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Synopsis

The chemical shift dI of the ionization energy I of the inner shells is not only dependent on
the oxidation stale of a given element, but also on the ligands. Even for a fixed oxidation state,
dI has been shown to vary hetween 2.and 8 eV in a comparative study of all elements which are
neither noble gases nor strongly radioactive. However, this conclusion is, to some extent, modified
by reproducible positive potentials on non-conducting samples which have been measured
between 1 and 4V in typical cases and compared with the theory for almost ionic cubic crystals
and with experiments with mixtures of non-conducting powdered MgFs, BaS04 and ThF; and
metals such as Au, TlpO3 and CuS. The widths and highly varying intensities of photo-electron
signals are theoretically discussed. The d and f shells of transition and post-transition group
atoms give relalively intense signals even for I between 8 and 30 eV since the 1486.6 eV photons
most readily ionize shells with small average radii. Interesting relations can be established with
electron transfer spectra and optical electronegativities.

The effects of interelectronic repulsion produce multiple signals when the groundstate has
positive S. Special satellites occur in copper (II), lanthanum (III) and other lanthanide compounds.
A systematic study is made of alkaline metal, tetra-alkylammonium, tetraphenylarsonium,
methylene blue and Co engClp* salts of several anions. The adaptation of the electronic density
of the neighbour atoms in the jonized system contribute to dI which cannot be explained ex-
clusively on the basis of iractional atomic charges and the Madelung potential.
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Introduction

he ionization energy I of inner shells or delocalized penultimate molecular

orbitals can be determined as the difference between hy of monoenergetic
photons and the kinetic energy Exin of the electron ejected. Since about 1963,
such measurements are performed on gaseous samples[107] using the re-
sonance line of helium at 21.2 eV or of He* at 40.8 eV. This has allowed the
confirmation of previous conclusions of M.O. theory, in particular for
diatomic and triatomic molecules. The resolution 0.01 eV can be achieved,
allowing accurate measurement of the vibrational structure, but only moderate
I values can be evaluated. Photons originating in an aluminium anti-cathode
have hy = 1486.6 eV (or in a magnesium anti-cathode 1253.6 eV) permitting
I to be measured in a much larger interval, but the resolution obtained is not
much better than 1eV. Such soft X-rays have also been used on gaseous
atoms and molecules [98], but an important advantage is that also the surface
of solid samples can be studied. The original instrument in Uppsala[97] and
another in Berkeley[45] use magnetic deflection for determining Fxin whereas
the commercial instrumenits available from at least five companies use
electrostatic deflection allowing a much more compact construction. In
January 1971, we received a Varian IEE-15 photo-electron spectrometer
using 1486.6 eV photons. As discussed below, the values I* recorded by the
apparatus are slightly smaller (usually 2 to 5 eV) than I relative to vacuo,
and under our standard conditions of 100 eV analyzer energy, I” between 0
and 1382 eV can be measured, and the sharp peaks (not broadened for
special reasons) have the sum of the half-width 6( — ) toward lower I and
d( + ) toward higher I between 1.9 ¢V and 2.0 eV. Recent reviews of X-ray
induced photo-electron spectra have appeared [38, 43] and can be compared
with the weak chemical effects on X-ray spectra[30].

We decided to compare a large number of non-metallic, mainly in-
organic, compounds, containing all those elements which are neither noble
gases nor strongly radioactive in order to facilitate future work with all
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kinds of related compounds. Two years ago, it was felt that one of the major
applications of photo-electron spectrometry would be the distinction between
non-equivalent atoms of the same element. In 1928, SterLing[100] found
that the X-ray absorption edges have 8 to 11 eV higher cnergy in sulphur (VI)
than in sulphur( — IT), also in thiosulphale where the central atom has the
former oxidation state and the terminal sulphur atom the latter. Actually,
S,03% was one of the first examples of a dramatic effect of non-equivalent
atoms found in Uppsala[36], and it is seen from Table 3 that the separation
of the two 2p signals is 6.0 eV which is attenuated in the gold (I) thiosulphate
complexes to 5.5 eV in Nas[Au(S:03)z] and 5.3 eV in [Co(NH3)s][Au(S203)z]
baving the terminal sulphur atom bound to a gold atom. The corresponding
separation is 4.3 eV in tetrathionate O3S8SSSSOz2 having two of each kind of
sulphur atoms. However, many other compounds containing mixed oxidation
states [95] such as Pb3O4 and UsOg at most show slightly broadened signals,
and whereas the dark blue Csq(SbTIClg)(ShVCl) shows a detectable splitting
1.8 €V of the Sb3ds;z signal (in Table 14) this is not much compared with
the range of chemical shifts 6.8 eV for antimony(V) and 3.3 eV for anti-
mony (IIT) varying the ligating atoms from fluorine to sulphur. Said in other
words, the chemical shift dI depends more upon the nature of the neighbour
atoms than on the oxidation state of the element considered.

The main conclusion of this study of 617 samples is that a given element
in the saume oxidation state varies [ of the inner shells between 2 and 8 eV
(the latter, maximum interval occurs [62] for fluorine( — I), but both Mg(II),
P(V), S(VI), Ni(Il), Cu(II), Br( — I), Rh(III), Sb(V), La(Ill), Re(VII)
and Pt(IV) show intervals above 5 eV). It is true that the elements able to
change their oxidation stale by eight units[56] such as nitrogen[41] and
sulphur [77] show large ranges of dI above 10 eV. However, the separation
according to oxidation state is by no means clear-cut. Thus, the perchlorates
in Table 4 have their 2p signals distributed over 2.5 eV, the lower limit
being 5 eV above the higher limit of the interval for chlorides which is itself
4.6 eV wide. The only exceptions to the statement of minimum interval 2 eV
are Th(I1I), Ho(IIT) and Tm (1I1) of which on]y two compounds have been
studied here, and Sc(III) with three.

There was a time when it was believed that df indicates the oxidation
number though the strong influence of the Madelung potential was emphasized
early[27]. This hypothesis was refuted by Kramer and Krrin[70, 71]
showing that I(Fe3p) of highly covalent iron(II) compounds such as
Fe(S2:CN(CeHs)z)s is below Fe(CO)s and salts of Fe(H:0)¢? though even
larger I values are observed for the less covalent iron (IIT) complexes FeFg?
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and Fe(Hz0){3. One might have argued that the important variable is the
fractional charge of the central atom[52], but our results show that this
cannot be the whole fruth. As discussed below, our 59 potassinum salts
cannot seriously be suspected for strong deviations from the charge -+ 1 of
K(I), and the observed interval 4 eV of I-values varies, on the whole, in the
opposite direction of the changes of the Madelung potential acting on the
cation. Other conclusions of our work relate to half-widths and relative
intensities of photo-electron signals and to multiple signals either due to
effects of interelectronic repulsion (when the groundstate has positive total
spin quantum number S) or to satellites of the kind prominent in copper (1),
lanthanum (IIT) and the earlier lanthanides. Further on, it is of obvious
interest to the chemist to obtain as much information as possible about the
valence region with 7 below 50 eV. However, the non-conducting samples
involve difficult problems of intrinsic calibration, as we shall discuss at first.

Orbital Energies Relative to the Vacuo Zero-point and Internal
References

Metallic samples brought in electric contact with the apparatus do not
produce serious difficulties. The instrument records the number of photo-
electrons counted as a funclion of their kinetic energy Exin, and since the
work-function of the metallic copper used in the analyzer is said to be
4.6 eV, an ionization energy I* relative to this prevailing Fermi level is
indicated by the simple relation I* = 1482.0 eV — Exin. Gold has a strong
signal due to the eight 4f7,; electrons (I* has been carefully determined to be
83.8 eV in Uppsala) and is one of the few metals not showing covering oxide,
hydroxide or carbonate layers. Hence, a Varian instrument like ours[113]
has been used to measure the small changes from I* = 83.15 eV for pure Au
to 83.45 eV for the alloy Aug.es Ago.gs and 84.5 eV in AuAly and AuGaz. All
gaseous hydrocarbons (containing single, double or iriple bonds, but only
hydrogen and carbon bound to a given carbon atom) have I(Cls) only a few
tenths eV below the value 290.8 eV for CHy4, and it was suggested [60] to use
the aliphatic hydrocarbon (polymerized isoprene) on the adhesive side of
one-sided scotch tape (15 mm 600 P from the 3 M company) as internal
standard having I = 290 eV relative to vacuo and to define the scotch tape
correction Cg; as the difference between 290 eV and the lowest I" (Cls)
recorded by the instrument when a sample covers some 300° of a cylindrical
surface 60 of which consists of scotch tape without sample. The purpose of
this definition is to evaluate I = I'* + Cg of all the other signals measured.
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It may be noted that double-sided scotch tape (a poly-ether) or certain
brands containing polyvinylchloride are not suitable, because of adjacent
shoulders on the carbon signal, due to carbon atoms bound to oxygen or Cl.

Tables 1 to 19 gives the Cg values (without brackets) and I-values
(shoulders in parentheses) for 617 compounds and other samples in order of
increasing atomic number of the elements Li, Be, B, N, F, Na to Cl, K to
Br, Rb to I, Cs to Nd, Sm to Bi, Th and U. For some elements, the oxidation
number is given as a super-script Roman numeral for all the compounds
where it is defined[56]; in some other cases, only relatively exceptional
oxidation states are indicated. Table 20 gives some weak signals measured of
22 selected samples. Each sample has an identification number. Figure 1
gives typical spectra between I =0 and 250 eV of compounds mainly
containing elements between iodine and osmium, whereas Figure 2 gives
spectra between I = 0 and 450 eV of compounds mainly containing elements
between platinum and uranium.

There is no doubt that the I-values evaluated in this way do not corre-
spond exaclly to the ionization energies relative to vacuo. The main reason [97]
is that the non-conducting sample becomes positive because it looses photo-
electrons, and a quasi-stationary equilibrium is soon established where
electrons come back Lo the sample, but in insufficient number, maintaining
a potential V decreasing the kinetic energy of the ejected electrons to Exin — V
corresponding to an apparent higher ionization energy I = I’ + V where I’
would be the ionization energy relative to vacuo in absence of this charging
effect. Actually, the physicists[44] at Brookhaven National Laboratory made
experiments with a metallic cylinder covered with BaSO4 on which thin
layers of gold or paliadium were evaporated. The I value of Audf; ;2 of the
isolated gold turned out to be 1.6 eV higher than when the gold was in
electric contact with the sample holder. Further on, this difference was
increased to 2.2 eV if an external potential of — 1.6 V was imposed on the
sample holder, whereas the difference decreased lo 1.2 eV if the external
potential was + 1.6 V. It may be noted that I* of the *‘connected’™ gold
varied perfectly linearly, 82.8, 81.2 and 84.3 eV in the three cases, whereas
the ‘“‘isolated’” gold varied less, 84.4, 83.4 and 85.5 eV in the three cases.
These values are all 1eV too low in the sense that they refer to 82.8 eV
derived from X-ray specira by BearpenN and Burr[3].

When we measured gold powder distributed in a dense way on scotch
tape, two independent measurements both gave I* = 83.15 eV, Cst = 5.4 eV
and I = 88.55 eV. If the work-function of gold is 4.8 eV, I = 88.6 ¢V con-
firming the choice of 290.0 ¢V. A cylinder made from 0.2 mm thick gold plate
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Figure 1. Photo-electron spectra of fourteen selected compounds in the region of I below 250 eV,

The scale of intensities is not identical, and an arbitrary amount of background counts have been

subtracted in each region. Elements between Z = 53 (iodine) and Z = 76 (osmium) are mainly
considered.

S

;

showed I* = 83.75 eV again in good agreement with the Uppsala value. A
piece of scotch tape glued to this cylinder showed I* = 283.9 eV but we do
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Figure 2. Photo-electron spectra of fourteen selected compounds in the region of I below 450 eV.
One or two carbon 1s signals are seen, as discussed in the text. Elements between Z = 78
(platinum) and 92 (uranium) are mainly considered.

not ascribe physical significance to the corollary Cg; = 6.1 eV, During 12
hours of continued measurements, we varied the X-ray polential from its
standard value (9000 V) to 6000 V and the X-ray filament current from its
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standard value (70 mA) to 50 and 30 mA in various combinations in order
to study the effect of varying radiation densily. The number of electrons
counted varied by a factor of six. The sample measured was a powdered
mixture of (equimolar quantities) of 2.4 g BaSOy, 3.0 g ThFy and 2.0 g Au
on one-sided scotch tape. The two non-conducting and the metallic constituent
were chosen in order to avoid mutual chemical reactions. I*(Cls) varied
from 285.25 eV at the beginning to 285.05 eV at the lowest irradiation level
and back to 285.1 eV at the standard conditions. The corresponding drift of
the F1s, Ba3d and Th4f signals was a decrease, at most between 0.45 and
0.75 eV, and showing a certain hysteresis in the sense that I did not return
fully to the original values when the standard conditions were restored. A
positive result of this experiment is that the gold powder only had a very
small influence on the signals of the atoms in the isolators (it may be noted
that Th4f7/2 and Audds,e are adjacent and measured in the same region, as
is also true for Thbds, and the two Au4f signals) and the I values are only
marginally larger of pure BaSO, or ThF; on scotch tape. On the other hand,
it cannot be denied that the *‘isolated”” gold was brought in a state comparable
to that described above[44], I* varied from 86.65 to 86.25 ¢V during the
experiment, 2.9 to 2.5 eV above the gold alone. One conclusion is that this
charging effect hardly depends on the X-ray density in the interval varied
here, but is induced by a much lower level of irradiation[65].

It is known from the statistical treatment of a mixture of isolating and
metallic grains of comparable size that the bulk electric conductivity rather
suddenly raises in a narrow interval as a function of the percentage of the
metallic grains. We seem to have arrived at both sides of this interval when
measuring two mixtures of magnesium (IT) fluoride and thallium (IIT) oxide.
Actually, dark brown Tl;Os is a physical metal, and it was found surprising
that I is some 2 to 4 eV lower than of the thallium(I) compounds (cf. Table
19). A mixture 6MgF2: 2Au: Tl2O3 (having [*(Audfy,2) = 83.1 eV) conserves
this “‘metallic”” situation whereas TlyOs must be isolated having I 3 eV
higher in the mixture 16MgF2: 2Au: T1:0s (where the gold signal has
I" = 86.7 ¢V). The effect is less dramatic on the mixture 5MgFa: 1CuS
increasing I* of the lowest copper 2p signal 2.2 eV and I 1.5 eV relative to
Cu$ alone (cf. Table 8).

One might lose the hope of evaluating these charging effects increasing
the apparent I-values of non-conducting samples some 2 to 4 eV relatively
to “connected” metallic samples. However, there is one way out, as pointed
out by BremsEr and LinneMann([8]. The carbon 1s signal is frequently
accompanied by a shoulder or separate signal at 2 to 4 ¢V higher I*. Tt was
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felt for some time that this shoulder might be due to alcohols (CH3O0H is
known [98] to have I 1.9 eV higher than CHjy) either originating from residual
organic solvents from the preparation of the samples, from filter paper fibers
(cellulose is a poly-alcohol) or from the action of strong oxidants (such as
PhOgz or Cs2RhClg) on the hydrocarbon. However, this is not too probable in
all cases because of the variable distance of this shoulder. On the other
hand, this signal is situated at I* between 289 and 290 eV in several fluorides,
at first suggesting carbonate impurities. Again, this is not plausible because
an actual carbonate Cls signal has been observed at I* = 291.5 eV in LisCOs,
291.9 eV in the complex no. 9 discussed in the experimental section, 291.2 eV
in AgaCO3, 292.7 eV in CdCOs, 291.9 eV in PbCO3 and 292.4 eV in the salt
of Th(COs);® These values may be compared with 7 = 297.6 eV for[98]
gaseous COs. As a malter of fact, the carbonates mentioned show three
signals. A reasonable working hypothesis is that the middle signal of carbonate
and the left-hand signal (highest I*) of many other compounds are due to
the adhesive hydrocarbon on the sample in contrast to the right-hand signal
due to scotch tape without adherent sample. Correspondingly, the Cgt
columns in Tables 1-20 contain values in sharp brackets obtained as the
difference between 290 eV and I* of the left-hand signal. In the following,
we call I" plus Cgt in sharp brackets I, and we call the difference between
the two Cgt values for 0.

The question is now whether 9 is a reasonable measure of the charging
effects and whether /" has the physical significance of an ionization energy of
an orbital in an uncharged solid relative to vacuo. One of the arguments [60 ]
for Cst based on the choice of 290 eV was the good agreement with the
Madelung potential Vyaq added to the ionization energy[4,81] of gaseous
X- and subtracted from the ionization energy[82] of gaseous M+ or M2
with exception of iodides and caesium salts having I of the loosest bound
shells some 1 to 2 eV higher than excepted. Table 21 gives the new I” values.
They agree definitely less well with the simple Madelung theory; thus, the 15
alkali metal halides have on the average I'(M) 2.4 ¢V too low and I'(X)
1.8 eV too low. However, MoTt and GURNEY[84] give the ionization energies
10.17 eV for NaCl, 9.49 eV for KCl and 9.00 eV for KBr in astonishing
agreement with our I’ values, in particular when it is realized that presently
known values of the electron affinity of Cl and Br atoms are 0.15 eV lower.
It may be noted that Morr and GURNEY do not use the Madelung potential
but the heats of formation of the crystal from gaseous ions (hence including
a certain amount of core-core repulsion in decreased I) and they have to add
contributions around 1.5 eV from electric polarizability of the groundstate.
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Figure 3. Explanation of almost constant positive potential V on the surface of non-metallic

samples under X-ray irradiation. As discussed in the text, V can be identified with the difference

@ between the two carbon 1s signals indicated as the difference between Cgt and the value in sharp
brackets in Tables 1-19.

One may ask the question why the charging effects remain roughly
constant over a wide interval of X-ray densities, and Figure 3 suggests an
explanation. All the apparent I values are the sum of the I’ valid for the
neutral erystal and a potential V determined by the condition that the lower
limit of the empty conduction band is brought down just below the Fermi
level of the adjacent metallic objects with the result that electrons can be
supplied at a reasonable rate to replace the ejected photo-electrons. When
identifying 0 with V, it is easy to understand why most fluorides have large
values close to 4 eV, whereas most compounds measured have V between 1
and 2 eV which are difficult to detect as distinct shoulders in the carbon 1s
region. Actually, if this explanation is perfectly valid, it would be better to
cover the scotch tape completely with the sample and make no attempt to
observe the pure hydrocarbon. The first len compounds measured by us
(see KoReCls, K2OsClg and KNiF3) were treated this way and produced low
Cst values close to 3.7 eV. However, we doubt that this would be a very
accurate technique, though it is surprising how narrow are distinct left-hand
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signals indicaling a well-defined situation of the “isolated”” hydrocarbon.
Another interesting corollary is that the energy gap, the difference between
the highest filled orbitals and the lower limit of the conduction band should
be exactly (I — 4.8 eV) in this model. This is why the last column of Table 21
gives this quantity showing good agreement with the values obtained from
absorption spectra of the crystals [54], the photo-conductivity usually selting
in about 0.5 €V abovce the maximum of the first strong absorption band.

There is no doubt that 0 does not represent the average energy between
the top of the valence band and the bottom of the lowest conduction band,
(that is half the energy gap disregarding band width) as frequently said{105]
to be the Fermi level of a semi-conductor. Actually, ¢ can be larger than half
the energy gap, as can be seen from the specific examples 2.7 eV for CuO,
2.4 eV for ZnS, 2.0 eV for GaS§, 2.8 eV for AgaPO4, 1.9 eV for AgBr, 2.6 eV
for CdO, 1.5 eV for CdS and 3.4 eV for Pbls. LanGeEr and VEsELY[73] argue
that their results (also obtained with a Varian IEE-15 speclrometer) for
Zn0, ZnS, ZnSe, ZnTe, and the corresponding cadmium(II) and mer-
cury(I1I) compounds are compatible with the conventional definition of the
Fermi level, identifying the difference between I’ and I* with the top of the
valence band plus half the energy gap[109, 110].

If we define I' by subtracting ¢ (in the cases where two carbon 1s signals
have been detected) from the [-values, we reach smaller chemical shifts
(roughly two-thirds as large as in Tables 1 to 20) because 8 is particularly
large for fluorides and small (and not detectable) for sulphides and many
complexes of organic ligands. It is perhaps not superfluous to note that large
chemical shifts are known for gaseous nitrogen compounds[31] where
I =1 = 417.0 eV for Nls of NOFjz, 414.2 eV NF3, 412.5 eV for the central
and 408.6 for the terminal nitrogen atom of NNO, 409.9 eV for Ng, 406.8 eV
for HCN, 405.6 eV for NHaj, 405.1 eV for CH3NHz and 404.7 eV for N(CHs)s.
Actually, the I-values in Table 1 are 405 + 1 eV for coordinated ammeonia
and ethylenediamine and 404 = 1 eV for coordinated cyanide. These values
(which do not refer to fluorides) may be rather representative and only about
1 eV above the I’ values. For certain elements, the corrections with ¢ almost
cancels the chemical shift. Thus, I’ (Lils) = 60.7 eV for LiF, 60.2 eV for
LizCO3z and 60.0 eV for LizPO4 though it is probably close to 58 eV for
Li2SO4 and LisCo(CN)¢. Again, I’ (Bels) = 120.8 eV for BeFs, 119.6 eV for
K:BeFs (two independent measurements agree, like in the case of LiF),
119.3 eV for BeO, 118.5 eV for the carbonate complex no. 9 and somewhere
between 117 and 118 eV for [Be(Hz20)4]SO4.

Table 22 gives I’ (Fls) and I’ (K2ps;z) of 48 fluorine[62] and 29




Nr.15 13

potassium compounds. There is no doubt that the reproducibility is far
better, some 0.2 eV, than the 0.7 eV we find for repeated measurements of
I-values. In all fairness, it must be added that we have most frequently
repeated compounds where the position of the right-hand signal of Cls was
doubtful the first time, and the repetition almost always has increased the
I-value. When compounds are repeated under good conditions at some
months’ interval, the reproducibility seems to be close to 0.4 eV. The con-
clusions from Table 2 and 5 are not modified strongly, essentially the same
order of compounds is found, though the scale is compressed. It must be
remembered that the lower I-values of potassium salts do not have known 9
values; Table 5 probably ends with I’ close to 296 eV since no metallic
sample containing potassium has been measured.

It is also striking that I’ of iodates varies less, and in a more regular way,
than I of Table 15. Thus, I’ (I3ds,2) varies from 629.8 to 628.9 eV in the order
Hf, Th, Y, In, Ni, Sm, Eu, La, Pr, Nd, Pb, UO;, Gd, Ho, Ca, Tm, Zn, Zr,
Er, Ce, Yb, Ag, Ba, Hg, T1, K, Cu and Lu. It is also interesting to compare I’
(Th4fys) for eight mixed oxides (of which several are black [53] and should
conduct to some extent) varying from 339.5 to 338.25 ¢V with the average
338.9 eV. The higher I’ = 341.8 eV for ThF4 and 341.0 eV for Th(IOs3)4 shows
that even thorium (IV) have perceptible chemical shifts. The oxidized powde-
red metallic thorium with I’ = 339.3 eV and 0 = 3.5 eV shows thatit has hardly
any effect if a non-conducting sample is metallic inside. Since the 4f signals
are so important for the understanding of the lanthanides, Table 23 gives I
(4f) when they can be evaluated.

Though I’ undoubtedly is a better approximation to ionization energies
relative to vacuo than [ in the case of highly isolating samples, a few con-
ceptual difficulties remain. For instance, it is not easy lo accept the accessible
hydrocarbon not covered by sample as a kind of metal, establishing its
I' = I" + 4.8 eV whereas the “isolated” hydrocarbon of the surface of
isolating samples shows I* = I + 0 — 4.8 ¢V. This is not an easy question to
answer by experimentation in the laboratory. The propensity of establishing
electric equilibrium may perhaps only develop under the X-ray irradiation.
It is more difficult to understand why Cs; in Tables 1 to 20 does not remain
constant but shows systematic variations. Thus, the high C¢; values between
5.2 and 6 eV usually develop when the sample is a metallic powder. One
explanation is that the electric equilibrium is so distorted in this case that
some of the photo-electrons and secondary (Auger efc.) electrons emitted fix
on the scotch tape, much in the same way as on amber, making the surface
negative to the extent of about 1 eV. We do not have an absolute guaranty
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that the parameters Cgt = 5.4 eV and I = 290.0 eV compalible with our
measurements of gold powder on scotch tape really refers to neutral hydro-
carbon ; it might have, for instance, I’ = 291 eV and a potential V = — 1 eV.
On the other hand, the typical values of Cg; around 4 eV (most frequently
due to adjacent left-hand and right-hand signals) may also be explained as
V = + 1 eV on the scotch tape without coverage. It is somewhat difficult to
understand why the 0 values of caesium salts are so large in Table 21 since
they are not expected to have particularly large energy gaps. As a matter of
fact, the high 0 values tend to cancel the unusually high I values of caesium
salts previously discussed[60], the I’ values rather being on the low side.
This might be interpreted as an effect of the highly polarizable Cs+ on the
thin layer of the hydrocarbon. If this layer becomes particularly difficull
to ionize, it may be that Table 21 underestimates I’ of caesium salts. On the
other hand, the I-values of tetraphenylarsonium and methylene blue salts of
anions seem low, and of tetraphenylborates of cations. It may be that these
salts have low 0 values because the conjugated constituents readily become
“metallic’”’, that is sufficiently conducting, under the influence of X-rays.
This tendency reaches its climax in copper (II) phthalocyanine combining a
doubtless small & with a high Cg.

From a practical point of view, one may ask what one can do to make 7*
values measured physically more significant. We believe that this is a very
difficult problem outside the cases where 0 can be measured and where they
are accepted as indicators of I’ = I* plus the difference between 290 eV and
I* of the left-hand Cls signal. In mixtures, 0 is determined by the major
constituent, as seen from the values around 3 eV for gold mixed with
sufficient amounts of non-conducting powders such as Mgl;, BaSO4 and
ThF4. We do not believe in the beneficial effects of nets or decorations of
metal attempting electric connection with non-conducting samples. An
argument against this possibility is the measurement of 5MgFs: 1CuS where
I" of the lowest copper 2p signal increases 2.2 eV relative to CuS on scotch
tape, I increases 1.5 eV (since (gt decreases from 5.5 to 4.8 eV) but 9 is as
large as 4.0 eV, a characteristic property of magnesium fluoride. It is even
probable that a mixture of two non-conducting materials have their individual
0 values, so internal standards such as admixed LiF or MgFs: would only
produce representative I values in sofar the measured compound does not
have a different d. This aftitude would bring I-values of non-conducting
samples in the same systematic difficulties as activity coefficients making
the mass-action law rather tautological. Thin films, say of organic com-
pounds, on a metallic support, such as gold, probably have their I* values
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changing dramatically as a function of thickness of the film. Many of these
difficulties are less serious by the comparison of related compounds, but one
has to worry about the extent of similar conductivity in the experiment in the
sense of comparable @ values. The only compound found to have 8 above
5.0 eV is LuFs, but other closed-shell cations form fluorides lacking a
positive electron atfinity having high ¢ and may also increase Cg; by pushing
off electrons to the scotch tape.

The Individual Elements

A comparison of I"(Bels) of BeF;, BeO and Be is shown in the first
ESCA book [97]. I*(F1s) = 686.1 and I*(Lils) = 56.9 eV reported[39] for
LiF are about 4 eV below our I’ values and I*(Bels) = 114.2 ¢V for BeO is
5eV below. The Berkeley group[42] has made a careful study of many
boron compounds showing a chemical shift 8.4 eV between NaBF, and B,C.
Certain boron compounds[9] have also been measured in connection with
the use of LilF as an internal standard. We have also studied a few salts of
BF; and B(C4H;); showing a chemical shift of 7 to 8 eV,

We do not here discuss carbon compounds specifically [13, 34]. Nitrogen
compounds have been extensively discussed in literature[41, 97]. The
spreading 3.5 eV of I-values for nitrates in Table 1 would probably be only
2 eV in I', but the order as a function of the cations would be approximately
the same. It has already been noted [32] that coordinated NO shows higher I
than ammonia, as seen here in the cases of Ru(NO)CL;? and Fe(CN);NO2.
A comparative study has been made (assuming I*(N1s) = 406.9 eV of
KNO3) of quaternary ammonium salts[47] but our measurements do not
allow a clear distinction between NHg+ and various tetra-alkylammonium
salts, and we believe that most of the spreading (above 3 eV) of I-values
observed is a function of the accompanying anion. We find the lowest
1(N1s) for the nitrogen end of pseudohalogens such as CN- and SeCN-, and
we do not detect any significant difference between sulphur- and nitrogen-
bound thiocyanate. Coordinated azide might conceivably show three Nls
signals, and actually, Pt(N;)s® has the middle atom of each ligand producing
I = 407.7 eV whereas the nitrogen atom bound to platinum (IV) produces a
shoulder to the left of the peak at I = 403.8 eV due to the terminal nitrogen
atom. Similar effects are observed[76] in a rhenium(II) complex of Ny,
whereas rhenium (I) produces two distinct signals separated by 2.0 eV. We
do not here discuss oxygen; adsorbed water and superficial hydroxo groups
are a considerable problem for a significant interpretation.
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Fluorine has the oxidation state F( — I) in all its compounds. Tt has
been discussed separately[62] how the I-values of fluorides in Table 2 span
7.9 eV. The lower extreme is CsF, and its vanishing 6 may have something
to do with its highly hygroscopic nature. Quite generally, salt hydrates (fre-
quently loosing their water very slowly even under a high vacuo[106]) and
even compounds recently prepared from aqueous solution tend to show
small ¢ values. Though the detectable double C1s signals only allow I'(F1s)
in Table 22 to vary 4.6 eV, the inclusion of the small d for RbF and assuming

= 0 in CsF extends this interval slightly, and it would be 7.2 eV when
including the I = 695.0 eV for gaseous CI4. The strongly hydrogen-bound
ammonium salts of fluoro anions generally have lower I(and 0) than the
corresponding potassium salts.

Though the [ variation of sodium(I) is 4 eV, the dependence on anions
does not show a clear-cut trend except the tendency (contrary to the idea of a
Madelung potential) for small anions to induce the highest 7(Nals). However,
the corrected I’ values do not show this trend. I’ = 1076.4 or 1076.7 eV for
NaF, 1076.8 for NaCl, 1076.9 for NaBr and 1077.4 eV for Nal (to be compared
with values between 1076.8 and 1076.0 eV for the acidic selenite, stannate
and antimonate) are all smaller than the minimum value 1077.5 eV for the
tetraphenylborate.

We find a variation 6.5 eV of I(Mgls) between the fluoride and the
phthalocyanine. Apparently, the corresponding variation of I’ values is only
about 3 eV. When Mg(II) is coordinated exclusively to four, six or eight
oxygen atoms [33], a variation of I can be observed which may perhaps, to
the first approximation, indicate varying Mg-O distances. Photo-electron
spectromelry is a scalar technique in the sense of the properties of a given
atom not directly being influenced by the angular distribution of the neighbour
atoms, though their electronegativity and distance have a great influence.
Here, we only report two aluminium compounds, because Oscar Prrron is
working on a larger, comparative study of aluminium oxidized surfaces. The
only silicate we have measured is the mineral pollucite. It is seen how [ is
slightly smaller than in salts of SiFg®; I'(Si2p) is 1.8 eV lower in pollucit
than in K3SiFg. Several silicon compounds are reported in literature [86] to
have chemical shifts above 7 eV. The corresponding shift[89] between
NH,4PF¢ and CrP is 8.5 ¢V. Most other studies of P2p signals have concen-
trated on phosphonium salts[102] and phosphines RsP free[14, 83] or
coordinated to platinum (II) and on R3PO, RaPS and R3PSe, where the typical
range of variation is 2 eV. As seen from Table 2, we find an I interval of
6.6 eV and I’ cannot vary less than 5 eV. Though it can be discussed whether
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PR} contains P(V), the variation PFg; > PO > (R0O)2PS; occurs for the
latter oxidation slate.

Probably no other element has been as much studied by photo-electron
spectrometry as sulphur([77, 97] Table 3 gives I(S2pss2) of 98 compounds.
In most cases, we do not indicate the number of water molecules in sulphates
in view of the fact shown by Toveora Jensen [106] of slow establishment of
most hydration equilibria. Thus, Madame WATELLE pointed out to us the
difference between CuSQ4, 3H50 and CuSO4, 5H20. Our variation 4.8 eV of
the /-values of sulphates may be overestimated because of the systematically
low 0 values in hydrated crystals. Thus, I of anhydrous, almost insoluble
sulphates are high, but I'(S2pss2) are only 173.6 eV for SrSQ4, 173.8 eV for
EuSO4and 173.9 eV for BaSO4to be compared with I = 180.4 eV for gaseous
SFg and I’ between 174.1 and 174.3 eV for the hydrated sulphates of La (III),
Eu(III), Gd(1II) and U(IV). The lower limit of I” for sulphates seems to be
close to 172 eV bul is, of course, difficult to determine. Instances of highly
non-equivalent sulphur atoms were discussed in the introduction. Thio-ethers
RsS fall in the wide gap between typical S(VI) and S(—1T) compounds, here
having I between 169.3 and 172.1 eV. Methylene blue cations contain one
heterocyclic sulphur atom falling in the same category. I-values between
168.5 and 170 eV are under some suspicion for being due to superficial
oxidation of the samples to elemental sulphur. Unfortunately, the charging
effects prevent a reliable determination of Sg alone. Many double sulphides
and salts of tetra-thio anions were prepared by MULLER and Diemann and
discussed elsewhere[85]. Both such compounds, thiocyanate complexes and
[565] dithiocarbamates R,NCS; and dithiophosphates (RO),PS; have their
I1(S2ps/2) values in the rather narrow interval from 169 to 166.8 eV and, un-
doubtedly, have low (if not vanishing) d values. The valence region between
I =9 and 30 eV of sulphate (and of related anions such as the isoelectronic
perchlorate) show an inleresting structure {18, 91] due to the seven sets of
delocalized M.O., and we are going, separately, to discuss this aspect of our
results. To the first approximation, five of these sets correspond to oxygen 2p
and two sets to oxygen 2s orbitals.

There is a clear-cut gap 5 eV in Table 4 of I(Cl2pss) values between
perchlorates and chlorides. Like it is the case for nitrates, the total width
2.5 eV of I-values may be somewhat illusory, though d for most perchlorates
is small. The width 4.6 eV for chlorides must also be influenced by charging
effects. Thus, I'(2psse) = 203.9 eV for NaCl and 203.8 eV for CsSbClg are
larger than for RbCI(203.83) and CsCl(202.8) and there is little doubt that
highly covalent chlorides such as RboPtClg(204.3), AuzClg and Bengal Rosa B
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(representing a non-volatile organic compound with C-Cl bond like the
derivatives studied by Crark[13]) have even higher I’. On the other hand,
ionic chlorides of large cations (such as Ru(NH;)¢*) and chloro complexes
wilth large cations have both the lowest / and I' values (the latter close to
202 eV) in agreement with the Madelung theory.

The I values of potassium are given in Table 5 and the I'(2psse) in
Table 22. As already discussed[62], their variation is (with the exception of
the iodide) essentially a question of the hard or soft character of the anion
according by PeEarson. We return to this question below. We have only
measured a few calcium, scandium and {itanium compounds, they show
familar trends. I'(Ti2ps) = 466.9 eV for KoTiFg and 463.5 €V for TiOg may
be noted. Our ten vanadium compounds do not show a spectacular de-
pendence on the oxidation state, but the sulphur-containing compound has a
remarkably low set of J/-values. Recently, the I values (obtained by adding
4.8 eV to I” relative to the Fermi level of gold) of V503 have been reported as
528.8 eV for V2pise, 521.3 eV for V2pgse, 74.8 eV for V3s, 46.7 eV for V3p
and 6.0 eV for V3d, both below and above the temperature where il becomes
metallic [46].

The variation of I"(Cr3p) reported by the Berkeley group [42] involved a
higher limit 48.7 eV for KsCra07 and 43.5 eV for Crz0s, with Cr(CO)g in the
middle having I* = 45.8 ¢V. Our resulls show a total width of I(2pssp)
variation 7.3 eV and of I(3p) 8.2 eV. The intervals corresponding to Cr(VI)
and Cr(III) overlap slightly. With exception of the high 4 = 3.2 eV for
Ka[Cr(H20)F5] these conclusions would be similar for I’. Chromium (I11) is
the first case of strong effects of interelectronic repulsion to be discussed in
the section below.

We believe that the sets of two signals of permanganates are due to
superficial reduction to Mn(IV) at lower [, and the variation of 7(Mn2pa2) is
5.9 eV. However, the positions of signals belonging to Mn (II), Mn(III) and
Mn(IV) are insufficiently different to allow safe conclusions to be drawn
regarding the mixed oxides studied by Ferrkvecur and kindly put at our
disposal. Similar comments can be made aboul iron(II) and iron(III)
showing the overall tendency Fe(IIl) (S = 5/5) > Fe(III) (S = 1{2) > Fe(1)
(S =2) > Fe(Il) (S = 0) but also dependent on the nature of the ligands.
KraMrr and KLeIN[70] studied the wide variation of I*(Fe3p) of iron(111)
complexes, and Prussian blue (of which the idealized formula isK [Fe(CN)gFe]
containing the octahedral chromophores low-spin (8 = 0)Fe(I)C¢ and
high-spin (S = 5/2)Fe(111)Ng) has been studied by LersrriTz and BREMSER [75]
and by WEerTHEIM and Rosencwaig[115]. Mixed cyanide complexes in-
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volving Fe, Co, Ni, Cu, Ru, Pd, Cd, Os, Ir and Pt are prepared by ANDREAS
Lupi, and though some are included in the Tables here for comparison, they
are going to be discussed more thoroughly by us. Other instances of mixed
oxidation states are Ko.sFeFs[10] containing equal amounts of high-spin
Fe(II) and Fe(Ill), and the biferrocene (I, III) picrate[20] where Fe(III)
has I = 3.4 eV higher than Fe(IT). We have had difficulties of detecting
individual spectra in mixed oxides. However, it is beyond doubt that FesOq
also contains iron(II). This is not a perfectly trivial statement, because
magnelile is a physical metal at room temperature ascribed by Verwey lo
rapid electron exchange between Fe(Il) and Fe(l11I) on the octahedral sites.
Our interval 5.7 eV of I(Fe2ps,») is only weakly affected by charging effects
since ¢ of the ammonium salt no. 70 is small.

Our 42 cobalt compounds exemplify the case previously noted for
Tl203 and PbOs compared with T1(1) and Pb(11), viz. that the lower oxidation
state Co(IT) on the whole has higher [-values than Co(III). It must be ad-
mitted that I'(2pszz) of CoFz is only 787.8 ¢V, bui only eight cobali(III)
complexes have higher /, and probably none higher I’. Thus, CssCo(CN)g
has I’ = 787.0 ¢V, a value which might conceivably be valid for the lithium
salt too, but not for the potassium and tetra-ethylammonium salts. We have
precipilated many anions with the yellow Co(NH,)$? and the green trans-
[CoensCle]* The interval of I-variation is 3.4 and 1.4 ¢V, respectively. The
former interval cannot conceivably be due to charging effects alone, since 9
is at most 1.9 eV. The acetylacetonates and the complexes of sulphur-
containing ligands having strong covalent bonding according to the visible
absorption spectra[55] show the lowest I-values.

It has previously been discussed [60] how high-spin (S = 1) nickel(1I)
complexes show four signals in the 2p region, whereas low-spin (S = 0)
diamagnetic complexes show only two signals, as normally expected. We
return below to this question, and here, we only consider the range of chemical
shifts being 7.5 eV for the /-values of paramagnetic and 3.7 eV for I(Ni2ps/2)
of diamagnetic Ni(l1I). However, the former estimate is not quile realistic,
since I’ is known to be 862.6 ¢V for KNil's, §62.3 eV for Nils, 4H20 and
860.1 eV for pale green (almost stoichiometric) NiO. Unfortunalely, @ cannot
be measured for most other nickel(IT) compounds, but the lower limit of I’
is below 858 eV.

The interpretation of the complicated photo-electron spectra of copper
compounds is intimately connected with the satellites to be discussed below.
Reliable I'(Cu2pss2) values are 941.1 eV for CuFg, 2H,0, 938.8 eV for CuO,
938.3 eV for synthetic torbernite (no. 242), 937.8 eV for CuCN and 936.6 eV

2%



20 Nr.15

for the copper(I) iodo complex no. 60. Our seven zine(IT) compounds show
a moderate variation 2.8 eV, and almost the same variation of I’ occurs in
view of the almost constant 0. VeEseEry and LaNeer[109] report a mild
variation of I of all the inner shells ZnO < ZnS ~ ZnSe > ZnTe within half
an eV. Our five gallium compounds only vary 7 within 1.5 ¢V, including the
yellow semiconductor{105] GaS having direct Ga-Ga bonds. The lowest
I'(Ga2ps/z) = 1122.6 eV for GazOs is still 2 eV above I for metallic gallium.
We may shortly nole I'(Ge2pa,2) = 1226.3 eV for KaGeFg and 1225.2 eV for
GeOgq. Arsenic is the last element for which an aluminium anti-cathode allows
the detection of the 2ps/e signal. Though I varies by 4.1 eV, the interval of I’
is smaller since I’ = 1331.4 eV for LaAsOy4 1330.9 for NdAsOg4, 1331.0 for
YbAsQ4 but 1331.6 eV for KsHAsO4. The ten tetraphenylarsonium salis
probably have I’ somewhat below 1330 eV. I*(As3dss.) values between
147.6 eV for KAsTs and 140.4 eV for ZnzAss have been reported [99]. These
authors use I"(Pb4f;,2) = 138.3 eV of Ph304 as internal standard.

Seleninm has attracted some interest[104] because of the close chemical
analogies with sulphur. A roughly monotonic increase of I-values (to the
extent of 5 eV) as a function of the oxidation state increasing from Se(—II)
to Se(VT) is observed. We find also a range of I-values close to 8 eV though
it must be noted that I'(Se3pssz) is only 171.7 ¢V for bolh measurements
of BaSeQy. Itis expected that I of bromates are some 6 eV higher than of the
corresponding bromides. Our I interval of 5 eV of 26 bromides includes,
at the higher limit, caesium (1) salts (with lower I') and dibromosuccinic
acid having C-Br bonds. The influence of the Madelung potential on electro-
valent bromides is discussed in Table 21.

No characteristic conclusion can be drawn about the moderate variation
2.6 eV of I(Rb3pss) in ten rubidium(I) salts. When the I’ values arc
considered, it is one of the elements closest to show no chemical shifts. The
same is true for strontium (1I), where the observation of the 3pi1,2 signal is
made dif ficult due to the adjacent Cls signal. The I-intervals of yttrium (I1I)
are almost 5 eV but it must be noted that I' (Y2ps2) = 307.8 eV for YF; and
307.0 eV for Y(I1O3)3 probably are not much above Y203 Comparable
comments can be made about zirconium (IV) and niobium (V). The actual
I’ intervals occurring in our compounds seem to be close to 3 eV in the three
latter elements. It must be noted that the fluorides have distinctly the highest
I’ values.

We find a rather moderate I-variation of molybdenum (VI) compounds
with the lowest values of tetrathiomolybdates [85] comparable with Mo (I1I).
Swartz and HercurLes[103] report a I* variation 1.7 eV between fifteen
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Mo (VI) compounds including many heteropolymolybdates, and MoQgzacaz
at the lower end, below MoCls and MoOsz. These authors have succeeded in
measuring I* of freshly cleaned molybdenum, 6 ¢V below that of NasMoOy.
Comparable signal positions are found for cooled Mo(CO)s.

It is rather difficult to study the 3d region of ruthenium compounds be-
cause of coincidences with the scotch tape main at I = 290.0 ¢V, with other
carbon 1s signals at higher I and with the replica signal at an apparent
1 =280.2 ¢V induced by the small intensily of so-called aluminium Keag
(1s2s%2p5 — 15%2s?2p?) photons (1496.4 ¢V) present in the X-ray source.
Though the 3p signals are weaker, they are more readily identified. I* (3ds )
= 284.4 eV for BaRuV1O4, 282.2 eV for [Ru(NHas)sl(BFs)s, 279.8 eV for
[Ru(NHz)s]Iz and 279 eV for Ru are reported[74] in a study of the de-
hydrogenation product of Ruenj? forming C = N double bonds. We believe
in a roughly monotonic variation with the oxidation state and accept unusually
high I in the perruthenate, ascribing the shoulders at lower I to reduced
species in analogy to permanganate.

KsRhFg has exceptionally high I, even I'(Rh3ds;2) = 317.3 eV is con-
siderably larger than 314.7 eV for Css[Ru(H20)Cls]. Probably, our dark
green[48] CseRhCls was reduced to the latter species. Many rhodium (II1)
complexes of sulphur-containing ligands have I comparable to the metal,
but we do not believe that they have been transformed superficially. The
compound [Rhnszlo Ni(ClO4)e supplied by WaLTER ScHNEIDER has three
bidentate ligands forming the chromophore fac-Rh (II1)N3S3 but each sulphur
atom forms a bridge to the central (S = 1) nickel atom forming octahedral
Ni(ID)Ss.

Palladium compounds have been studied [72] having I*(3ds,2) = 340.3
eV for KoPdCls, PA(Il) varying from 339.6 eV for Pd(CN); and 339.2 eV
for KoPd (CN)4 down to 336.6 eV for PdI: (the metal has 335.7 eV) stressing
the dependence of I on the electronegativity of the ligating atoms though
cyanide has remarkable high I as also seen in Table 13 in the case of
PA(CN)3® prepared by Lupi[79]. The range of I for Pd(II) is 2.15 eV, and
metallic Pd slightly below. Our fifteen silver(I) compounds show a similar I
range of 2.9 eV probably moderated to slightly above 1 eV in I'. One of the
most stable silver(I) compounds, the peroxodisulphate of the tetrakis
(pyridine) complex shows a lower I than AgsSO4 bul it seems to represent
a mixture of Ag(I) and Ag(II). A weak satellite of the Ag3ds,2 signal can be
perceived, this would be an interesting analogy to Cu(II) discussed below.

The I variation 2.6 eV of cadmium (II) compounds do not follow a very
clear-cut order of ligands but is compatible with the weak variation
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€dO > CdS ~ CdSe reported by Vesrry and Lancer[109]. Indium(III)
compounds vary I to the extent 3.7 eV, the highest I'(In3ds;2) = 450.8 eV
is represented by both the sulphate and the fluoro complex. Metallic indium
may have bheen successfully measured in the sample having I = 448.8 eV.
Among the tin(IV) compounds, Cs2SnBrg has exceptionally high I but
I'(Sn3ds/2) is only 492.4 and 492.6 eV in the two measurements. Metallic tin
evidently was oxidized, and the lowest I is observed for tetraphenyltin,
which fortunately encugh was not too volatile.

The measurements of the (otherwise very strong) antimony 3ds /2 signal
“are sometimes difficult because of almost coinciding signals from oxygen 1s.
We base our discussion on Sh3dsss having overlapping intervals of Sb(V)
and Sh(lll). The total I width of these two intervals is 6.8 eV and 3.3 eV,
but as usual, 0 of the fluoro complexes is rather large, and the I’ variation
of Sb(V) is between 547.7 eV for CsSbFg (still well above 545.7 eV for
CsSkCls and 545.0 eV for NaSb(OH)s) and somewhat below 544 eV for
NasSbSs. The I(3ds.2) range of tellurium compounds is 6.8 eV in agreement
with the /™ variation between 576.8 eV for TeOs and 572.4 eV for NapTe
reported by Swartz, Wayne and Hercures [104].

It was mentioned above how 28 iodates (excepting those of Co(Il) and
Bi(II1)) vary I'(13ds/2) within the narrow interval 629.8 to 628.9 eV. On the
average, iodates have I about 4 eV and I' about 5 eV above those of the
corresponding iodides. The range of I-values for iodides is rather large,
3.7 eV, including the C-1 bond in Bengal Rosa B. Large cations produce low
I-values (in qualitative agreement with the Madelung potential) and a low
I" = 622.0 ¢V has been observed in [N(CHs)4]I. The less covalent iodides
have the higher /-values, but tend, at the same time, to have larger @ decreas-
ing I'. Thus, KI having I' = 623.8 eV and Rbl 624.6 eV have a higher I’
than CsI (623.3 eV) but lower than Agl(625.2 eV).

Our 34 caesium (1) salts show a spreading 4.8 eV of 7(3ds,z). Generally,
the monatomic anions (and SbFy) produce the high /-values, whereas the
polyatomic anions (soft in the sense of Pramrson) have low [/-values in
analogy to potassium salts in Table 22. However, I'(Cs3dss) is between
728.9 and 729.1 eV for CsCl, CsBr, Csl, CsNOj, CsReQ4 and CsePtClg which
is a rather unexpected coincidence, whereas I’ is close to 729.8 eV for
CsSbFs, pollucite and conceivably for the tetraphenylborate. Though
I(Ba3dss2) vary 3.5 eV in our seven barium(II) compounds, I’ is close to
785 eV for the five cases where ¢ has becn determined.

The 3d region of lanthanum (III) shows four signals though the closed-
shell groundstate has S = 0. We have ascribed this unusual effect[63] to




Nr. 15 23

electron transfer from the neighbour atoms to the empty 4f shell of La
becoming highly stabilized in the ionized system lacking a 3d electron. We
return to this problem in the section on salellites. The chemical shift of
I-values is 6 eV in Table 17, but the extreme values of ["(La3ds;2) = 842.3 eV
for Lalg and 838.9 eV for LasOg only differ by 3.4 eV.

Also the pholo-electron spectra of cerium compounds are unexpectedly
complicated. The most plausible explanation is that otherwise stable
cerium (IV) compounds always contain some Ce (111) in the surface (whether
due to simple reduction or to attack by the carbon dioxide of air forming
carbonates) and that { of the inner shells is 16 eV higher of Ce(IV) than of
Ce (I1I). This is a most spectacular difference from the previous elements
where a change of the oxidation state by one unit do not usually produce a
chemical shift above 2 eV. Actually, this shifl is even larger than in the cases
of europium and terbium in Table 17. The double signals of cerium (III)
compounds are most probably due to effects of interelectronic repulsion, the
groundslate having S = 1/;. However, il is not excluded that some of the
signals are eleclron transfer satellites like in the case of La(III). Black
PrgO1; should consist of a mixture of two-thirds Pr(IV) and a third Pr(III),
but we observe only weak signals at approximately 15 eV higher I due to
Pr(1V). As far goes Pr(IIl), the chemical shift are rather similar to La(llI),
but the 3d signals have shoulders toward lower I. This is a phenomenon only
known from neodymium (IIT) compounds too, and a possible explanation
has been suggested by CurisTiaNE BonxreLre that the electron transfer
salellites correspond to lower energy of the ionized system than the con-
ventional ionization process. The probability of electron transfer becomes
negligible for elements heavier than Nd, the 4f shell having a much smaller
average radius than the orbitals delocalized on the neighbour atoms.
However, it is also conceivable that effects of interelectronic repulsion
combined with strong relativistic cffects (spin-orbit coupling) in the 3d shell
produces an unexpected distribution of the probability of forming the many
possible energy levels of 3d2412 in Pr(11I) and of 3d%4f3in Nd (IIT) (¢f. the 4d®4f2
configuralion treated theoretically by Sugar[101]and compared with soft X-ray
absorption spectra of 4f group metals). I'(3ds,2) varies only slightly more
than 1 eV for Nd(III). The same is true for our four samarium (II1T) com-
pounds having I’ = 1088.6 eV for SmFs and 1087.7 eV for SmaOs.

The strong chemical shift between europium (1I1) and Eu(1I) has been
known[26, 27] since 1967. Here, our EuSOy could not be measured without
some superficial Iu (IIT); the chemical shift is 11 eV for 3d, 9 eV for 4d and
7 eV for 4f, as discussed below. The variation of [(3ds,2) is 2.5 eV between
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EuFsz and Euz03 and the corresponding variation of I’ is 1.6 eV. The chemical
shift df is 3.6 eV between GdF3; and GdzOs and dI' is 2.0 eV. The weakly
asymmeitric 3d signals of Sm(III), Eua(III) and Gd (III) can be ascribed to
effects of interelectronic repulsion; there are no perceptible satellites.

Brown TbyO7 should contain equal amounts of Tbh(IV) and Tb(IlI).
With exception of the 4f signal of Th(IV), the higher oxidation state cannot
be detected. Professor GEorG BRAUER was so kind as to send us a sample of
fox-red ThOz prepared by exhaustive extraction of TbsO7 with acetic acid [6].
Though the cubic unit cell parameter and chemical analysis shows a deviation
from the stoichiometry ThO; by less than one percent, we find Th(IV) and
Th(I1I) signals superposed like in the case of CeOp. The chemical shift is
10.6 eV in the case of the 3d shell. Since we did not succeed in measuring
the 3ds/2 signal of holmium, which should be on the limit of the instrument,
dysprosium is the last element showing this signal. Dy2O3 and DyVO, differ
1.9eVin 7 and 1.1 eVin I'.

Ho(I1I), Er(III) and Tm(III) show comparable shift in the fluoride,
iodate and oxide of the very broad 4d signals[5] and of the 4f signals to be
discussed below. A systematic comparison of ten ytterbium (I1I) compounds
indicates df of the lowest 4d signal 5.5 eV between the fluoride and the oxide
and I’ varies from 192.2 eV in YbF;3 to somewhere below 188 eV in YbsOs.
In Table 23 are given I'(Yb4f). Lutetium(III) compounds have simpler
photo-electron spectra (since the closed-shell groundstate has S = 0). It is
very important for the understanding of the 4f group that 7(4d) increases
17 eV from Lu(III) to the isoelectronic Hf (IV) and I(4f) increases 9 eV. This
shows that the end of the lanthanides is more a question of the oxidation
state than of a definite atomic number (such as 71) and constitutes an analogy
to the huge chemical shifts between Ce(IIl) and Ce(IV) or between Th (III)
and Th(IV). The chemical shifts dI are 2.9 eV for 4ds5/,2 and 2.4 eV for 4f7.
of hafnium (IV) compounds. As usually, the variation of I” must be somewhat
smaller. The corresponding range of dl is 3.0 eV for 4ds, and 2.9 eV for
4172 of tantalum (V) compounds. Whereas the 4f signals of the lanthanides
up to Yb(III) has a structure due to the multiple levels possible of 4f27%, the
splitting of the 4f signal starting from Hf(IV) is simply due to the two j-levels
5/ and 7/ which are known to be separated 1.3 ¢V in yllerbium (III)
compounds [50] from near infra-red spectra and 1.46 ¢V in gaseous Lu™4.

The chemical effects on the photo-electron spectra of tungsten(VI)
compounds are closely similar to those of molybdenum (VI). The I range of
rhenium (VII) compounds is 6.1 eV both in the case of 4ds,2 and 4f;2. The
high I values for CsReO4 and TIReO4 are diminuished by ¢ = 3.1 and 2.5 eV,
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respectively. As a matter of fact, the I’ values of these two perrhenates are the
same as of KReOy within 0.2 eV. However, even if § were zero for the
methylene blue and the tetraphenylarsonium perrhenates, I’ (4f) would be
0.5 eV lower. The four rhenium(IV) compounds studied have somewhal
lower I values with I(4f7/2) varying 1.2 eV.

It is rather difficult to study the 4d region of osmium compounds
because of interference with the carbon 1s signals and their Kas replica.
However, we have studied I(4f) of sixteen complexes, iodo-chloro-osmates
(IV) kindly supplied by PreETZ and Homsora[61] and the double eyanides
by Lupt. It is a general characteristic that 0 is below 2 eV and cannot bhe
measured with exception of the osmium(VIII) nitrido complex K[OsO3N]. On
the whole, the Iincrease follows the order Os (II) < Os (1V) < Os (VI) < Os(VIII)
but the intervals of the oxidation states Os(II) and Os(IV) overlap strongly.
Similar conclusions can be reached regarding Ir(I111) and Tr(IV) where total
variation of 1(4fy/2) is 3.1 eV but where the ligands (sulphurcontaining ligands
< amines < CI7 < CN7) are of greater importance than the oxidation state. It
must be added that iridium(IV) chloro and bromo complexes may loose
elemental halogens in the vacuo.

Several authors have studied photo-electron spectra of platinum
complexes, in particular involving bonds to carbon and to phosphorus. The
Uppsala group[19] using I* = 285 eV for Cls as internal standard report
I"(Ptdf72) = 73.4 eV for LeP(Clz and 71.7 eV for Ptl, (where L is tri-
phenylphosphine P(CgHs)s) whereas the metal has 71.2 eV. CLARK, ADAMS
and Brigas [14] study related complexes such as I* = 71.2 eV for LePt(CHs)e
and 72.2 eV for LgPtCly using I*(Au4fr;) = 84.0 eV of gold supports as
internal standard. These authors find I* = 284.7 for the carbon and 71.1 eV
for metallic Pt. Rrags [94] also uses I* = 285 eV as internal standard and
reports I* = 75.9 eV for KaPtIV(lg, 74.0 eV for KoPtII(CN)y, 73.4 eV for KPPt
Cls, 73.3 eV for ((CeHs)3P)oPtCly and 71.6 eV for PI°L, among thirteen
other platinum complexes. His I* values are about 6 eV below the I values
in Table 19 suggesting charging effects of the order of magnitude 1 ¢V. Our I
intervals for Pt(IV) 5.6 eV and for Pt(II) 1.7 eV overlap almost completely,
but this is due to the hexa-iodo complexes no. 37, 114 and 358. The
I'(Ptdf7,2) are 80.4 eV for KoPtClg, 80.75 eV for RbaPtClg and 80.8 eV for
CsePtCls suggesling a weak residual stabilization by the larger, more polariz-
able alkali ions, and 79.8 eV for the slightly more covalent CsaPtBrg. It is
probable that I = I" for (NH4)2PtClg and TlPtClg because of too little non-
covered scotch tape. There is no doubt that salts of Ptl;? have lower I-values
in contrast to alkaline metal iodides.
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Gold is very popular because of ils absence of superficial oxidation.
Taken at their face value, the I-values of Table 19 suggest I of Au(III)
complexes some 5.3 ¢V above the metal. However, because of the charging
effects discussed above, the I’ shift may be less than 3 eV. The salts of
AuCl; and AuBr, deteriorate under the measurement perhaps more by
loosing free halogen in the vacuo (and remaining as AuCly and AuBry) than
by photo-chemical decomposition. We believe the lower I values developing
are due to Au(l) rather than to the metal. K[Au(CN)z] does not change its
photo-electron spectrum. It is, of course, conceivable that its signals coincide
with those of “‘isolated” metal.

Our 8 mercury (II) compounds show moderate df within 2 eV. We were
restricted in the choice by the volalility of many compounds and of the
element. This may not only maintain pressures above 3.107% torr, but the
vapours destroy the photomultiplier receiving the -electrons. FapLEY and
SHIRLEY [28] studied the valence band (I below 10 eV) of twelve metallic
elements and also HgO, noting the separation 1.6 eV between the two
components [*(56d) = 13.6 and 12.0 eV. Il is not yet known whether the
corresponding splitting 3.1 eV of Au also is due to spin-orbit coupling alone,
or whether it is due to “‘ligand field” non-equivalence of two and three
d-like orbitals in this cubic crystal, or finally to collective effects producing
two energy bands (or at least two maxima of probability of ionization by the
X-rays). The corresponding separation is far smaller in metallic silver and
has not been detected in copper. The gaseous HgClz, HgBrs and Hgls have
Leen studied by Erann [25], their lowest 7(5d) occurs at 16.8, 16.4 and 15.9
eV, respectively. Our I values fall in this interval, whereas the lowest I’ is
14.1 eV for Hg(103)2 and 14.0 eV for HgO. Hgls behaves rather different
from most fluorides and have been discussed elsewhere[67a].

Our 21 thallium(I) compounds span an /(4f;.2) interval of 2.8 eV. A
few of the previously given values[60] have been revised when the Cls
signals were bhetlter characterized. It is seen that T1.Os has I almost 3 eV
below the average thallium(I). However, this dark brown compound (crys-
tallizing in the cubic C-type[563] like lemon-yellow InsQs, white Y203 and
most of the heavier rare earths) is a physical metal, and when diluted in
isolating compounds such as Mg, it turns out to have I in the middle of the
univalent compounds (like the salts containing T1Clg®) though I’ remains
122.9 eV (to be compared with 124.5 eV for TIReQy, 123.75 eV for TloMoOy
and 123.6 eV for T1;CO3). Like it is also true in the analogous case of PbhOs,
the /(5d) values vary parallel to the I(4f) values. Our fifteen lead(II)
compounds show an I{4fy;3) interval of 3.9 eV, but the I’ values vary less.
They are, for a few selected cases, 144.1(PbI;), 144.0(PbClz) 143.75 (PhBr2),
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143.35(Pblz), 144.7(Pb(NO3)2) and 144.35 eV(Pb(103)2). On the whole, the
lead (IV) compounds have the lower I-values, as previously pointed out for
PbO2. The high I-value for CsPbCls seems to be a common property of
caesium salts (with exception of the fluoride) and actually, I’ = 144.3 eV
similar to lead (II) iodate. I’ for PbOg is somewhat below 143 eV. We only
detect slightly broadened signals of PbgO4 at I slightly below PbO, and
actually, minium has been suggested [99] as internal standard. Tt is not quite
certain that bismuth(V) has been observed in our nominal Bi:Os and
NaBiOs; if il has, the signals have almost the same positions as of Bi(III) in
contrast to arsenic and antimony, but in analogy with thallium and lead.
The I(Bidf7,2) range is 2.9 eV for our nine Bi(IIl) compounds; I’ — 165.7
eV for the fluoride and 164.15 eV for the oxide show a distinet difference.

Besides 8 stoichiometric thorium (IV) compounds, we have measured
six mixed oxides[53] which have also kindly been measured by Procror
and WiLson in the Varian laboratories in Palo Alto, Cf. and by BrREMSER
and Linnemanwy in Darmstadl. It was mentioned above how the I’ values vary
only slightly less (by 3.5 eV) than I(4f7,2) by 3.9 eV, but I" for the oxides fall
in a narrower interval. In the case of uranium compounds, it is not easy to
know whether certain mixed oxides are not superficially oxidized to U(VI).
Certain uranyl salts show weak satellites to the left, probably of electron
transfer type to the empty 5f shell in analogy to the stronger satellites of
La(IlI) 3d signals. As later discussed with Cornirivs KELLER, uranium (V)
in mixed oxides show sltrong satellites at 8 eV higher I than the 4f5, signal.
It may seem somewhat worrying that the strong 4f signals of U03SO0,, 3H0
and U(504)2, 4H20 almost coincide, but the uranium(IV) compound has a
pronounced structure with maxima at 5 eV higher I, probably due to effects
of interelectronic repulsion. The salt of UCI;® has the lowest I values observ-
ed, whereas KsUFg occurs in the middle of the uranyl salts. This constitutes a
major difference from the chemical shift about 16 eV between cerium (IV)
and Ce(IT) with none and one 4f electron. The I interval of U(VI) is 2.1 eV,
the highest I (4f7,2) — 388.1 eV occurs for CsUO(NO3)s.

The separation between 4152 and 4{7 s signals from hafnium to uranium
has previously been discussed [64]. Tts variation for a given clement, al most
0.1 eV, is on the limit of the experimental uncertainty.

General Trends in the Chemical Shift as a Function of Neighbour
Atoms and the Manne Effect

To the first approximation, the chemical shifts dJ in inner shells follow
the general ideas (partly based on the nephelauxetic effect derived from
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excited levels of d and f shells containing from two to 47 electrons) of fractional
atomic charges[52, 56] in transition group and post-transition group elements,
the fluorides having the highest fractional charges of the central atom and
ligands containing elements of low electronegativity, such as sulphur,
producing the lowest fractional charges due to more pronounced covalent
bonding. The same type of behaviour was also found in Uppsala[34] for
gaseous and solid carbon compounds, the effect of hydrogen and carbon
neighbour atoms being almost identical. It was early recognized that dr is
smaller than the theoretical values obtained by interpolation between gaseous
ions M+, M*2, ... where the change of [ per unit of charge is approximately
<r™> in atomic units of the valence shell being depopulated. This theoretical
slope is between 10 and 20 eV, and hence, the typical chemical shift df = 5 eV
corresponds to charges between 0.25 and 0.5 which would be almost in-
compatible with the visible absorption spectra[59]. However, the negative
charges on adjacent atoms produce a Madelung potential counteracting df
by a large amount which, in a binary molecule MXy, is proportional to the
fractional charge of M and inversely proportional to the internuclear distance
M-X. In Table 21, the Madelung potential in the alkali metal halides vary
between 12.52 eV in Lil' and 6.41 eV in Csl. Hence, it is quite conceivable
that the fractional charges are several times larger than supposed if the
Madelung potential is neglected. Only in the 4f group, such as the cases
Ce(1I1), Ce(IV); Eu(Il), Eu(lll) and Tb(lII), Th(IV), the observed df
are not much below the theoretical slope close to 20 eV,

The low I-values of transition and post-transition group oxides agree
with the pronounced nephelauxetic eflfect (a common exception to both
effects is NiO)[51, 56] though il is not generally believed by chemists that
oxides have particularly low fractional alomic charges. What is stranger is
that cyanides have unusually high /-values (this becomes even more striking
when I’ are considered, decreasing the fluoride values) as noted [72, 94] by
several authors. This may be taken as an argument for #-back-bonding to
empty orbitals of cyanide, increasing the positive charge of the central atom.
It is also true that carbon monoxide complexes tend to have rather high
I-values (though they lack significant Madelung potentials) but a difference
is that much independent evidence suggests that the z-back-bonding be-
comes progressively more important when the central atom oxidation state
becomes more negative in a series such Ni(CO)s, Co(CO); and Fe(CO);?
whereas even palladium (IV) in Pd(CN),® presents a rather extreme, high
Ivalue, Several authors{15, 16, 117] have discussed metallo-organic com-
pounds, in particular of chromium, and their fractional charges. In view of
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the variation of I-values of potassium, this is perhaps a difficult conclusion
to draw. The opinion that iron(l1I) in Fe(CsHs)z has a negative fractional
charge is based on I"(Fe2pss2) being 710.8 eV 1o be compared with 713.0 eV
in Fe(CO)s. We find I" = 711.7 ¢V for FeC204 2H.0 and 707.6 eV for
[Fedips]Brs and our conclusion would only be that the central atom in
ferrocene is less positive than in iron(0) carbonyvl but perhaps more positive
than in the dipyridyl complex.

A less dramatic but more universal trend than the high I-values of
cyanides is a general tendency for complexes of neutral ligands (water,
ammonia, amines, efc.) to have lower I-values of the cenlral atoms than
chloro complexes, in contrast to the nephelauxetic effect and chemical
consensus. It may be that erystals involving strong hydrogen bonds, as has
already been mentioned in the case of ammonium salts of fluoro complexes,
have intrinsically small ? values. However, one has to accept that the general
varialion of I of inner shells of d group complexes as a function of the ligands
is somewhat similar, but by no means identical, with the nephelauxetic
series [51, 56] .The situation is quite different in the case of cations not
forming covalent bonds at all.

Extrapolating the comparison of potassium and caesium salts, we have
made a systematic study of several anions with tetra-alkylammonium ions
NR;r (where we have concentrated on the smallest, R = CH3z, and R =n —
C4Hy which can be obtained in a high degree of purity) and with
As(C¢Hj); precipitating many large anions as crystalline salts which are
soluble in organic solvents. As a student with Jan~ixk BsErruM, one of us
started work in 1950 on the precipitation of anions (most frequently forming
wealkly soluble caesium salts) with the green “praseo’’ ion frans- [CoengClg]*
(a somewhat analogous anion is the raspberry-red ‘‘reineckeate’’ trans-
[Cr(NH3)2s(NCS)4]™ ; the salt no. 100 is extraordinary by being off-white ;
the complementary colours of the cation and the anion compensate almost
exactly, also intensity-wise). Here, we also study salls of the univalent
methylene blue cation. We bought it as the chloride (though some commercial
samples are the tetrachlorozincate) and in spite of the very high & ~ 105,
many anions precipitate it so quantitatively that the supernatant solution
hardly is pale blue. Thus, the blue-violet perchlorate, blue perrhenate,
slightly greenish blue tetraphenylborate and blackish blue reineckeate and
hexa-iodoplatinate can be prepared.

The decrease of I-values with increasing radius of the cation agrees
qualitatively with the Madelung potential. There is little doubt that the total
expression for the Madelung potential is a fairly good approximation, and
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for instance, I(K2psz) for gaseous K+ is probably close to 306 eV obtained
by adding 8 eV to the I” valucs in Table 22 though it is striking how frequently
@ seems to cancel variations in the Madelung potential. Quite generally, the
differential variation from one salt to another seems to be less well represented.
In particular, in ten caesium salts (excepting the fluoride), the I values of
the strongest signal of twelve elements are, on the average, 1.3 eV higher
than of the analogous ten potassium salts, whereas one would have expected
a decrease about 0.8 eV due to the Madelung potential. It is seen from Table 21
how caesium salts tend to have high @ values, and the six cases of I’ values
known do not vary (0.0 eV) on the average from caesiuim to potassium salts.
Said in other words, the Madelung theory underestimates I" values of
caesimm salts some 0.8 eV and I some 2 eV. It was suggested [27] in 1968
that the highly polarizable salts are more difficult to ionize because of the
groundstate polarization.

However, there is no doubt thal one alse encounters an effect of pola-
rizability of opposite sign, decreasing the I values observed of the sharp
peaks in the photo-electron spectra. In the case of the neon atom, the
ionization energy of a Is electron in the Hartree-Fock wave-function
maintaining the ‘‘“frozen’ orbitals of the other nine electrons is calculated to
be 891.7 ¢V in disagreement with the observed value 870.2 eV. Ou the other
hand, if a Hartree-Fock calculation for the ionized system Ne* is performed
[108] with the constraint that the electron configuration is 1s2s22p® but
allowing the radial functions of the eight outer electrons to adapt (contract)
the energy difference relative to the Hartree-Fock groundstate is 868.6 eV.
When the two minor corrections of relativistic effects on the 1s energy and
the correlation effect in the pair of 1s electrons in the groundstate are added,
870.6 eV is obtained. One can now ask the question whether a Franck-
Condon principle is valid for the other electrons. The agreement between the
experimental I and the difference between the two Harlree-Fock functions
suggests that the other electrons have time to adapt during the ionization of
the 1s shell. However, this adaptation is improbable {or other reasons, and
the problem was finally resolved by Man~NE and Aper[80]. In the neon
photo-electron spectrum, many satellites occur hetween I = 900 and 1000 eV.
Though individually, they are weaker than 4 percent of the primary signal
at 870.2 eV, the integrated intensity of all these satellites (due to shake-up
forming excited levels such as 152s22p33p and shake-off loosing two or three
electrons such as 1s2s22p5 or 1s2s2p5) is about a quarter of the intensity of
the primary signal. The important point is now that the baricenter of all
this structure including the primary signal occurs at 886 eV, close to the
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Koopmans value assuming “‘frozen’” orbitals. Hence, the ionization process
can be described as “‘sudden’ in the sense that the instantaneously formed
152522p® decays to the hundreds of alternatives among which one alternative,
the “‘adapted” 1s2s?2pS (which would have been formed by an adiabatic
process in the electron system) accounts for 80 percent of the squared -
amplitude. In the Copenhagen representation of quantum mechanics, it is
normally said that quantum jumps do not take any time at all. However,
this is a non-relativistic statement; it takes light 107*® sec to cross an atom
with a diameter of 3 A, and it can hardly be argued that the primary process
of photo-ionization can be more rapid. On the other hand, good arguments
are available that this process is not slower than 1077 sec.

We suspect that this Manne effect occurs also for electrons in adjacent
atoms in solids and not only for outer electrons in the same atom. For
relalivistic reasons, there is a limit for bow distant atoms have the time to be
informed about the primary ionization process, and in practice, we believe
the first two or three layers of neighbour atoms to be the most important.
Hence, the higher I values of K2p3z,2 in salts of fluoro complexes relative to
pscudohalide complexes may be connected with the larger deformability
adapting to the ionized system in the lalter case. In solids, we observe only
the primary signal, and the numerous satellites due to shake-up and to shake-
off are swamped by the intense background duc to inelastically scaltered
electrons. Anyhow, the neon atom may perhaps be somewhat exceptional by
allowing eight electrons to be stabilized 2.5 eV each by the contraction in the
adapied anti-Koopmans ionized state, and it may be that the inter-atomic
Manne effect in most polyatomic systems amounts to some 5 eV perhaps
combined with an intra-atomic Manne effect between 15 and 30 eV. It is
obvious that a differential change of 2 eV of the inler-atomic Manne effect
can contribute significantly to the range of I values observed. Colloquially
speaking, this effect can be considered to indicate the extent to which the

ionized system has the capability to develop additional covalent bonding
within a very short time.

The Widths and Radiative Half-lifes

The typical photo-electron signal, when corrected for a much intenser
background, is a Gaussian error-curve. With our standard conditions of
100 V analyzer potential (not giving the best resolution, but the strongest
signals) the one-sided half-width é(—) toward lower I-values is between
0.95 and 1.0 eV. We frequently run into asymmetric and somewhat broadened
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signals which must be due to the superposition of two or more adjacent
signals. Unfortunately, it is very difficult to calculate backwards from the
observed spectrum to a unique choice of two components. In particular, one
encounters the problem of great importance for visible spectra of solutions
that two Gaussian curves with the same ¢ add to a curve almost looking like a
new Gaussian with a slightly larger 4, if the two maxima are of comparable
heights and a not too far distance, say below 1.28 4. CLavus ScHAFFER has
investigated this problem thoroughly explaining how many adjacent energy
levels predicted in “‘ligand field” theory cannot conceivably be resolved.
Thus, the function exp (—x2/2) (which is frequently tabulated for the use
by statisticians) has 6 = (2 In 2)2 = 1.177. When two identical Gaussians
have their maxima situated at 1 = — % and at a2 = + », their sum forms an
almost perfect Gaussian for small % having its maximum at = = 0 and the
half-width

§=1.177 (1 +0.589 »% +...) 1)

where 0.589 is half the numerical constant 1.177. The important point is the
quadratic singularity in #; it is not possible to calculate backwards from an
experimental spectrum with its usual uncertainty inherent in all such
measurements to a reliable value of x; once x is small, it might equally
well be half as large or zero indicating only one Gaussian component of the
signal. The sum curve has a flat maximum with vanishing second differential
quotient for » = 1; for this value, curvature at x = 0 is due exclusively to the
fourth and subsequent (even) differential quotients. When # is larger, two
maxima with a minimum in the middle develop.

There are good reasons to believe that the observed ¢ of our signals can
be described as the square-root of the sum of squared contributions from
differing sources of signal broadening. FapLey and SmirLeY[29] pointed out
that the two 4d signals of lutetium (III) fluoride each have 26 = 4.23 eV due
to short radiative half-life of the ionized system 4d%4f14 where a 4f electron
rapidly jumps down in the 4d vacancy forming the lowest configuration
4d104f13 of Lu(IV) (which then picks up an electron from the surroundings
less rapidly). According to Heisenberg's uncertainty principle, the double-
sided half-width 2 § should be 0.46 eV if the radiative half-life is 10™'® sec and
4.6 eV for 10718 sec, the product of the two quantities remaining constant. We
have also found ¢ = 2.1 eV for Lu4d signals of Luz03 and Lu(103)s. In the
heavier elements, d of the 4d signal remains roughly constant and is 2.0 eV
in HfOg, 2.1 eV in K HfFg, 2.3 eV in powdered Au and in HgO, 2.4 eV in
PbS0y, 2.2 eV in BiFs, 2.5 ¢V in Th(103)4, UOz(103)2 and Cu (UOz)z (PO4)e.
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Hence, the half-life of these states lacking a 4d electron is between 1 and
1.3 times 107%¢ sec.

Quite generally, most of the intense signals observed by us have § close
to the standard value 1.0 eV. This is particularly true for the 4f signals of
elements above tungsten[64] whereas the 4f signals of ytterbium(III) are
broadened by effccts of interelectronic repulsion (separating terms of 4f12)
and of lutetium (I1T) and hafnium (IV) by spin-orbit coupling not sulficiently
resolved. Since a half-life 107'° sec would increase 8 by 0.06 eV, this is the
lower limit where Heisenberg uncertainty broadening becomes perceptible.
Many of the lower [ values correspond to broadened signals, and we are now
going to discuss them in the order s, p, d.

ParreTT [88] discussed the uncertainty width of 1s holes as a function
of Z. The radiative width due to 2p - 1s X-ray fluorescence is Z%.1.2.167% eV,
but the observed width in eV (0.5 for Ar, 1.5 for Cu, 3.0 for Kr, 7.5 for Ag and
54 for Au) is larger because of competing processes, such as the emission of
Auger electrons. We find some 1s signals significantly broadened, such as 1.3
eV for several lithivm(I) salts and 1.1 eV for beryllium(II). We do not
believe that this is due to half-lifes below 10715 sec for so low Z values, but
rather a dependence of [ on the internuclear distance producing a broadened
signal according to Franck and Condon’s principle, having the maximum at
the “‘vertical” transition with unchanged distances, like the broadening (with
frequent vibrational structure) one finds in the photo-electron spectra of
gaseous molecules [107] when a strongly bonding (or anti-bonding) electron is
removed. It is of obvious importance for the use of carbon 1s signals as
internal standards to consider their ¢ values, in view of eq.(1), as an indicator
of closely adjacent signals. As a matter of fact, the pure scolch tape hydro-
carbon shows ¢ = 0.95 eV. Many nitrogen 1s signals have § = 1.0 eV but it
must be noted that in other cases, larger values may be observed though no
obviously non-equivalent nitrogen atoms are involved. This may again be
connected with Franck-Condon-broadening. Fluorine 1s signals vary between
1.2 and 1.4 eV. On the other hand, most sodium (1) salts have ¢ close to 1.05
eV. Finally, Mg(Il) shows ¢ = 1.4 eV.

d of 2s signals is difficult to evaluate in fluorides because of the rapidly
varying background, but seems to be close to 1.5 eV as it is also in Mg(II).
The Al2s signal in NazAll's has 6 = 1.3 eV. This value increases to 2.0 eV for
CaFa and 2.1 eV for Ca(l03)2 and seems to be as large as 3.5 eV for BaCrO,.

d of the 3s signal is 1.6 eV in Cal‘s and 2.4 eV in SrFs. In the 8d group,
effects of interelectronic repulsion produce two broad signals (see Table 20)
when the groundstate has positive S.
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8 of the 4s signal in BaF: is 2.0 eV. According to Conen et al.[17], the
intrinsic width of the lanthanide 4s signals (again split by interelectronic
repulsion) corresponds to § ~ 3 eV.

o of fluorine 2p in CaFz, SrI's and BaFs is close to 1.5 ¢V but is difficult
to evaluate in other compounds, partly because of adjacent I-values of
delocalized M.O. The 2p signal has 6 — 1.3 eV in Mg(Il) and 1.2 eV in
AL(IIT) but becomes difficult to measure in the following elements because of
the perceptible spin-orbit coupling. When the two j-values are sufficiently
distinct again, J is 1.0 to 1.1 eV in K(I) and Ca(II). Cr2p has § = 1.1 eV in
BaCrO4 but the subsequent elements have slightly broadening due to positive
S of the groundstate, though diamagnetic Co(III) has § = 1.05 eV. Similar
moderate 6 ~ 1.1 eV can be seen in Zn(II) and Ga(III).

¢ of calcium 3p in Cal is 1.3 eV. When not broadened by effects of
interelectronic repulsion, the 3d group has § of 3p signals close to 1.5 eV,
whereas § = 1.6 for Ge(IV) and 1.4 eV for As(V). In Se, Br, Rb and Sr, ¢ is
also close to 1.5 eV. Y(III), Zr (IV) and Ru(III) show 1.8 ¢V and CdFgz 1.9
eV, whereas the value finally increases to 2.9 eV in Bals.

0 of 4p in SrFzis 1.4 eV and seems to be as low as 1.0 eV in YF3. It then
increases rapidly, being about 2 eV in Rh(III), 3 eV in Pd(II), 4 eV in Ag(D)
and close to 5 eV in Cd(II). This increase does not continue, & = 2.7 eV
for Au and as narrow as 1.3 eV for Ba(Il).

6 of the 5p signal has only been measured to 1.3 eV in BaFs and about
1.4 eV in Au.

6 of the 3d signal is difficult to measure as long it remains in the region
with I below 20 eV. It is 1.2 eV in Ga(III), 1.1 eV in Ge(IV) and 1.3 eV in
As(V). It is possible that a part of this broadening must be ascribed to
beginning spin-orbit splitting. 4 is 1.15 eV in bromides, 1.0 eV for Mo (VI)
and Rh(III) and as low as 0.95 eV for Pd(II) and Ag(I). It then increase
slightly to 1.05 eV in Cd(II), about 1.2 eV in tellurium, 1.15 eV in both
iodides and iodates, 1.05 eV in Cs(I) and 1.2 eV in Ba(II). The signal at
lowest / in La(IIl) has § = 1.5 ¢V whereas the broad and somewhat asym-
mefric signals of Sm(III), Eu(IIl), Gd(III) and Dy(III) all are close to
2.5 eV.

0 of the 4d signal of Ag(I)is 1.5 eV, perhaps due to “ligand field” effects
of differing energy of the five 4d orbitals. § decreases to 1.0 eV in CdFs and
is 1.1 eV for Cs(1) and Ba(II) having a clear-cut separation between the two
J-values. All the lanthanides have asymmetric (and frequently irregular)
shape, d is 1.5 eV in La(III), 3.2 eV in Nd(II1), 1.7 eV in Eu(III) and 2.3
eV in Gd(III). The following elements all have  around 2 eV. The relatively
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sharp signal of Yb(III) at lowest I (¢f. Fig. 1) has § = 1.9 eV. It was discussed
above how d slowly increases from 2.1 to 2.5 eV in the elements from lutetium
to uranium.

¢ of the 5d signal is 1.0 eV in Pb(II), 1.1 eV in Th(IV) and 1.3 eV in
U(VI).

The general conclusion is that the half-width only becomes spectacularly
large (above 2 eV) for several ns-signals when Z increases, in the rather
isolated case of 3p in Bals, for all 4p signals when Z larger than 45 and for
all 3d and 4d signals for Z above 60. It is even possible to maintain that only
4p and 4d signals have a pronounced propensity toward high §. The physical
explanation may be that the half-lifes only are shorter than 2.107*¢ sec when
n(l + 1) electrons are present to fill the nl vacancy. If this condition for
extremely short half-life is wvalid, 1s, 2p, 3d and 4f signals should never
become exceedingly broad .The 3p signal broadens in the presence of 3d
electrons, but this is not a convincing argument for the hypothesis. However,
it is striking that the 4p signal broadens tremendously in the interval from
Rh(1II) to Cd(1I) where the number of 4d electrons available increase from
six to ten. In this case, ¢ decreases slightly in the heavier elements barium
and gold, whereas d remains almost constant of the 4d signal once the 4f
shell is filled, starting with Lu(III) and Hf(IV). There are good reasons to
believe that the 5d signal would broaden in {ransuranium elemenls once
many 5f electrons are present.

One may ask whether & is inflluenced by chemical effects. There is a
distinct tendency to sharp (and as we see below, higher) peaks of alkaline
metal ions compared with the broader, slightly lower peaks of the isoelec-
tronic halides. Such an effect might be connected with Franck-Condon
broadening being more important for the anions. We do not know a clear-cut
case of the same element (conserving the same value of S) varying J as a
function of the neighbour atoms, with exception of the nitrogen and oxygen
1s signals mentioned above.

Relative Signal Intensities

In stoichiometric compounds, the relative intensities (expressed as the
difference of counts/sec between the maximum and the interpolated back-
ground) of different elements, or for that matter, different shells of the same
element, do not reproduce better than 20 percent. Hence, the instrument is
not perfectly suited for quantitative analysis, though it can be of great
interest to obtain information about relative concentrations (even within a

3%
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Figure 4. Intensities of photo-electron signals from the nl shells in different elements (as a function

of Z) relative to fluorine 1s. As discussed in ref. [67] this is not better delermined than within a

factor 1.3. When two j-signals are seen, Lthe maximum at lower I due to the higher j is considered;
otherwise, the observed maximum is simply used.

factor 1.5) of elements in the outermost 30 A of a solid sample. WaceNer [112]
studied the slrongest signal (usually the highest I among the alternatives 1s,
2p3/2, 3ds2 and 4f7,2) of 43 elements relative to fluorine 1s. In the following,
we use the colloquial abbreviation “w’” for this unit. We are also interested
in the less intense signals and find a variation by a factor of 1000. Figure 4
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shows the relative intensilies as a function of Z. It must once more be
emphasized that they may be some 30 percent wrong. In practice, we
established a set of secondary standards, such as 0.4w for N1s, 2.0w for
Nals, 4.0w for I3ds2 and 6.5w for Cs3ds/,». We agree with WagnNeR that Cls
has 0.27w and that iodine (at least in iodides) represents a relative minimum
of the curve between antimony and caesium. Most of our values differ less
than 25 percent from those given by Waener .It may be added that his
KaNi(CN)e most probably is KoNi(CN), dividing the nickel intensity by two.

An altraclive hypothesis also suggested by WacenNER[112] is that the
number of photo-electrons counted in a given signal is proportional to the
number of X-ray photons absorbed by a given shell (anyhow, the yield of
electrons not suffering inelastic scattering is low, since the penetration depth
of the soft X-rays is about 100 times deeper than the surface layer allowing
photo-electrons to escape). If the typical absorption edges where the molar
extinction coeflicient is proportional to »™® (in agreement with an argument
by Kramers based on the correspondence principle) are extrapolated to
large v, the signal intensity should be proportional to (2j + 1)I2 where
(2j + 1) is the number of electrons producing the nlj signal. However, this
argument is only valid for s- and perhaps for p- electrons. For higher I,
the probability of absorption of a high-energy photon is far larger, and we
have proposed that the intensity is proportional to the product of three
factors, (2j + 1), the average <1 > of the shell being ionized, and a kind of
squared ellective nuclear charge. Actually, WaTson was as kind as to supply
<1 %> values for Hartree-Fock functions, and the third factor seems re-
markably invariant[67].

Since small average radii favour photo-ionization by the X-rays, the d
and f shells at the end of the transition groups and in the subsequent post-
transition elements show rather strong signals, as also seen on Fig. 1 and 2.
This is rather fortunate, because the number of valence electrons can be
rather overwhelming. This number is 32 in each sulphate or perchlorate
anion, 40 in acetylacetonate and 120 in tetraphenylborate, whereas the
methylene blue cation presents 126 valence electrons. In particular, hydro-
carbons have a virtually flat photo-electron spectrum in the region of [
below 20 eV showing a vanishing probability of ionizing carbon 2p orbitals.
In oxides, the 2s signal close to 30 eV has the intensity 0.02 w whereas 2p
is on the limit of detection. F2s(0.04 w) and F2p(0.02 w) are quite per-
ceptible.

On the whole, the curves on Fig. 4 are smoothly increasing as a function
of Z until the limit 1382 eV of I is reached. However, there is pronounced
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tendency for the transition groups to have too weak signals. In view of what
we said about probability for a given shell to absorb the photon, one would
consider the product of the height and the width to be the important quantity,
but this distinction would make little actual differcnce. Even the satellites to
be discussed below and the multiple signals due to effects of interelectronic
repulsion would not change the intensities by more than a factor of three,
whereas an extrapolation of the 3d intensity on Fig. 4 would arrive at 10 to
20 w for Sm lo Dy. However, we have indicated the two highly different sets
of intensities for Cu(l) and Cu(Il) on Iig. 4. Most of these differences can
only be qualitatively understood as an increased probability of secondary
processes (such as emission of electrons in broad shake-up and shake-off
signals at higher I) since the probability of inelastic scattering should only
depend on the kinetic energy of the electron.

Obviously, the identification of nlj-values for a given signal is an
important problem. Usually, there is no ambiguily when comparing with
literature, but one has to realize that the Uppsala tables[97] based partly on
" measurements relative to the Fermi level and partly on the critical analysis
of X-ray spectra by BEarpeN and Burr[3], besides chemical shifts, shows
unexplained irregularities up to 5 eV. This can most readily be seen from the
plot[66] of dI/dZ as a function of Z, especially in the lanthanides. However,
we have had no serious difficulties with identifying given shells (except due
to coincidences with stronger signals or their Kas replica) with the exception
of the 6p signals of thorium and uranium. The Uppsala tables supposed to
give I* of metallic elements relative to the Fermi level indicate Thépi,s at
49 and Th6psse at 43 eV whereas the values for uranium should be 43 and
33 eV. It is obvious that this must be wrong for at least one of the two
elements. We find a sharp signal with I = 27.2 eV and I' = 23.6 eV for ThF,
and I =24.3 and I’ =20.7 eV for ThOz and ascribe it to 6pssp. When
compared with I = 10.75 eV of the radon atom measured by EBBe Ras-
MUSSEN, it is probable that I is close to 55 eV for Th*4, and the Madelung
potential would decrease this value by 30 eV in fully ionic ThOs. It is seen
in Table 21 that the difference 25 eV is expected to he slightly higher than the
actual I. The spin-orbit separation is 3.8 eV in Rn*, and it is quite conceivable
that it has increased to 6 eV in thorium, but we are not able to see a signal
close to 30 eV in ThO2 because of the oxygen 2s signal having I = 31.3 and
I' = 27.7 eV. We have not succeeded in identifying the 6p signals in uranium
compounds ; some of them have a weak signal with I ~ 54 eV which seems
rather high. This problem needs further studies.

It is frequently argued in literature[7] that Auger electrons with the
kinetic energy Exin can produce signals in our type of spectrometer with the




Nr. 15 39

apparent I* = (1482 eV) — Exin. WAGNER[111] even reports that these signals
may be almost as intense as genuine photo-electron signals between 0.2 and
1 w. Usually, we did not detect Auger signals. However, they have been found
in Mgls, NaF and Nal, where they are particularly strong. The kinetic
energy is 645.6 and 645.5 eV for the strongest fluorine signal, respectively,
979.3 eV and 983.2 eV for sodium, and 1169.3 eV for magnesium. It can be
argued that 0 = 3.9, 4.3 and 3.7 eV should be added in order to correct for
the positive charge of the three samples. On the other hand, graphite and
many other samples have very broad Auger signals. Some low apparent I*

are in eV 381 for As(V), 191 BaSeOQy, 183 KSeCN, 104 Fr:0O5 and 46.6 for
Tms0s3.

Satellites and Multiple Signals due to Interelectronic Repulsion

When the groundstate has positive S, the ionized system has lower
energy for (S + 1/3) than for (S — 1/9), essentially because of the lower inter-
electronic repulsion <175> in the former case. This effect was detected in
Uppsala[97, 98] for gaseous (S = 1) and NO(S = !/;) having their 1s
signals split to the extent of about 1 eV. Also solid chromium (IIT) (S = 3/2)
and manganese(Il) and iron(III) (S = 5/5) show this effect[29]. From a
theoretical point of view, the situation is the most clear-cut if one of the two
parlly filled shells consists of an s orbital containing one electron, such as
sd® or sf4 in which case the intensity ratio between the two signals is (S + 1)/S,
the ratio between the degeneracy numbers, and their distance (28 + 1)Ky
where Kyy is the average value[56] of the exchange integral of the two-
electron operator between the s orbital and the five d or the seven f orbitals
(the formation of an average value is not strictly necessary when one of the
orbitals is spherically symmetric). This phenomenon has been observed [17]
for the 4s and 5s signals of lanthanides and seen in Table 20 as the separation
3.4 eV in the Cr2s signals of Cr(NH;)o(NCS);, 4.8 eV in the Co3s signals of
CoFz and 2.8 eV in the Ni3s signals of NiFs, 4H20. Hence, Kay(2s, 3d) = 0.85
eV in Cr(III), Kav(3s, 3d) = 1.2 eV in Co(II) and 0.93 eV in Ni(II), all of
the same order of magnitude as the spin-pairing energy parameter D (re-
presenting 7Kav(3d, 3d)/6) for the partly filled 3d shell. We return in the
next section to the partly filled shell itself. Between Gd(I1I) and Tm (1II),
Kav(4s, 4) = 1.1 eV and Kav(5s, 4f) increases from 0.4 to 0.5 eV in the
series Pr(11I) to Dy (IID)[17].

The 2p signals in the 3d group are stronger (see Fig. 4) but the many
states of the configuration 2p®3d? may produce several signals. The splitting
has the order of magnitude 2 eV in Cr(III), 4 eV in Mn(II), 8 eV in Fe (III)
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but only 3 eV in Fe(II) and 5 eV in Co (II). Apparently, Kav(2p, 3d) increases
in direction of the later members of the 3d group. However, the strong
deviations from Russell-Saunders coupling in the 2p shell exclude the
possibility of evaluating this parameter, the 120.6 = 720 states of 2p53d7 are
far wider distributed than to the extent of 4Ka(2p, 3d). We still believe that
the corresponding splitting 6 eV of the two 2p signals of high-spin (S = 1)
nickel(11) compounds are due to effects of interelectronic repulsion separating
the 45.6 = 270 states of 2p53d8. Rosincware, WertHEIM and GUGGEN-
HEM [96] suggest that these multiple signals are salellites of the same kind as
the copper(Il) signals discussed in the next paragraph. We do not believe
that the main origin of the four Ni2p signals is such satellites, in part because
only two strong signals are observed in the case of diamagnetic (S = 0)
nickel(I1) complexes[60] and also because the separation is 17.2 eV in the
latter case, whereas the distance belween the first and third signal of para-
magnetic Ni(1I) is close to 17.7 eV. Itis known that the chemical variation [64 ]
of spin-orbit splitting is on the limit of experimental uncertainty, normally
below 0.1 eV, and the increase from 17.2 to aboul 17.7 eV is what one would
expect of eflects of interelectronic repulsion, as first noted by Hrimer
comparing Cr:03 with K;CrzO;. This does not prevent that the unusually
strong lefl-hand components of the 2p signals of the acetylacetonate Niaca)z
(H20)2 (probably dehydrating to Nisacag in vacuo) may partly be due to
electron transfer salellites of the kind discussed below in the case of La(I1I)
in view of the strongly reducing character of acetylacetonate ligands derived
from electron transfer spectra in the visible and the ultra-violet[49].
Novarov[87] detected satellites 8 to 10 eV to the left of 2p signals of
copper compounds. It was originally reported that also copper (I) compounds
such as CuCl, Cul and Cuz0 show satellites. However, we believe that these
satellites really belong to Cu(II) in superficial oxidation products. Actually,
the non-oxidizable CuCN, CuzHgls and [Nieng](Culy)s show just two strong
signals like the isoelectronic Zn(II) and Ga(IIT). At present, the origin of
the copper(Il) satellites is not perfectly clear. Though Cu(Il) is rather
oxidizing, it is not too probable that they are due to electron transfer like in
La(1Il) because similar strong satellites are not observed in Rh(IIl) and
Pd (II). Further on, their distance from the main signals is smaller in the
fluoride. The numerical value 8 to 10 eV is slightly below the ionization
energy of the 3d electrons suggesting shake-off (simultaneous ionization of a
2p and a 3d electron by the same photon, in contrast to consecutive emission
of Auger electrons) or shake-up, the 3d electron simultaneously jumping to a
low-lying empty orbital such as 4s. The former alternative seems less plausible
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in view of the cenlral field becoming more negative, increasing the effeclive
I1(3d). The fundamental difficulty for both alternatives is that copper(l) has
a 3d shell easier to excite than Cu(Il). This might be explained away if a
selection rule holds that such satellites are only conspicuous when the
groundstate has positive S. Anyhow, diamagnetic Ni(II) and Pd(II} do not
show salelliles, though both electron transfer and d shake-up should be
equally possible. One way out of this difficulty would be to connect the
satellites with the presence of a strongly c-anti-bonding (x2 — y2) electron
delocalized to a large extent on the ligands[58]. The quadratic d® systems
have the (x% — ¥?) orbital empty. It must be noted that octahedral high-spin
Mn (IT), Fe(IT), Co(II) and Ni(I1I) also contain two o-anti-bonding electrons,
one (x2 — y2) and one (322 — r2). It might then be argued that these systems
show weaker satellites because the delocalization is less pronounced, and at
smaller distance from the main signal because /(3d) is smaller, except of
Fe(IIl). Outside the elements from manganese to copper, very few cases of
distinctly ¢-anti-bonding electrons occur in the groundstate, though they are
the origin of most ol the excited levels treated in “‘ligand field” theory[59].
We tend to believe that shoulders or residual asymmetry of the main 2p
signals of Cu(ll) are due to effects of interelectronic repulsion, and that the
distant satellites have a rather specific origin. Quite generally, copper(II)
complexes of pseudo-halides[80a] and the oxidized surface of copper-nickel
alloys[12] show satellites, and it becomes an interesting queslion whether
diamagnetic quadratic Ca(1II) also shows satellites. We have precipitated
the periodato complex (no. 67) and find somewhat ambiguous evidence of
much weaker satellites probably belonging to a superficially reduced im-
purity of Cu(il). Similar results have been obtained by StEGGERDA and us
for Cu(IIT) biguanide complexes. One might have hoped that the silver (II)
complex Agpy;® shows illustrating analogies. Actually, the 3d signals hardly
have any satellites, whereas 3p shows doubtful broad satellites.

LorqQuET and Caprr[78] and their colleague MomiaNyY pointed out that
the intensity of shake-up satellites is a quantitative measure for the extent of
configuration interaction in the groundstate. Thus, the configuration 1s22p?
contributes 0.15 of the squared amplitude of the groundstate 1S of the
beryllium atom (the preponderant configuralion of which is 1s22s?) and
correspondingly, fairly strong Rydberg series in the auto-ionizing continuum
above the first ionization limit (1s?2s) converge to the excited configuration
1s22p of Bet The carbon 1s and oxygen 1s signals of carbon monoxide
complexes of zerovalent chromium, iron, nickel and tungsten show satellites
at 5.4 to 6.0 eV higher 7*. According to Barser, Connor and HILLIER[2]
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the occurrence of these satellites indicates a poor deseription of the ground-
state by a Hartree-I'ock M.O. configuration, and they ascribe the satellites to
the valence bond structure MT(CO)y This is somewhat analogous, but not
exactly equivalent, to our opinion of “inverted electron (ransfer’” satellites
from the d-like orbitals of the central atom to the empty orbitals of the ligands
(again stabilized by the 1s hole on either the carbon or the oxygen atom).
Similar satellites have been observed in other metallo-organic compounds[89a]
but one has to be rather cautious regarding the possibility of superficial
admixture of other compounds and of charging effects of the d type discussed
above.

We have already discussed the satellites in the closed-shell system
La(IIT) due to clectron transfer 73d%4f where 2 denotes a M.O. localized
on adjacent atoms. There is little doubt that electron transfer satellites also
contribute to some structure in Ce, Pr and Nd compounds, though Nd (III)
may be determined by effects of interelectronic repulsion alone in 3d?241%,
and that A74f'35f occur with low intensity in uranium(VI). Nevertheless,
our conclusion is that strong satellites are rather uncommon and are con-

centrated on a few elements in definite oxidation states such as Cu(1I) and
La(III).

The Valence Region and Optical Electronegativities

For the chemist, one of the most interesting problems to be studied by
photo-electron spectrometry is the wvalence region with I below 50 eV.
Somewhat exceptionally, the fluorine 2s signals[98] are split by ligand-
ligand interactions [64] to the extent of 3.5 ¢V in CFy and 4.9 ¢V in SFg but
usually, chemical effects of this kind are only observed for I below 40 eV.
The resolution is far better in gaseous molecules than in solid samples, and
with exception of d and f shells, the signals are rather weak when induced by
X-rays. The optical electronegativity was introduced [50, 57] with the purpose
of describing electron transfer spectra where an eleciron is transferred from
one or more reducing ligands to an oxidizing central atom. The Pauling
values xopt = 3.9(F7), 3.0(Cl7), 2.8(Br™) and 2.5(17) can be obtained for
the halide ligands if each unit of x4 corresponds to the wavenumber
difference 30000 cm™ or 3.7 eV. It was pointed out[54] that most gaseous
halides[107] have their lowest ionization energy

I=(1+ 3.7 %opt) €V (2)

close to 15.4 eV for fluorides, 12.1 eV for chlorides, 11.3 eV for bromides
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and 10.2 eV for iodides. It is seen from Table 21 that the almost ionic halides
have I values without corrections for charging effects close to eq. (2) whereas
I’ is lower. One may conclude that rather covalent halides have slightly
higher ionization energies than ionic solids though normally below the
values [82] for the gaseous atoms 17.42(F), 12.97(Cl), 11.81(Br) and
10.45(1) eV.

The partly filled d shell has I values between 8 and 12 eV in most
cases. The variation with the ligands for a given element in the same
oxidation state may, to some degree, be an illusion when I’ are considered.
One might have hoped for a determination of the sub-shell energy difference
A (which is known from visible spectra[56] to be about 1 ¢V in these cases)
from the 3d ionization energies of octahedral cobalt(IT) and nickel(II)
complexes, though it is by no means evident that the same 4 value would be
obtained from I differences as from the excitation energies studied by
“ligand field” theory. However, our present results are on the limit of the
experimental uncertainty. The two sub-shells of Fe(CsHs)s containing four
and two d-like electrons have I = 6.9 and 7.2 eV[107]. By the way, the
chromium (IT) methyleyclopentadienide Cr(Cs;HiCHz)e has[22] I = 5.55 and
6.9 eV, the former value being the lowest known for any gaseous molecule
(whereas solid alkali metals have I close to 2 eV). Nevertheless, the d-group
molecules have not been particularly informative for our purposes; Cox,
Evans, Hamnert and OrcHARD[21] found I = 9.41 eV for the single 3d
electron of gaseous VCly. It is interesting that the loosest bound M.O. of PF3
corresponding to the lone-pair has I = 12.3 ¢V whereas Ni(PFs)s has I = 9.55
eV for six of the 3d-like electrons and 10.58 eV for the other sub-shell
containing four electrons [35]. These values may be compared with I = 8.8
and 9.7 eV for the two similar sub-shells of Ni{CO)4. Recenlly, the separation
between halogen np and copper 3d signals has been reported [69] for solid
CuCl, CuBr and Cul. What is particularly interesting is a shoulder towards
lower I of the latter signal possibly representing the separation between the
two sub-shells in the tetrahedral chromophore in close analogy to the iso-
electronic Ni(0) complexes.

It is beyond doubt that I(3d) of zinc (II) compounds is some 5 ¢V higher
than corresponding mickel(II) and copper(Il), and I(3d) of gallium (III)
some 16 eV higher than cobalt(III). This is a most striking difference from
the lanthanides with comparable I(4f) of gadolinium (IIT) and lutetium (11I)
and I(4f) only increasing about 2 eV from Yb(III) to Lu(III). Actually,
I(4f) is higher of TbOgz than of HfO,. Said in other words, there is an absolute
sense in which the closed-shell character of Zn(II) and Ga(III) shows up as
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considerably higher 7(3d) than of the partly filled shell in preceeding elements
having the same oxidation state. The valence region of metallic Fe, Co, Ni,
Cu, Ru, Rh, Pd, Ag, Os, Ir, Pt and Au have been studied both by Bagr
el al.[1] and by Faprey and SiurLEY[28]. There is no doubt that in many d
group compounds, I of the partly filled shell is comparable or higher than 7
of the loosest bound ligand orbitals. It might be felt a somewhat paradoxical
situation, but the point is that partly filled shells with small average radii
have large dillerences between the ionization energy and the electron affinity,
and the main condition for a well-defined oxidation state with an integral
number of electron in the partly filled shell is that its electron affinity is
significantly smaller than the ionization energy of any of the ligand orbitals.

WerTHEIM and HUFNER[116] studied several d group oxides, concluding
in almost coincidence of oxygen 2p and ceniral atom 3d signals. It was even
argued that metallic ReO3 has a weak shoulder at I* ~ 1 eV due to rhenium
5d electrons. However, the I* values reported seem to be some 8 eV below our
I values. Though it is seen from Table 21 that the Madelung theory is not
perfectly valid, it is interesting to note that a change from 310°K to 500°K
produced an increase of the distances between potassium K3s and K3p and
chlorine (3p) signals in KCl in excellent agreement with the resull 0.13 eV
calculated from the change of the Madelung potential by the thermal
expansion whereas the similar healing of LiFF produced an increase of the
distance I(Lils) — I(F2s) two-thirds and I(Lils) — I(F2p) half the cal-
culated value 0.18 eV [10a].

WERTHEIM, RosuNcwars, Conexy and Guecennem[114] found that
anhydrous fluorides MF3 have a weak signal corresponding to J(M4f) being
slightly lower than I(F2p) for M = Ce, Pr and Nd. When I(M4f) increases
for M = Sm, Eu and Gd, the (now weaker) {luorine 2p signal is masked and
does not contribute significantly to the observed spectrum for heavier M
(cf. Fig. 4). However, the subsequent M = Tb, Dy, Ho, Er, Tm and Yb have
two signals which can be ascribed, to the first approximation, to the lower
energy of the terms of 4f%' having (S + 1/2) relative to the terms having
(S — 1/,) decreased from the groundstate of 4f4. The distribution of intensities
on these signals can, in principle, be calculated from the coefficients of
fractional parentage[22] and the separation 3.8 eV between the two signals
of the 4f1% system Yb(III) is considerably larger than the pure spin-pairing
energy 2D = 1.6 ¢V but agrees with the well-known distribution[50] of the
energy levels of 412, Tm (III) being isoelectronic with Yb(IV). The authors
at Bell[114] did not wanl to pronounce themselves about the absolute 7
values and the extent of the charging effects. It is seen from Table 23 that
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I'(4f) = 15.3 eV for both GdFs and LuTs. This may conceivabiy be slightly
less than real I, but the values in Tables 17 and 18 are too large due to
charging effects. HagsTrOM and collaborators[37, 40] measured photo-
electron spectra of metallic lanthanides. When the conditional oxidation
state[56] is M [II], the I* values relative to the Fermi level are low, such as
2.0 eV for europium and 2.7 and 1.4 eV (split by spin-orbit coupling) for
vtterbium. Other clements are M[III] and show the structure expected for
the terms of 447, Thus, I* = 7.8 €V for gadolinium. Since the work-fanction
of this metal is said[24] to be 3.2 eV, I(Gd4f) = 11.0 eV relative to vacuo.
The chemical shift from I" = 15.3 eV GdF3 and 13.6 eV in GdzO3 to the
metal, or from I" = 6.9 eV for EuSO4 to I close to 4 eV for Lu are quite
normal for other elements too. The adiabatic ionization energy of europium
(IT) aqua ions derived from (Eq + 4.5) eV where E is the standard oxidation
potential [59, 66] is 4.1 eV, and demonstrates a difference between ‘‘vertical”’
processes obeying the Franck-Condon principle and chemical equilibria. The
variation of I(4f) with the number of 4f clectrons is in excellent agreement
with the spin-pairing energy theory[59, 66] and the compounds of M (III)
are close to follow eq.(2) for M(IV), as one would expect.

From a theoretical point of view, it is fascinating that 7(M4f) is larger or
comparable with the ionization energies of the loosest bound, filled orbitals
of the ligands, even in fluorides, since it is evident from the visible absorption
spectra[50, 53] that the nephelauxetic effect (giving a higher limit of the
exient of covalent bonding in the sense of delocalization of the partly filled
shell [56, 59]) is below 10 percent, and actually below 3 percent in almost
all cases. It cannol be concluded in this case that comparable central atom
and ligand ionization energies are a sufficient condition for strong covalent
bonding. Presumably, the much smaller electron affinily E4 than ionization
energy I of the 4f shell may be connected with this paradox?, and the situation
in the metallic elements is also that the 4f shell does not get invaded by the
conduction electrons though I* is positive, i.e. I is larger than Ep, because E4
is far smaller than the Fermi level Ey. The extent of covalent bonding in
highly heteronuclear cases may be determined by I of the ligands and Ej
of the partly filled shell. It may also be argued [59] thal the diagonal elements
of M.O. theories represent the Mulliken electronegativity (I + EA)/2 rather

! Taking the extreme form of I'(4f) about 25 eV in Th(IV) and about 9 eV in Tbh(III)
(¢f. Table 23) with (96 D/13) = 6 eV due to spin-pairing energy differences and 10 eV is the dif-
ference belween one-electron lonization energy and affinity. It is noted that the ligand ionization
energy is slightly larger than the electron affinity of Th(IV) which is almost as large as the

ionization energy of Tb(III) and identical if disregarding the consequences of the Franck-Condon
principle.



46 Nr. 15

than I. It should be remembered that the covalent bonding has the extent
which minimizes the total energy of the whole molecule or polyatomic ion.
Seen from this angle, photo-electron spectrometry determining ‘“‘vertical”
ionization energies complements the information derived from visible and

ultra-violet spectra[57, 59] about excitations in a most helpful and unexpected
way.

Experimental

The Varian IEE-15 photo-electron spectrometer has been described[7].
With exception of the samples of metallic Ni, Ga, In, Sn and Pt, we measured
powdered samples covering about five-sixths of a cylinder covered with
one-sided scotch tape[60] (15 mm broad, no. 600P from the Company 3M)
normally using the analyzer potential 100 V.

Among the samples, we bought from:

American Potash (Lindsay Division) 455, 525, 526, 531, 533, 534, 536, 537,
539, 541, 543, 544, 545, 546, 547 and 551.

British Drug Houses the AnalaR 5, 19, 21, 22, 27, 183, 193, 262, 325, 355,
365, 419, 461, 477, 489, 572, 573, 601 and the 1, 13, 23, 28, 76, 97, 145,
171,196, 197, 200, 201, 203, 212, 213, 217, 221, 223, 224, 229, 231, 232,
236, 249, 258, 274, 285, 293, 329, 351, 356, 363, 367, 371, 372, 379,
389, 391, 393, 394, 396, 397, 400, 407, 408, 409, 418, 444, 478, 479,
484, 487, 511, 512, 521, 564, 568, 588, 590, 591, 592, 594, 598 and 602.

Dodge Fibers 181.

Drijfhout (Amsterdam) 51, 72, 323, 328, 332, 352, 357, 362, 366, 465, 468,
483, 486, 596 and 600.

Fluka (Buchs, SG) the puriss. 15, 82, 167, 184, 190, 233, 235, 243, 255, 260,
261, 270, 290, 291, 350, 384, 403, 425, 426, 427, 472, 481, 519, 552,
560 and the 6, 8, 12, 35, 41, 43, 63, 75, 86, 144, 149, 204, 208, 215, 237,
267, 272, 275, 303, 305, 308, 319, 339, 353, 354, 411, 436, 445, 447, 449,
453, 459, 471, 473, 476, 488, 490, 491, 506, 530, 553, 556, 557, 558, 571,
593 and 607.

Heraeus 99.

Johnson and Matthey 124.

Merck pro analysii 2, 30, 269, 462, 567, 575, 577, 580, 589 and the 158, 160,
239, 273, 321, 347, 349, 361, 369, 424, 574, 579, 595 and 597.

Métaux Précieux (Neuchitel) 470.

Riedel de Haén 374, 399 and 416.

Schuchardt (Miinchen) 38, 45, 173, 180, 186, 188, 194, 195, 198, 202, 206,
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211, 214, 219, 220, 244, 268, 278, 348, 373, 422, 439, 510, 578, 603 and
605.
Struer (Copenhagen) and collections from DTH (Chemistry Department A).
3, 10, 11, 209, 240, 283, 364, 387, 388, 401, 402, 423, 561 and 576.
We are grateful for the gifts of the following samples from

LucerTE BaLsenc (Geneva) 555 and 587.

FrED Basoro (Evanston, I11.) 137,

OLE BosTrUP (Nakskov) 131.

GeorG BrAUER (Freiburg-im-Breisgau) 540.

PeTer Day (Oxford) 109, 146, 309, 311, 313, 318 and 341.

Marcer DeLEpiNE (f, Paris) 39, 103 and 108.

E. Diemann (Dortmund) 65, 280, 286, 287, 288, 295, 297, 300, 301, 383, 437,
438, 440, 458, 460, 522, 559, 569 (cf. further discussion in ref. [85]).

W. FerrgneEcHT (Bern) 392,

R. Gur (Ziirich) 182, 192 and 610.

F. Hemx (Jena) 33 and 415,

GeorGE Kaurrman (Fresno, Cf.) 282.

CornELius KELLer (Karlsruhe) 606.

Yurio Konxvo (Tokyo) 29, 87, 117, 150, 159 and 404.

Karen KiMMEL (née JENSEN) 32.

SaLvaToreE Lost (Geneva) 234, 316, 566, 599 and 604.

AntHONY Lucken (Geneva) 281.

ANDrEAS Lupi (Bern) 4, 52, 56, 57, 58, 84, 91, 104, 107, 115, 121, 132, 134,
136, 140, 142, 143, 147, 148, 152, 153, 154, 156, 157, 161, 162, 164, 174,
175, 176, 177, 385, 398 and 463.
These compounds are later to be discussed in greater detail.

Romano PapparLarpo (Waltham, Mass.) 191 and 207.

W. Preetrz (Kiel) 327, 334, 340, 345, 360, 516, 517 and 518 [ref. 61].

Lene Rasmussen 128 [ref. 92] and 138 [ref. 93].

R. RoureTr (Lausanne) 54, 96, 279, 335, 343 and 450.

WaLTer ScHNEIDER (Zirich) 106 and 155,

Cravs Scuirrer (Copenhagen) 31, 69, 94 and 277.

G. WarerLre (Dijon) 256.

When one of us worked 1961-68 at the Cyanamid European Research
Institute, Cologny (Republic of Geneva) DieTER GARTHOFF (now Sio Paulo)
and Hans-HErRBerT SCHMIDTKE (now Frankfurt-am-Main) prepared the
following compounds: 40, 44, 46, 49, 55, 61, 68, 71, 73, 79, 90, 92, 93, 110,

111,123, 129, 163, 165, 166, 168, 169, 170, 172, 178, 179, 185, 289 and
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565, a major part of which already has been described by these two
wuthors.

The remaining 200 compounds were prepared by ourselves. The mixed
oxides[rel. 53] 386, 457, 527, 528, 529, 532, 550, 582, 585, 586 were made by
calcination of the co-precipitated hydroxides from aqueous ammonia. A
similar precipitation of lanthanide chlorides in ethanol and TaCls in ace-
tonitrile with ammonia was used for the tantalates 535, 538 and 548. The
orthovanadates 376, 377, 378 and 380 were obtained by calcination of
thoroughly mixed, stoichiometric quantities of the rare earths and no. 82.

Most of the other compounds were made from rather obvious meta-
thetical precipitation in aqueous solution. Stock solutions of indium metal in
nitric acid, rare earths in perchloric or hydrochloric acid, HiQs in 5M
sulphuric acid ete. were used, for instance precipitating the iodates deseribed
in the text with 1M iodic acid. A pure sample of 405 precipitated many
anions, also 9, 135 and 584 from a solution of Be(Il) ,Ce(IV) and Th(IV) in
strong (NH4)2CO3 We give the literature [90] formula [Co(NHs)s] [Beo(OH)s
(CO3)2] for compound no. 9 but we suspect il for being [Co(NHg)s]g
[OBes(CO3)q] in analogy to basic beryllium acelale. Freshly prepared solutions
of green frans- [Co engCly] Cl were used for precipitating the salts of this
cation. Solutions of PhCl,? were obtained from PbOg in ice-cold 12M HCL
The telraphenylborates of many univalent cations are almost insoluble
[11, 68], we precipitated them with 0.5M no. 15. The fluorides 187 and 222
were obtained by evaporating a solution of the carbonates in hydrofluoric
acid in a nickel crucible. 189 and 210 were obtained by melting the dioxides
with KHFy. EuS04 was formed from 254 in 2M H,S0O4 treated with p.a. zine.
The crystalline sulphates were generally made with sulphuric acid from
oxides, and from a few carbonates. Palladium(II)} chemistry has been
discussed [92, 93], 80 and 81 precipitate readily by acidification of a
mixture of X~ and Pdphen(OH).. The black iodides 467, 479 and 514 also
precipitate by adding I” to a solution of Rh(IIT), Pd(1I) or Bi(Ill) in HCL
Synthetic torbernite 242 was co-precipitated according to Marie CURIE.

In the tables, we use the abbreviations for lhe ligands and organic
molecules :

aca is deprotonated acetylacetone (or 2,4-pentanedione) coordinated to the
central atom by two oxygen atoms.

aminin is l-amino-1-aminomethylcyclohexane, coordinating with two
nitrogen atoms.




Nr. 15 49

Bengal Rosa B is a dyestuff Nag[CaoH205C1414]

curtis is the condensation product of acetone and ethylenediamine[23]
coordinating with two nitrogen atoms.

daes is bis (2-aminoethyl) sulphide coordinating with two nitrogen and one
sulphur atom.

den is diethylenetriamine HN(CHaCH:NHz)2 able to coordinate with three
nitrogen atoms.

dip is 2,2'-dipyridyl (or 2,2'-bipyridine) coordinating with two nitrogen
atoms.

dmg is deprotonated dimethylglyoxime, normally coordinating with the two
three nitrogen atoms.

en is ethylenediamine (1,2-diaminoethane) NH:CH:CH:NH; coordinating
with two nitrogen atoms.

etzden is N, N, N”, N”-tetra-cthyl-diethylenetriamine coordinating with
nitrogen atoms.

methylene blue is the cation F{C;H,N(CHy),f5

ns~ is deprotonated 2-mercaptoethylamine NHoCH:CH32S™ coordinating with
the nitrogen and the sulphur atom.

phen is 1,10-phenanthroline coordinating with two nitrogen atoms.

phthalocyanine is a macrocyclic ligand ; it is di-deprotonated in our complexes
and coordinating with four nitrogen atoms.

py is pyridine CsHsNcoordinating with the nitrogen atom.

tartrate is di-deprotonated tartaric acid bound by two oxygen atoms in our
dimeric antimony(IIl) complex (tartar emetic). However, ANDEREGG
kindly indicated tetra-deprotonated tartrate and no oxide ligands.

tren is tris (2-aminoethyl) amine N(CH2:CH:NHz)s coordinating with four
nitrogen atoms.

urea is (NHg)2CO. In our complexes, it is coordinated with the oxygen alom.

In almost all our sulphur-containing ligands [55] such as dithiocarbam-
ates R,NCS; and dithiophosphates (RO),PS; both sulphur atoms are
coordinated. Contrary to previous belief, many nitrate complexes have two
oxygen atoms coordinated to the central atom.
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TasLE 1. Pholo-electron signals of lithium, beryllium, boron and nitrogen.

W 0o N =T D R W N =

O I S I G G O el ~ T el el e el
O R OO~ Ol s W OO

607
24
25
26
27
28
29

30
31

32

33

34
35

Compound Cat

1 [1.4],4.2
repeated ... i e e [0.7],4.4
557X 00 7 e [3.4],4.8
LigP O . ottt e [3.51,5.1
Lig[Co(CN)gl -« v vee i e e e 4.7
leSO4 ............................................... 5.2
BeF . oot e i e [3],5.3
KoBeE vttt ittt it i e [2.5],5.3
repeated ... e [2.0],5.0
BeO . e s [2.4],4.7
[Co(NHg)g] [Beo(OH)3(CO8)a] - - v v v [2.8],4.6
[Be(Ho0)alS0g i e 4.8
repeated ... e e 4.7
NHABEPOL < oiiii it ittt 4.5
Be(OH) «oiii ittt i e 5.3
€ & [3.1],4.6
[CoengCla]lBE4. . oo e 4.6
Na[B(CGHE)A] « e ot moeee et i et e iae e a e 6.6
K[BCGHEMA] v oo v eeeeie it ie e iae e s 5.1
methylene blue[B(CgHsla) - - - - - oo oo it 6.1
CSUOB(NOE)G: « v v et eeeca et ie i ii it [2.8],5.1
Ph(NOG)S - o v e ciiee i e [2.8],5.3
RbUOS(NOSG)Z - o v eeeie e it ie it [2.7],4.8
BA(NOG)0 ¢ vt etaem e [3],5.1
TO0o(NOG)2. « vttt et e it e 4.5
L3 L 7 [3.2],4.8
Th(NOg)4H5HoO L oo e 4.4
6 2 P 5.1
RONOG. oo i e 5.1
MzgNde(NOg)e,24HoO. ..o 4.6
SI‘(NO3)2 ............................................. 4.7
Cr(NOg)3,9Ho0 .o e 4.6
[CUENa (NOG)E -« vt e iien et ia it iiae e 4.6
Fe(NOg)3, 9 HaO . .. ..o e 4.8
[Crureagl(NOg)g - - - oo v it e 5.3
[CoengCIa]NOg ..o i e e 4.4
[Ni amining](INOg)a. « oo oo e et et 4.6
[N(CHg)glaPtIg . oo i i e [2],4.8
Nag[Fe(CN)sINOT ..ot i i i iie e e 4.7

1(1s)

63.5
64.4
61.6
61.6
61.3
61.0

123.1
122.4
122.6
121.6
120.3
120.1
120.8
119.5
118.9
202.3
200.1
193.0
192.9
191.9
414.9
414.8
414.6
414.0
414
4135
413.2
413.1
413.1
413.1
413.0
412.6
412.4
& 405.5
412.2
4121
& 405.2
411.9
& 405.3
411.4
& 404.8
410.0
(409.1)
& 403.8
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36
37
38
39
40

41
42
43
44

45
46

57

58

59

60
61

15

TaBLE 1. (continued).
Compound

[N(CHg)a]oCeClg « . oo ie i it
[N(CaHg)loPtIg o o e et e i it e
NH S . e i e et e
Ko RuNO)Cl5] - o e et i ie e ea s
[N(CHg)4]SeCN . ..o i i eiaann e

(NH4)3G&F6 ...........................................
(NHo[In(HoO)F5]. . o v vii e i i iian e ns
INCCHS) - oot s
[N(C4qHg)a]SeCN

(NHgoZrEg . o et e e
[N(CHS)AIS O o e i i st e

[N(CHg)gCHoCgH5]oPtClg - - v oo e
[N(CoHB)algPtBIg « e vt it e i i e e
[C19H4aNa a[FPLINg)g] «cvvvrnei ittt

(NI’I4)3SCF6 ...........................................
[N(CHg)g]3[FrNCS)G] « « « v e vvvrererannaneennans e

8 2 0 Tt o1 P
[NC(CHg)al3[COCNDE] « - - e e e e e i,

[Ni enz](Aglz)z .........................................
[N(CAHG) A TAUCNIZBIS] « v v e e ees e eee e ae e ee e,

NHiBePOg - oo i i et ettt
IN(CaHAICIO . oo e
(NH)g[ColCN)gl - oo oe e i e e e e

[N(CoH5)ala[Co(CIN)g] - -« v v e e it e i i i aeeeieans
[N(CaHg)al3[Co(CN)g] . o oot e e et it i e

trans-PA(NH3z)oCly .o viii i
[Niengl(Culg)g . . oo vve i i i i iee et
[N(CHg)alg[Ir(SCN)g] - -« cev et e i i

[AgpyalSa0g . vveeiiniii iy, e e e
[Co(NHg)glo[ Th(COg)5] -+« e v v v ee e
[INCCHZ)AIBY « e e eeee e e e e e e
[N{CoH5)q]20sClg

4.8

4.6
4.6
5.3

5.4
4.3

4.8
4.9

[2.01,4.6
5.3

4.5
4.8
4.8

5.1

4.2
[2.3],4.2
4.9

I(1s)

409.0
409.0
408.9
108.7
408.6

& 404.2
408.5
408.3
408.2
408.2

& 403.4
408.1
407.9

& 403.1
407.9
407.8
407.7

& 403.8
407.7
407.7

& 403.5
407.6
4075

& 403.2
407.4
407.4

& 404.3
407.3
407.3
407.2

& 403.6
407.2

& 403.1
407.2

& 403.4
407.2
407.2

(407.2)

& 403.2

&(401.6)
407.1
407.0
407.0
407.0

asym.

4%



74
75
76
77
78
79
80
81
135
82
83
84
85
86

87
88
89
90
91
92
93
94
95
96
97
a8
99
100

101

Tasre 1. (continued).
Compound

INCCHEAITRESE - v v v v ve ettt e e e e e e
[N( C?H5)4] zl\/lnBI'4 .....................................
[Co(NHg)gl7[Cu{IOg)ala - -« - v v v e e i e et it e eeea e
[N(C4I’Ig)4] BII‘CIG .......................................
L 7 1% O
(NH4)2[F6(H20)F5] ....................................
[Co{NHz)6 [ Beg(OH)3(C08)0] + « e veeneeie e eeaeaaaannss
[RhdenIg] ..o e
Oz 70 £ o) P
[N(CAH ) ol STNCS)g] -+ v e v evee et ee et eeaen s

[N(CHg)alaIrClg. . . oot
[INCCoHEMIT - oo e e
(NI’I4)3[CI‘(0204)3] ......................................
[CoengClgPEg. oot it et e e e e e e
[COoengClols(PWIR040) «+ « v v e v e e eeteteaiie e
[Pd(etgden)CL]CIO . ..o ot e e
[Pdphen Bro] ... .oovtni i e
[Pdphen Io] ... e e e it
[COMNHZ)E2C(CODE] « + v vvven e e e
(NHDZVE00 -« e v e ettt et e et e
[CO(NH3)6] [A11(5203)2] ..................................
A PALCNG] e e v ettt e e e
PAAMED « oo ee ettt e e ettt e e e

[CO(NHg)(;]g(SiFG)g .....................................
[Co enz(llg]BF4 ........................................
[CoengClo]MNOy . oottt e it it et i e inenn
3T i ) 01 [0
[N CN)o(NHE)(CaHAS) -« v v e e

Cll(SgCN(C2H5)2)2 ......................................
SR 1 101§ (0! P
[CO engclzl[cr(NHg)z(NCSM] .................. DRI N

[Pdphen Clg] . ... it i e it

4.4
46
4.7
4.6
5.5
4.4
4.5
5.0
5.2
5.1
[3.2],5.3
4.4
4.4
4.5

4.5
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I(1s)

407
408.9
406.9
408.9
406.8
406.8
406.8
406.8
406.8
406.8

& 403.5
406.7
406.6
106.6
406.6
406.5
406.5
406.5
406.5
406.5
406.4
406.4
406.3
406.3
106.2

&(404.9)

& 403.6
406.2
406.1
406.0
406.0
405.9
405.9
405.9
405.8
405.8
405.7
405.7
405.7
405.7
405.6

&(404.0)
405.5




Nr.

102
103
104
105
106
107
608
108
109
110

112
113
114
115
116
117
118
119
120
121
122
123
124
125

126
127
128
128
129
130
131
132
133
134

17
136
137
138
139
140

15

TasrLe 1. (continued).

Compound

[PA PRENGICLONS -« - v v e e e e et e e et e e e eens

K[Ir py Cls]
Csgl[Co(CN)gl

Rbo[Pd(CN)4]

[Rh den Clg]

[Fe ureag](ClO4)s
Cug[Ir(CN)gl2,11Ha0

[Cu den BriBr
methylene blue[Cr(INHg)o(INCS)4]
Cr(S2CN(C4qHg)2)3

[PA(NH3)4](CH3Cg4S03)2
repeated
Ko[Pt(SeCN)g]
[N(CHjg)4]oReBrg
[Fe dip3]BI’2

Nag[Co(CN)g]
[Ni daesg](C104)s
Nig[Os(CN)g]
methylene blue[B(CgHs)a]
Cog[0s(CN)g]
Ni(NHoCHpCO2)9(F120)e
[Ni(tren)phen](ClOy)o
methylene blue(ClO4)
H3Co(CN)g

[(NHg)5CoO09Co(NHg)5](SO4)aHISOy . ..o oo ins
[RhnsgloNi(CIOg)g « . oo ie e
K[OSO3N] ..........................................
[II‘ Pya Clg]cl ........................................
[Co(NH3)gIShClg. « v vei i
[Ru(INHg)sNCGSHCIO )9 « o oo vt iv i

[RhpyaBroJClOg . oo i es
[Nien J(ClOg)g « oo vve e i i iaae s
(methylene blue)gPtIg. . ... oo v

[Pd py4] 504 ........................................
KIABCNDZ] .+« v vee et et e e e

[RUNHS)GICIS -+« e e v e eeeeee et e ieeaeen

Ni(SoCN(CoHE))2 - + v vv ettt it ee it it e ens

Cst

51
4.7
[2.5],4.6
5.3

4.8
4.4
4.6
5.0

4.9
1.0
4.9
4.65
5.1
4.5

[2.7],4.5
4.7
4.7
5.0

5.9
4.7
4.8
4.6

(2.7],4.8
4.6
5.6
4.8
4.6
5.0
6.0
5.0
3.7
1.6
5.1
47

I(1s)

405.5
405.5
405.4
405.4
405.4
405.4
405.4
405.4
405.3
405.3
&(402.9)
405.3
405.3
405.2
405.2
405.1
405.1
405.05
405.0
404.95
404.9
404.9
404.9
404.8
404.75
404.7
& 403.1
104.7
404.7
404.6
405.2
404.6
404.5
404.4
404.4
404.4
404.4
404.3
404.3
404.3
404.3
404.2
404.2



54

141
142
143
144
145
146
147
148
149
150
151
152
153

154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
170
171
171
609
172
173
174
175
176
177
178
179
180

TaBLE 1. (continued),

Compound

Co(SalN(CoH5))3 - c v v veeeeec i iciaatsna i enasunns

[Ni ene][Ni(CN4]

K[Au(CN)g]

Ko Pd(CN)4]
[Ni eng]SOy
[Ni(tren)(NCS)g]
[Ni eng][PA(CN)4]

Co(NCS)4Hg
methylene blue Cl
[Co(NH3g)5C1]Cly,

Cog[Ru(CN)g]
Nis[Ru(CN)g]

Cug[0s(CN)g]

Ka[PU(SCN)g]

repeated
KSeCN

repeated
[AS(CgH5)4][05O3N]

Mg phthalocyanine
Cug[Ru(CN)g]

Cu phthalocyanine

[Pdenz][Pd(CN)Lll].:i:..:::..:.::.: ....................
NaglFe(CN)gls 10HZO v v evee oo,
[COONHIGIBICKE « + « vt e e et et eee e e e iaaaeenne e
[NT engIINI(CNYAT - - e eeteaee e e ettt e e e
(N2 eng][PACN)A] + « -« oo eeteiee e e e eeiaeeeeeeeens

Cus[Co(CN)gla, 11H0 « « oo e et e ean e ean '
Lig[OO(CNG] + -« v v ve e ettt e e e
Cug[Fe(CN)gl, 11HaO . ..o oo e
[N EmgIIPUCNIA] - -+ v oo e
[NT eng][PLCNYZl - « e vvnee e ee e i e aeeene

Ko NI(CNMAL -« e e eveee e e et e
KalHE(SCN)AL - - - ettt e e et
[As(CGH5)4][AL;(.S.e.C.L\'I);] U
[AS(C6H5)4] 3[ II‘(SeCN) 6] ...............................
KSICTINGS)E] - - e vveee e e e e e e e e
KOIRB(SCNG] . -ttt eiieeeeeee e
[AS(CH)aIa[OSSTNIG] « « « v e e et eeerie e eieeaenen

[AS(CeH5)alal CANCSE)AT + « v v vvvvvveeai i

Rug[Fe(CN)glg. « - e cov it
FegRU(CN)GIg . v v ve vt e et e
FeglOs(CN)g]3 . -« - v v vt ie i e v e e
[AS{CeHEMISCN ..o i
[PCgHE)4ISCN Lo e

Cgt

5.8
5.0
4.4
4.5
4.7
3.6
4.9
4.4
5.1
3.8
4.6
4.4
4.5
4.7
4.8
4.7
4.1
3.9
5.5
3.9
4.9
4.5
4.5
5.0
5.0
4.8
4.1
4.8
4.8
4.7
5.2
4.6
3.6

[3.31,5.0
4.2
4.5
5.4
4.4
4.9
4.6
4.6
4.8
5.3
6.0

Nr.15

I(1s)

404.2
404.2
404.2
404.2
404.1
404.1
404.1
404.1
404.1
404.0
404.0
404.0
404.0
403.9
403.8
403.8
403.8
403.8
403.7
403.7
403.7
403.6
403.6
403.6
403.5
403.5
403.45
403.4 asym.
403.35
403.3
403.1
403.6
403.1
403.9
403.6
403  asym.
402.9
402.8
402.8
402.7 asym.
402.7 asym.
402.2
401.9
401.9




Nr. 15 Gh)

TaBLE 2. Photo-electron signals of fluorine, sodium, magnesium, aluminium,

181
806
182
182

183
183
184
185
13
13

186
187

188
189
190
191
192
193
193
194
195
196
197
197
198
199
200
200
201
201
202

203
203

77
204
205

silicon and phosphorus.

Compound Cgt I(1s) I(2s5) I(2p)
CFgpolymer...................... 3.8 695.7 - -
LuFg oo [0.3},5.5 695.5 - -
L0 [1.5],5.1 695.0 39.3 -
repeated ... .. .. .. [1.31,5.5 695.3 - -
CEyref. 97) . oo ie e, - 695.0 43.8,40.3 25-16.2
MgFo oo [0.8],5.1 695.0 39.4 18.3
repeated .......... . ... ... ..., [0.1],5.0 695.6 40.6 20
LaFg. ..ot [0.0],4.7 694.8 39.1 18.1
1€ 2111 [2.0},4.7 694.8 38.9 16.4
8 ) [3.1],4.6 694.0 - (18),16.1
repeated ....... .. ... ..., [2.8],5.4 694.8 38.7 17.7
SFg(ref- 97) oo - 694.6 44.2-39.3 27-16
YEg oo [1.5],5.2 694.2 39 17.5
TIF . [2.6],5.2 694.2 asym. 37.3 13
LiF. . oo [1.4],4.2 692.8 374 15.6
repeated ......... .. ... il [0.7],4.4 694.1 38.0 16.6
CHF3(ref. 97) ... .. - 694.1 - -
Colg. v [1.1],54 694.1 38.9 -
KoGeFg . oovviin i [1.3],4.7 694.1 - -
CeFg. . [0.5],4.8 694.1 38.4 17
PrlFg. ... ..o [1.5],4.9 694.1 -~ -
L [2.7],4.5 694.0 39.0 17.3,15.7
NaF.. ... . o i [1.2],5.0 692.9 - 16
repeated ............ . ... ..., [0.9],5.1 693.8 (38) 16.8
EuFg ... [1],4.8 693.8 37.5 -
ErFg..... ..o [11,4.5 693.8 - -
NagAlFg. oot [1.8],4.8 693.7 - 16.0
StFo. o [1.7],5.5 693.4 37.9 17.0
repeated ... ... ... ... .. [1.21,5.0 693.7 38.0 17.1
GAFg ... [0.8].4.4 693.6 37.7 -
ThES ot [1.3],4.9 693.6 38.7 17.3
KoSiFg oo vi i [2.4],4.8 693.5 38.6 16.0
repeated ........ .. ... ... ... ... [2.4],5.0 693.5 38.8 16.7
CaFg ..ot [1.8],4.6 692.7 38.4 16.1
repeated ......... ... ... . L. [1.3],4.5 693.5 38.6 16.3
ZrFg.ooooin i [1.81,4.4 693.5 37.2 -
KoBeFy .. ... [2.0],5.0 693.4 38.0 (18),16.0
repeated ... ., [2.51,5.3 692.8 — —
BaFg ot [0.31,4.7 693.2 38.0 16.3
repeated ............. ... ... ... [0.1],4.4 693.3 37.9 16.2
[CoenpCla]PFg .o vooveiil 4.7 692.9 - -
GaFg,3HgO..........ovvivn. ... [2.3],5.0 692.9 38.1 17.6

YDFZ oo [2.2],4.7  692.9 38.7 -



26

206
207
208
209
209
210
211

212

213
214
215
216
217
217
38
218
14
219
219
220
221
41
222
87
45
42
50
223
224
610

193
193
226
196
227
228

15
230

TaBLE 2. (conlinued).

Compound Cst
NAFG « v oo e e [2],4.7
SmFg ... [2.0],5.0
KoNbFy . ... [3],5.0
KNiFg ... 3.6
repeated ......... ... ... L. [1.3].4.5
§ O i [2.7],5.0
TaFg. ..o e 5.3
CHgF(ref. 97) ... ..o, -
[Zn(HpO)g]SiFg. . oo ovvvv it [2.5],4.9
BeFg.. oo [3],5.3
KoTiFg. ..ovviiiiiniiii i, [2.4],4.5
CuFg,2Ho0 . ..o iviii i [3.0],5.2
KoTaFy ... i [3.1],4.5
KolCr(HgO)F5} . .o vvvevee it [1.7],4.9
CdFg. .. vt e [31,4.8
repeated .......... ... ... . L, [2],4.3
NHgSbFg . oo ans [3.5].5.3
KoUFg. oot [2.4].4.9
[CO BngClg]BF4 ................... 4.6
CeFg, HpO ..o e 4.9
repeated ........ ... .. i, [1.7],4.5
BiFg ..o [3.3],5.4
NiFg, 4HoO .. ..ol {2.6],4.7
(NHypsGaFg. ... oo it [3.7],5.4
RbF ..o 4.4
[Co(NHg)gla(SiFg)g . .. o ovveee et 4.4
(NHg)oZrFg. ..o 5.1
(NH)o[In(HoO)F5]. ... oot [3.8],5.0
(NHpgScFg. - oo viviiiaan, 5.4
KE e [1.7],4.15
PbFa ... [3],4.8
HgFo ..o [2.5],4.5
(NHpsCrFg. .o oo 4.75
(NHyp)o[Fe(Ha0)F5] ............... 4.8
CsF. 4.1
Ne(ref. 97) . ..o, -
NaF .. ... oo oo [1.2],5.0
repeated ...... . ... .. L [0.9],5.1
Nal ... [2.8],5.6
NagAlFg. . ..cooviiiivii o, [1.8],4.8
NaBr ....... ... [2.9],5.3
NaCl.. ..., [3.0],5.2
Na[B(CgHs)a] - vvvvii it 6.6

NaZn(UOg)5(CH3CO)g «vvv oo [2.5],4.6

1(1s)

692.8 asym.
692.8
692.7
690.8
692.6
692.6
692.4
692.4
692.2
692.1
692.1
692.0 asym.
692.0
691.9
692.1
691.9
691.9
691.9
691.8
691.8
692.4
691.7
691.5
691.3
691.3
691.1
691.0 asym.
691.0
690.9
690.4
690.1
690.0
689.5
689.45
687.8
870.2
1080.2
1080.9
1080.2
1080.1
1079.3
1079.0
1078.8
1078.4

Nr. 15

(17.5),14.9
13.6
16.7
15.2
15.8
15

(16)14.1
14.2
14.0

14
21.6
38

39.7
38.4

(37)

37.7
37.8
37.4




231
232
233
234
235
236
237
238
239
229
591
591
145
132
592
593
594
595
596
597
598
599
600
600

35
601
602
603
604
183
183
183
403

26
238
605
173
196
240
241

200
200
212

TABLE 2. (continued).

15
Compound Cat
NagSg0g, 2HoO ... .. .. ... L 5.3
NaHSeOg.........o oo, [2.3],4.7
NagWO ..o [3.4],5.6
Nag[Au(SgO;g)g] ................... 4.8
NalOg .. ... i 4.7
NagSeO4, 10HpO .. ................ [31,4.7
NaglOg. ..o vvvvin i 5.2
NaMg(UO0g)3(CHzCOg)g . - ... ... ..., [3],4.4
NaBrOg. .............o it 5.2
Na[Sb(OH)g]. . ... [2.5],4.4
N32T603 ........................ 5.0
repeated ........... ... .l [2.8],4.8
Nay[Fe(CN)gl, 10Hg0 ............. 4.7
Nag[Co(CN)g] ........ . ...l L, 4.8
Nag[Sn(OH)gl . ..., [3],4.5
BengalRosaB................... 4.8
NaAsOg. ..o i, 4.7
NagMoOg oo vvevniini i, 5.0
NagRhClg, 12HoO . ... ..ol L 5.0
NagHAsO4, THoO ... .. ..ot 4.3
Nag[TeOo(OH)g] .. ... ..ot 4.7
Nag[Au(SOg)o]. .. ...t [2.71,5.4
NaZIrCIG ......................... 1.6
repeated .......... ... ... Ll 4.7
Nag[Fe(CN)sNO] ................. 4.7
Na25203 ......................... 5.7
NagVO04, 14HoO ..ol 4.5
NagShSg. ...t 4.3
Na7H4Mn(IO(.;)3 ................... 4.1
MgFg oo [0.8],5.1
repeated ............ ... ... .. ..., [0.1],5.0
repeated ....... ... ... . L L. [1.1],5.0
MgO ..o {0.4],4.0
MggNde(NOg)19, 24HaO . ..o 4.6
NaMg(UOg)s(CH3CO)g - ..o oo vn . [3],4.4
Mg(UOg)o(CH3CO9)g . -« oo v ev e 5.1
Mg phthalocyanine ............... 5.4
NagAlFg. ...t [1.8],4.8
CsAlSigOg ..., [2.5],4.7
Al foil, +oxide .................. 4.3
KoSiFg. ... oo [2.4],4.8
repeated ........ ... .. ol [2.41,5.0
[Zn{HgO)]SiFg . .....covvven ... [2.61,4.9

I(1s)

1078.3
1078.3
1078,3
1078.3
1078.2
1078.0
1078.0
1078.0
1077.8
1077.7
1077.6
1078.0
1077.5
1077.5
1077.5
1077.4
1077.4
1077.4
1077.4
1077.3
1077.3
1076.9
1076.8
1077.4
1076.7
1076.5
1076.4
1076.3
1076.2
1314.1
1314.3
1313.7
1311.3
1310.1
1310

1309.3
1307.7

I(1s) I(2p)
- 37.4
70.3 -
- 37.3
- 37.5
- 37.6
- 37.4
- 36.7
69.9 37.0
- 36
- 37
- 37.0
- 36.7
36.5
69.5 36.1
- 36.1
68.8 -
- 356.3
69.4 36.3
98.9 60.1
99.9 60.5
96.5 57.7
95.6 56.5
- 56.1
128.1 83.3
126.4 -
124.5 79.7
& 122.6 & 76.9
- 111.7
163 112.0



58
TaBLE 2. (continued).

Compound Cgt I(1s) I(2s)
87 [CO(NHg)gla(SiFg)g -+ vvrvrneenn. 4.4 -~ 160.8
240 CSAISIDOg o vevvvne e [2.5],4.7 - 160.8
192 KPEg o oo v eeiiar e iiaenis [2.7],4.5 - -
77 [CoengClelPFg .... ..ot 4.7 - -
242 Cu(UO9)a(POR2 -« v errvneeennnns [2.0],4.6 - -
243 AGIPOL - o vt [1.9],4.7 - -
244 CEPOL et [2.41,4.8 - -
C B YO [3.5],5.1 - -
11 NHBEPOg o oo 4.5 - -
245  Ni(SoP(OCSHT)2)g - <« v vvvvreennns 5.1 - -
246 INSaP(OCTH)Z)E - o vvverrnnnans 45 - -
247 Co(SoP(OCgH7)2)g3 -+« v v e vvvnvnnn 6.4 - -
248 [P(CeH5)gH]oUClg. .o eeevevvnnn. .. 4.6 - -
179 [PCeH5)ISCN « v vevvveeannaanns 5.3 - -

TasLE 3. Photo-electron signals of sulphur (the shoulder
2p1,2 is not given).

Nr.15

I(2p)

109.9
109.8
145.4
143.2
141.3
141.1
141.1
140.2
139.6
139.1
138.6
138.5
138.1
137.8

corresponding to

Compound Cgt
—  SFg(rel. Q7). o e -

249 BaSOg .« e e [3.2],5.9
249 repeated ... ... e et [1.1],5.0
250 Lag(SOq)g o oottt et [2.6],5.0
251 GAo(SO4)8 « v vt v e e e [2.5],4.8
252 U(SOg)0 vttt e et [2.5],4.8
258 SISO . it it [2.5],4.9
254 Euo(SO4)3 « o vv it i et e [2.5],4.5
255 CdSO4L HoO oo e 5.0
266 CuSO04 3HoO .o i e e e 5.0
257 G8aS 0 v e s 4.9
258 BaSa0g, 2HoO . . oo e 4.8
209 BuSOg - e [2.4].4.4
234 Nag[Au(Sa0g)a] v oo i e [2.71,4.8
260 802(804)3 .................................................. 5.3
261 Gag(SOM)g. v s e e i e 4.4
262 TloSO i e 5.1
263 Pro(SOg)g .o vvv it e 4.2
264 PhSOg - vi e e 4.5
231 NaQSZOg, 2H20 ............................................. 5.3
265 Yo(SOg)3 « o i e e 4.4

10 [Be(HoO)g]S04 - o oi i 4.8

I(2p)
180.4
177.7
177.8
176.6
176.6
176.4
176.2
176.2
176.1
176.0
175.8
175.8
175.8
175.8
& 170.3
175.7
175.7
175.7
175.6
175.6
175.5
175.5
175.2




Nr.

83

275
276
277
105
278

601

128
128

91
119
599
150
279

280
281

282
283
139
133
284

17
168
163
155
285
158

15

TasLE 3. (continued).

Compound Cqt
repeated ... ... e 4.7
YDo(SO4)IE «« o vt e i i i 4.2
Ce?(SO4)3 .................................................. 4.7
L0 71 5.1
VOSSO, 5 HoO oot i 4.8
CuSO4, 5HoO ittt e 5.3
[AE PYAIS208 - v v e e 4.2
AggSO4 .................................................... [3],4 3
oS0 o i e e 5.2
[NIHGO)GISO4 «cvver it et a s 4.1
PhS(+PbSO4T) + ettt e e 4.2
[CONHg)g[AU(S20g)a] -+« o ev e 4.4
RBoSOg oottt ittt it e e e 4.1
NAg(SOL)E - - e ie it e i e e [2.5],4.6
[Cr{(NHg)gl(SO4)CL. . ottt ettt 5.3
[(NH3)5C002Co(NHg)5J(SO4)eHSO4 o oo oo 5.3
DT T T 5.3
[RUNHg)sNCS](ClO)2 -« v v e et iie e iie e ia e e 4.7
NA2S20g v vttt iee e e e e 5.7
[PANHg)4(CH3CgHASO0g)g « oo v eie e 4.8
repeated . ... ... e e 4.6
[NI(CN)o(NHg)(CaHS) - oo v e e 5.5
[PApyalSOs vt 4.6
Nag[Au(SOg)a]- ot iv v e e 5.45
[Ni 8n3]SO4 D I T LR I IR 3.8
D020 L () = 3 ) T T 5.0
HoS(rel. 07 ) . ot i e e e -
T13TaS4 ................................................... 4.8
L7 . S IR [3.0],5.0
CSa(rer. 97) oot e et -
[Te(S(CaHg))aCla] - - v v o vee e e 5.2
/2 1 I [2.2},4.6
methylene blue(ClOg) ... oot i 5.1
[Ni daesa](ClOg)g -« v cvviee it i et 4.6
Au(SCHoCOSIT) ..ottt i it e 3.9
methylene bluefB(CglIsdal . -« oo vve i 6.0
Ko[Pt{SCN)g] -+ ettt i ie e et e 4.8
| 5 =609 7 I 5.0
CoONCS)AHE « it e e 4.7
O [3.2],4.7
methylene blue Gl ... ... . i 5.5

5

59

I(2p)
175.8
175.2
175.1
175.1
174.8
174.8
174.8
174.8
174.7
174.6
174.6
167.7
174.5
169.2
174.4
174.4
174.2
174.1
174.0
169.7
173.9
173.8
167.8
173.3
173.5
173.3

173.25

173.1
173.0
172.1
170.2
170.1
169.9
169.8
169.6
169.4
169.3
169.3
169.3
169.2
169.1
169.0
168.9
168.9
168.7



60

286
287

288
73
61

100
98

289

169
86

106

290

291

292

167

245
46

125

293

204

295

170

170

206

297

151

298

299

141

247
65

300

178

118

126

301

603
302
179
303
127
246

TaBLE 3. (continued).

Compound

Cat
TloiMoOoSa] - vt e e 4.7
CSWSA(E ST) « e oo e e e 5.2
TloMOS g« v it o e e 4.4
[N(CqgHg)q]2[Sn(NCS)g] - o v o oe e 5.0
IN(CH)] gl Ir(SCN)g] oo oo v e e aeas 4.4
[Coeng Clg][Cr(NHg)a(NCS)gl. . . oo v ie s 4.5
Cu(SoCN(CsH5)0)0 « -« e vvee v et i et e 4.4
[N(CHg)algl| Bu(NCS)g] - - oo oo e 4.3
Kg[Rh(SCN)g] - oo oo ie i i et e e e 4.7
NHy[Cr(NH3)a(INCS)4] -« v cvi ettt e e it ieae et [3.71,5.2
[RhnsgloNIH(CLO4)2 oo ii e e e i e e e e 4.6
AgSaCN(CoHE) 0 - -« oottt a et i e e e 3.3],5.1
INoSg oottt i e e e [3],4.7
Inz(SZCN(CgH5)2)3 .......................................... [3],4.8
Kg[Cr(INCS)g] -+ oo v vt it e et 1.8
Ni(SeP(OC8H?)2)0 s c v v i vt i i i e e 5.1
IN(CHSg) IS CIN . e e e i e 5.1
methylene blue[Cr(NHg)a(INCS)a] . - - . oo ov v 5.0
Gl e e i e 5.5
RE(SoP(OCSHE)2)8 - v v vt iveiiie it it ittt e i et it ia i 4.5
B 4.2
[As(CgHz)alg[Os(SCN)g] + oo v v i e i e e 5.2
repeated ... e 4.6
Pb(SoCN(CcHE)2)2 . - v v veie i i it 4.2
B 4.7
[N tren(NCS)a] - ovri i e i s 4.6
AS(SoON(CaHE)0)g - v v v v i vttt et ittt 4.8
Sh(SgCN(CaHE)2)g « - s v ei et it i i e i et e et 4.9
CO(SZCN(CzH5)2)3 ........................................... 5.8
Co(SaP(OCgH 7)2)g - - - v v v v e e i e e 6.4
[N(CHg)4ReSg oo e e i 4.4
(NHDZYSA- e et e e e e e e 5.5
lAS(C6H5)4]SCN ............................................ 4.8
Te(SaUN(CoHIG)B)L - -« e oo v vt e mee i et ia et et aaaenss 4.9
Cr(SoCN(CaHG)2)3 « « v - v v e et ittt e i et 5.9
C8aMOSA(+ S ) e v et e e 4.1
NagS DS oo e e e 4.3
Ph(SoP(OCaHE)2)a . v vt it ettt it et i i e 4.8
[P(CgHE)4)SEN ..o i 5.3
Ao . e e 4.6
Ni(SaCN(CoH5)2)a « « v v it e e i i 4.7
Ir(SoP(OCaHT)2)3 « oo e 4.5

Nr. 15

1(2p)
168.6
168.6

& 165.8

168.5
168.5
168.5
168.4
168.3
168.3
168.3
168.2
168.2
168.2
168.1
168.1
168.0
168.0
167.9
167.9
167.9
167.9
167.9
167.9
168.4
167.9
167.8
167.6
167.6
167.6
167.5
167.5
167.5
167.4
167.4
167.4
167.2
167.2

& 164.5

167.2
167.0
166.9
166.9
166.8
166.8




Nr.15

61

TasLe 4, Photo-electron signals of chlorine (the shoulder corresponding to

304
305
306

110
93

106
113
133

92
120
138
307
102

55
139
112
308
308
309
310
311
312
313
314
315
316
228
593
317
318
319

59
320
321
322
322
323
324
324
325

Compound

KCOg4 .o ieeennt
[Co(H20)g](ClOg3. . . .
[V ureagl(ClOg)g . .. .-
[Pd(ety den)CI]C104 . .

2p1/2 is not given).

[RU(NEG)5NCSI(CLO)Z + - e e e eveeaeeeeeeaeeaaen,

[Pt den Clg|ClO4 . .. ..

th nSg]gNi(ClO4)2 .
[Niens}(ClOg)2 ......
[Ni daesz](C104)g .....
[Pd(etg den)Br]ClOy. .
[Fe ureag](ClOg)3 - - - -

[Ni(tren)phen](ClO4)2

[Ni curtisg](ClOg)g . ..
[Pd phens](ClOg)a. . ..
[N(C4qHg)4]1ClO4 . . . . ..

methylene blue(ClOy)

[Rh pya Brg]ClOg . ...
CsCl....oovvinnnnn
repeated ...........
Cs4(InClg)(SbClg) . ...
CsoPtClg. ..covvunnn
CsShClg ....o.ovnt .
RboPtClg. ....... ...
Cs4(ShClg)(TIClg). . . ..
CszPl)Cle, ...........

LaOCl .......... ...

RbCl ...t
[PA(NH3)2Clg] . . ... ..
KoPtClg. -..ovovvnn
KCl ..ol
CSZ Il‘ClG ............
repeated ...........
KAuCly ............
KoOsClg. . ....ovvin
repeated ...........
MnClg, 4FHoO. .. ... ..

Cst

4.8
4.8
5.4

[3.3],5.0

4.7
4.5

4.6
4.6
4.6
4.4
5.1
4.6

I(2p3s2) 1(3p)

215.0
214.5
214.0
213.9
& 204.2
213.7
213.7
& 204.5
213.5
213.3
213.3
213.2
213.1
213.1
212.8
212.8
212.6
212.6
212.5
207.6
207.3
207
206.9
208.8
206.8
206.7
206.5
206.3
206.2
206.1
206.0
206.0
205.9
205.7
205.6
205.5
205.45
205.4
205.6
205.4
203.9
205.3
205.2



333
14
39

334

335

600

600

596
51
51
94

336

337

338

339
99

117
47
95
90

279

159
32

109

340
72

248

108
103

96
101

TasrLe 4, (continued).

Compound Cat
CSzOSClG .............................................. 4.8
CsofOsCII] « v v e 4.4
Y e I 4.4
ShOCL .. e e e e [2.5],4.7
PbhClg - v e e [2.5],4.6
[CoengCla]oPbClg « .o oo v e [3.01,5.0
KoPdCl . . oo e 4.8
[CO Cllgclz]PFG ........................................ 4.7
[Co anClg]g(P\V] 2040) .................................. 4.0
[IN(CHg)glaCeClg . v o it et i e 4.2
[N(CoHg)go08Clg v v e iie e 5.2
[CoengClolMnOg. v vvv it i ns 4.7
RhClg. .o i i e e 4.9
[CO engclg]BF4 ........................................ 4.6
KolRU(NO)CI5] -« ovive ittt ie e i eaae i e n [1.5],4.8
Rbg[OSC]4I2] .......................................... X 4.6
[N(CaHg)gJAUCly . o oo et e 5.2
NaglrClg. ..o 4.6
repeated ...l i et 4.7
NathCIS, 12H20 ...................................... 5.0
(NHgoPLClg oo i e 3.3
repeated . ... e 4.8
[Cr(NHg)g]InClg - - v oo it iae et i ... 5.0
KgMoClg ..o i e i e . 4.5
KoReClg. « o oot it 3.7
TIoPLClg . oo et s 2.8
AGCL . e e e 4.8
[Ir(NHg)sCICla . .o voe e 4.4
[PEHNHg)g(PtClg) . oo oee i i es 4.0
[N(CH3g)sCHoCgHgJoPtClg - .. vvvieeii i 4.6
[Co engCla]{B(CgHg)g]- -+ v v v veeaieen e 5.2
[Rh(NHg)5Cl[Clp . . .o o iiiveeie i e 4.6
[PECIa(S(CoH5)a)a] - - v v v v e av et 5.0
[CoNHg)sCHCly o .o vt 3.9
JCoengClg]NOg . «vv e e 4.4
[CONH3)gISbClg. o vt i 4.3
Cso[OSClalyg] . oo v i i e e e 5.0
(NHoPAClg o oo i e 5.0
[PCeH5)8HgUCg . « o v oo vii i es 4.6
[RhdenClg] .. .oiiinii i i 4.8
[TrpyaCloCl. oo s 4.7
KIIrPFCIg -« o voee e e e 4.7
[Ni(etgden)CHCL. ..o 5.1

[PdphenCla] ....vvviiiiiii i 4.5

Nr. 15

I(2pg;) 1(3p)

205.2

205.2 -
2052 -
2051 -
2051 -
2051 11
2050 ~
205.0 -
2049 -
2049 -
204.8 116
204.7 -
2047 -
204.6 -
204.6 -
2046 -
204.6 -
2045 -
204.9 -
2044 124
204.4  13.1
204.6  13.6
2044 -
2043 -
204.2 121
2042 -
204.1 -
2041 -
2041 -
2041 13
204.0 -
204.0 -
203.9 -
203.8 -
203.8 -
203.8 -
2038 -
203.75 -
203.75 -
203.7 (11)
2037 -~
203.7 -
203.6 -
203.6




341
146
342
343
282
344
345
346

68
124

74

.15

Compound

TapLE 4. (conlinued).

[CoNHg)glTICIg « « v ieeee et i
[CONHG)EIBICIG . v ovveee e i
[CoensCla]REO A « o coven et i
[N(CaHQ)aJoPtClg oo eee s
[Ie(S(CoHg)a)gCla] « oo e
[As(CeHB)g)oPbClg. oot veeeie
[N(CqHg)alo[OsClyla] v vivvnn i
[As(CgHg)alolReClg. - oo v oo e
[N(CaHg)algIrClg - - o oo

[Ru(NHz)g]Cls

[N(CHg)q]pIrClg

Cst

3.7
3.6
5.0
5.3
5.2
4.8
4.2
4.9
4.4
4.7
4.4

I(2pgse) I(3p)

203.6 -
203.5 -
20385 ~

203.5 11
2034 -
2034 -~
203.3 -
203.2 -
203.1 -
202.95 -

202.85 ~

TasLE 5. Photo-electron signals of potassium, calcium, scandium, titanium

347
209
209
210
348
208
349
213
223
321
216
218
350
351
608

and vanadium.

Compound Cet 1(2py y2)
Ar{ref. 97) .. o - 250.6
KoGeFg - ovviieiiiii i [1.3],4.7 304.7
KgRhFg . ooooiei it [2.0],4.7 304.4
KoBeFg ooviiiiiiiiiieieennn, [2.5],5.3 303.8
repeated. . ... ... ... . il [2.0],5.0 304.2
KoSiFg .« ccvevviiniinaannannenn, [2.4],4.8 303.7
repeated ....... ... il [2.4],5.0 304.1
KPEg oot iiie i [2.7],4.5 303.8
1205] 0 R [3.1],4.6 303.4
repeated ........ .. .ol [2.8],5.4 304.4
2 e [1.6],4.7 303.75
|26 N 12 3.6 -
repeated ....... ... oo i, [1.31,4.5 303.7
KolliFg - . ovie i [2.7],5.0 303.5
KyaBily . oo [3],4.9 303
KoNDbFy . oo [31,5.0 303.2
KIOg e i iaae e [2.8],5.3 303.4
KoTiFg. . cooit i iiennns [2.4],4.5 303.1
24 [1.7,4.15  303.0
KCL oo [2.5],4.8 303.0
Ko[CE(EIgO)F5] o v evveeeennennnns [1.7],4.9 303.0
KoUFg . oot eeeeeeeeaennn, [2.4],4.9 302.9
KIOZ oot iiiiniiinn i iiiaeeaen s [3.2],5.3 303.1
120 11 P R [2.4],4.6 302.6
K[OsOgN] . ovviiiiii e [2.1].4.4 303

I(2p3;2)
248.5
302.0
301.7
301.3
301.5
301.2
301.4
301.05
301.0
301.8
301.0
300.75
300.9
300.8
300.5
300.5
300.5
300.45
300.35
300.3
300.3
300.3
300.2
300.2
300.0

I(3s)  I(3p)
29.3 15.8
- 26.0
42 25.7
41.6 25.4
41.0 25.2
41.9 25.5
39.0 24.75
39.6 24.8
41.4 25.7
40.7 24.8
(37.8) 24.8
(38) 25.2
(41) -

- 24.2
40 -
40.1 24.3
(36.9) 243
40.3 24.15
40.2 23.9
41 24.3
40.5 23.8
40 24.0
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TABLE b. (conlinued).

Compound Cst I(2p1e)  I(2pgpe)  I(3s)  I(3p)
352 TKAUBIA-«evrvrtereaneeeaeaenns, 3.4 302.65  300.0 (38.3) 22.4
320 KgPLClg. o vovienenenneiaennnanns [3],4.6 302.6 299.9 39.9 23.7
304 TKCIO4. e evet ot ea e 4.8 302.5 299.8 39.9 23.9
353 KB citiiiiii i [3.11,4.6 302.4 299.8 39.3 23.3
129 KoPL(SECN)g-« v e vvveeaenrannnnns [2.7],4.8 303 209.8 — 23.6
354 TKSB(OHDG . v oveveaeeenneeneanns 5.1 302.3 299.7 (38) -
355 Kg[ShoOgtartrates] .. .........oou... [3],4.9 302.5 209.6 (39) -
215 KoTaFrg o ooieerianareaeneanns [3.1],4.5 302.3 299.6 (36) 23.8
356 KoHASO4. o veneeaaentvnenannnn [2.8],4.5 303 299.5 40 23.5
39 Ro[RuNOICl5] «vvverveaeneanannn. [1.5],4.8 302.1 209.4 39.4 23.2
357 KREOL. v iuroneatiiiieaneaanens [21,3.7 302.1 299.4 - 23.6
358 KgPLIg . oovneamenanaenaneanenn 4.6 302.0 299.4 - 23.6
332 KoPdClg. . vevnrounineieennnnnn. 4.8 301.9 299.3 39.2 23.2
122 KAS(CN)o] e oot eiteieeaenans [2.7],4.5 302.1 299.3 - -
359 KoREBIG .o vvvvenererrtnananannen. 4.8 302.1 209.3 39.4 22.9
360 IKg[OSClola] . v vvreear e, 4.1 301.8 299.2 39.4 23.0
328 IKoPLClL- o vvevreraiaan s 4.4 302 209.2 -~ 23.4
149 Ko[PACN)L] - <« e v vveemneennnes 5.1 301.8 299.1 38 -
361 IKBTOZ.cvovenrraaneaiaeeans [3.3],5.0 301.6 299.0 - -
362 Ko[OSOg(OH)gl - o vvvveenennrannn. 4.8 301.7 299.0 - -
16 K[B(CEHE)A) + « v veereeneenrianennn 5.1 301.6 298.9 39.0 22.7
24 KNOG. oo e e it e 5.1 301.4 298.8 38.9 22.7
278 TKgSA0G. + v v v m e 5.3 301.4 208.8 38.5 22.5
337 KgReClg. o oveneeaenennnr e 3.7 301.3 298.7 39.0 22.4
363 Ka[TiO(CoOm)al v vvvveeneenennn. 4.9 301.6 208.8 - -
160 Ko[Ni{CNYg] - e vmveeeeenaannn. 4.9 301.3 298.8 38.9 22.9
386 KgMOCIg v tviviean e, 4.5 301.6 298.8 38.9 23.4
364 KoPLBIg - vvvrvoieeraeneaeaann. 2.6 301.45  298.8 39.4 23.1
364 vvepeated ........ ... ... ... 5.0 301.7 299.0 - 23.9
144 KIAWCNYg] - o vvviieiiaiii e, 4.5 301.3 208.8 - -
163 Ko[Hg(SCNYal oo vvvvveaaann 5.0 301.5 298.8 - -
365 JKa[Fe(CNYG] «ovvvereianeaennees 5.1 301.3 298.6 39.0 22.8
366 KallBIg. ..ovovovenennneneineanns 4.7 301.3 298.5 39.0 23.6
167 Kg[CINCS)g] - v vvmemreenearanenen. 4.8 301.1 298.4 38.7 22.6
367 IKg[Cr(CoOma] -« vvverivemenenennnnn 5.3 - 208.4 38.4 22.3
368 KMDOL ot iem et 5.1 301.1 208.4 38.5 22.4
324 KgOSClg .o v o v enee e 3.8 301.1 298.4 38.7 22.7
324 repeated ........... . ool 5.0 302.4 299.7 - -
168 IKo[PUSCNYG] v vevereivaaennennn. 4.8 301.0 208.3 38.5 22.5
171 KSeCN .« ot 3.6 301.0 298.1 - -
171 repeated. . .....oviiiiiii e [3.3],5.0 301.0 208.2 39 -
369 Ka[Fe(CNYGE « v vvveverimennaennnes 54 3005 297.9 38.1 21.9
103 IK[IEPYCI5]. o oo vee e 4.7 301 297.9 - -
201 CaFg. ot i et [1.8],4.6 359.5 356.0 - 33.4

201 repeated ........... ...t [1.3],4.5 359.6 356.1 52.5 33.7




TaBLE 5. (continued).

Compound Cst I2py2) I@pgp)  I1(3s)  I(3p)
370 Ca(lO0g)g. .o [2.2],4.6 358.2 354.7 - 32.2
371 CaCrOg.....cvviiiiiiniinncnnnnn, 4.7 355.7 352.3 - 30.3
260 Sco(SO4)g. v vvi i 5.3 414.6 410.05 - 39.5

50 (NHg3SCFg. v vvviieeriiierinnanns 5.4 414.2 410 - 39.4
372 Sca0g . 5.0 413.2 408.75 - 38.3
213 KaTiFg...oovviiiii i [2.4],4.5 472 469.0 - -
373 BigTigOp.ccvoviivi i [2.3],4.7 473 465.9 | - 45
374 TiOg .o vviniiii i e [3].4.8 471.0 465.3 - 43.6
363 Ka[TiO(CaOgdo] - - vvvveeiii it 4.9 470.6 464.7 - -
375 YboTigOp ... ovvineo i, 4.6 469.8 464.1 - -
376 YbVOg.o.ooiiiiii [2.81,4.9 531 524.1 - 49.1
377 YVO4. oo e 4.7 530 523.4 - 48.9
378 PrVOg ..o i 4.8 530.6 523.0 - 49
269 VOSO45HO ..o 4.8 530,528 522.9 - (51),47.5
379 VoOgz. i [3],5.3 529.6 522.2 - 47.4
380 DyVO4. .t 3.4 529 522.1 - -
380 repeated ... [1.8],4.2 531 524.2 - 49.8
602 NagVO0y 14HeO ... ioatt. 4.5 528 522.0 ~ 47.0

82 (NHggV30g.....cooiiiiinninnan. 4.6 529.5 521.6 75.8 47.6
306 [Vureagl(ClOg)g......ccvvnevnn... 5.4 527.6 521.3 - 48,46
300 (NH3VSg. - o v v 5.5 526.6 519.1 - 43.7

TasrLe 6. Photo-electron signals of chromium, manganese, iron and cobalt.

Compound Cgt I2p12) 1(2pg,2) I(3p) I(3Q)
81 BaCrVI0gq. ...l [2.2],4.9 596.7 587.5 56.2 -
182 Ce(Cr¥I0gg oo v [3.0],4.8 595.5 586.6 55 -
16 Ko[CrlI(HaOFs] . o vvvvvnen [1.71,4.9 (598.2),596.0 (588.2),586.1 (55),52.8 10.8
11 HgeCrVIog ...l [1.8].4.0 595.3 585.9 asym 55.2 -
71 CaCr¥IOg......ooveviiiinn.. 4.7 594.1 584.9 53.7 -
83 TICrVIOg v.vvr i 4.5 594 584.9 54.6 -
84 AgeCrVIOg..... ...l [3.1],5.1 593.9 584.7 54.3 -
85 Cdg[CriL(CN)gla. «vvvevvenn .. [2.91,4.8  (597),594.2 (586),584.3 51.5 -
69 (NHpsCrlIFg............... 4.8 594.0 (586),583.8 (55),51.0 12
28 CrlIiNOg)3, 9H0 . ..ot 4.6 (595),593.1 (586),583.6 (55),50.4 10.6
67 KglCrl(CoOplg] - v vvvvvvvvnnn 5.3 593.2 (585),583.5 55.8,50.6 10.5
94 [CrII(NHg)g]InClg . . o vvnn. . 5.0 593.7 (586),583.5 (52),50.4 10.5
31 [Crillyreag](NOg)g »vvvvvenene 53  (595),592.9 (585),583.4 (53),49.9 10.7
77 [CrIIY(NH3)6](SO9CL. . ...t 5.3 593.1 583.3 (55),50.1 11
86 LaCrTOg .................. [2.5],4.5  (596),593.2 (586),583.1 - 12
00 [Co eng Cla][CrIlI{NHg)a(NCS)4] 4.5 593 (585),583.0 50 broad -
67 Ka[Cri(NCS)gl. . vvvvevnnnn. 4.8 (594),592.1 (585),582.9 (53),50 8.2
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TasLE 6. (continued).

Compound Cgt 1(2py2) 1(2pg/2) I(3p) 1(3d)
387 PhCrVI104. . ..eviieeeiinn... 3.3 592.2 582.9 52.7 -
76  (NH)3[CrI{(Ca0)8] < vvvnr e 5.2 (594),592.5 (585),582.8 - ‘ -
86 NH[CrIIT(NHg)o(NCS)4]. - - - .- [3.71,5.2  (594),592.0 582.8 50.0 -
125 methylene blue[CrII(NHg)o(NCS)s] 5.0  592.4 asym. (584),582.4 - -
388 Cro03.vvvvviieeenanneeennnn 4.2 (594),592.3 (584),582.3 (51),49.5 8.2
126 Cr(SeCN(C4Hg)o)g « «vvevvennns 5.9 589.6 580.4 48.0 -
389 Cr, powder, oxidized ......... 4.5 592.7 582.8 51.3,49.6 -
390 CsMnOy(shoulders MnIV) . ... [2.71,4.7  663.4,(660) 652.3,(648.7) 61.3 -
391 BaMnOgs (“ ") vovivvannenn 4.4  663,660.1 651.2,648.7 60,57 -
368 KMnOg(“ ™) veviirrvineann 5.1 663,659.7 651.2,(647.9) 60.4,55.7 -
89 [Co eng Clog]MnO4(* ) ....... 4.7  662.8,659.8 651.4,(648.2) 59.5,55.5 -
604 NayHy[MnIV(10g)s] -......... 4.1 658 broad 648.4 - -
325 MnClo, 4HgO ..vvvneennnnnn 4.3  664.8,659.9 651.9,648.2 (59),55.4) -
392 otypeMnOg.....oovoveennne. 4.7  (663),659.6 (652),648.0 55.5 -
393 MnllCg04,2HoO. . connnnnnon. 4.7 661.3 broad 647.7 broad (59),55.0 11.3
66 [N(CoHz)aleMnIIBry ......... 4.6 663,657.8 650.6,646.4 (55),53.2 8.5
70 (NHg)o[FelTl(Ha0)F5] . .. ..... 4.8 (739.8),733.1 (727.8),718.9 63.6 13.6,12.1
120 [Felllureagl(ClOg)g. . «ovvevn.. 5.1 (735),731.7 (726),717.8 63,62 10.2
30 Felll(NOg)3, 9H0 . ... ... .. 4.8  (735),731.0 (724),717.6 (64.5),62.1 10
394 (NHpa[FelTl(CoOg)g] v vvvvn .. 5.0 (729)726 717.5 63,60 -
369 Kg[Fell[(CN)gl . .vvvvreennnn. 5.4 728.6 717.1 60.9 12.7
395 FellLOg.............c..... 4.4 (739.2),730.2 724.8,716.6 (65),62.3 13.6,10.6
8396 FegOg..eeuuenueenneeanaanns 5.0 730.5 (719.2),716.5 (68),61.5 -
35 Nag[Fe(CN)sNOJ ....evnnn... 4.7 729.2 716.3 62.8 -
397 FellCp04,2Ha0 . v0vvvennnnn. 4.3 (733),729.7 (719),716.0 70,67,61.3 -
398 Felll[Fell{CN)glg .« cvveennn- 5.1  (731),726.5 (717),713.5 61 -
154 Cully[Fe(CN)g), 11H0 .. ... .. 4.8 727.2 714.2 60.8 -
175 RuoML[Fell{CN)glg «ovevenn. . 4.9 727 713.6 60.2 -
176 Felll,Rull(CN)glg .- -o-nn. .. 4.6 (731),726.8 717.3 - -
177 FellLfOsTH(CN)glg ..o ovnn .. 4.6 (731),728 717.5,714.7 - -
145 Nag[Fell(CN)gl, 10HgO .. ..... 4.7 727.7 714.7 61.5 8.2
365 Ka[Fell(CN)gl.....covovenn... 5.1 727.2 714.3 60.7 11.5
131 [Felldipg]Brg ...cocvvvnnn... 5.6 726.0 713.2 60.6 -
188 CollFg ... ovviiiieennnn... [1.1],5.4 814,808.3 (798),792.1 (75),71.2 14
104  Csg[CoTII(CNYgY. oo ovvnnnnn [2.5],4.6 804.2 789.1 71 ~
115 ColY[PA(CN)4}..vevnnennnn 121,4.0  (810),804.5 (792),788.8 (72),68.5 -
9 [Colll(NHg)gl{Bes(OH)3(COg)2] [2.8],4.6 803.5 788.6 - 11
67 [CoTT(NH3)gl7[Cu(I0g)a]g - - - - - 4.7 803.5 788.6 69.3 -
584 [Colll(NHg)g]o[Th{(COg)5] - - - - - [2.3],4.2 803.6 788.6 - -
135 [ColIL(NHg)g)lo[Ce(COg)5) - - - - - 4.2 803.3 788.3 - -
83 [ColIl(NHg)g][Au(S203)2] - - - - - 4.4 803.2 788.2 69.2 -
136 Collg[Os(CNYg] ».vvvvvnnnnnnn 5.0 804 (790),788.2 (71) -
161 Coll,[Ru(CN)gl........connn.. 4.5 804 788.0 70 -

87 [CollI(NHg)glo(SiFg)g--.---- . 4.4 803.0 787.9 69.1 -
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TaeLE 6. (continued).

Compound Cst 1(2py1/9) I(2pg)9) I(3p) I(3d)
132 Nag[ColI(CNYg]. +vvvvvnennns 4.8 802.9 787.9 69 10
305 [Col{H0)6(ClODD - .« vv e e 4.8  809.3,804.3 (793),787.9 73,70,68 11,9
55 Coll(NCS)Hg...oovevrvnnnn. 4.7  809.3,804.0 792.5,787.9 73,68 -
77 [CollengCla]PFg. .« ovvvvvnn.. 4.7 802.9 787.9 68.8 -
40 HzColTI(CN)g «vvveennnnne... 4.7 802.8 787.8 68.8 10.7
181 [ColllensCla]oPbClg o .vvnnw ... [3.0],5.0 802.8 787.7 - -
78 [COIIIen2012]3(P\7\712040) ...... 4.0 802.5 787.5 68 -
4 Lig[ColILCNYgl. e vvvvvnnnnn. 4.7 802.5 787.5 68.7 9.6
99 CoTlp0g . .oieeneinennnen.. [2.8],4.9 802.4 787.3 67.8 -
05 [(NHz)5Co(0g)ColTl(NH3g)5]

(SOgeHSOL o vovveaenn. 5.3 802.4 787.3 68.0 -
09 [CollI(NH3)glShClg .. .v...... 4.3 802.3 787.3 68.5 -
89 [ColllengClo]MnOgq. ..vvune... 4.7 802.4 787.3 68.7 -
50 (NHg)s[ColH(CN)g] «ovvunnn.. 4.8 802.3 787.3 68.6 ~
53  Cug[ColI(CN)g]la, 11H0. .. ... 4.5 802.5 787.3 69 -
88 [CoMTengClo]BFy ..vvvuvenn.. 4.6 802.2 787.2 68.6 -
58  [N(CqHu)a]3[CoTI(CN)g) .- ... . 5.0 802.2 787.2 68.3 -
95 [ColenyClol[B(CeHy)al - .- - . . - 5.2 802.2 787.1 68.1 -
52 [N(CHgz)4l3[Col I(CNYgl ... v .. 4.9 802.0 787.0 68.1 -
0 Kg[CollI(CNYl vvvevevenennn. 4.7 802 787.0 - 13.4
M Collgacag..oerovinennennens. [31,5.0  808,802.4 (793),(791),786.9 67 9.4
57  [N(CoH5)4]3[Co™I(CN)g] .. .. .- 5.0 801.8 786.8 68 -
32 [ColllengCloINOg v vvenvnnnn- 4.4 801.6 786.6 68 -
10 [ColllenyClo][Cr(NH3)o(NCS),] - 4.5 801.6 786.6 68.1 -
122 CoTX(10g)9 voveeen i aanns 3.5 802.5 786.5 - -
)2 repeated ............c.e.... [2.4],45  809,803.4 793.3,787.9 - 11,(8)
12 [ColllensClolReOyg <o vvvvnnn.. 5.0 801.6 786.5 67.5 -
M Colllacag..........coouvn... 4.9 801.5 786.4 67.2 9
6 [Coll(NH)gIBiClg. . .vveuenn. 3.6 801.0 786.1 67.2 10.1
9 [CoTTI(NHg)sClo]Cl. ... ..... 3.9 800.4 785.4 67.5 9.2
15 [CoILI(NHg)gIClg. v vvuuuenn.s 3.9 800.3 785.2 67.4 10
7 ColISoP(OC3H7)2)g «evvvnnn- 6.4 799.6 784.7 - -
1 ColT(SoCN(CaH5)2)8- - v o vvrne- 5.2 799.2 784.1 66 -

aBLE 7. Photo-electron signals of nickel. High-spin éomplexes (S = 1) are given first,
wowing four signals (separated by effects of interelectronic repulsion) in the 2p region,
llowed by low-spin complexes (S = 0) giving only two. In iodides, Ni2pis tends to
coincide with I3pss.
Compound Cagt I(2p19) I(2p3y2) I(3p) I(3d)

9 KNiFg..........ccoooon, 3.6 - ,882.2 869.9,864.0 77.4 12.6
5*



209
221
612
134
406

408
409
410
273
156
411
142

96
148
147
137
152
151
138
157
150
412
133
413
106
414

53

60
160
113

33
307
415
116
245
127
416
417
418

68

Compound

repeated .......... ... ...
NiFg, 4HgO .. ... .ovviin. .
Ni(IOg)g. .o oo iiecae e
NigfOs(CN)g] . ...............
[Nieng|Ptlg.................
[Ni(CN)o(NHg)(CqgH4S)] . . . . ...
Nig[Ru(CN)g] .. ...t
NiQ, black........... e
NiO,pale...................
NiCgO04, 2HaO ool
[Ni (-3113] Ig ...................
[Ni(Ho0)6]SOg .o oovvenvnn
[Nieng][PU(CN)gq]. ...........
Nigacag. .o ovvvvvv i,
[Nieng][Ni(CN)g]............
[Ni(etgden)CIICL .............

[Ni eng][PA(CN)g] e o v v een. .. '

[Nieng][Ni(CN)g]. .......c....
Ni(NHpCHoCO2)o(Ho0)s, - . . . ..
[Nieng][PA(CN)g]. ... ... ...
[Nitren(NCS)s] .............
[Ni(tren)phen](ClOg)g ........
[Nieng][PH{CN)g}. ...........
[NienglSOgq. ...covvviiin. ...
[Ni pheng](ClOg)o . ...........
[Ni daesg](ClOg)g. . . oo vnnnn.
[Ni(SgP(OCgHz7)o)e phen] . ... ..
[Rh nsgloNi(ClOg)e ..o o oottt
[Ni pyridinalhydrazoneg](ClOy)s
[Ni el’lg](Aglg)g ..............
[Ni (’,112]((,‘411[2)2 ..............
Ko[Ni(CN)g] ..ovvvviiiin,
[Ni eng](ClO4)2 ..............
[Ni amining](NO3g)g. .. ........
[Ni curtisg](ClOg)g - .. .. vvv..
[Ni aminingBr|Br............

Ni(SoP(OCgH7)a)o - v v v v v vvnen
Ni(SgCN(CoH5)2)g - -« v v oo v anen
NigOg. .ovviiiiiiiiii .
Ni, powder (oxidized?) .......
Ni,foil ...,

>

TasLE 7. (conlinued).

Cat

[1.3],4.5
[2.6],4.7

4.5

4.9
5.2

I(2pyy0)
889.8,883.7
887.8,882.5

— ,(882.4)

(887) ,880.6
882
887 ,880.3
(886) ,880
§887.0,880.4
886.8,879.9
886 ,879.9
885 ,881
885.2,879.3
884 ,878.5
884 ,878.6
(884) ,878.2
884.5,877.9
(884) ,878.0
(885) ,877.9
883 ,877.8
886 ,878.3
883 ,878.2
882 ,877.8
885 ,877.7
883.2,877.5
884 ,877.8
- 877
- 877
882 ,876.7
881 ,876
881
881
878.2
877.6
877.2
877.5
876.9
§76.6
876
875.8
884.8,878.0
880.3,(377.6)
878.2,376

I(2pgy,2)
871.7,865.8
870.5,864.4
§70.5,863.9
(869) ,862.9
870 ,862.8
869.8,862.7
(869) ,862.7
868.5,862.6
868.6,862.4
868 ,862.1
868.2,862.1
867 ,861.9
868 ,861.0
866 ,860.9
(867) ,860.9
866.9,860.6
866.5,860.6
(867) ,860.5
865.6,860.4
867 ,860.4
867 ,860.3
866 ,860.2
866.5,860.0
866.0,859.9
867 ,859.9
866 ,850.8
865 ,859.6
864 ,859.4
865 ,858.3

862.4

862.2

860.8

860.5

860.1

860.1

859.8

859.6

859.2

858.7
866.3,860.0

862.8,(859.5)

860.5,857.8

I(3p)
(79),76.6
82,77
(78),76.2
(78),74.9

(77,75
(80),75.4
(78),75.0
79.2,74.7
(81),74.8
74
(77),73.6
74
(76),73.9
78 ,73.7
(76),74.1
(80),74.3
79,73
79,73
80 ,73.5
73
(79),73.1

1~
(ST

76.2
76
74.8
74.4
73.8
73
73.3
73.6
73.8
73.0

(75),73.2

72.5,711

Nr. 15

1(3d)
12,
12
(1)
10.

10.

11

10

11

oot

o~ e




Nr. 15

69

TasLE 8. Photo-electron signals of copper. Satellites are observed in the 2p
region in the case of copper(Il) compounds.

214
256
121
613
419

67
153
242

29

97
420
123

60

98
270
154
164
180
174
293

Compound Cst I(2p; /2) I(2p3z;2) I(3p) I(3d)
CullFy, 2Hp0 . ..vn. ... [3.0],5.2 971,963.5 950.8,943.3 86.0 13.3
CullS04, 3H0 . ........ 5.0 962.2 951,947,942.1 - 13.0
Culy[Ir(CN)glo, 11E50 .. 4.5 962.3 948,942.0 (89),86.7 -
Cull(I0g)g ..ovvvnen.. .. [2.3],4.4 969,961.2 949.1,941.7 85 -
CullO. ...ooviiiiiet, [2.2],4.9  (963.2),961.4 950.2,941.5 (93.3),85.6 -
[Co(NHz)g]71CulIL(10g)o] - 4.7 961.0 949 weak, 941.3 85 -
Cullg[Co(CN)gl2 11H0 . . 4.5 961.5 950,041.3 85 -
Cull(UO2)o(POg)g . . . . .. [2.0],4.6 961 broad 951,(943),940.9 - -
[Culleng(NOg)g . ... .. 4.6 959.9 949.0,940.1,(937.6)  82.6 10.8
CulCN . ... [3.2],5.3 959.8 939.9 83.2 11.0
CuloHglg . ovvviieennnnn [4.8},6.1 959.4 939.6 82.0 10
[CulldenBr]Br ......... 4.7 (961.0),959.0 949,939.4,(936.0) - -
[Ni eng](Cullo)e. .. ...... [2.21,4.6 958.8 939.0 82.4 -
Cull(SeCN(CoH5)o)2 . - - - - 4.4 968.6,(960.6),959.0 948.6,(940),939.0 83.3 -
CullS0y, 5H0 .. o.e ... 5.3 958.6 (941.4),938.7 - -
Cully[Fe(CN)gl, 11H0 . . 4.8 (961.2),958.4 940,(941.2),938.4 83.3 -
Cullo(Os[CN)g] v v v v e 5.0  (961),958.3 949.2,(941.2),938.4 83 -
Cull phthalocyanine . ... 6.0 966,958.2 947,938.2 - -
Cully[Ru(CN)g] -....... 4.4 (960),957.4 948,(940),937.7 83 -
CUS vt 5.5 (960),957.4 949,(939),937.3 81 -
5MgFa: 1CUS «..onvn... [0.8],4.8  (965),958.9 951,(941.8),938.8 - -

TaBLE 9. Photo-electron signals of zine, gallium, germanium and arsenic.

212
421
283
230
422
423
424
204
425
281

41
261
426
189
427

Compound Gst

[Zn(Hs0)glSiFg ..o v eeeaee . [2.5],4.9
Zn(IOg)g ....................... [2.4],5 0
ZnS e e [2.2],4.6
NaZH(UOQ)g(CHg(:OZ)g .......... 4.6
Zn(U09)o(CH3CO2)g . -+ v vmvnevns [3.7],5.6
INAacag ...t 5.3
ZnO ..o 4.9
GaFg,3HoO. ...l [2.3],5.0
GagOg...covviii [1.8],4.9
GaS ... [3.0],5.0
(NHp)gGaFg.......oooeiint, [3.7],5.4
Gag(SOL8. v v v i 4.4
Ga,coherent. .................. 4.2
KoGeFg .o oviviieiii i [1.3],4.7
GeOg oo [2.1],4.7

I(2py2)
1052.65
10524
10562.2
1054
1052.0
1050.5
1049.8
1153.4
1152.6
1151.8
1151.8
1151.9
1260.9
1259.0

I(2pgpe) I(3p1y2) I(3pgje) 1(34d)
10295 (101) 97.5 189
1029.2 - - 18.2
1029.0  (97) 94 18.0
1029 - — -

1028.8 - - 17.7
1027.4 - - 16.2
1026.7 (97) 94.2 15.7
1126.4 118 114.8 29.5
1125.7 117.4 114.2 28.7
1125.2 - - 27.9
1125.0 116.7 113.1 27.6
1124.9 116 113 27.6
11206 (112) 108.0 22.7
1229.7 138.5 134.2 42.3
1227.8 136.7 132.9 41.0



70

428
429
356
430
597
431
594
432
172
344
346
170
170
178
433
434
610
166
298

435
435
236
232
436
129
437

40
166
171
171
438
439
172
440

44
239
361

TaBLE 9. (continued).

Compound Cast

LaAsOg ..o iiiinn, [2.0],4.7
NAAsOgq. . oo vi it [1.9],4.5
KoHASO . ..o viiii i iinvaen [2.8],4.5
YbASOg. .o v i, [2.5],4.2
NagHAs504, 7THoO . oo oo vviennl o 4.3
[As(CeHg)gloPtIg. .. ... ovveven.t. 4.8
NaAsOg. .. coviiiiii i, 4.7
Ag3A504 ...................... 4.7
[As(CeHs)qlo[CA(NCSe)q] . oo v v v vt 4.5
[As(CgHp)gloPbClg. . ..o ool 4.8
[As(CgHp)gloReClg. oo vvvevnn .. 4.9
[As(CgHs)qlo[Os(SCN)g] « -+ v v v vt 5.2
repeated ........... ... 0. 0 4.6
[As(CgHg)ISCN ..o 4.8
[As(CgHs)]RuOyg oo vivvvnn 4.5
[AS(‘CgI‘I5)4]ReO4 .......... ISP 3.9
[As(CgH5)4][0sOgN] ... ...oLtt 4.2
[As(CgHp)gla[Ir(SeCN)gl . o oo v v v e 4.1
AS(Sch(CgHs)z):; ............... 4.8

I2pys2)  1(2pg9)
13701 1334.1
1369.7 1333.5
1369.3 1333.3
1368.8 1332.7
1368.4 1332.4
1368.3 1332.3
1367.9 1331.9
1367.9 13319
1367.5 1331.4
1367.5 1331.4
1367.3 1331.3
1367.0 1331.3
1367.2 1331.3
1367.1 1331.1
1367.0 1331.0
1366.7 13309
1366.8 1330.9
1366.5 1330.7
1365.8 1330.0

Nr. 15

I(3p1) I(3pase) 1(3)

157.0
157.3
156.5
155.4
155.4

152.4
152.5
151.7
150.9
150.5

149.9

149.0

149.2
149.0

149.3
149.3
147.4

TABLE 10. Photo-electron signals of selenium and bromine.

Compound Cst

BaSeOgq ..ovvviiiii i [2.2),4.8
repeated ......... . i [1.1],4.7
NapSe04, 10HoO .. .o vvviial [31,4.7
NaHSeOg. . .ooinviiiiiiinnen.. {2.3],4.7
Se09. . vii it i 4.5
Ko[Pt(SeCN)g]l - .vvvvvvvinnnnn.. 4.8
TIgVSeq .o v 4.7
[N(CHg)4]SeCN . .. ....oovivnnnt. 4.6
[As(CgHp)g]s[Ir(SeCN)g). .. ........ 4.1
KSeCN ...t 3.6
repeated. ........... ... ool [3.3],5.0
TIgNbSeq. .ovveviinii i, 4.7
CdSe......oviiiiiiiiii i, [4],5.7
[As(CgHp)glo[CANCSe)q] e oo v v et 4.5
Tl3TaSe4 ....................... 4.3
[N(CqHp)4JSeCN .. .. ovveeenntt 4.2
NaBrOg. ....ooiiiiiiiie e 5.2

I(3p1,9) I(3pg/2)
180 174.1
180.9 175.1
179.3 173.5
178.3 172.55
176.9 171.2
174.0 168.3
174 168.0
173 167.0
172.7 166.8
172.4 166.7
172.1 166.3

(174),173  (168),166.7
172.3 166.7
172.5 166.6
173 166.5
172 166.3
202.3 195.6

1(3d)

69.2
67.8
66.6
65.2

61.1
60.4
60.7
61.9

60.7
60.6

60.3
82.4
81.5

53.3
53.7
52.9
52.2
51.6
51.3
50.9
50.2
50.3

50.4
50.2
50.1

50.7
49.7
48.4




Nr.

441
442
442
443
444
352
227
445
446
364
364
353
447
448

80
359
449
450
451

54

92
452
112
130

66

63
131

48

15
TaBLE 10. (continued).
Compound Cqt I(3py12) 1(3p3/2)
CSoPLBIg « - vve it eeeeneennn, [1.5],4.8 197.7 191.1
C8gSNBIG . oo vee e, [2.9],5.2 - -
repeated ........ ... ... L [2.0],4.8 197.1 190.5
(-CHBrCOoH)g « o voeeeaen. . 4.8 196.7 190.0
L0253 = 5 [1.6],4.95 196.7 189.95
KAuBrg...oovveiaiiioae., 3.4 196.35 189.7
NaBE oottt [2.91,5.3 196.1 189.5
RBBI. o oiiieeie e, [2.7],5.1 196.1 189.4
PhBIg. e e eteeieee e [2.7],4.9 195.8 189.2
KoPtBrg. ..., 2.6 194.8 188.2
repeated .......... i, 5.0 195.8 189.1
KB oottt [3.1],4.6 195.4 188.7
AgBr .. e [3.4],5.3 195.3 188.7
CspOsBrg .....oovvviiii i, 3.8 194.9 188.5
[Pdphen Bra} . ...ooveveeennn... 4.5 194.9 188.2
KoREBIg « @ oveeee e, 4.8 194.7 188.1
TIBr...vvin i 4.6 194.7 188.1
[N(C4HgAUBLs oo, .. 5.0 194.6 188.0
TIOsBrg .. oovvvin it 6.0 194.2 187.6
[N(C4Hg)4][Au(CN)gBrg] . ...\ ... 5.3 194 187.5
[Pd(etyden)Br]Cl0g .. .oovenenn ... 4.4 194.0 187.3
[N(C4Hg)a]o0sBrg . .o vvvveenn. .. 5.1 193.9 187.2
[RhpyaBroJClO4 .o vvovveenenn... 4.4 193.7 187.1
[N(CHg)gloReBIg .. .ovoeveenn.. .. 4.6 193.6 186.95
[N(CoHg)gloMnBry . o.ovvnn... .. 4.6 193.7 186.9
[N(CH)AIBE « v oo 4.9 192.5 186.0
[Fe dipgBra «vovvnereeneenn.... 5.6 192.2 185.9
[N{CoHs5)g]oPtBrg .. .. ovvveeenn. 4.6 192.6 185.9

I(3d)

78.2
76.9
77.3
76.6
76.7
74.2
76.3
76.0
76.0
75.2
76.0
75.7
75.6
75.5
75.1
75.0
75.0
74.9
74.5
74.0
74.3
74.1
74.1
73.8
73.8
72.7
72.7
74.9

71

TABLE 11. Photo-electron signals of rubidium, strontium, yitrium, zirconium,

445
312
319
453
107
222

25

niobium and molybdenum.

Compound Cat I(3p12)  I(3pgm)  I(3dgje)
Krref. 97) ......vu.... - 2922.2 214.4 94.9
RbBr................. [2.7},5.1 254,75 245.8 (119)
RboPtClg . .uoeennn.. ., [2.5],5.0 254.8 2458  (119)
RbCL ..o, [2.81,5.2 254.5 245.5 119.4
1210 [3.1],4.8 253.9 2450  (118)
Rbg[PA(CN)g] . ......... 4.6 253.6 2446 (118)
BbF.......coiiit. 4.4 253.4 244.4 (117.6)

RbNOg................ 5.0 253.0 244.1 (117.5)

(3d32)
93.7
117.2
117.8
117.6
116.7
116.7
116.5
116.2

1(4p)
14.0
20.9
21.5
21.4
20.5
20.1
19.7
19.7
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TasLE 11. (continued).

Compound Gst I(3p1,2)  I(Bpgre)  1(3dgpe)  I(3dgp)  I(4p)
275 RboSOg < nvvrrnnnnn. . 41 253.1 2441 (118) 117.1 19.3
334 Rbo[OSClyla] . o onvee- ... 46 252.9 243.9  (117.6)  116.2 19.7
20 RbUO(NOg)g.---v.-... [2.7],4.8 252.1 243.2 — 117.3 -
197 SrFo. . voveieiinint. [1.7],5.5 — 278.6 145.5 143.2 28.7
197 repeated .............. [1.2],5.0 - 278.4 (144.5) 143.0 28.8
953 STSO4. ' veeenneenn. [2.5],4.9 287 2771 (143.1) 1414 27.1
27 SENOR), < veeneannnn 4.7 286 - 275.9  (142.6)  140.6 -
186 YFg .. ... i [1.5],5.2 323.4 311.5 (171) 168.5 35.3
454 Y(TOR)3 « v veemeeannnn [2.2],4.8 321.3 300.6  (168) 166.3 33.8
65 Vo(SODZ - v ennneennnns 4.4 320.4 308.4  (167.2)  165.3 32,5
377 YVO4e e, 47 - - (165.5)  163.8 31.4
455 YoOg....ovvniinnnieinn, 4.6 319.1 306.9 165.8 163.6 32
202 ZEFg ..o [1.8],4.4 357.6 343.8  (195.6)  193.2 45
456 Zr(IOR) - e [2.11,4.6 354.5 3411 (192.9) 1905 39.3
45 (NHgeZrFg. .....cooo. 5.1 354.6 340.9 192.7 190.4 39.5
457 ProZrg0195. e rnrrn .- 4.6 353.0 330.2 192 188.3 37
208 KgNbFr............... [3],5.0 389.6 374.4 219 216.0 44.8
458 TIgNDbS4q..........c...n 4.8 388 371.2 216 213.4 41.8
45O NDROK. oo erneenennnn 44 386.0 370.6 215.4 212.7 41
460 TLMOOg. - -veeennnn.. (2.6],4.8 - - 242.0 239.0 -
595 NagMoOg.............. 5.0 421.8 404.3 241.9 238.9 47.4
461 HgPM0gz040 «oevvvn- .- 4.6 421.9 404.4 241.7 238.6 47
462 MoOg........civivenn. 4.6 421.4 404.0 241.5 238.5 -
286  Tlo[MoOgSa] . ... .. o 47 421 403.7 240.6 237.6 -
288 TIbMoSg......ccvvvn..- 4.4 419 402 239.6 236.7 45
336 KgMoClg .............. 4.5 419.8 402.3 240.0 236.5 -
301 CsgMOSq. . vvnnmeennn. 41 - - 239.0 235.8 -

TasLE 12. Photo-electron signals of ruthenium and rhodium. It is often dif-
ficult to detect Ru3d because of the coincidence with Cls.

Compound Cst  I(3p1j2) I(3paje)  1(3dgpe) 1(3d5yp) I(4p) I1{4d)
433 [As(CgHg)a]RuYIIO, ... ... 4.5 494.0,(490) 472.0,(468) - ~ 54 -

(shoulders RulV)
30 KofRu(NO)Clz].......... [1.5],4.8  492.5 470.3 - - 53.0 -
110 [Rulll(NHg);NCS](ClOg)e - 47 4919 469.6 - - 53 8.8
124 [Rulll(NTg)glClg ........ 4.7 4915 469.1 - 287.8 53.7 8.9
175 Rulll,[Fe(CN)glg o vv-.-- 4.9  490.9 468.5 - 287 51 -
463 RuM[Rull(CN)glg ... ... 4.6 490.1 468.4 - - 52 -
464 RulVOo,xHsO .......... [2],4.7 490.9 468.3 - 286 - -

162 Nig[Rul{(CN)gl . ... .o. .. 4.5 4904 468.0 - - 51




Nr.

161
289
289
176
174
465
185
466
315

90

71
596
333
112
111
467
106
169
294
468

84
107
115

59

72
149
332
469

79

81

80
148

85
152
143
102
128

15 73
Tasre 12. (continued).
Compound Cst  1(3py1y2) I(3pg/a)  1(3dgse) I(3dsse) I(dp) I(4d)
Cog RuIl(CN)g] . ... ... ... 45  490.2 467.9 - - 5 -
[N(CHg)q]s[RuTI{NCS)g] . . 4.6 488.6 467.2 - 285.9 - 8.9
repeated ............... 4.3 490.3 468.1 - 286.8 51 -
Feg[Rull(CN)glg . .+ ... .- 4.6  489.7 467.1 - 2861 - -
Cug[RulL(CNYgl. ... ... ... 4.4 4894 466.9 - - - -
Ru, powder (oxidized?). .. 4.3  489.8 (469),467.2 - - - -
KgRhFg..ovoveoninnnn.. [2.01,4.7 - 507 324.8 3200 58  11.9
CsoRhIVClg(reduced?) . ... [2.3],5.0 - ~ 3225 3177 - 113
Cso[ RnII(Ha0)Clg] ... ... [2.0],4.9 - - 3223 3176 57  11.3
[RO(NHg)5ClCly . ... ... .. 4.6 - - 320.8 316.2 - 9.6
[RhdenTg] ............. [2.4],4.6  529.6 505.0 320.9 3162 -  10.2
NagRhClg, 12Hs0 . . . .. ... 5.0 - - 320.5 3158 56 9.5
RhClg.........ooiiun.n. 4.9 - - 320.2 315.5 56 8.9
[Rh pys Bra]ClOg ... ... .. 4.4 5285 504.3 320.0 3154 - 9.0
[RhdenClg] ............ 4.8 - - 320.0 3153 56 8.5
Bhig.............. ... 4.5 - - 319.7  315.1 - 10
[Rh nsgloNi(ClOg)2 . - . .. .. 4.6 528 503.6 319.3  314.7 - -
K3[Rh(SCN)g]........... 4.7 527.8 503.1 319.0 3143 - 9
RI(SoP(OCsHz)a)g + .+ - - . 4.5  528.0 503.8 318.9 3143 - 8
Rh,powder ............. 52  527.9 503.5 318.9 3142 55 -
TasLE 13. Photo-electron signals of palladium and silver.
Compound Cat I(3dgy9) I(3d5p2)  I(4p) 1(4d)
CA[PATV(CNYG] o ovoveeeeenrannn [2.2],4.9 355.3 350.0 65.5 14
Rbo[PA(CN)g] o oveeeeeeeaeaen. . 4.6 350.9 345.65 62 10.6
COPACN)A] « e eeoeeae e [2],4.0 350.7 345.4 61 11.0
trans-[PAMNHg)gCla] + oo veveeenn .. 4.8 350.5 345.3 - 11.1
(NHp)ePdIVClg ..o 5.0 349.5 345.3 62 9.4
Ko[PACNIAT - ov oot 5.1 350.2 344.9 61 10
KoPdCly.....ovviviviiniiianan . 4.8 350.0 344.7 60 10.2
Pdlg ..o e 5.1 349.9 344.6 - 11
[Pd(etyden)ClICIOL. ..o vvve e, [3.3],5.0 349.6 344.4 60 -
[PAphenTo] «oovvrennnnnnnannn... 4.9 349.6 344.3 - -
[PAdphen Bra] .. ooovurerininennn... 4.5 349.5 344.2 - 9.9
(N1 eng][PA(CN)A] . o voeeeee oo 4.4 349.5 344.2 61 -
Pddmgg ........ ..o, 4.4 349.3 344.1 - -
[Ni eng][PA(CN)A] . o oo oveneaeannnn.. 4.4 349.4 344.1 - -
[Pd ena][PACNIA] +vvveeeenannnns 4.4 349.4 344.1 - -
[Pd pheng](ClOgs . v v v vvereninnns, 5.1 349.3 344.0 - 9.9
[PA(NHz)4(CH3CgH4S08)0, - . .. .. .. 4.8 349.0 343.7 - 10
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128

92
101
119
470
471
243

53
122
472
473
474
384
447
475
272
303
290
339
432
271
476

TaeLe 13. (continued).

Compound Cgt
repeated ...... .. iieiii il 4.6
[Pd(ety dem)Br{ClO4. v uevnnnrnnnn.. 44
[PdphenClg] ....ccvviiiiiinnaa,. 4.5
[PApyalSOgq ovvveeii it 4.65
Pd,powder. ....... ... 4.3
AGIOg <o [2.3],4.8
ABIPOL o et [1.9],4.7
[NiengJ(Aglo)a « oo vvrvennnnenennns [2.0],4.6
KIAZCN)9] v vveeeeeiinvenannnnes [2.7],4.5
AL e [3.3],5.0
ABICOZ ottt [2.6],4.6
AGREOL .+ eee e 4.7
AGoCIOL. -ttt [3.1],5.1
AGBE oot [3.4],5.3
AGBCEHEN] - ovvvvrieaaeeien. 5.3
AEISOL. oot [31.4.3
ABIS e et e 4.6
AgSoCN(CoH5)g . v v v veeienicannnnnn [3.3],5.1
AgCl. . e 4.8
ABBASOL « . oe et 4.7
[ASTIpYAIS008 -« v vveeenne i 4.2
A, WOOl ... vivt i s 5.9

I(3dg)  I(3ds)
349.1 343.8
348.9 343.6
348.8 343.55
348.8 343.5
346.9 341.5
382.6 376.6
382.1 376.1
381.7 375.7
381.6 375.55
381.5 375.5
381.2 375.1
381.1 375.0
380.9 374.85
380.8 374.75
380.2 374.2
380.2 374.2
380.0 374.0
380.0 374.0
379.9 373.9
379.7 373.7
379.6 373.6
379.2 373.2

I(4p)

60
60
59.5
58
68

68
69
66
68
66

66
65
65
65

66

Nr.15

I(4d)
9.7

10.2

13.0
13.3

12.8
12.7

12.3
12.2
11.9
11.5
11.2

10.8
11.3
11.1

TaBLE 14. Photlo-electron signals of cadmium, indium, tin, antimony and
tellurium. It is frequently difficult to distinguish Sb3ds/ from oxygen 1s.

477

84
217
217
478
255
385
479
285
439
172
480
481
309

Compound Cst

CAT e oo e e [2.4],4.7
CALPACNDGL « -+ e veeeeeeeeneeen [2.2],4.9
CAFS . e et e [3],4.8
repeated ... ... i [2]1,4.3
CAO + e vttt err. [23],49
CASOL HO vt 5.0
CAg[CI(CNYgl + o vv v e eennee e eeenans [2.91,4.8
CACOZ ettt e [2.1],4.6
CAS e [3.2],4.7
CASn e e [41,5.7
[As(CgHs)alol CANCSe)q] . .o vt 4.5
TI(TOR)G - -« v v eeeeeeeeeenaeeeeee [2.01,4.8
E(SODG -« venvmeeearee e ns [2.8],5.1
CS4(INCIG)(SHTIE) - - v v e v enmnneeeeennss [2.3],4.9

1(3d32) 1(3d52)
420.0 413.3
419.8 413.0
419.2 412.4
419.7 412.9
419.65 412.8
419.6 412.8
419.6 412.8
419.5 412.7
418.75 412.0
418.5 411.7
417.5 410.7
460.9 453.3
460.7 453.1
460.2 452.7

I(4d)

19.6
19.4
19.2
19.1
19.4
19.1
19.3
19.3
18.3
17.8
17.2
26.9
26.6
25.5




42

94
201
292
482
483
442
442
484
592
485
486

73
487
488
182
318

311
309
313
485

38
354
329
355
229
109
603
299
489
490
490
591
591
598
118
491

.15
TasLE 14. (continued).
Compound Cat I (3d3/2)
(NH o[ In(FIp0)F5] . - o eeeeeeeveeeens [3.8],5.0 459.5
[Cr{NHg)g]InClg .. oovvvvrnnnnnnnnnnn.. 5.0 458.8
T0958 v vttt e e [3],4.7 458.4
Ing(SeCN(CoHs)a)g v cvvvnnnenneennnnn. 131,4.8 457.4
1 5.8 457.2
In, coherent{oxidized?)................ 5.3 456.4
CSgSIBIG « + ot evvee e [2.9],5.2 503.2
repeated ... iiiiieiiiei e, [2.01,4.8 503.9
SNHCH0 it 4.9 502.1
Nag[SnIVOH)g] »vvvvvverevirennnnne.. [3],4.5 502
SnIVy_ o SbIILShV,00. . vvvvvnvvnnnnn.. 5.4 501.0
Sn, foil, oxidized ..................... 5.0 500.8
[N(CqHg)glo[SnNCS)gl e e v e veevearannn. 5.0 500.7
SN0g. e e 5.4 500.5
SI(CEHENL + v v ot eeeire i, 5.1 499.7
CSSDV g . o oo [1.3],5.5 551.9
Csg(ShITICIEM(SbYClg) . v oo v eevene e [3.1],4.9 548.9
& 547.1
o1 R of P [2.01,5.0 548.7
Csg(InClg)(SbVClg) +ovvvvvneinn ... [2.3],4.9 548.7
Csg(SHVCIGHTIClG) + ' ovvvvnennn e [2.8],4.6 548.7
Sn9-9xSbTILSHY 00 . v vi i 5.4 547.8
& 545.7
NHgSbHIF, .oovviiii e [3.5],5.3 547.7
KISBV(OH)g] - e e vt vieieeieevinannnn 5.1 547.1
ShHIOCL . .ot [2.5],4.7 547.0
Ko[SbII,00tartrates] ..o vvonenn.... [31,4.9 546.9
Na[SbV(OH)gl - -+ v v veeeeieeee i [2.5],4.4 546.9
[Co(NHg)glSbIIClg - .oovnveiiinnen.. 4.3 545.4
NagShVS .o et ve i iiiiaeann, 4.3 545.1
SbITL(SoCN(CoH5)2)8 v v vvvvnvrennnenn.. 4.9 544.4
TeVIOH)g. oo oo e i 5.0 594.4
TelVOg. . oo 4.4 593.3
repeated (oxidized) ................... 4.7 594.3
NagTeIlVOg......oooiiiii e, 5.0 592.8
repeated ... i e, [2.8],4.8 593.5
Nag[TeVIOo(OH)g} « oo vevet i, 4.7 593.7
TelV(SoCN(CoH5))a « v vveervnvrnnnn.. 4.9 590.6
AlpTeg (oxidized to Te?) . . ...vvvvn... 5.3 587.55

I(3d5/9)
452.0
451.2
450.8
449.8
449.6
448.8
494.7
495.4
493.6
493.3
492.6
492.3
492.2
492.0
491.2
542.4
538

539.1
539.1
539
539

538.3
538
537.6
538
537.6
536.1
535.8
535.1
583.9
582.8
583.85
582.4
583.05
581.45
580.2
577.1

&

I(4d)

25.6
24.6
24.8
23.9
23.0
21.9
34.7
35.0
33.7
33.1
32.6
31.8
32.3
321
31.0
46.4
42.5
41.4
44

43.7
43.7
44

41.2
43.0
421
42.1
41.8
42.1
40.8
40.1
39.3
52.7
51.2
52,0
50.8
51.1
51.7
48.1
45.6
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TaBLE 15. Photo-electron signals of iodine. The shoulder on the 4d signal
is not indicated.

492
493
349
494
495
496
480
497
498
454
499
235
500
501
502
612
503
421
504
370
456
505
614
237
506
507
471
508
509

67
510
350
613
604
402
402
226
511
512
347
472
477
469

Compound Cst
Eu(IOg)g «vviv i [1.6],4.9
La(f0g)g- - v oo [1.7]1,5.0
KIVIIO . oo [2.8],5.3
UOg(IO0g)g « - oo vvveece i [1.4],4.7
S(I0g)g - v v v e [1.5],4.6
GA(IOS)g + v ve e [1.81,5.0
IN(TOZ)g + v v eeeev it [2.0],4.8
NA(TOZ)g -« ev e [1.7],4.7
Pr(IOg)g . . oovee i [1.7].4.6
Y(IO)g oo eine e ieiee it [2.2],4.8
Th(IOg)g -« vvvi it [2.2],4.7
NaIVilOg. oo 4.75
Hi(TO0g)ge e oo v oe e [2.6],5.0
Pb(IOg)e ...vvvnnn.. e [1.5],4.1
Ho(I0g)g - veev v [1.6],4.2
Ni(IOg)g «vvver it [2.5],4.9
Ce(I0g)g- - v v e e [1.8].4.6
Zn(I0g)g. - v [2.4],5.0
Yh(IOg)8 « e veev e [2],4.7
Ca(IOg)a. « oo [2.2],4.6
Zr(I0g)g v v v e ee e [2.1],4.6
Tm(IOg)g . v [1.9],4.3
Ba(IOg)g .o vvvvi i [1.9],4.6
NagIVHQg . oo 5.25
THOg . oo i [2.5],5.1
Er{I0g)g. . cvvvniinnanaennrnannnnnn [2],4.3
ABIOZ .« o e [2.3],4.8
Lll(IOg)g ......................... [2],4.5
Bi(IOg)g « v ceveeiie i 4.1
[CO(NHg)ﬁ]'][Cu(IVIIOG)2]3 .......... 4.7
HZ(I08)2 - o cvie v i i ce e [3.5],5.6
KIOg «cvv i e {3.2],5.3
L0 T 7 [2.3],4.4
NagH[Mn(IVIIOg)g] . oot veeeeen 4.1
00(103)2 .......................... 3.5
repeated ........... ... .. [2.4],4.5
Nal oo e [2.8],5.6
Pblg.....ooooviiiiiinn. PR [1.7],5.1
Csl. . oo [1.5],5.15
KT oo e [1.6],4.7
Aglo e [3.3],5.0
Cdlp. ..o [2.4],4.7
Pdlo . oo 5.1

1(3dg;2)
644.4
644.4
644.3
644.4
644.3
644.2
644.0
644.05
643.95
643.85
643.85
643.75
643.7
643.7
643.6
643.6
643.55
643.45
643.4
643.3
643.35
643.3
643.25
643.25
643.2
643.1
643.0
642.9
642.8
642.7
642.6
642.5
642.55
640.9
640.5
642.3
638.9
638.7
638.55
638.5
638.4
638.4
638.3

1(3d5/2)
632.9
632.85
632.8
632.8
632.75
632.65
632.5
632.5
632.4
632.3
632.3
632.25
632.2
632.1
632.05
632.05
632.0
631.9
631.9
631.8
631.8
631.75
631.7
631.65
631.6
631.6
631.5
631.4
631.3
631.2
631.1
631.0
631.0
629.5
629.0
630.75
627.3
627.15
627.0
626.9
626.9
626.8
626.75

I{4d)

63.6
63.3
63.7
63.2
63.2
63.2
62.8
62.9
63.0
62.5
62.7
63.35
62.7
62.3
62.8
62.7
62.4
62.3
62.3
61.8
62.0
62.4
62.3
62.65
61.8
61.8
62.0
61.4
61.9
61.5
62.1
61.9
60.3
61.2
57.6
58.0
57.95
57.4
56.5
58.3
58.0

I(5p)




TasLE 15. (continued).

Compound Cst I(3dgp)  I(3dgpe)  I(44) 1(5p)
34 [N(CHg)gloPtlg ..., 4.8 638.3 626.75 57.2 13
420 CuoHEIg- vt [4.3],6.1 638.2 626.7 56.7  10.1
593 BengalRosaB.................... 5.1 638.1 626.5 57.9 11
406 [NiengPLIg. . ovvrernernrnnernnns 4.8 638.0 626.45  57.0 -
453 RDI ..o e [3.1],4.8 637.9 626.3 55.6 10
53 [Nieng](AIa)s -« vvvrvernrvnennenn. [2.0],4.6 637.9 626.3 56.9 -
60 [Niengl(Culg)g ..o vvvninennnvnn. [2.2],4.6 637.7 626.2 57.0 -
348 KyBilp. .o [31,4.9 637.7 626.15 56.9 10.2
351 KoHglg .. ovoovieiiiiaa [2.4],4.6 637.6 626.1 57.3  10.6
37 [N(CqHg)gloPtIg .. oovvviniiaaannn [2],4.7 637.6 626.05 56.6 12
467 Rhlg.....ooviuiiiinneeninnnnn.. 4.5 637.55 626.0 56.56 10
513 GsBilg o vvv i e [3],5.0 637.5 626.0 57.6 10.3
513 repeated ...........iiiiiiiiiaa,, 4.5 637.9 626.4 57.1 10.7
71 [Rhdenlg] ....oovvvvniiiinanann, [2.4],4.6 637.4 625.9 56.4 (11.2)
B4 Bl o oveit et [3],5.0 637.25 625.8 57.8 -
81 [PAphenTp] vovvrerrnnneneennnns 4.9 637.2 625.7 56.2 -
75 [IN(CoHMIT « o vveeeiiiaaanneans 4.5 636.9 625.6 54.1 8
410 [Niengllp......oovvniiiiin i, [2.7],4.9 636.8 625.3 55.7 -
431 [As(CgHg)glaPtIg. ... ooovvvnnn, 4.8 636.8 625.3 56.0
327 CsolOSCIST] +vveiniaraaaaaenns 4.4 636.75 625.25 56.0 -
334 Rbocis-[OsClalo] ..ot 4.6 636.65 625.1 - -
358 KoPlIg....oiveeineinniiiinaannon, 4.6 636.5 624.9 56.3 9.6
360 Kaeis-[OsClaly] oot 4.1 636.4 624.85 55
515 T ..o e 4.85 636.25 624.75 56.26 9.7
516  Csofac-[OsClglg}. .. ..ot 3.5 636.0 624.4 56 -
114 (methylene blue)oPtlg. ............. 5.0 635.8 624.3 55.2 -
517 Csotrans-[OsCloTa] . vvvvvnereenennn.. 5.0 635.8 624.25 55.7 9
43 [N(CHg)glT. oo [2.8],4.9 635.6 624.15 54.3 9
518 Cs90slg v, 5.7 635.7 624.15 56 10.5
519 [N(CqHo)g]T. v vvvvnnvnnviaeen.. 4.7 635.1 623.6 54.6 -
345 [N(CaHg)glotrans-[0sClala). ... oo.. ... 4.2 635.1 623.55 54 -

TasLE 16. Photo-electron signals of caesinm and barium.

Compound Gst I(3C13/2) I(3d5/2) I(4d3/2) I(4d5/2) I(5p)

- Xe(@el.97). ... .. - 689.0  676.4 69.5 67.513.4,12.1
182 CsShFg.... oo, [1.5],5.1 747.7 733.8 86.8 84.6 -
182 repeated .............i.ein... [1.3],5.5 747.9 733.9 - - -

308 CsCl....ovvviiioi i, [0.4],5.2 747.8 733.8 86.8 84.7 19.6

308 repeated ............. ... ..., [0.71,5.2 747.5 733.4 87.5 85.1 19.6

512 CsI. ... il [1.5],56.15 746.85 732.75 86.0 83.7 18.75
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TaBLE 16. (continued).

Compound Cet I(3dgsm) I(3dg) I(4dg;p) I(4dspe)  I(5p)
444 CsBr... ..ottt [1.6],4.95 746.3 732.25 85.7 83.5 18.3
520 CsReOg ...vvvvevieiiviinnnn. [1.6],4.7 746.3 732.2 - 83.7 16.7
521 C8pC05 e« nnmeeeaanneneninnens [2.5],4.0  746.0  732.0 849 827 177
240 CSAISIZOR « v nveeeannrennnenns [2.5,4.7  746.05 732.0  (85.7) 83.1  18.3
309 Csy(InClg)(SbClg) ...ovvvenn.... [2.3],4.9 746.0 731.9 84.9 82.8 17.4
314 CsgPbClg ..o, [2.1],4.9 745.8 731.9 85.4 83.1 17.9
315 Cso[RR(H2O)CI5]. oo envvvennnns [2.21,49 7458  731.8  85.4 832 18
311 CsShClg «vvvviiiiiiiiinen, [2.0],5.0 745.6 731.7 85.2 83.1 -
310 CsoPtClg..ovvvivniinnnnennnn.. [1.6],4.3 745.7 731.7 - - 18
513 CSBALL vveennneeeiannnnns [31,5.0  745.6 7315 - - -
513 repeated ......... . it 4.5 745.9 731.9 85.4 83.3 18.7
313 Cs4(SbCIQTICIE) .« vvernrrnnnn. [24]4.6 7455 7315 848 826 -
18 CSUORNOG)G- « e nvvrennrnnnns. [2.8],5.1  (745.7) 7315 853 831  —
104 Csg[Co(CN)gl . vvevvvvnnnnnnenn. [2.5],4.6 745.4 731.4 84.8 82.6 18.1
442 CSoSIBIG «nveervreaneeannns. [2.9]5.2 7454 7314 8.3 830 -~
442 repeated . ..nneeeiiiieenn. [2.0L,4.8 7462 7322 856  83.4 184
466 CsoRbClg(?7). .o vviveeen s, [2.3],5.0 745.3 731.3 84.9 82.7 18
441 CSgPEBIg . vvoeeanninneinnn, 40 7453 7313 - - 176
318 Csy(SHITICIE(SHVClg) . v ''nn.. .. [3.1],4.9 7450 7311 846 824 -
522 CsaWSeq..ovvvvnnnniiniinnnns 4.7 745.1 731.1 - - -
257 C89S04. vvviivri i 4.9 744.8 730.8 84.1 81.9 17.1
390 CsMnOg......coivivnieninnns [2.7],4.7 744.8 730.8 84.4 82.2 17.3
287 C8eWSs voviiiiiiiniiiniennnn 5.2 744.7 730.7 84.4 82.4 -
23 GSNOg ... ivviiiiieii i iieenn [3.2],4.8 744.55 730.5 84.2 81.9 -
523 CS[B(CEHEM] -« rrvveenennnnn. 47 7442 7302 835 813 -
326 CsoOsClg. v oo 4.8 744.05 730.1 83.5 81.3 16.0
322 CsgliClg ..o vvvvvnneinienans 8.7 744.0 730.0 83.7 81.5 —~
322 repeated ......... .. i, 4.9 744.7 730.7 83.7 81.7 17
327 CSplOSCISI] «oennnnrannnnnns 44 7439 7209 837 815 -
448 CSg0SBrg....ovvvveevenenvnnn 3.8 743.7 729.7 83.8 81.5 —
225 CSF . iuein i eiiini e iinnans 4.1 743.5 729.5 83.0 80.7 16.3
340 Coo[OSClalal - - nvvnreenannnnn 50 7434 7294 (827) 803 -
301 CSOMOSL. < nreeeeeeeeennennn 41 74325 7293 833  81.0 -
518 CsgOslg .ovvvvviinnniiinennns 5.7 743.15 729.1 82.7 80.7 -
203 BaFg ...cviviiiinieiiinnnnn., [0.3},4.7 804.6 789.3 101.7 99.1 23.6
203 repeated ............ ... ... [0.1],4.4 804.6 789.3 101.4 98.8 23.6
249 BaSOg ..vvniiviiiiiiineaians [3.2],5.9 804.0 788.7 101.4 98.8 22,3
249 1EPEAted . nneeeer s [11],50 8043  780.0 101.3 987  23.3
258 BaSg06,2Ho0.....ov v, 4.8 803.0 787.7 100.2 97.5 21.8
381 BaCrOg .....covvmiveiniinnnnn [2.2],4.9 803.0 787.7 100.2 97.7 22.1
435 BaSeOg .c.vvvveniiiiiniannen [2.2],4.8 802.85 787.5 100.2 97.6 -
435 repeated ....... ... il [1.1],4.7 804.2 788.9 101.2 98.7 -
609 Ba(lOg)g--vvvrrvrinrnnrnrnnans [1.9],4.6 802.6 787.2 99.6 97.2 21.6
21 Ba(NOG)g« -« v e ernneeeannnnn 3151 8025  787.0 997 971 212
391 Ba(MnOglo.....coveeerirunnnnns 4.4 801.1 785.8 98.2 95.7 20.1




84
93
50
24
28
17
86
25
19

19

26

26

26

Nr.15
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TasLE 17. Photo-electron signals of lanthanum, cerium, praseodymium, neo-
dymium, samarium, europium, gadolinium, terbium and dysprosium.

Compound Cst I(3dg;q)
LaFg. ceevurneann. [0.01,4.7 (868),863.9
La(I0g)g. . «uveeenn. [1.71,5.0 863.8,860.7
Lag(SOa)3. .- vnvvn.. [2.61,5.0 863.6,860.4
Lag(CO3)3. v vvvnn--. [1.41,4.0 863.5,860.1
LaAsOg . .vvvrenn.. [2.01,4.7 863.2,859.9
LaOCl ............ [2],4.4 862.8,859.1
LaCrOg «....vvn... [2.5],4.5 862.1,858.6
LagOg, calcined. . ... [2.6],4.6 861.9,857.2
Cely, HoO: CelV.., 4.9 -
Ccelll | 913.1
repeated:  CelV.. [1.7],4.5 926.0
Celll | (921),913.0
CeOg: celV .. . [2.2],4.7 -
Celll | _ 909
repeated: CelV... [2],5.0 -
Celll (908.4)
repeated;:  CelV.. [2.2],4.8 924.2
Celll . (908.4)
Thyp.gCeg.gUg.209:
CelV . . 5.9 -
Celll | 909
Thy.eCep.15Ug.0509:
CelV...[2.2],4.8 -
CelIl | 908.7
Ceq.5U.502 6.1 908,906.1
CelV(IOg)g . ... v n. .. [1.8],4.6  912,907.3
CelV(Cr0Oyg)o: CelV. . .[2.7],4.8 923.8
Celll | 914.5,908.6
[N(CHg)4]2CeIVClg . .[2.7],4.5 910.6,906.2
[Co(NHg)g]2CelV(CO3)s]:
CelV 4.2 923.1
CellT (913),904.9
CelllFg .. ......... [0.5],4.8 (915.5),912.2
CeTlIPOy . ovvvnt.. [2.4],4.8 911.6,(910.3)
Celllo(COg)g ... ... [2.6],4.8 911.6,908.2
Cellly(SOgpg ...t .. 4.7 909.9 asym.
PrFg.....ccvvunn.. [1.5],4.9 (968.4),962.1
Pr(IOg)3. convennn.. [1.71,4.6 962.2,(957)
PrgOgf «eveevvvenn. 6.5 962.3
repeated:  PriV.,, [1.7[,4.8 979.4,(973.3)
priix | 961.8
Thg.gPrlV.109 ... .. [2.0],5.5 -
Pro(SOQ)g - - veennn. 4.2 960.8
Pro(Co0g)g - o vvvvn .. 3.7 (963.5),959.3

I(3ds2)
(851.4),847.0
847.0,843.9
846.6,843.4
846.4,843.2
846.5,843.1
845.5,842.4
845.2,841.5
844.5,840.9
907.9

(902,)894.4,(890.7) 120.6 broad

907.9
894.3,(891)
915.7,906.7
896.8,890.7
914.8,905.8
896.0,890.0
905.8
§96.3,890.1

906.4
896,890.4

915.4,906.0
896.2,890.4
895,889.8
892,887.4
905.4
895.5,889.9
892.5,(889.0)

904.9
895.2,889.4
(897.1),893.5
892.8,(890)
892.8,890.0
889.9 asym.
943.7 broad
942.1,(937)
941.6,(937.2)
(954)
941.4,(936.4)
941.2,(937.5)
940.2
938.8

I4d)

117.1,114.3
114.6,112.1
114.6,111.7
117.3,115.8
114.0,111.4
113.7,110.9
112.4,109.6

(136),132.5
120.9,(118)

119.6,116.3
(133),129.9
121.0,116.7

123,120.6,117
118.3 broad
118.4 broad

128.6
119.5,115.5
(123),119.8

119,(117)
116 broad
117.5 broad
(130),125.3
125.2
138
125.3,(122)

123.7

1(5p)

29.3 asym.

26

24.2
24.6

28.4

25.4

|

1(41)



378
206
497
429
276
534

26
207
495
535
536
194
492
254
537
259

198
496
538
251
539
540

541

542
543
544
544
380
380

80

Compound Cst
PI‘VO4 ............ 4.8
NdFg ............. [2],4.7
Nd(IOg)g .......... [1.7].4.7
NdAsOg........... [1.9],4.5
Ndo(SOg)g oo veeet [2.5},4.6
NdgOg ............ [2.1],5.1
MggNda(NOg)19, 24H0 4.6
SmFg............. [2.0],5.0
Sm(IO0g)g .......... [1.5],4.6
SmTaOg........... [1],41
SmpOg ...t [2.7],5.3
EuFg ............. [1],4.8
Eu(I0g)g . ... ...t [1.6],4.9
Eug(SOg ... .o v ... [2.5],4.5
EugOg............. [1.6],4.5
EullS04. ... onnn [2.4],4.4
(and EuTILy ... ...,
GdFg .......... ... [0.8],4.4
Gd(I0g)g -+« v v eeen-n [1.8],5.0
GdTaOg ........... [3.2],5.0
Gda(SOg)g -« vvvnn [2.5],4.8
GdgOg........o.... [2],4.0
ThIVOg. .o vevinne .. [2.3],5.4
(and THIIL) . ... .. ..
Tba0y: ThiV | [2.5],5.1
TbI
Th(OH)3 «......... [2.5],5.1
TbhClg. ............ 4.5
Dy203 ............ 3.3
repeated .......... [1.1],4.3
DyVOg......oo... 3.4
repeated .......... [1.8),4.2

TaBLE 17. (continued).

I(3d5/9)
937 broad
990.3 asym.
990.8,(988.5)
990.0,(986)
990.0,(985)
989.8,(985)
088.8,(984)

I(3dg2)

953.3
1013.2,(1005)
1013.4,(1010.3)
1012.6,(1008)
1012.7,(1009)
1012.4 asym.
1011.3,(1005)
(1122),1118.5

1118.6

1117.3
(1121),1117.6
(1177),1173.6

1172.6

1171.5

1171.0

1160.6

& 1171.7

1229.0

1229

1227.7

1227.8

1227.3

1296

& 1284.5

1283.9

1284.0

1283.2

1342.5

1340.2

1091.6
1091.4
1090.4
1090.3

(1146),1143.8

1143.0
1141.8
1141.3
1130.8
& 1141.4
1196.6
1195.3
1194.9
1194.8
1193.0
1260.0
& 1249.4
1249.1
1248.9
1248.1

1303.6

1301.7

asym.

I(4d)

130.8
130.5
130.3
130.3
129.2
143.2 broad

144,140
141.3 broad
151.6,146.3
149.8,144.4
148.8,143.6

135

& 141
157.9,152.5

157,151.6
156.4,151.4
156.2,150.9
154.6,149.3

173,166.2

158.4

158

163.3 broad

164.3 broad

163.2 broad
163,161

Nr. 15

I(5p) I(41)
- (11)
28.5 (17),14.9
27.9 (16.5),13.5
28 (16),13.2
28 (16.6),13.4
- (15.8),14.1
- (14)

- (16),13.5
32 (16),13.7
30.8 17.5

- (17.6)
- 16.0
29 14.9
17.97 8.9

— 17.9°
32.0 18.9
(31) 17.4

- 17.5

- 15.6

- 27.8

- 18,(12)
- 27.0

- 17.2,11.1
31.3 18.1,(11.5)
30.8 17.7,11.0

36 16.8,(13.8),(1%
37 17.9,14.7,(12.

- 16.9,(12.0)

TasLE 18. Photo-electron signals of holmium, erbium, thulium, ytterbium

and lutetium.
I(4d)

(172),170.4

Compound

Cst

§

(174),
plateau + 178.8

169.4

I(5p)
32
34.4

plateau + 177.1 -

I(41)

17.8,(15.4),(13)
16.9,(13)
18.7,(15.7)
17.5,(16),(13.8)




Nr. 15

Compound

546 Brp0g..ooevvrinaeaann
505
547
547
205
504
548
549
550
266
430
376
375
551
606
606
508
552

Y])szgO';
Yho(SOg)g «vvvvvvervnnnn

YhaOg
LuFg

TmgOg .o viee e

YbFg oovviiii e

TasLE 18. (continued).

Cst I(44) I(5p)
.. [1.6},4.7 plateau + 177 34
.. [1.9],4.3 plateau + 185.1 -

. [2.3],5.1 (187),184.5 34

. [1.6),4.2 197,184.2 40.8,33.4

. [2.2],4.7  216,209,202,194.7 35.4
.. [21,4.7  214,207.3,199.2,193.9 -

. [1.9],4.7 207,(200),193.3 -
.. [2.5},4.3 205,198,193.0 -
.. [2.2],4.7 208,200,193.1 -
.. 4.2 206,(199),192.4 33

. [2.5],4.2 205,199,192.4 33
.. [2.81,4.9 205,199,192.2 39.9,33.5
.. 4.6 205,199,191.4 32.7

. 3.8 (210),203.3,(196),189.2 33.1

. [0.3],5.5 218.6,208.7 38.5
.. [0.41,4.9 217.6,207.6 44.9,37.8

. [2],4.5 214.8,204.8 -
.. [2.714.8 213.9,203.9 35.0

I(4f)

17,5,(14)
17.2,(13.8)
17.7,(13.6)
16.9,(13.4)
20.5,16.7
(20),16.0
19.4,15.7
19.1,15.1
18.7,15.0
18.4,14.6
(18.8),14.6
18.2,14.3
17.5,13.7
(17.6),13.6
20.5

19.7

16.8

16.0

81

TaBLE 19. Photo-electron signals of the elements hafnium to uranium. It is
often to difficult to detect Redds;s and Os4d because of coincidences with Cls.

Compound Cat

KoHIFg. .cvoverinen... [2.7],5.0
HE(I0g3)g -+ oo vvinieens [2.6],5.0
HfQg - oovviiiiiana [2.2],4.5
YboHfoOrp ... vvlt [2.2],4.7
Hi(CgH5CHOHCO9)4 . . . - 5.0
Hf, powder, oxidized. . .. 5.0
KoTaFyp .. ..ooooioint. [3.1],4.5
GATa04 ..o veeveevvnn [3.2],5.0
TaFs. .. 0 oeerenann. . 5.3
YbTaOg. . cevvviininn. [1.9],4.7
SmTaOg......oovvunt. [11,3.9
TaCG (oxidized?) ........ [2.8],5.1
TauOg . cver i nnnns [2.8],4.9
TlgTaSg oo vvvvvvenn.. 4.8
TlgTaSeq ..o oovvnnnn 4.3
Ta, powder, oxidized. ... 4.7
Ybho(WOpg - vt 4.3
NagWOg. .o ooinenvnn.. [3.4],5.6

1(4d3;2) I(4ds2)
232.9 222.4
232.6 221.9
231.5 220.8
231.4 220.7
230.2 219.5
- 220
250.7 239.2
250.6 239.1
250.2 238.7
250.1 238.3
249.2 237.6
248.8 237.4
248.6 237.1
247.8 236.2
248.7 237.3
267.1 254.6
267.3 254.6

Mat. Fys, Medd. Dan. Vid. Selsk. 88, no. 15.

I(4152)

(27.5)
(27.3)
(26.1)
(24.9)
(37.5)
(37.0)
(36.6)
36.3
35.6
(35.6)
35.1
35
(85.3)
45.1
44.7

I(4t7;2)
26.0
25.6
25.0
24.4
23.2
23.6
35.7
35.4
34.8
34.6
33.8
33.6
33.3
33.2
32.8
334
43.2
42.9

I(5d)



82

Compound Cat

TIoWOg ......0vv v [2.9]4.8
[Co engClal3(PW)ja04p) - - - 4.0
HgPWiaOgp. o vvvenn... 4.0
CsoWSg o ovvvvin 5.2
TIoWSs. . oot 4.5
W, powder, oxidized .. .. 4.5
CsReOg «.covveennn.... [1.6],4.7
TIReOs .ovvvvn.. .. [2.6],5.1
AgReOg...covviinun 4.7
KReOg...oovvvvnnnnnn, [2],3.7
methylene blue (ReQy) .. 4.5
[As(CgHp)g|ReOy. . ... ... 3.9
KzReCI(,- ............... 3.7
KoReBrg .............. 4.8
[N(CHg)a]ReSg ..o 4.4
[N(CHg)4]oReBrg ....... 4.6
[AS(C6H5)4]2RBC]6 ....... 4.9
K[{OsVIIONT ... ..... [2.1],4.4
[As(CgH5)4][0sVIIIO4N]. 4.2
KofOsVIOo(OMH)y] . ... ... 4.8
Csg0sIVCIg. ...ttt 4.8
Cso[OsIVCI5T] ... ..... 4.4
Cse0sVBrg ............ 3.8
Ka0sTVQlg . ..o ooial 3.8
repeated ....... ... ... 5.0
[N(CgI‘I5)4]2()SIvC16 ..... 5.2
Rbaeis-[OsTVCLTp] ... ... 4.6
Cog[OsTH{CN)g] .. ....... 5.0
Nig[OsII(CN)g] .. ....... 5.2
TloOsIVBrg ..........0 6.0
[N(C4I'Ig)4]ZOSNBI‘6 ..... 5.1

[N(CqHp)alotrans-[OsIVClylp] 4.2
[As(CgHg)q]3[OsTLI(SCN)g] 4.6

CsgOsTVIg. ... ... oL, 5.7
Csgtrans-[OsTVClaIy] .. ... 5.0
FE4[OSII(CN)6]3 ........ 4.6
CsoIrIVelg ... 4.9
Cug[ LI CN)gle, 11HZ0 . 4.5
K[IVpyCls].oooovvnne. 4.7
NagIrlVQlg. ............ 4.6
repeated .............. 4.7
[ODNHg)5ClCl ... ... 4.4
KoIrlVBrg . ooovveeenn. 4.7

[N(CHg)4leIrIVClg. . . .... 4.4

TaBLE 19. (continued).

1(4dg) I(4d5/9)
266.7 254.1
265 252.8
265 252.6
264.2 251.7
265.6 253.1
287 273.7
286 273.2
286 272.6
286.2 272.5
284 270.3
284 272
282.9 268.7
- 269.0
280 267.6
~ 267.8
- 267
- 286
301.6 -
- 286.3
— 287
3004 285
301.0 285
301 285
- 284.9
321 306
320 305.4
319.5 303.7
- 303.7
319 304
319.5 303.7
- 303.9

I(415/9)
44.2
44.7
43.0
42.7
41.5
43.2
56.5
56.1

(55.5)
55.1
53.1

(53.0)
51.5
51.4

(50.8)
50.4
501
66.2
63.9
63.2
62.4
62.2
61.8
61.6
62.8
62.4
61.1
60.6
60.6
60.7
60.3
60.0
59.8
59.8
59.6
58.4
73.5
72.9
71.9
71.2
71.6
71.5
71.1
71.3

I{dty )
42.7
42.7
41.1
40.9
39.5
41.3
54.3
53.9
53.4
52.9
50.7
50.6
49.1
49.0
48.2
47.9
47.9
63.7
61.3
60.7
59.8
59.2
59.1
58.9
59.9
58.6
58
57.9
57.9
57.9
57.h
57.5
57.1
57
56.5
55.8
70.7
70.0
68.9
68.6
68.9
68.65
68.6
68.5

Nr. 15

I(5a;

9.6
9.8

10.8,(8.1

10.8,(8.
9.1,(7.
9.0

8.8
8.5

9.2
8.7




TP R S ST R SO SO N S . IS B R

Nr.15

Compnund Cgt

[BESREY 77012 [of 4.7
[TrI(S(CoHE)2)3Cls] - . . - . 5.2
[N(CH3) ] s[ IrIII(SCN)g] . 4.4
[N(CqHg)qls T IC. . . . .. 4.4
[As(CgHz)gla[ IrTT(SeCN)g] 41
IS, P(OCsH)9)3 - - . - 4.5
CsthCIG ............... [1.6],4.3
RboPtClg. . .vvevernnn., [2.5],5.0
CSthBl‘G .............. [1],4 0
KoPtClg. . ovvvvvnnn.n. [3],4.6
[Pt den Cl3]ClO4 ... ..... 4.5
KoPtBrg. . oovoveennn.. 2.6
repeated .............. 5.0
[N{CHg3)3CHaCgHz]aPtClg 4.6
TIGPLClg. v vveeeeeannnn 2.8
(NHoPtClg «ovvvennnn, 3.3
repeated .............. 4.8
[N(CHg)4]oPtIg . .o ouv. .. [21,4.8
Ko[PL(SeCN)g] -........ [2.71,4.8
[Nieng|Ptlg............ 4.8
[N(CaHs)g]oPtBrg . ...... 4.6
K[PH(SCN)G] «vevnnnnn 4.8
[As(CgHg)aloPtlg ... ... .. 4.8
[C1pHgoNo]a[PH{Ng)g] - - . . 5.3
KoPtHCly oovvvvnnnn, 4.4
[Ni eng][PLIHCN)4] ... .. 4.1
[PtIN(S(CsHg)0)oCla] - ...« 5.0
[N(CqHg)4]oPtIg . ... 4.7
KoPtlg v veeonnnunnnn 4.6
[PUII(NHg) | [PLICL]. . . . 4.0
(methylene blue)o(Ptlg). . 5.0
[N(CqHg)a]loPtIICly .. .... 5.3
Pt,foil ...oovviennnnn. 5.7
AeCly o ovviieann. 4.4
KAWIC, . ... ..., 3.2
KAullICl,, 11 later ..... 3.2
KAullIBr (4 Auly...... 3.4
[N(CH3)g][ Al CN)gBro] 5.3
[N(C4Hg)4JAuICly . ... . 5.2
Nag[AuI(S305)2] v+ vn.. 4.8
[N(CqHg)4]Au By . .. .. 4.9
[Co(NHz)el[Aul(S203)e] - - 4.4
KAWI(CN)o] - v vvvaens 4.5
[As(CeH5)a][AuTII(SeCN)y,] 4.8

TaeLE 19. (continued).

I(4dg)9) I(4d59) 1(af5,9)
319.3 303.8 71.15
- 303 70.5
318 301.4 70.3
- - 69.8
316 299 69.8
318.1 302.3 69.8
- - (86.3)
- - 86.5
- - (85)
342.0 325.0 85.25
340.4 323.3 84.5
340.0 323.2 83.7
341.2 324.3 84.6
- - 84.2
341.6 323.0 84.2
340.9 323.7 84.15
340.8 324.0 84.4
- 323 84.1
340 323.4 83.9
- - 83.8
- - 83.6
339.6 322.5 83.1
- 323 83.2
338 321 83.0
339.2 - 82.6
339.5 322.1 82.4
338.6 321.6 81.9
- - 81.9
338 321.5 81.2
338.3 321.2 81.55
- - 81.1
338 320.2 80.9
337.3 320.3 80.1
361.8 343.6 97.9
- 344.4 97.4
- - 97.2
- - (97.6),95.1
362 343.4 96.7
360.8 342.8 96.8
361.1 343.1 96.35
360.7 342.4 95.8
360.0 342.3 95.0
360.1 342.0 94.9
359 342.0 94.5

83
I(4t7/2) I(5d)
68.2 8.5
67.5 -
67.4 -
67.1 -
67.0 —
66.85 -
83.5 12.4
83.25 12.1
82.8 11.5
82.0 10.9
814 -
80.4 9.8
81.3 10.5
81.0 © 9.2
81.0 10.0
80.9 9.6
81.1 10.0
80.8 10.4
80.6 10
80.5 -
80.4 9.3
80.0 10.9,(9)
80.0 —
79.8 -
79.4 9.4
79.3 -
78.7 -
78.7 9.5
78.4 9.6
78.25 -
77.9 8.2
77.7 8.3
76.8 10.1
94.6,92.0 11.8
93.85 -
93.8,(91.2) .
(93.5),91.8 9.8
93.3 -
93.4 -
92.8 -
92.4(90) -
91.4 -~
91.2 10.5
90.9 -



284
599
566

567
567
610
611
510
351
420
163
155
187
562
506
262
313
559
460
568
286
569
280
383
449
288
458
438
295
570
515
338
440
341
451
571
571

84 Nr. 15

TaBLE 19. (continued).

Compound Cst  I(4dgp) I(4d5,9) I(4t5,9) I(487/9) 1(5d)
AulSoCHRCOH ... ..., 3.9  359.6 341.8 94.45 90.8 -
Nag[AuL(SOg)o] ... .. ... 54  359.4 341.3 94.4 90.8 10.7
Au,powder............ 54 3581 339.9 92.2 88.55 10.8,8.0
Au, powder (BaS04+ ThFy)

[1.71,4.8 - 3421 95.2 91.3 -
6 MgFy: 2Au: TlpO3..... 5.6 - - 92.6 88.8 -
16 MgFg: 2Au: TlyOg ... [21,42 = - - 94.5 90.9 -~
2BaS04: 2Au: TlpOg: 2ThF,

[1.0],4.8 - - - 92.9 -
HgO. ..o [3.2],5.5  386.4 367.1 112.6 108.55 -
repeated .............. [2.5],4.8  386.4 367.0 112.3 108.25 (17.7),16.3
HgFo..oovvvennienn... [2.5],4.5  386.3 366.8 112.55 108.5 17.7,16.3
(Hgo)CrOg. .ot e [1.8],4.0  386.2 366.8 112.25 108.2 (17.9),16.5
Hg(T03)g v v vvoeveannn [3.5],5.6  386.1 366.6 111.95 107.9 (17.6),16.2
KoHglg oovovieinninn.. 4.6 385 366.2 111.85 107.8 -
CugHgIg. o vveeenen [4.3]1,6.1 386 366.7 111.9 107.8 -
Kao[Hg(SCN)gl e« o v v et 50 384 365.2 110.85 106.75 -
Co(NCS)gHE .....ovun 4.7 3844 364.9 110.6 106.55 -
1 e [2.6],5.2 ~ - 131.6 127.2 (24.2),22.0
TIReOg «ooovveeenn [2.6]1,5.1  414.5 393.7 131.45 127.0 23.9,21.8
TIHOZ . o oveeeeeennn.. [2.5],5.1 - - 131.4 126.95 23.9,21.7
TIoSOg c o evveienannn 5.1 - - 131.15 126.7 23.6,21.4
Csa(SbClg}(THIICIE) .. ... [2.3],4.6 - 130.9 126.45 (23.6),21.4
TIoWOg « o vveeeeeee .. [2.9],4.8 - - 130.8 126.35 (23.4),21.1
TloMoOg. o vvvveee [2.6],4.8  413.3 392.0 130.4 125.95 (23.1),20.8
TIgCOZ . +vvvveeeannn [2.41,4.7  413.7 392.8 130.35 125.9 (22.8),20.7
Tlp[MoOsSa] « ot . .. 47 4133 - 130.1 125.65 (23),20.4
Tlo[WO02Sa] o'vvvvv.n 4.5 - - 130.05 125.65 (22.7),20.5
TIaTaSg oo oevveeennnn. 4.8 - - 130.05 125.6 (22.8),20.8
TIgCIOg - v v evieeannns 4.5 - - 129.95 125.55 (22.8),20.4
TIBE ..ot iiiaannnn, 4.6 - -~ 129.9 125.45 22.2,20.1
TlgMOSg « «eveee e 4.4 4125 - 129.75 125.3 (22.5),20.2
TIgNDSg . o veeeeaen s, 4.8 - - 129.7 125.25 (22.3),20.1
TIgNbSeg . «.ovevnnenn. 4.7 - - 129.7 125.25 (23),20.3
TloWSqe oo 4.5 - - 129.6 125.15 21.8,19.5
TUB(CgHs)a] -+ vvovenn 5.0  412.9 392.0 129.55 125.1 22.1,19.8
TIL coee e 4.85  412.1 391.5 129.4 125.05 23.4,20.4
TIePtClg. ..o vvveeenn... 2.8 4120 391.0 129.15 124.7 19.7
TigTaSegq .. oooveveennn.. 4.3 - - 129.1 124.65 (22.2),19.9
[Co(NH3)g| TUTICY,. .. ... 3.7 - - 129.0 124.6 -
TloOSBrg -+ e vvvvivennnn 6.0 - - 128.75 124.4 21.1,19.1
THIG08. o 4.4 - - 127.35 123.0 -
repeated .............. 5.4  410.9 390.0 127.05 122.7 20,18.0

6MgFo: 2Au: TlhOg .. .. 5.6 - - 127.2 122.85 -

16MgFg: 2Au: TlpOg . ... [2],4.2 - - 129.4 125.0 -
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80
14
13
13
81
18
46
29
15
39
32
33

37
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Compound Cgt
2BaS0y: 2Au: TlpOg: 2ThF,
[1.0],4.8
Ph(NOg)g- -« cvovneevnn. [2.8],5.3
CsoPbIVClg .. ... [2.1],4.9
Pb(IOg)e <o [1.5],4.1
Pbhlg...covviiininnnn [1.7],5.1
PbSOg « o vveeiiinnn 4.5
PHClg. o ovovae e [2.5],4.6
PbBry.......covii.n. [2.7],4.9
PbFg <o, [3],4.8
Pb3(OH)3(CHgCOg)3- - . . . 5.2
[Co ensCla]loPbTV (g . . . .. [3.01,5.0
Pb(CHgCOg)2, 2H0 . . . . . 4.9
PbCOg ... cvveeii 3.2
PhS .. 4.2
[As(CgHg)aloPbIVCg. . . . . 4.8
PbO . .oiiiii 3.3
Pb(SoCN(CaHs)o)o . - - - - -« 4.2
PHILPBIVO,y . ..ooLl L 3.6
PbCrOg ...covviviinnn. 3.3
Ph(SeP(OCaH5)2)2. - . - - .. 4.8
PbOg «vvviiiinnnn 4.4
repeated .............. 5.0
BiFg .o vooeieneinanns [3.3],5.4
BilllIBiVOy ............ [2.3],4.8
Bi(IOg)g . covcevvnn 4.1
BigTigO7. . ...t [2.3],4.7
BigO8 « v veverennrnnnnn. [2.1],4.7
NaBiVOg -.ooovevvnnn.. 4.55
Bilg ... [3],5.0
CsBilg ..o [3],5.0
repeated .............. 4.5
BiOL.................. [2},5.05
KygBily. oovvionnt [31.4.9
[Co(NHg)s|BiClg . . ...... 3.6
ThFg oo [1.31,4.9
Th{CoOy)g - ----vvvvnn. [1.9],4.6
Th(IO0g)g -+ vvvviinnn. [2.2],4.7
Thg.95Up-0502 - - - ..o vt [2.3],6.4
ThOg «vvvvinine. [1.0],4.6
[Co(NHg)gla[ Th(COg)s] - - -[2.3],4.2
Thg.gCeg.oUp.202. . ... ... [2.8],56.9
Tho.gpro.loz ........... [2 0],5 5
Thacag ............... [2.3],4.3

Thy.5Eup.501.75 o oo . [2.3],5.8

TasLE 19. (continued).

I(4dg9)

I(4dgs2)

I(4f59)

131.1
152.1
151.95
151.85
151.7
150.95
151.0
150.85
150.75
150.8
150.7
150.0
149.8
149.85
149.2
149.0
148.9
148.8
148.6
148.2
147.2
148.0
173.1
172.5
172.3
172.2
172.2
171.8
171.8
171.6
171.4
171.3
170.2
354.75
353.45
352.85
352.35
352.0
351.8
351.4
351.1
351.1
351.1

I(417,9)

126.7
147.2
147.1
146.95
146.75
146.1
146.1
145.95
145.9
145.85
145.85
145.1
145.0
145.0
144.25
144.15
144.0
143.9
143.75
143.3
142.4
143.1
167.8
167.15
166.95
166.9
166.85
166.5
166.5
166.3
166.1
166.0
164.9
345.4
344.1
343.5
343.0
342.65
342.45
3421
341.8
341.75
341.75

1(5d)

30.9,28.3
30.5,27.8
30.6,28.0
30.4,28.0
29.8,27.2
29.3,26.8
29.4,26.9
29.6,27.1

- 272
29.4,26.7
28.9,26.3

28.9,26.3
- ,25.2

26.6,24.2
27,25.0
(26.5),24.3
27,24 4
37.6,34.7
37.3,34.4
36.7,33.9
36.9,34.0
36.8,33.8
(36.8),33.7
(36.5),33.7
36.4,33.3
35.8,32.9
35,31.9
104.15,97.3
103.1,96.2
102.4,95.55
101.5,94.5

100.8,94.0
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TasLE 19. (continued).

Compound Cot  I(4dge) 1(4ds5,s) I(415p9) I(4f7)9) 1(5d)
586 Thg.gCep-1Ug102. . v .. [2.6],4.8 — - 351.0 341.7 -
528 Thy.gCeq.15U0.0502 .- . . .. [2.2],4.8 720.3 682.4 351.0 341.7 100.8,93.9
607 Th(NOg)s,5H0O ........ 4.4 720.3 682.8 351.0 341.65 100.3,93.6
617 Th(CgHzCHOIMCO), . .- 4.3 719.7 682.4 350.85 341.5 100.4,93.5
587 Th, powder, oxidized....[2.3],5.7 - - 352.0 342.7 —
494 UQx(IO03z)g - - vvvvvvvnn. [1.4],4.7 791.1 748.8 401.7 (394),390.8 115.2,106.9
18 CsUOg(NOg)3. .- ..o vvn. [2.8],5.1 790.3 746 (405),401.2  (394),390.4 - ,106.6
242 Cu(UOg)o(PO4q)o --.-.... [2.0],4.6 790.8 747.9 400.9 390.0 114.7,106.3
20 RbUOo(NOg)z .« vvvvnn- [2.7],4.8 790.0 747.4 (404),400.6  (393),389.7 -
230 NaZn(UOg)g(CH3CO9)g . .[2.5],4.6 790 747.8 400.4 389.6 114.0,105.5
218 KoUIVFg .....oovvenen. [2.4],4.9 790 asym. 747.5 407.3,400.4 396.7,389.5 -
238 NaMg(UO9)3(CH3CO2)g . . [3],4.4 789.5 747.4 400.4 (393),389.5 114.2,105.4
422  Zn(UQ0g)9(CH3CO9)g . « . . .[3.7],5.6 - -~ 400.2 389.4 -
528 Thg.gCepa5Ug.0502 - -« - .- [2.2],4.8 - - 400.1 389.2 -
527 Thy.¢Ceq.oUp.202........ [2.8],5.9 - - 400.05 389.15 -
588 (NHpgUOp.... ...l 4.7 789.0 747.1 399.9 389.05 -
529 Cep5Up509 .. vvvinvnn 6.1 - - 399.5 (397),388.8 -
268 U09S04,3H20 ......... 5.1 789.4 746.9 399.6 388.8 113.3,104.8
252 U(SO4q)9,4Hs0 ......... [2.5],4.8 789 747.0 405,399.5  393.8,388.7 113,107,104.8
252 repeated .............. 4.8 (795),789.7 (752.4),747.0 405.2,398.9 393.9,389.0 113.4,108,105.-
22 UO9(NOg)g 6H0 ....... 4.0 790 746.8 399.5 (392),388.65 113,105.0
586 ThD.SCeo.on.loz ........ [2.6],4.8 -~ - 399.5 388.6 -
589 UWYVOg ...l 3.6 787.9 745.4 398.1 387.3 -
590 UgOg....cvvvvivinnnn.. 4.1 (794),787.5 (750.7),745.3 398.0 387.2 -
248 [P(Cglls)gH]2UIVCl. . ... 4.6 787 746.2 396.6 386.0 -

TasLe 20. Various weak photo-electron signals from 22 selected compounds.

Compound Cet
403 MEO . e [0.41,40 I(025) = 20.6 I(O2p) = 14
388 CrQOZ + e nnnenenns 42 I(02s) = 28.3 I(02p) = 11.5 I(Cr3d) = 8.2
305 Fen08..connereeiinen.. 4.4 1(02s) = 28.4 1(02p), I(Fe3d) = 13.6, 10.6
304 KCIOg -vvvivviiiaann, 4.8 I(Cl2s) = 285.3
321 KCL oo, [2.3],4.8 I(C12s) = 276.7 I(CI3s) = (22.1)
320 KoPtClg. . ovvveennnrennn [3],4.6  I(Cl2s) = 276.4
324 KgO0sClg..ooovnnvana.. 5.0 I(Cl2s) = 276.2
201 CaFg.......vieveennnnnn, [1.3],4.5 I(Ca2s) = 448.0 I(Ca3s) = 52.5
370 CaIOR)g .- eevererrnannnns [2.2]1,4.6 I(Ca2s) = 446.4
306 [Vureagl(ClOgg. - -« nvevn-- 5.4 1(02s) = 31.8 I(V3d) = 11.1
381 BACIOL «vreeernnnnneann, [2.2],4.9 I(Cr2s) = 708.5 I(02s) = 30.1
216 Ko[Cr(HoO)Fs] «ovvvvnn. .. [1.7,4.9 I(Cr2s) = 707.2 broad I(Cr3s) — 88.6, 84.3

86 NH[Cr(NHg)g(NCS)4] ... ... [3.71,5.2 I(Cr2s) = 706.6, 703.2
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TasLE 20. (continued).

Compound Cqt
188 CoFg..iiivernnnnnnnnnns [1.1],5.4
221 NiFg, 4Hg0 . ....vvvvvnnn [2.6],4.7
197 SrFg....ooiiiiiii it [1.2],5.0
217 CdFg..cvviuiircnnnenneennns [2],4.3
203 BaFg ...ovvviinnnenniaan [0.1],4.4
566 Au,powder............... 5.4
199 ThFg cvivninviiniiinnan, [1.3],4.9
583 ThOg vevevvrnniieniannns [1.0],4.6
252 U(S04)2, 4Hg0 ............ [2.5],4.8

I(Co3s) = 118.2,113.4

I(Ni3s) = 120.0, 117.2

I(Sr3s) = 367.0 I(Srds) = 47.2

I(Cd3p3/2) = 625.8 I(Cd4p) = 76.5 broad

I(Ba3pg/)=1071.6 I(Ba4s)=261.8 I[(Badpg;s)=187.4

I(Auds) = 761.4 I(Audpge) = 751.2 I(Aubpg)9) = 61

I(Thdpg/e) = 977 broad I(Thépge) = 27.2

I(Thipg) = 979.3 I(02s) = 31.3 I(Thépgp) = 24.3
I(02p) = 13.3

I(02s) = 31.6 I(UbL) = 10.1

TaLE 21. Comparison of I’ Values (corrected for charging effects) with the
calculated values I aie from atomic ionization energies and Madelung poten-
tials. 9 is defined in the text the distance between the two carbon 1s signals.

o  Iran Ioare I'(X) Icate I-4.38
01 2.8,3.7  60.7 63.12  12.85 1292  10.8,11.8
NaF . it 4.2 35.5 36.43  12.8 14.26 12.0
NaCl..ooive i iieens 2.2 35.6 38.37  10.0 12.53 7.4
NaBI cooi i 2.4 35.3 39.84 9.0 11.81 6.6
Nal coveiiiiiieiiei s 2.8 35.6 39.52 8.4 10.83 6.4
2 2.4 21.7 2220 115 12.82 9.2
1204 2.5 21.4 23.63 9.4 11.60 7.1
24 =3 1.5 21.8 23.98 9.2 11.00 5.9
2 3.1 21.7 24.51 7.9 10.17 6.2
BBCL evviiit i 24 19.0 19.64 9.5 11.25 7.1
2 11) =7 SN 2.4 18.5 19.97 8.9 10.87 6.5
21+ 1.7 18.8 20.43 8.3 9.91 5.2
7104 4.8,4.5  15.0 18.0 9.0 10.7 8.6,9.0
(073 T 3.35  15.0 18.27 8.7 10.2 7.2
673 S 3.65 151 18.7 8.1 9.5 6.9
MEO . eventiii i, 3.6 54.1 56.24 9 - -
CaFg it iiiannnies 2.75,3.2  30.6 3556  13.3 18.75  11.3,11.5
SIFD e ene et '3.8,3.8  25.0 29.3 13.3 17.70  12.2,12.3
2 2 44,43 193 28.0 11.9 16.93  11.5,11.4
ZNS o 24 15.6 19.72 - -~ -
(0750 T 2.6 16.8 16.04 - - -
CAS tovv i 1.5 16.8 18.78 - - -
AgBr ..o 1.9 10.0 14.77 - - -
CAFg ittt 1.8 17.4 22.0 11.9 18.9 8.9

HgFo..oovviiii it 2.0 14.3 19.1 - - -
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TasLe 22. I' of fluorine and potassium compounds. Sometimes, two inde-
pendent determinations have been performed.

MgFy .......

KoHiFg. .. ..

I'(F1s)

692.5,692.2 CoFgy
Cqu, 2H2,0 .

[Zn(H20)g]SiFg
691.4,691.1 (NHg)o[ In(¥20)F5]
691.1,690.9

692.2
692.1

690.9

690.7,690.7 SmFg

690.7
690.7
690.7
690.7
690.6
690.5
690.4

690.0,690.4 KoUFg
690.4,690.0 Baly
Ks[Cr(Ho0)Fs]

690.3
690.3
690.3
690.2
690.1
690.1

690.3,690.0

690.0
690.0
690.0
690.0
690.0
689.8

KoGeFg.....

689.9,689.7 KoHfFg . .. ..

KoTiFg . ... .

689.6,689.3 KoPtClg . .. . .
689.6,689.1 KBr........
I{gTaFr; .....
KIOg.......
KIOg.......
689.0,688.8 KoHgly . .. ..

KI.........

KCl........
687.9,687.6 KoHAsO, . . .

K[OsO3N] ..
KaPt(SeCN)g
KAg(CN),. ..

Ko[Cr(Hg0)Fs5)

KSeCN ... ..

Ka[Ru(NO)Cls]

3.0,2.8

2.0
2.3
2.1
1.6
1.5
1.4
2.1
2.5
2.2
2.4
3.1
2.5
1.7
2.5
3.2
2.3
21
1.8
1.7
3.2
1.7
3.3

T (K2pg )
299.5,209.2
299.2
299.0
298.8,298.8
298.6
298.6
298.5,298.5
298.5
298.5
298.4
298.3
298.3
298.2
298.1
298.0
298.0
297.9
297.9
297.8
297.8
207.8
297.7
297.7
297.7
297.5
297.3
297.1
296.5
296.1
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TasLE 23. I'(4f) of compounds of lanthanides, hafnium and tantalum.

a  I'4f) o I
PrFg............... 3.4 10.3,(8.6) ErFyg ....... ... ... 3.5 15.2,(12.2)
NdFg .............. 2.7 12.2 Er(10g)3 ........... 2.3 15.2,(14),(11.5)
NAASOg4 . ....vvnns. 2.6 10.9 ErgOg.............. 3.2 14.4,(11)
Ndo(8Ogg -« -vvovnn 2.1 11.1 Tm(IO0g)g........... 2.4 14.8,(11.4)
NdgOg .ol 3.0 10.4 TmpOg............. 2.8 14.9,(10.8)
SmFgz.............. 3.0 11.1 YbFg....oovoonn... 2.5 18.0,14.2
SmoOg -...vin 2.6 11 Yb(IOg)g........... 2.7 17,13.3
EuFg .............. 3.8 13.7 Ybao(WOpz ..., 1.8 17.3,13.3
Eug(SOg)g ... .ooovt. 2.0 14 YbTaOg ........... 2.8 (16.6),12.9
EugOs.............. 2.9 12.0 YbAsOg. ... oL 1.7 (17),12.9
BuSOygq ............. 2.0 6.9 YhoHfigO7 .. ........ 2.5 (16),12.5
GdTaOg............ 1.8 15.6 YbVOyg ..ol 2.1 16.1,12.2
GaFg .............. 3.6 15.3 LuFg.............. 5.2,4.515.3,15.2
Gda(SOgg . oo ovvn. . 2.3 15.2 Lu(IOg)g . .......... 2.5 14.3
GdpOg.............. 2.0 13.6 LugOg ............. 2.1 13.9
ThOg .. ..ol 3.1 24.7 KoHfFg............ 2.3 (25.2),23.7
ThyOq ... 2.6 24.4,14.6,8.5 HEf(I08)4 - .-« oovn . 2.4 (24.9),23.2
Th(OH)z ........... 2.6 15.5,8.9 HiOg .............. 2.3 22.7 i
DyoOgz ... vvviien. e 3.2 14.7,11.5,(9.1) YboHfoOrp .. ... ... 2.5 (23.6),21.9
DyVOg......oin.. 24 14.5,(9.6) KoTaFy............ 1.4 (36),34.3
Ho(10g)g . .......... 2.6 15.2,(12.8),(10.5) YbTaOgq ........... 2.8 (33.6),31.8
HosOg .ol 2.6 14.3,(10.6) TagO5 ............. 2.1 (33.0),31.2
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