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Why you need an FT-IR and libraries in your laboratory

Introduction

Every functioning analytical laboratory has been faced with a “What is that stuff?” question. It might be
a situation where a label fell off a container. Maybe a vial with a sample number in a cupboard was
pushed to a corner and now no one can find the notebook with the sample number to identify it. Or it
is a white powder found in a place where it shouldn't be.

Another variation on this theme is questioning if the material is what they say it is. Here it could be an
incoming raw material that visually is not the same as expected. But the certificate of analysis from the
vendor says it is what it should be.

Or it could be an equipment failure. Maybe the wrong lubricant was used. Or worse, maybe there was
some sort of interaction where the correct material was somehow degraded or contaminated.

In every one of these cases, someone, be it a manager, safety officer, or line operator wants an answer
fast. Very fast. And of course, they don’t want to spend time or money getting that answer.

There are a number of analysis techniques that could be used for identification. Mass spectrometry (MS)
might be one of the tools someone thinks of. Nuclear magnetic resonance (NMR) might be another. But
both of these methods are not amenable to every sample type, and analysis can take a few hours.

The “speed demon” in any analytical laboratory is Fourier Transform Infrared Spectroscopy (FT-IR). This
technique is fast, can be set up to analyze solids, liquids, or gases, and thanks to its long history as a
workhorse in industrial laboratories, libraries of commercially relevant samples are easily available.

Here we will look at a few examples where an FT-IR spectrum, coupled to a targeted spectral search,
easily identified a problem encountered in an industrial lab.

The rogue material in a clean environment

High performance optics are processed in a clean room to assure that no contamination ruins the
optical performance. In an examination of a component during the manufacturing process, a small red
fiber was identified on the sample. Since this was a clean room environment, the identity and source of
the fiber had to be determined.
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The sample was retrieved and placed on a metal substrate. Since it was an individual fiber, the sample
was examined using an infrared microscope with a germanium ATR element. The resulting spectrum
was searched using KnowltAll.

Since this sample was obviously a fiber of some sort, not all of the infrared libraries were used. The
infrared libraries chosen all had the potential to contain fibers. Libraries encompassing things like
minerals and inorganics, pharmaceuticals, and pure organic compounds were not included in the
search. Even though the searches are fast, the more targeted the search libraries, the faster and better
the results.

Figure 1 shows the search results from this effort. The spectrum of the small red fiber is shown at the
top, and the two best hits, both marked as cotton fibers are below.

A skilled analyst might be able to identify the sample as a cellulosic fiber, but as Figure 2 shows, other
cellulosic materials such as paper, wood, and rayon do not show the same pattern in the C-O region of
the spectrum. So, the search is valuable in that it can narrow down the cellulosic material to cotton,
possibly from a piece of clothing.

The overall analysis, from the sample retrieval to the end result, took about a half hour and most of the
time was spent on getting the fiber off the surface and onto the infrared microscope.
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Figure 1. Search results from the spectrum of the small red fiber shown in the top spectrum and a comparison to
the two best hits indicating cotton as the composition of the offending fiber.
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Figure 2. Comparison of a number of cellulosic materials to show that the patterns in the C-O region of the
spectrum between 900 and 1250 cm! are different and therefore useful in identifying the material.

The white powder
Fast identification of materials is one of the strengths of FT-IR coupled with appropriate libraries.

In a quality control environment, assuring that the material is what it should be is incredibly important.
And physically caffeine, citric acid, sucrose, and fructose are all white crystalline materials. Quickly
confirming the identities of the materials is critical.

In this experiment, the analyst was faced with a collection of white crystalline food-grade powders. Each
spectrum was run on a single bounce attenuated total reflectance (ATR) accessory with 16 scans at

4 cm resolutions. That translates to less than one minute to collect the data for each spectrum. And
since these were food- or pharmaceutical-grade powders, the appropriate libraries were selected from
the entire database.

The results shown in Figure 3 are all individual searches. But suppose the analyst was faced with a mixed
powder. In the past, the analyst would need to run the search, find the best hit, and subtract the best hit
from the unknown. Then with the difference spectrum the analyst would do another search and find the
best hit.

This process was labor intensive and the analyst needed to recognize subtraction artifacts as well as
when the subtraction results are simply noise. In KnowltAll, the user can specify that the unknown
spectrum is a mixture and the suspected number of components. In Figure 4, we can see the results for
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Figure 3. Search results from the ATR spectra of four white powder materials. In each case the library hit, shown

in red, is a match to the sample

a mixture search of a three-component mixture. The residual spectrum (not shown) is almost a straight
line, indicating that the mixture was either truly a three-component mixture or that any components still
present are below the detection limit for the FT-IR technique, which is typically quoted as 1% by weight

in a mixture.
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Figure 4. Search results using the mixture feature of KnowltAll indicating that the white powder

mixture contained sucrose, citric acid, and caffeine.
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It is important to note that there is a selection of search algorithms available in KnowlItAll and choosing
the correct algorithm produces the best results. The correlation algorithm is the best general-purpose
algorithm followed by Euclidean distance. Both of these algorithms can deal with experimental noise
and takes into consideration both band shape and height. But for a mixture, as we had in the current
example, where most of the features were relatively sharp, the correlation algorithm is not the best
choice. The first derivative Euclidean distance is a much better choice here because, as stated in the
KnowltAll documentation, it weights sharp features more than broad features delivering a good search
result for this crystalline mixture.

Since we are discussing white powders, another useful feature of using KnowltAll is to verify the identity
of a compound. In this feature, built into the software, many of the search parameters that an analyst
needs are automated. For an experimental spectrum the software calculated the signal-to-noise ratio to
determine that the spectrum was not showing excessive noise, checked for contaminants against the
internal contaminant database, and optimized the corrections, such as baseline correction. Since we
knew that the sample was a pure compound, only pure compounds were used, and in a few seconds a
report, comparing our fructose sample to the library entry of D-Fructose, was produced. Ignoring the
small carbon dioxide band in the sample, the two spectra show an excellent correlation with the hit
quality index of 95 on a scale of 1 to 100. (See Figure 5.)

In all these examples, we collected the spectrum in less than a minute, and the data analysis using the
features of KnowltAll produced an answer in about ten minutes from start to finish. Certainly, much
faster than any of the competing techniques.
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Figure 5. Results from ID Expert in KnowltAll confirming that the material is fructose.
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The grease problem

Another common problem that showcases the power of FT-IR and spectral libraries is the product
failure problem. In these problems, typically a piece of equipment or a process fails, and the laboratory
is asked to diagnose the cause. And again, speed is of the essence because the company is losing
money.

In many cases this problem is outside the core experience of the laboratory, so having comprehensive
libraries is key.

In the first example, there was a failure in a vacuum pump, and it was shipped back to the manufacturer.
After disassembling the pump, lubricant samples were taken from an area termed the burnt side and
from an area marked the clean side. Those samples, plus a sample of the lubricant that should have
been used in the pump, were supplied to the laboratory.

The simplest method of analysis was to use a diamond ATR and all three samples were examined.
Figure 6 shows the three spectra. The stack of these three spectra shows that the virgin grease (bottom
spectrum) is very similar to the clean grease (middle) but the clean grease does have an additional
feature at 1420 cm™. In the burned grease, (top spectrum) the 1420 cm feature is much stronger.
Other features in the spectrum are so strong that they seem to swamp the silicone grease spectrum. So
as the spectra show, the burnt grease is a very different material from the lubricant that should have
been used.
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Figure 6. A comparison of the “burnt” failure (top) to the “clean” material (center) and the known silicone
(bottom) used in the equipment.
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Figure 7. Search results from the burnt failure indicating that the material is a commercial polysulfide-
based rubber material.

This spectrum of the burnt side was searched, and the results, shown in Figure 7, indicate that the
material is a polysulfide-based rubber sealant. The conclusion was that a seal in this piece of equipment
had degraded. In this particular case, where the features in the unknown spectrum were not sharp, the
default correlation algorithm yielded the best results.

When you need a little help

Finally having libraries can provide the help you need when faced with a spectrum that has a feature
you realize is unusual. You have seen it before, but you can’t remember what it is.

A library search can help here too. Searches do not have to be done on the entire spectrum, and
sometimes it is better to search on only one portion of the spectrum.

The spectrum that results from the ATR experiment (Figure 8) is most certainly high-density
polyethylene. The simplicity of the spectrum, shape of the CH stretches, and the splitting in both the
CH, deformation modes around 1420 cm™, as well as the CH: rocking mode at 720 cm™ all point to a
high-density polyethylene. But there is something else in the sample. The characteristic feature that is
bothering you is the band envelope between 3600 and 3750 cm™. It is something you have seen before
but can't place.
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Figure 8. ATR spectrum of high-density polyethylene with an additional material.

Here, the search only focuses on that region of the spectrum where the unusual feature is present.
Using the “include range” bar on the query spectrum and only including that range, you can search to
answer the question. In Figure 9, we see that the only area of the spectrum used in the search was the
3600 to 3750 cm™ region. And the results from the search, in the selected area is a match to kaolin. But
this also provides us with additional information showing that the band envelope between 850 and
1150 cm™ is also indicative of the kaolin (China clay) filler. The major reason for a strategy like this is
that polyethylene is a ubiquitous material and many manufacturers produce the polymer. In the
KnowltAll libraries there are many different polyethylene materials, and a simple search turns up only
polyethylenes, not any containing the additional features regardless of the search algorithm used.

It is useful to note that using a search that is designed for two components, the polyethylene and the
kaolin are identified.
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Figure 9. Band targeted search to identify the filler material
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Conclusion

In every one of the examples, the FT-IR instrument and comprehensive KnowltAll libraries solved the
problem in a very short time. Each of these analyses took under an hour and in many instances, like the
red fiber or the burned grease, acquiring the sample took more time than the analysis.

So, in the future when faced with a “What the heck is that stuff” problem and a supervisor or manager is
demanding the answer yesterday, start with the FT-IR and the comprehensive KnowltAll software to get
your answer fast.
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