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1. HammeHOBaHMe JUCHUIIINHBI
Analytical chemistry

2. MecTo IMCHHUILIMHBI B CTPYKTYpeE 00pa30BaTeIbHOM NMPOrpaMMBbI

JucuuninuHa BXOAUT B 00s3aTenbHy0 YacTh bioka « C.1 » o6pa3oBarenbHON MPOrpaMMBbI 110 HAMPaBICHUSIM
MOATOTOBKH (CMEIUATBLHOCTSIM):

CnenuansHoctb: 33.05.01 Gapmanus

HarpaBJeHHOCTh [Iporpamma mmpokoro nmpoduist (11 MHOCTPAHHBIX TPaK/IaH)



3. [lnanupyembie pe3y/ibTaThl 00y4eHUs M0 AUCHUILINHE

B pesynbrare ocBoenus aucuumuinHel Analytical chemistry y oOyuarorerocst 10/ KHBI ObITH
c(OpPMHUPOBAHBI CIIETYIONTNE KOMIIETECHIIHH:

33.05.01 dapmanumst (HampaBiIeHHOCTS : [Iporpamma mupokoro mpoduis (1711 MHOCTPAHHBIX TPaXk/IaH))
OIIK.1 Bianeer 6a30BbIMHU 3HAHUSIMH O COBPEMEHHOM HAYYHOUH KapTHHE MUPA Ha OCHOBE TIOJIOKCHUH,
3aKOHOB M METOJIOB MaTEMaTUYECKUX U €CTECTBEHHBIX HAYK
Nuaukaropsl
OIIK.1.1 Nmeet npeacraBieHue 0 HAYYHOW KapTUHE MUpPa HA OCHOBE TMOJI0KEHUH, 3aKOHOB U
3aKOHOMEPHOCTEN ECTECTBEHHBIX HAYK
OIIK.7 CnocobeH nmpencTaBisTh pe3ysibTaThl CBOEH paboThl B YCTHOW U MUCbMEHHOM opMe B
COOTBETCTBUH C HOPMaMH M MIPaBUIIAMH, TIPUHATHIMH B MTPO(HECCHOHATEHOM COO0IIIeCTBE
HNuaukaTopsl
OIIK.7.1 Ilpencrasisier pe3yabTaThl paOOTHI B BUJI€ MUCHMEHHOTO OTYETa C YIETOM TpeOOBaHUM
O6ubnmorpaduyeckoit KyabTypbl



4. O0beM U coJepkaHue TUCHUTITHHBI

HanpasyeHusi noAroToBKu 33.05.01 ®apmanus (HanpasieHHOCTh: [Iporpamma mmupokoro
npoduis (JUIs1 ”HOCTPAHHBIX TPAXKAaH))
¢opma o0yuenus OYHas
NeNe TpumecTpos, 4,56
BbIJICJICHHBIX /151 H3y4YeHUs!
AUCHMILTUHBI
O0beM AUCIHUILIMHBI (3.€.) 15
O0beM JUCHUILIMHBI (AK.YaC.) 540
KonTakTHasi padora ¢ 154
npenoaaBartesieM (aK.4ac.),
B TOM 4HcJIe:
IIpoBenenue JeKIUOHHBIX 56
3aHATHH
IIpoBeneHne NpakKTHYECKHUX 28
3aHATHI, CECMHMHAPOB
IIpoBenenue Jad0paTOPHBIX 70
padoT, 3aHATHI 11O
HHOCTPAHHOMY fI3BIKY
CamocrosiTesibHas padoTa 386
(ak.4ac.)
®opMBbI TEKYLIET0 KOHTPOJIA Bxonnoe tectupoBanue (1)
HToroBoe KOHTpoIbHOE MeponpusTue (2)
IIuceMeHHOE KOHTpOIbHOE MeponpusTue (8)
DopMbI IPOMEKYTOUHOM Ok3ameH (4 TpumecTp)
arrecTauuu Ok3ameH (5 TpumecTp)

Ok3ameH (6 TpumecTp)




5. AHHOTHpOBaHHOC OonmucaHue CoaAcpKanusd pasacjaoB U TEM TUCHUIIJIHHBI

Basics of analytical chemistry
Chemical basics of analytical chemistry and qualitative analysis

Entrance test
Test on knowing the general chemistry basics

Introduction. Analytical chemistry, its goal and tasks, structure and methods. Brief history of
analytical chemistry
Key term and key concepts of analytical chemistry. Analytical chemistry and chemical analysis

Basic concepts of chemistry. Chemical equilibrium and its types
The importance of chemical equilibria in solving analytical chemistry problems. The most important reaction

types

Reversible reactions and chemical equilibria
Low of mass action as a basis of any equilibrium description

Acid-base equilibria. The Bronsted-Lowry acid-base theory. Solvent effects
The definitions of acid and base. Acid-base reactions.

pH scale and calculation of pH values of strong and weak protolytes
The concept of pH

pH buffers and their properties
pH buffers. Henderson-Hasselbach equation

Precipitation reactions equilibria
Solubility product and and its using for calculations

Complexation reactions
Complexation reactions. Formation constants

Redox equilibria in analytical chemistry
Redox potentials and equilibria calculations

Exam on calculations
A written exam on calculations

Qualitative Analysis of Inorganic Samples and It's Techniques
A short laboratory course introduction to qualitative analysis

Overall Scheme of Systematic Analysis of Inorganic Samples. Common Analysis Techniques
Acid-base scheme for classification of inorganic ions

Qualitative Analysis of Cations
Analysis of the mixture of cations

Qualitative Analysis of Anions
Analysis of the mixture of anions

Final Control on Laboratory Experiment
Preparing of lab reports



Final term exam
Written exam on the theoretical questions

Quantitative analysis methods
Classical chemical analyticaal methods

Quantitative analysis. Analysis in pharmacy. Pharmacopeia analysis and its features. Standard
samples
The goal of quantitative analysis and its particular applications

Precision and accuracy of analytical methods and their estimation
Statistical characteristics of analysis.

Sample preparation technics
The importance of sample preparation and its statistical foundations

Gases, liquids, solids sampling technics, preservation and storing
Particular examples of sample preparation techniques

Sample dissolution and digestion
Sample homogenization and its importance. Particular examples of homogenization

Classical methods in analytical chemistry
Classification and a brief description of classical analytical methods

Gravimetric analysis
Mass as an analytical signal. Types of gravimetric analysis.

Basics of gravimetric analysis
Precipitation, evaporation, and particulate gravimetry. Their characteristics and areas of suitability

Precipitation process. Effects of different factors, crystalline and amorphous precipitate.
Evaluation of gravimetric method
Precipitation gravimetry. Main factors affecting the accuracy and precision. Impurities and how to avoid them.
Statistical evaluation of different gravimetric techniques

Titrimetric analysis
Volume as analytical signal

Basics of titrimetric analysis. Titrimetric technics
Titration techniques and the requirements to the reactions used in titrimetry

Acid-base titration
Acid-base reactions based titration techniques and their suitability

Acid-base titration curves
The theoretical basis of titration: titration curves. Building the curve for the titration of the strong/weak
acid/base by the strong base/acid

Acid-base indicators. Evaluation of acid-base titrations
Acid-base indicators and how to choose an appropriate indicator using the builded titration curve



Complexometric titration (chelatometry)
A brief overview of complexation reactions and titrants useful in analytical chemistry

Titration curves
Building the curve for the titration of a metal solution using EDTA. The importance of acid-base equilibria (pH)
and other side reactions of metal ions and ligands

Metallochromic Indicators. Technics of titration. Evaluation of complexometric titrations
Choosing an appropriate indicator using the titration curve

Redox titration
A brief overview of reagents and reactions suitable for redox titrations

Redox systems and their characteristics. Mechanism and kinetics of redox reactions. Redox
indicators. Titration curves
Titration curves for redox reactions. The importance of kinetical characteristics of reactions. Electrochemical
potential as a signal for building the titration curves. Nernst equation. Choosing an appropriate indicator

Particular redox titrations: permanganometry, dichrometry, iodometry. Evaluation of redox
titrations
The most useful redox titration reactions and their characteristics

Precipitation titration
A brief overview of precipitation reactions useful in analytical chemistry

Basics. Technics. Titration curves
Building a titration curve for precipitation titrations

Indicators. Evaluation of precipitation titrations
Types of indicators for precipitation titrations. Their characteristics

Laboratory experiment
The lab part of the course includes 6 works on different types of titration techniques and 1 work on gravimetry

Experiment 1. Calibration of Volumetric Glassware
Finding the uncertainties of typical routine analytical glassware (volumetric flask and delivering pipettes).

Experiment 2. Gravimetric Determination of Water in BaCl2
An experiment on evaporation (indirect) gravimetry

Experiment 3. Preparation and Standardization of HCI Solution
Standardization of the solution for acid-base titration

Experiment 4. Complexometric Analysis of Magnesium Sulfate Powder
Using the complexometric titration for analysis of Mg in medicinal preparation

Experiment 5. Hardness of Water by EDTA Titration
Determination of Hardness of tap water using complexometric titration

Experiment 6. lodimetric Titration of Ascorbic Acid it Tablets
Determination of ascorbic acid in medicinal preparation by iodimetric redox titration



Final Control on Laboratory Experiment
Final report preparation

Written test on analytical problems
Written test exam on typical calculations

Final term exam
Final theoretical exam on classical methods

Instrumental methods in analytical chemistry
Modern instrumental techniques

Electromagnetic radiation methods
A group of techniques based on the electromagnetic radiation absorption/excitation

Atomic emission spectroscopy (AES) and atomic absorption spectroscopy (ABS)
Atomic spectroscopy techniques, temperature, and effectiveness of excitation

Spectrophotometry
UV/Vis and IR molecular spectroscopy techniques

Electrochemical methods
Group of techniques based on the electrical sigmal measurements

Potentiometric methods
Direct potentiometry. Kinds of electrodes. Ion-selective electrodes. Potentiometric sensors

Coulometric methods
Potentiostatic and galvanostatic coulometry. Coulometric titrations

Voltammetric methods
Current as an analytical signal. Polarography. Modern current-measurement based techiques

Chromatographic methods
A brief introduction in chromatographic techniques

Short Quiz on Terms and Laws of Instrumental Methods in Analytical Chemistry
Test (in form of a quiz) on knowing basic terms and definitions

Laboratory experiment
The experimental part of the course includes works on spectroscopical and electrochemical techniques

Experiment 1. Spectrophotometry: Analysis of Iron (II)
Spectrophotometric determination of Iron (II) in medicinal preparation as a complex with o-phenanthroline

Experiment 2. Flame Atomic Emission Spectroscopy: Determination of Na and K in Tap Water
Flame atomic spectroscopical determination of alkali metals in tap water

Experiment 3. Potentiometry: Measuring the pH with Glass Electrode and pH-metric Titration
Direct potentiometry with glass eleectrode or ISE

Experiment 4. Chromatography
GC or HPLC analysis of some sample



Final Control on Laboratory Experiment
Final report preparation

Final term exam
Written theoretical exam



6. MeToanueckue YKa3aHus /151 00yYaIOUIMXCH 10 OCBOCHHIO JUCIHUIIIHHBI

OcBoeHme JUCIUIUIMHBI TPeOYeT CUCTEMATHYECKOT0 U3YUEHHUs BCEX TEM B TOM IOCIIE0BATEIBHOCTH, B
KaKoW OHM yKa3aHbl B paboueil mporpamme.

OcCHOBHBIMU BUAAMH y4€OHOU pabOTHI ABJISIOTCS ay IUTOpPHBIE 3aHATUA. VX 1ensb - pacmmputh 6a3oBbie
3HaHUA 00yYaIOIIKXCs 10 OCBAMBAEMOM AUCLHUIIIIMHE U CUCTEMY TEOPETHUECKUX OPUEHTHPOB IS
HOCJIEAYIOIEro 6osee riry00Koro OCBOSHHUs IIPOrpaMMHOT0 MaTepualia B X0/1€ CaMOCTOSATEIbHOM PaboOTHI.
OOyuaronieMycst BAXKHO IOMHHUTb, YTO KOHTaKTHas1 paboTa ¢ mpernoaBaTeneM 3(h(HEeKTUBHO TOMOTAET eMy
OBJIa/IETh MMPOTPaMMHBIM MaTepUaioM Ojarogaps pacCTaHOBKE HEOOXOIUMBIX aKLIEHTOB U yAECPIKaHUIO
BHUMAaHMS MHTOHAIIMOHHBIMH MOJTYJISIIIUSIMH TOJIOCA, A TAKXKE MOAKIIIOUYCHUEM ayAHO-BH3YalbHOTO MEXaHU3Ma
BOCIIPUATHS HHPOPMALIUY.

CamocrodTenbHas paboTa MpecienryeT ClIeAyIoHe Heu:

— 3aKpEeIUIEHNE U COBEPIIEHCTBOBAHUE TEOPETUUECKUX 3HAHHUM, TIOTYYEHHBIX Ha JIGKLIMOHHBIX 3aHATHAX;

- (hopMupoBaHKE HaBBIKOB MOATOTOBKU TEKCTOBOW COCTABIIAOLIEH HHpOpMALUK y4eOHOTO U HAy4YHOTO
Ha3HAYEHUs JUIsl pa3sMELCHHs] B PA3JINYHBIX MH(POPMALMOHHBIX CUCTEMAX;

- COBEPIIIEHCTBOBAHUE HABBIKOB [TOMCKA HAYYHBIX MyOIMKaluil 1 00pa30BaTENIbHBIX PECYPCOB,
pa3MeleHHbIX B cetn HTepHeT;

- CAMOKOHTPOJIb OCBOEHUS IIPOrPaMMHOI0 MaTepHaa.

Ooyuatomiemycst HEOOXOAUMO MOMHUTB, YTO PE3YJIbTAaThl CAMOCTOSTENIFHON paOOThl KOHTPOIUPYIOTCS
MIPEeroIaBaTeNIeM BO BPEMSI IIPOBEICHHSI MEPOTIPUSATHIA TEKYIIETO KOHTPOJIS M YUUTHIBAIOTCS TIPH
IIPOMEKYTOYHON aTTECTaLUN.

Ooyuatonmmces ¢ OB3 1 nHBaNMMI0B MPEIOCTaBIAETCS BO3MOXKHOCTh BbIOOpa (popM nmpoBeeHust
MEPONPUATHIA TEKYIIIETO KOHTPOJIS, aTbTEPHATUBHBIX (OpMaM, MPEAyCMOTPEHHBIM pabodel MporpaMMoii
aucuuIuinHel. [IpegycmarpuBaeTcss BO3SMOXKHOCTD YBEJTMUEHUS B Ipejienax | akaJeMHUuecKoro yaca BpeMeHH,
OTBOJIMMOTO Ha BBIIIOJIHEHUE KOHTPOJIBHBIX MEPOIIPUATHI.

ITponetypa onieHMBaHUS Pe3yJIbTATOB 00YUEHHS MHBAJIUAOB U JIUI C OTPaHUYEHHBIMU BO3MOXKHOCTSAMU
3JI0POBbsI [0 JUCLUIUIMHE MPEeIyCMaTPUBAET MPeA0CTaBIeHUE HHPOpMaLH B (popMax, aTanTHPOBAHHBIX K
OIPaHUYEHUSM UX 310pPOBbS U BOCIIPUATHSA HHPOPMALIUY.

ITpu npoBeieHNH TEKYyIEro KOHTPOJI IPUMEHSIOTCS OLIEHOUHBIE CPEACTBA, 00eCIeUnBaroLIe nepeaavy
nH(popMalnu, OT 00yyaroLIerocs K IpernoaaBaTesio, C y4eToM ICUX0(PU3N0IOTHYECKUX 0COOEHHOCTEN
3I0POBBST O0YJAFOIITIXCS.

7. llepedyeHb y4eOHO-MeTOAMYECKOT0 00ecTiedeH s AJIsl CAMOCTOSAITEIbHOM PadoThI
o0y4aromuxcs o JUCIUIINHE

[Ipu camocTosTeNbHON paboTe 00yUaIOMIUMCS CIETYET UCIOIB30BaTh!

— KOHCIIEKTHI JIEKITHIL,

— JINTEPATypy U3 MEePEYHSI OCHOBHOU U JOTOJTHUTEIHHOM Y4eOHOH TUTEpaTyphl, HEOOXOIUMOMN ISt
OCBOCHMS TUCIUIUIUHBI (MOJTYJIST);

— TEKCT JIEKIUN Ha SJIEKTPOHHBIX HOCUTEISX;

— pecypchl HH()OPMAITMOHHO-TEIIEKOMMYHHUKAITMOHHOH ceTn "MHTepHeT", HEOOXOAMMBIE JIIST OCBOCHUS
JTUCIUTUIUHBL,

— JIMIIEH3UOHHOE U CBOOOIHO pacpOCTpaHIEMOE MPOrpaMMHOE 00eCTIeUeHNEe U3 TIEPEUHSs
MH(OPMALIMOHHBIX TEXHOJIOTHH, UCIIOJIb3YEMbIX IIPHU OCYIIECTBICEHUH 00pa30BaTeIbHOrO MpoIecca mno
JUCIUIUINHE;

— METOAMYECKHE yKa3aHUs i1 00y4arOIIUXCs 0 OCBOSHUIO AUCIUILTUHBIL.



8. [lepeyeHb OCHOBHOM M IONOJHUTEIbHON YUeOHOM JIUTEPATYPbI
OcHoBHas:
1. Fundamentals of analytical chemistry/Douglas A. Skoog, Donald M. West, F. James Holler, Stanley R.
Crouch.-9-e uzn..-Belmont:Brooks/Cole, Cengage Learning,2014, ISBN 978-0-495-55828-6.-958471824.-
Vkaz.oc. -1

JdomosHuTebHAA:

1. K. Danzer Analytical Chemistry. Theoretical and Metrological Fundamentals. Springer-Verlag Berlin
Heidelberg, 2007. Online ISBN 978-3-540-35990-6. Tekct: aneKTpOHHBIH//
https://link.springer.com/book/10.1007/978-3-540-35990-6#toc https://link.springer.com/book/10.1007/978-3-
540-35990-6



9. Ilepeuenn pecypcoB cetu UHTEpHET, HEOOXOAUMBIX /IJII OCBOCHHUSA TUCIUILINHBI

http://dpuadweb.depauw.edu/harvey_web/etextproject/AC2.1Files/Chapter1.pdf Introduction to
Analytical Chemistry

http://dpuadweb.depauw.edu/harvey_web/etextproject/AC2.1Files/Chapter4.pdf Evaluating Analytical
Data

http://dpuadweb.depauw.edu/harvey_web/eTextProject/AC2.1Files/Chapter8.pdf Gravimetry. General
descrioption of method

http://dpuadweb.depauw.edu/harvey_web/eTextProject/AC2.1Files/Chapter9.pdf Titrimetric methods

10. Ilepeyenb HHPOPMAIUOHHBIX TEXHOJIOT Ui, HCIOJIb3yeMbIX IIPH OCYIIECTBJICHUMN
00pa30BaTeJIbHOI0 MpoUecca Mo AMCHUIINHE

O06pazoBaTenpHBIN nporiecc no guciuiinHe Analytical chemistry npenmnonaraer ncrnonp3oBanue
CJIEYIOIIEro MPOrPaMMHOTO o0ecTieueHus: 1 HHPOPMAIIMOHHBIX CIIPAaBOYHBIX CUCTEM:
- lecture notes and presentations;
- e-library access;
- access to PSU learning management system ("ETIS").

IIpu ocBOCHMM MaTepHalla U BBIIOJHEHU 3aJaHUH 110 JUCLHUIUIMHE PEKOMEHAYETCS UCIIOIb30BaHUE
MaTepHaoB, pa3MelleHHbIX B JInunbix kabunetax odyvaromuxcs ETUC [ITHUY (student.psu.ru).

[Ipu opranuzanuu AUCTAaHIIMOHHON paOOTHI U MIPOBEICHUU 3aHATHI B pEeXKUME OHJIAH MOTYT
UCTIOJIB30BAThCS:

cucTeMa BHUeoKOoH(epeHIICBsA3H Ha ocHOBe TuaTdopmbl BigBlueButton (https://bigbluebutton.org/).

cuctema LMS Moodle (http://e-learn.psu.ru/), koTopas moanepKuBaeT BO3MOKHOCTh UCIIOJIb30BaHUS
TEKCTOBBIX MaT€pPHAJIOB U MPE3EHTAIINH, ayINO0- U BHJICOKOHTEHT, a TaK JK€ TECTHI, IPOBEPsEMbIE 3a/1aHus,
3aJJaHus JJ1 COBMECTHOM paboTHI.

cuctema tectupoBanus Indigo (https://indigotech.ru/).

11. Onucanue MaTepHAJILHO-TEXHUYECKOI 0a3bl, HEO0X0AMMOM AJIsl OCYLIeCTBJICHUS
00pa3oBaTeJILHOIO NMpouecca Mo AUCHHUILIMHE

1. Lecture classes
A classroom with presentation equipment (projector, notebook/PC) with appropriate software installed and
whiteboard/blackboard.

2. Seminars
A classroom with presentation equipment (projector, notebook/PC) with appropriate software installed and
whiteboard/blackboard.

3. Labs
Lab «JIabopaTopust Kad4eCTBEHHOTO M KOJIMYECTBEHHOTO aHamu3a. [IpakTHKyM MO KOJTMYECTBEHHOMY aHaITU3y»
with appropriate equipment defined in Lab Passport.

4. Self-study
PSU library rooms.
[Tomemenus Hayanoi 6uomuorexku [ITHUY mist oGecnieuerHuss caMoCTOSITEIbHON PaboThl 00yYarOIIMXCS:
1. Hayuno-6ubnuorpadudeckuii otaen, kopi.l, aya. 142. O6opynoBaH 3 nepcoHaIbHBIMH KOMITBIOTEPA C
JOCTYTIOM K JIOKaJIbHOM U T7100aIbHONW KOMIIBIOTEPHBIM CETSIM.
2. UnTanpHbIN 3aJ1 TYMaHUTAPHOMW JIUTEPATypPhl, KOpIIL. 2, aya. 418. O6opyaoBaH 7 nmepcoOHATbHBIMU



KOMITBIOTEPAMH C JOCTYTIOM K JIOKaJbHOU U TT100aTbHONW KOMIBIOTEPHBIM CETSIM.

3. UnTanbHBIN 331 €CTECTBEHHOH JIUTEpaTyphl, KOpIL.6, aya. 107a. OGopyaoBaH 5 nmepcoHaIbHBIMH
KOMITBIOTEPAMH C JOCTYIOM K JIOKaJbHOW U T7100a1bHONH KOMIBIOTEPHBIM CETSIM.

4. Otnen MHOCTpAaHHOM HUTEpaTyphl, Kopm.2 aya. 207. O6opynoBan | mepcoHaIbHBIM KOMIBIOTEPOM C
JIOCTYIOM K JIOKaJIbHOM U T1100aIbHONW KOMIIBIOTEPHBIM CETSIM.

5. bubnuoTteka opunnyeckoro axkynprera, kopn.9, aya. 4. O6opynosana 11 nepcoHabHBIMU
KOMIIBIOTEPAMH € JOCTYIOM K JIOKaJbHOW U T7100a1bHONH KOMIIBIOTEPHBIM CETSIM.

6. UuranbHbIi 3a1 reorpaduyeckoro gaxyiabTera, Kopi.8, aya. 419. O6opynoBaH 6 mepcoHAIbHBIMA
KOMIIBIOTEpPAMH € JOCTYIOM K JIOKaJIbHOW U T7100a1bHON KOMIIBIOTEPHBIM CETSIM.

Bce xoMmbioTephl, yCTaHOBICHHBIE B TOMELICHUAX HAyYHOU OMOJIMOTEKH, OCHAILIEHBI CIICAYIOIINM
IIPOTPaMMHBIM 00€CTICYCHHEM:

Onepanunonnas cuctema ALT Linux;

Oducusiii maker Libreoffice.

CrpaBouHno-nipaBoBas cucteMa «Koncynprantllnrocy



®oHbI OLIEHOYHBIX CPEACTB IS ATTECTAIUH MO TUCHHILTHHE
Analytical chemistry

I[lnannpyembie pe3yabTaThl 00y4eHHsl 0 TUCHUILIHHE IS GOPMUPOBAHUS KOMIIETEHIIUM.
NuaukaTopbl M KPpUTEPUU UX OLleHMBAHUS

OIIK.1

Baageer 0a30BbIMH 3HAHMSAMM O COBPEMEHHOH HAYYHOH KaAPTHHE MHPA HA OCHOBE IOJIOKECHM,
3aKOHOB M METOJA0B MAaTEMATHYECKUX U €CTECTBEHHBIX HAYK

Nmeet npeacrapiienue o
Hay4YHOU KapTHHE MHUpa
Ha OCHOBE II0JI0KCHUM,
3aKOHOB U
3aKOHOMEPHOCTEMN
€CTECTBEHHBIX HAYK

analytical methods used in
chemical routine analysis based
on the scientific laws, principles
and concepts

Komnerenuus IInanupyemsie pe3yJibTaThl Kpurtepun oneHnBanus pe3yjbTaToB
(MHAUKATOP) o0y4eHust o0y4eHust
OIIK.1.1 Has a clear understanding of the HeynosiierBopuren

Does not know the abilities of contemporary
methods of analytical chemistry and does not
able to use them
Y10BJ1€TBOPUTEbH

Has got fragmented knowledges of the abilities
of contemporary methods of analytical
chemistry and is not able to use them with a
help or tips of teacher

Xopomuo
Has almost good knowledges of the abilities of
contemporary methods of analytical chemistry
and is able to use them

OTtim4yHoO
Has got perfect knowledges of the abilities of
contemporary methods of analytical chemistry
and is able to use them

OIIK.7

Crnoco0eH npeACTaBJIATH pe3yabTaThl CBOeil padoThl B YCTHON M NHCbMEHHOI (popMe B
COOTBETCTBHH C HOPMAMHM M IIPABUJIAMH, IPUHATHIMHA B IIPO(eCcCHOHATBLHOM CO00LIECTBE

pe3yabTaThl padoTHI B
BUJIC TUCHMEHHOTO
OTYEeTa C yU4eTOM
TpeboBaHUt
oubnmorpadudeckoit
KYJbTYpPBI

a written report using
bibliographic reference
requirements

Komnerenuus I[nanupyembie pe3yJibTaThI Kpurtepuu ouennBanus pe3yjbTaToB
(uHaMKaTOP) o0yuyeHust o0yueHust
OIIK.7.1 Is able to represent the results of HeynosiierBopuren
[Ipencranser experimental work in the form of | Does not represent a report with bibliographic

references and bibliography. Represents report
with errors. Unable to correct errors even with
the help of a teacher

YnoBaerBopuTebH
Represents a report with bibliographic
references and bibliography. Is able to correct
errors with the help of a teacher

Xopomuo

Represents a report with bibliographic
references and bibliography. Is able to correct
small errors




KoMnerennus
(MHAUKATOP)

IInanupyemble pe3y/bTaThl
o0y4eHust

Kpurepun oneHuBanus pe3yibTaToB
o0y4eHust

OT1au4Ho
Represents a well-written report without errors,
with bibliographic references and bibliography




OueHoYHbBIE CPEACTBA TEKYIIEr0 KOHTPOJISI M IPOMEKYTOUYHOM aTTecTanun

Cxema gocrtaBku : 2020

Buja meponpusiTus IPOMEKYTOYHOM aTTeCTANMH : DK3aMEH
Cnoco0 npoBeieHUsI MEPONIPUATHS MPOMEKYTOYHOM aTTecTanum : OlLieHKa M0 JUCHUIIMHE B paMKax
MIPOMEKYTOUHOM aTTeCTaIlK ONPEENIeTCS Ha OCHOBE 0aioB, HAOpaHHBIX 00YYArOIIMMCS Ha KOHTPOJIBHBIX
MEPOMPUITUSX, TPOBOJIUMBIX B T€UEHHE YUYEOHOTO NIEpUO/a.
MaxkcuMajbHOe KoJu4decTBo 0amios : 100

KonBeprauusi 60a/U10B B 0TMETKH

«oTianyHo» - ot 81 1o 100
«xopomo» - ot 61 no 80

«YAOBJIETBOPUTEIBLHO» - OT 43 10 60
«HEYI0BJICTBOPUTEIbHO» / «<He3a4TeHo» MeHee 43 Oaiia

KoMmnerenuus
(uHaAMKATOP)

Meponpusitue
TeKYILero KOHTPoJIs

Kountposmpyemblie 3jieMeHTbI
pe3yJibTAaTOB 00y4eHHs

BxoaHoii KOHTPOJIb

Entrance test
BxomHoe TeCTHPOBaHHE

Knowledge of general chemistry principles

OIIK.1.1

Nwmeer npeacrasiieHre 0 HAY4YHOU
KapTUHE MHUpa Ha OCHOBE
MMOJIOKEHUH, 3aKOHOB B
3aKOHOMEPHOCTEHN €CTECTBEHHBIX
HayK

Redox equilibria in analytical
chemistry

IIncbMeHHOE KOHTPOJIbHOE
MeponpusiTue

The ability to perform some basic
calculations on solutions (pH, Ks)

OIIK.1.1

Nwmeer npeacraBieHne 0 HAy4HOU
KapTHHE MHpa Ha OCHOBE
IMOJIOKEHUM, 3aKOHOB B
3aKOHOMEPHOCTEN €CTECTBEHHBIX
HayK

Exam on calculations
IIncbMeHHOE KOHTPOJIbHOE
MeponpusiTie

The ability to use basic equations for
calculation of ionic equilibria in acid-base
water solutions and redox/precipitation
reactions

OIIK.1.1

Nmeer npeacraBieHue O HAyYHOU
KapTUHE MHUpa Ha OCHOBE
II0JIO’KEHUH, 3aKOHOB U
3aKOHOMEPHOCTEN €CTECTBEHHBIX
HayK

OIIK.7.1

ITpencraBnsier pe3yabTaThl pabOTHI
B BUJI€ MUCbMEHHOIO OTYETA C
y4eTOM TpeOOBaHUI
6ubrorpaduyeckoil KyJabTyphl

Final Control on Laboratory
Experiment

IIncbMeHHOE KOHTPOJIbHOE
MeponpusiTue

The ability to use basic chemical skills and
knowledges in lab experiments on
qualitative reactions

Cneundukanusa MeponpusTHH TEKylIero KOHTPOJIS

Entrance test




[Ipo0mKUTENTBHOCTE IPOBEACHNS MEPOIIPUATHUS IIPOMEKYTOUHON aTTECTAlUu: .S yaca
VYcnoBus npoBeaEHUS MEPONIPUATHUS: B YAChl ay/IMTOPHOM padoThI

MaxkcruMaibHbIi 0aJl1, BHICTABIIIEMBIH 32 MEPONPUATHE IPOMEXKYTOUHOM aTTecTanuu: 0
[IpoxoaHoii 6am: 0

IToxa3zaTean oneHMBaHUA

Baaasl

Test on chemical nomenclature: Correct answers on all questions — up to 7 pts

Test on chemical stoichiometry: Correct coefficients to the equations — up to 7 pts

Test on hydrolysis equations: Correct answers to all questions — 7 pts

Test on pH calculations of strong electrolytes: Correct answers to all questions — up to 7 pts

Test on oxidation numbers: Correct answers to all questions — up to 7 pts

N 992

Redox equilibria in analytical chemistry

[Ipo0mKUTENTBHOCTE IPOBEACHUS MEPOIIPUATHUS IIPOMEKYTOUHOM aTTECTAlUu: 2 Yaca
VYcnoBus npoBeeHUSI MEPONIPUATHUS: B YAChI CAMOCTOSITEIbHON PadoThl
MaxkcuManbHbIi 0aJu1, BEICTABIIIEMBIH 32 MEPONIPUSATUE POMEKYTOUHON aTTecTauuu: 20
IIpoxoaHoii 6ann: 9

IToxa3zarean oneHMBaHUA

Baaasl

Each solution with oral explanation will get 1 extra pts

10

Solves at least 10 problems on basic calculation, 1 pts each. The solutions of all problems should
be well explained, accurately written: each problem should contain the description of initial date,
the solution and the final answer with plot, if needed.

10

Exam on calculations

[Ipon0mKUTENBHOCTD TPOBEACHUS MEPOIIPUATHUS IPOMEKYTOUHOM aTTECTalluu: 2 yaca
YcnoBus mpoBeeHUS MEPOTIPUATHUS: B YAChI ayINTOPHO padoThI

MakcumanbHBIH 0ajl, BRICTABISEMBIN 32 MEPOTIPUITHE MPOMEKYTOUHOM arTecTanun: 40
[Tpoxoxnoii 6amr: 17

IToxa3zarTenn oeHNBAHUA

Bajaasl

Calculation of pH of weak acid or base solution

Calculation of pH of buffer solution

Calculation of potential of redox reaction using Nernst equation

Calculation of solubility of solid in solution with common ion (with ionic strength)

Calculation of solubility of solid using Ksp (without ionic strength)
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[IponomKUTENBHOCTD TPOBEACHHS MEPOIIPUATHUS IPOMEKYTOUHOM aTTECTalluu: 2 yaca
VY cnoBust poBeICHHSI MEPOIIPUATHUS: B 4aChl AayAUTOPHOH PadoThI

MakcumanbHBIH 0asul, BRICTABISEMBIN 32 MEPOTIPUITHE MPOMEKYTOUHOM arTecTanun: 40
[Tpoxoxnoii 6amr: 17

IToxa3zarTen oeHNBAHUA

Bajaasl

Full description report for each of 3 labs, including: - The description of sample analyzed (color,

12




pH, etc., +2 pts to each lab) - A brief description of sequence of reaction used (+2 pts for each

lab)

Full description conspectus for each of 3 labs, including: - A brief description of analysis scheme 9

(+1 pt for each lab) - An outline of reactions used (+2 pt for each lab)

Presence on all 3 labs and active work

Buja meponpusiTHs NPOMEKYTOYHOM aTTEeCTANMH : DK3aMEH
Cnoco0 npoBeieHHs MEPONPUATHS MPOMEKYTOUHOI aTrTecTannu : OlLEHKa 0 JUCIHUIUIMHE B pAMKax
MIPOMEKYTOUHOM aTTeCTAIlH ONPEENIeTCs Ha OCHOBE 0ayioB, HAOpaHHBIX 00YYArOIIMMCS Ha KOHTPOJIBHBIX
MEPOTPHUITHUSIX, TPOBOIUMBIX B TEUEHHE YUEOHOTO IEPHUO/A.
MaxkcumMaJjbHoe KoJIu4ecTBo 0ayioB : 100

KonBepranusi 6a/U10B B 0TMETKHU

«oTianuHo» - ot 81 1o 100
«xopowo» - ot 61 1o 80

«YAOBJIETBOPUTEIBLHO» - OT 45 110 60
«HEYI0BJICTBOPUTEIbHO» / «<He3a4TeHo» MeHee 45 Oaiia

Komnerenuus Meponpusitue KoHnTpoaunpyemble 3j1eMeHThI
(mHaUKaTOP) TeKYILero KOHTPoJIs pe3yJbTaToB 00y4eHHs
OIIK.1.1 Precision and accuracy of The knowledge of main statistics laws and

Nwmeer npeacraBieHne 0 HAyYHOU
KapTHHE MHpa Ha OCHOBE
IIOJIOKEHUM, 3aKOHOB B
3aKOHOMEPHOCTEN €CTECTBEHHBIX

analytical methods and their
estimation
IIncbMeHHOE KOHTPOJIbHOE

the ability to use them in analytical practice

MeponpusiTHe
HayK
OIIK.1.1 Final Control on Laboratory | The ability to perform basic analytical

Nmeer npeacraBiieHre 0 HAY4YHOU
KapTUHE MHUpa Ha OCHOBE
MMOJIOKEHUH, 3aKOHOB B

Experiment
IIncbMeHHOE KOHTPOJIbHOE

operations: titration, gravimetric analysis

MeponpusiTue

3aKOHOMEPHOCTEH €CTECTBEHHBIX

HayK

OIIK.1.1 Written test on analytical The ability to solve typical problems in

Nmeet npeacTaBiieHre O HAYYHOU
KapTUHE MHUpa HA OCHOBE
IMOJIOKEHUH, 3aKOHOB B

problems
IIncbMeHHOe KOHTPOJIbHOE

titrimetric/gravimetric analysis

MeponpusiTHe

3aKOHOMEPHOCTEH €CTECTBECHHBIX

HayK

OIIK.1.1 Final term exam The knowledge of basics of classical

Nmeer nipeacraBieHue O HAyYHOU
KapTHHE MHUpa Ha OCHOBE
IIOJIOXKEHUH, 3aKOHOB U
3aKOHOMEPHOCTEHN €CTECTBEHHBIX
HayK

HTOrosoe KOHTPOJIbHOE
MeponpusiTue

analytical methods, the ability to solve
typical problems of titrimetry/gravimetry




Crnenudukanuss MeponpMATHI TeKylIero KOHTPOJIA

Precision and accuracy of analytical methods and their estimation

[TpoaomKUTET HOCTD TPOBECHUS MEPOTIPUATHS IPOMEKYTOUHOM aTTECTallUU: 2 Yaca
YcoBUs TPOBEICHUS MEPOTIPUATHSA: B YACHI aAYIMTOPHOMH padoThI

MaxkcuMaibHBIN 0aJl1, BEICTABIIIEMBIH 32 MEPONPHUATHE MPOMEKYTOYHOM aTTeCTaluu: 25
[Tpoxoanoii 6amr: 11

IToxa3zarTenn oeHUBaAHUA

Bajaabl

Problem on difference of the variances of two sets

Problem on statistics Q-test and confidence interval of analysis

2 problems with significant figures, 3 pts each

Quiz with 2 questions on key terms

N N N D
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[TpoaomKUTeTsHOCTD TPOBECHUS MEPOTIPUATHS IPOMEKYTOUHOM aTTecTanuu: 4 yaca
YcnoBus mpoBeaeHUS MEPOTIPUATHUS: B YAChI ayINTOPHOI padoThI

MaxkcuMaibHBIN 0aJl1, BEICTABIIIEMBIH 32 MEPONPHUATHE MPOMEKYTOYHOM aTTeCTalluu: 25
[TpoxoaHoii 6amt: 12

IToxa3zarTenn oeHUBAHUA

Bajaasl

Filled report with all calculations, as it described in each lab, 2 pts to each lab

12

Presence on labs, 1 pt each

Statistical treatment calculations, +1 pt to each lab

Lab journal: a separate notebook for lab classes

Written test on analytical problems

[TpoaomKUTET HOCTD TPOBEACHUS MEPOTIPUATHS IPOMEKYTOUHOM aTTECTallMU: 2 Yaca
YcnoBus mpoBeaeHUS MEPOTIPUATHUS: B YAChI ayIMTOPHOI padoThI

MaxkcuMaibHBIN 0aJl1, BEICTABIIIEMBIH 32 MEPONPHUATHE MPOMEKYTOYHON aTTeCTaluu: 25
[Tpoxoanoii 6amr: 11

IToxa3zarTen oeHNBAHUA

Bajaabl

Back titration problem: Full well-explained solution - 8 pts Partly solved/not clearly explained

solution - 4 pts Wrong explanation/solution - 0 pts

8

Precipitation gravimetry problem: Full well-explained solution - 6 pts Partly solved/not clearly

explained solution - 3 pts Wrong explanation/solution - 0 pts

Direct titration problem: Full well-explained solution - 6 pts Partly solved/not clearly explained

solution - 3 pts Wrong explanation/solution - 0 pts

Solution preparation problem: Full well-explained solution - 5 pts Partly solved/not clearly

explained solution - 3 pts Wrong explanation/solution - 0 pts

Final term exam




[IpoaomKUTENPHOCTD IPOBEACHUS MEPOIIPUATHUS IPOMEKYTOUHOM aTTeCTalluU: 2 yaca

VYcnoBus npoBeaEHUS MEPONIPUATHUS: B YAChI ay/INTOPHOH padoThI

MaxkcuMainbHbIi 0aju1, BEICTABIIIEMBIH 32 MEPONIPUSATUE IPOMEKYTOUHON aTTecTauuu: 25

[Tpoxoanoii 6amr: 11

IToxa3aTeIu onleHUBAHUS Baaasl
Theoretical question on calculation and plotting of titration curve for particular titration method 12
Quiz on terms and short calculations 10
Theoretical question on gravimetric/titrimetric analysis features 8

Bupa MeponpusiTusi NPOMeKYTOYHOM aTTeCTAINH ¢ DK3aMEH
Cnoco6 npoBeieHNsI MEPONIPUATHS MPOMEKYTOYHOM aTTecTanmuu : OlLEHKa N0 JUCHHUIUIMHE B paMKax
IPOMEKYTOUHOM aTTEeCTAIlK ONPEILNIeTCS Ha OCHOBE 0aioB, HAOpaHHBIX 00YYArOIIMMCS Ha KOHTPOJIbHBIX
MEPOMPUITUSX, POBOJIUMBIX B T€UEHUE YUYEOHOTO NIEpUoa.
MaxkcuMajibHOEe KOoJIH4YecTBO 0aioB : 100

KonBeprauusi 60a/U10B B 0TMETKH

«oTanyHo» - ot 81 no 100
«xopowo» - ot 61 1o 80

«yJ0BJIETBOPUTEJbHO» - 0T 43 10 60
«HeYy/I0BJIETBOPHUTEJIbHO» / «He3aUTeHO» MeHee 43 Oarta

Komnerenuus Meponpusitue KonTpoaunpyemble 3j1eMeHTbI
(mHaUKaTOP) TeKYILero KOHTPoJIs pe3yJbTaToB 00y4eHHs
OIIK.1.1 Short Quiz on Terms and The knowledge of basic laws and terms of

Nwmeer npeacraBieHue 0 HAyYHOU
KapTHHE MHpa Ha OCHOBE
IIOJIOKEHUM, 3aKOHOB B
3aKOHOMEPHOCTEN €CTECTBEHHBIX
HayK

Laws of Instrumental
Methods in Analytical
Chemistry

ITncbMeHHOe KOHTPOJIbHOE
MeponpusiTue

instrumental methods

OIIK.1.1

Nwmeer npeacraBieHne 0 HAy4HOU
KapTHHE MHpa Ha OCHOBE
IMOJIOKEHUH, 3aKOHOB U
3aKOHOMEPHOCTEW €CTECTBEHHBIX
HayK

Final Control on Laboratory
Experiment

ITncbMeHHOE KOHTPOJIbHOE
MeponpusiTue

The ability to work with modern analytical
instruments

OIIK.1.1

Nwmeer npeacraBiieHre 0 HAY4YHOU
KapTUHE MHUpPa Ha OCHOBE
MMOJIOKEHUH, 3aKOHOB B
3aKOHOMEPHOCTEHN €CTECTBEHHBIX
HayK

Final term exam
HTorosoe KOHTpPOJIbHOE
MeponpusiTue

The knowledge of basic principles of
analytical instrumental methods

Cneunpukanusa MeponpusTHH TEKylIero KOHTPOJIS

Short Quiz on Terms and Laws of Instrumental Methods in Analytical Chemistry




ITpoaomKUTENTEHOCTD TPOBEICHUS MEPONIPUATHUS IPOMEKYTOUHOM aTTeCTalluU: 2 yaca
VYcnoBus mpoBeaeHUS MEPONIPUATHUS: B YAChI CAMOCTOSITEIbHON PadoThl
MaxkcuManbHbIi 0aJu1, BEICTABIIIEMBIH 32 MEPONIPUATUE TPOMEKYTOUHON aTTecTauuu: 30
IIpoxoaHoii 6amn: 13

IToxa3aTeIu onleHUBAHUS Baaasl
Short quiz on Electromagnetic Radiation Methods, 10 questions, 1 pt each 10
Short quiz on Chromatographic Methods, 10 questions, 1 pt each 10
Short quiz on Electrochemical Methods, 10 questions, 1 pt each 10
Final Control on Laboratory Experiment
[Ipon0mKUTENTBHOCTE IPOBEACHMS MEPOIIPUATHUS IIPOMEKYTOUHOM aTTECTAlUu: 2 Yaca
VYcnoBus npoBeaEHUS MEPONIPUATHUS: B YAChl ay/IMTOPHOH padoThI
MaxkcuMaibHbIi 0aJu1, BEICTABIIIEMBIH 32 MEPONIPUSATHE TPOMEKYTOUHON aTTecTauuu: 30
IIpoxoaHoii 6amn: 13
IToxa3aTeIu onleHUBAHUS Baaasl
Filled reports with all plots and calculations needed (for each of 4 labs): - Tables with collected 24
data - 2 pt. - Plots - 2 pts - Calculations - 2 pts
Presence on all labs 4
Lab journal filled in separate notebook 2
Final term exam
[Ipon0mKUTENTBHOCTE IPOBEACHMS MEPOIIPUATHUS IIPOMEKYTOUHOM aTTECTAlUu: 2 Yaca
VY cnoBus IpOBENECHNS MEPOIIPUATHUS: B YaChl ayAUTOPHOMH padoThI
MaxkcuMaibHbIi 0aJu1, BEICTABIIIEMBIH 32 MEPONIPUSATUE IPOMEKYTOUHON aTTecTauuu: 40
IIpoxoanoii 6amn: 17
IToxa3aTeIu onleHUBAHUS Baaasl
Theoretical question on Electromagnetic Radiation methods 10
Calculation problem on instrumental methods 10
Theoretical question on Chromatographic methods 10
Theoretical question on Electrochemical methods 10




