
The world leader in serving science

Michael S. Bradley

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



2

• 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 Spectroscopy: Discover. Solve. Assure.

FT-IR is the ultimate triage technique
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FT-IR Triage: Stabilize the Situation by Getting Answers Fast.
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Surfaces
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Select the Right Tool
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Analytical Workstation: Discover, Solve and Assure on One Platform

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

Thinking done inside the Box!
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Flexibility – Automated Multi-range

• iS50 ABX: Automatic Beamsplitter eXchanger

• Triple Detector Mount

• Automated Multi-range control

Near  Mid  Far

Mid High-D* MID  Far

Vis  Mid  Far
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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
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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



The world leader in serving science

The Nicolet iS50 as a Solution Generator

Discover, Solve and Assure
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• Over 60% still use Transmission
• The method for many analyses
• Great sensitivity

Full Suite of Tools

• 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

In situ FTIR using p-polarized IR beam 
to selectively measure the solid 
electrolyte interphase (SEI) surface

Dynamic behavior of surface film on LiCoO2 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
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• 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

Rheometry: Viscoelasticity

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

ATR Crystal

Rheometer

FT-IR
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• Correlating FT-IR Spectra to G’ and G”
• When G’ = G’’, Gel Point for cure
• Monomer: Green (dropping), Ester: Black (rising)

Acrylate Glue Curing

Elastic

Viscous



15

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

• Spectra depend upon bond orientation

Polymer Orientation in Stretched Film
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Polarizer Rotates, Spectrum Reflects Orientation
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Drug Identification in the Forensics Laboratory
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• Carbon black has high 
index
• Ideal for Ge-ATR

• Multiple components
• Base polymer
• Silane slip-aid

Black Rubber Samples on Ge
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Forensics Analysis of Cannabinoids

• Separate and Identify
• 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
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Thermo Scientific OMNIC Specta: Analyze Mixture
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TGA-IR: The Basics

Vapor

IR

Balance

Pan

Heated Transfer
Line

Temperature Ramp

Weight Loss Curve

Derivative Weight Loss Curve

Infrared Series File

Quantitative: T “G” A Qualitative: FT-IR
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Cracked Plastic: Environmental Stress Fracture and Normal Fracture
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TGA-IR Identifies an Unexpected Material: Ester?

• TGA-IR Analysis:
Ø Early weight loss area 300 – 360 C
Ø Extracted spectrum subjected to OMNIC Specta Multi-Component Search
Ø Identified acetic acid and medium-chain length methyl ester

Methyl Octanoate
(Methyl Caprylate)

Acetic Acid
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• 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 Pigmented Polymer: Legal or Not?
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• Spectrum of polymer shows two peaks in far-IR
• One is CaCO3
• Second one is Cadmium Yellow (CdS)

Far-IR Tells the Tale
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FT-Raman to Map Distributions of Tablet Components

Mannitol

Active

Lactose
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Relatively thick

Thinned by 
processing

• Polyethylene terephthalate (PET) used in making 
bottles

• Thick walled blanks are heated and blown into a 
mold

• The PET molecules in different regions of the 
bottle are in different environments

Polymer Alignment
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Bottle side: Linearly aligned
Bottle Top: Amorphous

Raman is Sensitive to the Differing Environments
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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

Identify
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Particle on Filter: Milk

Protein (Lactoglobulin) and Sugars
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Particle on Filter: Shock Absorber

PTFE

Styrene-acrylate (coating or paint)

Silane Lubricant
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• Applications

• Particles to Bulk

• Far-IR to Visible

• Multi-component Analysis

Summary

• Discover. Solve. Assure.

• Research to Routine:

• Advanced FT-IR with Touch Point Simplicity

• Multimodal Analysis

• Flexibility in the box
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Serving Your Science 
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Thank You

Please join me in the
Materials Identification

section of our booth where I’ll 
address comments and questions.


