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Home on the (Full) Range: Flexibility and Power in FT-IR

Michael S. Bradley

The world leader in serving science



FT-IR Spectroscopy: Discover. Solve. Assure.

 FT-IR to Discover

* Thin Films, Light-weight materials, Polymer-based display
panels

* FT-IR to Solve
 Forensics, Oil and Gas, Analytical Laboratories

* FT-IR to Assure
* Incoming material, Process Analytics

FT-IR is the ultimate triage technique




FT-IR Triage: Stabilize the Situation by Getting Answers Fast.

SYMPTOM

What's your problem;
what do you observe?

POSSIBLE CAUSES
What could cause this problem?

SAMPLE TESTING PLAN
How do you measure?

DATA ANALYSIS PLAN
How do you ideriify the problem?

RECOMMENDED
CONFIGURATION
What o use?
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Bloom Improper additive formulation — 1. Scrape material from surface 1. Search libraries to identify the unknown matenial = Nicolet iS10 FT-IR spectrometer
excess or un-reacted additive ; - - : = Smart iTR Diamond ATR accessory
2. Measure by single-bounce ATR 2. Adjust formulation based on identified material
yeg ) « OMNIC Specta software for Polymer La
Hazing/streaking/ Improper formulation: additives or 1. Measure directly or excise outer or inner 1. Compare to reference part data and search = Nicolet iS50 FT-IR spectrometer
incorrect color fillers; contamination, poor mixing material from sample libraries to identify differences = Buili-in Diamond ATR accessory
{white or black) 2. Measure usi ; : fory : = Solid-substrate beamsplitter
3 ng diamond ATR Mid-IR or 2. Change formuiation if appropriate -
Far-IR for inorganic fillers = OMNIC Specta software for Polymer Lgb&
Oily or tacky surface Improper additive formulation or 1. Wipe or scrape surface to isolate material or 1. Search libraries to identify material = Nicolet iS5 FT-IR spectrometer
contamination direct analysis 2. Adjust formulation or change process to avoid = iD5 Diamond ATR accessory w
2. Measure residue or sample surface on single contamination = OMNIC Specta software for Polymer Lal% .
bounce ATR
3. Measure reference part or sample with
surface cut off
Inclusions, Poor processing. contamination 1. Isolation of inciuded coni 1. Search libraries to identify contamination = Nicolet iIN10 FT-IR microscope
"e"a"':""“‘::;xﬂf“ Sy 2. Sample cross-sectioning _ Change process to avoid contamination = OMNIC Specta software for Polymer '—atﬁ
3. Perform wrw;in an; OR
a. FL.% H = DXR Raman microscope
Es e = OMNIC Specta software for Raman Analyfi
Roughness, Contamination: surface or embedded arch libraries to identify contamination = Nicolet iS10 FT-IR spectrometer =
speckles, mars, bubbles | processing problem (trapped gas) ange process to avoid contamination = Smart iTR Diamond ATR accessory
= OMNIC Specta software for Polymer Lab‘s)
Brittle, cracking, Oxidation, degradation, contaminant, ympare to reference part = Nicolet iS10 FT-IR spectrometer s
weakness incorrect material dentify unexpected components = Smart iTR Diamond ATR accessory
, . . = OMNIC Specta software for Polymer Lab
3. Ensure material is correct for conditions;
' change formulation as needed
; C X tu his! easura direc - 1. Sgarch libraries usi aW e Ni < - m -
g~ iigished, | Srvsiggeesingh W@_Mm)m\ e ORI e e meend™. 'L i aries L AR , -~ e
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Select the Right Tool

Time resolved O

Polarization (O—

Optical properties

Bulk

Inorganics

Fillers, metallorganics

Isomers

Far IR

Near IR

Microscopy

Advanced
experiments

Screening

|dentification

Inorganics

Mixtures

Surfaces

Kinetics

Deformulation
Failure analysis

Crystallinity




Analytical Workstation: Discover, Solve and Assure on One Platform

The Thermo Scientific™ Nicolet™ iS™50 FT-IR Spectrometer

Thinking done inside the Box!




Flexibility — Automated Multi-range

—

* iS50 ABX: Automatic Beamsplitter eXchanger

__* Triple Detector Mount

» Automated Multi-range control

Mid

-D* Ml

i o F




Integration — ATR and FT-Raman Made Simple

* ATR and Transmission Simultaneously
» Without needing to swap accessories

» Always ready and purged/desiccated
* Monolithic diamond: mid-IR and far-IR

« Sample compartment FT-Raman
» Touch Point Access
* Plug and Play
» Cost effective




Going Beyond — Multimodal Analysis

» Microbeads, chemical homogeneity
* FT-IR Microscopy

« Chemical basis of viscoelastic properties
* Rheometry — FT-IR

» Deformulation
* TGA-IR

« Cannabinoids and Bath Salts
* GC-IR module
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Discover, Solve and Assure

The Nicolet iS50 as a Solution Generator

The world leader in serving science



Full Suite of Tools

* Over 60% still use Transmission
* The method for many analyses
« Great sensitivity
* Over 70% use ATR

« Simplicity in sampling
» Sensitivity has greatly improved

« Diffuse Reflectance still needed
» Specified in some applications

: : « Specular Reflection has unique application
» Thin Films, Reflection-Absorption
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Oxidation of Electrolytes by /In situ PM-IRRAS

s

C Ball Joint
i o working electrode
\» &4 . y e ) J -,
= . g\\ C.E. Li foil on,N’l,a electrolyte
s L“h'um\fo'l ‘ 5 (T ,,/’ indow (CaF
/”’
\ _ - Infrared
R 7 W.E. Au Substrate beam
fean
ST o < Wingow - -::
\’:.. Incident angle 65° .2 . : :
x - Z In situ FTIR using p-polarized IR beam
IR Bearm eeeeeemeeeenns o a ' to selectlvgly measure the solid
electrolyte interphase (SEI) surface

Dynamic behavior of surface film on LiCoO, thin film electrode.
M. Matsui, K. Dokko, and K. Kanamura, Tokyo Metropolitan University
J Power Sources 2008, 177, 184.
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In situ Reflection FTIR for SEI Formation on Cathode

charge discharge
(a) (b) Peak assignment for in site FTIR spectra for the ekectrochemical oxidation of
propylenc carbonate containing [ Omoldm™ ! LiCIO4 on the LiCoO); thin film
3.55V (ref. 3.5V) cm—' Upward pcaks
it v 1830 C=0 stretching vibration in PC
AV (ved. 28592 ‘ 5 1 ! 1565 O—C—0 bending vibration in PC
[ 4.05V (ref 4. | 1485 CH: wagging vibration in PC
- 365V (ref. 3.6V) I \ OV = U ' l 1455 CH3 asymmetric bending in PC
3.7V (ref. 3.65 1395 O-CH?» wagging vibration in PC
| ( A 3.95V (vef. 4.0V 1355 CHs symmetric bending vibration in PC
3.9V (ref. 3.95V f 1190 C-O-C asymmetsic stretching vibration in PC
3.75V (ref. 3.7V) oy 2 TEE LT =

3.85V (ref. 3.9V) Downward peaks

s savimszon ‘

1780 =0 symmetnic sirctching vibration in decomposition products
1420 CH2 beading or COz symmetric stretching vibration in
decompaoesition products
' 1375 CHj symmetric bending vibration in decomposition products
| 1235 C—O—C asymmetric stretching vibration in decompaosition
\ ’ products

Differential spectra:
Positive band: species decrease
Negative peak: species increase

i _ 5 .s \ »\\
*m}d\\‘)

— reversible surface film

2100 1900 1700 1500 1300 1100 2100 1900 1700 1500 1300 1100 formation
Wavenumber /cm™’ Wavenumber /cm™!
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Rheometry: Viscoelasticity D

- Steady-state and time dependent viscoelastic properties

 As a function of stress or strain
* Measure G’ (shear storage modulus) and G” (shear loss modulus)

* The viscoelastic response depends upon the molecular properties
* Which is what FT-IR and Raman probe!

 Obtain physical and chemical information simultaneously

Rheonaut with Thermo Scientific™
Rheometer Nicolet™ iS™10 FT-IR

ATR Crystal

RH=ONAUT

Coupling an FT-1R spectrometer with a rheometer
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Acrylate Glue Curing D

0,18 1,0E+09
Elastic
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* Correlating FT-IR Spectrato G’ and G”
* When G’ = G”, Gel Point for cure
« Monomer: Green (dropping), Ester: Black (rising)
ThermoFisher
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Polymer Orientation in Stretched Film S

» Polymers are often stretched along an axis
IR absorption is sensitive to the orientation of the molecules

» Spectra depend upon bond orientation
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Polarizer Rotates, Spectrum Reflects Orientation

Absorbance

*Stretched PE
i *Stretched PE
1.4
*Stretched PE
*Stretched PE
*Stretched PE
1 'zi*Stretched PE
-*Stretched PE
*Stretched PE

1.0-
0.8-3
0.6-3
0.4-5

0.2-

Polarizer Angle 90
Polarizer Angle 80

Polarizer Angle 60
Polarizer Angle 50
Polarizer Angle 40
Polarizer Angle 30
Polarizer Angle 20
Polarizer Angle 10

760 ' " 740 ' 720 ' 700
Wavenumbers (cm-1)

ThermoFisher
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Drug Identification in the Forensics Laboratory

Tablet Sample 2A

Composite for Match 2

3300 3600 3400 3200 3000 2300 2600 2400 2200 2000 1800 1600 1400 1200 1000 300
Wavenumbers (cm-1) @

X=398141 Y=0.0230

Ketamine .HCI

Methamphetamine

| AN

Match Title Cumulative Composite % Folder Filename Index
0.020 1 1 8302 Ketamine HCI 3547 294 HR Georgia State Forensic Drugs c\my documen... | 310 L
0015 1 Methamphetamine 68.73 58.41 Drug Search c:\my documen...
oo Procain 80.87 7.08 Drug Search c\my documen...
Ketamine 83.02 31.58 Drug Search c:\my documen... -

ooss | Tablet Sample 2A

0.040

0.035 -

0.030 -

0.025 -

Log(1/H)

0.0085 -
0.000

Ketamine
0.080

L

0.070 -

0.060 -

0.050 -

Log(1/R)

0.040 -

0.030 -

0.020 -

0010 -

4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000  S00

A avenumbers fom-T1 =
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Black Rubber Samples on Ge

5y 30% CB on Ge

Multi-component search composite for 2 compofients in match 1

r - T S
3500

O v

2000 " 1500 1000 @ « Carbon black has hlgh

Wavenumbers [cm-1)

X =3263.60 Y =0.1602 | nd ex

Paly[ethylene: propylene: diene )
* |deal for Ge-ATR
M -
Silopren E 3078 W-35 ° MUItlple Components
A « Base polymer
Match Title Cumulative | Composite’ | Folder Filename Index |ﬂ ® S I I a n e SI I p'a I d
1 9309 Poly[ethylene:propylene:diene) 86.45 85.37 HR Hummel Polymer and Additives c:‘my doc... 330
Silopren E 3078 '/-35 93.09 14.63 HR Hummel Polymer and Additives c:‘my doc... 1039
2 |93.08 Poly[ethylene: propylene:diene) 86.45 85.23 HR Hummel Polymer and Additives | c:\my doc... | 330 =
Silopren E 3078 93.08 14.77 HR Hummel Polymer and Additives | c:\my doc... | 1037
3 |93.06 Poly[ethylene: propylene:diene) 86.45 85.55 HR Hummel Polymer and Additives | c:\my doc... | 330
Silopren E 3096 93.06 14.45 HR Hummel Polymer and Additives | c:\my doc... | 1035
4 19293 Poly[ethylene: propylene: diene) 86.45 85.16 HR Hummel Polymer and Additives | c:\my doc... | 330 |'v]
()

2 RN |
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Forensics Analysis of Cannabinoids

« Separate and ldentify
 Examine molecules while intact
« Stereo-isomers, Positional isomers
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Fast and Dirty GC Run

* Rapid elution: Short column
« Cannabinoid peaks co-elute
* Spectrum is a mixture

: Gram-Schmidt ‘\ J
0.010 =
0.008 =
= i
w -
S 0.006-
= 1
0.004 =
0.002 1 ' ' . 2
2 7 8
Time (minutes)
= N
: Linked spectrum at 6.623 min.
0.008 =
(43 ] -
o -
% -
8 0.006 7
o H
3 0.004-
< - i
0.002 -
L - - - - 1 - - - - 1 - - - - 1 - - - - 1 - 1 - - - 1
3500 3000 2500 2000 1500 1000
Wavenumbers (cm-1)
ThermoFisher
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Thermo Scientific OMNIC Specta: Analyze Mixture

9}( Coadded spectrum: 17.75 - 18.40 min.
Composite for Match 1

' 3800 3600 3400 3200 3000 2800 2600 2200 2000 1800

2400 ! 1600 1400 1200 1000 800
Wavenumbers (cm-1) @

X=2710.06 Y =-0.0006

AMZ2207 CAYMAN CHEMICAL LOT 0427135-10 120-270 O
(L)
N

JwWH 210 CAYMAN CHEMICAL CO. 120-270C MeOH RTwW 5M COLUMN 5.60 MINUTES LOT 0425787-15

S F

\

ThermoFisher
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TGA-IR: The Basics

ure Ramp

Weight Loss Curve

4+ Dswtn wnpt bons gt v Tome

Derivative Weight Loss Curve
— e~

Balance

A/( Time (minutes)
¥ 10.0

Wavenumbers (cm3$§0 T
1000 ™

Infrared Series File

Heated Transfer
Line

Quantitative: T “G” A Qualitative: FT-IR

ThermoFisher
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Cracked Plastic: Environmental Stress Fracture and Normal Fracture

"TI AT A

o &vFo 050 .ri‘

ThermoFisher
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TGA-IR Identifies an Unexpected Material: Ester?

* TGA-IR Analysis:
» Early weight loss area 300 — 360 C
» Extracted spectrum subjected to OMNIC Specta Multi-Component Search
» ldentified acetic acid and medium-chain length methyl ester

e ESC Early Weight Loss: 200 - 260 degrees (ESC Trunc . SRS)

3200 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 oo0 200
WwWavenumbers (cm-1)

X =70765 Y =0.0002

Methyl octanoate: Methyl caprylate

Methyl Octanoate
(Methyl Caprylate)

Acetic-2-13C aci

Acetic Acid

"~ PN
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Yellow Pigmented Polymer: Legal or Not?

* Does this polymeric ‘masterbatch’ contain heavy metals?

* Mid-IR spectrum inconclusive — no sign of cadmium compound
« Far-IR required due to heavier molecular weight

® Yellow masterbatch type A

.  100-
Q l
= 2
= > pacs =
= i S 8 = 4]
o) —_ o =5} =
= 50 - = &3 = picy o
= ' B = 2 o . =
o = ° B g s
(] g o
O
_ Polyethyl
@ 100 1 Aigsf‘y\?‘r:\jﬁ \Kr—\‘\ S~y AN 2 et e . P /,,J—‘(——\\f«ﬁm ——— ~ ) Vol
2 i \ /7 z NAYA \
] ag - N / @ \ | f
= I \ A f = |V ‘
£ : \ 2/ : / )
g a0l - g : 5
I: I Ef] E
= 704 3 l i =
\J , £
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b= I ol
[
= I o
o)
E 50 -
= !
==
R . . . 1 1 1 1 1
4000 3000 2000 1500 1000 500
YWavenumbers (cm-1)
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Far-IR Tells the Tale

« Spectrum of polymer shows two peaks in far-IR
* One is CaCO,
« Second one is Cadmium Yellow (CdS)

% Transmittance

320

300

T

'CADMIUM YELLOW (CdS), standard

ICALCITE (CaC03), standard

‘'suspect polymer

280-

260-
240-

220-

200-

600 ' - 500 ' 400
Wavenumbers {(cm-1)

300
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FT-Raman to Map Distributions of Tablet Components

-14500

1%

Active

Position (micrometers)
15000

~15500

17000 -16500 -16000 IS¢ 5000 14500 -14000 13500 -13000

Pasition (micrameters)

Position (micrometers)
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Polymer Alignment S

 Polyethylene terephthalate (PET) used in making

bottles O\ //O
C ‘&, CH,
7 \ A
O O— CHQ

 Thick walled blanks are heated and blown into a n
mold

* The PET molecules in different regions of the Thinned by
bottle are in different environments processing

Relatively thick

28



Raman is Sensitive to the Differing Environments

Bottle side: Linearly aligned

Bottle Top: Amorphous O\ //O
C (& CH,
4 N /
O O_CH2

R A\
> N\

- B B . . 1 . . . . 1 . B . . 1 . . . . 1 . . . . 1 . . . . 1
3500 3000 2500 2000 1500 1000 500
Raman shift (cm-1)
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Point and Shoot Microscopy

 Thermo Scientific™ Nicolet™ IN™5 FT-IR
Microscope

 Manual Control

* Excellent Visuals
- Camera and Eyepieces
* Fast to Learn, Simple to use
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Particle on Filter: Milk

Absorbance

Absorbance

Absorbance

0107 Large black spot on 444-17 no APT

0.08~

0.06-
0.04-
0.02-

0.00-
0107 White material on 444-17 APT b

0.081
0.06-

0.041

0.02-

0.00: s

‘Subtraction Result:Large black spot on 444-17 no APT

0.03-

Protein (Lactoglobulin) and Sugars

0.02:

001-

0.00 -M

3500 3000 2500 2000 1500 1000
Wavenumbers (cm-1)

31

ThermoFisher
SCIENTIFIC



Particle on Filter: Shock Absorber

#%¢ Orange Particle from Auto Fluid

Composite for Match 1 V—/\/MJ\/\/\—\A/L

3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400

1200 1000
WWavenumbers (cm-1) [
X =3441.25 Y =0.0954

TEFLOMN

TN

Styrene-acrylate (coating or paint)

SILANE A-1100

Silane Lubricant

P b
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* Discover. Solve. Assure. « Applications
» Research to Routine: « Particles to Bulk
» Advanced FT-IR with Touch Point Simplicity  Far-IR to Visible
* Multimodal Analysis * Multi-component Analysis

* Flexibility in the box
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Serving Your Science

thermoscientific ) fisherscientific unity lab services
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Thank You

Please join me in the
Materials Identification
section of our booth where I'll
address comments and questions.
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