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E KRN EHOW AR REEAEREN, Bl 5 R AR B A AT S R R LR R
BMWEEF B2 —. HFER, BTEARFOWE, LF, BELERE, UEEFARKN ZEH KM ZE
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iR W ANESEE 55 % N DR T8 o B SN A0
PR IR TE K B 2238 8] TR R A B, H2
37 —BE B CIEEAE | PR IA 55) H RSO A R0 R
BT A RE S R B X B AT B2 2 T 7L,
o T B AP R R . AR — LR
ARG R 4 E I RE AR M R TR R, RZ
WO HERA 5 Z AR BB — 2R A Wb i ), i ad A
WU A= s 25 1 S R BV R AT 90 0 1 A ) 2
I B 7 AILAS T2 2R TR L 23 W7 A A58 0 25 Rl B AR
AYHEATREIN, SRR SEAUR AR | #RER e B
Lol NG HAE SR, DAL, JEAF RS )
TR A AL TR B /N AR R . e,
ST AURMPRE P 1L I T T AT [ BE | AR
BTSN | A I R AU R AR, O H AT AR
A3 BT ST PR

DAAT 28005 R AR R A 4k 94 K 4 REELA R 1)
ot MUAFTERE, PRI A2 BIWFSE A B2 SR TE.
THEGUORA RS T5 TR A B | ] e
P, T H B K R AR A 5 T 2 BB AL A5 R 5

ZHRGRAE, BRI, MR EY, e FERE, RN &REEES

FEAE N A= W A% B 2% M B O T S s T I B N
SOl SEE X RGO IR E A, Bk 4k
GEKA RS SRR AUOKRRF L AV EIE &, TTigm
T HEGUR R B AL 2R TS R R AR WA A, R RTA
Bl T A% b ek 3R T8 [0 22 26 0 R0 431 DT 42 vy e
PS5 RAEE

H 1l Tl 25 4% BES 09— 4E 9K bR 32 A4S
A A M AL AE O G U AR sk U B
TR 0 7 B e T ) R 25 5 e A AR T gy A e 1O
R T AR AR B i Tz . R B K A A
AL A5 2 A K E & A E B B KA A
H2 /7 (graphene oxide, GO), &KMLM 3E T BRHERPE
IR e, gl fese | KRS A S R A
27T LUK GOE Jist i i Jit 480 Ak A1 55 M5 (reduced  gra-
phene oxide, rGO). BIRrGOFRIM A KEFRE K& &
EREH], BN T A SR Lty [ rGOM T
P I AN QAL AR R 2 3 Ak 2= KA TR (CVD) Y £ 550,
(VR hy Al 2l N 3 AL 05, & BB RE LA R
BE AR RE! Y. A B AT Y T LS HAb ) fE
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iE R

WMEE G, BB — DA R fE, § N G
Bl H . GO R4 B4 Kb Fn4: . #HE A,
e TAORR) SR, BG5R T EAEIRIEYE, B Tk
R, HRXREEMEC o) Z 0T AEwE
S UL AL (MoS)) & — Fh 2k 5 U 4 I
J& 1k ¥ (transition metal dichalcogenide, TMD)!"*!¥,
Uk B 2 e L — R R B e pr R (HAS—
PR JE, M T E S R E e B, MoS, 2 A7 AJ
PRI B AT B, R T 32 T B R A R A AT R 4R ) AR
)H‘*jr[l&w].

BT T GOR MR B AL R B, 5 R ER 4
QKR W AR RS — R, B R ARSI
GO R AL, OB A O Y A W bR A vk
FEAT 5 e 0 BT RO 0155, B 2 52 I o 6 T 7
S A et /) e 7 i =9 B W B T Rl K e o
YIHEIRES . R AL | ABUE IR IR | L
AL GRS o, Ak A AL R N L T
12, ¥R MR TR ] o R AR B 2 R L Ak A A A
TS R O AR A AR SRS, AR SO A S 18 iR
FET YRR X PR AL Jk

1 ZHBob b ks

22 FLI FL Ak 2 A A RS ) I B R o
[ FE R, REH 5 Bina FAERT AR
55, SV T 3 e 48 o0 A e e b mT 00 £ 1) FiL Ak
AR S, DL BB G RRAE AR DU AF 5 1Y A ) 4% %
RO RO T LR B . . AT
DNA ., #H5E. VBN oo B 38 AR AT 20 A ok B
W A A . SR AR R B EOR AR, R TORA R
ANTE T A YL RS, BT LA A e A 0 fef P4 T
2. [EVA AR R R A B ik F B (glassy  carbon
electrode, GCE) Fll % ffl B8, #% (carbon paste electrode,
CPE). Hifb2¢ A Wi A HAA B o o VRl AR
POl | e . R BUE S AR LA, TR SRR I 45 5
RNz 0P, DR E e A A RS H R A
J& i R A — AL RS . R Ak AR W A SRR I
HURe AL ROEL . B RefL . SRR T I ki,
L IRER M) R | BERIE . RRE et Rt — P .

L1 ity

R 2 Tl A SR O o T AL T 5 Rl o A IR
LA A A AR RS, AT SE AL IR BT,

5 B0 AR ARG S 5 8 oT 5 4 i 5
S, NI E B AR o122, BEEAT S R A A
FE & —VE, 508 i AL B (glucose oxidase, GOx)
XA B AT B e R, BT T AR Tk
ez I IRV . T rGO% K 1Y b 2R AT RRAT 1) T [
GOx . FERMETTLRFERE TG T . (GO 5 1 P
[FVE AT g B Ak =i fb i M, Ik, 456 7rGO. 7%
BWE . S 3F AR AL R WAL RS T T
e R I e A . e A i R b, A A
BETEGOXHYAE FI T 20 il A= A 4 BE PR AT H,0,; 3 &
TR R H,0,, R 3E T AR RS 5K 2
[ A H T B8 BRSO N i B SRR AT

Glucose + 0, —**— Gluconic acid+H,0,
H,0, +2H" +2¢ 01,0

bR T A S0, oF V4 s Akt wk T A e
RE AL 2R AL AN . DL b AR B Y A A 0 R A
R IRER 1A ] 252524, Sudg N % GOX [ 7€ 1EMoS, 1 43
2} K HLF (gold nanoparticles, AuNPs)& & #1641 i)
GCE L il #& 7 #i Z WEAZ IR A% . H TMoS Kk A 5
AuNPs 1 B[RRI 1 A 5 GOx Z [3] i M + %
%, e TR, MR B A R
U A T B R B A I A A TR (2.80% 107
mol/L).

AR E YL IRAR L — PR . R, (B2
WAETEFF AL . IRAF SR RT 2158 B, R, i —20
PR AT /D Tl % 15 1) 5 S A ) A [ 2 s, DA
AT DAAR R KSRl 1 N 15 T, 2 B 2E A% IR AR A
) 2 A

1.2 R fhikds

958 AL 27 A% TR — ok B Ak 2 R I 5 g2 B
ARAEE G B RE AR, DBtk st 1 R 21151
Jolt, 5L BOT I L, e R A
T3] 7 40 Tk A 5 T A UM L ) R S, DT
FE U B A A e B2 LLTTOBE LA DKL I AN E A
1], MEE A 2 G2 LAk 2 A B ) TR D 2.

UL 2 5O A AR A I VBTG PR v A K BB T
S Y 2O YL E, S W R YT I R LA
HEE . FEESER JF(PCT) 12 W MUl e i 2 P b ik
Y, ETEIEH AR A B AR % (<0.25 ng/mL), {HJE
FEMUALAE 5 AR, PCT A B 7] 1551 1.00 ng/mLP%.
Liu%e A ORI R A e 0 45 4 Fi Ak 2 G0 2 A% IR G
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4 % B & 2016548 Ho1s F11H

MPCT. — )51, FHrGO-AuNPs4y K& £ B %t GCE#E
TR it, ARy b 3R AR S 00 A 0 AR 45 1 A
FIFPCTHLIAL(ADD) Y [, R, BA BRI SHE
() AuNPs AJ i — 25 il K A% SR 1 LS 5. D) —J7 I,
PCTHIIR2(AD2) FH R BERR 4 K 4 (single-walled carbon
nanohorns, SWCNHSs). %5.0>4H4# (hollow Pt chains,
HPtCs) . Hitid E Pl (horseradish peroxidase, HRP)
B % (thionine, Thi)JE B 19 & & ¥ SWCNHs/HPtCs/
HRP/Thit#fThRic B A (G S inds. ME W AA7E B s
YIPCTHY, 1B MO IA L5 Ab1-PCT-Ab2, rGO-
AuNPs i, 1 5 & & ¥ SWCNHs/HPtCs/HRP/Thi %
TE— BRI R Fam s, R, P B A H0, 8
HPtCsFIHRP Y b [a) 4 ALV E T8 S = A= f -, L1
fERT I, TS K PCTIE 5 A .

R S T (R i N A W E 7ot DA N
Je O GE R A2 T P AR R T R R R . R
T RGP A, PRI e ST o 5 ) 1) A% SR AR 5
TRz, AR T AS TR R0 b s 4 B4 A
W, WE IR BT E (carcinoembryonic antigen, CEA) /& —
Fofo kG2 3000 Ffr e 1) A= WA s, It Wang %5 AP HIMoS,
99Kk i 5 AuNPs ) 2 A W11& Wi GCE, 1E b CEABLiKL
(ABD) [ ZRAR; 78 Ag4 KBk I [# %2 GOx 1 CEAHTL 1A 2
(AD)VE N5 S HOREREr. IR P 77 1E H AR CEA
B, Ag4h oK Bk -GOx & & ¥y il i WUHT Ak Je .0 45 14
Ab2-CEA-Ab1 % $% 7E MoS,-AuNPHL 1) |, HIt, &
W 5 | AR 7 2 B 4 GOx AL 48 AL 77 A2 B HL0, 1] LU
R b 4 fioh 5 A A I MoS,-AuNPs I 838 J5, AT
TE 1043 Bk 1 AR 22 ¥ (differential pulse voltammetry,
DPV) A IS 2 e 1) 38 K i Ak AL R A5 5 1 B Y.
JIT ) B 0 A SR (A ARG S R 2470.001~50 ng/mL, K&l
FRAKZE2.70x107™* ng/mL. {350 JE 1, BFo8 R4
PEAL RS P RLEEA B8 T 5 P AR 0 2 1 4 5B %% V) A
K, DA B 538 BT IR [ 5 D7 ot 2R RE Y 4
T EA REE P

1.3 DNAf&RKZ

DNAXFB AL | 1L G S B 2w, if
5% U] 25 25K VA T b G T DNA KT A= 49y 5 2 FL AT B B 7
SCEOOL DNAL AR 1 T AR IR B A BB DNATE
AT EfE K b, $4EDNALY HERDNAZR L
PR AEYIE S, SR HOT R s TR
DNA b2 A UG B BAT R BRI | HlAsfii e . |
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7 PR AR A5 WNZho%E NP T I T Thiflf1 8806
MK E A YIDNA R AL 22 A YL ISR, Thifld 5 & 12
8 b L AT 3 Ao o ARV P 1 A A SR Aok B 3R
AT, [R) AP AR 0 e e %o B, A I D s SR A
TR, R BRAE 21.26x107" mol/L.

VAR, BRT A28, JIE 4By 49k
F L #k F T DNAG B 1Y il 5. an FH 484 AuNPs[1)
WS 4HK Fr il 8544 1 2 & IR GCEREA T840, Ko
Pt Ak 1) AL DNATE 23 4 - Bt 8 [ 5 78 Fp bl L, o] A6
HARDNAPY. WS4k i 56 BIGHE AR UE R T
A SR B A EOhE, B TR, T ELEE I T A A
TR, PR T HAETEYE, AR T ERE T 1
FME SRR, Wang%E AUOT5 10 il 45 17 %6 FMoS,
K B E bR ICDNAH AL 22 A W5 IR 2% . FIMoS, 44
KR 1B CPE, PA8E DNAYRET it Bl 5k 3 i v 1 )
B E FEMoS, 40K . 4 H A5 HL 4% DNA 5 #5 4
DNAZ: AL BSMoS, 44Kk e 1H, =B ES 1
A AR AT LIVE SR H FRDNARRHE . B T MoS, 44k
AR ERUK . Bk 2E T, A A AL B RS AS
FRAG(1.90x107" mol/L). A% s il 45 fai B8, 36 nl LA
FH R I 0 35 43 7 4 5 WEE R AR LRSS . 55 4 R0
MoS,Hi L, RAEFFALHT (CuS) S oL R&AK, (HH A
LR, fEfEs A —E i, JLHEH T
B4 750 9 5 15 J . Huang % A BUF] F CuS He 2 1 R
KBS 2 BB i S vk, B B R A R B
GCE, JF1EE &M A4 K AuNPs, 38 i 4 - i [ 5
HEEDNATRER, SCHL S HARDNAMIZL L. ik &,
AuNPsEE ] i F [ % FABEDNA, N A] 850 42 4 I 1
S, PR TR A RAUEE, A I BR AT ik 2.00x
107" mol/L.

HAE L, K DNALIERDS | Gpe (L By M4 A%
BRUES A TE—R, ] AR 3 H2 14 T R AR I
PR H Y. iCao ™ FHMoS, 40K H- . £ 5845 . AuNPs
XFGCE#EATIEME, SR )51 44 DNA 2 7£ AuNPs |-
BREFDNABE M — 549 & (Biotin)fxiL ) H ARDNA
BEARRS. XHE, 4% R 5% 1 &K (Streptavidin) FTHRPY)
it fk 1) AuNPs/E N 15 5 45 25, 7] DL i Biotin 5
Streptavidin 2 [8] A9 47 45 &, 9% 3% 376 H FrDNA
() 55—, A 85 A8 AL P HaO0 3R L, T 44
I EAL A5 S A B T K DNASE S E A, A
P FR AT 152.20%107" mol/L.

MCER BT AT LA, A5 e 28 4 H %
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TF) P S P s i e B 1Y, A, E SR %E b
A A P A TT LU BBEDNA. e alr Lids A2
il & 7 — P AUDNAR BT % 2R4%, 7 Thifg i i 19 GO
FHEAu@SIOE &Y, IR S #E DNA(S2)FIG
DU K AA [ 72 7E Au@SiO, K TH, GPUIRAAHE— 25 5 nf ok
2k (hemin) & & A4 B FL G AR 22, b4 T K AR AR
FasE M, 15 3] GO-Thi-Au@SiO,-hemin & & ¥ ] L)
VERTESFR%E. 55— H, F AuNPs-GO& i i) GCE
I 22 4 AR R DNABE (S DAE AR5 #lles, B
FRDNASE(S) 5 SUMS27% 58, K5 5 s & L) i #5678
LA b, RO R AR AL A SR HL0, 0 77 A LA
AT A 25 3 B DNAKS I 9 15 5 i R B . X Al
U DNATREF 1) 1 S8 2% X005 B AR KA AT i 0157 : H7 &
A, KRN 1x107° mol/L.

Wit 25 P Ak 2 A W A SRR RS I P Y LA SR, T
o DU A . N S B 928 B B 996 B (human  immunodefi-
ciency virus, HIV)% 5 KB 19 7 FH AL B UK 7E A
KA LASCEL. DL R R 2 5 2 W7 R . 22 B
(dopamine, DA)JZ: s N ih, TEARIHPRXBIZ | &
WESE R G i B BN — KPR, B8 K
S AE M SUAE | A4 BRGE A RE PR O, R UL
FE N AR H DA [ 5 8 6 A 5 990 B A LA 2
SHOTLSL Gao% NI GOXT GCE#E &1, il 4% T
Ko DA B L AL 2: A Y L . B TGOl A # AL
5B, &, FDASF &G4 1IEH
055 B, BT LADA > 0] DL i w-m 3k B FH 0 o6
GO, M= A K Ab415 5, mi Tt
IR I (ascorbic acid, AAYXA FEHH, H 5GOMFTE
Fr R HE R RIS = A A5 S, RN GEEA
T Y AF A R VA v v B 0 R DAY 7 2

BT r-nfEF, XA SR R AT 2R T A 1 L
3 A SR E ST A F M EAE A L AN YA
fif AL J5 09 A B2 0 X GCEEA T 184, TR DA, fitf
P MR FIT A 540 0 PR i R B8 045 ) 38 T P R 3 5 T
DAG T 5 it Z MM ER J1, Il 7o 7565, [
s TG T PR i R N PR TR 1) S A, TR T 3% 2
Pl 34 1 AL I XT DA S AL I A 2 I, 4R v 1R
F1R) 5 5 A 5 AT

BEAl, B E A AR AR B T T AR IS D)
e, o] DRSS AR Ay, AN S b A A
s AH ¢ 1Y Tk 45 & VB LY (volatile organic com-
pounds, VOCs), i i X I S % 43 v B8 %) ez

AT LS PP A JCBIAGIN. ln, BRI Y
PSR B BT R N, ARSI P AR T T R
T DRI B T A RURS: B30 Lindi N POV A SR -k R
524 Wyl a5 TN SRR RS, TR RS 4 s A fk
YR M O R, A . CO,MH,0, BB i L 1
I T R A B, W TR, SR, PN R A
b5 & PSRN TR BAF T MELA X 43, DR 2 A Je%
i —Ha LR,

e +0,—~0;

e +0, 20~

CH;COCH;+80 —3C0,+3H,0+8¢"

B AL AL (HLS) & 1 SR A AR WA s i 0. wiF 5t
F W, GOl 5 = & 1k 4 (MoOs)"" 8 — % 1k B}
(SnO)PE &, TR A AR E A Y I TH.S 4 F
(RSN Ao it AR v, 4 R AR O 5 HoSAH AL
ERB 7, BT Ay L, S 808 AL,
T AT O SR AR AR G R I A% B A Y L BHL AR Ak S
R 0 32 45 2 43 51 M 110°C T 40 ppm(ppm, A Ji 4+ 2Z2
—)F1200°C 1 ppm. 74 KA E G, tGOK
M LR TR = T2 A AR B, Rk T R A
TR, SR T 90K B A AR Z R R R R
HAGH, A TSN R, KR, Xl
BRI TAEIRE 8 (>100°C), F, SR TH
o R ARG U e R R AT & SR A ) A TR i
TR fipk 2R %) ] FBL.
wIT, S4B gk R NIRRT

() SR SR L e B T VB E I N A . e R
S R B A Jung MRABTZL PR GE T 3 T MoS, 44 K
F B L AL AR T T A A I, B MoS, iE 178
TE LA 25 6, R 5 30 2 187 BEL 0 1 T oK HLA
B FE I MoS, 5 Fi LB iR (MUA) AT IR ZS 4. MoS,
I T 9l MU B 1 i 1 Mo S, JIE i B2 il e A5 2, 1
B R B B b, mRE TREE T H
FRA BRI (B 1). MUABA S BIMoS, % 5 42U E fE
P 1 S A EL A AR A P R 2 T s BEL A PR, DT = A
TN, T A 28 184 B MoS, 7™ A TE I 7, AR 4 i —
o T A g IOE T 9 ) o P R AL IR . AL AR TE
FWRAE T BRI BR AT 35 ~1 ppm, AT RN H
R TR B 6 B (< 1.8 ppm), &3 HH AT LK) IO FH R B, 4R
T, LA 25 SR B AE TR IR T 3A%, 128 FIPE
SR A HA Y VOCS X TR R AR IR 25 SR 0 Tk A
FRiFSY, LR et R4
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Pristine MoS,
flakes

ANIADA

MUA

XX
(d) ‘

Ligand

A DO

Vacuum filtration ‘

Gas sensing
chamber

Bl (M) @) EIRMoS,. (b) M Z 5P E i BAYMOoS,. (¢) IRAZFEMUALEG1EMoS, . (d) i BAIEEIE U MosS, #E Al
MUA-MoS, & TS 8= 1 i B A% L. Reprinted with permission from ref. [39], Copyright © 2014 American Chemical Society

Figure 1 (Color online) (a) Pristine MoS, flakes. (b) MoS; flakes was ultrasonicated to produce sulfur vacancie. (c) MUA conjugated MoS, flakes
after solution based mixing process. (d) Loading the primitive and MUA-conjugated MoS, films on the microelectrode through vacuum filtration, then
mounted on the gas sensing chamber. Reprinted with permission from ref. [39], Copyright © 2014 American Chemical Society

SR AT IR 1) A W A 25 P AN AR € P FE Mannoor
A NV TAE P A5 AR ER, A SR DUR A K
P22 R Y Ll e 2 A, A B 98 408 i
W, TERLICLRER . il 15 1) 1% B W e A5 1) 24 Rl
FA, R A ) A A A B A SR
B, A J F A 8 b T e FR R 5 B O R G AR B
LR TR ZE 9K MBS SR S5 FE WA R R
7 U A% AV e I
2 ROV VAR L G RS

RN AR (field effect transistor, FET){& 4%
AL T —AEE S, kR ET
SR, X AR R R AR LS T2, G A it
FERIAL . FETA: P)4% 8% /2 th TR (source) . Tt
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(drain) , i (gate)ZH A, 7PN AN 2 [0 7 o 5
PRI B 15 H V) 3 1 [] s A Sy 43 R0 ST 1
AR, R AL AR AR —AE, W LU T RETH g 1Y
WHCAFRARTUARATIE . B, 40 . DNA.| 4555,
AT AR GOK B R BRIV e R B, T
I EAR ST B, A AR A R i R AUE . R
FETHAT AlAE AL Ik . ZIIREMITEA, 458 =
L AU 2 B RIS FET A 9 % 8% s 1 155 A6 T
07 A SEAE 0 R AR Y. ARt 25 4RIl B A R A
FETA YL P, ARG A9 (7 B[R], 2 2E0] 7)
A7 SR8 (P 2 ) ) T TOUA 6L 11 2.(b) ) e e 1. el
FETAL g i MR 7 A2 SR A9 15 1T, 32281 T <
PR3, BRI A SR o 7 0 e R R AR L,
25 EFETE B B0 2 1k, il iz (5 = i



PR

(b) Vo

Ag/AgC A€—Analyte

405

B2 (M4 RO ) B R ) TS Y (b)FETAE MR IEK. Vi, Wt-TRAR HLE; V,, MR ™Y, Reprinted with permission from ref. [41], Copyright ©

2012 The Royal Society of Chemistry

Figure 2 (Color online) Schematic of back-gate (a) and top-gate (b) FET biosensor. Vg, drain-source voltage; V,, gate voltage. Reprinted with per-

mission from ref. [41], Copyright © 2012 The Royal Society of Chemistry

PCRIATAS I 5 F AR 9 B2 . UM B FET A% 24 SR
R FETAR [, ELHERE AR 32 A PR AN e 2
] B A rh, RGO RE L T BRI 1 5
NG REDNE R 7% o i (= E I vl N A R R AT il RE R 7
Y

2.1 [N BRI

it 47 %0 1 45 2 7E FET 114 SCRR AN 22 11 1 2 — )2 1l
Wi, W5 HAR SRR A0 S i oo b %
Wl 55, iz BFR 1. KwakZE A
CVDER £ 8 di, IEHIZCIHR (1-26 T TR -N-F2 5L B
P I R ) s GOx [ %2 76 A 52 0 L, T8 Bl 72
FETH: Y% 4% . MR8 GOXX) 45 25 i E 1 74k s v A=
AT Ho O 28 G 0 48 2 A o B, AR 031 1614 3.3~10.9
mmol/L. =52 b, T [ B iY 22 3655 BE ml DL 1
REEB A fb bR, Rl LURA A kL. BN, You
S NVL AR 2 A A R A b, R T A
FER AT VEACHRA, IF H g ol ) £ B il () 36 . SR
PR 2235 A 7E A A0 L TR E GOx, M s R U |
e EEE H G K I FETA 1% 8% 4%, v H 1%
2 W

2.2 RPEHBONEIRE

e Y5 RN A% S HH FET A 28 i B
A3 F R T BE A BB 41 L. Mao%E AR AR B K
7] f1 28} (vertically-oriented graphene, VG){FE M{& /&
E MBI A T B BRI BUAFET A W8 s, Tl E
W) £ 5500 I TE AT AR R L A S 2w, 3
I B E B R, NI R TR A R AR
il VE T 25 A 45 R FH B 55 8 1 PR 3 5 Ak 25 A DR

AR VR e 2 8] B3 VG, K AuNPs 5 T {4
(anti-IgG) B 18 B¢ 4 DU R 72 VG 3R A R 43 1 180 &
i, GEEERE A 1gC) 5 KPR 4 & 5 A 5 m
M SRR, DUSEIX TgGAT e 43 10 v 3 480 A )
(K13). FICVDHAT B AH L, rGOH & A Kl 45 . W
T8, R IA & A T RERI 5, B A T
HLAE ST SR B I oy OV B Ak 2 e R [ A
YR A4 F. 3T rGORYFET % i 14 I 2% O 4 i o) i
7 F AR A AT R T R R HIVI 4,
R BRI A BRI L, 2 SR MoS, 48k H 78
FET#34: Fp A 30 55 AU JT 5 (On-Off ratio)™!, {#iMoS,
Yk B eI JLAEFET A A% IR A 0F 2 Hh 22 2 3z %
. SarkarZs A5 oo ik b 4 5K ) Biotin & i 78
MoS, K [ il & T FETA: Y& Bds, HrhBiotinfE R 32
&, AvidinfEN Hbror 7, PiE @SR HEERS S
e LA Mo S, A TE PR B, DATiT 52 BLAT 16 5 P b A )

Anti-lgé 196 -__
s

Bl 3 (Z AR () 7E IR AN A =22 [B) 4 K VG I FET A= 415 &
TR, AuNPs-HUIAMEE W I 7E VG . Reprinted with permis-
sion from ref. [44], Copyright © 2013 Nature Publishing Group

Figure 3 (Color online) Schematic of the VG FET sensor by direct
growth of VG between the drain and the source electrodes. Probe anti-
body is labeled to the VG surface through AuNPs. Reprinted with per-
mission from ref. [44], Copyright © 2013 Nature Publishing Group
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Avidin. X T | 5 SR T, AT SRR S R BT R
(prostate specific antigen, PSA)JEH M%) A4 4
Fra& W, RO o B G I PS A X 17 51 R 53 95 1432 I F
RIT U N EE. WangZ5 NS Lee: A P15 [ 4 7 0F
KT HTFMoS, 40k H (I FETA= W& Jd&gs, Fi T4
% M [T PSA. Wang % A R F R IR AL BB B, E
MoS. 4K R 518 56 12 A . —E ks
ANAUAT DA R Al A H 2, 38 W] DA TEWRAR A B T 1R
PP B WA . A B A IR R S ¢ 2 4 — AR AR AT AR,
L AW Yitetl, 7E AL Berb ml DR E febt ik
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Electrochemical biosensors based on two dimensional
nano-materials for disease diagnosis
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Development of techniques for early and effective diagnosis of diseases is of paramount importance to people and society.
It is known that many diseases can be directly detected by monitoring trace amount of the disease-related biomarkers in
one’s blood, urine, saliva or even breath. So far, large analytical instruments are mainly used to test the various
disease-related biomarkers, however, their large size, complex operation and high price have restricted their wider
application for disease diagnosis. To overcome this problem, the development of a variety of miniaturized sensors for
biomarker detection plays a key role in the health care industry. The recent advance in nanomaterials and nanotechnology
has enabled biosensors with high sensitivity, good selectivity and fast response.

Over the last decade, graphene, which is the thinnest and most representative two dimensional (2D) material, has
aroused great research interest because of its exceptional electronic, optical and mechanical properties. Other kinds of 2D
materials, such as hexagonal BN (h-BN) and transition metal dichalcogenides (TMDs) derived from their layered bulk
crystals, have also been intensively investigated in recent years due to their promising properties and a broad range of
applications such as electronics, optoelectronics, catalysis, energy storage devices and so on. Especially, these 2D
materials have been extensively used to fabricate sensors in recent years. For example, due to its excellent electrical
conductivity, large surface area and rapid electron transfer rate, reduced graphene oxide (rGO) is suitable to detect
biological materials with the ability to greatly amplify the electrochemical sensing signals. The typical graphene analogue,
molybdenum disulfide (MoS,), also can be used to fabricate biosensors. These 2D materials which have shown attractive
physical, chemical and catalytic properties are expected to offer more opportunities for developing biosensors with
improved sensitivity, flexibility and wearability.

This mini-review summarizes the preparation and application of graphene and MoS,-based electrochemical sensors
that can be potentially used for disease detection, such as diabetes, lung cancer and prostate cancer. Especially those
sensors based on rGO or MoS, hybridized with metal nanoparticles or organic materials will be discussed. These sensors
can be classified based on the surface recognition molecules used, such as enzymes, DNAs, anti-body and so on.
High-yield preparation of 2D materials at low cost remains challenge, and the development of efficient techniques for
sensor fabrication is urgent needed. With more and more 2D materials being prepared and investigated, such as black
phosphate, metal carbides, metal nitrides and so on, developing of novel sensing systems requires continuous efforts to
achieve enhanced sensitivity and selectivity. More importantly, sensor arrays for simultaneous multi-target detection will
be one of the main challenges for future development.

two dimensional nanomaterials, disease detection, biosensors, electrochemical sensors, field effect transistor
sensors
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