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The Qualifying Exam is conducted by PhD Committee in Material Science & Engineering in the
form of research presentation (15 min) followed by the questions addressing not only particular
aspects of the work presented, but also their placement within the broad concepts outlined
below.

CrpykTypa MaTepuaioB

Structure of materials

OOmie  NPUHLOMITBI ~ KBAaHTOBO-MEXAHHWYECKOTO  ONUCAHHMS  MOJIGKYJSPHBIX ~ CHCTEM.
Cranuonapuoe ypaBuenue lllpeaunrepa. Ilpubmmxenune bopna-Omnmerelimepa. DiIeKTpOHHOE
ypaBHenue  Illpenunrepa.  IloBepXHOCTP  MOTEHUHAIBHOM  SHEpruu.  PaBHOBECHBIE
KOH(UTYypaliy, NEpeXOJHble COCTOSIHHS, AMCCOIMAIMOHHbIEe mpenenbl. CuioBsle MOJS.
CumMMeTpust MOJIEKYIL.

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.

JBwxenue sgep. HopmanbHbie konebanus. Bpamenue wmoimekyna. MeTonbl KIaCCHYECKOM
MEXaHUKH siaep. MonekymspHas MexaHuka. MonekyisipHas JuHaMHKa.

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

OnexTpoHHas 3anava. BerumcioutenbHas KBaHTOBasg xumus. llomysmnupuueckue MeTOIBI.
Meton Xaprpu-®oka. Koppemsiiust snektnpoHoB. Teopus (¢GyHKIMOHANA IUIOTHOCTH.
PacnpocTpaneHHbIe KBaHOBOXMMUYECKHE MOIX0/1bI. BO30yKIeHHBIE 3JIEKTPOHHbBIE COCTOSIHUA.

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



Kpucranisl, KBa3UKpUCTAJLIBI, CTEKIIA, )KUIKOCTH. YTIOPSAOYEHHOCTh U PA3YNOPAIOYCHHOCTD.
CTpyKTypa ¥ CUMMETpPUsI KPUCTAIIOB. DJIEKTPOHHAsI CTPYKTypa KpHUCTAJUIOB. 30HHAs TEOPHS,
teopeMa bioxa. 3akon nucnepcuu. IToBepxHocts @epmu. IlnoTHOCTH cocTostHMM. MeTamisl,
IU3JICKTPUKU U TONyNpoBoAHUKU. Konebanus pemeTku. BeruucnurensHas XUMuUsl KPUCTAILIOB,
MOBEPXHOCTEH, HHTEP(EIHCOB.

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.

JludpakImoHHbIE METOIBI H3yUeHUsT MaTepraioB. OCHOBBI Teopuu NU(PaKIUN HA KPUCTAJUIAX.
N3ydeHue CTpyKTypbl MOHOKPHCTAJUIOB M IOPOLIKOB METOJIAMHU PEHTTE€HOBCKOW W HEUTPOHHOMU
mudpakuu. [lomydeHune JOKalbHONH WHPOpPMAIMK O CTPYKType C TIOMOIIBIO METOJOB
MaJIOyTJOBOTO paccesiHus, aHajdu3a MapHOW (QYHKIUU paclpeaeseHusi, pPe30HaHCHOTO
paccessuusi. M3ydyenne marepuanos in situ u in operando. /udpakinnoHHbIE UCCIACIOBAHHS C
CUHXPOTPOHHBIMU U HEUTPOHHBIMUA NCTOYHUKAMH.

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 MUKpockonusi. (OCHOBBI AJIGKTPOHHOW ONTHKH W METOJIOB  MOJIy4YEHUs
n3o0pakeHuit. UM3ydenme MopdororuM ¢  TOMOIIBID  CKAHUPYIOMIEH  DJIEKTPOHHOMN
MUKPOCKOTIMH. MeToAbl  MPOCBEUMBAIOIICH  AJEKTPOHHOM  MHUKPOCKONHH:  JTU(PaKIHS
ANIEKTPOHOB, MHKPOCKOIIMSA BBICOKOTO pa3pelieHus U CKaHUPOBAaHUE H300pa’KeHUi.
DnexkTpoHHas ToMorpadus B pealbHOM 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.

Cnekrpockonnyeckue Metoasl. Mosekynsipabie cnekTpbl. UK-criekTpockomnusi, onTudeckas u
Y® cnekrpockonus. PeHTreHo-(hOoTO3IeKTpOHHAsS CIIEKTPOCKONHs. MarHMTHO-pE30HAHCHBIE
MCTOBI.

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



XumMuueckas TePMOAUHAMHUKA
Chemical Thermodynamics

OCHOBHBIE TTOHATHUS TCPMOJUHAMUKHU. U30JIMPOBAHHBIC U OTKPBITHIC CUCTECMBbI, PAaBHOBCCHBIC U
HCPAaBHOBCCHBIC CUCTCMbI, TCPMOJAUHAMNYCCKUC TICPCMCHHBIC, TCMIICPATYypa.

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

[lepBbIii 3aK0H TEpMOAWHAMHUKH. Teriora, paboTa, BHYTPEHHSISI SHEPrus, OJHTAJIBIHS,
TEII0eMKOCTh. 3akoH ['ecca. Bropoil 3akoH TepMOaMHAMUKUA. DHTpoONUs U €€ M3MEHEHUs B
00paTUMBIX U HEOOpATHMBIX MpoIleccax.

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.

dyHraMeHTaIbHBIC ypaBHCHHS TepMoAuMHaMuKu (ypaBHeHuss ['ub0ca). Dueprust I'mO0Oca,
sHeprusi ['enpMrosbia. YCIOBHS PAaBHOBECHS M CaMOIPOM3BOJIBLHBIC IMPOIECCHL. Y PaBHCHHE
I'u66ca — 'enpmrombia. PaboTta U TemaoTa XUMHYECKUX MPOIIECCOB. XUMHUECKHUE MTOTCHIIUATIBL.

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.

XHUMUYECKOE paBHOBECHE. 3aKOH JEHCTBYIOIIMX Macc. Pa3nuyHbie BUABI KOHCTAHT PAaBHOBECHS
U CBSI3b MEXKIY HUMHU.

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

Mukpo- U MakpOCOCTOSHMS XUMHUYECKMX cucreM. Pacmpenenenue Makcsema—bosbimana.
CratucTHdecKkue CpeJHHME 3HAYEHUS MAaKpOCKONMMYECKHWX BeanuuH. AHcamOmu ['mGbca.
MUKpPOKaHOHMYECKOE M KAHOHHMYECKOE paclpezacieHus. Pacder duciia CcOCTOSHUN B
KBa3MKJIACCHYECKOM IMPUOJINKEHUU.
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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 COCTOSHHUSIM KakK CTaTUCTHYECKas
XapakTepucTuyeckas  (QyHKIHA. CratucTuyeckue  BBID@KGHHS TSI OCHOBHBIX
TEpPMOJMHAMHYECKUX (QYHKIMA. MomnekynspHas cyMMa II0 COCTOSIHASM W CyMMa IO
COCTOSIHMSIM MAaKpOCKOMHMYECKOH cucteMsl. IlocTynarenbHasi, BpamiatenbHas, JIEKTpOHHAS U
KosiebaTebHask CyMMBI IO COCTOSTHUAM. CTaTHCTHYECKUI pacyeT SHTPOIHH.

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.

Pacnpenenenus boze-OiiHimreitna u  ®Pepmu—/lupaka. BbIpOKICHHBIM HWICANbHBIA Ta3.
DJNeKTpoHBI B MeTaiiax. CTaTucTUYecKas Teopusi DUHILITEHHA UACATbHOTO KpucTtaia. Teopust
Hebas. Toueunwsie aeQeKThl KPUCTALIUYCCKUX PEIICTOK. PaBHOBECHBIC M HEPABHOBECHBIC
NePEKTHI.

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 TTOJIOKEHUS TEPMOJIMHAMUKH HEPABHOBECHBIX IpoIileccoB. JIOKalbHOE paBHOBECHE.
Onykryanuu. OyHKIUS TUCCUTIALINN.

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

[Tonatus koMnoHeHTa, (asbl, crenenu cBodoasl. IlpaBuno a3 I'n66ca. OMHOKOMIIOHEHTHBIE
cucreMbl. Jluarpammbl coctostHuA. Pa3oBble mHepexoabl. JBYyXKOMIIOHEHTHBIE CHCTEMBI.
JlnarpaMMbl COCTOSIHUS IBYXKOMIIOHEHTHBIX CUCTEM.

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.

AncopOuust U moBepxXHOCTHBIE siBieHUs. CTPYKTypa MOBEPXHOCTH U MOPUCTOCTH acOpOEHTA.
Jlokanu3oBaHHas U JI€JIOKaJIM30BaHHAs afcopOius. MOHOMOIEKYIISIpHAs U MOJIMMOJIEKYIsIpHAs
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aacopOmus. AncopOuroHHoe paBHOBecwe. M3otepMbl m m300apsl aacopOmuu. Koncranta
a/IcCOpOLIMOHHOTO PaBHOBECHSI.

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

Kunernueckas teopus razoB. Pacnpenenenne MakcBemna. TpaHCIOPTHBIE CBOMCTBA.
Huddyszus. TermonpoBogHocTs. oHHAS MOABMKHOCTE. DIIEKTPONPOBOJHOCTD.

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

OcHOBHbIE TOHSTHUS XUMUYECKOW KMHETUKH. [IpOCThIe U CIIOKHBIE peaKlUU, MOJIEKYISIPHOCTD U
CKOpocTh mpocToil peakiuu. Kunermyeckue kpusble. Kunermdeckue ypaBHeHusi. KoHcranTa
CKOPOCTH U MOPAJIOK PEAKIINH.

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

3aBUCUMOCTb CKOPOCTH pEakLMH OT TEMIepaTypbl. YpaBHEHHE AppeHuyca. OHEprus
aktuBauuu. Teopust nepexoaHoro cocrosHus. Ilyte peaknuu. CTaTHCTUYECKUH pacder
KOHCTaHTBI CKOPOCTH.

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

Karamnus

Catalysis

I'omorennsiit karanus. KucnoTHo-ocHOBHOM karanu3. KuHeTHKa M MEXaHHM3M peakiuil
CHEeM(PUIECKOr0 KHUCIOTHOrO Karanm3a. DyHkmum KuciaotHoct [ammera. KuHetnka wu
MEXaHHU3M PeaKIuii 00IIero KMCIOTHOTO KaTaln3a.
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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. OnpenencHUE CKOPOCTU TE€TEPOreHHON KaTaIUTUYECKOW peakIuu.
CeneKTUBHOCTD KaTanu3atopoB. Ponb agcopOuuu B KMHETHKE M€TEPOTeHHBIX KATAIUTHYECKUX
peakuuii. HeomHOpOIHOCTh MOBEPXHOCTH KAaTAIM3aTOPOB, HAHECEHHBIE KAaTAIM3AaTOPhl. JHEPTUs
aKTUBALlUU T€TEPOrCHHBIX KaTAINTUYECKUX PEAKLIMIA.

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.

DJIEKTPOXMMHS U MAaTepHaJIbl /151 XpPaHeHHUs U Peo0pa3oBaHusl JHEPTUH
Electrochemistry and materials for energy storage and conversion

DNEeKTPOXMMHUYECKHE SUYEHKH, aHOJ, Karond, (apameeBckue u He-hapaJceBCKHUE IMPOIECCHI.
3akon ®apajesi, ABOWHOM CJIOH, EMKOCTbh, TOK, TOTeHIHAN. TepMoarnHaAMUYecKass 0OpaTUMOCTb,
cBoOomHas sHeprusi ['m66ca, DJIC s4eiiku, MoTypeakiuu W TMOTEHIIMAIbl BOCCTAHOBIICHHSI,
dbopMasbHBIC TIOTEHITMANBI, DJIGKTPOIBI CPAaBHEHMSI, DJICKTPOXUMHUYECKHE TOTCHIIMAIBI,
MIPOBOANMOCTb, JIEKTPOIIPOBOTHOCTb.

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

['oMoreHHast M TeTepOreHHast AIICKTPOXMMHUYECKass KWHETHKa, ypaBHeHHe HepHcTa, KMHETHKa
batnepa-®onbpmepa, cTaHmapTHas KOHCTaHTa CKOPOCTH, TOK-TIEPEHANPSHKCHHUE, YpaBHEHHE
Tadens, IOTHOCTH TOKa OOMEHa.

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

BonpraMrepomeTpus ¢ IMHEHHONW pa3BEPTKOM MOTEHIMANA, IUKINYECKasl BOJIbTAMIIEPOMETPHS,
KBaJIpaTHO-BOJIHOBAasl BOJIbTAMIIEPOMETPHUSA, XPOHOAMIIEPOMETPHUA, XPOHONOTECHIMOMETPHS,
YIIBTAMUKDPOJJIEKTPOIBI.

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



JIBoitHbIC AeKTpudeckue ciiou, Teopus ['yn-Uenmena, momudukanus CrepHa, amcopOumsi Ha
MOBCPXHOCTHU, TOTCHIHAJ HYJICBOI'O 3apsaa, U30TCPMbIL a,Z[COp6LII/II/I.

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

Matepuansl A 3JEKTPOXUMUYECKHX HCTOYHHKOB TOKAa M YCTPOMCTB XpaHEHUS DHEPIHH.
MerTana-uoHHBIE aKKYMYJISITOPBI M CYIIEPKOHIEHCATOPBI.

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

[TonynpoBONHMKY, METAIBI U CBEPXIPOBOAHUKUA. MOIEKYISpHBIA AW3allH OPraHUYECKUX
IIOJIYIIPOBOJXHUKOB. JM3ailH COIPSKEHHBIX MOJIMMEPOB. MoJleKyisipHas U CylpaMOJIEKyJIsIpHast
CTPYKTYpa OpraHU4eCKUX IOJIYIIPOBOJHUKOB.

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

Tpancnopr 3apsgoB B CyNpaMOJEKYJISPHBIX CTPYKTYpax. OKCIEPUMEHTAJIBHBIE METObI
HCCIEAOBAHUSA  3apsOBO-TPAHCIOPTHBIX ~ CBOMCTB ~ OPraHMYECKUX  IOJYIIPOBOJHUKOB:
[IPEUMYILECTBA U HEOCTATKH.

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

DNeKTpOXpOMHbIE ycTpoiicTBa W auciied. OpraHnyeckue CBETOM3IyYalolulue JUOAbl U
JCILIIEH Ha UX OCHOBE.

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

Opranuyeckue NOJEBbIE TpaH3UCTOpBl. I[leuaTHass snekTpoHuka. ['a30Bble M KHUAKOCTHBIE
CEHCOPBI HA OCHOBE OPTaHUYECKUX MOJIEBBIX TPAH3UCTOPOB. DJIEKTPOHHBIN HOC U 3JIEKTPOHHBIN
A3BIK.

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 OPTaHUYECKUX MaTEpPUAJIOB.

Memory devices based on organic materials.

Oprannyeckas QortoBosbranka. CoimHeyHble OaTraped Ha OCHOBE CaMOYIMOPSIOYUBAIOIIUXCS
MOJICKYJISIPHBIX crcTeM. OpraHnyecKue CoHEUHbIe OaTapeu.

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

I'uOpunnas (oToBoIbTaMKA: «IIEPOBCKUTHBIE» COJIHEUHBIE OaTaper M YCTPOICTBa Ha OCHOBE
HAHOKPHCTAJUIOB HEOPTaHMYECKHX IOJYIPOBOJIHUKOB, CTAOMIM3UPOBAHHBIX OPTraHUYECKHUMHU
nuraHaamMu (KBaHTOBBIE TOUKH )

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