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Abstract

We investigated mechanochemical radical, which is concomitant with chemical lift-off lithography(CLL),
on the self-assembled monolayer(SAM)/electrodes and a polydimethylsiloxane(PDMS) using a colorimetric
and a spectroscopic method. The 11-mercaptoundecanol(MUO)/Au or the 11-hydroxyundecylphosphonic acid
(HUPA)/ITO were contacted with bare or activated PDMS. After contact, the each of SAM/substrates and
the PDMS were immersed in a 2,2 Diphenyl-1-picrylhydrazyl(DPPH) radical scavenger. The color of the
DPPH exposed to the PDMS was changed from purple to yellow and the absorbance decreased definitely
at 515 nm wavelength. The SAM/substrates, however, have caused small changes in spectroscopic property,
indicating no existence of radical species. We concluded that mechanochemical radicals were formed by
homolytic cleavage of PDMS molecules upon external force and hardly transferred on the SAM/substrates.

Keywords : Chemical Lift-Off lithography(CLL), Mechanochemistry, Self-Assembled MonolayerSAM),
Radical, Bond Breaking
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Fig. 1. Schematic illustration of possible two cases
related with contact and separation. A) Formation of
radicals by breaking C-C bond (Mechanochemistry).
B) Chemical Lift-Off by breaking metal-metal bond.
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Polydimethylsiloxane(PDMS)+= Dow corning®] SYLGARD
1845 AREJUTE AJSF 99% 11-mercaptoundecanol(MUO),
98.5% Potassium ferrocyanide(KsFe(CN)s), 99% Potassium
nitrate(KNO;)=  Sigma-Aldrichol| 5] Lotk 95%
11-Hydroxyundecylphosphonic  acid(HUPA)2}  95%
2,2-Diphenyl-1-picrylhydrazyl(DPPH)+ Alfa-Aesaro]| 4|
-l et

2.2 XP7| =2 X (SAM) 7|8 SN

Au wafer& 1 ecm x 2 cmZ® ZE}A| piranha
solution(3:1 v/v, H,SO, : H,0,,)2. 2 3E7F #2594
FHE A3ttt Au wafers A x5 YA
p-type Silicone wafer$]ol] 4 nm Ti 23} 200 nm
Aus &apFog =z JPYob (1 A /s). Indium tin
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oxide(ITO, 10 @, SAMSUNG CORNING) 7|22 1
cm x 2 cm& ZFE}A] acetone, isopropyl alcohol,
33 ZRed] wAdR Yol 7 384
sonication3tch. Aol LY Au 7|TE 1 mM
MUO/ethanol o] A, ITO 7] 1 mM HUPA/watero]|
A 12X7F o]AF HiIslo] SAME FAJsich 7|3
flol SAM B4& =¢1st7] 213 1 mM KyFe(CN)s
in 0.1 M KNO; -£910f A cycllc voltammetry(CV) =
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Science Inc. 100 W)= 30%7F *]2|3}e] FEHO
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oF 515 nm A oA 1 &4 wer) ARt [14].
u}2}A] UV-Vis spectrophotometer (UV-3600, Dong-il
Shimadzu Corp)= AF&-o], W& Ahehal 2710 A
27 h §<¢ 7|7 E&= PDMS9F HEFE 10 ¢ M
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CV) Q] Aeof -5 “J% slo] 27| %
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otk Auet 1TOO| FAE A=Y eEA b o
Adzgle] Z FAHA=AE &lstr] flstk,
[Fe(CN)]* S Al313H U 8Hd B4 (Redox) & AHE-5}¢]
CVE =439t} (Fig. 2.). WA SAMo] §l& 743
o= 7] 7o 2 A Nernstian 752 HAAHE
HHS-S HojFQit) of7]o] MUO wHExjuRe &4
Sl ﬁﬂ_h D3 Ao Al E AL Fols)
Ak Aoz g dA¢17|(alkane) AHEE Ak
o]o] oFgk AT 2R 0 2 ARAILE A G X}%O}
A ERoU, FAY 0] A3k 7 5o A
FA AsS HojFdh g 7S ITO= 7A
13} AuQ} npaZIR| 2 A A0l 7l CVE R
F3om, HUPA thEatuto] FAE Fof= redox
43 [Fe(CN)]" 7} M3 A%

dlafjgdlo] HFRt HEE= %
o] 7:‘?Jr— H Atz AL SAMo| 7} 7]
ol Ao s FAHE As AT 4 Uslh

Current Density (A/m?)

- ) —— HUPA/TO
~— —— Bare ITO
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Fig. 2. CV of the Au and ITO or MUO/Au and
HUPA/ITO in 1T mM Ka[Fe(CN)e] with 0.1 M KNOs.
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Wil Zlsstoleh 1 % gyt g5k 35t
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E4¢l DPPHEHo| 7|#i} PDMSE 712 &7F
CLL¥A ZoF mwo| A% gzt oke 3ol
3} th. DPPHE] UV-Vis spectrat= 515 nmof| 4] &] &
3 E4o] ¢lon, DPPHY} 2ht]Z} Zgtste] &
=7} b F3F ulav) hadich Fig 3 2447
Au, ITO 7|9 9 7 7|53} A &3 PDMS$} 225t
DPPH £-o09] AAF AR T} UV-vis AHEHEo|t},
HA Ao A & 42 gl%o] DPPHO| 542 1B
2t (purple)S 7| 4 PDMS@}o] HHS Zofw= &
WL dojubA] gttt gHd UV-vis A ER
Al Au EX [TO 7|33} 21231 DPPH Lo 4] &
B a3t AEE ulwate] Zo]zt A gldch of

LAt AT o= G4T SRS A 471
BAL 7|9 Boliz Ae] 2AGH) ghths AL
Hojz&oh ek SAM A& 9] C-C ZAgHo] homolytic
comagefs 54l 713 el 71 ASIH k24 3
ASICH WA Y 529 FE2 OOl

olt}. 3t# 7] JJF =3¢ PDMS$} ¥H-3-3 DPPH
$oto) g SA=UALA Dol A e
Zhashant o= sz} 279 PDMSe] Ex}7}

elgof o3t 7l7il§}§%4 2% 92 grjZdol]
P2 AT Fig 39 ARxlo| A% DPPHE| H
2 o] PDMS9FO] Hhg-o & T @2 Zlo] gl
o} o] A o= SAM/7|He] o}ehA Ay Fast
Al PDMSE 1/d38k= A AA|7F @] of ofsf &
== 71 ASket Aol dojutal, PDMS EH | A
2ol e A 27b0] SAMo] EASt= 7R R
Aol 2 =7 grof wtrzo] BatE ] gk As
elskict.

= 10 yMDPPH
A) Au after CLL
= PDMS after CLL
MUO/Au
PDMS
3
)
P
8
H
£ = 10 sMDPPH
2 | B) = ITO after CLL
< = PDMS after CLL
HUPA/ITO

PDMS

Wavelength (nm)
Fig. 3. The UV-Vis spectra of A) A gold substrate
and activated PDMS after CLL. (B) An ITO substrate
and activated PDMS after CLL. Inset shows the
color of DPPH/ACN solutions after contacting with
the substrates or the PDMS. Black line represents
pure 10 uM DPPH/ACN as a control.

th22 99t FUe CLL #AS 1 3] 33t

CFAl SAM/7] 3} 71 EH4J 8} PDMS ARo] 9] Ths
%W Bee 712 53] AT Fo DPPHE]
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veldch 28v PDMSe} HH2-8F D
< Fig. 39] CLLYt 3 2%
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©|gjo] PDMS W 9| 7| A g}et A4S st
Wl etz FAoh Fas gelew B 4
npA9F O 2 Fig, 31} Fig. 404 ARg-3l
PDMSE tf4lsto] Eef=nt AAgE shHA
hydroxyl 2}-87|7} ®Ho] ¢l&= PDMSE 0]%—‘8H
SAM/7| 53} H|ZH/J3} PDMS Ato]o] whe & 4
22 BT 53] HAAISE ZH A doju= S
DPPHO| ¥3}E §af W3t v|2AJ3 PDMSE
AgstE Belxubz AAE AE717F Sushs
CLL Aty Zgkxnl2 Qlgt 3}ehut-e9o] o3ke:
Z9] 2= It} Fig. 5(A)9] SAM/Auz} X %3+ PDMS
9] %9 CLLRYF AAJ3E Fig. 3(A)X.thi= DPPHE| A
At UV spectra= 3171 Q1A A 9F, Fig. 4(A)2} H]

EOPF 1:21

ok

f
ml
owﬂﬂ
o &

U

52
o]

-

= 10 uM DPPH
= Auafter CLL + 5 Contact

= PDMS after CLL + 5 Contact

MUO/Au

PDMS

Absorbance (a.u.)

HUPA/ITO

PDMS
» 10 WMDPPH
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Wavelength (nm)

Fig. 4. The UV-Vis spectra of A) A gold substrate
and activated PDMS after CLL + simple contact
and separation for five times. (B) An ITO substrate
and activated PDMS after CLL + simple contact
and separation for five times. Inset shows the
color of DPPH/ACN solutions after contacting with
the substrates or the PDMS. Black line represents
pure 10 uM DPPH/ACN as a control.
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sto] =7 Gebx|A] gkt wheba EHehznh A
glo] w423t 9o R PDMS EHo| M]3
=9 gz gAol 7k sttt AMS Eels)
gith. 3 Fig 5(B)e] SAM/ITOS} %3 PDMSE=
CLLS @50 & =33t 7 -9(Fig. 3)Eth ¥ 2]
Zo] =7} Wil CLL + = A& 9 223 4%
(Fig. HEth= 42 AL g3t o] ato]= CLL
ojuf & FE 9 Yot A2 VA A=9 F
AlHth= SAM/7]33F PDMS7F 2%t "olX|=
St G 713 Aem Hd (Fig 39 3%
CLL % 13], Fig. 49] 3<% CLL 13] + T & 9
w9 53= F 6l TAH AF). F FTFC
SAM/7|#E3} ®FSst DPPHE 43 PDMSZ
CLLRF ~3y3d 7 (Fig. 3)¢} vluste] o @&
S Wk

4 Wkl

= 10 M DPPH
A) = Au after 5 Contact

= PDMS after 5 Contact
MUO/Au

PDMS

T
= 10 yMDPPH

B) = ITO after 5 Contact
= PDMS after 5 Contact

Absorbance (a.u.)

HUPA/ITO

PDMS

T T T 1
400 500 600 700

Wavelength (nm)

Fig. 5. The UV-Vis spectra of A) A gold substrate
and bare PDMS after simple contact and separation
for five times. (B) An ITO substrate and bare PDMS
after simple contact and separation for five times.
Inset shows the color of DPPH/ACN solutions after
contacting with the substrates or the PDMS. Black
line represents pure 10 uM DPPH/ACN as a control.
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slelA om FHO| mAlFRE Alxse Wl
3}el4 2 ZE Q@ 3Z(Chemical Lift-Off lithography,
CLL)E o]-&3}¢], Z} F(Au)d} indium-tin oxide(ITO)
71 9o #A%  1l-mercaptoundecanol(MUO) %
11-Hydroxyundecylphosphonic acid(HUPA) Z}7| % &
HE 2} o (self-assembled monolayer, SAM)2] 7] A 3+
SHk-S-(mechanochemistry) 3438t ALt} st
s HEe St FHoR Ak Bepxui ¥4
SHactivation)3t Polydimethylsiloxane(PDMS)E A}7|
ZH A ko] hydroxyl 2H-g-7]ef WS4l
7 928 slsto] BN o] HHOIA 7A@

% PDMS Z@ 0] FHo|H Aojih 7] A3huS
9] homolytic cleavage®] A X=%5 radical scavenger?l
2,2-Diphenyl-1-picrylhydrazyl(DPPH)2}2] WH-2 &
S s DPPHO HE wiskE ulay @
UV-Vis F3 == S35tk 34, CLL 45 A%
SAM/7|%H& DPPHE| Ai4t3 RES 79| wgh]
7|14 92 ®hH, 21 7|33t 353t PDMS+ DPPH
T g WIS =4, 24315 PDMSe}F SAM/
7132 o2 ¥ &5 7E E95kS o, SAM/7]
T3 PDMS+= ©= CLLZ AXl 7-%-Eth DPPHO
Mayah B shels] WMSPAZATE A, A
3} PDMSFH 02 gt 1% U 2ol2 43S
off, SAM/7|3+ 9 PDMS :#HO| gjtjze] == &
shzub AAee} Aglo] Qlete] A WS
waskley. ¢ Zut=FE PDMSQ} SAM/7| 9
CLL 2ol A FHtE = 7| A|3ket @42 A7 24
chEzuke] C-C ZgtHth PDMS £412] homolytic
cleavage -'&sto] gtz s, o] 7|A skt
A efrze ArlzdeEAlE Hog o|Fol
ATl AL s,

s
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