
\-ray diffraction pattern o f  
the crystalline enzyme. lv- 
sozy r r~c .  the  s t r u c t u r e  of 
1rltic11 iv now being studied 
In Calte( 11 c i ~ e m i ~ s .  Tlt i-: 
protein occurs in body fluids. 
f f  hen a crystal of l y s o z y m ~  
is placed in an x-ray diffrac- 
tion camera and irradiated 
?n a beam of x-rays, the 
crystal acts as a diffraction 
grating, producing this char- 
arteri'itic diffraction pattern. 

Caltech celebrates the 40th anniversary 
rst American p -rag crgsta LLo 

RYSTALI2OLtSAPHF,F~S from all over {he  country 
cairn2 to the ( a111 t h f aripiis o n  h - ren iher  16 to 

relehiiite the 10th arir~ixir-'m of  the fir21 4 r m r i c a n  
papers in %.-fa\ (r\-tallo;2;raphv. Caltech was oiie o f  the  
first t w o  centers in 4rnerira (a long  with the General 
Elertik (orripany I to  initiate studit* in rryqtal- 
lographv. and the fir'-t t Ã §  paper'; in this field n e r e  pub- 
lished in 1017 h j  Prof. J .  H. Ellis and Dr. C .  I,. Rur- 
dick at  Laltech. and by Dr. 14. W .  Hull of General 
Electric. 

Dr Biirdirk \ t c 3 -  on hand  for  the 40th a n n i ~ w ' a r v  
celebration last month. to report on the hesinnino;- of 
x-ray crvstdllography. and Dr. Dorothy Ho(IglLin. who 
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condiicts research a t  Oxford i r n i \ ~ r s i ! v .  England. was 
  he main apeaLei on current ~e-iearrjh in the field. 
FIodekin i- prol'sahh the m*t distinpui-lied crybtallog- 
rapher in the wor l i l :  wi th  her ~tuderits. she is respon- 
-'ible for t ~ o  of the  biggest jobs e i e r  completed in the 
field of x-ray ( t ystallograpl'iy --the deterinination of the 
'-tructure'-' of  penicillin and of xitamin B-12. She i s  now 
working on the ctructnre of insulin. 

X-ray r ry ta l lography  i~ a scipnce concerned with the 
determination of the positions of atoms in crystals. A 
tirn ( n a t a l  i" mounted in a n  x-raj  diffraction camera and 
rotatpd i n  a beam of x r a p .  The crwtal acts a% a diffrac- 
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tion grating. scattering the rays to a photographic ernul- 
sion which surrounds the crystal. After several hours. 
the Film is developed and the spots where the diffracted 
x-rays struck show up a* a pattern of dots. From precise 
measurements the chemist ran then determine the size 
and shape of the crystal's minute units. The intensity of 
each of the hundred- of dots is measured and is used in 
the determination of the positions of the atoms in the 
crystal. 

The technique has been used at Caltech to determine 
the structure of molecules in crystals of metals. minerals 
and many organic compounds, especially those related to 
proteins and other substances of biological interest. The 
determination of a relatively simple molecule usually 
lakes one o r  two years to complete. 

Fh-" d u d y  of crystallography dates back as  f a r  as  the 
16th rpnturv. hut until x-rays were discovered by Roerit- 
gen in 1895 the research was conducted mainly by 
mathematical measurement and visual study. The results 
obtained from these methods were close to guesswork, 
but even so, many researchers in the pre-x-ray period 
came very close to the correct atomic count later proved 
by x-ray study. 

For  1 7  years after x-rays were discovered the nature 
of these radiations remained controversial. Finally. in 
1912. Professor Max von L a w  of Munich University 
proved that they were like visible light except fo r  their 
short wave length. His investigations, which changed the 
whole study of crystallography, got under way after 
some informal disc11ssiori-i with a student who was pre- 
par ing his doctoral dissertation on the passage of light 
waves through c r p t a l s .  He surmised that the separations 
between atoms i n  crystal were of the same magnitude a s  
the probable lengths of the x-rays about  which so much 
controversy existed. And he suggested that crystals would 
serve a s  a tiattirally-made grating f o r  the diffraction of 
x-rays, in the same way that artificially-ruled grating'! 
made by scratching lines on glass with a diamond will 
diffract ordinary light. Experimental tests proved this 
LO he Ime. 

Later in the year 1912. Sir  William R r q g  and hi- 
. S i r  Lawrence, began the first x-ra? m-stal lography 
qtudie"-. Since \on Lane had i ~ e d  c r v ~ a l a  to studv x-ravc. 
tiley f ig~~rt=d.  it sho111rI 11e pssi1) le  to reverse the prof.ew 
and n v  k r i o ~ i i  x - r v  to stwh ~ r i k n o v n  c rv ta lq .  

V o n  Lane received the 191 1 Nobel p r i ~ t ~  for  hi< d i 4 -  

r-over!. and the R r q p '  work won them the prize i n  
1915. The l01h anniversary of their pioneer paper-; i r ~  
x-ray crystallography itas celebrated in Filmland in 1952 
- a n d  Dr. Doroihy Hodgkin was one of the main "peak- 
or- a t  these ceremonies. too. 

Work on x-ray crystallographj started in the Fnited 
States in  about 1916, and the first papers  were pub- 
lished the following vear. Thp first of these was w r i t ~ e n  
h y  Dr. A.. W. Hull. In 1915 he  was doing elertronira 
research a t  [ h e  General Electric Cornpan) in Srhenectady 

when he heard a lecture hv Sir  William Bragg that 
interrupted his electronic- research for several years. 
Sir  William described his new work on the study of 
crystal structure by means of x-rays. After the talk Hull 
asked him if he had ever found the structure of iron, and 
Sir  William admitted they had never been able  to work 
it out. Though h e  was totally unfamiliar with both x-rays 
rind crystallography Hull went back to his laboratory 
and began getting apparatus  together to find the crystal 
structure of iron. hi 191 7 his paper recorded his success. 

The second paper i n  the field was written by Prof .  
J. H. Ellis. in  the chemistry department of what was then 
the Throop College of Technology. and Dr. C .  L. Bur- 
dick. Rurdick was a graduate student of Dr. Arthur  A .  
Noyes' at the  Massachusetts Institute of Technology. 111 
1916, a t  Noyes' suggestion. h e  spent six months in the 
x-ray laboratory of Prof .  William Rragg at  Urhersi ty  
College in  London. 

O n  his return to MIT, Rurdick's assignment from Dr. 
Noyes was to build a Bragg x-ray spectrometer with any 
improvements which the state of the a r t  would permit.  
Late in the year, when Noyes left f o r  his annual tour  of 
duty as  visiting professor a t  Caltech, h e  asked Burdick 
to come along with him. The  uncompleted spectrometer 
was abandoned i n  Boston. and work on a new one got 
under way i n  Pasadena. 

This machine. which was used to determine the struc- 
ture of the mineral. chalcopyrite. was the subject of the 
Rurdick and Ellis paper. The  paper is #? in the chrono- 
logical list of papers  published from the Gates and 
Crellin Laboratories a t  Caltech. Today the list includes 
233 papers in x-ray crjstallograph! (out  of a total of 
more than 2.000 papers Jn all branches of chemistry? 
and the x-ray cns ta l lography  laboratory at, Caltech is 
one of the large-it in the field. turningoout as  much work 
a<- am laboratory in  tile world. 

Dorothy Hodgkin.  one o f  the uorld's leading crystallog- 
rnphers. stz~dit": fin v-rrry diffrnftion pattern in the Cal- 
tcch !nbornforiw. 




