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by the visiting French physicists, all of
whom have made pionecring contribu-
tions. Claude Cohen-Tannoudji talked
about manipulation of atoms by light at
the NIAS auditorium, in the Academy
Lecture organized by the Indian Acad-
emy of Sciences. He was welcomed and
introduced as the latest Honorary fellow
of the Academy. A day later, the audi-
torium at RRI overflowed with enthusi-
astic students and scientists to listen to
the inimitable Alain Aspect talking
about his famous experiments on the
EPR probiem and Bell's inequality. The
third public lecture was given by Mich-

ele Leduc at IIA on an important devel-
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opment in medical imaging of lungs and
cavities, a technological breakthrough
from her group’s extensive research on
helium 3. The magnetic resonance imag-
ing technique employing optically spin
polarized helium 3 could be a major
tool in diagnosis and treatment of lung
diseases.

The afternoon on the last day of the
workshop was dedicated to a discussion
on future collaborative research between
Indian and French laboratories. P. G. §.
Mony, Director, IFCPAR outlined the
procedure for proposing collaborative
programmes and offered cooperation
and support. Several definite proposals
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were discussed, and these are expected
to be followed up this year. In the
coming years several fruitful collabora-
tions between the French and Indian
scientists are expected to come up,
which would fulfil the goals of the pres-
ent workshop.

L

C. S. Unnikrishnan (with help from
colleagues at the NAPP laboratory,
ITA, Bangalore) Tata Institute of Fun-
damental Research, Mumbai 400 003,
and Indian Institute of Astrophysics,
Bangalore 560 034, India

Curious or dubious: The story of a hydrocarbon with
an exceptionally short C=C bond length

J. Chandrasekhar

One of the greatest achievements in
molecular sciences this century has been
the accurate determunation of structures
of a large number of chemical systems.
While a variety of spectroscopic and
diffraction methods have been used
successfully for this purpose, X-ray
crystallography has led the way. For the
vast majority of chemists, single crystal
X-ray structure determination represents
the ultimate unimpeachable evidence for

the proposed structure. The geometric~

details obtained through crystallography
have also served as the basis for our
present understanding of structural
chemistry. These data represent an im-
portant source of parameterization as
well as benchmarks for empirical theo-
retical models. The quality of quantum
chemical procedures, which often use
drastic approximations while solving the
Schrodinger equation, has also been
judged through comparisons of struc-
tural predictions with X-ray results.
Interestingly, in recent years, the roles
seem to have been reversed. The accu-
racy of quantum chemical calculations
15 getting better afl the time. And X-ray
structure determination is not always
devoid of problems, a fact well recog-
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nized by the best of professional crystal-
Iographers'. It 1s now being suggested
that artifacts in experiment may perhaps
be identified through comparisons with
computational studies, Not a pleasing
prospect to many. A recent as yet unre-
solved controversy provides an example
of arguments we may expect between
cutting edge theory and experiment.

One always hopes to find something
interesting with small ring systems
and the rather innocuous hydrocarbon
3-ethynylcyclopropene (1) amply fulfills
the expectations. The X-ray structure
determined at 120 K by Baldridge et al.’
revealed an unusual feature. While all
the geometrical parameters were typical
of the subunits present in the molecule,
the double bond length in the ring was
found to be exceptionally short. In fact, the
value of 1.255 A represents the shortest
formal double bond ever measured crystal-
lographically in a hydrocarbon.

Acceptor groups are known to reduce
the remote bond length 1n cyclopropyl
units, with many examples known from
different types of experiments®. The
elegant analysis of Hoffmann invoking
the cyclopropane Walsh orbitals in
inducing this structural distortion 1s

textbook material in qualitative MO
theory®. Even the simplest of theoretical
methods reproduce this effect. However,
the bond contraction in 1 is of a far
greater magnitude. Baldridge et al.
therefore chose to test what high level
ab initio theory had to say regarding the
C=C length in 1. Using a variety of
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theoretical methods ranging from

Hartree-Fock to correlated procedures
and also density functional methods in
conjunction with large basis sets includ-
ing polarization functions, the calcu-
lated bond length was consistently
larger, being in the range 1.27 to
1.30 A, The authors concluded that the
‘deviation could come from difficulties n
approximating the orbital arrangement
in 1’ |
This disturbing conclusion provoked
Schleyer and Schaefer to bring to bear
considerable computational power to
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solve the problem>. A sophisticated

procedure with the acronym CCSD(TV/
TZ2P + f was used, i.e. coupled cluster
singles and doubles method including a
perturbative ftriples correction in con-
junction with a triple ze¢ta basis set em-
bellished with 2 sets of polarization
functions and a set of f functions. This
level has been shown to reproduce gas
phase experimental bond lengths to
within 0.008 A, and the fact was again
demonstrated with results for acetylene,
methylacetylene and cyclopropene. Ge-
ometry optimization yielded a bond

length of 1.2957 A for the double bond
in 1. The key discrepancies between the

experimental and calculated bond
lengths are shown in the structure
drawing.

Under these circumstances, it is cus-
tomary to assume that theory is at fault.
The best level is perhaps not good
enough. However, this is unlikely in the
present instance. The second serious
charge against theory is that it refers to
the gas phase and direct comparison
with the solid state structure is strictly
not tenable. It is true that significant
differences between gas phase and con-
densed phase structures have been
documented experimentally. A dramatic
example involves the complex HCN-
BF;, for which the N-B distance differs
by 0.84 A between the gas phase
(microwave) and solid state (X-ray)ﬁ.
However, these differences occur 1n
strongly polar systems with weak bonds.
Furthermore, the gas phase structure as
well as the changes due to the polar
reaction field in the condensed phase are
both adequately reproduced through calcu-
lations’. Strong medium effects are not
expected in a nonpolar hydrocarbon like 1.

The needle of suspicion should
therefore then turn towards experiment.
The most common problems associated
with X-ray structure determination are
errors in space group assignment, errors
in atom assignment and the presence of
disorder and twinning 1in crystals,
Marsh®*” and Parkin'’ have over the
years highlighted many instances of
incorrect structure determinations re-
sulting from the above causes. Recently,
Parkin has pointed out'’ a more subtle
phenomenon. The least-squares refine-
ment procedure may converge to a false
minimum,. A dramatic example of two
fundamentally different structures which
both yield an acceptably low R factor
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and well-behaved displacement parame-
ters is provided in Figure 16 of a recent
paper by Murphy et al.''. However, this
artifact is a consequence of the presence
of a heavy atom in a polar space group.
It appears unlikely that the crystal
structure determination of 1 suffers
from any of the problems mentioned
here. The experimentalists, being sea-
soned campaigners, cannot be expected
to be unaware of these issues. It is
worth noting that many of the protago-
nists in this controversy have been in-
volved in earlier skirmishes involving
problems of structure determination. It
i1s perhaps appropriate to recall a few
examples.

The first oxadiborairane, 2, was syn-
thesized and characterized by X-ray
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crystallography by Boese and cowork-
ers'%. Refinement led to a structure with
nearly linear CBB units and B-O bond
lengths of 1.545 and 1.510 A. For the
parent system, ab initio calculations
predict a much shorter distance, ca.
1.40 A. The calculations appear reason-
able since the molecule is a formally 2x
aromatic system. Boese did manage to
get a structure with B-O lengths of
1.38 A if allowance was made for disor-
der of the boron and oxygen atoms.
However, the R factor was higher.
Going by conventional wisdom, results
were provided only for the structure
with long B-O bonds. Subsequent
higher level calculations by Schleyer
et al.’? confirmed that the B-O bonds
had to be shorter than what had been
‘observed’, Prompted by the theoretical
evidence, Boese went back to the earlier
structural model. Although the R factor
could still not be used to unambiguously
distinguish between the two possibili-
ties, he was sufficiently convinced to
revise the structure in favour of the one
calculated. The paper'” concludes with a
remarkabie admonition: ‘when their
results do not agree with high level
ab initio calculations, experimentalists
are encouraged to consider other possi-
ble interpretations of their data if this
leads to better accord between theory
and experiment’,

It is worth mentioning another debate
concerning an unusually short bond for
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the possible resolution of the problem
concerning the bond length in 1. For
over half a century, the central C-C
bond in 1,2-diarylethanes {(3) was
thought to have an unusually short
length, based on X-ray structures.
Jeffrey'® suggested that the central bond

is short in all systems in which two un-
saturated groups are separated by three
single bonds. However, any orbital in-
teraction involving the flanking & MOs
with the central C-C bond can only lead
to elongation'’, This led Winter and
coworkers'® to state that the central
bond shortening results from ‘a so far
unrecognized electronic effect of the n-
systems’. The likelthood that the prob-
[em may entirely be in the X-ray struc-
ture was recognized by Kahr when he
redetermined the structure of a deriva-
tive 3b with two innocuous bromine
substituents. The central length was
1.54 A. Clearly, the substituent effect
could not be that dramatic as to alter a
distal bond length. In a collaborative
effort with Siegel et al.'’, a convincing
case for the presence of an experimental
artifact was made through comparison
with theory. In contrast to all the crystal
structures ab initio calculations at the
HF/6-31G* level (now considered a
modest level) yield a central bond
length of 1.54 A, as normal as can be,
The riddle was solved by Ogawa and
coworkers'® by carrying out the struc-
ture determination of 3a at several tem-
peratures, The central bond length
changes from 1.500 A to the almost
normal 1.529 A as the crystal is cooled
from 240 to 100 K. In the related dime-
thyl derivative 3¢, the distance is neacly
normal in the entire temperature range.
The results were interpreted in terms of
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hmited intrameolecular motion in the
crystal. If the moleccule is assumed to
vibrate in a direction perpendicular to
the plane made by the central four car-
bon atoms, the average distance between
the central carbon atoms will appear to
be shorter than the actual value.

The above interpretation is not re-
stricted to 1,2-diarylethanes alone. A
simitar explanation was invoked to ac-
count for the apparently short C=C bond
lengths found through X-ray crystallog-
raphy for stilbenes'”. In general, mole-
cules with fragments of uneven sizes
may not pack uniformly tightly. Some
parts may have greater room for large-
amplitude motion. This in turn may
affect geometrical parameters deter-
mined as averages. The same phenome-
non may occur in 1. The molecule has a
rigid ring connected to a rod-like
ethynyl unit. Movement of the latter
much in the manner of a stick-shift in a
car could tilt the cyclopropene unit back
and forth. The average distance between
the carbon atoms would appear shorter
as a result. Large amphtude motion of
the ethynyl fragment has been demon-
strated earlier in a different structure®’.
However, it must be pointed out that the
structure analysis of 1 was performed at
a fairly low temperature (120 K). Also,
Baldridge et al. specifically ruled out
elongated anisotropic displacement pa-
rameters in the direction of the double
bond. Nevertheless, a careful examina-
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tion of the thermal ellipsoids may still
be useful.

Before indulging in further specula-
tions on the origins of the failure of
theory or experiment, it 1s perhaps pref-
erable to first identify which one of
them is wrong and by how much in the
present case. This is best done using
alternative experiments, rather than
through additional higher level calcula-
tions. Neutron diffraction i1s one possi-
bility. Another approach could be to
persuade a synthetic chemist to make
derivatives of 1, preferably with a group
which causes the least electroni¢c and
steric perturbation and to follow it up
with low temperature X-ray structure
determination.
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Thomas Malthus and sustainable agriculture

Suresh K. Sinha

Thomas Malthus, two centuries ago,

wrote ‘An essay on the principle of

population’. One of his many conclu-
sions states: ‘The existence of a ten-
dency in mankind to increase, if
unchecked, beyond the possibility of an
adequate supply of food in a limited
territory, must at once determine the
question as to the natural right of the
poor to full support in a state of society
where the law of property is recog-
nized’.
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Malthus has been described as a
multifacet personality, as a demogra-
pher, an economist, a politician, a 50ci-
ologist, and as a moralist. However, he
also had a keen perception of agricul-
ture, and in today’s terminology the
concept of unsustainability is quite 1m-
portant, Both his essays of 1798 and
1830 clearly bring out his concern for
agricultural production, labour, and the
laws on taxation in the country of pro-
duce against free import of the same

product from abroad. We recollect here
a few of his statements which concern
agriculture in the developing societies.
‘In the growth of wheat, a vast
quantity of seed 1s unavoidably lost.
When it is dibbled instead of being
sown in the common way, two peeks of
seeds, wheat will yield as large a crop as
two bushel, and thus quadruple the pro-
portion of the return to the quantity of
seed put into the ground. In Philosophi-
cal Transactions (1768) an account 1s
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