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What's on that hair? Identifying surface

contaminants using ATR-IR spectroscopy

Introduction

With the global hair care market projected to reach over 100 billion dollars by 2028, scientific
understanding of hair chemistry, care, and restoration is incredibly important to the bottom line of
many personal care product companies.’

The science is not new and infrared studies can be found in the literature at least as far back as the
1960s%3. This work was done by personal care product companies to understand and improve their
offerings. One area of research, still under scientific examination, is treatments to enhance hair by
repairing damage from the use of coloring and styling products.

As an example of the information that can be derived from infrared spectroscopy of hair, Figure 1
shows spectra of virgin hair at the bottom, heat-damaged hair in the middle, and bleached hair at the
top of the figure. There are obvious differences in the 1300 to 900 cm™ region of the spectrum. Heat
treatment can cause damage to hair, which can be assessed by changes in the spectrum between 1250
and 750 cm™'. The literature” attributes these features to heat altering the protein conformation to a -
sheet conformation.

The bleached hair shows even more striking changes from virgin hair with a significant band appearing
at 1040 cm™ and a change in the band envelope between 1300 and 1100 cm™. The literature® attributes
these changes to significant changes in the S-O vibration in keratin resulting from the oxidation of
cysteine by the bleach.

Even though there is a long history of work on this topic, that does not mean that additional analyses,
working to develop treatments for hair abuse, is problem free. As anyone who works in a laboratory
knows, sometimes the unexpected happens.
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Figure 1. Representative spectra of virgin hair (bottom), heat damaged hair (middle), and bleached hair at the
top, illustrating the changes in the infrared spectra due to these treatments.

The problem

For laboratory research, hair is available from specialized suppliers that provide to the beauty industry.
These samples are called tresses and are used to test hair treatments, colorants, and cleansers. Since
these materials arrive from a supplier, the samples used in any study should all start from a known state
and then the results of various treatments can be assessed.

That is the approach used by this particular laboratory. Research tresses were received, logged, and
then a technician was told to wash the tress samples before further treatment. The results from the
initial treatment experiments seemed to indicate that there was a problem with the samples and the
scientist began to investigate.

Hair is composed of keratin—a protein—and a significant body of literature exists on what to expect
from the infrared spectra. The analysis that was done used a simple single reflection attenuated total
reflection (ATR) accessory with a zinc selenide (ZnSe) element. After running the spectra, the analyst
noticed that the CH stretching region of the spectrum looked different in the laboratory tress samples
compared to an archived authentic sample of hair.

Since the ATR experiment is a surface technique and can be complicated by contamination on the ATR
element, the first thing that was done was to clean the ATR element thoroughly. The spectrum of the
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“as received” tress was run again, and in this case, the spectroscopist then ran a spectrum of the ATR
element with the tress removed but the ATR element not cleaned. This is an approach that can be used
when the analyst suspects that something is either on the surface of a sample or has been squeezed out
of the sample by pressure from the ATR clamp.

The resulting spectrum, in Figure 2 at the bottom, is as expected, very noisy, because of the small
amount of sample, but still provides a suitable spectrum to use in a search. The first step was to use
Processlt to smooth the spectrum to mitigate the noise. The original spectrum and the smoothed
version can be seen in Figure 2 with the original spectrum on the bottom and the smoothed version on
the top. The spectrum was smoothed to aid both in visual recognition and in the search results. Once
there was a usable spectrum, the next step was a search. Since the material was probably a mixture,
the Searchlt parameters were set to look for a 2-component mixture.

Very different materials might have similar infrared spectra, so the libraries® that were pertinent to the
problem, including contaminants, fats and waxes, and biochemicals, were used. Since the strong bands
in the CH stretching region might skew the search, the range of the search was limited to the fingerprint
region between 1950 and 725 cm™. The search results, shown in Figure 3 indicated a fatty acid ester
and interestingly calcium stearate.
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Figure 2. Residue from the ATR analysis of a treated problematic hair sample with the bottom spectrum showing
the small amount of residual on the ATR element and the top the same spectrum after smoothing.
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Figure 3. Search results of the unknown residual material on the ATR element (top blue) in only the fingerprint
region, indicated by the grayed-out regions on the edges, and the two components identified by the two-
component search. The green spectrum is a fatty acid ester and the red spectrum calcium stearate.

The calcium stearate seemed an odd identification but the correspondence to bands in the unknown
was unmistakable.

To confirm that the identification was sensible, the analyst took another tress sample, treated the same
way and conducted the same experiment. Clean the ATR element, run the spectrum of the treated
sample, then run the spectrum of the residual on the ATR element. Again the spectrum was noisy but in
this case the analyst did not smooth the spectrum before the search. The results from the search of this
sample indicated again calcium stearate, which was not complicated by the fatty acid ester signature, as
shown in Figure 4.
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Figure 4. The unknown spectrum from the second sample of residue from the hair tress (top blue) compared to
the library hit spectrum of calcium stearate (bottom red).
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So the presence of calcium stearate was unmistakable, but where did it come from?

Soap scum, a well-known problem to anyone who has to clean a bathtub or shower, is a mixture of
calcium and magnesium stearate. It forms from the reaction of calcium and magnesium cations with the
stearic acid anion present in soap to form a scum.

In this particular instance, the technician was using a true soap, not a detergent to wash the hair
tresses. And to compound the problem, they used tap water, not deionized water. So the combination
of the cations from the water and the anions from the soap, formed a calcium stearate scum on the
tress. When the experiment was repeated, washing the tress sample with a detergent in deionized
water, the contaminant disappeared.

Conclusions

Even in the best-run laboratory with procedures well documented, there can be errors. A simple
misunderstanding of instructions for treatment of the experimental tresses could have resulted in a
series of useless experiments. But the analyst, equipped with the knowledge of how to effectively use
ATR-FT-IR analysis and the KnowltAll software and libraries caught the issue before it became more
than just a small deviation in the research.
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