
Greetings from Madison, Wisconsin!!! After surviving the
snowiest month on record in December, we started 2009
in good spirits aiming to make this our best year yet!! Last
summer we moved to our new location and have added
six new employees–even more people to give you better
service. Many of us will be at the PIKE booth in Chicago.
We hope you will stop by to say “hi” and check out what’s
new. We are excited about our new products and have
more ideas in the pipeline to keep us busy for the rest of
the year!!

2009 is PIKE’s anniversary – 20 years in business. 
We are proud of the close relationships we have built with
our customers along the way. The current world economy
will bring new challenges for us all, but we are confident
that we will work together through this time.

We hope you enjoy this issue of Reflections. If you
have any suggestions for future articles that would be helpful
to you please let us know. Otherwise, SEE YOU IN CHICAGO!
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PITTCON 2009: New Products from PIKE 
By Jenni L. Briggs

We are on our way to Pittcon in Chicago this year with its
unpredictable March weather, but a vibrant atmosphere.
This is one of our largest events, a terrific gathering to
make new friends and catch up with old ones. As one of
PIKE’s newest team members–focusing on marketing and

applications support – I look forward to joining my
colleagues and many of you in one of my favorite cities. 

The GladiATR Vision will be introduced at the show.
With a single reflection diamond crystal, this ATR 
accessory couples infrared analysis with micro-viewing
capabilities using an integrated four-inch color LCD

screen. Finding and optimizing sample placement 
is fast and easy! Images, at 110X magnification,

remain true to color because of the clear
monolithic diamond crystal. The GladiATR

Vision also boasts the benefits of the proven
and popular GladiATR platform including
exceptional energy throughput, and all
reflective optics for far-IR spectroscopy
below 30 cm-1 for FTIRs equipped with
far-IR optics. We are excited to offer this

accessory for applications where sampling
area verification is required such as defect analysis or fine
fiber analysis. More information on this product may be
found on our website. 

We invite you to stop by our booth. The GladiATR
Vision, other new products, and a comprehensive collection
of our spectroscopy accessories will be on display. Plus, we
always welcome the opportunity to discuss your spectroscopy
sampling needs, challenges, and specialized applications.

PIKE’s new home at 6125 Cottonwood Drive, Madison, Wisconsin

Diamond crystal
plate of the GladiATR
Vision; IR beam and
visible illumination
meet at the sample
positionGladiATR

Vision™

Visit us at Booth 2517

Looking Forward By Irene Brierley



In forensic science, it is often necessary to determine whether
or not ink used within a document is the same. Adulteration
may be caused by adding extra writing thereby changing
the meaning of the wording or altering monetary value. 

Primary constituents within ink include a mixture of
dyes providing the coloring matter, and resinous material
serving to bind the ink to the paper. Ballpoint inks are not
based on an aqueous solvent but on quick-drying pastes
or gels; hence, they are only partly absorbed into the paper.
Therefore, the quantity of ink deposited on paper is far less
than its appearance suggests. Suitable analytical techniques
for investigating inks on paper consequently need to handle
very small amounts of ink material in addition to a great
deal of paper matrix.

FTIR spectroscopy is a powerful analysis technique 
for obtaining a chemical “fingerprint” of samples under
investigation. In combination with modern designed
attenuated total reflectance (ATR) accessories, the handling
of samples has become very quick and simple yet provides
reliable results. In the case of document analysis and many
other applications, it is highly desirable to have the evidence
or samples preserved by using a non-destructive technique
such as FTIR-ATR. 

In this work, the GladiATR Vision accessory was used
to analyze the infrared spectral characteristics of ballpoint
inks on white writing paper. This accessory was chosen due
to its magnified sample viewing capabilities.

Experimental Conditions
A writing sample from three ball point pens containing
black ink from different manufacturers were made on white
paper. Spectra were collected using an FTIR spectrometer
equipped with a DTGS detector, and the GladiATR Vision
sampling accessory with integrated video imaging capabilities.
This accessory features a monolithic diamond crystal, and
all reflective optics for a virtually unlimited spectral range.
The integrated miniaturized CCD camera, focused through
the bottom of the diamond crystal, offers video microscope
quality with a magnification of 110X. With the optional video
capture card, images may be electronically stored. A single
reflection diamond crystal serves as the sampling interface
with dimensions of 3 x 2 mm. 

For carrying out the experimental data collection, the
paper sample with or without ink markings was placed face
down onto the diamond. The integrated video imaging
allowed for verification of the desired sample area. The opted
wavenumber region was 4000 cm-1 to 400 cm-1 with a spectral
resolution of 4 cm-1. One minute background and data
collection times were used. Three replicate measurements
were made at different locations within the samples.

Results
A criterion for successful FTIR-ATR sampling is to apply 
sufficient pressure to obtain intimate contact between the
sample and the ATR crystal. In this study, flattening the
rough paper surface of the sampling area was successfully
accomplished using the GladiATR Vision high pressure clamp,
delivering up to 30,000 psi. Figure 1 shows the spectra of
pure paper at three different locations. Due to the size of
the sampling area, the spectra are very uniform even though
paper is to be known as a very heterogeneous material
made from pulped fibers, minerals such as kaolin, and
various binding agents, just to mention a few components.1

Specifically, cellulose and hemicellulose related bands are
located around 1000 cm-1, and OH vibrations with hydrogen
bonding is observed near 3300 cm-1.2

The GladiATR Vision is ideal for the analysis of ink
markings, because the sample area is easily determined
through the LCD viewer. Captured images of the sampling
area are shown in Figure 2a–c. The ink stroke width 
under evaluation was approximately 460 microns for ink
#1 and 2, and 560 microns for ink #3. 

Considering the primary spectral contributions from
ink occurred at wavenumbers less than 1800 cm-1, the 
subsequent analysis focuses on this region. Reproducibility
between repeat ink measurements similar to that observed
with paper was found. Therefore, the average of three spectra
for each ink sample and for the paper only is reported 
for visual clarity. No additional spectrum manipulation
was performed. 

As expected, all spectra from the ink samples show 
a strong influence from the paper matrix. However, when
comparing ink spectra with those from pure paper and
against each other, spectral differences for all ink sources
are observed Spectral regions attributed to ink include
1725, 1584, 1366, and 695 cm-1. Kher et al. suggest the band
around 1584 cm-1 is a result of carboxylate acid salts and
polymeric non-dye constituents such as resin within ink.3

No two inks evaluated in this work exhibited the same 
fingerprint as can be observed from the spectra presented in
Figure 2. Visually evident bands are presented here; further
differences could be extracted through the application 
of statistical analysis such as partial least squares or
discriminate analysis. 

Rapid Analysis of Inks on 
Paper by FTIR Spectroscopy
By Manfred Feustel, Ph.D., Resultec, Illerkirchberg, Germany 
and Jenni L. Briggs, Ph.D., PIKE Technologies, Madison, WI
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Figure 1: FTIR-ATR spectra for paper
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Conclusions
This study was conducted to illustrate a rapid and
convenient analysis for the comparison of different inks
on paper. The technique uses the GladiATR Vision ATR
accessory with integrated video microscope capabilities,
which fits into the compartment of most commercially
available FTIR instruments. The method is nondestructive,
and requires no sample preparation. Besides the study
of microscaled samples, the GladiATR Vision can analyze
standard samples such as liquids, powders, granules,
polymers, and other more compact solids without
changing any parameters. 
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Polarization is a valuable FTIR sampling enhancement 
that has been used to elucidate chemical information and 
properties not otherwise found when using non-polarized
light. Determining molecular orientation and investigating
chemical bonding of materials such as fibers, polymers,
and biopolymers are typical applications. Also, a polarizer
is imperative in evaluating monolayers and ultra-thin films
on various substrates or at interfaces.

As an example, FTIR spectra of a poly(ethylene
terephthalate) bottle were collected using PIKE’s variable
angle VeeMax™ II with ATR (60° ZnSe). Sample orientation
was held constant while polarization orientation was
changed. The VeeMax II offers additional benefits to such
measurements because the angle of incidence may be
adjusted, which was done here, and a wide selection of
interchangeable crystals and incident angles is available.
These create different depths of penetration into the
sample; therefore, chain orientation may be probed at
several depths by using the same accessory.

Spectral differences caused by chain orientation and
depth of penetration were observed (Figure 1). Table 1
summarizes absorbance ratio of the 1018 cm-1 band against
the non-dichroic band at 1410 cm-1 under TE (perpendicular)
and TM (parallel) polarization. The change in the absorbance
ratio as a function of effective penetration depth into the
sample and polarization alignment suggests structural
differences may be explored using the versatile VeeMAX II
with a polarizer.

Table 1: Absorbance Ratios
Angle of Effective Depth Absorbance Ratio

Incidence ( ° ) at 1018 cm-1 ( µ ) Polarization (1018 cm-1/1410 cm-1)

64 1.4 TE 2.55

64 1.4 TM 1.71

52 2.9 TE 3.95

52 2.9 TM 1.50

Benefits of Coupling
Polarization and ATR

Figure 2: Average spectrum of ink (in blue) and paper (in red) for 
(a) ink #1, (b) ink #2, and (c) ink #3; GladiATR Vision image inset

Figure 1: PET spectra; depth 1.4 µ, TM (blue); depth 1.4 µ, TE (red);
depth 2.9 µ, TM (black); depth 2.9 µ, TE (green)

(a)

(b)

(c)



$1,000 Question Winner
The number of responses to our contest was excellent, and there
were many correct answers to our $1,000 question.

At what termed angle of incidence does the p-polarized
reflectance of a material approach zero? 

After drawing from the correct replies, the winner is Dr. Paul
Flowers, Professor of Chemistry and Interim Dean, College of Arts 
& Sciences, University of North Carolina at Pembroke. Dr. Flowers’
correct answer is Brewster’s angle. In depth information about this
phenomenon is available in many publications including one of
our favorites, Handbook of Vibrational Spectroscopy, John Wiley 
& Sons, editors J. M. Chalmers and P. R. Griffiths.

You could be the next winner of a $1,000 accessory discount!
Submit your answer to this newsletter’s question through our
homepage, www.piketech.com. In the event of more than one 
correct answer, we will do a drawing to determine the winner.
Entries must be received by June 30th, 2009.

This Newsletter’s Question

Enhance FTIR Sampling Versatility By Krista Garcia

6125 Cottonwood Drive
Madison, Wisconsin 53719

Introduce a new level of FTIR sampling flexibility into
your lab with the VeeMAX II. The variable angle settings
of this accessory allow for the accommodation of a wide
range of samples from monolayers to thick coatings. It is
also ideal for probing the chemical nature at various depths
within a sample by easily changing the angle of incidence.

We offer the VeeMAX II in two configurations, specular
reflectance or ATR. However, simply removing the ATR
crystal transforms the VeeMAX II into a specular reflectance
accessory – in essence, the VeeMAX II with ATR is like
having two accessories within one platform. The addition
of a polarizer further maximizes the versatility of the
VeeMAX II. Polymer orientation may be determined through
polarization. Plus, a polarizer is a must for monolayer and
ultra-thin film studies. 

We would like to extend to you a limited-time,
special offer! Receive a ZnSe manual polarizer FREE –
a value of $2,250–with the purchase of the VeeMAX II 
at list price. For additional functionality, our
polarizer is compatible with several of our
accessories and may be used in
transmission measurements as well.

Please contact me by email, 
garcia@piketech.com, or by phone,
(608) 274-2721, to take advantage of
this special offer or to learn more
about VeeMAX II applications. Thank
you and I look forward to hearing
from you soon! 

What element in molecular structure 

helps contribute to our genetic code and 

in crystalline bonded structure becomes 

a material with Knoop hardness 

exceeding 8000?
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