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PREFACE

When I first agreed to take over the “Molecular Spectroscopy Workbench” from
John Coates, I wasn’t sure of the direction or tone that the articles should take.
Indeed, to be quite candid, I had no direction for the first few issues. The com-
pass that I came to follow was pointing in the direction I have always taken
as a teacher or group leader in industry: explain the technique as if the person
listening knew little about it. This works, simply, because a person who has
heard it before nods in agreement (feeling comfortable in a review) while a
novice appreciates the simple explanation. As the column continued, I made a
point of cross-pollination of techniques, attempting to dispense with the eso-
teric and arcane portions that keep newcomers at bay. I write, in short, for new
scientists, students, and practitioners who are interested in hearing about what
other spectroscopists, NOT in their particular discipline are doing.

The positive response to “Molecular Spectroscopy Workbench” during the
eleven years it has appeared in Spectroscopy magazine encouraged me to gather
a number of the more interesting articles in one volume. I imagined that the arti-
cles might tell an interesting story if put in some logical order. The eight years
of columns for which I am responsible have been categorized and arranged in a
logical manner (or as logical as the eclectic nature of the column allows) as an
anthology. Updates are included whenever information has been “corrected,”
amended, or I have seen mistakes. Interspersed throughout the anthology are
several research papers (either by me or other authors) that also appeared in
Spectroscopy that fit into this collection. These are complementary to the col-
umn articles, as they demonstrate unique applications of vibrational spectr-
oscopy and/or diffuse reflectance behavior.

Since not all possible topics in spectroscopy have been covered in the col-
umn in the past seven years, the scope of this anthology does not (and cannot)
cover all issues of the art. Rather, a chronology of development may be seen.
In fact, several of the chapters are as timely today as they were at printing, sev-
eral are hopelessly outdated, and most are, to quote Goldilocks, “Just right!” T,
myself, was surprised how timely and informative a five- or six-year-old article
could still be. Apparently, I chose subjects and guest authors well. The instru-
ment reviews from the various conferences might be seen as a year-by-year
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introduction of “state-of-the-art” equipment and when it was first introduced
and serve as an historical footnote.

My whole approach to writing the column has always been one of wonder:
“I wonder what that word means?” For instance, “What does ‘CCD’ stand for?”
My search of this particular question led to the Hubble Space Telescope, which
uses several Charge-Coupled Devices to create images. I had good fortune ask-
ing “experts” in the fields where I was a little undereducated. They seemed to
like to show off to a humble novice, such as yours truly.

[ have tried to mix up my subjects, but, I confess, that I keep coming back
to near-infrared spectroscopy (NIRS). I have been playing with NIRS for over
15 years and am still amazed at what it can do. I am equally amazed by the
versatility of most instruments in the hands of experienced practitioners. If I
seem to have more NIR chapters than any other it may be an inverse rule:
There are so many other texts on the other spectroscopic techniques and only
three to date on NIRS (1-3).

Perhaps the fact that I am genuinely delighted to learn from the people who
help me with columns comes through in the writing. I like to think that my
“Oooh-Ahhh!” attitude carries across the page to the reader. I purposely did
not date the columns in the body of work, just to show how some have kept
their value after half a decade. You may, of course, look at the publication dates
in the index, but play along and read the column first. You may be surprised
to discover it came out here first!

Since some of the authors have changed jobs, some topics have changed
dramatically, or I found “mis-statements” in the text, or there are some small
grammatical corrections from the original text. Where a comment will suffice,
the italicized words are my editorial comments. Where major rewrites were
needed, the new information is likely incorporated into the text. Updates may
appear at the end of a particular column . . . what happened subsequent to
appearing in the column.

In any case, “Enjoy!” and, hopefully, learn (as did I) something from these
pages.

EMIL W. CIURCZAK

Calverton, MD
January, 1997
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CHAPTER |.A.1

ECHOES OF
FUNDAMENTALS

PAST OR | DON'T THINK
WE’RE ALONE IN THIS
SPECTRUM

This column is an answer to all those criticisms about near-infrared that begin, “But
it’s only overtones and combinations ...” I wrote this in attempt to show those ‘real”
spectroscopists that they have been using overtones and combination bands for years
without thinking. Not only that, but chose to open the anthology with one of my favorites.

My subject this month is one near and dear to my heart: overtones and combi-
nations in vibrational spectroscopy. While these are the heart of near-infrared
(near-IR), they are quite common in midrange IR as well. The example I am
using to illustrate overtones and combinations is the simple gas SO,. (1)

From the common, everyday formula for vibrational modes (number of
modes = 3N — 6), it is expected that gaseous SO, would have three bands
in the IR region. The first vibration (I used calculations based on the vibra-
tional “Hooke'’s Law” approach, which matches quite well with higher-level
quantum-mechanical calculations, well beyond my simple calculator.) is v, the
symmetric stretch (Fig. 1a), and it gives a peak at 1151 cm'. (This can be cal-
culated by group theory, or you can take my word for it!) A second stretch »3
is called the asymmetric stretch (Fig. 1b) and has a frequency of 1361 cm ',
or slightly more energy than the first. A third absorbance at 519 cm™', »,, comes
from the O-S—-O bending and is called (cleverly enough) the bending mode
(Fig. 1c). (Note: The numbering of these bands is consistent with conventions
that cannot be explained in a column of this length.)

The above assignment of vibrational modes would be a perfect example of

1



