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Agilent is committed to the 
educational community and 
is willing to provide access 
to company-owned material.

This slide set was created by Agilent for teaching 
purposes  only.

If you wish to use the pictures, sketches, or drawings 
for any other purpose, please contact Agilent first.
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Spectroscopy is a broad field with many sub-disciplines, which can be 
classified  by the type of material being analyzed. This presentation will 
focus on molecular spectroscopy.

Introduction
Classifications

ToC

ATOMS
Atomic 
spectroscopy
• AAS
• MP-AES
• ICP-OES
• ICP-MS

MOLECULES
Molecular 
spectroscopy
• UV-VIS
• UV-VIS-NIR
• FTIR
• Fluorescence

CRYSTALS
• X-ray 

crystallography

NUCLEI
• Nuclear 

magnetic 
resonance
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Molecular Spectroscopy
General
The combination of atoms into 
molecules creates unique energetic 
states and therefore unique spectra 
of the transitions between states. 

Molecular spectra can be obtained 
due to:
• Electron spin states
• Molecular rotations
• Molecular vibration
• Electronic states

Molecular spectroscopy

By application

UV-Vis 

Studies interactions between 
ultraviolet, visible, and near-
infrared electromagnetic 
energy and matter

FTIR
Studies interactions between 
infrared electromagnetic 
energy and matter

Fluorescence

Studies emission of electro-
magnetic energy, after the 
interaction between typically 
ultraviolet and visible 
electromagnetic energy and 
matter
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Introduction 
Timeline of Early Developments

ToC

Applied 
Physics 

introduces the 
first commercial 

recording 
UV-Vis 

spectrometer, 
the Cary 11

1947

Beckman
introduces the 

first commercial 
UV-Vis 

spectrometer, 
the DU

1941

First prototype 
IR instruments 

developed in 
USA for QC of 

synthetic 
rubber

1940s

Abney and 
Festing

obtained 
IR absorption 

spectra for 
over 50 

compounds

1882

Beer 
recognizes the 

relationship 
between the 

absorption 
of light and 

concentration

1853
Ritter

observes the 
effect of UV 
light on the 

light sensitive 
compound, 

silver chloride

1801
Herschel 

detects the IR 
region of the 

electromagnetic 
spectrum

1800

NanoDrop
UV-Vis 

spectro-
photometer 
introduced 
for micro-

quantitation 
of 1 μl 

sample

2005

First ATR 
chemical 
imaging 

system for 
FTIR

2000

First Xe
flashlamp

UV-VIS, the  
Cary 50

1997

First infinity 
corrected 

infrared 
microscope

1991

First FTIR 
microscope

1982
HP introduces 

the first 
commercial 
diodearray

spectrophoto-
meter

1979
First rapid 
scanning 

FTIR

1969
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UV-Vis Spectroscopy
General
The electromagnetic spectrum 
covers many orders of magnitude 
in frequency and wavelength. 
Visible light represents only a very 
small fraction of the electromagnetic 
spectrum. 

• Ultraviolet: 190 to 400 nm
• Visible: 400 to 800 nm
• Infrared: 800 to 100,000 nm

ToC Source: Wikipedia

"Electromagnetic-
Spectrum" by 
Victor Blacus

Presenter
Presentation Notes


https://en.wikipedia.org/wiki/Electromagnetic_spectrum
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UV-Vis Spectroscopy
General
A spectrophotometer measures the 
amount of light transmitted through 
or reflected from a sample. 

All true research 
spectrophotometers can measure 
the percentage of light transmitted 
or reflected at all wavelengths 
from about 190 nm (mid-ultraviolet) 
through to at least 900 nm (near-
infrared) with sub-2 nm resolution.

For solution work, the percentage 
of transmitted light is expressed 
as absorbance, which is directly 
proportional to concentration.
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UV-Vis Spectroscopy
General Set Up

• Lamp (source) emits light across a range of wavelength
• Monochromator (dispersion device) selects a wavelength
• Analyte absorbs light (sample area)
• Transmitted light is measured (detector)
• Concentration is determined by comparison with standards

ToC

Lamp
Mono-

chromator
Sample

area Detector
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UV-Vis Spectroscopy
General Set Up: Single vs. Dual Beam Spectrometer

Light source

Monochromator

Sample

Light detector
The dual beam 
approach allows 
the correction of 
variations in light 
intensity.

λ

ToC

λ

http://www.chem.agilent.com/en-US/products-services/Parts-Supplies/Chromatography-Spectrometry/Vials-and-Closures/High-Recovery-Vials/PublishingImages/high_recovery_vials.png
http://www.chem.agilent.com/en-US/products-services/Parts-Supplies/Chromatography-Spectrometry/Vials-and-Closures/High-Recovery-Vials/PublishingImages/high_recovery_vials.png
http://www.chem.agilent.com/en-US/products-services/Parts-Supplies/Chromatography-Spectrometry/Vials-and-Closures/High-Recovery-Vials/PublishingImages/high_recovery_vials.png
http://www.chem.agilent.com/en-US/products-services/Parts-Supplies/Chromatography-Spectrometry/Vials-and-Closures/High-Recovery-Vials/PublishingImages/high_recovery_vials.png
http://www.chem.agilent.com/en-US/products-services/Parts-Supplies/Chromatography-Spectrometry/Vials-and-Closures/High-Recovery-Vials/PublishingImages/high_recovery_vials.png
http://www.chem.agilent.com/en-US/products-services/Parts-Supplies/Chromatography-Spectrometry/Vials-and-Closures/High-Recovery-Vials/PublishingImages/high_recovery_vials.png
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UV-Vis Spectroscopy
Light Source
The ideal light source would yield a 
constant intensity over all wavelengths 
with low noise and long-term stability.

Sources commonly used in UV-Vis 
spectrophotometers:
• Deuterium arc lamp  useful 

intensity in the ultraviolet region
• Tungsten-halogen lamp  good 

intensity over part of the ultraviolet 
spectrum and the entire visible range

• Xenon lamp  good continuum 
over the entire ultraviolet and visible 
regions

Deuterium source (above) and tungsten-halogen lamp (bottom) 
used with ultraviolet systems
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UV-Vis Spectroscopy
Dispersion Devices
Dispersion devices disperse wavelengths of 
light at different angles. When combined with 
an appropriate exit slit, these devices can be 
used to select a particular wavelength (or, 
more precisely, a narrow waveband) of light 
from a continuous source. 

There are two types of devices:

• Prisms
These generate a rainbow of sunlight; 
the disadvantage is that the angle of 
dispersion is temperature sensitive

• Holographic grating 
These are not temperature sensitive; 
light falling on the grating is reflected 
at different angles, depending on the 
wavelength.

Source: Fundamentals of UV-visible spectroscopy

Schematic of 
dispersion devices. 

Most modern 
spectrometers use 
grated dispersion.

http://www.chem.agilent.com/Library/primers/Public/59801397_020660.pdf
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UV-Vis Spectroscopy
Detectors
A detector converts a light signal into an 
electrical signal. Ideally, it should give a linear 
response over a wide range with low noise 
and high sensitivity.

Photomultiplier tube detector 
Combines signal conversion with several 
stages of amplification within the tube; entire 
wavelength range is scanned.

Photodiode detector 
Light falling on semiconductor material 
allows electrons to flow through it, thereby 
depleting the charge in a capacitor connected 
across the material. The amount of charge 
needed to recharge the capacitor is proportio-
nal to the intensity of the light; entire wave-
length range is measured in one reading. Schematic diagram of photomultiplier tube detector (above) 

and photodiode array (bottom).
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UV-Vis Spectroscopy
System
Key Applications
• Monitoring kinetics
• Characterizing unknown or 

newly synthesized compounds
• Assessing purity of DNA
• Quantifying DNA and proteins

• Analyzing nutrients in water, 
food, and agriculture

ToC

Light beam with 
small focus

Simultaneous 
reference correction

Xenon flash lamp

Monochromator
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UV-Vis Spectroscopy
Qualitative and Quantitative Analysis
UV-visible spectra generally show only a few broad absorbance bands. Most absorption 
by organic compounds results from the presence of π (that is, unsaturated) bonds. 
A chromophore is a molecular group usually containing a π-bond. When inserted into 
a saturated hydrocarbon (which exhibits no UV-visible absorbance spectrum), it 
produces a compound with absorption between 185 and 1000 nm.

ToC

Selected chromophores and their absorbance maxima
Chromophore Formula Example λmax (nm)

Carbonyl  (ketone) RR’C=O Acetone 271
Carbonyl (aldehyde) RHC=O Acetaldehyde 293

Carboxyl RCOOH Acetic acid 204
Amide RCONH2 Acetamide 208
Nitro RNO2 Nitromethane 271
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UV-Vis Spectroscopy
Qualitative and Quantitative Analysis
Color is an important property of 
a substance. The color of matter 
is related to its absorptivity or 
reflectivity. The human eye sees 
the complementary color to that 
which is absorbed.

Source: Fundamentals of UV-visible spectroscopy

Transmission and color (above)
Absorbance and complementary 

colors (bottom)

http://www.chem.agilent.com/Library/primers/Public/59801397_020660.pdf
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UV-Vis Spectroscopy
Applications

ToC

MARKET APPLICATIONS

Material

Bulk materials
• Optical components: filters, lenses, mirrors, beam splitters, polarizers, glass
• Thin films, optical and anti-reflective coatings, nanocomposite materials, paints, solar cells
• Safety goggles
• Pulp and paper
• Camouflage material
• Sunglasses
• Fabrics/textiles

Chemical

• QA/QC on raw materials and finished product in manufacturing
• Chemical identification or study of chemical processes: synthetic chemistry labs, 

photochemistry research, nanoparticle characterization, surface chemistry research
• Analytical chemistry
• Color measurements: Paints and textiles (color matching, QA/QC on fabrics, SPF 

measurements)

Biotech and
pharmaceutical

• Drug binding assays
• Enzymatic reactions
• Analysis of turbid biological samples, tissues, cell homogenates
• Intracellular ion measurements
• Nucleic acid (RNA/DNA) and protein determination
• DNA and protein denaturation/ renaturation measurements
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UV-Vis Spectroscopy
Measuring the Absorbance of Schott Glass Filter

ToC

Two filters were measured 
separately and numerically 
added together (predicted). 
These results are identical 
to the two filters measured 
together (measured).

Spectra of UG11 filter 1 (blue), UG11 filter 2 (black) and the spectrum of 
the UG11 filter 1 and UG 11 filter 2 together (red). The green spectrum 
is the predicted result based on the addition of blue and black spectrum.
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UV-Vis Spectroscopy
Measuring the Color of a Paint on Canvas

Source: Measuring the color of a paint on canvas directly 
with external diffuse reflectance using the Agilent Cary 60 
UV-Vis spectrophotometerToC

Spectra showing that samples 
clownnr1 and clowncapelli are 
made of similar materials.

http://www.chem.agilent.com/Library/applications/5991-3783ENE_print.pdf
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UV-Vis Spectroscopy
Purity Analysis and Kinetics Analysis

Scans of 150 μL samples of DNA at 4° C at two concentra-
tions showing the characteristic absorbance peak at 260 
nm. Note peak absorbance of 1.0 absorbance units for 
50 μg/mL DNA versus peak absorbance of 0.5 absorbance 
units for 25 μg/mL DNA, demonstrating adherence to the 
Beer–Lambert Law.

Source: Simple, automated measurements of the 
photocatalytic properties of colorimetric species using the 
Agilent Cary 60 UV-Vis spectrophotometer with fiber optics. 

Scanning kinetics using fiber optics in situ of methylene 
blue under the exposure of a high-intensity UV lamp 
(Oriell 500 W Hg(Xe) lamp) for 20 minutes within the 
range 400 to 800 nm. Labels reflect maximum 
absorbance wavelengths.

Source: Measuring the purity of low volumes of 
DNA at 4 °C using the Agilent Cary 60 UV-Vis 
spectrophotometer with fiber optics microprobe

http://www.chem.agilent.com/Library/applications/5990-7864EN.pdf
http://www.agilent.com/cs/library/applications/5990-7863EN.pdf
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UV-Vis Spectroscopy
Capabilities
The simple linear relationship 
between absorbance and concen-
tration and the relative ease of 
measurement of UV-visible light 
have made UV-visible spectroscopy 
the basis for thousands of 
quantitative analytical methods.

UV-Vis Spectroscopy

Advantages

• Wide application for qualitative and 
quantitative analysis

• Can be used for many types of organic 
and inorganic molecules and ions

• Easy to use
• Fast
• Low maintenance
• Non-destructive measurement

Limitations
• Higher (worse) limits of detection than 

fluorescence
• Overlapping absorption bands may interfere
• Can be difficult for light-sensitive compounds 

if using D2 and QI source (not applicable if 
using Xenon source)
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Fluorescence Spectroscopy
General
Fluorescence is emission of photons 
following excitation by photons of a 
higher energy. 

Fluorescence spectrometers offer high 
sensitivity (picomolar) as they 
are detecting a signal against a dark 
background, unlike spectrophotometers.

Research grade instruments use 
scanning monochromators for both 
excitation and emission. 

Many fluorescence systems can 
also measure phosphorescence and 
luminescence.

ToC
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Fluorescence Spectroscopy
General Set Up

• Lamp (source) emits light across a range of wavelength
• Monochromator selects excitation wavelength
• Sample area holds sample, analyte absorbs light
• Light emitted at a longer wavelength
• Monochromator selects emission wavelength
• Transmitted light is measured (detector)

ToC

Lamp
Mono

chromator
Sample 

area
Mono

chromator Detector
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Fluorescence Spectroscopy
General Set Up

Note: The detector is not in 
direct line with light source 
to minimize the risk of 
transmitted or reflected 
incident light reaching the 
detector.

ToC

λ
excitation

I0 It

Light 
source

Mono-
chromator

Sample

Detector

λ
emission

If

http://www.chem.agilent.com/en-US/products-services/Parts-Supplies/Chromatography-Spectrometry/Vials-and-Closures/High-Recovery-Vials/PublishingImages/high_recovery_vials.png
http://www.chem.agilent.com/en-US/products-services/Parts-Supplies/Chromatography-Spectrometry/Vials-and-Closures/High-Recovery-Vials/PublishingImages/high_recovery_vials.png
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Fluorescence Spectroscopy
Light Source
Various light sources are used in fluorescence spectrophotometers:

• Xenon lamp: continuous emission spectrum with nearly constant 
intensity from 300 to 800 nm 

• Mercury-vapor lamp: a line lamp, meaning it emits light near peak 
wavelengths

• Lasers: limited in wavelength selection; cannot really be changed
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Fluorescence Spectroscopy
System
Key Applications
• Thermal stability of biocatalysts
• Characterizing bio labels for live 

cell imaging

• Hydrocarbon mixtures in 
petroleum oils

• Characterizing GPCR 
oligomerization

ToC

Xenon flash 
lamp

Photomultiplier 
tube

Sample 
compartment

Monochromator

Built-in filters
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ToC

MARKET APPLICATIONS

Chemical

• Photochemistry research
• Nanoparticle characterization
• Surface chemistry research
• Analytical chemistry

Pharma and 
Biotech

• Biochemical and biophysical research
• Protein quantitation and structural studies: Protein-to-protein 

interactions, membrane studies
• Enzymology: Enzyme kinetics using a fluorescent substrate
• Molecular biology: DNA and RNA quantitation

Fluorescence Spectroscopy
Applications
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Fluorescence Spectroscopy
Cytosolic Expression of Green Fluorescent Protein

ToC

Schematic representation of green fluorescent protein. Left: Tripeptide fluorophore in red. Right: Intensity vs. emission for the 
full spectrum of fluorescent proteins.

Source: Cytosolic expression of Green Fluorescent Protein 
(GFP) and its derivatives in the yeast Saccharomyces 
cerevisiae: Detection in vivo using the Agilent Cary Eclipse 

http://www.chem.agilent.com/Library/applications/app07.pdf
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Fluorescence Spectroscopy
Quantification of Polycyclic Aromatic Hydrocarbons or Petroleum Oils

Source: Quantification of complex polycyclic aromatic 
hydrocarbons or petroleum oils in water with Cary eclipse 
fluorescence spectrophotometer According to astm d 5412-
93 (2000)ToC

Fluorescence spectra of naphthalene, Ex. wavelength 250 nm, Ex. slit 10 nm, Em. slit 5 nm (left); calibration plot (points for the 
same concentration are averaged) for the fluorometric determination of naphthalene at 324 nm, Ex. wavelength 250 nm, Ex. slit 
10 nm, Em. slit 5 nm.

http://www.chem.agilent.com/Library/applications/5991-3166ENE_High.pdf
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Fluorescence Spectroscopy
Capabilities
At low concentrations, the fluores-
cence intensity will generally be 
proportional to the concentration of 
the fluorophore. 

Quenching effects can influence the 
result. Quenching describes the 
decrease of fluorescence intensity of 
a given substance and can be the 
results of various processes such as 
excited state reactions or collisional 
quenching.

Fluorescence Spectroscopy
Advantages
• Extremely sensitive for aromatic and 

unsaturated compounds
• Can apply to other compounds with 

derivatization or tagging
• Easy to use
• Low maintenance

Limitations
• Limited to certain types of compounds
• Mixtures may require cleanup
• Possibility of quenching
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Fourier Transform Infrared Spectroscopy
General
Infrared light has a longer wavelength and 
lower frequency than visible light. 

The infrared spectrum is divided into near-, 
mid-, and far-infrared radiation. The most 
commonly used region is the mid-infrared 
(frequency: 4000 and 400 cm-1).  

Fourier transform infrared spectroscopy 
(FTIR) is a technique that obtains an 
infrared spectrum of absorption, emission, 
photoconductivity, or Raman scattering of 
a solid, liquid, or gas. 

An FTIR spectrometer simultaneously 
collects high spectral resolution data over 
a wide spectral range.

Source: Wikipedia

"Electromagnetic-Spectrum" by Victor Blacus

https://en.wikipedia.org/wiki/Electromagnetic_spectrum
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Fourier Transform Infrared Spectroscopy
General

Absorbed infrared light can cause molecular vibrations. 
Infrared spectroscopy measures the change of the amplitude.

ToC

21
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Symmetrical stretching Antisymmetrical stretching Scissoring

Rocking Wagging Twisting

Fourier Transform Infrared Spectroscopy
General

ToC Source: https://en.wikipedia.org/wiki/Infrared_spectroscopy

https://en.wikipedia.org/wiki/Infrared_spectroscopy
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Fourier Transform Infrared Spectroscopy
General
• IR-active bonds produce peaks
• These bonds vibrate at specific frequencies  
• Small variations in peak position and height allow for differentiation
• IR spectrum can serve as a compound’s fingerprint

ToC

≅Ab
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ce

0.10

0.30

Wavenumber (cm-1)
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Fourier Transform Infrared Spectroscopy
General
Wavenumber where different bonds 
(commonly referred to as “functional 
groups”) absorb indicates the strength 
of the bond. Stronger bonds absorb 
at higher wavenumbers.

Every functional group absorbs at its 
own characteristic frequency, making 
it possible to elucidate the chemical 
structure of a material from its 
infrared spectrum.

4000 3000 2000 1000

Wavenumber (cm-1)

Ab
so

rb
an

ce 3300 cm-1

N-H Stretch
2900 cm-1

C-H Stretch

1650 cm-1

C=O Stretch
1540 cm-1

N-H Bending
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Fourier Transform Infrared Spectroscopy
General 

ToC

Bond Type of Vibration Wavenumber
Range (cm-1)

C−H

Alkane
−CH3
−CH2

Alkene

Aromatic

Alkyne
Aldehyde

(stretch)
(bend)
(bend)
Stretch

(out-of-plane bend)
(stretch)

(out-of-plane bend)
(stretch)

3000 – 2850
1450 & 1375

1465
3100 – 3000

1000 – 650
3150 – 3050

900 – 600
~ 3300

2900 – 2700

C=C Alkene
Aromatic

1680 – 1600
1600 & 1475

C≡C Alkyne 2250 - 2100

C=O

Aldehyde
Ketone

Carboxylic 
acid

Ester
Amide

Anhydride

1740 – 1720
1725 – 1705
1725 – 1700
1750 – 1730
1680 – 1630
1810 – 1760

Bond Type of Vibration Wavenumber
Range (cm-1)

C−O
Alcohols, esters, 

ethers, carboxylic 
acids, anhydrides

1300 – 1000

O−H

Alcohols, phenols
Free

H-Bonded
Carboxylic acids

3650 – 3600
3400 – 3200
3400 – 2400

N−H

Primary and secondary 
amines & amides

(stretch)
(bond)

3500 – 3100
1640 – 1550

C−N
C=N

Amines
Imines and oximes

1350 – 1000
1690 – 1640

Molecular Bonds and Wavelengths
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Fourier Transform Infrared Spectroscopy
General Set Up

• IR source generates infrared beam (broadband light source)
• Interferometer (mirror configurations) creates an interference pattern
• Sample area holds sample, infrared beam goes through sample
• Detector generates interferogram
• Computer converts interferogram into spectrum

ToC

IR source
Inter-

ferometer
Sample

area Detector
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Fourier Transform Infrared Spectroscopy
Interferogram
An interferogram is a plot of infrared 
intensity vs. the moving mirror’s position.

The Fourier transform algorithm converts 
an interferogram into a spectrum by 
separating the individual absorbance 
frequencies and creating an intensity vs. 
wavenumber plot.

0 + δ- δ

Fourier
transformation

Interferogram

cm-1

Spectrum

Moving mirror
creates an 
interference 
pattern

IR source

Beam splitter

Detector

Fixed mirror

Sample
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Fourier Transform Infrared Spectroscopy
Qualitative Analysis
• Compounds can be identified by 

their unique infrared spectrum

• Infrared spectra provide insight 
into the molecular structure 
(for example, the presence of a 
cyano group)

• Computers can search infrared 
databases to identify compound  

2. Comparison to a spectra database

4000 3000 2000 1000 Wavenumber

Ab
so
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ce

1. Spectrum from an Unknown Sample
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Fourier Transform Infrared Spectroscopy
Quantitative Analysis
Quantification
• Beer-Lambert law can be applied 

in FTIR spectroscopy

• Compare sample against cali-
bration curve of absorbance 
vs. concentration of a standard

• Applicable to mixtures –
simultaneous quantification

Source: Agilent internal training material
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0.8

0.4

0.0

Wavenumber (cm-1)

Ab
so

rb
an

ce

Fructose 
calibration curve 

from 0-20%

0% Fructose

5% 

10% 

15% 

20% Quant Validation Plot for Fructose
R²=0.998

0 10 20
0

C
on

ce
nt

ra
tio

n
Unknown



March 7, 2016

For teaching purpose only

41

Fourier Transform Infrared Spectroscopy
System
Key Applications
• Biomedical imaging (tissue)
• Chemical imaging

• Process control (biodiesel)

• Polymer/material research/
control

• Forensic applications (blood 
alcohol content)

ToC

Beamsplitter 
storage

IR source

Attenuation 
wheelInterferometer

Sample 
compartment

Detector

Converter
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Fourier Transform Infrared Spectroscopy
Applications

ToC

MARKET APPLICATIONS

Materials

• Heat and UV damage on composites, composite curing

• Surface coating identification, surface cleanliness and 
preparation, coating wear, and weathering

• Quality control, art and historical conservation, material 
research

Energy and
Chemical

• Quality control of incoming liquid raw materials and 
finished products, including organic chemicals,
surfactants, lubricants, and edible oils

Food • Quality control of incoming raw materials and finished 
products
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Fourier Transform Infrared Spectroscopy
Determining Damage to Composites 

Thermally damaged Epoxy 1 unsanded tape composite 
material. The composite coupons are exposed to a range 
of temperatures for 1 hour. The absorbance band at 1722 
cm-1 (red circle) arises from the carbonyl stretch vibration 
associated with oxidation of the resin and indicates thermal 
overexposure.

Thermally damaged Epoxy 1 sanded tape composite 
material. The composite coupons are exposed to a range 
of temperatures for 1 hour. The 1722 cm-1 vibration is 
absent in the anaerobic environment.

The decrease in absorbance at 1672 cm-1 provides a good 
negative correlation to temperature exposure.

Source: Non-Destructive Evaluation of Composite Thermal 
Damage with Agilent’s New Handheld 4300 FTIRToC

1594.6
1510.6

1455.9
1671.8

1900 1800 1700 1600 1500
Wavenumber

1900 17001800 1600 1500

550°F
475°F
375°F

http://www.chem.agilent.com/Library/applications/5991-4037EN.pdf
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Fourier Transform Infrared Spectroscopy
Measuring Biodiesel Concentration in High Cetane Diesel Fuel

Source: ASTM D7806-12 for Biodiesel in Petroleum-
based Diesel Fuel OilToC

Overlaid infrared spectra of diesel fuels and calibration for 
various biodiesel concentrations in high cetane diesel fuel 
absorbance region 1713 to 1784 cm–1 used in the calibration 
for the concentration range 0 to 6%.
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http://www.chem.agilent.com/Library/applications/5991-5591EN.pdf
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Fourier Transform Infrared Spectroscopy
Quality Control of Dairy Powders
Spectral acquisition was carried out 
by:

• Placing a small amount of protein 
powder on the diamond ATR surface.

• Pressing the samples against the 
diamond crystal using the attached 
pressure clamp. (A slip clutch on 
the clamp prevents overtightening.)

• Collecting 64 co-added spectra 
(~30 sec acquisition time at 4 cm-1

resolution) between 4000 and 
650 cm-1.

Source: QA/QC of dairy powders using the Agilent Cary 630 
ATR-FTIR analyzerToC
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Infrared spectra of selected dairy powders recorded on 
the Cary 630 ATR-FTIR analyzer

http://www.chem.agilent.com/Library/applications/5991-0784EN_AppNote_630_Dairy.pdf
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Fourier Transform Infrared Spectroscopy
Measurement of Acrylamide in Potato Chips

Results and spectrum of regular potato chip cake as measured by portable FTIR analyzer equipped with single reflection 
diamond ATR sample technology.

ToC
Source: Molecular Spectroscopy Compendium - Ensure food 
quality, production, and safety
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http://www.chem.agilent.com/Library/applications/5991-3818EN__Active.pdf
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ToC

Fourier Transform Infrared Spectroscopy
Capabilities
Infrared spectroscopy is a powerful 
and versatile technique that can be 
used to analyze gases, liquids, and 
solids. 

It is often used to identify structures 
because functional groups give rise 
to characteristic bands both in terms 
of intensity and position (frequency). 

It is a simple, reliable technique 
widely used in research to industry.

Fluorescence Spectroscopy
Advantages
• Simple to perform
• Fast and accurate analysis
• Can handle many different sample 

types and sizes
• Can be qualitative and quantitative
• Often requires little or no sample 

preparation
• Non-destructive
Limitations
• Molecule must react to infrared light
• Minimal elemental information
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Abbreviations

Abbreviation Definition

A absorbance

b path length (cm)

c speed of light (3 × 108 ms-1)

ε extinction coefficient or molar absorption (lmol-1cm-1)

E oscillating electric field

E energy

FTIR Fourier transform infrared 

h Planck’s constant (6.62 × 10-34 Js)

I transmitted radiation 

I0 incident radiation

λ wavelength

T transmittance

UV-VIS ultraviolet – visible

v frequency (s-1)

ToC
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Learn More
For more information on products from Agilent, visit www.agilent.com or 
www.agilent.com/chem/academia
Have questions or suggestions to this presentation? Contact academia.team@agilent.com

Early history “The Early History of Spectroscopy” by Nicholas C. Thomas, J Chem Edu, Vol 68, 6, August 1991

Primer Fundamentals of UV-visible spectroscopy 5980-1397EN

Application Measuring optical densities over 10 Abs on the Agilent Cary 7000 Universal Measurement 
Spectrophotometer (UMS) 5991-2528EN

Application Measuring the color of a paint on canvas directly with external diffuse reflectance using the Agilent Cary 60 
UV-Vis spectrophotometer 5991-3783EN

Application Simple, automated measurements of the photocatalytic properties of colorimetric species using the Agilent 
Cary 60 UV-Vis spectrophotometer with fiber optics 5990-7864EN

Application Cytosolic expression of Green Fluorescent Protein (GFP) and its derivatives in the yeast Saccharomyces 
cerevisiae: Detection in vivo using the Agilent Cary Eclipse SI-A-1831 

Application Quantification of complex polycyclic aromatic hydrocarbons or petroleum oils in water with Cary eclipse 
fluorescence spectrophotometer according to astm d 5412-93 (2000) 5991-3166EN

Application Non-Destructive Evaluation of Composite Thermal Damage with Agilent’s New Handheld 4300 FTIR 5991-4037EN

Application ASTM D7806-12 for Biodiesel in Petroleum-based Diesel Fuel Oil 5991-5591EN

Application QA/QC of dairy powders using the Agilent Cary 630 ATR-FTIR analyzer 5991-0784EN

Application Molecular Spectroscopy Compendium - Ensure food quality, production, and safety 5991-3818EN

Web CHROMacademy – free access for students and university staff to online courses

Videos & Images www.agilent.com/chem/teachingresources

ToC

http://www.agilent.com/
http://www.agilent.com/chem/academia
mailto:academia.team@agilent.com
http://www.chem.agilent.com/Library/primers/Public/59801397_020660.pdf
http://www.agilent.com/cs/library/primers/public/59801397_020660.pdf
http://www.chem.agilent.com/Library/primers/Public/59801397_020660.pdf
http://www.chem.agilent.com/Library/technicaloverviews/Public/5991-2528EN.pdf
http://www.chem.agilent.com/Library/applications/5991-3783ENE_print.pdf
http://www.chem.agilent.com/Library/applications/5990-7864EN.pdf
http://www.chem.agilent.com/Library/applications/app07.pdf
http://www.chem.agilent.com/Library/applications/5991-3166ENE_High.pdf
http://www.chem.agilent.com/Library/applications/5991-4037EN.pdf
http://www.chem.agilent.com/Library/applications/5991-5591EN.pdf
http://www.chem.agilent.com/Library/applications/5991-0784EN_AppNote_630_Dairy.pdf
http://www.chem.agilent.com/Library/applications/5991-3818EN__Active.pdf
http://www.chromacademy.com/Agilent-uni.html
http://www.agilent.com/chem/teachingresources
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THANK YOU

Publication Number: 5991-6696EN
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