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Abstract (Uﬂﬁ'ﬂﬁia)

This report will summarize the work done under funding from TRF. It will divide into two
parts. The first part study the effect of F-terminated SAM on the surface of Tantalum
(Ta) and was found that it can decrease the corrosion rate of Ta under basic conditions.
The abstract that will be submitted to journal read, as follows.

“Tantalum (Ta) has been frequently used in microelectronics applications due to its
excellent corrosion resistance in most mineral acids. However, under strong basic
condition, Ta is instantaneously dissolved . This work primarily focuses on the formation
of resistant layer to prevent Ta etching in basic environment. Self-assembled monolayer
(SAM) of 1H,1H,2H,2H-Perfluorooctanephosphonic acid (F-OPA) was formed on the
surface of Ta. Several factors were explored to achieve high quality of SAM grown on Ta.
The integrity of SAM was probed by water contact angle measurement, XPS, FTIR and
electrochemical impedance spectroscopy (EIS). Once fully-packed SAM of F-OPA was
achieved, it was then tested against concentrated alkaline solution at room temperature.
We found that F-OPA was able to resist basic solution at concentration as high as 35%
w/v. This finding would be greatly beneficial for researches in selective etching in

microelectronics industries”

The second part of the report will explain the use of surface attachment of amino-
terminated SAM on the surface of halloysite nanotubes and used as the support
structures for CO, sensing. The abstract that will be submitted for publication will be

read, as follows.

“Alteration of the surface by self-assembled monolayer (SAM) has emerged as the
excellent strategy to tune the surface of the materials for interested applications. This
paper describe the fabrication of plate electrode by selective modification of the outer
surface of halloysite nanotues (HNTs) with 3-aminopropyl triethoxysilane for CO,
detection. This ammonium surface functionalized HNTs has been revealed to selectively
capture and release CO,, permitting for the measurement of the amount of CO, by

electrochemical impedance spectroscopy. We found that the proton conductivity of SAM-



modified HNTs was dropped upon CO, binding within 3 minutes. Further measurements
of cycling CO, adsorption and desorption revealed that this modified material can be
reused by heating at low temperature within 30 minutes. Current efforts are being made to
correlate the percentage of CO, in the gas mixture and proton conductance of surface
modified HNT. The results we demonstrate here offer a new path to produce a low-priced

material for CO, electrochemical sensor.”

Project Code : TRG5880234

Project Title : NM3ANEINNIANLA289815UznaudunIdawinniavulancaathdas
[N aINWNINANTABULALINANIANBINIENUNDABLaAATaWIE WIS Lans Ny
AITUDLAAATOW

Investigator : @7. lv8n UszANTT8 ¥R AINLNaLLNBAIAEAT

E-mail Address : fscicyp@ku.ac.th or chaiya.pr@ku.th

Project Period : 2 1

Keywords : Corrosion, self-assembled monolayer, EIS


mailto:fscicyp@ku.ac.th
mailto:chaiya.pr@ku.th

WanawiIaplsznaueag {@Qﬂiz&‘]ﬁ( 1DNARDI NANINARDI agﬂl,mzf‘smsfﬁwami

GERN LL@Z‘ITQLﬁ%ﬂLL%&E%’]%%UG’]%’AJ%”EJFL%G%’]@@] :

audfey / Auduun
MaingsvesansUszneudurisuuiuiilaneviomsUszneugnuvanesindmalidnuasmenisnimideliih
fiufvesansUssnoutudeuly Lﬁziuﬂ1§ﬂ%’uﬂ§aﬁuﬁaLﬁaﬁadﬁ’umiﬁ’mﬂi'auﬁ?ummmgﬂﬁﬂﬁmmia%ﬁasetf—
assembled monolayer (SAM) wasansUsznoudursdunsinuuituinvedans sSAMdulassadsaodififiinainnisiniziu
vosnelelnsmsvoudiiaruiussfovgeaslelasaiveuiivszneusemilsiduiivaedumisdmsuldimzuuiiuin
semsaaiusglamaudnazaedniundsasingilsiduiamsadsuaddas uiuannuautfves SAMse

]

wintiRelinsliuselevives SAM sgunsvatediedensiisuulananiRvesiiuinngenis auaudanilag

v A LY

mmﬁmﬁgﬂa@mamumumiﬁ’uﬁﬂ (water repellent) S’Tialf]uﬁéfaamﬂwmaqmamnﬁmLsﬁuqmawuﬂiimmimﬁaummﬂ
gnaTnTINAMI UV I VZsaHAR s Ul usazan s de it dusy

SAM gﬂﬁuwudwmmmLmsuuﬁuﬂwaﬂawﬂmamwwmé‘ﬂléﬂuﬂim Gawalt waganug{Raman, 2006, #1} Aan
TnAde3sldi SAM wnedeuuumanuazimannalfaduitedestutuaynsianseuCiestik, 2011 #2: Wang, 2013 #3;
Wang, 2013 #4} Iﬂamaisdﬁﬁﬂisﬁw%ﬂwwiumiﬁuﬁwmﬂﬁqmﬁﬁamaiﬂdLLuuﬁﬁwQaa%‘uLmzagJJ{LecolLinet, 2009 #5}

Anuasalumstiuilaves SAM Juegiuanunziuwivvesansldlalnsasueuuasrigessuuuasaslelneialy

v
a a

sAMaziAnUfAzenfusenleduaundniiiuininduiuss serisiufiuazaneld SAM uadslaifnuidelaflansavenldu
dndmlarigooiudsdusyavsamaiiaalumstuiuasnsmusenisinnseunnusuduasiieglunyifeatudu eaosu
nduvlsUssansnmugasdamnaunsneunemamaldinaziuumdumsianuasdnuUamyilsiduivmeamelaile
duantinistlestuthuasnisiansouldfity

nsnduvIsTiiEnuazvetaeaSuBAEiia B IR 6 szmeatuliderhanvi§ATenfuiuiaidu
Iam%Lﬁmﬂﬁﬁ%mmdLﬂﬁLLaza%fNﬂ’uﬁziwdwﬁuﬁ’;ﬁuﬂimﬁy’uﬂ Tuanngimanga ﬂiwmaqimaqaﬁ%Lﬁmé’umﬁ%m
seviluanadeiunar iy wisnhliAnnsaaederieiiusdeio 2 Aamsumsdnrnaazymannuinduusuiid
U209 5BUNTIVUINANNUI LAY 2-3 WIlwns LLa3é’qﬁﬂﬁ@mauﬁamaﬁuﬁwaﬂam%LLﬂiLUﬁau"LUﬁé’amﬂﬁ
LLﬁuWémﬁgﬂa%ﬁﬁuué’a Taevhluudraliveuth (hydrophobicity) %LﬁmﬁuuuﬁuﬁamaaiamzLLazﬁﬂﬁIﬂJLaqaﬁumﬂfﬂﬂi
annsounsndadr Uy URAS e TR LS ﬂ’J’]ﬂJLL%QLLNGUENLLBJHWE;QJU’N‘]ﬁa%’N%umWﬁ%HEJ@jﬁUMijﬂﬁ%ﬂ‘U@ﬂﬂi@@u%gg R
odunyaivedan mreaiisa vidonlneea laglusmAdedaslivves sAM WWumymivedan Sadumyilaiduilliess
unsuanelunsBafnfuiuialane

frsnunmeasstuaueIiduugiiaan sAM vesaelsansueudiusyansnmgdunistulanilaliin
dusfauuiuinl udlildnamfsneandeavesnmsaiisiidusinairiniuen, Snuuzvesaensuou wasimgraidonas
msveustnaimzerls naenudtlifinasenulairnuuduswediduananidaiutuvielideaensuouild
ywnduas MATeiasiunsfinwussaninmnstui @esdenauaunsalunistiesiunistinniew) ves SAM fian
91n@e fluoroalkyl chain VuiuRwmaNNE ety Wisuiuaneleiiivadusyneunasiu eldussuiiounasuansds
Hafudrdnivilraelsfidungeiuieannsasudilé etioaudiluliiauasedoudestuiuasnstansoulag
Tummeaesdunsniglfsndouiinneniupesintiefinuilasedrs madesifuseraudinisiuthues SAM Afvae
\Hurgesiunazaasiunanismaaesiilianszdouitnseonfinnesazgnihlunnassidurios joansmaaeu

nuATREU SAM Butudauduszana® a.a.1940 wivihEuldsuauiisuetnaumninany iWewmadalunsinszy

¥ v
v A a 1 =3

TusgaunuRsunosmIulugisuszaal A.6.1970 FanNslinnnILNbaeg19uNTUIUEIUYBINTLUIUNITHIA LAZDUNS




A3enues SAM vuitufafiaulal Ulman, 1996 #6; DiBenedetto, 2009 #7 ; Van Alsten, 1999 #8} luiSusutiu SAM gn
Wnldegraunsvanglusmunisusuugeiiuiavedlansikaur, 2013 #9; Liu, 2009 #10; Ma, 2003 #11; Roberts, 2008 #12;

Rogers, 2001 #13} nyjilafiduves SAM Mflealdlaun vyilaiduiniielansvesimgiuegvi Wesnmugduaunsadainig

Aulavglunateadalad (DiBenedetto, 2009 #7; Hutt, 2005 #14 } nsunluldeuves SAM vulaneillaeaulvejay

Wenfumuauvuaveseynalvisgluvnaivingay wazn15iilunsianunmyeenIdtng(sensor) vadluianaves
ansusznauiiaula { Lin, 2012 #15; Cui, 2001 #16}

TuruddetavidendnwdaladunarnsinlUldussloviivesnissiudivesansusenauduys suuiuiiaa sl

1)

2)

MIswiveinIndunignivanemadunyeyiusvessis F uvulanglaefnunidadelumsiauasnisadaidud

wdausaduinaninzsiudaiuvesnsadunsdnivanemadungeuiusvesig F dinan lnenanuidenuiiay
sananvgndndulianavesiiliviesnlunniuinusyanu 2-3 uluwnsdadussezynaifieanesenisdosiu

lalindanianseuiiui
nsTvesnIndunisitvmemadumjeyiudesiluvuiuivesmstssnaugngueiladlesunlufindiiold
UsglemilunmsindusazasiatauSunaieg o, lusmanaulageidunisTausunamesnsilniilusneui
Wasuuladly fmavesnuidedsnamannsadlUliifusngnin Co, léssduaududusanta 0.5 %vy

waganusaUsEENAlAL

L@NE1591999

(1 Raman, A.; Dubey, M.; Gouzman, |.; Gawalt, E. S. Formation of Self-Assembled Monolayers of Alkylphosphonic Acid on the Native Oxide
Surface of SS316L. Langmuir 2006, 22, 6469- 6472.

2) Cieslik, M.; Engvall, K;; Pan, J.; Kotarba, A. Silane-parylene coating for improving corrosion resistance of stainless steel 316L implant
material. Corrosion Science 2011, 53, 296-301.

(3) Wang, H.-r.; Xiao, Z.; Qu, J.-e.; Yang, H.-w.; Cao, Z.-y.; Guo, X.-p. A Comparison Study on Corrosion Resistance of 430 Stainless Steel
Surfaces Modified by Alkylsilane and Fluoroalkylsilane SAMs. Journal of Iron and Steel Research, International 2013, 20, 75-81.

(4) Wang, H.-r.; Jiang, Y.; Qu, J.-e.; Cao, Z.-y.; Liu, S.-b.; Guo, X.-p. Adsorption and Corrosion Inhibition Performances of 1-
Tetradecylphosphonic Acid Self-Assembled Monolayers on 430 Stainless Steel Surface. Journal of Iron and Steel Research, International 2013, 20,
93-98.

(5) Lecollinet, G.; Delorme, N.; Edely, M.; Gibaud, A.; Bardeau, J. F.; Hindré, F.; Boury, F.; Portet, D. Self-Assembled Monolayers of
Bisphosphonates: Influence of Side Chain Steric Hindrance. Langmuir 2009, 25, 7828-7835.

(6) Ulman, A. Formation and Structure of Self-Assembled Monolayers. Chemical Reviews 1996, 96, 1533-1554.

7 DiBenedetto, S. A,; Facchetti, A; Ratner, M. A;; Marks, T. J. Molecular Self-Assembled Monolayers and Multilayers for Organic and
Unconventional Inorganic Thin-Film Transistor Applications. Advanced Materials 2009, 21, 1407-1433.

8 Van Alsten, J. G. Self-Assembled Monolayers on Engineering Metals: Structure, Derivatization, and Utility. Langmuir 1999, 15, 7605-7614.
9) Kaur, I.; Zhao, X; Bryce, M. R.; Schauer, P. A,; Low, P. J.; Kataky, R. Modification of Electrode Surfaces by Self-Assembled Monolayers of
Thiol-Terminated Oligo(Phenyleneethynylene)s. ChemPhysChem 2013, 14, 431-440.

(10) Liu, S.; Wang, W. M.; Briseno, A. L.; Mannsfeld, S. C. B.; Bao, Z. Controlled Deposition of Crystalline Organic Semiconductors for Field-
Effect-Transistor Applications. Advanced Materials 2009, 21, 1217-1232.

(11) Ma, H. Y.; Yang, C.; Yin, B. S,; Li, G. Y,; Chen, S. H.; Luo, J. L. Electrochemical characterization of copper surface modified by n-alkanethiols
in chloride-containing solutions. Applied Surface Science 2003, 218, 144-154.

(12) Roberts, M. E.; Mannsfeld, S. C. B,; Queralto, N.; Reese, C.; Locklin, J.; Knoll, W.; Bao, Z. Water-stable organic transistors and their
application in chemical and biological sensors. Proceedings of the National Academy of Sciences 2008, 105, 12134-12139.

(13) Rogers, J. A.; Bao, Z.; Baldwin, K.; Dodabalapur, A.; Crone, B.; Raju, V. R.; Kuck, V.; Katz, H.; Amundson, K.; Ewing, J.; Drzaic, P. Paper-like
electronic displays: Large-area rubber-stamped plastic sheets of electronics and microencapsulated electrophoretic inks. Proceedings of the
National Academy of Sciences 2001, 98, 4835-4840.

(14) Hutt, D. A,; Liu, C. Oxidation protection of copper surfaces using self-assembled monolayers of octadecanethiol. Applied Surface

Science2005, 252, 400-411.




(15) Lin, P.; Yan, F. Oreanic Thin-Film Transistors for Chemical and Biological Sensing. Advanced Materials 2012, 24, 34-51.
(16) Cui, Y.; Wei, Q.; Park, H.; Lieber, C. M. Nanowire Nanosensors for Highly Sensitive and Selective Detection of Biological and Chemical

Species. Science 2001, 293, 1289-1292.

L I3
TngUszasdvadlasenis
1. diefinwiladeiiilinsadunidndmivanedusn F Jsanansadasesiiudu saM ffianvamnsalunisiui
[ ! Y ' a
warnsfinnseuldilusgnad
2. eiiansssuiiasiawinundildlummesesnuiugadiaillnihildlunsmeaaeuansiegrslaneigniaiou

me SAM Tunislesiunisianseu

3. lednwndadeivilsinsndunidfiimivaredunguesilu SsanansadaSessfiudu sSaM vuasUsznoualadled
iieAnwnswasuluvesinsthlyiinlusnou

4. euszgndldasuszneveladlesfiunsdauandsiuiudalunsaedilnihegsisuazsagnannifiedn
JunaznTIvining CO, Tuvaina

5. iledudiunmsiFouiuasiinurlusumsvaassuagnszuIunsmTIaeUNaNSRaesneIATele LSRRy uaz
wsnsfleTanuunnaesansindauuuiiui

6. \eduaSulara@IIANITSEuvesinidswasteinidnaenaudiinetteslumunsiamnndndaeng

Useansnn

NaN1339Y

HavesnTITLUeenduaasdiufe
daufl 1 nsfnwinisaine SAM fismgivaneidusn F uulaveiletesiunisianseulagannsnunuindieatns SAM 4
anysaiudrannsatesiunisinsouvuinlang|dosnsdiuivszdrdy Tnevdngrulumsad 1 Fuandiiudeiaumgse

'
a a

e fiwazlidl SAM Unagu ianuusnaegRdaeulon unsinnsaumefivinarate gL

NaOH conc (Y%ow/v) R, of F-OPA coated-Ta (nm)
0 0.5 0.4
15 0.5 0.4
30 N/A 0.5
35 N/A 0.7

1319711 NATBIANTIVTE (R,) NAR1NN15IAMY AFM uuiiuRaves Ta Ml SAM wazlilll SAM Unequudsainsiunisinnseu
femnansauluanANdNTuAg

TnediawlSauisuansewabiiveanisiansouvulansni SAM wazlill SAM asnudapusaiusgatmaulnganiy




pgedsinnudndurasiataniouiY uandliiiudsssansnnvesnistesiumsidntswesin(uazs

910 SAM leaghatiuszansain

4

5 -

7

8-

Log i, (A/lcm?)

Bare Ta
9 -

-10 T T T T T

F-OPA coated Ta

-0.6 -0.4 -0.2 0.
Potential (V vs AgCl)
21l 1 Anodic polarization curves of Ta

in 35 wt % NaOH solution at 25°C

T

0.2

Corrosion current
density (Alcm?)

102

104

10°%

10° L

107
10

10°

1010 =

@

9

@

ANTOU) VWNURD

1 [ ]
Bare Ta s ° "
; .

. F-OPA coated Ta, "

. (]

0 10 20 30 40

Concentration of NaOH (%wi/v)

m‘wﬁ 2 Corrosion current densities of Ta and F-OPA coated Ta

in NaOH solutions at different concentrations

Mnuanmaaeianahllgnisivdusgisailiadagldnmsdinunireniiinesiiieesutsfisusingnsaliiniy

o

naagUagegalaninudt luanavesun (wagsa

o

ANTow) VNINURIESN F intefusgedrauuiuazintesinuulndlaeiu

agney H [wnituii Fansdniseaiindnazneliiinusmanseninduanadmwaliiin “aee” sguuiuiinTsee 2-3 un

lunsdwalinmsdniddvadduanatianasuaranaiuainnsavesiansaulunisdidanuig

number of water contacts

100 150
Time (ns)

OH head groups

$3

H O

Top view

%

£
g 60l — QH-OH =
E ne — OH-water
g r ]
=S
£ 40 =
o
2
g
= 20
0 L 1 L L L 1 .
500 0 50 100 150 200
Time (ns)
08—8m — —
D. : ( 0.72(43.9) : CH3
1) 0.62(51.7) p— :1”5
' \ ! s
0.6 : | =gt i
r |
0.4 ! o
i E Dipole moment
0.2 ' o
- 1
0.05(87.1) :‘ &
: &l
| membrane E 1 -0.15(98.6) i bulk vo:ater
2 2.5 3 3.5 4

Distance normal to z (nm)
2109 3 (A) Number of contacts between functional groups on a membrane with water molecules. (B) Average hydrogen bonds

between adjacent OH head groups of a membrane (black) and OH groups with water molecules. A top view of OH membrane and




possible contacts of 2 OH head groups are shown in (C). (D) Orientations of interfacial water in all systems. Cos (x) is plotted as a
function of distance from a membrane center normal to z axis. The angle (x) is calculated between the water dipole moment and the

Z axis.

dauil 2 MmssufveinIndurzenivaemadunjsyiusesiluvuiuiivesasussnougnguailad luauiluiindiiield

Uselevulunsandusagnsiainusunuing CO, luemanaulneardunisinusunuassnisilninlusney

.....

Internal aluminol surface

OH OH
RSi(OCH3);
ot HO OH oH OH onfoH H0 R—Si—oO o—fi— R
A// ¥ HO OH 7 (IJ o
/ 3 "o o ——— [roH H,0 — ! o o L o
- — Si —! —Si —
Inner-Surface OH // \\ 1:1 phyllosiiicate I I | I R |l |
a0 / \ layers HO OH OH OH OH OH
/ \ OH
O + Inner OH, /’ Si(OH);
OSi . Halloysite Nanotube Hydrolysis Silane - grafted
Hzo R > Halloysite Nanotube
= = o 3 = = = = & a a a av °
DINA 4 LARIDNANYULDIAUITENDUNILANYDY AINN 5 Lta\'ﬂﬂi‘lﬁﬂﬁz‘U'Juﬂ'ﬁL‘UaEJuLLUaQWuW'}T@Qa'ﬂa@l"nﬂu'ﬂ;u‘ﬂ'}ﬂﬂ'lﬂa'ﬁ"digﬂalm’]w’]ﬂ

ansUszneugngueladlenuluiingd silane ifiviguanedunylagiidosns

mix HNTs, Toluene and APTES

_ CHs
—OH  HeT 0§~ 0
OH HaC._ ! NH L 0> 5 NN, reflux at 120 °C for 8 h under N, atmosphere
OH o
OH (-
OH —_ 85 i @™ NH, wash with toluene, ethanol
OH I
HNTs HNTs-NH, dryat100°Cfor 16 h

0l 6 uansdisdumeunsilisuulasiiulavesansusenauanladleney SAM Aluuatemadungesiily

o o

waaINMsUTulTsLiAMsih i lsneundinniseadu CO, InsidsundadliiegaditverdAgysening

o

a v ¢

asusznousladlenuiansuaraisussnouailadluniiiunsuiulssiuineg SAM fiuaedunyesiilu Jaduddai

Y

mMyvsuUssuhansaiiiasnliianuamnsalunsindulianadunglag awnsadenduivluanaidesnis (CO,)

Tananansluning 7




310 & without C 0, adsorption -
¢ with CO, adsorption - e
2 _»
-~ 4-
§2x10 a® —
g . E
= . c)
N n? =
4 n® [:]n 2
1x104 i o
ne -
[}
) 14
0 T 1 1 I 1 0
0 4 4 4 4 4
1x10 2x10 7 (Ohm)3x10 4x10 5x10 HNTs HNTS+COE
10 | I normal atmosphere
| CO, atmosphere
= without CO, adsorption 8
1.5x10 © with (‘Ozadsorption
£ .-
_é 1.0x10™ 12310 =
i 9.0x10°" ;:o 4
! 5.0x10" 6.0x10" =
D.0x 1
z 3.0x10" 2 4
0.0.
0.0+ 0 10’ 2x10” 3x10
0 1x10° 2x10° 3x10° 0
X Z' (ohm) & HNTs HNTs/APTES

AN 7 wansnsilSeuiieuiaansihlnilusneuidsuwlasludiadufne CO, seninsansusenauanladluduazansusenavanladlond

Iafunsusuuseuiusmenyosily

lnefiandainanaunsatunyssenaldiiieaintiliegisnelunisasaiamusunuveing CO, Tuvawaulalneiiie

Fndninvenisnsanineyd 0.5 wV lnefisiavesnisuanvesdaliihaniagdand1aisand sindt 15 vi/au Fadusan

A o | a o Ao ' 3 = |
NHNINATBINSIVIANI MU lUDIRAIAD 1,000 ("

2.0 =1 o -

log(R-RO)/R
e
n
1 1
B

0.0
-0.5 -
1%
-1.0 I T Lo = i b & il LA |
0 20 40 60 80 100

% CO,

Al 7 wansmsi3euifisuisansitlainlusaeundsundadudowuing CO, innududunsgiuvesia i dvmunanasussnou

gladlednlasunisusulssiiuiudienyesily




dgunan1Ivaaeg

gl 1 nsduv3dndsnn F vaemaduesduszneudieiianisadne SAM Tianysaluuuudidduduiemaiianiuadl

o 1%
o = o

fuRanarlniedazduginmsunsnduveni wazdaiansen) Whlvdudainuivedansldidued1ed nszuiunsduInmg
AOLIABINUI1 SAM Tiflvy F (Jussdusznauminanazyihliluanavenhiinisdnsesiilaeiuezmen H wWhgiuiuas
dwaliluanavenhaseegvilofuiuasliamnsawnsndudilududainvedansld

dauil 2 mMsuFulssuRavesasUsenauanladleniie amino-terminated SAM @nansadnduuasUantdesing CO, o

gaumndien aefisnuisinamshlnihlusnewiranasesilifsszddgndningadu CO, lnsfin1sanasinaniuetiv
YSunavesine CO, uaslidufinvindulurewan vannsdsnanawnsatluldlunsudndingiaia CO, llanugndes

wagsiagnlatueuae




LANRIILBUANTIYLRTY 3

Output 31nlassn13398lasuNKIIN &na.

1.

A A a a di 4 ' di dll di
NRG’]‘H»G]‘WNWﬂ%?W‘EﬁW?TE’]ﬂW?%’]%’]T’]@ (55'1_‘!°IIBELL@]G Tol309 T0213813 U

1 A A v A A o
LAUN LRUN LLRSHUN) ‘ﬁiﬁlNﬂdq%@nw‘ﬂﬂ’]@l‘lﬂ%ﬁ@f].lu']Iﬂ‘Nﬂ’]i

AadinasNansARNW KI8T ACS Applied Nano Materials @288
LﬁamLLazgﬂLLuuﬁﬂﬁmﬂﬁaﬁuﬁﬁJLaﬂmﬂmwmmam 4 I@Uﬁ’aﬁﬁﬁmnﬁa

Tam. nunuwidelasumseeusula gannniensans

mynawIan Ul ss lomd

- TITINNI ﬁmua’%ua%”wﬁn?ﬁ'mju%&iLLazwﬁmﬁmsﬁmlmzﬁu
ﬂ'meﬁmﬁﬂmﬁﬁﬂimummImaVLWﬁwLﬂﬁLLﬂ:ﬂ’ﬁﬂ%’Uﬂgaﬁuﬁ’ﬁaqlﬁﬁ

anwmenna ez lamd

dl [} A a a dl
a1 (LD Nﬂ\‘ﬁu(ﬂ‘wNWﬂu')'ﬁﬁWTﬂ‘ﬁﬁﬂ'ﬁl%ﬂﬁzLﬂﬂ ﬂ?ﬁLﬁ%'ﬂNﬂd?%lWﬂl]iZ‘lqi&l

AT1MT RIWRD NNTIATNTUAY)

-MasiaaNansARUNWIUIN1TANS ACS Applied Nano Materials

-HAWINDINFILTILU LU TIATI5 70th Annual Meeting of the

International Society of Electrochemistry 18849 Durban mmsm%’gua%l?m‘lﬁ

FERINIIWN 4-9 RIraN 2562



Pure anp Apprien CHEMISTRY
INTERNATIONAL C ONFERENCE 2019

TOGETHER FOR THE BENEFIT OF MANKIND
February 7 - 8, 2019 | BITEC, Bangkok, Thailand

WWW.PACCON2019.0RG

Electrochemical sensor of CO2 based on surface modification of halloysite nanotube
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Abstract:

Alteration of the surface by self-assembled monolayer (SAM) has emerged as the excellent
strategy to tune the surface of the materials for interested applications. This paper describe the
fabrication of plate electrode by selective modification of the outer surface of halloysite nanotues
(HNTs) with 3-aminopropyl triethoxysilane for CO> detection. This ammonium surface
functionalized HNTSs has been revealed to selectively capture and release CO., permitting for the
measurement of the amount of CO> by electrochemical impedance spectroscopy. We found that the
proton conductivity of SAM-modified HNTs was dropped upon CO: binding within 3 minutes.
Further measurements of cycling CO2 adsorption and desorption revealed that this modified material
can be reused by heating at low temperature within 30 minutes. Current efforts are being made to
correlate the percentage of CO- in the gas mixture and proton conductance of surface modified HNT.
The results we demonstrate here offer a new path to produce a low-priced material for CO>

electrochemical sensor

1. Introduction

Carbon dioxide (COy) is a colorless gas
found around 0.04 %v in air. It is mostly
produced by aerobic organisms respiration,
organic materials decomposition, combustion
and sugars fermentation. There is a correlation
between the amount of man-made CO: in
atmosphere and the rising global temperature.
Recently, World Meteorological Organization
(WMO) reports the alarming concentration of
CO2 in the atmosphere at 405.5 ppm and
project to increase annually in this century.?

Health-wise, high level of COz in blood
and respiratory system leads to sudden
unconscious or hearth failure. Hence,
monitoring the level of CO: in the body is
essential, especially for an active person or
athlete. Current CO2 sensors in the market
generally use  non-dispersive infrared
spectroscopy (NDIR) as a detection method.?
However, it requires expensive equipment and
is easily interfered by other chemical
components. Therefore, the development of
cheap yet accurate CO2 sensor needs a new
sensible materials and reliable methods.

Halloysite is aluminosilicates mineral
clay in kaolin group with nanotubular structure
that consists of external siloxane (Si-O-Si)

surface and internal aluminol (Al-OH) surface.
% These surfaces are chemically active and
could be altered to serve in several
applications. As a result, halloysite has been
studied in various field such as drug carrier and
delivery tissue regeneration and
environmental.*

In this work, we selected a silane
coupling agent to modify the surface of
halloysite ~ 3-aminopropyl triethoxysilane
(APTES) was selected to form self-assemble
monolayer (SAM) on the surface of halloysite.
We chose this SAM to modify the surface of
HNTSs since there are several reports indicating
the ability to capture CO at room
temperature.>® The surface characterization
was performed using scanning electron
microscope (SEM), Energy-Dispersive X- ray
Spectrometer (EDS) and Thermogravimetric
analysis (TGA). The modified halloysite was
fabricated into plate electrode for CO:
detection. The conductivity of material was
measured using electrochemical impedance
spectroscopy (EIS). We found that the proton
conductivity of SAM-modified HNTs was
dropped upon CO> binding.

© The 2019 Pure and Applied Chemistry International Conference (PACCON 2019)
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2. Materials and Methods
2.1 Materials and chemicals

Halloysite nanoclay and 3-
aminopropyl triethoxysilane (APTES) were
purchased from Sigma-Aldrich. Ethanol and
hydrochloric acid were obtained from Carlo
Erba. Toluene was purchased from Emsure.
Conductive Epoxy was purchased from
Chemtronics Deionized water, Nickle foam,
and Copper wire was received from Kasetsart
University. All chemicals were used A.R.
grade without futher purification.
2.2 Preparation of modified halloysite

First, Halloysite nanoclay (HNTs) was
added into round bottom flask and purged with
nitrogen gas for 20 minutes. Then, toluene was
injected to flask. The mixture solution was
continuously  stirred  under  nitrogen
atmosphere and heated with an oil bath.
APTES was injected into the flask. The
reaction mixture was kept at 120 °C for 8 h.
The mixture solution was washed with toluene,
ethanol and dilute HCI solution for three times,
respectively. After that the product, marked as
APTES/HNTS, was dried at 100 °C for 16 hr.
APTES/HNTS appeared as white powder.
2.3 Preparation of the halloysite and
modified halloysite plate electrodes:

Halloysite and modified halloysite was
mashed with mortar and pestle. After that, the
powder was compressed into plate using
hydraulic pressure and KBr pallet holder with
nickel foam. Conductive epoxy was used to
connect copper wire onto nickel foam at both
side of the plate. Each plate was heated in oven
for 30 min at 70°C to dry the conductive epoxy.
2.4 Electrochemical measurement

Electrochemical impedance
spectroscopy was used to measure the
conductivity changing of halloysite and
modified halloysite plate. EIS data was
collected over a frequency range of 1-10° Hz,
with a 20 mV AC perturbation. EIS was
performed without applying voltage.
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3. Results & Discussion
3.1 Characterization of halloysite and
modified halloysite

The morphology of halloysite and
modified halloysite were performed using
scanning electron microscope (SEM) as shown
in Figure 1. In Figure 1a, halloysite exhibit a
hollow nanotubular structure, similarly to the
morphology of modified halloysite, as
displayed in Figure 1b. This reveals that
modification method of APTES onto halloysite
surface does not destroy the structure of
galloysite.

PM [30.00 kV| 50 000 x |2.98 ym

V|50 000 x|2.98

Figure 1 SEM image of (a) halloysite and (b)
modified halloysite

© The 2019 Pure and Applied Chemistry International Conference (PACCON 2019)



WWW.PACCON2019.0RG

Figure 2 shows EDS spectrum of
halloysite and modified halloysite. After
modification, the additional peak of elemental
N appears from amine-terminated of APTES,
confirming a successful grafting of APTES
onto halloysite surface. Thermogravimetric
analysis is used to determine the thermal
stability of materials.

Element | Weight% | Atomic%
OK 67.02 77.86
AlK 11.39 7.85
SiK 21.59 14.29

Totals 100.00

0 2 4
ull Scale 16887 cts Cursor: 0.000

Element | Weight% | Atomic%
CK 14.43 21.51
NEK 2.96 3.79
OK 45.09 50.47
AlK 12.05 8.00

SiK 25.47

100.00

e
ul 2 4 6 g 10
ull Scale 9418 cts Cursor: 5.072 (134 cts) ke'|

Figure 2 EDS spectra of (a) halloysite and (b)
modified halloysite.

TGA curves of HNTs and
APTES/HNTSs at various concentrations are
shown in Figure 3. Unmodified HNTs curve
shows two step of weight losses. The first step
loss at 30-150 °C is assigned to the desorption
of water from HNTs surface. Second step
occurs above 350 °C from dihydroxylation of
Al-OH and Si-OH of HNTs.> % TGA curves
of APTES/HNTSs were observed an additional
step weight loss at 200-350 °C. This can be
attributable to decomposition of aminosilane
grafted on HNTs surface. Step weight loss over
350 °C is assigned for a loss of dihydroxylation
of AIOH and SiOH group of HNTs and
additional organic decomposition of the silane
grafted onto HNT.% 1213
3.2 Electrochemical
spectroscopy (EIS) measurement

An EIS was used to measure proton
conductivity of halloysite and modified
halloysite. Each plate was placed in oven dry
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at 75°C for 20 minutes and cool down to room
temperature prior to EIS measurement

1004 HNTs
— — — APTES/HNTS
95-
S
—
-]
090
[<P]
=
85-
80-L, s

100 200 300 400 500 600 700 800
Temperature ( C)
Figure 3 Thermogravimetric analysis curves
of HNTs and APTES/HNTSs
In Figure 4, the resistance of HNTSs is
approximately 10,000 ohm. After
modification, the resistance increases to
approximately 180,000 ohm. We believe that
the change of hydroxyl group from water on
HNTs surface to amino-silane from APTES is
responsible for the major drop in proton
conductivity.

A HNTs
6x104 = APTES/HNTSs
Hlg o
4x104 Il .
| .. -
|
- .- 5. | |
2x104 = -"VT.
= 7y
2 i
M ' '
N0 1x10°  2x10°
7! (ohm)

Figure 4 Nyquist plots of EIS plots of HNTs
and APTES/HNTSs

When a plate electrode is exposed to
CO2 with a rate of 100 ml/min, the proton
conductivity ~ of  ammonium  surface
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functionalized HNTs significantly drop, as
shown in Figure 5. We believe CO> bind with
amine-terminated on HNT surface and obstruct
the proton hopping ability, resulting in a drop
of proton conductivity. The relative change in
resistance of APTES/HNTSs versus amount of
CO:2 (displayed in CO. adsorption time) was
shown in Figure 6.

S
3x10 ] withoutCO2 adsorption
1 ® with CO, adsorption
2x10°
%00e%
o** o
1x10] &° ‘-\ Fe
g | o
-
&
R | e S e e I A
N 0 2x10° 4x10° 6x10° 8x10’
7' (ohm)

Figure 5 Nyquist plots of EIS plots of
APTES/HNTs with and without CO2
adsorption
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Figure 6 Plot of relative change in impedance

versus CO; adsorption time
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Work is undergoing to correlate the
proton conductivity with percentage of CO- in
a gas mixture. Regardless, we have shown that
APTES/HNTSs plate could adsorb CO. and
illustrate the alteration of proton conductivity
within minutes. In addition, we show that this
plate electrode could be re used for several
times. Figure 7 shows the reversible plot of
increase and decrease of resistance value after
some moderation to the plate electrode.

6.0 -

log z' (ohm)
e
[ljj

n
)
|

0 1 2 3
cycles number
Figure 7 Plot of cycles number versus Log Z
which system without (M) and with (® ) CO>
adsorption

4. Conclusion

The modified halloysite were capable
of capture and release CO: at low temperature.
We found that the proton conductivity of
SAM-modified HNTs was dropped upon CO>
binding. This fundamental concept could then
be used for a fabrication of a low-priced
material for CO, electrochemical sensor.
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