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Ramaseshan and anomalous scattering*

Writing this short note gives me an  
excuse for a little reminiscence and a 
wonderful opportunity to recount my 
years with S. Ramaseshan (SR) in the 
Physics Department, Indian Institute of 
Science, Bangalore. Interestingly it turns 
out that 50 years have passed since I 
joined him in August 1953! 
 R. S. Krishnan (1911–1999), the then 
Head of the Department of Physics, took 
me to SR in the X-ray laboratory and 
told him that I would be his student. SR 
was a tall, handsome and good looking 
young man with a ready smile. He talked 
with me in a friendly manner—gentle 
and warm. What he said at the end of the 
conversation gave me a tremendous 
shock when he mentioned that he himself 
was new to the subject of X-ray crystal 
structure analysis and we would learn it 
together! In all innocence I hastened to 
ask whether it would be a good idea to 
start determining an already well worked 
out crystal structure of a simple com-
pound. That he did not throw me out of 
his room is, in retrospect, a great surprise 
to me, revealing his great tolerance and 
sympathy towards an uninformed student. 
Before long, I realized how extremely 

fortunate I was to have joined him as his 
first student in the field of X-ray crystal-
lography. He was thinking deeply about 
the phase-problem and an experimental 
way of solving it. He told me about the 
anomalous scattering of X-rays and dis-
cussed the feasibility of determining the 
phases of Bragg reflections in the case of 
centrosymmetric crystals. 
 When the frequency of the incident X-
ray radiation is such that it is strongly 
absorbed by one or more elements in a 
non-centrosymmetric crystal Friedel’s law 
[(I(hkl) = )](( lkhI  breaks-down. Bijvoet 
et al. from Utrecht were the first to demons-
trate that the anomalous scattering could 
be used to determine the absolute con-
figuration of a chiral molecule1. They 
established the absolute stereochemistry 
of the anion in the crystalline double salt 
of rubidium sodium (+) – tartarate. Mak-
ing use of the break-down of Friedel’s 
Law, Bijvoet with his coworkers2 and 
independently G. N. Ramachandran and 
S. Raman3 showed that the phase angles 
were calculable. They determined the 
crystal structures of two different opti-
cally active molecules. On the other hand, 
SR concentrated his attention on the 
solution of centrosymmetric crystals via  
anomalous scattering. 
 However, in the case of a centrosym-
metric crystal Friedel’s law does not fail 
as in the case of a non-centrosymmetric 
crystal. So a different approach had to be 
thought of. It was well-known that the 
phase problem could be solved by the 
isomorphous replacement technique. The 
method is based on using the intensity 
data of isomorphous crystals and from 
knowledge of the position of the replace-
able atoms, which have different scattering 
power for X-rays. It follows immediately 
that the use of two appropriate wave-
lengths close to the absorption edge of 
one of the atoms in the crystal would in 
effect be equivalent to the substitution of 
one of the atoms in the crystal by another 
of a slightly different scattering power. 
N. V. Mani and I were involved in this 
investigation which excited us a great 
deal. The substance chosen for the study 
was potassium permanganate (KMnO4). 
Multiple-film Weissenberg photographic 
method was used for the data collection 
with CuKα, CoKα and FeKα radiations, 
all of which were close to the K-absorp-
tion edge of the Mn atom. The changes 
induced in the scattering power of Mn 

atom for these wavelengths being small, 
the difference in the intensity of the X-
ray reflections was not expected to be 
large. This meant that extremely careful 
measurements were needed to obtain a 
reliable set of intensity data sets. We were 
most delighted that the crystal structure 
could be solved using this method in a 
straightforward manner4. It may be men-
tioned that the method has not been uti-
lized any longer mainly owing to the 
outstanding success of the direct methods 
for determining the phases of X-ray  
reflections. 
 Soon after the successful completion 
of the study described above, SR propo-
sed a novel approach for solving the 
phase problem in non-centrosymmetric 
crystals. In a nutshell, the method re-
quires collecting data by using two inci-
dent wavelengths on each side, close to 
the absorption edge of one of the atoms. 
Since for one of the wavelengths there is 
only an amplitude change ( f ′ ≠ 0 but 
f″ = 0 in the expression f = fo + f ′ + if″) 
and for the other there exist changes both 
in phase and amplitude ( f″ ≠ 0), the 
method could, in principle, be used for 
the unequivocal determination of the 
phases of non-centrosymmetric crystals5. 
 The idea of using the anomalous neu-
tron scattering for phase angle deter-
mination was described by SR at the 
Annual Meeting of the Indian Academy 
of Sciences in 1965 (ref. 6). The values 
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of anomalous dispersion effects b′ and b″ 
(the scattering length b = bo + b′ + ib″) 
are much greater than f ′ and f″ for X-ray 
scattering. For example, for 113Cd, b″ 
~ 10 bo and b′ ~ 5 bo on the shorter wave-
length side. SR showed that if the crystal 
contains a 113Cd atom per asymmetric 
unit and if it scatters anomalously, a 
structure containing as many as 10,000 
atoms could be determined via the anoma-
lous neutron scattering method. With 
147Sm or 157Gd in the crystal, the number 
of light atoms could increase three or 
four fold. Thus the method should, in 
principle, allow the determination of the 
structures with a very large number of 
light atoms. Unfortunately, the practical 
application of the method is beset with 
experimental problems, mainly arising 
from the nonavailability of very powerful 
neutron radiation sources. 
 The research group led by SR during 
the period 1953–1960 consisted of six re-
search scholars—M. A. Viswamitra N. V. 

Mani, S. Swaminathan, H. Manohar, 
Jelica Musovic (from Yugoslavia) and my-
self. Investigations on different aspects 
of X-ray crystallography—the anomalous 
dispersion technique, organic and inorga-
nic crystal structures and high tempera-
ture crystallography were undertaken. He 
provided the right kind of intellectual 
environment by encouraging a lot of 
informal discussions on each other’s 
crystallographic problems. The simpli-
city and directness of his physical intui-
tion were striking; gifts which one can 
experience even now at the age of 80 
when he is not in the best of health. 
 Let me go back to the beginning of 
this note where I expressed my shock 
during my first encounter with SR. How 
stupid I was became obvious to me very 
soon and indeed I began to wonder as my 
scientific training progressed, ‘how such 
a small head could carry all he knows’. I 
am very fortunate to be associated with 
such a brilliant scientist and a wonderful 

human being for five decades. I wish him 
good health on his 80th birthday. 
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Sivaraj 
 
It was in 1959 that I returned from 
Berkeley to take up a faculty position in 
the Department of Inorganic and Phy-
sical Chemistry at the Indian Institute of 
Science (IISc), Bangalore. I was 25 years 
old at that time and was greatly looking 
forward to initiating research in spectro-
scopy, molecular structure and solid state 
chemistry. The facilities at IISc were far 
from satisfactory, but the pleasure of 
working with young students seemed to 
compensate for many of the problems 
which I faced at that time. It was during 
those formative months of my career that 
I got to know Sivaraj Ramaseshan, who 
was in the physics department. We became 
close friends in a short time, and not a day 
passed during that period, without our 
meeting each other. On many days, I 
used to meet him and his delightful wife 
Kausalya during lunch hours. When I got 
married in 1960, the Ramaseshans were 
among the few family friends we had. 
Sivaraj was clearly one of the most en-
gaging and scholarly colleagues I had at 
IISc at that time. He had a wonderful 
sense of humour and we spent many a 
day talking about a variety of matters, 

personal to universal. We had common 
ideas and goals in life, and shared our 
excitement and disappointment in research. 
I still remember with fondness, the long 
journey we took to Shillong in 1961 for a 
chemistry conference, and the varied 

encounters during that trip. We both left 
IISc around the same period, he to IIT 
Madras, and I to IIT Kanpur, in the early 
1960s. We, however, kept our friendship 
and met always at the meetings of the 
Indian Academy of Sciences. 
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