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Does sample preparation impact search results?

Introduction

There are a number of different ways to prepare a sample for analysis by Fourier transform infrared
spectroscopy (FTIR). When someone is not conversant with FTIR, they can believe that no matter how
they prepare the sample they will get a good, searchable spectrum. But is this really true? To investigate
this, we are going to show different sample preparation approaches and what happens with the search
results.

Sample preparation

In general, sample preparation to get a spectrum of a material, can be broken down into two
categories, transmission sampling and reflection sampling. Within the two categories, there are a
number of options.

Transmission

The simplest transmission configuration is to have the sample contained between 2 parallel plates of an
infrared transmissive material. This could be a capillary film between two infrared windows, a liquid cell
with a known pathlength, a self-supporting film, or a film cast onto an infrared transmissive window. It
could also be a sample in an alkali halide disk (a pellet) or a mull, where the solid sample is suspended
in a neutral material (usually Nujol a highly refined mineral oil) and then smeared on an alkali halide
window. Or it could be a sample in a diamond compression cell where pressure is applied to flatten the
sample to a pathlength short enough to provide a good infrared spectrum. All these sampling
configurations have been described by Chalmers and Griffiths'.

All these preparation techniques require practice to achieve a usable spectrum that represents the
sample. In Figure 1, we show two spectra of calcium carbonate prepared as a pellet. The top spectrum,
shown in blue, is a very poorly prepared pellet of the calcium carbonate. It was searched against all the
appropriate libraries with no spectral corrections or manipulations.
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Figure 1. Two spectra of calcium carbonate prepared as pellets. The bottom pellet was prepared properly while
the top pellet had a number of artifacts due to preparation in the sample.

The first three hits (Figure 2) all indicated inorganic oxides, probably skewed by the distortions in the
2000 to 1000 cm™ region. All of the hits were as off base with the closest being Women’s ONE A DAY
multivitamin which does contain calcium carbonate.

Name Value
Name Copper(l) oxide
CAS Registry Number 1317-391
Catalog Number 208825
Exact Mass 141854117 u
- "Calcium carbonate, KI_Sr disc-le.%" Formula w0
- WSAAX #3804; Palladium(ll) oxide (...
- WSAAX #3779; Cobalt(ll,I1l) oxide (... jnchs CiSiT-HEEE
- WSAAX #3928; Copper(l) oxide (CO InChiKey BERDEBHAINAUOM-UHFFFAOYSA-N
Molecular Weight 143.091 g/mol
Purity powder, <5 mum, 97%
Source of Sample Sigma-Aldrich
Synonyms Cuprous oxide
Wiley ID SIAL_ATR-IR 010618
Name Palladium(ll) oxide
CAS Registry Number 1314-08-5
Catalog Number 203971
Exact Mass. 121.898398 u
Formula OoPd
InChi InChl=1S/0.Pd
InChiKey HBEQXAKISGXAIQ-UHFFFAOYSA-N
Molecular Weight 122.419 g/mol
Purity 99.995% trace metals basis
Source of Sample Aldrich
Wiley 1D SIAL ATR-IR 010441
T T T T T T T
4000 3500 3000 2500 2000 1500 1000 Name Cobalt(1 1) oxide
CAS Registry Number 1308-06-1
Catalog Number 203114
Exact Mass 240.779260 u
Formula €030,
InChl InChl=15/3Co.40
InChiKey LBFUKZWYPLNNIC-UHFFFAOYSA-N
Molecular Weight 240.797 g/mol
Purity Non-stoichiometric compound., 99.095% trace
metals basis
Source of Sample Aldrich
Wiley ID SIAL_ATR-IR 010409

Figure 2. Search results from the poorly prepared pellet shown in Figure 1. The results are all skewed to
identification as an oxide due to the poor preparation
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— "Calcium Carbonate, Sigma-Aldrich, ...
— HUX #4373; Ducal 5 (Corrected)

— CCX #128; ALBAGLOS (Corrected)

= JX #260; ALLIED WHITING (Correct...
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Figure 3. Search results from the properly prepared pellet of calcium carbonate, showing that even though some
of the identifications have the commercial name of the material, they are all calcium carbonates.

The bottom spectrum, shown in red, when searched as we did above, shows the first ten hits as calcium
carbonate (Figure 3) and the rest of the hits (up to 50) are either calcium carbonate, some other alkali
cation or a material heavily filled with calcium carbonate. It is interesting to observe that all but one of
the entries in the infrared libraries that are identified as calcium carbonate have been run as a pellet.
The exception is a Nujol mull preparation, which of course showed the contribution from Nujol.

Reflection

In the reflection configuration there are two major approaches to sampling. The first and most widely
used is Attenuated Total Reflection (ATR). This technique is one of the most widely used infrared
sampling techniques. It has been described and discussed by a number of authors, explaining the
theory and the appropriate applications.?™. In addition to the ATR technique, three other reflection
techniques are possible; reflection absorption®, external reflection” and diffuse reflection®. Although the
external reflection experiment provides a spectrum impacted by anomalous dispersion’, a user might
assume all the other methods of sample preparation and presentation to the spectrometer should yield
similar spectra. But do they? And how does that impact the results on a spectral search?

Spectroscopic Analysis

Simple samples are the best way to illustrate how sample preparation and handling impacts the spectra.
The two samples that we will concentrate on are corn starch and sucrose.

In chapter 3, Larkin® shows how different sample preparation impact the spectrum of potato starch.
Corn starch has many similarities to potato starch and is found in many applications from food, to hair
care to industrial uses such as an adhesive base, or to provide non-stick properties. Since it has such a
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wide application, the Wiley KnowlItAll libraries™ have many entries, mostly under commercial trade
names and in many cases collected using different sample preparations.

Figure 4 show the spectra that result from collecting data using ATR, both on diamond and zinc
selenide, KBr pellet, and Nujol mull. In these spectra there is no ATR correction applied to the ATR
spectra so the OH appears weaker than in the KBr pellet.
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Figure 4. Four spectra of corn starch using different sample preparation techniques. The top yellow spectrum is
ATR with a ZnSe element and the second spectrum green is ATR using a diamond ATR element. The third
spectrum is from a KBr pellet and the bottom one from a Nujol mull. Although it was the same material, these
indicate that the sample preparation can impact the spectra obtained.

Although these spectra are all photometrically accurate, they may not look like the same material. Let's
look at the ATR spectra first.

In Figure 5 we have the search results for the corn starch sample by ATR using a ZnSe ATR element and
a diamond ATR element. In both cases the default search parameters included ATR correction and the
searches identified starch with very high HQI's. But it is interesting to note that the hits were all starch
collected by ATR, some using a diamond and some unspecified but most likely ZnSe.
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- Corn Starch ATR ZnSe Quest (Corr...
- WSAAX #2785; Starch, soluble (Cor — Corn Starch ATR Golden Gate (Cor...
— DWX #734; Starch (Corrected) — DWX #734; Starch (Corrected)

— DW2X #1298; Amylopectin (potato) ...
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Figure 5. Search results from corn starch using a zinc selenide ATR element (left) and a diamond (right) showing
that the search results are similar. It should be noted that the refractive index of ZnSe and diamond are almost
the same and if the comparison had been done with a germanium ATR element the results might be different
because of the higher refractive index of the ATR element and the shallower depth of penetration that results.

The next variation we will look at is the spectrum of corn starch collected as a KBR pellet. In Figure 6,
we can see the first three hits for the search. All are corn starch and are spectra collected as KBr pellets.

The final variation on these sampling methods is a Nujol mull (Figure 7). Since Nujol, a highly refined
mineral oil, has the characteristic features of a hydrocarbon with the CH stretches and bends, the first
strategy is to mask out the contributions from the Nujol, shown in the gray areas. The first hit is corn
starch prepared as a Nujol mull. Running the search again, this time including no masks, the first hit is
potato starch, as a Nujol mull and the second is corn starch.

— 1% Corn Starch KBr Pellet (Corrected)
M
— ASX #110; CRESCENT STARCH 5...
M
— ASX #842; STADEX 90 (Corrected)
M /\/\J/K\\MM
— ASX #112; RES-TAC 5921 (Corrected)
M J\/—\—J\/\\/\,M
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Figure 6. Search results for the spectrum of corn starch prepared as a KBr pellet. These hits were all prepared as
KBr pellets.




WILEY @

- Corn Starfih Nujol Mull Smear one w... — Corn Starci Nujol Mull Smear one w...
- CFX #8031 CORN STARCH - ROOS... - WSAI1X #459; Dextrin from potato ...
— CFX #802 RN STARCH - ROOS...
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Figure 7. Comparison of the search results for the spectrum of corn starch obtained as a Nujol mull both with
and without the features due to Nujol being masked.

Sample preparation is not the only interference in a good search. In some cases, it is the environmental
conditions. In Figure 8 are two spectra of sucrose run by diffuse reflectance. The first one on the bottom
in blue was taken immediately after preparation while the second one on top in red was allowed to sit
out on the bench for five minutes. Although the spectra are similar, a casual glance might lead a viewer
to see two different materials. A search of the dry material shows the first two hits as large sugar
crystals and sugar as a pellet in KBr. But a search on the sample left out on the bench for five minutes
shows glycerol and honey as the first two hits. The moisture absorbed in the sample from sitting on the
bench has started to destroy the crystalline structure of sucrose and compromised the search.
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- "Sucrose more DR dry" (Corrected)

T TV

ON #1209; Sucrose Large Crystal ...
DLX #109; SUCROSE IN KBr (Corr...
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Figure 8. The left pane shows the spectra of sucrose as a freshly prepared sample (bottom) and after resting on
the bench for five minutes. The right pane shows the results from the fresh sample indicating sucrose.

Conclusions

As the examples in this note show, infrared spectra can be highly dependent on how the sample was
prepared and if it was prepared properly. When evaluating the results of a search, the analyst should
look carefully at both the preparation of your sample, as well as how the material in the library was
sampled to determine if there is a valid comparison of the sample and the library hit.
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