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ABSTRACT
This article gives the author’s perspective on the history of the development of themolecular symmetry (MS) group. It explains how
the initial work of Hougen, which was developed for nonlinear rigid molecules, inspired Longuet-Higgins to introduce nuclear
permutations and the inversion as the fundamental elements ofmolecular symmetry. The symmetry group that is obtained applies
to all molecules, rigid or nonrigid. The criticism of Altmann, and the rebuttal of that work byWatson, is described. Altmann’s work
had the unfortunate effect of delaying the appreciation of Longuet-Higgins’ ideas.

Jon Hougen wrote two papers in the early 1960s [1, 2] that explain
how to classify by symmetry the rovibronic states (rotational
energy levels) of any nonlinear rigid molecule according to the
symmetry species (irreducible representations) of its point group;
a nonlinear rigid molecule being a molecule having a nonlinear
equilibrium structure and no observable conformational tunnel-
ing splittings. This symmetry classification is possible despite
the fact that the operations of a point group act only on the
vibrational displacements and electronic coordinates. They do
not transform the rotational coordinates (Euler angles) that
specify the rotational orientation of the molecule in space; see
Figure 1 of [1] and the discussion in the text concerning that
figure. As pointed out in [1], the operations of a point group
commute with the vibronic Hamiltonian and allow a labeling of
the vibronic states only, not the rovibronic states.

Having explained the effect on molecular coordinates of the
operations of the point group of a nonlinear rigid molecule with
the help of Figure 1 of [1], Hougen [1] ingeniously obtains a new
group, isomorphic to the point group, that commutes with the
rovibronic Hamiltonian; he calls this new group “the full point
group.” He does this, after taking the origin of the coordinates

as the molecular center of mass, by multiplying each operation
of the point group by an appropriate overall rotation; this set
of operations forms the full point group. Hougen shows that
the overall rotations he introduces are such that the operations
of the full point group end up permuting identical nuclei, or
inverting the coordinates of all particles (nuclei and electrons) in
the molecular center of mass, or doing both. Hence, this group
commutes with the rovibronic Hamiltonian and can be used
to classify the rovibronic states. Using the same names for the
irreducible representations of the full point group as are used for
the related point groupwith which it is isomorphic, the rotational
levels of a nonlinear rigid molecule can be classified according to
the symmetry species used for the point group. For reasons that
will emerge, the full point group is distinguished from the point
group by adding “(M)” to the point group name. For example, the
point group of CH3F is 𝐶3v , and its full point group is 𝐶3v(M).

Christopher Longuet-Higgins was a close friend of Gerhard
Herzberg at the National Research Council of Canada in Ottawa
and visited him at the time that Hougen’s work [1, 2] was being
done. Hougen discussed this work with him, and pointed out the
difficulty he had in extending his ideas to nonrigid molecules (for

A graduate student with Christopher Longuet-Higgins 1962–1965 and a postdoctoral fellow with Jon Hougen 1965–1966.
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Summary

The article provides the author’s perspective on the develop-
ment of the molecular symmetry group.

which there is no unique point group symmetry). On his return
to Cambridge, Longuet-Higgins [3] overcame this difficulty (he
conceived the idea on the airplane back to England) by taking
the imaginative step of bringing nuclear permutations and the
inversion (called 𝐸∗ by him) to the fore as being fundamental,
rather than starting from any rotations or reflections. By deleting
some of these elements as being what he unfortunately (see
below) described as being “unfeasible,” he achieved a beautiful
and rather simple general definition of the molecular symmetry
(MS) group for any molecule, rigid or nonrigid. The full point
groups that Hougen had obtained for nonlinear rigid molecules
are then examples of such MS groups, which is the reason we
designate them by adding “(M)” to the point group name.

Longuet-Higgins sent a preprint of his paper [3] to Hougen, and
some years later, while I was a postdoctorate fellow with him,
Hougen told me that he had been upset by the fact that Longuet-
Higgins had solved a problem that he had introduced to him

while he (Hougen) was working on it. After discussing thematter
with Herzberg, Hougen wrote to Longuet-Higgins to express
his displeasure. Longuet-Higgins generously offered Hougen co-
authorship of his paper. This offer was refused since, as Jon told
me, he realized that he would never have had the inspiration of
taking nuclear permutations and the inversion to the fore as being
the fundamental elements of molecular symmetry. Incidentally,
Longuet-Higgins submitted his paper at just about the time in late
1962 that I joined him to work for my Ph.D. He told me to read his
paper, and see if it gave me an interesting problem to work on.
It did; I worked on dimethylacetylene, a nonrigid molecule with
an extremely small barrier for the torsional motion of the coaxial
methyl groups. I was in the right place at the right time to begin
a research career in theoretical chemistry.

Figure 1 is a photograph of the Theoretical Chemistry group as
it was in 1963. I am in the middle of the back row and Longuet-
Higgins is in the middle of the front row. His right leg is in
plaster from having broken it skating on the frozen River Cam
the previous Winter. To Christopher’s left is Henry Eyring who
was visiting the department at the time. His picture reminds me
of the interview I had had with Christopher in early 1962 before
being accepted as a graduate student. He asked me what I knew
about theoretical chemistry, to which I proudly replied that I had
worked through the text book by Eyring, Walter, and Kimball.

FIGURE 1 The Cambridge University Theoretical Chemistry Group in 1963.
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He deflated my ego by saying in reply “And what mistakes
did you find?” He then said I could come up to Cambridge in
the fall but before coming up I should work through Dirac’s
book! I did not mention this episode to Henry Eyring himself.
Reading from the left as one views this photograph, the front
row consists of Alan Carrington, Frank Boys, Marion Lilley the
departmental secretary, Longuet-Higgins, Eyring, Leslie Orgel,
andAndrewMcLachan. Anthony Stone, also a Ph.D. studentwith
Longuet-Higgins then, is standing on my left. Undoubtedly, the
best theoretical chemistry group in the world at the time.

The two papers by Hougen [1, 2], and the later work of Longuet-
Higgins [3], form the foundation of the way the rotational energy
levels of molecules are classified according to their symmetry. It
should be pointed out that, because of the permutation symmetry
demands of nuclear spin statistics, when interactions involving
the coupling of the nuclear spins to the rovibronic degrees of
freedom are considered, the only symmetry labels that remain
are 𝐹 (the total angular momentum quantum number), 𝑚F (its
space fixed projection), and +∕− (the parity). The parity label is
missing for chiral rotational levels which are long lived states of
mixed parity.

Among later developments, I mention Hougen’s introduction
of double valued representations [4], the correlation of the
symmetry species of nonrigid molecules by Jim Watson [5], the
definition of the extended MS group for linear molecules by
Dusan Papoušek and myself [6], and the introduction of the
electron-spin double groups ofMS groups [7]. All this is discussed
at length in two books [8, 9] written by Per Jensen andmyself with
many applications.

We now return to the use of the terms “feasible” and “unfeasible”
in the paper by Longuet-Higgins [3]. His description of “feasible”
caused much misunderstanding and discussion [10–12] which
seriously impeded the ready acceptance of Longuet-Higgins’ way
of defining the MS group. His definition of the MS group starts
from the complete nuclear permutation inversion (CNPI) group
consisting of all permutations (𝑃) of identical nuclei in the
molecule, the inversion (𝐸∗), and of all products (𝑃∗ = 𝑃𝐸∗ =
𝐸∗𝑃). The MS group is then obtained as a subgroup of the CNPI
group consisting only of what Longuet-Higgins called “feasible”
elements. The elements removed from the CNPI group were
called “unfeasible.” The criterion for calling an element “feasible”
was explained by Longuet-Higgins in his paper as follows:

“But for most molecules not all of the elements of the complete
group need be taken into account. This is because the time
scale of a given laboratory experiment may be too short to
allow certain nuclear permutations ever to occur. One therefore
restricts attention to ‘feasible’ transformations, those which can
be achieved without passing over an insuperable energy barrier.”

This raised the argument made by Simon Altmann [10] that
permutations are mathematical operations and as such do not
involve a path with passage over a barrier. This is true and is
a reasonable criticism. But it is only a criticism of the way that
Longuet-Higgins writes about feasibility. It is best to explain this
by using an example. We consider the nonlinear rigid molecule
CH3F.

TABLE 1 The CNPI group for CH3F.

𝑬 (123) (12) 𝑬∗ (𝟏𝟐𝟑)
∗

(𝟏𝟐)
∗

(132) (23) (𝟏𝟑𝟐)
∗

(𝟐𝟑)
∗

(31) (𝟑𝟏)
∗

𝐴′
1: 1 1 1 1 1 1

𝐴′′
1 : 1 1 1 −1 −1 −1

𝐴′
2: 1 1 −1 1 1 −1

𝐴′′
2 : 1 1 −1 −1 −1 1

𝐸′: 2 −1 0 2 −1 0
𝐸′′: 2 −1 0 −2 1 0

TABLE 2 The MS group 𝐶3v (M) for CH3F.

𝑬 (123) (𝟏𝟐)
∗

(132) (𝟐𝟑)
∗

(𝟑𝟏)
∗

𝐴1: 1 1 1
𝐴2: 1 1 −1
𝐸: 2 −1 0

To write the CNPI group of CH3F, we label the protons
1, 2, and 3. The elements of its CNPI group are
{𝐸, (123), (132), (12), (23), (31)} × {𝐸, 𝐸∗} with (3! × 2) = 12

elements. The character table of this group is given in Table 1; we
call the group 𝐷3h(M), and it has six irreducible representations.
It can be shown [5] that if we were to classify the rotational levels,
we would find that there are only three distinct possibilities (not
six) and these would be 𝐴′

1 + 𝐴′′
2 , 𝐴

′′
1 + 𝐴′

2, and 𝐸′ + 𝐸′′. The
reason that we get two labels for each level is that there are two
distinct numbered versions of the CH3F molecule: One with a
cyclic labeling 1-2-3 (looking in the 𝐹 to 𝐶 direction) and one
with an anticyclic labeling. The barrier between these forms is
insuperable and there is no observed tunneling splitting. Such
tunneling could occur through the planar configuration by
rotating a CH2 moiety. If there were observed tunneling splittings
then each level would split into two, each with a unique one
of the irreducible representation labels of the CNPI group.
However, this doubling of the symmetry labels is superfluous
to our needs since no tunneling splittings are observed. If we
eliminate the six elements (12), (23), (31), 𝐸∗, (123)

∗, and (132)∗

that interconvert the two versions (and said to be “unfeasible”
by Longuet-Higgins), we get the MS group of “feasible” elements
{𝐸, (123), (132), (12)

∗
, (23)

∗
, (31)

∗
} which is the full point group

𝐶3v(M). The character table of this group is given in Table 2.
Correlating the irreducible representations of the group 𝐷3h(M)
with those of the MS group 𝐶3v(M), we see that levels labeled
𝐴′
1 + 𝐴′′

2 using the CNPI group 𝐷3h(M) would be labeled 𝐴1 in
the MS group 𝐶3v(M), 𝐴′′

1 + 𝐴′
2 would be labeled 𝐴2, and 𝐸′ + 𝐸′′

would be labeled 𝐸. This would distinguish the three possible
symmetries (𝐴1,𝐴2, and 𝐸) for the rotational levels of a nonlinear
rigid molecule of 𝐶3v symmetry.
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For the NH3 molecule, the CNPI group is 𝐷3h (M) as for
CH3F. Inversion tunneling splittings are well resolved so that all
elements of the CNPI group are feasible. This means that the MS
group is just the CNPI group. Thus, the rotational levels of the
ammonia molecule should be classified in its MS group 𝐷3h (M).

For CH3F, which has two versions, we gain a useless doubling
of the labeling if we use the CNPI group. Thus, it is superfluous
to include the elements that interconvert the versions; they
are “superfluous.” In general, the CNPI group gives as many
symmetry labels on each rotational level as there are versions,
and the number of versions is obtained by dividing the number
of elements in the CNPI group by the number of elements in the
point group of the equilibrium structure [13]. For benzene, for
example, there are (6! × 6! × 2)∕24 = 43,200 versions. It would
be wildly unwieldy to use its CNPI group to symmetry label its
rotational levels. For benzene, one should use its MS group 𝐷6h

(M). In my website, there is a pdf file of a powerpoint talk of mine
that discusses the definition of the MS group, and its relation to
the point group, inmuchmore detail than is appropriate here [14].

Altmann [10] did not appreciate the way the term “feasible” is
used in order to obtain the MS group from the CNPI group,
and wrote a paper criticizing Longuet-Higgins’ approach; in it he
wrote:

“If the operations were nothing else except genuine permutations
it ought to be possible to decide on their feasibility without any
appeal whatsoever to the path that the particles follow during
the permutation. (Such a concept as the path of an electron
permutation, say, is not meaningful.) However, it appears that
permutations are chosen as feasible when a path for them is
possible in which no bonds are broken. If a path, in whatever
form, has to be invoked, the permutation is not just a permutation
but some form of a motion. Our approach has been to bring these
motions overtly to the fore from the very beginning.”

In Altmann’s approach to setting up the symmetry group appro-
priate for a nonrigid molecule, he introduces a group that he calls
“The Schroedinger supergroup.” This group consists of rotations,
reflections, and various internal motions.

Watson [11], in his criticism of Altmann [10], corrected the
misunderstanding of the term “feasible” and also pointed out an
error in Altmann’s application of his approach for deriving the
elements in his Schroedinger supergroup. Watson characterized
unfeasible operations as being simply “uninformative” which is
a good alternative to my choice of “superfluous.” We could then
replace “feasible” by “informative.”

Altman [12], in a rejoinder toWatson [11], corrected his error, and
finally in the abstract he had to admit that:

“when all vibronic interactions are introduced, bothmethods (i.e.
his and Longuet-Higgins’) coincide entirely.”

In the end, Longuet-Higgins’ much simpler approach was vindi-
cated.

History cannot be changed, but it can be rewritten; a rewrite
involves omission, or the addition of “alternate” facts. The current

article could be rewritten with omission of all material pertaining
to the work of Altmann [10]; the paper would then end after the
seventh paragraph with the reference to our books [8, 9]. These
books do not refer to Altmann’s paper. It is a pity that we cannot
change history so that Altmann never writes his paper [10].
This would have meant that Longuet-Higgins’ work would have
received more rapid acceptance in the spectroscopic community.

Perhaps one other possible reason for Longuet-Higgins’ paper
not to have achieved the instant recognition it deserved, was
that Longuet-Higgins had a strong personality and was a very
forthright person in personal interactions with people whose
research he disapproved of. For example, he did not appreciate
the research of Per-Olov Lowdin at Uppsala, and he wrote a
parody of a Lowdin paper that he circulated among his friends.
Lowdin’s papers always had an acknowledgment to sponsorship
provided him by “King Gustof VI Adolf’s 70-years Fund For
Swedish Culture.” The parody, which purported to come from
someone called Tin-Pan Ali at the Krak-Pot University in Outer
Mongolia, acknowledged sponsorship from “Mao-Tse Tung’s 100-
years Fund For The Exploitation of Current Trends.” Robert
Mulliken took the risk of asking Longuet-Higgins’ to write his
Royal Society obituary [15]. In the bibliography, where Longuet-
Higgins should have written the title of a book as “The selected
papers of Robert Mulliken,” he wrote “The selected ploddings
of Robert Mulliken.” As a final example, we should look at a
paper he wrote about intersecting potential energy surfaces [16].
The final sentence of the Introduction reads: “The purpose of the
present paper is to establish where the truth lies.” I was always
looking for an opportunity to use this sentence in an article of
mine, but I could never muster up enough arrogance.

Be all that as it may, it was a great privilege and joy to have
been a graduate student with Longuet-Higgins. Without any
doubt whatsoever, he was the most creative scientist I have
ever met. Research involving few concepts and large computer
resources did not appeal to him; he was an “ideas” man. He was
a superb lecturer, and also a gifted musician, both as performer
and composer. Gerhard Herzberg told me that he enjoyed singing
classical duets with him while Christopher also played the piano
accompaniment. Christopher was able to sight-read both the
vocal and piano parts simultaneously. A thorough account of his
life is given in the (open source) Royal Society obituary [17]. Inmy
opinion, he was unlucky not to have been awarded a Nobel Prize;
two of his graduate students, Peter Higgs and Geoffrey Hinton,
were each awarded one.

I close by recounting one incident with him that I remember
from when I was a graduate student. In the middle of a scientific
discussion, after I had made some remark, he said “Philip. One
thing I like about you is that you are so simple-minded!” I took it
as a compliment (he did say “like”) since in science, simplicity is
sought. With his definition of theMS group, Longuet-Higgins did
indeed find simplicity.
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