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INTERNATIONAL REVIEWS IN PHYSICAL CHEMISTRY, 1988, VOL. 7, NO. 4, 317-349 

Early history of the Raman effect 

by D. A. LONG 
Molccular Spectroscopy Unit, University of Bradford, 

Bradford, West Yorkshire, BD7 lDP, U.K. 

Introduction 
The year 1988 marked the sixtieth anniversary of the discovery of the Raman cffect in 

1928 and the hundredth annivcrsary of the birth of C. V. Raman in 1888. To celebratc 
these anniversaries the Executive Committee of the XIth International Conference on 
Raman Spectroscopy (TCORS XI), held in London in September 1988, commissioned 

Figure 1 .  This picture of Raman is a copy of a portrait by Homi Bhabha, the famous Indian 
lheorcticdl physicist who also had a very considerable reputation as a painter. When 
Bhabha handed it to Raman with the remark ‘A scientist painted by a scientist’, Raman 
answered ‘No, an artist painted by an  artist’. 
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318 D. A .  Long 

an exhibition entitled the Early History of the Raman Effect. This historical review 
article is based on this Exhibition. 

The potential of the Raman effect in chemistry and physics was realized very 
rapidly. By the end of 1928 some 70 papers on the Raman effect had been published; 
September 1929 saw the first international scientific meeting which included the 
Raman effect, and by the end of 1929 the number of papers published had grown to over 
200. 

It is on this exciting and productive early period that this review concentrates. Its 
features include biographical notes on C. V. Raman; an account of the discovery of the 
Raman effect; early publications chosen to illustrate the immediate international 
interest in the new phenomenon, and an account of the Faraday Discussion Meeting on 
Molecular Spectra and Molecular Structure held at Bristol U.K. in September 1929 at 
which Raman himself gave a review lecture on the Raman Effect. The accounts of the 
personalities involved and the equipment used should prove no less interesting than the 
science. Younger practitioners of Raman spectroscopy may perhaps find 
encouragement for the future in the wide variety and distinction of the subsequent 
careers of many of the first Raman spectroscopists. 

C.  V. Raman 
Early career 

Chandrasekhara Venkata Raman was born at Trichinopoly in South India on 7 
November 1888. His family moved to Vizagapatam on the East Coast of India where he 
went to the local High School. In 1903 he entered the Presidency College of Madras. 

Even as a student at the Presidency College, Raman undertook original 
investigations in acoustics and optics. His first paper entitled ‘Unsymmetrical 
diffraction bands due to a rectangular aperture’ was published in the Philosophical 
Magazine (London) in 1906. This was followed early in 1907 by a note in Nature on 
‘Newton’s rings in polarized light’. Both these papers were published in Raman’s 
eighteenth year. It is intriguing to note that Raman’s paper in the Philosophical 
Magazine was immediately preceded by a paper by Lord Rayleigh and followed by one 
by R. W. Wood! 

After graduating he spent 10 years in the Indian Finance Department, Calcutta, as 
Assistant Accountant General, but maintained an active interest in science, carrying 
out research in his spare time at the Indian Association for the Cultivation of Science, a 
privately endowed institution in Calcutta, founded in 1876. During this period he 
contributed some 30 original papers in physics to Nature, the Philosophical Magazine 
and Physical Review. 

In 1917 he joined Calcutta University as the first Palit Professor of Physics but 
continued his association with the Indian Association for the Cultivation of Science of 
which he became Honorary Secretary in 1919. 

At Calcutta he was active in research in many areas of physics including the theory 
of musical instruments (including the piano) (figure 2), diffraction (figure 3), colours, 
interference, colloids, light scattering, X-rays, magnetism and magneto-optics. He 
rapidly established himself as a physicist of international renown and was elected 
Fellow of the Royal Society of London in 1924. 

Raman travelled widely in the nineteen twenties attending international congresses 
and lecturing at universities in many countries. His zest for travel led to his becoming 
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Early history of the Raman effect 319 

Figure 2. From Proceedings of the Royal Society, Figure 3. From Philosophical Magazine, 
Series A ,  97, 99, 1920. 12, 494, 1906. 

interested in the phenomenon of light scattering and so paved the way for the discovery 
of the effect which bears his name. In his own words 

A voyage to Europe in the summer of 1921 gave me the first opportunity of 
observing the wonderful blue opalescence of the Mediterranean Sea. It seemed 
not unlikely that the phenomenon owed its origin to the scattering of sunlight by 
the molecules of the water. To test this explanation, it appeared desirable to 
ascertain the laws governing the diffusion of light in liquids, and experiments with 
this object were started immediately on my return to Calcutta in September, 
1921. It soon became evident, however, that the subject possessed a significance 
extending far beyond the special purpose for which the work was undertaken, and 
that it offered unlimited scope for research. It seemed indeed that the study of 
light-scattering might carry one into the deepest problems of physics and 
chemistry, and it was this belief which led to the subject becoming the main theme 
of our activities at Calcutta from that time onwards. 

Later career 
Raman received a knighthood in 1929 and the Nobel Prize for Physics in 1930. 

Amongst the numerous other honours he received (figure 4), two are particularly 
interesting. In 1935 the Maharaja of Mysore gave him the title of ‘Rajasabhabhushana’ 
which literally translated means ‘The Jewel of the King’s Court’; and in 1954 the 
Government of India awarded him the title of ‘Bharat Ratna’, the only Indian scientist 
so honoured. 

Raman left Calcutta in 1933 to become Director of the Indian Institute of Science at 
Bangalore. Later he was able to build an Institute of his own in Bangalore, now known 
as the Raman Research Institute (figure 5). Here he lived and worked actively until his 
death on 21 November 1970. His mortal remains were cremated in the beautiful 
gardens of his Institute (figure 6). 

There are many comments on record about Raman which illustrate his great 
talents, his human qualities and his complex personality: 

‘The “Raman effect” must rank among the best three or four discoveries in 
experimental physics in the last decade’. (Lord Rutherford, 1930) 

‘He was richly endowed with a child-like sense of wonder at the unknown and not 
understood facets of nature.. .’ (S. Bhagavantam) 

‘His exuberance was infectious.. .’ (S. Ramaseshan) 
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3 20 D. A.  Long 

‘I must frankly say I like him [Raman] very much, in spite of his all too human 
drawbacks, his conceit and his naivete and therefore his disarming way of 
bringing himself into the light. 1 do not take these too seriously as 1 am finding (on 
the other hand) a genuine devotion to his work and to the Lnstitute. He is an 
excellent physicist, full of optimism and activity and besides being interested in 
everything in the world’. (Max Born in a letter to Lord Rutherford, 1936) 

But perhaps Raman himself should have the last word: ‘The essence of science is 
independent thinking, hard work and not equipment. When I got my Nobel Prize I had 
spcnt hardly 200 rupccs on my equipment’. 

Figure 4. Raman in Paris, 1948 when he received the degree of D e s  Sc Iionoris Causa. With him 
are (from left to right) Prince L. de Broglic, R. S. Mulliken and L. Pauling. 

Figure 5. The Raman Institute, Rangalore. Figure 6. The garden of the Raman Institute with 
the Memorial Tree marking the place where 
Raman was cremated. 
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Early history of the Raman eflect 321 

Discovery 
The discovery of the Raman efSect 

Raman’s investigations of light scattering began after his return from Europe 
towards the end of 1921. During the next six years, Raman, in association with a 
number of very able students, published over 50 scientific papers on light scattering. 

In 1924 at the British Association Meeting in Toronto, Canada, Raman had taken 
part in a discussion on the recently discovered Compton effect. In 1927 Raman 
proposed a quantitative theory of the Compton effect. This work undoubtedly 
convinced him that there must exist an optical analogue of the Compton effect. 

The following extracts from the unpublished diary of K. S. Krishnan, one of 
Raman’s collaborators give a vivid account of how, early in 1928, the new phenomenon 
of modified scattering was discovered. Raman and his students were working at the 
Indian Association for the Cultivation of Science in Calcutta. 

Tuesday 7 February 1928 
Incidentally discovered that all pure liquids show a fairly intense fluorescence 
also in the visible region, and what is much more interesting, all of them are 
strongly polarised, the polarisation being the greater for the aliphatics than for 
the aromatics. When I told Prof. about the results.. . he remarked: ‘you don’t 
mean to suggest, Krishna Iyengar, all that is fluorescence!’ After meals at night, 
Venkateswaran and myself were chatting together in our room when Prof. 
suddenly came to the house (at about 9 p.m.) and called for me. When we went 
down, we found he was very much excited and had come to tell me what we had 
observed this morning must be the Kramers-Heisenberg effect, we had been 
looking for all these days. We therefore agreed to call the effect modified 
scattering. We were talking in front of our house for more than a quarter of an 
hour when he repeatedly emphasised the exciting nature of the discovery. 

Thursday 9 February 1928 
Set up this morning the long telescope and made preliminary arrangements for 
observing the effect with vapours. Before the arrangements were completed Prof. 
left for the college for his lecture. In the afternoon tried Ether vapour and it was 
surprising that the modified radiation was very conspicuous. Tried a number of 
others in quick succession without however the same success. When Prof. came 
from the college at about three, I announced to him the result, and there was still 
enough sunlight for him to see for himself. He ran about the place shouting all the 
time, that it was a first rate discovery, that he was feeling miserable during the 
lecture because he had to leave the experiment, and that however he was fully 
confident that I ‘wouldn’t let the grass grow under my feet till I discovered the 
phenomenon in gases’. He asked me to ‘call in everybody in the place to see the 
effect’ and immediately arranged in a most dramatic manner, with the mechanics 
to make arrangements for examining the vapours at high temperatures. 

Thursday 16 February 1928 
Studied today Pentane vapour at high temperature and it showed a conspicuous 
polarisation in the modified scattering. We sent a note today to Nature on the 
subject under the title ‘A New Type of Secondary Radiation’ (figure 7). 
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322 D. A.  Long 

effect in greater or 1- the eff& ia e 
trae scattaring iand not. ia indicated in 
the fint place by its feehZeneas in mparisan with the 
ordinary swttering, and liec.ondly by i t s  polarWian, 
which is in many emaa quite strong Bnd comparable 
with the polarimtion of the ordinary mattering. The 
investi ation is naturally much mow difftrmlt in the 
caw of gases and vapours, owing to the ercesaive 
feeblenew of the effect. Nevertheiw, whw the 
vapour is of sufficient density, for example with 
ether or amylene. the modified scattering is Fesdily 
cfrmonstmbie. 

C .  V. RAMAH. 
K. 5. KRW~NAH. 

210 h w b a z s r  Street, 
Calctitta, Intiis. 

Feb. 10. 

A New Tvpe of Stcondvy Rsdiatflon. 

IF we eaguma that the X-rsy scattering of tho 
‘ unmodified ’ type obseived by Pmf. Compton corn- 
sponds ta the normal or average 8bto of the SWIM 
and motecules. whiie the ‘modified’ scattering of 
altared wave-length cornponds to their fluctuations 
from that state, it would fotsow that we should expact 
also in the cs98 of ordinary light two typa4 of seattet- 
ing, one determined by the norma1 o tical propertiee 
of the atoms or molecules, and anotger representing 
tJu, &eat of their fiuctuatians from their norntal 
etade. It 8eeordingly h m e s  necassery to test 
whether this ia actualty the caaa. me exprimenu 
we have made have confinned this anticipation, and 
&own that in every caae in which light is aoattored 
by the rnoIwulea in dust-free li3uids or gases. the 
itiffuse radiation of the ordinsty ktnd, having the Bame 
wave-leagth as the incident beam, is aceompanid by 
a modified saattered ~ i ~ t i o n o f . d ~ r ~ ~  f 

The new type of light scatterin d i - v m ~ ~ ~  
Raturafty q u i r e s  very power& itlumination tor 
its 0-ation. In our experiments, a beam of sun- 
light was converged succsaively by a telesco 
objective of IS em. sprtare and 230cm. focalIengtR(f 
and by 6 second lens of 6 em. focal langth. At the 
focus of the seeond lens was placed the mattering 
material, whsh is either a liquid (carefuUy purified by 
rrtpasted distillation in ~gacuo) or i t s  dust-fiw vapour. 

Figure 7.  From Nature, 121, 501, 1928. 

Tuesday 28 February 1928 
Went to the Association only in the afternoon. Prof. was there and we proceeded 
to examine the influence of the wavelength of the incident light phenomenon. 
Used the usual blue violet filter coupled with a uranium glass, the range of 
wavelengths transmitted by the combination being much narrower than that 
transmitted by the blue violet filter alone. On examining the track with a direct 
vision spectroscope we found to our great surprise the modified scattering was 
separated from the scattering corresponding to the incident light by a dark 
region. This encouraged us to use monochromatic incident light.. . 

Raman lost no time in giving the newly discovered phenomenon the widest possible 
publicity both in India and internationally, as the following rapid sequence of events 
shows. 

February 16: Cabled a note to Nature ‘A new Type of Secondary Radiation’ by 
C. V. Raman and K. S. Krishnan, published 31 March. 

February 29: Associated Press of India gives first newspaper report under the 
heading ‘New Theory of Radiation-Prof. Raman’s Discovery’. 

March 1:  The Calcutta Newspaper The Statesman carries an article entitled 
‘Scattering light by Atoms-New Phenomenon-Calcutta Professor’s 
Discovery’ (figure 8). 

March 8: Sent second note to Nature ‘A Change of Wavelength in Light 
Scattering’ by C. V. Raman published 21 April. 

March 16: Lecture given to South Indian Science Association, Bangalore ‘A New 
Radiation’ by Prof. C .  V. Raman, F.R.S. 

March 22: Sent third note to Nature, ‘The Optical Analogue of the Compton 
effect’ by C. V. Raman and K. S. Krishnan, published 5 May. 

March 31: The Bangalore Lecture published in a Special Issue of the Indian 
Journal of Physics which Raman had founded in 1927. 
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Early history of the Raman effect 323 

Figure 8. Newspaper report on the discovery of Raman effect appearing in The Statesman, an 
English Language daily of Calcutta on 1 March 1928. The first Raman spectrum was 
reportedly obtained on 28 February 1928. 

The Ramun efeect and the quantum theory 
In 1928 the quantum theory was still in its infancy. In a paper entitled ‘On the 

theory of the Raman effect’ published in Naturwissenschuflen, on the 24 August 1928, 
Max Born says that Raman’s discovery had been predicted by quantum mechanics in 
all its entirety, and could be thought of as proof for the same. This prediction had been 
made in two classic papers; one by Smekal, published in 1923 and one by Kramers and 
Heisenberg published in 1925. (See p. 334.) 

France 
Raman’s discovery was followed up immediately in France. On 23 April a note by 

Y. Rocard entitled ‘Les nouvelles radiations diffusees’ (figure 9) was communicated to 
the French Academy of Sciences by M. Brillouin. This was followed on 30 April by a 
note by J. Cabannes, communicated by Ch. Fabry (figure 10); and on 4 June by two 
further notes: ‘Analyse spectroscopique de la lumiere obtenue par diffusion moleculaire 
d’une radiation monochromatique an sein d’un fluide’. (Note de M. M. J. Cabannes et 
P. Daurc, presentee par M. Ch. Fabry. Comptes Rendus, 186, 1533, 1928) and 
‘Remarques a propos dc la Note de M. M. Cabannes et Daure sur la diffusion 
moleculaire’ (M. A. Cotton, Coniptes Rendus, 186, 1475, 1928.) These were the first four 
papers on the Raman effect published outside India. Since that time France has 
continued to make important and substantial contributions to Raman spectroscopy. 
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324 D. A.  Long 

Figure 9. From Cornptes Rendus, 186, 1107, 1928. 

Figure 10. From Comptes Xendus, 186, 1201, 1928. 

Figure 11. Jean Cabannes. Figure 12. Aim6 Cotton Figure 13. Yves Rocard. 
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Early history of the Raman efect 325 

The many well-known Raman spectroscopists from France include J. Lascombe, 
now the President of the University of Bordeaux, the University where he began his 
research in Raman spectroscopy. Lascombe was Chairman of ICORS VIII. 

Jean Cabannes (1885-1959) (figure 11) studied at  l’Ecole Normale SupCrieure and 
was successively Professor at  the University of Montpellier (1919-1939) and the 
University of Paris (1939-1959). Cabannes made many important contributions to our 
knowledge of light scattering. As early as 1914 he succeeded in measuring in the 
laboratory the polarization and intensity of the light scattered by a volume of pure gas 
of the order of one litre, eliminating all parasitic light. From 1928, with his 
collaborators, Daure, Rousset and Bouhet, Cabannes undertook extensive and 
systematic studies of the Raman spectra of liquids, crystals and gases. This work 
enabled him to establish the relationship between the symmetry of molecular 
vibrations and the polarization of the Raman scattering. 

Aim6 Cotton (1869-195 1) (figure 12) was educated at 1’Ecole Normale SupCrieure. 
He was Professor successively at the University of Toulouse (1895-1900), l’Ecole 
Normale Suptrieure (1900-1920) and the University of Paris (192C1939). In 1895 he 
discovered circular dichroism in solutions of compounds with natural optical activity; 
in 1907 he discovered, in collaboration with Mouton, magnetic birefringence; and in 
1935 he discovered circular dichroism in compounds with magneto-rotatory power. 
His pupils included J. P. Mathieu, author (with H. Poulet) of the well-known book 
Spectres de Vibration et SymCtrie des Cristaux and Chairman of ICORS 111. 

Yves Rocard (b. 1903) (figure 13) studied at the Sorbonne, Paris under Fabry and 
was successively Professor of Physics at the Sorbonne and Director of the Physics 
Laboratory of 1’Ecole Normale Superieure. His career was both distinguished and 
varied. During the second World War he sent valuable scientific information from 
France to British Scientific Intelligence. He was eventually smuggled out of France by 
Special Operations Executive and then joined the Free French Navy. In postwar 
France he played a significant role as a member of the French Atomic Energy 
Commission. His honours include a CBE for his wartime services, and a submarine 
volcano near Tahiti, named after him. His son Michel became Prime Minister of 
France in 1988. 

USSR 
On 6 May 1928, G. Landsberg and L. Mandelstam in the USSR submitted to Die 

Naturwissenschafen a paper entitled ‘Eine neue Erscheinung bei der Lichtzerstreuung 
in Krystallen’ (A new phenomenon in light scattering by crystals) which was published 
on 13 July 1928. This paper reported the observation of changes in frequency when 
monochromatic light is scattered by quartz (figure 14). 

Raman and Krishnan’s first paper published in Nature on 31 March 1928 and the 
succeeding paper published on 21 April are in very general terms without any 
spectroscopic evidence. It was only in Raman and Krishnan’s third paper in Nature on 
5 May that a spectrum was reproduced, although spectra were included in Raman’s 
Bangalore lecture on 16 March. 

Landsberg and Mandelstam’s paper was submitted on 6 May, one day after the 
official publication date of Raman and Krishnan’s definitive paper. Landsberg and 
Mandelstam could not have had any information in Moscow about this paper, but they 
did refer to Raman’s first two publications saying they could not tell whether there was 
a connection, because Raman’s description was too vague. However, they themselves 
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326 D. A.  Long 

Figure 14. From Die Nuturwissenschuften, 16, 557, 1928. 

Figure 15. L. I. Mandelstam. Figure 16. G. D. Landsberg. 

had clearly brought out the connection between the frequency shifts and the infrared 
frequencies of quartz, a recognition which came only in Raman’s third paper published 
one day before the date of submission of their paper. 

The two discoveries were thus independent, but of course Raman had the priority. 
It is perhaps not too surprising that until recently the term ‘combination scattering’ was 
used in the USSR rather than ‘Raman effect’. 

L. I. Mandelstam (1879-1944) (figure 15) was educated at Strasbourg University. In 
1911 hc became a professor at Strasbourg, and stayed there until 1925 when he was 
elected a professor at Moscow 1Jniversity. He became a member of the Academy of 
Sciences in 1929. In addition to his extensive research on light scattering he made 
important contributions in a number of other branches of physics. 

G. D. Landsberg (189G1957) (figure 16) was educated at  Moscow Univcrsity and 
became a professor there in 1924. He was elected a member of the Academy of Sciences 
in 1946. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
1
 
2
1
 
J
a
n
u
a
r
y
 
2
0
1
1



Early history of the Ramun ejj’ect 3 27 

USA 
Robert W. Wood (1868-1955) (figure 17) was the first American to publish results 

on Raman spectroscopy. He had discovered resonance fluorescence in 1906, and 
thereafter had devoted much effort to spectroscopic studies of scattered light. He was 
spending the summer of 1928 in the private laboratory of Alfred L. Loomis in Tuxedo 
Park, N.Y. when he read Raman and Krishnan’s first note in Nature. He quickly 
improvised experiments to repeat the work and sent a cable to Nature (figure 18). The 
wording is awkward because prepositions and articles were omitted to save money! 

This was quickly followed by a lengthy paper in the Philosophical Magazine for 
October 1928 showing the spectra of ten substances (figure 19). It contains many 

Figur- 17. Robert W. Wood. This photograph, taken about 1938, shows him holding a large 
mosaic replica diffraction grating. (Courtesy of A1 P Niels Bohr Library). 

Figure 18. From Nature, 122, 349, 1928. 
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328 D. A .  Long 

Figure 19. From Philosophical Magazine, 6,  729, 1928. 

fascinating experimental details, including an extended discussion of thc use of a light 
horn. The techniques which he introduced, carried over from his work on fluorcsccnce, 
were standard practice in Raman spectroscopy for about 30 years. Wood was also the 
first to use a diniaction grating in Raman spectroscopy, and he and Rasetti 
independently were the first ones to obtain clear-cut Raman spectra of gases. From 
1928 to 1938 he published about 30 papers on Raman spectroscopy, all but three by 
himself. 

R. W. Wood spent most of his career as Professor of Experimental Physics at Johns 
Hopkins University (1901-1938). He was a renowned experimenter in physical optics 
and spectroscopy. He invented the echellete grating, and provided high-quality 
diffraction gratings for workers throughout the world. 

He had an unusually colourful personality. Legions of stories are told about him, of 
which one example will be given. During an exceptionally cold winter in Baltimore a 
water pipe in his home froze. He took a portable motor-generator set, attached 
electrical leads to each side of the frozen section, and passed a heavy current through 
the pipe. The resistance heating quickly melted the ice. It was so easy that he decided to 
sell his services to other homeowners. One customer, upon seeing how quickly his 
problem was solved, objected to the amount of the charge. ‘All right’, said Wood, ‘if you 
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Early history of the Raman effect 329 

Some are unable, as ou knou, 
To tell the Crocus $0. ihe Crouu; 
The reason tuhy is just be-caus 
They are not versed in Nature‘s law. 
Thenois cawing Craas all come, 
Obedienvto the Cro’custom 
A large Croui C a w u s  to cbnvohe. 
you never hear the Crocus croak ! 

The PLover and the Clover can be 
told apart w i t h  ease, 

Ry payins close attention t o  The 
haMs of the l3ees, 

For En-tomolo3ists aver, the Bee 
can be in Clover, 

While Ety-molo3ists concur, 
there is no B in Plover. 

1. 3. 
Figure 20. From How to Tell the Birdsfiorn the Flowers. 

don’t want to pay me, I’ll just reverse the current and re-freeze it’. The homeowner 
hastily paid. 

He had a reputation for improvisation. For example he used barrels ranged along 
the wall for filing, each barrel being labelled ‘R. W. Wood 19. .’; and his domestic cat 
was employed to walk inside a subterranean spectrograph to brush aside cobwebs. 

Wood was much more than a scientist. He was a superb lecturer and showman, and 
a talented artist, musician, and writer. He is well known for a book of verse entitled How 
T o  Tell The Birds From The Flowers, delightfully illustrated with his own Wood-cuts. A 
sample page is shown here (figure 20). A copy was sent to President Theodore 
Roosevelt, who liked it so much that he requested more of the author’s writing. Wood 
responded with his book Physical Optics! 

The USA has provided three Chairmen for ICORS: E. R. Lippincott (ICORS TV); 
J. R. Durig (ICORS VI); and W. L. Peticolas (ICORS X). 

Germany 
Die Naturwissenschafen for 3 August 1928, contained the first review article on the 

new phenomenon (figure 21). The author was P. Pringsheim, brother-in-law of Thomas 
Mann, who proposed that the new effect should be called the Raman effect. 

So kann man kaum mehr daran zweifeln, dass hier wirklich ein neuer effekt 
aufgefunden worden ist, den man konsequenterweise als Ramaneffekt zu 
bezeichnen haben wird. 

In Die Naturwissenschafen for 24 August, M. Born clarified some problems relating to 
the quantum theory of the Raman effect which Pringsheim had raised in his review. 

On 6 August 1928 Pringsheim lectured on the Raman effect at the VIth Congress of 
Russian Physicists in Moscow. This was subsequently published with A. Carelli and 
B. Rosen as co-authors in the October issue of Zeitschriftffiir Physik (51, 511, 1928). 
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330 D. A.  Long 

Der Ramaneffekt, ein neuer von C. V. Raman entdeckter S ~ r ~ h I ~ ~ ~ e ~ ~ k t .  
VOil PETER PRiWCSIIESX, & r h  

E n  Liihtstrahl im Iecrcn 

F ~ t p ~ ~ u n g ~ i c h t u n g  ~ u ~ ~ n ~ ~ ~ t ,  in keiner 
Weise w ~ ~ u n e h m e n .  Die bekaante Erscheinung. 
daD man Sonnenskrahlen, die in ein verdunlteltes 
fimmex durch eine &hung Biniallen laat, auf 
ibrm ganzen Wege sehen kann, W u h t  auf der 
Streuung des Lichtes an feinen in der Luft suspcn- 
dietten Staubteifchen, dem sag. T ~ n d ~ ~ e f f e k t .  
1s s e k  vie1 geringerem &%a& ist die gleiche Wir- 
kung auch in voltkommen staubfreier Luft, iiber- 
haupt in allen Gaqen, und ebenso in durclisichtigen 
m e n  Fiiissigkeiten oder festen K8rpern vor- 
handen: hier treten an die St&e der Staub- 
parkikefn die MoIekule selbst: da die Entmsitiit 
des gestreuten Lichtes mit abnehmendcm Quer- 
schnitt ifer streucnden Teiichen sinkt, ist dieser 
,,molekulare" Tydaiteffekt, von dem im foIgenden 
all& no& die Re& sein SOB. &tiv schwach und 
wenn sic& der Vorgang in einem Gasvatumen von 
60 der ~ o ~ a ~ h t u n ~ s ~ c h t u n g )  geringer Schicht- 
d i d  abspiett, im allgemeinen nur mit einiger 
Schwierigkeit nachzuweisen. Wenn aber die ge- 
SamteTiefe der irdischen ACnosph&re afs streuende 
Gasschjcht mitwirkt, dann erreicht die Intensitat 
des Tyndallichtes auch irn Gas sehr hohe Wertc; 
d;zs wie RAYLEIGH zuwst erkannt hat, der 
Ursprung dw bfauen ~ i m m e ~ s i i c h t ~ :  wiirde nicht 
die % n n e ~ ~ a h l u n g  iiberall in dcr Luft diffus zer- 
streat, so*w%zde uns der Iiimmel auch hei stark- 
stem Sonrienschein kohhhwarz vorkonuncn, und 

die %Me wurde sich von diesem dunklen 
Mintergrund afs unertraglich helle Scheibe ab- 
heben. 

In FI&in'- ' '-neeen i=+ ' --bkulare 

molekularen T ~ d a ~ ~ e ~ t e g  Bals einer Schwan- 
kungserscheinung erst den Arbeiten von Sx0r.v- 
SCHOWSKX (I) (1907) und von EXNSTEXN (2) (rsro), 
Wenn man ngmfich annimmt, d a R  jedcs irom 
P r i m ~ s ~ a h l e n b ~ n d e ~  getroffde ~ ~ ~ k i i ~  einen 
Teil der einfalfenden Intensitat zerstreut. SD wijrde 
man doch keine seiiliche ~ i c h ~ ~ ~ t r e u u n g  
achten, wenn die MolekiiIe wie in einem idealen 
IQystalt voilkornmen regelmaRig a n ~ ~ r d n e t  Mrcn: 
dcnn dann wiirden df diese von den einxelnen 
Raumgitterpunkten kommenden koharenten Kugel- 
welten sich in aUen Richtungen durch Interferenz 
zerstoren aul3cr in der u r s~ung~ ichen  Strahirich- 
tung, gane i ihnkh wie das in der HI.JYGENSchei.1 
Theorie bei der Rehandlung der geradlinigen Aus- 
breitung des Lichtes durch den leeren Raum ge- 

Fig. I .  Vcrsuchsanordnung zur Deobachtung von 
Tyndalleffckt, Fluorescenr und Ramaucffckt. L: Licht- 
quelle. 1: Sammellinse. P, und Fv* Farbfilter. A: Auge 

des Bcobachtcrs fbew. Spcktrographf. 

zeigt wird. Nut wenn zwischen dem Abstand 
der regel&Rig aufeinanderfoi~enden Molekbte 
(der ,,Gitterkonstanten") und der Welbnl&nge det 
--. "-&.l,tes n-- . ":-..lnte .T** "%ge &. 

Figure 21. From Die Naturwissenschaften, 16, 44, 1928. 

An earlier paper in the September issue of the same Journal by Pringsheim and 
Rosen reported Raman spectra of a number of organic compounds and also of quartz 
(50, 741, 1928). 

The study of the Raman effect quickly spread to a number of other universities in 
Germany: Gerlach in Tubingen and later Munich; Grassmann and Weiler in Munich; 
Schaefer, Matossi and Aderhold in Breslau; Goubeau in Gottingen; and Mecke in 
Freiburg i. Br. One of Mecke's pupils E. D. Schmid was chairman of ICORS V. 

United Kingdom 
The first Raman paper from the UK came from the Clarendon Laboratory, Oxford, 

in November 1928 (figure 22). The senior author was the head of the laboratory, 
Professor F. A. Lindemann, who achieved distinction in a number of fields. As a young 
physicist he worked out how to bring an aircraft out of a spin and received the DFC for 
his courage in testing his theory in person. At a Faraday Discussion Meeting in the 
twenties he formulated the mechanism underlying first-order chemical reactions. 
Under his leadership the Clarendon which had previously languished became a 
laboratory of international renown in physics. He was scientific adviser to Sir Winston 
Churchill during the Second World War and later a member of Churchill's post-war 
cabinet. For these services he was created a peer and took the title Lord Cherwell 
(figure 23). 
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Early history of the Raman effect 33 1 

In Oxford hc maintaincd a unique style. Having been prepared by his valet, he 
arrived at the laboratory in a chauffeur-driven Rolls Royce and on entering, placed his 
bowler hat on a special peg labelled ‘This peg reserved for Lord Chcrwell’. 

In the period just after the discovery of the Raman effect, a young Oxford chemist 
L. A. Woodward (figure 24) also began to work with the Raman effect -but in Lcipzig 
in the laboratory of P. Debye (figure 25). His colleagues at Leipzig included, E. Teller, 
G. Placzek and S. Mimshima. Later Woodward established a strong school of Raman 
Spectroscopy in Chemistry at Oxford. His many pupils included D. A. Long, thc 
Chairman of ICORS 11. 

Another carly contribution camc from A. C. Mendes (figure 26), at the then 
University College of Lcicester, who published the first Raman spectrum from a 
powdered solid. Later Menzies became professor of physics at Southampton and then 
Research Director of Hilger and Watts, London (figure 27). 

Other carly practitioners of Raman spectroscopy in the United Kingdom included 
G. B. B. M. Sutherland at Cambridge and C. K. Ingold at University College London, 
where R. J. H. Clark, the Chairman of ICORS XI now actively applies Raman 
spectroscopy to chemical problems. 

Figure 22. From Nature, 122, 921, 1928. 

Figure 23. F. A. Lindemann (Lord 
Cherwell). Figure 24. L. A. Woodward. 
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Early history of the Raman efSect 333 

Austria 
Experimental studies of the Raman effect were begun by K. W. F. Kohlrausch 

(figure 28) in Graz in December 1928. In the next 15 years, in association with his co- 
workers, A. Dadieu, L. Kahovec, A. Pongratz, A. w .  Reitz, R. Seka, J. Wagner and 
others he made extensive studies of the Raman spectra of an extraordinarily wide range 
of compounds. The results of these painstaking and valuable studies were published in 
three classic works on ‘Der Smekal Raman-effekt’ which appeared in 1931, 1938 and 
1943. 

His first collaborator, A. Dadieu has described the early days of Raman 
spectroscopy at Graz. 

First news of the discovery of the Raman effect reached us early in December 1928 
through a paper by R. W. Wood.. . I referred to it at the weekly colloquium held 
at our Institute by physicists and chemists for the purpose of discussing new 
trends. . . Immediately after the colloquium I therefore suggested to Kohlrausch 
that we should abandon ultra-violet spectroscopy and devote our entire energies 
to the far more promising Raman effect. 
I vividly remember Kohlrausch’s characteristic look of ironic scepticism and his 
reply: ‘You want to achieve that with our teaching spectrometer? As our Institute 
was quite inadequately endowed, it was obvious that it would be far beyond our 
financial resources to acquire within a short space of time an instrument with 
higher light intensity. So I said: ‘Well, we have also got a Zeiss instrument with a 
Rutherford prism. True, it isn’t an actual giant as to its light intensity, 
nevertheless I should like to have a crack at it’. 
I took our old mercury lamp, fitted it with the largest lens at my disposal, inserted 
it into a round bottomed flask filled with freshly distilled carbon tetrachloride 
and pointed the spectrograph at the scattered light. After an exposure of 30 
minutes, I developed the plate and placed it in a fixing solution. Kohlrausch who 
had followed me to the darkroom, pushed up his glasses and smiled maliciously: 
he saw no Raman line! I ‘divined’ one and predicted that it would become visible 
on the dry plate. And that is exactly what happened. 

From then on, the Raman lamp burned day and night. We slept in turns in the 
Institute, I myself distilled and cleaned until midnight the liquids we meant to 
analyse, made more exposures and measured the spectra. Kohlrausch saw to the 
marking of the lines, worked out the resulting Raman spectra and tried to 
interpret their structure. After two months we sent our first paper to the Austrian 
Academy of Science (Studien zum Ramaneffekt: Das Ramanspektrum 
organischer Substanzen (Fettsauren und ihre Ester) A. Dadieu and K. W. F. 
Kohlrausch, Sitzungsberichte der Akademie der Wissenschaften Wien, 138, 41, 
1929). Another five papers right across organic chemistry followed up to the end 
of 1929. 

In 1923 A. Smekal (figure 29), in Vienna, had predicted that the frequency of light 
could be changed on scattering, in a note entitled ‘Zur Quantentheorie der Dispersion’ 
(Die Naturwissenschafren, 11, 873, 1923). When Raman’s discovery was announced, 
Smekal was not slow to draw attention to the theoretical predictions he had made. A 
note from him entitled ‘Zur Quantentheorie der Streuung und Dispersion’ appeared in 
Die Naturwissenschaften for 3 August 1928. This also referred to the classic theoretical 
paper by Kramers and Heisenberg (Zeitschr@ftir Physik, 31, 681, 1925). 
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334 D. A.  Long 

Figure 28. K. W. F. Kohlrausch. 

Figure 29. A. G. Smekal. 

K. W. F. Kohlrausch was born in 1884 in Austria, and educatcd at the University of 
Vienna. In 1920 he was appointed Professor of Physics at the Technische Hochschule, 
GraL, where he remained until his retirement. He died in 1943. 

A. G. Smekal was born in Vienna in 1895. He studied at the Universities of Graz 
(1913 1917) and Berlin (1917-1919). From 192g1927 he taught in  Vienna, first at the 
University and then at the Technical University. Subsequently he was Professor at 
Halle (1928- 1945), Darmstadt (1946-1949) and Graz (1949-1959). Smekal was the 
author of several important books, including Allgemeine Grundlagen der 
Quantenstatistik und Quuntentheorie and Atomphysik. He was the founder of the 
Austrian Physical Society and a member of the Austrian Academy of Sciences. Smekal 
died in Graz in 1959. 
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Early history of the Raman eflect 335 

Canada 
On 20 December 1928 J. C. McLennan and J. H. McLeod sent a letter to Nature 

entitled ‘The Raman effect with liquid Oxygen, Nitrogen and Hydrogen’ (figure 30). 
This was published on 2 February 1929. This work was also reported early in 1929 in 
two short papers in the Transactions of the Royal Society of Canada. 

The results of McLennan and McLeod were of very great significance. They gave 
direct experimental evidence that: (i) the vibrations of homopolar molecules which are 
infra-red inactive can be observed in the Raman effect; (ii) two quantum rotational 
transitions occur in Raman scattering; (iii) hydrogen at low temperatures must be 
regarded as a mixture of two effectively distinct sets of molecules, symmetrical and anti- 
symmetrical. This work formed one part of the Ph.D thesis of J. H. McLeod (figure 32) 
submitted to the University of Toronto in November 1929. The other part was 
concerned with the nature of the auroral green spectral line, to which McLeod also 
made a significant contribution. His outstanding Ph.D thesis is further remarkable for 
its brevity, consisting ofjust 21 pages! Pages 13-21 deal with the Raman work including 
detailed suggestions for further work. 

J. C. McLennan (1867-1935) (figure 33) was a very notable Canadian scientist. He 
graduated from the University of Toronto in 1892 and from 1898-1900 was a graduate 
student in the Cavendish Laboratory, Cambridge under J. J. Thomson. A fellow 
graduate student at Cambridge was E. Rutherford. In 1907 he became Professor and 
Head of the Department of Physics at Toronto (figure 31) where he stayed until his 
retirement in 1932. 

He achieved great distinction as a physicist. He was a Fellow of the Royal Society of 
London and was awarded the Society’s Gold Medal in 1927. He was knighted in 1935. 
He also contributed greatly to the development of physics in Toronto and the Physics 
Department of the University of Toronto is housed appropriately in the McLennan 
Laboratories. 

It is intriguing to recall that as a boy in the small Ontario town of Ingersoll, 
McLennan’s ambition was to work for the Grand Trunk Railway. Failing to obtain a 
position he decided on further education! 

Italy 
There were a number of notable contributions from Italy in this period. 
F. Rasetti (figure 34) published a series of classical papers dealing with the 

rotational Raman spectra of gases (for example see figure 37) and the associated 
selection rules. He also made the first observation of an electronic transition in a 
Raman spectrum. Doublets in the Raman spectrum of NO with a separation of 
124cm-1 were assigned to transitions between the two electronic states 2111,z and 
2113,2 (Nature, 124, 93, 1929). 

Contributions to the theory of the Raman effect were made by E. Amaldi (figure 35) 
A. Carelli, E. Fermi and E. SegrC. 

In Bologna G. B. Bonino (figure 36) appreciated that the Raman effect was a 
valuable tool for research relating to organic molecules. He has recalled the excitement 
he felt when one day in 1928 he found Raman and Krishnan’s paper in his university 
library. He quickly realised that a Raman spectrum would be easier to obtain than an 
infra-red spectrum using the techniques then available. 
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Early history of the Raman efect 331 

Figure 31. Physics Laboratories, Toronto, in the 
1920s. 

Figure 32. From the Ph. D. thesis of J .  11. McLeod submitted to the University of Toronto, 
November 1929. 
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338 D. A .  Long 

Figure 34. F. Rasetti. 

Figure 33. J. C. McLennan. 

Figure 35. E. Amaldi, spring 
1931, on the road between 
Dresden and Leipzig. Figure 36. G. B. Bonino. 
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Early history of the Raman eflect 339 

It is interesting to note that Rasetti, who was born in 1901, is now the most senior 
Fellow of the Lincei Academy of Rome, and Amaldi who was born in 1908, is now the 
President of the Lincei. The photograph of Amaldi on a motorcycle was taken near 
Leipzig in 1931 when he was working with Debye. 

Figure 37. From Zeitschrifr f i r  Physik, 61, 598, 1930. 

Japan 
The first Japanese paper on Raman spectroscopy came from M. Kimura and 

Y. Uchida (figurcs 38 and 39). It was submitted for publication on 5 December 1928 and 
appeared later that month in the Japanese Journal of Physics (figure 40). 

From 1929-31 S. Mizushima was in Debye’s Laboratory at  Leipzig. On his return 
to Japan he established a strong school of Molecular Spectroscopy at Tokyo. His many 
distinguished pupils included Y. Morino, T. Shimanouchi (figure 41) and M. Tsuboi, 
who was Chairman of ICORS 1X. 

Professor M. Kimura, the senior author, was born in 1883. He studied under R. W. 
Wood at Johns Hopkins University, Baltimore, USA from 1915 to 1917. He was 
professor of physics at the then Imperial University of Kyoto (now the University of 
Kyoto) until his retirement. He died in 1962. 

Professor Y. Uchida was born in 1903 and graduated from Kyoto in 1926. He did 
spectroscopic research with Kimura and became professor of physics at Kyoto in 1946. 
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340 D. A. Long 

Figure 38. M. Kimura. 

7. The R w i w i ~  Q ~ m t t ~  af <'ur'lrcb& S t r h ~ t ~ t i t ~ ~ .  

By Masamiclii KIIURA and Yoichi 1lcnrn.i 

(CmlriMbn Imm ula Pb+l XnsliiMe. KyoIn lm&ri.l UnlmdilV. 
R a e r i d  h m b n  6. 1918.) 

Bonii aflor 1110 brillinnt disorery nnnouncod by Prof. Rainnii nnd 
Mr. Krishnan"'. intereating ppers were published by innny invetigalors. 
I n  a m n t  n n m h  of Philmnpliif;il Afngazine a very intcmling p p r  
on tho Raman spectra of sfntkrcd radiation wns pullislid by Prof. 
WC4'" No described powerful methndwla of illurninntion of a, subs(anco 
ondor investigation and gavo a series of very excellent Ramnn spectra 
of mdiation S C A U C ~ ~  .fmm'various subshiieea. Papers on the similar 
anlqaet by Prinpheim and Roson"', Landsbrrg and Handelslam"' i n d  
ISleakd"' also appmred in tho ' Wtschrift far Physik'. Tho present 
writerr hav. also bean experimenting ou n similar subject. and it is 
do4rablo on this ocxxtion to puhlish the summary of the result alt-aa'dy 
obtained for rylo~ie, calcite, watnr and cerhin salts of ncodyminm. 

hlmiinn OP ISSPERISIIWT. 

I n  a preliininnry pnrt of tho orperilnetit a liquid to be illuminnte:l 
wns put in n snirll quartz Aask. nnd by mmns of a short focus quarlz 
lem a light of n quartz mercury lamp WM fncused on in tho liquid, 
and tho light tramvumlly ~rattered WIU emmind. Wilh this rncthod 
of illumination an expowre of more than 30 hours WIU required to photo- 
bmph 1118 speelrurn of the scatkrad radiation by a small Hilger quartz 
SpoclrJgraph or by a constant deviation apcctmgraph provided with a 
cnt~cra  of ?o inch fqctu. By this arrangement. the Raman apedm of 
mrhn telmchloride, benzene, xylene etc. N(YC photographed. During 
this experiment, other met- of illumination wem tried in ordor to 
shortenlhc time of exposure. Fortunately, wo had a double walled 
quartz memory kmp with inner tuba projecting on the both ends. When 
tho Lamp VM lighted, a liquid plncad in  tlrb inner tuba was aumunded 
by a h n g  marcnrg light, thus giving a very inteose illurninnlion. This . ._ _-_-- 

(I) 0. V. Blnup & h. 8. KIbhnUI, Ldkn J. Pbp., 2 PosSh $97. 
15) R. W. \ V d .  l'hil. w., 6 (1918). Y%O. 
1% P. Rlr#lrim & B. Rarn. 8. 1. Phgl.. 50 (1oP8l. 141. 
MI Or. I m L b a r ~  & 1.. MiudelatuI~ .  25. I. Plv... 50 (1osSI. 700. 
16) C. E DlaLn, ZS. I. m.. 50 11941), TUI. 

Figure 40. From Japanese Journal of Physics, 5 ,  97, 
1928. 

Figure 39. Y. Uchida. 

Figure 41. T. Shimanouchi in 
jovial mood. 
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Early history of the Raman efSect 34 1 

18291, and four fin observed, %*hioh provtw thai 
the use of one big crystai, when available, ie of 00~198 
p r e f c ~ b ~ e  to that of powder. The difference belwmn 

solutio~end in the crystal. 
and fuRy di*cused in this 

pap+& but .it mems not Lo sxi& for ~ r n o ~ u m  and 
calcium and a h  not for poLassium (ef. Mr. hhnries’ 
~ o i ~ ~ ~ a a ~ i ~ ) .  

Of the other CryaW powdew invmti ated I e m  
nay ttmt N ~ N O ,  gave one tine st 2f,eog ma-1, 
c o r ~ p ~ ~ n g  to a shift of 1339 (CeMrti, Prihgsheim, 
csnd Ronea obasrved 1303 and besides 698 and 7851, 
and thlat NaCl and NE&Br gave no lines. As 6 lest 
example ealid ctlrbon dioxide may be rnen~icmned, with 
whidl I ~quttlly fail& to  obtain Raman linaa, a~thcugh 
one h e m  by tho work of Basetti on gaseourr carbon 
dioxida &ha% suah fines exist. 8. BXR.  

~ ~ ~ ~ i k a l i s e h e s  Inatitut dar U n ~ ~ o ~ ~ t ~ ~ ,  
Zikiclr, 01%. 9. 

Figure 42. From a letter to Nature, 124, 692, 1929. 

Switzerland 
The first contributions from Switzerland came from Zurich. In 1929 R. Bar 

described a method for obtaining the Raman spectrum of a powdered crystal 
(figure 42), and Victor Henri (at that time professor of physical chemistry at Zurich) and 
Owen Howell (University of Manchester) (figure 43) published a short paper on The 
Structure and Activation of the Phosgene Molecule Part 11-The Raman Spectrum of 
Phosgene, in the Proceedings of the Royal Society. The paper was submitted in 
November 1929 and appeared early in 1930 (Proc. Roy. SOC. London, 128, 190,1930). 

Victor Henri played quite an important role in the development of Raman 
spectroscopy in Europe. He encouraged Langseth from Copenhagen, Denmark, who 
spent a period at Zurich as a Rockefeller Foundation Fellow, to interest himself in 
Raman spectroscopy; and later when Henri went to Liege, Belgium, he continued to 
promote the study of Raman spectroscopy there. 

Denmark 
In Denmark, Raman spectroscopy was pioneered by A. W. Langseth (figure 44). 

When the Raman effect was discovered in 1928 he was in Zurich with V. Henri studying 
visible and ultra-violet absorption spectra. He was very skilled with his hands. As soon 
as he came to Copenhagen in 1929 he built a Raman spectrograph. The result of his first 
study, entitled ‘A Relation between Raman Spectra and Ultra-Violet Absorption’ 
(figure 45) was published in Nature in 1929. The Langseth spectrograph apparently had 
better resolution than any other at the time and a little later Langseth observed the fine 
structure of vibration lines due to isotopes of chlorine. 

Later pupils and associates included J. Rud Nielsen, R. C. Lord, B. Bak, H. J. 
Bernstein and S. Brodersen. 

H. J. Bernstein was the initiator of ICORS and Chairman of ICORS I. 
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342 D. A.  Long 

Figure 43. Victor IIenri and some of his collaborators at Zurich in the late 1920s. Owen Howell 
is to the left of Victor Henri in the centre. 

Figure 44. A. W. Imgseth (1895-1961). 
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Early history of the Raman effect 343 

A Relation between Raman Spectra and UItra- 
Violet Absorption. 

1% is well b o r n  t i a t  @I% RaJnan frequencies am 
identified with vibration frequenoies of the molecule, 
and this is corroborated by the agreement &seady 
found batween Ranrrn lines and absorption bands in 
tire inka-red. It is to  be mticipated, however, that 
8. p o l y a t ~ c  organic molecub with its sevosaI 
frequencies of vibretion would givo tl rather com- 
plicated a b ~ o ~ p d i o ~  spectmn. so that the dispersion 
of the bptroseopo in tho infra.r8d is often itlsufficitvtt 
for *if resolution. The result is therefore a supor- 
p i t i o n  of bands on a continuous bsckjyound, the 
~ x i m ~  of which correspond to average values 
between two or more bands. In fact, the 
between Ramart qxctra and infra-md absorption is. 
in many imm not qaitm satisfying. 

For the ultra-violet absorption spoatnm of vapom 
the expeninen~l conditions. are better, Many organic 
s u ~ l ~ ~ ~ e e s  yield absorption spectra consisting of well. 
resolvotl bands, and Ntth the high dipernion avdlable 
in this mgion, theRo etln & menanred with great 
mcuwy. 

Foilowing up a mggesciorr titado by Prof. V. Kcnri 
Lkat th0 Raman spectra give t&e ~ . ~ i h i ~ i t y  of deter. 
mining the ~ib~atio; ia~ frequencies of the nornial atate 
il compariwn was made ol L& dtm-violet a ~ o ~ p ~ ~ l ~  
and &man specbi of mvera: c o m ~ o i m ~ .  

C h i o r b ~ ~ o l  ahom this   la ti on ship very cleariy and 
wm theroforo chosen Eor tl mow complete study. The 
a b ~ ~ ~ i o n  spectrum of c h ~ o r ~ r i ~ o l  v a p u r  eanskt.; 
of n i ~ o ~ t ~  bands and fiaw (about 350 mrmurml) 
e x ~ n d i ~  from 2780 A. to 2250 A. Under tlrct 
 tion on that tho strong& band in the spectrum 
is duo to the ekwtronio ~ s ~ i t i o n  from &I10 ionerr6 

lev& in tho normat state to the lowest level in the 
excited state, a general andysin of &ha spectrum i s  

anaies. Froin 

w a v c . ~ e ~ t h $ ,  w ~ c h , a g ~ ~  show ~ p ~ a t i o ~  e q d  to 
the REIW Erquenoies. 

The f ~ u e n e a ~  mwured in this w 
violet sppcCmm, oompared with the Rs. 
(in p t l r e n t ~ ~ ~ s ~ ,  m meawed in this 
in om.+ : 201.9 (196), 242.1 (2421, 4S8.8 f420), 618.6 
(618). 822.9 (625). 907.9 (706), 822-7 (823). 1004.8 
(1006), 10%-6 (I025). 1087.1 (IOSS), 1157.2 f1102L 
15850 (1683), S065.3 (3064). of the 
f iptrurn show9 that, the stM cies of 
v&sation in the es*itod state are , 523-9, 
929.8, and 9624 cm.-t. 
The level c o r ~ ~ u ~ ~  LO the Raman lie 018 em.-' 

is found to be doirhle iU. tho ultra-violet absorption. 
and the corres onding Iesol in tito eseitcii state is stso 
double. As &e separation af thaw doublet levels 
increases ~ ~ o ~ o r t ~ o ~ ~  with the quantum numbf. 
i t  is possible t h t  an ikobpe effect dure to the clllorrtle 
atom Is the factor respmbte  for ehe  doubling. 

The complete mcrlysio of &he ultra-violet a b o r  tion 
spectrum of dorbenzol will appear shortly e~4ewLm. 

A. LASGSETH 
(Fellow of tile R ~ k $ ~ e ~ ~   tioil). oil). 

~ l i ~ l ~ . ~ e ~ ~ ~  lnstitut 

Juim 16. 

Figure 45. From Nature, 124, 92, 1929. 

Poland 
Polish scientists were quick to follow up Raman's discovery. A paper by 

W. Czapska on the Raman spectra of para, ortho and meta-xylenes appeared in 
Comptes Rendus for 1 July 1929 (Spectres de Raman des para, ortho, mktaxylenes. Note 
de Mlle W. Czapska, transmise par M. M. de Broglie. Comptes Rendus, 189,32,1929); 
and this was followed later in the year by a paper by S. Ziemecki and K. Jodko- 
Narkiewicz (Naturwissenschafen, 17, 876, 1929). 

Belgium 
The first paper on the Raman effect from Belgium was published by C. Manneback 

(figure 46), of the University of Louvain, in 1929 (Die Intensitat der sekundaren 
Streustrahlung ('Raman-Linien'), C .  Manneback. Die Naturwissenschafen, 17, 364, 
1929). 

Victor Henri came to L2ge from Zurich in 1931 (figure 47), and the Department of 
Chemistry at Liege contains a number of early photographic plates of Raman spectra 
taken by him and his collaborators. One of these is the Raman spectrum of 
chlorobenzene (figure 48), taken on 13 February 1929 by A. Langseth, which formed the 
basis of his note in Nature later that year. 

Norway 
In Norway from late 1929 Bjorn Trumpy (figure 49) was active in the determination 

of the Raman spectra of a number of molecules and his first paper on Raman 
spectroscopy was published in 1930 (Ramaneffekt und Konstitution der Molekule, I., 
B. Trumpy, Zeitschrijl fur Physik, 62,806,1930). Over the next five years he determined 
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344 D. A .  Long 

Figure 46. Charles 
Manneback. Secretaire 
Perpctucl de I’Academle 
royale de Relgique. Figure 47. V. Henri and Raman at Litge 

Figure 48. Raman spectrum of chloroben/ene. taken b) A. Langseth on  13 February 1929. 

molecular energy levels. measured the degree of polarization of the scattered light and 
deduced symmetry properties. He also used the technique of substituting deuterium for 
hydrogen in molecules, to assist in the interpretation of their Raman spectra. He  
developed a method for the calculation of intramolecular forces from Raman spectra, 
and employed the Raman effect for the analysis of kinetics of chemical reactions. 
Trumpy also made a number of studies of Rayleigh scattering. 

Bjorn Trumpy was born in Bergen, Norway in 1904. His research in physics was 
mainly carried out at the Technical University in Trondheim and  at  the University in 
Bergen, and consisted of numerous experimental studies in atomic and molecular 
physics, cosmic radiation and nuclear physics. During the years 1925-30 he made 
extensive studies of the shape and width of spectral lines. In 1928 and 1930 Trumpy 
stayed for periods at the universities in Giittingen and Copenhagen, where he made 
further studies of atomic physics. With this background i t  was natural that the newly 
discovered Raman effect caught his interest. 
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Early history of the Raman efleect 345 

Figure 49. Bjorn Trumpy. 

Netherlands 
Harm Gerding (figure 50) was one of the first to work on Raman spectroscopy in 

‘The Netherlands. His first paper was on sulphur trioxide in the liquid state, in solution 
in sulphur dioxide, and in the gaseous state (Das RAMAN-Spektrum des 
Schwefeltrioxyds. H. Gerding, W. J. Nijveld and G. J. Muller. Zei&zrifi ,fur 
Physikalisrhe Chernie, 35, 193, 1937). 

Amongst the many other compounds he and his collaborators investigated over the 
years wcre many so-called addition compounds which were found to be ionic 
compounds involving cations like PCl,f, ScCIT, AsC12, etc. often in combination with 
complex anions like AsCl;, SeCl;, PCl;, etc. Other studies included the 
conformations of organic moIecuies. 

Harm Gerding was born in Meppel, The Netherlands, in 1899. He studied at the 
Uiiiversity of Amsterdam where he subsequently joined the staff, progressing from 

Figure 50. Harm Gerding. 
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346 D. A.  Long 

‘Privaat-docent’ to Professor. He retired as Emeritus Professor in 1970. Amongst his 
many pupils was J. A. Koningstein, now Professor at Carleton University, Ottawa, 
Canada and Chairman of ICORS VII. 

Bristol 1929 
This General Discussion of the Faraday Society (figure 51) was held on 24 and 25 

September 1929 in the Physics Department of the University of Bristol. The cost, 
including full board, was E1.25 for members and S1.50 for non-members! It was 
attended by many eminent spectroscopists. Raman presented a paper entitled 
‘Investigation of molecular structure by light scattering’ (figure 52), to open the section 
devoted to the Raman effect; and other contributors to this section included J. 
Cabannes, R. W. Wood, P. Daure, A. C. Menzies and J. C. McLennan. 

Dr G. Herzberg has provided the following reminiscences of this meeting: 

I met Raman for the first time in 1929 at the General Discussion of the Faraday 
Society on Molecular Spectra and Molecular Structure. It was a very memorable 
meeting largely because of the presence of Raman. For me it was the first time that 
I attended a meeting held in the English language. The first speaker was 0. W. 
Richardson, who unfortunately mumbled and made it quite impossible for me to 
understand him. The second speaker was Raman. He spoke clearly and lucidly in 
beautiful English that even I could understand and his enthusiasm was certainly 
infectious. Just shortly preceding this meeting Heitler and I had discussed the 
importance of Rasetti’s result about the intensity alternation in the Raman 
spectrum of nitrogen for nuclear theory and Raman showed considerable interest 
in and understanding of our result. 

Dr A. C. Menzies has recalled that Raman, during his stay in Bristol, regularly enquired 
of the hotel porter if there was a cable for him from Stockholm! In fact Raman had to 
wait until 1930 for his Nobel Prize. 

Amongst the younger contributors to this Meeting was Menzies’ first research 
student, C. P. Snow (figures 53 and 54), who later acquired considerable distinction as a 
novelist. His ‘Lewis Elliot’ sequence of novels published over the period 1940-1960 

Zbe garaba? 5iocfetV 
A GENERAL DISCUSSION 

on 

Eiolecular Spectra 6 hlmlar Structure 
W I1 IULD IN IfiZ 

Physics Department of the University of Bristol 
OM 

TUESDAY and PBEDXESBAY, B(th and 98th BspiSmbsr, ioBS 

Chairman: Professor 7. M. W R Y .  FR.6 

Trogramnte of Tapen 
TUESDAY, 24& scpt9obcr, iroln 2.30438 Urd 5 - 9  p.m. 

Figure 51. 

Gene& Intmduction bj Pmt W. Xi tiarner and hoi. J. E. Lennard-Jones. 
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Figure 52. 

Figure 53. C. P. Snow as a young Fellow of 
Christ’s College, Cambridge. Figure 54. 
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348 D. A.  Long 

Figure 55. 

concerned with science and scientists is particularly well-known. It is perhaps not 
surprising that his scientific papers are particularly well written! 

The Faraday Society is now the Faraday Division of the Royal Society of 
Chemistry. The Faraday Discussions are still a regular and valued feature of the 
Society’s scientific programme. The present President of the Faraday Division is A. D. 
Buckingham, who was a member of the Executive Committee of ICORS XI. 

As is usual with International Conferences, the Faraday Discussion Meeting at 
Bristol led to new friendships as illustrated by the letter from M. W. Travers to G. B. 
Bonino reproduced here (figure 55). 

Conclusion 
The Raman effect continued to justify its early promise. In the first decade after its 

discovery nearly 2000 papers on the Raman effect were published and the Raman 
spectra of more than 2500 compounds reported. 

The advent of the laser in the early 1960s not only revolutionized the practice of 
linear Raman spectroscopy but also led to the discovery of a variety of non-linear 
Raman effects which have been much investigated. 

By the end of 1978, the 50th anniversary of Raman’s discovery, nearly 24000 
original papers dealing with the various kinds of Raman effect had been published; for 
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Early history of the Raman effect 349 

the year 1987 Chemical Abstracts listed over 2700 papers relating to Raman 
spectroscopy; and some 500 original papers were presented at the XIth International 
Conference on Raman Spectroscopy held in London in September 1988 (Eleventh 
International Conference on Raman Spectroscopy, editors R. J. H. Clark and D. A. Long, 
John Wiley and Sons, Chichester, 1988). 
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