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CHEMICAL ENGINEEING

Science News LETTER for April 2, 1960

The Tailored Molecule

The secret of finding “wonder” materials for future
rockets, TV sets and automobiles rests in the new science of

molecular engineering.

By ALLEN LONG

SOME DAY SCIENTISTS will be able to
design with engineering precision the new
materials needed to perform under special
sets of conditions.

When they are able to do this, the hit-or-
miss approach can be abandoned and one of
the biggest and most costly bottlenecks to
the advancement of scientific accomplish-
ments will have been eliminated.

This has to come, for there are no holes
in the periodic table of elements. This
means that the “wonder” materials for
future automobiles, wall TV sets and rocket
ships must be made out of the basic sub-
stances we now have at hand.

The process of designing a new material
to fit a special purpose might well be called
“molecular engineering.” It will include
manipulating the molecular structures of
known substances to build in the qualities
needed.

Great strides in this direction already
have been made. An end-product in one
case is familiar to every person who owns
a pocket-sized radio. It is the transistor, the
tiny, rugged, chunk of germanium that has
replaced vacuum tubes in many jobs, espe-
cially in hearing aids.

Transistors work because the germanium
contains a tiny amount of impurity. The
impurity may be as little as a few atoms of
indium in a million atoms of germanium.
Other impurities such as phosphorus, arsenic
and antimony can be successfully used.

Pure germanium is a poor conductor of
electricity. It has no free electrons. Each
germanium atom has four electrons that
seek to bond other atoms to it. In pure
germanium, each atom successfully makes
four electrical bonds with other atoms.
No electrons are left over.

If germanium is to conduct electricity, it
must have some free electrons. These are
made available by adding tiny amounts of
such “impurities” as indium, having three
electrons for bonding, or phosphorus, ar-
senic and antimony, having five electrons
for bonding.

Thus when a germanium atom combines
with one of these “impurities,” either the
germanium has an electron left over, as in
the case of a union with indium, or the
impurity has an electron left over. These
left-over electrons are free to move through
the substance when a voltage is applied.
Thus by adding an impurity to pure ger-
manium, scientists changed a poor electrical
conductor into a good conductor. The
scientists, in effect, engineered the material
to get a desired result.

Before scientists can go about an orderly
engineering of materials having special
properties, however, an enormous amount

of information must be amassed. The very
first step is to learn the properties of pure
materials. These properties are controlled
by the crystal lattice structure, the way the
atoms join to form larger units. Any im-
perfection in the lattice structure, or an in-
crease in the kinds and amounts of im-
purities, can change the material’s nature.

Then more information must be amassed
as outside factors are brought to bear on the
substance. These factors can be pressure,
temperature, atomic radiation and the at-
mosphere surrounding the substance. A
promising rocket material that withstands
high temperatures might be found to lose
this quality completely when subjected to
the cosmic radiation found in space. Or
perhaps the material might become even
more heat resistant.

Once such information is available for a
large number of chemical mixtures and
compounds, scientists can take more of a
slide-rule approach to the design of

specific materials to meet specific needs.

One storehouse for this kind of data is
at the National Bureau of Standards in
Washington, D. C. Scientists there are
constantly working out the factors that af-
fect the properties and behavior of materials.

Even more-critical work at the Bureau
involves the development of measuring
techniques. To assure valid results, these
measurement methods must be able to
guarantee the scientist that he is actually
measuring what he wants to measure.

To illustrate the measurement problem,
Dr. Irl Schoonover, the Bureau’s associate
director for planning, said that when some
property of a sample material is measured
independently in several laboratories
throughout the U. S., the results often vary
widely. Before molecular engineering can
get down to an exact science, all labora-
tories must be able to measure specific
qualities and get consistent results.

Dr. Schoonover does not see the Bureau
as a creative source of new, exotic materials.
In advancing the art of molecular engineer-
ing, he foresees the Bureau contributing
chiefly through development of “very fine
methods to enable others to make the mate-
rials.”

PORTRAIT OF A NEW MATERIAL—The pyramid-like blackboard draw-

ing is a phase diagram, the portrait of a new ceramic that some day may be

widely used in computers. The ceramic is a modified form of barium niobate.

By substituting certain atoms for other atoms, scientists at the National

Burean of Standards have created a material that can “‘remember” not only

by means of magnetism but also by electrical charges, combined qualities
that until now have not been available in a single material.
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These methods will include ways to pre-
pare the material, to purify it, and to test its
qualities through accurate measurements.

In the past, an enormous amount of work
has been done in this field. Much of it,
unfortunately, is of limited value.

One limitation is the temperature range
at which materials were tested. Until re-
cently, materials were studied at tempera-
tures ranging up to about 2,700 degrees
Fahrenheit. Suddenly rockets made mate-
rial performance important at much higher
temperatures.

Complicating the picture is the fact that
composition of the materials studied was
often not determined to a high accuracy.

Strange things sometimes happen under
the many forces that can act upon a mate-
rial, Dr. Alan D. Franklin, chief of the
Bureau’s mineral products division, said.

At frigid temperatures approaching ab-
solute zero, for instance, liquid helium
climbs the walls of its container. Some
metals suddenly lose all electrical resistance
and an electric current induced in them
theoretically will circulate forever if the
metal is kept that cold.

When water freezes, it becomes ice. When
extreme pressures are exerted, it becomes a
different type of ice. And then another
type. All told, there are at least five differ-
ent types of ice.

Under high pressure, new chemical com-
pounds have been formed. Man has also
been able to use pressure to produce in the
laboratory things that so far have existed
only in nature. For example, graphite,
under pressure, can be made into diamond.
Quartz, a special form of silicon dioxide
(sand), can be made into Coesite.

Coesite represents an entirely new form
of silicon dioxide. It is much denser than
quartz. After being formed under high
pressure, Coesite can be trapped in this
state by releasing the pressure and cooling
to room temperature.

Also at high pressures it has been found
that some electrical insulators become semi-
conductors, and brittle substances such as
bismuth and quartz become ductile. Tung-
sten carbide more than doubles its strength
when under a pressure of 400,000 pounds
per square inch. Liquid mercury freezes
at 180,000 pounds per square inch.

It can be seen that a staggering panorama
of material characteristics to be explored,
and exploited, confronts the researcher in
the molecular engineering field.

The qualities of materials are affected not
only by external factors but also by their
impurities, porosities, grain size, grain boun-
daries, lattice dislocations, strains, crystal
imperfections, and ability of the surface to
absorb liquids, solids and gases.

Each of these must be evaluated inde-
pendently for each substance. This infor-
mation is now being gathered and scientists
are beginning to approach the point where
“we can build in the qualities we want,”
Dr. Schoonover said.

Much work remains to be done before
scientists will be able to engineer the mate-
rials they need. But the scope is so wide
and the possible combinations of controlling
factors is so astronomical that, once these
are properly understood, it appears that a
whole array of new and exciting materials
some day can be created.
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4” DIAMETER MAGNIFIER

LENS: EXTRA STRONG AND POWERFUL

A terrific value! Use this lens as
magnifier, burning glass, spotlight
lens, projection lens, stereo and
photo viewer. Slight edge imper-
fections will not harm effective-
ness. Also ideal for reading very
fine print, for artists, students,
stamp and coin collectors. Handy
to have around after eye opera-
tions. Helps old people to read
again. Made in U.S.A. Our price
only $1.00 p.p. You’'d ordinarily
pay much more! Order today
Scientific & Lab Apparatus
63 Reade St., N. Y. 7, N.

AND
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By H. T. Behrman, M. D., and O. L. Levin, M. D.

Two dermatologists give you the up-to-date scien-
tific facts. They tell you in detail exactly what to do
to beautify and improve your skin, how to avoid or
correct skin disorders; and how to deal with many skin
problems as: Dally ca
metics—plmples—blackheads — acne — whiteheads —
cysts—boils—oily skin—dry skin—chapping—polson
lvy—ocold sores—hives-—superfluous hair—ringworm
—moles—-bm.hmarks—'scars—wam—-tumors—skln
cancer
““The type of book to which t.he physician can refer
Iuslrﬁtlent.s”—dournal of the American Medical As-
sociatlon.

Price $3.50 Postpaid e 5-Day Money-Back Guarantee

EMERSON BOOKS, Inc., Dept. 955-L
251 W. 19th Street, New York 11

STROBOSCOPES

You can now build a quality

% * shutter type stroboscope from
our kit of parts at a fraction of
the cost of a comparable instru-
ment. The assembled instrument,
for which we can supply every
component ready to nssemh]e
with a screwdriver, possesses

,, following features: 6000 RI’\[
battery powered motor with min-
imum life of 1000 operating

hours, sensitive speed control rheostat, sharp reso

HARRY ROSS

lution, wide range of speed. An excellent tool for
studying moving machinery. It works equally well
with any light source and unlike most types may
be used outdoors in bright sunlight. Kit includes
full directions for assembly and suggested sci-
ence projects. Send for descriptive literature

on kit and assembled

Instrument. Dept. SN P"ce $7'5° P-P-
Morris & Lee, 294 Elm, Buffalo 3, NY

NICE CAR—

Wipe it off every nice day with

a $3 KozaK Auto Dry Wash

Cloth and you'll NEVER have to

hose it. KOZAK will even DRY

wash a nice car that is so dirty [ ]
you can hardly tell the color of the
paint. Been doing it for 34 years now
. .. for people whose cars are ALWAYS
clean . . . this $3 investment will return
you fifty in car wash savings. And has
been so Guaranteed to 13 million buyers
since 1926. Mail coupon to:

KozAK

Auto Dry Wash

“made by people you can depend on
to do the right thing” ©

KOZAK, 274 S. Lyon Street, Batavia, N. Y.

Please send postpaid at once:

SUPER $4 KozaK
(lasts 4 times longer)

O | for $4

REG. $3 KozaK

(millions use them)

O 1 for $3

[ SPECIAL $5.00 ORDER: 1 Regular ($3) +
1 SUPER ($4) = $7 value for $5, to help you
decide on your next order whether SUPER or
Regular suits you best.

O check [ cash

OPTICAL BARGAINS

Order by Stock No.—8end Cheok or M.O.—
Satisfaction or Money Back!

OFFSPRING OF SCIENCE . . . REALLY
BEAUTIFUL CIRCULAR DIFFRACTION GRATING
CUFF LINKS AND EARRINGS

A Dazzling Rainbow of Color!
As a scientific phenomenon, this new
kind of jewelry is mpturing atten-
tion everywhere. Shimmering ral
bows of gem-like color in earring
and cuffs links of exquisite belu

— made with CIRCULAR
FRACTION GRATING REPLICI
Just as a prism breaks up light into
its full range of individual colors,

s0 does the Diffraction Grating.
8tock"No so 350-Q—

'wa?

ARG 7 o chnv> bi o Tax Incl. $2.75 Pstpd.
Stock No. 30 349-Q—
Earrings (cllp ) .o Tax Incl. $2.76 Pstpd.

: GIANT OPTICAL BARGAIN KIT

Useful popular items all in one

AR LTER
¢ LENSES DOUBLE- CONVEX
x 48mm; “FUN WITH OP-
TICS,” 32-page instruction
book; ‘“BEGINNER’S LENS
KYE.” 10 lenses to make many
optical items; “STAR & SAT-
ELLITE PA’I‘HFIX\DF R” Instruction Book; REC-

TANGULAR lIA(‘\IFIEII A big $10 value.
Stock No. 50,2 0 ............... $3.00 Pstpd.

f BLACK LIGHT MAGIC-GLOW KIT
Kit wuses long-wave blacklight,
2 which is completely harmless to
R eyes, but causes fluorescence in
£ over 3,000 substances. Includes
3 Magic Glow Lamp, stand, invisible
s ., Water paints and ink, fluorescent

5;’,@ crayon, tracer pmvder, pen,
. hmsheq specimens of fluorescent
ocks: wernerite from Canada,

fluorite from hm:lzmd willemite from U.S.A.

Stock No. 70,266-Q. ............. $10.95 Pstpd.

Here’s a Terrific Buy!
WAR SURPLUS! American-Made!
7 x 50 BINOCULARS
Big savings! Brand new! Crystal
clear viewing—7 power. very
optical element is coated. An ex-
cellent night glass—the size rec-
ommended for satellite vmwml
Individual eye focus. Exit pus
mm. Approx. fleld at 1,0

[
.;.

yds, 18 376 1t

Carrying case included. American
7 x 50’s normally cost $195. Our war surplus price
saves you real money.
Stook No. 1533-Q. . .only $55.00 pstpd. (tax Incl.)

BARGAIN PRICED STETHOSCOPE

For Hobbyists, Schools

Listen to running machinery.
Check on hard-to-hear motor
noises, leakage of gas, air or
fluid. Pick up heart beats of
animals, insect noises, other
“unhearable” sounds. Splendid
» k%44  for experiments, classroom use,
Stook e BOERBQ. . ....cc00.000s $2.95 Pstpd.
Stock No. 50,270-Q—Deluxe Model. . . $5.95 Pstpd.

MAGIC DESIGNER
For all geometric forms. This cre-
ative drawing toy doubles as a
Math aid. More than a million
different designs, including many
important geometric figures, can
be made. Appeals to serious stu-
. dent and cluld alike. The magic
1 8 designer itself is T% x8% x
1% ” Comea complet,e with special die-cut paper discs
of assorted colors, pencil and clear, easy to follow

instructions.
DU TORBEE). . c i cccsavsnss $4.95 Pstpd.
Take Telephoto Shots
Thru

7 x 50 MONOCULAR

This is fine quality, Ameri-
can made instrumenb—wn
surplus! Actually % of U.S.
Govt. Tx 50 Binocular.
Used for general obscrvauon both day and night and
to take fascinating telephoto shots with your camera.
Brand new, $95 value. Due to Japanese competition
we close these out at bargain price. Directions and
mounting hints included.

Stock No. 50,003-Q.............. $15.00 Pstpd.

FREE CATALOG-Q

128 Pages! Over 1000 Bargams!
America’s No. 1 source of supply for
science experimenters, hobbyists. Com-
plete line of Astronomical Telescope
gnm and assembled Telescopes. Also
uge selection of lenses, prisms, war
surplus optical instruments, parts and
accessories. Telescopes, micr
satellite scopes,

0SCOpes,
binoculars, infrared

enlperscopea. items for making *‘‘Sci-

ence Fair” projects, math learning
and teaching aids. Request Catalog Q. —
EASY PAYMENT PLAN AVAILAlL!l
DETAILS WITH CATALOG

D SCIENTIFIC CO.

RINGTON, NEW JERSEY




