


payment plans are possible: one year for $2, or three years for $5.

Prompt payment of your dues will save considerable time for your —
Secretary, Treasurer, and Mailing Editor, all of whom serve without pay.
Please make your check payable to The Coblentz Society, Inc., and send
it to Dr. R. W. Hannah, Secretary, The Coblentz Society, Inc., c/o The
Perkin Elmer Corporation, Norwalk, Connecticut 06850,

IV. Election to the Board of Managers

The Nominations Committee, Dr. Foil A. Miller, Chairman, is pleased
to present the following slate of candidates as nominees for the Board of
Managers of the Coblentz Society:

Dr. Edwin D. Becker, National Institutes of Health

Dr. Gerald L. Carlson, Carnegie-Mellon University
Dr. James R. Durig, University of South Carolina

Dr. James R. Scherer, Western Regional Research Lab.

Two managers will be elected to replace Freeman F. Bentley and
W. G. Fateley, whose terms expire this year. A ballot is enclosed with
this mailing; please vote and return it to the Secretary as soon as possible.
All ballots must be received by February 20 in order to be counted. Con-
tinuing Board Members are R. E. Kagarise, S. Krimm, C. L. Angell, and
Jeanette G. Grasselli.

V. Coblentz Society Discussion Meeting

The annual discussion meeting of the Society will be held in the Whitehall
Room of the Sheraton-Cleveland Hotel on Thursday, March 6, at 8 P. M.,
The Whitehall Room has seating capacity for 300 people. This is an important
meeting at which the membership can discuss topics of interest and make
their viewpoints known. All persons having an interest in infrared spectroscopy,
members or not, are invited to attend.

VI. Report on CODATA Conference

The first International CODATA Conference, sponsored by the International
Council of Scientific Unions, was held in Arnoldshain, Germany on June 30 -
July 5, 1969. An informal letter report, written by Dr. R. N. Jones, Chairman
of the Panel on Infrared Spectra, is attached (reprinted from CODATA News-
letter No. 1).

VII. Revision of Class II Specifications for Infrared Spectra

The Board of Management has met with the Sub-committee on the Evalu-
ation of Reference Spectra on two occasions. The first was at Chicago on
December 1, 1967 and the second at Columbus on September 4, 1968. At each
meeting the specifications were reviewed in detail in the light of the accumulating
experience in their application.

Since their first publication in Analytical Chemistry (38, 27A, 1966) they
have generated considerable interest and comment, most of it favorable but
some of it critical. Most of the criticism resulted from a misunderstanding of
the Class I, Class II, and Class III categorization., In particular, the Class III
specification was deemed by some to carry a derogatory connotation that was not
intended. In an attempt to correct this, descriptive names have been attached
to soften the stark numerical classification:



Class I Critically Defined Physical Data
Class II Research Quality Analytical Spectra
Class III Approved Analytical Spectra

We trust that these definitions will help to set matters aright. We would
also like to mention that similar Class I, Class II, and Class III terminology is
beginning to be used informally in association with other types of numerical
instrumental data, and this is an indication that the concept does satisfy a
genuine need.

Critically Defined Physical Data

(CLASS I)

Difficulties in quantitatively defining the variables influencing the measure-
ment of an infrared spectrum still make it impracticable to lay down specifica-
tions for an infrared spectrum that is acceptable as a physical constant. How-
ever, our control of the instrumental variables is rapidly improving, particu-
larly since the introduction of digital recording. Adequate software support is
also becoming available and the members of the Coblentz Society will be able
to help considerably with collaborative studies to determine the feasibility of
correcting the systematic errors of measurement by computer analysis of the
digitized spectra.

Research Quality Analytical Spectra

(CLASS 1I)

A continously increasing interest is being shown in Class II spectra. Few
actual changes were authorized at Chicago and Columbus and these mainly con-
cerned matters of detail or clarification. The revised Class II specifications
are published in full as a supplement to this Newsletter.

Approved Analytical Spectra

(CLASS III)

The Class III spectra specifications were also re-examined both at the
Chicago and at the Columbus meetings. No changes were found necessary and
they have been applied successfully in the screening of the first 1000 spectra to
appear under the combined sponsorship of the Coblentz Society and the Joint
Committee on Atomic and Molecular Physical Data. It was agreed that in some
borderline cases of spectra that failed to meet Class III specifications on minor
points, publication should be recommended provided the deficiencies were
clearly indicated in the published chart. This was mainly intended to apply
where the compound was new or rare and it was not likely that a better
spectrum would be obtained.



Informal Letter Report to the Panel on Infrared Spectra
at the First International CODATA Conference from
Dr. R. N. JONES, Panel Chairman

Panel Members:

F. F. Bentley D. R. Lide, jr. D. J. Shields

1. Eliezer W. M. Linfield T. Shimanouchi
L. V. Gurvich E. R. Lippincott R. G. Simard

R. N. Jones Y. Mashiko M. K. Wilson
H. Kaiser S. A. Rossmassler B. Vodar

K. G. Heyden P. Sadtler B. J. Zwolinski

As you know, this was an informal conference, conducted in
the spirit of the Gordon Research Conferences. The results
of our deliberations therefore have no official status with
respect to future plans of CODATA, nor are they to be re-
garded as formal directives to other organizations that might
have interest in this subject.

Nevertheless, the conference provided a unique opportunity
to bring together representatives of most of the widely scat-
tered groups that are actively involved in the generation, col-
lection, evaluation and dissemination of infrared spectral data.
Many of us came to the conference with diverse views about
the future of infrared documentation. and T think it is fair to
say that our discussions led us towards some common accord.

At Amnoldshain several of you asked me to supply copies of
my notes for the Thursday morning report, and I am there-
fore circulating this letter as an ,aide-memoire“ to the panel
participants.

In the first place, we recognized that there is a strong need
for more infrared spectra for the identification of organic and
inorganic compounds, and it was our consensus that indepen-
dent projects, both governmental and private, should continue
to take the main responsibility for this work. We agreed that
improved quality of data leads to increased utility of the
information derivable from the reference spectra. Such im-
provement can come, in the first place, from better authenti-
cation of the compound structure, and secondly from more
effective use of the performance capabilities of the available
instruments.

We noted also that the application of infrared spectrophoto-
metry in several important areas of science is restricted by
the limitations of existing instrumentation and techniques.
Among these areas are the interchange of quantitative data
among laboratories; the more detailed interpretation of mo-
lecular structure; more accurate kinetic and equilibrium studies
(particularly of the liquid state); and the calculation of ther-
modynamic functions.

We agreed that certain aspects of the problems associated
with the efficient storage and retrieval of infrared spectral
data need emphasis. The efficient use of infrared spectral data
for all applications requires the maintenance of general indexes
covering all the reference collections in addition to the indexes
to the various individual spectra collections. It is also im-
portant that appropriate storage and retrieval systems, including
those using computers and other automated searching devices,
be developed and maintained to serve the variety of user
needs.

Finally, we expressed the view that at, or in association with,
the next CODATA Conference an opportunity should be pro-
vided to explore the common use of various kinds of reference
data relating to molecular structural analysis. The techniques
we had in mind included infrared, ultraviolet, Raman and
microwave spectrometry, nuclear magnetic resonance spec-
trometry, mass spectrometry and x-ray crystallography. Con-
current, but separate consideration might also be given to
the spectrographic techniques thatrelate more directly to atomic
properties.



THE COBLENTZ SOCIETY

SPECIFICATIONS FOR THE EVALUATION OF INFRARED REFERENCE SPECTRA

CLASS II SPECTRA

(Revised to September Uth 1968)

Class II spectra are reference spectra obtained
on the best currently available commercial infrared grating
spectrophotometers, operated at maximum efficiency under
conditions consistent with acceptable laboratory practice.
The purity of the compounds should be rigidly specified
with respect to the type and quantity of any impurity de-
tectable in the -spectroscopic measurements. The specifi-
cations for Class II spectra given in this report apply
only to the absorption spectra of condensed phase systems,
and it is not considered practical to write specifications
for vapor phase spectra or for reflectance spectra at this
time.

I. Spectrometer Operation

A. Resolution. 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—!. There are
technical difficulties in measuring the spectral slit-width,
and i1ts evaluation will be based on a spectrum of indene,
run under the same conditions as were used to produce the
submitted spectrum (Appendix).

B. Wavenumber Accuracy. The abscissa as read
from the chart, should be accurate to + 5 em—}! at wave-
numbers greater than 2000 cm~! and to ¥ 3 em~?! at wave-
numbers less than 2000 em~!. CalibratIon corrections with-
in these limits are to be encouraged and should be indicated
on the chart.

Proof of the wavenumber accuracy will be an
appended spectrum of indene run under the same conditions
as the sample (Appendix). Fiduciary marks should be
recorded on each chart at stated wavenumbers shortly after
the beginning and near or at the end of each uninterruptedly
scanned segment of the spectrum. These marks are required
to guard against errors from paper shrinkage and from chart-
spectrometer mismatch.



C. Noise Level. The noise level should not
exceed 1% average peak-to-peak (or 0.25% r.m.s.). The
evaluators' judgement is permissible.

D. Energy. The spectrophotometer should be
purged with dry gas or evacuated to ensure that at least
50% of the source energy 1s avallable at all wavenumbers
(except in the region of the 2350 cm~! carbon dioxide
absorption).

If the control system of the spectrophotometer
permits, it 1s desirable that adequate purging or evacua-
tion be demonstrated by a single beam run or a run against
a constant test signal, measured under the normal scanning
conditions, with no sample in the beam.

E. Other Performance Criteria. (Established by
reference to the indene spectrum. See Appendix).

l. False radiation. Apparent stray radiation
should be less than 2% at wavenumbers greater than 500 cm”™

1

2. Servo System. Any spectrum showing evidence
of dead spots or of excesslive overshoot should be rejected.
The spectrometer time constant should be compatible with
the scan rate (Appendix, Section B).

3. Photometric Accuracy. These spectra are not
intended to have absolute quantitative significance, and,
at present, it 1s not feasible to set specifications for
photometric accuracy. Such a test might be added later,
but for the time being it must suffice that the indene
bands be in reasonable agreement in shape and relative
intensity with an acceptable indene curve.

4, Temperature. It is to be assumed, unless
stated otherwise, that the spectrum i1s run at the ambilent
temperature.

II. Presentation.

A. Informatlon to Appear on Chart. Both the
structural and the molecular formulas of the compound
should appear on the chart. It is also recommended 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 should be
recorded as well as the date on which the spectrum was
obtalned. All changes of gratings, filters and cells




should be specified, including the wavenumber at which they
occur. No external mechanical attenuator is to be placed

in the reference beam additional to the trimmer comb which
i1s integral to some infrared spectrophotometers. The name
and address of the laboratory contributing the spectrum will
normally be given on the chart (see Section III-A).

The physical condition of the sample should be
stated (e.g. solution, pure liquid, Nujol mull, potassium
bromide pellet matrix etc.). For measurements on solutions
the solvent used in each region of the spectrum should be
recorded. The concentration and nominal path length should
be given both for solutions and pellets. The nominal path
length of pure liquid samples should be indicated; a very
thin layer may be described as a capillary film (See Section
III.B.l.c). In all cases the cell or support window material
should be stated.

B. Spectral Range. The chart should cover 3800 cm~!
to 400 cm~! without gaps; extensions above or below this
range are acceptable. For such extended range spectra, the
wavenumber accuracy, false radiation, atmospheric absorption
and spectral slit-width should be stated, and must be
acceptable 1In the judgement of the evaluator.

C. Intensity. It 1s preferred that the intensity
ordinate values be expressed in absorbance units and that
the charts be plotted on paper having a logarithmic ordinate
grid so that intensity in absorbance can be interpolated
directly from linear transmittance measurements. Spectra
plotted on a linear absorbance scale, or in linear trans-
mittance presented on a linear percent transmission ordinate
grid are also acceptable.

Any band over 1.5 absorbance units should be
reproduced on a less absorbing sample. A significant
fraction of the useful bands should have absorbance greater
than 0.2. At least one band in the spectrum should have
absorbance exceeding 0.7. When multiple traces are required
their number should be kept to a minimum.

D. Wavenumber Readability. Sharp peaks should
be readable to 5 cm~! at wavenumbers greater than 2000 cm~
and 2 cm~! at wavenumbers less than 2000 cm~ Only spectra
recorded with the abscissa linear in wavenumber are acceptable,
but scale changes at designated abscissal positions are allowed.

E. Recording. Recording should be continuous
with no gaps in wavenumber, but it 1s permissible for spectra




to extend over more than one chart. Discontinuities in
ordinate (absorbance), if present, should not exceed 0.01
absorbance unit. Hand retraced spectra are not acceptable.

F. Atmospheric Absorption. None should be
detectable (note also Section 1-D).

III. Sample Identification.

A. Compound Identity and Purity. Spectra should
show no inconsistencies with the postulated structure;
any spectrum exhibiting an obvious impurity band should
be rejected. Some relaxation of this requirement may be
permitted 1n the case of isotopically labelled substances
in which complete exchange cannot reasonably be achieved.
In such cases the bands assoclated with the minor isotopic
species should be indicated on the chart.

Because the prime responsibility for the
correctness of the structure lies with the laboratory
contributing the spectrum, its name and address should be
recorded on the chart. In exceptional cases spectra
contributed anonymously may be published, but such spectra
will be prominently labelled "Chemical Structure not
Authenticated".

No spectrum should be published unless either

(1) The evaluator is supplied with a reasonably
detalled description of the preparation and purification
history of the measured sample, together with other evidence
for the correctness of the assigned chemical structure.

Thlis evidence must be sufficient to satisfy an expert in
the field.

or:

(2) Two curves derived from samples obtained
from independent sources are available; these spectra
must be in reasonable agreement.

B. Sample Preparation

l. Liguid State

(a) For analytical purposes it is preferable
that the sample be run in liquid solution, normally at
concentrations in the range of 5 to 10% welght (g) per
volume (ml). Solvent bands should be compensated, but



5.

not more than 75% of the energy should be removed from the
beam by such compensation, and then only over a short region.
Any solvent bands resulting from incomplete compensation
should be clearly indicated on the chart. A suitable solvent
combination is carbon tetrachloride in the range 3800 - 1335
em=1 and carbon disulfide in the range 1350 - U430 cm™1l.both
solvents should preferably be used at path lengths in the range
0.03 - 0.3 mm., Cases may arise that require the use of other
solvents, and solubility limitations or other concentration
dependent factors may necessitate the use of cells of longer
path length. These conditions are acceptable provided the
requirement of a maximal 75% beam energy attenuation is
maintained.

(b) For documentation purposes it is desirable
that the spectrum of the pure liquid be recorded. Solution
spectra and pure liquld spectra are to be regarded as
complementary and not as substitutes for one another.

(c) Liquids not soluble in transparent
solvents are to be run as capillary films (see Section II-C).

2. Solid State

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

(b) For insoluble compounds mulls are preferred to
pressed pellets unless it is established that the pellet gives
an undistorted spectrum. Solid state spectra must meet the
following criteria:

(1). Isotropic materials. The background
absorbance should be less than 0.20 near 3800 cm~! and less
than 0.10 near 2000 em~!, No gross abnormalities should be
evident in the background. Compensation in the reference
beam by a blank mull or pellet should be indicated and in no
case should 1t reduce the reference radiation intensity by
more than 50%4. The Christiansen effect should not be apparent,
but minor distortions resulting from this effect may be
permitted at the evaluator's discretion. Interference fringes
should not be apparent. Pellets should exhiblt no water
absorption bands greater than 0.03 absorbance unit. Mulls
should be made with perhalogenated oils (or equivalent) for
the range 3800 - 1335 cm™!and the intensity of the overtone
band near 2300 cm~! should not exceed 0.02 absorbance unit.
Nujol (or equivalent) should be used below 1335 em™!, and the
intensity of the band near 720 cm~! should not exceed 0.05
absorbance unit.




(1i). Non-isotropic materials. Spectra of non-
isotropic samples, sueh as single erystals or erystalline
polymers, should also be accompanied by a recoré of the
orientation of the sample with respect both to the radiation
beam and to the grating rulings.

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

IV. Appendix. JSpectrophotometer Performance Checks.

A. Wavenumber Calibration. For the range 3800 -
700 ecm~! the wavenumber calibration should be checked on
a sample of indene containing 0.8% (by weight) of cyclo-
hexanone and 0.8% (by weight) of camphor. This solution,
prepared from freshly distilled or sublimed materials,
should be stored in sealed glass ampoules which are opened
just before use. The spectrum is published in "Tables of
Wavenumbers for the Calibration of Infra-red Spectrometers"”
prepared by the Commission on Molecular Structure and
Spectroscopy of I.U.P.A.C. (Butterworths, London, 1961,
reprinted from Pure and Applied Chemistry, Vol. 1 1961
pp. 679-83). See also Jones, R.N. and Nadeau, A., =
Spectrochim. Acta, 20, 1175 (1964).

Below 700 ecm~! a solution prepared from equal
parts (by weight) of indene, cyclohexanone and camphor can
be used pending the establishment of approved standards
for this spectral range. (See Jones, R.N., Faure, P.XK.
and Zaharias, W., Rev. Universelle Mines, 15, 417 (1959)).

Each set of spectra should be accompanied by a
set of indene spectra run significantly close in time to
the submitted spectra, and measured at the same slit-width,
noise level, scanning speed and time constant. A nominal
cell thickness of 0.2 mm is recommended for the ran%e 3800
to 1580 ecm~! and 0.03 mm for the range 1600-700 em~!. A
cell thickness of 0.05 mm is recommended for the 1:1:1
mixture below 700 cm~}.

Recommended calibration points (ecm~! in vacuo)
are the absorption maxima shown in Table I. Other secondary

standards calibrated over the entire spectral range may
also be accepted subject to thelr compatability with sections

B and C below.

B. Dynamic Error. The followlng dynamic error
test 1s suitable for use with most spectrophotometers. ~
The indene spectrum 1s rerun from 1350 to 850 cm~=! at one




fourth of the scanning rate used for the reference spectra,
with other operating conditions unchanged. 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 fast and slow scanned charts. The peak height ratios
Ai2gs.0/A1226.2, Ar1205.1/R1226.2, and Aro18.5/Ag14.7

should not differ by more than + 0.02 between the slow and
the fast runs.

C. Spectral S1it Width. This quantity can be
determined approximately in the neighborhood of 1200 cm™!
from the ratio Ai120s5.1/A1226.2 computed in the dynamic
error test, namely:

Approximate
Ait20s5.1/A1226.2 Spectral Slit-Width, cm~—!
0.80 b.,0-5.0
0.85 3.0-3.5
0.90 2.0-2.5
.95 1.0-1.5
0.97 <1.0

D. False Radiation. The indene spectrum should
show total absorption at 3050.0, 1609.6 and 765.4 em~! if
measured at the designated thicknesses. The test spectra
at these wavenumbers should therefore match the spectrometer
transmission zero within the allowed tolerances (See
Section I.E.1). A 0.4 mm. layer of pure indene is totally
absorbing at 392, 420 and 551 cm"l; and this can be used
to establish the false radiation below 600 cm~!. The
permissible amount of false radiation in this region of
the spectrum 1s left to the discretion of the evaluator.

F. Check on IO. Each set of spectra must be

accompanied by an I, check obtained by scanning the wave-
number range of the submitted spectra with no cell in
either beam at the same slit-width, noise level, scanning
speed and recorder time constant. The I, trace should be
nominally flat 1.e. lle between + 0.01 nominal absorbance
units (at the discretion of the evaluator).

G. Cell Blank Check. Each set of solution spectra
must be accompanied by a trace obtained at the same slit-
width, noise level, scanning speed and recorder time constant,
with solvent in both cells. The same cells must be used




as for the submitted spectra. No extraneous bands should
appear though 1t is recognized that solvent bands may not
be completely compensated in the cell blank spectrum. The
permissible degree of mismatch is left to the judgement of
the evaluator.

H. Energy Check. See Section 1-D.

TABLE T
Absorption maxima recommended for calibration purposes:

Solution I

3927.2 3798.9 3660.6 3297.8 3139.5 2770.9 2598.1%
2305.1 2090.2 1915.3 1797.7 1741.9 1713.4 1661.8
.2
.3

1587.5 1361.1 1312.4 1288.0 1226 1205.1 1122.4
1067.7 1018.5 914.7 830.5 730

Solution II
693 647.5 551.5 489 381.5

Solution I (indene 98.4%, cyclohexanone 0.8%, camphor 0.8%
(by weight)).

Solution II (indene 33.3%, cyclohexanone 33.3%, camphor 33.3%
(by weight)).



