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A relativistic quantum study to
determine some spectroscopic constants
for the diatomic molecules Silver
Bromide (AgBr) and Silver Fluoride
(AgF) using density functional theory
(DFT)

Summary:

In this research, we studied both silver fluoride (AgF) and
silver bromide (AgBr) using DIRAC22 program. This research
Is based on three points. In the first, we have used density
functional theory (DFT). The second, we have selected
[dyall.cv3z] relativistic basis set for all the functional that had
been used in this research. The third, we have used Dirac-
Coulomb hamiltonian. Density functional theory is a quantum
mechanical theory that it is uses in physics, chemistry, and
material science in general to study the electronic structure,
and the ground state for the many-body systems in specific, by
various types of functional based on specific basis set.

We used DIRAC22 with aid of another program in DIRAC
package called TWOFIT for the calculations of the
spectroscopic constants, which are the equilibrium bond length
1., harmonic frequency w, and anharmonic frequency x,w,.
We have found that to describe both AgF and AgBr,
CAMB3LYP make a good method in general to describe both
the equilibrium bond length 7, and the harmonic frequency w,,
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where LDA functional made an excellent description for the
anharmonic frequency x,w,.

Furthermore, we were able to improve the spectroscopic
constants values wusing the relativistic Dirac-Coulomb
hamiltonian that have the spin-orbit interaction term in the
non-perturbative form.

Keywords:

relativistic quantum mechanics, spectroscopic constants,
density functional theory (DFT), spin-orbit effects.
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Jishaly (mlias) G A el dadll ae 3 Gils 3 (N0 Pair) Zang) )
Blae Uady eysnll i) Gy Giany (3 (LSO Ao pigia sa5 Lails )l
Aysdl) Aadll Bl 19 cm™ b w, Aed @yl L0.02A° 1 sl
O o duny X, JaY 0.447 cm™! 5 .8.347 cm ! e Glhe Uadyy
sl Ulie Caib JSG cumid AGHlll oda aladiuly et Lgesall a6l
2 Gdje [17huas Ak aaasuly AgF 1 skl culdll Glaa 28 L3y il
Apdaall Ayl e skl ol G b me ge Ble a5 «ZORA(MP)
2 o8 e ISy A S AESH e adins e uaa 0548 e (ZORA)
ledle Jpmnll 5 Al il \MP 3 Laia) ((model potential) & 3saill ¢58
09.0.026 A° 1 sl Blae Uady Baapatl) Al ae v Gl o calS 7y,
B0em™ ey dpad) dedl)l ge @, S Al Al daEl

cllaa alasiuly
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Su Olasla o

M Jale 2

suwll Yii 2022 ale 1733l 44 Alaall o) dadly Aye

s e il (Xew, IS sy w, I S o, Al Jsb) Aidall gl 3(2) Jgaad
dyall.cv3z s, sac il de sana aladinly Adlise Clals JaY lgle Jpasll 5 ll; AGF 4l
NIST asa (10 (Xe e s, Tp) duadl pdl) o Jpuanll 5 Adlide Slinaye o 435laall

il T [A°] w, [cm™1] Xew, [cm™!]
LDA 1.93665 536.663 2.57467
PBE 1.99383 475.387 -3.86410
PBEO 1.98576 497.130 -1.38650
BLYP 2.00987 466.953 -6.13434
B3LYP 1.99764 486.580 -3.08724
CAMB3LYP 1.98351 506.853 -1.28250
Ref. [14] 2.00029 574 3.11
2.069% 472
2.033° 491
2.026° 496
Ref. [15] 2.029° 491 -
1.987° 515
1.977 521
Ref. [16] 2.004 505.1 3.04
Ref. [17] 2.01 482 -
Ref. [18] 1.9897 504 0.96
Exp. [38] 1.983179 513.447 2.593

A M) SCF 3k aladinl lba g
A pe s S 18 25 50 (g st DU (AN A Hall (e Cipnls- 5l g0) MP2 5 aladinly Cllus :h
Ay 9 S 26 25 50 A iU MP2 llas :C
A sl (A -5 el o) DHF @bles :d
A e 58 18 Asa g 4 sl MP2 il e
Ao e 9 26 2 9a g 4 gl MP2 Sl o f
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O 19 L)) Glaall 3aY) 2y RECP 43l CASSCF+CASPT?2
af Lo Jpaall & cohlanl dyladi-Lanadl il Jiasy dlayl 18]
50.0065A° s w, 57, ol 4 Sl Ladll G Agdal) colgill s
oo U Al Ayadl dedll caxiy) oK .aagl) e (9447 cm?

1633 cm ™! 1 e Bllae Uady L el dadl

Culil) JaY Ak ded Juaily AAGBr Aadll gy egis JaY sl Lalii
Lagleall dludl clually blie CAMB3LYP 4atill DA 0 w8510
bl Caed s (8 60.596 1 slus (olme bl 1345 [20, 22] V) s
Gad Juail Laf sl Uediid Qadls 21,923 1 sl (glne ilai[20]
Gob e [20, 22] desbaall Ll Lyl s (e X, (881U Culill 4
¢ PBEQ Zanfall i€ 591 .0.012 1 sluse (gilime ity 1385 LDA Zanl
Gl 138 8 Leadiinal) Ll G e 7, Adaghyl) Jshal Ayylas Gad Jumdl s
pladinly dyguadll Lpdall ol ad el L0.0099 1 slus (ilae bl
sdaldl spaall @hiS LlE aaa daY 130y il 4@l e BLYP dplill
kiYL

i) Pla G 7, Aabll skl silias dahy 55 (00 AGF sgia JaY (lia
@lme Cihaily [14-18] 48lud) iluydll pan O e Juai); CAMB3LYP
Culill 3am Aad o Jseand) Lakiin) Ll 3 Hlasinls .0.0002 1 slas
Aggpuae Al dad Juadl CulSy 14,662 1 slae (glne Cibail w5
LDA Zmslill DA (e & [14-18] daladl claball o e G815 culil
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PBE «AY) il paea cilael Jiliall 10.0129 1 slue (glane alaily
il JaY (i) 4kls .8 CAMB3LYP B3LYP (BLYP (PBEO
ke 33l el i€ Ll apen Jal 1aay ¢ 885U

ALt (delocalize) 3Syaill aae 333 asti GGA Gl G agladll
Ll Adsall s Ly W ikl saly e i 8 Le 1ay ([19]05 51y
(BLYPs PBE «agl a8 deadivsall GGA il Gl 1aadls (€1 A gnyulal
< PBEOQ il s iy yatl) Aol pe 43aally ddagyl) Joda JaY dyjd pils cidae
s3sn Aladle [39]le & g LAQBr Al b Al Jokal JiY) Caal
o3¢) (Hlmal) il 8 5aSl) (Rlia) G aa Al Jshl PBEO Caas
s ([dyall.cv3z] dysml) saclall desana plasinl 1) i) 1aa 3 da il
J40JastsS—allny Sgilels Gl o leimad s Dyl @i acas
Cadad 13 ol G gl Ggilals AN ALl e el ALY
O - blaal Ll dysuall @lEl Q) sy dag)ll Jsh 8 52l
1 )lie 4adsiall Aall 5245 PBEQ G3ppb oo ddahll Jgba (el 3 o aa) da3s
aaa il eUadY) (mlads) WhaaY ([41]5,S clallgd) JaY el degdlly
&V Jusi (B3LYPs BLYP J 4l cclanlil (g gl 138 G Ladlag L allgl)
Bal3) eda mddd o ma IS Allad A geal) @il il cddayll Jola sl
Al Aladll aansi csaph IS8 (A aael ae Lpusliie Aygaanil) A G Ly
&) Al ayyle o bilie dcad)l miegy J Akl Jsh e PBEO J
Al dagp o 58l IS Wb 68 G pagid) ge S sl @il
salis asih (LDA Llaall Al lae Lo aniioall i) s () LlaaY
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codll Aalad) ch il JBal ade Gy Sudh 38 13a s dayhll Jolal dad sial) Zagl

[41]abastll 538 e (dispersive interaction)

Al 8 emdll adll amy Sl aady Bl (2)5 (1) dsasdd ) kil
(LDA Jis cCiuagll 13 e gsai ¥ Al Gl (e Jumdl Ciay B3LYP
s e sadied) cilluall 4y <G o (36 125 (BLYPs PBEO PBE
Lsad) Caagl [17]mmall e sadl 2o il e gylall Sl e gl
sl 03] Ayig) Aagl)ll Aapde sy MYF™ g5l (e cligiall X 1T 20 )
e Ll CAMB3LYP 4wl Gyl e bl 1 puean 5 il
Al el Lol gl LlaVi-dalal Glalends gadl sam byl
Jaal L aluhall e waall & Sl e 2l e Lds CAMB3LYP
sclill Cilesane Ja¥ B3LYP @lla o CAMB3LYP cililus 4l
Cun ([42]aaall dasgiall sacldl) Gilegena JaY Calidin (Slg 3ymally 50
& Al sae ) de gena BlB (U
O 0sSs B 1aag canall Aangie bacld dogana fiad Ly AEE (la Lgaladial

.CAMB3LYP B3LYP af (s Lo Dia¥) aie 735 ) by aal

byl Wy-dely) sac @l Cile gane pe 458l

Lilaay oS3 o[39]4s guenall il i) A 52L30 a5 Abmngll lasill G Gl Jan )
oSeall o5 (LDA Al lac e il puen JaY aill o34 (mlass) L
Sl e b g ) el Jslal ALY bl Cany s

- S5l

Jsand) Al bl apes Ja¥ Cels ) ALl 3)LEY) jais Sadll (g
Gaglall U Ll A 5V ARESN e adiad ) LDA L)l e Leg ((2)
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o 228 (yo LDA Gl i L [43]cbatil o34 Led Chaih A dlaal) e

ciad) S UYLl adll e Jle IS Al 10 Cubl

il ol Lkl cul aF Y Jseasll e Agsadll il JBd )
oo Laase ) LSl 33 ad€alhn Jglels Hadiul dey 1ag gl
Slo Asla sacli Ao sens alaiin ALaYL cohlual 4l @il gl

ahladl e gual) el il
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