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LA ok 2 A7F B9 P9 E 4 9 (soaking), ©]3F, ¢F 150C XA 308 Tk 7AxAZA 4 Urt. 19

g oleje ¥4 2ASS dA4 2o Baea, dekal 249 4

% 208 FESW, A7) Adclon A B4 UrnRFHm2e] BEY F 95 99 Aeld(ultraviolet
ray)ol =EAA A7) 254 BRel Ay 99e D54 EWoR WEHAZL 5 A oju, Bie] Ynfu
(n12) Aol ®e] ATR(h0)E 2 vlaAMI)E WA & 9T, shaI0) A% A B4e) Yrfn
(IDE ol AR ray) S 2442 5 Arh. 47 Aol $4e, oAt 254 m AL 5 QA
o= A4l ol W Wl sl B e} 2a

dabd 5 Jdo. ALHA NV ray) =F 3AHS £ B UA -
gk = Qlrh, AA (Y ray)ell =29 E59 UxFE12)9 I dIdM= UnFE(nl2)9 FEF0] v
(=, photocatalytic activity)ell 2|38 trimethoxy(3,3,3-trifluoropropyl)silane (5, FAS-3)¢] AFA =
2297 A<l (hydrophobic fluoroalkyl chain)o] AAZE < i, Zio] wl, &5A EwHo]l A o
Hakd & ok, E 2c9 T AdEe] & 2dol EAIE Tt

L 2dE Fxskd, ALV ray)el =3¢ 999 YrFHE0NI3) S 7 Aok, AL v
ray) &2 =gEA @2 9o yrmFEaEml2)2 2o L7 xuS d ¢ AT A ow, YR
B oolgo](230)0 4 o]Ad T e d9ERID 2 Hge 44 9ERIDES FEEESF o5 AL
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[0070]

[0071]

SIHSd 10-2022-0021790

, (A9 annealed TiO, NTA AollA AZZ(CAS A9 0° 4 4 3, (B)Y silane-modifed

Ti0, NTA oA HE=ZH(CA)L oF 134.4° & 4 93, (09 hydrophilic Ti0, NTA oAl HZZH(CA)S <k

16.1° o 4 9om | (D)9 HB/HL patterned TiO, NTA AollA HE=ZH(CA)S ¢F 54° 4 & 9}, (D)) HB/HL
T

i0; NTA= Al8e] 719" (coffee-ring) TS WAL 53 24 S4S HE

4 =7

H=1

I
o
]
rr

A<
T 3

L 78 2 dgel o Arde] wg AE ZdolES Alx el ZF AR Ti0, Ui=FE of# o] (NTA)

gk FTIR(Fourier transform infrared B71e AxE HFE agzo|tt, & 79 (B)adx:=
(Mg Zeo] Y yl4=(wavenumber) F9S Fdste] HolFET),

%= 75 3P, annealed TiO, NTAO] thgk FTIR £33 54, silane-modified TiO, NTAS] o3k FTIR &% 54

S
og
At
ox,
o

»a

hydrophilic Ti0, NTA el Wit FTIR &3 54ES A = vk, WV 2=AF d FAS-3e.=2 71 Tio,
NTA®] 75 1061 cm 2 997 em o)A 9] WA} Si-0 ~E# Y (stretching) AEo| FE 5 i, -F 2E
#% (stretching) Q- 1255 cn ' 2 1167 cn = o4 #2 o] Ti0, NTAS] FAS-37F EAI@TH= Ho] SHelw el
ok oF 30% E¢F W& ZAMSH &, hydrophilic Ti0; NTA dolelA= C-F % Si-0 9370 A9 Az, o

= Ti0, NTAS A FAS-3¢] AAE AL thehdict.

= 8L

o

A ZAS WA A AFxzdE B9 HB/HL patterned TiO, NTAS] EZ=Z X (morphology) EA % &

e AEZC) 54E dastel wolFE mdolth ® 89 (1), (B), (), ME %47 ejmriold
(anodizing) #to.= 10V, 15V, 20V, 25VE AF83ke] Alz¥ HB/HL patterned Ti0, NTA9] REE=ZX

(morphology)S H.o]F+= SEM(scanning electron microscope) ©l®]#]e]t}. = 82 (E), (F), (&), (W& ZZ
(1), (B), (C), (D)ol th<3}= HB/HL patterned TiO, NTAo] thdk &8 HEZ(WCA) EAS HolFE ALY o]

n| 2] o]t}

X 89 (A), (B), (O), (D)E #F=xstd, 10V olx=t}o]d (anodizing) HStollAl Ti0, NTAS] A7 ¥ xo]& 7}

ZF 29 nm 2 150 nm §lar, of=riol HMgto] 25VE WHAFAS wf, NTAY] A7 9 FZol&= ZHZF 100 nm % 539

m=Z Z7}39 k.

= 89 (B), (), (&), W5 F=x3d, oftold Aol F7igte] whel HEZHWCA)S A3, 10, 15,

20 2 25Ve] 217} HtolM AR HB/HL patterned TiO, NTAS] HZZH(WCA)S 747+ 89.8° | 66.9° , 52.4°

2 41.4° g, 59 2%, " 9 Fx 2 EE T8 S5 NTASl EW FEjo| #AIgle]l A9
iy 1= A7} HB/HL patterned TiO, NTAS] W& F7H(S, vessel) S A+ AS 9

b S7bE Ti0, NTAS] 7%, A7} NTAS] »op aapHor FFste] H57H(WCA)ol #Had

_]

(e}

o
T Y. oy A= AA el EAMTFH(capillary force)e] HA = (viscous drag)(n)d =
(gravitational force)el <38 #HE o]Fi UY&S YWEME Lucas-Washburn Hg2o=z A@ad 4 i,

Lucas-Washburn WA 212 2z &zl u}, o]of ojgk AbA|gk A2 Ak},

b
E
[

=)
s
K
Ry
oY,
i
Hir
o
N

% 3o

oo
ftlo
o
BN
ol
2
rq'
ok
o
BN
g

= npep gho], 3 b o] Ao M ofm=the]H (anodizing) AUt e
qgtoz M, 63*354% HB/HL patterned Ti0, NTAS] A= 2 EAS go]stA Alojd & i},

= 92 H wuo] o AAdo] wel AlZFH HB/HL patterned TiO, NTA AbollA Nl ®A# % (capillary

penetration)= /A o2 HoFE ZHo|U},
= HB

ki
©
Ll
i
BN
_0|L
A

B/HL patterned TiO, NTAE <A Ti0, NTAS ¥3Hat= 4A o
9 AgA Ti0p NTAS g8l AFA 998 HHE 5 Aok, 8898 244 J9o =X Ho, YefFH

VR ARHEA Azd 5 vk oju, A7) FEolont B AWS 8 NaCl 80 ALESAT.

£ 18
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[0080]
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[0082]
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= Zdoltk. E 109 (A)v = 99 HpA g gigk SEM olnX|o]ar, (B) WX (D)& 7]
gk EDS 4] oju[A|elt}. (B)& 7] 44 dHelAe Nao] EAE, (OF 47 154 99
Cle] &A1, D& 7] AT GGl NaCle]l EAE BofFEo,

L NaCl S8ojo] & 99 A%y o] FEs] Na % Clo] W54 ol w2 FEs|o|

= 118 ZF2¥Ad &N (fluorescein solution)2 (A)

g@a Ti 7], (B) HB/HL SHE]dH X
hydrophilic TiO, NTA 2 (C) HB/HL patterned TiO, NTA ZFol Z+z}t paxA

qastel Axd ¥, olF

N
=~ o

o]t A (fluorescence image) E FF F%= EXE(fluorescence intensity distribution) 545 A% A3dE
Bo]FE =wolth, oJ7)4, (C)2] HB/HL patterned Ti0, NTAZ} 2 o] AAjdo] T},

T 128 E 119 (A), B) % (©O)9 A& Z+7ro g 3x9 A1Z+s}(3D visualization) 54 B
Holt},

s
N
o
ki

119 (V) 2 = 129 (MHE FHFed, 2FdAe & (fluorescein solution)e] oA 5 Hekdk Tj
713 goll A H (coffee-ring) IHES

L 119 (B) 2 = 129 (B)E FxaW, &
RS o, 92 wEA HA BT g 5] &de] Ti0, NTAE 3 o2 HF37] o AL AT
T Ak, d%ol, HFA Ti0, NTAA A o] SH Wafo g ilkehs w3t

oA A& o] FAIA AFH (coffee-ring) IHAES FAI3UT).

2
el
to
&
=
re

o,
o
=
o
=
(@]
w
o
@]
=
1]
o
o
=
=
=]
~—
o
)
+
o,
=
S
=
=
2
e
i

= p
S (fluorescein solution)®] HFEHE= FW 3t glo] #Us FXE YHEUE AS 31 5 du. Axd =
FeHAMAY FEHE AZstele 3x394(3D) A WS AFE ave] WA 7} HB/HL patterned TiO, NTAS AHE

%132 ¥ wwe] Aalde] whe 4 Zelol=E o] £ LPC 16:0 L LPC 18:09] i dlold B ol e 2
% $ADINS) A%E wolFe aghsolr

T 139 (A= AE ZHEE o83 LDI-MS 49 A-F-5F(shot-to-shot) APAFS H7Mst A3 Z1gzo]
O|EE o] &3t LDI-MS +49] AF-F-2~IH(spot-to-spot) IS Hrbgk A}

I, & 139 BE AZE Zv
i xzolt}. A-F-Ak(shot-to-shot) M-S H7}5t7] Y3, 50 ug mLilﬂ oA LPC 16:0 % 18:09] A
FE(mass intensity)E L3 AME AFol|A] 53] FAFT. F-~3(spot-to-spot) AMAALS 50 ug

L o] el A LPC 16:0 2 18:09] 5709 ME thE ME A%S abgsle] HWrbHQIY. Brbgom w139
letol = LPC 16:0 2 LPC 18:09] 3}38F 27} Z=A|H o] 9T},
T 139 (A)E F=xsid, B wde] A dd wE HB/HL patterned Ti0, NTAZ AMg&3}e] LPC 16:0 2 18:09]

g71sk A3, A 35 HA(relative standard deviation)(RSD)+= 2+
74 2.26% ‘;l 3.280%2 SAHE ], v %#f@ e 7H S Al

=
ot
>
W
52
=
w
=
o
t—F
t—F
O
(/J
=
e}
—t
Z
2
)
oX,
o
\:1

T 139 (B)E Hxsld, B wo] AAdod wE HB/HL patterned Ti0, NTAZ A}&3}e] LPC 16:0 2 18:09]
et 23523t (spot-to-spot) AHF& A7ieh Av, Adl 27 AFHRD)I= ZH7F 2,100 R 31202 5S4 =
o, % 53 AIAANS 7S Felsi.

LMo wa A AE7} HB/HL patterned NTA T-% & 213k A9 (coffee-
% oth. =3k, HB/HL patterned NTAS] i1xl] wjE®]~E x}143 o LPC
=A e o] LPC ¥4 & (analyte)¥} HB/HL patterned NTA A}o] <]
otal interfacial area)e] %3] =Z7] wWj&EY 4 Atr}. HB/HL patterned NTAS] ¥ ™

ring) il}?/] )0 7]
16:0 2 18:09 A A= J9s
A Aol dH(

ﬁ“

(UFE xgste 3H)2 A5 A= 93l 843 (A9 % d438]) 9Y S QaL, o]y 2 M-F-aE d A%
-E-2F S ZHE ASH LDI-MS SAS gREEd AYs fastA e 5 9
T 4E B dyo] AAde upE AME ZYolEE o] 83 LPC 16:0 ¥ LPC 18:09] tist A& B4 A3E R
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= agzolty. A7) A1E ZolER HB/HL patterned Ti0; NTAE AF8-3ske] LPC 16:0 2 LPC 18:09 di3}o]

LDI-NS A o= A o4& sy

i
>
~

Jofloll w2 HB/HL patterned Ti0, NTAS A wlEg~2 Al&shw LPC 16:0 2 18:0
o] dgF 9=+ [LPC 16IO—H20+H]+ 2 [LPC 1820—H20+H]+ T AEH Ak, ®=§, HB/HL patterned TiO,

NTAE 5~100 pug nl el AA s% HYNA B F%(sensitivity)® A3 A (linearity)S HoFAT}. LPC

16:0 2 18:00] st AE SAl(limit-of-detection)(LOD)E= Z+ZF 0.990 2 0.9909] XMPAHE zh= 5 ug L
ArQl Aow F7IE T,

B7tAH o g HB/HL patterned TiO, NTAo] th3l tfs EAE
#8l, LPC 16:0 ¥ 18:00.2 FAH E3}ES AFGHoz FAste 1 235 H7lsls]

it

3lo
o

R

(o0
ﬂ—’

(multiple analytes)®] w3 E=X
ok old, ¥
LPC 16:0 % 18:0 $1& 1:1 R92 Sk 47 EFE 5 50 s al ¢ FEeIA LPC 16:0 2 18:09]
4o B WAHRSD)+= HB/HL patterned TiO; NTAS AR&3F SE-F-2F Bl ~3b-F-23 SHo|A K57 5% 1Rl

Ao e 9T,

e

3 =

pad

H
Lo

T 156E # O] Ao mE BE FHolEE o] &3 A Alm(serum samples)oll thEk LDI-MS &4 234
g HoF= T zo|t). A7) AME Zelo]ER HB/HL patterned Ti0, NTAZ ARSI, = 159 (A& A%
A A2 (healthy volunteers)?] o}HEUEZ-FF dH(acetonitrile-extracted sera)?] A& XHAEHo|an,
(B)x= SIRS(systemic inflammatory response syndrome) %AFe] OlHEYEZ-3FZ 7 (acetonitrile-
extracted sera)®] A 2AEFHoIn (Ot 55 HMEZF(severe sepsis) B I - (septic shock)E %
£ 319 olNEUEH-F= A (acetonitrile—extracted sera)2] A AFEF]o|T],

155 =38k, LPC 16:09] + 719 A=F = ([LPC 1650—H20+H]+5478.53 and [LPC 1650+H]+5496.48, red

ki

boxes) ¢} LPC 18:0¢] s}ite] A= 3= ([LPC 18:0- HZO+H] : 506.49, blue box)o] AZF3 A U=}, SIRS 3k}
T3 UEdS 2 g 235 2 FR9] "dH FEEA HEFAY. Bk AAs] dstd, LPC 16:0 2
18:09] ’3H%3}% A% e 985 A AE(FT 985 2 984 23 32) By 435 54 AEA
gk A PR D SIRS APl A dASA o S AEE ZE Aoz #AFHUG.

LPC 16:0 % 18:0& wlo]Q wlAR A3 sjdF5 Hehol| LDI-NSE AH&3ts eldAS Hrlsly] s, A%3
A DA (n=31), SIRS A (n=29) 2 FTZF HIF 2 HAIY &3 FAH(n=26)9 A —%%%OM LPC 16:0 2
18:09] A& 73 L& FAFoZ FAGTE. LPC 16:09] F-, A #41& $3 = 478.53 4 496.48
oA F A= Ar7t F7HE AT

=
5 16& 2 o] A do] wE HB/HL patterned Ti0, NTA x| sjEE ~E A3k LDI-NSE 7|wlo =3 5

Z9o 98td ek(medical diagnosis)S H7I8E Z¥E HFE ZgZolg. T 169 (MHE AH3I x9xAk
(n=31), SIRS B A}(n=29) 2 2= &= 2 J&A 4 3xH(n=26)2] Ao LPC 16:0°] Oﬁ%é}% LDI-MS
Aytolar, (B)& Mann-Whitney BlZ=Eo] 2|8k LDI-MS Axfe] vl 183 (boxplot )] t.

o~

T 169 (MWE T5 A85 9 A8 &3 SAlA] LPC 16:00] tial 54 @ A= Fwrf A7ds gz 4
SIRS #7te] AETE #FA ] Urhes A& HoFr. FrMHes, 55 d85 ¢ @384 &3 IS A% LpC
16:0 A X (cutoff) #2 F217] s EA(receiver operating characteristic)(ROC) FAozR¥H A= 7
EZ 3590.6 (a.u)d A= ARG, 7] ROC 2FAoA 24 ol WA (area under the curve)(AUC)
0.9942 HriEdoew FAFH FaAHdL AU, ®F, 3590.6 (a.u)e FHeE A FuoN #n
(sensitivity)e} Eo|Z(specificity)s ZVZ 0.9629F 0.9500.2 Al4LE SAct.

T 178 2 o] Ao wE HB/HL patterned Ti0, NTA LA WiE=~E ARE-SF LDI-MSE 7|Rto =g Y

=9 o84 HH(medical diagnosis)S H7ISH A5 BHAFE agZolg. &= 179 ()= 1A42e ALAt
(n=31), SIRS #AH(n=29) @ == A= 2L AHIA &3 A (n=26)2] DAl LPC 18:0] sl=&3l= LDI-NS
ZAi}olal, (B)& Mann-Whitney H|Z=Eol 2]t LDI-MS ZA3}e] vk~ 183 (hoxplot )] T},

£ 179 (M= T AEs B WA &= @xpelld LPC 18:001 el 54 | A% A=rh A7 AdA o
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SIRS 3zto] AR #A ] HWrhs & HoFrh, FrMes, % d85 ¢4 @384 a3 IS A LpC
18:0 AL Z (cutoff) #2 F217] 25 EA(receiver operating characteristic)(ROC) Ao zHY A= 7
=2 360.91 (a.u.)Sl Aoz AXEACE,. 7] ROC Aol 4 o2l W& (area under the curve)(AUC)
0.9922 H7tEAew FAH FEAS st ®=g, 360.91 (a.u)9 FHeET HAF FmoAN U=
(sensitivity)®} Eol%(specificity) Z+7F 0.9629F 0.967% AAtE At}

F

%= 169 (B) ¥ X 179 (B)E #=x3bH, LPC 16:0 ¥ 18:0 BA19) vt~ oA Mann-Whitney HIAE A3}
983 54 25 (A A9z 2 SIRS )3 983 A 25 (FE A¥8s 2 A8 a3V e #
Z}) Ateole] P-value?t E 0.0001 o 22 AS HAAFET, olg 7 150 ANZE 5H5F o HEslA F+3Ed
T eSS Yepd.

o Foll Al Avg st uiel o] I g HA|dof w

=
A0 mEA AR 4F BHS s s AE Edol

iz

(coffee-ring effect) 59 TAE Wxste], £ Had <L A 5 A& = e AE ZHEE
TESE vk, EgE, B o] HAAlde w2, AV AE ZEEE HlwA has hHo R goldhA

Az = At

= BAACA S 2w mhgkA g Aajdlel skl RAEkgle, HlE 54 gojge] AREHoY, ol
@A 2 2wl Ve e 4 AHsta 2w olslE w7 AT WAL oulelM ARgE Holx], &
o] MelE AR sk AL ofyn. o7 AHAlE Al ool E EH e YA ARl wiEEs =
e WMy ge] AA Tkt AL & dHo] Hohs Vs TokllM 4 A4e 7R Al A Ag e A
oltt. dlE 71& FokllA B AAE 7K AgH, = 1 YA & 178 xste] Ak golA &3 o] 23}
A 24 A% AE ZclE 9 I Al o], & 2ol VeF Aol Blojux] &= W9 delA, o
FotA A, WA 2 wHgE 5 des & g s Aoy, wiEel el mel= AnE AAdel ofste] A
ate] A Zlo] oty 53] Ayelel YA vleA ARl ofs] AstoiAof ik

Feo d9

« 2ol Fa R g $edy «

100, 110 : 7] 200~230 @ YaiFH ool
h10 @ 7H=-% MIO @ ¥XEw~T

nl0~nl3 : Yi=FE R10, R11 : A 4

=g
=97
sy / 200
R10— € < R10
R10a) € "~ (R10b)
R10—s € << R10
R1od) € J€ (R100)

n10
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EH2d
R22 / 230
Rt AT
R11— 4<— R11

{R11d)

HB/HL-patterned NTA

EH3

Power supply

| nanotube

Cathode Anode

H,PO,/HF
(electrolyte)

Er4
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EH]I

Fluorescence intensity

Fluorescence image distéibution
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Intensity (a.u.)

Intensity (a.u.)

ZIHSd 10-2022-0021790

Shot-to-shot reproducibility
[ZZLPC 16:0_shot to shot ass ay

Intensity: 7415.30+167.94

RSD: 2.26%
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SJLPC 18:0_shot to shot ass ay

Intensity: 3507.94+1156.10
RSD: 3.28%

Spot-to-spot reproducibility

EEJLPC 16:0_spot to spot assay

Intensity: 7390.43:+155.18
RSD: 2.10%
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Intensity (a.u.)
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Intensity: 3436.84+107.26
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LPC 18:0 (Lysophosphatidylcholine 18:0)
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