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HISTORICAL REMINISCENCES

It'e wanted to start as a part of our Historicol Section, articles covering reminiscences by our scientists. With this m view,
through a member of our editorial board we approached Prof. G. N. Ramachandran enquiring whether he could write an
article on his growing the remarkable Biophysics Department which he established in Madras. We were overjoyed when
we heard that he would be willing to write not one but more articles. Unfortunately there seems to be hittle chance of this
happening, although we are keeping our fingers crossed that it would. Meanwhile when the lecture (published below) was
given, many suggested that this could well be published in the Historical Remintscences Section. The article was read by

three referees and rewritlen twice.

We invite our scientists (especially the scnior ones) to write Historical Reminiscences which contain also interesting
anecdotes (the articles will of course be refereed!).

— Editor

Four decades in anomalous scattering — Some

reminiscences®

S. Ramaseshan

Indian scientists have played a significant
role in developing techniques for using
anomalous scattering in X-ray crystal
structure analysis. This talk is a personal
view of one aspect of its lustory. We were
amongst the earhesl to establish the
mulbwavelength method for phase
determination. Wirth the coming of the
intense  X-radiations from tunable
synchrotron sources this method has had a
remarkable revival in recent years. Many
aspects of our forgotten work have been
rediscovered and are used routinely for
structure determination.

Friedel’s law and its violation

X-ray diffraction takes place in the
Fraunhofer regime which introduces a
centre of symmetry into the diffraction
pattern. This 1s strikingly illustrated in the
case of optics (Figurc 1) which shows that

*Talk dehivered el the scminar held on the
retiremend of Prof K. Venkatesan (19 July 1992)
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Figure 1. Dnffraction patierns of a triangudar aperture (ref 29): (@) Fresnel, (&) Fraunhofer

while the Fresnel diffracton of a
triangular aperture has a threefold axis of
symmetry, its Fraunhofer pattern displays
sixfold symmetry The noplication of this
for X-ray difffraction i1s that a non-
centrosymmetric (hemihedral) crystal will
display a (holohedral) centrosymmeltry n
its X-ray pattern. This is the Friedcl law
and 1s expressed as by I (hkl) =1 (hki).

The Argand diagram of the scattenng
vectors (Figure 2¢) shows how the
modulus of the resultant amplitude for the
two tnverse reflections 1s the same whle
their phases are opposite (a(hkl)=
— 0 hkl)).

In 1928 S. Nishikawa and K. Matukawa
demonstrated for the first time that
Friedel's law can faill under sone
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Figure 2. Argand diagrams illustrating (@) Friedel’s law, (b} and its violation when f” is present.

special circumstances' (see note 1). They
illuminated a crystal of ZnS (which is
non-centrosymmetric and  piezoelectnic)
with X-rays having a wavelength close to
the critical absorption of the Zn atom, on
its shorter wavelength side. Under this
condition the Zn atom scatters the X-rays
with a phase difference which 1s
independent of its position in the lattice.
This results in the violation of Friedel’s
law (Figure 25). This work, in effect,
showed that the structure of positive and
negative piezoelectric crystals can be
distinguished by this method

J. M. Bijvoet’s contributions

The important application of this work Jay
dormant for two decades tll Bijvoet?
showed how it could be used to determine

the absolute configuration of ophically
active molecules, it is interesting that
Bijvoet was from the laboratory of van’t
Hoff, who 75 years earlier (along with Le
Bel) introduced into organic chemistry the
concept of the asymmetric carbon atom!
70, radiation was used to determine the
absolute configuration of dextro sodium
rubidium tartarate: it is a coincidence that
the absolute configuration proved lo be
the same as that chosen purely by chance
by Erm! Fischer. I had not read this paper
by Bpvoet but G. N. Ramachandran
discussed it in our Tuesday Physics Club
(xmy ) at the Indian Inshitute of Science
(118¢), when V. Chandruschharan and he!
had to use this method to determine the
absolule configurahion of aptically active
NaClO,; crystals for thew photoclastc
studies  Ramachandian el 115¢ i late
1951 1o occupy the chair of physws at the
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Madras University. All his students
(including Gopinath Kartha) also went to
Madras, It fell upon me to build, almost
from scratch, a group in X-ray
crystallography at [IS¢ and to erect and
put 10 use all the equipment that had been
ordered for Ramachandran,

In 1952 I saw, what I consider (o be, the
path-breaking paper of Bijvoet and his
collaborators®. The basic idea developed
in this paper was: (a) if one had data on
two isomorphous crystals, the phases of
the reflections can be determined but with
a binodal ambiguity. (b) Wik dala on
three isomorphous cryslals, the phase
angles can  be determined  uniquely
provided the third substtution is &l 2
location different from that for the second
(sce note 2) When I read this paper |
conld sce that i) one hoad data on twe
omorphous crystals wnd also that on the
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violatton of Fnedel's Jaw, the phase
ambiguity could also be resolved. 1 was
certain that this must have been quite
obvious to Bijvoet himsell. In 1952 when
1 enquired of him, his clanfication m a
letter to me was unequivocal: (1) My first
paper on this subject was entitled “The
phase determination in direct Fourner
synthesis of crystal structures’ and
published in 1949 in the Proceedings of
the Royal Academy of Netherlands
wherein I gave the method of determining
the phases uniquely®, (ii) and it is this
that led me on to the idea of determining
the absolute configuration of optically
active compounds®. This method of
determining absolute configuration was
really nothing new as it had been done for
piczoelectric crystals? in 1930 (see also
note 1), and (i1i) the actual calculation of
the unique phase angle is just a matter of
algebra (a part of which I had indicated in
my 1949 paper).

Seven years were to pass before
Ramachandran and Raman® did this
algebra and gave the explicit expression
for a(hkl) in terms of the measured
values |F(hkI)| and (F(hki)| and
published it in Current Science. An
important suggestion made in this paper
was that when a crystal is used with an
anomalous  scatterer the  bimodal
ambiguity may, to a large extent, be
resolved by using the phases closest to
that of the anomalous scatterer whose
position is determined from the Patterson
map. This proved to be a pioneering paper
in that it initiated much activity in the
determination of the structures of
noncentrosymmetric crystals and is also
much quoted. It is to be noted that two
papers published in ‘obscure’ joumnals
were 10 tevolutionize X-tay  orystal
structure determination!.

The beginnings of the
multiwavelength method

One recollects that the dispersion
correction consists of two parts, the
imaginary part f” which is scattered with
a phase difference of 90° and the real part
£ which modifies the value of the atomic
scaltering factor f and both /" and [
were functions of incident wavelength
(see note 3) (Figure 3 a). When I saw
Bijvoet’s paper in 1952, 1 remembered the
suggestion once made by my thesis
adviser C.V. Raman that one must read
the wrntings of such scientists hke
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Figure 3. a, Typical curve of the variation of f
with wavelength near the absorption edge; &/
Variation of &° and b" in neutron scattenng near
the resonant wavelength of l3¢d, ¢, Variation of
£ and [ “ for L"" absorption edge of Cs

Wyckoff (see note 4), one of the great
pioneers of X-ray crystallography, as he
had much insight into X-ray physics.
Wyckoff and his students had made a

thorough study of anomalous dispersion.
Their measurements® showed that f’ in
some cases can be as high as 4 to 5
electrons and also it did not decrease with
the angle of scattenng as dwd f,

The idea then flashed across my mind
that if one changed the incident
wavelength of the X-rays (thus intro-
ducing new values of f*) one changed, in
effect, the number of electrons that scatter
from the absorbing atom. This was
equivalent to generating a series of
isomorphous crystals. If this 1s done, all
the deductions of Bijvoet for 1somorphous
crystals would be applicable mutans
mutandis: (1) vsing two wavelengths, one
near the absorption edge is equivalent to
collecting data on  two isomorphous
crystals — which would give the phase
angle with a bimodal ambiguity, (u) by
collecting data at three appropnate
wavelengths the phases can be determined
uniquely;, (in)} with only cone anomalous
scatterer and two wavelengths on either
side of the absorption edge and measuring
quantitatively the Friedel inequabiy one
can determine the phases umiquely; (tv)
the percentage changes in intensity will be
much higher at larger scattering angles
because while f; decreases with the angle
of scaltering, f' does not, Ior a typical
case these changes can be about 50% at
sin 8/2 = 0.3 and 200% for stn 8/L =06,
the absolute values of the changes
however will be small, and (v} finally the
change in wavelength method has a
distinctive advantage in that 1t represents
perfect isomorphism. I presented all these
ideas at the annual meeting of the Indian
Academy of Sciences at Trnvandrum in
December 1952 when by chance I got an

opportunity to speak’.

Enter Venkatesan — and the US
Visit

There is a difference between having
ideas and making them work. I was
fortunate in that K. Venkatesan joined me
as a doctoral student in July 1933. He was
a steady and careful experimenter, very
studious and as he still is, four decades
later, never uttered an wnnecessary word.
To test out these ideas we tried to get a
noncentrosymmetric  crystal  with  an
appropriate  anomalous  scatterer  bul
whose structure had already been solved,
unfortunately we failed to get such a
crystal (see note 5). Since our main
purpose was to show that the °f°
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iscmorphous method did work, we started
on KMnO, —a centric crystal. We had at
our disposal an old continuously evacu-
ated Shearer tube with replaceable water-
cooled anticathodes. The targets used
were Cu (k, = 1.541 A), Fe (k, = 1.936 A)
and Co (k,=1.78%A) The absorption
edge of Mn was at 1 895 A the latter two
anticathodes were prepared by electro-
plating a copper target. We worked with
an old and wobbly Decbye Scherrer
oscillation camera. By 1954 we did
observe all the effects we were looking for
and as predicted the percentage changes
in Intensities were larger al larger
sin 6/Ah. We were able to achieve many
‘firsts’ (1) the anomalous difterence
Patterson (FAZ-Fi3)f,,, (ii) the synthesis
(FA;~FAy)%,, and (1) we could recover
the structure from these by many methods
including the Buerger minimuin function
methods etc. In all this we used two-
dimensional visugl data ‘We had, n short,
demonstrated the expenmental feasibility
of the multiwavelength method.

At this stage at the end of 1934 [ had to
go 1o USA for a year o work on low
temperature physics (especially crystallo-
graphy). I took the oppertunity of lecturing
on our multiwavelength method at
many  places — Brdokiyn  Pelytethme
(Fankuchen, Ewald), Smiths College
(Dorothy Wrinch), Pittsburgh (Jeflreys),
Bell Labs (Burbark) and State College
Pennsylvania (Pepinsky). 1 also wvisited
Philadelphia {Patterson). In these lectures
I discussed the many experimental
difficulties we had faced - the filtening
out of the fluorescent radiation, the
problem of wvisual estimation using
calibrated film strips, the film-to-film
ratios, the scaling problems for different
sets of oscillation pictures, the absolute
scale factor, the problem of absorption
correction —~ all of which were greatly
enhanced when different incident wave-
lengths were used. We had established
without any doubt that the multi-
wavelength method did work. T ended the
lecture with the statement ‘In this work
which posed many experimental problems
I was ably assisted by Mr K. Venkatesan
my young and diligent doctoral student’
All the senior scientists in thus audience
will recognize that assisted is just a
euphimisiic way of saying that all these
difficult problems (which sometines
appeared almost msurmountable) were
tackled and solved by Venkatesan,

] came back from US in late 1955,
Instead of publishing all our resulls and
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maps immediately we thought that we
would gather much nore accurate data
with the Hilger instruments and Phillips
(Muller) X-ray tubes which had arrived.
We erected the equipment, regathered all
the data and N.V. Mani, who had also
jomed me as a student, helped 10 do some
of the Founer summations. We
published'® the paper only in 1957, three
years later than what we could have and
should have done.

A digression — three stories

When 1 was at Brooklyn Poly 1 found
myself (by chance) sitting at the same
lunch counter as Hermann Mark, the
renowned polymer chemist. He told me of
his search for long-chain molecules to
make stronger and stronger fibres (a field
I got interested in 20 years later') and in
my turn 1 told him of our work on
anomalous scattering. With a puckisn
smile he said: “you obviously do not look
at ancient hterature. In science, this
happens again and agamn and it may
happen even to you!” It was Mark and
Szillard'! (another great name) who
detected the S’ effect first in 1925!, the
reflection with odd indices of rubidium
bromaide, normally cboont, appran when
one of the atoms scattered anomalously.
He congratulated me on the progress we
had made and suggested that we should
really try L radiation where the f’ effect
would be much greater and he concluded
by saying, ‘why are you wasting your time
here; go back and perfect this technique. it
is sure to become very important’ (all
prophetic statements).

Years later at Bell Labs when Bill
Batterman and I tned to see whether
ferroelectric domains could be detected
using anomalous scattering I et Ray
Pepinsky (who was also a visung
scientist there) in the xeroxing room. He
had moved from State College to Florida
and in the intervening 15 years he had put
on weight (whereas I had not), and he did
not recognize me. When we introduced
ourselves he said. do you know you have
the same name as an old Indian
crystallographer who lectured at State
College long long ago and who produced
many new 1deas on the multiwavelength
method and even made them work. To say
I was flattered would be an  under-
statcment.

David §lurher, who was also workang at
Brooklyn Poly, ashed me if 1 could
reconunend anyone from Indig who could
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work with him on nbonuclcase 1
suggested the name of Gopinath Kartha
who I consider one of the most out-
standing amongst Indian e¢rystallogra-
phers. Kartha along with Ramachandran
had solved the structure of collagen n
Madras and he had asked me to be on the
lookout for a suitable position for im 1n
USA. Harker showed me his lab and also
the precession photographs of ribonu-
clease into which uramum atoms had been
introduced. I could clearly ‘see’ the
breakdown of the Friedel law in these
pictures. When 1 came back to India
Kartha asked my advice about two offers
ne had received — one from Cambndge
(not in the protein group) and another
from David Harker. T told hum “Go to
Harker, by combining the isomorphous
and anomalous scattering techniques you
may be the first to solve a protemn
structure and probably wint a Nobel Prize’.
Kartha did go to Harker, did work on
nibonuclease; played a maor part in
solving its structure; and he did use
anomalous scattering for doing this.
Unfortunately due to varntous delays
ribonuclease was not the first protein
structure to be solved — the first ones did
get the Nobel award. Kartha's premature
death was a great loss to crystallography.

The Oxford phase

There were suggestions that [ should go
over to Oxford to apply the anomalous
scattering technique to larger molecules. I
felt Dorothy Hodgkin could do nothing
better than offer Venkatesan a tellowshup
as his stint in Swatzerland wilh Jack
Dunitz was commg to an end. She did and
Venkatesan went to Oxford. There along
with David Dale (and Dorothy Hodgkin)
Venkatesan'? solved the structure — the
aqua cyanide of vitann B12 alse called
cobyric acid (factor V()a)~-
Cu 11,5 OgNi Copy H,O using only the
anomalous scattering techmque. It had 78
non-hydrogen atoms and the phasing was
done using visually weasured intensities
of the 1994 Byvoet puirs. I fell rather
proud when this work was mientioned™ in
some detail in Dorothy IHodghin's Nobel
Lecture 1in 1964,

[ did finally go ta Oxford, mumnly ‘to
look afler® Dorothy's doctoral students so
that she could spend a year in Ghana with
Lier husband Thomas. As soon as [armyved
she supgested that T first ook wito the
rather reculcitrunt struciure of vitamm
B2 mone acid  (Cyanocobalainiie)
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Figure 4. a, The molecule of vitamin B,; moncacid. b, Atomic positions projected along the a axis.

Cq Hgr O Ny; (Figure 4 a) on which Clive
Nockolds was working and which seemed
10 evade solution. 6323 reflecuons had
been recorded of which almost 3000 were
Bijvoet pairs. On the first sitting I was
fortunate in discovering a rather subtle
error in indexing. When this was rectified,
phases could be determuned for the 2875
Bijvoet pairs. In the first 3D synthests the
complete structure came out without any
problems (Figure 45)'*. The structure of
not only the dry crystals but also the wet
ones was solved using X-rays and neutron
diffraction,

Working with Guy Dodson, who was the
main pillar of Dorothy's insulin group,
was great fun. It was mandatory to play
cricket inside the lab when Dorothy was
not there with rolled up Founer maps as a
bat using crinkled paper balls, We tned to
get the anomalous scattering data of
insulin with Hgl, in it'*. Since all the five
atoms exhibit large anomalous scattening
for CuKy radiation one thought that
phasing would be easy. The crystals
detenorated on exposure to X-rays (more
than most normal 1nsulin crystals did). We
therefore cooled the crystals by blowing
cold air (in a manner similar to the one
used in Bangalore'®). The ‘lLife* of the
crystals ncreased three-fold.
Unfortunately we “found that having
anomalous scatterers in a close cluster
was not profitable,
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Collecting data with a diffractometer
was a time-consuming process as the
Iitensiies are measured sequentially, In 2
discussion in 1964 in Dorothy’s lab one
concluded that for large molecules: the
photographi¢ method may prove to be
the ultimate soluuon as the reflections
were recorded simultaneously. This was

followed up by Toni Cooper, a PhD-

student who wused small oscillation
photographs — programmed a computer for
indexing the reflections, measuring
their intensity on an  automatic
microphotometer, raduced the data, etc.
Even the Bijvoet differences could be
measured and pnnted. This proneening
work of Cooper, in my opinion, paved the
way for the later more soplusticated
developments in ths field.

Neutron anomalous scattering

Dorothy left for Ghana withan three weeks
of my reaching Oxford. In the last week -
in a very vague manner {(which she often
uses when dealing with very senous
matters) — she said that Peterson!’ (who
phased lysine ‘hydrochloride using
anomalous scattering when he worked
with Bijvoet) had discovered the violation
of Friedel’s law in neutron diffraction in a
crystal with cadmium atoms in 1t, and that
Terry Willis and David Dale were trying

some expenments at Harwell on CdS;
could [ possibly look into this problem? It
100k me a very short ime 10 perceive the
importance of this. I was fresh from
lecturing to undergraduates at the Indian
Institute of Technology, Madras on
nuclear physics and nuclear reactors. Cd
is used as a moderator for nuclear reactors
and its isotope ''*Cd had an exceptionally
high absorption. It therefore must scatter
neutrons anomalously with very high
imaginary components f ” (called 5" in the
case of neutron scattering) and b’ must
also be large (a consequence of the
Kramer-Kronig relation that one learns
from as mundane an area as the disperston
of the refractive index). Since nuclear
scattering is governed by the
Breit-Wigner formalism the dispersion
curve near the absorption line wauld
resemble that of optical dispersion. Hence
S would take both positive and negative
values on either side of the absorption
frequency (Figure 35). 1 told Dorothy
mmmediately that I felt all these had
tremendous consequences to  neulron
crystallography and that I would work
them out. A few days later Terry Willis
gave me the reprint of the paper of
Peterson and Smith'®,

Normatly neutron scattening lengths of
most atoms are of the same order of
magnitude. Neutron crystallog aphy there-
fore suffers from a problem simiiar to that
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of solving light atom structures in X-ray
crystallography. That is why neutron
crystallography was always considered a
handmaiden to X-ray crystallography and
is used malnly to determine water,
hydrogen bonds, etc. If, however, the
{sotopes PCd, *Sm, 'Gd or **Eu can
be introduced into the strucfure and
appropriate wavelengths chosen, the value
of 5" would be 10 times greater than
b, which is equivalent to having an
exceptionally heavy atom in the structure.
Hence for the first time in neutron
crystallography one could use the heavy
atom technique. Further the moli-
wavelength method can also be used
with ease to phase the reflections
particularly as b’ changes sign with wave-
length.

With f"/fy only 10% a structure of
about 106 non-hydrogen atoms could be
solved with ease'®, In the above isotopes
b"/ by can be as high as 500% to 1000%
and so one gets the astounding result that
with such isotopes present a structure
withh 5000 to 10,000 atoms can be phased
and solved?’.

These ideas were so new and
revolutionary that Dorothy feit that 1
should first present 1t at the American
Crystallographic Association meeting at
Gatlingburg (July 1965). The paper was
quite well received. More importantly she
arranged for me to meet her mentor J. D.
Bemal. She was also present at the
meeting, He heard me very patiently and
finally said that all my arguments were
correct and he saw no reason why the
method should not work. However he had
one serious reservation: that the neutron
beam intensity of the present reactors
must increase by at least one to two orders
of magnitude if this method 18 to become
practical and routine! Dorothy saw
disappomtrment on my face and she, the
very personification of kindness, said. “In
any case I shall put Cd-doped insulin 1n
the neatron beam and let us make
observations’. But the oracle had spoken
and his verdict proved correct. The
following paragraph by S. A. Mason really
sitmmarizes the situation.

Foltowing the suggestion of Ramaseshan (1964),
work was begun imunediately ar Harwell on
msulin ¢rystals by Moore and McDonald and
later by the present author along with Hodgkin,
Willis and Fuess, In the beginnng it was thought
that the potential power «of the anomalous
dispersion of neutrons would contribute 1o the
solution of 1he then unknown crystal structure of
osubn However, the himtation of {lus did 0ol
permnit this obsecliye 1o be reachied

el —p— e o ——

In spite of s a few neuiron
crystallographers did follow up this idea
and solved a number of structures ~ for
list see, ref 20. However, before [ turmed
my attention to other applications one
rather nice piece of work came out. The
detennination of the position of the
anomalous scatter (AS) or heavy atom
(HA) helps greatly in solving structures.
Unfortunately in large structures this is by
no means easy, Jf, however, one could
obtain the specific contributions to
scattering by the anomalous scatterer or
the heavy atom from the experimental
data on anomalous or isomorphous
crystals, a straightforward Patterson
would do, as only the AS/HA vectors
wauld appear without the cluttering effect
of other atoms. My student Singh?
derived an exact formula for this. This
formula has become very useful with the
coming of synchrotron radiation.

Application of anomalous
scattering to physical problems

When I read G. Venkataraman’s Phl
thesis I got interested mn binary liquids
and amorphous solids. These binaries are
characterized by theee dlomic  dst-
butions of A-4, B-B and A-B vectors
which are known as partial structure
factors A knowledge of each of these is
necessary for calculating or predicting
many of the properties of such systems,
particularly for calculating the electrical
resistivity of alloys. Unfortunatefy, it 1s
impossible to separalc these parftial
structure factors from one scattering
experiment. The jdea supgested itsel{ that
the simple answer to this was to use
multiwavelength anomalous  scattering.
My student Ramesh was able to derive the
detailed formulae required. This method
has been extensively used for studymg
many binary molten alloy systems.
Because of its use in technology this has
became one of our well-quoted papers®.
When mixed crystals are prepared,
because of the differences in the atomic or
ionic radii, there are small displacements
of the atoms from their nonmal (ideal)
posutions. A knowledge of these “stalic
displacements’ 35 necessary from the potnt
of view of various apphcations/
propertics,  dislocation  movemen,
strength, ete. Again, Ramesh was able to
show that the multiwavelength anomalous
scaltering can provide a simple methed of
geting all the information on  these
Hnpol Lant patametess®. Owr method s
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bemg used systematically these days using
tunable synchrotron radiation.

The third application is a novel but
recondite application to lattice dvnamics
and lattice waves in crystals. This was
done 1in collaboration with K, §,
Viswanathan (who is an authority in
lattice dynamics) and Ramesh. It was
shown that the multiwavelength method
provides an effective tool for extracting
the components of complex eigenvectors
of a lattice wave propagating along a
general direction 1n a crystal. Here we
discovered a law similar to Friedel’s law,
the violation of which leads to the solving
of the initial relative phases of the elliptic
motions of atoms in a crystal?*

Perbaps, the most elegant apphcation of
these 1deas was the explanation by
Ramesh of the variation of resistivity in
hiquid caestum with pressure Sohid Cs
which 15 a fce crystal wansforms  at
42.5 kb 1sostrcturally {(i.e. it continues 10
remain fcc) but with a drastic volume
change. This was attnbuted by Fermi 1o
the clectronic collapse of the Cs atom
from the 6s to the 5d state. Due to
statistical fluctuations in the liquid state
some of the distances between Cs atoms
may be closer than the interatomic
distance in Cs in the collapsed solid state.
This may induce the collapse of some Cs
atoms so that there are two species of
atoms in the liguid. While considenng
how this two-species mpdel can be
expertmentally established by anomalous
scatiering, Ramesh brilliantly supgested
that the collapsed caesium atom 1n its
virtual bound state would scatter the frece
electrons ‘anomalously’ and change the
resistivity. He then applied the theory we
had developed for X-ray anomalous
scattering for binary liquids and explained
in a most convincing manner the change
of electncal resistivity of liquid Cs wath
pressure leading much credence to the
two-species model?

The coming of the synchrotron

Years passed. Our work on the mulli-
wavelength method appeared to be st a
curtostty.  The  prcture  changed
spectacularly with the advent of the
mtense nable syuchrotron X-ray sources
Large ‘anomalous dispersion ¢orrections’
were discovered in the L radition™®, For
exatiple, in cacsium values as fage as
f'=-267 sad f"=161 wee lound
(Figure 3¢) (shades of Hemann Mauk's
perceptive retan ks 1o 1933). The mulliple
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wavclength method became a  viable
alternative for determuning phases and 1s
now becormning more and more popular.
Three to four decades had passed and all
the work that Venkatesan and I did was
forgotien. Bul not quate.

When David Sayre held a conference in
1981 I was invited to be the first speaker
of the session?’ on anomalous scattering.
One flattered oneself that our pioneering
work was not completely forgotten. At this
meeting I touched upon many things
including the work done by another of my
PhD studenis — Ramesh Narayan. The
question we tried to answer was whether
the phase errors are to be minimized mn
the multtwavelength method: (a) how
many wavelengths must one use? (b) are
there any advantages in using specific
wavelengths in relation to the absorption
edge? and (¢) the actual duration of each
observation in different wavelengths so
that the synchrotron time is conserved?’

A walk with J. B. S. Haldane

My meeting Haldane was an accident and
I had the opportunity of walking with him
(at a very fast and tiring pace) from LSc to
the Lalbagh gate. We talked of a hundred
things, the biology of cashew plants, of
custard apples (Seecthaphal), the great
trangular survey of the Indian
subcontinent which started long long ago
at Bangalore, the upthrust of the
Himalayas and the Tibetan plateau, the
magnetic equator arid the big bang! His
mind was always fresh and onginal; he
was so quick; his knowledge was
encyclopaedic, his perception 1n science,
in literature and religion was remarkable,
When we were discussing the handedness
in nature, noticing my special interest, he
suddenly asked me what I was doing. |
told him, amongst other things, that a
student of mine and ] had developed a
method which, we thought can solve the
phase problem of X-ray crystallography,
He was greatly interested and asked me to
explain. 1 talked 1o him of anomalons
scattering, the violation of Friedel’s law,
of absolute configuration of molecules and
Bijvoet’s  isomorphous  replacement
method and f{inally 1 also explained the
multiwavelength method Venkatesan and
[ had used in solving the phase problem. 1
then remarked that since the intensity of
the X-radiation was quite low - ths
technique may just be a curiosity — and
that probably X-ray and electron
microscopes may soon be devised to “see’
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large molecular stnuctures directly. He
listecned to all this with great
concentration,

He said ‘My reputation as a prophet is
at present at its Jowest’ (he probably was
referring to the errors he had made with
regard to predicting space flights). But he
was certain that in two decades with the
great big electron accelerators (or wath
laser bombardment) X-ray intensities
must become 5 to 6 orders greater: He
Wwas pessimistic that in this period X-ray
microscopes and electron microscopes
could “see’ large molecuiar structures.

He suddenly got excited and asked me if”

one crystal with a ‘marker’ atom (as he
called it} with two appropriate wave-
lengths would be enough to solve a
structure and when I replied 1in the
affirmative, he exclaimed: ‘that is indeed
very clever — do you know what I would
do — the secret of imtelligent research 1s 1o
make nature do your work’, [ will feed an
organism a chemical with ‘the marker’ so
that the orgamism itself gets it into the
molecule when it synthesizes it, All that
we will have to do 1s to extract the
substance, crystallize it and use the
method you have described —and lo and
behold, the structure will be revealed.

Looking back almost three and a half
decades one realizes what a visionary he
was. He predicted the coming of the
synchrotron radiation and the method he
suggested 1s now being regularly used by
Wayne Hendrickson®.
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Notes

1. This work was brought to my notice by S.
Hosoya. In 1929 Nishikawa, one of the
ponesrs of X-ray crystallograpby (and who
greatly influenced R.W. G. Wyckofl'), 1s
reported to have shown the photographs 10
J. A. Prins (who was considered at that time to
be the high priest of X-ray physics in Europe).
D. Coster, X. S. Knol and J. A Prins? made
quantitative measurements on Zn and wrole a
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detaied paper {1930) on this subject. Since
then these authors have been credited with this
discovery even though they cited Nishikawa’s
earhier work!.

2. This remarkable suggestion of using multi-
isomorphous crystals for uruque phase
determination was mussed out by many
crystallographers Gl it was pointed out by
Dorcthy Hodgkin and Max Perutz who then

HISTQRICAL REMINISCENCES
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proceeded to use it to solve the haemoglobin
structure.

3. In those days the dispersion corrections were
designated as Af‘and ASf". In 1974 at the
Madnd conference” it was decided to drop the
deltas to call them just f'and 7.

4. Wyckoff was one of the examiners for my
D Sc thesis, the other was C.G. Darwinl.

5. This was in early 1953 when extremely few

non-centric cryslals had been solved ~ three
years before the apprearance of the
Ramachandran-Raman  paper®,  which
provoked a spate of activity on noncentric
structures. 1t was aiso very unfortunate that we
could not get hold of crystals of strychnine
selerate — the structure Btjvoet and his
collaborators solved’.

Dear Anna,

Today is your 75th Birthday (23 August
1993), and since this is the conference
seasor, you are not in India but travelling
in Europe and the United States; and as a
distinguished meteorologist said of you -
‘to be one of the much loved invited
speakers at international meetings’. I feel
rather odd writing a formal Iletter to
congratulate you on this occaston. For we
have known each other for more than five
decades; we have worked under the same
preceptor; we have shared the same

laboratory at the Indian Institute of

Seience, we have langhed and quartelled,
joked and argued ever since 1 was 19
years of age.

In 1945 after a stint of about 5 years
with Prof. C. V. Raman, you changed your
field of activity and went to England ‘to
train’ in meteorological instrumentation, I
remember you saying that you enjoyed
every moment of your stay in England but
you leamt little about meteorological
instrumentation as applicable to India, the
relevant knowledge on this subject you
gathered only afier you came back to
India. You joined, i 19438, 8. P.
Venkiteshwaran, who was heroically
attempting to budd a group on
meteorological instrumentation in the
India Meteorolopical Department (IMD),
Poona. When he left as Darector,
Agricultural Meteorology, you led the
instrumentation group, You were then a
woman in fury because we were importing
almost al] our instruments. A dilapidated
shed and a handful of workers became &
moagnificent centre for designing, fabrica-
ting, testing and calibrating meteorolo-
gical instruments, manufacturing st least

L -

Text of the letter that was writlen by Prof 5.
Rameseshan, Editor to Ms. Anna Mam, President,
Cursent  Science  Association ©on her 75h
Burthday.

100 types of instruments, from the
simplest to the most sophisticated ones,
like radiometer, radiosondes, etc. With
great insight you put these instruments to
use by installing them in 2 network of
stations, which you helped to set up all
over India, to measure the parameters
necessary for meteorology.

Your researches ¢nt atmospheric ozone
are well known. You inspired your
students to design and fabricate India’s
first ozonesondes and to set up many
ozone-sounding stations. Little did anyone
realize at that time that in & matter of two
decades these activities would assume
maior importance 1o a glabal sense. Yaou
must have felt truly proud when your
student and colleague C. R. Sreedharan
set up India’s first czone-sounding station
in Antarctica and obtained many exciting
resultss. The  International  Ozone
Commission recognized your important
contributions to this field and you were
also awarded the K. R, Ramanathan
Memorial Medal, which vou treasured as
Prof. Ramanathan was your other mentor

who inspired you into doing ozone:

research. It was also no surprise to me
that because of your respect and affection
for him you agreed to edit the selected
papers of K. R. Ramanathan. About your
instrumentation activities Oliver Ashford
said:

My only regret is that with her expertise in such 2
wade range of measuring devices, radiosondes,
ozone, radiation instruments &hd anemomelers —
to name only 8 few — we do not yet have an
epynomous mstrument; how 1 would love to make
observations on an ANNAMANIOMETER.

When you formally retired from IMD,
you as & Visiting Proftssor at the Raman
Rescarch Inshitute used 8 newly designed
infrared  spectrometer  lo assess  the
precipitatable water over several stations,
a knowledge esseptinl for setting wp
millimeter wave tadie telescopes. Then
started one of the most dynwnic phases of
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your career. With the moral backing of {ie
Raman Research Institute Trust, with
funding from DST and DNES and support
from ITTM, you set up scores of stations
all over India in farflung and inaccessible
places and studied the wind climatology
in many states of India. Yowr studies,
extending over 15 years, resulted in five
monumental volumes which have received
rave reviews: ‘This set will constitute a
bible for engineers and scientists for
getting up solar and wind power stations’,

I am one of the many scientists you have
influenced. You had set up meteorological
factlities for the Intemnational Rocket
Launching Station at Thumba in Kerala at
the request of Vikram Sarabhai. Probably
you leamt from him that my group was
involved in making Fibre-Reinforced
Plastic (FRP) rocket nose cones for his
space aclivity. You then suggested
(twisted my arm) that my group get
involved in making FRP radomes to
protect from fierce cyclonic storms the
weather radars you were installing at
many places. It was thus that the country
got studded with these beautiful radomes.
These are the tnbutes I paid to you and
your vision, You literally dragged me to
Delhi when a Japanese Aurliner crashed,
to show me the antiquated imported
visibiity measunng instruments  our
airports had. This forced me to initiate
activities on better airport instruments. As
President of the Current Science
Association, muich of the improvement
that people say has tuken place in the
journal in recent years is dug to the sient
gncouragement you pave me.

Perhaps the greatest siwpnse (o me Was
when I recogmized you as a character in a
Sulutya Academny  Award-wuming
Malayalam /English  novel  enttled 7
Thank  You  Sesmograph by O,
Radhuhnshnan,  This novel 13 about
science, scientists, research and scientific
adininistration i bkdia acd each of these
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