Subshell Binding Energies of Atoms
and Tons from Hydrogen to Zinc.

Wolfgang Lotz

IPP 1/56 February 1967

INSTITUT FUR PLASMAPHYSIK

GARCHING BEI MUNCHEN




INSTITUT FUR PLASMAPHYSIK

GARCHING BEI MUNCHEN

Subshell Binding Energies of Atoms
and Ions from Hydrogen to Zinc.

Wolfgang Lotz

IPP 1/56 February 1967

Die nachstehende Arbeit wurde im Rahmen des Vertrages zwischen dem Institut
fiir Plasmaphysik GmbH und der Europdischen Atomgemeinschaft tiber die
Zusammenarbeit auf dem Gebiele der Plasmaphysik durchgefiihrt,




IPP 1/56 W. Lotz Subshell binding energies of atoms
and ions from hydrogen to zinc.
February 1967 (in English)

Abstract

Binding energies of electrons in the K-, L M._-, M

e Lppire Mg T
MV—, and NI—subshells of free atoms and of ions of all ionization
stages of the elements hydrogen through zinc (Z = 30) are given

with full regard to experimental values.




Introduction

For the calculation of electron impact ionization cross sections 1,2

knowledge not only of the ionization potentials of atoms and ions >
but also of binding energies of inner shell electrons is essential.
Recently 4 some binding energies of the next inner subshell have been
calculated as far as they could be extracted from AEL 5 or found by
extrapolation.

But even for the next inner subshell there are some gaps to be

filled: for ions no binding energies are known if the next inner sub-
shell is populated by 1ls-, 2p-, or 3p-electrons, though for atoms
approximate values are to be found.

As the present calculation has but a rather limited accuracy, subshells
LII’ MII’ and MIV are not considered. For convenience the following
shell notations are assumed to be equivalent: K = 1s, L. = 2s, LIII =
2p, MI = 3s, MIII = 3p, M, = 3d, and NI = s,

I

Binding energies of free atoms

Binding energies given in references 3 and 4 will not be considered
here, instead a critical review of X-ray data is necessary.

For noble gases accurate data are available: the K-shell binding
energy of neon was recently determined by Mehlhorn 6 (1966) to be
870.0 eV in excellent agreement with the mean value of earlier
experiments surveyed in the same paper. For argon one has to combine

the MIII binding energy of reference 3 and the term differences
KMIII and KLIII given by Sandstrom 7 or Bearden »9 in order to get
the K and LIII binding energies. The L_ binding energy of argon has

been determined recently by Mehlhorn . (1966) to be 326.5 eV.

For the remaining elements which are by far the majority, X-ray data
are available only for solids and even these sometimes were seriously
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in error until recently. Many tables gave incorrect values

for the LI binding energies of light elements though the correct
values were known well before 1950 and could be found in Landolt-
Bornstein 14 and in the table given by Slater o (1955). Recently

the correct values were reproduced by Nordberg, Hamrin, Fahlman,




! ) 16
Nordling and Siegbahn (1966) who used the electron spectroscopic
method.

Best overall consistency was achieved by Bearden and Burr 9 (1965)
who used all data then available to make a least squares adjustment.
Table ITI of their paper has been adopted therefore as a basis for
the following considerations.

For the conversion of binding energies of solids into binding
energies of free atoms the following statements hold approximately:

1. Energy level differences between shells are approximately the same
in a solid and in a free atom.

2. Binding energies for solids which are given with respect to the
Fermi level have to be augmented by the work function in order to
get the energy necessary to remove the electron altogether. This
energy is approximately equal to the binding energy of the
respective electron in a free atom. For metals work functions

are known fairly accurately.

3. For outer shells the values given in table III of reference 9 can
be compared with those in references 3 and 4. Corrections thus
found can be used to get appfoximate values for the binding
energies of inner shells of a free atom by adding this correction
to the values of table III in reference 9.

4, Binding energies of inner shells of free atoms give a smooth
curve in a Mosley diagram as there are no chemical or solid state
effects. Instead of a Mosley diagram the difference method
described in reference 3 can be used.

Results achieved by applying Statement No. 2 (where applicable) or
Statement No. 3 generally do not agree but differ typically by 2 eV.
Statement No. 4 can be fulfilled with values lying between those
found by Statement No. 2 (where applicable) and those found by
Statement No. 3. Where Statement No. 2 is not applicable these
values lie within =) eV of Statement No. 3 with the exception of

nitrogen (discrepancy: 4 eV).




The value of 0.7 eV for MI of alumin um given in table III of
reference 9 is most probably misplaced, a better interpretation
would be M s Or a discrepancy of 5 eV would arise.

IT, IIT

Values adopted as binding energies of free atoms are given in

tables 7 through 11 together with the first and the second differences
which are equivalent to the first and second derivative. The second
difference is smooth everywhere except between neon and sodium and
between argon and potassium, that is each time a noble gas shell

is closed. The binding energies thus found differ typically by 4 ev

and up to 9 eV from the values given by Slater 15,

Binding energies of ions

To demonstrate the course of the following calculations let us

take table 2 with the binding energies of the 2s-electrons in the
LI—subshell as an example: the binding energies of the lithium and
the beryllium sequences are identical with the ionization potentials
given in reference 3, the binding energies of the boron through neon
sequences are identical with the binding energies of the next inner
subshell given in reference 4. The binding energies of free atoms

of sodium through zinc are taken from table 8.

This leaves us with the problem to calculate binding energies for
ions of the sodium through copper sequences by reasonable inter-
polation.

If we inspect table 2 more closely the following relations can be
discovered: the difference of the binding energies of Mg I and Mg III

is about two times the difference between Na I and Na II; the difference
of A1 T and Al IV 1is about three times that much, etec. This leads to

the assumption that a linear interpolation between binding energies

of different ionization stages of the same element could give

reasonable results. The condition that the binding energies of an
isoelectronic sequence should be nearly proportional to quadratic
numbers can be fulfilled by this interpolation as well.

This linear interpolation works out allright up to the argon sequence.
Then the above described procedure has to be repeated once more: the




difference of the binding energies of Ca I and Ca III is about
two times the difference between K I and K II, the difference
of Se T and Sc IV is about three times that much, etec. In the
same manner table 1 and tables 3 through 5 have been derived.

In table 6 an additional assumption had to be made concerning the
MV—subshell when a l4s-electron is present in the ground state. From
AEL only approximate values can be extracted for these cases and
therefore no value is given in reference 4. Here it is assumed that
the MV binding energy is approximately 1.3 eV higher than the
ionization potential of the atoms Se¢ I through Cu I, and approximately
0.4 eV higher than the ionization potential of the ions Sec 1EIE S

Ti IT, Mn II, and Fe II.

Discussion

In tables 1 through 6 the results of the interpolation procedure
are presented. The number of digits after the decimal point has
been chosen in such a way that the last digit is uncertain by one
to ten units. If a digit before the decimal point is supposed to be
uncertain by more than ten units it has been underlined.

For the LII_’ MII-’ and MIV-subshells no values are given because

the energy difference to the LIII-subshell ete. is of the order of
the probable error of the binding energy. For atoms the energy
difference LII - LIII has been smoothed and is given in table 12.

For the conversion of wave numbers into energy the physical constants
of 1963% are applied: 1 om™! 2 1.2%981 x lo"4 eV. This is true also
9

for the X-ray data given by Bearden and Burr which are used here

as a basis.




References

1

lo

1.1

12

13

14

15
16

W. Lotz, Report IPP 1/47, Institut fiir Plasmaphysik, Garching
b. Minchen (1966). Astrophys. J. Suppl. in press.

W. Lotz, Report IPP 1/50, Institut fiir Plasmaphysik, Garching
b. Minchen (1966),
W
b

Lotz, Report IPP 1/49, Institut fiir Plasmaphysik, Garching
. Munchen (1966). To be published in J.Opt.Soc.Am.

W. Lotz, Report IPP 1/54, Institut fiir Plasmaphysik, Garching
b. Minchen (1966),

C.E. Moore, Atomic Energy Levels (AEL), National Bureau of
Standards Circular 467 (1949, 1952 and 1958),

H. Korber and W. Mehlhorn, Z.Physik 191, 217 (1966),
A.E. Sandstrom, Encyclopedia of Physics 30,156 (1957);

J.A. Bearden, X Ray Wavelengths , Report NYO-10586, U.S. Atomic
Energy Commission, Division of Technical Information Extension,
Oak Ridge, ®Bnnessee (1964),

J.A. Bearden and A.F. Burr, Atomic Energy Levels, Report NYO-

2543-1, U.S. Atomic Energy Commission, Division of Technical
Information Extension, Oak Ridge, Tennessee (1965),

W. Mehlhorn, Private communication (1966),

S. Hagstrodm, C. Nordling and K. Siegbahn, in Alpha-, Beta-, and

Gamma-Ray Spectroscopy, edited by K. Siegbahn.

North-Holland Publishing Company, Amsterdam (1964),

R.D. Hill, E.L. Church. and J.W. Mihelich, Rev. Sci. Instr. 23,
823 (1952},

A.H. Wapstra, G.J. Nijgh, and R. van Lieshout, Nuclear Spectroscopy
Tables, North-Holland Publishing Company, Amsterdam (1959).

Landolt-Bdrnstein, Zahlenwerte und Funktionen, 1. Teil: Atome
und Tonen, 6th edition. Springer Verlag, Berlin-Gottingen-Heidel-
berg, p. 226, Table 13146 (1950),

J.C. Slater, Phys. Rev. 98, 1039 (1955),

R. Nordberg, K. Hamrin, A. Fahlman, C. Nordling. and K. Siegbahn,
Z. Physik 192, 462 (1966),




g2c11|23211| 50011 | 78601 | TBB01| B5LOL | ZOLOL | FF90L [ FES0L | G201 | SovoL| TovoL | BFcou| 2Bzor| BZzoi| SBLOL| E€L0L | OBOOL Tzool YLe6 T266 8986 <186 29L6 60L6 2996 | uz | o¢
9590195501 | G¥rOL| FECOL ﬂw.mo,wﬂ:: ToooL [SF66 |9886 |B2e6 | TLL6| ¥iLe| I%96| 0096| Ivse| TEv6| Fvve 766 Fai13 7626 Oveé %816 BEL6 Z806 9€06 s868 | "0 | 62
¥Too.| 5066 |Z086 | 2696 |Eace |zave |Ilce |TTz6 |Tre6 |9%16 | OOL6| GTroe| OBes| 3Yges| Oses| 8ess BLLe| Og¢Ls T898 2¢98 f4-11°} §741:} [£:17-3 434 98¢8 Lees | TN | 82
vv¢6 |T826 |86 |IIo6 |FI6s |Tlee |BoLe |8998 |B9se |Otse | 3Sove| Tove| Bves| GSoes| 2ves| &die Bcig| 2eo8 gyos 866L TS6L Yo6L 9¢8L BosL L9LL vLLL oo | Le
eL26 |ezee |3Lce |GLvs |Osce |Teze |Zsie |¥80s |Ts6L |T6sL | S¢eL| Z8LL| O¢LL| ®LoL| ®e9L| ILISL| JasL BLYL gerL 8oL TheL 862l ZoeL TozL L9LL oL | ea | 92
2168 | 1vie | BesL |CosL |TiiL |SuoL |TesL |Tevl |VecL | 2¥eL| ®8i1L| TZiL| TsoL| BEoL| &869 0v69| 689 2y89 2os9 BsL9 91L9 2L99 0£99 9859 cvso | uw | 62
cesL |e2svL |TszL |TotL |TLoL |Os69 [Bese |BeLo | OuLo| 2z299| OLse| Tese| €Lyl 92v9 BLeo|  2E€9 %829 Treo 0029 Bsi9 BL19 TLo9 909 y665 | 20 | ve
oveL | 1689 | T€99 |Svso |Bsvo |2Leo |Soe9 | ®6L9| Fii9| 0OLo9| 086S 2¢6s| Isss Zv8s TeLs 25LS ToLs 2996 929¢ Isss BYsS 6066 oLvs| A | €2
9299 | 6¥29 | Bco9 |Te6S |SLaS |26LS BoLs| Tz9s| 9ves| 99vs E 3 gL¢s [141] 982¢ (4744 0026 Tcis Tus 0805 (4714 L00S oLey | T1 | 22
¥€09 | 5L9S |TLYS |T6<S |Bues oves| Tois| gsos| 900 ocer| Tesv| Tvst BoLt 8oLy TiLy IL9¥ (4114 Tesy 144 826 vevy | os | 12
oLvS | 6216 |BE6Y | G9sY TeLy] 9uLv| Trov| Tost Y6y 444 BLEY Tech Tezt 8set Biey osLY Triy oLt zLoy Lvov | 80 | o2
Y6y | LL9Y | TEYY Tocy| Teev| Ozzv| BYLY BLoY oot (3734 006¢ Tosg [44:14 98LE (3274 ZiLe qLIC Lyog o9 | x| 6L
92y |12ty Teec| Tssc| Busg| zole %89¢ Blog| Fsse 343 444 (4874 y¥x14 3714 Toce 2Lec Leze| et9ozc ) v | 8L
oves |c°ssoc| Beve| Teve| SLee| Ziee|  Breg] Isig AT 990¢ geo¢ ge62 Bs62 9262 (431 0982 628z | 10 | L1
Loveve|eczee| SLogc| Tiog| Bsez| Ooez| Tvsz| gsLe JeLe oL9z ¥eoe To9e Bose BCse L0S2 oLvz| s | 9t
8'690¢|6°9182| BLIZ Yeoz oLse cise o9ve Sove gece Toge L9zz 9¢ee 9022 LLie gLz 4| St
LegLoz|LeLEve 60¢2 Bezz| Boee gsie Totz Tsoz 8ooz 0961 8ez61 gés1 L8t yveL | TS | bi
L*$0¢2|66° 5802 L96L Te6l qLeL 8281 TeLL qcLL 0691 9¥9L 9191 6851 posL | v | €1
19°296L28°19LL €591 TioL Bost 9251 Zevi TrvL oortL 09¢tL 2¢ectL 80¢L | 3w | 2t
99°8¥9L|LL°G9¥L 99¢L Bzgt 0621 X Ziet LLL I Lott gLot | en | 11
91°29¢1 [28°66LL Lot cLoL 6c01L oot 696 443 206 | o°oLs |eon | ot
60°<0LL|006°€S6 9%} sv8 c18 8L 119 czL ves | 4| 6
L8g LLe |Leg oLl oL9 %9 819 165 95 gcs | o] 8
620°L99 |€90°25S 137 1Ly (342 9z¥ cov T
086°68¢ |¥80°26¢ (174 sz L0g gz | 0| 9
L2 ove |€9€°652 oze 902 6L | g | s
cLL L1z [888°€SL gzl GLL |eg | ¥
16¥°22L |8€9°5L LS 1| €
18 A8 4 Lgs*ve SH 4
966°¢1L H|
A AXX | ADX| IDOC] IDOX| IXX | XX | XIX |HIAX| OAX | IAX | AX | AIX | HIX X IX X X1 A 17, IA A Al m 11 1 2
‘A® , 0L X 1B6CZ'L ® WO L
*s3Tun O UvY3 aJow Aq UTB3IL2OUN 9JE S3TITP PAUTTILpU
*A® Ut TTOYS=) 9Y3 UT SUOI3D8T3-8| JO n&._.,w.uocn M:«v:uﬂ 1| 9TqQulL




eveeloive| 1eze| s6te| Lore| LLoz| 0561|061 098L|IIeL] TLLL] BzLi] T8Il ZvolL Yoot 9961 8251 o6¥L 26hL v 9LEL 8secL 00¢1t 2921 2zt il | uz | og

eLvz|9scz| 6222| 9012| c2oe| LebL] LooL|BaLL|SrLL|20LL| 099t Biot| ZIusi| Test|  Tevi gshL Zeh1 98¢ 0scL it 8LeL el ElA oLLL reLL 2oL | no | 62

86¢2| s622| sLiz| 9502| 8c6L| LooL] LLL  2691|TEoL|26GL| TSSL| Tisi| IuLvy| Zevi|  Zegu (441 Bl g8zl TseL izt 8L Byl QL TsoL LYol vior | N | 82

grzz| 6L12| 9002|0681 9LLL| 669L| 6L9L|OPSL|TBYL] SPvL] Tovi| Bogci 2EcL|  vezL 9621 Biel IsiL ({40} gz T601L BsoL TzoL 266 €96 0¢6 o | Lz

svoz|os6L|zraL| teLLfzeot| evsL] LLyio6cL| Frer] Toci| OLer| Feal| BéLL gLt TzLl 2601 2901 Z¢oL Zool 2L6 26 z16 288 0s8 | e | 92

6L81]|88LL| S89L| 6LSL| 9LYL| YOyL]OCEL| 6 8G2L| OigL| SLLL ovLL 90LL gLoL Beol goot 2L6 §273 916 888 098 2¢8 Y08 vLL | w | sz

v2LL] o] sesi| vevifocei| Lozt Le96LL] G 82LL| €801 o501 ZioL <86 %56 226 068 (11} (44} Tos TeL 5L 62L 2oL | ve

695L] 98¥L| 26¢L|9621[co2L] L LELL| € 0LOL[L S00L €96 2¢6 To6 TLs Zv8 Zi8 Z8L 5L BzL oL 89 LS9 €€9 AtlRce

czvi| ovcL|9gzL] oL € LLoL| S vLOL|0°1S6 | 6°688 0sg Tes z6L YoL TcL BoL T89 %59 2¢9 0L9 88¢ L9S T | ez

gszL|¢L2L|82LL|8 LYOL9°856 |6°868 | 6°8¢8 | <°LSL HL TiL 069 %99 Beo Zi9 Iss 296 25 22s €0$ °s | 12

LSL1|L80L|0"900L| L°G626 [8°9¥8 |Ov 06L | 8°¢CCL |OL°6LY s¥9 029 265 TLS 8Y¢ §749 005 Ly (313 B2 ® | 02

¥€0L[6°L96 |€ 168 |v° G518 | 0'2vL |68°889 | 8°6€9 | YL°S8S 1414 0¢s Zos [4:12 Yo 227 [47 86¢ 18¢ X | 61

L°8L6 |€°658 |9°¢8L | 9°2LL | L ¥¥9 |82 %65 | ¥L¥bS | 09°L6Y 89¥ LyY 9z¥ 90¥ 98¢ 99¢ ove | 6°92¢ v | 8L

0°608 [L°0SL | 0°¢89 | 8°919 | 1°¢SS | 99°906 | oL°09% | 90°Lib 06¢ LLE 2s¢ (144 yig 962 12" |§ro” fue

8°90L [98°169 | 2°685 | 6°L2S | 0°69% | 96°G2¥ | 09°¢8E | ¥ cHe 6L¢ 20¢ 82 992 6v2 2ce s | ot

09°L19 |¥5°096 |L¥°20S | 6°Ghy | 8°16C | SL°2S¢ | vvecie | ¢g9Lz 652 6£2 cee Lo2 161 a| st

Leges [€Loly | igczevy | LvoLe | veize | vzrsez | 61052 | 9i-Liz 861 ¢8L 891 5L | 1S | w1

Y6 LYY |129°86€ | LS°6vE | vr2o¢ | 6°LSz | 02'szz | 98°¢hL | Lt bou Lyt 124 izt |

95t L9E |686°L2¢ | 8¢°¢8z | 86°0v2 | viL 10z | 1o0°eLL | svevvL | 9L°siL <ol 26 W | e

168°662 |66L°¥92 | 21°¥e2 | 9¢°98L | sL°1GL | L9°s2L | 96°L0L | 60°08 L9 L

960°6€2 |Ls2°LoZ | vL*iLL | 29°8¢L | s0°soL | 298 Lv°99 | Ly°sty oN | o1

S8L°68L |96L°LSL | 2292t | SL°L6 | Le*iL | os*¢s | g8 Lg |6

Sui*sgL feo6°cLL | L6°L8 | LL°¢9 | 6S°2v | svesz o|s

888°L6 [LL¥°LL | 9L°¢S | 69°9¢ | ¢¢toz N|L

26v°v9 |¢ssLy | Le*o¢ | 65°91 019

0¢6°Le  |ssitse | ¢6°21 -3 I

te'sL  [z2€6 og | ¥

26<°S 5 1

IR A | ADX | DX | IDXX| IXX | XX | XIX | IAX| DAX | TAX AX | AIX 1164 ox IX X X1 A IIA 1A A Al 11 I I Y4
.HHOEODGBIH‘H ay3 ur 8U0JI300T8-82 Jo uo.ww.ucﬁc Uﬂﬂvﬂ.—.m ig oTqeyl




e6ve| L9ce| veze| veoz| 9961 ccaL| VoL BSLL|SiLL|BooL| Teoi| BLSL| TSt 0671 TsrL ZivL gLEL [4141 ZezlL gselL gieL YLLL ({4 9601 LsoL ¢zoL | uz | og
80¢z[ 2812 0902f 9L6L| co8L|S69L[ EY9L|To9L| TocL| BiLsL| TLvi| Zevu o6cL|  ErCL TicL YLeL ez B6LL Tott (AN g0l 8yoL TioL vL6 L6 | no | 62
Lciejoloz| véeL| 9sLL|8voL| SvSL B6vL[BSYL| Sivi| SLEL|  TegL g6elL (441 Ziel BLLL (420 8oL 2LoL 9¢o1L o001 796 626 768 658 N | s2

296L| 9v8L| veLL]2091) 00SL| LovL|ZGEL] Bigi| BLzi| Beel oozL ToLL gzl gs0L zcoL BLoL 906 256 816 Yes 058 Li8 8L 0o | Lz
(66LL|6R9Lf28SL) 9Ll 8scL| GozL| Zeei| SeLi| Zvii|  Owtl|  ELoi|  9got GoolL 796 [413 206 TLe [313} Zos SLL cyL 2Ll | °& | 92

vyoL|6csiLf Levi| Ligt| veaL| v scLL] ¥60L| BSOL geol 8836 €56 816 ¥o8 058 Tee 26L ZoL gcL <oL €Ly rt9 u | ce

96vL| 96¢1| 6621 SeLL[L 960L 8 2LOL| EL6 ov6 306 gLe ors Zoe SLL [47) 1L [4:£] 299 V<9 909 6Ls | a0 | e

€6¢1]0921)89LL|0°090L| ¥ 9L6 [£*L68 Bse gz8 96L (17 veL oL gL9 (47 219 (434 896 474 8LS L | g2

LzzL| LeiLf vrvvoLi6tLy6 |L°c9s |65 8L 2cL TeL 269 Y90 <9 909 BLS 056 Zzs %05 L8Y esy | 11| ze

Y60L| £ 600L|G°L26 |8°0¢8 | L°96L |28°989 259 cz9 765 oLS (41 916 06% Y9y (42 cer cot os | 12

6°€L6 |G ¥68 |9°LLB |09°92L [S2° LS9 |26° 166 66¢ k214 B80S Cey 8y 444 Bov [4:14 99¢ 6%¢ =5 | o2

L°199 [9°98L [9G6°¥LL [9€°629 €L V95 [968°€0S Ly osy ET44 goy o8¢ Ts¢ (41 (424 962 x| 6L

£°6SL [99°689 [ 6V°8L9 |v0°6€S | OL*6LY |LvL 22 y6¢ €L 4 []44 60¢ see 892 g ave v | 8L

0%°969 [99°16G | €625 |909°6SY | 0pE 00v |9LY 3¢ (443 44 cez €9z vve gee 902 WL

8Y°¥9S |8S°¥0S |SLOLYY | Ly0*6LE |2¢v82s |0S0° Loz LSz 6ce 122 ¢oz 981 891 s | oL

0S°6LY |LBEC V2V | 689°1LE |¢cc co¢ |£LE €9z |69v° 022 €51 ¢oL o0t ost veL a | <

2TY°LOY | 690°1LSE |LYL€0E |¥LY 9ve [¥9L°G02 |L9L 991 8syL (44" 8LL oL IS | b

8€2°0¢C [865°v8Z |6Ev iIve |LSP06L |L18°CSL [L86°6LL coL 06 LL | €L

0€6°692 |656°¥22 |6£5°98L fL92 Lyl [vEct60L [LEL-o08 69 S | 2

96¥°802 [8€L 2Ll |LOov €L [S06°86 |evLtiL |20£°Ly 179 e | out

€C6°LSL 6L°92L oL*L6 [T Leo* Ly oG ie Eh oL

gve vl | oLle [199°29 |oL6°ve |2ev lLL &1 6

€LYt LL |006°¥S |LLL*GE  |eL9°gL o s

8Ev Ly |009°62 |2CctvL K

28¢ ve |09z Ll o 9

8628 g ¢

IAXX] AXX | AIXX | IIDXX | IXX | DOC | XX | XIX | IIAX| IAX | IAX AX AIX mX X IX X X1 MA IIA IA A Al i1} I 1 Y4

*ttousqns=I1I7 ayy ut suox3oeTe-dz Jo saydIeua UTPUTY ¢ a1qvy




oYL | 669 | 659 | €19 ¥LS| &S| 10§ 69 (347 Ty 78¢ 96¢ 0¢¢ cog <Lz gve 0z2 [ g9l 6gL | uz | og

2L9 | €¢9| L6G| 2SS | VLG| LLY Sy vy L8¢ 09¢ [744 80¢ ¢82 sz ¢e G0z 8L1L 261 9zL | np | 62

809 | LLS| 1eG| ¥6¥| 85¥ cey ¢6g| 2r¢9g 8¢¢ (454 88z [4°F [ 24 [4% 061 GalL oL S | Eu R

8¥s| 2LS| vLv| 6<v 90¥ 2Le ¢rel vegLg 262 892 (444 Tee 661l 9LL 261 621 SolIRoo )z

6°687 [9° 95V [8 02V | 8°L8C | 8°65¢| ¢ veg| 2 L62| 8°0L2 6ve Lz2 s02 ¢sl 291 ovlL 8Ll L6 oz | 92

9°6EY |L YOV | € 0LE | € 6SE| 2°60¢| 8°6L2| 2 vSe| v 622 602 681 891l 8YlL szl 801 g | wm | sz

Y Y8L| L°vSE | 0t¢2e| O°v6e| 8°G92| ¢°8¢e| ¢ VLZ|9L L6l gLl vSlL Gl 9Ll 86 08 a0 124

8L°9¢¢ | 9°80¢| 6°8Lg| 6°LS2| Vv G2e| 6°66L| 9°LLL | 2L°9GL 6¢lL A solL 88 cL A | g2

76162 6692 | 6°L¢e| 8°2le| 2°88L| 8°Y9lL L*vyL| ¥2°veL 601 6 6L 9 T cc

7867266622 | 0°002| 8°9LL| 0"¥GL L 2el L*¢LL| 66°66 28 69 19 o8 Lc

9z°LLc|6L°88L |62°G9L | 0 P¥L 0°¢clL| ¢8°¢OL| &v°98 80°0L 86 9% ®D 0¢

08°GLL|OL*GSL 0L ¢CL | 2 bLL| L°G6 | S0°8L | S¥°29 | 06°L¥ L p: gl Y

SvrevlL (LS veL | 6L°GOL| 9°Ls v*OL | 6v°SS | vLTLY | Y262 v | 81

Oc vLL | €0°L6 28’6l L*¥9 L8 8tV 20°9¢ 62 0 L

160°88 89°2L 09°LS 8¢t 69°0¢ 0c-oc S 9l

£20°69 87 LS 86°8¢ 8L°92 GL'9l d Gl

LYLGY [26¥°¢¢ | 88°22 | 9r°ClL TS | Yi

8¥v°8c |828°8lL c9°0lL v ¢l

6¢0°G6L [9v9°L = A

6SL"S BN | L1

XX | XIX | HIAX | TAX | IAX | AX | AIX 11X 1x IX X X1 1A 1A IA A Al 11 1 I z
.HHQOQSmIHS 87} UT SUOJI}O3To-S¢ JO satfaaus Jurtputd ¥ 9TQBl




619 | 6LS | 2¥s | 06v | vsv(L*6Lv| 688 Togl ZTeg vo¢ 9Le (3% Tez 761 891l vl SLL 06 | uz | og

LsS | o2s | v8v | <c¢v| Lov|sreoc| ovg| g 982 (314 (4% Loz T8l <Gl o<l GoL OR|1FR | Gz

667 | vov | o¢v| +veg| esc|otizs| véee 892 iz 8Lz 261 891 22 BLL 56 2l e

ey | Luv| 6Le| 9gg| so¢|vrolz 16g z22 coz oslL 961 [44] oLt Le o] oo | L

2°26¢|0°19¢|8°0¢¢|€°062]|0°292|88" ¥¢2 L2 681 L9l Gvi ¢zl Lol o8 86 | @& | 92

STeve|eryig|ot9se|c eve| 8 L2z |LY 96L 7LL 761 ¢l <Ll <6 ) ¢6 | wi | sz

0'g6z|g oLz |v vve| ¢°60z2| L ¥8L|PL L9l oL 2zl <ol 8 99 gy | 20 | ¥z

L*GGoz|st0¢2| 8°602| vUCLL| 9'0SL|cc6 82l €01 <6 9L 09 ¢y L] <2

G'9Le| 27¢6L| vTOLL| L°O¥L| L°6LL[L98°66 28 89 ¢s 8¢ | 1T | 22

G°08L| 0°6SGL| 0°8¢L| O°LLL| 6°L6 |0£6°¢L 86 97 ¢¢ | °s L

L9°LY¥L| 0°82L| 8L"80L| 0G6°¥8 | L2'L9 | 8L°LS L 8z | ®0 | oz

¢8°LLL| 0°00L| 9928 | LL°L9 | L8°S¥ | LL"LE | 2L 8l X | 61

LL"L6 2°SL | 69766 L6°0Yv |629°Le |6GL CL v | 8L

G9°L9 G°¢S |vL6°6¢ |v08°¢e |L96 2L | TO | L1

y0¢° LY 0°6¢ |LLv g2 |09£°0L s | 9L

€9L°0¢ |62L 6L |98¥ 0L a| s

Sve 9L |L6L°8 TS | b1

986°6 v | €L

IAX | IAX | IAX | AX | AIX | 1mIX 1x IX X X1 IIIA IIA IA A Al 11 11 I z
.Hﬂmnmpsw|HHHz 83 UT suox3oaTa-d¢ Jo saTfasus JuTpulg :G o[qeg




80Lg| Lsz| 2vz| 902 vLL 1491 80L| 9°28| ¥°6S| LL°6¢ vzl L || v96°LiL|v6<6 uz | o¢

L'992| s8¢e| 2oz 691 6¢1L €OLf 6°6L| L°LG| ¢€8°9¢|L162°02| 6 - j9eL L n | 62

9°vee| 86l S9lL GelL 80L| S°SL| 6°¥S| LiL*sg|esL 8L 6 - |s%9°L N | 82

€98l c9l el ¥OL| SG°6L €°LG] 06°¢¢|9G60°LL 6 - (v9s°L o) Le

8LTLGL| ¢°82L| O"LOLf 2°9L| 8°¥5|LS59°0¢| S*9L| 6 eeLgL|oLs L ag | 92

Lz*6LL| 2°86 | 8°¢L| 0'e2s| oL*¢c| 0°9L| 6 09 SL|vEv L ug | sz

85°06 | ¥°LL| 0°0S| BE LE|L6Y oL | 8 - |s9L°9 1 | ve

l2°69| o°8¥| 9L*62| <9'vL| 8 - |ovL*9 A | g2

Lye¢y| vi*sz| o'vL| 8 LLG¢L]|0289 | 22

8L ve| ¢°¢L| 8 008°2L|0¥5°9 25 | 12

= - L8 LL|gLL 9 B> | 02

= Lye v b 61

Ix IX X XI ITIA IIA IA A Al 111 11 I 11 I y4
N = pe IN = s9y

.Hﬁwsmnsmle 9Y3 UT SUOJI}D8Ta-Sy JO pue Hﬁmmmnzw.&z 38U} UT SU0J}08Ta-p¢ JO saTiaous SUTpuIg :9 o1q5]




z BE | A | A Z BE I T
3 Li 57 11 Na 67
>8 25
4 | Be 115 19 12 | Mg 92 4
77 29
51| B 192 19 13 [ A1 121 4
96 33
6 C 288 19 14 Si 154 4
115 37
T| N 403 20 15 | P 191 4
135 41
8 0 538 21 16 S 232 4
156 45
9 F 694 20 17 Cl 2717 4.5
176 49.5
10 | Ne 870.0 29 18 | A 326.5 5
205 54.5
11 Na 1075 28 19 | K 381 5.5
233 60
12 | Mg | 1308 23 20 | ca 441 2
256 62
13 Al 1564 24 21 Sc 503 2
280 64
14 Si 1844 24 22 Ti 567 2
304 66
15 P 2148 24 23 \4 633 3
328 69
16 S 2476 25 24 Cr 702 3
353 72
17 Cl 2829 24 25 | Mn 774 4
377 76
18 A 3206.2 27 . 26 Fe 850 4
404 80
19 | K 3610 27 27 Co 930 4
431 84
20 Ca | 4041 22 28 | Ni 1014 4
453 88
21 Sc 4494 23 29 Cu 1102 7
476 95
22 Ti 4970 24 30 Zn 1197
500
23 v 5470 24
524
24 Cr 5994 25
549
25 | Mn 6543 24
573
26 Fe 7116 25
598
27 Co 7714 25
623
28 | Ni 8337 25
658
29 Cu 8985 29
677
30 Zn | 9662
Table 7: Table 8:
Binding energies of 1s-electrons in Binding energies of 2s-electrons in
the K-shell of free atoms in eV, the LI—subshell of free atoms in eV.

A is the difference of two consecutive binding energies,

Azis the difference of two consecutive differences A




z BE A
11 Na 5351

2
12 | Mg 7.6

3
13 Al 10.6

3
14 Si 13.5

3
15 P 16.2

4
16 S 20.2

4
17 Cl 24.5

5
18 29.2

8
19 K 37

9
20 Ca 46

9
21 Se 55

9
22 Ti 64

8
23 \'s T2

8
24 Cr 80

8
25 Mn 88

9
26 Fe 97

9
27 Co 106

10
28 Ni 116

10
29 Cu 126

13
30 Zn 139

z BE | A | &

11 Na 34
20

12 | Mg 54 3
23

13 Al 77 4
27

14 | Si 104 3
30

15 P 134 4
34

16 S 168 4
38

17 Cl 206 4.5
42,5

18 A 248.5 5
47.5

19 K 296 5.5
53

20 Ca 349 1
54

21 Sc 403 2
56

22 Ti 459 3
59

23 \'A 518 2
61

24 Cr 579 4
65

25 Mn 644 3
68

26 Fe 712 4
72

27 Co 784 3
75

28 Ni 859 3
78

29 Cu 937 1
89

30 Zn 1023

Table 9:

Binding energies of 2p-elec-

trons in the LIII-subshell
of free atoms in eV,

Table 10:

Binding energies of 3s-elec-
trons in the MI—subshell
of free atoms in eV.

z BE | A
19 | K 18.7

9
20 | ca | 28

5
21 Sc 33

5
22 g 38

5
23 | v 43

5
24 Cr 48

5
25 | Mn | 53

5
26 Fe 58

6
27 | co | 64

_ 8

28 Ni T2

8
29 | cu | 80

10
30 | zn | 90
Iable 11:

Binding energies of 3p-elec-
trons in the MIII—subshell
of free atoms in eV,




z b= Lar | AGE| A

10 Ne 0.097
0.06

11 Na 0.16 0.05
0.11

12 Mg 0.27 0.05
0.16

13| 8043 0.06
0.22

14 Si 0.65 0.05
0.27

15 P 0.92 0.06
0.33

16 S 1.25 0.05
0.38

17 Cl 1.63 0.06
0.44

18 A 2.07 0.19
0.63

19 | K 247 0.27
0.9

20 Ca 3.6 0.2
1.1

21 Sc 4.7 0.2
1.3

22 i 6.0 0.2
1.5

23 v T:5 0.2
157

24 Cr 9.2 0.1
1.8

25 Mn 1.0 0.2
2.0

26 Fe 13:0 0.1
2.

27 | co | 15.1 0.2
2.3

28 Ni 17.4 0.2
2.5

29 | cu | 19.95 0.6
3.1

30 Zn 23.1

Table 12:

Energy difference between the LII and LIII subshells
of free atoms in eV.
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