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Raman as a QC/QA analysis tool
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Requirements:Requirements:

•• Excellent differentiation between materialsExcellent differentiation between materials
Raman is a Raman is a ““ fingerprintingfingerprinting”” technique with differing technique with differing 

materials having uniquely different spectra.materials having uniquely different spectra.

Aspirin Paracetamol
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Raman as a QC/QA analysis tool

Requirement:Requirement:

Ability to perform Library SearchAbility to perform Library Search
Or Library CompareOr Library Compare
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Search ResultSearch Result

Spectrum of SampleSpectrum of Sample

Library Options:Library Options:
1.1. Build own LibraryBuild own Library

2.2. Use and add to existing PerkinElmer LibrariesUse and add to existing PerkinElmer Libraries
>polymers and drugs libraries>polymers and drugs libraries

3.      Other Commercial Libraries will be available3.      Other Commercial Libraries will be available
>>SadtlerSadtler and STand ST--JapanJapan

Result of Library Search

  Polystyrene white pigment.sp - 15/01/2007 - [S.POINT] [5.71s x 7] [CCD: -49°C] 

  RS0068.sp - 20/01/2007 - RS0068 STYRENE/ALLYL ALCOHOL COPOLYMER HYDROXYL=5.4-6% 

Polystyrene white pigment.sp / Rampolym.dlb    Euclidean Search Hit List

 0.988 RS0068 STYRENE/ALLYL ALCOHOL COPOLYMER HYDROXYL=5.4-6%
 0.984 RS0065 POLYSTYRENE  PELLET
 0.941 RS0088 STYRENE/ACRYLONITRILE COPOLYMER ACRYLONITRILE=25%
 0.923 RS0089 STYRENE/ACRYLONITRILE COPOLYMER ACRYLONITRILE=30%
 0.894 RS0063 POLY(ALPHA-METHYLSTYRENE)  BEAD
 0.848 RS0099 STYRENE/BUTYL METHACRYLATE COPOLYMER BUMETHACRY=50
 0.846 RS0048 STYRENE/MALEIC ANHYDRIDE COPOLYMER 50/50 COPOLYMER
 0.761 RS0026 ACRYLONITRILE/BUTADIENE/STYRENE RESIN BD=HIGH CONT
 0.616 RS0047 STYRENE/ETHYLENE-BUTYLENE,ABA COPOLYMER STYRENE=28
 0.543 RS0066 STYRENE/BUTADIENE,ABA BLOCK COPOLYMER STYRENE=30%

 Perkin-Elmer Raman Polymer Library

3600.0 3000 2000 1500 1000 500 200.0
cm-1

INT 

x1e5



Page 4

Raman as a QC/QA analysis tool

Requirement:Requirement:
Ease of SamplingEase of Sampling

……little or no sample preparationlittle or no sample preparation
……analysis through glass or polymer baganalysis through glass or polymer bag
……less chance of contamination (of sample and analyst)less chance of contamination (of sample and analyst)

Requirement:Requirement:
Confidence in results and validationConfidence in results and validation

……software allows calibration to ASTM and NIST standardssoftware allows calibration to ASTM and NIST standards
……performance verification to ASTM standardperformance verification to ASTM standard
……comprehensive IQ/OQ documentationcomprehensive IQ/OQ documentation
……PerkinElmer Service backupPerkinElmer Service backup
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Analysis through bottle or plastic bagAnalysis through bottle or plastic bag

Spectrum of 
Bottle

Raw Material
(Liquid)
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Analysis through bottle, blister packs or plastic bagAnalysis through bottle, blister packs or plastic bag

Spectrum of 
Bottle

Raw Material
(Liquid)

Spectrum with 
glass removed

Auto Subtract 
contribution from Bottle
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Raman as a QA/QC analysis tool

What Laboratories?What Laboratories?

Polymer and plastic manufacturePolymer and plastic manufacture
Polymer and plastic recyclingPolymer and plastic recycling

Industrial chemical QA/QC laboratoriesIndustrial chemical QA/QC laboratories
…….fine chemicals.fine chemicals
…….heavy chemicals.heavy chemicals
…….paper.paper
…….detergents.detergents
…….composites.composites
…….etc.etc

Pharmaceutical and healthcarePharmaceutical and healthcare
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Polymorph Analysis

As polymorphs are different crystalline forms of the 
same material, they can be difficult to analyze.

Raman Spectra of polymorph species are similar but 
differences are readily observed.
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Drug stability

� 24 tablets stored on multi well plate

� Stored in environmental chamber

� Surface map (10 x 10) of each tablet taken each month

All sub points (100) co added

Month by month drug (polymorph) stability can be 
measured.

Polymorph Analysis / Product stability
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Stability / product lifetime

Concentration of n3596 Polymorph I I
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Raman as a Forensic / troubleshooting analysis tool

Narcotics and Narcotics and ““ Street drugsStreet drugs””
Amphetamine

Methamphetamine

Cocaine Heroin

Give superb quality spectra with no sample preparationGive superb quality spectra with no sample preparation
…….. Can be analysed in bottle or plastic bag to ensure sample int.. Can be analysed in bottle or plastic bag to ensure sample integrityegrity

Amphetamine
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Narcotic Point of Origin Screening…
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…Forensic Intelligence

Subtraction of Subtraction of excipientsexcipients
to identify active drugto identify active drug

Use of Use of ““ Scatter PlotsScatter Plots”” to group theto group the
seizures and hence determine the seizures and hence determine the 

point of origin of the tabletpoint of origin of the tablet
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Bombs / Explosive materials

3000 2500 2000 1500 1000 500 3000 2500 2000 1500 1000 500 

C4
(Plastic Explosive)
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Although none of these have ever been known to explode under RamAlthough none of these have ever been known to explode under Raman Laser an Laser 
they can of course be analysed in glass bottle or plastic bag  they can of course be analysed in glass bottle or plastic bag  
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Murder in Tokyo!

3000 2500 2000 1500 1000 500 3000 2500 2000 1500 1000 500 

Clinique

Kao

Shisei

…Murder Investigation

CosmeticsCosmetics

Suspect was linked to victim by cosmetic smear on collarSuspect was linked to victim by cosmetic smear on collar



Page 15

Forensic Field work 

� Like any equipment there is a balance 
between price and performance

� Counter terrorism results must be 
accurate.

� Portable yet High Performance 
instrument

� Simple to set up using Notebook PC

� Simple to use giving unambiguous 
results
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Field work …… NYC Department of Homeland Security

ReRe--installed in 10 minutesinstalled in 10 minutes

Quality and confidence in results equally as important than portQuality and confidence in results equally as important than portability.ability.
Portable laboratory will go to potential securityPortable laboratory will go to potential security--risk site.risk site.



Page 17

Sample mapping using the RamanStation 400

Sampling options: 
� 1. Single point, 
� 2. Super-Macro (large spot), 
� 3. Grid sampling, 
� 4. Line scan, 
� 5. Depth profile.

� � ���

Using the automated XYZ stage and the Spectrum Insight 
software it is easy to map or line scan a sample

Laser spot size = 100 micronsLaser spot size = 100 microns
XY stepping < 1micronXY stepping < 1micron
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Raman Mapping/Imaging – Case Study

Figure 2 Representative spectra from the Imodium® Advanced 
caplet chemical image, peaks marked were used to construct the 

image.

Figure 1 (a) Imodium® Advanced caplet and (b) chemical image 
of an Imodium® Advanced caplet.

CaPO4

Cellulose

Unknown

18x8mm area mapped at 0.1mm spacing 18x8mm area mapped at 0.1mm spacing 
100x200 full range spectra (down to 100cm100x200 full range spectra (down to 100cm--11))
2.5 hours2.5 hours

Distribution maps for individualDistribution maps for individual
or multiple components can be or multiple components can be 

displayed.displayed.
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Chemical Imaging

3000 2500 2000 1500 1000 500 3000 2500 2000 1500 1000 500 

Chemical Imaging Presenting the map data as a 
image where colour represents chemical 
composition 

Generate image using peak height,peak areas, 
band ratios or quantitative chemometric analysis.

Acetaminophen

Caffeine

Aspirin
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Raman mapping   ….. Possible sample types

Tablets        ….pharmaceutical, 
dishwasher, etc

Composites
Polymers
Printing
Paper
Biomaterials
etc
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Reaction Monitoring              ...Process Analytical Technology

“ ….Raman is the best analytical technique for Reaction Monitoring”

Initially, using GC for monitoring
by extracting test samples.
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Case Study 1 / Hydrogenation, 
Manufacturing scale-up

Cº C

C=C

Reaction Monitoring         …..PAT
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Cº C C=C

Hydrogenation

Animation of data – Automatic Spectral Subtraction of Solvent
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Starting Material Cº C
Intermediate C=C
Product C-C

Reaction Monitoring        
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Case Study 1 / Hydrogenation, 
Manufacturing scale-up
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Clinical diagnostics using SERS

� Companies such as Oxonica produce 
biomarker kits for SERS analysis.

� These kits are designed for qualitative 
and quantitative analyses in the areas of 
infectious disease, cardiac and cancer 
diagnostics to food testing for 
pathogens and animal healthcare.

SERSSERS--active samples introduced into well platesactive samples introduced into well plates
Automatic sample analyses using Insight softwareAutomatic sample analyses using Insight software
Automatic focusing on each sampleAutomatic focusing on each sample



Page 26

3000 2500 2000 1500 1000 500 3000 2500 2000 1500 1000 500 

Generate image using peak areas, or quantitative results from chemometric 
analysis.

Mapping

Aspirin

Caffeine

Maelic
Anhydride
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Next-generation clinical diagnostics using SERS
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Gold Sphere (Nanosphere)
Unique SERS Reporter (TAG)
Silica encapsulation
Biological recognition molecule

Receptor molecules
on surface of
well-plate
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Other applications:

� The measured parameters for a reformatted stream in 
petrochemical industry, sulfur control in diesel fuel; olefin 
monitoring, benzene, vapor/liquid ratio, distillation, octane 
control….

� Mineral identification, finger print of minerals.

� Art conservation, pigments, glass…

� Food technology, fat control on meats, 
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Clinical and Biomedical …….Raman of Cancerous Tissue

3000 2500 2000 1500 1000 500 3000 2500 2000 1500 1000 500 

Spectral differencesSpectral differences

Cancerous lung Cancerous lung 
tissuetissue

Healthy tissueHealthy tissue

Raman spectrum was taken of tissue whilst the patient wasRaman spectrum was taken of tissue whilst the patient was
still on the operating tablestill on the operating table
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Inks from a commercial brochure
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RamanStation 400

Based on innovative Echelle technology giving
� high quality, full range spectra
� quickly and with a minimum of user interaction
� With access to a wide range of sampling accessories

Application areas
� QC/QA
� Troubleshooting
� Counterfeit studies
� Polymorphic studies
� Kinetic and Process Monitoring
� Surface Enhanced Raman (SERS) ….. clinical diagnostics
� Microscopy and Imaging for solid state distribution studies
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End

� Thank you for your Attention
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Surface enhanced Raman spectra (785 nm) of two different black ballpoint inks.
Aqueous colloidal silver simply dropped onto the ink.
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Difficult Sample – Black Ink

Document forgery or alterationDocument forgery or alteration


