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KOM-HAM DEDSTY FUNCTINAL THECRY 15

AN EXACT-M-PRINCIPLE  SELFCONS/STEDT
FIELD ThEmy FIR THE SROND-SWE
DEPSITY Nir) AND ENGRGY £ OF
ELECTRONS IN AN EATERA. PO7EPIML
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I PRACTICE, TG EXCHMIGE - CORRELATIN
ewerey Ey Ln) (R Reauy Enn])
MUST BE APPROXIMATED .

£m_<o IS THE <COWERING OF 7KE
ENERGY DUE To THE TENDEMCY 4F
ELECTROIS To AVOD ONE AMOTHER.

THE EARLY RPPRAXINATIIAES WERE
NONVATE) BY 7HE Negs OF SollD

STA?E PRISICS :
Loeh. DENSITY ATPROXIMATIN (1DA) 145
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CENERRUTED GRamGLT AYPROR. (664/
DS+ EARLY 1060 1 LANERSTY, PERDEL) ...
E,e*" In] = Sﬂr n E,f“( n, 0,

I THE (9804 AND LAPER, FUNCTIONALS
WERE DRVELIPED WITH PHE NEEDS oF
CHEMISTARY (ESTBLIALLY ATOMZATIHN

GNERGIBS OF Motseuess! (N mwd :
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PERD) BURRS, FEINERNOF J99¢

META —66A‘s
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= 2 L Livy, P S tu-gy) 50
= PINYE oRBR KE DENSTY

BEE, PERDEN , TRUNAR, --.

SEMI-LOAL FUNCTILWALS *
LOA, G6n) NER-EA

E(r] VETERNAED BY LockMED
KOUN-SHAN ORBIZALY N AV
INFINZEs M. NEIEHRENIORD 46 1.

COMPUTATRMM LY EFRCLENT,

TTEUNRLY  PecuRATE WUEN THE EXACT
EXCUMICE~ URRBERT(O WLE (s UL~
LOCALIRED ABOUT 7S EL&eTril ) f5
(N MST EQUiLIBRIGN  SITUATIOS .

CAM PAIL Fop  STACFeHED DDS  oER
Wi ELECTRMSS AE  SHARED.
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RYBRD FPUNCTIONALS

hyb 6¢
EMY = agM (1a) £ LESH
(a~o0.2]
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LDA 1S COnSTRUCTED NON EMPIRICALY,
AND 15 UNIGUE.

GLA AND MEBTA-$6A CAN BE CoViTRIaED
NOEMPIRICALLY (BY CONSTRAINT
SAPSFAcTon) CR EMPIRICALLY
(BY DATA FI77INE). AT THE
66N LEVEL, OVE MUsT ChoosE
AMONG COMPETING CONSTRAITS .

RYBRIDs AAVE NT LENST ONE
ENPIRICAL PRARANGTER .

@

STAUDATD FUNCTIONALS IMIRGVE
UPs) LDA FoR MoLEcults ) BuT
NOT ALWAYS FéR SociDs (whiek
shouLd BE “GANGR" THIN MOLRWE)

PRODLEM :
\

LDR LATTICE CONSTANIS ARE TYPlepwy
1% Tob SHORT. THE POF &8A
LATTICE CONSTANTS ARE RBokT (%
Too LONG (AND OTHER STANPARD
G6Ns ARG LOORSE). NONBMPIRKAL
NETA-GLAY CAY DF  SLIGHT BETIR
THAW POC ) AW) HYTRIDS CRW & Mucw
BETTER AUt AT CREAT COMIMTATINA
CT FIR LARGE LT C8US).
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THE SURFACE ENGRGY OF TELLluM
IS koow) ATTROX|MATELY FROM 7MF
WORK OF LANSRETH) PERDEY, . ..
(Lon6-NANcE cunactim OF 66, eTe.),
AND FRIM A REENT IMIROWSD
QUANTUM MONTE CARW  (FOULk®...).
STANDARD  GCAs MRKF TRE SuRReck |
ENTRGY 7o LoW  (Jur PETIER PHAN
THE 0D QMC). Mem-640G oww B¢
Recunwres. HYDR)Ps ARE PerreR
THIO STARDARD 6645, BaT Pee Low.

NO STRNOARD PUNGTIONAC 1S TReAws
SATISPRCTORY FOR LATMICE Copsmans
AD SURPACE BNBRGIES 4F SULS,

(1))
NEW TREND :  “6éA’s F4R Socips’

() 66A%s DAIED OV THE ARy~ 6AS
RERERENCE SYFIEM

VITOS... aeeo

ARMIENTD & MATTESEN 0685
(W) GEN's DASED 61 CONSTRAIT sHTIMRCION

WIS conen o6t

PeRDEW... 20b¢ ( PPEsC)

G6Rs FOR SOLIDS :  ACCUNNTE LATTICE

CONSTRNTS o SKRppcE ENERGIES ) BT
VERY PoOR. ATOMIZATION EMEALY/ES
OF MoLscures (carmecive oMy
ABowT HMF OF 7He LARGE LDA
ERRA) .
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LIRRLY EXMANARTION: THE G6A FsfM B R SUuLY-VARTIVG ’w‘m)

!
15 7eb LUMITED T® ACNIGVS MI6W E,ln) = EF* N+ C, 84%—'% ‘

AcCURNCY IR ATIMS, MOLEcucd) ¥ ™e PBE 66A GRMDIGNT C4BPAmYCIEWT
Cods FRIM THEG Sf GGA. Cy 15 ADOUT TWICE THE FIAST-PVICIND

ONE, AND IS ATPROPR)ATS FOR 7HE
ENGREY OF AN ATEM OF Ppsts AmwvC
NEnBer .

RESPORING THE PrRST-PRINCIPLES

GRNYIBOT EXPANGICH OVER A W(DPF
Cmmmm, WA BIRsED TONARD A

RANGE OF DB (As g0 PBEM )
CORRELT DeseRWNON OF ATiMs ¥+ NOT PRODULE: MUCN DBETTER AT
OF SeLis.

CONSTANT: ¥ SURPACE ENEREVES.

SECOD NED TREWD : RESHRNEG 7HE GRADIENT
EXOaSn RR Bronmce OVER A

PG RNSE OF D GpscTres

PERDEW, DURKS; ... 00 REAUZED TNAT
THG PO GOA ) BY (TS Seckerion (F
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WE NEED A 600D S)MULTANEUS &

Deschirrron OF ATIMS, MoLkous, ¥

SOLIS ) 70 DEAL WITH COMPLEX

PrROBUMSE  LINE
() CLUSTERS Y= NNUO-MRTER/ ALS
(Q) LARGE BREMNIC M)LEOULE
(3! ATOMS AND MyLscUtes TREAcmls

ON SURPRCES.

G6As APIEAR TO TE T LIMTE) /N
Form. BUT MerA-6er ( EmpLawwe
n, 1wal, AND T) MRY D€ Feanpe
ENOUGH TO TReRIDE ML THNESE
Srirvems  CLOSE YO CGUILIRRIUM.

ap

R NONGMURICAL META-6SA RS DIVELORD Br
Tess 2003 { Tny PEADEH STARSUSALY
SCusERIR).  \T SAPISEIE) MAwY
EXNCT CONSTRANNT, |NeLUPile

(i) Exacr FWR UNICSAM=DENSTY CINIT:

(i) ReeovgAY oF THE CORRECT STUNP=-
ORDER ¥ FOURTWSRIGR GAADIANT
EXPRNY O R EXCHAWGG -

(ii’) No DVGRGENCE OF THE GreNwise
POTENTIRNG NT THE MUCLBUS.

(vl 260 CIRNELATION SWERéY FOR
AWy ONG- BLECTRYN DESITY.
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ae
A WeTA~66A PROVIDES DIFFSREWLT
GEA DEseriprions AR DIRREAMIT UNT!

(z) Scower-VARYNG Limir (Mawy 6RBI744
SAAPE  OVERLAPPED)
=5 ek 2 (orn)%

OR MORE CENGRALLY

o T28 o L.
1“.\’

MPORTANT REGIONS GF SULIDS SURAKS
Have  olzd .

(R lso-oROI7AL CiMir (OUE SRUTAC SHAPE
Ttz B ) xS0,
\NPokraarr RE oo 6P NOMs AWD
MOscuLs Mve ol ¢ 0.

THE TP NETA=66p 6MUE ©
() VERY ACCURRTE APEMIIATIN
ENBRAIES §F MMGem  (NacH

BEP7ER 7HAN G6A%).

() ACCURATE BURPACE BRI & B Jewionm,

L) CATTICE CONSTANTS SLIGHTLY

SHORTER (THYS SueNPLY BEPTEH

Thaw TPEE 66A.

THE LATTICE ~COMSTAUT GRRERS ANEAR
ANSE EROM THE MICT THAT THE

TPss GCNWEE DEPARTS 700 RUST

From 13 sEcl) - 6RDER GAMIGUT
st A5 THE REDUD GRADIEOT

g= | v!l INCRERS 5.

Nn‘h)'b n
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3, pacees (20069).
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REVISED 7FSS OR TRuTPSS WMEPNGIR A9
KEBP ALL TPS ccmmmn', WZHeuT

grrinecas CPARAMETERS. CARNOE THE
PRM, OF TPSS Eacnawes 78 RECHWR

THE FIRT-MINCIPLES  GRANGT EROMNS/4)
OVBR A WIICR RANEE OF REDUCE

N
DENITY SrADIGUTY. (NTRODUCE PH&
kiown  (nu-canenery 1126] Dery
VEPENDENCE 6F THE GRADIGUT O0MVeART

Tk e .

TERIEW) RuasIsky , CSOMIA ) COMSTALAY)
UV, Thmde REVIEW (ETTERS

®

(il T8LLlhm SURPACERENCREIGY NS
STeee CoNRET, WiTNIN THE 3%
WA CERTAINTY OF 7HE EXCT Sxc .

(i) ATOMZATION ENGREISY OF
MOLECULES ARE SvEN MORE
RECCURATE THRN THSE SP TRSS.

RESULTS FROM TREV-TP5

MEAN ROSOLUTE ERROR (head/met | Fon
THE 223 MOLECHLES OF PREG3 SET.

LPA 121.9
PBE GEA a2, a
TPss MeTh-G4A 5.7
ReV=TPss META-CIA 4.7




John Perdew, Tulane Univ. (KITP Excitations Conf 11-02-09) Improving Density Functionalsfor Solids

Page 10

ap

) LATTICE CONSTANTS ARE A
Recuppre Ay Tuos® e TNE
‘Gen’s PR sociDs "

Meaw ABsouure ERRsR (B FOR 1 s

LDA 0.079
P86 &4A 0.648
PSS METR-LIR 0,047
RU-TPG NoTA-SIA  O.03¢

GEAs PR L3’  ANGE G6A 6.03
TICeL 66A 0.83¢%

RAVE WE GonvE & PR As WE
CAY AT THE staw-coed. ( G
or META-G6R ) LEVEL T




