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A New Approach to Simultaneous
Raman and IR Spectral Searches

A new system for multitechnique spectral searching is described that utilizes analysis of
several hit lists resulting from spectral similarity searches performed simultaneously in
reference databases for multiple complementary analytical techniques. This paper
demonstrates the benefits of this multitechnique approach using the complementary

techniques of IR and Raman spectroscopy.
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variety of complementary spectroscopic and
Achromatographic techniques are applied to

samples in an attempt to address one of two
fundamental objectives: compound verification and
unknown identification. The former is encountered in
environments such as quality control or compound syn-
thesis, the latter in such fields as forensics, competitive
product analysis, or natural product identification.

Compound verification and unknown identification
have progressed significantly with the advent of computer-
searchable electronic databases of reference spectra.
Algorithmic comparison of the unknown spectra to those
in reference databases can provide strong evidence for the
compound?’s identity, or at least clues that could lead to an
ultimate identification or confirmation.

In dealing with the search results of reference spectra
and their associated chemical structures in a software-
searching environment, three concepts have become tra-
ditional to the point of being dogmatic:

Hit Lists. A list of similar spectra is generated by the
software program and displayed in a tabular fashion.

Hit Quality Index. A hit quality index (HQI) value is
associated with each reference spectrum. The HQI is a

numeric representation of the degree of similarity
between the unknown spectrum and each reference
spectrum. Typically, the higher the HQI value, the more
similar the unknown spectrum is to the reference spec-
trum.

Rank Ordering. The hits are sorted by HQI value.
Typically, hits with the highest HQI values are at the top
of the list.

A New Approach

Advanced software tools allow a new approach to the
problem of compound verification and unknown iden-
tification. The new system for multitechnique spectral
searching utilizes multi-dimensional analysis of several
hit lists resulting from simultaneous spectral similarity
searches.

The process is straightforward: multiple spectra
from complementary analytical techniques for the
same sample are used as unknowns to search multiple
reference databases containing spectra from the com-
plementary analytical techniques. Two specific ad-
vances, however, transform the traditional hit list
approach described earlier into a dynamic and more
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Figure 1. Hit list displays of (a) the IR spectrum
and (b) the Raman spectrum. These graphics
display unknown IR and Raman spectra
searched against spectral reference databases
within Bio-Rad’s KnowltAll® Informatics System.

informative approach for visualizing spectral search
results.

The first method is to consider the HQI values from
each individual spectral search as values on a coordinate
axis. This simple innovation allows the simultaneous
display of the relative values of all hits in a hit list.

The second (and far more significant) method is to

Experimental

This example demonstrates the use of simultaneous com-

bined Raman and IR spectral searches to identify an

unknown sample. The procedure is as follows:

* Obtain IR and Raman spectra of the unknown sam-
ple;

* Simultaneously search IR and Raman reference data-
base for matches with the unknown spectra;

* Display search results in a hit list sorted by combined
HQI (an average or weighted average of the individ-
ual IR and Raman HQI values); and

* Display search results graphically using the spectral
HQI values for IR and Raman as the x and y coordi-
nate values of a scatter plot.

When examining unknown spectra, a wide range of
native analytical file formats can be imported. The search
is not dependent upon a particular instrument, vendor,
or spectral technique.

In this example, a multitechnique search software sys-
tem was used to search IR and Raman databases simul-
taneously for matches to the unknown IR and Raman
spectra that were imported into the system. While the
search used to create this example was limited to three
(two IR and one Raman) spectral databases, any number
of databases containing multiple spectral techniques can
be searched simultaneously to yield a single result. In
this example, one of the specified search options was the
“technique must exist for both” requirement. Selecting
this option specifies that the combined search must
return a pair of IR and Raman spectra linked by an exact
chemical structure. This eliminates hits where the IR
spectrum exists without the corresponding Raman spec-
trum and vice versa.

The system automatically removes duplicate spec-

plot multiple hit lists from multiple spec-
tral searches as points on a scatter plot.
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Using this approach, each point in the
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scatter plot represents a single compound
where the HQI values for each reference
spectrum in each technique are the coordi-
nates in an N-dimensional spectral space.
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The complementary nature of Raman ] . g T
and IR spectroscopy is well known and o
utilized frequently. While both techniques B

utilize vibrational spectroscopy, the mech-
anism of Raman scattering differs from
infrared absorption. As a result, IR spectra
provide information primarily about polar
bonds, and Raman spectra provide infor-
mation primarily about symmetric bonds.
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Figure 2. Raman and IR HQI scatter plot: In the KnowltAll Informatics System’s
Comparelt application, the HQI results for Raman and IR spectral searches are plotted
against one another. The selected data point in the scatter plot, polystyrene beads, is the
correct match for the unknown sample.
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sponding database entries are displayed
in the main window’s structure pane. It
is also possible to select several data
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thest from the origin has been selected.
Because high values represent the best
fit for the HQI scale in use, this point
represents the best theoretical overall
fit considering both the IR and Raman
dimensions of spectral space. This data

structurally very similar.

Figure 3. Plotting reveals structurally similar space. Compounds with high HQI values on
the scatter plot surrounding the correct match to the unknown (polystyrene beads) are

point is, in fact, the correct match for
the unknown sample used: polystyrene
beads.

Figure 3 identifies the compounds

tral hits for the same chemical structure, choosing the
database entry with the highest HQI value for each
spectral search type. At the end of the search, the
entire hit list is transferred automatically to an appli-
cation with the system for traditional hit list and data-
base visualization and mining.

In this example, each hit list (database) entry com-
prises both the IR and Raman hits (including individ-
ual HQI values), as well as a “combined” HQI calcu-
lated by averaging the individual values. By default,
the hit list is ordered by combined HQI value, but
entries also can be sorted by individual HQI values as
well as any other alphanumeric properties from the
database.

As an entry in the hit list is selected, the applica-
tion displays the corresponding structure and spec-
trum and permits simultaneous display of the search
and database spectra for comparison. Figures 1a and
1b show the IR and Raman components, respectively,
of the hit list entry with the highest combined HQI
value. In each case both the search and database
spectra are displayed, along with the corresponding
structure and properties.

Next, the entire hit list can be transferred to the sys-
tem’s data plotting application. When data is trans-
ferred, a wizard allows selection of which available vari-
ables to use as the x and y axes. In this case, the IR and
Raman Spectral HQI values are used for the x and y
axes. The resulting scatter plot is shown in Figure 2.

Once created, the scatter plot can be manipulated by
changing axis variables, and various display elements —
axis legends, scatter plot name, colors and fonts — can
be customized. It also is possible to use available zoom
tools to examine plot areas more closely.

When individual data points are selected, the corre-

surrounding the data point represent-
ing the unknown (polystyrene beads). The com-
pounds are all similar, and all have high individual and
combined HQI values. The use of such a graphical
representation allows rapid visual identification of the
most likely match as well as a clear visualization of the
entire spectral similarity space of the various com-
pounds from the IR and Raman reference databases.

Conclusion

New developments in spectral search software have
enabled the use of computer-searchable electronic
databases of multitechnique reference spectra for
compound verification and unknown identification.
Multiple spectra from complementary analytical tech-
niques are used as unknowns to search multiple refer-
ence databases. Search results then can be visualized
by plotting multiple hit lists as points in a scatter plot.
This approach has advantages in its ability to use com-
plementary analytical techniques simultaneously, such
as IR and Raman spectroscopy, and in the graphic
visualization of results with easy access to detailed
information for specific data points.

The graphic visualization of multi-technique search
results also overcomes the limitations associated with
using HQI values generated in a search against a single
spectral technique: while the first hit in a ranked one-
dimensional hit list is not always the best match, the best
hit from a multi-dimensional HQI scatter plot always
will have a much higher probability of being the best
match.

Beyond the example described here, which uses IR
and Raman, other spectral techniques can be applied
within the search system and searched in combination
against spectral reference databases and then plotted
against one another to further verify results. H
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