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Abstract

The self-consistent field procedure (SCF) is used to solve Hartree-Fock and Density Functional Theory ’H\I!(a: t) _ 5\11(513 t)
equations. SCF convergence methods try to accelerate the search for a molecule’s stable energetic : ’
minimum by extrapolating unknown parameters. Unfortunately, a method that reliably achieves l
convergence for all molecules has yet to be discovered. Thus, to combat this issue, the Wang group has F(P) C — SCE

developed a set of linear expansion shooting techniques (LIST) and a minimal error sampling algorithm
(MESA), which selects the extrapolated value with the least error from all methods. This project was the _d.agona,,ze 9“—*’“""'> __) ’
implementation of the LIST methods and MESA in Psi4, an open-source quantum chemistry library. A )

Four SCF convergence methods (LISTr, LISTb, LISTf, FDIIS) and MESA were added. Initial tests on _ * Yes
molecular systems from the literature that struggle to converge to a stable wavefunction show ( e Fm' v

calculate energy,

convergence using these newly implemented techniques, out-competing existing SCF acceleration
methods in Psi4.

LIST Methods MESA
The LIST methods are based on the shooting technique in numerical At the MESA stage, the input Fock matrix is given to all SCF
analysis. LIST “shoots” for the solution by optimally mixing together convergence methods to see which method best extrapolates. MESA
previous Fock matrices. Each LIST method solves the matrix problem chooses the method with the smallest error, and it's Fock matrix is

below with a slightly different A matrix to produce the next input Fock matrix. used in the next iteration. MESA sampled from DIIS, ADIIS, EDIIS,
LISTb, LISTr, LISTf and FDIIS. Different measures of error were tried,
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(0 <t 2 _1\ (A\ (_1\ FDIIS: a,, — (cF|o) y P 9

-1 an a2 ... am c1 0 ' t best.
AB=|-1 a1 a2 .. am 2 l=190|=0 LISTDb: a;; = <Dz t|egF> | | ’
S g A - : : LISTf: ai; = (F;"[e]) By |t D ould >l "9
\_1 Gml1 Qam2 ... amm) \Cm) \ 0 / ¢
D out in restart calculate Yes
i;,:_{..]_ — E :CiFSUt eF — F(-)Ut - Fi.Il o c?lculate energy,
z it L m {( ) best MESA o
=1 eH :JOU_JIH Fily =i 6FY A set of {c; }
2 L i D}, = > i, D™
Results
0.0 |
-~~;
—2.5 |} 0 r
= =
- &
| 50} | =B
= =]
2 o
9 _9 -6 F
~12 | Molecule: SiHz-H
s set. 6-31G+ Molecule: Cd[Im]2"
il gass set: 321G
Initial Guess: Atomic Densities 9 | E]Ui:gltlg:aels:ss?ﬂ\l_lzzﬂc Densiiss
_10 0 i Best MESA Error: |Di0m - Dim| - Best MESA érror: lDiout & Djoutl
R 19 0 10
SCF Method Energy (Ha)
—@— fDIIS
—@— LISTb
- SiH,-H fDIIS 17 -290.809760 49.41
— DIIS
, ol MESA 13 -290.809760 63.08
*')?('7 ADIIS
A— DIS/ADHS | SN DIIS/ADIIS 17 -141.412647 308.24
MESA 17 -141.412647 312.94
Molecule: UClg @ 2+
Basis set: LANL2DZ \ 0 Cd[lm] D”S/AD“S 18 -5667.11605 302.78
Functional: B3LYP
—0O [ Initial Guess: Core Hamiltonian| | ] \
Best MESA Error: |D - D" \? MESA 18 -5667.116052 314.44
0 10 50 60

Conclusion and Future

The LIST SCF convergence methods and MESA were added to Psi4 with the goal of providing more SCF acceleration methods for molecules that Psi4’s
existing SCF convergence methods struggled. It was demonstrated that MESA, LISTr, LISTf, LISTb and FDIIS all converge on molecular systems that
were reported in literature. Furthermore, these methods can match or outperform the DIIS/EDIIS/ADIIS combination of SCF accelerating methods. Thus,
four new SCF convergence methods were successfully added to Psi4, with the additional capability to use MESA to utilize the strengths of all SCF
convergence methods at every SCF iteration. Further benchmarking of these new methods will allow for a better understanding of their strengths.
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