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Abstract : Effects of Cetyl Trimethyl Ammonium Bromide (CTAB), which is a kind of cationic
surfactants, and Sodium Dodecyl Sulfate (SDS), which is a kind of anionic surfactants on the anodic
formation of nanoporous niobium oxide were compared. The addition of SDS could protect the
surface from dissolution for long time, leading to the formation of niobium oxide with a double
thickness (~400 nm) compared to that prepared without surfactant, whereas dissolution seriously
occurred in the solution containing CTAB. The different behaviors were attributed to the interaction
between the surfactants with positive (or negative) charge and positively charged niobium oxide.

Keywords : Niobium oxide, Anodization, Surfactant, CTAB, SDS

LA B A& Eo] Yok AElES & (e~40)0] EFrE

Ak (e~13.7)00 Hlste] 38 o]} =7] wizel] Haj 7

AslEe Bl oy iR Akt ke SIAERE ARt Edt thed UoE AsES 7]

3] ol 98 7§ @ HFAL AT, vle]e. WEOR Sl ule] e AlMe] Wizt 7|0 ulo]e Al
AA 5 Tpeket folell Ego] o= EFolthY  Aleh vlwste] 238 o] & Zo® Byt

ULF 2kela-s 3434, ligand-assisted templating

T TS o R Az Thsh, H2 7188 =

*E-mail: jinsub@inha.ac kr Aol 93 thd USE AslEe] AzxE 4 9L

-163 -



164 J. Korean Electrochem. Soc., Vol. 13, No. 3, 2010

o] B HATEY) A7)8kehy FEAkshHe A2y
ol HaL vhze] A7} 7hssb tdgste] 7hssict
= Fxo] AULkY

FFAsE W] o AsHES] Al dRkFoR
L SRS hhe] AoidE dellEedx] YoES
FFAI3L sl TR Yo AsleS Azt Haid
&o| QGRS BALC B HY 8§55 AT BAle] &
FLEOIZ(F ) 4SS 8§55 doA tes viee
ATE gt A B4R S 2Este] Yok kst
9] Az A 2X7F o FF AEE sk EROA
E=0] ol Ho| v As) wre] AATrle
200 nm= ASHETE? Y oF slelEe] ¥ §55 Agh
A71AL thge] dolg F7HAF17] fldk AR SXEE
Z3e oFFAks) At HAEQITHY oA Az
YoF AkslE-2 vk dole S7EARE o= ok A
olof] AAEA] %2 Fo] AgEle] AFFH R LF 4t
3HE-S o]85H| i}, 2ol W3k 160°C, phosphate-
glycerol Z3| oA AH YoH AslEd Tha1xe
Aol7} 4] wolARmE7HA] Al s B
oD ey o] W Heid o] S BF AA
o ala HPLETL Fot v HoH AskEs
=t 2 ofgwol itk

A7 = Ad=ollA A g Akt o]
AE S7H7Ie BHOE Aafjdo] AHSAE H7t
slo] FFABLE ke Y-S STk el Al
AIAE 7Bl Uehs F=wts) 3 Ae ofF
BaER] AR dElEe] A v A Akst
o] 23S Alofslr] flale] ARBIAE ke =
2bsl A7 ©Har Ak B3] pElgle] AEEe]
&=418l= Cetyltrime Thyl Ammonium Chloride(CTAC)
£ dafdol] A7t i3S W vheol w9 & ek
B EAoh? aEAEAe] g ANGEA7E 23
A oA 71848 oS Fato] At FHe] v
50| Bt Zlo), HE=E Aofshs At RA=CE

B ArEolx M =H 2ol AHE/IA Sodium
Dodecyl Sulfate(SDS)E s dol 4= Hrlste] 4=
AEkE ste AFAHet ol AMEAARD Cetyl
Trimehyl Ammonium Bromide(CTABYE &l &l 7}
slo] e 202 FFAS) sl AlzE Y oh Ast
85 A BEele] FFLtstel vRE AlME/dA] 4
oS AT ESgT

2.4 #
FAZE 025 mmel HH(FEE 99.9%)5 Y
Goodfellow(England)Z5-E] g} AgeolA 3]
Hog ARGE B4k Qb Aldrich® ¥ 5

Rl oo dlo

g ol erRE Ado] 18MQOYS] 33} FFHFE ol¢
sttt Aldrich=5-E g SDS % CTAB= CMC
(Critical Micelle Concentration)2] ¥%=5 A|ZF ml &
Q)= golol] 719} SDS 2 CTABS] CMCEEE
25°CellA 22t 0.0082 mol/L = 0.000933 mol/Le]th. Y
H TUE opllERA] B 5E7F 2E9AIFTIE
ARgEt] AIFEE & olehgd FRTE ol83dte] T
AlFs) T3 AAa7A 2 PEFEh Ues AslkEe] Alx
& 9% A3 e 15°CE ARSI A2 25VE
A7kl FUk dalgdozE 1M At 1 wi%e]
Eato] 4191 8ol CMC w== Vi) Az %
CTAB = SDSE F7Iste] AHS-SF3ATE. Potentiostat/
galvanostat (AutoLab PGSTATI12, Eco Chemie)2} 75FE]
& AME3d 1 em®e] Y oFE UL working H=, Pie
counter A=, Ag/AgCl3 M KCIZ reference =202
st 345 ARE AREste] FFAks) sidith F=
27t Ee wetell ikt SEe Gl fAEl
(~180 rpm).

HoF AsHEe] 54L& A7 AR
(FE-SEM, S-4300)& ARg-ste] 415150t

3. dq 3 nE

&= ARl Yo AkslEe] vl FAE Fig 13
Table 1oMARA Al7le] 27} S5 thge] FAE
S71RIE SRRk 2417k oF= Aksksh Fig. 19] (byel]
AMAE U9 AkslEe] 3] §F0] dofur] Akl
G Akt & 4xzke] AUA! HW(Fig. 19] (o) USF
AslEo] Fre AY &2 Hye] ¥HoM tae
BES 3 ap] ofH X

YoF thaAd Al vk Asd & EF0E2 o]
(FHel FAHo= Qlate] thyol A=A HAT o}

o] Zo|7} AAAFE thy £08 79 20]29] o
A8 FF0E ole] FHo] xHd
SEo] Uh 48} ol §Fo] HAgt) 2792 o]
29] FASRE Qlal] APE= SEETE st v
B3| 7] 98l Hafj el el AMSAE H7st
o UL ES Akl sl

Fig. 25 15°ColA SDSE As| 2ol &3 H71s}o]
23Eg SEMe |2 SDSe] o] Halsl] wel Yok
28} whe] FAZ defAlE Ag B & 5 Slrk Fig 29
(@~(b)= SDS®| el 71 &5 thae| FA7F 7t
ke omAIE HoFA Fig 29 (b)«(e)le= SDSS]
Fol F7F s the] FAVE AAaske orAlE B
o} oA Y SDSO| el Sl whet i FATE
7RIt sk @3 YoH 4kl vt SDSe)
charge-charge interaction® 2 A = 4= Ur}'0 B 21y

offf o
=
£
)
o



3= 7)8)8ke)A), Al 139, A 33, 2010 165

s . .'.'

100 nm

100 nm

Fig. 1. FE-SEM cross-sectional images of niobium oxide
prepared by anodization of Nb foils at 2.5 V in a mixture
of 1 wt% HF and 1 M H;PO, at 15°C for (a) 1 h, (b) 2 h,
and (c) 4 h. Note that the insets show the top view images
of each sample. Surface dissolution of anodic niobium
oxide is observed in Figs. 1 (b) and (c).

Table 1. Thicknesses of anodic nanoporous niobium oxides
as functions of concentrations of surfactants and anodizing
time of niobium.

Condition/c15°C ~ Time/h  Thickness/nm
None 1 113
2 206
4 260
SDS 0.001 ml 2 287
0.01 ml 2 420
0.1 ml 2 368
1 ml 2 345
10 ml 2 316
CTAB 0.001 ml 2 267
0.01 ml 2 320
0.1 ml 2 346
1 ml 2 362
10 ml 2 378
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100 nm

Fig. 2. FE-SEM cross-sectional images of niobium oxide
prepared by anodizing Nb at 2.5V for 2 h at 15°C in a
mixture of 1wt% HF and 1M H;PO4 by adding (a)
0.001 ml SDS, (b) 0.01 ml SDS, (c) 0.1 ml SDS, (d) 1 ml
SDS, and (e) 10 ml SDS. Note that the insets show the top
view images of each sample. The thickness of niobium
oxide that is prepared by addition of SDS increases
compared to that prepared without surfactant.
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Fig. 3. Schematic diagram of surfactant assisted anodic
growth of niobium with (a) SDS and (b) CTAB. Note that
SDS that is a negative surfactant can be adsorbed on
positively charged niobium oxide and (b) CTAB that is a
positively surfactant cannot be adsorbed.
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Fig. 4. FE-SEM images of niobium oxide prepared by
anodizing Nb at 2.5V for 2 h at 15°C in a mixture of
1 wt% HF and 1 M H;PO, by adding (a) 0.001 ml CTAB,
(b) 0.01 ml CTAB, (c) 0.1 ml CTAB, (d) 1 ml CTAB, and
(e) 10 ml CTAB. Note that the insets show the top view
images of each sample. The thickness of niobium oxide
that is prepared by addition of CTAB does not increase
compared to that prepared without surfactant.
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Fig. 5. Current-time transient of anodization of niobium
(a) without surfactant, (b) with SDS, and (c) with CTAB. Note
that anodization is carried out at 2.5V in a mixture of 1 wt%
HF and 1 M H;PO, at 15°C with(or without) surfactant.
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Fig. 6. Thickness of anodic nanoporous niobium oxides as a

function of concentrations of anionic SDS ( Il ) and
cationic CTAB ( @ ) surfactants.
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