MMHUCTEPCTBO HAVKHM U BBICIIIET'O OEPA30BAHM S POCCUMCKOU
OEJIEPALIN
denepanbHOE TOCYAAPCTBEHHOE aBTOHOMHOE 00Pa30BaTEIbHOE YUPEKACHUE
BbICLIEr0 00pa30BaHuUs
J{an1bHEeBOCTOYHBIN (peaepaibHbI YHHBEPCUTET

(ABDY)
HKOJA BUOMEJIMUIIUHDbI
«COTI'JTACOBAHO» «YTBEPXIAIO»
PyxoBonutens OI1 Hupekrop lenapramMeHTa

TIMIIEBLIX HAYK U TEXHOJIOTHI

/ ~ 4 / / '
wtie/ e

1 Kanenuk T.K. \__: 10.B. Ipuxoapko
(mozmuck) (®.1.0. pyk. OIT) (TmoAnuck) - (®.N.0.)

«12» nrons 2018 T. «12» uronsg 2018 r.

YUEBHO-METOIWYECKHWA KOMILIEKC JACHUILIAHBI

«The concept of scientific research in biotechnology / Konnenuust Hayanoro novcka B
OMOTEXHOJIOT UM
Hanpasnenue noarorosku 19.04.01 «buotexHomorus»
Maructepckas nporpamma ««Agri-Food Biotechnology»»
®opma NOAroTOBKU OYHAS

[Ikona OnomMeIUIHBI

JlemapTaMeHT MUIIEBBIX HAYK ¥ TEXHOJIOTUI
Kypc 1, cemectp 1

Jlexuu —18 uac.

[TpakTnyeckue 3anHsaTHs —36 yac.
JlaboparopHble pabOThl —HE MPETYCMOTPEHbI
CamocrositenpHast pabora — 54 yac.

Bcero vacos —108 uac.

Bcero gacoB aynuTopHoil Harpy3ku — 54 gac.
KonTtpomnbHbIe paboTHl — HE IPETYCMOTPEHBI
3ader — He MPEeAYCMOTPEH

Ok3ameH — 1 cemectp

yqe6HO'MCTOHI/I‘{eCKHﬁ KOMIIJICKC COCTaBJICH B COOTBCTCTBHUU C TpC6OBaHI/I}IMI/I

00pa30BaTenbHOI0 CTaHJApTa, CAMOCTOSTENFHO ycTaHaBiuBaeMoro [IBDY, yTBepkIeHHOTO MpUKa30M
pexropa ot 07.07.2015 Ne 12-13-1282.

YMKJl ob6cyxnen Ha 3acemanuu JlemapramMeHTa NHINEBHIX HayK W TexHosoruil [IIkomsr
o6uomenuiunsl JIBOY npotokon Ne 1 ot «11» utons 2018 r.

Jupekrop [lenapramenTa nuieBbix Hayk U TexHonoruii FO.B. Ilpuxoapko
Cocraurens: Kanenuk T.K., 1.6.H., mpodeccop



ANNOTATION
of the educational complex of discipline
«The concept of scientific research in biotechnology / Konnenuus HaydHOTro
IMOMCKa B OMOTEXHOIOT )
Direction of preparation: 19.04.01 Biotechnology
Educational program: "Agri-Food Biotechnology"

The educational-methodical complex of the discipline “«The concept of
scientific research in biotechnology / KoHuenmuss Hay4HOro TmOMCKa B
ouorexnonorun»” was developed for Ist year students in the direction 19.04.01
“Biotechnology” master's program “Agri-Food Biotechnology” in accordance with
the requirements of OS HE in this area.

The discipline «The concept of scientific research in biotechnology /
Konnenmuss HaydHoro moucka B Owumortexmomorum» IS included in block
B1.V.0OD.3.4 and refers to the compulsory disciplines of its variable part of the
direction of preparation of the master's program 19.04.01 Biotechnology.

The total complexity of mastering the discipline is 3 credits, 108 hours. The
curriculum includes lecture classes (18 hours), practical classes (36 hours),
independent work of the student (54 hours). The discipline is implemented in the
1st year in 1 semester.

The content of the discipline covers the following range of issues:

- research methods for raw materials, semi-finished products and food
biotechnology products;

- planning, organizing and conducting research in the field of biotechnology,
using modern research methods and data processing;

- the development of unique research methods for the quality and safety of
raw materials and food biotechnology products.

The discipline “«The concept of scientific research in biotechnology /
KoHnenus Hay4HOTO Moucka B ouotexHosorum»” is logically and meaningfully

connected with such courses as ‘“Methodology of scientific research in



biotechnology”, “Agri-Food Biotechnology”, “Safety and quality of food raw

materials and food products”.
The discipline is aimed at the formation of general cultural, general
professional and professional competencies
Educational complex includes:
— the work program of the discipline;
— educational and methodological support of students' independent work
(Appendix 1);
— appraisal fund (appendix 2).
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ABSTRACT

Master’s degree in 19.04.01 Biotechnology

Master’s Program “Title” Agrofood Biotechnology

Course title: Research techniques in Biotechnology

Basic part of Block 1, 3 credits

At the beginning of the course a student should be able to:

Learning outcomes:

GC-11 ability to grow professionally, to learn independently new research
methods, to change the scientific and production profile of their professional
activities;

GC-12 the ability to practice to use the skills and abilities in the organization
of research and design work and in team management;

GPC-1 ability to professional exploitation of modern biotechnology
equipment and scientific instruments;

GPC -4 is ready to use methods of mathematical modeling of materials and
technological processes, readiness for theoretical analysis and experimental testing
of theoretical hypotheses;

SPC-3 the ability to present the results of the work done in the form of
scientific and technical reports, reviews, research reports and publications using
modern capabilities of information technologies and taking into account the
requirements for the protection of intellectual property.

Course description: (npusooumcst kpamkoe codepiicanue OUCYUNTUHbL)

Main course literature:

1. Visual biotechnology and genetic engineering / R. Schmid; per. with him.

A. A. Vinogradova, A. A. Sinyushina. Moscow: BINOM. Laboratory of
Knowledge, 2014. - 324 p. (10 copies)
http://lib.dvfu.ru:8080/lib/item?id=chamo:797469&theme=FEFU

2. Biotechnology: a textbook for agricultural universities / V. A. Chkhenkeli.

- St. Petersburg: Science Avenue, 2014. - 335 p. (3 copies.)
Http://lib.dvfu.ru:8080/lib/item?id=chamo:785504&theme=FEFU

3. Biotechnology of combined food products based on dairy and

microbiological raw materials: method. directions to the lab. works for students
special. 240902 "Food Biotechnology" of all forms of training / comp. N.V. Situn,
E.S. Fishchenko. Biotechnology of dairy production. Vladivostok: Publishing


http://lib.dvfu.ru:8080/lib/item?id=chamo:797469&theme=FEFU
http://lib.dvfu.ru:8080/lib/item?id=chamo:785504&theme=FEFU

House of the Pacific University of Economics, 2009. - 96c. (8 copies.)
Http://lib.dvfu.ru:8080/lib/item?id=chamo:357087 &theme=FEFU

Form of final control: exam.



http://lib.dvfu.ru:8080/lib/item?id=chamo:357087&theme=FEFU

Annotation to the work program of the discipline
« Research scientific methodology in biotechnology»

The course «The concept of scientific research in biotechnology /
Komnnenius HayuyHoro morcka B ouorexuojoruuny IS included in block B1.B.02.02
and refers to the compulsory disciplines of the basic part of the preparation for the
master's program 19.04.01 Biotechnology. The discipline is one of the integral in
the fundamental training of students of this profile and is closely related to such
disciplines as: “Methodology of scientific research in biotechnology”, “Agri-Food
Biotechnology”, “Safety and quality of food raw materials and food products”.

The total complexity of mastering the discipline is 3 credits, 108 hours. The
curriculum includes lecture classes (18 hours), practical classes (36 hours),
independent work of the student (54 hours). The discipline is implemented in the
1st year in 1 semester.

The purpose of mastering the discipline is the formation of systematic
knowledge among students in the field of modern methods of researching food
biotechnology products, as well as the education of sustainable independent
research work among students.

Tasks of studying the discipline:

- the development of research methods for raw materials, semi-finished
products and food biotechnology products;

- the acquisition of skills in planning, organizing and conducting research in
the field of biotechnology, using modern methods of research and data processing;

- the formation of basic knowledge, skills and abilities for the successful
(including independent) development of various methods of researching the quality
and safety of raw materials and food biotechnology products.

To successfully study the discipline "Design and organization of
production of agri-food biotechnology” the following preliminary competencies
should be formed in students:

- the ability to use modern methods and technologies (including information)

in professional activities;



- the ability to search, store, process and analyze information from various

sources and databases, present it in the required format using information,

computer and network technologies.

As a result of studying this discipline, the following general cultural, general

professional, professional competencies (elements of competencies) are formed in

students.
Code and wording of Competency Stages
competency
. Knows methodological theories and principles of modern

.QK'“ with the science; research methodology
ability to professional
growth, to self-study Is able de_velqp_ research and developme_nt pl_ans; use
new research methods, scientific, reference and methodical literature
to change the scientific | Owns ability to professional growth, to self-study new
and scientific-industrial research methods, to change the scientific and
profile of their scientific-production profile of their professional
professional activities activities

OK-12 ability to use Knows methods of organizing research and design work
skills in practice in the Is able
organization of research use skills in team management
and design work and in — - — —
team management Owns ability in practice to use skills in organizing research

and design work and in team management

OPK-1 with the Knows types pf modern biotechnological equipment and
ability to professionally scientific instruments
use modern Is able professionally operate advanced equipment and
biotechnological scientific instruments
equipment and owns skills of professional operation of modern
scientific instruments biotechnological equipment and scientific instruments

OPK-4 readiness to | Knows basic methods_ of mathematical modeling of materials
use methods of and technological processes
mathematical modeling | Is able use methods of mathematical modeling of materials
of materials and and technological processes; carry out theoretical
technological analysis and experimental verification of theoretical
processes, readiness for hypotheses
theoretical analysis and | owns skills of using methods of mathematical modeling of
experimental materials and technological processes; ability to
verification of theoretical analysis and experimental verification of
theoretical hypotheses theoretical hypotheses

PK-3 with the ability | Knows intellectual property requirements
to present the results of
the work performed in | Is able to present the results of work in the form of scientific

the form of scientific
and technical reports,

and technical reports, reviews, scientific reports and
publications




reviews, scientific Owns
reports and publications
using the modern
capabilities of
information technology
and taking into account
the requirements for the
protection of
intellectual property

skills to present the results of the work performed in
the form of scientific and technical reports, reviews,
scientific reports and publications using the modern
capabilities of information technology and taking into
account the requirements for the protection of
intellectual property

To form the above competencies within the framework of the discipline
“«The concept of scientific research in biotechnology / Konuenmus naygHoro
noucka B 6uorexnosnorun»” the following methods of active / interactive training

are used: lectures, press conferences, seminar and press conferences.

. STRUCTURE AND CONTENT OF THE THEORETICAL PART
OF THE COURSE

Section 1. Theoretical Foundations of Instrumental Analysis Methods (2
hours)

Topic 1. Instrumental methods of research and analysis of the properties
of food products (2 hours.)

The quality of food products and methods of its control. Properties, quality
indicators of food products. General and physico-chemical properties of food
products. Classification of instrumental methods of research and analysis of the
properties of food products. Current trends in the development of instrumental
methods of analysis.

Section Il. Electrochemical analysis methods (8 hours)

Topic 1. Potentiometry (2 hours)

The essence of the potentiometric analysis method. Classification,
characterization and selection of electrodes used in potentiometry. lonometry
Potentiometric titration. Instruments in potentiometry. Advantages of the method
and its use in the food industry.

Topic 2. Conductometry (2 hours.)



The essence of the conductometric analysis method. Direct and indirect
conductometry. Types of conductometric titration curves. High frequency
conductometry. Instruments in conductometry. Advantages of the method and its
application in the food industry.

Theme 3. Voltammetry (2 hours)

The essence of voltammetry. Classification of voltammetric methods of
analysis. Polarogram: characteristics, registration conditions, qualitative and
quantitative characteristics. Direct voltammetry. Amperometric titration. Inversion
voltammetry. Equipment for voltammetric analysis. Advantages of the method and
its application in the food industry.

Topic 4. Coulometry (2 hours)

The essence of the coulometric analysis method. Direct coulometry.
Coulometric titration. The equipment in coulometry. Advantages of the method
and its application for food analysis.

Section I11. Optical analysis methods (6 hours)

Topic 1. Refractometric analysis method (2 hours.)

Classification of optical analysis methods. Methods based on polarization
phenomena. The essence of the method of refractometry. The influence of factors
on the value of the refractive index. Qualitative and quantitative refractometric
analysis method. Equipment for refractometric measurements. Application of the
method for food analysis.

Topic 2. Molecular spectral analysis (2 hours.)

Spectral methods based on the absorption, scattering or emission of
electromagnetic radiation. Molecular spectral analysis. Origin, types, registration
and decoding of optical spectra. Spectroscopy in the visible and UV regions.
Selection of optimal analysis conditions. Quantitative analysis in the UV and
visible spectral range. Instruments in the UV and visible spectral range. The use of
spectral methods for food analysis.

Topic 3. Luminescent analysis method (2 hours)



Physical basis of the method. The main characteristics of luminescence.
Factors affecting the intensity of the method. Qualitative and quantitative
fluorescence analysis. Equipment for luminescent analysis. The use of fluorimetry
for food analysis.

Section IV Chromatographic analysis methods (2 hours)

Topic 1. Gas and plane chromatography (2 hours.)

Methods of masking, separation and concentration. Theoretical foundations of
chromatographic processes. Classification of chromatographic separation methods.
Mobile and motionless phases. Qualitative and quantitative analysis. Equipment
for gas chromatography. Application of the method for food analysis. Paper and
thin layer chromatography. Recent advances in the application of chromatographic

analysis methods. Application of TLC in the examination of food products.

Il. STRUCTURE AND CONTENT OF THE PRACTICAL PART OF
THE COURSE

Practical lessons
(36 hours., Including in the form of active training 18 hours.)

Lesson 1. ""Electrochemical methods of analysis' (8 hours.)
Make calculations according to the received option.

Variant Ne 1
1. The potentials of the cadmium selective electrode, measured relative to the
silver chloride electrode, in standard CdSO4 solutions with different
concentrations of Cd2 + were:
C(Cd?), mol/dm? | 1,010 | 1,010 | 1,0:107| 1,010™ | 1,0:10”
-E, mV 75,0 100 122 146 170

Based on these data, a calibration graph was constructed in the coordinates E = f
(pCCd2 +).
The test solution of cadmium with a volume of 10.00 cm3 was diluted with

water to 50.00 cm3 in a volumetric flask. The potential of the cadmium selective



electrode in the resulting solution is 116 mV. Determine the concentration of the
test solution of cadmium salt (in mol / dm3).

2. The analyzed solution was diluted in a 100.0 cm3 volumetric flask and an
aliquot of 20.00 cm3 was titrated potentiometrically with 0.1000 mol / dm3 NaOH.
Determine the mass of HCI (in mg) from the integral and differential titration
curves, if the following results are obtained:

V(NaOH), cm?® 150|1,80(1,90|1,95|1,98|2,00(2,02|205 |20
pH 2,64 |3,05|3,36 |3,64|4,05|6,98 9,95 | 10,53 | 10,65
3. A mixture of HCI and CH3COOH was titrated with a solution of 0.2000 mol /

dm3 NaOH. plot the conductometric titration curve and calculate the amount of

acid in the analyzed solution.

zll\g\laOH), 1,00 | 2,00 | 3,00 | 4,00 | 5,00 | 6,00 | 7,00 | 8,00 | 9,00 | 10,00 | 11,00

L, Cm 240121,0/17,8 /150140142143 |145|18,7 22,6 |26,5

4. Calculate the content of Cu2 + (in mg / dm3) in canned apple juice if, in the
analysis of 20.00 cm3, its height of the polarographic wave of copper was 15.5
mm, and after adding 1.00 cm3 of a standard solution of copper with a
concentration of 0.0010 mol / dm3 increased to 29.0 mm.

5. Determine the concentration of zinc (in ug / cm3) in the test solution if, by
amperometric titration of 10.00 cm3 of this solution with a solution of K4 [Fe
(CN) 6] with T (K4 [Fe (CN) 6]) = 0,000325 g / cm3 the following results were
obtained:

V(K4[Fe(CN)g]), em® | 0 0,20 0,40{0,50 | 1,00 | 1,50 | 2,00 | 2,50 | 3,00
lg, LA 75,0 75,0|75,0|75,0|120 | 165 | 210 | 255 | 300

Variant Ne 2
1. Determine the potassium content in mineral water (in mol / dm3) if the
electrode potential in the test solution is 10 mV, and for a standard potassium
solution with a concentration of 0.0100 mol / dm3 is 46.0 mV.
2. To determine the titratable acidity, 15.00 cm3 of tomato juice was titrated
with NaOH at a concentration of 0.09400 mol / dm3. Using the integral and




differential titration curves, calculate the acidity of the juice in degrees Turner
(degrees Turner shows the volume of 0.1000 M NaOH spent on titration of 100
cm3 of food product).

E/I\EEI\IaOH), 0 2,00 4,00 6,00 8,00|10,00|10,50 11,00 12,00 | 13,00

pH 5,05|5,56 |5,88|6,19|6,92|8,82 |10,56|11,29|11,58|11,90
3. Calculate the concentration of nitric acid and phenol in (g / cm3) if

conductometric titration of 50.00 cm3 of their mixture with a KOH solution with a
concentration of 0.5000 mol / dm3 yields the following results:

V(KOH), cm°[1,00(2,00(3,00(4,00/5,00(6,00|7,00(8,00(9,00|10,0(11,0/12,0
L, Cm 19,0/117,0(15,0(13,2|12,5/12,6(12,7|12,8{13,0|14,0/15,0|16,5

4. To construct a calibration graph, polarograms of standard Cu2 + solutions

were recorded and the wave height was measured:

Cey, Mr/em® [ 0,50 [ 1,00 | 1,50 | 2,00
hy, MM 9,0 [17,5]26,2|35
A sample of brass 0.1000 g was dissolved and diluted to 50.00 cm3. Calculate

the mass fraction of copper in the sample if the wave height at the polarogram is 18
mm.

5. Determine the mass of cadmium (in mg) in the test solution, if upon
amperometric titration of 10.00 cm3 of this solution with a solution of K4 [Fe
(CN) 6] with T (K4 [Fe (CN) 6]) = 0.002440 g / cm3 the following results were
obtained:

V(K4[Fe(CN)e]),cM® |0 0,20[0,40[0,50[1,00]1,50]2,00]2,50] 3,00
lg, LA 30,0/ 29,031,0/32,0/32,0/60,0]137 | 210 | 300

Variant Ne 3
1. When determining Fe (111) by potentiometric method, it was found that the
potential of the indicator electrode of standard solutions of Fe (NO3) 3 is equal to:
CFe(l11), mol/dm® [ 1,0-10* | 5,0-10" | 1,0-107| 5,0-10°
E, mV 290 278 272 260




Based on these data, a calibration graph was constructed in the coordinates E = f
(pCFe3 +).

Determine the iron content in beer (in mg / dm3) if the electrode potential of
25.00 cm3 of the test product diluted to 50.00 cm3 with a background electrolyte
solution was 275 mV.

2. A weighed portion of a silver alloy weighing 2.1570 g was dissolved and after
appropriate treatment the volume of the solution was adjusted to 100.0 cm3 and
25.00 cm3 of the solution was titrated with 0.1250 mol / dm3 NaCl. Determine the
mass fraction of Ag (in%) from the integral and differential titration curves, if the
following results are obtained:

V(NaCl), cm® | 16,00 | 18,00 | 19,00 | 19,50 | 19,90 | 20,00 | 20,10 | 20,50 | 21,00

E, mV 689 |670 |652 |634 [594 |518 |440 (401 |383

3. When conductometric titration of 50.00 cm3 of a mixture of NaOH and
NH40H with a HCI solution with a concentration of 0.1000 mol / dm3 the

following data were obtained:

XN(II;CI)’ 0 1,00 | 2,00 | 3,00 | 4,00 | 5,00|6,00 7,00 8,00 9,00 |10,00

L, Cm 6,30 15,41 4,52 |3,62|3,71|4,79|5,85|6,93 /9,00 | 12,08 | 15,13

Calculate the amount of NaOH and NH4OH in the test solution.

4. When polarographing a saturated solution of Pb (SCN) 2, the height of the
polarographic wave was 15.0 mm The standard solution of lead acetate with SEC =
0.0500 mol / dm3 had a height of 21.9 mm. Calculate the solubility product of lead
thiocyanate.

5. Determine the mass of zinc contained in 1 dm3 of the test solution, if during
amperometric titration of 10.00 cm3 of this solution with a solution of K4 [Fe
(CN) 6] with T (K4 [Fe (CN) 6] / Zn) = 0.001820 g / cm3 the following results
were obtained:

V(KJ[Fe(CN)g]), em® |0 ] 0,20]0,40 0,50 | 1,00 1,50 | 2,00 | 2,50 | 3,00
lg, MKA 60,0 | 60,0 | 60,0 | 61,0 61,0120 | 176 | 230 | 285




Variant Ne 4
1. The potential of the nitrate selective electrode measured relative to the silver
chloride electrode in standard KNO3 solutions is:

C(NOj3), mol/dm® | 5,0-10° | 1,0-10" | 5,0-10™
E, mV 325 289 207
Based on these data, a calibration graph was constructed in the coordinates E = f

(p SK +).
Determine the NO3-content in water (in mmol / dm3) if the electrode potential
of the test water is 260 mV.

2. To determine the content of Ca2 + 50.00 cm3 of milk, it was titrated with a
solution of complexone 11 with SEC = 0.0930 mol / dm3. Determine the calcium
content (in mg / dm3) from the integral and differential titration curves, if the
following results are obtained:

V(DJTA), em® |0 [5,00(10,00/15,00(17,00]/18,00/19,00/20,00|21,00(24,00
E, mV 260|276 |288 [312 |320 |440 [450 |455 |460 |463
3. Calculate the mass of nitric acid and ammonium nitrate (in mg) if, using

conductometric titration of 10.00 cm3 of their mixture with a KOH solution with a
concentration of 0.2500 mol / dm3, the following results were obtained:

V(KOH),em®|1,00(2,00/3,00(4,00(5,00(6,00/7,00/8,00(9,00(/10,00/11,00|12,00
L, Cm 21,0/18,0/15,0{12,3|11,5|11,3|11,4|11,5|11,6/12,6 (14,8 |18,2
4. When analyzing the alloy for cadmium content, a 3.5080 g sample was

dissolved in an acid mixture and the solution was diluted to 250.0 cm3. When
analyzing 20.00 cm3 of the resulting solution, the height of the cadmium
polarographic wave was 16.5 mm, and after adding 5.00 cm3 of a standard solution
of CdSO4 with a concentration of 0.0300 mol / dm3 it increased to 21.5 mm (other
components in the alloy in these conditions do not interfere with the definition).
Calculate the mass fraction of Cd2 + (in%) in the alloy.

5. Determine the lead content (in mol / dm3) in the test solution if, by
amperometric titration of 10.00 cm3 of this solution with K2Cr207 solution with a
lead titer of 0.006401 g / cm3, the following results were obtained:

V(K,Cr,0;),em® [0 [0,50]1,001,50 2,00 |2,50 | 3,00
Iy, MKA 2151160 | 113 |60 [20 |19 |19




Variant Ne 5

1. The potential of the cadmium selective electrode, measured relative to the
silver chloride electrode, in a standard CdSO4 solution with a concentration of Cd2
+ 1.0 - 10-4 mol / dm3 was -146 mV. The test solution of cadmium with a volume
of 10.00 cm3 was diluted with water to 50.00 cm3 in a volumetric flask. The
potential of the cadmium selective electrode in the resulting solution is - 94.0 mV.
Determine the concentration of the test solution of cadmium salt (in mol / dm3).

2. A weight of 0.1200 g of steel was dissolved, the iron was transferred to Fe (1)
and titrated potentiometrically with 0.1000 mol / dm3 Ce (SO4) 2. Determine the
mass fraction of Fe (in%) from the integral and differential titration curves, if the
following results are obtained:

V(Ce(SOy),), ev® | 2,00 [ 10,00 | 18,00 | 19,80 | 20,00 | 20,20 | 22,00
E, mV 712 | 771 |830 (889 |1110 |1330 |1390
3. When conductometric titration of 50.00 cm3 of a mixture of NaOH and

NH40H with a HCI solution with a concentration of 0.1000 mol / dm3 the

following data were obtained:

VECD. 1o [1,00|200]300{400 500 600|7,00{800]900 |1000
L, Cm 5,68 |4,46|3,20|2,40|3,00|3,84|4,68|5,50|7,00|10,80 | 14,55

Calculate the concentration of NaOH and NH4OH in the test solution (in g /
dma3).

4. When polarographic standard solutions of lead (II) were obtained, the
following results were obtained:
Cpy, MET/cM° | 0,50 [ 1,00 | 1,50 | 2,00
hy, MM 40 8,0 |12,0(16,0
A portion of an aluminum alloy weighing 0.0250 g was dissolved and diluted to

100.00 cm3. Calculate the mass fraction of lead in the sample if the wave height
for the resulting solution in the polarogram is 6.0 mm.

5. Determine the amount of copper (Il) in 200.0 cm3 of the test solution, if
during amperometric titration of 50.00 cm3 of this solution with EDTA solution
with Seq = 0.0100 mol / dm3 the following results were obtained:

V(OITA), cM®]0 10,50 1,00 1,50]2,00 ] 2,50 | 3,00
lg, MKA 225|16,0]10,0|3,75| 0,50 0,50 | 0,50




Variant Ne 6

1. Potentials of the potassium selective electrode, measured relative to the silver

chloride electrode in standard solutions of potassium salt with various
concentrations of K +, were:

C(K"), mol/dm® | 1,0-10™" | 1,0-10% | 1,0-10° | 1,0:10* | 1,0-10™

E, mV 100 46,0 -7,00 |-60,0 |-1135
Based on these data, a calibration graph was constructed in the coordinates E = f
(PC (K +)).

A sample of a sample weighing 0.2000 g containing potassium was dissolved in
water, the volume of the solution was brought to 250.0 cm3. Determine the mass
fraction of potassium if the electrode potential of the test solution was 34.0 mV.

2. A portion of the copper alloy was dissolved, the volume was adjusted to 250.0
cm3, and 20.00 cm3 of the prepared solution was titrated potentiometrically with
sodium thiosulfate solution with a copper titer of 0.01664 g / cm3. Determine the
mass of Cu from the integral and differential titration curves if the following
results are obtained:

V(Na,S,0,), em® | 1,50 | 1,90 [ 2,00 | 2,05 | 2,08 2,10 | 2,12 | 2,15 | 2,20
E, mV A75 | 445 | 424 | 405 | 382 | 305 | 232 | 186 | 162
3. Calculate the amount of NaOH and CH3COONa, if during conductometric

titration of their mixture with HCI solution with a concentration of 0.1000 mol /
dma3 the following results were obtained:

V(HCI), cm®[1,00{2,00/3,00/4,00/5,00/6,00/7,00(8,00(9,00{10,0/11,0/12,0]13,0
L, Cm 13,5/10,1/6,2 |3,1 |21 |2,2 |2,2 |2,3 |3,0 |42 |54 |6,6 |8,0
4. When polarizing 15.00 cm3 of a zinc salt solution, the wave height was 29.5

mm. After adding a standard zinc solution with a concentration of 0.0150 mol /
dm3 to the same volume of 1.00 cm3, the wave height increased to 41.5 mm.
Calculate the concentration of zinc (in mg / cm3) in the test solution.

5. Determine the mass fraction of iron impurity in nickel (in%) if, after
dissolving a sample weighing 1.5000 g and transferring all the iron to Fe (l1), by
amperometric titration of this solution with a solution of potassium permanganate
with a titer of iron equal to 0.005585 g / cm3 the following results were obtained:

V(KMnO,), em® [ 010,50 (1,00 | 1,50 | 2,00 | 2,50 | 3,00 | 3,50 | 4,00
lg, MKA 515 5 55 |7 98 |119|15,2|18,3




Variant Ne7
1. To determine the iron (Ill) ions in the analyzed solution of direct
potentiometry, standard solutions of Fe (NO3) 3 were prepared and the potential of
the indicator electrode in each of them was measured:

C(Fe*), mol/dm® | 1,0-10* | 5,0-10” | 1,0-107 | 5,0-107
E, mV 290 278 272 260
Based on these data, a calibration graph was constructed in the coordinates E = f

(pC (Fe3 +)). The test beverage with a volume of 10.00 cm3 was diluted with
water to 50.00 cm3 in a volumetric flask. The potential of the indicator electrode in
the resulting solution is 275 mV. Determine the amount of iron ions in the drink.

2. Construct the integral and differential potentiometric titration curves to
determine the concentration of the CH3COOH solution (g / cm3) if, when titrating
10.00 ml of this acid KOH with a concentration of 0.1000 mol / dm3, the following
results were obtained:

V(KOH), ma | 15,00 | 18,00 | 19,00 | 19,50 | 19,90 | 20,00 | 20,10 | 20,50 | 21,00
pH 522 |571 [6,04 635 |7,06 |8,79 |10,52|11,22|11,51
3. 50 cm3 of a solution containing chloride ions were titrated with an AgNO3

solution with a molar concentration of 0.2824 mol / dm3. Calculate the mass of
chloride ions in solution according to conductometric titration:

V(AgNOy).ev® |1 [2 [3 [4 |5 [6 |7 |8 |9 |10
L, MCm 6,1/59/6,0(59/58|62[76]91|105|121
4. To determine the copper content by voltammetry, a sample of food product

20.0087 g was taken, which, after ashing and dissolving the ash, was transferred to
a volumetric flask with a capacity of 50.00 cm3. For polarography, 20.00 cm3 of
this solution were taken; the wave height was 24 mm. When polarizing the same
volume of a standard copper solution containing 0.16 mg in 1 cm3, a polarographic
wave with a height of 20 mm was obtained. Calculate the mass fraction of copper
in the analyzed sample.

5. Determine the molar concentration of cadmium in the test solution, if
amperometric titration of 20.00 cm3 with K4 [Fe (CN) 6] solution with a titer of
0.001010 g / cm3 yields the following results:

V(K4[Fe(CN)o]), cm® |0 10,50 | 1,00 | 1,50 | 2,00 | 2,50
lg, MKA 30|30 |31 |32 |120 |240




Variant Ne8

1. The potential of the cadmium selective electrode, measured relative to the
silver chloride electrode, in a standard CdSO4 solution with a concentration of Cd2
+ 1.0 - 10-2 mol / dm3 was -100 mV. The test solution of cadmium with a volume
of 5.00 cm3 was diluted with water to 100.00 cm3 in a volumetric flask. The
potential of the cadmium selective electrode in the resulting solution is - 88.0 mV.
Determine the concentration of the test solution of cadmium salt (in mol / dm3).

2. Construct the integral and differential potentiometric titration curves and
determine the concentration of the HCI solution (mg / cm3) if, when titrating 10.00
cm3 of this acid with a NaOH solution with C = 0.1000 mol / dm3, the following
results were obtained:

V(NaOH), e |050(1,50]2,50(3,50(4,50[555|650 |7,65 |8,65
pH 5,2215,71|6,04|6,35|7,05|8,79 1052 (11,22 11,51
3. With conductometric titration of 15.00 cm3 of acetic acid with a KOH

solution, the following results were obtained:

V(KOH),em® |1 |2 |3 [4 |5 |6 |7 [8 |9 |10
L,Cm 3338|4146 50|54 50|44 |38 |34
Calculate the mass of acetic acid in 200 cm3 of solution if the molar

concentration of potassium hydroxide is 0.1020 mol / dm3.
4. To construct a calibration graph, polarograms of standard Cd2 + solutions
were recorded and the wave height was measured:

Ceg, Mxr/cM° | 0,50 [ 1,00 1,50 | 2,00
hy, MM 11 |20 (32 |41
A sample of steel 0.1000 g was dissolved and diluted to 250.0 cm3. Calculate

the mass fraction of cadmium in the sample if the wave height at the polarogram is
18 mm.

5. Determine the amount of zinc in 1 dm3 of the test solution, if during
amperometric titration of 10.00 cm3 of this solution with a solution of K4 [Fe
(CN) 6] with T (K4 [Fe (CN) 6] / Zn) = 0.002440 g / cm3 The following results
were obtained:

V(K4 [Fe(CN)e]), cv® |0 ]0,20]0,40]0,50] 1,00] 1,50 ] 2,00 2,50 3,00
lg, MKA 60,0 | 60,0 | 60,0 61,0 61,0 | 120 | 176 | 230 | 285




Variant Ne9
1. The potential of a nitrite selective electrode measured relative to a silver
chloride electrode in standard KNOZ2 solutions is:

C(NO,), mol/dm® | 5,0-10” | 1,0-107 | 5,0-107
E, mV 410 370 227
Based on these data, a calibration graph was constructed in the coordinates E = f

(p SK +).
Determine the content of NO2-in water (in mmol / dm3) if the electrode

potential of the test water is 260 mV.

2. To determine the content of Ca2 + 50.00 cm3 of milk, it was titrated with a
solution of complexone 111 with SEC = 0.0930 mol / dm3. Determine the calcium
content (in mg / dm3) from the integral and differential titration curves, if the

following results are obtained:

Z\E?HTA)’ 0 |5,00]|10,00]15,00|17,00|18,00]|19,00|20,00 21,00 24,00

E, mV 260|276 | 288 |312 [320 [440 [450 |455 460 |463

3. Calculate the amount of nitric acid and ammonium nitrate in 150.0 cm3 of
solution, if the conductometric titration of 10.00 cm3 of a mixture with a solution
of KOH with a titer of hydrochloric acid equal to 0.000500 g / cm3 vyields the
following results:

V(KOH), cm*[1,00(2,00(3,00(4,00/5,00(6,00(7,00|8,00(9,00(10,00(/11,00(12,00
L, Cm 21,0(18,0{15,0/12,3/11,5{11,3|11,4|11,5|11,8/12,6 (14,8 |18,2
4. When analyzing the alloy for cadmium content, a 2.5000 g sample was

dissolved in an acid mixture and the solution was diluted to 250.0 cm3. When
analyzing 10.00 cm3 of the resulting solution, the height of the cadmium
polarographic wave was 16.5 mm, and after adding 5.00 cm3 of a standard CdSO4
solution with a concentration of 0.0300 mol / dm3 it increased to 21.5 mm (other
alloy components under these conditions do not interfere with the definition).
Calculate the mass fraction of Cd2 + (in%) in the alloy.

5. Determine the cobalt content (in mg / dm3) in the test solution if, by
amperometric titration of 10.00 cm3 of this solution with K4 [Fe (CN) 6] solution
with a concentration of 0.0641 mol / dm3, the following results were obtained:

V(KJ[Fe(CN)g]), e |0 | 0,50 1,00 | 1,50 | 2,00 ] 2,50 | 3,00
lg, MKA 215|160 |113 |60 |20 |19 |19




Variant 10

1. The potential of a nitrite selective electrode measured relative to a silver
chloride electrode in a standard solution containing 1.0 - 10-3 mol / dm3 KNO2 is
equal to 375 mV. Determine the amount of NO2- in the water if the electrode
potential of the test water is 385 mV.

2. Build the integral and differential titration curves and determine the titer of
the HCI solution if, when titrating 10.00 ml of this acid with KOH with a titer of
0.000178 g / cm3, the following results were obtained:

V(KOH), cm® | 15,00 | 18,00 | 19,00 | 19,50 | 19,90 | 20,00 | 20,10 | 20,50 | 21,00
pH 522 |571 [6,04 635 |7,06 |8,79 |10,52|11,22|11,51
3. When titrating barium chloride with sulfuric acid with a molar concentration

of 0.0100 mol / dm3 with high-frequency titration, the following results were

obtained:

V(H,S0O,), e |2 |4 |6 |8 [10 [12]14]16
I, MKA 62|55|43|30|19,2|28|37|45
Determine the mass of barium chloride in solution.

4. Calculate the content of Cu2 + (in mmol / dm3) in canned apple juice if, in
the analysis of 20.00 cma3, its height of the polarographic wave of copper was 19.2
mm, and after adding 1.00 cm3 of a standard solution of copper with a
concentration of 0.0010 mol / dm3 increased to 31.0 mm.

5. Determine the amount of copper (Il) in the test solution, if during
amperometric titration of this solution with an EDTA solution with SEC = 0.0100
mol / dm3 the following results were obtained:

V(DTA), cm’ | 0 0,50/1,00|1,50|2,00|2,50|3,00
l4, MKA 22,5]116,0/10,0/3,75/0,50 0,50 | 0,50

Variant Ne 11
1. The potential of the indicator electrode, measured relative to the silver chloride
electrode, in a standard solution of Fe (NO3) 3 with a concentration of 1.0 - 10-3
was 272 mV. Determine the concentration of the test solution of iron (111) (in mol /
dma3) if the potential of the indicator electrode for this solution is 278 mV.



2. The analyzed H2S04 solution was diluted in a volumetric flask to 100.00 cm3
and an aliquot of 20.00 cm3 was titrated potentiometrically with a NaOH solution
with C = 0.1000 mol / dm3.

Build the integral and differential titration curves and determine the mass of
H2S04 in solution (mg) from the following data:

V(NaOH),em® | 1,50 [ 1,80 [ 1,90 | 1,95 1,98 2,00 | 2,02 [ 2,05 | 2,10
pH 2,64 3,05|3,36|3,64|4,05|6,98|9,95|10,53| 10,65
3. The analyzed mixture of HClI and CH3COOH was placed in a volumetric

flask with a capacity of 50.00 cm3 and brought to the mark with water. When
titrating 10.00 cm3 of a NaOH solution with a titer of 0.000400 g / cm3, the
following results were obtained:

V(NaOH),CM3 7,00/8,00/9,00/10,00/11,00/12,00(13,00(14,00{15,00(16,00
v,CM 2,66(2,39|12,12|2,02 (2,03 2,04 (2,06 |2,38 (2,74 |3,10
Build a titration curve and determine the amount of HCI and CH3COOH in the

initial solution.

4. When polarographic standard solutions of lead (II) were obtained, the
following results were obtained:

Cpp, MKT/cM° | 0,50 | 1,00 | 1,50 | 2,00
hy, MM 40 |8,0 |12,0]16,0
A sample of an alloy weighing 1.5000 g was dissolved and diluted to 250.00

cm3. Calculate the mass fraction of lead in the sample if the wave height for the
resulting solution in the polarogram is 6.0 mm.

5. Determine the concentration of zinc (in mg / dm3) in the test solution if, by
amperometric titration of 10.00 cm3 of this solution with a solution of K4 [Fe
(CN) 6] with T (K4 [Fe (CN) 6] / Zn) = 0, 002440 g / cm3 the following results
were obtained:

V(K4[Fe(CN)e]), cM® |0 ]0,20]0,40]0,50]1,00] 1,50 2,00] 2,50 | 3,00
lg, MKA 30,0 | 29,0 | 31,0 32,0 32,0 | 60,0 | 137 | 220 | 300




Variant Ne 12
1. When determining Fe (I11) by potentiometric method, it was found that the
potential of the indicator electrode of standard solutions of Fe (NO3) 3 is equal to:

C(Fe(111)), mol/dm® | 1,0-10*] 5,0-10™ | 1,0-10° | 5,0-10
E, mV 290 278 272 260
Based on these data, a calibration graph was constructed in the coordinates E = f

(pCFe3 +).
Determine the iron content in beer (in mg / dm3) if the electrode potential of
25.00 cm3 of the test product diluted to 50.00 cm3 with a background electrolyte

solution was 268 mV.

2. To determine the titratable acidity, 50.00 cm3 of apple juice was titrated with
NaOH at a concentration of 0.0980 mol / dm3. Using the integral and differential
titration curves, calculate the acidity of the juice in degrees Turner (degrees Turner
shows the volume of 0.1000 M NaOH spent on titration of 100 cm3 of food
product).

le(IgNaOH)' 0 2,00 | 4,00 | 6,00 | 8,00 | 10,00 | 10,50 | 11,00 | 12,00 | 13,00

pH 2,69 |3,60|4,00]4,50|500|59 |7,00 |11,50]11,80 12,00

3. When conductometric titration of 50.00 cm3 of a mixture of NaOH and
NH40H with a HCI solution with a concentration of 0.1000 mol / dm3 the

following data were obtained:

2/1\§I;ICI), 0 1,00 | 2,00 | 3,00 | 4,00 | 5,00 | 6,00 | 7,00 | 8,00 | 9,00 | 10,00
L, Cm 6,60 | 5,98 | 5,30 | 4,68 | 4,05 | - 4,45|570]7,80|12,02 | 16,20

Calculate the concentration of NaOH and NH4OH in the test solution (in g /
dm3).

4. When analyzing the a