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Fig.1 Application of Raman spectroscopy in gas detection field
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Fig.2  Gas detection based on cavity-enhanced Raman spectroscopy (CERS) technology: (A) Schematic diagram

[18]

of CERS device based on a Z-shaped four-reflection period multi-channel cavity"**; (B) Schematic diagram of an

Fabry-Perot (F-P) cavity enhanced Raman spectrum device based on Pound-Drever-Hall (PDH) frequency

locking:m; (C) Schematic diagram of an F-P cavity enhanced Raman spectrum device based on optical feedback

frequency locking[zo]
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Fig.3 Gas detection based on fiber enhanced Raman spectroscopy (FERS) technology: (A) Schematic diagram
of the FERS system based on silver coated capillary tubes'2; (B) Schematic diagram of hollow core photonic
crystal fiber (HCPCF) probe for Raman gas detection'?; (C) Schematic diagram of FERS system based on

"revolver” fiber s (D) Schematic diagram of FERS system based on a single clad ring with hollow core

anti-resonant fiber 2"
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Table 1  Application of surface enhanced Raman spectroscopy (SERS) gas detection based on chemical specific adsorption strategy

LR IeteH XS SRR = TN
Substrate Functional modification Research object LOD Ref.
. N, _ LR IR
AR FrRRL R R
Gold Hicles (AuNPs) Gitrate | Dimethyl methylphosphonate 130 ppb [31]
old nanoparticles (AuNPs itrate layer (DMMP)
Al 4-SUEIRHTBRIR, 4-50FEMnE, 4-5 L HERVEAHY)
BRYK L ITIR o . .
Sil bes (A2NCs) 4-Mercaptobenzoate (4-MBA), 4-mercaptopyridine  Volatile organic compounds / [32]
1 T nan
ver nanoetibes [AgRLs (4-MPY), 4-aminothiophenol (4-ATP) (VOCs)
4B KT
AuNPs TR .S 60 nmol/L.  [35]

4-Azide phenyl ether (4-ABT)

4-MPY, 4-FHREE_miAy
AgNCs NO,. 1 36
eNCs 4-MPY, 4-aminophenyl disulfide (4-APDS) Oz 50z 00ppm  [36]

AuNPs CuO H,S 1 ppt [37]
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Fig.4 Schematic diagram of SERS detection of breathe volatile organic compounds (BVOCs) based on
surface-functionalized AgNCs[m

2 60 nmol/L. A HE— AL BUA IRETFEAE B 45 5 A —BORIR 17 s 18] K A9 1), Nguyen 250 TF1
4-MPY I 4-Z 58I — i fik (4-APDS ) &1 AgNCs, il it Z AR EAE A S5 BAn 3RS 2 ke
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ppt (107> mol/mol ) 7K F-o IZIRMGA NS FH T S0,. CS,. CHySH Al HCI S R , HAT #5 41 14388 F v

Y FRLE ARG B i B ALK &R (0 3D Z2Z4RKLE (AgNWs) @A) FIZ L4t
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Xt T ZFLAK A @ ATRL, a3 i 4 B AR IR . RSERIHES 5, REAE 35 Jey i r i3, DA
I HE R (e S oRE o WFFT eI, 3 1ot Ak 27 8 T AR Tl 46 4 IR A A L 3 ] LA S P 5 P R
Fi& (DMMP) (75 R 88 SERS R 0 L5 R AE T 2 AL MR A T R iS008, A8 s 75Uk 1
IR . Kim 255U — 20 2 ARG AL 4 W IR R AL S URRAE AgNWs IR 2,2,6,6-10 F REDR - 1-
AL YR YK 4L (TEMPO-CNF) L, 7242 T £ (1) SERS b R HFH T 2-Z800E (2-NAT) BOAGI , 46 H
FRAKZE 1 ppbo

LT TAH SRR B A & R AR S5 L B LA W I RE R A S bR, Ml B — %
LB MBI, AR IR B ae 1 . BT, & B Z AL RS MOF , BA 7 /= £L
B HRTA . 4R T IR LG B S  TAER, AgNCS@ZIF-81) | AgNP@ZIF-8M0) |
GSPs@ZIF-8 (& 5A) ! | GSPs@12s ZIF-81%2) | AuNBPs@ZIF-8'*' | Au@Ag 44K tE@ZIF-814)
MIL-100(Fe ) @AuNPs'* %u MOF-5-NH,@Au@AgNPs /45 SERS JLJFE B BT % , FH 4G FFY 46 i 3 0
SIREH) 4- TS, AHE MOF, COF PR HDMRR ) Je 4 b T EA B s AR 7, Tan 2517 1R (i
I TP A E AuNPs@COF , FHF 2R 1% . PSR AR B S 04l 3K = AR Fhn 24 (&1 5B) , B4 BiIR &=
10.6 ppb. 4.0 ppm F124.2 ppb.

TEZ AL B LR F | ik — D oRkb SERS BORTEH UPESF T A 2 , PR AN LA T o i
B RERS R MR N SRS Lafuente 25264 L Si0,@AuNPs JEIFE AL E RERGR TN A 1, %
DMMP ({45 HBRAK 2 2.5 ppme SR, MOF FIEERS S5 BN BB RE T B8 25 T30 A P A i s, iy
ProEEs Bt . Yang 26057 32 OB R AR TisCoTx MXene KEBH7EIE 55K Si0,@AUNPs@AgNCs@Au 2
JiE b, S AR ZE R B T RS P A R SRR L, A R K T AR FAE SERS T 1 IX 38k A 45 B8
B a], % DNT ., 28 H R e sz HH B 23 IR 2 10, 10 150 ppb.
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Table 2 Application of SERS gas detection based on physical structure capture strategy
FEIE EWOE 3 Hex A FR EZ BTN
Substrate Research object LOD Ref.
=4k £ )7 AgNWs@Au
NO 0.1 38
3D multi-layer AgNWs@Au : ppm [38]
AgNCs@ ZIF-8 2-NT 50 ppb [39]
i b % S ARYRE A
AgNP@ZIF-8 BRI R ) / [40]
Mixture kitchen waste gas
4-LHHE I EE
Ps@ZIF- 1 1§ 41
GSPS@ZIF-8 4-Ethylbenzaldehyde 0 ppb [41]
GSPs@H123 ZIF-8 4-CHHEIEE
- 7.7 ppb [42]
GSPs@ Hollow ZIF-8 4-Ethylbenzaldehyde
AuNBPs@ZIF-8 H,S 0.17 nmol/L [43]
it Au@Ag AKFE@ZIF-8
DMMP 0.2 ppb 44
Core-shell Au@Ag nanorods@ZI1F-8 pp [44]
PN TN 2.5 . 20 N
MIL-100(Fe) . HZR ., AR, ST ppm. 20 ppm [45]
Toluene, acetone, chloroform 92.7 ppm
MIL-100(Fe)@AuNPs . ‘EPZX 0.48 ppb [45]
Toluene
MOF-5-NH,@Au@AgNPs H,S. SO, 2.26 nmol/L, 3.08 nmol/L.  [46]
N | DN 10.6 ppb. 4.0 N
AUNPS@COF 4 3:)1# (LN pp ppm [47]
Aniline, acetone, benzaldehyde 24.2 ppb
AgNPs@Z 1L Si0, KEE S 4-ATP, SASIHmE
. . 0.05 ppm, 0.1 ppm [48]
AgNPs@porous SiO, aerogels Gaseous 4-ATP, gaseous pyridine
Jr£L Si0,@AgNPs A 28, &5, N 68 ppm. 56 ppm, [49]
Mesoporous SiO,@AgNPs Toluene, benzene, chloroform, acetone 129 ppm. 161 ppm
ESIINE AT At
JEREIKAL 45 T . DMMP 5 ppm [50]
Layered nanoporous gold films
s
A 2-NAT
Au@AgNWs@TEMPO-CNF 1 ppb 51
mAU@AENWs@ 0-C Gaseous 2-NAT PP [51]
AL Si0,@AuNPs-RE AR
£l Si0,@AuNPs Fibﬁl(nuﬁm )# o DMMP 2.5 ppm [54]
Mesoporous Si0,@AuNPs-silicon microfluidic chip
Si0,@AuNPs@AgNCs@Au@Ti;C,Tx MXene- S48 A DNT., JRHIEE ., 15[e 10 ppb. 10 ppb. [55]
S10,@AuNPs@AgNCs@Au@Ti;C,Tx MXene-microfluidic chip DNT, benzaldehyde, indole 50 ppb
Gold . B ONH,PEG- | LLL) @TAPB
nanoparticles GSPs GSPs@ZIF-8 O = Qm:::m Ty /NH, PEG-SH
AuNP Au@COF TAPB
L “?’ BTCA
® vocs
/;:\ acetone
& % berzaldehyde
-‘? - ,:7;,},1, — A
g aniline
£ [tmmen |

FS5  (A)ITAHME T (GSPs) @l £1 WK HESL -8 (ZIF-8) ) VOCs SERS il &l 4, (B) T
AuNPs@IEM A HUHESE (COF) ) VOCs SERS Kl < 2 /6 7
Fig.5 (A) Schematic diagram of VOCs SERS detection based on gold superparticle (GSP)@zeolite imidazole

framework-8 (ZIF-8):*!’; (B) Schematic diagram
framework (COF)W‘

of VOCs SERS detection based on AuNPs@covalent organic

500 1000 1500 2000
Raman shift (cm™)
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5 SERS SARKEN S R v, SUE M BRES M B TR0 725 5 BSOS IS 18] R RS AR A5 )
AR5 e P O B SR s 2 52 R T 531V BE ARz 2 T /), S BRI R R /o PRI IR SE N B
& Py ERES A TS i e PR BT ARG B SR, S AR AR ES M RIR B i B RS2 i SERS Uk
KM PERE , B FHATTE WA 3.

g E— L AR A IEA R GO SRR IR RE , Zhang 605 32 €M ER P BoIR A £ 13 47 5
IBWUERIR R il w75 R LA B SRR G K AR B M 4-ATP )5, BEFEAE 2.0 ppb /K-F T HERRIR
B EERE . B W IR . Gao % Tl B THMAN K ZALAY Ag/Si/Ag £5H , H4
AgNPs A i AT 3 T REAK FLA R FRATIUE | I A S F i &, FIHT 4-ATP 2

W3 RET WA AR AL PR S R B SR A SERS S AAGHIN 141 107

Table 3 Application of SERS gas detection based on physical structure capture plus chemical specific adsorption

FEIE LpefEif FFEXT4 A R 225 3k
Substrate Functional modification Research object LOD Ref.
KW, ST, TR
2R 22K P
ﬁj.t/l}\.%ﬁ POk b A A-ATP KB 2.0 ppb 56
Dendritic silver nanocrystals Benzaldehyde, gaseous glyoxal,
glutaraldehyde, phenylacetaldehyde
4-LHIEEE
Ag@Si@Ag PMPD 4-ATP 0.1 ppk 57
gEormae 4-Ethylbenzaldehyde pph [57]
SiO,@AuA @ RHE/K BEIL HE 5
- MBTH 2.92x107 L 58
Si0,@AuAg@Agarose hydrogel Formaldehyde mg/m (58]
4-MBT SfE. CO,. N, ZERIFIZE Gaseous 4-MBT:
3D £/Z Ag@ZIF-8 AMBT RA 50 ppb [50]
3D multilayer Ag@ZIF-8 Gaseous 4-MBT, CO,, N,, mixture of ~ Mixture of naphthalene )
naphthalene and toluene and toluene: ppb
AgNPs@ZIF-67@ B4 H
g A 4-ATP AT 3 ppb [60]
AgNPs@ZIF-67@Capillary Benzaldehyde
AgNPs@ZIF-67@g-C3Ny 4-ATP R 0.0135 ppb [61]
Benzaldehyde
Au@AgNCs@ZIF-8-1 B 45
i L 32K
R CA CEE. 3-ZIARRRE 1 ppb [62]
Au@AgNCs@ZIF-8- prism array Acetaldehyde, 3-ethylbenzaldehyde
microfluidic chip
Au@Ag@AuNCs@Ti;C,)Tx Mxene/ . " e e .
(@A Cy@ TG Mxene IR, 2. TN, R, RO,
Au@Ag@AuNCs@Ti3C,Tx Mxene@2 4- N ™ L b
D et 24-RHFEHIZE . mime . SR H,S
DNPH/Au@AgNCs)-fltifi #2005 H
. 2,4-DNPH Formaldehyde, acetaldehyde, acetone, ppb [63]
(Au@Ag@AuNCs@Ti;C,Tx Mxene/ b Jdehvd Ioh 2 ddini
Au@Ag@AuNCs@TiC,Tx Mxene@2,4- cnzaideyce, eycroliexanone, ,a-dun
. . . trotoluene (DNT), indole, benzene, H,S
DNPH/Au@AgNCs)-Microfluidic chip
& i 2 na
AuNS@ZIF-8-SLIPS 4-MPY, 4-MBA . 107°~107 (V1Y) [64]
Putrescine
rGO@GNRs@SIC@PAD 4-MPY S0, 1 pmol/L [65]
. 7‘?1 N N *Q N 8 = 2 l]/\
AgNWs@%5 i[> Co-Ni LPH HhEAS YR GE XT%\%'% Ui S 2 I
AgNWs@hollow Co-Ni LDH hollow p-Aminothiophene . 1.9 ppb [66]
4-Ethylbenzaldehyde
nanocages (pATP)
ZAL ZnO@Au@EEL KA [4:31) b SN L SN 5B SN 6 SN ¥ S 3. 10 opb
Porous ZnO@Au@silicon nanocone / Benzene, toluene, nitrobenzene, xylene, : pp [68]
Toluene: 10 ppb
array chlorobenzene
SHEEHIEAER AuNP/Au/ZnO/PVDF VBA JOEWE . R 1.26 nmol/L 6]
3D rosette AuNP/Au/ZnO/PVDF p Putrescine, cadaverine 2.5 nmol/L
4’1:'6 N 2‘1}%%‘437!& N Z‘i& 2.8 8.8
. . 10~10°° ppb. 10™°~
Sn0,-NiOx/Cu CuPc Pyrene (PYR). 2-nitrotoluene (2-NT). [70]

ethylbenzene (EBZA)

10** ppb. 10*%~10%? ppb
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FIRTEM , X 4- 2 HEE BB AR BRAK 22 0.1 ppb. Cao 258X Au-Ag & & 40K BT HE4T Si0, WA
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Fig.6  (A) Schematic diagram of gas detection based on Au@AgNCs@ZIF-8-prism array microfluidic chip:62 ;
(B) Schematic diagram of VOCs SERS detection based on AgNWs@hollow nickel-cobalt (Co-Ni) layered double
hydroxide (LDH) nanocages *
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Table 4 Application of gas Raman spectral analysis algorithm

aarS e [IEIRIE IIMTHER R E S P UN
Algorithm model Research object Analysis accuracy/% Ref.
TN 2019 BT e RTE IR TP IR
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4- - b
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Research Progress of Gas Raman Spectroscopy
Detection Technology

ZHOU Qi-Fan, LU Yu, LI Ao, LIU Chang, ZHANG Jia-He, YANG Xi,
HUANG Yan, ZHAO Xiang-Wei'
(National Key Laboratory of Digital Medical Engineering, School of Biological Science and Medical
Engineering, Southeast University, Nanjing 211189, China)

Abstract Highly sensitive multiple detection and accurate identification of gases are of great importance in the
fields of public safety, environmental protection, health diagnosis and industrial production. However, the
traditional means of gas detection have many shortcomings such as low sensitivity, long time-consuming, bulky
equipment, cumbersome processes and expensive costs. In recent years, Raman spectroscopy has become a hotspot
in the field of gas detection because of its fast, sensitive and non-destructive characteristics, and has been more and
more closely combined with artificial intelligence. This paper reviews the progress of Raman spectroscopy in gas
detection in recent years, including conventional Raman spectroscopy and enhanced Raman spectroscopy, and also
introduces the integration of artificial intelligence algorithms in gas Raman detection technology, and discusses the
future development of gas Raman detection.
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