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IIporpaMMbl BCTYNIMTEJAbHbIX HCIIBITAHUA 1JI

NOCTYNAKIIUX 10 POrpaMMe MarucTparypbl

Yuusepcurera MI'Y-IIIIU B LI3nbuxkene B 2025 roay

%ﬂk’rﬁ@&%%’ Kon u HanmeHoBaHHe 00pa30BaTEIbHOI IPOrPaMMBbI:

04.04.01 «Xumus» (HanpaB/jenne «Heopranuyeckass XuMusi»)
04.04.01 «Chemistry» (area of specialization «Inorganic chemistry»)

I. EiRRENR &4 F Kox u Ha3BaHue npeaMeToB 3K3aMeHa (Ha

PYCCKOM, KHTAMCKOM M AHIVIMIICKOM SI3bIKAX)

04.04.01 «Xumusa»
04.04.01 «Chemistry»
04.04.01 «4t.5»

1. %iﬁ lji[?é;‘:CouepmaHne JK3aMeHa (Ha PyCCKOM H AHIVIMIICKOM SI3bIKAX)

(Ha pycCKOM sI3bIKe)

Heopranuueckasi Xumus
Crpykrypa Ilepuomuueckoit cuctembl J[I.JMI. MenneneeBa u ee cBsi3b C
IEKTPOHHOM CTPYKTYpOH aroMmoB, 3akoH Mo3sinu. Ilepuonu4HocTs B M3MEHEHUH
BEJINYNH pannycos, JHEPTrUun WOHM3aIH, cpoAcTBa K DJIEKTPOHY,
IEKTPOOTPULIATEIBHOCTH aTOMOB B rpynne M no mnepuoxny. IlepmoguuHocTs B
W3MCHCHHU CBOMCTB MNPOCTBIX BCHIECCTB W OCHOBHBIX KJIACCOB XHWMHYCCKUX
COEMHEHUI (OKCHJbI, THIPOKCH]IbI, TaJIOTEHU/ Ibl). BepTHkanbHble, TOPU30HTAIbHbIE

Y JMaroHanabHble aHaioruu B [leproanueckoii cucreme.
OcCHOBHBIE THIIBI XMMHMYECKOH CBSA3HM. XapaKTEPUCTHKU XUMHYECKON CBSA3H B
MOJIEKYJIaX: SHEPrus, JJIMHA, BAJICHTHBIN Yrojl, MOPsI0K (KpaTHOCTh) U MOJIAPHOCTG.

HpeHCTaBHCHI/IC (6] FI/I6pI/I,I[I/IBaI_II/II/I aTOMHBIX Op6HTaﬂeﬁ. reOMeTpI/IH MHOI'OQTOMHBIX



Moekyin: mojens [ 'mnecnu Ha npumepe yactuil H2O, SF4, ICly ~.

OcCHOBHBIC TIOJIOKEHHSI METO/a MOJICKYISIpHBIX opbutaneit (MMO). Meron
MO JIKAO. [IBYXIIEHTPOBBIE JIBYXJIGKTPOHHBIE MOJIEKYISIpHBIE OpOUTAIH.
DOHEepreTUYecKre AUarpaMMbl JIByXaTOMHBIX TOMOSIEPHBIX MOJIEKYJ, 00pa30BaHHBIX
anieMeHTamMu 1-ro u 2-ro nepuoaoB. Koppensiuu Mexay MOpsIKoM CBSI3H, YIHEPrHel
MOHM3AlMK ¥ MAarHUTHBIMH CBOMcTBaMu Ha npumepe yactui Ox" , Oz, 02, 0% .

OcHOBHBIE TOHATUSL XUMUU KOMIUIEKCHBIX COCIMHEHUI: [IEHTPAIbHBINA aTOM U
€ro KOOPAMHAIIMOHHOE YMCIIO; JIMTAHbI, ICHTaTHOCTh, IOHOPHBINA aTOM, BHYTPEHHSIS
U BHEIIHAS KOOpAMHAIMOHHBIE cdeprl. M3omepus KOMIUIEKCHBIX COEIMHEHUH.
[TonsaTHE O KITaCCHU(PHUKAINN KOMIUIEKCHBIX COSIMHEHUH. XenaTHbIN 3 (PeKT.

Teopuss kpucramummueckoro mnonst (TKII). Cummerpus d-opOuraneii.
W3menenne osHepruum d-opOurtaneii B  CPEpUUYECKOM, OKTAIAPHUYECKOM H
TETPadAPUUYECKOM I10JIe JIMTaH/I0B. DHEPIus CTaOUIN3alui KPUCTAJUIMYECKUM MOJIEM
(OCKII). BnusHue Ha BEIMYMHY 3HEPIMM PaCILEIICHUS HPUPOJbl LEHTPAIBHOTO
atoma (3apsiga, paamyca, DSJIEKTPOHHOM KOHGUTypaluu), NPUPOIbI, YKCIA H
pacrionoxxenus JIMranaoB. CIIEKTPOXUMHUECKUHN PS.

Okpacka W MarHuUTHbIE CBOWCTBa KOMIUIEKcOB. Oddekr Ana—Temnepa,
TETPAaroHaJIbHOE HMCKAKEHHE OKTAdIPHUECKUX KOMIUIEKCOB. [linockokBamparHbie
komIutekchl. CpaBHeHMe cTpoeHus KOMILIEKCHBIX HOHOB [NiCly] >~ u [Ni(CN)4] 2.

Onementsl 1-#i rpynmer (Li, Na, K, Rb, Cs). 3akoHOMepHOCTH B M3MEHEHUH
AIIEKTPOHHBIX ~ KOH(QUTYpalMii, BEIUYHH PATUYCOB, OHHEPrUM HOHU3ALMU H
3NEKTPOOTPULATEILHOCTH aTOMOB. JlMaroHaJIbHOE CXOJCTBO JIMTHM — MAarHHil.
[Tony4enue u cpaBHeHue ycroitunBoctu coequnenuit LiOz u NaxOz; Li2O u NazO.

OnemenThl 2-i rpymnmsl (Be, Mg, Ca, Sr, Ba). 3akoHOMEpHOCTH B M3MEHEHUU
AJIEKTPOHHBIX KOH(UTYpalMii, BETUYUH PAJUYCOB, SHEPTUUM HOHM3AIMH M DJICK-
TPOOTPHUIIATEIIBHOCTH aTOMOB. JlMaroHalbHOE CXOJICTBO OCpHIUIHIA — aJIFOMHHHUM.
[Tomyuenue runpokcunoB M(OH)2 u cpaBHeHHE UX KHUCIOTHO-OCHOBHBIX CBOWMCTB B
psany Be—- Mg—Ca—Sr—Ba.

Onementsl 13-it rpynmner (B, Al, Ga, In, Tl). 3akoHOMepHOCTH B M3MEHEHUH

AJIEKTPOHHON KOH(UTypaliy, pa3MepoB aTOMOB, SHEPTUM HMOHU3AIMH, CPOJICTBA K



AIIEKTPOHY, AJIEKTPOOTPUIIATEIIBHOCTH, XapaKTEePHBIX CTEMEHEeW OKHUCIEHUS W
KOOPJIMHAIMOHHBIX YHMCEJl aTOMOB. XMUMHUYECKHE CIIOCOObI pa3/esieHusl COCIUHEHUM
amomuHus U 6epuius. [lonydyenue, ctpoenue, cBoiicta aubdopana B2He.

Onementsl 14-it rpynmsl (C, Si, Ge, Sn, Pb). 3akoHOMEpHOCTH B M3MEHEHUH
AIIEKTPOHHON KOH(UTYpaluy pa3MepoB aTOMOB, SHEPTUHM HOHM3AIMH, CPOACTBA K
AJIEKTPOHY, AJIEKTPOOTPULIATEIbHOCTH, XapaKTEPHBIX CTENEHEW OKHUCIEHUS W
KOOPIMHAIIMOHHBIX 4YHCeNl aToMoB. KuciopoaHble COEOMHEHHS SJIEMEHTOB 14-if
rpynmsl. ConocTtaBnenue crpoeHust u cBorctB CO2 u SiOo.

Onementsl 15-it rpynnel (N, P, As, Sb, Bi). 3akoHomepHOCTH B H3MEHEHUH
AJIEKTPOHHOM KOHQUIypalKH, pa3MepoB aTOMOB, 3HEPIMM HOHU3ALUM, CPOJICTBA K
AIIEKTPOHY, AJIEKTPOOTPUIIATEIBHOCTH, XapaKTEPHBIX CTEMEHEeW OKHUCICHUS W
KOOPAMHAIIMOHHBIX 4yuced aToMoB. COMOCTaBICHUE MPOYHOCTH OAMHAPHBIX (D-0),
nBoMHBIX (3=D) u TpoitHbix (D=D) cs3eil. [lonyuenue, conocTaBieHne CTPOSHUS U
CBOMCTB (KHCJIOTHBIX, OKUCIMTEIbHOM AKTUBHOCTH U TEPMHUYECKOH YCTOMUMBOCTH)
HNO:; u HNO:s.

Onementsl 16-i rpynmsl (O, S, Se, Te, Po). 3akoHOMEpHOCTH B HM3MEHEHUU
AIIEKTPOHHON KOH(UTYpallUU, BEIMYUH PAJWyCOB, YPHEPTMH MOHU3AIMU, CPOJICTBA K
AJIEKTPOHY, AJIEKTPOOTPULIATEIBHOCTH, XapaKTEPHBIX CTENEHEW OKHUCIEHUS W
KOOPJIMHAIIMOHHBIX 4YKceN aToMOB. OTIMYUTENbHBIE CBOMNCTBA KUCIOPOa, KPATHOCTD
CBSI3M M OCOOEHHOCTH KareHanuu (00pa3oBaHUsI TOMOSJICPHBIX IIeTeld) B pALY
O-S—Se-Te. IlomydyeHue, COMOCTABICHHUE CTPOCHUS M CBOMCTB (KUCIOTHBIX,
OKHCTUTEILHOM aKTUBHOCTHU U TepMuueckor ycronunBoctr) H2SO3; u H2SOa.

Onementsl 17-i1 rpynmet (F, Cl, Br, ). 3akoHOMepHOCTH B H3MEHEHUH
AIIEKTPOHHON KOH(MUTYpallMu, BEIWYHH PAANYCOB, SHEPTHH HOHU3AINH, CPOACTBA K
AIIEKTPOHY, DIEKTPOOTPUIIATEILHOCTH M XapaKTEPHBIX CTENEHEH OKUCIIEHUS aTOMOB.
Ocobennoctu ¢pTopa. MexMONeKyIsIpHbIE B3aUMOJCHCTBUS M (pU3HUECKUE CBOMCTBA
npocthix BemiecTB. CTpoeHHME U CBOWCTBA (T€PMOAMHAMUYECKAsh YCTOWMYMBOCTD,
OKHUCJIUTENbHBIE, KHCJIOTHBIE CBOICTBA) KHCIIOT xJiopa 1o pany
CI(I)—C1(II)—CI(V)—CI(VID).

Onementsl 4-it tpynmsl (Ti, Zr, Hf). 3akoHomepHOCTH B U3MEHEHHHU



AIIEKTPOHHBIX ~ KOH(UTYpaluii, BEIWYUH  PaIUyCcOB, SHEPrUU  HOHU3AIMH,
AJIEKTPOOTPULIATEIBHOCTH, XapaKTEPHbIX CTENEHEH OKUCIEHUS U KOOPAMHALMOHHBIX
gyrcen aTtoMoB. CONocTaBlieHUE CTPOCHHSI U CBOWMCTB OJHOTUIIHBIX COEIUHEHUH B
pany Ti(IV)—Ti(III)—Ti(II) (okcuapl, THIPOKCHABI, TajoreHuzbl). KomruiekcHbie
coenquuenus Ti.

Onementsl S5-i rpynnel (V, Nb, Ta). 3akoHOMEpPHOCTH B H3MEHEHUH
AIIEKTPOHHBIX ~ KOH(UTYpaluii, BEIWYUH  PaIUyCcOB, SHEPrUU  HOHU3AIMH,
AJIEKTPOOTPULIATEIBHOCTH, XapaKTEPHbIX CTENEHEH OKUCIEHUS U KOOPAMHALMOHHBIX
yrcen atomMoB. CTpoeHHE W XMMHUYECKHE CBONCTBA KAaTHOHHBIX M aHUOHHBIX (popm
coenunenuii BaHamus (V) B BomHOM pacTtBope. [lonmydeHue u CONOCTaBIICHHE
OKHUCJIUTETHHO-BOCCTAHOBUTEIBHBIX M KHUCJIOTHO- OCHOBHBIX CBOMCTB COEIUHEHHIA
VADH-VII)-V(IV)-V(V) B BogHOM pacTBOpeE.

Onementsl 6-i1 rpymmbl (Cr, Mo, W). 3akoHOMEpHOCTH B H3MEHEHUH
DIIEKTPOHHBIX ~ KOH(UTIYypauui, BETUYMH  PATUYCOB, HHEPrHM  HOHM3ALIWH,
AIIEKTPOOTPULIATEILHOCTH, XapaKTEPHBIX CTENEHEH OKUCICHUS U KOOPAMHALMOHHBIX
yucesl aroMoB. KHUCIIOTHO-OCHOBHBIE, OKHCIUTEIbHO-BOCCTAHOBUTENIbHBIE CBOMCTBA
coequnennit xpoma B psaay Cr(VI)-Cr(III)-Cr(Il). Ilomyuenue, comocTaBieHHE
CTPOEHHUSI U CBOMCTB (KHUCIOTHBIX CBOWCTB, TEPMOAMHAMHUYECKOM YCTONYMBOCTU U
OKHUCJIUTETbHON akTUBHOCTH) OKcH10B D03 (O = Cr, Mo, W).

Onementsl 7-i rpynnel (Mn, Tc, Re). 3akoHOMEpHOCTM B HW3MEHEHUH
AIIEKTPOHHBIX ~ KOH(UTYpaluii, BEIWYMH  PaIUyCcOB, SHEPrUU  HOHU3AIUH,
AJIEKTPOOTPULIATEIBHOCTH, XapaKTEPHBIX CTEINIEHEW OKHCIEHUS U KOOPAUHALIMOH-HBIX
yrcen aroMOB. KHCIIOTHO- OCHOBHBIE, OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIE CBONCTBA
coenquHeHunit mapranua B psiay Mn(Il)-Mn(III)-Mn(IV)-Mn(VI)-Mn(VI1I). Ilonyuyenue,
COMOCTABJICHHE CTPOEHUS M CBOMCTB (TEPMOJAMHAMUYECKOW YCTOWYUBOCTH,
KHCJIOTHO-OCHOBHBIX, OKHUCJIUTEIbHO- BOCCTaHOBUTEJBHBIX) COEJIMHEHUI
Mn(VII)-Te(VII)-Re(VII).

3d-anementsr 8-i1, 9-it m 10-i1 rpynn (Fe, Co, Ni). 3akoHOMEpHOCTH B
W3MEHEHUU 3JIEKTPOHHBIX KOH(MUTYypaIuii, BEIUYUH PaInyCcOB, SHEPTUU MOHU3AIUH,

3IEKTPOOTPULATEIBHOCTH, XAPAKTEPHBIX CTEINECHEN OKHMCIECHUS U KOOPJIUHAIMOHHBIX



yrcel aToMOB. KUCIOTHO-OCHOBHBIE, OKUCIUTEIHHO-BOCCTa-HOBUTEIBHBIE CBONCTBA
runpokcuioB M(OH), 1 M(OH)s B psny Fe-Co-Ni. Ilomyuenue u comocTaBiieHUE
CBOMCTB (T€PMOAMHAMUYECKON YCTONYMBOCTH, KUCIOTHO-OCHOBHBIX, OKHCIUTEIHHO-
BoccTaHoBUTeNbHBIX) coeaunenuit Fe(1l), Fe(Ill) u Fe(VI).

Onementsl 11-it rpynmer (Cu, Ag, Au). 3aKOHOMEPHOCTH B H3MEHEHUU
DIIEKTPOHHBIX ~ KOH(UTrYypaunui, BETUYMH  PATUYyCOB, OHEPrMM  HOHM3ALIUH,
AIIEKTPOOTPULIATEILHOCTH, XapaKTEPHBIX CTENEHEH OKUCICHUS U KOOPAMHALMOHHBIX
yucea aroMoB. TepMmoaMHaMuyeckas YCTOMYMBOCTb, KHCJIOTHO-OCHOBHBIE W
OKHUCJIUTEIbHO- BOCCTAHOBHUTEIbHBIE CBOMCTBA OKCHIIOB U TUApOKCUIOB Cu u Ag.
[Tonmyuenue, crpoenue u aucnponopuronuposanue coequaenuit Cu(l).

Onementsl 12-it rpynnsl (Zn, Cd, Hg). 3akoHOMepHOCTH B HW3MEHEHUU
AJIEKTPOHHBIX KOH(UTrypaunui, paanycos, SHEPrUu MOHU3ALIH,
AIIEKTPOOTPULIA-TEIIBHOCTH, XapPAKTEPHBIX CTEMEHEH OKUCICHHS, KOOPAMHALMOHHBIX
yucesl aroMoB. KHUCIOTHO-OCHOBHBIE, OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIE CBOMCTBA
ruapokcuoB  M(OH) B pany Zn-Cd-Hg. Ilomyuenue, cTpoeHue u
JIUCIIPOIIOPIHOHUPOBaHKE coeaunennit Hgo?".

AHauTHYECKAs] XUMUSA

OcCHOBHbBIE XapaKTEpUCTUKU METOJOB XHMHUYecKoro asanuza. llonsarue o
CUCTEeMAaTUYEeCKUX U  CIYYalHBIX  MOTPEHIHOCTAX  XMMHUYECKOTO  aHallu3a.
Cratuctuyeckas 00paboTKa pe3ylIbTaTOB H3MEPEHUH.

[IpencraButensHas mpobda. Pasmep m cmocoOsr orbopa mpoObl. IloaroroBka
poOBI K aHAJH3Y.

WneanbHble U peanbHbIE CUCTEMBbl. AKTHUBHOCTb, PAaBHOBECHas W 00IIas
KOHILIEHTpaluu. TepMoauHaMuuecKasi U KOHIIEHTPallMOHHbIE KOHCTAHTHI PABHOBECHUH.

Kucnorno-ocHoBHOe paBHOBecue. COBpEMEHHBIE MPEICTABICHHS O KHCIOTAaX U
ocHoBaHUsAX. OCHOBHBIC MOJOXKEHUSI KHCIOTHO-OCHOBHBIX Teopuit bpencrena-Jloypu
u Jlptouca. BnusHHME OpUpOIBI pACTBOpPUTENICH Ha CUJIY KHUCIOT M OCHOBaHUM.
Husemmpyromuit 1 auddepenuupyrommii  3¢pdexrsr  pactBoputeneii. bydepnbie
pPacTBOPHI U UX CBOMCTBA.

Kucnorno-ocnoBnoe TtutpoBanue. WMuaukaropel. OmnpeneneHue KHUCIOT



(MHAMBHIyaJ bHBIX U MX CMECEN) M OCHOBAHUM (MHIUBUAYAJIbHBIX U UX CMECEH).

KommiekcHpie coenuHeHus. PaBHOBecHe KOMILIEKCOOOpPA3OBaHUS W €ro
KOJIMYECTBEHHBIE  XapaKTEPUCTHKU. AHanuThueckn Baxsble cBoiictBa KC.
[IpumeHeHHEe KOMIUIEKCOB B XHMMHYECKOM aHanu3e. KommiekcoHoMeTpuueckoe
TUTpOBaHKUE. MeTaoXpoMHble HHAUKATOPLI. [IpsiMoe, oOpaTHOe, BBITECHUTEIbHOE U
KOCBEHHOE TUTPOBAHUE. Crioco06st HOBBILICHUS CEJIEKTUBHOCTHU
KOMIIJIEKCOHOMETPUYECKOTO OIIPENIEICHMSI JIEMEHTOB.

OxucnutenbHo-BoccTaHoBUTENbHbIE (OB) peaknuu. OB snexTpoaHblil
NOTeHIMa (CTaHIApTHBIN, paBHOBECHBINH, (OpManbHbIi), (haKTOpHI, BIMSIONIUME Ha
Hero. KoHncrantel paBHOBecus u HanpasieHue OB peaxiuii.

OB-tutpoBanue. CrocoObl oOnpeneneHuss KOHEYHOM TOYKM THTPOBAHUS.
Wnnukaropsl.  Metogst OB TUTpoBaHMs:  IUXpOMAaTOMETpHs, HOIOMETpHS,
IIEPMaHraHATOMETPHSL.

l'eteporenHoe paBHOBecue B cHCTeMe ocanok-pactBop. IIpousBenenue
PacTBOPUMOCTH, PACTBOPUMOCTD, (PaKTOPHI BIUSIOIINE HA PACTBOPUMOCTb.

OO0pa3oBaHue, CBOWCTBA, YCIOBUS IMOMYyYCHHUS KPUCTALTUYECKUX U aMOP(HBIX
OCAaJIKOB. 3arpsi3HEHUE OCAJKOB U IIyTU €r0 YCTPAHEHUS.

I'paBumeTpuyeckuil aHanu3: CylIIHOCTb, IPEUMYIIECTBA U HEJOCTATKH METO/A.
IIpumepsl onpeneneHni.

Metoasl pa3geneHuss W KOHLEHTPUPOBAHUS B XHMMHUYECKOM aHaJM3e.
DKCTpaKIus.

Xpomarorpapuieckre MeTop! ananu3a. Kiaccudukammum MeTo10B 10 pasHbIM
npuniunaM. OcHOBHblE Xpomartorpaduueckue mnapamerpbl. KadecTBeHHBIH U
KOJINYECTBEHHBIN aHAJIN3.

['azoBas xpomarorpadus. CopOeHTbI W HOCHUTEIH. MeXaHu3M pa3/eieHusl.
Jerextopsl. OGnacTi MpUMEHEHHUS.

Kunxoctnas xpomarorpadus (OKX). Buger XKX. IlpeumymectBa BXX.
HopmanbHo- ¢a3zoBerii u oOpameHHo-¢ha3oBbii BapuanTel BXXX. I[loaBrmwkHbIe H
HENoABWXKHbIE (a3bl, NPUHLHUIIEI UX BbIOOpa. JlerekTopsl. O01acTH NPUMEHEHUSL.

DNEKTPOXUMUYECKHE METO/IbI aHayiu3a: O6mmas XapaKTepUCTHKa,



knaccupukanus. [IpsiMas NOTEHIMOMETPHs U MOTEHIIMOMETPUUYECKOE THUTPOBAHUE.
Wsmepenne  morenmuana.  Kimaccudukanmss ~— WHAMKATOPHBIX — AJIEKTPOIOB.
IIpakTyecKkoe NpUMEHEHNE HOHOMETPHH.

Kynonomerpust 1 KyloOHOMETpHUUECKOE TUTpPOBaHHE. T€OPETUYECKHUE OCHOBBI.
IIpakTyeckoe npuMEHEHHE.

Bonsramnepomerpust. XapakTepuCTUKU BOJIbTaMIIEpHOI KpuBoid. COBpeMEHHbIE
BHUJbl BOJIETAMIIEPOMETPUM, IPEUMYLIECTBA M OIPAHUYEHUs 110 CPaBHEHUIO C
KIJIAaCCUYECKOH mossiporpadueii. AMIepoMeTpuieckoe TUTPOBAHHE.

CrniexkTpockonuyeckre MeTonbl aHanu3a. Kinaccudukanus crekTpocKonu4ecKux
METOJIOB IO MNPHUPOJE YaCTHILl, B3aUMOJEHUCTBYIOIIUX C H3IYy4CHHEM, XapakKTepy
Ipouecca, IMana3oHy MEKTPOMArHUTHOTO U3Ty4CHHUS.

ATOMHO->MHCHOHHBIA ¥ aTOMHO-a0COPOIIMOHHBIN MEeTO/IbI aHaMu3a. McToYHuKH
aToMM3aluM M u3Iy4deHus dactul. Pusnueckue M XHUMHUYECKHE IIPOLECCHl B
aromuzaropax. CHeKkTpanbHble H (PU3HKO-XMMHUYECKHE TIOMEXH, CIIOCOOBI UX
yCTpaHeHUs. AHAIUTHYECKHE BO3MOXKHOCTH U 00JIaCTH IPUMEHEHUS METOJIOB.

MornekynsipHasi ~ abCOpOIIMOHHAsE ~ CIIEKTPOCKOMHSA  (CHEKTPOPOTOMETPHS).
OcHoBHOM 3akoH cBeronorouieHus. llodydeHne OKpalleHHBIX COEIUHEHUIA,
cnekrpooromerpuueckue  peakumu.  KomudecTBeHHBIH — aHanM3, — aHAIW3
MHOTOKOMIIOHEHTHBIX ~ CHCTEM,  MCCIENOBAaHUE  peakuuid B pacTBOpax.
Metposioruueckue XapakTepUCTUKH M AHAIWTUYECKHE BO3MOXXKHOCTH METOJA.
IIpumepsl IPaKTUYECKOrO IPUMEHEHUS.

MornekynsipHasi  JIIOMHHECIIEHTHas  cnekTpockonus. Krmaccudukanus 1o
MCTOYHUKAM BO3OY)XJICHMs, MEXaHU3MY U JJIUTEIbHOCTH cBedeHus. DiyopecueHIus
u (dochopecuennus. Cxema S6moHckoro. OCHOBHBIE 3aKOHOMEPHOCTH. DakTopHI,
BIMAIONIME HAa HWHTCHCHUBHOCTH JIIOMHUHECLUEHUUHU. TyllleHHne JIIOMHUHECLEHIMH.
OU3NKO-XUMHUECKHE U CHEKTpPaJbHbIE IMOMEXU. AHAIUTUYECKHE BO3MOKHOCTU
METOJ1a, €ro METPOJIOTUYECKUE XapaKTEpUCTUKU. [IpruMepsl ncnonb30BaHus.

Oprannyeckasi XuMust
OcHOBHBIE (DYHKIIMOHAJIbHBIE TPYNIBI U KJIACChl OPraHUYECKUX COCIUHEHHH.

Twurbr n30Mepuu oprannyeckux coenuHeHuil. [lonsaTtrue o koH(GopMaIUIX Ha TIpUMEpPE



aJIkaHOB. I'eomeTpuueckas nuomepus ajakeHoB. [loHaTue 06 onTudeckoil akTUBHOCTH
U XHUPAIBHOCTH C OJHHM AaCHMMETPUYECKHMM aroMoM yriepona. lloHstue 00
SHAHTHOMEpax U pauemarax. R,S- HomeHkiatypa. CoequHEHHs ¢ IByMsl XUPAJIbHBIMU
ueHTtpamu. [londarue o nuacrtepeomepax.

Ankanpl. Mertonpl cHHTE3a ankaHOB. XHMMHMUYECKHE CBOMCTBA aJIKAHOB.
MexaHu3M NEenHOM paJuKaabHON peakuny. KpekuHr.

AJTKEeHBI. Metoapl  cHHTE3a  AIKEHOB. I'mppupoBaHue  aJKEHOB.
I'unpobopupoBanue. O30HOMM3 ankeHoB. OKUCIEHHE aJKEHOB JO JHUOJIOB.
OnektpoduiabHOE NMPUCOEINHEHHE K ankeHaM. MexaHu3m peakuuu. [Ipucoeaunenue
Opoma Kk ankenaMm. ['maporamorenupoBanue. KucnorHo-kaTanuzupyeMasi THIpaTaIist
AJIKCHOB, TUIPOKCUMEPKYPHUPOBAHHUE. CBobonHOpauKanbHbIe peakuuu:
IPUCOeINHEHNE OPOMHUCTOTO BOIOpOAa 1Mo Xaparly. AJUTMIbHOE OpOMUPOBaHHE.

Ankuzbl. Meronel cuHTe3a ankuHoOB. C-H-kucinotHocts ankuHoB. I'maparanus
aJIKUHOB. AleTWieH-aJlJieHoBass u3omepusauusa. CMenieHue TpOHHOM CBA3M B
TepPMHUHAIBHOE TMosokeHue. [luensl. Meronel mosydyeHuss JAMeHOB. 1,2- u
1,4-npucoenuHenune K conpsbkeHHbIM queHam. Peakius J{unbca-Anbaepa.

Peakuuu Hyk/I€O(QHIBHOTO 3aMELICHMs] y HACBIIIEHHOTO aTroMa YyIjiepoaa B
ankwiranorenngax. Mexanuszmel Sn1 u Sn2. OCHOBHBIE 3aKOHOMEPHOCTH MPOTEKAHUS
peakiuii  HykJeopUIbHOrO  3aMelleHus.  PB-OnuMuHupoBaHue.  MeXxaHU3MBbL
sanumunupoBanus (E1, E2). OcHoBHbIE 3aKOHOMEPHOCTH IPOTEKAHUS 3TUX PEAKLIUM.

Crnuptel, kak cnabsle O-H kucnotel. 3amelieHue TMAPOKCUIBHON IpyIIbl B
cnuprax Ha  ramored. Jleruaparauus — couproB.  OKuCIEHHE  CHUPTOB.
ITunakoH-TMHaKoONIMHOBas mneperpynnupoBka. [Ipocteie 3¢dupsl. Metonasl cuHTE3a.
Oxcupanbl. Metoapl nonydeHus. Peakuuu pacKpbITHsI SMOKCHIIOB IOA AEHCTBHEM
3NIEKTPOPUIBHBIX U HYKJICO(DUIBHBIX areHTOB.

Anpnerunsl W KetoHsl. IlpucoenuHenune HykieopuiaoB K KapOOHUIBHOM
rpynmne. Mexanu3Mm. BoccTaHoBieHue KapOOHWIBHBIX coefuHeHuil. OxucieHue
KapOOHMJIBHBIX ~ COCTUHCHUH. 1,3-/Iutnansl. Cunres, CH-kHCIOTHOCTD.
Keto-eHonpHast TayroMepus KETOHOB, JAMKETOHOB M KeToa(upos. Peakuuu,

IpoTeKamme dYepe3 oOpa3oBaHME €HONBbHOW  (opmbl.  [amoremmpoBaHue



KapOOHWIBbHBIX coeAuHeHUd. [anodopmHas peaxius. AJBIOIBHO- KpPOTOHOBAS
KOHJICHCAlMs B KMCJIOW U IIEJIOYHOM cpee. HanpapiieHHas ajibAojibHAst KOHACHCAIMA.
CrnoxunospupHas koHaeHcanus. CHHTE3bI C HCIOIb30BAHUEM alleTOYKCYCHOTO 3upa
1 MaJIOHOBOTO 3(upa.

KapbonoBsie  kucnotel.  BrnusHue  3amectuteneld  Ha  KHCIOTHOCTb.
JlexapOokcmirpoBanue. Peakiusi rajioreHUMpoBaHMsI IO O-YIJIEPOJAHOMY aToOMYy.
[IpousBoaHble KapOOHOBBIX KHUCIOT. ['amoreHaHTUIpHIIbI, aHTHAPUABI KapOOHOBBIX
KHCJIOT, ciokHbIe 3¢upsl. CuHTEe3 U cBoiicTBAa. CHHTE3 aMHI0B KapOOHOBBIX KHCIOT.
CekcreTHbIe MeperpynnupoBku. HUTpuibl.

Crpoenne Oenzona. Apomaruunoctb. IIpaBuno  Xriokkens. Kpurepuun
apoOMaTUYHOCTH  (PHEPreTUYEeCKUH, CTPYKTYpHbIM, MarHuTHBINA). [IpusHaku
apoMaTUYHOCTH (peaKIMOHHAas CrocoOHOCTh). CBoiicTBa anudarudeckoil OOKOBOWMA
L[ENU B apOMAaTUYECKUX YTIIEBOOpoax. ['anoreHupoBanue ToIyona U ero roMoJjoroB
B O0KOBYI0 1lenb. Okucienne 00koBoi nenu. [ uapupopanue.

OnexTpouiabHOE 3aMElIeHHEe B apOMAaTHYECKOM psAy. DIeKTpo(HIbHbIE
areHThl M MEXaHW3M pPEaKIHHi HUTPOBAaHUS, TaJIOTCHUPOBAaHUS, CYyIb(pUpPOBaHUS,
ANKWIMPOBaHMUA W amuiupoBaHus apeHoB no Dpuaento-Kpadrcy. Opuenrauus
anekTpodmIbHOrO 3aMenieHusi. [10004YHbIe MpoLecchl B peakuusX alKWIMPOBAHUS.
®opmunupoBanue. HykineopuinbHoe 3aMelieHne B apoMaTHUECKOM PSiLy.

Cunre3 anudparndeckux HUTpocoeanHeHni. CuaTe3 aMruHOB. CBOWCTBA aMUHOB.
OcCHOBHOCTb. 3amura aMUHOTPYHIbl. B3anmozeiicTBue NEpBUYHBIX, BTOPUYHBIX U
TPETUYHBIX aNU(PaTUYECKUX U apOMAaTHUECKUX aMUHOB C a30THCTOM KUCIIOTOM.

Huazo- u azo-coenunenus. Conu auazonus. J[Ma30TUpOBaHUE TEPBUYHBIX
apoMaTH4YeCKUX AaMHMHOB. Peakuuum AMa30COE€AMHEHUN C BBIJIEICHHEM a30Ta.
A3zocoueranue. /lnazomeras.

®eHONBI W XWHOHBL. Meronsl cuHTe3a QeronoB. CBoiicTBa  (hEeHOIOB.
[Tomyuenue o- 1 n-6€H30XUHOHOB.

Knaccudukanmss amumuknoB. Tumbsl  HampspkeHHsT B IUKIOANKAaHAX U
koHpopManuu. MeToJpl CUHTE3a COCIMHEHUI psifa IUKJIONPOIaHa U IUKIo0yTaHa.

OCOOEHHOCTH XMMHUYECKHX CBOMCTB COCTUHEHUN C TpEeXWICHHBIM HUKIOM. CHHTE3



COETMHEHUH psifa IUKIONEHTaHa U IIUKJIOTeKCaHa.

[IaTuwieHHblE TeTepoOLMKIBI C OJHHUM TIeTepoaToMoM. MeToabl cHuHTE3a
MATUYIEHHBIX reTepouukiioB. Meroa [Taans-Kunoppa. DnekrpoduiibHoe 3aMeleHue.
Kucnornocts nuppona. Uuaon. Cunres uuonos no duiiepy.

[ectuunennslie rerepouukibl. [Iupuann, apoMaTHYHOCTh, OCHOBHOCTh. CHHTE3
MMUPUIUHOB. XUMUYECKHE  CBOMCTBAa  INHUPHUIMHA. OCHOBHOCTb. Peaknnu
ANEKTPOPUIBHOTO 3aMelieHus. N-OKHCh MUPHUIMHA, TONYyYEeHUE W HCIOJNb30BaHUE B
cunrese. HykneopuinpHoe 3amenienrne B MUpuaAnHaX. XHUHOIUH.

Amunoxkucnotsl. Kondurypanus npupoansix L-amuHOKHCTOT. AM(OTEPHOCTD,
n3oaiekTpuueckas touka. Xumuueckue coictea COOH u NH: rpynn. Baxueiiue
CHOCOOBI CHHTE3a aMUHOKHUCIIOT. MeToibl 00pa30BaHus MENTUAHON CBSA3H. 3alllUTHBIE
TPYIIbBI ISl aMUHO- B KapOOKCWIIBHBIX TPYIII, aKTHBAIUS KapOOKCHIILHON TPYIIIHI,
CUHTE3 MEeNTHIOB Ha TBEPAOM Hocutene. bemku.

duznyeckass XumMus

[TepBblii 3aKOH TepMOAUHAMUKHU U ero dopmynupoBku. Juddepenunansuas u
uHTerpajgbHas Gopma 1-ro 3akoHa. BHYTpeHHSS SHEPrHUs W SHTAJIBINS, BEIYUCICHHIE
WX M3MEHEHHs B pa3IMYHBIX Mpoueccax. Temnota u pabora [Uisl pa3sIudHBIX
IIPOLIECCOB B Ia3ax.

Tepmoxumusi. TermmoBoir 3ddekr xumuueckod peaknuu. 3akoH [ecca.
3aBUCHMOCTB TEIUIOBOTO d(h(heKTa peakiuu oT TeMIepaTypsl, ypaBHeHre Kupxroda.

Bropoii 3akoH TepMOAMHAMUKH U €ro (OpMYITHPOBKU. DHTPOMNUS U €€ CBONCTBA.
Boruncnenue u3MeHeHUsl SHTPOIUU AJIs Pa3JIMYHBIX MPOLIECCOB.

Xapakrtepuctuueckue — (QyHKIUM,  HMX  ONpENeJIeHHe U CBOMCTBA.
@dynnamenTansHbie ypaBHeHHs [ 'nO0ca. Xapakrtepuctudeckue (GYHKIMH B POJH
TEPMOJAMHAMUYECKUX TOTCHIIMAJIOB, YCIOBUS DPAaBHOBECHUS, OKCTPEMyMBbl U
HaIpaBJIEHUE CAMOIIPOU3BOJIbHBIX IPOLIECCOB.

Omnpenenenue (aspl, ynciia KOMIIOHEHTOB, YUCIIa CTENEHEeH CBOOOMABI. YCIOBUS
¢dazoBoro paBHOBecus. YpaBHeHue (as3wl (ypaBHeHue [mbOca — {rorema). IIpaBuio
(a3 'n606ca. XuMuIeCcKre MOTCHITHAIBI.

®da3oBbple TepexoAbl mepBoro poja. YpaBHeHue Knaysmyca — KitaneiipoHa.



Jlnarpamma COCTOSIHUSL OJJHOKOMIIOHEHTHOM CUCTEMBI (Ha JTH000M ITpUMeEpe).

Onpenenenve WAEaJbHOTO  pacTBOpa. BelpaxeHue uis  XUMHYECKOTO
IOTeHLMana KOMIIOHeHTa. 3akoH Payns. Heuwpeanenble pactBopsl.  Meton
akTUBHOCTEW JIprouca.

VYcinoBue XMMHMYECKOTO paBHOBecus. M3oTepMa XUMHUYECKOM peakLuu.
Koncranta paBHOBecHs. 3aBUCUMOCTb KOHCTaHTBbl PAaBHOBECHSI OT TEMIIEpPaTyphl,
ypaBHeHue u3o6apsl Bant-T'odda.

Ancop6uus. YpaBaenue JIsHrMIopa, ero TepMOIUHAMAYECKUI BBIBOJ 1 00JIaCTh
IIPUMEHEHU. BpIuncienne napameTpoB ypaBHEHUs JISGHIMIOpa U3 ONBITHBIX IaHHBIX.

Kanonuueckast cyMMa 1o cocTosiHUAM M €€ cBoMcTBa. MolekynspHas cymMMa
10 COCTOSIHUSM U €€ cocTaBistoniie. CBs3b ¢ KAHOHUYECKOW CYMMOM 110 COCTOSTHUSIM.
Boruncnenue sHTponuM, BHYTPEHHEN SHEPTUM, SHTAJIbIIUU, 3Hepruu [enbmrombia u
sHepruu I'nd6ca ¢ MOMOLIbIO CyMM IO COCTOSIHUSIM.

CKOpOCTh XMMHYECKOM peakluu. OJIEMEHTapHble M CJIOXKHBIE pEaKLuu.
OCHOBHOH IIOCTYJIaT XUMUYECKON KUHETUKUA. MONEKYIApPHOCTD U MOPANOK PEAKLUH.
Koncranta ckopoctu. Meronpl omnpeneneHuss MOpsiiKa pPeakuud U KOHCTaHTBI
CKOPOCTH.

3aBUCHUMOCTh KOHCTAHTbl CKOPOCTHM XHMHUYECKOM pPEaKIUU OT TEeMIIepaTyphbl.
VYpaBHeHne AppeHnyca. DHEpIrusi aKTUBALIMKA U METOABI €€ ONPEACICHUS.

Teopust aKkTUBHBIX cCOyJapeHMH maJii OWMOJIEKYJIIpDHOH peaklMH, OCHOBHBIE
MOHATHUSA U JoNylLleHus. YpaBHeHue Tpayrua—JIsronca.

Teopust akTUBUPOBAHHOTO KOMILIEKCa (IIEPEXOIHOr0 COCTOsHUA). JlomymieHus,
UCIOJIBb3YEMBIE IIPU IOCTPOCHHUU TEOpUHU. CTAaTUCTUYECKHUI BBIBOJ OCHOBHOTO
ypaBHEHUs (YypaBHEHUSI DUPHUHTa).

OcHoBHble mNOHATUSA KaTanu3a. OCHOBHBIE MEXAaHU3MBbl KaTaJIUTHYECKUX
peakuuid. AKTUBHOCTb, CEJIEKTUBHOCTb W YCTOMYMBOCTh KaTayiu3aropa. Yucio
(dacTtoTa) 00OPOTOB Karaiu3aTopa.

®epMeHTaTUBHBIN Karanu3. DepMEeHTHl Kak KaTajau3aTopbl, UX OCOOEHHOCTH.
BriBox ypaBHeHuss Muxasnuca — MeHTEH U onpelesieHne KUHETUYECKUI TapaMeTpOB

U3 OTIBITHBIX JaHHBIX. MTHrnOupoBanue pepMEeHTATHBHBIX PEaKIUH.



PactBOpBI 37ME€KTPONUTOB. AKTUBHOCTH, KOA(D(PHUIMEHT aKTHUBHOCTU. Teopus
Jlebas — XIOKKens: OCHOBHbIE IIOJIOKEHHMSI M JIOMYULICHMs, TOHATHE HWOHHOMN
armocdepsl. [lepBoe u BTOpoe mpuOIMKEHUs TEOpUH A pacuéra Kod(h(UIIMEHTOB
AKTUBHOCTH.

DIEKTPONPOBOAHOCTh PACTBOPOB AJIEKTPOIMUTOB: yJE€IbHAs, 3KBUBAJICHTHAS U
MOJISIpHAsT 3JIEKTPOIPOBOAHOCTH, TMOJIBUKHOCTH OTHEIbHBIX HOHOB. 3aBUCHUMOCTH
MOJIBM>KHOCTH OT KOHLIEHTpauuu. 3akoH Konbpayma.

DNEeKTPOXUMHUUYECKUN TTOTCHIMAI. YCIOBHS PAaBHOBECHS HA TPaHUIIE AIIEKTPOaA
¢ pactBopoMm. ["anibBannueckuii anemeHT. [lonstue J/IC. YpaBuenue HepHcra.

TepMmoauHaMuKa raabBaHUYECKOTO d1eMeHTa. [Ipumenenne ypaBaenus ['mb6ca
— T'enpMronpua K 3ieKTpoxuMuyeckum cuctemam. Ompenenenue meroaom IJIC
u3MeHeHus dHeprun [ mo0ca, YHTAIBINY U SHTPOITHHA XUMHYECKON PEaKIIHH.

Koanonanasa xumusa

Hucnepcubie cucremsbl. [IoBepxHOCTHOE HaTsKkeHHE. [10BEpXHOCTHO-aKTUBHbBIE
BEIIECTBA, UX BIUSHUE HA MOBEPXHOCTHOE HATSHKEHUE. AJCOPOLIMOHHOE ypaBHEHHE
I'u66ca.

CwmauuBanue. Ypapaenue lOnra. TepmoaunaMuueckue ycioBHsl HECMauuBaHUs,
CMa4YMBaHMS U PACTEKAHUS.

Munennoobpa3oBaHue B BOAHBIX M HEBOIHBIX cpeAax. TepMoIuHaMHKa
MHIIEIIIO00pa30BaHUsI.

MeTtozp! nonydeHus 1 (pakTopbl CTAOMIH3AINHN TUCIIEPCHBIX CUCTEM.

Peonornueckoe moBesieHrEe CBOOOTHO- U CBSI3KOIMCIIEPCHBIX cucTeM. [Ipupona
KOHTAKTOB B CBA3HOJIMCIIEPCHBIX CUCTEMAX.

XumMHYecKre 0CHOBBI KM3HH

CrpykTypa U GYHKIMH HYKJIEHHOBBIX KHCIOT. CTpyKTypa U (QYHKIUU OEIKOB.
CrpykTypa ¥ pyHKIMH OHOIIOTHYECKHX MEMOpaH.

I'enernueckuii koa. Permukanus JJHK u Tpanckpunuus. OCHOBBI T€HETHYECKOM
OMOMHKCHEPHH.

@®epMeHThl Kak OenkoBble KaTanusartopel. Kraccuduxamus ¢depMeHTOB.

OcHOBHbIE YpaBHEHUS! KUHETUKU ()EPMEHTATUBHBIX PEAKIIHII.



@depMEeHTAaTUBHBIN KaTaJlu3 B XUMUU, IPUMEPHI IPAKTUYECKOTO UCIOIb30BAHUS

(bepmenToB. JlekapcTBEeHHBIE IpENapaThl HA OCHOBE ()EPMEHTOB U X MHTUOUTOPOB.
BbIcOKOMOJIEKYISIPHBIE COeIMHEHUSI

OcoOeHHOCTH CTPOEHHSI U CBOICTB BBICOKOMOJIEKYJISIPHBIX COEIMHEHUH,
OTIMYAIOLIMX X OT HU3KOMOJIEKYIAPHBIX aHanoroB. CpeaHue MOJIEKYJSIPHbIE MacChl
U KPUBBIE MOJIEKYJIIPHO-MACCOBOIO PacIpeIeeHUs IIOJTUMEPOB.

OCOOEHHOCTH CTPOEHHUS MOJMMEPHBIX MOJIEKYJ: KOH(QUI'ypalUOHHas U
KoH(OpMaMOHHAsE H30Mepusi. SIBIeHHe THOKOCTH MAaKpOMOJIEKYI: TPUYUHBI |
MexaHu3M. Mozieny KoJIMYeCTBEHHOTO ONKCaHMs THOKOCTH.

TepMonmuHamMu4YecKue W  TUAPOJMHAMUYECKHE OCOOEHHOCTH  pPacTBOPOB
NOJIMMEPOB. YpaBHEHUE COCTOSIHMs Ioinumepa B pacTtBope. OrmpeneneHue
MOJIEKYJIIPHOM MacChl U pa3MEPOB MaKPOMOJIEKYIL.

[TonuaneKkTponuTel U MX KilaccUpUKaAIMsi, OCOOEHHOCTH AMCCOLUATHUBHOIO U
KOH(OPMAIIMOHHOTO MIOBE/ICHUS. OcmoTtHueckoe JlaBJICHHE pacTBOpoB
noau31eKTpoiuToB. [TonrmamponuTsl.

CuHTe3 NOIUMMEpPOB IO LENHOMY M CTYIIEHYaToMy MexaHu3MmaMm. BriusHue
yCIOBUH  CHHTE3a Ha  CKOPOCTb  pEaKUUH, MOJEKYIIpHYl0  Maccy H
CTEPEOPETYIAPHOCTh 00pa3yeMbIX MakpoMoieKys1. ComoauMepu3arus.

XuMHueckue peakuuu noiauMmepoB. IlonmmepaHanornyHble HpeBpalleHMs,
BHYTPH- U MEKMOJICKYIISIPHBIE PEAKIINH, PEAKIIUU TECTPYKIUH.

MexaHuyeckue cBOMCTBa oauMepoB. Tepmomexanndeckuit ananus. [pupona u
MEXaHH3M  BBICOKODJIACTUYECKOM W  BBIHY)KICHHO-JIaCTHYECKOW  Jedopmaruii.
XPpYHKOCTh CTEKI000pa3HbIX OJIMMEPOB.

CrpykTypa KpUCTAUIMYECKUX MOJUMEPOB. TepMoaMHAMMKAa U KUHETHKA
KPUCTAJUIN3aLUU, OCOOEHHOCTH Ae(pOPMALMOHHOTO MOBEACHUS KPUCTAIIMUECKUX

MIOJIUMEPOB.

2. (I)OpMaT MpOBEACHUA IK3aMEHaA U TpeﬁoBa}mﬂ

DOK3aMeH TMPOXOJUT B IHUCHBMEHHOW ¢opme ouyHO. Bpemst Ha BBINONHEHHE



9K3aMEHALIMOHHOM paboThl — 2 aCTPOHOMUYECKUX yaca.

Kanaunatel JODKHBI MMETh CTENEHb HE HIDKE OakalaBpa B OOJIACTH XMMUU HITH
(GyHAaMEHTAJIbHOTO MaTEepUAIOBECHUST M BIAJETh PYCCKUM S3BIKOM HE HUXKe
ceprudukara PKU-4 (mms crmarommx SK3aMeH Ha PYCCKOM SI3bIKE) WIIM BIAJETh
aHMMIckUM s3bIkoM He Hmke ceptudukara CET-4 ( 1 charomumx 5K3aMeH Ha

AHTJIMICKOM SI3BIKE).

3. 234 HIlpumepnplii ciucok peKoMeH1yeMoii JTHTepaTyphbl

Heoprannueckas xumus

1. ML.E. Tamm, FO.JI. TperbsikoB. Heopranuueckas xumusd. T. 1. ®usuko-xumuueckue
OCHOBBI Heopranuieckoi xumuu. M.: U3a. nentp «Axkanemus», 2004

2. A.A. Jlpoznos, B.I1. 3nomanos, I"H. Mazo, ®.M. Cnupunonos. Ilox pen. FO./1.
TperbsikoBa. Heoprannueckas xumus. T. 2. XuMus HenepexonHbIX 3J€MEHTOB. M.:
N3n. uentp «Axanemus», 2004.

3 A.A. [dpoznos, B.II. 3nomanos, I'H. Ma3zo, ®.M. Coupunonos. Iloxg pen. FO.1.
TperbsakoBa. Heoprannueckas xumus. T. 3. Xumus nepexogHsix snemeHToB. KH. 1.
M.: U3x. uentp «Axagemus», 2007.

4. A.A. Jlpoznos, B.I1. 3nomanos, I"H. Mazo, ®.M. Cnupunonos. Ilox pen. FO./1.
TperbsikoBa. Heoprannueckass xumus. T. 3. Xumus nepexofHbix aneMeHTOB. KH. 2.
M.: Uzna. nentp «Akagemus», 2007.

5. A.B.lllesenvkoB, A.A.[dpo3noB, M.E.Tamm. Heopranuueckas  xummws.
M.:JlaGopaTopus 3Hanwmii, 2023.

6. JIx. Xprou. Heopranmueckas xumusi. CTpoeHHE BeIIeCTBA W PEaKIMOHHAS
crocooHocTh. M.: Xumus, 1987.

7. . Wpaiisep, I1. Otkunc. Heoprannueckas xumus. M.: Mup, 2004.
AHanuTHuecKas XuMUs

8. OcHoBBI aHaIUTHYECKON XUMHH. B Byx ToMax /mox pen. FO.A. 3omoToBa/,4-¢ usm.,
M.: U3natenbckuil neHTp «Axkaaemus», 2010 384, 416 c.6-e uzn. M.: U3parenbckuii

HeHTp «Axkanemus», 2014 400, 403 c.



9. OCHOBBI aHATMTUYECKON XUMHUU. 3a/1a4u ¥ Bompockl. /mox pea. KO.A. 3omnorosa/.M.:
Jlaboparopus 3nanuii. 2020 413 c.

Opranuueckasi XuMus

10. O.A. PeyroB, A.JI. Kypu, K.II. byrun,  Opranunueckas xumus, M., bunowm,
1999-2002, 1.1-4.

dusnyeckas XuMust

11. B.B. Epemun, C.1. Kapros, U.A. Ycnenckas, H.E. Ky3pmenko, B.B. JlyHun.
OcuoBel pusnueckort xumuu. B 2-x 1. T. 1. Teopus. T. 2. 3amaun — M.: BUHOM,
2019, 2021

12. Otkunc I1., ne [Mayna [Ix. «®uzndeckas xumus», Mup, 2007

13. Hamackun b.b., Ilerpuii O.A., Hupnuna I A. Onexrpoxumusa. M.: Xumus, 2006;
KonocC, 2008; CII6.:JIaus, 2015.

Konmnouanas xumust

14. lykun E.J., IlepuoB A.B., Amenuna E.A., Komtongnas xumus. M.: FHOpaiT.
2021 (w1 Gonee paHHUE U3TAHUSA).

BricokomorekynsipHbie COeUHEHUS

15 BricokoMONEKyISIpHbIE COCTUHEHUS | YI€OHUK M MPAKTUKYM ISl aKaJeMHUECKOTo
OakanaBpuata / M. C. ApxakoB [u 1p.] ; mox pemnakuueit A. b. 3e3una. — Mockaa :
WznatensctBo FOpaiit, 2017. — 340 c. — (bakanaBp. AkageMHuecKHii Kypc). —
ISBN 978-5-534-01322-1.

16 .Kupees, B. B. BricokomonekynsapHubie coequHenus B 2 4. Yactp 1 : ydeOHUK Jyis
akagemmuueckoro OakanaBpuara / B. B. KupeeB. — Mocksa : U3natenscTBo FOpaiir,
2016. — 365 c. — (bakanaBp. Axagemuueckuii kypc). — ISBN 978-5-9916-7150-7.
XHUMHUYECKHE OCHOBBI OMOIOTMUECKHUX IIPOLECCOB

17. JI. Henbcon, M. Kokc. OcHoBbl Onoxumun Jlenunmkepa. B 3 Tomax. M.: bunom.
Jlaboparopus 3nanui, 2012

18. JI.I. Knoppe, C.J1. Mbi3una. buonornyeckas xumus. M.: Boiciias mkosa, 1998

19. C.J1. BapdonomeeB. Xumuueckas s3uMosniorus. M.: Akagemus, 2004



I1. O0pa3sen 3agaHus (HA PyCCKOM M AHIVIMHCKOM SI3bIKAX)

BerynuresabHblii 3K3aMeH 110 XMMUH
IIporpamma marucrparypst «XUMMU S
BapuanT (mpumep)

1. OcHOBHbIE MMOHATHS XUMUU KOMIUIEKCHBIX COECIMHEHUI: [IEHTPAJIbHBIN aTOM
U €ro KOOPAMHALMOHHOE 4YHUCIJIO; JIMTaHJIbl, JEHTAaTHOCTb, JOHOPHBIM aroM,
BHYTPCHHSI W BHEIIHSAS KOOpIWHAIMOHHBIE cdepbl. M3oMepus KOMIUIEKCHBIX
coequHeHuil. Teopus kpucramueckoro nois (TKII) — ocHoBHBIE OI0KEHUS.

2. Ankanbl. MeTtonsl cuHTE3a ankaHOB. M3omepuss u XuMuueckue CBOMCTBA
AJIKAHOB.

3. Tepmoxumms. TemnoBoit >¢p¢exT xumuueckor peaknuu. 3akoH [ecca.
3aBUCHMOCTB TEIUIOBOTO d(h(eKTa peakiuu oT TeMIepaTypsl, ypaBHeHue Kupxroda.

OK3amenayuonnoe 3adanue NO XUMUU COCHOUM U3 MpPexX MeopemuyecKux
80NPOCOB U 3a0aUU.

Ilpumepui 3a0au:

1. Paccumraiite u3MeHeHue SHTpornmu mnpu goOasmeHun 200 T mpga C
temmnepatypoit 0°C x 200 r Bomsl (90°C) B TepMUYECKH H30JUPOBAHHOM COCY/IE.
Tennora miasienus Jbaa cocrasiser 6.0 kJ[K-MOab !, TEIIOEMKOCTD KHUIKOW BOJIbI
pasua 75.3 kIx-K!-momp .

2. DHTaJBIIUU CTOPAHUS O-TJIFOKO3BL, B-PpyKTO3bI U caxapo3bl npu 25°C paBHBI
-2802, 2810 u —5644 xJ[)'MOJb ' COOTBETCTBEHHO. PaccumTaiite BeIHYUHY
TEIUI0BOro 3((heKTa THAPOIN3a caxapo3bl.

3. Ckopocth peakuuu, npotekarotiei nmpu 35°C B mpuUCyTCTBUU KaTaiau3aTopa
okazaiack B 8.4:107 pa3 Bbllle, YeM CKOPOCTh HEKATAIM3UPYEMOW pPEaKIIUH.
PaccuuraiiTe SHEprur0 axkTUBALMU pPEAKIMU B OTCYTCTBUE KaTalM3aTopa, €CIHU
SHEPTHsl AKTUBAIINK KaTaJIU3UPYEMON peakiuu coctasisieT 42.5 kJ[K-Moib .

4. Ha ocHoBe 3Ha4yeHWil craHIapTHBIX moreHimanoB E°(Fe3'/Fe*") = 0.771 B
and E°([Fe(CN)s*"]/[Fe(CN)s*]) = 0.36 B paccuuTaiite OTHOIIEHHWE KOHCTAHT
YCTOMYMBOCTH LIUAHUJAHBIX KOMILJIEKCOB keie3a npu 25°C.



(in English)

Inorganic chemistry

The structure of the Periodic table and its relation to the electronic structure of
atoms, Moseley's law. Periodicity of changes in the values of radii, ionization energy,
electron affinity, electronegativity of atoms in the group and in the period. Periodicity
of changes in properties of simple substances and general classes of chemical
compounds (oxides, hydroxides, halides). Vertical, horizontal and diagonal analogies
in the Periodic table.

Main types of chemical bonds. Characteristics of chemical bonds in molecules:
energy, length, valence angle, order (multiplicity) and polarity. The idea of
hybridization of atomic orbitals. The geometry of polyatomic molecules: the Gillespie
model on the example of particles H2O, SF4, ICl4 .

The main provisions of the method of molecular orbitals (MMO). Method MO
LCAO. Two-center two-electron molecular orbitals. Energy diagrams of diatomic
homonuclear molecules formed by elements of the 1st and 2nd periods. Correlations
between the order of coupling, ionization energy and magnetic properties on the
example of particles 02", Oz, O, 02> .

Basic concepts of the complex compound’s chemistry: the central atom and its
coordination number; ligands, denticity, donor atom, internal and external
coordination spheres. Isomerism of complex compounds. The concept of
classification of complex compounds. Chelate effect.

Crystal field theory (CFT). Symmetry of d-orbitals. Changes in the energy of
d-orbitals in the spherical, octahedral and tetrahedral ligand fields. The crystal field
stabilization energy (CFSE). Influence of the central atom nature (charge, radius,
electronic configuration), nature, number and location of ligands on the value of
energy splitting. Spectrochemical series.

Coloring and magnetic properties of complexes. Jahn—Teller effect, tetragonal

distortion of octahedral complexes. Square-planar complexes. Comparison of the



structure [NiCls] >~ and [Ni(CN)4] 2~ complex ions.

Elements of 1% group (Li, Na, K, Rb, Cs). Regularities in the change of
electronic configurations, values of radii, ionization energy and electronegativity of
atoms. Diagonal similarity of lithium — magnesium. Preparation and comparison the
stability of compounds Li,0O2 and Na,O; Li.O and NaxO.

Elements of 2™ group (Be, Mg, Ca, Sr, Ba). Regularities in the change of
electronic configurations, values of radii, ionization energy and electronegativity of
atoms. Diagonal similarity beryllium — aluminum. Preparation of hydroxides
M(OH): and comparison of their acid-base properties in Be— Mg—Ca—Sr—Ba series.

Elements of 13™ group (B, Al, Ga, In, TI). Regularities in changes of the
electronic configuration, the size of atoms, ionization energy, electron affinity,
electronegativity, characteristic oxidation states and coordination numbers of atoms.
Chemical methods of separation of aluminum and beryllium compounds. Preparation,
structure, properties of diborane B2He.

Elements of 14" group (C, Si, Ge, Sn, Pb). Regularities in changes of the
electronic configuration, the size of atoms, ionization energy, electron affinity,
electronegativity, characteristic oxidation states and coordination numbers of atoms.
Oxygen compounds of the 14th group. Comparison of the structure and properties of
CO2 and SiO»

Elements of 15" group (N, P, As, Sb, Bi). Regularities in changes of the
electronic configuration, the size of atoms, ionization energy, electron affinity,
electronegativity, characteristic oxidation states and coordination numbers of atoms.
Comparison of strength of single (E-E), double (E=E) and triple (E=E) bonds.
Preparation, comparison of structure and properties (acidic, oxidative activity and
thermal stability) HNO; and HNO:s.

Elements of 16" group (O, S, Se, Te, Po). Regularities in changes of the
electronic configuration, the size of atoms, ionization energy, electron affinity,
electronegativity, characteristic oxidation states and coordination numbers of atoms.
The distinctive properties of oxygen, the multiplicity of bonds and features of

catenation (forming of homoelements chains) in O—-S—Se—Te series. Preparation,



comparison of structure and properties (acidic, oxidative activity and thermal stability)
H>SO3 and H2SOs.

Elements of 17% group (F, Cl, Br, I). Regularities in changes of the electronic
configuration, the size of atoms, ionization energy, electron affinity, electronegativity,
characteristic oxidation states and coordination numbers of atoms. Fluorine features.
Intermolecular interactions and physical properties of simple substances. Structure
and properties (thermodynamic stability, oxidative, acidic properties) chlorine acids in
series C1(I)—CI1(IID)—CI(V)—CI1(VID).

Elements of 4" group (Ti, Zr, Hf). Regularities in changes of the electronic
configuration, the size of atoms, ionization energy, electron affinity, electronegativity,
characteristic oxidation states and coordination numbers of atoms. Comparison of
structure and properties of compounds of the same type in series
Ti(IV)—Ti(III)—Ti(Il) (oxides, hydroxides, halides). Complex compounds of Ti.

Elements of 5" group (V, Nb, Ta). Regularities in changes of the electronic
configuration, the size of atoms, ionization energy, electron affinity, electronegativity,
characteristic oxidation states and coordination numbers of atoms. Structure and
chemical properties of cationic and anionic forms of vanadium (V) compounds in
aqueous solution. Preparation and comparison of oxidation-reduction and acid - base
properties of compounds V(II)-V(III)-V(IV)-V(V in aqueous solution.

Elements of 6™ group (Cr, Mo, W). Regularities in changes of the electronic
configuration, the size of atoms, ionization energy, electron affinity, electronegativity,
characteristic oxidation states and coordination numbers of atoms. Acid-base, redox
properties of chromium compounds in the Cr(VI)—Cr(IlI)—Cr(II) series. Preparation,
comparison of structure and properties (acidic properties, thermodynamic stability and
oxidative activity) of EO3 oxides (E = Cr, Mo, W).

Elements of 7" group (Mn, Tc, Re). Regularities in changes of the electronic
configuration, the size of atoms, ionization energy, electron affinity, electronegativity,
characteristic oxidation states and coordination numbers of atoms. Acid-base, redox
properties of manganese in series Mn(II)-Mn(III)-Mn(IV)-Mn(VI)-Mn(VII).

Preparation, comparison of structure and properties (thermodynamic stability,



acid-base, redox) of Mn(VII)-Tc(VII)-Re(VII) compounds.

3d-elements of 8", 9" u 10"  groups (Fe, Co, Ni). Regularities in changes of
the electronic configuration, the size of atoms, ionization energy, electron affinity,
electronegativity, characteristic oxidation states and coordination numbers of atoms.
Acid-base, redox properties of hydroxides M(OH), and M(OH)s in a series of
Fe-Co-Ni. Preparation and comparison of properties (thermodynamic stability,
acid-base, redox) of compounds Fe(Il), Fe(Ill) and Fe(VI).

Elements of 11" group (Cu, Ag, Au). Regularities in changes of the electronic
configuration, the size of atoms, ionization energy, electron affinity, electronegativity,
characteristic oxidation states and coordination numbers of atoms. Thermodynamic
stability, acid-base and redox properties of Cu and Ag oxides and hydroxides.
Preparation, structure and disproportion of Cu(I) compounds.

Elements of 121" group (Zn, Cd, Hg). Regularities in changes of the electronic
configuration, the size of atoms, ionization energy, electron affinity, electronegativity,
characteristic oxidation states and coordination numbers of atoms. Acid-base, redox
properties of hydroxides M(OH): in the series Zn—Cd—Hg. Preparation, structure and

disproportionation of the Hg>**compounds.
Analytical Chemistry

The main characteristics of chemical analysis methods. The concept of
systematic and random errors of chemical analysis. Statistical processing of
measurement results.

Representative sample. Size and methods of sampling. Sample preparation for
analysis.

Ideal and real systems. Activity, equilibrium and total concentration.
Thermodynamic and concentration equilibrium constants.

Acid-base balance. Modern ideas about acids and bases. The main provisions of
the acid-base theories of Brensted-Lowry and Lewis.Influence of the nature of
solvents on the strength of acids and bases. Leveling and differentiating effects of

solvents. Buffer solutions and their properties.



Acid-base titration. Indicators. Determination of acids (individual and their
mixtures) and bases (individual and their mixtures).

Complex compound. Equilibrium of complex formation and its quantitative
characteristics. Analytically important properties of CC. Application of complexes in
chemical analysis. Complexometric titration. Metallochromic indicators. Direct, back,
displacement and indirect titration. Methods for increasing the selectivity of
complexometric determination of elements.

Oxidation-reduction reactions. Redox electrode potential (standard, equilibrium,
formal), factors affecting it. Equilibrium constants and the direction of redox
reactions.

Redox-titration. Methods for determining the end point of titration. Indicators.
Redox-titration methods: dichromatometry, iodometry, permanganatometry.

Heterogeneous equilibrium in the sediment-solution system. Solubility product,
solubility, factors affecting solubility.

Formation, properties, conditions of crystal and amorphous precipitation.
Contamination of precipitation and ways to eliminate it.

Gravimetric analysis: the essence, advantages and disadvantages of the method.
Examples.

Methods of separation and concentration in chemical analysis. Solvent
extraction.

Chromatographic methods of analysis. Classification of methods according to
different principles. Basic chromatographic parameters. Qualitative and quantitative
analysis.

Gas chromatography. Sorbents and carriers. Separation mechanism. Detectors.
Application.

Liquid chromatography (LC). The types of LC. Benefits of HPLC. Normal -
phase and reversed-phase variants of HPLC. Mobile and stationary phases, principles
of their choice. Detectors. Application.

Electrochemical methods of analysis: General characteristics, classification.

Direct potentiometry and potentiometric titration. Measuring potential. Classification



of indicator electrodes. Practical application of ionometry.

Coulometry and coulometric titration. Theoretical bases. Practical application.

Voltammetry. Characteristics of the current-voltage curve. Modern types of
voltammetry, advantages and limitations in comparison with classical polarography.
Amperometric titration.

Spectroscopic methods of analysis. Classification of spectroscopic methods by
the nature of particles interacting with radiation, the nature of the process, the range of
electromagnetic radiation.

Atomic-emission and atomic-absorption methods of analysis. Sources of
atomization and radiation of particles. Physical and chemical processes in atomizers.
Spectral and physico-chemical noise, methods of their elimination. Analytical
capabilities and applications of methods.

Molecular absorption spectroscopy (spectrophotometry). The basic law of light
absorption. Preparation of colored compounds, spectrophotometric reactions.
Quantitative analysis, analysis of multicomponent systems, study of reactions in
solutions. Metrological characteristics and analytical capabilities of the method.
Examples of practical application.

Molecular luminescence spectroscopy. Classification according to the sources,
mechanism and duration of glow. Fluorescence and phosphorescence. Scheme
Yablonsky. Basic regularity. Factors affecting Iuminescence intensity. The
luminescence quenching. Physico-chemical and spectral interference. Analytical

capabilities of the method, its metrological characteristics. Example of use.
Organic Chemistry

The main functional groups and classes of organic compounds. Types of
isomerism of organic compounds. The concept of conformations on the example of
alkanes. Geometric alkene isomerism. The concept of optical activity and chirality
with one asymmetric carbon atom. The concept of enantiomers and racemates. R,S -
nomenclature. Connections with two chiral centers. The concept of diastereomers.

Alkanes. Methods of synthesis of alkanes. Chemical properties of alkanes. The



mechanism of a chain radical reaction. Cracking.

Alkenes. Methods of synthesis of alkenes. The hydrogenation of alkenes.
Hydroboration. Alkene ozonolysis. Oxidation of alkenes to diols. Electrophilic joining
alkaram. Reaction mechanism. Bromine joining the alkenes. Hydrogenation.
Acid-catalyzed hydration of alkenes, hydroxymercuration. Free radical reactions:
addition of hydrogen bromide by Kharasch. Allyl bromination.

Alkynes. Methods of synthesis of alkynes. C-H-acidity of alkynes. Hydration of
alkynes. Acetylene-allene isomerization. The shift of the triple bond in terminal
position. Dienes. Methods of obtaining dienes. 1,2 - and 1,4-addition to conjugated
dienes. Diels-Alder Reaction.

Reactions of nucleophilic substitution at a saturated carbon atom in the alkyl
halides. Mechanisms SN; and SN>. The main regularities of nucleophilic substitution
reactions. B-Elimination. Elimination mechanisms (E1, E2). The main regularities of
these reactions.

Alcohols as weak O-H acid. Substitution of hydroxyl group in alcohols for
halogen. Dehydration of alcohols. Oxidation of alcohols. Pincon-pinacolada
regrouping. Ether. Synthesis method. Oxiranes. Methods of obtaining. Epoxy opening
reactions under the action of electrophilic and nucleophilic agents.

Aldehydes and ketones. Addition of nucleophiles to the carbonyl group.
Mechanism. Reduction of carbonyl compounds. Oxidation of carbonyl compounds.
1,3-Dithiane. Synthesis, CH-acidity. Keto-enol tautomerism ketones, diketones and
ketoesters. Reactions occurring through the formation of the enol form. Halogenation
of carbonyl compounds. Haloform reaction. Aldol-conjugated enone condensation in
acidic and alkaline medium. Directional aldol condensation. Ester condensation.
Syntheses using acetoacetic ester and malonic ester.

Carboxylic acid. Effect of substituents on acidity. Decarboxylation. The reaction
of halogenation at the a-carbon atom. Derivatives of carboxylic acids. Halides,
anhydrides, carboxylic acids, esters. Synthesis and properties. Synthesis of amides of
carboxylic acids. Sextet rearrangements. Nitriles.

Structure of benzene. Aromaticity. Huckel Rule. Criteria of aromaticity (energy,



structural, magnetic). Signs of aromaticity (reactivity). Properties of the aliphatic side
chain in aromatic hydrocarbons. Halogenation of toluene and its homologues in the
side chain. Oxidation of the side chain. Hydrogenation.

Electrophilic substitution in the aromatic series. Electrophilic agents and
reaction mechanism of nitration, halogenation, sulfation, Friedel-Crafts alkylation and
acylation of aromatics. Orientation of electrophilic substitution. Side processes in
alkylation reactions. Formylation. Nucleophilic substitution in the aromatic series.

Synthesis of aliphatic nitro compounds. Synthesis of amines. Properties of
amines. Basicity. Protecting the amino group. Interaction of primary, secondary and
tertiary aliphatic and aromatic amines with nitric acid.

Diazo - and azo-compounds. Diazonium salts. Diazotoluene primary aromatic
amines. Reactions of diazo compounds with the release of nitrogen. Azo coupling.
Diazomethane.

Phenols and quinones. Methods of synthesis of phenols. Properties of phenols.
Preparation of o - and p-benzoquinones.

Classification of alicycles. Types of strain in cycloalkanes and conformation.
Methods of synthesis of compounds of cyclopropane and cyclobutane. Features of
chemical properties of compounds with a three-membered cycle. Synthesis of
compounds of cyclopentane and cyclohexane series.

Five-membered heterocycles with one heteroatom. Methods of synthesis of
five-membered heterocycles. Paal-Knorr Method. Electrophilic substitution. The
acidity of the pyrrole. Indole. Synthesis of indoles by the Fisher.

Six-membered heterocycles. Pyridine, aroma, basicity. The synthesis of
pyridines. Chemical properties of pyridine. Basicity. Electrophilic substitution
reactions. N-pyridine oxide, preparation and use in synthesis. Nucleophilic
substitution in pyridines. Quinoline.

Amino acid. Configuration of natural L-amino acids. Amphoteric, isoelectric
point. Chemical properties of COOH and NH2 groups. The most important methods
of amino acid synthesis. Methods of peptide bond formation. Protective groups for

amino and carboxyl groups, activation of carboxyl group, synthesis of peptides on a



solid carrier. Proteins.

Physical Chemistry

The first law of thermodynamics and its formulations. Differential and integral
form of the 1st law. Internal energy and enthalpy, calculation of their changes in
various processes. Heat and work for different processes in gases.

Thermochemistry. The thermal effect of a chemical reaction. Hess's Law.
Dependence of the thermal effect of the reaction on temperature, Kirchhoff equation.

The second law of thermodynamics and its formulations. Entropy and its
properties. Calculation of entropy change for different processes.

Characteristic functions, their definition and properties. The fundamental
equations of Gibbs. The characteristic function in the role of thermodynamic
potentials, conditions of equilibrium, the extrema and the direction of spontaneous
processes.

Determination of phase, number of components, number of degrees of freedom.
The conditions of phase equilibrium. Phase equation (Gibbs—Duhem equation). The
Gibbs phase rule. Chemical potential.

Phase transitions of the first kind. Clausius—Clapeyron Equation. The state
diagram of a single-component system (in any example).

Determination of the ideal solution. Expression for the chemical potential of a
component. Raoult's Law. Non-ideal solutions. Lewis activity method.

The condition of chemical equilibrium. Isotherm of chemical reaction.
Equilibrium constant. The dependence of the equilibrium constant on temperature, the
isobaric van 't Hoff equation.

Adsorption. Langmuir equation, its thermodynamic derivation and scope.
Calculation of Langmuir equation parameters from experimental data.

The canonical sum of States and the properties. The molecular sum of States
and its components. The connection with the canonical sum of States. Calculation of
entropy, internal energy, enthalpy, Helmholtz energy, and Gibbs energy by state sums.

The rate of chemical reaction. Elementary and complex reactions. The basic



postulate of chemical kinetics. Molecularity and order of reaction. Rate constant.
Methods for determining the reaction order and the rate constant.

Dependence of the chemical reaction rate constant on temperature. Arrhenius
equation. Activation energy and methods of its determination.

Theory of active collisions for bimolecular reaction, basic concepts and
assumptions. The Trautz—Lewis Equation.

Activated complex theory (transition state theory). Assumptions used in the
construction of the theory. Statistical derivation of the basic equation.

Basic concepts of catalysis. The main mechanisms of catalytic reactions.
Activity, selectivity and stability of the catalyst. The turnover number.

Enzymatic catalysis. Enzymes as catalysts, their features. Derivation of the
Michaelis—Menten equation and determination of kinetic parameters from
experimental data. Inhibition of enzymatic reactions.

Electrolyte solution. Activity, activity coefficient. Debye—Hiickel theory: basic
propositions and assumptions, the concept of ionic atmosphere. The first and second
approximations of the theory for the calculation of activity coefficients.

Conductivity of electrolyte solutions: specific, equivalent and molar
conductivity, mobility of individual ions. Dependence of mobility on concentration.
The Kohlrausch's law.

Electrochemical potential. Equilibrium conditions at the electrode-solution
boundary. Galvanic cell. The concept of EMF. The Nernst equation.

Thermodynamics of a galvanic cell. Application of the Gibbs — Helmholtz
equation to electrochemical systems. Determination of changes in Gibbs energy,

enthalpy and entropy of chemical reaction by EMF method.

Interface and colloid science

Disperse system. Surface tension. Surfactants, their effect on surface tension.
Gibbs adsorption equation.
Wetting. Young's Equation. Thermodynamic conditions of non-wetting, wetting

and spreading.


https://en.wikipedia.org/wiki/Transition_state_theory

Micelle formation in aqueous and non-aqueous media. Thermodynamics of
micelle formation.

Methods of production and factors of stabilization of disperse systems.

Rheological behavior of disperse systems. Nature of contacts in connective

disperse systems.

Chemical bases of life

Structure and functions of nucleic acids. Structure and functions of proteins.
Structure and functions of biological membranes.

Genetic code. DNA replication and transcription. Fundamentals of genetic
bioengineering.

Enzymes as protein catalysts. Classification of enzymes. Basic equations of
kinetics of enzymatic reactions.

Enzymatic catalysis in chemistry, examples of practical use of enzymes. Drugs

based on enzymes and their inhibitors.
Polymer Science

Features of the structure and properties of high-molecular compounds that
distinguish them from low-molecular analogues. Average molecular weight and
curves of molecular weight distribution of polymers.

The structural features of polymer molecules: configurational and
conformational isomerism. The phenomenon of flexibility of macromolecules: causes
and mechanism. Models of quantitative description of flexibility.

Thermodynamic and hydrodynamic features of polymer solutions. Equation of
state of polymer in solution. Determination of molecular weight and size of
macromolecules.

Polyelectrolytes and their classification, features of dissociative and
conformational behavior. Osmotic pressure of polyelectrolyte solutions.
Polyampholytes.

Synthesis of polymers by chain and step mechanisms. Influence of synthesis

conditions on reaction rate, molecular weight and stereoregularity of macromolecules



formed. Copolymerization.
Chemical reactions of polymers. Polymeranalogous transformations, intra - and

intermolecular reactions, reactions of destruction.

Mechanical properties of polymers. Thermomechanical analysis. Nature and
mechanism of highly elastic and forced-elastic deformations. Fragility of glass-like
polymers.

Structure of crystalline polymers. Thermodynamics and kinetics of

crystallization, especially the deformation behavior of crystalline polymers.

The exam is held in written form in person. The time to complete the
examination work is 2 astronomic hours.

Candidates must have at least a bachelor's degree in chemistry or basic
materials science and have a minimum RCT-4 certificate in Russian (for those
taking the exam in Russian) or a CET-4 certificate in English (for those taking

the exam in English).

2. @opmMar npoBeAeHUs IK3aMeHa U TpeOoBaHus

DOK3aMeH TMpOXOJUT B IUCbMEHHOM ¢opme ouyHO. Bpemss Ha BbINONHEHUE
9K3aMEHALMOHHOM PabOoThI — 2 aCTPOHOMUYECKHX Yaca.

Kanaunarel JOKHBL MMETh CTENEHb HE HMKE OakalaBpa B OOJIACTM XMMUU WIIU
(byHIaMEHTAILHOTO MaTepPUAJIOBEICHUSI M BIAJAETh PYCCKUM SI3BIKOM HE HIKE
ceprudukara PKU-4 (ans cnarommx 5K3aMeH Ha pPYCCKOM SI3bIKE) WIIM BIAJETh
aHIIIMICKUM si3pIKOM He Hke ceptudurara CET-4 ( mis chparomux SK3aMeH Ha

AHTJIUKCKOM SI3BIKE).

The exam is held in written form in person. The time to complete the examination



work is 2 astronomic hours.
Candidates must have at least a bachelor's degree in chemistry or basic materials
science and have a minimum RCT-4 certificate in Russian (for those taking the exam

in Russian) or a CET-4 certificate in English (for those taking the exam in English).

Entrance Examination in Chemistry
“Chemistry” Master's programme

Examination paper (example)

1. Basic concepts of the complex compound’s chemistry: the central atom and
its coordination number; ligands, denticity, donor atom, internal and external
coordination spheres. Isomerism of complex compounds. Crystal field theory (CFT) -

basic concepts.

2. Alkanes. Methods of synthesis of alkanes. [somerism and chemical properties

of alkanes.

3. Thermochemistry. The thermal effect of a chemical reaction. Hess's Law.
Dependence of the enthalpy of the reaction on temperature, Kirchhoff equation.

Chemistry examination paper consists of three theoretical questions and one
task.

Examples of problems:

1. Calculate the change in entropy when 200 g of ice at 0°C are added to 200 g
of water (90°C) in an insulated vessel. The heat of melting of ice is 6.0 kJ-mol™, the

heat capacity of liquid water is 75.3 kJ-K-"'mol~'.

2. The enthalpies of combustion of a-glucose, B-fructose and sucrose at 25°C
are
—2802, —2810 and —5644 kJ/mol, respectively. Calculate the heat of hydrolysis of

SuUCrose.



3. The rate of the reaction proceeding at 35°C in the presence of a catalyst
turned out to be 8.4:107 times higher than the rate of the non-catalyzed reaction.
Calculate the activation energy of the reaction in the absence of a catalyst if the

activation energy for the catalyzed reaction is 42.5 kJ/mol.

4. Based on the values of the standard potentials E°(Fe**/Fe?*) = 0.771 V and
E°([Fe(CN)s*)/[Fe(CN)6*]) = 0.36 V, determine the ratio of stability constants of iron

cyanide complexes at 25°C.
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