Bibliography
on
The Analyses of Optical Atomic Spectra

Section 4

STLa-71Lu
89Ac-"Es

United States Department of Commerce
National Bureau of Standards

Special Publication 306-4

mSTRTBUTION OF THIS DOCUMENT IS UNLIMITED



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
thereof.

DISCLAIMER

Portions of this document may be illegible in electronic image
products. Images are produced from the best available
original document.



NATIONAL BUREAU OF STANDARDS

The National Bureau of Standards ' was established by an act of Congress March 3, 1901. Today,
in addition to serving as the Nation’s central measurement laboratory, the Bureau is a principal
focal point in the Federal Government for assuring maximum application of the physical and
engineering sciences to the advancement of technology in industry and commerce. To this end
the Bureau conducts research and provides central national services in four broad program
areas. These are: (1) basic measurements and standards, (2) materials measurements and
standards, (3) technological measurements and standards, and (4) transfer of technology.

The Bureau comprises the Institute for Basic Standards, the Institute for Materials Research, the
Institute for Applied Technology, the Center for Radiation Research, the Center for Computer
Sciences and Technology, and the Office for Information Programs.
THE INSTITUTE FOR BASIC STANDARDS provides the central basis within the United
States of a complete and consistent system of physical measurement; coordinates that system with
measurement systems of other nations; and furnishes essential services leading to accurate and
uniform physical measurements throughout the Nation's scientific community, industry, and com-
merce. The Institute consists of an Office of Measurement Services and the following technical
divisions:

Applied Mathematics—Electricity—Metrology—Mechanics—Heat—Atomic and Molec-

ular Physics—Radio Physics —Radio Engineering —Time and Frequency -—Astro-

physics —Cryogenics.]
THE INSTITUTE FOR MATERIALS RESEARCH conducts materials research leading to im-
proved methods of measurement standards, and data on the properties of well-characterized
materials needed by industry, commerce, educational institutions, and Government; develops,
produces, and distributes standard reference materials; relates the physical and chemical prop-
erties of materials to their behavior and their interaction with their environments; and provides
advisory and research services to other Government agencies. The Institute consists of an Office
of Standard Reference Materials and the following divisions:

Analytical Chemistry—Polymers—Metallurgy—Inorganic Materials—Physical Chemistry.

THE INSTITUTE FOR APPLIED TECHNOLOGY provides technical services to promote
the use of available technology and to facilitate technological innovation in industry and Gov-
ernment; cooperates with public and private organizations in the development of technological
standards, and test methodologies; and provides advisory and research services for Federal, state,
and local government agencies. The Institute consists of the following technical divisions and
offices:

Engineering Standards—Weights and Measures — Invention and Innovation — Vehicle

Systems Research—Product Evaluation—Building Research—Instrument Shops—Meas-

urement Engineering—Electronic Technology—Technical Analysis.

THE CENTER FOR RADIATION RESEARCH engages in research, measurement, and ap-
plication of radiation tb the solution of Bureau mission problems and the problems of other agen-
cies and institutions, 1’he Center consists of the following divisions:

Reactor Radiation—Linac Radiation—Nuclear Radiation—Applied Radiation.

THE CENTER FOR COMPUTER SCIENCES AND TECHNOLOGY conducts research and

provides technical services designed to aid Government agencies in the selection, acquisition,

and effective use of automatic data processing equipment; and serves as the principal focus

for the development of Federal standards for automatic data processing equipment, techniques,

and computer languages. The Center consists of the following offices and divisions:
Information Processing Standards—-Computer Information — Computer Services — Sys-
tems Development—Information Processing Technology.

THE OFFICE FOR INFORMATION PROGRAMS promotes optimum dissemination and
accessibility of scientific information generated within NBS and other agencies of the Federal
government; promotes the development of the National Standard Reference Data System and a
system of information analysis centers dealing with the broader aspects of the National Measure-
ment System, and provides appropriate services to ensure that the NBS staff has optimum ac-
cessibility to the scientific information of the world. The Office consists of the following
organizational units:

Office of Standard Reference Data—Clearinghouse for Federal Scientific and Technical
Information —Office of Technical Information and Publications—Library—Office of
Public Information—Office of International Relations.

| Headquarters and Laboratories at Gaithersburg, Maryland, unless otherwise noted; mailing address Washington, D.C. 20234.

- Located at Boulder, Colorado 80302.
3 Located at 5285 Port Royal Road, Springfield, Virginia 22151.



UNITED STATES DEPARTMENT OF COMMERCE

Maurice H. Stans, Secretary

NATIONAL BUREAU OF STANDARDS -+ A. V. Astin, Director

Bibliography
on
The Analyses of Optical Atomic Spectra
Section 4

The Spectra of Lanthanum, Cerium, Praseodymium, Neodymium,
Promethium, Samarium, Europium, Gadolinium, Terbium,
Dysprosium, Holmium, Erbium, Thulium, Ytterbium, Lutetium—
Actinium, Thorium, Protactinium, Uranium, Neptunium,
Plutonium, Americium, Curium, Berkelium, Californium, and
Einsteinium

Charlotte E. Moore

Office of Standard Reference Data
National Bureau of Standards
Washington, D.C. 20234

National Bureau of Standards Special Publication 306-4

Nat. Bur. Stand. (U.S.), Spec. Publ. 300, Section 4, 55 pages (August 100!))
CODEN: XNBSA
Issued August 1969

For sale by the Superintendent of Documents, U.S. Government Printing Office
Washington, D.C. 20402 - Price 55 cents

DISTRIBUTION OF THIS DOCUMENT






Preface

The program on “Atomic Energy Levels” (AEL) initiated at this Bureau in 1946 calls for
complete coverage of the Periodic Table. Three Volumes have been published as NBS Circular
467. The fourth volume deals with rare-earth spectra and is in course of preparation.

The references to individual spectra have been extended from the respective dates of
publication of the AEL Volumes, 1949, 1952, and 1958, in the first three corresponding Sections
of this bibliography.

The present and last Section contains references to the two groups of rare-earth spectra,
the lanthanides and the actinides. It is arranged to correspond to AEL Volume IV, but it
differs from the first three Sections in that it does not continue references from a published
volume.

Upon the retirement of the author, Charlotte E. Moore, who has been directing this pro-
gram, the responsibility for continuing it was assigned to William C. Martin, Chief of the
Spectroscopy Section of the Bureau, assisted by Lucy Hagan. He is in charge of the preparation
of AEL Volume IV. Publication is being delayed because many of the spectra to be included
are still under active investigation.

DAvVID R. LIDE, JR., Chief
Office of Standard Reference Data.
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Abstract

There is a steady demand for information on rare-earth spectra. In an attempt to
satisfy this need the present bibliography has been prepared. It comprises Section 4, concludes
this publication, and completes the coverage of the Periodic Table. The references listed
have been selected on a general basis as those needed for the preparation of Volume 4 of
“Atomic Energy Levels.”

Since rare-earth structure is revealed in the neighboring spectra, SlLa and $Ac, the
references for these elements are repeated in the present Section, which contains the two
groups of elements:

§7La to 7ILu and 80Ac to "Es

A selected list of general literature references is also included.
Nearly all of the quoted references have been checked from the original papers.

Key words: Anab ses of rare-earth spectra; atomic spectra,
La through Lu, Ac through Es;

references to atomic spectra; rare-earth spectra;
spectra, atomic: elements, spectra of rare-earths.

Library of Congress Catalog Card Number 68-62107
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The present bibliography concludes the series
of which three Sections have been published;
Section 1 in September 1968, Section 2 in
February 1969, and Section 3 in May 1969. Each
of these three Sections covers the same elements
as are contained in the respective three Volumes
of “Atomic Energy Levels” [1]:

Section | | H through 3 V
Section 2 % Cr through 4l Nb

¥ Mo through 57 La
Section 3

7} Hf through 8 Ac

The earlier references to the spectra of these
elements are contained in ‘“Atomic Energy
Levels,” and the various Sections of this publica-
tion provide references on individual spectra
from the respective dates of publication of the
three Volumes to the present.

The fourth Volume of the Atomic Energy
Levels Series will contain the rare-earth elements,
and thus complete the coverage of the Periodic
Table. Many of the very complex spectra to be
included are still under active investigation.
Pending further progress toward the preparation
of this Volume, the present bibliography has been
prepared with the hope that it will satisfy to
some extent the continuing demand for informa-
tion on rare-earth spectra.

As in the preceding Sections the content of the
individual papers is briefly described by key
letters or words. The letters have the following
meanings:

CL Classified lines

ED Energy level diagram

GD Grotrian diagram

1P Ionization potential

IS Isotope shift

T Terms (and/or energy levels)
WL Wavelength

ZE Zeeman effect

[] Forbidden transitions

Ms Hyperfine structure

| Figures in brackets indicate the literature references on page VIII.

VII

If the paper is an Abstract or a Letter to the
Editor, the respective letters “A” and “L” are
entered in parentheses before the date of the
reference.

The author has published partial reference
lists for rare-earth spectra, most of which are
embodied in the present Section [2, 3, 4]. The
list of references has been greatly extended, but
is selective. In general, an effort has been made
to include all references to date that are needed
to compile tables of atomic energy levels, classified
lines and Zeeman data for rare-earth spectra [5].
The selection is essentially similar to that of the
former Sections, but differs in that it is not a
continuation from those included in a Volume of
“Atomic Energy Levels” already published.

A number of criteria contribute to the inter-
pretation of these complex spectra. In preparing
the bibliography the writer has attempted to
recognize the importance of references to theoret-
ical papers and to work on hyperfine structure,
isotope shift and other related subjects. Here
the listing is not complete, but it is hoped that
enough is given to serve as a guide to further
references in the various fields.

Many rare-earth spectra are being observed in
crystals and solutions, as absorption or fluo-
rescence spectra. A number of lists of energy
levels derived from these spectra have been
published for individual spectra. This is a separate
subject in itself, however; it is not covered in the
present work, which is limited essentially to work
on “‘the analyses of optical spectra.”

The characteristic that distinguishes rare-earth
spectra is the presence of /-electrons in the outer
structure of the atoms, namely 4/-electrons for
the lanthanon group $Ce to 7ILu, and 5/-electrons
for the actinon group "Th to 13Lw. The elements
preceding each of these groups, {/La and 8Ac,
begin to reveal in their spectra some rare-earth
characteristics, and thus provide a useful intro-
duction to the study of rare-earth spectra. Con-
sequently, the references to spectra of these two
elements as given in Section 3 are repeated in
Section 4.

The references are arranged similarly to those
in the earlier Sections. They are with few excep-
tions, arranged in alphabetical order by author
and by year for a given spectrum, starting with
the earlier papers. A list of general references
precedes the main Bibliography.



Nearly all of the references quoted here have
been verified by the author. Only a very few
which were not available have been copied from
abstracts found in the literature.

The author appreciates the generosity of all
who have contributed material for inclusion here.
A number of colleagues have made special effort
to furnish current references and reprints. W. C.
Martin and his staff in the Spectroscopy Section
have carefully examined the manuscript and
given her the benefit of their experience with
references to rare-earth spectra.

This Special Publication could not have been
prepared without the continuing and efficient
cooperation of Elizabeth L. Tate and her compe-
tent staff in the splendid Library of the National
Bureau of Standards. Their help has been in-
valuable. Similarly, the preparation of the press
copy of the manuscript with extreme care has
been carried out by Isabel D. Murray. The author
is most grateful for this splendid assistance.
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G. Racah, unpublished material (1956). Configurations

V. B. Belyanin, Opt. 1 Spektr. U, 261j to 266 (1958). hfs, C L
K. Murakawa, J. Phys. Soc. Japan 15, 2306 to 2309 (I960), hfs

J. Sugar and J. Reader, J. Opt. Soc. Am. 55, 1286 to 1290 (1965). 1 P

R. Zalubas, unpublished material (1968). W L, Z E

Pr in

J. Sugar, Johns Hopkins Spectr. Report No. 22, 87 pp. (1961). 1 P, T,
CL, ED, WL

J. Sugar, J. Opt. Soc. Am. 53, 831 to 839 (1963). I P, T, CL, ED

N. Spector, J. Opt. Soc. Am. 51;, 1359 to 1362 (196ii). Energy Levels
Theory



PRASEODYMIUM
Pr m - Continued

R. E. Trees, J. Opt. Soc. Am. 5U, 6E>1 to 657 (196H). Energy Levels Z E
Theory

K. Rajnak, J. Opt. Soc. Am. 55, 126 to 132 (1965). Theory Af’ Configuration
J. Reader and J. Sugar, Phys. Rev. 13?7, B78U to B789 (1965). hfs, C L

H. Crosswhite, H. M. Crosswhite and B. R. Judd, Phys. Rev. 17ii, 89 to 9h
(1968). Theory

Z. B. Goldschmidt, A. Pasternak and Z. H. Goldschmidt, unpublished
material (1968). Theory Uf3 Configuration

B. R. Judd, J. Opt. Soc. Am. 58, 1311 to 1312 (L) (1968). E D, Theory

J. Sugar, J. Research Nat. Bur. Std.7.3A,in press (1969). I P, T, C L, W L,
E D, Theory

Pr iv
E. Trefftz, Zeit. Phys. 130, 561 to 56ii (1951). Theory

YI. A. Runciman and B. G. Wybourne, J. Chem. Phys. 31} 11U9 to 1150 (L)
(1959). Theory

C. J. Lenander, Phys. Rev. 130, 1033 to 1035 (1963). Theory
E. Y. Wong, J. Chem. Phys. 38, 976 to 978 (1963). Theory

H. M. Crosswhite, G. H. Dieke and W. J. Carter, J. Chem. Phys. U3, 20U7
to 205U (1965). T, C L, hfs

J. Sugar, J. Opt. Soc. Am. 55, 1058 to 1061 (1965). T, C L, Theory
J. Sugar, Phys. Rev. Lett. 1IU, 731 to 732 (1965). T

Z. H. Goldschmidt, Program Atomic Sp. Symposium, Nat. Bur. Std., p. 32
(A) (September 1967). Theory Uf* Configuration

W. T. Carnall, P. R. Fields and K. Rajnak, J. Chem. Phys. U9, UU2U to
Uul2 (1968). T Free lon Spectra, Theory

B. R. Judd, H. M. Crosswhite and H. Crosswhite, Phys. Rev. 169, 130 to
138 (1968). Theory

J. Sugar, Analysis being extended (1969).
8



PRASEODYMIUM
Prv

V. Kaufman and J. Sugar, J. Research Nat. Bur. Std. 71A, 583 to 585
(1967). 1 P, T, C L, hfs

NEODYMIUM (Z - 60)
Nd i
A. S. King, Astroph. J. 78, 9 to Ii5 (1933). Temperature Classification
F. W. Paul, Phys. Rev. U9, 156 to 162 (1936). W L Absorption

H. J. van de Vliet, Dissertation, Univ. Amsterdam, pp. 70 to 80
(N. V. Noord-Hollandsche Uitgevers Maatschappij, Amsterdan)(1939). Z E

P. F. A. Klinkenberg, Physica 12, 33 to U8 (191i6). T, WL, Z E

PH. Schuurmans, Dissertation, Univ. Amsterdam, pp. 39 to U8 (N. V. Noord-
Hollandsche Uitgevers Maatschappij, Amsterdam) (19U6). T, C L, Z E

PH. Schuurmans, Physica 11, KI9 to 1li25 (19U6). T

K. Murakawa, Phys. Rev. 96, 15143 to 15U6 (195I1). hfs, I S

G. Noldeke und A. Steudel, Zeit. Phys. 137, 632 to 637 (19510. 1 S, hfs
P. F. A. Klinkenberg, Dissertation, Univ. Amsterdam (1955). T, C L, Z E

F. A. Korolev and Yu. I. Osipov, Doklady Akad. Nauk SSSR 110, 365 to 367
(1956). I S

J. Blaise, Ann. de Phys. [13] 3, 1062 to 1067 (1958). I S, CL

K. F. Smith and I. J. Spalding, Proc. Roy. Soc. London A265, 133 to 1UO
(1961). Z E Atomic Beam

G. E. M. A. Hassan, Dissertation, Univ. Amsterdam, 175 pp. (1962). 1 P?,
T, 0L, ZE, TS, WL

J. G. Conway and B. G. Wybourne, Phys. Rev. 130, 2325 to 2332 (1963).
Theory

G. E. M. A. Hassan, Physica 29, 1119 to 1127 (1963). 1 P7, T, C L, Z E,
E D

9
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NEODYMIUM
Nd i - Continued

G. E. M. A. Hassan and P. F. A. Klinkenberg, Physica 29, 1133 to 115U
(1963). CL, Z E, IS

I. J. Spalding, Proc. Phys. Soc. (London) 81, 1£6 to 162 (1963). hfs

S. Held, Israel Atomic Energy Commission Report 1A-927, 37 pp.
(June 196It). W L

S. Gerstenkom, J.-M. Helbert et R. Chabbal, Compt. Rend. 261, 1232 to
1235 (1965). IS

G. Gluck, Ann. de Phys. 113] 10, 673 to 696 (1965). 1 S

S. Gerstenkom, unpublished material (1966). Near Infrared Observations
0.8/6 to 2.5/6

J. Reader and J. Sugar, J. Opt. Soc. Am. 56, 1189 to 119U (1966). 1 P

J. E. Hansen, A. Steudel und H. Walther, Zeit. Phys. 203, 296 to 329
(1967). IS

J.-F. Wpyant, These, Univ. Paris (Orsay), 105 pp. (1968). T, C L, Z E,
W L, E D, IS, Theory

Nd |l
A. S. King, Astroph. J. 78, 9 to U5 (1933). Temperature Classification

H. J. van de Vliet, Dissertation, Univ. Amsterdam, pp. 70 to 80
(N. V. Noord-Hollandsche Uitgevers Maatschappij, Amsterdam) (1939). Z E

W. E. Albertson, G. R. Harrison and J. R. McNally, Jr., Phys. Rev. 61,
167 to 17U (19U2). T, C L, Z E —

P. F. A. Klinkenberg, Physica 12, 33 to U8 (19U6). W L, Z E
PH. Schuurmans, Physica 11, Ul9 to U25 (19U6). T, CL, ZB
K. Murakawa, Phys. Rev. 96, 15U3 to 15U6 (195U). hfs

G. Noldeke, Zeit. Phys. 1U3, 27!; to 28!; (1955). 1 S, hfs

J. Blaise, Ann. de Phys. [13] 3, 1062 to 1067 (1958). 1 S, CL

10



NEODYMIUM
Nd n - Continued

G. E. M. A. Hassan, Dissertation, Univ. Amsterdam, 175 pp. (1962). T,
CL, ED, T S, WL

S. Held, Israel Atomic Energy Commission Report 1A-927, 37 pp.
(June 196U). W L

J. Sugar and J. Reader, J. Opt. Soc. Am. 55, 1?86 to 1290 (1965). 1P
S. Gerstenkom, unpublished material (1966). Near Infrared Observations

J.-F. Wyart, These, Univ. Paris (Orsay), 105 pp. (1968). T, C L, W L,
Z E, Theory

Nd in

H. M. Crosswhite, Private communication (1965). Unpublished W L

Nd iv

B. G. Wybourne, J. Chem. Phys. 639 to 6U2 (1960); 3U, 279 to 281
(1961). Theory

H. Crosswhite, H. M. Crosswhite and B. R. Judd, Phys. Rev. 17U, 89 to 9U
(1968). Theory

A. Rajnak, J. Chem. Phys. U3, 8H7 to 855 (1965). Theory

W. T. Carnall, P. R. Fields and K. Rajnak, J. Chem. Phys. U9, hh2b to
UUK2 (1968). T Free lon Spectra, Theory

M. Synek and L. Corsiglia, J. Chem. Phys. U8, 3121 to 3125 (1968). Theory

PROMETHIUM (Z = 61)
Pm |

W. F. Meggers, B. F. Scribner and W. R. Bozman, J. Research Nat. Bur.
Std. U6, 85 to 98, RP2179 (1951). WL

P. F. A. Klinkenberg and F. S. Tomkins, Physica 26, 103 to 11U(1960). hfs
11



B.

B.

M.

S.

Y. Cabezas,

PROMETHIUM

Pm i — Continued

I. Lindgren and R. Marrus, Phys. Rev. 1?72, 1796 to 1601
(1961). Z E Atomic Beam

Budick and R. Marrus, Phys. Rev. 132, 723 to

0. Conway and B. G. Wybourne, Phys. Rev.

Theory

Reader and J. Sugar, J. Opt. Soc. Am. 56,

Reader and S. P. Davis, J. Research Nat. Bur.

(1967). T, CL, ZE

R. Judd, H.
138 (1968).

F. Meggers,

M. Crosswhite and H. Crosswhite,
Theory

Pm I

B. F. Scribner and W. R. Bozman,

Std. U6, 85 to 98, RP2179 (1951). W L

F. A. Klinkenberg and F. S. Tomkins, physica

hfs

Reader and S. P. Davis, J. Opt. Soc. Am. 53,

728 (1963). hfs, Z E

130, 232t to 2332 (1963).

1189 to 119U (1966). 1 P

Std. 71A, 587 to 599

Phys. Rev. 169, 130 to

J. Research Nat. Bur.

26, 103 to lilt (1960),

U3l to U35 (1963). hfs

Sugar and J. Reader, J. Opt. Soc. Am. 55, 1286 to 1290 (1965). 1 P

Reader, Phys. Rev. 1UIL, 1123 to 1128 (1966).

hfs

Reader and S. P. Davis, Program Atomic Sp. Symposium, Nat. Bur. Std.,
p- 79 (A) (1967). T

Reader and S. P. Davis, unpublished analysis

H. Crozier and W. A. Runciman, J. Chem. Phys.

Theory, Z E

Pm iv

Hufner, Zeit. Phys. 165, 397 to U0l (1961).

(1969).

35, 1392 to 1ii09 (1961).

Theory

W. T. Carnall, P. R. Fields and K. Rajnak, J. Chem. Phys. U9, UUI2 to

UUU2 (1968).

T Free Ion Spectra, Theory
12



SAMARIUM (Z - 62)
Sm i

W. Albertson, Phys. Rev. U7, J>I0 to 376 (1935); 52, 615l to 6U7 (1937).
I P, T, CL —

A. S. King, Astroph. J. 82, 11*0 to 191 (1935). Temperature Classification
F. IN. Paul, Phys. Rev. U9, 156 to 162 (1936). W L Absorption

P. Brix, Zeit. Phys. 126, 1*31 to 1*39 (19U9). T, C L, IS

K. Murakawa, Phys. Rev. 93* 1232 to 1235 (1951%). hfs

F. M. J. Pichanick and G. K. Woodgate, Proc. Roy. Soc. London A263, 89 to
100 (1961). Z E, Ground Term

K. Fo Smith and I. J. Spalding, Proc. Roy. Soc. London A265, 133 to 11*0
(1961). Z E Atomic Beam

A. R. Striganov, V. A. Katulin and V. V. Eliseev, Opt. 1 Spektr. 12, 171
to 177 (1962). 1 S, CL *

J. G. Conway and B. G. Wybourne, Phys. Rev. 130, 2325 to 2332 (1963).
Theory

S. Held, Israel Atomic Energy Commission Report 1A-81*1, 1*6 to 1*7 (1963).
W L

W. H. King, J. Opt. Soc. Am. 53, 638 to 639 (L) (1963). 1 S

S. Gerstenkom, unpublished material (1966). Near Infrared Observations
0.8/6 to 2.5/1.

K. Heileg, G. Sauthoff und A. Steudel, Zeit. Phys. 196, 39 to [*3 (1966).
Z E

G. Racah and U. Ganiel, J. Opt. Soc. Am. 56, 893 to 895 (1966). Theory
J. Reader and J. Sugar, J. Opt. Soc. Am. 56, 1189 to 1191* (1966). 1 P
A. earlier. These (Orsay) (1967). Theory, T, C L

J. E. Hansen, A. Steudel und H. Walther, Zeit. Phys. 203, 296 to 329
(1967). IS

A. earlier, J. Blaise et M.-G. Schweighofer, J. de Phys. 29, 729 to 738
(1968). T, E D, Z E, Theory

J. Blaise, C. Morillon, M.-G. Schweighofer et J.-L.. Verges, Spectrochim.
Acta, in press (1969). Emission Spectra T, C L

13



A.

G.

S. King, Astroph. J. 82, 1liiO to 191 (193?).

SAMARIUM

Sm ii

Albertson, Astroph. J. 8U, 26 to 72 (1936). 1 P, T,

Murakawa, Phys. Rev. 93, 1232 to 123? (19?U). hfts

Temperature Classification

CL, ZE

Held, Israel Atomic Energy Commission Report 1A-8Ul, U6 to U7 (1963).

W L

R. Striganov and N. A. Kulazhenkova, Opt. i1 Spektr.
(196U). I S, CL

M. Crosswhite, unpublished material (196?). W L

Sugar and J. Reader, J. Opt. Soc. Am. ??,

earlier. These (Orsay) (1967). Theory

16, 936 to 9U0

1286 to 1290 (196?). I P

Blaise, C. Morillon, M.-G. Schweighofer et J.-L.. Verges, Opt. Conf.
Warsaw (June 1968); Spectrochim. Acta, in press (1968). T, C L, T S,
Z E, Observations O.Q/Ato 2.2/&.

Sm in

S. Ofelt, J. Chem. Phys. 3§, 2171 to 2180 (1963). Theory
Itf6 Configuration, T, Z E

M. Crosswhite, unpublished material (1967?). W L

Dupont, J. Opt. Soc. Am. ?7, 867 to 869 (1967). T,

Sm iv

ED

R. Judd, Proc. Phys. Soc. (London) A69, 1?7 to 16U (19?6). Theory

Ground Term

G. Wybourne, J. Chem. Phys. 36, 2301 to 2311 (1962).

Theory, fn Terms

T. Carnall, P. R. Fields and K. Rajnak, J. Chem. Phys. U9, UUI2 to

Wi2 (1968).

T Free Ion Spectra, Theory
18]



EUROPIUM (Z = 63)
Eu i

A. S. King, Astroph. J. 72, 221 to 255 (1930). Temperature Classification,
hfs

H. N. Russell and A. S. King, Phys. Rev. U6, 1023 to 102U (193h). 1 P,
T, CL

A. S. King, Astroph. J. 89, 377 to 130 (1939). Temperature Classification

H. N. Russell and A. S. King, Astroph. J. 90, 155 to 203 (1939). 1 P,
T, CL

H. N. Russell, W. Albertson and D. N. Davis, Phys. Rev. 60, 653 (1971).
CL, ZE

P. Brix, Zeit. Phys. 132, 579 to 607 (1952). I S

F. M. Pichanick, P. G. H. Bandars and G. K. Woodgate, Proc. Roy. Soc.
London A257, 277 to 282 (1960), hfs

P. G. H. Sandars and G. K. Woodgate, Proc. Roy. Soc. London A257, 269 to
276 (1960), hts, Z E

K. Krebs und R. Winkler, Ann. der Phys. [7] 7, 77 to 83 (1961). hfts

F. M. J. Pichanick and G. K. Woodgate, Proc. Roy. Soc. London A263, 89 to
100 (1961). Z E, Ground Term

J. G. Conway and B. G. Wybourne, Phys. Rev. 130, 2325 to 2332 (1963).
Theory

S. Held, Israel Atomic Energy Commission Report 1A-8Ii1, IO to U5 (1963).
W L

Y. Bordarier, B. R. Judd and M. Klapisch, Proc. Roy. Soc. London A289,
81 to 96 (1965). hfs Theory

W. Muller, A. Steudel und H. Walther, Zeit. Phys. 183, 303 to 320 (1965).
hfs

G. Smith and B. G. Wybourne, J. Opt. Soc. Am. 55, 121 to 125 (1965). T,
Z E Theory

R. Winkler, Zeit. Phys. 18U, U33 to 1i50 (1965). hfs
J. Reader and J. Sugar, J. Opt. Soc. Am. 56, 1189 to I19H4 (1966). 1 P

P. Bagus et J. Picart, Compt. Rend. 266B, 81*2 to 8hh (1968). hfs



EUROPIUM
Ku 1

A. S. King, Astroph. J. 72, 221 to 255 (1930). Temperature Classification,
hfs —

W. Albertson, Phys. Rev. U5, [i99 to 500 (L) (193U). T, C L
A. S. King, Astroph. J. 89, 377 to h30 (1939). Temperature Classification

H. N. Russell, W. Albertson and D. N. Davis, Phys. Rev. 60, 6liL to 656
(19UD. 1P, T, CL, ZE

P. Brix, Zeit. Phys. 132, 579 to 607 (1952). IS
K. Krebs und R. Winkler, Zeit. Phys. 160, 320 to 332(1960), hfs, I S

S. Held, Israel Atomic Energy Commission Report IA-84I, U0 to U5 (1963).
W L

B. G. Wyboume, J. Opt. Soc. Am. 5I|,267 (L) (1961)). Z E
J. Sugarand J. Reader, J. Opt. Soc. Am. 55, 1286 to 1290(1965). IP
R. Winkler, Zeit. Phys. 18U, It33 to i*50 (1965). hfs

I. Koniordos und R. Winkler, Phys. Lett. (Amsterdam) A27, 198 to 199
(1968). I S

Eu in
A. S. King, Astroph. J. 89, 377 to U30 (1939). Temperature Classification

H. N. Russell, W. Albertson and D. N. Davis, Phys. Rev. 60, 653 (I9KI).
WL ZE

P. Bagus et J. Picart, Compt. Rend. 266B, 8U2 to 8Ili (1968). hfs

I. Koniordos und R. Winkler, Phys. Lett. (Amsterdam) A27, 198 to 199
(1968). IS

16



EUROPIUM
Eu 1v

B. R. Judd, Proc. Phys. Soc. (London) A69, 157 to 16U (1956). Theory
Ground Term

J. B. Gruber and J. G. Conway, J. Chem. Phys. 3U, 632 to 638 (1961). T,
f6 Configuration Theory

G. S. Ofelt, J. Chem. Phys. 38, 2171 to 2180 (1963). Theory Configu-
ration T, Z E

W. T. Camall, P. R. Fields and K. Rajnak, J. Chem. Phys. U9, UUI2 to
UU23, UUS0 to LiUS5 (1968). T Free lon Spectra, Theory

GADOLINIUM (Z - 6H)
Gd |
A. S. King, Astroph. J. 72, 221 to 255 (1930). Temperature Classification
W. Albertson, Phys. Rev. U7, 370 to 376 (1935); U9, 208 (A) (1936). T, C L
H. N. Russell, Astroph. J. 96, 11 to 1U(19U2). 1P, T, C L

A. S. King, Astroph. J. 97, 323 to 380 (19U3). W L, Temperature Classi-
fication

P. F. A. Klinkenberg, Physica 12, 33 to U8 (19U6). T,C L, ZE, IS

H. N. Russell, J. Opt. Soc. Am. UO, 550 to 575 (1950). 1 P, T, CL

P. Brix, Zeit. Phys. 132, 579 to 607 (1952). I S

P. Brix and H. D. Engler, Zeit. Phys. 133, 362 to 369 (1952). I S, T, CL
S. Suwa, Phys. Rev. 86, 21*7 to 2U8 (L) (1952). hfts

K. Murakawa, Phys. Rev. 96, 15U3 to 15U6 (1951;). hfs, IS

D. R. Speck, Phys. Rev. 101, 1725 to 1729 (1956). 1 S, hfs

H. Kopfermann, L. Kruger und A. Steudel, Ann. der Phys. [6] 20, 258 to
26U (1957). 1S

K. F. Smith and I. J. Spalding, Proc. Roy. Soc. London A265, 133 to laO
(1961). Z E Atomic Beam

E. H. Pinnington, J. Opt. Soc. Am. 57, 1252 to 1259 (1967). T, C L, Z E

N. Spector, Analysis in progress (1968).

17
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GADOLINIUM
Gd I
A. S. King, Astroph. J. 72, 221 to 275 (1930). Temperature Classification

W. E. Albertson, H. Bruynes and R. Hanau, Phys. Rev. 57, 292 to 293
(19U0). T, CL, ZE

H. N. Russell, Astroph. J. 96, 11 to 1IU (19U2). T

A. S. King, Astroph. J. 97, 323 to 380 (19U3). W L, Temperature
Classification

H. N. Russell, J. Opt. Soc. Am. UO, 550 to 575 (1950). I P, T, C L
P. Brix, Zeit. Phys. 132, 579 to 607 (1952). 1 S
N. Zeldes, Phys. Rev. 90, Ul3 to Ul5 (1953). Theory

P. Brix und K.-H. Lindenberger, Zeit. Phys. 1Ul, 1 to 5 (1955). 1 S, T,
CL

H. Kopfermann, L. Kruger und A. Steudel, Ann. der Phys. [6] 20, 258 to
26U (1957). IS

G. Racah, unpublished material (1963). T, C L
Z. B. Goldschmidt and S. Nir, Revised analysis (1965). T, Theory

G. Smith and B. G. Wybourne, J. Opt. Soc. Am. 55, 1278 to 1283 (1965).
Theory T, Z E

J. Sugar and J. Reader, J. Opt. Soc. Am. 55, 1286 to 1290 (1965). 1 P

D. Desmarais and E. H. Pinnington, J. Opt. Soc. Am. 57, 12145 to 1251
(1967). T, CL, Z E

N. Spector, Analysis in progress (1968); J. Opt. Soc. Am. 59, in press
(A) (February 1969). T

Gd in
A. S. King, Astroph. J. 97, 323 to 380 (19U3). W L
W. R. Callahan, J. Opt. Soc. Am. 53, 695 to 700 (1963). T, C L

H. Crosswhite, Analysis in progress, Johns Hopkins Univ. (1968).

18



GADOLINIUM
Gd iv

B. R. Judd, H M. Crosswhite and H. Crosswhite, Phys. Rev. 169, 130 to
138 (1968). Theory

W. T. Camall, P. R. Fields and K. Rajnak, J. Chem. Phys. U9, Uhl2 to
UU23, UUU3 to UUU6 (1968). T Free lon Spectra, Theory

TERBIUM (Z = 6?)
Tb |

A. S. King, Astroph. J. 221 to 275 (1930). Temperature Classifica-
tion, hfs

S. P. Davis, Astroph. J. 132, U86 to k92 (1960). W L, hfs, Z E

J. Sugar, J. Research Nat. Bur. Std. 66A, 321 to 32U (1962). Ground
State

J. G. Conway and B. G. Wyboume, Phys. Rev. 130, 2325 to 2332 (1963).
Theory

I. Bender, S. Penselin und K. Schlupmann, Zeit. Phys. 1?9, U to 8 (196U).
Ground State, Z E, hfs

P. F. A. Klinkenberg, Zeit. Phys. 180, 17U to 177 (196U). Ground State,
Z E

C. Amoult and S. Gerstenkom, J. Opt. Soc. Am. 56, 177 to 181 (1966).
T, Z E, hfs, Theory

S. Gerstenkom, unpublished material (1966). Near Infrared Observations
0.8/U/to 2.5/U.

P. F. A. Klinkenberg, Physica 32, 1113 to [/IU7 (1966). T, CL, Z E

P. F. A. Klinkenberg and E. Meinders, Physica 52, 1617 to 1632 (1966).
T, C L, Z E, hfs

P. F. A. Klinkenberg, Physica 37, 197 to 21U (1967). T, C L, Z E

E. Meinders and P. F. A. Klinkenberg, Physica 38, 253 to 27U (1968). T,
CL, ZE WL

W. J. Childs and L. S. Goodman, Bull. Am. Phys. Soc. 1U, 8U (1969). Z E
Atomic Beam

19



TERBIUM
Tb n

A. S. King, Astroph. J. 72, 221 to 255 (1930). Temperature Classifica-
tion, hfs

S. P. Davis, Astroph. J. 132, 1li86 to U92 (1960). W L, hfs, Z E

J. Sugar and J. Reader, J. Opt. Soc. Am. 55, 1286 to 1290 (1965). 1 P

Tb iv

B. R. Judd, Proc. Phys. Soc. (London) A69, 157 to 16ii (1956). Theory
Ground Term

G. S. Ofelt, J. Chem. Phys. 38, 2171 to 2180 (1963). Theory
Uf® Configuration, T, Z E

W. T. Camall, P. R. Fields and K. Rajnak, J. Chem. Phys. N9, UUI2 to
Ui23, UUU7 to UbhY (1968). T Free lon Spectra, Theory

DYSPROSIUM (Z = 66)
Dy i

A. S. King, Astroph. J. 72, 221 to 255 (1930). Temperature Classification
A. S. King, unpublished material (1953). Temperature Classification
K. Murakawa and T. Kamei, Phys. Rev. 92, 325 to 327 (1953). hfs
Yu. P. Dontsov, Opt. i Spektr. 1, 612 to 616 (1956). 1 S
K. Murakawa, J. Phys. Soc. Japan 11, 80k to 805 (1956). hfs
A. 1. Akimov, Opt. i Spektr. 3, 5U5 to 551 (1957). WL

A. Y. Cabezas, I; Lindgren and R. Marrus, Phys. Rev. 122, 1796 to 1801
(1961). Z E Atomic Beam

K. F. Smith and I. J. Spalding, Proc. Roy. Soc. London A265, 133 to 1UO
(1961). Z E Atomic Beam

J. G. Conway and B. G. Wyboume, Phys. Rev. 130, 2325 to 2332 (1963).
Theory

20



DYSPROSIUM
Dy i - Continued
W. F. Meggers, unpublished material (1963). T, C L

A. R. Striganov, A. F. Golovin a M. P. Gerasimova, Opt. 1 Spektr. 1U, 7
to 11 (1963). IS —

J. Reader and J. Sugar, J. Opt. Soc. Am. 56, 1189 to 119U (1966). 1 P

W. Ebenhoh, V. J. Ehlers und J. Ferch, Zeit. Phys. 200, 8h to 92 (1967).
hfs, Z E

A. F. Golovin a I. F. Kramer, Opt. 1 Spektr. £3, 195 to 199 (1967). I S

J. G. Conway and E. F. Worden, J. Opt. Soc. Am. 58, 156U (A) (1968). T,
Analysis in progress

Dy I
A. S. King, Astroph. J. 72, 221 to 255 (1930). Temperature Classification

A. S. King and C. E. Moore, Astroph. J. 9£, 33 to [¥2 (191*3). W L, Solar
Identifications
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Domestic, $5.00; foreign, $6.25%.

TECHNICAL NEWS BULLETIN

The best single source of information concerning the
Bureau’s research, developmental, cooperative and
publication activities, this monthly publication is
designed for the industry-oriented individual whose
daily vvork involves intimate contact with science and
technology—for engineers, chemists, physicists, re-
search managers, product-development managers, and
company executives. Annual subscription: Domestic,
$3.00; foreign, $4.00%.

 Difference in price is due to extra cost of foreign mailing.

Order NBS publications from:

NONPERIODICALS

Applied Mathematics Series. Mathematical tables,
manuals, and studies.

Building Science Series. Research results, test
methods, and performance criteria of building ma-
terials, components, systems, and structures.

Handbooks. Recommended codes of engineering
and industrial practice (including safety codes) de-
veloped in cooperation with interested industries,
professional organizations, and regulatory bodies.

Special Publications. Proceedings of NBS confer-
ences, bibliographies, annual reports, wall charts,
pamphlets, etc.

Monographs. Major contributions to the technical
literature on various subjects related to the Bureau’s
scientific and technical activities.

National Standard Reference Data Series.
NSRDS provides quantitive data on the physical
and chemical properties of materials, compiled from
the world’s literature and critically evaluated.

Product Standards. Provide requirements for sizes,
types, quality and methods for testing various indus-
trial products. These standards are developed coopera-
tively with interested Government and industry groups
and provide the basis for common understanding of
product characteristics for both buyers and sellers.
Their use is voluntary.

Technical Notes. This series consists of communi-
cations and reports (covering both other agency and
NBS-sponsored work) of limited or transitory interest.

Federal Information Processing Standards Pub-
lications. This series is the official publication within
the Federal Government for information on standards
adopted and promulgated under the Public Law
89—-306, and Bureau of the Budget Circular A-86
entitled, Standardization of Data Elements and Codes
in Data Systems.

CLEARINGHOUSE

The Clearinghouse for Federal Scientific and
Technical Information, operated by NBS, supplies
unclassified information related to Government-gen-
erated science and technology in defense, space,
atomic energy, and other national programs. For
further information on Clearinghouse services, write:

Clearinghouse
U.S. Department of Commerce
Springfield, Virginia 22151
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