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MB  Sir Rex, I'm going to ask you to turn your mibdck to early years, to Devon,
to Colyton and to rather interesting parents.

RR  Well, | was born in this little village in Devehire where my father was a
small builder. He’d inherited the business from father and grandfather, and my
recollections of that time are somewhat patchy, #fmaid, but | went to a local
elementary school and then got some sort of satofato the local grammar school,
which was a very old school.

MB  This is Colyton Grammar.

RR  This was Colyton Grammar School, yes. And ntlyefawas a very gentle, not
very ambitious man, very good with his hands, airtball player, and | think |
learnt a great deal from him because he had vety $tandards of craftsmanship and
he taught me to use my hands and always insisselge @ut it, on a thing being done
properly. He was a great gadgeteer and | rememilyegarliest recollections of my
home are of primitive radio sets being built.

MB  And you taking part?

RR No, | didn’t understand anything about radiohisTis back in my primary
school days, but | did manage to pick up all softbits and pieces, switches and
wires and rheostats and resistors and so on, whikhwl played. My mother was
quite a different character. She was a very strdmgyacter and she provided the
business brains for the building business. Shebkead the secretary of the Bishop of
Exeter as a young woman and was | think quite eipated at the time. | hope |
inherited something from each of them. And so themnt on to the local grammar
school where | was extremely lucky to have reaiyywgood teachers, particularly on
the science side. | had a good chemistry teaaitaavery good physics teacher and
physics was my great love at that time, and | fearfot from them and became
interested. | have a very happy recollection ofahydhood, of being a country boy,
of a lot of outdoor sports; | was very keen on lga@ines. My father played almost
every ball game one could play, not to excel besaws didn’'t have that kind of
ambition, but he did it very well. It's rather Bi¢o have very happy recollections of
one’s childhood.

MB  And you can also remember, while at Colyton Gmraan School, views of a
science career beginning to form.

RR  Yes, I never had any doubts in my mind that hied to do some science, and
it had never crossed my mind that | was ever gtingo into the building business,
although | was the only child, and to my mother &ttler’s credit they never tried to
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influence me to do that. It's very hard, castimg’s mind back. | can’t really say
how this interest came about.

MB  But quite early it was there?

RR  Oh yes, certainly, | never had any doubts, dvem the time | went to the
grammar school, which must have been when | wastadeven.

MB  Your early rapport with laboratories was intudly right.

RR  Yes, | had one of the bedrooms in our house twhicsed as a kind of
workshop and did all kinds of experiments, whiclsabtely horrifies me now, the
things that | did, and | don’t think | had any dtsibhat that’s what | wanted to do.
Then as school went on, | didn't excel particulatyschool, although | was good on
the science side, until when we got to school fieate | started to take life more
seriously and then worked quite hard in the sigtimt

MB  This was in chemistry and physics?

RR | was doing chemistry, physics and mathematiespusual combination. | did
virtually no biology. Then when the time came tmsider going to a university, of
course, | knew nothing whatsoever about how tabett it, and the headmaster put
me down for Oxford and for London University and téxeter and they were all
taking their scholarship and admissions at abaeitsime time. The headmaster was
called Mackay-Ohm, and he was a Cambridge matheiaati | remember him
telling me that he’d come up to Oxford and had wdlkp and down Museum Road
asking anyone he saw where he was best to senehaisthy student, and he actually
met and talked at some length to Freddie Breweo was in those days a fellow at ...
I've forgotten which college he was at, but he wasthe Inorganic Chemistry
Department. And he told Mackay-Ohm ‘Send him toJ8hn’s where Tommy
Thompson is the tutor.” So that's how | came tehtered for St John'’s, and that was
at Eastertime and | came up to Oxford and, of agutsvas an extraordinary place to
me, a country boy. | knew nothing about it andvés all very strange. | had a
frightful nose bleed in the exams, | remember, eoxered all my papers with blood,
but nevertheless got through it alright, went horAad having been to Exeter and sat
some papers and had an interview, and also bekanidon a week or two before, |
had only been home a few days when we got a letter Oxford saying | could go to
St John’s as an exhibitioner, and so | said ‘yeBhen, about a week later, offers
came from London and Exeter which | of course ttuened down and caused a lot of
irritation at the time. | can’t quite understantyw | think at Exeter they offered me
some kind of closed scholarship for which | wagyible, but they were rather
offended. But | remember my father saying wellusnjust write and tell them that
they should have written to us more quickly. Baoyleow, that's how it was. Then
we discovered that one couldn’t get into Oxfordhwiit having done some Latin. |
had already done some French.

MB  But no Latin?

RR  No. I'd never done any Latin and we only disrad it then. It was panic
stations in Colyton Grammar School, and Mrs Macdyn, who was quite an
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educated woman, started coaching me in Latin inetenings. So | just learnt
enough Latin to take Responsions in September.

MB  So the Latin lessons went well?

RR  Oh it was absolutely ridiculous really. | justairnt it up sufficiently to get

through, came up in September, passed the Respsensimt was late September |
suppose, and was almost immediately struck dowh aiit infective jaundice which

was sweeping round the country. So in fact | didcme up to St John’s at
Michaelmas term at all. | was pretty laid out.

MB  That was in 41, going into '42?

RR  That's right, That was in the Autumn of '41. Seent up as an undergraduate
in January '42. That was pretty traumatic, becanegeonly did | find it very strange,
but, of course, | was on my own, all the othersimgbeen there a term, and | clearly
remember my first tutorial with Tommy Thompson. 'dHéold me that | should go
away and read about the monosaccharides, a seigafsswhich have very similar
formulae but different configurations in space dndas pretty fascinated by this,
reading about how the classical chemists had wookedhe different configurations
of these sugars, but it hadn’t crossed my mind Ithats supposed to learn it all, have
it all at my fingertips, and so when | went to ningtf tutorial with Tommy Thompson
he said, ‘Well Richards, just write down the forauwf galactose, will you?’ and |
thought God which is that? With a great struggheainaged to dredge that up out of
my memory. ‘Oh yes, what about mannose,” he sa&dd at that | was floored and
said, ‘Well look | can explain to you what the logvas of the sequence of events that
showed what the structure was, but | doubt if | emember which is which.” ‘Oh
well, Richards, | think you've got a lot to learnYou'd better do this again next
week,” and that was the end of the tutorial. Ilydook about ten minutes and | was
absolutely flummoxed by this. It was an appallexperience for a young man. |
think it was a bit unkind, but it did have a trerdens effect on me. | went away
realising what | was up against. You know thia jgroblem which I've noticed in my
career that people who come up having been a sigitii a very small pool do find it
rather traumatic to find themselves a very smailh fin a very big pool, and that
certainly hit me. | think Tommy Thompson may halgne it on purpose. It set me
on the right lines. | knew what the standards whesn. But he turned out to be a
very good tutor indeed, | think. He had a veryaclmind. He didn’t waste time. It
was not often | had my whole hour, which was theali©xford allocation, but he
packed an enormous amount into it and he knewwhsat was necessary. | mean, he
didn’t take a great deal of time in teaching mevitthal things. He assumed that |
could go and find those out but what he did wasmake sure that | properly
understood it and made it quite clear what stardddhgére were and what was
expected. | think a lot of teachers who may béebett conveying the information
don’t always make those standards absolutely clbae.felt that that has been a very
great asset to me all through my life. So | olet& Tommy Thompson in that way.

MB  These were war years.

RR  These were during the war years, yes.
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MB  An exciting time but an anxious one as well?

RR  Oh very anxious, yes. The system at Oxford wwaake in promising young
men - there were no women, of course, at St Johritsose days - and weed them out
each year. So we started off with about sixtyhe first year and ended with about
fifteen taking finals. And at the end of my figgar | had assumed that | would be
called up because | was of the age then, and bbead very much involved with the
Home Guard in Devonshire in my last year at sclaowl in a kind of underground
organisation which was being organised by a chapwds called Major Stukely, so |
was interested and was all ready to go into theyArin fact, | went to the barracks at
Exeter for the whole of the vacation at the endnmyf first year. | had a very
interesting time actually. Then | had a letterisgywell you’'ve got to come back to
Oxford. So back | went, did my second year, anthatend of my second year got
my call up papers. Then, just as | was aboutdwedgel got another letter or telephone
call saying ‘Don’t go, it's been changed. You'vetdo go back to Oxford.” There
was a great deal of confusion and it's all rather th my memory, but in the end |
went back again and did my third year, and we habeaend of each year what were
called special examinations, the examinations oiclwall this weeding was done. So
evidently | just scraped through those and thek tag Part | finals at the end of the
third year and started research with Tommy Thompsany fourth year, doing infra-
red work, of course, because of what he was doiigthe work there was very much
bent towards the war effort. It was concerned i analysis of aviation fuels; the
analysis of fragments of German rubbers to see whidtof synthetic rubbers they
were using and what the raw materials were. We&ddaat all sorts of insecticides
because of the war in the tropics. The hexachkmpénes had just been discovered
and they were very baffled because some prepasaieamed to work and others
didn’t, and it turned out that it was only one loé isomers of hexachlorobenzene that
was actually active and we could analyse for thegenfra-red methods, which
chemically was jolly difficult. There were all tse things going on.

MB  From a war purpose point of view, all very irgsting.

RR  Well it was very interesting and in the primassignment in my Part 1l it was
very lucky because penicillin was just beginningbi isolated at that time. The
preliminary trials had been done, and they werekimgr very hard on what the
structure of penicillin was - the benzyl penicillilAnyway, by the time | was doing
my Part Il it had been narrowed down to one of struictures : one was called the
oxazolone structure and the other was the betarfastructure, and there was very
big emphasis on trying to find which it was. Ddrptwas working on the crystal
structure.

MB  Dorothy Hodgkin who was here only a few weekeag

RR  Well she was working away on that, of coursethnse days with no

computing machines, using appallingly laborious hrads for doing the Fourier
transformations. We were looking at the infra-rpddira, and I, in my Part Il years, |
had developed a method of looking at the infra-spéctra of small samples of
material by powdering the material and grinding thaterial in liquid paraffin. And

liquid paraffin and most organic compounds haveactive indices which are very
similar, so you can make this kind of goo of thetemal, only a tiny speck and the
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infra-red light would go through it without beingadtered by the crystals because
there was no change in refractive index. So tetlansing that to look at samples of
penicillin and | had a frightfully traumatic expenice. The penicillin was being

isolated by Norman Heatley.

MB  Who also was here a week or two ago.

RR  Dear Norman. And he came over with a little aole with, | suppose just
two or three tiny crystals at the bottom and | kagveigh this out and then put it into
my apparatus.

MB  This was invaluable material.

RR  Oh yes, it was not a question of value, this praceless. You know they were
growing mould in bedpans in the path lab. | wdkeanervous of course and it was
an extremely thin tube and in trying to get thedftithe tube | crushed the tube in my
fingers and these little crystals just flashed onto the bench. Fortunately, | had
been well trained. | had laid out shiny paper sodt was all there. So without doing
anything more | rang up Norman and said, ‘Lookelvad a terrible disaster,” and |
was sweating like anything, you can imagine. Aratran came over with a camel
hair brush and we swept it all up, dust and evangthand a few hours later he came
back with it all recrystallised, so | was able t tthe experiment. But in the end, |
backed the wrong formula because it turned out ttherte are curious distortions of
the vibrational spectra which take place in crygstahich, of course, we knew nothing
about at the time. But our experiments seemedppat the oxazolone structure and
I well remember we’'d been working away and alwagkkimg to Dorothy, and
Dorothy came over to the lab one day and she $aX, I'm quite sure it is the beta
lactam structure.” | was pretty confident at thiabe that it wasn’t, and | said to
Dorothy, ‘Are you sure that the x-rays haven't g to isomerise?’ And she said,
‘Ohh...."” and | saw her hesitate just for a momemigl then she said, ‘Oh no no, it
couldn’t be.” And, of course, she was right. Hsra wonderfully exciting time and a
tremendous opportunity for a young man. It seetodek so important. As it turned
out it wasn't all that important because it turrmd that it was very expensive to
synthesise and so it was being grown by the biiggsecame important later because
they varied the structures of the penicillins awndnd there is a great family of
penicillins. That was what | did for my Part Ihchas well as that | got involved in
designing and building infra-red spectrographsahbsee in those days there were no
commercial instruments, they were all made in #tee |

MB  Here’s the apparatus building part of you comang again.

RR  Yes and | was very interested in that and itaht back to my father’'s day
and so | felt that anything that... if we had aead. | could make it. And that was a
very great asset, and David Wiffen and | built atreamely primitive instrument, but
which worked beautifully, worked for years and yedive or six years, and we
churned out enormous quantities of very good sifientork using very very simple
equipment. | remember all the optics, infra-rediasy before they went into the
spectrograph, we made by just taking clock glassesyinising the surface, then we
glued a cork on the back with picein wax, and helt it in a retort clamp and if you
wanted to move it you could bend it about. It \wasfectly adequate and cost nothing
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really. To go to Hilgers and buy a silver alum@dsmirror would have cost a fortune
to us in those day. So then | went on and did B Rith Tommy and built more

equipment and started building electronics and aildt of infra-red studies of all

kinds.

MB  You wrote up on what theme?

RR  Well, what did | do in my DPhil? Lots and laif structural studies really.
You see, by that time we had realised that thexirédd spectrum of a molecule tells
you what its vibration frequencies are and thedeno€ould tell you straight away
what kind of organic structures there were in aganic molecule. We studied a
whole range of organic materials: silicones whidrevjust beginning to be produced
at that time, plastics and all kinds of polymeWe studied, for example, when you
polymerise butadiene to make rubbers you can hihsers of different methods by
which it polymerises and you could do all that kofdhing. It was all pretty applied,
when | look back on it now. And then | did a Idttbermodynamic studies. | did a
lot of calculations of thermodynamic properties $imple molecules that were
involved in the chemical industry, simply by measgrthe vibration frequencies and,
you know, you can compute from them what the thelynamic properties will be,
heat capacity, specific heat, heat content, freeggnchanges and so on in chemical
reactions. So, | did a variety of things involvingorational spectroscopy. We
designed and built the first double beam infra-spdctrometer which compensates
for the absorption of atmospheric water vapour @. It didn’'t work frightfully
well, but it worked. So by that time | was six y&drom going up to Oxford and
settling down, and | had imagined that | would gwilCl. That was what all the
chemists did in those days. ICI was a very endigat chemical company using
enormous numbers of graduates and lots of good r@drmaduates went into ICI in
those days. Almost every week there was someone €I prowling around the lab.

| rather took it for granted they'd offer me a ggotl and that's where | would go. In
fact | had been up to Billingham and to Northwigtdavarious ICI Divisions, and to
Manchester, really advising them, because they \Wegnning to use vibrational
spectroscopy. So | went up as a young man helpiegn with that and it seemed a
perfectly natural thing to do. And one day | ha playing squash and came back
from the squash courts to my digs in Walton Staeet found Keith Murray sitting on
the sofa and he said, ‘Look, would you like to cotmd.incoln as a Fellow?’ | said
‘Well of course,” and that's how | started my acaile life. | succeeded Nevil
Sidgwick at Lincoln who was by that time quite add gentleman. He must have
been a Fellow of Lincoln since before the first \@ad he stayed on when the second
war came because they needed people to continbethdtteaching. So there were
quite a lot of people who stayed on long aftereatient age and Nevil Sidgwick was
one. He was a bachelor, a distinguished man witkxdraordinary reputation and |
thought, ‘Gosh this is a wonderful privilege to &igle to go and succeed this man.’
All sorts of people said, ‘You're going to have ary difficult time,” because
Sidgwick was well known to have an extremely aci asharp tongue, but he
couldn’t have been nicer, he was frightfully nicenhe and | discovered that he used
his wit and critical strength the more distinguidtiee person, and was always very
nice to the young. And so it was a tremendousipge for me to go and follow him,
for in those days the bachelors stayed on livingalege. He occupied the rooms in
Lincoln and never interfered with me as a tutot, dfucourse, he travelled a lot in the
States, had lots and lots of friends, all overwlmeld and they all came to visit him
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and he always invited me and my wife to join thelndidn’t realise at the time what a
wonderful opportunity it was, and now | think itssich a pity | didn’t keep a diary
because | met all sorts of great figures from th&t pvho came to visit Sidgwick.

R W Wood, who is a very great experimental physicame to spend a couple of
weeks in Lincoln, visiting Sidgwick. | met him aisdw a lot of him. An amazing,
extraordinary character, full of the most astomghstories. It was a great privilege
really.

MB  You mention that your wife was with you by thisie. Can we say something
about her?

RR  Well, my wife was born in Hungary and her familgre all murdered by the
Nazis, except her mother and father - and theypestca 1938, late '38 or early '39,
intending to go to America, and they came to Engjlamd my wife’s mother went off
to the States where they had family living and atmommediately war broke out, and
so her mother was stranded in the States and tiner favho was an architect, and my
wife were here. Her father took the English aettitral exams and was used by the
Government, although he was an alien, to do aflatook on bomb damage. My wife
went to Westfield College which was evacuated t&&er’s Hall in Oxford and she
did a London degree and then did some research forker PhD with Richard
Barrow in the Physical Chemistry Laboratory onailiolet spectroscopy and that’'s
when we met. And we got married about a year dftead been elected to my
fellowship at Lincoln. In those days, in Lincolhwasn’t actually allowed to be
married in my first year! As soon as | had beepaoated as a fellow of Lincoln, of
course, one is then really on one’s own. You'vetgdhink of doing research. | had
by that time become very interested in the intesibf infra-red absorption, which in
those days was thought to be of no interest by pesple. And | had a very good
research student called Ted Hartwell.

MB  Who | met years later at Charterhouse.

RR  Yes, you probably did, he went to Charterholsg, Ted was a very good
experimentalist and he worked with me and we phblissome quite interesting
papers on intensities which, years later, wereain up and proved quite interesting.
Well Ted did that, so that just kept me going foyear, but | realised that Tommy
Thompson was a very powerful personality and | diceally want to feel myself tied
to his apron strings for much longer, so | saidoonmy, ‘Look I'd better stop doing
infra-red spectroscopy altogether because thenmeeigtably a conflict of interests.’
Tommy felt that | was using the equipment perhagus rhuch, so | just gave it up
altogether and started to cast around for some#is®to do and | thought | might do
some work on magnetic susceptibility and so | bead or begged an old magnet
from the Inorganic Chemistry lab and set up somecesptibility measuring
equipment. It wasn't very interesting as it turnaat, but anyway it was a start,
something to do. As an Oxford tutor your're expelcto take students for Part Il and
you've got to think of things for them to do, sathrted doing some calorimetric,
thermodynamic measurements on clathrate compoundfiese are crystalline
materials that crystallise in such a way that thaye large cavities within them and if
you crystallise in the appropriate manner you cap tsmall molecules that are
otherwise gaseous. For example, you can make aawomd of quinol with oxygen
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molecules trapped in the holes and at a pressutevadgnt to many many
atmospheres, and you can put lots of small molsdate those.

MB  So avery complex matrix effect.

RR  Yes, yes, and these compounds had been disdowvetke 19th century and
totally overlooked until Tiny Powell, who was a stgllographer here in Oxford,
started to do crystal structures on them. It vimasugh conversations with Tiny that |
thought ‘Well, it would be very interesting to syuthe thermodynamic properties of
these molecules within the cavity. Are they baggabout in the cavity; are they
rotating or are they just jammed in? What's gooig?’ So, once again all my
manufacturing skills came to life and | designedeay sensitive calorimeter which
would enable us to measure the heat of interatt&iween the molecules in the cage
and out of the cage. The calorimeters were basagimg Dewar vessels and it was a
differential system which proved to be incredibénsitive, really very, very sensitive.
And | had a very talented student called DennisnBvat about that time and he
started the work on this calorimeter. And thah@si me back. - my mind is just going
over those early days - | was extremely fortunateml went to Lincoln. | was quite
dynamic in many ways and | did a lot of lecturingdaused to do a lot of schools
visiting, and | got marvellous pupils coming froth@ver the country, especially from
Nottingham High School. | had a string of abowefpupils over five or six years
from Nottingham High School and every one of themnwhe Gibbs Scholarship
which is the scholarship for the best chemist ifidd¥ and Dennis Evans was one of
those and he built these calorimeters with me amtl a lot of that early
thermodynamic work with others, and that kept nudents going and kept my mind
ticking over. And about 1948, or was it 1947, @748 | had discovered the letters
in The Physical Review which appeared late in '45 or mid '46, from Haxvand
Stanford University, describing the first obsergatiof nuclear magnetic resonance
and | was rather intrigued by this. | think | goto it because | had been messing
about with magnetic susceptibility measurements lahdd been making magnetic
measurements.....

MB A natural link.

RR  Yes. I think that's what made me read the mapeally more than anything
else and | went over and talked to some of my aglies in the Clarendon about this
and they said, ‘Oh well, you know, you’ll never neakhis work in a chemistry
laboratory. It's hopeless.” | was a bit discowwddy that and in about in 1948, the
academic year, '47-'48 or '48-'49, | can't rememlwenich, Linus Pauling came as
Eastman visiting Professor to Oxford and he waBadliol really, but he was a very
old friend of Sidgwick, so was always dining at ¢@mn, so | got to know him quite
well, a wonderful character he was. And | remendrex night saying to him had he
seen these papers and ‘No, he hadn’t, and | saidm, ‘It's rather intriguing, I'd
quite like to have a go at that, but all my phydi¢iiends say I'll never make it work.’
And he said ‘Well, the one thing I've learned in tifg is never to pay any attention
to what the physicists say.” So | thought, ‘Welhy not?’ And then | went round to
the Clarendon again and saw Bernard Rollin, nowddedo had been interested in
this and | talked to him about it and said to himadk, you don’t think I'll ever make
it work, but I'm going to have a go just the sam@&nd from that moment on he was
tremendously helpful and co-operative. He said,'Cl help in any way | can,” and
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he advised me to get what was in those days kn®aa Eckford magnet which the
Clarendon was using for its magnetic work. It ditbt of work at low temperature.
That was all very well, but it cost nearly a hurtipounds.

MB A lot of money in those days.

RR  Oh, it was, a lot of money. But as | was new &went to see the head of
department who was in those days Hinshelwood, apthimed what | wanted to do.
He hadn’t the foggiest idea what it was. | sawlanted to spend this money and he
said ‘Well, as you're just starting maybe we camdfthe money,” and he did and | was
able to buy this little four inch magnet. It haavl resistance coils, so the question of
how we were going to produce a stable field wasedhi so, | got some submarine
batteries, which you could buy for next to nothit@use to energise it and of course
the problem was to keep the field stable becaugmeti resonance requires a very
stable field and | hit upon a simple little devighich was really a tube with a column
of mercury in it, through which we sent the currémbugh the magnet, because it
only drew 4 or 5 amps. And by boiling up a 4B pkimccaustic soda you can make
the wood fall off and you get the rod of graphaed | made a little chuck to hold it,
with a screw on the top, and this graphite stuc¢k the mercury, and then | had a
piece of manganin and measured with a potentiontieéecurrent very accurately, and
so as the current decays, - you know if you aneguan accumulator the current just
steadily decays the whole time, | just turned Kmisb at the top, winding the graphite
rod slowly down into the mercury to compensate tfe drift and that was pretty
good. It took a long while to get to that pointhese | started off putting wires in,
but what you find is that the mercury amalgamatihs the wire and then as you lift it
up or push it down the mercury goes in little gulpsd it made the current jerk
whereas graphite, you see, is not wetted by meramgy would go in perfectly
smoothly. So that’s how that magnet worked. Itketwhole thing up, and of course
this wasn’t the sort of thing that was possibledagraduate student so | did all this in
my spare time. The electronic equipment had tbdmemade, mostly homemade. It
was made out of components from surplus RAF andyaradar sets and
communications equipment which one could buy fottrie nothing from what was
known as ‘the dump.” There was an aircraft harsgekbingdon where all this stuff
was put. You went in with a trolley and you jusadled it up and paid a few pence
per pound weight and | spent hours and hours iretleing with a soldering iron
unsoldering components and putting them into boses laying them out.
Occasionally we were lucky enough to get a radegiency amplifying strip which
would do what we wanted, but mostly it all had &rbbuilt, so | learnt quite a lot of
electronics the hard way really, by trial and errbreventually built the whole thing
and tried it out. | couldn’t find a signal at allt was absolutely hopeless. | spent
hours and hours gazing at a little scope, you kneithy a noisy line on it wondering
did |1 see something go by as | was changing a fieldidn’t | and it became very
discouraging. Then one day I thought well | wonderhat | was using was a radio
frequency signal generator which was out of RARF &egiipment, a Marconi signal
generator and it had a great knob attached to alipagpindle which changed the
range and then it had a beautiful little tuningl dia you could work over a certain
range of frequencies, and then you had to clic&und - and | thought, | wonder, and
| carefully jerked it back a step and ran the figjgland down and immediately an
enormous signal appeared on the scope. What hgmkhed was that this knob had
got turned on the paxolin so that it was pointibghe wrong range and | got a signal
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because it was working at only half the frequeranyd so | was just looking at the
overtone. You see | was looking at the first omeet which was much weaker than |
thought it was, all the energy was going at onll tree frequency. So by winding it
up and coming in on the fundamental | got a bealusignal. And then the question
was what could one learn. | started measuringkadilen times with the nuclei in
drops of fluid of various kinds, using what is knowas progressive saturation and it
wasn't very helpful. And then, at that time Johmith, who had just reached the
stage of doing a D.Phil, having done Part Il orogaletry, so | said, ‘Look John,
would you like to take a chance and have a go migdeome experiments on this?’
and he said yes he would. and started measuring soystals. Perhaps | ought to
explain. Can | take a few moments to try to expldie principles of NMR. Well
nuclear resonance is a technique that dependseofath that the nuclei of many
atoms have a magnetic moment. They behave liket $f&@ magnets, and the
strongest of these turn out to be the nuclei ofrbgen atoms. So one was always
working on the hydrogen atoms to begin with. Ndwdu put a sample containing
these materials into a strong magnetic field, tHiide nuclei behaving like magnets
behave like compass needles and all want to tkendicompass needle would, so that
their north seeking poles point towards the noxle pf the magnet, and of course
any other orientation in the magnetic field canyoné achieved by doing work on
them to turn them away from their preferred origata If you do work on them, of
course you raise their energy. Now it turns outt the quanturn theory sets very
severe restrictions on the energy that they cam,hlay virtue of the interaction of
their magnetic moment with the applied field, andhe case of hydrogen nuclei they
are only allowed to have two energy levels. Yon tank of them as corresponding
to the most favoured orientation with the northkssg pole, pointing towards the
north pole of the magnet and the least favoured ionehich they are pointing in the
opposite direction. So when you take a drop okewand put it into a magnet all the
little nuclei immediately have to occupy one or titeer of those orientations, and it
turns out that you can make them jump from onentait@n to another by irradiating
them with electromagnetic radiation which has p&cled energy just equal to the
energy difference between those two levels. Insii of magnetic fields we were
using in those days, the packets of energy corregabto radio frequencies. In those
days we were thinking in terms of 20 megahertz qustially close to the IF frequency
of the radar sets are worked on. So that is wbatdo in an NMR experiment and
when you've flicked the nuclei over you can obsedive effect of this by measuring
energy absorbed from the radiation. It's justrapge radio frequency technique. But
because the magnetic moments of the nuclei anegthe effect is very small, so the
signals are very weak. Now of course if you lobla @rystal where you've got a set
of hydrogen atoms rather close together, the magfietd that any one hydrogen
experiences is the field applied by the magnet,thbeih you've got to bear in mind
that you've got other little hydrogen atoms neavidyich are all little magnets and
they alter the field of this one by increasing litte bit perhaps or if they happen to
be looking the other way, it would decrease ittidelibit. So the magnetic fields that
one nucleus experiences are modified by the naetmind it and this gives rise to
broadening of the crystals resonances and you cak eut.... The theory of all that
had been quite well worked out long before nucteaonance had been measured, by
a gentleman called Waller in the 1930s, and so &hith and | decided we would
look at some crystals where the distribution ofrogegn atoms was unknown, and see
if we could work out what it was. Of course it didlend itself to anything but the
very simplest cases and at that time there had teits a controvesy in the literature
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about the structure of the acid hydrates. Somelballgd Louzzatti, working in Paris
on Xx-ray structures was publishing on this and dbestion was for example, was
nitric acid monohydrate HN{LH,O or was it N@.H;O" and that was absolutely a gift
for us and that was the first thing we tried andwere able to show straight away
that it was HO'NOs. A beautiful experiment. It didn’'t require ansegt quantitative
measurements, but you could see it straight av&yafter that my students and I, for
several years really, did a fairly exhaustive stwdythe structures of all sorts of
simple inorganic materials where the hydrogen ate@® involved,. and of course it
was useful because the x-ray people can't see ggdratoms. They don’t scatter x-
rays much. The x-ray people can tell you wherethal heavy atoms are, but they
couldn’t see the hydrogens. We were particuladgdyat doing the hydrogens.

MB  And so you were able to complement a lot ofuwloek done by then.

RR  Yes, that's right. We did all sorts of thingsit it was a nice exercise showing
that the method could be used, and then it turmghai if the molecules containing
the hydrogen atoms are undergoing some kind of catde motion in the crystal, for
example, the ammonium ion in ammonium chloride digsst sit there, it turns all
the time about any one of its four axes. Now wtiett happens it has a very dramatic
effect on the nuclear resonance line widths becdwsesrages out those local fields,
if it goes fast enough, and so the lines becomeéhmacrower. And we looked at that
by measuring the nuclear resonances as a functioteroperature, from room
temperature down to that of liquid hydrogen, thedst temperature accessible to us
in those days. That enabled us to work out the kihmolecular motion that was
going on in these crystals and, also the potebaatiers hindering it. That was of
considerable theoretical interest and | was raginatified when - that work was done
in the 1950s - when in the middle and late 1960serwthere were a great many
people working on neutron-scattering, an enormoesiyensive technique, they re
measured all these things and | was gratifiedrtd that generally speaking it was all
there although they were a bit more accurate tharcould do it, although I didn’t
feel at the time that the extra cost was warrant&al that was what we were doing.

MB  What | should ask you at this stage is whether aught to consider the
magnets you were using. | think you yourself ladtart up-grading magnets?

RR  Well, all that work was done on the little Tiokfi magnet, and then | was
lucky and went to Harvard for six months from Jagua summer 1955, and that was
when | had already done a lot of this work on @algstand | went and worked as a
research fellow in the physics department. | tibugwould be good for me to do
that and Ed Purcell and Robert Pound who were thdiscoverers of NMR were
there and they were very welcoming to me. | hadlasolutely wonderful time there.
Purcell was the most marvellous expositor. He dra@éxtremely clear insight into all
sorts of physical principles and | learnt more ptgysrom him than I've ever learnt
from anyone else, just in casual conversationdytedlie had a very good idea, his
office was on the first floor of the Lyman Labongt@and the whole of the first floor
corridor was lined with blackboards he’d had thatt ip, and so if anyone went to his
office to ask him a question or discuss somethimgjd get up, go out into the
corridor, and the discussion would take place m ¢brridor so that any passer-by
could stop and join in and listen. So | profitetbenmously from listening to those
discussions. He could always strip away the diftitheoretical framework which is
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used to understand many of these physical prircighel see right through to what the
physical processes were, and someone coming tsuthject from the outside would

find it tremendously enlightening. He also had arwellous grasp of the orders of
magnitude of physical properties, so if you saithuld it be due to this...?” He could

say, ‘Well let's see, the velocity of this is so chuand such and such,” could do
immediately a quick calculation and say, ‘Oh n@, & hundred times too small.’

MB A great rule of thumb man.

RR  Terrific. So that was a very valuable expergefar me and | worked actually
with Robert Pound who was a brilliant experimerghysicist and | learned all my
electronics from him really. | realised that | hally been just spuddling about at
home. Then | went back to Oxford and in that yar first chemical shifts were
published and as soon as | realised what was hagppefrom my infra-red
experience, | realised, ‘Gosh, this is going to really important, in terms of
analytical procedures.” Now the chemical shifsasi because the nuclei in ordinary
molecules are not by themselves, of course, theysarrounded by electron clouds
which bind the atoms together, and it turns out these electron clouds behave like
superconducting shells of perfectly conducting malee Now you know that when
you put a little coil of wire in a magnetic fieldby induce an electric current in it,
that’s the principle of the dynamo, Faraday disceddhat electromagnetic induction.
In the same way, when you put a drop of water antnagnetic field, you induce, in
those electron clouds holding the atoms of hydragehoxygen together, you induce
circulating currents. Because these electron doam@ perfectly conducting those
currents go on flowing indefinitely until you pule material out and cancel them all
out again. That is the effect which is responsibtethe bulk diamagnetisation of all
matter. You know all material is repelled from agnetic field for that reason. You
put the stuff into the field, the field induceswarent which opposes the field, and so
it is trying to push it out. Now it turns out thisese little electrical currents, that are
induced by the clouds of electrons, vary accordmghe distribution of electrons,
rather sensitively. So a hydrogen atom in g Gkbup has a slightly different electron
distribution from the hydrogen in an OH group. Therents induced around those
electrons are different, so the magnetic field¢ tha nucleus of a hydrogen atom
experiences in a GHgroup are just a tiny bit different, and so whem yook at a
hydrogen resonance spectrum you see the l§drogens occurring with a different
field to those from the OH hydrogen; that is theroical shift and as soon as that was
observed, and of course it could only be observedmthe magnetic fields became
stable and homogenous enough. So as soon asdblathserved | realised this was
going to be quite a big thing and | decided | mugild a magnet capable of doing
this. The only way of getting the homogeneity ofixse was to make a big magnet.
You had to have big pole pieces relatively closgetber. So | looked into this and
got some advice again from my friends in the Cldoen[Laboratory] and | got a
hundred and eighty pounds to build that magnet.ry \igle. The copper wire, |
remember, cost about a hundred pounds, and so wWweeen little left over and we
decided to make the yoke from cast iron, which wefgom the Cowley Iron Works.
They just cast four great hunks of cast iron. dsvan enormously heavy thing. They
shipped those hunks of cast iron over to the PdeSseel Company where | went up
and begged them to help. They had great grindiaghines and were able to grind
flat surfaces so that the thing could be assemhbleda rectangular yoke and then the
Pressed Steel Company cut some pole pieces oltaifthwey called steel plate, which
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was actually four inches thick steel. They cutcdgli®ut and drilled them and |
assembled those into pole pieces and then the @adwda Works also cast some
aluminium formers onto which coils were to be wowamdl shipped them down to the
laboratory in Oxford. The laboratory workshop madsort of frame a sort of mangle
frame to hold the formers, and | wound the glasersd wire on by hand, simply by
turning a handle which rotated the former, and iggjdising a glove, guiding the wire
on. Oh, it was a terrible job. As you know, teeible problem of winding a colil the
winds go on side by side but then when you geliécetdge you’ve got to turn it round
and come back, and it then sometimes slips in atsl@bit tangled, so you've got to
go back. You've got to make the winding run abssjusmoothly, and then when it
gets a bit difficult you can put a piece of cardigben or something similar, just to
make a smooth base to start with again. Anywayouind four coils, two of them
with thick wire and two of them with 28 gauge wirdhere was miles and miles of
wire on them and it took me several weeks justdjnigp away winding this wire on,
and we assembled the magnet and it worked quité el wasn't good enough
really. We could see chemical shifts with it ué homogeneity wasn’t good enough
and | began to realise that it wasn’t sufficienthve a very flat steel surface in the
pole piece, but you had to worry about the grane sif the iron in the pole piece. If
the grain size wasn’t uniform, of course, thatodtrced inhomogeneities of its own.
So | went and read a lot of metallurgy about poéxe design and realised that we
were never going to get any good proton high réswluesonances from that magnet,
and so we decided to use it for looking at allsoftother nuclei and ranged over the
whole of the periodic table making measurementsmast of the elements in the
periodic table, looking at structures of chemiaddstances. And we published a lot of
work on nuclei that has only been taken up morent, with modern commercial
machines, because in those nuclei, although thealsigwere much weaker, the
chemical shifts were much bigger so we didn’t neadh good homogeneity and
stability. Then later on | still used that magret do electron nuclear double
resonance, which I'll mention later perhaps, butreg went on | realised that you
couldn’t do the high resolution work and so | thbuthe right way to do it was to use
a massive permanent magnet. That avoided thegimobt producing heavy electrical
currents and stabilising them to a very high degreet me say that one was talking
about stabilities and homogenetics of the ordea tdw parts per hundred million. |
mean it was a formidable engineering problem antteated this idea of building a
permanent magnet round various places and wadweky and met a wonderful man
called Tyrrell. 1 can’t remember his other nanma Bfraid, but he worked for Mullard
and had been the genius in the design of the magmetagnets during the war. He
was very enthusiastic about this. He was a gradgeteer, always interested in new
challenges, and with some difficulty | persuadedIdtds to agree to build a magnet
which we would design together. | said, ‘Look I'get to raise some money and
what will it cost?’ and they said off the cuff ‘3u&,000.” So | went off and made
applications for money, and you know in those daignts were very hard to come
by. And | got first a grant from the Shell Oil Cpany, to their enormous credit.
They gave me £500, and then | got some money fhenRRbyal Society. | then went
to the DSIR as it was then and said, ‘Look, I'vé teese two sums of money, will
you make up the difference?’ and they did. Andstegted work on the design and by
that time | already understood a lot about the ety of pole piece design, and
Mullards built that magnet over a period of two ngea | went every month, the
wearisome trip to Redhill in Surrey, really to kedgem at it. They were losing
money terribly because it cost them a great deaénmut in the end they built it and
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it worked beautifully. It had fantastically gooeisolution for the time. In fact | came
across some recordings done with it, only the ottagy and they are pretty creditable
even by today’s standards. So that was very gadtht magnet was used for years
and years and is now being used in the Clarendborkgory.

MB I think your first magnet is now on display?

RR  Now that old magnet, | used it for some dynamiclear polarisation work.
This is a beautiful technique which was discovdrg@ physicist and made it possible
to build up the nuclear polarisation by saturattectron resonances. This is a rather
technical matter, but | thought I'd have a goodajahat and started. | did some
preliminary experiments with that old magnet. Thehen I'd made it all work
beautifully it was obvious, by that time, when weres moving into the early sixties,
when scientific research was being supported mioagly, | was able to go and get
money, and | bought a Varian commercial magnetharitl an even bigger permanent
magnet. So that old magnet was superfluous and VYdhite, a former student of
mine, used it a little bit and then when | didnant it any more the Science Museum
came and fetched it away and it's up on the shelfttee mezzanine floor there,
together with some of the recordings that were maie it. It did some sterling
work. Then with the high resolution permanent nedgme did a lot of work on the
early use of NMR to find chemical structures. dmsped round the country lecturing
chemistry departments telling what a good thing thas to very sceptical audiences.
They were very, very sceptical about it. It wasuipht to be using a steam hammer to
crack a nut, but of course as the technique deedligbecame enormously powerful
and now no organic chemistry laboratory can manaigjeout it of course. So I'd
done quite a lot of solid state physics, you saethe early 1960s, and then we’'d
explored the applications in chemistry, and thes diinamic polarisation was really
physics again, but | was really quite interestedbiochemistry by that time and
thought could we use this method to study bioldgsystems? And it was pretty
hopeless really, because of the signal to noise. ratou see biochemical molecules
are large molecules, not very soluble, and so tletisns were very dilute. We
simply couldn’t get enough signal and it wasn'tlisea viable proposition. Now the
signal noise that you get from an NMR machine ggesoughly as the square of the
field strength so obviously we pushed the field lugt, with an iron magnet because of
the hysteresis of the iron, as you increase theepgwu feed into the field goes up
and flattens off because of the hysteresis, andcgott with an iron magnet get to
fields above about 2 tesla, perhaps 2% tesla, l@advas simply not enough. It was
about that time that all the hard super conductwese discovered and wires
produced, and Martin Wood, who by that time hadi@ghed his little company
making magnets for physics experiments, went ovehé States and came back, it
must have been about 1960, with a length of niokzinconium wire and wound a
little magnet, about so big, which he could drivenf a motorcar battery in liquid
helium, and produced a field of about 4 tesla, éwtire field that you could hope to
get with an iron magnet.
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MB  Sir Rex, this is a point where | am going to &aw close this first interview. |
think the link with Martin Wood and what was to pap next is there, and we will
talk over what happens at our next meeting.



