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Abstract

This is a brief review of some works on the models of atoms and molecules. The existence and
absence of ground states are examined.
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NEDR>TE By (Z +1) PEAEIZR SN LIEIEL TR, 125, REHARZ b
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2. BT D(Z,R) ~ —R S THBHZ LT L<HISoNTWSDD, FEiZ HF REDEMETILTI NN
H5ZEFEHENTWEREWL., TN 5h, HF ETILVTREDFOLERMPELTHI L, OF
W DUF(Z, R) <0 TH5 I L bHkLRIGEE DTV TRIBLBIZR>T WS [7,9-12].

3. PP RIZ Z RS TICARTH B Z e FRINTE Y, HF 7V E T Solovej D ik TRk
HIhTnwb. BEL T, 2 TOLEEMPIFLET N, TNENOF 7 HEEME AR RIE 77205,
Ik HF THRMERMED £ £ TH 5. Kohn-Sham LDA iZ2W T, <4< &EdH Ry > C
TH 5 Z LIFFAE Nz [18].

COMOMBETE - & EYHMICHREN DX, KPR EE2E DI eZEEbNs. DD,
DFIER=(Ri,....,Rg) € Z3K DL ENE 5 LT ITRBIETED, LIRRMAHR. 1)

4. Born-Oppenheimer T %)L F—IZDWTOD Solovej FH. Tk HF ETMIZDWTHEEHI N T
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WEIIHE AR LY U TEiA T 115 Thomas-Fermi #igDEWH 3R L U TOMEMIIMEARNIZ & TH MBREL,
MELTWS D BILHFHEEIZDWTORENPEONIEANT 5. £z, FHTOF RGO AN
BRI S BRMETNIE I VO T 5 RIARHERZD, ThoDMEIFT< R ZFS LZE~NDD
57 TH—FITER->TWVWBHLEEZTNSD.

Z £ X M
[1] A. Anantharaman and E. Cancés Existence of minimizers for Kohn-Sham models in quantum chem-
istry, Ann. Henri Poincaré 26 2425-2455 (2009).

[2] 1. Anapolitanos and I. M. Sigal, Long-range behavior of the van der Waals force. Comm. Pure Appl.
Math. 70 1633-1671 (2017).

[3] T. Andersen, H. K. Haugen and H. Hotop, Binding energies in atomic negative ions: III, J. Phys.
Chem. Ref. Data 28 1511-1533 (1999).

[4] R. Benguria and E. H. Lieb, Proof of the stability of highly negative ions in the absence of the Pauli
Principle, Phys. Rev. Lett. 50 1771 (1983).

[5] J. Bellazzini, R. L. Frank, E. H. Lieb, and R. Seiringer, Existence of ground states for negative ions
at the binding threshold, Rev. Math. Phys. 26 1350021 (2014).

[6] H. Brezis and E. H. Lieb, Long range atomic potentials in Thomas-Fermi theory, Commun. Math.
Phys. 65 231-246 (1979).

[7] C. L. Bris and P. L. Lions From atoms to crystals: a mathematical journey, Bull. Amer. Math. Soc.
42 291-363 (2005).

BKFEA XY Z) = Zo =1 THRMRLR.
14) T 3 )L ¥ — DSF/ND k.
B o UMEZST WA S BIZREINILE M2 ES.



8]

[9]

[10]

H. B. G. Casimir and D. Polder, The influence of retardation on the London-van der Waals forces,
Phys. Rev. 73 360-372 (1948).

I. Catto and P. L. Lions, Binding of atoms and stability of molecules in Hartree and Thomas-Fermi
type theories, Part 1: A necessary and sufficient condition for the stability of general molecular
systems, Commun Part Diff Equ. 17 1051-1110 (1992).

I. Catto and P. L. Lions, Binding of atoms and stability of molecules in Hartree and Thomas-Fermi
type theories, Part 2: Stability is equivalent to the binding of neutral subsystems, Commun Part
Diff Equ. 18 305-354 (1993).

I. Catto and P. L. Lions, Binding of atoms and stability of molecules in Hartree and Thomas-Fermi
type theories, Part 3: Binding of neutral subsystems, Commun Part Diff Equ. 18 381-429 (1993).

I. Catto and P. L. Lions, Binding of atoms and stability of molecules in Hartree and Thomas-Fermi
type theories, Part 4: Binding of neutral systems for the Hartree model, Commun Part Diff Equ.
18 1149-1159 (1993).

A. J. Coleman, Structure of fermion density matrices, Rev Mod Phys. 35 668 (1963).

R. L. Frank, E. H. Lieb, R. Seiringer, and H. Siedentop, Miiller’s exchange-correlation energy in
density-matrix-functional theory, Phys. Rev. A, 76 052517 (2007).

R. L. Frank, P. T. Nam, H. Van den Bosch, The ionization conjecture in Thomas-Fermi-Dirac-von
Weizsécker theory, Comm. Pure Appl. Math. 71 577-614 (2018).

R. L. Frank, P. T. Nam, H. Van den Bosch, The maximal excess charge in Miiller density-matrix-
functional theory, Ann. Henri Poincaré 19 2839-2867 (2018).

Y. Goto, The maximal excess charge in reduced Hartree-Fock molecule, Rev. Math. Phys. 33 2150008
(2021).

Y. Goto, Born-Oppenheimer potential energy surfaces for Kohn-Sham models in the local density
approximation, Preprint, arXiv:2104.09057.

Y. Goto, in preparation.

D. K. Gridnev, Bound states at threshold resulting from Coulomb repulsion, J. Math. Phys. 53
102108 (2012).

O. J. Heilmann and E. H. Lieb, Electron density near the nucleus of a large atom, Phys. Rev. A 52
3628 (1995).

R. N. Hill, Proof that the H™ ion has only one bound state. Details and extension to finite nuclear
mass, J. Math. Phys. 18 2316 (1977).

H. Hogreve, On the maximal electronic charge bound by atomic nuclei, J. Phys. B 31 L439-446
(1998).
H. Hogreve, Destabilization of atomic anions: The case of F~ and O%~, Phys. Scr. 58 (1998).

C. Kehle, The maximal excess charge for a family of density-matrix-functional theories including
Hartree-Fock and Miiller theories, J. Math. Phys. 58 011901 (2017).

M. Levy, Universal variational functionals of electron densities, first-order density matrices, and
natural spin-orbitals and solution of the v-representability problem, Proc. Natl. Acad. Sci. U. S. A.
76 6062-6065 (1979).



[27]

[28]
[29]

[30]

[31]

[32]

E. H. Lieb, Thomas-Fermi and related theories of atoms and molecules, Rev. Mod. Phys. 53 603-641
(1981).

E. H. Lieb, Density functionals for Coulomb systems, Int. J. Quantum Chem. 24 243-277 (1983).

E. H. Lieb, Bound on the maximum negative ionization of atoms and molecules, Phys. Rev. A 29
3018-3028 (1984).

E. H. Lieb and M. Loss, Analysis, Second Edition, American Mathematical Society, Providence
(2001).

E. H. Lieb, B. Simon, The Thomas-Fermi theory of atoms, molecules and solids, Adv. Math. 23
22-116 (1977).

E. H. Lieb, B. Simon, The Hartree-Fock theory for Coulomb systems, Commun. Math. Phys. 53
185-194 (1977).

E. H. Lieb and R. Seiringer, The stability of matter in quantum mechanics, Cambridge University
Press, Cambridge 2010.

E. H. Lieb and W. E. Thirring, Universal nature of van der Waals forces for Coulomb systems, Phys.
Rev. A 34 40-46 (1986).

M. B. Ruskai and J. P. Solovej, Asymptotic neutrality of polyatomic molecules, Schridinger operators
the quantum mechanical many-body problem, Springer, Berlin, Heidelberg, 153-174 (1992).

A. Samojlow, Universality of Born-Oppenheimer curves, Ph.D thesis, University of Copenhagen
(2018).

J. P. Solovej, The ionization conjecture in Hartree-Fock theory, Ann. of Math. 158 509-576 (2003).
J. P. Solovej, A new look at Thomas-Fermi theory, Mol. Phys. 114 1036-1040 (2016).

Gerald Teschl, Mathematical methods in quantum mechanics: With applications to Schrédinger op-

erators, Second Edition, American Mathematical Society, Providence (2014).



