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What is the FT-IR? coczceancs
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FT-IR Spectrometer

: Fourier Transform Infrared
Spectrometer

Use of FT-IR

« Qualitative Analysis

« Quantitative Analysis

* Kinetics



What is the FT-IR?
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The Unit of Radiation (Wavenumber)

Electromagnetic Spectrum

Radio waves




The Unit of Radiation (Wavenumber) __ asaasss

® ¢

Wavenumber 12800 4000 400 10 cm

Wavelength 0.78 2.5 25 71000 pm
C=VA
V(H,)=C(ms ")/ A(m) c=The Speed of Light

vXCc=v=c/Aozz v=Frequency
viem)=1/A" A=Wavelength




What is the FT-IR?
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IR data
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IR Active Mode

-

Pure (nonpolar)

covalent bond:

electrons shared
equally

IR Inactive
—No Dipole Moment

Polar covalent bond:
electrons shared
unequally

IR Active
—Dipole moment change
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What is the FT-IR?
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Dynascan™ Interferometer

Source

Beamsplitter
Moving Mirror pair
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Interference

Constructive
interference
\/\ Destructive
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Interferogram

The Interférogram
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Theory of FT-IR spectroscopy

Interferogram
FT transform
/ Spectrum

4000.0 3000 2000 1500 1000 400.0
cm-1
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Advantage of FT-IR?

FT-IRC| &A

« =2 S/N ratio

Frequencyl| 8=t

Accumulation of scans
. S/N ratio= L 2f (N)'2 Bt& = O RICEH (N2 scan ).

Fast scan

71712] t=+d
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The Type of Samples

Powder

f
y

< The Type of —

Samples '

i

Solid
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Sampling Techniques

Analysis Method
|

Transmission Reflectance
| |

ATR Diffuse Reflectance Specular Reflectance
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* Unique Features

— Highest quality and representative
spectral data, consistent with a wide
range of digital libraries

— Easy pathlength (sensitivity) control

— Supports experiments under
varying temperature and pressure

e Suitable for

Transmission measurements of
solids, gels, pastes, liquids and
gases

Qualitative and quantitative
applications

Automated (high throughput)
analysis of solid samples

24



Solid Sampling Kit — Transmission

- Hydraulic Press & Die Kit (13mm)
or Hand-Press & Die Kit (7mm)

- Agate Mortar & Pestle

- Magnetic film Holder

- KBr Powder 100g

25



Sampling Accessories — Transmission wder). ..
B e (11 (<-)

1. Transmission by KBr Pellet : Powder, Drugs

Mounting a Pellet Sample

The standard
sample holder has
two pairs of vertical
slots,

Filling the Press

Installation a pellet card

Thermo
Electron's
magnetic
holder for
standard sized
(13 mm) pellets

26
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Dual Pellet Holder

Magnetic Film / Pellet Holder

The standard
sample holder has
two pairs of vertical
slots,

Single Pellet Holder
Sampling Card

3. Transmission by Rubber Sample : Not Available

27



Sampling Accessories — Transmission (Eilm.Mak
'(;k_ oo SNITING

* Fast, efficient means of making thin films for transmission spectroscopy
» Temperature range — ambient to 300 °C
» Standard stainless steel spacer set (15, 25, 50, 100, 250
and 500 microns all with 25 mm ID) included with accessory
* Integral design for easy insertion and removal of heated platens
into the hydraulic press
* Included insulating disks to minimize heat loss during film pressing
» Standard cooling chamber included with accessory

28



Sampling Accessories — Transmission,

Liquid Sampling Kit
- Presslok Holder

- KBr 25x4mm Window
- KRS-5 25x4mm Window

Press-On Demountable Cell Sealed Liquid Cell — Fixed Pathlength

Demountable Liquid Cells for Versatile Pathlength
29



Sampling Accessories — Transmission.

Step 1. Choice the window material.(ex : KBr or KRS-5)

Step 2. Place a small amount of sample onto the
. window using the eye dropper or spatula.
Step 3. Once enough sample is deposited on the window,

place the other infrared window on top of the sample.

Step 4. Twist the windows together in opposite directions

to get rid of air bubbles and to decrease the pathlength.

APPLY PRESSURE AND
TWIST TOP WINDOW

EYE DROPPER Step 5. Mount the sample windows

Step 6. Install the sample holder

: ~— SAMPLE \_) and collect the sample spectrum

APPLY PRESSURE AND
TWIST BOTTOM WINDOW

30



Sampling Accessories — Transmission.(ki

Pearl®Liquids Analyser

The easiest to use FTIR liquid sampling system available
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* High Concentration Gas * Low Concentration Gas
(1000ppm ~ 100%) (ppb ~ 3%)
. d

2.4M Gas Cell

Long-path Gas cell
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Sampling Techniques (ATR) JESS—

e o seoovne P

« High Efficiency « Suitable for analyzing
No sample preparation - Solids, liquids, pastes, gels and

Easy cleaning powders |
Short sampling time «  Quantitative and Qualitative a

Versatile nalysis of samples

S
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Sampling Accessories - ATR

s ooconne P

ATR Accessories
- Main Frame
- Crystal
(ZnSe, Diamond, Ge, Si)
- High Pressure Clamp

Multi-bounce ATR

Evanescent Wave
_, Bulk Sample

ATR Crystal

Reflected IR beam Incoming IR beam

Single-bounce ATR

34



Sampling Accessories - ATR

Single Bounce VS. Multi-bounce

« Small sampling area

Broad sampling area
» Use for strong absorbers . larger contact with

 Black rubber, neat the sample
solvents

Use for weak absorbers

»  Solid or liquid samples or dilute solutions

 Powders, droplets, flakes

35



® Transmission VS ATR

B polstirane, 1.5 mil. film
% 47 Transmission Spectresm
= 24
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% 0.5 . Raw ATR Sbectrum
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1)  Polystyrene collected by transmission
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ATR(Attenuated Total Reflectance). _

® Benefits of ATR vs. Transmission for FT-IR Analysis(2)
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Sampling Accessories - ATR

ATR Spectral Refractive Depth of Penetration (p)
Material Range (cm-) Index (at 45° & 1000 cm-1) Uses

Good for most samples,
especially strong
absorbing samples,
such as dark polymers

q
8,900 - 1,500 & 7 . . :
Silicon 3.4 Q‘v 0.85 Resistant to basic solutions

Germanium 5,500 - 675 4 0.66

360-120

Very resistant to acidic

1.77 )
solutions

AMTIR 11,000 - 725 2.5

ZnSe 15,000 - 650 24 2.01 General use
Good for most samples.
Diamond 25,000 - 100 2.4 2.01 Extremely caustic or

hard samples

39



FT-IR & Microscope 2~ JH
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Main Bench =& A| IR Beam &=

Microscope FT-IR Main Bench



Microscope FT-IR Main Bench



Factor #1 - Sample Preparation

Sample can be removed from its bulk / media

Remove sample from the bulk material by
using stainless steel knife or diamond cutter
then, flat it onto a glass plate by using
the roller knife

|

|
Transfer the sample to a salt window

Measure the sample in Measure the sample in Flat the sample onto a EZ Spot Au or Al coated
TRANSMISSION. TRANSMISSION glass slide by using
Collect background thru the w/compression cell. the roller knife.
salt window by using same Collect background thru the cell Collect background onto a clean area of the
aperture size. by using same aperture size. reflective substrate.
When Reflachromat When Reflachromat optics are
condenser is available, available, compensate for
compensate for window window material (typically 2.0
material (typically 2.0 mm) mm) both objective and
condenser
Flattened (rolled) sample Compressed sample

/ Specular

Reflection
Salt window Salt windows /
(NaCl) :

(NaCl) or
diamond Reflecting slide or reflecting sublayer of the sample

2 - TRANSMISSION 3 — RAS reflectance analysis

1 - TRANSMISSION




Factor #1 - Sample Preparation

Sample can not be removed from its bulk / media

Place the sample on the stage as much flat
as possible

Measure the sample in Measure the sample in micro ATR.

REFLECTION. Collect background thru the crystal.

Collect background onto a
gold / reflective surface by
using same aperture size.
If the sample is a thin layer on
a back reflecting surface it will
be a RAS analysis. Ifitis thick
or opaque, Reflectance
measurement will occur.

Specular

Reflection
/ Thick, infrared opaque

sample

Sample

Reflecting sublayer of the sample Sample holder

3 — RAS reflect lysi
S reflectance analysis 4 - REFLECTANCE 5 - Micro ATR

ATR crystal

Sample holder



PerkinElmer FT-IR Spectrometer Fami

SPOTLIGHT 400

SPOTLIGHT 200i

SPOTLIGHT 150i



Mapping Mode

1. Point Mapping

2. Line & Area
Mapping

3. Imaging

3

Spotlig ht4OOW




SPOTLIGHT 150i

* Discrete Points

- The stage moves to each
specified location

- Only spectra from those
locations are collected

SPOTLIGHT 150i
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SPOTLIGHT 200i

 Line Maps
- The stage moves along a line
dragged across the sample

- Number of spectra depends
on line length and step size

* Area Maps

- The stage moves until a
complete area of the sample
is completed

- Spectra within the whole
area are collected

SPOTLIGHT 200i



i Statfeml)  End(emel)
| 4000 || 600

Accumulations

B Scans

3615 =
) N, . = & R, TF aam
= r i
. & " i &8 JHR
4o B ‘b8 % 5
2615 i - . ' kK 3 « &
5 2615 | ¢ o s
-, - .‘ L] < + s & e % é‘*& L 4
-
' e v i & . 5 ux
. 2 “q L s, & a vd o $ies
o151 el - S 1615 el - &
[ =] T i . ~ o> . u i A @ $ m ‘J'P.Fy R b
& ¢ : e oY 3 & #y RV PR SR
g ® )& N g v, k.58 7
il ke s B s @ * hi i " ﬁ;xg *
615 ' ‘ar » Ty ' 615 # "%? Tex o
q 3 Q d eg & % * B
‘ f o y & > e g @@ o
g, °*¥ = oft, By Y %
< L4 Y g » = ® @E. % 1'4?’ e, o
| - ' -385 o R " @
-385 . ? z .", : % B e @
o N + B9 ; - {
c P 2 0 @ y g € 4 = 3 & L E;L & Fol
] 3 g » 2 'V
N L Byt e (B nf
-1385 | | | | i e | | I \ |
s PR P " i s S 10732 9732 8732 - 7732 6732 5732
pm
| Source Image Process Type Result Image Patticles Advanced Particle Settings
@ Surveyimage (@ Detect Particles [] Reveize Contrest ©) Largest Particles 500 Hiztvanceduetngs
() Live Image Dietadd inluman [¥] Show Apertures (") Fitter Particle Size: m:;::&a}us} y l_}r
Detect Layers © Oveday () Outline o 7 Thrashold (0:2) A ———
Y an I T 1 %
Moy L Opm?m } Spit Facter (069) — " 51
WSt scarrere




SPOTLIGHT 400

Two-in-One Duet™ ZH = 7|
LIE AEAXI2| SA|ETY

Line Array 2= 4X}
30um2| 164X}71 ZE=Z
LI E HE ALK}

100pm2| THAX}
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Single Particle Analysis

-
- (4)4.7 um
~  244pm
(1) 2.8 um A
o) 5) 4.4 um
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M36um  gagum

(3} 4.7 um

-

(9) 3.4 um ~ (11) 3.9 um
- (10) 4.8 pm -

{12) 4.2 pm

10kVv.  X1,100 10pm 0000 1061 SEI

(SEI of ascorbic acid aerosol particles)

° .
b: g = @ @
@)
o |
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m 4

(optical image of the same particles)

Anal. Chem.
2009, vol 81, p6695~6707
Chul-Un Ro, Inha Univ.

(ATR-FT-IR image of the same particles — based on transmission signal at 1032 cm-)



ATR Imaging of multilayer food packag

Sample Name Search Score

layer 1 — PET 0.981077
layer 2- PET 0.897881
layer 3- Foil 0.679307
layer 4- HDPE 0.975834
layer 5- EVOH 0.945797
layer 6- HDPE 0.974802
layer 7- PET 098173
(Visable Image of Sample) (Result Table)
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SPOTLIGHT 400 : 1.56 um

Page 55
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Multilayer analysis 1 (1.56 um)

ATR imaging accessoryS AtE2%t0] 53
57| H 9] visible image 2 LIC}

0

fud
o
]
5 ;
] L =
= e
= PP
" |
g " i
5 I
el \ ‘H“ Fil
L i/ I it
1 L
| (
-z 3 - o
-288.8 -200 -100 1} 00 200. 2586 |
: L
hlicrometers ¥
i o W o = C0 %
I e pr— - T
e 5L [ A CEE

Show struc'lcure Ooto| 2= i

= — ==
22 71A gois ze PE
: MZ2 BASHEL L
i ; o = N
& |
L
W
Q;_ ;‘I = N i — . h 7"‘ - ‘1'-
L W )
i 3 w00 200 1500 000 &0

iame
>— Specnan 1 80105, 5 5

2915 cm-1 extraction . o

5e Abs >—
0.1863 F— 011 ! RS
0.153.
0437 N x—/‘/\ |

012z ,4 \ “ r g Q‘U’

- ] PP j I

Micromelers,

&

% £ @ = & 5 %
o1

1 AR

e — ErErT

T

Page 56



File: Edit W%iew Process Help

1 1 B 5 i [ B e R

Score 1.imp 957
Seore 2.imp
K oo
Soore 3imp /
1.0000 [
1000 _
£ To
g a0 4
o T ~
5 %
2 | L=11]
= o 1
50
=500
384
-100.0 x T }
! ] = 4000.0 i1} 0000 vinDo
-100.0 o &0 100.0 [T Y —
hicrameters

spectrum 13 at 53, -9 (sam3 - [ atmospheric correction Iy
spectrum 14 at -53, -3 (sam3 - [ atmospheric correction Iy
spectrum 15 at -34, 78 (sam3 - [ atimospheric cotrection 1)

8.934 SEBB98 UCAR Uehicle 443 Polymer - Acrylic Union Carbide
" 0.924 SE1895 UCAR 4510 UNION CARBIDE STYRENATED ACRYLIC,CARBOXYL AND HYDROXYL FUNCTIONAL. ACRYLIC, STYRENATED
o 0.922 SEBB34 JONCRYL 95 JOHNSON ACRYLIC, COLLOID DISP ACRYLIC
8.915 SEB622 Acryloid AT-78 Polymer - fAcrylic Rohm and Haas
88, 8.915 SE1884 RHOPLEX AC-22 ROHM & HAAS ACRYLIC EMULSION ACRYLIC
26 B.914 SE1927 NACRYLIC X-L4483 NATIONAL STARCH ACRYLIC ACRYLIC
8.914 SE1841 HYCAR 2600X84 GOODRICH RESIN ACRYLIC EMULSION. SELF CROSSLINKING ACRYLIC
& s 8.913 SE1864 SYNTHEMUL 97-735 REICHHOLD RESIN. WODIFIED CARBOXYLATED ACRYLIC ACRYLIC
82 8.913 SE1664 ROBOND L-12 ROHH & HAAS ACYRLIC POLYWER (AQUEDUS) =
- 0.913 SEB624 Acryloid AT-85 Polymer - fAcrylic Rohm and Haas
o 0.912 SEB1608 Poly(ethyl acrylate:styrene) film B-80-8
" 0.911 SEB152 Poly(ethyl acrylate:styrene:acrylamide) film//CsI 8-06-8
- 1447 94 8.911 SEBG17 POLY(ETHYLACRYLATE:ST:ACRYLAWIDE)
1028.83 8.910 SE1758 RHOPLEX LC-48 ROHW & HAAS ACRYLIC ACRYLIC
74 0.989 SEBO75 Rhoplex AC-234 Polymer - Acrylic Rohm and Haas
7 0.968 SE@B44 Acryloid QR-916 Polymer - Acrylic Rohm and Haas
0.988 SE1737 RHOPLEX B-68A ROHM & HAAS ACRYLIC EMULSION ACRYLIC
70 0.908 SE1843 HYCAR 2600¥288 GOODRICH RESIN ACRYLIC EMULSION ACRYLIC
2 8.906 SE1883 RHOPLEX AC-234 ROHW & HAAS ACRYLIC ACRYLIC
L 174 Double-click on compound name for overlay comparison
630
4000.0 3000 2000 1500 1000 7200




Contects

| Al =

C

\ >

Jm

Rl

1z




il

Sctx

O] M|

A
= 3

O] A

AEZ DO A
T A =2 T

Bp A E| H|A

="y
=

dX L] SEE OA

2t A El < 5mm

=
=

O] A

Ol
H

2t A EJO] HiGHZE &

=
=

Ex) 772 O] Al

59



s ooconne P

Sampling [>| Pretreatment [>| Size separation > Counting [—>| Identification
SSW > Sieving Visual counting
30% H,0, FT- IR
Trawli . _ : 1mm to Smm
g (Digestion of IST:&: 5::;‘:’“ (for ingredint
(Manta Trawl net biomass ' - Microscopic analysis)
i sisg - for 3 weeeks) 2.8mm, 2mm, .
Mesh size ; 330um) 1mm, 500um, counting
300um.)
. < 1mm
Netting v
(Hand net Filteration
Mesh size : 20um)
I < 300um
SML | (GF/F filterpaper)
Mesh screen
(mesh size ;
2mm)

Filter
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7|8 &5&F (100~300um, 300um~1mm, 1~5mm)
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100 ~ 300um

300um ~ 1Tmm by stereoscope
100um ~ 300um by stereoscope 62



Color images of microplastics in known positions on a glass slide achieved using a PerkinElmer micro-FT-IR
spectroscope with a imaging detector. Each map displays a particular polymer type

A: Visible image; B: PP; C: PVC; D: Nylon; E:PS; F: PE

Absorbance (a.u.)

High
Abs

Low
Abs

63



Polymer Absorbance Bond

Polymer Wavenumber(cm-1) Vibration mode
PP 2,700~2,950/ 1,460/ 1,375 C-H stretch / C-H3 bend
PVC 2,800/2,900/ 1,460 C-H stretch / C-H2 bend
PS 2,900/2,850/1,600 /1,025 C-H stretch / C-O stretch
PE 2,750/2,900/1,470 C-H stretch / C-H2 bend
Nylon 3,300/ 2,950~2,800/ 1,650 O-H / C-H stretch / C-O stretch

64



Microplastic Spectrum

720 2080 1440 80O

Wavenumber (cm!)

Four fragments of each polymer type have been selected and magnified. FT-IR spectra of selected and magnified
microplastic fragments; these spectra are typical of plastic fragments mapped using these parameters .
A: PVC; B: PS; C: PP; D: PE.
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Micro Product

Product Spatial Resolution
IR Microscope >10um
Imaging Microscope >3um
Raman Spectrometer >1um

PTIR >0.5um
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Spectrum of Plastic

» Polyethylene terephthalate (PET)
* Polyethylene (PE)
 Polyvinyl chloride (PVC)

Table 1, Polymer Identification Codes (PIC)

- Polypropylene (PP) L et

Ty o
‘1 PET Polyethylene Fizzy drink bottles and frozen
Terephthalate ready meal packages.
PETE

* Polystyrene (PS) . o
HDPE High-Density Milk and washing-up
‘ Polyethylene liquid bottles.
HDPE
PY A Food trays, cling film, bottles
y O n ‘3’ PVC Polyvinyl Chloride for squash, mineral water
v and shampeo.

Y il Carter bags and bin liners
» Polymethyl methacrylate (PMMA) O o | S| e

5 Margarine tubs, mi bl
argarine tubs, microwavable
‘ 0 = Fehpropyiens meal trays.

PP

Yogurt pots, foam meat o fish
trays, hamburger boxes and egg

‘6’ Ps Polystyrene cartons, vending cups, plastic
cutlery, protective packaging for
£ | electranic goods and toys.
% Any other plastics
‘7 o that do not fall Melamine, often used in
ther ; :
’ into any of the plastic plates and cups.

OTHER above categaries,



Spectrum of Plastic

|
3— Plc 5 — — == + - Table 1, Polymer Identification Codes (PIC)
l’#_g | i 1] | Aconym  Full Name Example of Uses
| {1}
3 ! Ty
1 Polyethylene Fizzy drink bottles and frozen
;| FIC E ‘ 0 it Terephthalate ready meal packages.
Ii—i PETE ‘
)
3 High-Density Milk and washing-up
3 PI{: ? e i 'S — ——— — ‘20 T Polyethylene liquid bottles.
= g F o " = Y . .
;E A - \ I|' W i a2 s - HDPE
1 |
] 'I ] A Faod trays, cling film, bottles
+ PI ? ‘3’ PVC Polyvinyl Chloride for squash, mineral water
2 'C v and shampeo.
=3
#1 J | |
i 1l 4 Low Density
] = ; b {5 ’ OFE | eyions Carter bags and bin liners
A0 X500 &Ll 2500 - FLLLE ] 1500 100 450 v

LS
. o o [T - ' Margarine tubs, mi bl
Figure 2, Mid-infrared spectra from the different PIC categories. P 7| e O

meal trays.
PP
Yogurt pots, foam meat or fish
trays, hamburger boxes and egg
‘60 PS Polystyrene cartons, vending cups, plastic
cutlery, protective packaging for
= electronic goods and toys.
% Any other plastics
‘7 0 Oitier ?hat do not fall Metarpine, often used in
into any of the plastic plates and cups.
OTHER

abave categories,




Spectrum of Plastic

1005
98+
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86-

1025
80|
70
604
50-
30
20
10

0 I I I I ] I
4000 3500 3000 2500 2000 1500 1000 450

Perkin-Elmer ATR of Polymers Library cm-1
Name Description

——— PPPIC5 Polymers for recycling 023 25 April 2014
———— AP0065 POLYPROPYLENE, ISOTACTIC

%T

%T

Search Best Hit

Sample Name Description Search Score Search Best Hit L.
Description

Polymers for recycling 023 POLYPROPYLENE,
PP PIC5 . 0.970074 AP0065
25 April 2014 ISOTACTIC



Spectrum of Plastic

Search Score 0.977896 *
Poly(ethylene terephthalate) |*
Search Score 0.991831 i | ,-"'|.|': |
Polyethylene, low density EE; I i

] 1

1 - -ﬁi i Ir'-r, N N
Search Score 0.991771 5 L |
Polypropylene : ﬂl! 1

] !
Search Score 0.99229 .
Polystyrene :

4000 3500 3000 2500 : 2000 1500 1000 ili_"’.{]

ATR spectra of larger (>1mm) plastic fragments Identified as PET,
polyethylene, polypropylene and polystyrene
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