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v Biomimetic Tactile Sensors with Bilayer Fingerprint Ridges
Demonstrating Texture Recognition’

« 97 HIOOo X|F &M (human epidermal fingerprint ridges) It # L
(epidermis)% EH”'D'F HMH 25 Q9 HOO|A (surface kinetic interface,
SKINYE 7tX| = MH 28 =2t MM (biomimetic tactile sensor)E& 7 2&t,

sC|H =2 O[FOR LM,

« SKINE elastic moduliZ O|&0{ Xl 0|= =9| =
AFE5H0] SKINS| 2t ZEE

9|
Ctohol 201 X| £ 541 FE22 £ EES

<+ Fingerprint ridge
Epidermal board

... Vibration sensor
(PVDF layer)

Figure 1. Schematic illustration and shear detecting mechanism of (a) the human fingertip and (b) the

biomimetic tactile sensor.
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Figure 2. (a) Four types of surface kinetic interfaces (SKIMNs) with differing mechanical configurations
and (b) their fabrication processes.
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Figure 3, Images of a fabricated biomimetic tactile sensor with SKIN: (a) a false-color SEM image of : -
thi Fabricated SKIN 3, which was composed of (yellow) SU-8 epidermal fingerprint ridges with s e i e

T I g { y y FARAC o] ; Figure 9. FFT results of tactile sensor output induced by scanning (a) a human finger and (b) a PDMS
200 yum-period and a 50-m height, and a (blue) polydimethylsiloane (FDMS) epidermal board withs 50700 the insets show aptical images of a human finger pad and the PDMS neplica. Blue arrows

50y thickness; (b) an aptical image of the fabricated flexible biomimetic tactile sensor with SKIN,  indicate the fyg, and green arrows indicate the peaks of ERs of the contact objects.
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Figure 4. Optical image of the measurement set-up, where the inset shows an optical image of a SKIN. Figure 11, FFT results of tactile sensor output induced by scanning (a) a hard fabric with tight weaves
¢ n i and (b) a soft fabric with hair-like structures, increasing, the contact depth. Inset images show 5EM and
¥ b LY RIRNE |
nd a |I‘.erlllg p{ﬂ}".“lhj’lﬂl ter phlh'ﬁdtl {Pm] I'IP' optical images of the two different fabrics (scale bars indicate 1 mm).



v" Ti-Catalyst Biomimetic Sensor for the Detection of Nitroaromatic

Pollutants?

» Ltoj20f Ti F0f 5= AN A2 NS =0 AEYSY LIEZ
BE o= (nitro-aromatic compounds, NAQ)2| 7| st EdS
d=ot7| flet dA 2 S EX0tA UAS.

- Ti Z02 A& T2 LIEZ F(nitro species)2] A=UHAM =2 Add=
HRAoH s=0| mef Ch= 28702] ChE 2E =2 A5 242 20 ¢
15%2| 7 HAS 23,

=
(mononitroaniline), C|L|EEEF 2 (dinitrotoluene)dt Z2 {2 L|IEZ HIak
SietE2 A& 20t A& SHAI7H1 x 104 ~ 9 x 104 g L' (0.2 x 106 ~ 5,
x 106 mol LYY 2 QS D, E[Ef M (titanocene)O| LIEE X[&
S 015X (7| IHE0 NAC AE0f CHt 25t MEH

Ti Z0H2 FEE M2O2Z LUEZHE (nitrophenols), 2 L|EZ 0t
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Figure 1. (a) Cyclic voltammograms of the titanocene complex (4 x -
10732 mol L™') on the glassy-carbon electrode (3 mm in diameter) in < .
0.5 mol L' H,SO, (dotted line) and on the Nafion-modified - -
electrode ([Nafion] = 2.5% and [(C.HJ),TiCl,] = 4 < 1072 mol L', E po
11th scan) in 0.05 mol L' H,SO, (solid line). Scan rate: 100 mV s . 3] el n
(b) Reduction-peak current, I,, normalized to the reduction-peak A
current after stabilization, I, , vs the number of cycles obtained in -
. - . & womy s’
cyclic voltammetry for the titanocene-modified electrodes prepared
with solutions of 2 < 10"* mol L' titanocene and 1.25 (—, blue), 2.5 L e L . e . -l

(— —, green), or 3.75% (- - -, purple) Nafion. The analysis was >
performed with a newly modified electrode (M) and after the first P 1 v Pt (V = 50K
stabilization using 11 cycles (). (c) Reduction-peak current, I, . ) . | _: . _ . -
normalized to the initial reduction-peak current wvs the std"; FIgUIEI.CYChCVUlmmmogImOftIUﬂUCEﬂ?“gL ],4X|ﬂ }ITIUH.; l)]“[’.smﬁlL 1H1804b9f019[—,hhfk) aﬂdaﬂ?rlheaddltlﬁﬂﬂflgx
electrolyte concentration, [, ., obtained in cyclic voltammetry after -4 . -4 -3 -3 -1 . ..

60 min of immersion of the titanocene-modified electrodes prepared m [_”_J PkaJS'SXl{} ("',b}ﬂf)l ].leﬂ ("',gl'ff.‘]l),and I.ﬁ)(lﬂ I]]l]lL (___]md) 4"]]ltmphfﬂylafehcﬂﬂd0ﬂaamm
with solutions of 1.3 g L (5.2 < 1072 mol L', hatched red bars), 1 ! - L - s I : . : -
L (0 3 10~ mol L1, plain pink bary, and 0.05 g Lt (2.0 x 10 iameter glasy calbpnelectmde(left).Vuhammcgmsunulaumncumdermgaﬂlhereducnuustepsaftertheﬁrs’[uneasbelngfmmﬂlk] =19
mol L', cross-hatched blue bars) titanocene. Nafion concentrations X]U“m[]l]]_lsl(nghl)‘ Thebatkgmu“dmssubmmd

are indicated.
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Figure §. Cydlic voltammograms, in 0.05 mol L~ H,S0, on Nafion-
cmtr.d dectrodes ([ Nafion] = 1.25%, 3 mm in diameter), of (a) 0.5 g
L m-nitrophenol (— - — - — , blue), p-nitrotoluene (— — —, red),
nitrobenzence (- - ,.grtm},andm—ruh‘mnﬂ:m {—, black) and of (k)
0.5 g L' 24-dinitrotoluene (—, blue), metronidazole (- - -, red), and
2,6-dinitrophenol {(— — —, black). Scan rate: 100 mV s~

Curment (uA)

Figure 4. (a) Oxidation-peak current measured by cyclic voltammetry
H,S0O, and normalized by the signal of the first
analysis after stabilization of the (C:H/),Ti'V(OH,),>'-modified
electrode ([Nafion] = 1.25% and [(C;H),TiCl,] = 8 x 10°° mol
L~ '). Error bars are based on the electrochemical signals given by nine
different modified electrodes. (b) Reduction-peak currents measured
by cyclic voltammetry in 0.05 mol L'
analysis
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v'  Electrochemical sensors based on biomimetic magnetic
molecularly imprinted polymer for selective quantification of
methyl green in environmental samples?

HE 321 Y2 (methyl green dye)S ZELEHZSID =2 QUZEQF ME4XOI
HAE=2 98l magnetic molecularly imprinted polymer (mag-MIP) & Et2
HO|AE ™= (carbon paste electrode)d| &SI MEL2 N 2H MME
M z=gt.

Pseudo-first order kinetics 2 20| 2|3 mag-MIP 20X 2] = maximum
adsorption (Qm)= 3.13 mg g'0|11, HHu 2= magnetic non-imprinted
polymer (mag-NIP)= A =0} 2K Qmol W= 158 mg g'g=2 Engh

= =9l, 1.0 x 108 mol L' A& oA (LOD), 9.9 x 1010 ~ 8 x
10 mol L] M =& HL (Imear concentratlon range), 4.3 %2| SO #&

Nl M= HE aglel MEN Ao 2|5 93%0| A 103% 22| 2|+E2
215 YFS2EMN 20t 22t 2 HE[ds USorAL 24 HS0(A
HE dzlol §S=rE ¢l M TEe| tsd= YSots
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Fe2* + 2Fe?* I:b. Lt 07 q \\ / o

Fe,0,@5i0, “
Fe,0,@5i0,-MPS

~ 0.
N cl
Template ‘
) extraction EGDMA |
4 , 3 NH
. r £ 1 = ‘
' y " 12h,60C° Hi’c/\]{
Rebinding AIBN |
N "No ©
Fe,0,@Si0,-MPS Fe,0,@Si0,-MPS " Methyigreen & Acrylamide

without template with template

Fig. 1. Schematic representation of all the steps employed in the synthesis of the mag-MIP.

Fig. 2. SEM images of the (A) mag-MIP and (B) mag-NIP materials formed via acrylamide as a functional monomer, Scale bar: 1 pm.



v Biomimetic magnetic sensor for electrochemical determination of
scombrotoxin in fish*

Mmagnetic molecularly imprinted polymer (magnetic-MIP)7|gt2 =2 TH=0{ %l
MME 0|83t0 0] F2| scombrotoxin (histamine)2 AZ=dt= ™ 7|3stA
MAIS ot of7L ZATtZ W2 MAIDF M 7F H|29| MA7HErS 2 a3t
Histamine magnetic-MIP = core-shell method £ histamine & = O
tamplateE INE= X 0% il 7|—¢§ monomerZ 2-vinyl pyridine2 At-&3}H0
NSRS MIPs2| BEE 7tX2 = dM 2 M=t Abd AL (MP)=
S22 4 BE, Ed, =2 2gEE 7HX2 Ao KMol 2oz g
=2 = ASS YUSE.

Magnetic-MIP= O FAIZEZEREH =& 5| AEfHIC
magneto-actuated electrodesOf & & 3tA[Z] &
spoilage)’l 50 mg kg '&CH =M '-*_' LOD7t 1.6
=X7tS HstoZ )N QAAMA O] AIE AAY| = A




A. Preconcentration of Histamine B. Magnetic actuation on magneto-electrodes
on magnetic-MIP

and electrochemical readout

magnetc-MIP
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Fig. 1. Schematic procedure for the electrochemical sensing of histamine preconcentrated on
magnetic-MIP by magnetic actuation on m-GEC electrodes.

Fig. 2. Comparative study of magnetic-MIP (Panel A) and magnetic-NIP (Panel B) by transmission
electron microscopy.
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Fig. 3. Confocal microscopy for the characterization of the binding of histamine-FITC conjugate on
2-vinyl pyridine magnetic-MIP (A) and the corresponding NIP (B). Furthermore, the confocal
images for methacrylic acid magnetic-MIP (C) and NIP (D) is also shown. The corresponding
fluorescence intensity values at 518 nm for each of the material are also shown (n=3).
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Fig, 5. Panel A. CV at different concentrations of histamine (anging from 0t02.2x 10° mg L™) on
a bare m-GEC electrodes, and performed by spiking 100 L in 20 mL of PBS, Panel B. Calibration
plot of the anodic current values at different concentrations of histamine (0-11.1 mg L") ona bare
m-GEC electrode in 200 mL of PBS. The oxidation peak current was fifted by a nonliear
tegression (Two site binding hyperbols, R*= 0. 940), Extor bar showsthe standard deviation (1=3),



v From Electrochemical Biosensors to Biomimetic Sensors Based on
Molecularly Imprinted Polymers in Environmental Determination
of Heavy Metals

« Molecularly imprinted polymers (MIPs) 7| & Inhibition-enzyme
electrochemical biosensors@t biomimetic sensors£0| E1NE[1 YO
558 MAZEE Electro-synthesized MIPs7t S48 & "7tsl7| st

biomimetic electro-chemical sensors2 E1 &1 QU=

¢ Mmulti-template |mpr|nt|ngS Ch Zo| sAl =2 MG fl5HA

ARE|D Aot &5 23l 53 (speciation capability)2 =&£9| LtEILEX]

U= ENIE U L AN M7| ststA HEO|2 MM (enzyme inhibition
4

LS — 1= I_I
electrochemical biosensor)= 0|2{3t 2K & ==2¢.

> BIOSENSOR

- 3% 583 %IiF H7| 2fetd HiO|Q MNet HAE X Zo| 20| Table

10] 24Z|0f Ao TA A|AH (HRP GOx, p ZEEA|CIOLA)O XL =
H17F AHe 818

»> BIOMIMETIC SENSORS BASED ON ELECTROSYNTHESIZED MIPS

- Of& HEE|TD UX| FAL BEEXHe = HIED A= electro-synthesized
MIPs (e-MIPs) 7|&t %%ﬁ M7|12tst &2 ZOHE Table 20| 26t QS

- Table 11} H|WSt Table 2= MIP artificial receptors 7|8t H
= = M B M (selectivity), ¢ M A (stability 2 E 1



TABLE 1 | A summary of analytical charactenstics of bicsensors for determination of heavy metal lons based on enzyme inhibition.

Sensor Metal Methods Detection Linear range (M)1 Tested Regeneration Stability’ Recoveryin References
lons limit (M) interference? method real samples
MT- Pb?+  Amperometry  7.55 3« 1072 278 2 10~ —1.66 » 108 Ca?t, Mg+, Nat, NR. SL10 96-104%9 Moyo et al.,
MWCN B i
VHRE 24 294 x 108 363 %107 -1.08x 105 © WL: 10 2014
PPy/GOx® Cu?t  Potentiometry 7.9x 108  79x108_168x10"% NR Waterand ~ SL: 8 98-101%4  Ayenimo and
ng"' 25 4 10-8 96 w108 _ 5 w 106 PES 10157 Adeloju, 2015
Pb?+ 24 x 1078 1 %107 -15x 1075
CdZ+ A4 %108 4 %108 -62 » 102
PANI-co- Cdet DRV 741 » 1012 0-8.89« 1011 Felt, Nift, Co?t, NR Sl 57 96—1[14%4!_ Silwana et al.,
POTDAMRP®  pp2+ 457 x 1012 0_4.89 x 10-2 Nat, SO5~, PO} 112-128%5 2014
Hg2+ 293 » 1012 0-4.98 x 109
N-CNT=/GOx  Agt  Amperometry 1.8 x 109 2x 108 -2 w10~ Cu?+; Co?t PBS WL 6 MR Rust et al.,
2015
BSA/glycerolp- Cd?+  EIS 618 x 1078 200 x108_-200% 101 NR. N.R. NR. 05102%°  Fourou et al.,
gakclosidase™ 6y o 1.76 x 109 565 x 10—10 2Mme
—5B5 » 104
Cd?t  SWV 6,76 x 1011 2.00 x 10—
261 » 101
cré+  swy 1.76 » 10— 565 x 10-10
—5E5 x 104
PNR/HRPe Gt Amperometry 0.27 pM 0.2 -51 pM It Cult, Cd?t,  Acetate Buffer SL:21  NR. Attar et al.,
Cib+ 1.6 uM 0.05 — 035 uM Co?*, N+, Hg?*+, 2014
' ) P+
A Patinum eleciode (P15,
bGlassy carbon electrode rotating disk (GO-R0E),
Eiassy carbon electrode (GOE).
TGl electrode AUE).
B arbon fim ekectrode (CFE),

TSome valuas have boan fransformed in molar concantration,

2nterforents species are in bokd charactar
as1 | Siorage | ie: days; Wi, Working [ #e: number of consecutive messurements.
AS5A, Bovine serum albumin; DPY, Differential puise voltammedny; HIS, Flectrochemical impedance speciroscony; GO, Gluoose axidase; HRP Horsaradish panoxidasa; MT-MACNTS,
Maize tassel-muifi-walsd carbon nanofubeas ; N-CNTs, Nirogan-doped carbon nanofubes; PAN-co-PDTDA, Polvaniling-co-2, 2-dithiodizniling); PNR, Poly newtral red; PPy, Poly prrole;
SWVY Square wave voltammetny
Range of percentage obtained by the analyss i real samplos (*ap wafar, Sriver water).



TABLE 2 | A summary of analytical charactenstics of lon imprinted electrosynthetized polymers (IIPs) for heavy metals determination.

Sensor Metal Methods Detection L'ncﬂ'ralgeﬂﬂi Tested interference? Stﬂtys Recovery in References
lons Enit{ll]' real samples
MWCMI=/Poly Cdet  DPSV 494 3 109 180 % 10-% - 9.87 » 10—  Ascorbic acid, glucose, S1: 45 MR Roy et al, 2014
. 1 1 24
Arginine® G2+ 122 x10-8 597 x 10-8_295x 10-8 F& " Ha™h. Zn
Pr+ 286 x 1079 975 % 1079 - 297 107
MPMBT-SI08  Hg®t  SWASV 1% 1010 1x10%-16x 10" P+ Gt Zn®t, Cut,  SL:40 93.1- Fu et al., 2011
Nt 108.7%5
PPy/EBRA Cult  DPASV 2 % 109 32 x 1078 1.0 % 10-%  Hg?*, Ag*, N+, Co?t,  SL:30 97.1-98.4%5  Zanganeh and
Potentiometry 8 B 5 Cd?F, G, Mt Fet, Amini, 2008
1.0 % 10 5x 1078 -1.0x 10 P2+ Zn2t
PANISSAR Agt  DPASV 2 % 1011 15 1010 4 5 107, Hg2+, Cut, Mat®, K+, Sl: 50 07 20w Hashemi and
Potentiometry 1= 1081 x 10— Mg?+, Ba?+, Zn?t a2+, Zanganeh, 2016
24 oo+ gﬂ+ 3+
9 - 5 PR+, , Hg?+, Crd+,
1310 1=x10%-1 %10 G+ N2
PMB/Gly® Gt Py 4.24 x 1011 Hx 4010 3 5 08 K+, Nat, Ca?t, Mg+, M.H. 98196 Li st al, 2015
Fedt, AR, Crdt, M2+, 05,557
Hg?+, Cd?+, Mit+, Zn?+, 101,498
Co?t+, Ppet 981
105.69:9
PPy/EBR2 Ag? Polentiometry 6.3 x 10-9 1% 1078 -1 101, Hg?+, Cd?t, Cu?*, C3,  sl:en a98x'0 Zanganeh and
3% 1010 4 % 107, Cot, Mn?t, Fe?t, Fet, Amini, 2007
1108 9 104 M2+, ppi+
DPASY
PPy/ARS? Mgt Polentiometry 25 x 1078 5x10¥-83x10%  K* Na‘t, Hg?* NHJ, N.R. 102%4 Rounaghi et al.,
Cd?+, PP+, Ba?t, Znt, 103%5 2015
Voltammetry 4.6 x 10-10 92 x 10-10 _ 28 » 108 N2+ M2+, Gu2+, AP+ 1022911
e
MR/PPyA Cu?t  Potentiometry 5.0 = 107 39108 50 =102  pb2+ Hg2t, Agt, N2+, S5 MR Mazloum-Ardakani
+ 24 +
ASY 6.5 % 109 1.0 % 107840 » 103 Cot, Cd™*, Cri+, Balt, etal, 2013

Fadt, AR K*, Nat

AGkassy carbon elecirode (GCE).
Bsnid eectrods (AuE).

TSome values have bean fransformed in mokar concantration.

ZInterferonis species are in bold characiar.
351, Storage Life: days
Ranga of parcentage recoveries obiained by the analysis in real samples (*ap water, Sriver water, Sronming water, 7 frui juice, Brain water, “boer, "water samples, T waste waler sampla).

ASY Anodic sinipping voitammedry,; ARS, Alzarin Red 5; DPASY, Difcrantial puise anodic stripping voltammetry; DPSVY, Diferontial pulse sirpping voltammedry,; DPVY, Diforontial puiso
volfammedry; EBE, Eriochrome Biue-Black B; Gy, Glycine; MPMBT, Microporows poly@-mercapiobensothizzola); MA, Matind red; MWCNTs, Multi-walled carbon nanolubeas,; PAN, Poly

amiine; PMEB, Poly Mathyiene Bilue; PPy, Poly pyrrole; 554, S-sulfosaficylic acid; SWASY, Square wave anodic: sinpping voltammelny.
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A. Moselhy, M. d. P. T. Sotomayaor, M. L. Pividori, Talanta, 194(1), 2019

. From Electrochemical Biosensors to Biomimetic Sensors Based on

Molecularly Imprinted Polymers in Environmental Determination of Heavy
Metals, C. malitesta*, S. D. Masi, E. Mazzotta, Front. Chem., 5(47), 2017



	슬라이드 번호 1
	슬라이드 번호 2
	슬라이드 번호 3
	슬라이드 번호 4
	슬라이드 번호 5
	슬라이드 번호 6
	슬라이드 번호 7
	슬라이드 번호 8
	슬라이드 번호 9
	슬라이드 번호 11
	슬라이드 번호 12
	슬라이드 번호 13
	슬라이드 번호 14
	슬라이드 번호 15
	슬라이드 번호 16
	슬라이드 번호 17

