
RAMES CHANDRA RAY was born on January 2oth, 1890, in a respectable 
and enlightened middle-class family at Taki in the district of 24-Parganas, . 

Bengal. His father Dr. Kshirode Chandra Ray was a civil surgeon and 
uncle a reputed engineer at Ranchi in Bihar. He was the eldest of his 
brothers, and after spending a few early years of his life at Taki had 
his schooling at Ranchi. He passed the Entrance Examination from the 
Ranchi Zilla School and then joined the Presidency College, Calcutta, for 
his university education, from where he obtained his B.Sc. degree in 1909 
with Honours in physiology. He took his M.Sc. degree from the same 
college in 1911 with inorganic chemistry as his special subject. Here he 
came under the tutelage of Professor Prafulla Chandra Rsy, the pioneer 
of chemical research in India. Rames Chandra was a silent, but a very 
neat and precise worker in the laboratory. In his school and college days 
he used to take a keen interest in sports, particularly football in which he 
had the reputation of being a vigorous player. Tennis was his other 
favourite, and he used to enjoy it till quite late years in life. Among the 
indoor games, bridge attracted him most and chess on occasions. Because 
of his retiring disposition and yet polite and sympathetic manners, his 
handsome figure and tall stature, he was equally liked by all his class- 
fellows. While a student in the F.A. Class (equivalent to I.Sc. of the later 
age) Ray lost his mother in 1906. He was so much devoted to her that 
since her death Ray gave up using hair-oil or any cosmetic for the 
rest of his life. 

In 1910, at the rather early age of twenty, Ray married Smt. Menaka Sen, 
a girl of only eleven years, daughter of a wealthy landholder of Berhampore 
in the district of Murshidabad, Bengal, and was blessed with a long 
conjugal life of mutual attachment. 

Teacher and Investigator 

After obtaining his Master's Degree in Science Ray served for a few 
months as lecturer in chemistry at Krishnagar College, Bengal. He  then 
joined the Indian Institute of Science at Bangalore as a research scholar 
under Dr. M. W. Travers. The Institute was just establish 
started its work with Dr. Travers as Director. In 1911, t 
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Chemistry Department of the Institute had only three students, of which 
Ray and N. M. Gupta were from the Presidency College, Calcutta. Of them 
Dr. Travers wrote some fifty years later on the occasion of the Golden 
Jubilee Celebration of the Institute as follows: 

"I could say that they (Ray and Gupta) were of the quality I had hoped 
for. I had for some time had it in my mind to apply the technique, which 
Ramsay and I had developed in the course of the discovery of rare gases, 
to the study of the hydrides of boron. I felt that the difficult work which 
I envisaged would be excellent training for my young co-workers. 
Working with them remains one of the happiest recollections of my life. 
The  result of this work was the discovery of two new oxides of boron, and 
a group of compounds which we call borohydrates, which could be 
assigned formulas on the assumption that boron, like carbon, was in the 
case of these compounds tetravalent". 

An incident in this connection is worth narrating, which I give here 
in Travers' own words : 

"I sent paper (on borohydrates) to the Royal Society and got it back 
with a note to the effect that they did not believe that such compounds 
existed. I replied that it had been difficult to persuade the Royal Society 
that the rare gases existed. I would do what Ramsay and I had nearly 
been obliged to do, and that was to publish the work as a book. This I did". 

I t  appears, Dr. Travers forgot at the moment one of the great lessons of 
the history of science that scepticism plays a great part in the advance- 
ment of science, though at times serving as an irritating and hampering 
factor. Thus Ray's first research work (in collaboration with Travers) was 
one of fundamental interest, though unacceptable to an august body like 
the Royal Society. However, Dr. Travers suggested that Ray should 
continue the work alone in future, and he did it after joining the Patna 
College in Bihar in 1915 as Professor of Chemistry. After his retirement 
from the government service Ray published in 1947 a booklet summarifing 
his work on the subject, which gives a complete background to the 
chemistry of boron hydrides. 

Writing on the occasion of the Golden Jubilee of the Indian Institute 
of Science, Dr. Travers has conncluded in the following words which give 
an assessment of Ray as an investigator : 

"The knowledge that the Institute could produce such a research worker 
as Prof. Ray had made me feel that my work in India was worthwhile". 

In  1915 Dr. Ray was appointed Assistant) Professor of Chemistry at the 
Patna College, and after the war (World War No. I) he joined 
Professor Donnan's laboratory at University College, London. Here he 
continued his work on boron compounds from 1921-23 and succeeded in 
preparing borohydrates and in demonstrating the existence of s 
oxides of boron. In  recognition of his work on this complicated 
was awarded the D.Sc. degree of the University of London in 
became a Fellow of the Royal Institute of Chemistry of Great Br 



Ireland in 1926 and also i Fellow of the Indian Institute of Science in 
the same year. In  ig27:he was appointed Professor of Inorganic Chemistry 
at the Science College, Patna, and became the Head of the Department of 
Chemistry in 1940. At the College of Science, Patna, he succeeded in 
creating a scllool of research, which was responsible for a steady output 
of publications on Inorganic Chemistry. But his main work was confined 
to the study of boron compounds, which formed a valuable contribution 
on the subject. I11 1941, Ray suffered unfortunately from another bcreave- 
ment when he lost his second son, aged twenty years only. 

In  1944 Professor Ray presided over the Chemistry Section of the 
Indian Science Congress Association at Delhi and was elected Fellow of 
the National Institute of Sciences of India in 1943. In  1940 he was 
appointed Chemical Adviser to the Government of Bihar in addition to 
his duties as Professor and Head of the Department of Chemistry at the 
Science College, Patna. In 1944-45 he delivered a course of lectures on the 
chemistry of boron as Sukhraj Roy Keader in Natural Science at the 
University of Patna, which was published in the form of a booklet in 1947, 
as stated before. In 1946 he retired from active service, but had the 
distinction of becoming an Emeritus Professor. 

Ray used to take a keen interest in public activities. He was the Founder- 
Rector of the Rammohan Ray Institute and President of the Manoroma 
Vidyapith. He continued his interest in chemical education and chemical 
research till the end of his life. 

He died on December 3, 1959, leaving a widow, four sons and three 
daughters. Onc of his sons has specialized in organic chemistry and another 
(3rd son) is a medical officer in the army. 

Researches 

Ray's research activities related mainly to the chemistry of boron, to 
~vllich he made significiiizt contribution by his careful and elegant investi- 
gation on borohydrates. As already stated, his interest in this particular 
field of study was awakened h y  his association with Dr. Travers at 
Bangalore during I g 12- I 4. 

By the action of water on inagricsiu~u Imride Travers Sc Ray (1913) 
obtained a compound of boron, liyclrogen and oxygen in aqueous solution, 
which, on treatment with acid readily evol\red hydrogen. Travers, Ray 8c 
Gupta (1917) founcl that the aqueous extract obtained from the decom- 
position of magnesium boride by cold water showed somewhat different 
properties, depending on the character of the magnesium boride used. 
Magnesium boride, prepared by the coinplete reaction between boron 
trioxide and magnesium and which has deflag~ated gently 
process of preparation, gave on treatment wit11 water an aqueou 
differing from a similar extract prepared by the action of w 
sample of magnesium boride prepared by i~~sufficient heating, 
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therefore, contained sollze free boric acid and magnesium. A sample of 
properly prepared boride mixed wit11 some free boric acid magnesium 
also beharred like the insufficiently heated sample. From an extensive 
study of thesc solutions it was concluded that the cxtracts in both cases 
col~tained compounds, having the same composition, H,B,O,, but differing 
in certain significant properties. On tile addition of acid to the aqueous 
extract of the first sample hydrogen was cvolved according to the eqnation: 
H,B,O, = 2H, + H,B,O,, and on treating the acid solution with iodine 
there was a further loss of two more hydrogen atoms leaving the dioxide 
B,O,. The aqueous extract of the second sample, on treatment with 
acid liberates only two atoms of l~ydrogen per molecule of H,B,O,: 
H,B,O, = H, -I- H4B,0,, and the rest of the hydrogen could be removed 
on treatment with iodine, giving the same oxide B,O,. The two solutions 
were therefore supposed to contain isomeric varieties of H,B,O,. Thcy 
were named borohydrates, being somewhat analogous to carbohydrates, 
and were distinguished as O- and P-diboron borohydrates. 

Ray succeeded in preparing the potassium salt of the a-modification of 
the diboron borohydrate by the action of dilute potassium hydroxide 
solution on samples of properly prepared (complete reaction between 
boron trioxide and magnesium) magnesium boride. The potassium salt 
of the ,f3-modification was similarly obtained by the action of N / ~ o o  
potassium hydroxide solution on a mixture of properly prepared magne- 
sium boride, some boron trioxide and a small quantity of magnesium 
powder. Both the a- and P-compounds gave the same composition, 
K,H,B,(OH),. A third compound, having tile compositioi~, B,H,K,O,, 
was obtained during the purification of the P-compound by fractional 
crystallization. This was represented as P-B,H,K,O,, potassium salt of the 
hydrate P-B,H,O,. I t  was further observed that /I-K,H,B,(OH), on treat- 
ment with a calculated amount of N/2o potassium hydroxide solution was 
converted into a tetrapotassium salt, fl-B,H,K40,, which was isolated by 
evaporating the solution in vncuo. All these compounds form colourless, 
and well-defined crystals and act as powerful reducing agents. A solution 
of copper sulphate gives a red precipitate of copper hydride by reduction. 

The isolation of the above described potassium salts of the isomeric 
diboron borohydrates led Ray and Sinha to study the mechanism of 
hydrolysis of magnesium boride. I t  was observed that hydrolysis by water 
and dilute acids followed practically the same course at room temperature, 
the main product of hydrolysis being a compound of the composition, 
Mg,B,(OH),. But an entirely different product of the composition 
H,B,(MgOH), was obtained at a temperature somewhat below - 10°C. 
With slight rise of temperature this was converted by the action of water 
into Mg,B,(OH), with liberation of hydrogen. Hence, the mechanism 
of hydrolysis of magnesium boride was represented by Ray as f 

Mg3B, -t gH,O = H,B,(MgOH), 
H,B,(MgOH), 4- gH,O = Mg,B,(OH), + 3H2 
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The mechanism of hydrolysis of magnesium boride was thus found to be 
in a sense analogous to that of magnesium silicide, which gives silane and 
a compound of the composition H,Si(MgOH),. 

The compound Mg3B,(OH), forms a white powder, which in a solution 
of concentrated ammonia in an atmosphere of hydrogen shows strong 
reducing properties. From this solution by fractional crystallization Ray 
and his coworker prepared the ammonium salts, (NH,),B,(OH), and 
(NH4),B406, in crystalline form. They did not liberate hydrogen with 
acids and could be distinguished from each other by their behaviour 
towards barium, calcium or magnesium salts. While the former did not 
react with solutions of these salts, the latter gave a white crystalline 
precipitate with each. When heated, the salt (NH,),B,(OH), lost ammonia 
and hydrogen, while (NH4),B40, lost only ammonia; the solid residues had 
the composition B,O, and B40, respectively. Both these lower oxides of 
boron were soluble in water, forming the corresponding acids H4B,04 
and H,B,O, in solution with reducing properties. The compound 
(NH4),B,(OH), is analogous to /3-K,B,(OH), and (NH4),B406 to K,B,O,. 

Ray previously established the existence of a compound MgO.B,O,, 
which on treatment with KOH gave the potassium salt of the acid H,B,O,, 
i.e., K,B406. The acid and the oxide, B40,, forming the acid, are repre- 
sented by the formulae: 

(HO)BO.BO.BO. BO(0H); BO : BO : BO : BO 
1 1 

Ray has thus represented the course of hydrolysis of.magnesium boride 
by the following scheme : 

heated in vacuo 

3. 
Hd&Oa(VIII) 

.i 

The primary product (I) of the reaction between magnesiu 
and water suffers hydrolysis in two ways: one giving the majo 
(11) and the other, the isomeric hexahydrodioxydiboron (I11 a 
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small quantities. In  presence of ammonia the compound (11) is further 
hydrolyzed into tetraboron borohydrate (IX). The a-isomer (111) yields 
the dihydrodioxydiboron (V) and the ,f3-isomer (IV) forms the tetra- 
hydrodioxydiboron (VI) by the action of acids. Both (V) and (VI) are 
converted into the oxide B20, (VII) by iodine. The oxide B,O, is also 
obtained as a residue by heating either of the isomeric hexahydrodioxy- 
diborons. The  compound (IX), when heated in vacuo, is changed to the 
oxide B,O, (X). ?'he oxides (VII and X) dissolve in water to form the 
acids H4B,0, (VIIl) and H,B,O, (XI) respectively. 

Ray represented the two isomeric a- and P-H,B,02 by the following 
formulae : 

and 

a-compound 

These are related as cis- and trans-isomers, the double bond preventing 
free rotation of the boron atoms. The a-compound can easily lose four 
atoms of hydrogen giving 

The  P-compound can lose two atoms of hydrogen giving 

H : B : O H  B :OH 
and .. or [ :: ] H+ 

HO : B : 11 HO :B - 

For, as the double bond is eliminated ( I )  and (2) become identical. The 
boron atom in the a- and /3-isomers, as represented in this formulae, 
exhibits a covalency of four with a double bond between the two 
boron atoms. 

The formation of the hydrides of nickel, cobalt and iron was also 
investigated by Ray and his pupil Sahai. From a study of the decomposi- 
tion pressure of the product they demonstrated the existence of two nickel 
hydrides, NiH and NiH,. Their heats of formation were found to be 
of the same order as those of the alkali and alkaline-earth hydrides. The 
mono- and dihydrides of cobalt, as well as di- and trihydrides of iron, 
were prepared and their heat of formation determined from a measure- 
ment of their dissociation pressure at different temperatures. 

A vapour pressure measurement of the reaction product of copper (11) 
perchlorate and pyridine at different temperatures led Ray a 
establish the existence of the copper complexes, Cu(C10, 
Cu(ClO,),.lrPy (Py = a molecule of pyridine). The results 
and the stability of the complexes determined by a meas 

1 1  
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distribution coefficient of pyridine between benzene and copper perchlorate 
solutions. 

A phase rule study of the system KBF,-KMn0,-H,O at 25°C by Ray 
and Chatterji led to the isolation of the anhydrous double salt, 
KBF,.GKMnO,. Similar studies were also made on the ternary systems: 
KBF,-KC10,-H,O at 25°C and KBF,-KI0,-H,O at 35OC. 

Ray has also made some contribution in the field of physical chemistry. 
I n  his study of the adsorption of nitrogen peroxide by silica gel at different 
temperatures and pressures he observed that Freundlich's empirical 
equation practically held good in all cases except near the saturation 
pressures, and that the water content of the silica gel had little influence 
on the amount of adsorption. 

The  optimum conditions for the formation of silica gel from alkali 
silicate solutions and adsorption of water by silica gel were investigated 
by Ray and Ganguly. They also discussed the importance of sodium silicate 
solutions and the possibility of their manufacture from locally available 
raw materials. 

An attempt to correlate the potential of a cell, containing powdered 
glass in contact with potassium silicate solution, with the constitution 
of glass was made by Ray and co-workers. The  constitution of sodium 
silicate solutions was also studied and discussed from their rates of 
diffusion. 

Reference should also be made to two of his earlier publications dealing 
with the heat of crystallization of quartz and the effect of long grinding 
on quartz. 

Though the number of publications made by Ray was rather limited, 
yet they were all characterized by precision, elegance, soundness, and 
perfection. As a skilful experimentalist Ray had few rivals among his 
contemporaries in the country. 

Habits and Characteristics 

A man of few words and usually reserved, Ray had, however, 
a kind and sympathetic heart and was always ready to help others whenever 
approached. He  was therefore liked equally by his pupils, colleagues and 
friends. Neatness of his mind had its outer expression in the neatness 
of his work, habits and dresses. His balanced judgment and unruffled 
temperament were similarly the outcome of his balanced mind, which 
was a special feature of his character. He could thus maintain his mental 
composure through all the vicissitudes of life. A spirit of some detachment 
and resignation constituted almost an inherent part of his nature. H e  
had troubles and heavy bereavements in life, but he bore the 
courage and fortitude. Being almost a chain smoker, a Burma 
his favourite and almost a constant companion, he could ha 
out the distressing thoughts that pressed upon his mind. 
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Ray was a very successful and popular teacher, but was ever shy of 

publicity. His association with Travers at Bangalore was a turning point 
in his career, and this developed into a lasting friendship between the 
two. To  the end of his life he kept up his correspondence with Travers. 

Ray was interested in English literature. There was a good collection 
of books by eminent English authors in his personal library. Shaw was his 
particularly favourite author. 

Even after retirement he kept up his interest in chemistry and his 
service was often sought by various institutions and different universities 
as paper-setter, examiner, and adviser. 
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