THE COBLENTZ SOCIETY DESK BOOK OF INFRARED SPECTRA
by A. Lee Smith

This book is a product of the efforts of a large number
of people working to solve common problems in the
field of molecular spectroscopy, organized as the Cob-
lentz Society. lts history is briefly recounted here.

History of the Coblentz Society

During the late 1940's and early 1950's the then new
field of chemical infrared spectroscopy was the subject
of rapidly growing interest. Double-beam spectrome-
ters had become commercially available; new tech-
niques, accessories and instrumentation combined with
a growing body of applications kept the field in rapid
ferment, The summer symposium at Ohio State Univer-
sity, Columbus, and the spring Pitisburgh Conference
brought together groups of spectroscopists to exchange
information and solutions to problems both by formal
papers and informal discussions.

It was apparent that while infrared was not a primary
field of research, it provided a common tool to attack
diverse problems. Further, a number of problems, such
as reference specira availability and retrieval, were of
common concern. From informal discussions held at
Columbus in 1953, a Columbus Committee was formed
to consider the situation. This committee consisted of
Drs. Howard Cary, Bryce Crawford, Jr., R. A. Oetjen,
Eugene Rosenbaum, Van Zandt Williams and Norman
Wright. The committee reported that there was need of
an association of infrared workers to provide the field
with a unified voice where necessary, and to keep the
field informed on matters of common interest. Recom-
mendations as to the organization and functioning of
the society were also made, and suggestions for activi-
ties were listed. [t is interesting to review this list,
which was:

a. Publish reference spectra

b. Keep abreast of related organizations which make
decisions that affect infrared

c. Produce an authoritative infrared book

d. Provide consultant and speaker listings

e. Serve as a communication channel between the
field and instrument manufacturers

f. Publish specific analyses in compact form

g. Organize symposia on infrared to concentrate IR
papers at major scientific meetings

By June of 1954, plans for the new society had been
fully developed, including the formation of an execu-

tive committee and writing of by-laws. The name cho-
sen was "The Coblentz Society," after Dr. W, W, Cob-
lentz, whose post-doctoral studies at Cornell University
in 1904 and subsequent work at the Bureau of Standards
had done so much to demonstrate the potential applica-
tion of infrared spectroscopy to the field of chemistry.
Because Dr. Coblentz was a physicist his work was not
much read by chemists, and it was not until the 1930's
that rapid further development took place.

The objective of the new society was: "To foster the
understanding and application of infrared spectra.” A
corollary of this objective was to promote internation-
al interaction between academic and industrial spec-
troscopy .

The prime movers in the organization of the Cobleniz
Society were Drs. Norman Wright of Dow Chemical and
Van Zandt Williams of Perkin-Elmer. Dr. Wright, a
physicist, joined Dow in 1937 with the assignment of
designing and building an infrared spectrometer. Four
months later, he was recording spectra of chemical in-
terest and in a few more months had demonstrated that
infrared represented a powerful new tool for character-
ization of pure materials and for analysis of mixtures.
His subsequent talks to ACS groups and his publications
provided a real impetus to the growth of the field. Dr.
Wright served as first President of the Coblentz Society.

Dr. Van Zandt Williams was also a physicist, and was
initially a member of the infrared group at American
Cyanamid, where development work was going onalong
the same lines as that done at Dow. He later moved to
Perkin-Elmer, where he eventually became Executive
Vice-President. He retained throughout his career a
strong interest in infrared spectroscopy, and served as
the first registrar of the Coblentz Society.

Activities

There was no lack of activities for the new society.
Arrangements were made with Analytical Chemistry to
publish quantitative infrared methods in @ condensed
format. This program started in October, 1957, and
continued for several years under Robert C. Wilkerson.
It was subsequently managed by Don E. Nicholson and
from 1960 by A. Lee Smith. When submissions became
irregular, publication was transferred to Applied Spec~
troscopy. An index to the methods was published in
Applied Spectroscopy, 18, 38, (1964).




A speakers bureau was organized under Mr. Harry Bow-
man. A list of special collections of spectral data was
compiled. In 1956 a program of collecting, compiling,
and selling spectra coniributed from members' files was
proposed. By 1960 almost 2000 spectra had been col-
lected by Clara D. Smith Craver, and the first set of
1000 spectra had been published. A successful sympo-
sium on group frequencies had been organized at the
1959 Pitisburgh Conference by W. J. Potts. The Cob-
lentz Symposium thereafter became an annual tradition
of this meeting. The editors of several scientific jour-
nals were approached by Foil A, Miller regarding pub-
lication of infrared spectra.

In 1961-1962 a growing awareness that examiners in the
U. S. Patent Office did not consider an infrared spec-
trumto be characteristic of a material for patent pur-
poses culminated in Coblentz Society participation in
a symposium at the 1962 National ACS Meeting in
Washington, D.C.. Ellis R, Lippincott, on behalf of
the Society, presented a definitive paperon "The Lim-
itations and Advantages of Infrared Spectroscopy in Pa-
tent Problems" which was published in the Journal of
the Patent Office Society, May, 1963, Vol. XLV,
pp. 380-415.

On March 1, 1961, a symposium in honor of Dr. Cob-
lentz was held at the Pittsburgh Conference which fea-
tured talks by Earl Plyler, H. W. Thompson, Bryce
Crawford, and R. C. Lord. The passing of Dr. Cob~
lentz on September 15, 1962, in Washington, D.C.,
was noted in the February 18, 1963 Newsletter. In
1963 the Coblentz Award, to be given to an outstand-
ing young spectroscopist, was established, and John
Overend chosen as the first owardee. Also in 1963,
Dr. Coblentz's original monograph, "Investigations of
Infrared Spectrq, Paris 1-7" was reprinted under the di-
rection of Dave Kendall.

The National Standard Reference Data Program of the
National Bureau of Standards, instituted in 1963, de-
fined a need for specifications for evaluation of infra-
red reference data. The Office of Standard Reference
Data contracted with the Coblentz Society in 1965 to
write such specifications, which were developed and
published in Analytical Chemistry, Aug., 1966, p.27A.
With only modest modifications these have become
adopted as international standards by IUPAC, The
specifications are summarized on pp. 11-24 and in-
clude updated recommendations to accommodate both
dispersively measured and interferometrically mea-
sured spectra. For complete details see Analytical
Chemistry, 47, 945A (1975).

Early educational activities of the Society included
producing 8 mm films on techniques and instrument
operation,and holding technique elinics at the Pitts-
burgh Conference. More recent courses, under the
direction of Jeanette Grasselli, have been expanded
to include full day workshops on computer assisted
spectroscopy. In a cooperative venture between the
Society and SAVANT, Howard J. Sloane began pro-
duction of audio-visual courses on IR techniques in
1982,

There are now three major annual awards sponsored
or co-sponsored by the Coblentz Society. These are
the Coblentz Award, for an outstanding young spec-
troscopist, the Ellis R. Lippincott meda!l, sponsored
jointly by the Society for Applied Spectrosxopy for
presentation to an individual who is judged to have
made a significant contribution to vibrational spec-
troscopy and the Williams-Wright Award which honors
an industrial spectroscopist who has made significant
contributions in the application of infrared spectros-

copy .

The spectrum publication program has reached 10,500
published spectra in its general collections. From
these collections, five widely used special applica-
tions books have been recently published. These are
available directly from the Society. Details are
given in the bibliography section.

The affairs of the Society are managed by an eight-
member board which elects its own presidents. The
wide base of leadership is shown by the following list
of presidents of the group:

Coblentz Society Presidents

Norman Wright 1955-1958
Foil Miller 1959
R. A. Friedel 1960-1961
R. N. Jones 1962-1963
A. Lee Smith 1964-1965
Nelson Fuson 1966-1967
Freeman Bentley 1968
- Charles Angell 1969-1970
James R. Scherer 1971
Robert P. Bauman 1972-1973
James R. Durig 1974-1975
Robert J. Jakobsen 1976
Peter R. Griffiths 1977
lra Levin 1978
Bernard J. Bulkin 1979-1980
William C. Harris 1981-1982
Albert B. Harvey 1983-1984
Bruce Chase 1985
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TEXTS, TECHNIQUES & FREQUENCY CORRELATIONS

Basic Texts and Applications

N. L. Alpert, W. E. Keiser and H. A. Szymanski,
Theory and Practice of Infrared Spectroscopy, 2nd ed.,
Plenum Press, NY, 1970.

M. Avram and G. D. Mateescu, Infrared Spectroscopy,
Wiley=Interscience, NY, 1972,

R. D. Bauman, Absorption Spectroscopy, John Wiley
& Sons Inc., NY, 1962,

A. J. Barnes and W. J. Orville~Thomas (Eds.),
Vibrational Spectroscopy - Modern Trends, Elsevier,
Amsterdam, 1977.

E. Brame and J. Grasselli, Eds., Infrared and Raman

Spectroscopy, (3 parts), Marcel Dekker, NY, 1977,

G. L. Clark, Ed., The Encyclopedia of Spectroscopy,
Reinhold Publishing, NY, Chapman & Hall Ltd., Lon-
don, 1960.

C. J. Creswell and O. Runquist, Spectral Analysis of
Organic Compounds, Burgess Publishing, Minneapolis,
MN, 1970.

A. D. Cross and R. A. Jones, An Introduction to Prac~
tical Infrared Spectroscopy, Butterworth & Co. Lid.,
London, 1969.

P. R. Griffiths, Chemical Infrared Fourier Transform

Spectroscopy, Wiley, NY, 1975,

R. W. Hannah and J. Swinehart, Experiments in Tech-

niques of Infrared Spectroscopy, Perkin-Elmer Corp.,
Norwalk, CT, 1969,

D. N. Kendall, Ed., Applied Infrared Spectroscopy,
Reinhold Publishing, NY, 1966.

Manual on Practices in Molecular Spectroscopy, Com-
mittee E-13, American Society for Testing & Mate-
rials, Philadelphia, PA, Fourth Edition, 1979.

W. J. Potts, Jr., Chemical Infrared Spectroscopy, Vol.
1, Wiley~Interscience, NY, 1962,

A. L. Smith in Treatise on Analytical Chemistry, I. M.
Kolthoff and P. Elving, Eds., Part 1, Vol.6, Wiley-
Interscience, NY, 1965.

A. L. Smith, Applied Infrared Spectroscopy, John
Wiley & Sons, NY, 1979,

K.E. Stine, Modern Practices inInfrared Spectroscopy,
Beckman Instruments, Fullerton, CA, 1970,

A. R. H. Cole, Tables of Wavenumbers for the Cali-
bration of Infrared Spectrometers, 2nd Ed., 1UPAC,
Butterworths, London, 1978.

Interpretation and Group Frequencies

L. J. Bellamy, Advances in Infrared Group Frequencies,
Methuen & Co. Ltd., London, 1948.

L. J. Bellamy, The infrared Spectra of Complex
Molecules, 3rd Ed., John Wiley & Sons, NY, 1975,

L. J. Bellamy, The Infrared Spectra of Complex Mol -
ecules, Vol. 2, 2nd Edition, Chapman and Hall,
London, 1980.

N. Colthup, L. Daly and S. Wiberley, Introduction to

infrared and Raman Spectroscopy, 2nd ed., Academic
Press, NY, 1975.

D. Dolphin and A. Wick, Tabulation of Infrared Spec-
tral Data, John Wiley & Sons, NY, 1977.

M. St. C. Flett, Characteristic Frequencies of Chemi-
cal Groups in the Infra~Red, American Elsevier Pub-
lishing, NY, 1963.

R. N. Jones and C. Sandorfy in Chemical Applications
of Spectroscopy, W. West, Ed., Ch.1V, Wiley~inter-
science, NY, 1956.

R. N. Jones, Infrared Spectra of Organic Compounds:
Summary Charts of Principal Group Frequencies, NRC
Bulletin 6 (from Perkin-Elmer, IR-27, Norwalk, CT).

R. G. Miller, H. A. Willis and H. J. Hediger, Eds.,
Infrared Structural Correlation Tables and Data Cards,
Heyden & Son Ltd., London, 1969 (Tables 1-9).

K. Nakanishi, Infrared Absorption Spectroscopy—Prac~
tical, Holden-Day Inc., San Francisco, CA, 1962,

R. M. Silverstein, B. C. Bassler and T. C. Morrill,
Spectrometric ldentification of Organic Compounds,
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Raman Texts and Applications

A. Anderson, Ed., The Raman Effect, Vol. l and |l,
Marcel Dekker, NY, 1971,

J.G. Grasselli, M.K. Snavely, B. J. Bulkin, Chem-
ical Applications of Raman Spectroscopy, Wiley-Inter-
science, New York, 1981,

P. J. Hendra, "Raman Instrumentation and Sampling",
in IR Spectroscopy, 2nd Ed., R. Miller and B. C.
Stace, Eds., Heyden & Son Ltd., London, 1972.

G. F. Kirkbright, "XX1 Colloquium Spectroscopicum
Internationale, 8th International Conference on Atomic
Spectroscopy”, Ch. 7, Heyden & Son Ltd., 1979 .

J. L. Koenig, "Raman Spectroscopy of Biological Mo~
lecules," J. Polymer Science, Part D, p. 59-177, 1972,

D. A. Long, Raman Spectroscopy, McGraw-Hill,
New York, 1977.

J. P. Mathieu, Ed., Advances in Raman Spectroscopy,
Vol.1, Heyden & Son Ltd., London, 1973.

M. M. Sushchinskii, Raman Spectra of Molecules and
Crystals, Keter Inc., NY, 1972.

A. Weber, Ed., Raman Spectroscopy of Gases and
Liquids, Topic in Current Physies, 11, Springer-Ver-
lag, Berlin, 1979.

A. R. West, Ed., Molecular Spectroscopy, Ch. 14,
Heyden and Son Lid., 1977 .

Raman Correlations and Group Frequencies

F. R. Dollish, W. G. Fately and F. F. Bentley, Char-
acteristic Raman Frequencies of Organic Compounds,
Wiley~Interscience, NY, 1975.

S. K. Freeman, Applications of Laser Raman Spectros~
copy, John Wiley & Sons, NY, 1974,

J. Loader, Basic Laser Raman Spectroscopy, Sadtler
Research Labs., Phila., PA, 1970. (solvent spectra)

M. C. Tobin, Laser Raman Speciroscopy, Wiley~Inter~
science, NY, 1975,

W. West, Ed., Chemical Applications of Spectroscopy,
Wiley-Interscience, NY, 1956. (tables)

FAR INFRARED

F. F. Bentley, et al, "Analytical Applications of Far
Infrared Spectra ~1," Spectrochimica Actaq, 13, 1, 1958,

F. F. Bentley and E. F. Wolfarth, "Analytical Appli-
cations of Far Infrared Spectra- H," WADC Technical
Report 58-198, Wright Patterson AFB, OTS, U.S. Dept.
of Commerce, Washington, DC, 1958,

W. C. Coburn, Jr., C. V. Stephenson, W. R, Laseter
and M. C. Thorpe, "A Fundamental Study of the Infra~
red Spectra of Substituted Aromatic Compounds," ASD-
TDR-62-381, Office of Technical Services, U. S. Dept.
of Commerce, Washington, DC, 1962,

J. R, Ferraro, Low-Frequency Vibrations of Inorganic
and Coordination Compounds, Plenum Press, NY, 1971,

J.R. Ferraro, "Recent Trends and Developments in In-

organic Far Infrared Spectroscopy,” Analytical Chem.,
40, 24A-40A, 1968,

D. O. Hummel, "Infrared Spectra of Polymers and Re~
sins, 700-250 cm=1 Region," Technical Report ASE-
TDR-63712, Office of Tech. Services, U. S. Dept. of
Commerce, Washington, DC, 1964,

Infrared Spectraof 27 Compounds in the Regions 15-35
and 15-200 Microns, U. S. Dept. of Interior, Bureau
of Mines, Washington, DC, 1956.

C. Kerr, Jr. and J. Kovach, "Far-infrared Spectros-
copy of Minerals and Inorganics," Applied Spec., 23,
219, 1969.

N. T. McDevitt and W. L. Baun, "A Study of the Ab~
sorption Spectra of Simple Metal Oxides in the Infra-
red Region 700-240 cm-1," Tech. Documentary Report
No. RTD-TDR-63-4172, A. F. Materials Lab., Wright~-
Paiterson Air Force Base, OH, 1964,

F. A. Miller, G. L. Carlson, F. F. Bentley and W, H.
Jones, "Infrared Spectra of Inorganic lons in the Cesium
Bromide Region," Spectrochimica Acta, 16, 135, 1960.

E. D. Polik, A Far Infrared Bibliography, NRL Bibliog~
raphy No. 21, U. S. Naval Research Lab., Washing-
ton, DC, 1963.

W.Wilcox, C.V. Stephenson, and W.C. Coburn, "Far
Infrared Spectra of Substituted Aromatic Hydrocarbons,"
WADD Technical Report 60-333, Wright Patterson AFB,
OTS, U.S.Dept. of Commerce, Washington, DC, 1960,
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INTERNAL REFLECTANCE & REFLECTANCE

The ATR Spectra of Rubber and Rubber Formulations,
Barnes Engineering Co., Stamford, CT.

M. P. Fuller and P, Griffiths,
1906 1978 .

Anal. Chem. 50,

N. J. Harrick, Internal Reflection Spectroscopy, Wi-
ley=-Interscience, NY, 1967,

D. Kuehl and P. Griffiths, J. Chromatogr. Sci. 17

(8), 471 1979 .
D. Kuehl, G. J. Kemeny and P. R. Griffiths, Appl.
Spec. 34, 222 (1980).

C. M. Paralusz, "Internal Reflection Spectroscopy Ap-
plied to the Analysis of Adhesive Tapes," in J. of Col-
loid and Interface Science, 47, No.3, 719-746, June,
1974, -

Recommended Practices in Internal Reflection Spectros=
copy, Committee E-13, E-573-81, American Society
for Testing & Materials, Philadelphia, PA, 1976.

Sadtler Commercial Collection, ATR of Polymers, Sad-
tler Research Labs., Philadelphia, PA, 19104,

W. W. Wendlandt, Ed., Modern Aspects of Reflectance
Spectroscopy, Plenum Publishing, NY, 1968,

P. A. Wilks and M. R. Iszard, The ldentification of
Fibers and Fabrics by Internal Reflection Spectroscopy,
Wilks Scientific Corp., S. Norwalk, CT, 1964,

GAS-PHASE SPECTRA

With the increasing emphasis on occupational health,
infrared spectroscopists frequently carry out low level
vapor analyses.  An infrared spectrometer equipped
with along path gas cell can generally supply spectral
data permitting the qualitative identification of most
of the materials on the OSHA list at concentrations of
about 10 ppm or more. Quantitative analyses from the
strongest bands are possible on lower concentrations.

Reports and collections of vapor phase spectra of assis-
tance to spectroscopists working in this field are given
in the next column:

GASES & VAPORS

Beckman Instrument Co., Hazardous Gasesand Vapors:
Infrared Spectra and Physical Constants, TR-595, $40,
POB D-W, Irvine, CA 92664

C. D. Craver, Gases and Vapors. Spectra of 230
compounds, pressure~broadened with Ny to atmos-
pheric pressure, with some at multiple pressures for
identification at low concentrations. $75 The Cob-

lentz Soc., Inc., POB 9952, Kirkwood, MO 63122

Dow Chem. Co., Infrared Spectra of Gases and Vapors,
Vols. land Il $28 Foxboro Analytical, POB 5449,
S. Norwalk, CT 06856

M. D. Erickson, Appl. Spec. Rev., 15, 261 1979,

Foxboro Analytical, OSHA Wall Chart, incorporating-
infrared analytical data. Complimentary. POB 5449,
S. Norwalk, CT 06856

D. G. Murcray and A. Goldman, Handbook of High
Resolution Infrared Laboratory Spectra of Atmospheric
Interest, CRC Press, Florida, 1981.

R. H.Pierson, A. N, Fletcher and E. St. Clair Gantz,
"Catalog of IR Spectra for Qualitative Analysis of
Gases", Analytical Chem., 28, 1218, 1956.

Sadiler Research Laboratories, "Vapor Phase Spectra”,
3314 Spring Garden St., Philadelphia, PA 19104

D. Welti, Infrared Vapour Spectra, Heyden & Son,
New York and London, 1970.

M. V. Zeller, "Infrared Methods in Air Analysis",
No. 993-9236 $10 Perkin-ElmerCorp., MainAve.,
Norwalk, CT 06856

QUANTITATIVE ANALYSIS

A. Lee Smith and L. R. Riley, "Infrared Quantita-
tive Analytical Data Indices”, Applied Spectroscopy,
Vol 18, No., 2, pp. 38-56, 1964. This is a complete
index to the analytical systems published from 1957
through 1963 in Analytical Chemistry and Applied
Spectroscopy . Entries are alphabetical and by molec-
ular formula.

Also, see basic texts on page 3.
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GENERAL COLLECTIONS OF IR AND RAMAN SPECTRA

The Aldrich Library of Infrared Spectra
C. J. Pouchert, Aldrich Chemical Co., Milwaukee,
WI, 3rd Ed., 1980.

More than 10,000 spectra arranged in 53 functional
group sections. Spectra were run at Aldrich on the
Beckman IR-5 and IR-8 spectrometers. Liquid samples
are run neat and solids are run as melts or oil mulls.

APl 44 Selected Infrared Spectral Data

The American Petroleum Institute (API), Research Pro-
ject 44, Chemistry Dept., Texas A & M University,
College Station, TX, 77843.

3,360 infrared spectrarun by different laboratories over
a 30 year period. Additions are issued two or three
times a year. This is the most extensive collection of
spectra of petroleum hydrocarbons on high purity com-
pounds. Also included are N and S compounds found
in petroleum. 700 Raman spectra are available. Ap-
proximately 500 are from mercury lamp excitation, and
200 are laser-excited spectra.

Cobleniz Society Spectra
POB 9952, Kirkwood, MO 63122

10,500 spectra in loose-leaf notebooks and on 16 mm
microfilm. These spectra were collected from govern-
ment and industrial research laboratories and include
a high proportion of currently significant compounds.
They were prepared ina cooperative program between
the Coblentz Society and the Joint Committee on
Atomic and Molecular Physical Data. Since 1967
they have been evaluated under specifications devel-
oped by the Society for the National Reference
Data System of the National Bureau of Standards.

The spectra are on prism and grating spectrometers;
mull and solutionspectra are favored, but neat samples
and halide pellet spectra are also included. Selected
spectra for specific uses are being published in a
“Special Collections" series. The Coblentz Society
Desk Book, 900 all-grating spectra grouped by chem-
ical classes, with text, is designed as a reference
and teaching aid. Other collections are Plasticizers
and Other Additives, Halogenated Hydrocarbons,
Gases and Vapors, and Regulated and Major Indus-
trial Chemicals.

Documentation of Molecular Spectroscopy
Butterworth Scientific Publica., London WC2, Engl.

Nearly 23,000 spectra collected principal ly from Euro-
pean companies and selected from technical journals.
Additions to the collection were discontinued in 1973.

Infrared Data Committee of Japan
Sanyo Shuppan Boeki Co., Hoyu Bldg., 8, 2-Chome,
Takara-cho, Chuo-ku, Tokyo, Japan.

Approximately 14,000 are available, with the more re-
cent ones being grating spectra. These spectra, run for
publication at Tohoku University, are printed on edge
punched cards. Samples are principally neat or run as
halide pellets.

Infrared Spectra of Selected Chemical Compounds
Mecke and Langenbucher, Heyden & Son Ltd., Spec-
trum House, Alderton Crescent, London NW4, England.

1800 spectra in eight volumes selected as 'most useful’
compounds. These were scanned at the University of
Freiburg on PE-21 and PE-221 spectrometers, linear in
wavelength. Band tables are given in wavenumbers
with intensities.

Thermodynamic Research Center Data Project (TRC)
Chemistry Dept., Texas A & M University, College
Station, TX, 77843.

A subscription publication, formerly the Manufacturing
Chemists' Association, similar to APl described above,
but with the emphasison spectra of petrochemicals and
other major industrial chemicals. 1179 infrared spec-
tra and 113 Raman (30 laser-excited) spectra were pub-
lished through 1975.

The Sadtler Research Laboratories Spectra
3314 Spring Garden Street, Philadelphia, PA, 19104,

The largest published collection, divided info three
major categories in the infrared: Standard Spectra
(60,000) each in prism and grating collections), Com-
mercial Spectra (commercially available products and
chemicals for about 25 use categories), and Special
Spectra Collections. A collection of 4,000 Raman
spectra presents the perpendicular and parallel polar-
ized spectra along with the corresponding IR curve.

B. Schrader and W. Meier, Raman/IR Atlasof Organic
Compounds, Verlag Chemie, Weinheim, 1974.
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SPECIALIZED APPLICATIONS

Polymers, Resins, Paints & Related Materials

D. S. Cain and S. S, Stimler, "Infrared Spectra of
Plastics and Resins, Part 3; Related Polymeric Materials
(Elastomers)," NRL Report 6503, U. S. Dept. of Com-
merce, Washington, DC, 20204, 1967.

C. D. Craver, Ed., Plasticizers and Other Additives,
The Coblentz Society, Inc., POB 9952, Kirkwood,
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C. D. Craver, Ed., Spectroscopic and Instrumental
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A, Elliott, Infrared Spectra & Structure of Organic
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D. O. Hummel, ldentification and Analysis of Surface-
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Rubbers, Resins; Vol. 3, Additives and Processing
Aids.)

IR Spectra Comm. of the Chicago Soc. for Paint Tech.,
An Infrared Speciroscopy Atlas for the Coatings Indus-
try, Fed. of Soc. for Paint Tech., 1315 Walnut St.,
Philadelphia, PA 1980.
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U. S. Dept. of Commerce, Washington, DC, 1954,
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NY, 1980.
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Norwalk, CT, 1973.

The Coblentz Society, Inc., POB 9952, Kirkwood,
MO, 63122,

The Infrared Spectra Atlasof Monomers and Polymers,
Sadtler Research Labs., Philadelphia, PA 1980.

Propellants and Explosives

F. Pristera and W. Fredericks, Compilation of infrared

Spectra of Ingredients of Propellants and Explosives, U.S.
Army Munitions Command, Picatinny Arsenal, MD, 1965.

Solvents

Eastman Spectrophotometric Solvents, Distillation Pro-
ducts Industries, Rochester, NY.

Solvents, Sadtler Research Labs, (Commercial Spectra
Collections), 3314 Spring Garden, Philadelphia, PA.
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American Society for Testing and Materials
distributed by Sadtler Labs., 3314 Spring Garden St.,
Philadelphia, PA, 19104, 1974,

Comprehensive indices coded by Committee E-13.03
for the infrared spectrain all of the general collections
above plus infrared spectra abstracted from technical
journals through 1972, These are available in two-vol-
ume sets for each type of index, with a total list of
145,000 spectra in each set.

1. Molecular Formula List of Compounds, Names and
References to Published Infrared Spectra
AMD-31 92,000 compounds
AMD-31-515 53,000 compounds

2. Serial Number List of Compounds, Names and Re-

INFRARED SPECTRA

3. Alphabeticdl List of Compound Names, Formulae,
and References to Published Infrared Spectra
AMD-34
AMD-34-515

Atlas of Spectral Data & Physical Constants for
Organic Compounds

2nd Edition, J.G.Grasselli and W. M. Ritchey, Editors,
CRC Press Inc., 18901 Cranwood Parkway, Cleveland,
OH, 44128, 1975.

Contains coded infrared spectra for 22,000 compounds.
It lists strong bands in the infrared and includes Raman,
UV, NMR and mass spectral data when available.

Index of Vibrational Spectraof Inorganic and Organo-
metallic Compounds, Vol., 1

ferences to Published Infrared Spectra
AMD-32
AMD-32-515

N. N. Greenwood, E. J. F. Foss and B. P. Straughan,
CRC Press Inc., 18901 Cranwood Parkway, Cleveland,
OH, 44128, 1972,

INFRARED DATA RETRIEVAL

Computer search systems are available for refrieving infrared spectra from coded band data to match against
unknowns. The public file for this purpose is the ASTM tape, AMD-33, corresponding to the publications cited
above. Two computerized systems are available in time-sharing. Other systems are dedicated for specific com-
puters or for software accompanying computer-assisted spectrometers.

Available Publicly on Time-Shared Computers

Contact for Details

Dr. Clara Craver, Chemir Labs., 761 W. Kirkham,
St. Louis, MO 63122 Tel. (314) 962-6704

NRC, 100 Sussex Dr., Ottawa, Ontario, Canada

Chem. Info. Sys., Inc. 7215 York Rd. , Baltimore ,MD

Available for Dedicated Computers

Name Spectra Availability

IRGO 150,000 Subscription and mail-in
search service

SPIR 143,000 Subscription, Canada only

CIs 3,000 Subscription

First=1 143,000 Purchase, for batch run
on IBM 370

Spec-Finder? 100,000 Purchase

Mr. B, Blackney, DNA Systems, POB 1424,
Saginaw, M| 48605 Tel. (517) 793-0185

Sadtler Labs., 3316 Spring Garden St., Phila,PA
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THE SPECTRUM PUBLICATION PROGRAM

This program was initiated in the summer of 1956 with
aquestionnaire to members which, like subsequent ques-
tionnaires, showed overwhelming interest in the publi-
cation of "more and better" spectra. The first 5,000
spectra were published with no criteria beyond enlarg-
ing the spectral data base in either of two ways:

If a compound's spectrum was already published, the
Coblentz spectrum of that compound added data in ei-
ther accuracy, physical state or spectral range; or

If no spectrum was available, the spectrum to be pub-
lished was checked for consistency with that expected
for its structure and for quality adequate to permit i-
dentification of the compound.

More comprehensive evaluation of infrared specira was
started under the impetus of the wide availability of
grating spectrometers and increased interest in spectral
reference data by the National Bureau of Standards.
In fact, the Office of Standard Reference Data of the
National Bureau of Standards was established about the
same time that practical experience had been gained
with grating infrared spectrometers. It was possible to
produce 'good' spectrain quantity, but aconsensus was
needed on what a 'good' spectrum should be for broad
scientific reference purposes.

The OSRD funded several full-day working meetings of
the Board of Managers of the Coblentz Society to de-
velop specifications for evaluated infrared spectra.
After extensive consideration of many parameters, the
Board generated the "Specifications for Evaluation of
Infrared Spectra" and published them in Analytical
Chemistry, 38, 27A (1966).

Five thousand spectra have been published coopera-
tively by the Joint Committee on Atomic and Molecu-
lar Physical Data and the Coblentz Society since then.
These spectra were evaluated under the OSRD specifi-
cations which provide for Class 1l or Research Quality
spectra and for Class Il or Analytical Quality spectra.

The specifications for Research Quality Spectra have
been recently modified to accommodate both disper-
sively measured and interferometrically measured spec-
tra, These modifications are added to the original cri-
teria where needed in the following summary of evalu-
ation specifications. For complete details see Analyt-
ical Chemistry, 47, 945A (1975).

Specifications for Evaluation of Infrared Spectra

For purposes of evaluation, infrared spectra can be
classified into three categories: Class |, standard spec-
tra; Classes Il and 11, reference spectra.

CLASS | spectra, critically defined physical data, are
designated as "standard spectra" because they are of a
sufficiently high quality to be acceptable as physical
constants of the substances under precisely defined con-
ditions of measurement, and further refinements inspec-
trophotometric technique are not expected to change
them significantly. Spectra of this quality may be ob-
tainable for condensed phase systems within two to five
years. |t was the unanimous opinion of the Board of
Management of the Coblentz Society that the specifi-
cations and format of such Standard Spectra should be
defined by international agreement, and the Gommis-
sion on Molecular Structure and Spectroscopy of IUPAC
is now studying this problem.

CLASS |l specirg, research quality spectra, are obtained
on good infrared spectrophotometers, grating or inter-
ferometric, operated by competent technicians under
conditions appropriate to a research laboratory. The
purity of the compounds must be specified with respect
to the type and quantity of any spectroscopically de-
tectable impurity present, and independent verification
of the compound's identity is required.

CLASS [l are the absorption spectraof individual com~
pounds, polymers, and resins of known composition that
have been obtained with sufficient accuracy tobe use-
ful in the identification of unknown materials.

The Board of Management of the Coblentz Society rec-
ommends that specira in Classes Il and Il be called
'reference spectra', and that they be so designated in
the published charts and in associated literature. |t
strongly recommends that the use of the word 'standard’
be reserved solely for spectra of Class I.

The panel of spectroscopists established toevaluate in-
frared spectra cannot be expected to establish in all
cases the correctness of the reputed chemical structures
simply from the infrared spectra alone. Their prime re-
sponsibility is to rule on the technical quality of the
spectraand to check for gross incompatability with the
assigned structure. Thus, users of Class Il spectra must
recognize that many of these spectra will have been



drawn from large collections that were not compiled
with definitive documentation in mind, so that some
incorrectly assigned spectra may pass through the eval-
uation process. This problem is eliminated for Class Il
spectra, which are required to have independent com-
position validation.

Specifications pertinent to spectrophotometer opera-
tion, presentation of data, sample preparation and sam-
ple purity for reference spectra are presented below.
Where numerical limitations apply, as for resolution,
frequency accuracy and noise, both Class 1l and Class
Il specifications are cited.

i. Spectrophotometer Operation
A. Resolution

The resolution should be consistent with the operating
specifications for the spectrophotometer. For Class Ili
spectra, the minimum acceptable performance is that
obtainable from a sodium chloride prism spectrometer
in good operating condition.

For dispersively measured Class Il spectra the spectral
slit width should not exceed 2 cm™! through at least
80% of the wavenumber range and at no place should
it exceed 5 cm=1. See Figure 4, p.19.

For interferometrically measured spectra the resolution
is judged by comparison with the standard reference
spectrum to ascertain whether it meets Class Il or Class
11} specifications. The optical retardation must be at
least 0.5 cm, and the apodization function stated.

B. Wavenumber Accuracy

For Class ll1, charts showing evidence of wavenumber
calibration error in excess of ¥ 30 cm=1 at 3000 cm=1
or £ 5 cm=! below 2000 cm=1 are not acceptable.
IUPAC recommendations are for * 15 cm=1 limit at
3000 cm~!. Primary calibration data are given in Fi-
gure 3 and Tables 3 and4, pp. 18 and 19.

For Class 11, the abscissa as read from the chart should
be accurate to 5 cm=! at wavenumbers greater than
2000 cm~! and to £ 3 cm=! at wavenumbers less than
2000 cm~1. Calibration corrections within these |imits
are encouraged and should be indicated on the chart.

Proof of the wavenumber accuracy is provided by a
spectrum of the standord reference material. Fiduciary
marks should be recorded on each chart shortly after
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the beginning and near the end of each uninterruptedly
scanned segment of the spectrum. These marks are re-
quired to guard against errors from paper shrinkage and
from mismatch between the printed chart grid and the
spectrophotometer.

C. Noise Level

Charts should not exhibit more than 2% average peak-
to-peak noise for Class {ll or 1% average peak-to-peak
noise, or 0.25% r.m.s. for Class Il.

D. Energy

Itis recommended that the spectrometer be purged with
dry air to ensure that at least 50% of the source energy
is available throughout the spectrum (except at the
2350 cm~1 and 670 cm=1 CO2 absorption areas.)

E. Other Performance Criteria

1. Charts exhibiting evidence of more than 5% stray
radiation in any region of the spectrum are unaccept-
able for Class Ill. For Class Il the limit is 2% stray ra=
diation in regions higher than 500 cm~1,

2. Charts exhibiting evidence of a dead servo-system
or of excessive overshoot should be rejected. The spec-
trophotometer and recorder time constant must be com-
patible with the scan rate. See Operating Parameters.

3. For Class Il, spectra of reference standards which
document the performance of the spectrophotometer in
respect toband shapes and relative band intensities are
necessary. (Discussed under Operating Parameters.)

Il. Presentation

A. Information to Appear on the Chart

Both the structural and the molecular formulas of the
compound should appear with the chart. It is also rec-
ommended that the compound name be included, and
preferably this should conform with the nomenclature
used by Chemical Abstracts. The make and model of
the spectrophotometer must be recorded as well as the
date on which the spectrum was obtained. For disper~-
sion instruments the dispersing element must be identi-
fied (e.g., NaCl prism, grating).

The physical condition of the sample must be stated,
(e.g., Nujol mull, solution, pure liquid, etc.). For
measurements on solutions the solvent used in each re-



gion of the spectrum must be recorded on the published
chart. The path length and concentration should also
be given, but spectra lacking this information may be
accepted at the discretion of the evaluator. The path
length of pure liquid samples and concentrations in
pelleted disk spectra should be given if possible.

B. Spectral Range

The chart must cover 3700 to 700 cm™! for Class Il and
3700 to 450 cni=! for Class Il. Gaps caused by solvent
interference orby obscuration from mulling agents may
be permitied for Class |l spectra at the discretion of
the evaluator, but must be designated as such on the
published chart.

C. Intensity

It is anticipated that many spectra will be recorded on
a linear transmittance ordinate grid, but spectra re-
corded on paper having alogarithmic ordinate grid are
preferable, since this permits the direct interpolation
of absorbance intervals.

The absorption bands must be strong enough to be use-
ful in characterizing the material. Spectra are gener-
ally unacceptable if they show:

1. No bands more intense than 0.6 absorbance unit
2. Many bands exhibiting total absorption
3. An average lg less than 60 to 75% transmittance

For Class Il any band over 1.5 absorbance units should
be reproduced ona less absorbing sample and the curve
should extend to at least one weaker band. Multiple
traces on any chart should be kept to a minimum,

D. Wavenumber Readability

For Class 111, band peak positions must be readable on
the published chart to £ 15 cm=1 at 3000 cm=1 and
+2.5 cm=1 below 2000 cm=1. In selecting among al -
ternative specira for a given compound, preference is
given to linear wavenumber over wavelength presenta-
tion unless there are strong reasons to decide otherwise.
The peak position for linear wavelength charts must be
readable to 0.02 micrometers.

For Class [l, sharp peaks should be readable to within
t 5 cm=1 at wavenumbers greater than 2000 cm~! and
within 2 cm=1 at wavenumbers less than 2000 cm=1,
Only spectra recorded with the abscissal scale linear
in wavenumber are acceptable; scale changes at des-
ignated abscissal positions are allowed.
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E. Recording

It is preferred that the spectrum exhibit no gaps in
wavenumber, but evaluator's discretion is permissible
for Class [ll. Hand retraced spectra are unacceptable.

For Class ll, recording should be continuous with no
gaps in wavenumber, but itis permissible for spectra to
extend over more than one chart. Discontinuities in
ordinate (absorbance), if present, should not exceed
0.01 absorbance unit.

F. Atmospheric Absorption

Bands resulting from atmospheric absorption should or-
dinarily be no greater than the allowable noise level
(1% for Class 1 and 2% for Class 11).

Px

Sample Identification and Preparation

A. Compound ldentification and Purity

Purchase of a material from a reputable chemical sup-
ply house, or preparation according to an accepted
procedure are not, in themselves, acceptable as proof
of structure. Additional physical and chemical evi-
dence sufficient to satisfy an expert in the field should
be supplied to the evaluator. Preferably this evidence
should come from measurements on the same batch that
was used for the infrared spectrum,

For Class [, spectra should show no inconsistencies
with the postulated structure and should not exhibit an
obvious impurity band. Some relaxation of thisrequire-
ment may be permitted in the case of isotopically la~
beled substances in which complete isotopic exchange
cannot reasonably be achieved. Insuch cases the bands
associated with the minor isotopic species should be in-
dicated on the chart.

The prime responsibility for the correctness of the struc-
ture lies with the laboratory contributing the spectrum,
and the name of the laboratory should be recorded on
the chart. In exceptional cases spectra contributed a-
nonymously may be published, but such spectra should
be labeled "Chemical Structure not Authenticated.”

No spectrum can be rated as Class || unless either the
evaluator is supplied with a reasonably detailed des-
cription of the preparation and purification history of
the measured sample, together with adequate evidence
for the correctness of the assigned chemical structure,
or two curves derived from samples obtained from inde-
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pendent sources are available which are in reasonable
agreement.

For Class I1l, the purity of the samples should be such
that only bands of minor intensity due to impurities are
present, and these bands should be identified on the
published chart. The permitted intensity of impurity
bands is at the discretion of the evaluator, but should
not normally exceed 10% of the absorbance of the ma-
jor band of established structural significance. Not
more than three impurity bands should appear, but the
evaluator makes allowance for compounds that are read-
ily hydrolyzed, oxidized, or isomerized. It should be
noted that the presence of correctly identified impurity
bands in the spectra of unstable materials is not neces-
sarily a detriment, since one of the uses of reference
spectra is for the detfection and identification of com-~
mon impurities.

B. Sample Preparation

1. Liquid State Samples

For analytical purposes it is preferable that the sample
be run in liquid solution, normally at concentrations in
the range 5% to 10% weight per volume. Solvent bands
should be compensated, but not more than 75% of the
energy should be removed from the beam by such com~
pensation, and then only over a short region of the
spectrum. Any solvent bands resulting from incomplete
compensation should be indicated onthe chart. A suit-
able solvent combination is carbon tetrachloride (3800
-1335, 650-430 cm=1) and carbon disulfide (1350-430
em=1); both solvents should be used at path lengths in
the range 0.03-0.3mm. See Figure 1.

Cases may arise that require the use of other solvents,
and solubility limitations or other concentration de-
pendent factors may necessitate the use of cells of
longer path length. These conditions are acceptable
provided the reference beam energy is not attenuated
by more than 75%.

It is also desirable that the spectrum of the liquid be
recorded. Solution spectra and liquid spectra are to be
regarded as complementary, and not as substitutes for

one another.

The spectra of liquids not soluble in transparent sol-
vents should be measured as capillary films.

2, Solid State Samples

Solution spectra in the most transparent solvents are
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preferred, provided the solvents and path lengths can
be chosen to leave no significant gaps due to solvent
obscuration.

For insoluble compounds mulls are preferred to pressed
pellets unless it can be established that the pellet gives
an undistorted spectrum.

For Class Il, solid state spectra must meet the following
criteria for isotropic materials. The background ab-
sorbance should be less than 0,20 near 3800 cm-1 and
less than 0.10 near 2000 cm=1, No gross abnormali-
ties should be evident in the background. Compensa-
tion in the reference beam by a blank mull or pellet
should be indicated, and in no case should it reduce
the reference beam intensity by more than 50%. The
Christiansen effect should notbe apparent, but minor
distortion resulting from this effect may be permitied at
the discretion of the evaluator. Interference fringes
should not be apparent.

Pellets should exhibit no bands due to absorbed water
greater than 0.03 absorbance unit. Mulls should be
made with perhalogenated oils for the range 3800-1335
cm=], and the intensity of the overtone band near 2300
cm=1 should not exceed 0.02 absorbance unit. Liquid
paraffin (Nujol or the equivalend should be used below
1350 cnr, and the intensity of the band near 720 cm=]
should not exceed 0,05 absorbance unit. See Figure 2.
If there are suitable bands present, they should be over-
lapped in the two mull spectra and one of the bands
should be identified in both mull specira; this aids in
establishing the intensity ratio between the two sec-
tions of the spectrum.

For non-isotropic_materials such as single crystals or
crystalline polymers, spectra should be accompanied
by a record of the orientation of the sample with re-
spect to the radiation beam and, in the case of disper-
sively measured spectra, the orientation with respect
to the grating rulings should also be indicated.

Amorphic and partially crystalline polymers of ill-de-
fined molecular and conformational structure should
not be included as pure materials.

For Class lil, there must be at least 25% nominal trans-
mission at 3700 cm-1 and at least 40% nominal trans-
mission at 2000 cm=1 in the absence of specific com-
pound absorption. There must be no gross abnormalities
or discontinuities. Spectra should not exhibit appreci-
able pseudo-structure attributable to interference fring-
es, and any such fringe patterns should be identified
on the published chart. The Christiansen effect should
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not be great enough to distort the band contours signi-
ficantly. In spectra of alkali halide pellets, the water
absorption bands must not exceed 0.1 absorbance unit.

3. Gas and Vapor State Samples

Specifications forgas and vapor state vary considerably
with the purposes for which the spectra are o be used.
The following general guide lines will be replaced by
more specific recommendations in 1978.

The pressure of the absorbing gas should be selected so
as to display the significant features in the spectrum,
while showing a minimum number of bands so strong
that structure is lost. Very intense absorptions should
be rescanned at lower pressure, but the number of ad-
ditional tracings on a single chart should be kept to a
minimum for readability.

It is desirable that the pressure of the absorbing gas be
stated; and if an inert diluent gas is used, it should be
identified and the total pressure given. The path
length of the cell should be preferably 5 to 10 cm, and
should be stated.

Users of gas and vapor spectra mustrecognize that such
spectra are strictly qualitative, since the intensity of
an absorption may depend strongly on the total pressure
as well as on the partial pressure of the absorbing spe -
cies. (Intensities may change by a factor of 5 or more
upon pressurizing a gas from zero to one atmosphere
with an inert diluent.) Furthermore, the intensities of
different bands do not respond equally to pressure.

On the other hand, the exact frequency of sharp spikes
is likely to be important for qualitative analysis. Thus,
it is especially important for gas and vapor spectra that
wavenumber calibration accuracy be established and
maintained.

IV. Spectrophotometer Performance Checks

The approved standard reference material is a mixture
containing 98.4 parts by weight of indene, 0.8 parts
by weight of camphor, and 0.8 parts by weight of cy-
clohexanone. (Figs. 3 & 4) This is the indene mixture
recommended by the International Union of Pure and
Applied Chemistry (IUPAC) for the wavenumber cali-
bration of medium resolution spectrophotometers when
used for measurements on condensed phase systems over
the range 4000 - 600 cm=1. The indene -camphor-cy-
clohexanone mixture should be stored in sealed am-
poules which should be opened immediately before use.

17

Information about commercial sources of this material
is available from the Coblentz Society. At this time
it may be obtained from the Perkin-Elmer Corp., Nor-
walk, CT, or from the Aldrich Chemical Co., Milwau-
kee, W1, catalog number 19, 167-1. The 1/1/1 mix-
ture for far-IR calibration is Aldrich no.19, 148-5,

Calibration spectraon secondary standards are accept=
able subject to their approval, provided they are cali-
brated over the full wavenumber range and are compat-
ible with the need to satisfy research quality criteria.

A. Wavenumber Calibration

The recommended wavenumber cdlibration points are
the absorption maxima of the standard indene/camphor
/cyclohexanone mixture listed in Table |. Suitable
path lengths are 0.2 mm for the range 3800-1580 cm™!
and 0.03 mm for the range 1600-600 cm=1, A mixture
containing equal parts by weight of indene, camphor,
and cyclohexanone at a path length of 0.1 mm may be
used for the range 600-300 cm=1. See Table II.

B1. Dynamic Error Test for Dispersively Measured

Spectira

For dispersively measured spectra the following dynam-
ic error test is suitable for use with most grating spec-
trophotometers .

The spectrum of the indene /camphor /cyclohexanone
(98.4,/0.8/0.8) mixture is remeasured from 1350-850
cm™! at one fourth of the scan rate used for the refer-
ence spectrum, with other operating conditions un-
changed. The heights from the baseline of the bands
at 1288.0, 1226.2, 1205.1, 1018.5 and 914.7 cm~]
are measured in absorbance units on both the fast and
slowly scanned charts. The peak height ratios Ajg94 2
/A1288.0; A1205.1/A1226.2 and A914.7/A1018.5
should not differ by more than £ 0.02 between the fast
and slow runs.

B2. Aliasing Error Test for Interferometrically
Measured Spectra

The following aliasing (folding) test should be made
for spectra measured interferometrically. The tfrans-
mission spectrum of a 0.05 mm layer of liquid water is
determined over the range 3800-3000 cm=1. The false
energy at 3400 cm=1 should not exceed 0.5% transmis-
sion on the run,
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Wavenumber cm=1

Figure 3. IUPAC definitive spectra of indene~camphor-cyclo-
hexanone mixtures: A-C, 98.4/0.8/0.8 mixture; D, 1/1/1.
See Tables | and Il for cm=1 of numbered absorption maxima.

R. N. Jones
and
A. Nadeau

(Figures 3 and 4 reprinted
courtesy of the

Canadian Journal of Spectroscopy)

Path Lengths

4000-1500 cm=1
3200-2700
1650-1600
1500- 780
800- 600
700- 280

0.20mm
0.03
0.03
0.03

capillary
0.05



Table 1.—Indene-Camphor-Cyclohexanone (98.4/0.8/0.8) Mix-
ture — Recommended Calibration Bands®

Band ‘Wavenumber Band Wavenumber
No. (cm™?) No. (cm~1)
1 3927.2 £ 1.0 444 1741.9
2 3901.6 44 17134
3 3798.9 47 1661.8
5 3660.6 + 1.0 48 1609.8
8 3297.8 £ 1.0 49 1587.5
9 3139.5 51 1553.2
10 3110.2 53 1457.3 = 1.0
12 3025.4 54 13935
15 2887.6 55 1361.1
17 2770.9 57 1312.4
19 2673.3 58 1288.0
20 2622.3 60 1226.2
21 25984 £ 1.0 61 1205.1
23 2525.5 62 1166.1
28 2305.1 64 1122.4
29 2271.4 66 1067.7 £+ 1.0
30 2258.7 67 1018.5
33 2172.8 69 947.2
34 21358 £ 1.0 70 942.4
35 2113.2 71 914.7
36 2090.2 72 861.3
39 1943.1 73 830.5
40 1915.3 74 765.3
41 1885.1 76 718.1
42 1856.9 77 692.6 = 1.0
44 1797.7 + 1.0
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Tables | and Il contain wavenumber
values for bands in Figure 3, p.18.

Table 11.-~Indene-Camphor-Cyclohexanone (1/1/1) Mixture —
Recommended Calibration Bands®

Band No. Wavenumber (cm~1)

PN PO IO

Wavenumber cm™]

4000 3000 2000 I500 1000 500
To | [ B [ I
1 cm- A
!
100
0
T
) 2 Cm-! B
c
L
E
e
O
'_s. ]
Figure 4. Resolution differences e 100
at 1, 2and 5 em=1 slit widths T
shown by spectra of the indene 0
calibration blend (98.4/0.8/0.8
from 4000-700 cm=1; 1/1/1 from 5CM-1 C
700-280 cm~1). Compare the band
ratio differences for sharp peaks
throughout the spectra.
{ Figure 4 is adapted from Jones
and Nadeau, Canadian Journal 100
of Spectroscopy, 20, 35-42,
March/April, 1975.)




C. Resolution Test for Dispersively Measured Spectra

In the neighborhood of 1200 cm=! the spectral slit
width can be determined approximately from the ratio
A1205.1/A1226 .2 computed in the dynamic error test,
as given in:

TABLE 1Nl

Approximate Resolution
Collated From Indene Band Ratios

A1205.1/A1226.2 Spectral Slit Width (em™y
0.80 4,0~-5.0
0.85 3.0-3.5
0.90 2,0-2.5
0.95 1.0-1.5
0.97 <1.0

For interferometrically measured spectra the nominal
resolution canbe computed provided both the apodiza-
tion function and the optical retardation are reported.
For both dispersively and interferometrically measured

spectra the resolution of the spectrum of the indene/

camphor / cyclohexanone reference sample should
match the spectrum shown in Curve B of Figure 4 over
80% of the wavenumber range, and at no point be less
than that of Curve Cto meet Class |l specifications.

D. False Radiation

The indene /camphor /cyciohexanone reference spec-
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'WAVELENGTH IN MICRONS
6 7

trum should show virtually total absorption at 3050.0,
1609.6 and 765.4 cm=1 if measured at the designated
path lengths. The test spectra at these wavenumbers
should therefore match the spectrophotometer transmis-
sion zero within the allowed tolerances. A 0.4 mm
layer of pure indene is virtually totally absorbing at
392, 420 and 551 cm=1 and this can be used to estab-
lish the false radiation below 600 cm=1. It should not
exceed 2% transmission at wavenumbers greater than
600 cm-1; the permissible amount at lower wavenum-
bers is left to the discretion of the evaluator.

E. Check on 100% Transmittance Line

Each set of spectra should be accompanied by a 100%T
(lo) check obtained by scanning the wavenumber range
of the submitted spectra with no cell in either beam
under the standard operating conditions used to obtain
the spectra. The 100 % T trace should be flat within
0.01 nominal absorbance units. Minor exceptions are
allowed at the discretion of the evaluator.

F. Cell Blank Check

Each set of solution spectra should be accompanied by
a trace obtained under the standard operating condi-
tions with solvent in both cells, using the same cells
as for the transmitted spectra. No extraneous bands
should appear though it isrecognized thatsolvent bands
may not be completely compensated in the cell blank
spectrum. The permissible degree of mismatch is left
to the judgement of the evaluator.

B i
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1213 14 15161718 20 22 25 30 0 %0
TR O T I T T T T T R

ABSORBANCE

SFH N 6

4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1900 1800 1700

1600 1500
WAVENUMBER T

400 1300 1200 1100 1000 900 800 700 600 500 0 300 200

Figure 5. Routine test spectrum of Indene calibration standard 98.4 indene/0.8 camphor/0.8 cyclohexanone at
optimum singe=-run thickness (0.3mm). Note readability above 2000 cm=1 to 5 cm=1 and below 2000 cm=1 to em™!.
Thicker runs are needed for additional zero checks (p.18).
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OPERATING PARAMETERS OF DISPERSIVE SPECTROMETERS

In order to achieve best results with dispersive IR spec-
trometers, users must take considerable care tooptimize
the setfting of the slit program, response time, gain and
scan time. Some of the most modernspectrometers make
use of electronically controlled automatically interac~-
tive settings toachieve optimum performance under or-
dinary sampling conditions. However, even for these
automated spectrometers it is important for the user to
understand the trade-offs in performance among the ad-
justable parameters, that is, what the "black box" is
actually doing.

A paper by A. Lee Smith and W. J. Potts, Jr. (Applied
Optics, Vol.6, p. 257, 1967) discusses in detail the
significant parameters involved. Key factors are repeat-
ed here for convenience. Reference to the original ar-
ticle is highly recommended for a more complete treat-
ment of each of the parameters discussed and for a com-
prehensive bibliography on the subject.

For dispersive spectrometers it is important to recognize
one fundamental limitation: the spectrometer tries to
make monochromatic radiation out of a continuous en-
ergy spectrum, and never quite succeeds. The spectral
slit width, or frequency spread at half-maximum of the
radiation passing the exit slit, is proportional to the
mechanical slit width for a well adjusted spectrometer,
or: Avre s

Other contributions to the breadthof Av¥z are small
compared with the slit term in an energy limited spec-
trometer during usual operation. The energy distribu-
tion in the frequency bundle falling on the detector
surface is known as the slit function of the monochro-
mator (Fig.6). The combination of the slit function
and the true shape of an absorption band gives, for an
infinitely slow scan, the observed line shape (Fig.7).

ANIVA

Triangular Rectanquior Tropezoidal

Fig. 6 Some hypothetical slit functions of monochromators.

ANRIWAN

True bond shape Stit function Observed bond

Fig.7  Effect of slit function on line shape.

Clearly, the distortion introduced into the spectrum de-
pends strongly on the slit function of the monochroma-
tor. |t is also obvious that the narrower the slit, the
smaller the net effect of both slit width and slit func-
tion on the recorded specirum. As a rule of thumb, it
has beensuggested that Avl/z should be less than one-
fifth the bandwidth. Bandwidth is defined here as the
width of the band envelope at half its maximum absor-
bance . This requirement implies a spectral slit width
of less than 0.8 cm™! for the narrower bands in con-
densed phases.

Resolution, which may be defined loosely as the ability
of the spectrometer to separate two adjacent frequen-
cies, is inversely proportional to slit width. It is usu-
ally determined by scanning pairs of lines whose sepa-
ration is known from previous high resolution studies.
Generally, one uses the highest practical resolution in
order to achieve more accurate band shapes and inten-
sities consistent with other spectrometer limitations.

Servo Energy

Modern spectrometers use a chopping or beam alterna-
ting system to achieve stable operation. Because of
the slow response to thermoeleciric detectors, the chop~
ping speed is low—usually 5-20 ¢/s. In the double~
beam optical null system an alternating signal at the
detector indicates unbalance between the sample and
the reference beam. The instrument responds by moving
the optical attenuator into (or out of) the reference
beam in such a way as to attempt to match exactly the
absorption spectrum of the sample, and indeed it is the
motion of the attenuator which is actually recorded;
however, the fact that a finite signal exists at the de-
tector indicates that the recording penalways lags be-
hind the true sample transmission.

Thus, the system, radiation-detector-amplifier-servo
motor-optical wedge, forms a closed loop which is the
primary servo loop of the spectrometer. It is impera-
tive for proper spectrometer operation that the energy
of this loop be optimized; if it is too low, the attenua-
tor motion will be sluggish and response will be incom-
plete (Fig.8); if it is too high, the system may over-
shoot badly on rapidly changing signals and may, in
fact, break intooscillation about the equilibrium point.
Amplification of the detector signal in the servo loop
is controlled by the gain setting. The energy available
from the detector for activating the loop varies with
the brightness of the source, the efficiency of the de-



tector, and the slit width of the monochromator. Ex-
pressed in quantitative terms, the servo energy is pro-
portional to the gain and to the square of the mechan-
ical slit width, or, servo energy o« g s?

These variables must be adjusted initially to give the
proper servo energy, and subsequently maintained in
the proper balance by compensating adjustments of gain
and slit settings.

Ratio-recording spectrometers do not use an optical at-
tenuator; nevertheless, these spectrometers are still
subject to thesame basic limitation of slit width, noise,
response time, and scan time.

Noise

Noise, or unwanted random fluctuations of the record-
ing pen, usually originates in the defector and first
amplifier stage. The noise level sets a practical limit
to the gain or degree of amplification of the detector
signal. Noise is directly proportional to the gain, or
N o g
Thermoelectric detectors are characteristically ineffi-
cient, and the signal-to-noise is therefore low com-
pared to that of a photomultiplier, for example. The
principal sources of noise are thermal agifation of e-
lectrons in the detector and input transformer (Johnson
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noise) and tube noise in the first stage of amplification.

Noise is detrimental, since it introduces info the spec-
trometer record an uncertainty which produces dispro-
portionately large errors in absorbance. For example,
1% noise superimposed on a band showing 20% trans-
mission may give as much as 2.6% error in absorbance;
irregularities in the background trace contribute an ad-
ditional 0.6% for a total error of 3.2%. These errors
are greatly magnified for measurements near zero or
100% transmission.

From a qualitative standpoint, noise is undesirable be-
cause bands are easily lost in noise (Fig. 9), and fur-
ther, the unmeasurable but real confidence factor be-
comes low for a noisy spectrum. Finally, excessive
noise interferes with the proper functioning of the speed
suppression control. A realistic noise level for general
spectrophotometer work is 0.5%T average peak to peak.

Response Time

Noise in the spectrometer can be minimized by (a) tun-
ing the ac amplifier to the chopping frequency, a pro-
cedure which rejects signals of other frequencies (noise)
(b using an RC network to filter the dc signal resulting
from synchronous demodulation of the amplified acsig-
nal, or (c) incorporating inertia or changing the me-
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Fig.9 (a) Normal scan. (b) Same conditions, except one-half
normal slit width and gain increased to restore servo energy.



chanical part of the servo system. All these devices
have the effect of increasing the time required for a
signal to reach its steady state value, this time being
the response time or response period of the servo loop.

The relationship between the Johnson noise voltage Ey
and the servo system bandpass A is given by the Ny-

. f H :
quist equation Ey? = 4«TR(A¥) x 107

where k is Boltzmann's constant, Tis the absolute tem-
perature, and R is the detecfor resistance. The band-
pass is inversely proportional to the time constant of
the servo loop 7, or ASf 7

(Time constant fora critically damped system is defined
as the time required for the servo response to reach
within 1/e of its steady state value. Response time,
or response period, as used here, is equivalent to about
four time constants.) As a result of these relations,

N« g7-Y

The scanning speed of the spectrometer must be consis-
tent with the response time in order for the recorder to
follow accurately the detector signal. If the scan rate
is too high, band shapes and intensities will be distort-
ed, and weak bands may be missed completely (Fig.10).
It has been suggested that the speed should not exceed
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Fig.10 (a) Normal scan with 0.5 sec response time. (b) Same

conditions, except 2.0 sec response time.
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0.4 bandwidths per response period if band intensities
are to suffer no more than 2% error from dynamic dis-
tortion. Bandwidths in condensed phases range from 2-20
cm=1 or more, with the largest number falling in the
range 4-7 cm™1,

Any system which adds electrical or mechanical inertia
to the servo loop effectively increases its response time.
The response time can be determined by measuring with
a stopwatch the time required for full-scale deflection
of the pen when the sample beam shutter is closed or
opened: (that is, equilibrium 100% transmission to e~
quilibrium zero % transmission averaged with the cor-
responding time for the reverse deflection). This meth-
od is an approximation useful only in an underdamped
servo system,

Relationship Between the Variables

As stated earlier, the energy passed by the monochro-
mator is proportional to the square of the slit width at
any wavelength. If the spectrometer gain g is elimina-
ted from the equations and the condition imposed that
servo energy should be constant, the relation becomes:
N« s-27-Y

This important equation tells us that the noise decreases
as the square of the slit opening, but only as the square
root of the response time.

Thus, to halve the noise, either open the slits by a fac-
tor of the square root of two, or increase the response
time (and scan time) by four. Usually the former choice
is more expedient. Experience shows that trading a low
noise level for higher resolution is usually not profit-
able; any slight advantage in real resolution is more
than cancelled by the increased uncertainty in the re-
cording. A useful table of these relationships has been
prepared by A, L. Smith for this book - see below.

TABLE IV
Resolution Response Noise
(Slit Width) Time Level
a 1 (Normal) 1 1
b 1.41 1 0.5
c 1 4 0.5
d 0.5 1 4
e 0.5 16 1
f 0.5 4 2
g 1 16 0.25
h 2 1 0.25



For example, to reduce noise by a factor of 2, either
open the slit V2 (line b) and reduce the gain to
give the proper servo energy, or increase response (and
scan) time by a factor of 4 (line ¢, Table 1V.)

Speed Suppression

Modern optical null spectrometers incorporate special
circuitry which causes the wavelength scan motor to run
ata speed that isan inverse function of the error signal
in the attenuator servo loop. As a result, the spectro-
meter scan rate decreases when a region of absorption
is encountered, the amount of decrease depending on
the suppression setting. The slow scan rate persists a
second or two after the attenuator comes into balance,
whereupon normal scan speed is resumed. This device,
if properly used, allows rapid scanning over empty spec-
tral regions and slower scanning in populated regions.

Obviously, a high noise level precludes the use of re-
alistic suppression values; the system will suppress on
noise and nothing will be gained. This is another rea-
son why the noise level should not exceed 0.5% T peak
to peak.

The operating parameters to be chosen depend upon
kinds of spectra desired. General purpose spectra on
condensed phases should be run with an optimum com-
promise on conditions to allow a reasonably low scan
time. In the area of special applications, quantitative
work improves with a low noise level; energy-reducing

Tablev S y ot Procedure for Establishing Operating
Parameters for General Purpose Spectra

Choose slit setting

Choose scan time

Pick consistent response time

Adjust gain for proper servo energy

Check noise

Adjust balance

Add speed suppression and reduce
scan time appropriately

Run test spectra

NG o

®
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sample conditions require a sacrifice in resolution to
give good pen response; and high resolution specira re-
quire an increase in response time and therefore scan
time to keep the noise level tolerable, Potts and Smith
give a summary of a practical sequence for making
these selections repeated here in tables V and VI.

It is obvious that digital recording of spectral data and
computer averaging now available on dispersive spec-
trometers makes it easier to obtain good resolution
spectra in energy limited situations. However, adher-
ence to these operating procedures still serves to in-
crease the efficiency and accuracy of spectrometers.

Additional recommended reading on this subject is
"Happiness is a Class Il Spectrum," by Smith and Potts
(Applied Spectroscopy, Vol.26, No.2, 1972).

Table VI Summary ot Procedures for Establishing Operating

Parameters for Special Purpose Spectra

A. Low noise
1. Establish general purpose condi-
tions
2. Determine noise level reduction
factor
3. Widen slits by (factor)V2 and re-
duce gain by (factor); or, in-
crease response and scan time
by (factor)?
4. Run test spectrum
B. Limited energy
1. Establish general purpose condi-
tions
2. Determine energy attenuation
factor
3. Widen slits by (factor)?; or in-
crease gain by (factor) and in-
crease response time and scan
time by (factor)?
4. TRun test spectrum,
C. High resolution
1. Establish general purpose condi-
tions
2. Determine slit reduction factor
3. Restore servo energy by increas-
ing gain
4. Increase response time and scan
time to obtain tolerable noise
level
5. Run test spectrum

Note: Figures 6-10 and Tables V and V! are reprinted courtesy of Applied Optics.





