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Abstract

Laser-induced graphene (LIG) is a novel flexible electrode material rapidly prepared via laser irra-
diation on carbon precursors, characterized by a unique three-dimensional porous structure, out-
standing electrical conductivity, large specific surface area, and favorable mechanical flexibility.
Owing to its distinct structural and performance advantages over conventional electrodes, LIG
shows irreplaceable merits in enzyme-free and highly sensitive detection, establishing a new plat-
form for the electrochemical sensing of small biomolecules This review focuses on summarizing the
preparation of LIG electrodes and research progress in the direct electrochemical detection of vital
small molecules such as hydrogen peroxide, glucose, and dopamine. The direct detection mecha-
nisms and performance optimization strategies are analyzed, and current challenges together with
future development directions are discussed. The aims to advance LIG electrochemical sensors to-
ward miniaturization, high throughput and portability, offering a new technical route for rapid, ac-
curate detection of small biomolecules.
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Figure 1. Factors affecting LIG performance [18]
B 1. #2im LIG MaerIER(18]

RUORAR IR B T = A m B R A S it B 0 E . FIR Z MR DR ABEOE S S I aT ki, w5k
BRI R (PT) SRBERG I HZ(PAD) . HW(PSU). REAELE iZ(PED). RAMEBL(PPS). FAK LM MEEMAE. K
JRRMEAL4ER . Horh PLEIEAE Ny & s B H Se) IRR AT IRAA, #1431 LIG BA A B s St
FUNEM RS, T 2% EWIE[4] (8] [16]. Cui Z[18]45 T =AM LIG MRemINER, K1k L
THARESH, BRI, BOLERSE, A ErAREERE, aasR. A% TITABRETK
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S R 2 AR (I AR, o A S e Al e R Rt 1 S M kA

Figure 2. Molecular dynamics snapshots of (a)~(c) 6-member carbon ring formation; (d)~(f) 5-member carbon ring member
formation during LIG formation from Kapton [4]
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Figure 3. Schematic illustrations of typical LIG electrode configurations and their applications: (A) COz laser conversion of
PI into graphene with Pt particle deposition [22]; (B) a single-electrode sensor for resveratrol detection in wine [23]; (C) a
three-electrode LIG-based amperometric sensor for hydrogen peroxide in skin analysis [24]; (D) typical three-electrode pattern
for methamphetamine detection [25]; (E) dual working electrodes for simultaneous detection of ascorbic acid and amoxicillin
[26]; (F) flow sensor and temperature sensor [27]; (G) highly conductive nitrogen-doped graphene sensor with three working
electrodes [28]; (H) integrated LIG sensor for sweat analysis [29]
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AR LIG b AR T% 5 R 4R Rl A P, ORP S AIE JFS FRRF ST Ag/AgCl Z1L
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Figure 4. Schematic diagram of the LIG three-electrode system configuration [30]

& 4. LIG Z B ARMBUREREI[30]

BEAh, LIG R B R Bt AR TAL G AL A 0T, 38 T4 e 8 A SR A AR AU, &l 3(F)r
Ny FAETER AL R AL AL AR T R R DL R AP I S5 & FE R S D RE AT BE v . R L, LIG A
PR BT SN — A R ASOZ D R N e R B . 22 H AR A e AN 7 55 T 0 2 AT
B R SR NEAL AR AR 7 AT A RS it 1 A

2.4. LIG EERNBE L RE

LIG FLAZAI EZAR A2 H Ao rfE LIG s MR AL ELk i HAL 22 S N R BOR SR, 7= AT
DR HEAE S (I BT, To R AR AT v () e R B AR Je i o LIG BRI Y B RS
FIRAZP N =807, B e AT IR (N P RS )R RO SAE T, TR CEAT = 4ES5 /1 2 FL I A S8
HORGINE /AN TIa, 25 LIG RSN &%/ R E ReRr e B/, e o1 b 255
AL, e LS A LIG s P AR S i R IS, W SEELN N 2 IR FEE . R R ABUE 1 E A I .

3. LIG BN 4 &/ TR RHR
3.1. EMEIM: Z8HS

AL A (Hydrogen peroxide, HoO )/ EA— R TG4 s /N F,  TEAEMIR N IR BAS 53 5 807
PRI RCEE ffy 1, DRIl o) R A I B B B ) A W 5 B ORI A S AR . A A P B S P A
B, H.O0o FEAMAME . S8FE I N RS 546 55 AR B AR R 3G GBI AR o SRT, MLk
52 BAFRIEARE R AL, HoO0 M &7 AR 2 R A SICIR A, FL o A 1 T 453 35 40 i 9 1Y) DNA
EARSEM RS T, Mgl RER BB EERAE. ik, #37 H0, FPus. RERITE, BN
LA P RIS T RO PRYE T VPG 55 2 AN U G AR SCHE . LIG AR KR T 1A SR R
sp? A s FAAE BE R T L[R2 5 HL0, MR 2R JFd RS, LS AL B A7 s F 4% 056081, HLO,
S TIRIHAE LIG R, MHERAR 2 AT, 7 EEE)FE 7K. Shen S5 7]14% 7RI E A LIG H
W, @IS LIG fRBUA R, ESE H0, 7 LIG R EZBIS R R, RALS S LIG Mg S
[E IS TR . B ARSI HaOn HIZRPESE N 1~110 pM. 110~800 uM, 6 IR 0.24 uM, REUE 118.7
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pA mM em 2. fEULEEAN F, Barber §F[24]i— K LIG 5 & LI (PB)/ 7R HE(CS)E A IZ ML &%
(1] PB-CS/LIG ZeMhAE it By, 1% HoOp KR I AL T 8. 76 NAERSM IR R, HaO Kl
HANEJE A 10~1000 uM, o HHPRACE 6.31 uM; LL-0.036 V IRHLAZ TAE, A RUEE b 45 il S A iR IR
PRIG S5 WA R BT AR Ho0, BRI RIS R IA 98.73%, HALERARF e IR R, 647 14 R
TTIRELRFF 73.2% 00 B 12 B8, LIRS H7 )5 %5 HoOo ARSI e 06 BH B s sk, S8 1 S A AR AR HL 02
ke REL K.

3.2. geBNEREY: AEbE

RS AR R i) HECONE N — P, &z, N, HE 0 RE R 2 Yok
whFRe R (R RE . INsRICIZSEE I B %0 0 e 0% 18 I 1A 2 P Al B 1 o 4 A iR A AR
FEVI[31] [32], 2 RE B BEXT A BRE BA AR K RZ A, BRI TR Dy I A8 0 55— R VB A I FE b o R
JEm R ARBRE N AT R A A A B A EE AR AME . B S &R ERA LIG 1
] 2T AL W) P T A S S KO R LA ST . Zhu Z5[33]LA PI SO, @R COBOEZ i & — 4k
Z AL LIG WAL PRI, S 2E MG X R 28, SRS B VA 1) 2 FLE 2 I i 5 1
JRAE FL AR A, R HE e kB TC RS A B AR I 0%, 1% LIG (R KA AP 4L . YRR R 53 135 3500
pA mM em 2 F1 1080 pA'mM -em™, 0.5 V ARl AL PTG R 0~4 mM. ASIIERIKZE 1.5 pM, £ 0.1
VORI LA 2TV P R & 0~30 mM, AR AT A R R AU AL AR e . s, RS
YRS DU 40 355 R S N ARV P BT 0, TERR AR A OB EIR Y, T A 4 AR A% 1 38 X A1 SR
PESAFRHS, T B AT 5 SRR W S T 5 BB o Dai BR[O T — b 45 & SR FELAL 24 3TRR CunO
YKL TTAR I RE LIG AR IRAE, RIS AR B A S5 B8 B DA R 3 s i e sdfb e e, B9 v RAURE
PRI FLIAL I S DA R 2 (A AR e o A SRR LT P (PR R RN B IR R I R TR
Re 7, BB VSR PIEGE T 100 R fEPA LR EF R R IR e M) . ATt — B daH, Ml
B FEHIE R Cu-O-C FEANEEET = A sk S A &, A R am ] THI &M, $iE T iz i E L
PE, I LIG FRA R A A A . A5 A R UREIL 113 pA-mM eom 2, YRR X A4 0.6~10.0
mM, KRR 0.272 uM, 4 JEKILE S5 OR B 90.3% 1R 4G 1A 3 o

3.3. HEZER: ZEEK

% U fi4(dopamine, DA), XFFR 3-F2Rlsle, J&LAMEEMEIET . FESE5REEEET . ZES
L HE R WS EEIEIRE. AR E SHERNENE RGN E VMG, BEEEE
WomE. BE. B3 REFER. BT 2 ERSIIANER. RKIREEY I/ FER S i BT
Pk, I R AN £ DG SR AE T RN SR T 45 44 5 S T PR fer PRI RORS AE VA, LIG RT3 S sd T &
HAEFH AT - AH ELAE 3G 00 22 B % 7 (PG BV W B, 36 Jek 5 T el A R 424 ) P A8 I R 1 S A T
Santos %[ 34 @ RO S8 % E B R A 5 & A EE BN LIG Mk ESEH0E T2 € 94 LIG
RIME AL, AL EEFE. ST 2 CRRAA R 7 EZKYE . Yuan 535K 7 —M{E#
T Ak 2R A AR, B AN Tk PT I £ LIG Hf), 28 0.1 M NaOH ik 2 V AL AL 60 s
1B, FERCARE SN % KD Ag/AgCl Z LL MK, ToHRAIMIKAEME M, R 72 43 ik AR 2232 ] e s
MBEPIRMAR(AA). 2 EZ(DA). JRER(UA), JHH=FHE G B RIF, AA ZMHVEH 10~5000 uM (5
HFR 1.43 pM). DA N 0.1~6000 nM (K HiFR 6.83 nM). UA >Ny 10~8000 nM (£ i IR 1.07 nM), %A% B3It
BRI EEMEMREE M, 78ShRRBFE AT LIG 8 R ik W 21k 94.6%~109.3%, 1& FH T8I
ihpsalllp7B=
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3.4. HfttEaoF

LIG HALZEAE RARTERIR . PUA MR X Z B S5y & Ak f /N o 7 I LA DU b (R R B R A1)
LR o I AR RE RIS BRI D B A B, W] SR IX 28 /N T 1 v R L R B MEAS
NFERSWT . 4EE R B RN 2R I I S U R L T R BRI B S . AN I 4R R S
W79 7] LR LIG F MR i . Tsa Anshori Z5[36138 i 7K Rk & A R S0 A7 B0 /R 66 XL 4 SR ok
SEMEL HAGFABM T-46 LIG B 3 T i) £ R R L 22 AR WA B2 SR FH 22 43 Rk AR 20 D PR BRI
ZRMEVE N 0.1~2000 M, £ H PR EE 3.75 uM, REUEIE 1.76 pA-uM -em ™2, XF4EAR C. A PESET
PIEREMEL R, 82 30 IRIEI R AR 8 M R AF, &M T ARV PRV L S5 A R PR I 1 A i B
(IR, DA bR IR L S50 1) 07 A P it TR As . IR s PERE 77 %€ o Kishore Pushparaj 55
[371 K nhk/ A R ORI T LIG Hb), SEBLHTIR I B A I 1 v R A PRIE 3 nM, I ] A 280HE
bR Ml T, AE AU MR AR IS 8T 7 2 AR nh okt 3 A e S KIIE R A A IR, A=
VIR BEE R S 5T T30 6 #59 f . Baachaoui 2538 DASRER NV B MR BT BRI ] 4% LIG FaAl, RITHZ
FLEEH 5 i Ak S M T R SIS 2L TR M ) AL 2 AG I s 38 S KR 6 LIG FL AR AT 3R THI Th
REAUMEM, HE— D3RI AR A f P A TR, IR ARSI MR RE . SRBIL TN LR 50~600 uM 12k
PERI, AR S 14.3 uM; SYPKRBURAS 1 5 R PRFE 2 1.1 uM.

3.5. SEBREYIE @A E AN

FE SR SRR WA 2 P S8 AL AR ST SR 26 R AL 5, 25T LIG HURR A A 2 A% RS CIB
AP R 2 IR SEBR AR S I B A . BRIR[39]BA LIG AHOAE MR, R T 2 S8 ilAL B i wit
SRR R LIG i #& L2, WRHOCSHARATIARIE R, Jif 7 AR 2 FLA5H 5 it saim 1
SEIL T R AR A AT PR IR S 22 M AR B AR I R P AR TN . Ma SE[40DFR IR AR5 2% LIG (Ni-LIG)
e, FTEEM TR RER O TCGURL I . 8 N TVt k = rp, AR PRV A B 0~40 uM, KPR AK
£ 0.12uM; X 3 44 8 B I VRO AR B AN 45 2R -5 7 FGR S e V) 5 (P> 0.05), HLAE SR 1 4
HJGATREDRSF 94.7%HIME SR E M. WIFLRY], 2T LIG HUMA AL A 15 R3S CIZ 0 I SREG = 0FFTE )
SEBRFERL AT, I B R B R AR S UL R T 7

NS ELLH TR AN RO SR A A s AT SRR A L B A S A g 2 S B i o v 8 2 P R8RS
% DEE TR LIG M T E L El. M. . 20K, JRIR. JBEEHmSE HR
MR T, EEMM R AFREOCRM . B, HTRAAR R R f Al A 7 VR AE SEBRAE it 73 A e
RIS IR R . ARG, ANIF] LIG RT3 il 2 B 55 T8 A D090 FE AR ROAS D PR, 33 B M AE A2 %
ST A I RO RE VRN AT 5

Table 1. Representative research on electrochemical sensors based on LIG electrodes in direct detection of actual biological

samples
= 1. £F LIG BB U FERFEXREYHREREN PR RERR
B e we RIODPE BRI GWEE RIGREE B4
(TAEAR) GIE AL AN A2 Jod RUAINEA AR 2 TN
i . i 1~110 uM 0.24 uM
IR (CO2) 10.6 pm PET R R [7]
110~800 uM 0.31 uM
IR (CO2) 10.6 um PI THB R B 0.0003~2.1 mM 300 nM [41]
PR IR 1.5~4 mM —
IR (CO2) 10.6 pm PI Ji AR 2k [26]

i 5L 7 50nM~100 uM 11.98 nM
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PUIA IR 10~5000 uM 1.43 uM
e et
UV 355 nm PI Zé“j;fﬂ;f & % M 0.1~6000 uM 6.83 nM [35]
SRR 10~8000 nM 1.07 nM
YT Z BEf% 2~20 uM 0.37 mM
IR (CO») 10.6 pm PI EgﬁjTﬁqk [42]
LTS IR 5~50 uM 0.71 M
IR (CO) 1064 nm PI THRFHRE dEE 0.5~5000 uM 0.1 mM [43]
IR (CO2) 1064 nm PI TR HRE JEE 0.01~2.61 mM 2.8 uM [44]
IR (CO2) 10.6 pm L/ @/ N Fkd  TASEREN 300~1000 pM 14.4 pM [45]
A S AN Tk AR L =i 30~1000 uM 12.4 uM
IR (CO2) 10.6 um }f% ﬁﬁj\j’]f i [46]
i . IR 5~100 uM 2.9 .M
2 A 3 uM~1 mM 1.9 uM
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