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59312305 : Major (FORENSIC SCIENCE)
Keyword : ATR-FTIR/ COTTON FABRIC/ HEAT

MISS KATESARA SUBMOON : FORENSIC EXAMINATION OF THERMALLY TREATED
COTTON FABRICSUSING A DIGITAL MICROSCOPE AND ATR-FTIR SPECTROPHOTOMETRY
THESIS ADVISOR : SIRIRAT CHOOSAKOONKRIANG, Ph.D.

This study examined thermally treated fabrics using a digital microscope and
Attenuated Total Reflection - Fourier Transform Infrared (ATR-FTIR) technique. Samples
of pure cotton fabrics were selected for this study. The heating of sample (5x5 cm?)
was carried out at constant temperatures of 300°C, 400°C and 500°C. The exposure
times varied from 30 seconds to 120 seconds. The sample was cooled down to room
temperature before examination on the microscope (x 1000 magnification) and
analysis by the ATR-FTIR method. The damage of the cotton fibers was evident from
the distortion of the fiber shape, the chipped fibers and the loss of surface details of
the fibers as compared to the untreated sample. The higher temperature and the
longer heating time the more damage of the fibers can be observed. The FTIR spectra
of the fabric samples displayed characteristic IR peaks of functional groups present in
the sample. The deterioration of functional groups due to the effect of heat application
was observed from the weakening IR bands of the functional groups. This study has
demonstrated the useful methods of microscope and FTIR analysis in the examination

of fabrics subjected to strong heat that may be found in arson cases.
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2.3 Mywunsauley
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CH OH H OH CH, OH H OH

I/?—o\ /O\ CI)H H\l Z/E \/ + /ZH H\l
HO| EH H/| |\ /\ /\OH H/| l\l . (|)H

|
H OH GH)OH H OH CH OH

P 1%
Al 1 lassaiaveavaglas



18
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3. losssuvIRannus (Mineral fiber)
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2.3.2 éulefiuyudvingu (Man-made-fier)
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2. @ulgTusAudunsazi (Synthetic Protein Fibers)
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3.1 waila Fourier Transform Infrared Spectroscopy (FTIR)
watlayisesisuailess dursisaaidalnsalal (Fourier Transform Infrared
Spectroscopy, FTIR) FTIR Wumaiiadunsisnaiualnsalalald dumesivelsfiines
(Michelson Interferometer) lun15¥119U1 AL ENLEININIUDDNINNBARUTTYANTHI0E1
& A P = A A a a
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INOTANVTBLUUAAE)
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. oAl o & Y] = 1 T A . . a
mirrors) 2 WRuMeiyuAIRIntu Ineasd 1 wiweegiud (fixed miror) luraginsyan

Fnnilaiuaz wasunnaulundumeauEIAN Tufien19ifminAusT LIuYeIRINgZan
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MINANT (M39NAa1IBN YentlaAaPAnUNUYUIUNUNTLANDNLRNUNBDEAUT) UDNANNUUEILAILLN

Y

AU (beam splitter) ¥4319¥133 45 99A1 BEYIENINNNTLANTIA 2 9 beam splitter gy
v 1 o A 1 o a 2/ [d ! ' A

mihulagnduasieanunnunasiiiuuadineneenidu 2 41U na1dfe 50 % ves

AW NEaRIu beam splitter 1W1lUg fixed mirror TuvagNsn 50 % Ve wdede

vinuwludnszanfiadeunsanini 2

e Fixed Mirror

Scanning Mirror Path 2
—>
Path 1 Beam Splitter
Detector

B Infrared Source

AN 2 NISYINIUYAN interferometer

ailsdmSugunsnl beam splitter 1 avUssnaulumsilduvatiane (Wu Fe,0, , Ge)
U7l \AFeuaguNRIvesianIedsu L quartz, KBr, Csh1Uusu [#15997 4] wenannuumin
N liRagnuUIIUSMAUA1UBS beam splitter azfifunLug (compensator) Faifuunu

aa [ ' 1 . o Y a o o
aa@wmmmwu’nﬂu 2 NVDINU- beam splltter LAZATVRUINUIUNID FALYEIEYLAINY

81LEUNIDINTTAUNIVBIES (optical path length) M1 2 wnulvwindiu

M3 5 LanesiiegevesTanlevin window cells dmsuinaia FTIR

GREGRR TANTIUTY PPN NARUAINZEN (U
m)
Fe,Os Quartz 0.65-2.5
Fe,0s CaF 1.0-5.0
Ge KBr 2.7-25.0
Ge Csl 10.0-50.0
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S 1
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AINN 3 ﬂ']iLL‘Vﬁﬂﬂaﬂ%@ﬂa']LLﬁ\'i‘VIach]EJUﬂa‘UIUﬂiEUV]LﬂULLﬁQﬂ'ﬁqﬂJﬂLﬂﬂjLLa%LLaQ
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Y

domain (139n511AAY sine wave NEUNUSHULNUTLELNINTBNEAT LHLPIINNTLANAADUN
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v & P Y a & . a A o Iz
Aa8ALTIAT) Frgnaensiansewladluily frequency domain n3ensunduiusiy
wnuAud IaeldiBn1Ime adinAansisendy Fourier transform @stayailaainnisuyas

szgninlul@euluaiuansy Funsnse (nsseninusuiaruduvedLaiuaudnie

A ] < Yy Ay = A Y a a ¢ s a A v oA
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3.2 wAlA Attenuated Reflection Infrared Spectroscopy (ATR)

\mAlla ATR Attenuated Reflection Infrared Spectroscopy (ATR) tUuinaiin
dunsusaludnguuuunis Afnalnnism rnusdlunnmedadursisawuunameasiiuans
#10E4 (transmission mode IR) AlFnaafaftriumn Tnglunsdlues ATR uasdunsLIAazen
NIENUANSTIBENITINUBEUL window cell (HuansaewInnan LHu Ge w30 ZnSe) dadn
yuiuasannsznuiianfiosndn 90 asa1 uasamdunmzaitluluiatuanuldifedn
lulaswnsuasuasdiuindennnsgnganaulas wodesiiiazayviousenu (reflected

beam) WaLNdRnAmos
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Evanescent Wave
0 1

17

Internal N\ .

Sample —s

reflecting —™ :
elameant :*g
.r". : t\.
Reflected . Incident
radiation | radiation

ANT 4 WERINNSALYIDUNSUVDILEIlUTZUU ATR

Fansiaseiluiuy ATR i agldaunsaliasu (accessory) senndrluiuisasiodumsisn

aalnsa-lay

[
tY

Tunsaltitu msazviauazindula mekauly 2 Usenis sakandluning 5 A
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1. gufuasnnnsznuazdesnnnityings (@) @c)

2. piinmvesnedweszfannniteiinmaesianildvi window cell (n; )

n,)

Condition for internal

reflection
ng > ﬂz,@}“ 9(
Incident beam n Reflected beam
\fgé
o
| Iy

Polymer sample

A9 5 uanaouludmsunsaETuLENLUU single internal reflection

(%
o

) My A a £ N Ay A =3
wenNU dysinninasiiviinauntunasiailavzinnuganniu mnause
MMM sinanuluTeILa NN Tagiaurans s Ase ausulunsdlveanaia multiple

internal reflections IR (mwﬁl 6)

Sample in contact
with evanescent wave

Infrared To

beam ATR crystal detector

AT 6 WARINITAETIDULENLUU multiple internal reflection
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favalazinAlA Attenuated Total Reflection - Fourier Transform Infrared (ATR-FTIR)

:4' aaa s =% aaa o a = av o av a
WeUseynaldlunnsiiinenmans Faiiisn1saiiunsAinuideludnuvaensidegmnaes
(Experimental Research) Liotdun1snsiaasuifheiniunsiiauieudsdudnwmiedey
F1UIMRLUTEUTBUANNLANAYBIRI e UaazUTs uTsungludulone

naegansIAd dunmsnymiaaivendulevesiinelneiaies Attenuated total

[ YY)

reflectance — Fourier transform infrared (ATR-FTIR) Tnefitusnaulunis@nuiivdenadl
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ARdelamvuanguussainsidmng fie slafnfnasndulesssundlawninie
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2.2 nAasanan e CANON i DSLR 700D
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2.3 ndasqanssARanaadiie SYNERGY $1 X4-1000x

2.4 1A384 Attenuated total reflectance — Fourier transform infrared (ATR-FTIR)

v

fite PERKINELMER 3u Spectrum 100

%

2.5 aunssamasiuimasuuufanaatiia BENETECH §U GM 1350

v

2.6 LAT83YINAINTaY (Hotplate) Eitia IKA §u C-MAG HS7

3. nsusIusIndoya

3.1 NSAAFIBEISEN
Toglun1sandusiedne dnEe (cotton) 100% WUIA 5 x 5 WURIASAINSUNNS

NAABINNEYF N aLNIAT ieLseulIEmMTUNITIATIER ATR-FTIR wiauyiadudin

v

ToyaaN BN NFYFIUINGIVBINGUTIDE 1K

s
a o

AN 7 SnuaizveaIdneuIavsneurinnmeaes

3.2 @N12LluNSHIUAINLS DU

a

3.2.1 W3BuATevANTeU (Hotplate) dmsunisnaaed vinnsingaumail

U

v

ﬂ@@ﬂﬂ?ii@%u@‘m%ﬁﬁﬂﬂﬁ

3.2.2 WIUAIBDYINEIFIDE AT UNITHIUAINNSOULAB NGB U

a ° o P Yy o o w o A ado a
\AsewiAuNseu (Hotplate) wielikndudaiuaruseungumgininuauazingg
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P o @ e Y Y o w = ° o
3.2.3 LWUAKIINIUAMNTBULUUNLIIUIBULAT UINIDDNIINLATBINIAINTBU

(Hotplate) unaulidu udnhluneasinuauiindyguinewaziednely
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3.3.1 N5YSLRUUSSUBUAINUWANAIIVBIEI A 8819 8N TEWLNANT DL

ANYNINENAIDENIBUEINOUNITYINNITNAR DA NAIVIINITNAA D
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lngvinmsnsivdeulaglindesganssaunnidsvens 1000 i
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3.3.3 AnwanwauenILATvandulgN1A19819haEEINBUNISIINISNAABY
TneyinnsImsziitaeltAsed Attenuated total reflectance — Fourier transform infrared

(ATR-FTIR)

ANA 10 NSNAABINILAILAEYINIRSIvdUlne AT Attenuated total reflectance —

Fourier transform infrared (ATR-FTIR)

Tunsiwsazaengneee1eaasldiasesdla Attenuated total reflectance — Fourier

[

transform infrared (ATR-FTIR) dwsumT TR EA s
Range : 4000-380 cm™

Units D %T

Scan number : 16

Resolution  :4.00 cm’

TAUNIRNFIBE199UN9 5x5 cm adUULATEY ATR-FTIR kad¥inn1si@sigsianntutiing

anasuile lUdeszimdmiauedie wazUssanananisnaaassaly
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fAINawazAliA Attenuated Total Reflection - Fourier Transform Infrared (ATR-FTIR)
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wnuteyarnieiuauseulsargumniilutiiadeiieuinsgiilseuiieunis
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A 11 dnwasduguinetvesinidis usansiueaiulanienai(A) wasnasinu
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2aunnd 400°C tWuanuu 30 AU(A) 60 Au(B) waz120 Au(C)

9 Y
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PNARBINITHNIUAIINSDUNUIEEELAAIIATAUDIAINULEE I8N NN THEM IR ULUAIDE N
YALAUNLFAIAINING 10-13 WUINEINDURNIUAINNSDURNLAVIIDUNEDIL L DIINH Y

megelilasuanudemeainnisvendeuwasiiiotuisiuaueunaamgil 300°C #9y
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