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Beyond Mendeleev

G. S. Ranganath

Undoubtedly one of the greatest intel-
lectual triumphs of the last century is
the classification of elements by Mende-
leev. This classification had two myst-
ertous features, viz. eight-fold periodicity
and gaps. Mendeleev reserved the gaps
for the elements to be discovered. Thus,
he, in particular, predicted the element
now called scandinavium.

Later Bohr found a rationale behind

the classification of elements. This was
largely a consequence of his atomic
model wherein electrons were filled in
successive shells of increasing energy.
Interestingly, elements that occurred in
the same group turned out to have
identical electronic configurations for
the outermost electrons. For example,
all the elements of group ‘I’ from
hydrogen to francium have their outer-
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most, single electron, In the ‘s’ state. It
also became clear, on this model, that
the chemistry of an atom is decided by
its outermost electrons. Later investiga-
tions confirmed many other implications
of the Bohr model. In one stroke Bohr
had unveiled the mystery surrounding
the periodicity and the groups in the
Mendeleev’s classification. Figure 1
shows a modern version of the Periodic
Table.

However, Bohr's explanation is too
simple-minded to account for certain
glaring ambiguities. For example, 1n
transition elements instead of complet-
ing the ‘3d’ state every extra electron
goes into the ‘4s’ state, We find such an
anomaly tn rare earths and in actinides
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as well. In other words the sunple rule
of Giling successive shells breaks down,
For such irregulantics Bohr came up
with an intcresting explanation. He
argued that 1t 15 energetically less
favourable to accommodate successive
electrons in the same shell and that they
would rather go to the next higher shell.
Later the unfilled states of the mner
shells get filled. But these arguments
cannot resolve the other peculiantues
associated with the periodic table. For
example, the behef that the elements of
the same group are chemically 1dentical
is clearly belied. For instance in the 4th
group, carbon (C}) has nothing much
common with tin (Sn) or lead (Pb)
Generally, 1t is tempting to conclude
that the number of cutermost electrons
ts the oxidation state of an element.
This works all right {or some elements,
but completely misleads us when we
came to N, O, F, Cl, Br, He, Ne, Ar and
Kr. Again as we descend down a group
in the ‘p’ block the elements become
increasingly metallic. Another important
related question pertains to the exist-
ence ol the diagonal line separating the
metals from the non-metals. In short,
this beautiful citadel of clements has
cracks ail over.

The obsession to have a better
pertodic table of elements has urged
some crusaders to suggest ways and
means of overcoming some, if not all, of
these deficiencies. The recent adventu-
rist being Leland C. Allen of Prninceton

University. He suggests' that one more
dimenston 15 necessary to complete the
periodic table. This dimension, in his
opinion, 18 the configurational energy
defined by

E.=(ag,+be,)lath),

where a and b are occupancies and ¢
and ¢, are the ionization potentials of *s'
and ‘p’ states of the representative
atoms in the ‘p’ block elements. For ‘d’
block elements € gets replaced by £4 of
(r—1) shell. 1t s0 happens that a large
value of E_ also means large energy
level separation. According to Allen this
parameter E, answers many of the
questions raised earlier. Yor example, E_
for afl the elements to the right of the
diagonal is always higher than E_ for all
clements to the left of the diagonal. And
for the metalloid band made up of B, Si,
Ge, As, Sb and Te, Allen finds E_ to be
nearly a constant. All the elements of
higher E_ have higher energy level
separation and are thus non-metals
while low E_ elements have low energy
separation and are therefore good
candidates to be metals. Now as one
descends down a group the atomic size
increases. Hernce the magnitude of the
average valence energy level decreases.
In addition, the spacing between the
levels also decreases, We can convince
ourself that these effects are plaustble,
by appealing to the elementary model of
an electron in a box. In addition, the

bond-directions lose significance since s,
p and d levels become increasingly dege-
nerate. T hus, the elements become more
and more metallic as we go down the
same group. Again, it 1s found that the
values of E, Of N, Q, F, Cl, Br and the
noble gases are pretty high compared to
all other elements. Therefore they have
correspondingly large energy gaps bei-
ween the levels occupied by their outer-
most electrons and the next unoccupied
levels. This considerably restricts forma-
tion of chemical bonds by the outermost
electrons. The bonding will be either
partial, as in the case of N, O, F, Cl and
Br where only a few outer electrons take
part in bonding, or totally absent as in
the case of noble gases.

All these arguments could have bzen
undertaken with any other atomic
parameter like the atomic radius, pola-
rizability or ionization potential, etc. In
fact, these have been employed in the
previous attempts at understanding the
periodic table. But Allen states that
none of these can compete with £, when
one is looking for a third coordinate for
every atom. This coordinate 1s an addi-
tion to its already established coordi-
nates, viz. period and group. It must be
remarked that Allen identifted £_ with
the electronegativity of the atom, which
was introduced by Liaus Pauling?
nearly half a century ago as independent
additional parameter. Pauling analysed
the periodic table in terms of this para-
meter. This work of Allen stimuiated a
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Figure 2. Three dimensional periodic tabie of elements built 1n accordance with Hund’s rule (After Magarshak and Malinsky
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skeptical response from John Maddox?
of Nature who wondered whether the
configurational energy E_ was powerful
enough to resolve the many inconsisten-
cies of the classical classification,

More recently there has been an
altogether different approach to this
problem. Magarshak and Malinsky of
the Department of Mathematics of the
Mount Sinai School of Medicine, New
York, have come up with a ‘genuinely
three dimensiondl’ periodic table. They
suggest* a three-dimensional stacking of
clements based on Hund's rule® accord-
g to which a spectroscopic term of
largest total spin S will be of the lowest
energy. And among such terms the ones
with largest total angular momentum L
are of lowest energy. Since these terms
are all well-documented?:® it is not
difficult to get the three-dimensional
table shown in Figure 2. The number of
chemical elements In successive periods

is given by:
2,2,8,8,18,32,32.

Thus, for mstance, in the first period only
H and He exist. The second consists of
only Li and Be. In the three-dimensional
periodic table the third dimenston is the
periodic number (n+ 1). All the elements
at the same level have same (n+1). A
period corresponds to passing from one

clement to another at the same height
from left to right. Group numbers are
the accepted classical ones. Projection
of this figure along the axis of shell
number gives the traditional two-dimen-
sional periodic table. Projection along
the axis of period gives a two dimen-
sional realization of Hund's rule. Magar-
shak and Malinsky conclude; *“We
believe that our three dimensional
representation 15 a useful tool for
visualizing properties of chemical ele-
ments and i1s in complete agreement
with quantum mechanics.’

Interestingly the game started long
back by Mendeleev is still enchanting to
some. There appears to be still a lot to
be probed into.
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Mahendra Rao

Nerve growth factor (NGF) is a proeto-
typic member of a family of trophic
molecules that include. brain-derived
neurotrophic factor (BDNF), neurotro-
phin-3 (NT-3) and neurotrophin-4/5
(NT-4/5). These low-molecular peptide
molecules share structural and topologi-
ca) homology and have both overlapping
and distinct effects on the survival of
various neuronal subsects.

Two classes of receptors based on
binding affinity have been identified —
low affinity binding which has a KD 1n
the nanomolar range and a high aflinity
binding in the picomelar range. The
protein which 1s responsible for the low
affinity binding, low afhianty NGF re-

ceptor (P75LNGFR) has been identi-
fied and cloned and shown to bind to all
the neurotrophins tested with roughly the
same KD. High-aflimty binding re-
ceptors for the neurotrophins ({the
TRKs have also been identified. Expres-
sion cloning and scatchard analysis
have shown partial specificity for neuro-
trophin binding. For example, TRK-A
binds NGF prelerentially. But will also
bmd NT-3 and NT-4/5. Other experi-
ments have shown that TRK expression
Is both necessary and sullicient to
mediate high alliaty buding and signad
transduction in vitro.

These results have left the role of the
LNGEFR unclear. Several functions have
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been postulated ineluding aiding in the
discrimination between neurotrophins
and/or forming high-affinity-receptor
complexes (see ref, 1 for review). The
first paper discussed demonstrates an
important role for the LNGFR and the
second paper demonstrates a difference
in the specificity of trophin binding to
naturally occurring dorsal root ganglion
cells and TRK receptors expressed on
cell lines by transfection.

Lee et al.? have disrupted the LNGFR
gene and generated transgenic mice
which lack detectable LNGFR expres-
sion. Analysis of the mice shows that
LNGFR plays an mmportant role in
neuronal development. Homozygous
LNGFR negative mice show a pro-
nounced sensory deficit. Examination of
the dorsal root ganglion suggests that
this 1s due to a loss of a subset of
sensory neurons. In contrast, sympathe-
tic neurons that are also NGF-dependent
appear normal in number and project
to appropriate targets. Thus while some
trophin functidons seem to require
LNGFR expression others seem to be
independent.

Carroll et al? also noted a loss of a
specific subset of neurons in the dorsal
root ganglion after injecting NGF
antibodies in utero. The authors were
able to demonstrate that the neurons
lost were specifically those that expressed
the TRK-A receptor (relatively NGF-
specific), suggesting that in vive (as in
vitro) NGF acts selectively on TRK-A
expressing neurons. Equally importantly
other neurotrophic molecules which are
present {and presumably support the
non-NGF dependent cells) cannot substi-
tute for NGF in the NGF-dependent
cells, suggesting that other neurotrophins
cannot bind the TRK-A receptor in vivo.
Consistent with this result are support-
ing data from binding studies in pri-
mary DRG neurons suggesting a far
greater discrimination by TRK receptors,
between trophins, than that suggested
by the binding data from transfected
cells®, Further, since the LNGFR s
presént on both TRK-A eapressing und
non-¢xpressing cells and since only
TRK-A expressing cells are lost after
NGF antibody treatment, the LNGFER
is not the primary cflector of NGF
action in vire,

The two papers taken together suggest
a posstble function for the LNGFR and
provide a mudel for testng this hypo-
thesis, In vive the LNGER may setve 1o

451



