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ATTeCTaHI/IOHHBIe 3a/laHuA COCTOAT U3 JIBYX PaA3aCIIOB.

B mepBom paszgene HeoOXOmMMO naTh OTBET Ha 4 BOMPOCA, COCTOSIIIMX M3 HECKOIBKUX
MTyHKTOB/TIOAMTYHKTOB. Ka)XIplii MOAMYHKT UMEET CBOIO BECOMOCThH B Oasliax.

Homep Bomnpoca Conep:xkaHue MyHKTA/MOAMYHKTA BONPOCa KonunuecTBo
0aJ10B
1 1.1. X _is the designation of a solute in a chemical reaction after 3

(aq)
hydration. Explain the process of hydration for soluble ionic
compounds and for soluble covalent compounds using X = KBr and
X = C,H;sOH, respectively.

1.2.1. Giving examples of each, characterize strong electrolytes, weak 3
electrolytes, and nonelectrolytes.
1.2.2. How would you experimentally determine whether a solute is a 3

strong electrolyte, weak electrolyte, or nonelectrolyte.

1.3. Distinguish between the terms slightly soluble and weak 2
electrolyte.

1.4. The molarity of a solution shows the relationship between the
number of moles of solute in solution and the volume of the solution.
With the aid of equations, describe how molarity can be used as a
conversion factor to convert from

1.4.1. moles of solute to volume of solution 2
1.4.2. volume of solution to moles of solute 2
Hroro no Bonpocy 1 15
2 2.1. Hydrogen is a very diverse element that can form various 6
compounds. Giving examples and commenting on the different types
of bonding involved and their relative stabilities, discuss three ways
in which hydrogen can form compounds.
2.2. Giving an example of each kind, state the differences between 6
electron rich, electron deficient, and electron precise p-block
hydrides.
2.3.1. In your own words, describe how a hydrogen bond is formed. 2
2.3.2. What are the differences between inter- and intra-molecular 1
hydrogen bonding?
HTroro mo Bonpocy 2 15
3 3.1.1. What is the second law of thermodynamics? 2
3.1.2. There are four possible sign combinations for ASSystem and

surroundings’
3.1.2.1. Which sign combination(s) always give a spontancous 1
reaction?




3.1.2.2. Which sign combination(s) always give a nonspontaneous 1
reaction?
3.1.2.3. Which sign combination(s) may or may not give a 1
spontaneous reaction?

3.2.1. What is the standard free energy change (AGO) for a reaction? 1
3.2.2. What is the standard free energy of formation (AG;) of a 1
substance?
3.2.3. How are AG" values used to calculate AG. 7
f reaction 1
3.2.4. How can AG. _be determined using Hess’s law?
reaction 1
3.2.5. How can AG. . be calculated using AH and AS%2
reaction
3.2.6. Of AHO, ASO, and AGO, which one is most dependent on !
temperature? 1
2.3. Gas A, reacts with gas B, to form gas AB at a constant
temperature. The bond energy of AB is much greater than that of
either reactant.
2.3.1. Explain how potential energy changes for this process. 1
2.3.2. Explain how random kinetic energy changes during the process. 1
2.3.3. What can be said about the sign of AH and AS? 2
Hroro no Bonpocy 3 15
4 4.1. Distinguish between the following pairs of terms: 4
4.1.1. crystalline solid, amorphous solid
4.1.2. ionic solid, molecular solid
4.1.3. molecular solid, network solid
4.1.4. metallic solid, network solid
4.2. In your own words, define lattice and unit cell. 2
4.3.1. Describe a simple cubic unit cell. 1
4.3.2. How many net atoms are contained in a simple cubic cell unit? 2

4.3.3. How is the radius of the atom related to the cube edge length 2
for a simple cubic unit cell.

4.3.4. Answer the questions in (c) above for the face-centered and 4
body-centered cubic unit cells.

Hroro no Bonpocy 4 15
HUTOTI'O IO PA3JEJIY 1 60

Bropoii pasznen coctout u3 6 BOMPOCOB, COCTOSAIIUX M3 HECKOJIBKHUX ITyHKTOB/TIOAITYHKTOB.
Heo0xonmumo aathk OTBET Ha JIOOBIE TPU BOIIPOCA.

Homep Bonpoca CoaepxxaHue MyHKTA/MIOANYHKTa BOIIPOca KosmmuyecTBo
0aJl10B
1 1.1. Draw the electrochemical cell in which the following reaction 3
occurs:
2+ -
Cu + 2Cl +2A - 2A4gCl _+ Cu
(aq) (ag) " “ ) T AT T R
1.2. Write the half-cell reactions for the corresponding electrodes and 3
the Nernst equation.




1.3. Given that the A GO for C‘uz+ ,CU
f (aq)” ~ (aq)

and -110 kJ/mol, respectively, calculate the

and AgCl(S) are 65.5, -131,

1.3.1. standard Gibbs free energy for the cell reaction 3
1.3.2. equilibrium constant 3
1.3.3. standard potential of the cell 3
1.4. Calculate the standard potential of the Cu © /C u:rq) electrode 3
given that the standard potential of the Ag © JAgCl © electrode is
0.22 V.
1.5. Using the answer obtained in (d), determine the standard 3
potential for the reaction Cu?:q) +e-Cu ) given that the standard
. 2+ + .
potential of the Cu (@) /Cu (@) redox couple is 0.16 V.
1.6. If  the temperature coefficient of the cell 4
(dE°/dT) — 8.8 x 10 " V/K, calculate A f5° and A fHO.
Hroro no Bonpocy 1 25
2.1. With the aid of a diagram, explain how spontaneous chemical 5
reactions in galvanic cells generate electricity.
2.2.1. What is the difference between £ and E' in redox reactions? 2
2.2.2. For a complete cell in equilibrium, does E or E 0 approach zero? 3
Explain your answer.
2.3. What is a junction potential and how does it affect the accuracy 5
of potentiometric analysis? Use a diagram to explain your answer.
2.4.1. Describe the following terms 3
- over potential
- ohmic potential
- concentration polarization
2.4.2. What can be done to minimize these issues during electrolysis? 3
2.5. Give TWO advantages and TWO disadvantages of the dropping 4
mercury electrode (DME).
HTtoro mo Bonpocy 2 25
3.1. The Nernst equation allows the cell potential for a galvanic cell 6
under nonstandard conditions to be determined. Write out the Nernst
equation and define each term. What are nonstandard conditions?
3.2. What does the Nernst equation reduce to when a redox reaction is 5
at equilibrium? Explain why this is so.
3.3. What are the signs of A6’ and E° when
33.1.K<1? 2
332.K>1? 2
333.K=1? 2
4.1. Explain what is meant by ‘E determines spontaneity while E 0 4
determines the equilibrium position.’
4.2. Under what conditions can E' be used to predict spontaneity? 4
Hroro no Bonpocy 3 25
4.1. Give three differences between bulk materials and nanoparticles 6




and state their influence on the chemical-colloidal and
physicochemical properties of a system.

4.2. Using the effects of quantum confinement, explain the 8
advantages of using nanoparticles over bulk materials.

4.3. What are the main advantages of using biopolymers over 5
synthetic polymers? Support your answer using the advantageous
properties of biopolymers.

4.4. The main synthetic approach to nanoparticle synthesis is sol gel

synthesis.

4.4.1. Define sol gel synthesis. 2

4.4.2. Name three different types of sol-gel synthesis and state what 4

type of nanoparticles they are used to obtain.

HTtoro mo Bonpocy 4 25

5 5.1.1. In your own words, define chemisorption and physisorption. 4

5.1.2. Give three differences between chemisorption and 6

physisorption.

5.2. Explain, in detail, why the adsorption of a gas on a solid surface 5

is usually exothermic.

5.3. What are the three main assumptions of the Langmuir adsorption 6

isotherm model?

5.4. Considering the rates of adsorption and desorption of a gas on a 4

solid surface, derive the Langmuir adsorption isotherm.

Hroro no Bonpocy 5 25

6 6.1. List the five additive manufacturing processes. 35

6.2. Three-dimensional (3D) printing is the most common type of
additive manufacturing. 3D printing can be further categorized into
stereolithography and extrusion-based 3D printing.

6.2.1. Define

6.2.1.1. stereolithography )

6.2.1.2. extrusion-based 3D printing 2

6.2.2. Give TWO advantages and TWO disadvantages of

6.2.2.1. stereolithography 4

6.2.2.2. extrusion-based 3D printing 4

6.3. One of the main advantages of extrusion-based 3D printing is that 3

unique inks can be created. What are the benefits of creating your

own inks?

6.4. Stereolithography is limited to the use of photoresist, which 35

often requires post-processing treatment. What is photoresist? What

are common post processing treatment methods for objects

fabricated using stereolithography.

6.5. Give 5 industrial applications of additive manufacturing. 3

Hroro no Bonpocy 6 25

HUTOTIO MO PA3JAEJLY 1 (3 Bonpoca u3 6) 75

HemnpaBwibHbI MO0 OTCYTCTBYIOIIMKA OTBET IO IYHKTY/TIOAIYHKTY TPUPABHUBACTCS
K 0 0asuIoB.

Dopmam nposedenus ammecmayuoHHO20 3a0anus: onpoc nocpeactsom I'yri-popmbr



Bpems evinonnenus ammecmayuonno2o 3adanus: 150 MUHYT

MuHUMaNIbHOE KOMUYECTBO OauiOB 3a BBIOJHEHUE BapUaHTA aTTECTAIIMOHHOTO 3aTaHUs
pasHoO 0.
MaxkcumanbHOE KOJIMYECTBO OaiyioB 3a BBINIOJHEHHE BapHUaHTa aTTECTAIMOHHOTO 3aJaHUS

paBHoO 135.

Crynent, nHabpaBmuii 50 % u Oonee GamioB (68 u Gomee GamioB u3 135 BO3MOXKHBIX),
YCHEIIHO MPOXOAUT aTTeCTallMOHHOE UCTIBITaHUE.

Crynent, nHaOpasmuii meree 50 % 6amnoB (MmeHee 68 0amnoB u3 135 BOZMOXKHBIX), CHUTACTCS
HE MPOUISANINM aTTeCTAllMOHHOE HMCIIBITAHWE W HE TOTOBBIM K OCBOSHUIO 00pa30BaTEIIbHOMN

IIPOTrPaMMBI.



I[MTPUJIOKEHUE 2

ITpunoxenue k pacnopsxeruto ot 11.07.2025 Ne 3

bank arrecTaliiOHHBIX 3aIaHUH
o oopa3oBarenbHOi porpamme 18.04.02 «XuUMUS U UCKYCCTBEHHBIM MHTEIUICKT /

Chemistry and Artificial Intelligence»

Kaxaplii Bompoc uMeeT CBOI0 BECOMOCTh B OalliaxX, KOTopasi yka3zaHa B CKOOKax.

Pazpen «Xumusy»
1. Which of the following is an example of a Diels-Alder reaction? (3 6amnna)

The reaction of ethylene oxide with water to form ethylene glycol

The reaction of benzene with ethene to form phenylethene

The reaction of maleic anhydride with 1,3-butadiene to form
cyclohexene-1,2-dicarboxylic anhydride

The reaction of ethanol with acetic acid to form ethyl acetate

o ow>»

2. Arrange the following compounds in descending order of acidity. (4 6ama)

Methanol
Methanesulfonic acid
Methylamine
Methanethiol

Acetic acid

moowy

3. Which of the following statements are true regarding the acidity of carboxylic acids? (3
Oaa)

A. The acidity of carboxylic acids increases with increasing electron-withdrawing groups
on the carboxylate anion

B. The acidity of carboxylic acids decreases with increasing size of the alkyl group
attached to the carboxylic acid

C. The acidity of carboxylic acids increases with increasing resonance stabilization of
the carboxylate anion

D. The acidity of carboxylic acids decreases with increasing electron-donating groups on
the carboxylate anion

4. What is the mechanism of the reaction of 2-methylpropene with HBr in the presence of
peroxide? (2 6amnna)

A. Markovnikov addition


https://isu.ifmo.ru/pls/apex/f?p=2143:DEP:109611941753627::NO::BUN_BUN_ID,STR_STR_ID,UBU_UBU_ID:117033,85,
https://isu.ifmo.ru/pls/apex/f?p=2143:DEP:109611941753627::NO::BUN_BUN_ID,STR_STR_ID,UBU_UBU_ID:117033,85,

B. Anti-Markovnikov addition
C. Radical addition
D. Electrophilic addition

5. Which of the following is not a method for synthesizing alcohols? (3 6anna)

A. Reduction of aldehydes or ketones
B. Hydrogenation of alkenes

C. Addition of water to alkenes

D. Oxidation of alkenes

6. What is the pH of a buffer solution prepared by adding 20mL of 0.10M acetic acid (Ka =
1.8 x 107-5) to 10mL of 0.2M sodium acetate? (5 6ay0B)

3.74
4.74
5.74
6.74

cow>

7. What is the Gibbs free energy change (AG) of a spontaneous reaction? (2 6anna)

AG <0
AG=0
AG>0
AG can be either positive or negative depending on the reaction conditions

oW

8. Which of the following is not a state function? (2 6amna)

Internal energy
Entropy

Work

Enthalpy

Heat

moow>»

9. What is the maximum number of electrons that can occupy an orbital with the following
quantum numbers: n=3, =1, ml=0? (4 6ayna)

cow>
oo AN B~

10. What is the Gibbs free energy change for a process at constant pressure and standard
temperature if AH = -50 kJ/mol and AS = 100 J/mol-K? (5 6annoB)

A. -50 kJ/mol



Cow

w >

298 kJ/mol
-79.8 kJ/mol
79.8 kJ/mol

. Calculate the pH of HCI acid when the concentration of [H]+ ions is 0.1 M. (5

0aJIIoB)

2
1
6
1

0

. Write an equation for the reaction between (1 6amn 3a KaX bl MyHKT, UTOTO 3 Oaia)

MgO and HNO3
Na20 and H3PO4
Si02 and NaOH

. What is the Molecular Orbitals (MO) method used for in chemistry? (3 6anna)

Calculating the properties of molecules based on their molecular orbitals
Analyzing the crystal structure of materials

Predicting the rate of chemical reactions

Synthesizing new compounds

. What is the correct order for filling atomic orbitals for atoms and cations? (4 6anna)

Is, 2s, 2p, 3s, 3p, 4s, 3d, 4p, Ss, 4d, 5p, 6s, 41, 5d, 6p, 7s, 51, 6d, 7p
Is, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s, 4f, 5d, 6p, 7s, 51, 6d
Is, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s, 4f, 5d, 6p, 7s, 6d, 7p
Is, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s, 41, 5d, 6p, 7s, 6d, 51, 7p

. What is Crystal Field Stabilization Energy in coordination complexes? (3 6amra)

The energy required to break the metal-ligand bonds in a coordination complex

The energy difference between the ground state and excited states of a coordination
complex
The difference in energy between the d-orbitals in a free metal ion and those in a
coordination complex
The energy released when a coordination complex forms

. What is the relationship between Crystal Lattice Energy and Madelung Constant in

ionic compounds? (3 6amna)

The Madelung constant is equal to the crystal lattice energy
The Madelung constant is proportional to the crystal lattice energy



C. The Madelung constant is inversely proportional to the crystal lattice energy
D. The Madelung constant is not related to the crystal lattice energy

17. What is the significance of quantum numbers in the electronic structure of atoms? (3
Oaa)

A. They describe the arrangement of atoms in molecules

B. They describe the energy levels and sublevels of electrons in atoms

C. They describe the types of chemical bonds that atoms can form

D. They describe the physical properties of atoms, such as density and melting point

18. Match the crystal system with its corresponding shape: (4 6anna)

A) Cubic

B) Tetragonal

C) Orthorhombic
D) Rhombohedral
E) Monoclinic

F) Triclinic

Rectangular prism

Cube

Rhombohedron

Rectangular prism with square base
Trapezoidal prism

Irregular shape

IS i

Pasnen «IIporpammupoBanue»
1. Match programming paradigms and the concepts behind it: (2 6anna)

Declarative
Functional
Object-oriented
Imperative

oowp

1. Uses data structures consisting of attributes and methods along with their
interactions

2. Focuses on realization details, defines control flow as statements that change a
program state

3. Input flows through a set of functions, outputs are independent on data
structures updated as a program runs

4. Focuses on the task to be solved, defines logic rather than control flow

2. What are NOT the common built-in data types in Python? (2 6anna)

A. Float



B. Table
C. Array

Set

D. Boolean

E.

Binary

3. How does break, continue, and pass commands work? (2 6amna)

A. break

B.

pass

C. continue

1. exits the loop
2. goes to the next iteration
3. does nothing

4. What is the difference between list and tuples in Python? (1 6asmr)

w0

OO

m

Lists and tuples are essentially the same thing in Python. There is no difference
between them.

Lists are used to store ordered collections of data, while tuples are used for unordered
data.

List items can be taken by their index in the list, whereas tuple elements cannot.

The only difference between lists and tuples is their syntax. Lists use square brackets
and tuples use parentheses.

Lists are mutable, meaning you can change the elements in the list after it has been
created. Tuples are immutable, meaning you cannot change the elements in the tuple
after it has been created.

5. What advantages do NumPy arrays offer over (nested) Python lists? (2 6amnna)

o O

m

NumPy arrays are slower than nested Python lists because they require more memory
allocation.

NumPy arrays are more flexible than nested Python lists because they can store
different data types within a single array.

NumPy arrays are easier to use than nested Python lists because they have simpler
syntax and require fewer lines of code.

NumPy arrays allow vectorization, which means that operations can be performed on
entire arrays at once instead of on individual elements.
NumPy arrays are less memory-efficient than nested Python lists because they store
data in separate memory locations.



6. Write a code with the function squared sequence(A: int, B: int) which takes two numbers
and returns a list of the squared numbers in range(A, B+1). (3 6amna)

7. Write a code that takes two stings of the same length containing symbols separated by a
space and prints combinations of two symbols having the same index. (3 6amna)

8. Write a code with the function count_sequence sum() which takes a string of two numbers
A and B separated by a comma, and returns the sum of all the numbers from A to B (A, A+1,
A+2,...,B-1, B). (2 6amna)

HenpaBunbHblii 1100 OTCYTCTBYIOIIMN OTBET [0 IYHKTY/IIOANYHKTY NPHPAaBHUBAECTCS
K 0 OaJutoB.
Dopmam nposedeHus: ammecmayuoHHO20 3a0anusl: OPOC MOCPeacTBOM ['yri-hopmbl

Bpemsa evinonnenuss ammecmayuonnoco 3aoanus: 150 MunyT

MuHuManbHOE KOMUYECTBO OajioB 3a BBIOJHEHUE BapUaHTa aTTECTAIIMOHHOTO 3aJaHUs
paBHo 0.
MaxkcuManbHOE KOJMYECTBO OajuIOB 3a BBIOJHEHHWE BapUaHTa aTTECTAI[MOHHOTO 3a/IaHUs

paBHO 78.

Crynent, HaOpaBmuii 50 % u Oonee OamnoB (39 u Oonee GamioB w3 78 BO3MOXKHBIX),
YCIICHIHO MPOXOAUT aTTCCTAIMOHHOC UCIIBITAHUC.

Crynent, HaOpasmuii meree 50 % GamnoB (MeHee 39 6aminoB U3 78 BOZMOXKHBIX), CHUTACTCS
HE TIPOIIEANINM aTTECTAlMOHHOE HMCIBITAHUE M HE TOTOBBIM K OCBOCHHUIO 00pa30BaTEIIbHOU

IIPOTrpaMMBI.
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Cucrema nepeBojia mokaszarelsieil B 0auIbHO-PEHTHHTOBYIO CUCTEMY

[Toka3zareneM y4yeOHO-HayYHONH AKTUBHOCTHU CTYAEHTOB SIBISETCS HaJIM4YUe IOCTH)KEHUH B
yueOHOH,  Hay4YHO-HCCIIEJOBATENbCKOM,  OOIIECTBEHHOW,  KyJIBTypHO-TBOPUECKON U

CHOpTHBHOﬁ JACATCIIBbHOCTH.

JlJis OCyIIECTBIICHUSI PaHXUPOBAHUSI CTYACHTOB B OOIEM CHHCKE B Cly4ae KOHKypca Ha
BaKaHTHBIC OIO/DKETHBICE MECTa MPH YCIOBHM OIMHAKOBOTO Oalla MO TECTHPOBAHHUIO U
cpenHeMy Oaiity, a TakXe MpU YCJIOBHM PaBEHCTBA aKaJeMHUYECKOW pa3HUIIbl, MOKa3aTellb
y4eOHO-HAayYHOW AaKTMBHOCTU CTYACHTOB MEPEBOAUTCS B OaUIbHO-PEUTHHTOBYIO CHUCTEMY

CcoriaaCHo Ta6J'II/II_[e HUWKC.

B ciIydyac €CJIU CTyACHT HC IMPOXOAHUT aTTCCTAIMOHHOC TCCTUPOBAHUC, OH CUUTACTCA HE

mpomeamuM aTTeCTAlMOHHOC UCIIBITAHUC, U 0aJIIbl 10 ITOKA3aTeNio He YUUTBIBAKOTCA.

Cucrema nepeBojia okas3aress yueOHO-HayUYHOW aKTUBHOCTHU CTYJEHTOB B

0aJIIIbHO-PEUTUHIOBYIO CUCTEMY

Ne IToka3aTean Kpurepuii n3mepenust baan
1 | Hanmnume noctmxeHui noOeIuTeNb WIN MPU3EP 3
MeEXIyHAPOIHBIX ONUMIHUA / 3a Kaxzaoe
COPEBHOBAHMI JIOCTHIKEHHE
HAJIM4YUe CTaThU B XKypHAJe, 3
penieH3upyemMom 0azoi Scopus, 3a KaXJ0e
Web of Science JOCTHKECHHE
y4acTHE€ B MEXIyHAPOIHON 3
KOH(EpEHIINH/CUMITO3yMe 3a KaKJ0€
JOCTHKCHHE
noOeTUTENh HITH TIPU3EP 2
BCEPOCCUNMCKUX OUMIHa / 3a KaXKJ0e
COPEBHOBAHUM JIOCTH>KEHUE
HaJIMYUeE CTaThbU B XKypHAJe, 2
peuenzupyemom BAK 3a KaX0e
JOCTIKEHHE
Y4acTHE BO BCEPOCCHUICKOMN 2
KOH(pepeHITNI/CUMIIO3nyMe 3a Kaxzoe
JIOCTHKCHHUE




noOeAnTeNh UK IpU3ep 1
PETHOHATBHBIX HITH 3a KaXJ0e
BHYTPUBY30BCKUX OJIUMITHA] / JOCTKEHHE
COPEBHOBAHUN
HAJIMYUE CTaThU B XKypHAJE, 1
peuensupyemom PUHI] 3a KaxJa0e
JOCTIKEHHE
y4yacTHue B 1
pEerHoHATBHON/BHY TPUBY30BCKOU 3a Kaxjaoe
KOH(epeHITNH/CUMITO3NyME JIOCTIKCHHE
MPOYUE JTOCTHKCHUS 1
3a KaXJ10e
JOCTIKCHHE
HET JOCTHKEHUN 0
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