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Polarizers are used in many optical
measurements, such as spectral measurement
of thin layer species. They are devices that split
unpolarized light into two orthogonal components;
one of the linearly polarized components is
transmitted, the other is  reflected, redirected or
absorbed. The most important features of a good
polarizer are brightness, contrast and durability.
Brightness and contrast can be described by
two main  parameters; K1 and K2.

In the different wavelength regions, polarizers
are also available that utilize a thin polymer film or
thin optical glass containing oriented silver
particles.   For long wave spectroscopy, such as
far-infrared and mm-wave, polarizers with free
standing wound wire grid could be used. Wire
grids are very efficient polarizers with better than
99.9% polarization and high transmission
efficiency.

Infrared Polarizers

K
1

= Transmission efficiency for normally
incident polarized light whose
electric field vector is
perpendicular to the wire direction.

K
2

= Transmission efficiency for normally
incident polarized light whose
electric field vector is parallel to
the wire direction.

For a ‘perfect polarizer’ K1 = 1,  which means full
transmission of polarized light whose electric field
vector is in the preferred direction and K2 = 0,
which means complete blockage of a beam of
polarized light whose electric vector is
perpendicular to the former. Other measures of
performance deduced from K1 

and K2 
are

Degree of polarization =

Extinction Ratio =

Principal transmittance ratio or contrast =

Polarized light can be created by bulk optical
materials that have different optical
characteristics for the polarized components of
light. Another way of selecting one polarization
is to place a succession of plates made of high
index of refractance materials at the so called
Brewster angle. In the sample compartment of
FT-IR spectrometers there is usually less space
to accommodate Glan-Taylor, Glan-Thompson
prisms or Brewster angle polarizers.

Holography is another method used to form the
fine metallic wire pattern. Two coherent laser
beams are directed onto the surface of the optical
element which is coated with a very thin layer of
photoresist. The interference pattern formed at
the intersection of the two beams is allowed to
expose the photoresist. The lines in between the
exposed phototresist are removed and then
coated in a vacuum chamber similar to the ruled
grating type. The advantage of holographic
polarizers is that a wider variety of materials can
be used  such as the much softer KRS-5. As
mentioned earlier, the efficiency of the polarizer
depends on the grid spacing formed among the
wires. Holographic techniques allow more
uniform grid patterns because the spacing is
produced optically. Light scatter  due to
imperfections of ruled grooves are also reduced.
If the grid spacing is smaller, the polarizer is more
efficient. The spacing errors have also much
less effect on the efficiency if the grid is much
smaller than the wavelength.In the mid-infrared range the most commonly used

polarizers are ruled or holographic. The
polarization effect comes from the same principle
as  the free standing wire grid, except the fine
wires are formed on the surface of an infrared
transmitting optical window material. Polarization
efficiency depends on smaller grid spacing than
the wavelength and on the conductivity of the
wires.
In a nutshell, the manufacture of these polarizers
is done as follows: In the case of the ruled
polarizer, the surface of the optical element is
ruled by a diamond needle to form very fine parallel
lines, such as 1200 lines/mm, on the surface. The
optical element is then placed in a vacuum chamber
and this pattern is partially coated with aluminum
or other evaporated metallic layer.
The elements are held at an angle relative to the
source so only thin lines of metal are deposited
where the ruled groove pattern is not shaded
from the source.   The spacing between the
evaporated thin lines has to be very small, typically
a fraction of the wavelength. Ruled polarizers
have good performance and are durable at high
laser powers, but can only be made on hard,
non-granular materials, such as ZnSe, that can
be ruled.
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Figure 1

KRS-5 holographic polarizer (a)

KRS-5 holographic polarizer (b)
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The trade-off with tighter grid is of course the
reduction of the optical throughput. These
parameters are carefully optimized in the design
of the polarizer elements and the right polarizer
can be selected for specific experimental
conditions.

The optical material substrate used to create the
polarizers determines the wavelength range the
polarizer can be used.  Fig 1 shows the K1 values
of four selected polarizers. K1 is the ratio of a
parallel adjusted polarizer vs. the polarized light
level produced by one polarizer.  The cutoff
frequency of polarizers constructed is
determined by the optical substrate material ZnSe,
KRS-5 and CaF2. The maximum transmitted light
is affected by the transmission of the materials
and the scattering of the ruled and evaporated
surfaces. The Fresnel losses are determined by
the refractive index  and the performance of the
anti-reflection coating on the element.

K1/2K2

(K1-K2)
(K1+K2)

K1/K2

Comparison of K1 (throughput) of selected polarizers
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Edible Fats and Oils and Alcoholic
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Labeling Regulations1
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The McGill IR Group was established in 1990
within the Department of Food Science and
Agricultural Chemistry of McGill University to
investigate potential applications of FTIR
spectroscopy in food analysis. Our research
program has been directed toward meeting the
demand within the food industry for rapid and
environmentally friendly analytical methods for
quality control and process monitoring.

 In recent years, we have also been involved in
the development of FTIR methods that can assist
the food industry in complying with food labeling
regulations. Two examples of applications falling
within this category—the determination of the
trans content of edible fats and oils and the
analysis of alcoholic beverages—are described
in this article. Both of these analyses employ SB-
ATR sample-handling accessories and serve to
illustrate the utility of the SB-ATR technique in the
FTIR analysis of beverages and liquid or semi-
liquid food products.

Determination of trans Content of Edible
Fats and Oils

Naturally occurring double bonds in fats and oils of
plant origin generally have the cis configuration.
However, extensive cis → trans isomerization may
occur during industrial processing, and the levels of
trans isomers in processed fats and oils can be as
high as 40%. In recent years, trans fat in the diet
has increasingly become of nutritional concern,
particularly as a possible risk factor in cardiovascular
disease [1]. In response to this concern, the U.S.
FDA submitted a proposal in late 1999 to include
trans fat on food nutrition labels (Figure 1). Although
this proposal has not yet been adopted, it has
stimulated interest in the development of accurate
and rapid analytical methods for the determination
of the trans content of edible fats and oils.
Infrared spectroscopy has been widely employed
for more than 50 years in the fats and oils industry
as a routine method for the determination of the
trans content of processed fats and oils. Traditional
IR trans analysis is based on measurement of the
intensity of the characteristic absorption of isolated
(i.e., nonconjugated) trans bonds at 967 cm-1 (Figure
2), assigned to a C—H out-of-plane deformation
mode.

(Continued on page 4)

Last PIKE Newsletter !!!

NOT REALLY! The next issue (Spring 2003)
will be the last mass-mailed copy.  Starting with
the next issue, all copies will be available in
PDF format on  our website. In addition, anyone
who would like to continue receiving the printed
version can do so by calling, faxing, emailing or
mailing us their request. Our goal is to put less
time and effort into the delivery of the newsletter
and more time into the content.

The letters in the Blanks “_” form the
missing word in the sentence.  The
following are scrambled versions of
common FTIR terms.

PPTSREY_SOCO
ETPRS_C
AECFERTNE_C
GERIRTRN_AFEO
CATM_NENSTRTA
MRW_VBAEUN
_IDENRAF

IT IS NOT A _ _ _ _ _ _ _ THAT PIKE SHIPS
ALL ORDERS ON TIME, EVERYTIME.

Words
S R

BAC M E DL

After a few years of staying put in
Madison, Melissa is ready to hit the
road again!  She’ll be at EAS, so
make a point to stop by the booth
(Booth #130) and say hello!  Not
only will you have the opportunity
to congratulate Melissa on her
escape from Wisconsin to the
beautiful Garden State of New
Jersey, there is a special
promotional opportunity waiting
for you as well!  Melissa is offering
a whopping 40% discount on PIKE
MIRacles to all visitors stopping in
at  the Pike booth.  Now you have
two more great reasons to attend
EAS besides taking advantage of
everything else this show has to
offer, including technical papers
and your choice of great seminars.

See you there!

Melissa

Melissa’s Back  ! However, the accuracy of this measurement is
limited by the proximity of this band to intense oil
absorption bands above 1000 cm-1 that distort the
spectral baseline. Furthermore, the measurement
of this band is subject to interference from
underlying weak absorptions of triacylglycerols,
which are the predominant species making up all
fats and oils. This interference is eliminated by
converting the triacylglycerols to fatty acid methyl
esters. In addition to this sample preparation step,
the traditional IR method requires the quantitative
dissolution of the sample in CS2, a noxious and
volatile solvent, to allow it to be injected into a
fixed-pathlength transmission cell.
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With this information, we are able to estimate the
total time savings for running 60 samples with
PIKE automation.  Although no sample preparation
time is saved, using the AutoDiff does mean the
lab technician is no longer required to sit by the
instrument during the data collection time, saving
60 minutes.  In addition, the time to replace the old
sample with the new sample and re-start the
instrument data collection has been reported to
save an addition 30 minutes over the coarse of
running 60 samples.  So, that’s a total of 90 minutes
saved, or $75 per AutoDiff sample tray run (some
customers reported over 300 minutes saved).
So, with the upfront cost difference between
manual and automated diffuse reflectance
accessories being $10,850, the AutoDiff has paid
for itself after 145 fully loaded sample runs.

Of course, the payback in total calendar time will
vary depending on the workload of your lab.  As
a simple example, if your lab runs an average of
60 samples per day, the investment in the added
expense of the AutoDiff would be in 145 working
days, or just under 7 months.

Using this example, we calculated the Internal
Rate of Return (IRR) and the Net Present Value
(NPV) for the incremental cost of adding
automation.  The IRR is the interest rate received
for an investment.  The NPV caculates the net
present value of an investment by using a
discount rate over a period of time (5 years in
this case).  The results are as follows:

Internal Rate of Return = 140%
Net Present Value = $124,824

(See spreadsheet for details)

In several past issues of PIKE Reflections, we
have presented technical information on the
performance of various FTIR accessories utilizing
sample automation.  We thought it would be fun to
switch gears this time and look at PIKE automation
from a financial return on investment perspective.
PIKE Technologies is a market leader in the area
of automating FTIR Spectroscopy applications,
with products such as our Map300™, MappIR™,
XY Autosampler, AutoDiff™, DiskPRO™,and
RotatIR™ as well as motorized options for our
VeeMax™, polarizers, and transmission sample
wheels.  Sometimes we get so wrapped up in the
nifty technology, we forget to mention our main
goals in providing the automation in the first
place………increasing your quality/productivity
and SAVING YOU MONEY!

FTIR Sampling Automation
can deliver a big ROI

Automation can be expensive but, as many of
our customers have told us, the payback can be
very fast.  Before crunching the numbers on our
ROI calculations, we spoke with several of our
experienced customers currently using PIKE
automation to find out what kind of results they
have achieved.  Then we chose from this
information the most conservative results to
include in our ROI calculations.  In some cases,
the estimated time savings was 4-5 times greater
than the example we used.  For this example, we
chose the PIKE AutoDiff™ Diffuse Reflectance
Accessory compared to the PIKE DiffusIR™, in
which samples are loaded individually.  We hope
you find it useful in deciding whether automation
may be helpful for you.

The following data and assumptions were used
for the ROI calculation:

DiffusIR Diffuse Reflectance Accessory US List Price: $4,100
AutoDiff Automated Diffuse Reflectance US List Price: $14,950
Upfront cost difference between AutoDiff and DiffusIR: $10,850
Burdened Cost of Analytical Chemist Lab Technician: $50/hour
Average time to replace old with new sample
 and re-start data collection: 30 seconds
Average data collection time for
running typical diffuse reflectance sample: 1 minute
Number of sample cups on the AutoDiff sample wheel: 60
Sample preparation time for DiffusIR and AutoDiff are equal
Minimum Useful lifetime of product: 5 years
Annual maintenance costs: $1000
Initial Training and Installation costs: $2000
Average number of working days in a year: 250
Discount rate: 10%

Polarizer Special

For a limited time PIKE is dropping the price of our
polarizers.  We are also expanding both our
automated and manual product lines.

Additional Expense $10,850 $1,000 $1,040 $1,082 $1,125 $1,170

Training Investment $2,000 $0 $0 $0 $0 $0

Labor Cost Savings $0 $18,750 $19,500 $20,280 $21,091 $21,935

Net Cash Flow ($12,850) $17,750 $18,460 $19,198 $19,966 $20,765

Cumulative Cash Flow  (12,850)  4,900  23,360  42,558  62,525  83,290

IRR 140.0%
Discount Rate, % 10%

NPV $124,824

ROI Spreadsheet

In addition to the time savings in this illustration,
many customers have also told us that using
automation has improved the quality of their work
as well.  In many cases, errors in the experimental
set-up occurred much less frequently when
automation of the sample handling was used as
compared to running the samples individually.  This
results in much less time having to re-run samples
and making the ROI for automation even higher.

Automation is not right for everyone, but as soon
as your daily sample load gets into double digits,
it’s something to consider.  In addition to diffuse
reflectance, PIKE can provide automation for
experiments using specular reflectance and
transmission.  We also provide custom designs
to fit your specific sampling needs, so if you have
any questions, do not hesitate to give us a call.

Manual Polarizers
090-1000 ZnSe $1950.00
090-1100 KRS-5 (a type) $2850.00
090-1200 KRS-5 (b type) $3200.00
090-1300 CaF2 $2850.00
090-1400 BaF2 $3250.00
090-1500 Ge $3500.00
090-1600 Polyethylene $2400.00
090-1700 Polyester $2400.00

Automated Polarizers
(includes: Controller, AutoPro Software and Motorized Polarizer)
090-2000 ZnSe $4950.00
090-2100 KRS-5 (a type) $5850.00
090-2200 KRS-5 (b type) $6200.00
090-2300 CaF2 $5850.00
090-2400 BaF2 $6250.00
090-2500 Ge $6500.00
090-2600 Polyethylene $5400.00
090-2700 Polyester $5400.00
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Pittcon Paper (continued)

Recently, researchers at the U.S. FDA developed a
new FTIR method to address the need for a rapid
and convenient means of measuring the trans
content of fats, oils, and fat-containing foods [2].
Following an international collaborative study [3],
in which we participated, this method was adopted
as an official method by the American Oil Chemists’
Society (AOCS) in 1999 and by the Association of
Official Analytical Chemists (AOAC) in 2000.
The cornerstones of the method are (i) the use of
the SB-ATR sample-handling technique to allow
samples to be analyzed in their neat form (i.e.,
without the use of a solvent) and (ii) removal of
spectral interferences by ratioing the spectrum of
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The second installment of the McGill
Paper will be in the spring issue.

Section two includes:
 Determination of Alcohol Content
of Distilled Liquors and Wines

Figure 1

Thus, it may be anticipated that it will find
extensive use in the food industry if and when the
proposed amendments to nutrition labeling
requirements with respect to trans fat are adopted.
We have also demonstrated the extension of this
FTIR/SB-ATR analytical methodology to the
determination of quality parameters of fats and
oils [5], and this in turn should provide an impetus
for the wider application of FTIR/SB-ATR analysis
in the fats and oils sector.

the sample against that of an appropriate trans-free
reference oil having a fatty acid composition similar
to that of the sample [4]. The determination of
trans content is based on the area of the 967 cm-1

peak, which can be measured accurately owing to
the straightening of the baseline and the elimination
of underlying triacylglycerol absorptions by the
ratioing procedure. The lower limit of quantitation
established in the collaborative study was 5% trans
[3]. For the analysis of fats, the SB-ATR crystal
must be heated to 65 ± 2oC to ensure that samples
are fully melted, and thus the excellent temperature
control that can be achieved owing to the small
surface area of the crystal is a key advantage of this
sample-handling technique. Furthermore, less than
50 µL of sample is required, making the method
suitable for the analysis of small amounts of fat
extracted from low-fat foods. The method is simple
and convenient, requiring no sample preparation,
and the total analysis time is on the order of 2-3
min/sample.


