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Abstract

A bibliography is presented of papers reporting absolute
measurements of photon (XUV, x-ray, gamma-ray, bremsstrahlung)
total interaction cross sections or attenuation coefficients for
the elements and some compounds. The energy range covered is from
10 eV to above 10 GeV. These papers are part of the reference
collection of the National Institute of Standards and Technology
Photon and Charged Particle Data Center. They cover the period
from 1907 through 1993 and into 1994. Thus this report is an
update of the 1986 earlier report NBSIR 86-3461, and also includes
additional papers dating back as far as 1966 which have since been
found or brought to the attention of the author. Included with
each reference are annotations specifying the energy range covered
and the substances studied. This updated bibliography now
includes 573 non-duplicative references to available measured
data, plus 42 references to critical evaluations and review
articles.
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.

Introduction

Since 1950 the National Institute of Standards and Technology (formerly
National Bureau of Standards) has maintained a data base of measured and
theoretical cross section data in the form of reprints, reports, and personal
communications. The purpose is to provide photon (XUV, x-ray, gamma-ray, and
bremsstrahlung) interaction data required in a variety of medical, industrial,
defense, and scientific applications. This data base has been used from time
to time for the tabulation of photon cross sections and attenuation
coefficients [1-11]. Here is presented a bibliography of the published and
unpublished research papers, comprising this data base, reporting measured
absolute photon interaction cross sections and attenuation coefficients. This
report updates an earlier bibliography by Hubbell, Gerstenberg and Saloman in
the report NBSIR 86-3461 (1986) [12].
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.

Compilation of the Bibliography

The items included in the bibliography have been acquired from a variety
of sources. The archival journals covered by Current Contents have been
reviewed both for articles on attenuation coefficients and for articles in
which attenuation coefficients have been measured incidentally to their main
objective. This report, as in reference [12] draws on previous review
articles and bibliographies [13-24]. Also included are unpublished reports
and private communications. In cases where there is multiple publication of
essentially the same data only one reference is made. No attempt has been
made to eliminate anomalous data sets from this listing. The dates of the
items in the bibliography range from 1907 through 1993 and into 1994. Table 1

is a summary of the number of items in this bibliography by decade of
publication. There are a total of 573 separate references to a total of about
22,000 data points.

3

.

Description of the Bibliography

This bibliography, as well as the 1986 report [12], is a further updated
and enlarged version of the bibliography of reference [25]. The six-character
reference symbols are again the same as those of reference [25]. The first
two characters are the last two digits of the year of publication (or report).
The next two characters are the first two letters of the first author's last
name. The final two digits (usually 01) are added to insure uniqueness. The
references are arranged in increasing order of year of publication and within
each year alphabetically by first author. For each item the reference symbol
is at the left margin. Next comes a listing of all authors, the journal
title, volume number, pagination and year (or alternate referencing if not a
journal article). The title of the article is given on the lines following.
On the last line, enclosed in parenthesis, is the photon energy range studied
and a listing of the elements measured in order of increasing atomic number as
well as a listing of any compounds measured. In addition to an author index,
an index to materials covered, arranged by atomic number for elements, and
alphabetically for compounds and for named substances, is provided.

4.

Discussion

This bibliography has been prepared as part of a critical evaluation of
photon absorption cross sections and includes references to all data sets
which provide either absolute cross sections or can be converted into absolute
cross sections. Not all the data represented by this bibliography are
consistent. As can be seen in the graphs of reference [25], in a graphical
intercomparison of Pb data by Gerstenberg [26], and in soft x-ray
intercomparisons by Saloman et al [27-29], some data sets appear to have
substantial systematic errors as compared with the "main stream" of data
points or with "reliable" theory. Reference [29] provides both tabular and
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graphical comparisons for energies between 10 eV and 100 keV between the data
covered in the 1986 bibliography [12], the semi-empirical cross section
compilation of Henke et al. [14] and the theoretical photoionization values of
Scofield [30]. Further evaluations, compilations and status reports on x-ray
attenuation coefficients, also on the related quantity, the energy-absorption
coefficient, are given in references [31-42].

The materials index at the end of this report will be useful to
researchers interested in making new x-ray attenuation measurements to fill
gaps in the existing experimental data which are the subject of this
bibliography. The four most-measured substances are carbon (106 references),
aluminum (179 references), copper (153 references) and lead (136 references).
The highest-density element osmium (Z = 76) has yet to be measured, in any
photon energy region, perhaps because it is highly toxic as well as otherwise
difficult to handle.

5 . Request for Additions and Corrections

Since it is desireable that the NIST data base continue to be as
up-to-date, accurate, and comprehensive as possible, the author will
appreciate receiving any corrections and additions to this work. He will also
appreciate receiving copies of any new papers containing photon attenuation
coefficient and cross section data.

Acknowledgments

The author thanks Mrs. Gloria Wiersma for her recapture of the
bibliography and indexes of the reference [12] into PC machine readable form
by means of an optical scanner and for her extensive editing and cross-
checking of this material.
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TABLE 1

Number of References in the Bibliography by Decade

DECADE NUMBER OF REFERENCES

1900-1909 2

1910-1919 6

1920-1929 20

1930-1939 49

1940-1949 13

1950-1959 66

1960-1969 169

1970-1979 151

1980-1989 73

1990-1994 24

Total 573
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Bibliography of photon total cross section and attenuation coefficient
measurement&, arranged by year. See Section 4 of the text for explanation of
reference symbols and other features. All authors for each paper are included
in the alphabetical author index following, and an index to elements and other
materials is provided following the author index.

07Ba01 Barkla, C. G., and Sadler, C. A., Philos. Mag. 14, 408-422 (1907)
Secondary X-Rays and the Atomic Weight of Nickel
(6.40-8.63 keV: Al, Fe, Cu, Zn, Ag, Sn, Pt)

09Ba01 Barkla, C. G., and Sadler, C. A., Philos. Mag. 17, 739-760 (1909)
The Absorption of Rontgen Rays
(5.41-22.16 keV: C, Mg, Al, Fe, Ni, Cu, Zn, Ag, Sn, Pt, Au)

lOChOl Chapman, J. C. , and Piper, S. H. , Philos. Mag. 19, 897-903 (1910)
On Secondary Homogeneous X-Radiation
(8.04 keV: Al)

UChOl Chapman, J. C., Philos. Mag. 21, 446-454 (1911)
Homogeneous Rontgen Radiation from Vapours
(11.21-28.51 keV: Al)

HWhOl Whiddington, R. , Proc. R. Soc. London 85, 323-331 (1911)
The Production of Characteristic Rontgen Radiations
(1.49 keV: Al)

14Br01 Bragg, W. H., and Peirce, S. E., Philos. Mag. 28, 626-630 (1914)
The Absorption Coefficients of X-Rays
(20.16-25.25 keV: Al, Fe, Ni, Cu, Zn, Pd, Ag, Sn, Pt, Au)

16Hu01 Hull, A. W. , and Rice, M. , Phys. Rev. 8, 326-328 (1916)
The Law of Absorption of X-Rays at High Frequencies
(31.6-101.6 keV: Al, Cu, Pb)

17Ko01 Kohlrausch, K.W.F., Sitzungsber. Akad. Wiss. Wien 126, 441-472 (Pt. 1),
683-704 (Pt. 2), 887-913 (Pt. 3) (1917)
Die Absorption der Gamma-Strahlen von Radium, Parts I, II, III
(0.35-1.76 MeV: C, Na, Mg, Al, P, S, K, Ca, Fe, Co, Ni, Cu, Zn, As,
Se, Zr, Nb, Mo, Ag, Cd, Sn, Sb, Te, W, Au, Hg, Pb, Bi)

20Ho01 Holweck, F., C. R. Acad. Sci. 171, 849-852 (1920)
Recherches experimentales sur les rayons X de grande longueur
d ' onde

.

(0.120-0.300 keV: N)

20Si01 Siegbahn, M. , and Wing&rdh, K. A., Phys. Z. 21, 83-88
(1920) Eine Methode fur Intensitatsmessungen bei Rontgenstrahlen
nebst einigen vorlaufigen Absorptionsbestimmungen
(15.98-25.62 keV: Al, Cu)

21He01 Hewlett, C. W. , Phys. Rev. 17, 284-301 (1921)
The Mass Absorption and Mass Scattering Coefficients for Homogeneous
X Rays of Wavelength Between 0.13 and 1.05 Angstrom Units in Water,
Lithium, Carbon, Nitrogen, Oxygen, Aluminum and Iron
(11.76-118.1 keV: Li, C, N, 0, Al, Fe, H20)

21Ri01 Richtmyer, F. K. , Phys. Rev. 18, 13-30 (1921)
The Laws of Absorption of X-Rays
(13.14-133.3 keV: Al, Cu, Mo, Ag, Pb)
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22Bu01 Burbidge, P. W. , Philos. Mag. 43, 381-392 (1922)
The Absorption of the K X-Rays of Silver in Gases and Gaseous
Mixtures
(22.16 keV: Air, CC>2 , S02 , CH

3
I)

22Du01 Duane, W. , and Mazumder, K. C. , Proc. Nat. Acad. Sci. 8, 45-49 (1922)
Absorption of Short X-Rays by Aluminum and Copper
(75.0-130.4 keV: Al, Cu)

22Ta01 Taylor, E. G., Phys. Rev. 20, 709-714 (1922)
Absorption Coefficients for Homogeneous X-Rays
(17.4 keV : C, H, 0, Al, C^qH^, C^H^, C7Hg, CgHgO, C4Hg02 , CjHgO, CgHgO^
C3Hg02 , H20, Acetone)

22Wi01 Wingirdh, K. A., Z. Phys. 8, 363-376 (1922)
Untersuchungen uber die Absorption der Rontgenstrahlen. I.
(17.4 keV: C, N, O, Na, Mg, Al, P, S, Cl, K, Ca, Cr, Mn, Fe, Co, Ni,
Cu, Zn, Br, Sr, Y, Zr, Mo, Ag, Cd, Sn, I, Ba, Au, Pb)

230101 Olson, A. R. , Dershem, E., and Storch, H. H., Phys. Rev. 21, 30-37
(1923)
X-Ray Absorption Coefficients of Carbon, Hydrogen and Oxygen
(12.69-65.29 keV: C, H, 0, C6H6 , C6H5

CH
3 , C6H4 (CH3 ) 2 , C6H3 (CH3 ) 3 , C7H 16 ,

c6h12o, H20)

23R101 Richtmyer, F. K. , and Warburton, F. W. , Phys. Rev. 22, 539-545 (1923)
The Absorption of X-Rays by Iron, Cobalt, Nickel and Copper
(41.3-82.6 keV: Fe, Co, Ni, Cu)

24Wo01 Woo, Y. H., Proc. Nat. Acad. Sci. U.S.A. 10, 145-148 (1924)
Note on Absorption Measurement of the X-Rays Reflected from a
Calcite Crystal
(17.47934 keV: Al)

25St01 Stoner, E. C. , and Martin, L. H. , Proc. R. Soc. London, Sect. 1 107,
312-331 (1925)
The Absorption of X-Rays
(17.5-41.3 keV: Al, Cu, Mo, Pd, Ag, Sn)

26A101 Allen, S.J.M., Phys. Rev. 28, 907-922 (1926)
(Also: Phys. Rev. 24, 1-8 (1924), ibid 27, 266-276 (1926))
Absorption of X-Rays from Lambda 0.08 to 4.0 Angstroms
(3.1-155 keV: C, Mg, Al, S, Fe, Ni, Cu, Zn, Pd, Ag, Sn, Ba, W, Pt,
Au, Pb, Bi, Th, U)

26Ri01 Richtmyer, F. K. , Phys. Rev. 27, 1-17 (1926)
The Magnitude of the K-Absorption Discontinuity
(12.4-136.5 keV: Mo, Ag, Sn, W, Au, Pb)

27Ri01 Richtmyer, F. K. , Phys. Rev. 30, 755-761 (1927)
Further Experimental Tests of Theories of the Absorption of X-Rays.
(28.00-32.46 keV: Sn)

28Ho01 Holweck, F., C. R. Acad. Sci. 186, 1203-1205 (1928)
Production et absorption des rayons K de 1' Aluminum
(1.55 keV: Al)

28JO01 Jonsson, E., Dissertation, Uppsala (1928)
Absorptionsmessungen im langwelligen Rontgengebiet und Gesetze der
Absorption
(1.04-17.48 keV: Al, Ni, Cu, Ag, Pt)
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28Ku01

29Ba01

29Sc01

30Co01

30Ma01

30Ta01

30Wo01

31Co01

31De01

31Ku01

31Me01

31Sp01

31Ub01

Kurtz, H., Ann. Phys. 85, 529-551 (1928)
Die Absorption der Kohlenstoff-K-Strahlung in C, N und 0
(0.277 keV: C, N, O, Air, C02 , CO, C^Hg)

Backhurst, I., Philos. Mag. 7, 353-373 (1929)
The Absorption of X-Rays from 0.63 to 2 Angstroms
(6.21-19.25 keV: Al, Cu, Ag, Pt, Au)

Schocken, K. , Z, Phys. 58, 39-47 (1929)
fiber die Schwachungskoeffizienten einiger Gase fur kurzwellige
Rontgenstrahlen
(29.45-102.5 keV: O, N, Ar, Air)

Co1vert , W. W., Phys. Rev. 36, 1619-1624 (1930)
X-Ray Absorption in Gases
(5.42-25.0 keV: Ne, Al, S, Cl, Ar, S02 )

Mazumder, K. C., Phys. Rev. 36, 457-459 (1930)
Absorption of X-Rays by Lithium
(21.2-122.0 keV: Li)

Tarrant, G.T.P., Proc. R. Soc. London, Sect. A 128, 345-359 (1930)
The Absorption of Hard Monochromatic Gamma-Radiation
(2.649 MeV: H, C, Na, Mg, Al, P, S, Fe, Cu, Zn, Cd, Sn, Sb, Pb, Bi,
Paraffin)

Woernle, B., Ann. Phys. (Leipzig) 5, 475-506 (1930)
Die Absorption langwelliger Rontgenstrahlen von 2-10 Angstrom in
leichten Elementen
(1.254-5.946 keV: C, N, O, Ne, S, Cl, Ar, Air, S02 , CC14 ,

C
5
H12 ( Pentane)

)

Coster, D. , and Veldkamp, J. , Z. Phys. 70, 306-316 (1931)
Bestimmung des Absorptionskoef fizienten fur Rontgenstrahlen in der
Nahe der K-Absorptionskante der Elemente Cu und Zn
(8.944-9.887 keV: Cu, Zn)

Dershem, E., and Schein, M. , Phys. Rev. 37, 1238-1245 (1931)
The Absorption of the K-alpha Line of Carbon in Various Gases and
Its Dependence Upon Atomic Number
(0.277 keV: He, C, N, O, Ne, Ar, Kr, Xe, Au, C02 , Air)

Kustner, H., Z. Phys. 70, 468-491 (1931)
Einige Anwendungen des Filterdifferenzverfahrens zur Erzeugung
monochromatischer Rontgenstrahlen
(8.06-96.94 keV: Sn)

Meitner, L. and Hupfeld, H. H., Z. Phys. 67, 147-168 (1931)
Uber das Absorptionsgesetz fur kurzwellige Gamma-Strahlung
(1.76-2.62 MeV: C, O, Mg, Al, Si, Fe, Cu, Zn, Ag, Sn, W, Hg, Pb)

Spencer, R. G., Phys. Rev. 39, 178 (1932) (See also: Phys. Rev. 38,
1932-1937 (1931))
Absorption of Soft X-Rays in Gases
(1.778-8.066 keV: O, Ar, Air)

Uber, F. M. , Phys. Rev. 38, 217-224 (1931)
X-Ray Absorption Coefficients of Mercury Vapor in the Region of Its
L-Absorption Discontinuities
(8.86-16.8 keV: Hg)
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32Ch01 Chao, C. Y., Sci. Rep. Tsing Hua Univ. 1, 159-176 (1932)
(See also Proc. R. Soc. London, Sect. A 135, 206-213 (1932) Proc.
Nat. Acad. Sci. U.S. 16, 431-433 (1930))
The Absorption and Scattering of Hard Gamma-Rays
(2.63 MeV: Al, Cu, Zn, Sn, Pb, H20)

32Cr01 Crowther, J. A., and Orton, L.H.H., Philos. Mag. 13, 505-523 (1932)
(See also Philos. May. 10, 329-342 (1930))
On the Absorption of X-Rays in Gases and Vapours. I. Gases
(6.407-8.056 keV: N, O, Al, Ar, C2H4 , Air, C02 , H2S, C5H 12 , C6H14 ,

C^HjCl, Paraffin (CH2 ), (C^^-O, CHC12 , CC14 , Zr(CH3 ) 2 , C2H5Br, CH3 I)

32Ku01 Kustner, H. , Z. Phys. 77, 52-59 (1932)
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The Measurement of X-Ray Absorption Coefficients by the Use of the
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The Fluorescence Yield from the Ljjj Level of Uranium
(14.16-20.17 keV: U)
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Die Absorptionkoeffizienten fur Rontgenstrahlen in der L-Kanten bei
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Die Absorption harter Rontgenstrahlen im Blei
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The Scattering Coefficients of X-Rays at Short Wavelengths
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The L Absorption Discontinuities of Bismuth
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Sur 1 'Absorption des Rayons Gamma Penetrants
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Die Massenschwachungskoeffizienten monochromatischer Rontgenstrahlen
fur Cellophan, Al, Se, Ag, Cd, Sn, Sb und Te bis 10 Angstrom
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41La01 Laubert, S., Ann. Phys. (Leipzig) 40, 553-578 (1941)
Die Massenschwachungs-, Photoabsorptions- und Streukoeffizienten
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The Absorption of 24-Na Gamma-Radiation in Lead, Copper, and
Aluminum
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83-85 (1951)
A Method of Measuring Gamma-Ray Absorption Coefficients at 0.51 MeV
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(0.84-2.753 MeV: Al, Cu, Sn, Ta, Pb)

51De01 Dewire, J. W. , Ashkin, A., and Beach, L. A., Phys. Rev. 83, 505-509
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(1.33 MeV: Zn, Br, Ag, Cd, Sn, Hg, Pb)

17
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(0.32-0.662 MeV: Al, Cu, Pb)

57TO01 Tomboulian, D. H. , Bedo, D. E., and Neupert, W. M. , J. Phys. Chem.
Solids 3, 282-302 (1957)
M2 3 Absorption Spectra of the Elemental Solids Cr through Ge
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(0.0248-0.0696 keV: He)

59Ba01 Batterman, B. W., Phys. Rev. 115, 81-86 (1959)
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ELEMENT INDEX

Z = 1 H 38 References
22Ta01 230101 30Ta01 33Me01 34A101 34Ha01 36Ja01 52Le01
53Be02 56An02 58Mo01 59JoOl 59Ma01 59Mo01 59Ro02 6OJ0OI
60Wy01 62GaO

1

62Wi01 64Co04 65Be01 65Sa01 66Be01 66Be02
67Br01 67He01 68Co02 69No01 70De01 70Mc01 71Be01 72Ra01
72St01 73Go03 7 6Fu01 81Um01 82A101 89Sa01

Z = 2 He 18 References
31De01 55Le01 59Ax01 61Ba01 62Wi01 64Co02 64Lu01 64Sa01
65Lo01 66Be01 67He01 70De01 70Mc01 72Wa01 76We01 78Co01
78Ma01 94Sa01

Z = 3 Li 21 References
21He01 30Ma01 35Ge02 35Ma01 570101 57Sc01 59Ma01 59Ro02
60Ga02 62Ba01 62Fi01 65Pr01 65We01 67Hu02 68K0OI 69De02
71Ro01 73Go03 75Ah01 81Um01 82Me01

Z = 4 Be 45 References
35Ma01 38An01 47Ma01 49La01 51De01 52Co01 52JaOl 53Hu01
54Jo01 54Ke01 56An01 57Sc01 59Jo01 59Ma01 59Ro02 60Ca01
62Mi01 62Wi01 63Pe01 64Co01 64Co03 64Ka01 64Lu03 640g01
64Te01 65Ba01 66Be01 67Mc01 69Be01 69De02 69MO01 69Se01
70Co01 70Ha01 73Ph01 75Ah01 75Mo01 75MO02 76Ha02 84Na01
84Ra02 85GO01 88Ti01 88Na01 89Ge01

Z = 5 B 5 References
59Ro02 67Mc01 68K0OI 73Go03 85La01

Z = 6 C 106i References
09Ba01 17Ko01 21He01 22Ta01 22Wi01 230101 26A101 28Ku01
30Ta01 30Wo01 31De01 31Me01 32Ro01 33Me01 34Gr01 34Ha01
34Re01 35Ma01 36Cu01 36Ja01 38An01 39Wr01 45Ro01 47Ma01
48Co01 49Wa01 52Co01 52JaOl 52Sh01 52Wy01 53Be02 53Hu01
54Pa01 55Ch01 55Co01 56An02 57Ma01 58Ba01 58Be01 58Er01
58Mo01 58Sa01 58Wo01 59JoOl 59Ma01 59Ro02 60Ca01 60Wy01
61La01 62Ba02 62Fi01 62Wi01 63Be01 64Mu01 64Og01 64Sa03
65Du01 65We01 66Be01 66Wa01 67Br02 67He01 67Ka01 67Mc01
68F0OI 68Kn01 68We01 69Be01 69Be02 69De02 69Mo01 69Se01
70Co01 70De01 70De02 70Wu01 71Go01 71He01 72Mi01 73GO01
73Go02 73GO03 73Mi01 74Ho01 74Jo01 75Ah01 75Ca01 75MO01
7 5Mo02 77Mu01 78CO01 79Be01 79Pu01 81Ra01 81Um01 82Ge02
83Ge01 84Na01 84Ra01 84Ra02 86Br01 87De01 87De02 88De01
88Ti01 88Na01

Z = 7 N 38 References
20Ho01 21He01 22Wi01 28Ku01 29Sc01 30Wo01 31De01 32Cr01
33Me01 52C101 52We01 54Cu01 58Ma01 59RO02 60Ca01 61Wi01
62Wi01 63Hu01 65Sa01 65We01 66Be01 67He01 70De01 71Be01
71De03 72St01 73Go03 73Le01 73Wa02 74Mi01 75Da01 77Sa02
78Bi01 78Co01 81Um01 81Wu02 82Wu02 89Sa01

Z = 8 0 55 References
21He01 22Ta01 22Wi01 230101 28Ku01 29Sc01 30Wo01 31De01
31Me01 31Sp01 32Cr01 33Me01 35Ma01 36Ja01 37Ca01 52C101
52We02 53Gh01 55Ab01 58Wo01 59Ro02 60Ca01 61Wi01 62Wi01
63Be01 640g01 65Sa01 65We01 66Be01 67He01 67Ma01 70De01
71Be01 71De03 72St01 73Go01 73Go03 73Le01 73Wa01 74Mi01
7 5Ah01 75Da01 7 6B0OI 77Sa01 78Co01 78Me01 79Ba01 81Um01
81Wu02 82Wu02 83Sh02 84Ra01 85Sa01 88An01 89Sa01
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Z = 9 F 12 References
39Wr01 59Ro02 63Be01 64Og01 65We01 66Ni01 67He01 73GO03
73Mi01 77Cr01 78Co01 81Um01

Z = 10 Ne 19 References
30CO01 30Wo01 31De01 53Le01 60Di01 61Wi01 63Ch01 64CO02
64Ed02 65Sa02 66Be01 67He01 69Wu01 70De01 70Mc02 72Wa01
74Mi01 76We01 78Co01

Z = 11 Na 15 References
17Ko01 22Wi01 30Ta01 36Cu01 59Ro02 65We01 66Qu01 67Hu02
68Hu01 68K0OI 73Go03 77Co01 81Um01 82Tu01 84Ra01

Z = 12 Mg 35 References
09Ba01 17Ko01 22W101 26A101 30Ta01 31Me01 32RO01 35Ge02
35Ma01 36Ja01 39Wr01 52Sh01 53Be02 53TO01 57Ba01 59De01
59Ro02 63Kr01 64CO03 64Ka01 65We01 66Ni01 67Mc01 67We01
68K0OI 70CO01 71De02 73Go03 74Mi01 74Su01 79La01 81Um01
84Ye01 88Na01 94Gu01

Z = 13 A1 17S» References
07Ba01 09Ba01 lOChOl UChOl HWhOl 14Br01 16Hu01 17Ko01
20Si01 21He01 21Ri01 22Du01 22Ta01 22Wi01 24Wo01 25St01
26A101 28HO01 28JO01 29Ba01 30Co01 30Ta01 31Me01 32Ch01
32Cr01 32RO01 33He01 34Gr01 34Ha01 34Ke01 34MC01 34Re01
35Ge02 35Ma01 36Ba01 36Bi01 36Cu01 36Ja01 37Hi01 38An01
39Ha01 39Wr01 45Ro01 47Ma01 47Mc01 48Ad01 48A101 48CO01
49La01 49Pa01 49Wa01 51Ar01 51Da01 51De01 51To01 52Co01
52JaOl 52Sh01 52Wy01 53Be02 53Gh01 53Hu01 54Pa01 54Sc01
55Co01 55Fr01 56Ba01 57Br01 57SC01 57SC02 58Bo01 59De01
59Ho01 59Ma01 59Ro02 60Ca01 60Eh01 60Ja01 60Wy01 61Ba02
61La01 62Ba02 62Co01 62Wi01 63Ra01 64CO03 64Ka01 64Lu02
64Mu01 640g01 64Te01 65A101 65Ba01 65Co01 65Th01 65We01
66Be01 66He01 66Hu01 66Ni01 67Br02 67Er01 67Er02 67Fo01
67Ka01 67Mc01 67Si01 68H0OI 68Hu02 68Kn01 68K0OI 69A101
69Ha01 69JaOl 69MO01 69Ra01 69We01 70Co01 70Ga01 70Ha01
70In01 70Lu01 70Ma01 71De02 71He01 72Mi01 72Sa01 73Ah01
73GO01 73GO02 73Go03 73Ma01 73Ra01 74Ch01 74GO01 74HO01
74JO01 74Ki01 74Mi01 74Pa01 74Sh01 74Si01 75Ah01 75MO01
75Sh01 76Ch01 76Go01 76Lu01 76Ro01 76Se01 77Lu01 77Mu01
78Pe01 78Pr01 79La01 79Ma01 79Pu01 80He01 81Da01 81Ra01
81Um01 84Na01 84Ra01 84Ra02 84Ye01 86Br01 86Va02 87Ma01
88Na01 89Ke01 90Fu01 90Qu01 91Ke01 92Ke02 93Ke01 93Ke02
93Ke03 93Na01 94Gu01

Z = 14 Si 33 References
31Me01 56To01 58Bo01 59Ro02 61Au01 64Le01 65De01 65We01
66Er01 68K0OI 68Pa01 69A101 69Be01 69Be02 70Ga01 70Ma01
72Br01 73Gi01 73Go03 73Hi01 73Ma01 73Mi01 74Ha01 76Ro01
77Ge01 77La01 81Ge01 82Ge02 84Na01 84Ra02 85Mi01 88Na01
94Gu01

Z = 15 P 8 References
17Ko01 22Wi01 30Ta01 59RO02 61Bo02 65We01 73Mi01 81Um01

Z = 16 S 28 References
17Ko01 22Wi01 26A101 30Co01 30Ta01 30Wo01 32RO01 34Gr01
35Ge02 35Ma01 36Cu01 36Ja01 39Ha02 39Wr01 52Sh01 59Ro02
65We01 67He01 67Mc01 69La01 70CO01 73Go03 73Mi01 79Pu01
81Um01 84Ra01 85La01 86Br01

Z = 17 Cl 14 References
22Wi01 30Co01 30Wo01 3 6JaOl 39Ha02 39Wr01 59Ro02 65We01
67He01 73Mi01 76RO01 78CO01 81Um01 84Ra01
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Z = 18 Ar 33 References
29SC01 30CO01 30Wo01 31De01 31Sp01 32Cr01 55Le01 61Wi01
62Bu01 62SC01 62Wi01 63Ch01 63Lu01 64A101 64Co02 64Ru01
64Sa02 66Be01 67He01 69De03 69Wu01 70De01 70Mc02 71Be01
72St01 72Wa01 73Ca01 74Mi01 75Lo01 76We01 87Ya01 89Sa01
93Ma01

Z = 19 K 8 :References
17KO01 22Wi01 36Cu01 65We01 67Hu01 73Go03 81Um01 84Ra01

Z = 20 Ca 16 References
17Ko01 22Wi01 35Ma01 36Ja01 39Wr01 52Sh01 65We01 66Ni01
68K0OI 69Be01 69Be02 73Go03 75Ah01 77Cr01 77Lu01 80Pr01

Z = 21 Sc 3 :References
67Ca01 81Ra01 82Ra01

Z = 22 Ti 42 References
39Wr01 52Sh01 53Hu01 59De01 59Ma01 60Eh01 61Sw01 64Ka01
65Ru01 65We01 66Hu01 67Ca01 67Er01 67Er02 67Kn01 67Mc01
67Mi01 68H0OI 68Hu02 68K0OI 69Da01 69De02 69So01 70Co01
70Fi01 71He01 72Ky01 72Mc01 72Mi01 73Go03 74Si01 75Mo01
76Ch01 76Lu01 77Lu01 81Um01 84Ra01 87De02 88Pa01 89Un01
90De01 90Qu01

Z = 23 V 23 References
39Wr01 53Hu01 65CO01 65We01 67Ca01 67Er01 67Er02 68H0OI
68K0OI 69Da01 69MO01 69SO01 70Fi01 72Ky01 74Pa01 75MO01
75MO02 76Ha01 76Lu01 77Lu01 78Ra01 80Pr01 89Un01

Z = 24 Cr 21 References
22Wi01 32Ro01 39Wr01 57To01 58Sa01 59Ho01 64Ka01 65Co01
65We01 67Er01 67Er02 68K0OI 69So01 71Fi01 72Di01 72Ky01
81Um01 84Ra01 87De02 90De01 90Fu01

Z = 25 Mn 12 References
22Wi01 39Wr01 52Sh01 57To01 58Sa01 65We01 67Mi01 69So01
72Ky01 78Br02 81Um01 84Ra01

Z = 26 Fe 66 References
07Ba01 09Ba01 14Br01 17Ko01 21He01 22Wi01 23Ri01 26A101
30Ta01 31Me01 32Ma01 32Ro01 34Ke01 35Ma01 35Re01 36Ja01
39Wr01 45CO01 47Ma01 48Ad01 52Sh01 53Be02 57Ma01 57To01
59Ba01 59De01 60Eh01 61Ba02 62Ba02 62Wi01 64Ka01 65Co01
65We01 67Ca01 67Ka01 67Kn01 67Mc01 67Mi01 67Pa01 68K0OI
69A101 69Da01 69De02 69Mo01 69So01 70CO01 70Ma01 71De01
72Ky01 73Ah01 73Go03 74Si01 75MO01 75Mo02 78Br01 78Lo01
78Pr01 83De01 84Ra01 84Ye01 86De02 89Un01 90De01 90Qu01
91Wa01 92Wa01

Z = 27 Co 23 References
17Ko01 22Wi01 23Ri01 39Wr01 52Sh01 57To01 59Ho01 62Wi01
64Ka01 65Co01 65We01 66Qu01 67Ca01 68H0OI 68K0OI 69Mo01
69So01 72Ky01 75Mo01 7 6Lu01 78Br01 84Ra01 89Un01

Z = 28 Ni 58 References
09Ba01 14Br01 17Ko01 22Wi01 23Ri01 26A101 28Jo01 32Ma01
32Ro01 34Gr01 36Cu01 41La01 52Sh01 53Hu01 57To01 59De01
59Ho01 60Eh01 62Wi01 64Ka01 65Co01 65We01 66Hu01 67Ca01
67Er02 67Mc01 68H0OI 68Hu02 68K0OI 69Da01 69Di01 69MO01
69SO01 70CO01 70Lu01 70Ma01 72Ky01 74Si01 75Mo01 7 5Mo02
7 6Lu01 77Lu01 78Br01 80Pr01 81Ra01 81Um01 83De01 84Ra01
84Vi01 84Ye01 86De02 87De02 88De01 88Pa01 89Ke01 89Un01
90De01 90Fu01
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Z = 29 Cu 153 References
07Ba01 09Ba01 14Br01 16Hu01 17Ko01 20Si01 21Ri01 22Du01
22Wi01 23Ri01 25St01 26A101 28Jo01 29Ba01 30Ta01 31Co01
31Me01 32Ch01 32Ma01 32Ro01 33He01 34Gr01 34Ha01 34MC01
35Ge02 35Ma01 35Re01 36Cu01 37Hi01 38An01 41La01 44Co01
45Co01 47Ma01 48Ad01 48A101 48CO01 49La01 49Wa01 51Ar01
SIDaOl 51De01 52Co01 52JaOl 52Ro01 52Sh01 52Wy01 53Be02
53Gh01 54HO01 54Pa01 54SC01 55CO01 55Fr01 56Ba01 57Ra01
57Sc01 57Sc02 57To01 58Mo01 58Sa01 59Ba01 59De01 59Ho01
59Hu01 59Ma01 60Eh01 60Ka01 61Ba02 61La01 62Dy01 62Fi01
62Wi01 63Ra01 63So01 64CO03 64Ka01 64Kh01 64Mu01 65Ba01
65Co01 65Th01 65We01 66Be01 66Hu01 67Ba01 67De01 67Kn01
67Mc01 68B0OI 68H0OI 68Hu02 68Kn01 68Pa01 69Da01 69De02
69Mo01 69So01 69We01 70CO01 70Ku01 700r01 71Ah01 71Gh01
71He01 72Ky01 72Sa01 73Ah01 73Ca02 73Go01 73GO02 73Mi01
73Ra02 74Ch01 74Go01 74HO01 74Ma01 74Pa01 74Si01 75Mo01
76Ch01 76GO01 76Ha01 76RO01 77Mu01 77Sh01 78Br01 78Ra01
79Ce01 79Ma01 79Pu01 80He01 81Um01 82Ge01 82Ge02 84Na01
84Ra01 84Ra02 86Va01 87De02 87Ma01 87Re01 88Na01 89Ke01
89Un01 90De01 91Ke01 91Wa01 92Wa01 93Ke01 93Ke02 93Ke03
93Na01

Z = 30 Zn 45 References
07Ba01 09Ba01 14Br01 17Ko01 22Wi01 26A101 30Ta01 31Co01
31Me01 32Ch01 32Ma01 32Ro01 35Ge02 36Ja01 39Wr01 52Sh01
53Be02 57Gh01 57Ra01 57To01 58Bo01 59Ho01 60Eh01 65Me01
65We01 67Ca01 67Kn01 67Mc01 68K0OI 69De02 69Mo01 70Co01
71Gh01 72Ky01 73GO03 74Ma01 74Si01 75Mo01 75Mo02 80Pr01
81Ma01 84Ra01 87Ma01 89Un01 90Qu01

Z = 31 Go. 2 References
57TO01 59We01

Z = 32 Ge 19 References
51G101 56TO01 57TO01 58BO01 6 IB0OI 62Ba03 64Ba01 65De01
65Li01 67Er02 68Ba01 68Ef01 68Pa01 69Gr01 70Ca01 73Go03
73Hi01 75Mo01 77Ge01

Z = 33 As 4 References
17Ko01 39Wr01 67Mc01 73Go03

Z = 34 Se 12 References
17Ko01 35Ma01 36Bi01 36Sc01 38Mu01 39Wr01 52Shol 58Bo01
62Vo01 70Ca01 73Hr02 84Ra01

Z = 35 Br 10 References
22Wi01 32Ro01 38Mu01 39Ha02 39Wr01 53Gh01 57Gh01 73Go03
81Um01 84Ra01

Z = 36 Kr 19 References
31De01 60Pe01 63Ch01 64Lu01 64Ru02 66Sa01 67He01 69Ha03
69Wu01 70Br01 70Mc02 71Ed01 75La01 76We01 86De01 89Sa01
90Ma01 90Ya01 93Ma01

Z = 37 Rb 2 References
73Go03 81Um01

Z = 38 Sr 5 References
22Wi01 39Wr01 68K0OI 81Um01 84Ra01

Z = 39 Y 7 References
22Wi01 80Pr01 81Ra01 82Ra01 84Ba01 84Li01 92Wa02
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Z - 40 Zr 28 References
17Ko01 22Wi01 39Wr01 53Hu01 59De01 60Eh01 61Sw01 64Ka01
66Hu01 67Mc01 67Zh01 68H0OI 68Hu02 68K0OI 69De02 70CO01
73Ah01 74Go01 74Ma01 75Mo01 76Ch01 76Go01 76Lu01 77Lu01
77Mu01 77Ra02 79Pu01 81Um01

Z = 41 Nb 17 References
17Ko01 36Jo01 61Sw01 62Wi01 66He01 66Hu01 67Mc01 67Zh01
68B0OI 68H0OI 68Hu02 68K0OI 70Co01 74Ma01 74Su01 7 6Lu01
77Lu01

Z = 42 Mo 41 References
17Ko01 21Ri01 22Wi01 25St01 26Ri01 32Ma01 32Ro01 34Gr01
36Jo01 39Wr01 52Sh01 52Wy01 53Hu01 59De01 59Ma01 60Eh01
61Sw01 62Wi01 64Ka01 67De01 67Kn01 67Mc01 67Zh01 68H0OI
68K0OI 69De02 70Co01 71He01 73Go03 74Pa01 75MO01 76Ha01
76Lu01 77Ka01 77Lu01 77Sh01 78Pr01 78Ra01 84Ra01 93Ke01
93Ke02

Z = 45 Rh 4 References
34Gr01 35Ma01 64Ka01 68Ek01

Z = 46 Pd 13 References
14Br01 25St01 26A101 32Ma01 35Ma01 59De01 62No01 64Ka01
66Hu01 67Zh01 68Hu02 87Ke01 87Sa02

Z = 47 Ag 75 References
07Ba01 09Ba01 14Br01 17Ko01 21Ri01 22Wi01 25St01 26A101
26Ri01 28Jo01 29Ba01 31Me01 32Ma01 32Ro01 33Wo01 34Gr01
34Ha01 35Ge02 36Bi01 36Ja01 36JO01 36Sc01 37Hi01 38An01
41La01 47Ma01 52Sh01 52Wy01 53Be02 57Gh01 58Mo01 59De01
59Hu01 60Eh01 6 IN0OI 62Wi01 64CO03 64Lu02 66Hu01 67Mc01
67Zh01 68Gh01 68Ha01 68H0OI 68Hu02 68K0OI 69De02 69Mo01
70Co01 72Sa01 73Mi02 73Ra03 74GO01 74Ma01 75Lu01 75MO01
75MO02 76Go01 76Lu01 77Lu01 77Mu01 77Ra02 78Pr01 79Ce01
79Pu01 81Ma01 81Ra01 81Um01 84Ra01 87Ke01 87Ma01 88Na01
89Ke01 91Ke01 93Ja01

Z = 48 Cd 36 References
17Ko01 22Wi01 30Ta01 32RO01 34Gr01 36Bi01 36Sc01 38Mu01
41La01 52JaOl 52Sh01 53Be02 54Pa01 56Ba01 57Gh01 59De01
60Ma01 61No02 62Wi01 63Ra01 67Kn01 70Ma01 71He01 73Ra04
73Ra05 74Ra01 75Mo01 76Ch01 78Co02 80Pr01 81Um01 84Ra01
84Ye01 87Ke01 87Sa01 90Qu01

Z = 49 In 10 References
34Gr01 60Ma01 61No02 62Wi01 64Hu01 67Mc01 80Pr01 82Ra01
84Ra01 87Ke01

Z = 50 Sn 86 References
07Ba01 09Ba01 14Br01 17Ko01 22Wi01 25St01 26A101 26Ri01
27Ri01 30Ta01 31Ku01 31Me01 32Ch01 32Ma01 32Ro01 34Gr01
34Ke01 34Mc01 35Ma01 35Re01 36Bi01 36Jo01 41La01 48Co01
49La01 49Wa01 51Da01 51De01 52CO01 52JaOl 52Ro01 52Sh01
53Be02 53Hu01 54Pa01 54Sc01 55Co01 57Gh01 57Ma01 57Ra01
57Sc01 59De01 59Ma01 60Eh01 61NO02 62Wi01 65Ba01 66Be01
66C0OI 66Lu02 66Qu01 67De01 67Kn01 67Mc01 68Gh01 68Ha01
68H0OI 69De02 69Pa01 70Co01 71Ah01 72Sa01 73Go01 73Go02
73Mi02 74Ch01 74Go01 74Ma01 74Pa01 7 5Mo01 76Go01 76Ha01
77Mu01 78Ra01 79Ce01 79Pu01 80Gu01 83De01 84Ra01 84Ye01
86De02 87Ke01 89Ke01 90Qu01 91Wa01 93JaOl
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Z = 51 Sb 10 References
17Ko01 30Ta01 32RO01 36Bi01 39Wr01 52Sh01 53Be02 61No02
70Ma01 84Ra01

Z = 52 Te 11 References
17Ko01 36Bi01 36Sc01 39Wr01 52Sh01 55Wo01 58Bo01 61No02
66Lu02 73So01 84Ra01

Z = 53 I 12 References
22Wi01 35Ma01 36Ja01 38Mu01 39Ha02 39Wr01 53Gh01 63SC01
73Go03 81Um01 84Ra01 87Ke01

Z = 54 Xe 26 References
31De01 34Wh01 63Ch01 64Ed01 64Lu01 64Ru02 65Ma01 65Wa01
66Ga01 66Lu01 66Sa01 67He01 67Ni01 67Z101 68De01 69Ha03
69Wu01 70Mc02 71Be01 71Ed01 75Ed01 75La01 87Ke01 89Sa01
90Ya01 93Ma01

Z = 55 Cs 3 References
7 lot01 73GO03 80Gr01

Z = 56 Ba 11 References
22Wi01 26A101 38Mu01 68K0OI 71Ot01 73Go03 74Ra02 81Um01
82Sc01 84Ra01 93Ja01

Z = 57 La 8 References
67Mc01 67Zi01 69De02 70Co01 71Ot01 73Go03 82Um01 84Ba01

Z = 58 Ce 11 References
38Mu01 39Wr01 67Zi01 69MO01 70Ha02 700r01 7 lot01 73Go03
75Mo01 82Um01 84Ba01

Z = 59 Pr 6 References
61Bo02 67Zi01 69Da01 70Ha02 82Um01 84Ba01

Z = 60 Nd 8 References
67Kn01 67Zi01 70Ha02 700r01 73Go03 80Pr01 82Um01 84Ba01

Z = 62 Sm 9 References
67Zi01 69De01 69De02 70Ha02 700r01 73Go03 77Mu01 82Um01
84Ba01

Z = 63 Eu 2 References
67Zi01 84Ba01

Z = 64 Gd 17 References
67Kn01 67Mc01 67Zi01 68H0OI 69Da01 69De02 70Co01 700r01
73Go03
84Li01

77Ra01 80Gu01 81Cu01 81Ra01 82Ra01 82Um01 84Ba01

Z = 65 Tb 5 References
69De01 69De02 73Gr01 84Ba01 86Pr01

Z = 66 Dy 8 References
67Zi01 73GO03 81Cu01 81Ra01 82Ra01 82Um01 84Ba01 84Li01

Z = 67 Ho 9 References
67Kn01
86Pr01

67Zi01 69De01 69De02 700r01 80Gu01 82Um01 84Ba01

Z = 68 Er 8 References
67Zi01 69Da01 80Gu01 82Um01 84Ba01 84Li01 86Pr01 87Sa01
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Z = 69 Tm 4 References
67Zi01 69De01 69De02 84Ba01

Z = 70 Yb 9 References
67Kn01 67Zi01 68C0OI 69De01 69De02 700r01 73Go03 80Gu01
84Ba01

Z = 71 Lu 2 References
67Zi01 68C0OI

Z = 72 Hf 8 References
64Ka01 67MC01 68K0OI 69De01 69De02 70Co01 76Lu01 80Gu01

Z = 73 Ta 46 References
34Gr01 34Ha01 35Ma01 36Jo01 41La01 51Da01 52Sh01 53Be02
53Hu01 54Ho01 59Ma01 62Wi01 66He01 66Hu01 67De01 68C0OI
68H0OI 68Hu02 68Ja01 68K0OI 69De02 69Ha02 69MO01 73Mi02
74Go01 74Pa01 75Mo01 76Go01 7 6Lu01 77Ka01 77Lu01 77Mu01
77Ra02 77Sh02 78Ra01 79Pu01 80Gu01 82Um01 83De01 83Li01
83Sh01 85Re01 S6De02 93Ke01 93Ke02 93Ke03

Z = 74 W 43 References
17Ko01 26A101 26Ri01 31Me01 32Ro01 34Gr01 34Ha01 41La01
52JaOl 52Sh01 52Wy01 53Be02 54Ho01 58Sa01 59De01 61La01
62Wi01 66Qu01 67De01 67Kn01 67Mc01 68Gh01 68K0OI 68Pa02
69De02 69Ha02 70Co01 70Lu01 71He01 73Mi02 73Ra02 75Mo01
75Mo02 7 6Lu01 77Lu01 77Mu01 78Pr01 80Gu01 82Ra01 83Li01
84Ra01 85Re01 90Qu01

Z = 75 Re 2 References
69Ha02 7 6St01

Z = 77 Ir 4 References
41La01 69De01 75Cu01 81Cu01

Z = 78 Pt 33 References
07Ba01 09Ba01 14Br01 26A101 28Jo01 29Ba01 32Ro01 33Wo01
34Gr01 35Ma01 41La01 47Ma01 52Co01 52Sh01 53Be02 59De01
60Eh01 62Wi01 68H0OI 68Ja01 69Ha02 69Pa01 74Ch01 78Pr01
82Ra01 83De01 86De02 86Pr01 87Ma01 87Re01 87Sa01 87Sa02
88Pa01

Z = 79 Au 63 References
09Ba01 14Br01 17Ko01 22Wi01 26A101 26Ri01 29Ba01 31De01
32RO01 33Wo01 34Gr01 36Sc01 38An01 41La01 52CO01 52Sh01
53Be02 59Be01 59De01 60Ma01 62Wi01 64Lu02 65A101 66Be01
66Hu01 66Ja01 67Er01 67Er02 67Mc01 68Gh01 68H0OI 68Hu02
69De02 69Ha02 70Co01 70Lu01 73Ra03 74Go01 74Ha01 74Ma01
74Pa01 75Lu01 75MO01 76Go01 76Lu01 76Re01 77Ch01 77Lu01
77Sh01 77St01 78Ra01 79Ce01 79Ma01 79Pu01 8OG11OI 8lCu01
83De01 83Li01 85Re01 86De02 87Ma01 87Re01 88Pa01

Z = 80 Hg 13 References
17Ko01 31Me01 31Ub01 32Ro01 36Ja01 47Ma01 52Sh01 57Gh01
57Ra01 64Mu01 66Qu01 73GO03 82Ra01

Z = 81 T1 4 References
38Mu01 52Sh01 61De01 65Do01
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Z = 82 Pb 136 References
16Hu01 17Ko01 21Ri01 22Wi01 26A101 26Ri01 30Ta01 31Me01
32Ch01 32Ku01 32Ro01 34A102 34Ge01 34Gr01 34Ha01 34Ke01
34MC01 35Ge01 35Ma01 35Re01 36Ja01 36Jo01 36Sc01 37De01
37De02 41La01 44Co01 45Co01 45Gr01 45Ro01 47Ma01 47Mc01
48Ad01 48A101 48Co01 49La01 49Wa01 51Ar01 51Da01 51De01
52Co01 52JaOl 52Ro01 52Sh01 52Wy01 53Be01 53Be02 53Gh01
54Ke01 54Pa01 54Sc01 55Co01 56An01 56Ba01 57Br01 57Gh01
57Ma01 57Ra01 57Sc01 57Sc02 58Bo01 58Mo01 59Hu01 59Ma01
59Sc01 60Be01 60Ka01 61La01 62Ba02 62Fi01 62Wi01 63Ra01
65Ba01 65Th01 66Hu01 66Lu02 66Qu01 67De01 67Ka01 67Kn01
67Mc01 68Di01 68Gh01 68Kn01 69De02 69MO01 69Pa01 69Sc01
69We01 70Co01 70Ma01 700r01 7 1AhO

1

71He01 72Ch01 72Sa01
73Ah01 73A101 73GO01 73Go02 73Go03 73He01 73Mi02 73Ra01
73Ra02 73Ra03 73Ra04 74Ba01 74Ch01 74GO01 74Pa01 74Sh01
75Lu01 75Mo01 75Mo02 76GO01 76Re01 77Ka01 77Mu01 77Sh01
78Ra01 79Ce01 79Pu01 81Ma01 82Um01 83De01 83Li01 84Na01
84Ra01 84Ra02 85Re01 86De02 87Ma01 88Na01 89Ke01 92JaOl

Z = 83 Bi 23 References
17Ko01 26A101 30Ta01 32RO01 34Ca01 36Sc01 47Ma01 52CO01
52Sh01 53Be02 66Hu01 67Ja01 68Ha01 69Mo01 70Dh01 74Su01
75MO01 77Sh02 80Gu01 82Um01 83Sh01 84Ra01 84Ye01

Z = 90 Th 17 References
26A101 53Be02 59Ro01 62Wi01 67Be01 67Mc01 69De02 70Co01
76Re01 77Ch01 77Mu01 77Ra02 78Cu01 78Ra01 81Cu01 84Ra01
87De02

Z = 92 U 48 References
26A101 32Ku01 32Ro01 33St01 34Ke01 36Ja01 47Ma01 49La01
51De01 52Co01 52JaOl 52Ro01 52Wy01 53Be02 54Pa01 58Mo01
59Ma01 59RO01 65Th01 67Be01 67Mc01 67Pe01 69De02 69Mo01
70Co01 71He01 73De01 73Ra03 74Cu01 74Ra01 75MO01 75MO02
76Ha01 76Re01 77Ch01 77Mu01 78Cu01 81De01 81Cu01 83De01
84Ra01 85Sh01 85We01 86De02 87De01 87De02 88De01 88Ti01

Z = 94 Pu 5 References
59Ro01 67Mc01 70CO01 77Ca01 77Ch01
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COMPOUND AND MATERIAL INDEX

70Br01
AgCl

81Um01 84Um01
3 REFERENCES

58Er01
AI2O3

81Um01 66F0OI
3 REFERENCES

39Wr01
AS2O7 1 REFERENCE

69We01
B2O3 1 REFERENCE

84Ra01
Ba(N0

3 ) 2 1 REFERENCE

81Um01
BaO

84Um01
2 REFERENCES

64Lu03
BeO

65Pr01 82Ba01
3 REFERENCES

84Ra01
Bi ( NO

3 ) 3
* 5H20 1 REFERENCE

82Um01
Bi203

84Um01
2 REFERENCES

92JaOl
BiP04 1 REFERENCE

30Wo01
CC14

32Cr01 67He01
3 REFERENCES

79Wu01
cf2ci2 1 REFERENCE

77Le01
CF

3
CI 1 REFERENCE

74Mi01
CF4

77Le01
2 REFERENCES

67He01
1 REFERENCE

77Le01
1 REFERENCE

69De02
CH 1 REFERENCE

32Cr01
chci2 1 REFERENCE

79Wu01
chf

3
1 REFERENCE

39Wr01
chi3

1 REFERENCE
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32Cr01
ch2

62Fi01
2 REFERENCES

69We01
(
CH2)n 1 REFERENCE

39Ha02
ch2ci2 1 REFERENCE

64Lu01
CH2 (OCH3 ) 2

66Lu01
2 REFERENCES

79Wu01
CH3C1 1 REFERENCE

84Ra01
(CH3

C00) 2 «C04 -H20 1 REFERENCE

92JaOl
(CH

3COO) 2 «Pb*3 H20 1 REFERENCE

79Wu01
ch3f 1 REFERENCE

22Bu01
ch

3 i

32Cr01 39Ha02
3 REFERENCES

75Da01
ch

3
oh 1 REFERENCE

33Me01
73Le01

ch4
64Lu01 64Ru01
75Da01 77Le01

70De01
81Wu02

70De03
82Wu02

13
71Be01
89Sa01

REFERENCES
72St01

71Be01
ch4o 1 REFERENCE

22Ta01
CH10Hi6 1 REFERENCE

33Me01
C2H2

81Wu01 82Wu01 83Wu01 85Wu01
6

91Xi01
REFERENCES

32Cr01
91Xi01

c2h4
33Me01 61Wi01 73Le01 74Mi01

8

81Wu02
REFERENCES

82Wu02

32Cr01
C2H5

Br
32St01 39Ha02

3 REFERENCES

32Cr01
C2H5

CI 1 REFERENCE

32Cr01
(C2H5 ) 2

.0 1 REFERENCE

66Lu01
C^OH

75Da01
2 REFERENCES

74Mi01
(C2H5 ) 3 *P04 1 REFERENCE
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28Ku01
C2H6

33Me01 67He01 71Be01 73Le01
7

81Wu02
REFERENCES

82Wu02

81Wu02
C2« 10 1 REFERENCE

71Be01
02^0 1 REFERENCE

22Ta01
c3h6

o 1 REFERENCES

22Ta01
C3H

6
02 1 REFERENCE

71Be01
c
3
h7o 1 REFERENCE

75Da01
C
3HtOH 1 REFERENCE

33Me01
c
3
h

8
1 REFERENCE

22Ta01
c
3h8

° 1 REFERENCE

22Ta01
c3H8°2 1 REFERENCE

22Ta01
C4H8°2 1 REFERENCE

73Le01
C4H 10

82Wu02
2 REFERENCES

7 IBeOl
C4HiqO 1 REFERENCE

58Sa01
C
5
H8°2 1 REFERENCE

30Wo01
C
5
H 12

32Cr01
2 REFERENCES

230101
C6H3

(CH
3 ) 3 1 REFERENCE

230101
C6H4 (CH3 ) 2 1 REFERENCE

230101
c6h5

ch
3 1 REFERENCE

22Ta01
c6H6

230101
2 REFERENCES

230101
c
6
h 12o 1 REFERENCE

32Cr01
C6Hi4 1 REFERENCE
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22Ta01
c7h8 1 REFERENCE

230101
C7H 16 1 REFERENCE

28Ku01
81Wu02

CO
33Me01
89Sa01

71Be01 71De03 73Le01
9

75Da01
REFERENCES

79Ba01

22Bu01
71De03
89Sa01

co2
28Ku01
72St01

31De01
73Le01

32Cr01
74Mi01

33Me01
75Da01

15
62Bu01
79Ba01

REFERENCES
71Be01
81Wu02

81Wu01
COS

82Wu01 83Wu01
3 REFERENCES

39Wr01
[

( C02 ) 2 • Fe+2H20 ] 1 REFERENCE

39Ha02
cs2

81Wu01 82Wu01 83Wu01
4 REFERENCES

86Br01
CaC03 1 REFERENCE

84Ra01
CaF2 1 REFERENCE

39Wr01
CaH2 1 REFERENCE

92Ke01
CaS04 » 2 H20

93Ke01 93Ke02 94Ke01
1 REFERENCE

82Ba01
CaS04 : Dy ( Teledyne : Teflon disks) 1 REFERENCE

82Ba01
CaS04 : Dy ( TLD 900) 1 REFERENCE

84Ra01
CaTe 1 REFERENCE

84Ra01
CdCl2 1 REFERENCE

81Um01
Cdl2 1 REFERENCE

58Bo01
CdSb 1 REFERENCE

39Wr01
Ce02

82Um01 84Um01
3 REFERENCES

70Ha02
Ce203

1 REFERENCE

92Ke01
Co (

C

2H3
02 ) 2 • 4

93Ke01
h2o

93Ke02 94Ke01
4 REFERENCES
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39Wr01
C0CO3 1 REFERENCE

84Ra01
CoS04 «7H20 1 REFERENCE

92Ke01
Cr(C2H302 ) 3

«H20
93Ke01 93Ke02 94Ke01

4 REFERENCES

81Um01
Cr03 1 REFERENCE

39Wr01
Cr203 1 REFERENCE

70Br01
CsCl 1 REFERENCE

7 lot01
CsF 1 REFERENCE

69Fu01
Csl

70Br01 84Li01
3 REFERENCES

81Um01
CuCl 1 REFERENCE

81Um01
CuO 1 REFERENCE

84Ra01
CuS04 «5H20 1 REFERENCE

64Co04
D

69NO01 72Ra01
3 REFERENCES

35Ma01
d2o

47Ma01 73Ka01 77Ph01
4 REFERENCES

82Um01
Dy2°3

84Um01
2 REFERENCES

82Um01
Er203

84Um01
2 REFERENCES

84Ra01
FeS04 «7H20

92Ke01 93Ke02 94Ke01
4 REFERENCES

70Ca01
GaAs

84Ra01
2 REFERENCES

70Ca01
GaP 1 REFERENCE

70Ca01
GaSb 1 REFERENCE

81Cu01
GdF

3
1 REFERENCE

82Um01
Gd203

840m01
2 REFERENCES
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51G101

51G101

51G101

51G101

72Ha01

82Um01

69Be01

84Ra01

21He01
52Wy01
63Sc01
70De03
75Ph01
86Br01

32Cr01

82Um01

70Ca01

70Ca01

70Ca01

70Br01

84Ra01

81Um01

81Um01

69Fu01

GeBr4

GeCl4

GeH4

1

REFERENCE

1 REFERENCE

1 REFERENCE

Ge2H6 1 REFERENCE

HCl
74Mi01

(HCOO) 2 *Pb

84Um01

HF
69Be02

Hgi 2
<

H20 (Water)
22Ta01 230101 32Ch01
53Gh01 54Pa01 57Ma01
64Te01 65Th01 67Ka01
71Be01 73Ka01 74Jo01
75Ra01 77Ph01 78Pe01

h2s

67He01 69La01 72Ha01

Ho203

84Um01

InAs

InP

InSb
84Ra01

KBr
81Um01 84Li01

KBr0
3

2

REFERENCES

2 REFERENCES

2 REFERENCES

1 REFERENCE

36 REFERENCES
35Ge02 35Ma01 47Ma01
58Wo01 60wy01 62Ba02
69Be01 69Be02 69We01
74Su01 75Ah01 75Da01
835h02 84Ra01 85Bi01

7 REFERENCES
72St01 74Mi01 91Xi01

2 REFERENCES

1 REFERENCE

1 REFERENCE

2 REFERENCES

3 REFERENCES

1 REFERENCE

KC1
84Li01

kh2po4
84Ra01

KI
70Br01 81Um01 84Um01

1 REFERENCE

2 REFERENCES

4

REFERENCES
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84Ra01
KN0

3 1 REFERENCE

84Ra01
^2^r2®7 1 REFERENCE

39Wr01
K2Te03 1 REFERENCE

81Cu01
LaF

3 1 REFERENCE

82Um01
La203

84Um01
2 REFERENCES

65Pr01
LiD 1 REFERENCE

39Wr01
LiF

76Cr01 76La01
3 REFERENCES

82Ba01
LiF:Mg, Ti ( TLD 600) 1 REFERENCE

82Ba01
LiF:My , Ti (TLD 700) 1 REFERENCE

82Ba01
Li F-7 ( Teledyne

)

1 REFERENCE

65Pr01
LiH

69De02
2 REFERENCES

81Um01
LiOH 1 REFERENCE

82Ba01
Li2B407 :Mn (TLD 800) 1 REFERENCE

81Um01
MgO 1 REFERENCE

92Ke01
MgS04 * 7 H7O

93Ke01 93Ke02 94Ke01
4 REFERENCES

39Wr01
MnO

81Um01
2 REFERENCES

84Ra01
MnS04 »H20

92Ke01 93Ke02 94Ke01
4 REFERENCES

70De03
nh

3

7 IBeOl 72St01 7 5Da01 91Xi01
5 REFERENCES

39Wr01
NH4Br 1 REFERENCE

39Wr01
NH4C1 1 REFERENCE

84Ra01
nh4no3

1 REFERENCE
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1 REFERENCENH4VO3

39Wr01

69Be01
n2h4

69Be02
2 REFERENCES

71Be01
NO

71De03 72St01 73Le01 75Da01
7

81Wu02
REFERENCES

82Wu02

71Be01
81Wu02

n2o
71De03
82Wu02

72St01 73Le01 75Da01
9

78Bi01
REFERENCES

79Ba01

84Ra01
Na2B4O7 «10H2O 1 REFERENCE

84Li01
NaBr 1 REFERENCE

81Um01
Na2C03 1 REFERENCE

59Ba01
NaCl

76Cr01 81Um01 84Li01 84Ra01
5 REFERENCES

76Cr01
NaF

81Um01
2 REFERENCES

81Um01
NaHC0

3 1 REFERENCE

54Ho01
Nal

54Pa01 63Sc01 69Fu01 76Ma01
6

84Li01
REFERENCES

81Um01
NaN02 1 REFERENCE

81Um01
NaN0

3

84Ra01
2 REFERENCES

81Um01
Na2S04 1 REFERENCE

92Ke01
NaV0

3

93Ke02 94Ke01
3 REFERENCES

84Ra01
NaW04 -2H20 1 REFERENCE

92JaOl
Na2W04 «2H20 1 REFERENCE

82Um01
Nd203

84Um01
2 REFERENCES

81Um01
NiO 1 REFERENCE

72Ha01
ph

3

91Xi01
2 REFERENCE
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1 REFERENCEPb (N03 ) 2
92JaOl

PbTe
58Bo01 66Lu02

Pr02

82Um01 84Um01

RbCl
70Br01 81Um01

sf6

77Le01

S02
22Bu01 30Co01 30Wo01

Sb-^O-i

39Wr01

SeH2

73Hr01

SiC
89Wa01

SiF4
72Ha01

SiH4
72Ha01

Si02
66Er01 67Er01 67Er02

Sm203

82Um01 84Um01

SnTe
66Lu02

SrF2
81Um01

Sr (NO
3 ) 2

84Ra01

SrO
39Wr01

Ta205

82Um01 84Um01

ThF4
81Cu01

Th02
84Ra01

Ti02

39Wr01 81Um01 84Ra01

32St01 8lWu01

74Mi01

2 REFERENCES

2 REFERENCES

2 REFERENCES

1 REFERENCE

7 REFERENCES
82Wu01 83Wu01

1 REFERENCE

1 REFERENCE

1 REFERENCE

1 REFERENCE

1 REFERENCE

4 REFERENCES

2 REFERENCES

1 REFERENCE

1 REFERENCE

1 REFERENCE

1 REFERENCE

2 REFERENCES

1 REFERENCE

1 REFERENCE

3 REFERENCES
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8lCu01
uf4 1 REFERENCE

70Ma01
uo2 1 REFERENCE

84Ra01
U02 (Co0) 2 *3H20 1 REFERENCE

70Fi01
vb2 1 REFERENCE

70Fi01
VC 1 REFERENCE

70Fi01
VN 1 REFERENCE

70Fi01
v2o3 1 REFERENCE

70Fi01
v2o4 1 REFERENCE

70Fi01
v2o5 1 REFERENCE

84Ra01
ZnO 1 REFERENCE

92Ke01
ZnS04 * 7 H20

93Ke01 93Ke02 94Ke01
4 REFERENCES

84Ra01
ZnTe 1 REFERENCE

32Cr01
Zr (CH

3 ) 2 1 REFERENCE

39Wr01
Zr02

81Um01
2 REFERENCES

22Ta01
Acetone 1 REFERENCE

91E101
Acetophenone 1 REFERENCE

91E101
Acetylacetone 1 REFERENCE

22Bu01
32St01

Air
28Ku01
33Me01

29Sc01
54Cu01

30Wo01
70Mc02

31De01
74Mi01

13
31Sp01
76Ha02

REFERENCES
32Cr01

71Go01
Anisole 1 REFERENCE

74Jo01
Aorta 1 REFERENCE

93Na01
Arabinose 1 REFERENCE
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70Ma01
Asphalt 1 REFERENCE

91E101
Bakkelite

93Si01
1 REFERENCE

86Si01
Bell Metal (75Cu-25Sn) 1 REFERENCE

91E101
Benzaldehide 1 REFERENCE

71Go01
Benzene 1 REFERENCE

91E101
Benzyl Alcohol 1 REFERENCE

75Ra01
Blood 1 REFERENCE

75Ph01
Biological Materials (30) 1 REFERENCE

86Br01
Bone Standard 1 REFERENCE

74Jo01
Brain

75Ra01
2 REFERENCES

86Si01
Brass (66Cu-34Zn) 1 REFERENCE

58Sa01
Carbon Steel 1 REFERENCE

74JO01
Cartilage 1 REFERENCE

36Bi01
Cellophane 1 REFERENCE

91E101
Cellulose-triacetate 1 REFERENCE

69Se01
Claryl 1 REFERENCE

86Br01
Coconut Oil 1 REFERENCE

57Ma01
Concrete

62Ba02 67Ka01
3 REFERENCES

86Br01
Corn Oil 1 REFERENCE

58Sa01
Cr Steel 1 REFERENCE

71Go01
Cyclohexane 1 REFERENCE
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71GO01
Decalin 1 REFERENCE

86Br01
Dried Lean Meat 1 REFERENCE

86Br01
Dry Bone 1 REFERENCE

75Ra01
Egg White 1 REFERENCE

75Ra01
Egg Yolk 1 REFERENCE

91E101
Ether 1 REFERENCE

35Ma01
Ethyl Alcohol (ethanol)

63Lu01 91E101
3 REFERENCES

91E101
Ethylacetoacetate 1 REFERENCE

74Jo01
Fat

86Br01
2 REFERENCES

91E101
Formalin 1 REFERENCE

81Da01
Formvar 1 REFERENCE

93Na01
Fructose 1 REFERENCE

93Na01
Galactose 1 REFERENCE

86Br01
Ghee 1 REFERENCE

67Ka01
Glass 1 REFERENCE

93Na01
Glucose 1 REFERENCE

91E101
Glycerol 1 REFERENCE

86Si01
Gunmetal ( 66Cu-10Sn-4Zn) 1 REFERENCE

74Jo01
Kidney 1 REFERENCE

81Da01
Kimfoil 1 REFERENCE

86Si01
Linotype Metal ( 79Pb-16Sb-5Sn) 1 REFERENCE
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74Jo01
Liver

75Ra01
2 REFERENCES

58Sa01
Lucite

78Pe01 91Ke01 93Ke01 93Ke03
5 REFERENCES

74Jo01
Lungs 1 REFERENCE

67Ka01
Magnetite Concrete 1 REFERENCE

69Se01
Makrofol 1 REFERENCE

93Na01
Maltose 1 REFERENCE

93Na01
Mannose 1 REFERENCE

70Ma01
Marble 1 REFERENCE

70Ma01
Masonite 1 REFERENCE

93Na01
Melzitose 1 REFERENCE

93Na01
Melibiose 1 REFERENCE

69Se01
Melinex

70De02
2 REFERENCES

64Ru01
Methane

75Lo01
2 REFERENCES

91E101
Methyl Alcohol (methanol

)

1 REFERENCE

75Ra01
"Mix-D

"

1 REFERENCE

S8Sa01
Mn Steel 1 REFERENCE

S8Sa01
Monel Metal 1 REFERENCE

60Eh01
Mylar

66He01 69Se01 91Ke01
4 REFERENCES

75Ra01
Normal and Cancerous Tissue 1 REFERENCE

91Ke01
Nylon

93Ke01 93Ke03
3 REFERENCES

71Go01
O-Xylene 1 REFERENCE
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93Ke01
PTFE 1 REFERENCE

30Ta01
Paraffin

32Cr01 34Gr01 34Ha01 70Ma01
6

71Go01
REFERENCES

74Ca01
Parylene C 1 REFERENCE

71Go01
P-Cymene 1 REFERENCE

58Sa01
Perspex (Lucite(C

5
H
802)

)

91E101 93Si01
3 REFERENCES

58Sa01
Phosphor Bronze 1 REFERENCE

71Go01
Plastic Scintillator 1 REFERENCE

65Th01
Plexiglass

70Ma01 75Ra01
3 REFERENCES

86Si01
Plumber Solder ( 50Pb-50Sn) 1 REFERENCE

52Co01
Polyethylene

60Eh01 78Pe01 86Br01
4 REFERENCES

86Br01
Polyisoprene 1 REFERENCE

74Ca01
Polypropylene c

3
h6
o 1 REFERENCE

70De02
Polypropylene

81Da01
(C3H6 ) n 2 REFERENCES

58Ba01
Polystyrene

65Th01 67Er01 67Er02 75Ra01
5 REFERENCES

70Ma01
Porcelain 1 REFERENCE

65Th01
Presdwood 1 REFERENCE

93Na01
Raf finose 1 REFERENCE

93Na01
Rhamnose 1 REFERENCE

93Na01
Ribose 1 REFERENCE

70Ma01
Rubber 1 REFERENCE

74JO01
Skin 1 REFERENCE
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86Si01
Solder (67Pb-33Sn) 1 REFERENCE

86Si01
Solder Soft (40Pb-60Sn) 1 REFERENCE

65Th01
Stainless Steel

70Ma01
2 REFERENCES

74Jo01
Striated Muscle 1 REFERENCE

60Eh01
Teflon (CF2 )

64Te01 70Ma01 91Ke01 93Ke03
5 REFERENCES

69Se01
Terphane 1 REFERENCE

74Jo01
Testes 1 REFERENCE

74Jo01
Thyroid 1 REFERENCE

71Go01
Toluene 1 REFERENCE

75Ra01
Various Muscle 1 REFERENCE

74Jo01
Vena Cava 1 REFERENCE

65Th01
W-Alloy 1 REFERENCE

S8Sa01
W-Steel 1 REFERENCE

86Br01
Wax 1 REFERENCE

85Pe01
A-150 Dosimetry-Phantom Plastic 1 REFERENCE

85Pe01
A- 174 Dosimetry-Phantom Plastic 1 REFERENCE

85Pe01
A-180 Dosimetry-Phantom Plastic 1 REFERENCE

85Pe01
B-100 Dosimetry-Phantom Plastic 1 REFERENCE

85Pe01
B-109 Dosimetry-Phantom Plastic 1 REFERENCE

85Pe01
B-110 Dosimetry-Phantom Plastic 1 REFERENCE

85Pe01
C-552 Dosimetry-Phantom Plastic 1 REFERENCE

P-10 Gas 1 REFERENCE
75Lo01
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