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H3znoxcen 6 pazsumuu enympenuuii Igppexm IlImapka, npumeHneHHblil 0711 OnpeodeeHus
nomenuyuanoe uonuzayuu (3B, £0,017): 5,422 — SrOH, 5,257 — SrF, 5,523 — SrCl, 5,581 — SrBr,
5,661 — SrJ, 5,525 — CaF, 5,873 — CaCl, suepzuit ouccouuayuu (kIoc/monn) 582+6 (Sr'-F),
430,8+2,1 (Sr*-OH) u noaspuszyemocmeit kamuona Sr* 6 smux uonnwix coedunenusx 1,117+0,014
(X2X") u 1,986+0,017 A* (B°X"). Hmozom pazeumus aensemcs pazpabomya memooa onpedenenus
aduadamuueckozo nomenyuana uonusayuu I, nonapuvix monexyn M X" ¢ 6b1coKoll mouHoCmbio
(ne xysce 0,02 3B) npu manon mpyooemkocmu o06padbomku cneKmpocKkonuueckux 0annvix. B
OCHOGY PA3PAOOMAHHO20 MEMOOA NOJIOHCEHO CMeWleHUe 6HYMPEHHUM nojleM anuona X Moine-
KYJIbl ee 3J1IeKMPOHHBIX MePMO8, 00pa3ylomux Xopouio Habarwoaemoe 6 CneKmpe Hauano (a He
mMpPYOHO u3MepaeMblil WOHUSAUUOHHDBLIL nPedest) puddepzo6cKoll cepuu, — 6 IMOM COCHLOUM RPUH-
UURUATIbHAA HOBU3HA NOOX00A K peuleHUul0 OaHHOU C10dcHOoU 3a0auu. Pacuem kaxicoozo 3naue-
HUA 3aHUMAem HeCcKOAbKO0 MUuHym Ha Kanskyaamope. Hoevlii memoo conocmasnen ¢ naubonee
Yacmo UCNONBb3YEMbIMU 8 UCC/ICO006AHUAX CYULECMEYIOWUMU U ONUCAHHbIMU 6 Tumepamype. U3
COnROCMAgIeHUs COeAH 8bl600 O 8bICOKOI MOYHOCHU PA3PAOOMAHHOZ0 Memoodd, nPesocxoon-
wie20 00IbUUHCIEO MeX, YMO NPeOCMAs/1eHbL 8 TUMEPAMYPEe U UCROJIb3YIONCA 8 HAYUHOU NPAK-
muke. B cea3zu c ymum npednazaemcsa coenamop 3mom mMemoo onpeoesieHus aouadbamudecKux no-
MEHYUAI08 UOHU3AUUU UOHHBIX MOJICKY]I YWACHbIO CHEKMPOCKONUYECKUX UCCIe008AHUIL eMecme
C onpeodeileHUeM U3 CHEKMPO8 OCHAIbHBIX RAPAMEMPOE MOJICKYII: MEHCHAOEPHBIX PACCIMOAHUIL,
yacmom Koaeoanuii aoep, IHEP2utl INEKMPOHHBIX cOCmoanuil u m.o. Cyuiecmeenno ymouneHvl 0an-
Hble 06 Inepauax ouccoyuayuu uornos (K/rnc/mons) Do(Sr'-F)=582+6 u Do(Sr*-OH)=430,8+2,1. Io-
JIy4uensl HOGble Do/1ee mounble Oanmble 00 IPPekmuenvlx nonapusyemocmax uona Sr'° 6 cocmage
MOH02a7102eHU006 S X, 6K1I04aAA €20 6030yicOeHIOe COCMOANUE (14’3): 1,117+0,014 ¢ ocnosnom
cocmoanuu — o(55)X°2", u 1,986+0,017 ¢ nepeom 036yncoentnom — 6(5p)B’E" moii sce cummem-
puu, Y4mo ocHogHoe.
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The internal Stark effect is presented in development, applied to the study of ionization
potentials (eV, £0.017): 5.422 — SrOH, 5.257 — SrF, 5.523 — SrCl, 5.581 — SrBr, 5.661 — SrJ, 5.525
— CaF, 5.873 — CaCl, dissociation energies (kJ/mol) 582+6 (Sr'-F), 430.8+2.1 (Sr'-OH) and polar-
izabilities of the Sr* cation in these ionic compounds 1.117+0.014 (X°2*) and 1.986+0.017 A®
(B%X™). The result of the development is the creating of a method for determining the adiabatic
ionization potential 1, of polar molecules M*X™ with high accuracy (not worse than +0.02 eV) and
in short time based on spectroscopic data. The developed method is based on the shift of the electron
terms of the molecule by the internal field of the anion X~, which form the beginning (and not the
difficult to measure ionization limit) of the Rydberg series in the spectrum. This is the fundamental
novelty of the approach to solving this complex problem. The calculation of each takes several
minutes on a calculator. The new method is compared with most frequent used in researches existed
and outlined in literature. From comparison the conclusion is made about high accuracy of devel-
oped method excelling those that are presented in literature and used in research. In connection
with this is proposed to make this method for determining the adiabatic ionization potentials of
ionic molecules a part of spectroscopic studies along with the determination of other molecular
parameters from the spectra: internuclear distances, nuclear vibration frequencies, energies of
electron states, etc. The more precise data are presented about dissociation energies of ions (kJ/mol)
Do(Sr*-F)=582+6 u Do(Sr*-OH)=430.8+2.1. The new and more accurate data are obtained about
polarizabilities of Sr+ ion in molecules of monohalides including its excited states (4°): 1.117+0.014
in ground state, — 6(55)X22", and 1.986+0.017 in first excited one — a(5p)B°Z", same symmetry that
ground one.

Keywords: internal Stark effect, ionization potentials of strontium monohalides and monohydroxide,
polarizability of their cation
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Another good example of such studies, initi-
ated in 1985, is the work [3], which initiated the preci-

The adiabatic ionization potential I, is the most  sjon study of the ionization energetics of lanthanide
important characteristic of the electron shell, the value  monofluorides. Its result in eV lo(EuF) = 5.21+0.07
of which establishes the starting point of its energy, . 52510.06 = lo(SFF) coincided within the error with
which is of fundamental importance. At present, there  \yhat was found in [2] for SrF. This coincidence, which
are very few accurate data on I, for molecules, espe-  yemained unnoticed at the time, as it was then consid-
cially low-volatile ones, due to the complexity of inter- - greq accidental, will become one of the starting points
preting their experiments. _ in the study of a new regularity, which consists in the

Remarkable examples of such experiments  fact that heavier lanthanides, due to the compression of

with electron impact with mass spectrometric registra-  {nejr electron shells, become similar to lighter alkaline
tion (ElI MS) of MX* ions are [1, 2]. In them, the po-  aarth metals (AEMs).

tential of MX*/MX appearance was measured with an There are papers in which the equilibria in-
accuracy of £0.01-0.03 eV, and its difference from the  yolying SrOH and its ion SrOH* formed in natural gas
adiabatic ionization potential of MX after appropriate  flames with strontium additives were studied using the
justification did not exceed the vibrational quantum of  jtensities of the emission spectra, and the energies of
MX—=£0.03-0.05 eV. These works played animportant  chemical bonds in kJ/mol were determined as Do(Sr—

role in our research. OH) = 401.8+3.0 [4] and D(Sr*—OH) = 432.842.7 [5],
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Based on these data and taking into account lo(Sr) =
= 5.694901(12) eV [6, 7], the adiabatic ionization po-
tential was found as 1o(SrOH) = 5.372+0.041 eV =
= 43332+ 329 cm [4], which differs from the value of
5.1+0.2 eV [8] of the EI MS method.

In [9] the equilibrium with the participation of
EuOH* was similarly studied and the value Do(Eu*—
OH) = 42846 kJ/mol =~ Do(Sr*—OH) was found. When
initiating the experiment on europium in 1996, atten-
tion was first drawn to the similarity of positions of
spectral lines of europium with strontium, which was
used in [10] to estimate the effective polarizabilities of
the Eu* ion in Eu*X" in order to find I,(EuX), and for-
merly in 1989, to analogous similarity of the spectra of
calcium with ytterbium and their compounds in flames
[11]. All this together with the values in eV Io(Eu) =
= 5.67045(3) ~ 5.694901(12) = Io(Sr) and lo(Yb) =
= 6.25394(3) ~ 6.113213(15) = 14(Ca) [6, 7, 12] also
served as a starting point in the analysis of the similar-
ity between AEMSs and lanthanides [10, 11, 13].

SIMILARITIES BETWEEN
ALKALINE EARTH ELEMENTS AND LANTHANIDES

The indicated coincidences are a manifestation
of a new pattern — the similarity of alkaline earth ele-
ments with rare earth elements [11, 13], which consists
in the proximity of spectra, structure, physical and
chemical properties, in particular energy properties, of
elements connected by a two-sided arrow:

Caisc
St, Ye—

Ba’ La,u. Eu, G@,.., YD, Lu

@) Sr{(5p* B (588, Srlisesp)'B(557)'S,]

V.N. Belyaev, V.V. Rybkin

Thus, calcium is similar to ytterbium, stron-
tium is similar to europium with its most stable 4f"-core
[14], and barium, located at the intersection of a col-
umn and a row, is the zero element (4f°) of lanthanides,
without which there are no multitudes in the mathemat-
ical sense of the word. But the most convincing argu-
ment for the reality of the similarity is the spectra (Fig. 1)
[13]. Their coincidence clearly proves the similarity
for very different elements located in different groups
of the D. I. Mendeleyev table.

The Eu-Sr similarity occurs not only for free
atoms and ions, but also in the condensed phase. Solid
strontium and europium have the same type of crystal
lattice with similar temperatures and heats of fusion:
1041 K and 9.20 kJ/mol — Sr, 1099 K and 9.21 kJ/mol
— Eu [15]. Their densities are related as the atomic
weights of these elements, which indicate similar cell
parameters of their crystal lattices.

The reason for the Eu-Sr similarity lies in the
proximity of the wave functions of their valence shells,
since the energy characteristics of the atom and the
chemical bond of its compounds are determined by the
external asymptotes of the wave functions, i.e. the spa-
tial distribution of its amplitude part at large distances
from the nucleus. It is namely here that the main max-
ima of the valence electron density are located, which
practically coincide: 0.1836 nm (Sr) and 0.1826 nm
(Eu) [15]. Their external asymptotes are described by
the exponentials A-exp[—y-r] with close parameters:
A =0.86,y=0.647 for Sr and A = 0.89, y = 0.646 for
Eu [7] in au. This means that the root cause of the Eu-
Sr similarity, as well as of the other elements connected
by a double-sided arrow, lies in the coincidence of the
characteristic sizes of the valence shells of these ele-
ments and the position of the main maxima of their
densities.

Sr[(ss5p)°B-(557)'S, ]
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Fig. 1. Spectra of strontium and europium atoms and ions [13]. The dotted lines indicate the positions of optical transitions in spectrum
forbidden in the dipole approximation, the dashed-dotted lines indicate lines in the absence of spin-orbit interaction, AEs+t — singlet-tri-
plet splitting: a) spectrum of Sr and Sr*(n=5) [6]; b) spectrum of Eu and Eu*(n=6) with the “disconnected” magnetic fields of 4f" core [13]
Puc. 1. CniexTpbl aTOMOB ¥ HOHOB CTpOHIMA U eBponus [13]. [IyHKTHpOM faHO MOJI0kKEeHNE JTMHUY, 3aIPEIICHHON B TUIIONBHOM MpH-
OMDKEHUH, IITPUX-ITYHKTUPOM — B OTCYTCTBUH CIIMH-OPOUTANIbHOIO B3auMoAeHcTBUS, AEs-t — CUHITIET-TpHUIITIETHOE paclienieHue:
a) ciextp Sr u Sr*(n=5) [6]; b) cnexTp EU u EU*(N=6) ¢ «OTKIIIOYEHHBIMMY» MarHUTHBIMU nonsiMu 4f7-ocToBa [13]
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The same spatial distribution of valence elec-
trons of Sr(5s?), Sr*(5s) and Eu(6s?), Eu*(6s) suggests
the proximity of the parameters of molecules formed
by these elements. Thus, for the most spectroscopically
and mass-spectrometrically studied monofluorides of
strontium [6] and europium [16, 17]: r, = 0.2078 and
0.2083 nm, AG.,= 495.5 and 493 cm?, D, = 540+6 and
540+8 kJ/mol.

There is a coincidence in the equilibrium con-
stant of the reactions M*+H,O <« MOH"+H: K°(2696 K,
M=Sr) = 0.36 ~ 0.41 = K°(2696 K, M=Eu) [5, 9], also
at different temperatures, which means the equality of
the entropies of their participants and, therefore, the pa-
rameters of the ions. The proximity of the equilibrium
constants means that the substitution of europium for
strontium or vice versa in the substance does not
change either the internuclear distances, or their vibra-
tion frequencies of nucleus, or the energy of the chem-
ical bond and the electron shell as a whole, or its ioni-
zation potential in particular. But the substitution
greatly changes the system of electron terms due to the
unfilled 4f” core of Eu, which, unlike the krypton-like
(4s24p®)'S, core of Sr, being a source of magnetic field,
splits them in EuX into non-degenerate magnetic com-
ponents. Thus, the ground term SrF(X2Ze.1,) is doubly
degenerate without an internal magnetic field, and in
Eu*F it is split by it with an magnetic induction of
|B| = 2000 T into Zeeman components: the ground

term 81%5,.1, and the low-lying 8%, with an en-
ergy of 1421 cm™ [16], where 8 is the multiplicity of
the (4f")8S7 core of Eu, as a source of the internal mag-
netic field.

INTERNAL STARK EFFECT

The intramolecular Stark effect (hereinafter re-
ferred to as the IMS effect) does not differ almost from
the classical one [18]. In the latter, the energy levels of
atomic particles (atoms, molecules, ions) change under
the influence of an external homogeneous electric
field. In the IMS effect, which has a basic and spectro-
scopic modifications, this occurs under the influence of
an internal, non-uniform field of the ionic molecule
M ‘Z|+X‘Z|j unattainable in the laboratory in its
strength, consisting of its opposite electrically charged
parts: a cation and anion, mutually polarized by it.
Consequently, ionic molecules make it possible to ex-
pand the Stark effect to the region of super-strong fields
with an intensity of lel =¢ up to 500 MV/cm, whereas
in the laboratory it is many thousands of times less.

Among ionic molecules, the compounds of
halides MX with X = F, CI, Br and J are notable for the
fact that their single-charged anion X~ ( |z| = 1) has a
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filled electron shell of its neighbors in the Periodic Ta-
ble — the inert gases Ne, Ar, Kr and Xe, respectively,
stabilized by the field of the cation M*. Therefore, it
has all the properties inherent in them: the absence of
low-lying electron states and high energy stability to
excitation and ionization. It differs to halides from
other ionic compounds of other classes: oxides, sul-
fides, etc., and places them and their similar analogs,
hydroxides for example, first in the list of objects of
our study, as the most suitable. In addition, many of the
monohalides have been intensively studied by experi-
mental methods. In this regard, it is possible to com-
pare the experimental results with those obtained using
the new approach based on the IMS effect.

The basic modification [19] is based on the lin-
earity of the ionization potentials in the coordinates
lo(MX) = f{[ro* (M-X)]}, which was initially shown
for barium monohalides BaX = Ba*X™ = eBa*'X =
= e;Ba?*e,X in 1983, considered in the IMS model by
the Ba* ion in Ba*X™ — this conception was introduced
by author [20] and used by author [21] in which the
nonbonding electron is written from the left, and the
bonding one — to the right of symbol of chemical ele-
ment Ba. The indicated dependence intersects the ordi-
nate axis at the internuclear distances r(M-X) — oo, at
the point 1,(Ba), corresponding to the ionization poten-
tial of the product of adiabatic dissociation Ba*X~ —
— Ba+tX, treated by the Ba" ion in the atom Ba = eBa*
= e;Ba%*e,. In other words, atom as Ba = Ba'e, and
molecules as Ba*X™ = Ba*eX, form a united multitude
in which the atom Ba is its zero element with zero in-
ternal field and zero dipole moment, as the initial point
of reference of its intensity is € = 0, when removing the
X~ anion to infinity, where € = 0 and | p | =p=0also.
This modification of the IMS model is generalized to
similar compounds of aluminum, thallium and the al-
kaline earth metals — calcium and strontium, chlorides
and iodides of alkali metals [19, 22+-24]. Later [24, 25]
it was successfully applied to lanthanide monohalides.

The linearity of the ionization potentials of a
wide range of ionic compounds in the specified coor-
dinates, in particular barium monohalides, is inter-
preted in terms of the quadratic Stark effect. This
means that the field of the anion X~ with an intensity
of ¢ polarizes the friable nonbonding orbital o(6s) with
the ionized electron e of the cation Ba* = eBa?*, push-
ing it beyond the internuclear region, thereby inducing
a dipole moment p = @& = €@ = ag in it and increasing
its energy by the value of the Stark (polarization) shift

AE, = f(p-ds) = f(sadg) = ocj'e(g.dz.j = Yhoeg) = Yrae?,

as if the free ion Ba* were placed in an external electric
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field. In other words, the field X~ in Ba*X" is external
to Ba". The ionization potential — 1,(Ba), during the for-
mation of Ba*™X™ — I,(BaX), according to the Koopmans
theorem, decreases as well: 1o(BaX) = I,(Ba)-AE, =
= Io(Ba)—"20e? in accordance with the quadratic Stark
effect — lower part of Fig. 2a.

AE, = Yae? is obtained in the second order of
perturbation theory and it is result of an interaction
with dipole moment p induced by an external field by
strength & which is more weak as compared with inner
atomic one. The quadratic Stark effect works also in
powerful inner molecular field but polarizability o be-
cause of screening by M?*core of the X~ anion field be-
came effective magnitude. Therefore, the values AE, =
= lo(M)—Io(MX) describe polarizative course of ioniza-
tion potentials MX. The course as compared with I,(M) >
>5 eV is small — < 0.6 eV. Therefore, it is considered
as a perturbation of the energy of the ion M* in the atom
M = eM* with the formation of the molecule e;M?*e;X
= M*X" = MX by its anion field X", In this case, the
ionization potential changes from I,(M) in the process
M+X = M+e+X = M*+eX = M+ X" — MX to Io(MX).

For a spherical X 'z!- with a charge |z| e, the
Stark shift in CGSE units is AE, = Yo(zelre?)? =
= Yha(ze)?/ro*, where 1, is an internuclear distance of a
M 'zl+-x 1zl molecule at the zero vibrational level, if
we define its adiabatic ionization potential I,(MX),
which is its parameter. At the same distances from the
field source — X-, M* =eM?" has a part of the non-bond-
ing orbital with electron e, “unshaded” by the core of
M?*, polarized by the field X~ beyond the internuclear
region, i.e. beyond the core of M?*,

As a result, we have the desired linear depend-
ence lo(MX) = f{[ro* (M-X)]} with its intersection of
the ordinate axis at the point 1,(M), which is confirmed
by the experiment [19, 22+26] using the example of
monohalides ( FE 1) of many metals:

lo(MX) = lo(M)—Y40e2/ 1.2 (1)

The effective polarizability o = o, of the M*
ion in eM?*X-, which is a diagonal element of the sec-
ond-rank tensor matrix, is less than its full value o, for
M* in M = eM*, since the M?* core screens most of the
nonbonding orbital with the electron e removed during
ionization. Their ratio o/a, is the volume fraction of
the “unshadowed” part of the nonbonding orbital.
Thus, for barium, considered as an ion in its atom, the
full polarizability o, = 40+4 A3 [7], and for its ion in
Ba"X" the effective polarizability o = 1.93+0.4(2.80)
A% [19]. Hence a/o,= 0.05, which means almost com-
plete shading.

ChemChemTech. 2025. V. 68. N 6

V.N. Belyaev, V.V. Rybkin

a ) The ionization border
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Fig. 2. a) Polarization shift of the levels of the M* ion in molecule
M*X- by the axial field of its anion X~ relative to position its line
in the M = M*e atom. b) The magnitude AEo determined below as
optical shift of band MX of the M* ion in molecule M*X- by
the axial field its anion X- relative to position of its line M in
the M = M*e atom
Puc. 2. a) Tosspu3saioHHOE CMEIICHHE ypOoBHEH noHa M™* B Mo-
nekyine M*X™ oceBbIM mosieM aHHOHA X~ OTHOCHUTENBHO HX T10JI0-
skeHuit B atome M = M*e. b) Benmuuna AEo, onpeiesicHHast HIKe
Kak onTudeckoe cMerienue moaocst MX nona M* B mosekyse
M*X~ oceBbim mosieM ee aHHOHA X~ OTHOCHUTEIBHO MOJI0KEHHUS
ero nuauu M B atome M = M*e

Dependence (1) is consistent with the 1o(M)—
1o(MX) = Do(M*-X)-Do(MX) = AE," cycle according
to which the bond energy of the M-X molecule during
its ionization: MX = e;M*X- — M?X~+ey, and the
ionization potential M = esM* — M*+e; during locali-
zation of the cation-polarizing electron e; on the anion
X = X7, when M*e,+ X —» M*exX = MX is formed,
change equally by the value AE,". The cycle is linked
with (1), where 1,(M) is also the starting point for the
value of I,(MX), due to its course in terms of the IMS
effect, proving its as a physical regularity, equal in
importance to the classical Stark effect, and not as a
successful empiricism.

The spectroscopic modification [26] of the
IMS model is based on the same quadratic Stark effect,
but applied not to one electronic state — the ground
state, as in the basic version with r,” = r, and a” = a,,
but to a set of them, including, in addition to the ground
state, also excited states with r,’ and o', the optical
transitions from which form the beginning of the Ry-
dberg series, which is reliably observed in the spectrum
and, moreover, is, as a rule, well structured. The spec-
troscopic modification of the IMS model, initially dis-
covered on strontium monohalides in 1981, was
demonstrated on similar calcium compounds [26].
Later [11] this version was successfully applied to the
study of the ionization energetic of monohalides and
monohydroxide of AEMs and ytterbium, as one of the
representatives of the lanthanides.
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Parameters of strontium monohalides SrX(X2E* and B2L*)

Tabauya. lapamMeTpbl MOHOTaI0reHnA0B crponnus SrX(X?EX* u B’L*

Table

Parameter/Molecule 88Sr19F [31+-34] | %688Sr3537CI [34, 35] | ®Sr7°®'Br [36, 37] | ®8Sr'?7) [37, 38]
ro (A) 2.07858308(165) | 2.57872214(184) | 2.73751853(541) |2.975789285(426)
ro’ (A) 2.08335249(964) | 2.5593398(106) 2.7098090(138) | 2.9299177(109)
To(B%Z*) (cMY) 17264.14176(237)| 15725.11121(179) 15355.77946(344) 14820.1619(7)
S | evoms | 5:2571177(524) | 55234359(224) 5.5810737(177) | 5.6606228(127)
42401.52(42) 44549.52(18) 45014.40(14) 45656.00(10)
1o(SrX) Ry | eVemt 5.2571+0.0166 5.5234+0.0166 5.5811+0.0166 5.6606+0.0166
424021134 44550£134 450144134 456564134
[24] eV 5.21+0.06 5.51+0.06 5.56+0.06 5.62+0.06

Note: 1 eV = 8065.54445+0.00151 cm™ = 1/ce : hc/e? 108 = 1/14.3996445 : 8.61022578-10°5 = e-108/hc? = 96.4853377(233)

kJ/mol = eNa/100c, hNa/8n?c = 16.85762909(396) (g/mol-A2)xcm [27]. Experiment: 5.25+0.06 eV [24] is the EI MS result, and
5.18+0.10 eV was obtained by recalculating the experiment data on studying the ionic-molecular equilibrium by method of spectrum

photometry of flames — IME SPhF data [39] (as for SrOH [4, 5]). For SrCl, 5.51+0.08 eV is the IME SPhF result [41], 5.59+0.10 eV
is the EI MS result [40], and 5.41+0.12 eV [23, 42] is the threshold energy of the reaction Sr+Cl2—SrC1*+CI~— TER. The bottom line
contains the results [23]. The IMS model application improves the accuracy in 1o(SrX) [23] by almost 4 times

Ipumedanue: 1 3B = 8065,54445+0,00151 cm* = 1/ce : he/e? 108 = 1/14,3996445 : 8,61022578-10°6 = e-10%/hc? = 96,4853377(233)

kJlx/Mois = eNa/100c, hNa/8m?c = 16,85762909(396) (r/momb- A2)Xem ! [27]. Dxcnepument: 5,25+0,06 3B [24] pesynbTar DY MC,
a 5,18+0,10 3B nosry4yeH nepecueToM AaHHBIX SKCIEPUMEHTA 10 U3YUYECHHIO HOHHO-MOJICKYJISIPHOI'O PAaBHOBECHS METOJOM CIIEKTpPO-
(doto-merpun mwiamed — UMP COII [39] (kak mwist STOH B [4, 5]). st SrCl — 5,51+0,08 3B pesyasrar UMP C®II [41], 5,59+0,10 5B
pesynbrar Y MC [40], a 5,4120,12 3B [23, 42] ectb moporosas 3ueprust peakiun Sr+Clo—SrClI*+Cl- — [IOP. B HmkHeil cTpoke —
pesynbratsl [23]. Buyrpumonekyisphas [lrapk (BMIL) mozens, ee npumeHeHne TOUHOCTD B lo(SrX) [23] ynydmaer noutu B 4 pasa

The beginning of the Rydberg series To(MX)
in the spectrum, counted from the line E(M) of the ex-
cited product M* of adiabatic dissociation into a neu-
tral pair (Fig. 2b) of the excited molecule MX* —
— M*+X: To(MX)-E(M) = AE/~AE,", determines the
difference in the Stark (polarization) shifts (Fig. 2a) —
AE," and AE,", called the optical shift:

AE,= AE,~AE," = To(MX)-E(M) =
= Vil (&0 (")) = Vee[al () '~/ ()] =
a' +a’

= f(“"“" + 4TAro+...),

2 T

where re= (r,"'+1,)/2, Aro = (r,"'—r,')/2 2
as a measure of the shift in the spectrum of band of M*
ion in molecule M*X~ = e;M?"e,X = eM?" X", polarized
by the axial field of the electron e; localized in elec-
tronic shell of X~ anion — To(MX), from line of this M*
ion in atom M =eM*=e;M?%"e,, polarized by the central
field of this electron e, delocalized in electronic shell
of atom M — E(M) [11], Fig. 2b.

The ionization potential l,(MX*) =1, (MX) =
= 1o(MX)-To(MX) of excited molecule (M*X")* with
spherical X~ anion at a distance r,’ from (M*)* looks
similar to (1):

l'(MX) = 1,/(M)-AE, =
= lo(M") 20 ()? = lo(M)-E(M)—20'e%/(r,),  (3)
where the quantities included in (1) and (3) are related
by the optical shift AE, = hcimx—hcim = To(MX)-E(M)
— Fig. 2, determined by equation (2).

20

Equation (2) can be verified since To(MX),
E(M), rc and Ar, are found from the spectrum (Table)
and applied to the graph To(SrX) = f(r.*) — Fig. 3a. It
is linear, like 1,(MX) = f[(r,")*] in [19, 22+-25].

The inner electric field of X~ anion also as
outer one besides of induced dipole removes three-
multiple degeneration of 5p-orbital splitting its on non
degenerative axial 5p, component and twice multiple
degenerative 5pxy components lying in plane perpen-
dicular to z axe so far so this field shifts these Zeeman
components by variable manner: more strong p; ori-
ented to field source than pyy. This shifting in absence
of degeneration on I-numbers is described in second
order of perturbation theory out of dependence from
degeneration on m-numbers which fix in space 5p or-
bital orientation. In our work the 5p, component shift-
ing is studied only in approximation of quadratic Stark
effect neglecting by 5p-orbital splitting and its 5pxy com-
ponents together with its polarizabilities oxx and cyy.

The zero vibrational level of the term o(5p)B2Z*
with the symmetry of the ground one — o(5s)X?L*, is
taken as To(SrX), since the transitions from it form the
beginning of the Rydberg series in the spectrum. It ad-
iabatically dissociates into Sr[(5s5p)3P] with the en-
ergy E(Sr) = (14317.520+14504.351+14898.563)/3 =
= 14573.478(17) cm* [6] of the first metastable state.
Unlike n(5p)AZI1, o(5s)X?E* and o(5p)B2Z* have not
spin-orbit and vibronic (Renner-Teller, as in SrOH) in-
teractions, which, superimposed on the Stark interac-
tion, would distort it. There is also the perturbations
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between the near lying AIT and B?Z" states, the largest
in the monoiodide — 12.7 cm™ = 14820.1619-14807.5
[28, 29], much smaller than the spin-orbital (> 200 cm?
[6]). Interaction between identical terms formed by dif-
ferent electron configurations is also possible, for ex-
ample, between (np?)'D and (nsnd)!D in Mg, Al*, etc.,
when their energies coincide. In Mg it is so strong that
it inverts the sign of the singlet-triplet (3s3d)°D-
(3s3d)!D splitting [30], but this phenomenon is rare.
Because of Aro<<r," =o' the second term on the right-
hand side of (1) is small, especially for SrF and SrCl,

¢

V.N. Belyaev, V.V. Rybkin

which is why the least squares method (LSM) straight
line with the slope Aa = o'—a" passes 1.9 cm™ below
the point of the monofluoride and 4.5 cm™ above the
monochloride, cutting off the value 14570.9 +
20.9(4.36) cm* on the ordinate axis, that is very close
to the energy E(Sr) = 14573.478(17) cm™ of the
(5s5p)3P term with the “disconnected” spin-orbit inter-
action —fragment A in Fig. 3a. The deviations of points
SrJ and SrBr from the LMS straight line are noticeably
greater — fragments B and C in Fig. 3a, respectively.
The deviation reasons are presented below.
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Fig. 3. a) The energy of the excited term To[MX,c(5p)B%2*] = f(rc*) —symbol m — M=Sr, scale in cm™1, which is to the right of the
ordinate axis, is linear with high accuracy from the inverse to the fourth power of the average distances rc from cation M* to the source
of the internal field — anion X~. The linear part of this dependence — SrF, SrCl and product of their adiabatic dissociation — Sr, is devel-

oped by the least square method. The dotted line shows the expansion of the dependence by including CaCl and CaF [6] — symbol +.

With the growth of rc—oo the terms To(SrX)—E(Sr), therefore they — To(SrX), form the beginning of the Rydberg series. b) The graph

of 1)[MX,5(58)X?2*] = f [(ro”)] is constructed using the table data — symbol “S”, the scale in eV, which is to the left of the ordinate axis

with its counting from the ionization limit; symbol @ —M=Sr, symbol + — CaCl and CaF, their ionization potentials were calculated according
to the spectroscopic data of [6, 7] similarly to SrX. LSM development includes the linear part of dependence: SrF, SrCl, SrOH and product of
their adiabatic dissociation — Sr. ¢) Spectrum of the Sr* ion in atom the Sr*=Sr*e atom and in the monohydroxide Sr*(O-H) = Sr*(eOH)

Puc. 3.a) Dueprus Bo36yxaentnoro tepma To[MX,o(5p)B2Z*]=f(rc*) — smauok @ — M=Sr, mkana B cM ', 4TO ClpaBa OT OCH Op/IMHAT,
— C BBICOKO# TOYHOCTBIO JIMHEHWHA OT 0OPATHBIX B YETBEPTO# CTEMCHH CPEAHUX PACCTOSHHUIT I'c OT KaTHOHa M* 110 HCTOUHHKA BHYTpEH-
Hero noJst — anuona X . JIuneitnast gacte 3toit 3aBucumoctr —StF, SrCl u npoxykT nx aguadaTudeckoi qucconuanuu — Sr, oopadborana
METO/IOM HAMMEHBLINX KBaapaToB. [IyHKTHPOM MOKa3aHO paciIMpeHre 3aBiucuMocTH BKiroueHueM B Hee CaCl u CaF [6] — 3naqok +. C po-
cToM Fe—o0 TepMbl To(SrX)—E(Sr), mosromy orm — To(SrX), 06pasyroT Hauano puabeprosekux cepuit. b) Ipadux lo[MX,o(55)X%2] =
=f[(ro”)*] mocTpoeH mo JaHHEM Tab. — TUTEPa «S», MIKaNa B 3B, 4TO ClIeBa OT OCH OPJIMHAT C €€ OTCUETOM OT HOHM3AIMOHHOTO Tpe-

JAcja; 3Ha4Y0K o

— M=Sr, 31240k + — CaCl u CaF, ux moreHIuaIb HOHU3AIUN PACCUUTAHBI IO CIIEKTPOCKOMMYECKUM JTAaHHBIM [ 6, 7]

ananornyno SrX. MHK o6pa6oTka BkirouaeT jauHelHyro yactb 3aBucumoctu: StF, SrOH, SrCl u nmponykT nx aguabaTndeckoii aucco-
muanuu St. ¢) Criextp nona Sr* B atrome Sr=Sr*e u 8 Monoruapokcuze Sr*(O-H) = Sr*(eOH)
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Thus, both modifications of the IMS model are
confirmed by experiment. The linearity of the graph
To[SrX,o(5p)B2Z+] = f(r:*) in Fig. 3a, constructed us-
ing precision spectroscopic data, indicates that the be-
havior of the excited terms of SrX also corresponds to
the quadratic Stark effect, as the ground ones in the ex-
ample of I,(MX) [11, 19, 22+-26], in particular lo(BaX).
This allows us to find with high accuracy the adiabatic
ionization potential of the M*X~ molecule by position
(not intensity, which is very important) in the spectrum
of its To(MX) band relative to the E(M) line —the prod-
uct of adiabatic dissociation of excited MX*, i.e. by the
optical shift AE, — Fig. 2. Let us extract AE,” from
AE,, equation (2), by multiplying AE, by the fraction
AE,"/AE, of the value AE," in it:

AE," = AEoxAE,/AE, =
= [To(MX)-E(M)]-"(1,)"/ [o'(1p)*- a"(1,)*] (&)
And then, to obtain the desired lI,(MX), we
subtract AE,"” from Io(M):

" AE' —AE"
I,MX)=1,(M)-AE =I,(M)-—2—" =
n

T MX) —EM)

=I,(M)- (52)

Equation (5a) does not include o” = 0.8-1.9 A3

Io(MX) = I,(M) — AE, = [,(M) —

[11, 23], r," and o, ry" as in (1) and (3), but their ratios
o'fo” = 1.7+1.9 [11] and r,"/r,;’ ~ 1 — Table, which
change little for different M* in M*X". Therefore, equa-
tion (5a), which represents the spectroscopic modifica-
tion “S” of the IMS model can be used without inter-
nuclear distances, without significantly losing accu-
racy. Hence, (5a) is more preferable to (1) and (3), i.e.
its basic version.

The spectroscopic version of the IMS model
has a greater development potential compared to the
basic one. Thus, to use the latter, calibration experi-
ments are required to determine the effective polariza-
bility, and knowledge of internuclear distances. In
(5a), the latter do not play a large role. In addition, it is
easier to estimate the ratio of effective polarizabilities
than the quantities themselves. Nevertheless, calibra-
tion of equation (5a) is necessary. The “S” IMS model
admits an improvement that allows its application
without a calibration experiment if the effective po-
larizabilities of the cation and atom M in (5a) are re-
placed by the quantities from the spectrum: o'/a" = 2—
AE/Al, = 2-[E(MT) — E(M)]/[I,(M*) = I,(M)]. In
the formula for a'/a" the quantity E(M*) = (23715.19 +
+ 24516.65)/2 = 24115.92(14) cm [6], if M*[(np)?P]
= Sr[(5p)?P], determines the energy of the excited
term of the free ion M* — the product of diabatic dissoci-
ation of the excited MX[c(np)BZ*] — M*[(np)?P]+X"
into an ion pair, and l,(M*) = 11.0302(20) eV [6, 7], if
M*=Sr*, is its ionization potential. Substituting these
values into the formula for o'/a" together with the
above values of Io(Sr) and E(Sr), we obtain a'/a" =
= 1.7782482(832). Substituting the formula for o'/a"
itself into (5a), we obtain the working equation:

T,(MX) — E(M)

To (MX)—E(M)

[2 E(M*) — E(M) ] (r_0)4 4
o

B IO(M+) - IO(M)

=1,(M) —

Io(MH)~Io (M)

Neglecting the internuclear distances — 1,/ ~ 1,
or the value 8Ar./r; together with the remaining de-
grees of decomposition 7, /r,, the formula is extremely
simplified:

Lo (MX) = 1o(M) = 1/ a" €/ 4 = 1, (M) -

_ [oM*)~Io(M)]-[To(MX)-E(M)] (50)
[To(M*)=Io(M)]-[E(M*)-E(M)]

This is a rare case when the energy of a multi-

electron shell of a molecule is represented by the sim-

plest formula and with high accuracy. It is noteworthy

22

[z—w][1+8%+32(Aﬂ)2+88(Aﬂ)3+144(ﬂ)4+..]—1

(5b)

I'c I'c I'c

that equations (5b) and (5c), unlike (1), (3) and (5a),
include only spectroscopic quantities.

It is noteworthy that the formula for o'/a" does
not include the parameters of the M*X"~ molecule, but
introduces them for the M* and M particles included in
it. The simplicity of the formula for o'/a” is deter-
mined by the constancy of other interactions, except
for the polarization one, which changes the energy of
the electron shell of the ion in the atom M = eM* —
— M*+e when the valence electron e in M is replaced
by the X~ anion in the course of M+X = M*e+X —
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—> M*+eX =M"™+X"— M*X". The M* (or M) particle,
polarized by the X~ field, is the product of the dia-
batic dissociation of the excited molecule into an ion
pair (or adiabatic dissociation into neutral particles):
M[*P]+X"
M'XB*E'1-b M2PPlX
Note that equations (5) include the only param-
eter To(MX) of the molecule, which constitutes its op-
tical shift, determines the polarization and the begin-
ning of the Rydberg series relative to the line of the
product of its adiabatic dissociation, and the ratio of the
internuclear distances is only a correction to the polar-
ization.

APPLICATION OF THE INTERNAL STARK EFFECT
TO THE STUDY OF IONIZATION ENERGY
OF STRONTIUM MONOHALIDES
AND MONOHYDROXIDE

Let us write for SrX[o(5p)B?Z*] - Fig. 3aand 3c,
the optical shift AE, = T,[SrX,c(5p)B%Z*]-
E[Sr,(5s5p)°P]. For SftOH[a(5p)B22X* - o(55)X22t]
it is equal to AE, = [16377.505(1)-14573.478(17)] =
=1804.027(17) cm™*=0.22367083(211) eV [6, 7, 43].
The intersystem crossing transition Sr[(5s5p)°P —
— (55%)S,] is shifted by the OH~ field from the red re-
gion (686 nm) to the orange (606 nm), becoming mo-
lecular — Fig. 3c. AE, in equations (5) is related to

" / | . The ionization potential of stron-
AE =AE /| | %

tium decreases by AE,” when it combines with hy-
droxyl (if X=0OH) to form SrOH - Fig. 2. The factor

(r(; /1"0’)4 ~ 1+8Ary/rc+... in the denominator of (5h)
takes into account the change in internuclear distances
during the transition o(5p)B2Z* - ¢ (55)X%Z*, on
which AE,’ and AE," depend, which are a measure of
the optical shift of the SrX bands relative to the line of
the Sr atom included in SrX, and the difference be-
tween I,(SrX) and 14(Sr). For Sr-OH, r.=0.210472(7)
nm and Ar, = 0.000656218(514) nm [43]. Due to the
non-sphericity of OH, we take instead of r. its effective
value r¢err = 0.22990165(479) nm > r. — Fig. 3a, since
the source of the internal field — OH-, the excess elec-
tron on oxygen O, is shifted towards hydrogen atom
H: {[reeftSrcerrt ArgtS(Are) )/ [Feeirt Ol ceri-Alo F S(Aro) ]} =
=1.0230975+0.0001893 =~ = 1+8Aro/reer=1.02283 ~ 1 +
+ 8AIr/re et 32(Aro/rcerr)? = 1.023095.

Let us calculate the effective polarizabilities
Srt = eSr?* in eSr?*X-, which have independent scien-
tific interest. They are a solution of the system of linear
equations:

"
r

-1

o
'
I

o
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{0(' — (2 —-AE/Al)a" =0 (6)

o —a" = Aa

with the determinant 4 = 1-AE/Al,=1 —
24115.92(14)—14573.478(17) - 0.778248(83) =

~ [11.0302(20)—5.694901]8065.54445
= Aa'/0” normalized to 0.27, where Al,=11.0302(20)—
5.694901 = 5.3353(20) eV [6, 7] and AE
= [24115.92(14)-14573.478(17)]/8065.54445
= 1.1831119(174) eV [6]. According to Cramer o
= Ao/A = (0.86909+0.01072)/(0.7782482+0.0000832) =
= 1.1167+[(0.01072/0.7782482)*+(0.86909-8.32:10° /
10.7782482%)?]>= 1.11740.014 A%, o’ = 0"+A0.= (1.1167
+ 0.0138)+(0.86909 + 0.0107) = 1.9858 + (0.0138 +
+0.0107%)”= 1.986+0.017 AS,

Let us demonstrate, using (5b), the calculation
on the monohydroxide: 1,(SrOH) = 5.694901(12)—
0.22367083(211)/[1.7782482(832)-1.0230975(1893)-1]
= 5.421906+0.000116 eV with error £1.16-10%V =
= #[(1.2:10°)%4+(2.6:107%)%+(2.8-10°)*(1.1- 104‘)2]1/2 =
= +0.94 cm?, where 2.6-10° = 2.1-10%/(1.7782-1.0231
-1), 2.84:10° = 0.2236708-1.02310-8.32:10° /
(1.778248-1.02310-1)> and dominant 1.122-107*
= (0.2236708:1.778248-1.89-10* /| (1.778248
-1.023098-1)2. Calculation using (5¢) Io(SrOH)
= 5.694901-0.22367083-5.3353/(5.3353-1.1831119)
=5.40750 eV differs from that obtained using (5b) by
only 0.0144 eV. The ionization potentials of strontium
monohalides were calculated in the same way using
equation (5b). They are given in the table, in its lines
with the letter "S".

The graph of 1o(SrX) = f[(r,) ] in Fig. 3b is
linear, like To[SrX,o(5p)B?*]=f(r;,*) in Fig. 3a and
lo(BaX) = f[(r,)*] in [19, 22, 23]. From the slope a” =
= 1.13+0.12(3.26) A3, which is close to the spectro-
scopic value. The LSM straight line passes below the
SrF point by 67 cm™, above STOH by Amax =69 cm™
and SrCl by 49 cm™, intersects the ordinate axis at
52 cm1=0.0064 eV (!) below Io(Sr) in Fig. 3b.

The points SrBr — fragment F, and SrJ — E, on
the graph in Fig. 3b are not included in the LSM pro-
cessing due to deviations from the LSM straight line
greater than the spread of the points SrF, SrOH, SrClI
and Sr, which make up its linear part. The deviation is
especially pronounced for the monoiodide. The same
points on Fig. 3a— B and C, were not processed for the
same reason. It is not in the second term in (1) with
a'+a”, which gives positive curvature (concavity) to
the graph T,[SrX,c(5p)B?Z*] = f(r;*) — Fig. 3a, since
o' > o >0, and the point SrJ makes it convex, whence
o'+a” < 0. It is connected with the fact that the IMS
does not take into account a number of effects, the
main one of which is the deviation from the ionicity of

23



B.H. benses, B.B. PoiOkun

the bond in SrX, especially at X =J. This also applies
to the function Io(SrX) = f[(r,)“], since the ionization
potentials are the energies of the term o(5s)X%%*,
measured from the ionization limit — Fig. 2 and 3b.
Therefore, it is impossible to determine the sum of ef-
fective polarizabilities from the curvature of the Stark
dependence, at least for small Ar,<<r.. In SrBr, cova-
lence is barely evident, while in SrJ it is obvious.

Formal calculation of the error in 1,(SrX) by
adding the dispersions in the values r, of and r;, E(Sr)
and E(Sr?), 1o(Sr) and 1o(Sr*), To(SrX) in formula (5b)
gives its value less than +1 cm™ (+1.16:107% eV =
~ 40.9 cm™, if X=0H), as from the boundary of con-
vergence of the discrete spectrum with the continuous
one. The accuracy of the "S" IMS method requires
analysis. Here (table) the upper uncertainty limit is es-
timated: +I(MX) =  *8(afa")x(AEq)max =
= +14(1.7852349-1.7678118)x1.9 ~ +0.01655 3B =
~ +134 cm?, due to the spread of o'/a” applied to the
maximum optical shift (AEo)max = 1.9 eV present in
MgF — see below. Then the “S” IMS result is
lo(SrOH)=5.4219+0.0166 eV=43731+134 cm™, con-
sistent with the IME SPhF method — 5.3724+0.0408 eV
= 43332+329 cm* [4]. The uncertainty in (r,q¢/rop)' =
= {[(rc etdre o) H(AreS(Aro)/[(re et +0rc o) —
— (Aret8(Aro))]} = 1.0231+0.0002 does not affect the
overall error §[lo(SrOH)] in the value of the SrOH ion-
ization potential of due to the smallness of its contribu-
tion — only 0.000112 eV.

The recommended ionization potentials are the
results of the "S" IMS method with the maximum esti-
mated error, exceeding all previous ones in accuracy.
They are highlighted with the letter "R" in the Table.

The ratio (a’/a”)Mg =2-

N
35715.095-21877.349  _
~ 15.0354-7.6463)806554445 — 1-7678118 [6, 7] for

Mg* in Mg* X~ also coincides within a fraction of a per-
cent with its values for Sr* and Ca* in their monohal-

ides. The coincidence interval ~0.5% also includes
(“’/ ) = 1.7830824 — the difference with a'/a” ~
a /cat

. !
~ 0.3% and the maximum value (‘7‘ / ) =2
a /pqt
21106.992—12805.792

— = 1.7852349 [6, 7]
(10.004—-5.2117053)8065.54445
for Ba® in Ba"X", which together with the minimum

(“ / ) form their boundaries used above for the
a /ygt

upper estimate of the error the “S” IMS method for the

largest value of (AEo)max =~ 1.9 eV = ~(37168.3 —
—21877.3)/8065.54445 in MgF [6, 7].
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We see that all AEMs and even excited helium
1 _ . ich(a'/ . -2
(") — He(1s2s-2p), for which ( /a )He+ 2
[(329182.23 — 329179.768) — (169087.25 — 166277.54)]

8065.54445[(54.418 — 40.813) — (24.5876 — 20.6160)]
2.0361 [7], have close o//a” for the terms obtained
from nsnp configurations with n = 2-6, i.e. He and from

Be, with (¢ /a..) . = 2(31932.05-21979.49) |/
Be

/ [8065.54445(18.211-9.3228)] = 1.8611687 [6, 7] to
Ba. This proves that polarization in an electric field is
uniform, it does not depend on whether it is external or
internal, thereby indicating the integrity and identi-
cal significance of the classical and internal Stark
effects — polarization is determined by the structure of
the electron shell, and not by the type of field source —
internal, like an anion in an ionic molecule, or external,
like the surface of electrodes under voltage in a labor-
atory setup.

CONCLUSION

Over a century and a half of research into the
ionization energy of atoms and molecules, three ap-
proaches to determining ionization potentials have
been developed:

- through observation of the ionization limit in
the spectrum of the Rydberg series, with the help of
which the ionization potentials of atoms have been
found very accurately;

- through the study of the equilibrium of ion-
molecular reactions;

- through the balance of energy in collisions
of molecules with electrons or photons.

The approach presented by "S" IMS is closer
to the first: «through observation of the ionization limit
in the spectrum of the Rydberg series». In it, instead of
the ionization limit, located at the end of the Rydberg
series and poorly defined for molecules, especially
those that are difficult to volatile due to the broadening
of their bands and the convergence of electron states in
the pre-ionization region, the optical shift of the begin-
ning of the Rydberg series in spectrum of the studied
molecule caused by intramolecular fields is measured,
which is well observed and, as a rule, structured in the
spectrum, especially for di- and triatomic compounds.
High accuracy follows from this.

The authors propose to include the "S" IMS
method in spectroscopic studies. This will greatly ex-
pand the capabilities of spectroscopy in terms of deter-
mining the adiabatic ionization potential of molecules.
This magnitude will be determined along with vibra-
tional, rotational and electronic parameters as naturally
as the listed characteristics of the molecule. The re-
searcher can perform them quite professionally, which
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makes it possible to use the natural starting point for
counting energy — from the ionization boundary of the
convergence of the discrete spectrum into a continuous
one. An example is the works [31+38] used in our ar-
ticle, the authors of which, if they knew how to do this,
would have also determined the value of Io(SrX),
where X=F, OH, ClI, Br and J, the importance of which
is difficult to overestimate.

Firstly, it would solve to a large extent the
problem of determining the adiabatic ionization poten-
tials of molecules, at least ionic ones, reducing it to the
simplest calculation using formula (5b, or 5c) in the
presence of the necessary spectroscopic data — internu-
clear distances (desirable, but not obligatory) and the
energy of the excited term (required), forming the be-
ginning of the Rydberg series, converging to the sought
ionization limit. The necessity of including the IMS
model is increased by the fact that measuring the value
of I, for molecules is a difficult and labor-intensive
task, even for the simplest diatomic compounds, if we
are not talking about the appearance potential obtained
by EI MS and close to the vertical ionization potential,
a value interesting and necessary in science, but useless
in calculating ion-molecular equilibria [23]. Moreover,
the peculiarity of the current state of research in this
area is that the overwhelming majority of our
knowledge about the ionization energy of chemical
compounds and, therefore, about the energy of their
electron shells, namely, the natural counting of their
energies is from the ionization limit; — most of this in-
formation was obtained by EI MS. To relate the ap-
pearance potential obtained by EI MS to the adiabatic
one is a non-trivial task, even for compounds of two
atoms [23], and in the case of polyatomic ones, it is
often not solvable. Therefore, there are few accurate
data on I, for low-volatile compounds.

Secondly, the "S" IMS model studies the ioni-
zation energy of a family of molecules. Due to this,
their values are internally consistent with the course of
excited terms converging to the ionization limit with a
common starting point for the energy of all molecules
included in this family — Fig. 3.

Thirdly, the IMS model establishes relation-
ships between other characteristics of the electronic
shells of molecules and reveals new regularities in the
structures of ionic substances.

In essence, the "S" IMS method is a new way

JIUTEPATYPA

1. Torkuc U.C., BaaskoB ILI'., KpacnoB K.C. Macc-crek-
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of studying the adiabatic ionization potential of a mol-
ecule not from the intensities of the spectrum or ion
currents of the mass spectrum, but from the precisely
measured optical shift determined by the position of
the bands relative to the metal line — the product of its
adiabatic dissociation. In this, it compares favorably
with methods with calibration experiments: electron
impact, flame spectrophotometry, threshold reaction
energy, etc. The scope of the "S" IMS model includes
many substances with ionic bonds, including lantha-
nide compounds, including organometallic ones.

Thanks to the research of spectroscopists, the
entropy part of the accuracy class of the thermody-
namic properties of alkaline earth metal monohalides
according to the classification [6] has reached the high-
est degree "I" — <0.03 J/(mol"K). Its energy component
for the ions of these substances has come close to the
accuracy class "C" — ~130 cm™, from formerly the
lowest "F" and "G" in [6] — ~2500 cm™?. This research
has made a significant contribution to its increase.

In conclusion, we present (kJ/mol) the value
Do(Sr*-F) = 58246, calculated with I,(SrF) found here
and the value of Do(SrF) taken in [6]. We also present the
mean weighted value Do(Sr*-OH) = (432.87/2.7 +

+ 428.1/3.4)/(2.7 +3.4 ) +(2.72+3.42) "2 = 430.8+2.1 =
= 36009+177 cm™, calculated with Do(Sr*-OH) =
= 432.87+2.7 [5] and 428.1+3.4 = [401.8+(5.694901—

—5.4219)-96.48534]J_r[3.oz+(0.0166-96.48534)2]1/2,
where Do(Sr-OH) = 401.843.0 [4] and the ionization

potential I,(SrOH) = 5.4219+ +0.0166 eV has been ob-
tained in this work.
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