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NEW FRONTIERS' 
By Professor RICHARD STEVENS BURINGTON 

DEPARTMENT OF MATHEMATICS, THE CASE SCHOOL OF APPLIED SCIENCE (ON LEAVE) 
HEAD MATHEMATICIAN, BUREAU O F  ORDNANCE, NAVY DEPART MEN^ 

(1)FORthe past several years it has been my not be suitable f o r  discussion here. Nevertheless, 
privilege to have intimate contact with a large amount there are  certain important facts Lnd observations 
of work concerned with an array of investigations in which I have noted from time to time that I hope 
engineering, physical research and related activities, will be of interest to many persons-to engineers, 
and with work in which all sorts of mathematical and physicists, chemists, investigators, businessmen, in-
physical fields appear  as fundamental items in the dustrialists, as well as  to pure and applied mathe- 
larger problems under study. The nature of this maticians, and university people. Some of these 
work has been such that much of it, as met, would items may well be made the subject of serious study, 

1 Address delivered to Seetion A-Mathematics, Amer- and such action as  may b6 indicated should then be 
ican Association for the Advancement of Science, Cleve- pushed vigorously by responsible individuals andland, Ohio, September 12, 1944. The author wishes to 
express his appreciation for the many eonstruetive sug- organizations. 
gestions and critical comments made in connection with I n  discussing this topic, "Sew Frontiers"-some
the preparation of this paper by Dr. Arthur Bennett, 
astronomer and engineer, and by Dr. C. C. Torrance, new, some old, some always new-I have i n  mind the 
mathematician. vast store of potentially powerful and valuable mathe- 

2 The opinions expressed in this paper are those of the matical knowledge and talent which has scarcely been author and are not necessarily those of the Navy Depart- , 

ment. tapped by industry and business. I should like to  
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SCIENTIFIC APPARATUS AND LABORATORY METHODS 
T H E  USE O F  IONIC EXCHANGE RESINS FOR 


T H E  PURIFICATION O F  PENICILLIN 

AND HYPERTENSIN 


THE selective absorption of inorganic ions by ionic 
exchange resins suggests the possibility of an inter- 
esting method for  analysis and purification of mix- 
tures of organic substances obtained from biological 
materials. We have, therefore, studied the behavior 
of amines, amino acids and polypeptides filtered 
through these resins, using to this effect the anionic 
and cationic exchange resins, Ionac A and C, under 
the following conditions. 

Small funnels with a stem seven centimeters in  
length and eight millimeters wide are  filled with four  
grams of resin previously subjected to a thorough 
washing with distilled water. This preliminary wash- 
ing is essential because the resin releases a t  first u p  to 
0.2 milligram nitrogen per cc. The removal of this 
nitrogen does not in  any way alter the absorptive 
activity of the resin. 

The anionic resin thus prepared absorbs proteins, 
long chain polypeptides, a variety of chromogenic sub- 
stances and a few amino acids; the cationic resin 
retains in  addition most amino acids and in particular 
basic amino acids and amines. Detailed results of 
these experiments will be presented elsewhere. 

I t  has seemea to us that these exchange resins 
could be used for  the purification of biological prod- 
ucts by removing from the latter certain inactive or 
toxic impurities. The purification of hypertensin and 
penicillin will serve to illustrate the potentialities of 
the method. 

When hypertensin is prepared according to the 
method of Braun Menendez et al., one obtains a 
product still somewhat impure and which loses much 
of its activity when attempts are  made to purify 
it  further by means of the usual absorbents. W e  have 
found, however, that by treating the crude product 
with the anionic resin, Ionac A, one can remove sev- 
eral inactive substances; chromogens, polypeptides, 
etc., without affecting significantly the hypertensive 
activity. One thus obtains readily a product contain- 
ing only 0.08 milligrams of nitrogen per unit of 
hypertensin. 

I n  contrast to Ionac A, the cationic resin, Ionac C, 
absorbs the active principle of hypertensin. Unfortu-
nately, we have not yet been able to release a n  active 
eluate with any  of the thirty eluents which we have 
used, such as salts, bases, acids, detergents, alcohol 
and other organic solvents, etc. 

As is well known, cultures of Pe~ticilliurn nota tu~~t  
release, in  addition to the antibacterial agent peni- 
cillin, a variety of impurities, many of which are  
toxic, which prevent the use of the untreated filtrate 
fo r  therapeutic purposes. The classical method em-
ployed for  the isolation of penicillin is not only time- 
consuming and expensive, but also causes important, 
loss of the active material. 

We have observed that by filtering the crude culture 
filtra,te containing penicillin, first through the cationic 
resin, Ionac C, a t  p H  6 to 7, then through the anionic 
resin, Ionac A, a t  the same pH,  one obtains a product 
which retains all the penicillin activity of the original 
material, but which is now free of any toxicity fo r  
experimental animals and for  man. I n  fact, the 
filtrate can be injected by the intraperitoneal route 
into mice and by the intravenous route into cats, dogs 
and man without any toxic manifestations. The peni- 
cillin preparation thus obtained can be concentrated 
ilz vacuo a t  low temperature. I t  seems likely that this 
simple procedure will be found useful fo r  the purifi- 
cation of other active substances produced by molds 
and various biological agents. 

E. CRUZ-COKE 
F. GONZALEZ 
W. HULSEN 
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A BRIEF COURSE IN ORGANIC AN INTRODUCTION TO ORGANIC 
CHEMISTRY CHEMISTRY 

By REYNOLD CHARLES D. GARARD C. FUSON,RALPH CONNOR, By IRA 
C. PRICEand HAROLD R. SNYDER 

A revised and somewhat enlarged edition of a well-
An elementary textbook and laboratory manual. known book for brief introductory courses. The 
The fundamental concepts and the mQre important simplicity of the laboratory apparatus and manipu- 
types of organic compounds are discussed as early lation has been retained. 
as possible, and are constantly used throughout the Second edition; 1940; 389 pages; 6 by 9; $2.75 remainder of the book. 

1941; 248 pages; 6 by 9; $2.50 
AN INTRODUCTION TO ORGANIC 

ORGANIC CHEMISTRY CHEMISTRY 
By REYNOLD C. FUSON R. SNYDER LOWY and BEN~AMIN and HAROLD By the late ALEXANDER 

HARROW 
Designed for introductory courses, the material is 
divided into two parts. Part I covers the prin- This book gives broad principles and general reac- 
cipal types of organic compounds, and Part  II the tions in a readable form. I t  emphasizes the con- 
more advanced aspects of these compounds, with necting links that bind organic chemistry to medi- 
particular emphasis on the use of organic reactions cine, dentistry, pharmacy, and other biological
in synthesis. sciences. 

1942; 506 pages; 6 by 9; $3.50 
Fifth edition; 1940; 400 pages; 6 by 9; $3.00 

ORGANIC CHEMISTRY 
TEXTBOOK OF ORGANIC 
CHEMISTRY 

New in this edition are: the reactions of aliphatic, 
hydrocarbons ; synthetic polymers ; catalytic hydro- 
genation and hydrogenolysis; organic sulfur com-
pounds; aliphatic fluorides; the chemistry of A comprehensive, teachable book, revised to include the 
porphyrins; chlorophyll; and the redistribution re- current subjects of importance. Excellent as the 
action. I n  two volumes, available separately. foundation for a solid course for beginning stu-

Second edition; 1943; 2096 pages; dents. 

6 by 9; $7.50 per volume Second edition; 1943; 760 pages; 6 by 9; $4.00 

LABORATORY MANUALS 
Laboratorv Outlines and Notebook - Laboratory Manual of Organic 
for Organic Chemistry chemistry

By HARRY L. FISHER 
+ By E' WALLACE R. BRODE and Fourth edition; 1938; 412 pages; 5% by 84; $2.75 

ROYG. BOSSERT 
of1940; 241 pages; 8% by 10%; Paper; $1.75 

Organic Chemistry 
By GEORGE HOLMESRICHTER 

Laboratory Book of Elementary 1940; 128 pages; 6 by 9; $1.26 
Organic Chemistry The Systematic Identification of 

By the late ALEXANDER Organic Compounds LOWY and WILXER E. 
BALDWIN By RALPHL. SHRINER and REYNOLD C. FUSON 

Second edition; 1934; 182 pages; 8+ by 11; $2.50 Second edition; 1940; 312 pages; 6 by 9; $2.75 
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