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This workinvolved comparing Raman signals obtained from two different
Raman spectroscopy configurations, using two distinct noise reduction methods. The
excitation light source was a laser diode with a wavelength of 532 nm. A long-pass
filter and focusing lens were- utilized to block the excited calls and concentrate the
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Audugiudeya vilvammisawSeuiieuiialy Raman spectrum fldannIsindugiudeya

ilinslassasnsvediuianala

2.3.3 ngMsiaen(6-11]

ﬂgmilﬁaﬂa%maﬁammm%Li‘flumammﬂ?{au%’luwﬁqmumEﬂuimaqa GUETTRR
giadethuninlngldmaiiadunsnsaaunlnsalnlnsesuaningalnd wudn uidlve
yeamsdudnnsal AN ILUUBUNs LS ARaE Y Uislnunuesnisdy axlRaunndy
ogdlnegmile lnsmsduveduianaidsutyadlalnaluung (Dipole moment) zifn
Fyanauuudunsnn dudyanasnuinnmsdunesiuana fmswdsuulasanmiy
Fusndansm (Polarizability) nielsiaunslutil (Electric field : E ) Tuianaaggnindeay Al

\Ain dipole moment (P) FawUsiunseiuauduvasaud i

paE

50 p = aE (13)
e ﬁ A9 Dipole moment

Q& fe Polarizability wesWusziAll
E

Ao aunu i



Y '
=~ = 2 a

auulnihvespiunasinnasnsenuiuliianaduniuaunvewas wae polarizability (&)
finswasuuwdassseginsseninvesnauvseluana (Q) Wedawulniszeyvinasening

avmanailasuly avilmAnnisildeuulas polarizability meluluiana
|E| = E, cos(2mvyt) (14)

a= ag+ (Z—g) Qo cos(2mv,t) (15)

Y1115 14 wag 15 wnuly aun1si 13 aglan

Ip| = [ao " (Z_g) Qo cos(valt)] EO cos(2mv4t) (16)
~ = Ja =
Ip| = [aOEo cos(2mv t) + (%) Qo cos(valt)] E, cos(2mv,t) (17)
Nnaunsi (17) azldnaniin

cosAcosB = %[COS(A + B) + cos(4 — B)]

zleaunis

1P| = apE, cos(2mvyt) + o (aa

3 %> [cos2mt(vy + vy)) + cos(Rrt(2mt(v; — vp)))]  (18)
wanwsAluann1sh (18) unuUNTNIZIIUAILUUITaEANED vy dulumeud deq
LAZANULNUNITNTZLAILASMUULOURALRAE N AU Uy + vy wazwuudlandnaiiud

V1 — Vo A4A 10U 0719 890151ANANISNIZLAMWUVTINU A & UDINUSELATADINNTS

'
(% v o

' aa Y., X = ) 4
WaguuUas n3e 3 0 wenanddadusgnusgauneaun1sdu (Vibrational level : V)

RoadlAn vibrational transitions 10u Av = +1 uazssAunassaunsnyu (Rotational

level : ] ) §ien rotational transitions 11 Av = +2 ¢ae

2.3.4 m3duveslutana (Molecular vibration)

nsduredluanafindudleluanaldfundsnuaonadasiuanudlunsduagyli
Tuanaduldegluaniugnszdu dwaliernoululianandoulm dslumanaudazvdnayd
arudlumsduiisinzuandstu dlianansmiandadulilumsliemeilassadouas
yiinvasansusazvdald IneluluanaliiBaduiisiuiu N eznou xillymnnisdu Wiy
3N-6 T usiluianaldaduaziinunnisdu 3N-5 Tnua osanlifiansannsmyuiiun

Yalilana



msduveduanautsoanidu 2 uuu Téun msda-evesiusy (Stretching vibration)
Junsedeufinuuuisnuiuseidetulaeinnsisuulassezyiseninesney 019
Windurdeanas § 2 wuu e wuuduuas (Symmetric stretching) waznuulslausnms
(Asymmetric stretching)

N1399 (Bending vibration) LﬂumiLﬂ?{auﬁﬁﬁﬂﬁﬁmmnﬂ?ﬁmuﬂamuﬁuﬁz 91A
ﬂﬂiLﬂﬁauﬁagiuiquULﬁaaﬁu (In-plane) WanA1sEUIUAU (Out-of-plane) Al§ SnwarnIs
dunuuseutaoandu 4 wuuldn n15IBUUY rocking SdNEAILTEINS LU?{auLLUamﬂuﬁﬂ
W UUUIZUIULAINU N190LUY scissoring JaNwazu8InIg LU?{auLLﬂamﬂuﬁmmq%’m
fuuuszuUReNi Mssenuy- twisting lumseedilieguy szunuidy Tdnvasmiiounis
wndaweulUTufAmadeai wavn1seenwuy wagging 1 HuNIs aaﬁhiagjumzmmau W6

AnwazvdlauntsknIakvulUTuRFnIn st unu

Ne Ao

(a) Rocking (b) Scissoring
(c) Wagging (d) Twisting

gﬂﬁ 2.2 N1399VBINUSE (a) Rocking (b) Scissoring (c) Wagging (d) Twisting

AN5UNTRAL U UTABUNTUIANT DI 1UIUAUNATUNUI T U INUATDINITHU

a

A0 IANIDUNTUIALAESIUNUAUNASY U1 NAveInNIsaualranasSuAIna1Iog19la

pg1antls Anudlinguasnisidend msusianuane sy dallaieiu 3 Uadiall
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1) Im,aqaﬁﬁmiéf’mwuaumm (center of symmetry) d1unslnunasnsdulii IR
active nsduvasluuntiuazidu Raman inactive n3on1sduveslianainisisuudas
Tuiusidag widnisduveslinanadnmsdsundasanindaduandaas (polarizability)
Yosiuszialazli Raman active U farsanluana N, O, way Cl, udu luanadinan
wfinsdunvvanans (uanalufidn) uaglifnsdsuutadumuddiqudasinig
WasuLUas polarizability veastusziadl lauanadang129zly Raman active uazidu IR
inactive wagdmiuluanaiifilassadadudunss wu (CL - Be - C) wuirilognilslnuaves
nsduitlifinsdsuuuasluuddiuifinaiudeuntas polarizability vesiusziai3ali
sunuadnasulnefinsaluanediilasaiiadunse YXY Aflnuanisdudsd

2) luianadifimsduiuvlslaumnas (wanaita) asliis IR uaz Raman active Ly
o,

3) luanavesansuisislaliidunsusaaysiuadna g wenululuanadid
nsduwLUDn (twisting) Wudwﬁﬂ’usm?{auuﬂmﬁgﬂuLmus‘?égfn@jﬁ’u polarizability vosWuszLAN

AdnTukazinareiuee JklrNdunsusALassIUINEARSY 19U H,O SO, Wuduy

2.4 Boxcar average[12-14]

[y

Boxcar average ApAN Lg lun1sanaud g usuniu lnglddmsunisusuilasu

o

ANUDatuN1ITIen Ty M YEIR R IMT I ule F5lunns Boxcar average 799

o = &

ATafenasly Integration time Tz an sazladeygiusuiunddszsdnsam lngazii

Iy atutesamaniinavinlidyanandesnisasuiniuanaslunieg

g

2.5 Vancouver Raman algorithm[15-16]

Vancouver Raman algorithm (VRA) iudanasyiudldlunmsandayiusuniu dadu

T o
'
[ =

wiatlanvaelun1sandy ey 1asunuse e Fluorescence hagdatisandyiusuniIuiLin

A7}

¢ = van A | & adda | a a a &
f\nﬂﬂ’l‘JLLVﬁﬂLLSZNSUEJWHUEJ IUﬂﬂiLaaﬂI%DﬁHUﬂLW‘J’]%’MLUmﬁVIL‘JEJ‘UME’J HUTLENTNINLALLIN

3135817
Ri(v) = 0;-1(v) = Pi(v) (19)
. —R)2 . —R)2 . —R)2
0, = J(Rl(vl) R) +(RL(VZ)NR) +..+(Ri(vN)—R) (20)
R — R(v1)+R(vIZV)+...+R(vN) 21)

[y

WuniseSurediismsaudyaiasuniueds fluorescence TnensimunlusunsuLiie

o

AuF Y IuTUNIUAIAT polynomial fitting L oAU Y115 UNIUYBY fluorescence Tu

ad

= v & ) Y PR PN K v o a
VUSLNYINUNANNITIAU ﬁuwzyﬂmiﬁmuwmmmﬂwu%mm LLAITUY LLU'JIU?JV]Q%N@I‘W@T‘I@‘\]']ﬂ
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nadenddunuindiliivangay iy Lieber wag Mahadevan-Jansen ldiauaisng
ModPoly (Modified Multi-Polynomial Fitting) TnamiulaiussundnAsninuiieuing i
UseavBnmuazisinin3zaug 35113 ModPoly ﬁa%umaumiﬁﬁwnumLLUU’mé’fW Fadryoy ol
mmuﬁy'qLangmﬂ%uLﬁsmﬁ"uLLUU%"’laamﬁqmﬂuwiagiau USafisundaidyana
FaRudusiniuuuTaemuundiusuusliaglddonadwiu Turme i v nusunds
é’zyigﬁwﬁgqLﬁmﬁuqﬂﬂdﬂLLUUQ"waaawnmmﬁﬂ%’ULLG\'QI’? 1133 ModPoly dayayrausuniud
mm’i%mmﬁ’m@mnumﬁﬂ%’uLm'wzﬁa’iﬂzil,ﬁué’ﬁgiyﬂm Raman ﬁ’mfu?qummuﬁé”w
meﬁaaquumﬁﬂ%’uLwiﬂuiauﬁmiﬂsummi oolynomial fitting [4inanluniseuwiasn 20
fl9 500 AfiFsoreldanuneanTs LLazﬁmiLLmﬂmeﬂwwéiu%umaumiﬁw Fadmdu
audtyayausunau fluorescence TunmeUuRzfasann TUNINLT VRN LEIAUATY et
ModPoly Fslgsunsuilalaelddasn -ModPoly (Improved Modified Multi-Polynomial
Fitting) Lﬁaiﬁlﬁ%’ué’zgaunmswmuﬁu’%@wémWﬂ%’{u TnsunufizSeuioudyaadaiutu
wuudh agsmvusdivstiadusnasgulunsaiisieyad wiudunmseudaldiguiedu
M3 ModPoly n15iSsuiisuiunasnrestuydiassmmusfivsuuasuinfuavesdiu
Jeauunasgiuemy wasifloananuAnfienveints polynomial fitting Fyanaluusiaa
9 peak fddazgnavesnaNTeUeINTsUSuAnsely n1saugn peak anAntulunis

gnsausnintuiietesiunisaudeyastidlidndudunaunms polynomial fitting

2.6 uEMIAEITR[17-22]

Usngnssisanugnéunuadiusalas sir v, Raman wagldffisinasiuied e,
1928 [17]

weiassuanlasalaUldgnitaunliiinsysyinanaiannsafmdnnisnszidauas
voeussinlUslaneanly wu uiansenaadn uwazlahuidssendlilsslevidluduniigeg
9171 MTUATINIATIATNNNNEANTVDIARTTE TATIENaIAUsENaUNIRAveINeFes
ilarneg Inseiilassaireiivesusiuies lilemsessesanudeme msduunngne
VIR UNENANAN LAY INTTU AT IeisdUsEnauveen TdigaunsedLune)
wiiasneg faumadesuuadnlasalntFadumadedifiaouauls Tunistundne was
Tt Juedosiodinse [18]

Recent advances in the application of transmission Raman spectroscopy to
pharmaceutical analysis. UIIBUDL Kevin Buckleya, Pavel Matousek Wunswaunseuu
sy TRS evhaudilaianalonguiidosuuasnisussgndnisléouiifeadosto
Unngmisaiisdidnonmgdlunisifueiesdeondndniunisinsgvielugaamnssy iy

A1 n1sevaNAmA nLUUlivhate, uwlug, warsansa lnstanglugafignannnsuyeg

Y
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N13MSIVEBULUY real-time uldfinswaunnadasuiuanlasalnd il elddmsu
Anneiviavesianilinatlumsmsaiinneiaslagldinaliuu Sehliamsonsate
I¥uuunaase snnddlaisiiudeddansmeganniuly awnseldnsainaissedied
Junia seumad wazveaudls [19]

MnlgRmusedunuise Spatial-heterodyne spectrometer for transmission-
Raman observations 10 WN1598nWUY Transmission-Raman Spectroscopy. Taglas
e ivzarufogsluSsiiuuas Samngdumsieseinigluiiotan wu sudin vie

=

1Y) & & o % = s Y & o i o
JanAiuuwas 1 uendeariusenaumeuaadounivoiun 19duddegrmdnlunisvaasu
Fugad osnillassasefivsaginunz Aun1TdowiauneaLLes [20]

Development of Transmission Raman Spectroscopy towards the In Line, High
Throughput and Non-Destructive Quantitative Analysis of Pharmaceutical Solid Oral
Dose. 41439884 Julia Griffen, Andrew Owen, Pavel Matousek N15AN®IAD91N91UITY

! v & o P Y a ¢ Y v £ I Y
AounIl Waiun TRS e lviaunsadinszvinududuvesanseangstuilaeilalaglifes
UAYROWSENAIBE kagiidANainalunisidnuasiluaentandnemisenavngsy h
nstUSsuLisunuimatind Uiy Backscattered Raman lagkanilaainn15indu n15vaaes
WUUEZYIBU WU INIUARST TINaTAAsTauiunIsiakuUN AR Uzt QY i
AnTuazdaLaunl [21]

Development of a compact, handheld Raman instrument with no moving parts
for use in field analysis 918798289 11UTTeU Wlauen1sWaLIg Unsal Raman

S a v v Taa d' a o v

Spectroscopy WUUNANT filwunnzinsa tazludvudiuniad oulw enisldu

AP LU N3P TIREeVAISATInI oI unTIBUENTRILAY @111309 59 InM 081993l

Ao

9819uLUE Ay Raman 9aLau Liluan wwIna ounInauLRAY g 10sUN I

(%

8911 8138TeIMAAU resolution igufulATetRldzkadagludisnsiaueiy

e

ANULLUG LA T UNH S [22]

TutlagtulaiinslesninuannlasalnUldussgndldfiuiundsnssuunay Lieewin
a Y = %% = 1o o 1 = o S
ansadenediliegsindilaglineunisuas warliiaigansdiegne Fansiauuull

ANYANLINTU



unil 3
acd o =Y s o
A5N1IALUUITUIY
Tuunizesuaientuasiudunmsiaulunsnussuusuuadnlasalnd 3
wdseenidy 2 dau il
Tudrufindasduniseenuuuszuusuu Tnesuwusnisesnsuuszuudu 2 szuu
FYUUTIULUUAUAE SEUUT UM SagaY Jldeidenldflamasuuy Longpass Filter
(WHUNTBIRAINILE17) W uflawnesil seuluasiifainue1iad uninnianuld (longer
wavelength) WLay Taiuuasi fAue1nd uandn (shorter wavelength) Tae Raman
Spectroscopy: 1iafualwasauenaus wazldugs Raman shift (Stokes) Hau

ntudlavinseenkuUtasana 9z dulUAIUNA9RD NIFIATIZANTF9E14

3.1 FEUUTINIULUUESRINUY

{idvoonuuuszuvTnuaUnlasaln uuudssn muguil 3.1 delunderindauasd
Duawesdideanifianuenndu 532 nm wasfinnuduwas 200 mW uasgasihului
objective lens 1 (OL1) AlFdmSusalnsazilfuasiiouniiénas udrantuaglulnda
Afhegne telunsgsulnindyyrasmadadeiud iy objective lens 2 (OL2)

nduagldilawas ielilunisnsetianaeseonandygasdiuntnainingsiiedns &

N

v A

THedenldflawmeiiuy Long Pass lneaelinaantmluununsosuasiilanuuwasniiniiuens

e

(%

AaundunImm Al sarula - lasiinde1InaUEIN I NAA LA TN Y

1o anduazlelniaaudazlvinanasinluneissaunlnsiivwes (BIM-6001) deyqiadsianu

1 1 [ a

INNTINALEINUETY USB 7leyin1saasInUiAe9mauimes ARefdlUsknsuiasie

4

Ayl agvinmsusziiananiudny
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F FL Spectrometer
LS OoL1 OL2 W e
| ll
L l.l
Sample !
@ * LS = Light source
OL = Objective Lens
FL =Focus Lens
F = Filter

JUT 3.1 ununmuansnmlaezunsuszuuTiuanlasalndiuudaiunay seuus iy

WnlasalnUwuuaasiu

3.2 STUUSINIULUUESTIOU

va o

AidulavimseenuuussuuTuanlasalnuuvasion  sugun 3.2 @l
wnasiilauasiiluawesddeindaueanau 532 nm wasdinuidunas 200 mW Lasay
dsuluf Beam splitter Adlniilunislddmsunenias Tneolasaiunieiu Beam splitter 1U

Huavdwiuluf objective lens (OL) Alddmsusiusadlagavyinlinasivuniidnas wdily
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Tiiafiansseea Lﬁa%Lﬂuﬂﬁxéjuiﬁﬁﬂé’fy,wmmmu Faniuaniinmsnsvidwea
waazviaundunidnl objective lens (OL) uaz beam splitter Insaziiuasuanlunnnseny
aauufawed 3149w long pass Filter Wionseswanawesoanainduaasunuiildainans
fheghe mnueldliifmaudinmsindawaadiluiedosanlnsimes (BIM-6001) ng
Fyoasuuanmsinavdeiiuans USB  fildvhnisdedniuedesneufinnes Tinnda

TUsuATAATIEUde 1M kazinn1TUszanananINaIfu

LS

F FL Spectrometer

B /AR Wiy, - .=

* LS = Light source

BS = Beam Splitter
OL = Objective Lens
FL =Focus Lens

F = Filter

UM 3.2 ununmuansnmlnezunsuszuuTiuanlnsalnUuuuasyaulag ssuusuiy

anlpsalnUnuuasyiou
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NAN1SIAYLLAZN1SDAUSIINE

Tunsneaaeudssansnmvesssuusnuanlasalnduu fideldesnwuunismaass
I3 = = ] 1 (7
pondu 2 52UV AoN1TneasIszuUTINUaUnlnaln UL UUAINIUAUNTMABDITE UUTIUIUA
wWalasalnUuuvaieu deladenldmeesiiumaasadusimsienues
dmsunsiwseiteyaiilaunananiasiwesilutoyanAnwimuduiussening
v ) ' a . 1 | 1 ~ v
ALTLVDIF QYY1 TINIULAZAINITEAOUTINAY (Raman shift : cm™) Tunudeg cm™ Lieli
aunsauansmansnaasdliedlusliuuresanasusuuwazdiunlelunswseumeuiu
TaUaNINIPIUNOIT U TvR AN IRIRg 1l ke daeliinIneamansInsein1sduves
luanalddng wmsenisduvesiiusy (vibration modes) INSIUNLULBL NSUEAIAT shift
&) -1 PN [ ) Y @ o 1A = [
Wy cm? @nunazidu nm 139 Hz) waasliidudniauininnnsiuasunUaindssnu @11se
149 2uAv IR Spectroscopy 1a wnafla IR wag Raman A1eAns19n158 U89 UsE 39
anunsaisusiuniesialaviui nasnaglidugiaswuiidssdnsamaaladulunisnaaes
m’i@haEJ'NVLﬁVT’lmiM‘U@mWW‘J']ﬁmafﬁL‘fJu Integration time, Scan average, Boxcar width
order uaza1AUULNINIATIERA Y 1usUNIU (signal to noise ratio) lABHANIINAADIAY

A7)

MnsAnwImsdieesnneg amaznaneeluluuni

4.1 nslSeuiisunasansszuinsannlnsalndsanufisensuuiuaalnsalndsunuids
WYY

mﬂgﬂﬁ 4.1 naswlSeuifisunadnsseninanlnsalndsguiissnwuuiuann
salnUsmnuBsnded lnsannsuvssuasegfimueindu 785 uilumng 1unadnsain

s

Audin3eliainemans Insawnnsuvesuateyinanue1Indu 532 urluwns unadns
91nLA3BY Thermo Almega XR 532 nm. ag1ulana1 autivesdygus Ui laannis
szuusmuaUnlasalnUuuudaniu (TRS) wazszuusunuanlasalnduuvasisunau

(RRS) HAUL L9098 ey Qe S UNNALABIAUAU TN IUTIN e
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I Transmission 532
f\ n

f
Jf‘»vw”wf’\.mL"J«m/\v*ﬁm\,mrm/\,fwf o/

A,

«MW Reflection 532
WIANLMM e~ anf

WMJ~WI\W /\"WWVM

| )V
ANV TW

| I Commerial 532

Intensity (a.u.)

i E
7, 1 ' \‘ IUUW‘ W\M X }‘I‘uﬂ‘ “"L.‘_\ O

|
Ao R | i S

\j\ S AJJL\MJW Commerial 785

0 500 1000 - 1500 2000 @ 2500 3000 3500

Raman shift (cm'])

UM 4.1 madSeuigunaansisninanlnsalnlnuuieeniuuivadningalndsun
a a ¢ ) 1Al = I3 v & s A A
Wandizg IngaunaiuvesuataginiNg13aay 785 uilulns [uNaansaInAudinTosle
Wenmans TneadnnivesuasegiinueTinay 532 wiluwes WuNaansanaIes
Thermo Almega XR 532 nm.

4.2 awdnlasalnUnuudsdiu

mﬂgﬂﬁ 4.2 \JunisianansINANUFIRUS 3R 19NN B QAU I ULAZ AN
M518eus1uL (Raman shift : cm™) Ingldimusliian Boxcar width order 1% uag Scan
average 1 Gﬁﬂwamimﬁlammawawﬁ Integration time Tagazyinnisiaen Integration
time 15,55,85,10 s a?fﬂé’zyapmwmu‘imwiazﬁwﬁ?u%Lﬁudwﬁé’agmmumu%LsJamnﬂ
usiFvasdyR MsIIURgUTUAY wagilovimailial integration time dryaiausanunlaAss
qﬁmﬁuﬁ’u F991nn3Mezdiuddl integration time 10 s dyaIuTuIzgazing
Fauua Ay usuniudiwey 3eldviinisiiiu boxcar width deazdidrutaslunisan

dusuniu



Intensity (a.u.)

Intensity (a.m.)
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Integration time 10

MMOH et
/va\/\'uwwﬂ’/’/\h

Integration time 5

M\WJMJL‘VVI\WM

Integration time 3
MM,N\MJ\/M\\W i L

=y A = Integration time 1

: T T T 7 T Y T ; T v T \ 1
0 500 1000 1500 2000 2500 3000 3500

RAnhan St B

Integration time 10
4 1% =
A
“Jb i Integration time 8
by A et
K 5. A»JJ\J‘/ \"»M lt,/\l\z\l"]v \,\,—P ’MMM-\MMJ\/\/\’M
M Integration time 5
s w_ &
Mlntegration time 3
| Integration time 1
PP W, 7 S S
. I o I ' I & 1 b I ¥ I J 1
0 500 1000 1500 2000 2500 3000 3500

Raman Shift (cm™)
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C
Integration time 10
£
3 ﬂ\
s /\ Integration time 8
'ﬁ r’/ ;Vrl‘\;\_
w V4 S
=
L
= Integration time §
Integration time 3
.\_x/\/\_,,wn/\‘/\'\,\,fﬁ\H s g
W & AN it
Integration time 1
& e~ SO VY
) T L T ) T L y » T L T 4 1
0 500 1000 1500 2000 2500 3000 3500
\ -1
Raman Shift (cm' )
d |
N \ Integration time 10
[ \ \ W i
VV%/\—/] J \‘JV\-A-’\ WA J\M\/\J\ \\”/‘\\
-~ M\V\
R e e
|
U \ Integration time 8
'\[\ Al \ /} \ A
2 Y P "j i \"N/ﬂ«m-mr-w\_‘,..Wu\mz/‘ ‘"J \M\\’_

A

Integration time 5

Intensity (a.u.)
k

Integration time 3
o /vJ“\/M/‘/\/\\-vf/\L,WW\J\M%

Integration time 1

T T T
0 500 1000

| v | g I . | . |
1500 2000 2500 3000 3500
. -1
Raman Shift (cm )
SUN 4.2 ULHUAINLAAIANFURUSYDINTINTENINANMUTNYDIF Y IUT I ULALAINTT

Lﬁlau‘i’lmu (a) Boxcar width order 1° (b) Boxcar width order 3™ (c) Boxcar width order
5% (d) Boxcar width order 10T
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mﬂgﬂﬁ 4.3 1 UMILEnIAUENRUST0INSINTEIINANULTLV DS QI UT LAY
ANsiEous L (Raman shift : cm™) Tnevinissiviun Integration time 10 s Wag scan
average 1 Ingvin1sidon Boxcar width order 1%, 39, 5 10 91nnsNaziuleIN157s
14 boxcar width agildyanasumutiuanasiuly Wothufinnsan
Boxcar width order 1% agnuidaaasanuiitaauusidugasunmuiiooninndeutu

duaasunuiiey

=

Boxcar width order 39 Au 5" aRarsaiunuIiansnsiwWlidnuilnafeaiui

A

[ I = o

dusunivanasedraiuladailalfiouiu Boxcar width order 15 ugiilauanfiansun

A

PE10NIUILTIUINT boxcar width order 5™ agldyay s unnni Inendygrasuniu

T o

svanaslUlflwezniuarda usuuilandidiaudaiau

s unlatunely

o

Boxcar width order 10" &yaadsuniunilidumausinganalng

o
o

meuiy - wavdaraliunstisesda uiuiviusn I UudynuuessIenLoatu

melunlaguiy
N5 i Boxcar width order, 10
IV (‘J |
" /{\/\ ‘[“J \/‘-, Af \\.\;\f - ’,'*\ ’/‘\
vd ! L~ T RS9 0 0 08 W O\
i o
Boxcar width order, 5
~
=
<
N
2 MM Boxcar width order, 3
w
= W tm\mwwd\)mm
8 v An A
=
||
Boxcar width order, 1

0 500 1000 1500 2000 2500 3000 3500
Raman shift (cm™)

91n3UT 4.3 1 Jun1suaninuduiusean s mse nIna N duYedy g 1 URAZAINIS

LADUITIUU
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MNgUT 4.4 HumsuaasanuduiudueansmsemineaudiuaazaNgAaY
(Raman shift) IagvinsiUSeuiisuiu Vancouver Raman algorithm agtiiulaan &g
1uTillneds VRA aefidyanasanudisnindlediauiu 51 order of Boxcar width azuand
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Abstract

~ This work involved comparing Raman signals obtained from two
different Raman spectroscopy configurations, using two distinct
noise reduction methods. The excitation light source was a laser
diode with a wavelength of 532 nim. A long-pass filter and focusing
lens were utilized to block the excited light from the source and
concentrate the Raman signals due to. their. weaker nature
compared to the excited light signals. Light of 532 nmwavelength

4 was blocked during green laser diode illumination using a long-
Raman spectros pass filter. Two configurations were studied: transmission Raman
"l" spectroscopy (TRS) and reflection Raman spectroscopy (RRS).
Raman signals from both configurations were compared, and the
- boxcar averaging and Vancouver Raman algorithm (VRA) noise
reduction methods were investigated and compared. The results
showed that Raman signals from the transmission configuration
were higher than those from the reflection configuration, and noise
) signals were effeciively reduced using both the boxcar averaging
, <) and VRA methods.

pharma

1. Infroduction

Raman spectroscopy, which is an analytical technique used to measure inelastically scattered light
from matter, has been widely used in physics [1. 2]. chemistry [3]. medicine [4], pharmaceutical
analysis [5], biological tissues, and nanoscience [6. 7]. A real-time measurement technique was used
to reduce the time needed for Raman signal collection when investigating various materials [8]. A
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simple and low-cost Raman spectroscope for educational purposes was developed [9]. Moreover, a
portable Raman spectroscope was proposed for use outside the laboratory [10].

Raman spectroscopy was applied in the pharmaceutical field, and samples were
investigated without physically and chemically damage them. There was a report about the
investigation of the paracetamol tablets using Raman spectroscopy [11]. In a transmission Raman
spectroscopy configuration, excitation laser light is shone through a sample and the Raman signals
that emit from the back of the sample are then collected. This system cannot be used to collect
Raman signals when the thickness of a sample is more than 2 mm. On the other hand, there are no
thickness limits when a reflection Raman spectroscopy configuration is used [12]. However, Raman
spectroscopy system that is set up with a simplified design, has higher level of noise than a
commercial system. Methods of noise reduction in such Raman system have attracted research
interest.

In this paper, we compared noise reduction techniques for transmission and reflection
Raman spectroscopy systems. Boxcar averaging (BA) wasused for high-frequency modulation of
Raman noise [13]. Vancouver Raman algorithm (VRA), which is simple and effective, is a technique
used to reduce fluorescence noise [14]. Three parameters of the boxcar averaging technique
consisting of boxcar width order, integration time.-and scan average, were used to find the optimum
condition that provided good signals. Finally, the boxcar averaging and VRA noise reduction
methods were investigated and compared.

For Raman spectroscopy illustrated in Figure 1, when-light-interacts on molecules, there
are three types of scattering that can occur. First, the most common kind of scattering event involves
molecular energy being unchanged after the incident photon interacts with the molecule. The
wavelength of the scattered photon is equal to the incident photen. This is called elastic or Rayleigh
scattering. The second type is inelastic scattering which involves photons losing energy and thus
increasing in wavelength. This is called Stokes Raman scattering. The last type. which is called anti-
Stokes Raman scattering, is inelastic scattering which involves decrease of wavelength.

Stakes Raman

W
Figure 1. Three types of scattering processes can occur when light interacts with a molecule
Equation 1 explains a Raman shift [15]. where Af is the Raman shift expressed in

wavenumber, Ay is the excitation wavelength. and 4, is the wavelength of the scattered light. The
Raman spectrum is often converted to a report in wavenumber and unit using centimeters (cm™).

Ve 51 1 107 nm
IS (la(llm) a /11(nm)) ' em @

BA is.a data treatment method that enhances the signal-to-noise ratio [16]. This noise
reduction technique was proposed in early 1960 to improve signal quality in experiments

=]

wnansiluenasianulidmsunisldnuiionisdnyvintu lieygslnilUldusslesisunisén

Lidnnsdllagnsdu Snvsinudilvidaudaiion wazsesg1ediadvesenalsnnasaninisuntuly



Curr. Appl. Sci. Technol. 2024, Vol. 24 (No. 4), 0259042 Sassuvun et al.

investigating nuclear magnetic resonances [17, 18]. BA, which features the use of proper integration
time in order to obtain effective signals, is used for high-frequency modulation of Raman noise [19].
In the early work, BA was created by electric components. BA technique uses a digital procedure
for smoothing irregularities in a waveform [19, 20].

VRA is an iterative algorithm used to correct background due to fluorescence in Raman
spectra. VRA is a technique used to reduce noise and reduce Raman signal simultaneously. VRA
procedure starts with input of raw Raman signal: Oo(v) into an iteration loop. where v is the Raman
shift in cm. Then, at i iteration, a single polynomial fitting function: Pyv), which represents
background noise, is generated using the raw Raman signal curve. The residual R{v) and its standard
deviation ¢ can be calculated as follows:

Ri(v) = 0;-:(v) — Pi(v), (2
and

FE [Riev1) R+ R, (v2) R4t (Riun)—R)?
tT N )

(3)

where N is the number of data points on the spectral curve. Meanwhile, the average residual at each
Raman shift is written as:

R= R(v1)+R(v:,)+.~+R(vN) )

Here, the SUM of the fitting function and the value of standard deviation, called SUM, is
compared with the ex-Raman signal: O;. 1(v). SUM is designated as a Raman signal to lessen
polynomial fitting distortion. If the values of SUM are greater than O;.1(v), they will be regarded as
Raman signals. A model of Raman signal: Ofv) is constructed for making the polynomial fitting
function of the next iteration. The iterative polynomial fitting procedure is stopped when it meets
criteria:|(a; = 0;-1)/0;| < 5%. The final polynomial fitting function: P(v) is considered as the
fluorescence background. The pure Raman spectra: RS(v) is derived from the input raw spectra:
Ou(v) by subtracting the final fitting function, as in following equation

RS(v) = 0,(v) — P, (W21, ®)

The Raman signal measurement often includes fluorescence effect. So, the large Raman
signals are obtained due to a lot of noise. Therefore. we applied BA and VRA techniques to
smoothen irregularities in a waveform and to reduce fluorescence noise.

2. Materials'and Metheds

The TRS systemis shown in Figure 2. A laser diode with a wavelength of 532 nm and power of 200
mW was used as the excitation light source. The laser beam was incident on an objective lens (OL;)
to focus the excitation light onto a paracetamol tablet. The Raman signals which were emitted from
the sample were magnified with another objective lens (OL>) and then the fluorescence signal was
blocked by a long-pass filter. The long-pass filter blocks fluorescence signals only allowing Raman
signals to transmit through. The filter was selected to block wavelengths above 532 nm. After that,
the Raman signals were focused and collected using a focusing lens (FL) and spectrometer.
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F FL Spectrometer

* LS = Light source
OL = Objective Lens

FL = Focus Lens

¥ =Filter

Figure 2. Transmission Raman spectroscopy (TRS) system

The RRS system is shown in Figure 3. A laser diode with a wavelength of 532 nm was
used as the excitation light source. Light from the laser passed through a beam splitter, which is an
optical device that splits a beam of light into two beams, and then focused on the sample by
microscope objective lens (OL). The reflected light composed of an excited signal from the light
source and Raman signal from the sample was amplified by the objective lens. Then the excited
light source and Raman signals were filtered out as they had been in the transmission configuration.
The existing Raman signals were focused and distinguished by focusing lens and spectroscopy.
respectively:

Spectrometer

F o1
-
~ W1 TR~ :
: ) !‘,

i ( * 18 < Light source

. X
Sanipht J \) BS = Beam Splitter
A T 0L« Objective Leny
FL = Focus Lens

S s { &

Figure 3. Reflection Raman spectroscopy (RRS) system

The parameters of the Raman signals collected, which were integration time, boxcar
average and scan average, were studied to find the optimum condition that produced a good signal-
to-noise ratio. Boxcar width is a function that is widely used in spectroscopy systems to reduce noise
signals. The integration time is defined as the period of signal collection. The scan average is the
exposure indicator quantity used for calculating the average signal level. Both TRS and RRS
systems used the same parameters for signal collection. Integration time was varied from 1-10 s
while the boxcar average and scan average were fixed to 1 and one time, respectively. After that, an
optimum integration time was selected to investigate the boxcar average that provided clear signals.
Raman shift signals with Boxcar width order equal to 1, integration time equal to 10 s and scan
average equal to one time. It was ascertained that VRA could reduce noise signals. Thus, BA and
VRA techniques were compared.
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3. Results and Discussion
3.1 Reflection Raman spectroscopy (RRS)

Figure 4(a) compares Raman shift signals obtained from the paracetamol sample that were collected
using various integration times, while BA and scan average were fixed to 1 and one time,
respectively. The Raman signals at integration times of 1 s were very small and could not be used
to identify the sample. The Raman signals increased with integration time increase. The Raman
signals of paracetamol sample were dominant when the integration time was more than 5 s.
Moreover, Raman signals were of maximum intensity when the integration time was 10 s (maximum
integration time of detector).

Figure 4(b) shows a comparison of Raman shift signals obtained from the paracetamol
samples that were collected using various BA, when the integration time and scan average were
fixed to 10 s'and one time, respectively. BA is a function for reducing noise signals. The BA equal
to 1 provided sharp and high Raman shift signals and noise signals. An increase of BA reduced the
sharp peaks of noise signals. However, an extreme BA might reduce the sharp peaks both of Raman
shift signals and noise signals; as can be seen for BA equal to 10 (pink line). The Raman shift peaks
of paracetamol could net beidentified. As illustrated in the blue line, the BA of 5 provide low noise
signals and clear Raman shift signals.

The comparison of both noise reduction methods is shown in Figure 4 (¢). The VRA has
lower noise than the 5% order of BA. Although the Raman shift identity of paracetamol was
moderately lost compared to the original. the.main peak-of the Raman shift signals for paracetamol
remained.

Signal-to noise ratio is the ratio between the power of a desired signal and an undesired
signal or noise signal. Figure 5(b) compares Raman signals for various integration times when the
BA and scan average were fixed to 1 and one time, respectively. The Raman signal at integration
time of 10 s had the highest signal-to-noise ratio. However, there were some peaks that had low
signal-to noise ratios because long integration time might increase the temperature of the sensor.
Sensor with higher temperature produce higher thermal noise, In contrast to the RRS, the Raman
signals at the integration time of 10 s is not as good as the TRS. This is because the Raman signals
of the TRS do not pass through the beam splitter. Beam splitting causes signal loss in the reflected
Raman system which is signal loss by stimulation and reflection. Therefore, long integration time
gave both high Raman signals and a lot of noise signals.

The comparison between Raman signals and signal-to-noise ratio obtained from the
paracetamol samples that were collected using various BA, while integration times and scan average
were fixed at 10 s for one time. The Raman signal Boxcar width order 3™ provided the best signal-
to-noise ratio when compared with the Boxcar width order at 1%, 5%, 10™, as shown in Figure 6(b).
The intensity of TRS signal is better than the RRS signal. To obtain an increased Raman signal, the
noise signals was also inereased. The RRS had a low signal. The noise and Raman signal were also
reduced when the higher order of BA was applied. This was related to the integration time
component that was previously discussed.

3.2 Tramsmitted Raman spectroscopy (TRS)
Figure 7(a) shows a comparison of Raman shift signals that were collected at various integration
times obtained from the paracetamol sample, with the BA and scan average fixed to 1 and one time,

respectively. As in the case of the RRS configuration. using integration of I s provided small Raman
shift signals. The identity of Raman shift signals of paracetamol could not be verified because the
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Figure 6. Comparison of Raman signals (a) various boxcar width order of Raman signal
(b) various boxcar width order of signal-to-noise ratio of Raman signal

magnitude of Raman signals was not different from the noise signals. Higher integration time
produced higher Raman signals. When the integration time was greater than 5 s, the Raman signals
tended to dominate. Moreover, overall Ramaun signals of the TRS configuration resulted in larger
Raman signals than the RRS configuration because there was ne power loss from the beam splitter
as in the previous studies [19]:

Figure 7(b) shows a comparison of Raman shift signals obtained from the paracetamol
sample collected at various BA; with integration time and scan average fixed to.1 s and one time,
respectively. Asin the case of the RRS configuration. BA-equal to 1 provided highly sharp signals.
The noise signal peaks were smaller when the BA was increased. Unlike the RRS configuration, the
identity of paracetamol could be slightly identified when the BA was equal to 10, as can be seen in
the pink line. The BA-equal to 5 provided low noise signals and clear Raman shift signals as in the
case of the RRS configuration. Moreover, there was an absence of signals at Raman shift from 0
cm* to 596 cm! because of thedifferent wavelengths between the excitation light source and the
long-pass filter: This filter permits light with a wavelength of more than 550 nm to pass through and
light in the wavelength from 532 nm to 550 hm cannot:pass. By calculating with equation (2), this
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is equivalent to a Raman shift from 0 to 596 cm™. Likewise, in the RRS system, the 5 order of BA
has clear Raman signals when compared with the others but the VRA provides broad Raman shift
signals and flat noise signals.

Figure 8(b) compares Raman signals with various integration times when BA and scan
average were fixed to 1 and one time, respectively. Increasing integration time produced a better
signal-to-noise ratio. The integration time of 10 s provided the best signal-to-noise ratio when
compared with the integration times at 1 s, 5s, and 8 s.

Figure 9(b) compares Raman signals with various BA when the integration time and scan
average were fixed at 10 and one time, respectively. The Raman signal in the BA of 5® order
exhibited a high signal-to-noise ratio making it a superior signal. The TRS signal was noteworthy
for its effectiveness in reducing noise. The BA was optimized to eliminate excessive values because
high BA produces lownoise signals and low Raman shift signals. Therefore, order 5% is a suitable
value for BA. The BA atorder 5* gave a good resuit. For the BA at 1%, 3 and 10™ order, there was
little difference in the signal-to-noise ratio. Elevating the boxcar width order to 10 did not enhance
the signal-to-noise ratio as it decreases the Raman signal in addition to reducing noise. Additionally,
the 1# order of BA offers large Raman signals‘with a lot of noise.

The_comparison. batween the RAW (data that had pot been processed for use) Raman
signals and Raman-signals after applying both of noise reduction methods is shown in Figure 10.
Both of BA and VRA methods produced signal to noise ratio that were greater than RAW Raman
signals. Moreover, the signals to noise ratios of the BA method was greater than the VRA method.

Finally, the Raman signals of our system were compared with a commercial system. As
shown in Figure 11, the Raman signals obtained from both TRS and RRS matched with commercial
systems, which used excitation wavelengths at 532 nm and 785 am, caused the Raman shift more

than' 596 em''.
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Figure 8. Comparison of Raman signals (a) various integration time of Raman signal (b)
various integration time of signal-to-neise ratio of Raman signal
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4. Conclusions

In this research paper, we proposed both transmitted and reflected Raman spectroscopy systems and
subsequently reduced and compared the noise signals. The intensity of the transmission Raman
spectroscopy (TRS) signals was higher than that of the reflection Raman spectroscopy (RRS)
signals. Increasing the integration time increased the overall signals, but it might also led to an
increase in noise signals. The BA function was found to be satisfactory in reducing noise signals;
however, the sharpness of signal peaks decreased as the BA increased. The Vancouver Raman
algorithm (VRA) performed well in reducing noise, but it was not effective when dealing with
signals with closely spaced peaks. Our system's Raman signal peaks aligned well with those of the
commercial system. The absence of Raman shift in the range of 0-596 cm™ was attributed to the
difference in the excitation light source and the long-pass filter used.
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