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How to break the 32P 
and reaain control 
01 your schedule, 

The traditional probe for nucleic acid studies has 
been 32P, one good reason being its high initial specific 
activity. However, within a short time that advantage 
dissipates because of 32P's short half life, and the ben- 
efits of using 35S in the first place become very 
persuasive. 
To take advantage of these benefits, NEN has 
developed 35S-nucleotides for nucleic acid studies. 
Primarily they introduce versatility and convenience 
compared to 32P. They also reduce waste and involve 
the user with less radiation exposure. 

Biological activity-These nucleotides have phos- 
phate replaced by 35S-thiophosphate in the a or y 
position. They are biologically active and each may be 
substituted freely for its natural analog with a variety of 
enzymes (DNA or RNA polymerase, protein kinase, 
etc.). However, these compounds and probes pre- 
pared from them are resistant to phosphatases and 
nucleases at the point of thiophosphate substitution, 
making possible new experiments and techniques. 

Longer lived probes-Since 35S has six times the half 
life of 32P (87 VS. 14 days), you'll need to make your 
labeled probes much less often, leaving yourself more 
time for research. Also there'll be less waste and less 
expense. 

High specific activity- All 35S-nucleotides are avail- 
able from NEN at specific activities approaching 
500Ci/mmol. Even more important, the useful specific 
activity will be maintained longer by nucleic acids and 
proteins because of 35S's longer half life (see diagram). 

Freedom from production schedules- NEN's 35S- 
nucleotides are always available from stock. No more 
planning your work around somebody else's produc- 
tionschedule. 

habit 

Time (weeks) 

Economy-You'll pay no more for the 35S compounds 
than for their 32P equivalents. When you count this sav- 
ing in with the time- and waste-saving advantages 
described above, you get a powerful argument for 
making the switch. 

Adenosine 8-(y-thio) triphosphate, [35Sl- 
NEG-027H 250-500Ci/mmol 
NEG-027 15-60Ci/mmol 
Guanosine 8-(y-thio) triphosphate, [35Sl- 
NEG-O3OH 250-500Ci/mmol 
NEG-030 15-60Ci/mmol 
Adenosine B-(a-thio) triphosphate, [35Sl- 
NEG-033H 250-500Ci/mmol 
Deoxyadenosine 5'-(a-thio) triphosphate, [35Sl- 
NEG-034H 250-500Ci/mmol 
All compounds are shipped in ethanol: 20mM tricine (pH 7.6) ,  
20mM dithiothreitol, I : I ,  in dry ice 

Free Technical Bulletin 
The use of 35S-nucleotide analogs in 5' end labeling, nick 
translation. and protein kinase studies is described in our 
technical bulletin, which is yours by circling the readers' 
service number. 

Not for use in humans or clinical diagnosis 

New England Nuclear 
549 Albanv Street Boston. Massachusetts 02118 
Call toll-free: 800-225-1572 Telex: 94-0996 
(In Massachusetts and International: 617-482-9595) 

In Europe: NEN Chemicals GmbH, D-6072 Dreieich, W. Germany 
Postfach 401240, Tel. (06103) 85034, Telex 4-17993 NEN D 
NEN Canada: 2453 46th Avenue, Lachine, Que. H8T 3C9 
Tel. 514-636-4971, Telex 05-821808 
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Devil's paintbrush or  orange hawk- 
weed (Hierucium cllrrantiuc~unt L.). 
Originally from alpine and northern Eu- 
rope, this ornamental composite was 
imported for gardens. It has invaded 
meadows and pastures in northeastern 
North America and northern Japan, 
where it spreads by wind-borne seeds 
and runners. The ecology and natural 
enemies of this weed are being investi- 
gated. 'The syrphid fly shown here 
benefits from floral nectar. but the apo- 
mictic flowers do not require pollina- 
tion to set seeds. See page 134. [S. W. 
T .  Batra, U.S. Department of Agricul- 
ture, Beltsville, ~Maryland 207051 



The Online 
Information 
Sen' , T m - t  I thinks like a 
chemist.. . 
So you can, too! 
Chemists think in structures, and that's just 
how CAS ONLINE searches and displays 
the information on over 5 million chemical 
substances stored in its files. 
You Search tor Stnrctures. Because sub- 
stances which share structural features 
frequently share properties of interest 
as well. 
You Search by Stnrchrres. Just describe the 
structural features you want - and search. 
You Get Structures Back. Easy-toevaluate 
structure diagrams can be printed online at 
your terminal or offline by CAS and mailed 
to you. Send for your free brochure, "The 
Structure is Your Key," by writing CAS 
ONLINE - OAS, P.O. Box 3012, Columbus, 
Ohio 43210. 

CASONLINE" h 
The Chemical Substance 

Search and Display System From 
Chemical Abstracts Service 

A division of the American Chemical Society. 

1981 by the American Chemical Society 
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W ap@toyour 
technical needs. 

KODAK Technical Pan Film 2415 helps you 
record the sun and nearly everything under it. 
What do ou call a film you can use i for solar are photography, photomi- 
cro ra hy, line-scan recording with 
cat g o J' e-ray tubes, lasers, or hght- 
emitting diodes, photographing holo- 
gra hic reconstructions, and also for P ma ing black-and-white slides? 
We call it KODAK Technical Pan Film 
2415. You might call it "a film for all 
focal lengths, because it has been 
used rewardingly to record imagery 
with high-power microscope objec- 
tives, astronomical telescopes, and all 
sorts of camera lenses in between. 
This extraordinary film, previously 
introduced as SO- 1 15, is intended for 

a wide range of applications requiring 
high resolution, extreme1 fine grain, E processing flexibility, hig D-max, 
and relatively flat spectral response 
through most of the visible spectrum. 
It is coated on ESTAR-AH Base. 

Its unusual combination of erform- P ance characteristics allows echnical 
Pan Film to fill a void in the matrix 
of black-and-white photorecording 
films. These characteristics have 
made 24 15 a worthy successor to 
KODAK Solar Flare Patrol Film 
(ESTAR-AH Base) SO-392 and KODAK 
Photomicro raphy Monochrome 
Film SO-4 1 6 -and a valuable alter- 

native to KODAK High Contrast Copy 
Film 5069 in most applications. 
You won't find a Kodak film with a 
broader range of scientific and tech- 
nical applications. At the same time, 
you may wish to load a roll into your 
35 mm camera to record some stun- 
ning pictorial photography. 
For additional information on Tech- 
nical Pan Film, write to Eastman 
Kodak Company, Department 4 12L 
153, Rochester, NY 14650. (A brief 
indication of your application may 
help us respond more effectively.) 

% Eastman Kodak Company. 1981 

Hydro en alpha photogra h of $olar Photomicro raph of trichinel[a spiralis Meteorological image 
flares. gaciamento Peak ~ ~ x r v ~ t o r y .  in muscle. 175 X . Tun sten halogen p t a t i o n a r y  satellite. Tfrorn IZIR laser- 
Sunspot. N.M. source (3200 K )  with $o*K WRATTEN earn recordin by Societe Europeenne 

Filter No. 58. de Propulsion f~rancc) .  

ICodakmraphic products. 
capmingtheimagesofscience. 
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More than just another copy cat. 
Dupe a slide? simple. - With the remarkable Illumitran, your I -------' 

But crop, flop, enlarge, reduce, in- k original slide can be duped or used as 
crease cr decrease contrast, vary a starting point for creative en- 
Shadow coloration or correct color hancement. 
balance,add specialeffects or titles, 
create montages or superim- atile? Flexible? The lllumitran is 
positions, salvage under or over- t and more. Far from the same 
exposed originals, make inter- Id copy cat. You might call it the 
negatives, usedaylightor tungsten- most creative slide duplicator 
balanced film? youcanown.~here's much more 

that the lllumitran can do for 
It's only simple with the lllumitran 3C you than we can show you here. 
featuring exclusive contrast control. please write for brochure. 

Bogen Photocorp.. 
1WSo van Brunt S t  P 0 Box 448. EngIewo( 

Please send me 
complete information on rr~e I 

Bowens Illumitran. I 
Name 

I 
I 

Address I 
City S t a t e  Zlp - I 

SE 1 / 8 g  - - - - - - - - - - 
Lester Bogen doesn't sell anything he wouldn't buy himself. 
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Worth 
a second look 

Improving with time- 
the Zeiss Standard. 
A Zeiss Standard is one thing 
you can buy that will always get 
better. It's proven, and has 
constantly been improved, for 
thirty years. You can trust the 
machinery to work, to stand up, 
even to take abuse. It's been 
simplified and strengthened, 
so that there's little to go wrong, 
and a lot that can't ever be 
topped-such as the optics! 

Compact and small- 
the most versatile 
You can do more with a S~ar~uaru, 
because the accessories you 
need exist now; they're not "in 
preparation." And it accepts the 
full line of great Zeiss interchange- 
able optics: put a Planapo on 
a Standard and it works just as 
well as when it's on a Universal. 
Don't take chances-get proven 
optics, proven engineering, 
proven worth. 
Quality setvice-Expert dealers. 

The qreat name in o ~ t i c s  

L 
First look. 
Right from the start you'll be 

impressed with the tirne- 
proven design, the look of 

ty. Compact. Small. Strong 
and simple. Constantly improved, ,, proven inuse. 

suo11ec11ldde u ~ o u y  Ile JOJ 

sa!~ossa33e pue swaj! Al(e!3ads 

L- l ~ a ~ j ~ l l q ~ ~ ~ ~ d  S ~ I  ~ I M  p a s s a ~ d u ~  
aq 11,noA pue 'u1e6e yo01 

-y 001 puoaag 

Carl Zeiss, Inc., 444 5th Avenue, New York, N.Y. 10018 (212) 730-4400. Branches: Atlanta, Boston, Chicago, Houston, Los 
Angeles, San Francisco, Washington, D.C. In Canada: 45 Valleybrook Dr~ve, Don Mills, Ontario, M3B 2S6. Or call (416) 449-4660. 

For literature circle reader service number 48 
For a demonstration circle reader service number 49 



LA- 

Let's face it. A machine that is used to pro- 
duce force shouldn't communicate only in 
terms of RPM. It's somewhat like a car with- 
out a speedometer or odometer. 

That's why we taught the new MICRO-25 
to talk RCE You simply key in the g-force 
desired, rotor number, acceleration and decel- 
eration characteristics, run time and tem- 
perature. The instrument does the rest. You 
can even specify the force at any given point 
in your sample tube. And the continuously 
displayed G x minute parameter gives you a 
direct readout of the entire centrifugal field 
applied during the run, enabling straightfor- 
ward experimental replication. 

The MICRO-25's computer and its many 
operational and computational features are 
just part of the story. There are significant 
mechanical innovations as well. Like a speed 
control system with A 5 RPM accuracy. 
And an infrared temperature detector that 

enables rotor temperature control to A 0.5"C. 
If you're considering the purchase of a 

high speed centrifuge, consider a high force 
machine instead. Send for complete 
information. 

Up to 50 stored programs 8 Multiple segment 
program capability for stepped centrifugation 

Continuous display of set and actual run con- 
ditions 8 Superior speed control, + 5 rpm . Rotor recognition . Infrared rotor tempera- 
ture detector, + O.S0C control . Safety cover 
interlock system Automatic overspeed protec- 
tion Delayed start feature Absolute 
containment 

INTERNATIONAL EQUIPMENT COMPANY @ A DIVISION OF DAMON 
300 Second Ave., Needham Hts., MA 02194 
Tel: (617) 449-0800. Telex: 92-2499, INTLEQUIP NEDM. 
DAMONIIEC (UK) LID.. 
Unit 7, Lawrence Way, Brewers Hill Road, Dunstable, Bedfordshire, 
LU6 lBD, England, Tel: (0582) 604660 

Circle Reader Service No. 126 for Salesman to call. 
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THE SECOND ANNUAL CONGRESS FOR 

DNA RESEARCH 
15-17 FEBRUARY, 1982, LOS ANGELES, CALIFORNIA 

THE BILTMORE HOTEL 
CO-CHAIRMEN 

JOHN D. BAXTER"), BRIAN J. MCCARTHY'~), STEVEN K. NORDEEN") 
(1) University of California, San Francisco; (2) University of California, lrvine 

The congress, has been organized jointly by SCHERAGO ASSOCIATES and the journal, 
DNA and GENETIC ENGINEERING NEWS. (Published by Mary Ann Liebert Publishers, 
Inc.) Subjects will include: 

GENEREARRANGEMENT&DEVELOPMENT 
DNA SYNTHESIS 
REPETITIVESEQUENCESANDTRANSPOSONS 
GENE TRANSFER, NUCLEAR RNA 
TRANSCRIPTION 
PLANTS 
EXPRESSION OF FOREIGN GENES IN MICRO- 

ORGANISMS 

SPEAKERS (Partial List) 
John Baxter Leroy Hood Alex Rich 
University of California, San Francisco California Institute of Technology Massachusetts Institute of Technology 

Marvin Caruthers Timothy Hall Gordon Ringold 
University of Colorado University of Wisconsin Stanford University School of Medicine 

Pierre Chambon Keiichi ltakura John Shine 
Centre National de la Recherche Scientifique Australian National University 

City of Hope Research lnstitute 
Gerald Fink Philip Leder Allan Spradling 
Cornell University Carnegie Institute of Washington 

David Goeddel National lnstitute of Child Health 
and Development Robert Tjian 

Genentech University of California, Berkeley 

Robert Goldberg Brian McCarthy 
University of California, lrvine 

Michael Wigler 
University of California, Los Angeies Cold Spring Harbor Laboratories 

Benjamin Hall Steven Nordeen 
University of Washington University of California,.San Francisco 

Scientists interested in presenting poster papers may obtain abstract forms from Steve 
K. Nordeen, 671 HSE, University of California, San Francisco, CA 94143. 

Regular Registration: $275 (includes Banquet and Subscription to the Journal, DNA SCI 

Student Registration: $175 (includes Banquet only). Must be verified in writing by Department Head. 
Attendance will be limited. Make checks payable to: Scherago Associates, Inc., Recombinant DNA. 

Please reserve space(s): Registration fee must be included. 
Please send a Registration Application. 
Please send Exhibit Information. 

Name 

Organization 

Street 

City StatelCountry Zip 

Telephone: ( ) 

Return to: DNA, c/o Schera o Associates, Inc. 
1515 Broadway, t e w  York, N.Y. 10036 
Tel: (212) 730.1050 

SCIENCE, VOL. 215 







ZIP 1 TIII3 SlI(:H ON[--I 
-..p a sterile new Corning Cell Wells?& 

well plate clean from its sack. 
You don't need teeth or scissors to op;?nl; 
Distribute your cell line throughout the ! 

96 wells. Superb for hybridoma/monoclona~ 
antibodies, titrations, toxicity testing, and more. 

Every well bottom is on the same plane for 
quick, accu~ate microscopic scan. You don't 
have to readjust constantly. 

See how the lid nestles over the plate. Its 
shape makes certain it only fits one way. 

Rings on the lid encircle each well. They 
collect condensation and keep it from con- 
taminating other wells when you put the lid 
back on. 

- .  
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Seeing is believing! 

Varian9s new UV-Vis-NIR 
spectrophotometers think, 

adjust, memorize and 
calculate for you-in full view. 

Never before has spectrophotometry been as easy, pro- 
duced final answers as fast-or, for that matter, com- 
bined ease and speed with such superb quality of your 
measured results! The new Varian 220012300 Series 
bristles with technical refinement: dual-microprocessor 
control for unattended operation, a sealed touchkey 
panel for easy, hassle-free parameter selection, and a 
CRT screen to display the data and tell you all about the 
analysis under way And underneath that technical ele- 
gance, you'll still find optics design perfection of Cary 
renown. 

Why do we think the 220012300 Series is the last word in 
UV-Vis-NIR spectrophotometr)n 

Take operating simplicity: following a cursor on the 
CRT; you enter the analytical parameters for your anal- 
ysis and store them for future runs. You may also touch 
a RAPID key, and a "standard" analysis starts immedi- 
ately It couldn't be simpler! 

Or, take speed: touch of a key puts the appropriate 
algorithm into action, and results come back calculated 
for concentration, kinetics, or signal averaging. To set a 
wavelength precisely, two touchkeys slew you up or 
down at the speed of 50 nmlsec in the UV-Vis, 200 nml 
sec in the NIR range. Touch another key, and a self-test 
verifies within seconds that all systems are "go" for 
peak performance. Zero balance is automatic, too. 

As for accuracy, the dual-microprocessor keeps a tight 
rein on all mechanical and optical functions and 
"remembers" to make numerous adjustments essential 
to an accurate photometric measurement. It automati- 
cally indexes the chart drive, keeps the baseline flat 
within 0.0010 Abs, supervises both detectors and 
sources. The results you get are computed answers you 
know you can trust. 

If operating convenience, analytical speed, and uncorn- 
promised measurement accuracy are important in your 
UV-Vis-NIR work, the new Varian 220012300 Series 
belongs in your laboratory! Circle Reader Service No. 
228 for more information; No. 229 to have a Varian rep 
resentative deliver it in person. 

For immediate assistance contact: Florham Park. NJ (201) 822-3700 Park R~dge. IL (312) 825-7772 Hbuston.TX (713) 783-1800 . Los ~l tos .  CA (415) -8141 
Or write 611 Hansen Way, Palo Alto. CA 94303. in Europe: Ste~nhauserstrasse. CH-6300 Zug. Switzerland 
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Science serves its readers as a forum for the presenta- 
tion and discussion of important issues related to the 
advancement of science, including the presentation of 
minority or conflicting points of view, rather than by 
publishing only material on which a consensus has been 
reached. Accordingly, all articles published in Sci- 
ence-including editorials, news and comment, and 
book reviews-are signed and reflect the individual 
views of the authors and not official points of view 
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Creationism and the Age of the Earth 
For most of the 20th century religion and science in this country have 

coexisted with relatively little controversy. Scientists did not accept literal- 
ly the version of beginnings set forth in Genesis, but many were touched 
with awe when they regarded the order and complexity of nature. They 
respected the ethical values fostered by organized religion. Some scientists 
were agnostics but few were atheists. This peaceable relationship has been 
strained by the people who allege that there is a body of knowledge which 
they call creation "science" that merits equal treatment with the teaching of 
evolution in primary and secondary schools. 

The creationists also state that the age of the earth is between 6,000 and 
10,000 years. In taking this stance they are in conflict with data from 
astronomy, astrophysics, nuclear physics, geology, geochemistry, and 
geophysics. In these disciplines an enormous mass of observational and 
experimental data has been accumulated bearing on the age of the earth and 
of the universe. Many independent approaches whose results buttress each 
other are in agreement that the age of the earth is much greater than 10,000 
years. Substantial evidence indicates that the age of the solar system is 
about 4.5 billion years. 

In the dating of ancient materials the best values are obtained by 
radiometric methods. At least five independent radioisotope clocks have 
been employed. Perhaps the best of these is one that depends on decay of 
2 3 8 ~  and 2 3 5 ~  to the end products 2 0 6 ~ b  and 2 0 7 ~ b .  By use of this method the 
ages of rocks 2600 million years old have been determined with a probable 
error as small as 1 million years. When granitic magma solidifies, zircon 
crystals (ZrSi04) are often formed. The atomic radii of uranium and 
zirconium are nearly equal, and uranium is usually present in the zircon 
crystal as a proxy for zirconium in the structure. The radiometric clock 
starts when the crystal forms. With the passage of time 2 3 8 ~  decays to 2 0 6 ~ b  
and 2 3 5 ~  decays to 2 0 7 ~ b .  Under favorable conditions both isotopes remain 
locked in the crystal. Laboratory processing isolates the lead for mass 
spectrometric determination. In many thousands of instances rocks have 
been dated by three or more independent clocks and the ages determined 
have been in good agreement. 

Astronomy and astrophysics have provided a set of distance and time 
scales that lead to an age for the universe of 10 billion to 20 billion years. 
This great age is consistent with the times which nuclear physicists calculate 
are required for stars to evolve-for example, from bodies like the sun to 
white dwarfs. 

Data from geology, geochemistry, and geophysics all testify that the age 
of the earth is much greater than 10,000 years. For example, geologists have 
encountered a large number of formations in which the total number of 
annually deposited layers far exceeds 10,000. Geochemists have studied the 
decomposition of organic matter to form petroleum. Laboratory studies 
show that the rate of decomposition is such as to require millions of years to 
release the hydrocarbons found. Laboratory studies of amino acids found in 
fossils are also in accord with ages far greater than 1 million years. 
Geophysicists note that the rate of motion of tectonic plates is such as to 
require many millions of years for such events as opening of the Atlantic 
Ocean and raising of high mountains. 

The efforts of the tens of thousands of scientists who have produced data 
relevant to the age of the earth or the universe have been motivated by a 
search for truth. If the age of the earth were 10,000 years or less, that result 
would have been proclaimed by many and accepted by all. 

In contrast, those who propound creationism have started with a literal 
interpretation of the Bible. They have no substantial body of experimental 
data to back their prejudices. Truth is not on their side. In the end their 
activities must bring only harm to their C~US~.-PHILIP H. ABELSON 

For further reading on creationism see Science, 6 November 1981, p. 635; 4 December, p. 1101; 
11 December, p. 1224; and 1 January 1982, p. 33; and Science 81, December, p. 53. 



to science? 
"If you've been looking for a highly versatile yet inexpensive way to 

computerize your scientific or industrial research projects, look no further. 
"We are the Vector 2 Series of technical computer systems. And we 

are solely dedicated to serving your needs when you want an affordable 
system that can very easily adapt to ever-changing requirements. 

"Our designers gave us more modularity than any other systems of our 
kind. In particular, they gave us a full 18-slot card cage and incorporated 
two industry standards-the S-100 bus and the CP/M operating system. 

"So you can configure and reconfigure us very quickly and easily to 
be whatever you need us to be. And if you're on a tight budget, you need 
this kind of modularity. Simply because it's the only cost-effective way 
to go. 

"Vector also offers five sophisticated special-purpose boards: a video 
digitizer, a high resolution graphics board, a precision analog interface, 
a PROM/RAM board, and a clock/calendar board. Plus there are literally 
hundreds of high quality S-100 boards available industry-wide that allow 
you to add virtually any interface or control capabilities you desire. 

"Thanks to Vector's user-oriented approach to system design, we each 
come equipped with excellent software development tools, including an 
easy-to-use program editor and debugger. That's also why we support all 
the major high-level languages - PASCAL, APL, FORTRAN, COBOL, and 
BASIC. Because if you're automating a project, you can't get your money's 
worth if you spend all your time developing software. Of course, if soft- 
ware development is your primary goal, we help you get it done fast. 

"To round out our dedication to science and industry, project managers 
can make excellent use of Vector's powerful MEMORITE" word processing 
and ExecuPlanm software packages to aid in documentation and in keeping 
tight control over project costs. After all, to ignore research management 
is to sharply limit the versatility and cost-effectiveness of any system. 

"And to make sure we give you the dependable assistance you're look- 
ing for, we're supported by a network of 400 dealers world-wide. So when 
you need help, it's never far away. 

"The Vector 3100 and 3105 both include a CRT terminal and a CPU 
with a fast 7MHz Z80BW processor, 64K RAM, and an 18-slot chassis. The 
3100 has two 630  Kbyte floppy disk drives and costs only $5795. The 
3105-which includes the industry's first implementation of a 5 Mbyte 
5" Winchester hard disk drive plus a single 630  Kbyte floppy-can be 
yours for as little as $8495. 

"For more information and your local dealer, call us at (805) 499-5831 
or (800) 235-3547. In California, call (800) 322-3577. Or write to us at 
500 North Ventu Park Road, Thousand Oaks, CA 91320. 

"At Vector, we've made a science of giving you the ultimate in versa- 
tility at a price you can afford." 

Vector Graphic, Inc. 
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Now get LC separations 
that your 
See and Control 
Your Experiment 

DuPont's graphics display 
module gives you a complete 
visual check on the progress of 
your experiment. It is a real-time 
indication of what is happening in 
the system. The high capacity of 
the built-in computer lets you 
review stored methods, modify or 
display them on the graphics 
module. At the press of a button, 
the graphics display converts to 
tabular form. 

The module is another exam- 
ple of Du Pont 's user-oriented 
practice of modifying and up-dat- 
ing LC equipment by add-on com- 
ponents: your system will not be 
outmoded, only upgraded. Every 
design and performance improve- 
ment in DuPont HPLC instrumen- 
tation, now and in the future, can 

m 
The 4-so lven t ,  7-step t e c h n i q u e  c, e de d by a t r i ang  he numbers represent the 

be used with existing Du Pont 
seven s t e p s ,  each of w h i c h  uses va ry ing  c o m p o s i t i o n s  of two of the solvents. When the 8800 systems. 
seventh step i s  completed, the s e p a r a t i o n  i s  done. Solvents are selected with  widely  differ- 
i n g  a c t i o n s  and with  water or hexane as a carrier.  

Du Pont's new 4-solvent, 
7-step technique signals a new, 
more efficient era in liquid chro- 
matography. Not only will your 
productivity be increased, but 
results will be more precise, and 
you will have complete assurance 
that your experiments are mini- 
mized in number. No more gnaw- 
ing feelings of ''just one more 
run" to get a better separation. 

The 4-solvent, 7-step tech- 
nique is a simple approach to 
HPLC separations-not a compli- 
cated one. Developed in Du Pont 
laboratories by J. J. Kirkland and 
co-workers, the technique is a 
proven procedure for methods 
development routines. By com- 
pleting the solvent optimization 
routine with 4 solvents, you arrive 
at the best possible separation of a 
mixture. And DuPont has devel- 
oped a graphics display module 
that lets you follow visually and 
control every step of the seven 

experiments required by the 
technique. 

How DuPont Increases 
Your Productivity 

With the 4-solvent, 7-step 
technique, separation routines 
that formerly took weeks to 
develop can now often be com- 
pleted in a day. When your series 
of seven experiments is com- 
pleted and validated, you can 
introduce the method into quality 
control, or multigram preparative 
separation, or purification meth- 
ods. You have complete assur- 
ance that it is statistically valid, 
optimum and far superior to 
"just adequate" methods used un- 
til now. With the 4-solvent, 7-step 
technique, you define tightly the 
parameters of your experiment at 
the very outset. Time-consuming, 
repetitive, nonproductive runs that 
show only incremental improve- 
ments are a thing of the past. 

Optimized Separation of Phenols 
3 

PEAK IDENTITY 
1. Phenol 
2. p.Flltrophenol 
3.2.4-Dinstrophenot 
4. o-Chlorophenol 
5. o.Nitrophenol 
6.2,4.DlmethyIphenol 
7.4.6-Dinitro-o.Creso1 
8.4-Ch1oro.m-Cresol 
9.2,CDichlorophenol 

10.2.4,6~Trich~orophenol 

l r l I l 1 I i I l  
0 2 4 6 8 10 12  14 16 18 

TIME (min.) 

Operating Conditions: 
Instrument: DuPont HPLC 
Column: Zorbaxm C8.4.6 mm i.d. x 19 cm 
Mobile Phase: 63 % A, 34% 8,3 % C, 

A. H20/ 1 % AcOH C. CH3CN 
B. CH30H D. THF 

Flow Rate: 3.0 cm31min 
kmperature: 50°C 

Expand Your 
LC Capability 

The DuPont Series 8800 is 
the only commercial HPLC sys- 



faster-with assurance 
method is right. 

tem with the pump capability 
required for 4 solvents. The 8800 
series can be used for all tradi- 
tional HPLC activities as well as  for 
non-routine capabilities: solvent 
linking-using non-miscible sol- 
vents in the same run; concentra- 
tion-elution runs; preparative runs 
(up to 40  cm3/min flow); sequen- 
tial runs of several different sepa- 
rations. With the Series 8800, you 
can run a total chromatographic 
experiment-from methods devel- 
opment to collection of pure sepa- 
rated fractions-on the same 
system, in a sequence that moves 
smoothly from start to finish. 

0 
LC ProductMty Grows with 
Advances inTechnology - 

I 

Du Pont: The New 
Leader in HPLC 

Technology 
Du Pont developed the 4-sol- 

vent, 7-step technique through its 
long-term commitment to HPLC: 
both as a major user of chromato- of today's most advanced solvent, 7-step methodology and 
graphy in its own worldwide instrumentation. powerful capabilities of the Series 
laboratories and as the developer The combination of the 4- 8800 will bring new and higher 

levels of achievement in HPLC 

~raditiond HPU: Binary Micro uurunt 
LC Gradient 

&?Ens 2CZnt 
HPLC 

Technolouv 
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DuPont's graphic display module lets you check each step of your experiment as it 
progresses. 

technology-limited only by the 
scope of the chromatographer's 
imagination. 

Compare-and You 
Will Choose DuPont! 

For more information on the 
4-solvent technique and how it 
can be put to work in your labora- 
tory, or for technical discussion, or 
a demonstration by a DuPont rep- 
resentative, call toll free 800-441- 
9841. Or write: Du Pont, Analytical 
Instruments Division, Room 
X39014, Wilmington, DE 19898. 

Please turn the page 
for a brief look at 

4-solvent, 7-step theory. 

Analytical Instruments Division 



A Brief Look at 
4 -solvent Theory 
The quality of an HPLC sepa- 

ration is judged by its resolution. 
Until now, all advances in chromo- 
tographic technique have mainly 
involved column efficiency, reten- 
tion or capacity. Developing a 
model or rationale for optimum 
selection of the mobile phase had 
not been possible. 

This is precisely what 
J.J. Kirkland and J.L. Glajch have 
achieved with the 4-solvent, 7-step 
technique developed in the 
DuPont laboratories. Their first 
step was to use the Snyder selec- 
tivity triangle"! 

In this triangle, the most com- 
mon HPLC solvents have been 
divided into eight major groups, 
each of which has different selec- 
tivity in a separation. Solvent 
groups are placed within the trian- 
gle on the basis of their relative 
strength as proton acceptors, pro- 
ton donors, or dipole interaction. 
Those groups closest to the ver- 
tices of the triangle are strongest 
in these factors. (Fig. 1). 

In making a choice of three 
solvents for optimizing selectivity, 
solvents are chosen from groups 
nearest to the three vertices of the 
triangle, so as to produce the larg- 
est differences in solvent action. 
Finally, the weak or strength- 
adjusting solvent-water or hex- 
ane-is chosen. Therefore, four 
solvents are required to cany out 
the optimization routine. 

In developing the 4-solvent 
technique, Kirkland and Glajch(2) 
use a triangle to define the entire 
selectivity space of a separation, 
Fig. 2. This triangle may be plot- 
ted within the confines of seven 

I depending on the mode of the 
experiment. Solvent compositions 
for the final four experiments are 
fixed; the blend ratios are defined 
on the optimization triangle sides 

1 
and center, Fig. 2. 

definitive isocratic experiments 
using combinations of the four 
solvents selected. 

The first of these experiments 
uses two of the four solvents 
(methanol-water, for example) 
which defines one vertex of the 
optimization triangle. The remain- 
ing two vertices are defined by two 
additional experiments, again 
using each of the other two sol- 
vents, plus water or hexane, 

L- 
Proton Donor 

( k i d )  

Fig. 1. The Snyder selectivity triangle 
divides the most common HPLC solvents 
into eight groups. hsition of the groups 
within the triangle depends on their rela- 
tive strength as proton acceptors, proton 
donors, or dipole interaction. 

Fig. 2. The 7-steps and defined 
concentrations of the solvents used for 
each step are shown in this triangle. 

Following these seven chro- 
matographic runs, an optimum' 
solvent region may be defined 
from visual examination of the 
chromatograms. Additional refine- 
ments may be made for the sepa- 
ration and require one or two 
additional runs. 

Detailed theory and explana- 
tion of the optimization technique 
will be found in references below. 
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Compare-and You 
Will Choose DuPont! 

For more information: call 
toll free 800-441-9841. Or write: 
Du Pont, Analytical Instruments 
Division, Room X39014, Wilming- 
ton, DE 19898. 
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