MeTonbl KBaHTOBOM XuMuu/Methods of quantum chemistry

s, -
JleKkTopbl: g A .\.:;i
P-4
PomaH MM0103K0B 2 G 1 AN
e T N o
. = L
gt g %
' i
D W/
7 YA
g“l'_'(:] O6pa3oBaTe/ibHaA NporpaMma:
nglis
. KBaHTOBbIE MaTepuasibl
TpynoeMKOCTb:
1; 3 cemecTp
6 3.e.

HaHodoToHuKa
dopMa KOHTpoOnA:

1; 3 cemecTp
9k3amMeH/Exam

TmbpunaHble MaTepurasbl

1; 3 cemecTp
KoMnbloTepHOe MogenmpoBaHne KBaHTOBbIX
N HAHOMOTOHHbIX CUCTEM

1; 3 cemecTp

MpepekBU3nTHI:
CneunanbHble pa3aesibl KBAHTOBOM
MEeXaHNKN

KBaHTOBas MexaHuKa

JNlekuum MpakTuyeckue 3aHATUA JlabopaTopHble 3aHATUSA
(ak.4yac)* (ak.4ac) (ak.4ac)

28 28

*1 akapeMu4yeckum 4yac = 45 MUHyTaM

The course contains the basic concept and general methods of quantum-mechanical modeling of nanosystems. Practical lessons are
devoted to the application of modern software packages, such as “FireFly (PC GAMESS)”, “GAUSSIAN”, “QUANTUM-ESPRESSO”,
“GPAW"to modeling of the optimum geometry, electronic structure and optical response of periodic and non-periodic systems.

In particular, the course can be divided into the following parts:

1. Modeling of many-electron atoms structure.

2. Modeling of molecular systems.

3. Realization of density functional theory for computation of optimal geometry and electronic structures of periodic and non-periodic
systems.

4. Time-dependent density functional theory and their application to calculation of optical response of periodic and non-periodic
systems.

5. The two-particle Green's function. The two-particle vertex. Hedin's equations. GW approximation. Bethe-Salpeter equation.

6. Practical training on the basic techniques of the modern computer packages of quantum-mechanical modelling: “FireFly (PC
GAMESS)”, “GAUSSIAN"”, “QUANTUM-ESPRESSO”, “GPAW".

Kypc conep>XnT OCHOBHble KOHLieNuun n obline MeToAbl KOMMbIOTEPHOrO KBaHTOBO-MEXaHWYeCKOro MOoAeNMpOBaHNA HaHOCUCTEM.
MpakTuyeckne 3aHATUSA NOCBSLLEHbI MPUMEHEHUAM COBPEMEHHbIX MaKeToB NporpamMm, Taknx Kak “FireFly (PC GAMESS)”, “GAUSSIAN”,
“QUANTUM-ESPRESSO”, “GPAW” pgna MopenvMpoBaHWS OMTUMasbHON FeOMEeTpuKn, 3JIEKTPOHHOW CTPYKTYPbl M OMNTUYECKOro OTK/MKa
rnepuoanyecknx n Henepuoan4ecknx cucTem.

B 4aCTHOCTU KypC COAEPXUT CliefytoLne KpynHble pasaesbl:

1. MogenupoBaHne CTPOEHNS MHOr03JIEKTPOHHbIX aTOMOB (3/IeKTPOHHasA Teopus CTPOeHUs aToMoB, MeToA XapTpu-doka, aTOMHbIe
opbuTtanu, Teopusa pyHKLMOHaNa MJIOTHOCTN).

2. MogenvpoBaHne MOJIEKYNISIPHbIX CUCTEM (Teopus XMMU4YeCcKon cBA3n, npubnvxeHve bopHa-OnneHrenmepa, MeTon Bas€HTHbIX
CBA3el, MeToA MONEKYNAPHbIX opbuTtanen).

3. Peanunsauunsa Teopumn yHKLMOHaNa MJOTHOCTM AJ18 pacyeTa ONTUMasIbHON reoMeTpuM U 3NeKTPOHHOW CTPYKTYpPbl MepUoANYeCcKnX
1 Henepuoamn4ecknx CUCTeM.

4. HecTaumoHapHas Teopusi PyHKUMOHaNa MIOTHOCTU U ee MNpUMeHeHue A1 pacyeTa OMTUYeCKOro OTKJIMKa Mepuopunyveckmnx u
Henepnoan4eckmnx CUCTem.


https://physics.itmo.ru/ru/personality/roman_polozkov
http://physics.itmo.ru/ru/study-program/2979
http://physics.itmo.ru/ru/study-program/2980
http://physics.itmo.ru/ru/study-program/3936
http://physics.itmo.ru/ru/study-program/8729
http://physics.itmo.ru/ru/study-program/8729
http://physics.itmo.ru/ru/discipline/3074
http://physics.itmo.ru/ru/discipline/18984

5. OByx4acTunyiHasa pyHkums MpuHa. YpaBHeHnsa XegnHa. GW npubnunxxeHune. YpasHeHne bete-ConnuTtepa.
6. MNpaKkTnyeckne 3aHATUA NO OCHOBHLIM MpMemMaM paboTbl C COBPEMEHHbLIMU MakKeTaMy KOMMbIOTEPHOr0 KBaHTOBO-MEXaHWNYeCKoro
MonenuposaHua: “FireFly (PC GAMESS)”, “GAUSSIAN”, “QUANTUM-ESPRESSO”, “GPAW".



Copep>xaHue Kypca

1 semester/1 cemecTp

Methods of quantum chemistry/MeToabl KBAHTOBOM XUMUM

CTpyKTypa Kypca

Topic

Lections
(ac.h.)

Seminars
(ac.h.)

1. Introduction. Basics of quantum many bode theory (Hartree-Fock approximation and the density
functional theory).

2. Modeling of molecular systems (The Hukel molecular orbital theory, Born-Oppenheimer approximation,
valence bond method, molecular orbital method).

3. Realization of density functional theory for computation of optimal geometry and electronic structures of
atomic and molecular systems.

4. The calculation of optimized geometry and electronic structure of atomic and molecular systems with
use of atomic orbitals basis set - application of FireFly quantum-mechanical modeling package.

5. Realization of density functional theory for computation of optimal geometry, electronic structures,
density of states and band structure of periodic systems with use of plane wave basis set.
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6. The calculation of optimal geometry, electronic structures, density of states and band structure of
periodic systems with use of plane wave basis set - application of QUANTUM ESPRESSO quantum-
mechanical modeling package with use of GUI BURAI.

7. The calculation of optimal geometry, electronic structures, density of states and band structure of
periodic systems with use of plane wave basis set - application of QUANTUM ESPRESSO quantum-
mechanical modeling package with use GUI QUANTUM VITAS.

8. The time-dependent density functional theory and their application to calculation of optical response of
periodic and non-periodic systems.

9. The calculation of optical response of periodic systems - application QUANTUM ESPRESSO quantum-
mechanical modeling package with use GUI QUANTUM VITAS.

10. The two-particle Green's function. The two-particle vertex. Hedin's equations. GW approximation.
Bethe-Salpeter equation.

11. Realization of GW approach for periodic systems - application QUANTUM ESPRESSO quantum-
mechanical modeling package.

Pa3pensl

Jlekuum
(ak.4.)

MpakTuka
(ak.u.)

1. BeegeHne. OCHOBbl KBaHTOBOW Teopuu MHoOrux Ten (MeTton XapTtpu-®oka, Teopus (yHKLMOHana
MNAOTHOCTH).

2. MopenupoBaHue MOJIEKYJIAPHbIX CUCTEM (Teopus XWMUYECKOW cBA3M, npubnmxeHue BopHa-
OnneHrerMepa, MeTO[ BaJleHTHbIX CBA3El, MeTO MOJIEKYNSpHbIX opbuTanen).

3. Peanunsaumsa Teopumn pyHKLMOHANA NAOTHOCTA ANs pacyeTa ONTUMAJIbHOW FreoMeTpun 1N 3N1eKTPOHHOM
CTPYKTYPbl aTOMHbIX U MOJIEKYNSIPHBIX CUCTEM.

4. PacyeT ONTUMaJIbHON reoMeTPUN N 3NEKTPOHHOW CTPYKTYPbl @TOMHbIX W MOJIEKYJIAPHbLIX CUCTEM C
ncrnonb3oBaHnem 6asmnca aToMHbIX opbuTanen - npumMmeHeHne nakeTa FireFly.

5. Peanusaums Teopuun dyHKLMOHaNa MAOTHOCTW ANSA pacyeTa OMNTUMasibHOW reoMeTpun, 31eKTPOHHOM
CTPYKTYPbI, MJIOTHOCTW COCTOAHWIA, 30HHOW CTPYKTYPbl MNEPUOJNYECKMX CUCTEM C UCNOJIb30BaHNEM 6a3uca
MNAOCKUX BOJIH.
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6. PacyeT onTuMMasbHOW FreoMeTpun, 3NEKTPOHHON CTPYKTYPbI, MAOTHOCTM COCTOAHWNA, 30HHON CTPYKTYPbI
rnepuoanyeckmux cucTeM C ucnonb3oBaHMeM 6asmca MJOCKMX BOJIH - npumeHeHue nakeTa QUANTUM
ESPRESSO c ucnonb3osaHnem GUI BURAIL.

7. PacyeT onTuUManbHOW reoMeTpumn, 3IEKTPOHHOWN CTPYKTYPbI, MJIOTHOCTU COCTOSHUIA, 30HHON CTPYKTYpPbI
nepuoguyeckmux cUcTeM C ucnonb3oBaHMeM 6asmnca MNJOCKMX BOJIH - NpuMeHeHue nakeTa QUANTUM
ESPRESSO c ncnonb3osaHnem GUlI QUANTUM VITAS.




8. HecTtaumnoHapHasa Teopusa (yHKUMOHaNa MAOTHOCTU W ee MpuUMeHeHWe [ pacyeTa OMNTUYeCcKoro 4

OTKJIMKa Nepnoan4ecknx n Henepnoan4eckux CUCTeM.

9. PacyeT onTuYecKoro OTKJIMKa rnepuoguvyeckux cucteMm - rnpumeHeHue naketa QUANTUM ESPRESSO c 6
ncnonb3osaHneMm GUI QUANTUM VITAS.

10. Aeyx4acTuiHaa pyHKUMS [puHa. YpaBHeHUsa XegmHa. GW npubnmxeHune. YpaBHeHue bete-Connutepa. 4

11. MpumeHeHne GW npunbavkeHna ona Nnepmoanvecknx CUCTEM C UCNoJib3oBaHMeM Ba3unca nNioCcKkmnx BOsH 6
- NnpuMeHeHmne naketa QUANTUM ESPRESSO.

PekoMeHpyeMble pecypchl

OCHOBHbIE!:
1. K.I. Ramachandran, G. Deepa, K. Namboori. Computational Chemistry and Molecular Modeling. «Springer», 2008.
2. W.M.N6parumos, A.H. KosLios, HO.®. HazapoB. OCHOBbI KOMMbIOTEPHOr0 MOAENNPOBaHNSA HaHOCKMCTeM. JlaHb. 2010.
3. JI. Llionuke. KBaHToBas xumus. «Mup», M. 1976.
4. P.MaTTyK, PeiHMaHOBCKME gnarpaMmmbl B npobneme MHormx Ten. «Mmp», M. 1969.
5. C. Penmc, Teopus MHOr03/1EKTPOHHbIX cucTem, «Mup», M. 1976.
6. G.D. Mahan, Many Particle Physics, 2000.
7. P. Coleman, Introduction to Many-Body Physics, Cambridge University Press, 2015

JonosiHuTeNbHbIE:

. l.Lindgren, J.Morrison. Atomic many-body theory. Springer. 1982.
. A.F.Fetter, J.D.Walecka. Quantum theory of many-particle systems. McGraw Hill Book Company. 1971.

I>x. CnaTep. DNeKTPOHHas CTPYKTypa Monekyn. «Mup», M. 1965 r.

. H. Bruus, K. Flensberg, Many-body quantum theory in condensed matter physics, 2002

. O.ManHc. Npobnema MHormnx Ten. «MIHoCTpaHHasa nuTepaTypa», M.1963.

. Teopua Heo4HOPOAHOIO 3/1IeKTPOHHOro rasa. MNop pea. C.JlyHakemcta n H.Map4a. «Mup», M. 1987.
. O.Taynec. KBaHTOBas MexaHuKa CMCTEM MHOIMmMx 4actuy. «Mup», M. 1975

NMonuntuka oueHnBaHuA

Grading policy: two intermediate tests (in the middle of the semester and at the end) in the form of calculation tasks and an exam in
the form of a presentation based on the results of the combined calculation task.

Kak oueHMBaeTca ycneBaeMOCTb MO KypcCy: [ABa MPOMeXyTO4YHbIX 3a4yeTa (B cepefMHe ceMecTpa W B KOHLE) B BUAE pacyeTHbIX
3aaHui 1 3K3aMeH B BUe npeseHTaunn rno pesysabratam obbeNHEHHOro pac4eTHOro 3agaHu4a.

Tun caMocToATeNbHbIX 3a8aHU

See supplementary materials attached
CM. Npuno>KeHHble MaTepuanbl



