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Dalyko (modulio) tikslas

Supazindinti su pagrindinémis molekulinés termodinamikos koncepcijomis ir désniais, apraSantiems bendrasias
molekuliniy medziagy fiziko-chemines savybes ir elgsena. Atskleisti rysj tarp molekuliy mikroskopiniy savybiy ir i§
$iy molekuliy sudaryty medziagy makroskopiniy savybiy. Teorinés zZinios bus jtvirtinamos sprendZiant praktinius

uzdavinius.

Dalyko (modulio) studijy rezultatai

Studijy metodai

Vertinimo metodai

Studentams suteikti supratimg apie
bendruosius molekulinés
termodinamikos désnius ir
koncepcijas

Paskaitos, vadovélio skaitymas,
uzdaviniy sprendimas seminaruose

Vertinami savarankiSkai iSspresty
uzdaviniy sprendimai ir atsakymai j
teorijos klausimus egzamino metu

Kontaktinio darbo valandos
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1. Molekuliy elektroniniy, virpesiniy ir 3 3 6 6 Vadovélio skaitymas,
rotaciniy laisvés laipsniy kvantmechaninis uzdaviniy sprendimas
apraSymas, harmoninis osciliatorius,
kietasis suktukas, virpesinés ir rotacinés
spektroskopijos teoriniai pagrindai




2. Algebriniy lyg¢iy skaitmeninis 1 2 3 4 Vadovélio skaitymas,
sprendimas Newton-Raphson metodu uzdaviniy sprendimas
3. Dujinis medziagos biivis, idealiosios 5 3 8 10 | Vadovélio skaitymas,

dujos ir jy bisenos lygtis, van der Waals,

uzdaviniy sprendimas

Redlich-Kwong ir Peng-Robinson dujy
busenos lygtys, virialiné dujy biisenos
lygtis, atitinkamyjy buseny désnis, fazinés
diagramos, tarpmolekulinés saveikos

Vadovélio skaitymas,
uzdaviniy sprendimas

4. Boltzmann’o daugiklis, statistiné suma, 6 3 9 10
makroskopines sistemas apibtidinan¢iy
fizikiniy dydziy ir statistinés sumos rysys,
molekuliné statistiné suma, Boltzmann’o
statistika, idealiyjy dujy statistinés sumos

Vadovélio skaitymas,
uzdaviniy sprendimas

5. Pirmasis termodinamikos désnis, 6 3 9 10
mechaninis darbas, Siluma, biisenos
funkcijos, griztamieji ir negriztamieji
procesai, izoterminis, izobarinis,
izochorinis, adiabatinis procesai, entalpija,
cheminiy reakcijy entalpijos, Hess’o
désnis, standartiniy procesy entalpijos

Vadovélio skaitymas,
uzdaviniy sprendimas

6. Entropija, antrasis termodinamikos 6 3 9 10
désnis, makroskopinés sistemos biisenos
pakitimo indukuoto entropijos poky¢io
skai¢iavimas, entropijos ir statistinés
sumos sarysis

Vadoveélio skaitymas,
uzdaviniy sprendimas

7. Treciasis termodinamikos désnis, 3 3 6 10
standartiné moliné entropija, cheminiy
reakcijy entropijos pokyciai

8. Helmholtz’o energija, Gibbs’o energija, | 6 3 9 10 | Vadovélio skaitymas,
savaiminiy procesy kryptis, Maxwell’o uzdaviniy sprendimas
sarysiai

9. Faziy pusiausvyra, cheminis potencialas, | 3 3 6 10 | Vadovelio skaitymas,
ir jo sarysis su statistine suma, Clausius- uzdaviniy sprendimas
Clapeyron lygtis

10. Idealieji ir neidealieji skys¢iy miSiniai, | 6 3 9 10 | Vadovélio skaitymas,

Gibbs-Dunhem lygtis, Raoult désnis, uzdaviniy sprendimas

Henry désnis, aktyvumas

11. Elektrolity ir neelektrolity tirpalai 3 3 6 10 | Vadovélio skaitymas,
uzdaviniy sprendimas
I§ viso | 48 32 80 100
Vertinimo strategija D At51sl§a1tym0 Vertinimo kriterijai
proc. laikas
Trys uzdaviniy rinkiniai, 60 Semestro metu | Vertinama uzdaviniy sprendimo kokybé ir teisingumas;
kurie sprendziami nepristacius bent vieno uzdaviniy rinkinio sprendimy
savarankiSkai namuose; studentui(-ei) neleidziama laikyti egzamino
sprendimai rastu turi biiti
iteikti déstytojui iki sutarto
termino; uzdaviniams
i§spresti skiriama maziausiai
dvi savaités laiko
Teorijos klausimai atsakyti 40 Sesijos metu Vertinama atsakymy i teorijos klausimus i§samumas,
rastu teisingumas ir kokybé
. - Leidimo . . Periodinio le!dfnfo Leidykla ar internetiné
Autorius (-iai) . Pavadinimas Nr. ar leidinio
metai nuoroda
tomas
Privaloma literatiira
D. A. McQuarrie, J. D. 1999 Molecular University Science
Simon thermodynamics Books
Papildoma literatiira
Atkins P., de Paula J. 2010 Physical Chemistry, Oxford University Press




9th ed.

Levine I. N.

1998

Physical Chemistry, 6th
ed.

McGraw-Hill
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COURSE UNIT (MODULE) DESCRIPTION

Course unit (module) title Code
Chemical physics
Academic staff Core academic unit(s)
Coordinating: Prof. Kestutis Aidas Faculty of Physics
Other:
Study cycle Type of the course unit
Master’s Mandatory
Mode of deliver I P OO (1000 Language of instruction
y when it is delivered guag
Face-to-face Autumn Lithuanian or English
Requisites

Prerequisites: thermodynamics, statistical mechanics,

quantum mechanics

Co-requisites (if relevant):

Number of ECTS credits
allocated

Student’s workload
(total)

Contact hours

Individual work

10

180

80

100

Purpose of the course unit

The purpose of the course is to introduce the fundamental concepts and laws of molecular thermodynamics that
describe the general physicochemical properties and behaviour of molecular substances. To reveal the relationship
between the microscopic properties of molecules and the macroscopic properties of materials composed of these
molecules. Theoretical knowledge will be reinforced through the solution of practical problems.

Learning outcomes of the course unit

Teaching and learning methods

Assessment methods

Providing an understanding of the
general laws and concepts of molecular
thermodynamics

Lectures, textbook studying, problem
solving

Assessment is based on
independently solved problems
and answers to theoretical
questions

Contact hours

Individual work: time and

assignments
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1. Quantum mechanical description of the | 3 3 6 6 Textbook reading,
electronic, vibrational, and rotational problem solving
degrees of freedom of molecules; the
harmonic oscillator; the rigid rotor;
theoretical foundations of vibrational and
rotational spectroscopy
2. Numerical solution of algebraic 1 2 3 4 Textbook reading,




equations using the Newton-Raphson problem solving
method
3. Gaseous state of matter; ideal gases 5 3 8 10 | Textbook reading,
and their equation of state; van der problem solving
Waals, Redlich-Kwong, and Peng-
Robinson equations of state; the virial
equation of state; the law of
corresponding states; phase diagrams;
intermolecular interactions
4. Boltzmann factor, partition function, 6 3 9 10 | Textbook reading,
the relationship between the partition problem solving
function and physical quantities
characterizing macroscopic systems,
molecular partition function, Boltzmann
statistics, partition functions of ideal
gases
5. The first law of thermodynamics; 6 3 9 10 | Textbook reading,
mechanical work; heat; state functions; problem solving
reversible and irreversible processes;
isothermal, isobaric, isochoric, and
adiabatic processes; enthalpy; enthalpy of
chemical reactions; Hess's law; enthalpies
of standard processes
6. Entropy; the second law of 6 3 9 10 | Textbook reading,
thermodynamics; calculation of entropy problem solving
change induced by the change of the state
of a macroscopic system; the relationship
between entropy and the partition
function
7. The third law of thermodynamics; 3 3 6 10 | Textbook reading,
standard molar entropy; entropy changes problem solving
of chemical reactions
8. Helmholtz energy; Gibbs energy; the 6 3 9 10 | Textbook reading,
direction of spontaneous processes; problem solving
Maxwell relations
9. Phase equilibrium; chemical potential 3 3 6 10 | Textbook reading,
and its relationship with the partition problem solving
function; Clausius-Clapeyron equation
10. Ideal and non-ideal liquid mixtures; 6 3 9 10 | Textbook reading,
Gibbs-Duhem equation; Raoult's law; problem solving
Henry's law; activity
11. Electrolyte and nonelectrolyte 3 3 6 10 | Textbook reading,
solutions problem solving
Total | 48 32 80 100
Assessment strategy Wﬁ/loght Deadline Assessment criteria
Three sets of problems to 60 During the | The quality and correctness of problem solutions are
be solved independently at semester assessed; students who fail to submit at least one set of
home; written solutions problem solutions are not permitted to take the examination
must be submitted to the
instructor by the agreed
deadline; a minimum of
two weeks is allocated for
solving the problems
Theoretical questions to be 40 During the | The thoroughness, correctness, and quality of answers to
be answered (written exam theoretical questions are assessed
examination) period
Author (-5) Publishing Title Issue of a period.ical‘ or Publi§hing house or
year volume of a publication | web link
Required reading
D. A. McQuarrie, J. D. [ 1999 | Molecular | | University Science




Simon | |  thermodynamics | | Books

Recommended reading

Atkins P., de Paula J. 2010 | Physical Chemistry, Oxford University
9th ed. Press

Levine I. N. 1998 | Physical Chemistry, McGraw-Hill
6th ed.




