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Detection of Methanol, Ethanol and Alcohol Using the
Handheld Raman Spectrometer-- Taking the 785nm Laser
Light as an Example

?&i’gi%* é%}%** )g]:%;%***
Chang, Chao-pei  Pai, Chung-yen Chou, Su-lien

I &

DAREE Ry JrORh i Bl s B B R LR - RERG IREWIE R B N B 2
fE o ARWTFRH A SO EEHE (B & W TEK, i-Raman-785S ) ¥IHEE - ZFE ki
W TERS - DU - BIGERIERHEA H FHEE A LB% - D585 Ry = (RSB -
HPEE - SR CER R - AR R R R A & T A R 2
BEPEEL - BOEAFREAIEE - ZBERHEE / ZERE G - 43 AE TR 5 2R =
FEER © Sr Rkl AN ERERIRE (%) W9 « IRFEN (96% ) ~ i3 (58% ) ~ B t:
= (40%) ~ IR (40% ) ~ BRI (19.5%) ~ 151 (13.5%) ~ #j&Rm (13.5%)
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Fhr o (Z) BUEIEREE 10%~99.5% < i ~ ZERSTIR IR 20%~90%Z g / ZB#EE
BV HRF R LEE ARy « FIEE (2838 ecm™/ 1016 em™) 412 0.017~0.137 2
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Abstract

The presence of methanol-adulterated counterfeit wines poses a significant threat to
the health of drinkers.Rapid on-site testing will be helpful for practical investigations. In
this study, we used a portable Raman spectrometer (B&W TEK, i-Raman-785S) to
identify methanol, ethanol and commercially available alcohol. The research was divided
into three stages.The first stage is to set up the optimal experimental conditions based on

the integration times and experimental volumes of methanol and ethanol.The second is to

concentrations (%) in the market.

prepare different concentrations of methanol, ethanol and methanol/ethanol mixed
solutions, respectively. The third is to test 8 alcoholic beverages with different alcohol

The results indicated the following: (1) The optimal experimental conditions were
achieved with an integration time of 15 seconds and volume of 200 pL; the limit of
detection (LOD) of both methanol and ethanol is 0.02% (v/v).The characteristic peaks of
methanol appear at 1016 cm™ and 1451 cm™ 1, 2838 cm™, etc.; ethanol characteristic
peaks appear at 879 cm™, 1046 cm™, 1086 cm™, and 1454 cm™. (2) For the methanol and

ethanol solutions with a concentration of 10%~99.5% and the methanol/ethanol mixed

portable Raman spectrometer, which is helpful for the initial screening of methanol and
ethanol during on-site testing.

solutions with concentrations of 20%~90%, the ratios of the characteristic peak areas are
obtained for methanol (2838 cm™/1016 cm™) between 0.017 and 0.137; ethanol (1454
cm'/879 cm™) between 0.145 and 0.237,and methanol/ethanol mixed solution (1016
cm/879 cm™) between 0.095 and 6.921 The coefficients of variation of the above ratios
(n=3) are all less than 10%, and the ratios of the characteristic peaks rise with the increase
of concentration. (3) No characteristic peaks of methanol were detected in any of the

eight kinds of wines from the market. The qualitative and semi-quantitative analysis of
methanol, ethanol and methanol/ ethanol mixed solutions can be carried out by using a
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IEELRARE AT o MEIR L3S LeAg A AR B R RV IERENE - (58 Rl ]
REABEBUE N EMRTE - HERRBNE R =N AT - AR UERGER]
PRI R - fefill@ e L DERBEME T BRI EIE RN - B
FITAEEE o BRI NE BT/ » EZWE " from lab to scene | Z #E4
R FIMEENESRG EER L FR AP 2L # (handheld Raman
spectrometer ) FJEitRl 2 RoFaah » LAIFRAR M 2 Al 5 =X » 2 HAZ R A S5 A5
HIFEER - IEFF SR E TR - RIFLAEEIRE L - nIEEEE o -

FIERM2SH7 S (Chandrasekhara Venkate Raman ) 2 1928 55 KKl B Ead
LW FCFROLHIIER MR - el E e PR ES FRREREE AR » 82K
et Ry b ZotEE S (Raman spectroscopy ) » HH i ARE AL JMEEEEE (Infrared
Spectroscopy; IR ) 2501 » (HF7 SOEHEH — a9 E S - BN EKAYEHIR T
5 » KILECR R BT T 53 BTl - 7 S0EE S A i 3 R E Y sa ik — L IRIR B -
YIRE R BT IR T A RS ~ I~ BESS BB S - BT
ZEDEIRIRERY » ABHOEELZ I 47 7 e AR RS - JREIA S CAREREL B
HISEERAHE] - FZ Ry B PR RR » IR R B FBU (Rayleigh scattering ) 5 1715 A S
SARREL B 77 2 A JE VRN - A SCAEREA B ARG P A [E]F - I
R R FRE PRI » R h 2 U (Raman scattering) ° H7 S HUHN 753 Ky stokes
J% anti-stokes WiFH ([&] 1) » stokes Fy ABEAER (RER) KRB EHE®R (RERE) |
anti-stokes HIFH » AGPEHR (REE) /NRBEDEHR (BB&) - ARG E]
ASHERR % - RIS PRI S E AR FERYRLR - HRE) ~ feiEs=t - SEius
HIH SRR (RER) APTRE - R TFEHRERCEIEIE (R S5
[iiE: |y =

bOIBGE - BIEETER 09903520960 HE ~ FTERER# A
https://www.nta.gov.tw/BOTAAA/singlehtml/1227cntld=nta_3954 122
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Virtual energy state

Stokes line Anti-stokes line
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v Vibrational energy state:

1 FSHEEE

ARt E A AR IURE (PIANE RS - RS R ietkin ) - fEMEEIR
FHIRRE NI TIR R ~ MEEA G - MR SR T ~ 5 ~ R SR
BRB - [RIHHT SOGE T AR BT 12 E F AT FH 38 2 Rl ° DUR SR sE R ¢ - {57
SO A mtEEE LIRS - planr s SEBYE ~ S ReYE (ARAaERE
AR ) ~ B 7L &Y (ATEEENaC] > KC1 KBr » 37KCaCly )~ KERVIE (AHEY) ~
ZREE ok ~ SR )  KEYE B L R o B2 AlisonNordonTE A {5
FERLIMEERE (near infrared, NIR ) Hih SN ABE &= E 0k DUE
EE AL MRS BB S OEREEA R B BN IR A S s - FLPTiE AR
SOGEEE (PSR © Kaiser HoloProbe, Clairet Scientific ) HYEESTEEEE 785nm »
FREENEE R RFFIN - SRR R LT TISE - ARG - figoh
SRR A L B RIFER o HE SO RS BUE I S 1 RS E
SEAAY) » A LRVERSAR AR Z AR - EZEBRAEE A - (EERINAEE
BHE R TR - R BB ey 2 AR Rk iy B R PE T ZB2R9EaR -

Huaizhou Jin, Qipeng Lu, Xingdan Chen, et al. The use of Raman spectroscopy in food processes: A
review, Applied Spectroscopy Reviews. (2016) 51: 1, 12-22.

de Oliveira Penido, C.A.F., Pacheco, M.T.T., Lednev, et al. Raman spectroscopy in forensic analysis:
Identification of cocaine and other illegal drugs of abuse. J. Raman Spectrosc. (2016) 47, 28-38.
Sikirzhytskaya, Aliaksandra, et al. Raman spectroscopy for the identification of body fluid traces:
Semen and vaginal fluid mixture. Forensic Chemistry (2023) 32: 100468.

Alison N, Angela M, Ross TB, et al. Comparison of non-invasive NIR and Raman spectrometries for
determination of alcohol content of spirits. Analytica Chimica Acta (2005) 548: 148-158.
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HASIR IR 785Snm BB SO Z 8% - 114 880 om ' FRATRIEHHL SR -

AR - H BRI o AR S SR 5 vk Ry 23 e B A LU SR A A
0 oA SE AR NI TR R EE - 1T SR AH R AT A RERERE - (HERRS E HA
SR - Bl iR AR A PR RE LR —E Bdlree )y - A n e ERER
TR BRR A  ~ Sr AT DGR - A TSR - BN B EE S L R
a7 NSO GRE R F R B SE A e B B - B il U SO GE R thREAE(H )
BRG DRER Ef H m B R S A R e AR SR - n] R R R AL B AT
FEALRAERR BN - HORF A B E A

il > BB R

—  [RATEARL

(—) #WRPiEOEAEEE : BUH B&W Tek » BU%E i-Raman-785S SEFHL - FHHE
785nm > LhER< 350mW - SEEEEIE : 175 em™-3200 cm™ -

() D% : W% ChromTech » ZI5% Mini-6000 °

(=) AEEED « F#E Chromtech * %% Vortex-2800 °

(P9) #HkE 2 FEES £ 99.5% (Z2EF 0.7918 g/em®) » B TALER MR » BUEGr 2018
o L% 1 99.5% (FEE 0.789 g/em?) » EFEFNHAEHEL » BLEHEA) 2000
A o THEEE « T RAAARFEEE - 2 50RREIN ~ =5 i~ B8
T2~ K ~ I BTAERE ~ EREE U -

BRIk

o3 R =S ELHETT © EBEIRAZAT R 2 -

(—) B bl 2 EEFE R BRIt S 0 EHIARR (limit of detection,
LOD) -

(=) FeSk A FERE RS ~ 28 - DIKHEE / ZBRGEIRC b2 EEE - 357
AEZSEHFRE - 28 Bl / AR S WREIREIGR I A EM: - Il
LB ISR R LR T AR E R - IR E ZMEEE - DIEE
SRS NE =T n A s 7 == 1] L =

(=) s EEE s 2EEE - LT Lt /P - BT AR RE S
TH R AR A 5 ) PP B o PR TR R
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B2 FHEEREF S EEETERERTIEZE

2~ ROR I
— IR L2 LR e A R

(—) fE(bhi 2 B
Sy Al FHBCEFRIARFEIEAIZH (Z2) BRRE (EE 0.5%~99.5%)
FI453H1EL 100pL ~ 200uL ~ 300uL ARHEITEES - S EEIR S B 108
15 B3¢ig7 ﬁm%Lﬁg%’Hﬁ%%ﬁ?ﬂ%ﬁZ%%U&Z%ﬁﬁﬂ
£ 200pL DURAESTRE 15 M EER IR T - AIIEGRR AR SRS (fE 3
Bl 5) o
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(=) s (LoD)
A LIRSS L L e (TUPAC) FTE 2 EHIfSE (LOD)
FHE O JRANR SRF IR TR B ARG SNSRI E N 3 Ly FHEte =
(ud=pb+3cb) LIBAE SREHGRIE R 1 » [RIEGAS FTlC e A R R Y FRAE DL
F BN A LB B T o hE T E RS - RS R 2 BRI A =
#% (baseline ) {38 10 B - K% 10 B2 IEETRE B SAEHE = o EESRER -
Fiif45 2 B Kz Z BEMILODE B 0.02% (viv)
RIESOE R T ° > RS SR S RE AR LR B
5 ANEIRH T 100%FESEFATH#EE 0.25mL » FHBREFE
A THEE 0.5mLEL_ERTATRERGE » 3511 80 AT EHVEREIN S » AKX
T 20mLEEE A B E ST - AFTELL 2000l il - DIAT{SLOD Ry
0.02%:Z BERE 20 LEHAEL » HIEEE 0.04uLiY FEE & SR m] g heal i 2k
= HIEE - LR R/ LBHRSE R A IR 2 b 2
(—) AEHEEE (0.5%~99.5%) ZhiS @
BB FHESERE 0.5% > 10% ~ 20% > 30% ~ 40% ~ 50% > 60 ~ 70 ~ 80% >
90% ~ 99.5%Z ¥R 200uL » DLt L E BRI AG SRaS B - FRERY
Bl hr S i A 1016 cm-1 ~ 1451 cm-1 > 2838 em-1 ([ 3) » SEHAVH
MR B R 21 FP R 1308 (1016 cm-1 Bl 2838 cm-1) ECSRHIEHIAE
iR LA (2838 cm-1/ 1016 cm-1) » HELEA T 0.017~0.137 Z [ »
bt FRAB A AN (R FRESIR RS 2 BB EE A 3 2R ) PRI (reproducibility )
£ > HAFEARE (coefficient of variation, &/p ) BUEMR 1.5%-6.5% 2 (15
R 10% ) » f@BU&mEfEELE (2838 cm-1/ 1016 cm-1) EAFIESEE 20%LL F
HOREAENR (HRF et Ry SR ) MEF TR RS oA » PSR B PR R i
5 0 B A FRAE (2838 cm-1/ 1016 cm-1) 7R EEEARTEE (R2>0.82,
4) -

¢ B - ML AL BAEHIRIR - (B 2011 (RO BH 1) : H 15

McLean DR, Jacobs H, Mielke BW. Methanol poisoning: a clinical and pathological study. Annalsof
Neurology (1980) 8: 161-167.

BT FA R R R AR R BB SR L L ER IR R E AR - R

https://www.greencross.org.tw/toxin/methanol.htm
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(Z) A BB (0.5%~99.5% ) Zhi 2w aEs

AoE OB 0.5% ~ 10% > 20% ~ 30% > 40% ~ 50% ~ 60 ~ 70 ~ 80% *
90% ~ 99.5%Z ¥ 200l » DI FE L BB BRI IAG IR © LR g2 bl
SRSk 879 cm™ ~ 1046 cm™ ~ 1086 ecm™ ~ 1454 em™ ([&] 5) » SEHUF
FHET SRS h B B 2 0 2R g (879 em B 1454 cm™) WiEC#KH:
Rt - G E 2R TR L (1454 cm™/ 879 em™) BRI A
R 0.145~0.237 28] » bt (CRHEAR R ZBHRE 2 BRI E M 3 K) -
FEME (reproducibility ) f# » HAEFAREL (5/n) BUEN 1.6%-7.5% 2
(EHERR 10% ) » FLlg & PL{EEL ZBRIRAE 20% L ERIIEHERR (LR fEgi
FoHHER) EITRRMEEEER AT - A EEEUE 2R o Rl 2R A HhE

HAEBAN@ES ((R>0.83, E6) -

RE 300 w0 879 104610860 1454
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y=0.0005x +0.1853
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FUEAE 2 BT (v/v, %)
6 EXCER4SEIEE ARBRERNEER ORENT 20%~90% ) ##1TERISEIEmiELLE
(1454 cm™/879 cm™) Z 4G4 EERE

2007 FEBITAE T EIAEEEE "B ERFFLabRAM HR UVES B
R EOUHEE (FHDOCIRER © 632.81nm ) ¥IRFENER & ZBAIHE T4
Wi+ EB L ZERE g (884 cm™) ERIEEHIEIE - ST AR ELE ZBHE
FEER/KAHRAELLE (884 em™/ 3200 em™) 248t » HokESEIREER - R
o LB RS ZBRR R K -

(=) Wl / ZBHR SRR 202 153

HUFFBRRIE 99.5%E1RE 99.5% ZBAAHK @ 7 hICEREE R 10%
20% > 30% > 40% > 50% > 60% ~ 70 > 80% ~ 90%Z HfE / ZFHE SR »
[EEE L RS / ZFBRE S TERSEL 2000l DRI L BRI A S
EEE (A0 7 Frs) s EHEE / ZERE ST IR R R & 2 i R
i 1016 cm™' B Z A6 879 om™ TR EIEERELLE (1016 em™/ 879
em™) ST+ IEETRIFE LLE B AR / 2P 2 SRR AN 8 R - Wi
HELLE (1016 em™/ 879 cm™) AR 0.095~6.921 Z W] » L3t EbAE (BHEAR
] RSB 2 BRR AR . BRI B 3 ) » FEME (reproducibility ) f#
A FLAREL (5/p) BUE MR 1.3%-4.5% Z [ » IRE/ N 10% » S FHERE

’  Liu WH, Yang W, Wu XQ, et al. Direct Determination of Ethanol by Laser Raman Spectrawith

Internal Standard Method. Chinese Journal of Analytical Chemistry; (2007) 35: 416-418.
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chB A RS OB R SRR (MY - BWS415 i-Raman ) » HFE
BB RARERE R 785nm - BFESE - ZFELUR F ZBHE SR E kil - H
FESREER © RS 1016.46 cm™' BRERIRAR SREIE ; ZFERIR 877.95
cm ' R IRERA R SRR 5 SRR 2R A R R B W R
(1016.46 cm ™' i 877.95 cm ™) HAFAIE » 5% am SCATIHITSY B Ky Z B BT
SR B ARTTZE 2 F5R (1016 cm™ B2 879 cm™) #F—2 > ARHWIFER
FARNERE AT R (A rTREEELIE RS ) - 55 - AR
RS ittt 2 BB Alison NordonZ A RISt 26 FIEE S 785nm
(IhT S SRRl Z 5 S & IR 880 em ' FRIAITEAR SRR S e i -
SRR AR ES T R EE bl - SR1T0 0 Adil EminFE23 " E Y
532.14nm HY 7 = / & L FE# ( LRS-type laser Raman/ fluorescence
spectrometer ) * ¥ FHPEEL Z BGHESTHEH] - FIEEA 1035.9 cm™ ' HIRFRAIH S
i - HAEER R I A — TR TR C-OfiffE IR BN 8 (1000 cm ™' ~1075
cm ) T ZEEHFA 888.8 cm ™'~ 1054.7 cm ™'~ 1104 cm ™'~ 1287.3 cm ™' ~ 1462.7
cm '~ 2887.8 cm !~ 2934 cm! LUK 2975 em ! SR HERER G - ATIBE A

[F 3 R E SR RS - GES RREERSR -

= TVEA VBRI B Z b 2

TR~ AREFI ~ R~ B2 oKl 15 BANE CRLAA
HAIZE) ~ B b2 R (& 9) @ EERE TR R FIRE R EIERE (1016
cm™ ~ 1451 cm™ ~ 2838 em™) o KLAZIE S FHL AR5 AT 7R AT B4 (I BT Hh  [RIALAT
FEAG R R BRORIMULEEIEE R » LRI s R M MmE (40
FAAER ~ FHEERT) - RIMsp e ot T it 2 3 ki S B CR A E - B
BERTRE - SO E P EMBGEALR A RO T TSE - AR R
J5 - BlA0 1064nm - HEAFDETEIBERIAKRKIT i #ESE W2 2 @R - H

0 BRI ~ RN~ BUMTE - IREET - TE R BOCRI SRS AT B BRI E R S & - B bR
B ——L220F PCTA 2015 » 51 (4) * EH 558-559.

Alison N, Angela M, Ross TB, et al. Comparison of non-invasive NIR and Raman spectrometries for
determination of alcohol content of spirits. Analytica Chimica Acta; (2005) 548: 148-158.

Adil Emin, Raman study of mixed solutions of methanol and ethanol. AIP Advances; 2020 (10): 1-10.
Huaizhou J, Qipeng L, Xingdan C, et al. The use of Raman spectroscopy in food processes: A review.
Applied Spectroscopy Reviews; (2016) 51: 12-22.

168



FE A TNH B AL 4 R ERER £ B2 DURERRAVARAl — LL 785nm E51AHI

IR BRI A B RHE - KR A A A MEESRG6E A - e 2s
ﬁﬁﬁiﬁigmjﬁ F 3% (Surface-enhanced Raman spectroscopy ) EFRL & &I T
W9 - 3% 073 R R 53— WR B PR i < 2 T AR HE S IR oK R s i iz
E"%Eﬁ’ﬂ?@@&fﬁ + HL{5E FHVA B 2 AL ) A P %+ TR R ) 7 99 o e A E oK BR

(AgNPs) $% IR S%EHETE BT 785nmiRET 2 » SEPHANE v] AL A &5m ey
T8 - WA S H =M AN E R R LR o SR ERE R M A AR T
fr S 7% (Shifted Excitation Raman Difference Spectroscopy ) ' » 2% 5 I F
PR EE B 784.5nm k2 785.5nm ﬁ(ﬂi%’l‘ﬁﬁ (<10nm) > FrEEERIR 2 B ARE
P—1% - BUBCERRIE TR BOCHEE ARG T THERGE T - AME ] DR T8
HAJiREH =2 E5% -
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Yanqgi Q, Yue T, Yuheng C, et al. Chemical profiling of red wines using surface-enhanced Raman
spectroscopy (SERS). Analytical Methods; (2020) 12: 1324-1332.

Boris L. V, Sergei D, Vladimir S. B, et al. Application of the shifted excitation Raman difference
spectroscopy (SERDS) to the analysis of trace amounts of methanol in red wines. Proceedings of
SPIE - The International Society for Optical Engineering; (2014): 1-10.
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FEER ~ AREFID ~ BE R~ oK ~ 1~ AR BRI R LR (1454
cm /879 ecm™) o EIBIERE RS RRRERIN (96% ) TR iR RRAE 1
HATER (12% ) HIEMEBLEN R 0.183~0.228 (Z[H] - G HUAZIHE 7 i Bl 1 £
WYk RIS LB 2 AR R e ([ 10) @ T EwiE R 2 AR ZERR S8
HlgEAEE (1454 cm™/879 cm™) oA AUHEES -

g “ RUSIE y=0. 15878+0. 00096850X ; : : §
0.28 7 ggeess e e e

i 27

WZAT

0. 25 - A EER
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0.23 :

Fi AR n (96%)
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R R i i s wae o
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L S e
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e
0. 18

TEHE 2 B

10 HENBREEEIEEFELLE (1454 cm™/ 879 cm™) BIEEZEERE (%) ZiF
MR E
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