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The periodic table of elements
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He moved the elements around to make their
chemical properties similar. He positioned
lodine correctly.

The dashed lines indicated a missing
element that he named eka- (eka-silicon,
germanium; eka-aluminium, gallium, eka-
boron, scandium) and he predicted some
properties for those elements missing but
that should in the table.

People started looking for eka-caesium



Periodic Table of Elements

based on Mendeleev's Periodic Law
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Radioactivity:
Something
probabilistic in nature



February 27 1896

Pierre Curie

Marie Curie

Henry Becerel




Rutherford discovers there are two kinds of rays
in radioactivity (a, [3)

Ernest Rutherford



Rutherford determines ~ 1910

* Alpha particle is a helium nucleus
« Beta particle is an electron

The researchers focus on:

* How quickly an element decays?

 How it decays (alpha or beta)?



Intensity

Alpha decay spectra
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1928 George Gamow explains alpha decay as a
tunneling process




Tunneling of alpha particles
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Beta decay:

Lise Meitner y Otto Hann (1911), Jean Danysz (1913)
and James Chadwick (1914) measure thee spectrum
of beta decay and it shows a continuum of energies.
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Beta decay theory by Enrico Fermiin 1934, it is
just spontaneous emission.

Enrico Fermi



Spontaneous emission
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Nature does not have Parity symmetry (19506),
C.N.Yangand T. D Lee.

Change xto —x; yto-yand zto -z
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The NBS-Columbia Experiment



The weak interaction changes the “flavor” of a
particle: a neutron becomes a proton.

The inverse process a proton becomes a neutron is
the beginning of the solar cycle.

The weak interaction violates parity and charge-
parity (1964).

Neutrinos have mass and oscillate (~1990-2010)



The discovery of Francium



First report of eka-caesium

D. K. Dobroserdov, a soviet chemist, claimed to
have found eka-caesium. In 1925 he observed
weak radioactivity in a sample of K and
incorrectly concluded that eka-caesium was
contaminating the sample (it came from 4°K)

He published his predictions of the properties of
eka-caesium, which he named Russium after his
home country. He abandoned any pursue of
element 87.



In 1926 Gerald J. F. Druce and Frederick H. Loring
(UK) analyzed X ray spectra of manganese sulfate
and presumed to see eka-caesium, they proposed

to name it alkalinium.



Time Magazine February 1930

Monday, Feb. 17, 1930

P Subscriber content preview. or Log-In

+ Share

Of the 92 elements which the late great Russian Dmitri Ivanovitch Mendeleeff (1834-1907)
predicates with his Periodic Law, 16 have been discovered since 1894.* Two remain to be isolated—
eka-iodine and eka-cesium.t Last week Dr. Fred Allison and Edgar Jackson Murphy of Alabama
Polytechnic Institute at Auburn, Ala., reported that they had "evidence of considerable weight for the
presence"” of eka-cesium in certain salts they had reduced from lepidolite, a form of mica, and
pollucite, a mineral consisting chiefly of cesium, aluminum and silicon. When they break down their

salts they will get a...

(They wanted to call it Virginium). Report retracted later.



Horia Hulubei and Yvette Cauchois analyzed
pollucite (the mineral that was analyzed by Fred
Allison) in 1936 using X ray spectra and they
presumed they were from element 87, They
announced it and proposed Moldavium. By 1937
there was criticism of their work but they were
supported by Jean B. Perrin who sided with
them, but later changed his mind.



Marguerite Perey (1909-1975)

Born in Villemomble, east of Paris, youngest of
5 children.

She studied at Lycee Victor Duruy.

She wanted to study medicine, but the dead of
her father made her look for something more
immediate.

Studied in a vocational college chemistry
laboratory technician.

The Curies often hired the top student from the
school as an assistant, and Perey at 19 was
called in for an interview.



Lycee Victor Duruy 7th Arr. Paris, for girls opened 1912



Her first impression of Marie Curie in 1924.
“Without a sound, someone entered like a
shadow. It was a woman dressed entirely in
black. She had gray hair, taken up in a bun,
and wore thick glasses. She conveyed an
impression of extreme frailty and paleness.”
A secretary, Perey thought — then realized
she was in the presence of Curie herself.

“| left this dark house, persuaded that it was
for the first and last time. Everything had
seemed melancholy and somber, and | was
relieved to think that | would undoubtedly
not return there.”



In the garden of the Institut du Radium (1930)



At the Institut du Radium



* Actinium was discovered by looking at the
residues left by Pierre and Marie Curie when

they discovered Radium.

 Mme. Curie wanted to study Ac and hired M.
Perey for the job of purifying the element.

* 1000 Kg of natural Ur mineral contains about
0.2 milligrams of %2’Ac (atomic number 89, half

life through beta decay of 21.77 years). She
was given ten tonnes so she could get a few

milligrams.



» She worked many years on the task.

« She discovered that the actinium had two
decays after she finished the purification, one at
220 KeV corresponding to actinium and the
other at 80 KeV of the daughter with half-life of
21 minutes.
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« Saw that the activity of the daughter behaved like
an alkali as it precipitated with some cesium salts.
* She was doing nuclear chemistry of the highest

quality.
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Discovery of Francium as
a product of alpha decay
of actinium in 1939
(Marguerite Perey)

223

227 4
SAC — JFr+,a

Eka-caesium
(Mendeleeff)



Maruerite Perey, Institut du Radium, Paris~1939




Comptes rendus a L'Academie de Sciences, 208, 87 (1939)
Séance du 9 Janvier 1939

f'.par ray onnement Q, autre par rayonnement x.



Jean B. Perrin, founding father of CNRS



« She was given a fellowship to study her PhD at
La Sorbonne, which she finished in 1946.

* Professor at Strasbourg, head of Nuclear
Chemistry (1949).

* First woman elected as a corresponding member
of the French Academy of Sciences (1962).

Veronique Greenwood, “My Great-Great-Aunt Discovered Francium.
and It Killed Her.” New York Times Magazine Dec. 3, 2014;
photographs provided by Jean Trouchaud.



Marguerite Perey in her office in Strasbourg



The origin of the name

1939 Perey proposes Actinium K
1946 Perey proposes Catium
(Objected by Irene Joliot Curie)
1949 Francium (Fa later changed to
Fr) making the second element
named for the country (Gallium).



The entrance to atomic physics



» |[SOLDE (Isotope Spearator On Line DEtector)
at CERN produces radioactive atoms using
proton beams hitting different targets.

» Study Nuclear and Atomic properties of chains
of isotopes.

* Developed a source of radioactive alkali so
Rb, Cs, and Fr could be studied.



C. R. Acad, Sc. Paris, t. 286 (16 mai 1978) Hevie B — 253

SPECTROSCOPIE ATOMIQUE. — Prenicre mise en évidence dune fransition opiigue
demis ['atome de francion. Note () de Sylvain Libersiy, Jacques Pivard, Hong T
Duong, Patrick Juncar, Jean-Louis Vialle, Pierre Jacquinal, Moembie de I'Académie,
Gevhavd Huber, Frincois Touchard, Stephan Riittgenhac”  Anwie Pesnelle, Catherine
Thihaw, Robert Klapiseh et Collahoration ISOLDE.

Sylvain Liberman
(1934-1988)

Found the D2 line of Fr (718 nm),
working at Isolde CERN.

Try to find a coin between Hefei and
Xi'an

Thanks to Serge Haroche for his
Interest in Fr
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A highly sensitive method of detection coupled with a laser atomic beam experiment using on-line-produced Fr
isotopes, has permitted finding and measuring the first optical resonance line of this element and its wavelength:
A =T717.9740.01 nm. A high-resolution optical study has been undertaken, which has led to the determination of
the hyperfine structure and isotope shifts for isotopes of mass number 208 to 213.



Studies in Na, Rb and Cs isotope chains at
ISOLDE.

Radioactive source (ISOLDE): 600 MeV
protons on an U target.

Produced a beam of 108 Fr* ions neutralized
on a cylinder coated with Yttrium.
Efficiency of about 10 to the interaction
region.

Tunable lasers (dye lasers) with coarse
scanning and fine scanning.

Detection with a combination of optical
pumping, magnetic 6-pole and ion counter.
Careful about radioactive contamination.



atom
signal

(a)

(b)

N

(c)

—
laser frequency

“Laser optical spectroscopy on francium D,, resonance line.”
S. Liberman, J. Pinard, H. T. Duong, P. Juncar, P. Fillet, J.-L.
Vialle, P. Jacquinot, F. Touchard, S. Buttgenbach, C. Thibauilt,
M. de Saint-Simon, and R. Klapisch, A. Pesnelle, G. Huber,
Phys. Rev. A. 22, 2732 (1980).



LETTERS TO THE EDITOR 1017

HerMAN YAGODA
New York University,
Washington Square East,
May 19, 1932,

The Ultimate Lines of Element 87

TaBLE 1I. Red lines of neutral ekacaesium.

N, Na Ny b Na/ Mo

125—22Py: Aa/Ns=0.010860 N, +2.0001

37 7800.30 29  3247.548 2.40190
55 8521.15 47  3280.67 2.59738
87 (7150) 79 2427.96 (2.9449)

125—22Py: Na/Ny=0.012014N,+4-1.9830

Rb 7947.63 Cu  3273.964 2.42753
Cs 8943.6 Ag  3382.89 2.64378
87 (8104) Au  2675.95 (3.0282)

T e ae e~ — gv—
-

H. Yagoda, Physical Review 40, 1017 (1932)
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Why use Cu, Ag, and Au from the IB column?

He had tried to use some quantum defect theory to predict
the location of radium lines, but when they were found the
prediction was too far. He used then

A
—2=mN +b
A a

b

The correlation coefficient for IIA, IIB with the new radium
data was high (C>0.9999) so he applied it to eka-cesium
using IA and IB, the result is remarkable. All column |
elements have a single s electron in the outer shell.



The ionization potential of Fr:

Sample use %2°Th to implant %?°Ra into a
foil that then produces actinium and then
francium, all with alpha decays.

225R o B > 2257 0 ___‘_Y__> 221 o S
14.8 days 10 days ! 4.8 min

Toy\
MR

V. S. Letochow (1939-2009)

Excite the D2 line and then bring a laser to almost ionize
Localize the Rydberg series for D and S states

Extrapolate and find |= 32 848.0(3) cm! or 4.073 eV, more than
the 3.89 eV of Cs

“Rydberg levels and ionization potential of francium measured
by laser-resonance ionization in a hot cavity”, S. V. Andreey, V.
|. Mishin, and V. S. Letokhov J. Opt. Soc. Am. B 5, 2190 (1988).



Francium Atomic Energy Levels

506nm

881/2
6D state
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Francium at Stony Brook



Measure Atomic Parity non
Conservattion and compare to
predictions of the SM and study if
the weak interaction gets affected
by the presence of lots of
nucleons.

Use a heavy atom (Buchiats) as

the measurements scale faster
than Z3 and Z8?3



Weak PV electron-quark couplings
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How did we make Fr at Stony Brook ?
Fr 210

product

Chart of the

Nuclel
180
projectile

126

Gold
Target



A Brief History of Francium at Stony Brook
with Gene D. Sprouse

1991-94: Construction of 18t production and
trapping apparatus.

1995: Produced and Trapped Francium in a
MOT. 2,000 atoms
Fr MOT

1996-2000: Laser spectroscopy of Francium.

2000-2002: High efficiency trap.
2003: Spectroscopy.
2004 Lifetime of 8S level.

2007: Magnetic moment 219Fr . 250,000 atoms
Fr MOT

()




PHYSICAL REVIEW A, VOLUME 62, 052507

Energies and hyperfine splittings of the 7D levels of atomic francium

J. M. Grossman,* R. P. Fliller III, T. E. Mehlstaubler,” L. A. Orozco, M. R. Pearson, G. D. Sprouse, and W. Z. Zhao*
Department of Physics and Astronomy, State University of New York, Stony Brook, New York 11794-3800
(Received 5 May 2000; published 12 October 2000)

TABLE IV. Comparison of measured and predicted center-of-gravity energy difference to ground state

Source E(7D;p) (cm™ 1) E(7Dsp) (cm™ 1)
This work 24244.831(4) 24 333.298(4)
Ref. [28] (MBPT) 24 235(120) 24 325(120)
Ref. [3] (MBPT) 24186 24275

Ref. [27] (MBPT) 24253 24343

Ref. [29] (second order QDF) 24244 .03(3) 24 332.93(3)
Second-order QDF, using & from [13] 24244070 24 332.766
Third-order QDF, using E(nD;) from [13] 24244 303 24 334211

From 20% (1978) to about 1/105 (2000).
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Lifetime measurement of the 8s level in francium
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Uncertainty of 0.8 %



Francium at TRIUMF
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ISAC | hall en TRIUMF, Francium Trapping Facility



From Left to right: Michael Kossin, Austin deHart, Matt Pearson, Seth Aubin, Gerald Gwinner,
Eduardo Gomez, Mukut Kalita, Alexandre Gorelov, John Behr, Luis Orozco.



Fr Trapping Facility capture MOT
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Difference in peak position in Hz

o (scalar) static polarizability in 7s to 8s
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Preliminary a static polarizability in 7s to 8s

Our exp and one theory# comparision
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Observation of the 3 (vector) Stark induced 7s-8s

Fr211, 7s (F=5) - 8s(F=4),beta signal at 6124 V/cm
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10° To 1070 times weaker than a typical E1 transition.



December 2018 run: Observation of 7s
hyperfine splitting in a few Fr isotopes
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Fr210
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The periodic table was crucial in the discovery
of francium

The discovery of Francium by Marguerite Perey
IS an example of the sensitivity of nuclear
methods.

DC Stark induced transition 7s to 8s for scalar
polarizability (measured) and for vector
polarizability (observed).

Closer to Weak interaction studies.



Happy 80t birthday
to Francium
and

EIRE



