




ALBERT GHIORSO (L~FT) READS DIALS OF PULSE ANALYZER HE DEVELOPED TO DISnNGUISH BETWEEN DIFFERENT RADIOACTIVE ISOTOPES BY RELAnVE SPEEDS OF PARnCLES THEY EMIT 

i.e., combinations of elements. A typical tracing 
experiment begins with a solution containing l) 
a known compound and 2) tiny amounts of a radi­
oactive element. A second solution is then added 
to the first which -causes a new compound to preci­
pitate, or settle, out of the mixture. If a Geiger 
counter detects most of the original solution's radio­
activity in this precipitated compound, the chemist 
may assume that the radioactive element forms a 

similar compound. From this he can infer at least 
some of the radioactive element's properties. 

Few pro:Qlems of tracer chemistry are this sim­
ple. Some radioactive elements decay by emitting 
heavy alpha particles, others by emitting light beta 
particles. When an alpha and a beta emitter occur 
together it is fairly easy to tell them apart. When 
two alpha emitters (or two beta emitters) occur to· 
gether it is more difficult. The only difference be-

tween similar particles from different elements is 
their speed. Accordingly tracer chemists use sen­
sitive instruments which can determine particle 
speed. One such machine is the elaborate pulse an­
alyzer shown above. 

But even this ingenuity was not enough to solve all 
of the chemists' problems. To complete their knowl­
edge, the chemists had still to work with visible, 
weighable amounts of plutonium (see next page). 

DRIED PRECIPITATE is placed in a Geiger counter to determine if the radioactive ele­
ment is present. Chemist here works without the protection of lead bricks because ra­
dioactive element could at most be present in precipitate in harmlessly small amounts. 

EXPERIMENTER TESTS HANDS in another ~ounter to see if they are contamina­
ted with traces of the radioactive element. Chemist Thompson used this method to 
find compound which would separate plutonium from uranium and fission products. 
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MICROCONE IS LOADED with chemical solution by 
Dr. Cunningham. Solution is in a long, thin pipette held 
by micromanipulator at right. Dr. Cunningham turns 

knobs of two micromanipulators to bring microcone and 
pipette together. When solution is squirted out of the . 
pipette, r_eaction is observed through the microscope . . 

EVEN .BIGGEST 
LAB ·sPECIMEN 
IS VERY SMALL 
Even a,fter they had passed tne milestone· of isola­
ting the first visible quantities of plutonium made 
in cyclotrons, the Chic~o chemists continued 
their work on an incrediblv small scale. At the end 
of 1942 they had less than' 500 micrograms of plu­
tonium in pure compounds. A mi_crogram is a mil­
lionth of a gram. A U.S. dime weighs 2,500,000 mi­
crograms (2.5 grams). Before the war the smallest 
observable chemical reactions had been performed 
in microchemistry with quantities seldom less 
than a thousandth of a gram. It would have taken 
years for the cyclotrons to make enough pluton­
ium for extensive work on this scale, so the chem­
ists evolved a branch of their science called ultra­
microchemistry. 

Ultramicrochemistry is ordinary chemistry 
evenly scaled down in all its parts. Its chemic;1ls 
are weighed in sensitive balances, squirted through 
tiny pipettes, heated in tiny crucibles by tiny fur­
naces. Th.e test tube of ultramicrochemistry is the 
microcone, shown below. On the opposite page 
are -compounds of plutonium and neptunium as 
they are prepared in the precipitation cell at the 
tip of the microcone. 

Ultramicrochemistry contributed heavily to 
early achievements in the study of plutonium. Dr. 
Cunningham (left) and L. B. Werner used ultra­
IJlicrochemical methods to achieve a historic cli­
max in the work of the chemists: the ·isolation of 
plutonium's first pure compound (seep. 36). The 
next great step, the discovery of the chemical reac­
tion which was to separate plutonium from uran­
ium, was also studied in microcones. Before they 
had finished, the ultramicrochemists went through 
all of the reactions now used to separate pluton­
'ium in the canyons outside Han~ord's atomic piles. 

CHEMIST MEASURES OUT solution for ultramicrochernistry by carefuliy pushing it 
from a graduated glass tube. Pressure inside the tube is increased by turning knob. 
The solution is automatically stirred by a thin glass rod entering bowl from the left. 

MICROCONE is a closed glass tube with a narrow neck at the bottom. Triangulm 
speck in the tj,p of the tube is a compound which has been precipitated from solution. 
Part of the microcone shown in pictures on the opposite page is undicated by sjjuare. 
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HISTORIC PLUTONIUM COMPOUND, the first to 
be isolated by man, is this golden incrustation still pre~ 
served on a little platinum shovel in New Chern. Pre-

pared on Sept. 10, 1942 by Dr. Cunningham and L. B. 
Werner, the first compound weighed only 2.77 micro­
grams. This was enough for the ultramicrochemists to 

begin their work. The siz.e of the shovel,. which i held 
in a fine-pointed pair of laboratory forceps, is indicated 
by comparison picture at bottom left of opposite page. 
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'L~AD WALL PROTECTS Chemist Ralph A. James, 
co-discoverer of the elements americium and curium, as 
he works with deadly radioactive solutions. Open beak-

ers in "cave" beyond the wall are visible in mirrors at 
the top of the page. The solutions are transferred from 
one beaker to another by a · remote-control syringe 

which Chemist James holds in his hands. Periscope ex­
tends down to the level of the laboratory table inside 
the cave so chemical reactions cim be closely observed. 



TORSION FIBER BALANCE, used to weigh the mi­
nute quantities of ultramicrochemistry, is loaded by Dr. 
Cunningham. The beam of this balance is attached to 

PLATIN~M SHOVEL which is enlarged on the opposite page is lifted from its por~elain 
dish with forceps. Rubber gloves worn by men handling plutonium compounds are thick 
enough to protect them from plutonium's comparatively mild alpha-particle radioactivity. 

WEIGHING PAN ofthe balance (see top) is placed in a quartz-fiber cradle hung 
- from the balance beam. Balance is sensitive enough to measure differences of 

.02 micrograms yet strong enough to handle weights 1,000,000 times greater. 
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LEAD DOOR is swung open to show ~ans containing 
radioactive samples on the other side of the wall. The 
solutions in the cans are taken out by remote control. 

WALL OF LEAD 
PROTECTS MEN 
Nearly all of the elements studied in New Chern 
are highly radioactive. Small amounts of these can 
be handled by experimenters for short periods of 
time without much danger. When larger amounts 
must be .handled over longer periods the experi-

. menter must be protected from their radiations. 
·In New Chern's "hot lab" big radioactive samples 
are put behind a thick wall of lead, the most effec­
tive shield against radioactivity. Reactions are per­
fonned by remote control and watched through 
a periscope and systems of mirrors. These precau-

. tions and others employed in New Chern's many 
laboratories (see following pages) prevent the 
deadly effects of radioactivity. Sample: radiations 
may destroy so many disease-fighting white blood 

· cells that an infection in a scratch may be fatal. 

LEAD CAN is lifted through door to cave o~ the oth­
er side of the wall by Dr. French Hagemann. The can is 
so heavy that a chain hoist must be used to handle it. 



PLUTONIUM CONTI N UED . 

OUTSTRETCHED ARMS are long rubber gloves ·inflated by pressure inside a glass­
topped "dry box." This is a sealed chamber filled with a dry gas which will not combine 
with active elements like plutonium. The chemists then can work safely with radioactive 
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poiso~s which might scatter and be inhaled if handled in the open air. When exper­
imenters start work in the dry box, they momentarily reduce pressure to suck the 
gloves inward. At the right Dr. Edgar Westrum pushes his arms inside another dry 



box to work on a radioactive compound. Dr. Westrum is watched by Dr. ,Thorfin Jt. 
Rogness, a wartime head of New Chern. The round door at the left of each box is en­
trance of air lock used to introduce samples without changing the atmosphere inside. 

UNDER GLASS TOP of dry box an experimenter works on a raised stage. The moder- , 
ate pressure of the artificial atmosphere inside the box plasters the rubber gloves to 
his arms. A microscope can be swung over the glass to watch more minute operations. 

CLOSE-UP OF STAGE inside the dry box shows chemist loading a tiny crucible with a 
pellet of compound which is to be reduced to a pure metal. The little crucible is now 
put inside the larger crucible standing above it and placed in electric furnace (below). 

CRUCIBLE IS LOADED with forceps into the heating coil of a small electric furnace. 
The furnace is now put inside a glass bulb. When the air has been pumped out of 
the bulb, the coil is heated and the compound in the crucible is reduced to a metal. 
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CHEMIST TESTS HANDS in a Geiger counter as he 
leaves laboratory for the day. If his hands are contami­
nated meters in front of him will register. In the rack at 

left are badges containing pieces of photographic film 
which are carried by most laboratory workers. The film 
is blackened if worker is exposed to excessive radiation. 

PLUTONIUM CONTI NUED 

DANGER SIGN is left at laboratory table by chemists 
to warn other workers that one hour is the longest time 
t?ey can safely be exposed to radioactive sample there. 

LAB SAFETY IS 
AN OBSESSI-ON 
Exposure to radioactive elements is dangerous bu.t 
laboratory workers ~re much more afraid of carry­
ing the tiniest trace of radioactive material away 
from their work. Radioactive dust on their clothes 
or skin implacably keeps on radiating. Inside the 
body small amounts of a radioactive element may be 
fatal. Plutonium is notably poisonous because it 
goes to the hone marrow, where it de~troys the 
mechanism which makes red blood cells. 

New Chern's precautions taken ag~inst this danger 
amount to an obsession. Rooms where plutonium 
is handled are sealed and entered through air locks 
so radioactive dust cannot escape. The chemists' 
clothes, hands and work tables are constantly test- · 
ed for radioactivity. This vigilance has had its re­
ward. Althot1gh the workers of New Chern have han­
dled enough radioactive poisons to kill an army, not 
one of them has suffered serious radiation injuries. 

ARMED GUARDS take away New Chern's radioactive waste in garbage cans. All of 
this waste must be buried and guarded so people outside the laboratory will not be poi· 
soned by it. Even platinum tools contaminated by radioactivity must be thrown away. 

PROTECTIVE SLIPPERS are worn in laboratory rooms where there is a likelihood 
that radioactive dust will settle on the floor. This keeps workers from carrying dust into 
other parts of the laboratory, also protects them from the dust's continued radiation. 
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