2nhs A7 A3 Raso] gloh4,5]. E3t s
oS ek AMg o] =54 A e IS 7] wie] B 5 o] EAleH= F4ol&(Na', Ca™, APT 9 La*")e] £5o] we} o] 23kd
ofol] & 715430 wi¢- ‘3]-[1] TERERS- attenuated total reflection (ATR)-IRHS o]&-3fo] 3]
Langmuir-Blodgett (LB)¥& ©]-8-5} O]?ﬂﬂ A =S o] &3t A o] WS gRlstal, sHrell EAlshE w&ole-e] el w
T ATEAE FY Ee] 5501 A B BAE Al 2} -COO™ ©]&o] A== pH Fojo] epith= A3k Baxo] glct
AV ST FHAA BT 9 ALK Eoke] o] &5k 98t [6]. ol g A7+ AH=E LBES P o] 28k = aHde] pHS
o] §&0l&9] T, 25, pHEl W3l sl i o] &3} Aol ¥t EAshz ol el g gEHolehz As Ve Utk
77} &dks] HE|o] ghri2]. 53] o3k ATl loiA A9 3 PFSo tigt AFEAME st EAlsh: thfet 45012 (Na',
W2 AEE SAIA o B0 FH 9 Waks vitsA 54 Co™, Ca™’, Cu™ Y La’") ¥} 34 pH #k9] Wd}o] whe gk
sk 4 Qlof A FFEeA LB B F2E dAgeket g ARH L AGAA(A) T4 BHGE S8t EARE AT AL 9 kg

ATH3].

SRR wjdo]l thgt 5, 18] 31 PFSE gold-coated glass slideol] LB
SA WEAo| 3l ol2ldt ATES B s F4ol&(Mn®, H O = depositionr]#] FTIRS AFE-310] PFS chain®] 7]4e| o3t vk
Fe’', Co™ @ Ni*")9] 5ol wl} SA9] -COOH 7159] o] 2317} ¥ el digt 77 o] QlTh7,8]. Teiu, vhket wele] ke
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PFS wHExlho] 3ake] pH 9 EAjshs F40]129) F5ol ule) o]
231%™ -COOH717} -COO Z W3}sl7] wlie ¢ = 0 979 o]5¥}
s} Qg Zlog opdEt ulelA o dolate TRz
ool & F£0] ¢l Na', Ca™ U La’ 5 3ah= 5ol sRde] pH7t
3~115 W3dte] ule} 49 AHEH] 1900~ 1300 cm™ 2] o
A YER= -COOHS € = 0 ¥4 % -CO0™ 3|79 H3ls Aaslo
0|23 S EAELL &, 2 Aol FTIRS AREsle] a4
pHG~11) W3 9 ZAsls F40lL&(Na’, Ca™’, La®)9 77} PFS

9] o] &5} 7%l u]AE Ao Bt ATE FAEGT 1 AANES
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Perfluorostearic acid (PFS, CF3(CF2);sCOOH, m. p. = 162~164 T,
97% min.) % pentafluorobenzene (PFB, 99%)<- PCR Inc. Al3& AR
3910m, NaCl (99+4%), CaCly+2H:0 (99.99%), LaCl; + 7TH,0
(99.9%)$} FlEhe (HPLC grade)S AldrichAt #1E2 ARE3ISITH
Langmuir-Blodgett (LB) =39 Al1&& $181A4 YaleFE(5)9 chloro-
forme ARESFITE SHEE 182 MQ - em® A71AE ke 7HA=
go] 35l FF4(Deionized (D.I.) water)E AHE3FATE

2.2. PFS HMIH oMo| xH|

PFS FH A &8 PFB €115 AFE-3l0] 2.0 mg/mL %9 stock
solutions 10 mL H|2~ ZefATE AREslo] A|Z3lo] ARSI o) |
et A MerER sl WA EgkaTed 20 mge PFS
A7vet & Sl PFBE #7Fek3l oM, PFSE PFBel| tigh Sa s
7A717] SJ8le] WekS 1 PFBE] FAHZ ok 1 : 869 HIEE ek
2% H7PAAT

to ofN mu | >

2.3. CIYst 250[20| H7IE sHEAe| =HA|

SHEe] pH Hiskel T40]29] Firel w2t ¥ H PFS HE9) o]
stoll Bt ATE 37] SASA ThFeh golo] Hrhe SRS Alx
39tk Na', Ca™ 1 La3*°l T59E gol2shd SHRTY 2 L viAE
ghngel ] Egtstel 107 MO s 247 Azl Alxw 89
9] pH 248 FudlE AMgsto] 2 L WaZekadolA ~0.1 ¥ ~
0.0l N HClTJr ~0.1 @ ~0.01 N NaOH F49& &% #7181 pHE
8% F LB =2l A4 2%

2.4. PFS & M=

LB A2 NIMAALY type 6025 A14319] A-&o]A PFS BES
Az39ck LB 28] A4 chloroform e o]-g-3}0] Al2/a}910n, &
oleslE ZE5E LB 222 St AHS T AMEleit) s B
Ao ol EAE AAG] sto] ek EekaaF olgatel mHe oE
Ag Flste] A st om, sHde] 9l LB FF rim §1%
1 mm % FAAZCE PFSe] @At A4A1717] 915te] PFS
A7) 49 113 pLE o]z FAPIR d & AA)5] Pojglon,
g o] Z=uky) whRjke] ebHElE 9)510] 20 min W3 T oFEa9)
k. OL:%— == 40 em/min® 8lo] PFS THEANERS B 7] on, A3
3 1 43to] AAE PFS 92 IR 544 ZnSe disk (A5 25
3T B2 % ZnSe diskS diAlAIO)Ele]] 3 h A% HAe}
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Figure 1. FTIR transmission spectrum of PFS in KBr pellet.

o A% 729 FEE AANZ F AF 2o 50 TE 24 h &t A
ZAZ1 & FTIRZ ~FERHS SAsIGTh
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2.5 MM B &M

FTIRZ Jascorle] FTIR-620 ARE-8191 0., Deuterated triglycine
sulfate (DTGS) HE7|1E AHE3ISIth AFERS SAH = 4000~
400 cm' 02 ALl e AL A EE 4 em”o]H scan 200
2 z8srr).

FIKtransmission) =2

3. A1} gl &t

3.1. =45 PFSe| MMERT| #A
FTIRS AM-8lo] 5743 473t PFS9} o]3}E PFSS ~HMEHE
< vlaete] s o] 2FF Yl pHoll ME o] &3kel e AE-S AT
871 sk, WA &5=¢t PFSQ] A AFEHS KBr pellet WS
ol-gsle] Z4slglom, 1 AFE Figure 19 1900~1000 cm™ F
i \%E}LHNE} Figure 1¢] 55 PFS AFE& oA 12087} 1153 cm™ 9
At 3358 247 CR9) vidid 49l Ol A% 2F 935014, 1776
71757 em™ 9] T3 93 PFSY -COOHS C = 0] g3t A%A%F
gFolm, F |9 vI= FAAEE PES olZA 9 cisé trans FE]2

T2 wEel vYehs v3E AZEch9).

3.2. CIF5t SIRAIIA S2IE PFS TE2| pH 2|&EM

D.I. water 3749 pHE 3.5~10.92 W3}AA7PHEA A %3 PFS
2] FTIRAFEH S M3E 1153 cm™' 9] CF, H|A A&21% 33
o thslo] normalizedte] Figure 2] YERSITE g 1800~ 1600
em’ HSlel N AfER ] WElE AAE] #AEE] fsle] 1800~ 1600
em’ 99E rjete] 49lEt 2oz eIt Figure 2014 27
PFS HE2 1778~1771 em™ 9] C = O A% 33, 1680~1670 cm™ <]
CO0 9 u]rﬂiol ANEANE 339} 1431 ~1416 cm™' 8] COO™9] B Al
2% 9737} BFE A pHIF 3.50014 1097 Z713te] wle} 1778
~1771 em™ 8] -COOH 719] C = 0 YA+ FH 7223 o 5= 319
t}. o] 3k )= A)719) e PFSY -COOH 7]59°] COO % ©]23y]
WA -COOHS] &go] 57| ulFel yehtls oz shedch
PFSS COO™ HItIE AE3% ¥3E= pH7} S7Fe] wel 1670 cm™
(pH 3.5), 1672 ecm’' (pH 5.6), 1675 em™ (pH 7.3), 1680 cm™ (pH
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Figure 2. FTIR spectra of collapsed PFS films on the D.I. water sub-
phase at various pH values.
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Figure 3. FTIR spectra of collapsed PFS films on the Na’ containing
subphase at various pH values.
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8.4) 2 1692 ecm™” (pH 10.9)% T57}h & Z0 2 o]gah= Zlo] o
=]k

Na'o|&o] ZgE|o] 9l 3H/de] pH Wslel| whe PFS LEFo] A3
E#] H3E Figure 30 YERIATE Figure 30l YEbd vlel ko] pH7}
S7F3el @t PFS] -COOH 159 C = 0 A1%5%E 3%l 1780~
1766 cm™ &) M 29 AV AR B2dhe 28 & 5 39en, o5
PFS7} o] 23l ® A PFSS COOH 7]5°] COONa & o] A==
daro g e o] 238 PFSS COO™ Hlthd A&X%F ¥ 3+ pH
7} Z7Vekell whe} 1668 em™ (pH 3.3), 1671 cm™ (pH 4.3), 1671 cm’'
(pH 5.6), 1676 cm™ (pH 8.2) ¥ 1684 cm™ (pH 9.3)E UEP+oH, pH
7} 571l w2t coo Hlu AlERE 939 AA7F 44 st =
2 %07 o]Fstt ojyet Arhs Ao R Eol2eH SRS
AHES] pHE 7M1 wel 22 AsS depdS & 4 qlslth

27} oFolel Ca’t FEolo] el EdEo] e
PFS AE2| pH W3l whg} 4% FTIR AMEHAES Figure 4 1}
ERNGITE Figure 4004 B Hlo} 7ko] 27} ofo]£Ql Ca**e] AHEHd]
A= COoO HITA A1EX% 933 1668 cm™ (pH 3.5), 1666 cm™ (pH
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Figure 4. FTIR spectra of collapsed PFS films on the Cca** containing
subphase at various pH values.
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Figure 5. FTIR spectra of collapsed PFS films on the La* containing
subphase at various pH values.

7.0), 1667 cm™ (pH 8.9) & 1669 cm™ (pH 11.0)Z 7] 3)=19] o]Eo]
TR Ak o] 2L Ca’t el 7% PFSY o] 243 #4191 0 (3.5)%
Ca™ (1.0)8) A7) AT zlo]7} 2,584 A7) w¥io] FHAednrh= &
¥ PFS AN 27} “disoap” TS FASto] e ZQl Ea}
TZE Qlste] PFSIH] wblEo] Ao Ueh b= AR Helth SA
Al o] (zn™, CdY ] Aete] QoM E “disoap” TEE
gt A Ba vk olui11].

La*'0] &% ¥3lal= 58S PFS A1t ahpako 7 ALH g
S w9 AFEZQ M3E Figure 50 YERNSITE pHZ} S718 ] wle}
o) 231 FH, Na', Ca’ 9} PEPIA 2 COOHS € = O 9219 A
71 okl o, pH 3.08 W& pHOlAE -COOH 189 C = 0 9=
] oF 94% o’do] COO ] FHZ Wglet A o2 Hojzit), olgjsl A7
= SAY] o] &3} Aol QloiA 37k Fol&Ql AP} La’ v} S
o A8l B9 o] &3t} pHIF 242 4.0 W 5.59) W pHOM
7] 100% o]2sdrhs Ad3g} Hldt A3E vepdthe]. -COO0 9
H AERE 935 1647~1644 cm o)A RO SRR
Ca*'o] o] A71E9E el vRIA R ¥ 9129 o]0 A2l I3l
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Figure 6. Ionization of collapsed PFS films as a function of subphase
pH.

oh EE 1478~ 1427 em’' oA YERFE -COO™ B AR A7}
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3.3. 0|23}lEl PFSQ| stearate 0|22 S22

sHAo® gol23lEl TR, Na', Ca”' ¥ La¥' 5 Alg3lo] PFS 2
25 AL, PFSY -COOH 719 % & %7} -COO o] 207 W
seteAE Aoz FAs] fstel, CR, HU AF3%59a<l
1153 cm™ 979 4%S 71302 -COOH2 C = 0] &3 F5%2]
AT RE AR, 0123 B B8, Xt oFIY (1) A3
ATt

Xeoo =1 - (A1772cm"/A1153cm")/(A1772cm"/A11530m")0 (1)

714, Koot PFSE] O] 238} 88, Airnon’ B Alision'= 47 ~
1772 em™ oA YERF= COOHS) C = O 339 §4%5 2 1153 em’
M Yehbs CRe tid A% 939 FFss 44 dehdth
(Ar7mem’/ Anissem o= 5 PFSO] Appem’ 2 Aniszen'® 575 HIE U
ERdL 9 A (1) ARgst] Atst ARES Figure 60 eI

Figure 62 2= D.I water 3/l thslo] SAQL Hlwslo] K,
SAS] Z5-oll= pH = 7714 A2 o287} X3 =]x] $EAwH6] PFS &
HApure] 9ol pH 3.5914 % 52.6%9] o237} X&e e & 5

3sEt "M 193 ® 1=, 2008
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Figure 7. FTIR spectra of collapsed PFS films from the various
ion-containing subphase at ~pH 3.0.
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Figure 8. FTIR spectra of collapsed PFS films from the various
ion-containing subphase at ~pH 7.0.

Utk E3E 17} 01221 Na'7}F sHdell Ak 79l pH = 3.3°1A4
50.7% perfluorostearate ©]-2©.& Wasl, 27} F40]291 Ca*7} 8f
oo EAIsk: A= pH 3.5914 % perfluorostearate  ©]--©]
69.7% AW, 3k 37} o] <l La¥'e] Aol pH = 3.004 %
94% o]&sl7} MaHTh= 2 & sl

3.4. Z2 pHYHOIA CIASH ohAol 2 O|2F% H|w

Figure 7¢I14] Figure 9% 3H+4¢] pH7} ~3.0, ~7.0 ¥ ~8.0% ¥
sglo) wet Hol 3l SRG9} Tl Fiel mE -Ccoo Hl
Z AR 932 wslel o]238 £AME 4A vluwskr] 13t Figure
29141 Figure 59] HjoElE Ag]ste] thr] YERSITE Figure 7014 B
™ pH 3.0~3.5 49lx PFSS COOHY C = 0 A153%F A7} 713
o) 7hadhs 2 La''olw, 0123} oM La™ > Ca™ > Na' = DI
water® €02 Hth -COO HITH AFXF 3= La’'7) 1646
em' 0F JPg B mroA] WAt Yo, "ol SRS
(1670 cm™), Na" (1668 cm™), Ca** (1668 cm™)E -COO™ H]t}H A=
A% 937} YERR= 3571 DL water > Ca?” = Na™ > La*™ 9] 0.2
=k
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Table 1. The Absorption Peak Positions of PFS Depending on the Subphase ions for ~pH 8.0

(unit : cm'l)

C = O group of COOH

Asymmetric COO™ stretching

Symmetric COO™ stretching

D.I. Water 1,777
Na’ 1,771
Ca™* 1,773
La** 1,780

1,680 1,417
1,677 1,427
1,666 1,422
1,647 1,426, 1,475

D.I. Water (pH 8.4)
== Na' (pH8.2)
......... ca!‘* {pH ﬂ.gl
—— La* (pH8.1)

Absorbance

1900 1800 1700 1600 1500 1400 1300 1200 1100 1000

Wavenumber(cm™)

Figure 9. FTIR spectra of collapsed PFS films from the various
ion-containing subphase at ~pH 8.0.

pH 7.0~7.39] Gol|A] e T&ole] wE AFER9] ¥t
£ Figure 8¢ YERITE pH 3.0tl2] Wste} viz7A|Z COOHS] C
= 0 Z5E La’'ol&o] 7P whe ke Yehfiglon, o] 23te A
La’" > Ca® > Na' > D.I. water®] 0.8 F&o0|29] oko] 9] o] &4
7} Z7V8EE pH 7.0thol A= PFSY o] 2317} o Wo| Ptk AL &
& 9tk coOo™ vIUY A1FQF ¥A7F Yehk: 9= Na” > DL
water > Ca®™ > La’*¢ &42 #2dgch
pH 8.1~8.99] GollA] a}7de] F&ol2el W& ¥sE Figure 9
of YehSit). Figure 9914 13 PFSS COOHS C = O AEZ% )
= La*" > Ca® > DI water > Na' 9] ©0.8 139 A7)7} 7-4381]
o} 1283, COO 9 v A&%1% %27 Yehvks 3 DI water
>Na' > Ca™ > La’"9) 02 @25 on, PFSS COOHY C = 0
AE3E 939 COO HuE A52F 73 4l o) A531% 339
92 Wgs ookslo] Table 10] YeERIIT
Figures 7~99] A45& T3t B F50]22 Sl W& PFS
°] COOHIEY C = 0 A&AF 739 A= La® > Ca™ > Na'9
£02 PFS9}Y] HFEE La* > Ca¥' > Na© ¢S vehdch w3
COO 9] Hltha A&2% 935 pH 3.0, 7.0 ¥ 8.0t &F La’'7} 713
W& lpgio] RS o4 4= 3M9lth ol cOO YA AE57E ¥4
o] YA} FEo) A4 9 F4 o0 At FAA T oEe| WE
o7 gekEr1s).
4.4 E
Ao IO E Na', Ca™’ B La''9] Fo] 3} go 23}
B FHTE AREte] thefst pHellA PFS WHEAbEs LB MR Y
AL PHES Ao Rypor AANEHS 2450} PFSY o]

235 AT A7 e B2 4ESS A9tk

1) ok shabeld B3)¥ PFSE pHYE Z713tel wel PFS9
-COOH 7]E59] o]&3}2Z Ql3lo] -COOH?] C = 0 ¥|A9 T+ 3
okfRthE Z1s & F Utk

2) pH 39 EF4 sHAolA SAY o] £3l5= A9 0%0] A%k PFS
o] o] &3EE 50% o1 UE & 5 ATk o= PFS7F SART o] 23}
AE7F wlg =2 AE onjsitt

3) SPAFo] AR TRokE 2o Lo] WE o] LalEE A 4
3} PFSS] -COOHS] C = 0 AEAE ¥)=19] 7HaE L™ > Ca™ > Na”
9] 4207 La** 7} PFS S} 714 A3} 5 7} ol o) 3w} 7 = A
< ¢ & Sk

wleba] B o3 Al vhokst slANY) pH W F40] &) ¥l u}
ot Alze PFS AFEE ARgRlel A9ld AAEHS FAdO] per-
fluorostearate 8] 28-S T3 Ao] 927} 9t}

Z Al

A Agoeta nlAkITE] A9 3 RO ofo] A=
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