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Elemental fluorine is so reactive that 
even asbestos burns in it!' The search for 
fluorine poisoned many researchers and 
probably shortened the life of Scheele, who 
originally prepared HF in 1771, and 
Moissan, who first isolated elemental flu
orine in 1886.2 (Note 1) For no other ele
ment has there been so long a period of 
time between the characterization of its 
compounds and the preparation of it in its 
elemental state. 

Faculte de Pharmacie, rue de 
l'Observatoire. In 1667 the Royal Observatory 
of Paris was opened with great fanfare on the 
southern outskirts of Paris (Figure 1). The first 
director was jean-Dominique Cassini 
(1625-1712), for whom the famous division in 
Saturn's rings was named. Accomplished sci
entists were soon attracted to the observatory; a 
plaque today outside the observatory informs 
us that Ole Christensen Romer (1644-1710), 
visiting from Denmark, in 1676 first measured 
the speed of light from observations of Jupiter's 
moons.3 The metric units of mass (gram) and 
length (meter) were defined following mea
surements and researches made at the observa
tory during the latter part of the 18th century.3 

Jn 1851 jean Bernard Leon Foucault 
(1819-1868) proclaimed to all scientists, "Yous 
etes invites a venir voir toumer la terre ... " 
("You are invited to see the earth tum"] as he 
set up his famous pendulum in the observatory 
and presented the first public demonstration of 
the rotation of the earth.' 

ln 1811 the rue de l'Observatoire was laid 
northward toward the luxurious Luxembourg 
Gardens Gardin du Luxembourg. Figure 2). 
Today, as one strolls northward from the Royal 
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Figure 1. (Aboue) The Royal Observatory of Paris, 
at the southern tenninus of rue de /'Observatoire. 
(Bottom left) The view of the observatory accord
ing to the Turgot Map13 of1739. (Bottom right) 
Northward from the observatory as far as the 
Seine, 15-centimeter bronze disks can be spotted 
with the name of [Dominique Frmifois jean] 
Arago (1786-1853), who helped lay out the 
Mendien de Paris, used universally until 1884 for 
0° longih1de. Humboldt in his Mexican travels" 
used this as his "prime meridian," actually 2° 
20.20 east of the Ct1rrent Greenwich, England, 
meridian. 

Observatory along the beautiful chestnut-lined 
walkways of Luxembourg Gardens, one can 
follow the trail of 15-cm bronze disks (see 
Figure 1) identifying the Paris meridian, radiat
ing northward as far as the Seine. This is the 
line that Humboldt used as the zero meridian 
in his longitude calculations in Mexico.' 

Adjoining the Luxembourg Gardens on the 
rue de l'Observatoire is the present Faculte de 
Pharmacie (Figure 3), which moved from its 
previous location on rue de l' Arbalete in 1882 
(Note 2). Among the faculty that made the 

Figure 2. At opposite ends of rue de /'Observatoire 
lies the Paris Observatory (A; N 48° 50.18, E 02° 
20.20) and the Moissa11 Musellm (B), located in 
the faC11/te de Phamiacy, 4, rue de /'Observatoire 
(N 48° 50.58, E 02° 20.18). The fluorine research 
was perfonned in Debray's laboratory on rue 
Michelet, 50 meters south (B). Other notable sites 
in the general area include (C) the Sorbonne, (D) 
Curie lnstiMe and M115ellm, and (£) Notre Dame 
Cathedral. 

move in 1882 was the young chemist 
Ferdinand-Frederic-Henri Moissan (1852-
1907), who had joined the institute in 1879. 
Through his work on the electric arc furnace 
and the preparation of elemental fluorine, 
Henri Moissan became famous at the Faculte 
de Pharmacie, winning the Nobel Prize in 
1906.2 
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Today the Faculte de Pharmacie houses the 
Musee Henri Moissan (Moissan Museum), a 
large salon maintained by Professeur Jerome 
Dugue and filled with "les souvenirs d'Henri 
Moissan"--€xhibits and mementos, including 
diplomas of the Nobel Prize and other decora
tions, documents, photographs, and books. The 
museum is open only by appointment; we had 
to make a reservation months in advance. 

During the prescribed day, our patience was 
well rewarded with a guided tour by a visiting 
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Figure 3. Faculte de Phamiacie. In the courtyard 
(lower right, not shown) is a statue of Vauquelin, 
the discoverer of chromium and beryllium (see ref 
4 for a photograph). 

expert of the life of Henri Moissan-le 
Professeur emerite Jacques Rivet. For an after
noon we were captivated as Professeur Rivet, 
elegant and poetic, gave a three-hour presenta
tion on the life and accomplishments of Henri 
Moissan, moving from showcase to showcase 
in the expansive hall (Figure 4). 

Moissan (Professeur Rivat related in his nar
rative) was born in Paris but moved to Meaux 
(40 km east) when he was 12. Later he was 
apprenticed at the Bandry apothecary in Paris 
(at the comer of rue Pemelle and rue Saint 
Denis, 1.93 kilometers north, across the Seine). 
After studying with Edmond Fremy 
(1814-1894; discovered "Fremy's salt," 
NO(S0 3Nah, in 1845) at the Museum 
d'Histoire Naturelle, in 1879 he accepted a 
position at the Ecole Superieure de Pharmacie. 
In 1882, when the school moved to its present 
position, Moissan married Leonie Lugan, the 
daughter of a pharmacist in Meaux. This mar
riage was most fortunate, because her devotion 
and support allowed Moissan to pursue a most 
productive career, while his father-in-law gave 
financial support for his scientific endeavors. 

Moissan originated his fluorine studies at a 
house on rue de Lancry (3.5 km northeast), but 
H.-J. Debray allowed him to use a more power
ful battery in temporary barracks on the rue 
Michelet for his electrolysis studies (Note 3). 
This battery was designed after the one Robert 
Wilhelm Bunsen (1811-1899) had prepared, 
and with which he had recently prepared ele
mental rubidium (1863) and cesium (1882). The 
Debray laboratory, immediately around the cor
ner from the Faculte de Pharmacie (Figure 2), 
was ramshackle, but ideal for Moissan's corro
sive chemicals. Moissan first prepared elemen-
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Figure 4. Le Professeur emerite Jacques Rivet holding a special metal tube constructed by Henri Moissan 
used to sh1dy elemental, gaseous fluorine. Capped with transparent, inert fluorite caps, the tube allowed 
Moissan to obseroe for the first time that the color of elemental fluorine is yellow. 

Figure 5. &hibited in one of display cabinets in 
the Musee Moissan, the electrolysis apparatus 
used to produce elemental fluorine stands before 
Moissan's Nobel Prize certificate. 

tal fluorine in 1886; the discovery was 
announced by Debray at the French Academy 
of Science meeting on 26 June 1886.5 The key to 
Moissan's successful apparatus (Figure 5), as 
Professeur Rivat explained to us, was the com
bination of "French ingenuity" and four key 
ingredients: 

(1) Finding a chemical system that was 
electrically conductive, that did not 
contain water, which would produce 
oxygen and not fluorine {KFIHF solution). 

(2) Constructing an apparatus that was inert 
to elemental fluorine (fluorite, CaF:z). 

Figure 6. Moissan's electric arc fumace required 
huge amounts of energy and was run at the 
Edison Works in Paris. 

(3) Utilizing inert electrodes at a cold tempera
ture so the electrodes would not be 
attacked (Pt-Ir electrodes, in an apparatus 
contained with a condensed methyl 
chloride bath, -23° C ). 

(4) Using a chemical test which would prove 
the existence of elemental fluorine (sponta
neous combustion with elemental silicon). 

The shed on rue Michelet no longer existed, 
Rivat explained; it had been tom down because 
of months of savage abuse with corrosive 
chemicals. Even the windows were heavily 
fogged from reaction with hydrogen fluoride. 

Moissan diversified his research to develop 
the "Moissan furnace" (Figure 6), an electric arc 
capable of temperatures as high as 3500° C. This 
furnace required prodigious quantities of elec
tric power; Moissan first used the generating 
power at Gare de !'Est (railway station), but 
then settled on the Edison Works on Avenue 
Trudaine (4.3 km north of the Faculte de 
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Figure 7. Moissan's portrait in the Salle des Actes, 
a grand hall with 91 other portraits of famed sci
entists associated in the Faculte de Phannacie. 

Pharmacie). In 1891 he first prepared carborun
dum, which has since been discovered in vol
canic plugs and is named "moissanite." 
Moissan's goal was to prepare synthetic dia
monds, and at the time it was believed he was 
successful. However, today it is doubtful that he 
was able to manufacture diamonds without 
high pressure; instead, he probably mistook 
carbide grit for his" crude diamond sand." 

Moissan is credited with writing more than 
300 works, his greatest being "Le Four Elec
trique" ("The electric-arc furnace," 1897), "Le 
Fluor et ses Composes" ("Fluorine and its com
pounds," 1900), and "Traite de Chimie 
Minerale" ("Treatise on inorganic chemistry," 
five volumes 1904--1906). He was an excellent 
lecturer and a meticulous and patient experi
mentalist. 

Photographs and medals on the walls com
memorate the presentation to Moissan of 
Commandeur de la Legion d'Honneur, his 
election as a member of the Academie de 
Medecine (1888), Academie des Sciences 
(1891), Conseil d'Hygiene de la Seine (1895), 
and the Comite Consultatif des Arts et 
Manufactures (1898). In 1887 Moissan was 
awarded the Prix Lacaze; he was a Davy medal
list in 1896 and a Hofmann medallist in 1903. 
Moissan was honored by the Franklin Institute 
of Philadelphia and was awarded Fellowships 
of the Royal Society of London and The 
Chemical Society (London). He held honorary 
memberships in many other learned societies. 
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Figure 8. Lavoisier's statue in the Facu/te de 
Phannacie stands at the top of the second landing 
of the Faculte de Phannacie (Note 4). 

Moissan, in his later years, was in poor 
health, undoubtedly because of his exposure to 
poisonous chemicals. The year after he 
received his Nobel Prize, he died suddenly at 
the age of 54. 

After our visit in the museum, we were then 
led out of the museum through an archway into 
the Salle des Actes, a huge ballroom where por
traits of past professors of the university were 
displayed. Moissan's painting (Figure 7) was 
there, surrounded by the portraits of 91 other 
professors of the university during its four-cen
tury history. These portraits included Louis
Nicolas Vauquelin (1763-1829), first director of 
the Ecole de Pharmacie (1803-1829), discover
er of chromium and beryllium; the family of 
Etienne Fran~ois Geoffroy (1672-1731), who 
first articulated the "Table of Affinities" in 1718, 
a compilation of chemical trends, which 
allowed prediction of outcomes of other reac
tions; Guilliaume Fran~ois Rouelle 
(1703-1770), demonstrator of chemistry 
1742-1768 at the Jardin du Roi and the chemi
cal instructor of Lavoisier during 1763-1764; 
and Antoine Baume (1728-1804), who invented 
the hydrometer bearing his name in 1768. 

The staircases of the Faculte de Pharmacie 
were adorned with beautiful stained-glass win
dows depicting the history of pharmacy and 
chemistry. One such window portrayed 
"Lavoiser dans son Laboratoire," and at the top 
of the staircase landing stood an 8-foot statue 
of Lavoisier (Figure 8). (Note 4). 

Finally we returned to the Musee Moissan, 
where our guide proclaimed, "Je suis fini!" We 
settled down at a table where we were treated 
to the"haute cuisine" of the best wines and bis
cuits (Figure 9). After pleasant conversation 
about our families and friends in the U.S., we 
departed, tired but pleased with our full note
books and camera disks. 

Visiting Meaux. The next day, a one-hour 
train ride east took us to Meaux, east of Paris. 
This village celebrates its favorite son by a mon
ument (Figure 10) dedicated to Moissan, next to 
the Lycee Moissan (high school). This monu
ment was reached by a 10-minute walk from 
the train station, 350 meters northeast. 

The Strange Story of Stinkspat. Fluorine 
is a relatively common element in the earth's 
crust (ranking 13th in abundance),' and yet 
because of its reactivity, fluorine has never been 
observed in its elemental state in nature. 

Or has it? An unusual form of fluorite, which 
has been in extended contact with codeposited 
uranium minerals, can undergo devitrification 
to an incoherent form of a dark violet (virtually 
black) mineral called "Stinkspat." When 
crushed, it spawns a noxious, acrid odor. 
Anecdotal stories abound of ancient miners 
growing violently ill when digging up deposits 
of Stinkspat.' 

In Wi:ilsendorf, Germany, we visited a 
famous fluorite mine that has produced size
able quantities of Stinkspat (Figure 11). Earlier 

Figure 10. The Moissan monument in Meaux 
(Place Henri Moissan, N 48° 57.53, E 02° 52.68) 
is 40 kilometers east of the Faculti de Phannacie. 
On the sides of the monument is a relief of the flu
orine electrolysis apparatus (right) and his electric 
furnace (front). 
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Figure 9. The curator of the Moissan museum, Professeur Jerome Dugue, 
Laboratoire de chimie physique et de chimie minerale (right), and Professeur 
emerite Jacques Rivet pour wine and prepare hors d'oeuvres in the style of typi
cal wann French hospitality after Rivet's presentation to the authors. 

Figure 11. WOlsendorf, Gennany, is the site of"Stinkspat," a radioactive Jann of 
fluorite that produces inclusions of fluorine (N 49° 24.59, E 12° 11.24, 44 km 
north of Regensburg, Gennany, and 35 km west of the Czech Republic). 

research has reported that when Stinkspat is 
crushed, the released fluorine apparently reacts 
with water vapor to produce HF, then ozone, 
and finally hydrogen peroxide.u "Antozonite" 
was proposed as a name for this mineral variety 
of fluorite by Christian Friedrich Schiinbein 
(1799-1868), the discoverer of ozone'0 in 1839; 
he also discovered guncotton'0 in 1845. Wohler 
had also previously noticed the odor from 
crushed Stin.kspat; and Moissan, familiar with 
the odor of F21 verified its identity from the pul
verized mineral.' Recent mass spectral studies" 
have shown that samples of Stin.kspat contain 
quantities of carbon tetrafluoride and sulfur 
hexafluoride, the amount of which correlates 
with the amount of radioactivity present, but 
this experimental procedure is not able to con
firm the evolution of F2 or other corrosive gases. 

Wishing to revisit the 19th-century experi
ment,' we crushed small (1 gram) quantities of 
Wiilsendorf Stink.spat (Figure 12) in a mortar. 
There was indeed a foul odor, lasting only 2-5 
seconds. We ground samples with "Schiinbein 
paper" (prepared with potassium iodide and 
starch''1) and verified by the developing blue 
color the presence of a powerful oxidizer (the 
blue color could subsequently be dissipated by 
the addition of thiosulfate solution). A "win
dowless" EDX (energy dispersive X-ray) analy
sis of the sample (which can detect elements 
with atomic numbers as low as 5) showed only 
Ca and F (and traces of Si, Mg. and Al; no 0 
was detected). Apparently the oxidant does 
indeed arise from elemental fluorine! Our 
"Living Periodic Table"12 is now complete-it 
now includes a specimen of Stink.spat, which 
allows us to claim a sample of fluorine "in the 
native state." 
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Notes. 
1. Even research with fluorine salts was dan

gerous; gaseous hydrogen fluoride itself is 
extremely poisonous. Sir Humphry Davy 
(1778-1829), successful in the electrolysis and 

Figure 12 Stinkspat specimen from WOlsendorf, 
Gennany. When ground in the presence of 
starch/Kl paper, a blue rolor develops, shawing the 
presence of a strong oxidizer (f 2 inclusions). 

reduction of reactive metal salts, was sickened, 
but recovered. Others who were poisoned by 
experiments with hydrogen fluoride include 
Joseph Louis Gay-Lussac (1778-1850) and 
Louis Jacques Thenard (1777-1857) of France, 
and George and Thomas Knox of Ireland. 
Among those who perished in the attempt to 
prepare elemental fluorine were Jerome Nickles 
(1820-1869) of Nancy, France, and Paulin 
Louyet (1818-1850) of Brussels, Belgium. 
George Gore (1826-1908) of Birmingham, 
England, experienced a violent explosion in 
1869 while working with the electrolysis of flu
oride salts.'s 

2. Nicolas-LouisVauquelin (1763-1829) had 
been the director of the Pharmacie Institute, 
then known as Ecole Superieure de Pharmacie 
on rue de I' Arbalete, (N 48" 50.39, E 02° 20.84), 
880 meters southeast of the present Faculte de 
Pharmacie at 4, rue de l'Observatoire. The orig
inal plaque at rue I' Arbalete is displayed in the 
front hallwall of the present Faculte de 
Pharmacie and dates the school from 1577. The 
building at rue l' Arbalete now houses an 
agronomy school (Institut National 
Agronomique; main entrance at 16, rue Oaude 
Bernard). 

3. Henri Jules Debray (1827-1888) appears 
in the painting portraying the preparation of 
aluminum by Henri-Etienne Sainte-Oaire 
Deville (1818-1881) in the Sorbonne.16 

4. There are scores of paintings, reliefs, busts, 
and statues of Lavoisier, 11 but this statue is, in 
the opinion of the authors, the grandest. Before 
WWII a grandiose statue of Lavoisier was posi
tioned in front of Madeleine in Paris, but it was 
destroyed by the Nazis." 
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IN MEMORIAM 
I 

ANDERS, Frank W., Sigma 1940 
ARMSTRONG, Alfred R., Alpha Kappa 1945 
ATTWOOD, Frederick B., Alpha Psi 1930 
BALLARD, Hollis Claude, Alpha Omega 1932 
BALLS, Delwin D., Alpha Xi 1948 
BERTINO, James P., Chi 1945 
BOCKHOFF, Frank J., Gamma 1948 
BORROWMAN, Samuel R., Alpha Xi 1943 
BOWER, Paul E., Delta 1951 
BREHMER, Thorwill, Omicron 1940 
BROWN, Robert G., Tau 1936 
BYRD, Dana Christine, Beta Phi 1993 
CHEELY, Joel F., Alpha Omega 1947 
CHILD, Ralph G., Alpha Pi 1946 
CLARK, Edward P., Alpha Eta 1946 
CLENDENEN, Woodrow B., Alpha Theta 1947 
COLBERT, George P., Alpha 1949 
COOLEY, Mark Charles, Beta Theta 1976 
CRITTENDEN, Eugene D., Jr., Alpha Iota 1947 
DAVIS, Raymond, Jr., Alpha Rho 1935 
DEGAETANO~Joseph F., Alpha Kappa 1951 
DEINKEN, Charles H., Eta 1936 
DENSLOW, Victor A., Tau 1941 
DICKERSON, Charlesworth L., Alpha Kappa 1952 
DICKINSQN, Sheldon J., Alpha 1921 
FISHER, Allan L., Alpha Theta 1950 
GILFOIL, William S., Psi 1927 
GRAVES', Harold E., Beta 1929 
GULICK, Nom1an M., Eta 1946 
HENRY, John A., Mu 1949 
HOTCHKISS, Rollin D., Chi 1934 
HUMPHREYS, Hugh K., Alpha Phi 1943 
HUNTER, James D., Beta Delta 1963 
HURD, Howard W., Nu 1942 
JOHNSON, Ralph F., Alpha Beta 1948 
KIMBALL, Robert B., Mu 1946 
KNEIP, Theodore J., Beta 1949 
LAMAR, Wt!Jiam L., Alpha Rho 1927 
MAGNELL, Kenneth R., Beta Xi 1959 
MERRIFIELD, Robert B., Beta Gamma 1944 
MEYER, John J., Psi 1941 
MORECROFT, Barton T., Pi 1947 
MORTIMER, Forrest S., Alpha 1941 
NEHLS, Gordon H., Alpha Delta 1947 
ORR, William F., Alpha Zeta 1939 
OSMENT, Harry E., Alpha Tau 1951 
PAINE, Robert H., Tau 1948 
PHILPOTT, Delbert E., Epsilon 1947 
POULOS, Nicholas A., Upsilon 1949 
PROPST, Merton C., Jr., Beta Epsilon 1939 
PUNDSACK, Frederick L., Zeta 1950 
RING, Donald D., Gamma 1954 
SHEFCIK, John J., Jr., Alpha Psi 1949 
SHIM, B.K.C., Upsilon 1953 
TERRELL, Gail E., Alpha Delta 1963 
THOMAS, Seymour, Beta Gamma 1946 
THOMPSON, Robert J., Jr., Beta Gamma 1939 
URRY, Grant, Beta Nu 1963 
WAGNER, Clayton R., Tau 1952 
WAGNER, James B., Jr., Alpha Kappa 1948 
WORK, Harold K., Jr., Chi 1953 

BROWN, Robert G., Tau 1936, 88, died in 
early 2006. He received his undergraduate 
degree from Cornell in 1939. After working for 
Goodrich in wwa, he relocated to upstate New 
York where he founded the company known 
today as Spray Nice Corporation. "Spray Nice," 
which went on the market in 1954-55, is con
sidered to be America's first all-purpose spray 
cleaner. 

CLARK, Edward P, Alpha Eta 1946, died on 
June 12, 2006, in Fayetteville, AR. He was a 
graduate of the United States Naval Academy. 
Clark retired from the U.S. Air Force in the 
grade of colonel, and served on the faculty of 
the Department of Mechanical Engineering at 
the University of Arkansas. 

DAVIS, Jr., Raymond, Alpha Rho 1935, 91, 
died on May 31, 2006, at his home in Blue Point, 
NY. Davis shared the Nobel Prize in Physics in 
2002 for detecting solar neutrinos, the signature 
of nuclear fusion reactions occurring in the core 
of the sun. Davis earned a B.S. and M.S. from 
the University of Maryland in 1937 and 1940, 
respectively, and a Ph.D. in physical chemistry 
from Yale University in 1942. After his Army ser
vice and two years at Monsanto, he joined 
Brookhaven Lab's Chemistry Department in 
1948 and retired in 1984. 

JOHNSON, Ralph F., Alpha Beta 1948, 76, 
died January 18, 2006, in Lakewood, OH. He 
received his B.S. in chemical engineering from 
the University of Michigan in 1950. Upon grad
uation he was employed by Standard Oil Co. of 
Ohio, the forerunner of BP, and retired after 34 
years of service. 

MERRIFIELD, Robert B., Beta Gamma 1944, 
84, died on May 14, 2006, at his home in 
Creskill, NJ, after a long illness. Merrifield 
received the 1984 Nobel Prize in Chemistry for 
automating the previously daunting task of 
synthesizing complex proteins. His work 
helped develop such treatments as blood pres
sure medications, insulin, and other hormone 
medications. He received his B.S. in chemistry 
in 1943 and his Ph.D. in biochemistry in 1949, 
both from UCLA. He joined what was then the 
Rockefeller Institute for Medical research in 
1949 and became an emeritus professor in 
1992. 

NOTICE: To the families of our deceased 
Brothers: Plea.se contact the National 
Office (see inside front cover) upon the 
passing of one of our members. The 
Fraternity certainly appreciates and wel
comes the return of our members' pins, 
badges, and memoribilia to the National 
Office. 
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