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The Qualifying Exam is conducted by PhD Committee in Material Science & Engineering in the
form of research presentation (up to 20 min) followed by the questions addressing not only
particular aspects of the work presented, but also their placement within the broad concepts
outlined below.

CTpykTypa MaTepuajioB

Structure of materials

O6HII/I€ IIPUHIUIIBI KBaHTOBO-MCXaHHUYCCKOI'O OIIKMCaHUusA MOJICKYJIAPHBIX CHUCTEM.
CrauuonapHoe ypaBHeHue llpeaunrepa. IIpubnumxenue bopna-Omnmnereiimepa. DIeKTpOHHOE
ypaBaenue lllpenunrepa. IloBepXHOCTP  NOTEHIMANBHOH  dHEpruH. PaBHOBeCHbIE
KOHQUrypaluy, TIepexoJHble COCTOSHUSA, IUCCOLMALMOHHBIe mpenenbl. CuiloBble MOJIS.
CummeTpust MOJIEKYII.

Principles of molecular quantum mechanics. Stationary Schroedinger equation. Born-
Oppenheimer approximation. Electronic Schroedinger equation. Potential energy surface.
Equilibrium configurations, transition states, dissociation limits. Force fields. Molecular
symmetry.

HBwxenue saep. HopmanbHble kosneOanus. Bpamienune wmonekyn. MeTonbsl KiIacCHYecKOit
MEXaHUKHU saep. MoiekyisapHas Mexanuka. MonekyisipHas JUHaMHUKa.

Nuclear motions. Normal vibrational modes. Molecular rotations. Classical methods for nuclear
motions. Molecular mechanics. Molecular dynamics.

OnekTpoHHas 3ajada. BeruucnurenbHas kBaHTOBas Xxumus. Ilomysmmmpudeckne MeTOIBI.
Meton Xaptpu-®doka. Koppemsius snextrnpoHoB. Teopust ¢yHKIMOHaIa IIOTHOCTH.
PacnipocTpaneHHble KBAaHOBOXUMHUYECKHE MOAX0/1bl. BO30yKI€HHBIE AJIEKTPOHHBIE COCTOSIHHSL.

Electronic problem. Computational quantum chemistry. Semiempirical methods. Hartree-Fock
method. Electron correlation. Density functional theory. Common computational methods of
guantum chemistry. Excited electronic states.



Kpucrannpl, KBa3UKpUCTAILIBI, CTEKIA, )KUJIKOCTH. YTOPSIA0YEHHOCTh U Pa3yNopsI0U€HHOCTD.
CTpyKTypa U CUMMETpPUS KPUCTAILIIOB. DJIEKTPOHHAsI CTPYKTypa KpUCTAIOB. 30HHAs TEOpHs,
teopema bioxa. 3akon mucnepcuu. [loBepxnocts @epmu. InoTHOCTH cocTosiHUM. MeTasl,
TM3JICKTPUKU U 1ONynpoBoaHuKU. Konebanus pemerku. BoraucnutenbHas XMMusi KPUCTAIUIOB,
MOBEPXHOCTEH, HHTEP(EHCOB.

Crystals, quasicrystals, glasses, liquids. Order and disorder. Crystal structures and symmetry.
Electronic crystal structure. Band theory. Bloch theorem. Dispersion relation. Fermi surface.
Density of states. Metals, dielectrics, semiconductors. Lattice vibrations. Computational
quantum chemistry of crystals, surfaces and interfaces.

JnpdpakunoHHBIE METOAbI HM3ydeHHMss wmarepuaioB. OCHOBBI TeOopuHM JUGpPAKIUK Ha
Kpucrauiax. 3ydeHne CTpyKTypsl MOHOKPUCTAJIOB M IIOPOIIKOB METOAaMH PEHTTEHOBCKON 1
HeHTpoHHOU mudpaknuu. [lomydeHue oKanbHOW WHQPOPMAIMU O CTPYKType C TOMOIIBIO
METOJIOB MAJIOYTJIOBOTO PACCEsSHHS, aHaIu3a MapHOi (pYHKIMHU pacrpeescHus, pe30HAHCHOTO
paccestnusi. M3yuenue matepuaiioB in Situ u in operando. /ludpakivoHHbIe HCCIIECIOBAHUS C
CHHXPOTPOHHBIMHU M HEUTPOHHBIMHU UCTOYHUKAMH.

Diffraction methods in material studies. Basics of diffraction on crystals. Crystal structure
analysis with X-ray single crystal and powder diffraction, neutron diffraction. Extracting local
information from small angle scattering techniques, pair distribution function analysis, resonant
scattering. In situ and in operando studies. Diffraction studies with synchrotron and neutron
sources.

OnexTpoHHass MHUKpOCKONHMs. (OCHOBBI JJIEKTPOHHOM ONTHKM M METOJOB IOJYy4YEHHS
nzobpaxkenuit. M3yueHume Mop¢oJOrMM € TOMOIIBIO  CKAaHUPYIOUIEH  3JIEKTPOHHON
MHUKPOCKOMMU. MeToabl  NMpocBeYMBAIOIIEH  DJIEKTPOHHOHM  MHMKpPOCKONUHU:  AUppakius
9JIEKTPOHOB, MMKPOCKOINHUS  BBICOKOTO  pa3pellleHHsi U CKaHUPOBaHME M300pa)KeHUH.
DnexTpoHHas ToMorpadus B peaJbHOM U 00paTHOM MPOCTPAHCTBAX.

Electron microscopy. Basics of electron optics and imaging techniques. Morphology analysis
with scanning electron microscopy. Transmission electron microscopy (TEM) techniques:
electron diffraction, high resolution TEM and scanning TEM imaging. Electron tomography in
real and reciprocal spaces.

CnexTtpockonuueckue MeToabl. MomnekymnsipHbie crnekTpbl. MK-criekTpockonusi, ontuyeckas u
YO cnektpockonus. PeHTreHo-poTodneKTpOoHHAsS CHEKTPOCKOMuUs. MarHuTHO-PE30HAHCHBIE
METOJIEL.

Spectroscopic methods. Molecular spectroscopy. IR, optical and UV spectroscopy. X-ray
photoelectron spectroscopy. Magnetic resonance.



XumMnueckas TEPMOAUHAMHKA
Chemical Thermodynamics

OCHOBHBIE TTOHATHUS TCPMOJUHAMUKHU. U30JIMPOBAHHBIC U OTKPBITHIC CUCTCMbI, PABHOBCCHBIC U
HCPAaBHOBCCHBIC CUCTCMbI, TCPMOJAUHAMNYCCKUC IICPCMCHHBIC, TCMIICPATYpAa.

Basic concepts of thermodynamics: Isolated and open systems, equilibrium and non-equilibrium
systems, thermodynamic variables, temperature.

IlepBblif 3akoH TepMoAMHAMUKU. Teruiora, paboTa, BHYTPEHHSAS OSHEPrusi, SHTAIBINS,
TeI10eMKocTh. 3akoH ['ecca. Bropoil 3akoH TepMOAMHAMHKU. DHTpONUS U €€ M3MEHEHUs B
00paTUMBIX U HEOOPATHMBIX MPOIIECCaXx.

First law of thermodynamics. Heat, work, internal energy, enthalpy, heat capacity. Hess’s law.
Second law of thermodynamics. Entropy and entropy changes in equilibrium and non-
equilibrium processes.

dyHaMeHTaJ bHBIE YpaBHEHHs TepMoauHamuku (ypaBHeHus ['m0O0ca). Dueprust ['m60ca,
sHeprus ['enbmrosnbia. YcioBHs paBHOBECHS M CaMOIIPOU3BOJIbHBIE IPOLECCHI. Y PaBHEHUE
I'n66ca — I'enpmronbia. Pabora 1 TenaoTa XMMUYECKUX MPOLIECCOB. XUMHUECKHUE MOTEHIINAIBL.

Fundamental thermodynamic relations (Gibbs equations). Gibbs and Helmholtz energies.
Equilibrium conditions and spontaneous processes. Gibbs-Helmholtz equation. Work and heat
of chemical processes. Chemical potentials.

XHUMHYECKOE paBHOBECHC. 3akoH HeﬁCTByIOIHHX macc. Pa3nudHplie BUIBI KOHCTAHT paBHOBECUSA
" CBA3b MCKAY HUMMU.

Chemical equilibrium. Law of mass action. Different types of equilibrium constants and
relations between them.

MuKkpo- U MaKpOCOCTOSIHUA XUMHUYECKHUX cucteM. Pacmpenenenume Makcpema—bosbiimana.
CraTucTuyeckue CcpelHHE 3HAYeHUs MAaKpOCKONMMYEeCKMX BenuuuH. AHcamOmum ['mOGca.
MUKpOKaHOHHYECKOE M KAaHOHWYECKOE pachlpeiefieHus. PacueT 4YuWcla COCTOSHHUHA B
KBa3HKJIACCHUECKOM MPUOINKEHUH.



4

Microstates and macrostates of a chemical system. Maxwell-Boltzmann distribution. Statistical
means of microscopic variables. Gibbs ensembles. Microcanonical and canonical distributions.
Quasiclassical determination of the number of states.

Kanonnueckoe pacnpenenenne [u06ca. CymMma 1O COCTOSHHMSIM KakK CTaTUCTHYECKas
XapaKTepUCTHUECKast byHKIHS. Craructuueckue BBIPAXKCHUS TUISE OCHOBHBIX
TepMoauHamMuueckux GyHkiuil. MonekynspHas cyMMma [0 COCTOSHHUSAM H© CyMMa IIO
COCTOSIHUSIM Makpockomuueckoil cuctemsl. [locTynartenbHas, BpamiatenbHas, 3JI€KTPOHHAs U
Kose0aTenbHast CyMMbI IO COCTOSIHUAM. CTaTUCTHUECKUN pacyeT SHTPOIUU.

Canonical Gibbs measure. Partition function as the statistical characteristic function. Statistical
definitions of the main thermodynamic functions. Molecular partition function, partition
function of a macroscopic system. Translational, rotational, vibrational and electronic partition
functions. Statistical definition of entropy.

Pacnpenenenunss boze—Oinmreiitna u  ®epmu—/lupaka. BbIpOXKIeHHBIN uUIcaNbHBIA ras.
OnekTpoHbl B MeTauiax. CTaTUCTUYECKask TeOpusl DUHILITENHA UAeAIbHOTO KpucTamia. Teopus
JlebGas. Toueunble AePEeKTh KPHUCTAJUIMYECKUX pelIeToK. PaBHOBecHble M HEpaBHOBECHBIC
e eKThl.

Bose-Einstein and Fermi-Dirac statistics. Degenerated ideal gas. Electrons in metals. Statistical
Einstein theory for ideal crystals. Debye theory. Point defects in crystals. Equilibrium and non-
equilibrium defects.

OCHOBHBIE TOJIOXKEHUS TEPMOAMHAMUKHN HEPAaBHOBECHBIX MpoleccoB. JIOKallbHOE paBHOBECHE.
Onykryauuu. OyHKIMS TUCCUTIALIAM.

Basic concepts of non-equilibrium thermodynamics. Local equilibrium. Fluctuations.
Dissipation function.

[Tonstus komronenTa, ¢asbl, crernenu cBoOobl. [IpaBuno da3z 'm66ca. OMHOKOMIIOHEHTHBIE
cucteMbl. Jlmarpammbl coctosiHus. Da3oBble TMepexonbl. J[ByXKOMIOHEHTHBIE CHCTEMBI.
JlnarpaMMbl COCTOSIHHS IByXKOMITOHEHTHBIX CHCTEM.

Concepts of component, phase and degree of freedom. Gibbs phase rule. Pure (one-component)
systems. Phase diagrams. Phase transitions. Two-component systems and their phase diagrams.

AncopOiust ¥ mOBEpXHOCTHBIE sBJICHUA. CTPYKTypa MOBEPXHOCTH M MOPUCTOCTH aJCOPOCHTA.
Jlokanu3oBaHHas U JeJI0OKaIn30BaHHas aacopOuus. MoHOMoNEKynspHas U MOJIUMOJIEKYIspHast
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aacopOmus. AncopOuroHHoe paBHOBecwe. M3otepmbl m m300apel aacopOmuu. Koncranta
a71copOLIMOHHOIO PAaBHOBECHS.

Adsorption and surface phenomena. Structure of the surface, adsorbent’ porosity. Localized and
delocalized adsorption. Mono- and multilayer adsorption. Adsorption equilibrium. Adsorption
isotherms and isobars. Adsorption equilibrium constant.

Kuneruka
Chemical kinetics

Kunernueckass Teopus ra3oB. Pacnpenenenue MakceBemia. TpaHCIIOpPTHBIE —CBOICTBaA.
Huddyszus. TerumonpoBogHocTs. IOHHAS TOABMKHOCTE. DIIEKTPOIPOBOTHOCTD.

Gas kinetic theory. Maxwell distribution. Transport properties. Diffusion. Thermal conductivity.
lon mobility. Electric conductivity.

OCHOBHBIE TTOHATHS XUMHUYECKOH KHHETUKU. HpOCTLIe " CJIIOKHBIC PCAKIIUU, MOJICKYJIAPHOCTD U
CKOPOCTb HpOCTOﬁ pCaKuuu. Kunernueckue KpPHUBBLIC. Kunernueckue YpaBHCHUSI. Koncranra
CKOPOCTH U TOPAIOK pCaKIIHNH.

Basic concepts of chemical kinetics. Elementary and complex reactions, molecularity and rate of
elementary reaction. Kinetic curves. Kinetic equations. Reaction rate constant and order.

3aBUCUMOCTh CKOPOCTH pEaklMM OT TeMIepaTypbl. YpaBHEHHE AppeHuyca. ODHeprus
aktuBauuu. Teopust mnepexoaHoro cocrosiHus. Ilyte peakmuu. CTaTHUCTUYECKUH pacyer
KOHCTaHTBI CKOPOCTH.

Reaction rate dependence on temperature. Arrhenius equation. Activation energy. Transition
state theory. Reaction path. Statistical reaction rate theory.

Karanuz

Catalysis

I'omorennsii karamms. KucnoTHO-oCHOBHOM karanu3. KuHeTHKa W MEXaHHW3M peaklIui
crenn(UYeckoro KUCIOTHOro Kataiusa. DyHKuuu kucnotHoctu [‘ammera. Kuneruka un
MEXaHU3M peakLuil 00IIEero KUCIOTHOTO KaTalln3a.
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Homogeneous catalysis. Acid-base catalysis. Kinetics and mechanism of specific acid-base
catalytic reactions. Hammett acidity function. Kinetics and mechanism of general acid-base
catalytic reactions.

I'ereporennsiii karanus3. OrnpeneneHUe CKOPOCTU TETEPOreHHON KaTaIUTUYECKOM peakLuu.
CenexkTuBHOCTh KaTan3aTopoB. Ponb ancopOuun B KMHETHKE M€TEPOr€HHBIX KaTAIUTHYECKUX
peakuuii. HeoqHOPOIHOCTH MOBEPXHOCTH KAaTaIU3aTOPOB, HAHECEHHBIC KATAaIM3aTOPbl. DHEPIHUs
aKTUBALUU T€TEPOrCHHBIX KaTAIUTUYECKUX PEAKLIUM.

Heterogeneous catalysis. Rate of heterogeneous catalytic reaction. Selectivity of catalysts.
Adsorption in heterogeneous catalytic reaction kinetics. Surface heterogeneity of catalysts,
supported catalysts. Activation energy of heterogeneous catalytic reactions.

3HeKTp0XI/IMI/Iﬂ U MaTepuaJbl I XPAaHCHUA U npeoﬁpa303amm IHEPIrumn
Electrochemistry and materials for energy storage and conversion

DNEeKTPOXMMHUYECKHE SYEHKH, aHOJ, Karona, (apaneeBckue U He-(hapagceBCKHE IPOIECCHI.
3akon Dapanes, IBOMHOU CIIOH, EMKOCTb, TOK, OTCHIHAL. TepMoaMHAMUYECKass 0OpaTUMOCTb,
cBoOoanas sHeprus ['u66ca, DJAC sueiiku, moiypeakiuu W MOTEHIHAbI BOCCTAHOBIICHUS,
(dbopMalbHBIC TIOTCHITMANBI, JJIGKTPOAbI CPaBHEHHUS, JJICKTPOXMMHUYECKHE ITOTEHIIUAIBI,
MPOBOJIUMOCTD, AIIEKTPOIPOBOHOCTb.

Electrochemical cells, anode, cathode. Faradaic and non-Faradaic processes. Faraday’s law,
double layer, capacitance, current, potential. Thermodynamic reversibility, reversibility and
Gibbs free energy, cell EMF, half-reactions and reduction potentials, formal potentials,
reference electrodes, electrochemical potentials, conductivity

I'omoreHHass M reTeporeHHas JIEKTPOXMMHUYECKas KHHETHKa, ypaBHeHHe HepHcra, KuHeTHka
batnepa-®onbmepa, cTaHIapTHash KOHCTaHTAa CKOPOCTH, TOK-TIEPEHANpsIKEHHUE, YpaBHEHHE
Tadens, mI0THOCTH TOKa OOMEHA.

Homogenous and heterogeneous electrochemical kinetics, Nernst equation, Butler-Volmer
kinetics, standard rate constant, current-overpotential, Tafel equation, exchange current density.

BonbrammepomMerpus ¢ TMHEHHOW pa3BepTKOM MOTEHIIMANA, [UKIMYECKas BOJIbTAMIIEPOMETPHS,
KBaJI[paTHO-BOJIHOBAsl BOJIbTAMIIEPOMETPHS, XPOHOAMIIEPOMETPHS, XPOHOIMOTECHIIMOMETPUS,
YIIbTAMUKPOIEKTPOBI.

Linear sweep voltammetry, cyclic voltammetry, square wave voltammetry, chronoamperometry,
chronopotentiometry, ultramicroelectrodes.



JIBoitHBIC AeKTpUUecKkue ciiou, Teopust ['yu-Uenmena, monudukanus CrepHa, aacopOmus Ha
MIOBEPXHOCTHU, IOTEHIIMAJI HYJIEBOTO 3apsi/ia, U30TEPMBbI aJICOPOLIUH.

Electrochemical double layers, Gouy-Chapman theory, Stern modification, surface adsorption,
potential of zero charge, adsorption isotherms.

Matepuanbl A 3JIEKTPOXUMUYECKHMX HCTOYHHKOB TOKAa M YCTPOMCTB XpaHEHUS HSHEPIHH.
MerTan-uoHHBIE aKKYMYJISITOPBI U CYIIEPKOHIEHCATOPBHI.

Materials for electrochemical energy sources and storage devices. Metal-ion batteries and
supercapacitors.

[TonynpOBOIHMKHM, METAIBI M CBEPXIPOBOJHMKU. MOJEKYISIpHBIA IH3aHH OpPraHU4EeCKUX
ITOJIYIIPOBOJIHUKOB. /[M3aiiH CONPSKEHHBIX NTOJIMMEPOB. MOJEeKyspHas U CylpaMoJIeKyJIsIpHas
CTPYKTYpa OpraHM4eCKUX IOJYIPOBOAHUKOB.

Semiconductors, metals and superconductors. Molecular design of organic semiconductors.
Design of conjugated polymers. Molecular and supramolecular structures of organic
semiconductors.

Tpancnopt 3aps0oB B CyNpPaMOJEKYJISIPHBIX CTPYKTypax. OKCIEpUMEHTAJIbHbIE METObI
HCCIEAOBAHUS  3apsIOBO-TPAHCIOPTHBIX ~ CBOMCTB ~ OPraHMYECKMX  MOJYNPOBOAHHUKOB:
IIPEUMYILECTBA U HETOCTATKH.

Charge transport in supramolecular assembles. Experimental techniques for investigation of
charge transport properties of organic semiconductors: advantages and disadvantages.

3J'ICKTpOXpOMHLIC YCTPOﬁCTBa n  OUCILICH. OpTaHI/I‘{CCKI/IC CBCTOU3JIIYHAOIIUEC JUOABI U
JUCIIJICHU Ha UX OCHOBC.

Electrochromic devices and displays. Organic light-emitting diodes and OLED displays.

OpFaHI/IquKHe ITOJICBBIC TPAaH3UCTOPLI. IleuaTHas OJICKTPOHHKA. I'azoBEIe W KHUIOKOCTHBIC
CEHCOPBI Ha OCHOBE OPraHMYECKUX MOJIEBBIX TPAH3UCTOPOB. DIEKTPOHHBINA HOC U 3JIEKTPOHHBIN
SA3BIK.

Organic field-effect transistors. Printable electronics. Organic field-effect transistor-based
sensors for gaseous and liquid analytes. Electronic nose and electronic tongue.
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VYcerpolicTBa maMsITH Ha OCHOBE OPTaHMYECKUX MaTEPUAJIOB.

Memory devices based on organic materials.

Oprannyeckas (otoBosbranka. ConHeyHble OaTaped Ha OCHOBE CaMOYIOPSIOYHBAIOIIUXCS
MOJIEKYJISIPHBIX crcTeM. OpraHHuecKue COJIHEUHbIe OaTapeu.

Organic photovoltaics. Solar cells based on self-assembling molecular architectures. Organic
solar cells.

I'uOpuanas (oToBOIbTaMKA: «IIEPOBCKUTHBIE) COJIHEYHBbIE OaTaper M yCTPOMCTBA Ha OCHOBE
HAaHOKPHUCTAJUIOB HEOPTaHWYECKUX IOIYINPOBOJIHUKOB, CTAOWUIU3UPOBAHHBIX OPraHUYECKUMHU
nuraHaamMu (KBaHTOBBIE TOYKH)

Hybrid photovoltaics: “perovskite” solar cells and devices based on inorganic nanocrystals
stabilized with organic ligands (quantum dots).
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