Bull. Hist. Chem., VOLUME 40, Number 2 (2015)

109

A COMPELLING EXAMPLE OF
SCIENTIFIC INTEGRITY
Norman C. Craig, Department of Chemistry and Biochemistry, Oberlin College,
norm.craig@oberlin.edu
Ira W. Levin, NIDDK, National Institutes of Health, iwlevin@gmail.com

Introduction
In recent years, much evidence for fraud and other
faults in the conduct of science has appeared. A classic example is Betrayers of the Truth (1), in which a
critical view is taken of the level of integrity in the
scientific enterprise over many centuries and reasons
for the failures are assessed. Another, recent example
is “Misconduct Accounts for the Majority of Retracted
Scientific Publications” (2). This paper in the Proceedings of the National Academy of Sciences focuses on the
biomedical literature, where the incidence of fraudulent
activity seems to be most severe. News accounts in
the popular press and in scientific publications such as
Science, Nature, and Chemical and Engineering News
supply reports of fraud in science (3). Revelations of
misconduct in science would naturally tend to cause the
public as well as scientists to lower their estimations of
the integrity of all scientists.
Because of the conventions about reporting scientific
results, it is almost impossible to find clear-cut examples
of high levels of integrity being exhibited by scientists.
Such examples cannot be found by reading the journals
because scientists are inhibited by literary convention
and scarcity of journal space from telling the full story
about how a project evolves. The majority of scientists
sustain high standards without making this practice
known explicitly in their papers or in other ways. This
silence is regrettable, especially in the face of all the
questioning of integrity in science. There is a critical
need for positive examples.

Scientists who receive funding from the National
Science Foundation and the National Institutes of Health
are required to give instruction in ethics to student and
postdoctoral researchers. Such presentations are principally admonitory in that they tell about proper scientific
ethics and give negative examples of fraudulent work.
Largely unavailable is an inspiring component that leads
young scientists to high standards of conduct through
reading about work done with obvious integrity. Our
paper provides a compelling example of a high level of
scientific integrity. We hope that publication of this paper
on scientific integrity might encourage other examples of
exemplary ethical behavior to be brought forward, which
could also be used inspirationally in ethics courses. IWL
knows of this need from direct experience in teaching
ethics courses at the NIH. Through consultation with
scientific colleagues we have confirmed this need.
Having in our files and in the Archives of Oberlin
College an outstanding example of a case of notable
integrity in the practice of science, it seems timely to
report about it. The example dates back to the time around
1980 and concerns a topic of great interest at the time.

Experimental Background
First, we recall the circumstances that led to the
example. While NCC was on a year’s leave in 1978-79 in
IWL’s laboratory at the National Institutes of Health, we
reexamined the literature on the vibrational spectroscopy
of the two isomers of diazene (HN=NH), also named
di-imide. Many studies had been published about the
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infrared and Raman spectroscopy of the trans isomer,
even though its short lifetime at room temperature
made such studies difficult. Most of the studies were
with matrix-isolation methods at very low temperatures, where the reactive trans isomer was stabilized.
A few questionable claims of spectroscopic evidence
for the cis isomer also existed. The cis isomer was
of great interest because it was regarded as the key
intermediate in converting atmospheric nitrogen
(N2) to ammonia with the nitrogenase enzyme, as
subsequent work has confirmed (4,5). At Oberlin
College, we had done a full study of the vibrational
spectra of the isotopologues of trans-methyldiazene
(CH3N=NH) (6), and we had succeeded in converting
the trans isomer into the cis isomer by photolysis of
frozen material at liquid nitrogen temperature (7).
Observing cis-methyldiazene was the closest anyone had come to finding direct information about
cis-diazene. The reinvestigation of the diazenes
involved developing a convincing assignment for
the six vibrational fundamentals of the trans isomer,
based on published matrix-isolation spectra. Normal coordinate calculations using empirical force
constants based on the vibrations of the isomers of
methyldiazene and trans-diazene led to predictions
for the vibrational spectrum of cis-diazene. These
calculations also reinforced the difficult assignment
of two close-lying modes of trans-diazene, which
were separated by less than 30 cm–1. These modes
were the antisymmetric in-plane NH bending mode,
n6, at 1317 cm–1 and the out-of-plane NH torsion
mode, n4, at 1288 cm–1.

High-resolution Infrared Spectroscopy at the
NRC
The revised vibrational assignment for trans-diazene
and the predictions for the elusive cis isomer appeared
in the Journal of Chemical Physics in July 1979 (8).
Within a short time of this publication, a letter came
from Dr. John Johns at the National Research Council
(NRC), the premier laboratory for the physical sciences
in Canada. A copy of his letter (Figure 1) follows. Hallin,
Johns and Trombetti had done heroic experiments on the
high-resolution infrared spectroscopy of trans-diazene.
They had succeeded in observing the spectrum of this
unstable species in the gas phase in a flow system and had
assigned 2400 rotational lines in the entangled spectrum
in the region where we had assigned the two controversial
bands observed in condensed matrix phases. The gasphase spectrum was made especially complex by a strong
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Figure 1. Letter from Johns to Craig pointing out a difference in
assigning vibrational modes in trans-diazene (9).

Coriolis interaction between the two bending modes and
rotational states. Upper rotational states were severely
mixed between the two bands. From their analysis of all
the rotational structure, Hallin et al. had made an assignment of the two close modes that was opposite to ours.
Johns wrote, “…we feel that the rotational analysis is firm
and that there is no way we can change our assignment.”
“A manuscript is in preparation and a preprint will be
sent as soon as it is ready” (9).
The evidence for the correct assignment of the two
fundamentals from the analysis of the rotational structure
seemed superior to what we had done with the various
low-resolution spectra and normal coordinate calculations. Even though we had confidence in our analysis,
we could do nothing but wish the NRC group well. A
copy of our response is in Figure 2 (10).
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At this stage we were unable to extend the initial
analysis into the region where the asymmetry doubling was resolved. After some time it was finally
realized that the vibrational assignment of the two
bands could have been made incorrectly because
the effect of the strong Coriolis interactions on the
selection rules had not been fully realized.

Our response, which is in Figure 4, was muted but congratulatory (13).
It is not hard to imagine a different outcome for
these studies. Had the paper from the Johns laboratory
appeared first, it is unlikely that anyone would have
challenged the conclusion about the proper assignment
of the two bending modes of trans-diazene. We would
certainly have been hesitant about our results. An incorrect assignment of the two fundamentals is likely to have
remained in the literature for years.
We emphasize that we bring this compelling example of scientific integrity forward not because we
Figure 2. Response from Craig to Johns thanking him for
sharing the results of their analysis of the trans-diazene
spectrum (10).

A Complete Revision
Fifteen months passed, and nothing was heard from
the Johns group. In November 1980, Johns sent another
letter, as seen in Figure 3. In this letter he reported that
he had developed doubts about their analysis and had
redone the assignments of the multitude of rotational
lines (11). The consequence was a much better fit of
the data and a reversal in the order of the assignments
of the two modes. Having subsequently done rotational
analyses on high-resolution IR spectra of less complicated systems a number of times, NCC testifies to
the breath-taking significance of the decision to redo
an analysis that must have taken many months. This
renewed effort was far from merely tying up loose
ends. The paper of K-E. J. Hallin, J. W. C Johns and
A. Trombetti had the title, “The Infrared Spectrum of
Di-imide near 7.6 mm” (12).
In the paper, there is only one place that hints at the
strenuous path leading to the final result. In the section
on rotational analysis on p 666, the paper says

Figure 3. Letter from Johns to Craig reporting a
reanalysis of the trans-diazene spectrum (11).
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found the correct assignment of the two bending modes
of trans-diazene. We bring it forward to demonstrate
how science takes place at the highest levels of probity.
Note that Johns and coworkers undertook their laborious
revision in the absence of external motivations such as
either compelling evidence or vocal disagreement on our
part. We bring it forward because we were privy through
correspondence to the high-level path of an investigation
in another laboratory.
Another reason for reporting this exceptional example of scientific integrity is to underscore the need for
examples of this type. Such material would strengthen
instruction in scientific ethics now mandated by the NSF
and the NIH. Examples of such material would lift the
sights of young scientists. Yet another reason for this
report is to encourage scientists to include brief reviews
of the evolution of a research project as part of the introduction to a paper.
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Figure 4. Response from Craig to Johns commending the
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