EFN315G: Varmafredi og Inngangur ad Safnedlisfredi 5. des. 2019, 9:00-11:15
Lokaprof

Leyfo hjalpargogn: reiknivél og tvo A4 blod (4 sidur) sem nemandinn hefur skrifad.
Profio samanstendur af 3 spurningum sem hafa jafnt veegi og gilda samtals 75 punkta.
Spurningarnar eru fyrst 4 ensku og svo & islensku.

Kennari: Hannes Jonsson, farsimi 892-3560
Adstodarkennari: Vilhjalmur Asgeirsson, farsimi 772-1188

A ensku:

Problem 1: (25 pts)

Consider the thermodynamic state function defined as
® = H—uN
where H is the enthalpy, u is the chemical potential and N is the number of atoms.

(a) Derive an expression for the total differential of ® in terms of infinitesimal changes
in the natural variables by using the combined first and second law of thermodynamics
(simplify as much as possible).

(b) Use the expression in (a) to find the partial derivative of ® with respect to each of
its natural variables.

(¢) Derive a Maxwell relationship from the mixed second derivatives of ® with respect
to p and pu.

(d) Obtain an expression for the change in ® as chemical potential is changed at constant
temperature and pressure.

Problem 2: (25 pts)

Consider an ideal gas of diatomic molecules at temperature 7" and pressure p. Assume
the molecular vibration can be approximated with the harmonic oscillator model and
denote the vibrational frequency by v.

(a) Give an expression for the vibrational energy in one mole of the gas. State clearly
what you choose to be the zero of energy.

(b) Derive the high temperature limit of the vibrational energy and compare with the
prediction of the equipartition principle.

(c) Use the results in (a) to derive an expression for the temperature dependence of the
vibrational contribution to the constant pressure heat capacity of one mole of the gas.

(d) What is the low and high temperature limit of the vibrational contribution to the
constant pressure heat capacity?

(e) The energy levels for rotation can be written as E; = BJ(J + 1) where B is a
constant and J is the quantum number for angular momentum, J = 0,1,2.... Write an



expression for the rotational contribution to the heat capacity of a mole of diatomic gas
and make a sketch of C,/R vs. T with numerical values shown on the y-axis and critical
temperature values marked on the x-axis)

Problem 3: 25 pts)
Consider water in equilibrium with air (consisting of 80% nitrogen and 20% oxygen).

(a) Give expressions for the chemical potential of dissolved oxygen molecules and of
dissolved nitrogen molecules in the water solution in terms of the total pressure and
temperature (assume air can be described as an ideal gas).

(b) Oxygen molecules can adsorb on the surface of a metal electrode that is dipped into
the solution. Let L be the number of sites on the surface where a molecule can adsorb
and €; be the binding energy (note: €; > 0). Assume the adsorbed molecules do not
interact with each other. Write an expression for the grand partition function for the
oxygen molecules on the surface and simplify as much as you can.

(c) Write an expression for the average number of oxygen molecules, < N; >, bound
to the surface of the electrode as a function of the total pressure of the air and find the
limits of < Ny > when 7" — 0 and when T — .

(d) Now consider the possibility that dissolved nitrogen molecules also adsorb on the
surface of the metal electrode with binding energy e; < €;, competing with the oxygen
molecules for the same L sites. Write an expression for the grand partition function for
the two types of molecules adsorbed on the surface and simplify as much as you can.

(e) Write an expression for the ratio of the number of molecules adsorbed on the electrode
surface, < Ny > / < N; >, simplify the expression as much as possible and discuss the
limit as T" — 0.



A islensku:

Dzemi 1: (25 punktar)
Varmafreedilega dstandssteerdin ¥y er skilgreind sem

® = H—puN

par sem H er Enthalpy orkan, p er efnismeettio og N er fjoldi atéoma.

(a) Leiddu ut likingu fyrir afleidu ® par sem 6rsmeedar breytingar i natttarulegu breytisteerod-
unum koma fyrir, med pvi ad nota samtengt fyrsta og annad 16gmal varmafraedinnar
(einfaldadu eins og mogulegt er).

(b) Notaou likinguna { 1lid (a) til ad finna hlutafleidur ® med tilliti til nattarulegu
breytisteerdanna.

(¢) Leiddu ut Maxwell vensl it fra blondudum hlutafleidum ® med tilliti til p og p.

(d) Leiddu ut likingu fyrir breytingu ® begar efnismeettio breytist vid fast hitastig og
prysting.

Dzemi 2: (25 punktar)

Gas tviatéoma sameinda er vid hitastig 7' og prysting p. Gerdu rad fyrir ad titringi
sameindanna sé haegt ad lysa med kjorsveifilsnalgun og ad titringstionin sé v.
(a) Skrifadu likingu fyrir titringsorku eins mols af gasinu. Tilgreindu hvada nullpunkt
pu velur fyrir orkuna.

(b) Leiddu ut hahitamarkgildid fyrir titringsorkuna og berdu saman vid jafndreifiliking-
una.

(c) Notadu likinguna fra (a) til ad leida ut hvernig varmarymd eins mols af gasinu vid
fastan prysting breytist med hitastigi.

(d) Hver eru markgildi framlags titrings til varmarymdarinnar, C,/R, vid lagt og hatt
hitastig?

(e) Orkuprep sntnings er haegt ad skrifa sem F; = BJ(J + 1) bar sem B er fasti og J
er skammtatala hverfibungans, J = 0,1,2.... Skrifadu likingu fyrir framlag sniinings til

varmarymdar eins mols af tviatoma gasi og teiknadu C,/R fyrir tviatoma gas sem fall af
T med toluleg gildi merkt & y-asinn og likingar fyrir mikilveeg hitastig merkt a x-asinn.

Daemi 3: 25 punktar)
Vatn er { jafnveegi vio loft (80% kéfnunarefni og 20% strefni).

(a) Skrifadu likingu fyrir efnismeetti uppleystra strefnis og kofnunarefnissameinda { vatn-
inu par sem heildar prystingur og hitastig koma fyrir (gerou rad fyrir ad loftinu sé haegt
ad lysa sem kjorgasi).

(b) Surefnisatomin geta sogast & yfirbord malmrafskauts sem stungid er i vatnslausnina.
Fjoldi bindistada er L og bindiorka sameindanna & yfirbordinu er €;. (Ath. ¢; > 0). Gerdu



rad fyrir a0 sameindirnar & yfirbodinu vixlverki ekki hver vid adra. Skrifadu likingu fyrir
storu dreifisummu sirefnissameindanna & yfirbordinu og einfaldadu eins og mogulegt er.

(c) Skrifadu likingu fyrir medal fjolda surefnissameinda, < N; >, sem bundin eru &
yfirboroi rafskautsins sem fall af heildarprystingi loftsins og finndu markgildi < N; >
pegar T'— 0 og T' — oo.

(d) Beettu nt vid peim moguleika ad kéfnunarefnissameindir setjist & yfirbord malmraf-
skautsins med bindiorku €; < €1, og keppi vid sturefnissameindirnar um sému K bind-
istadina. Skrifadu likingu fyrir stéru dreifisummuna par sem badar tegundir sameinda
geta verid & yfirbordinu og einfaldadu eins og mogulegt er.

(e) Skrifadu likingu fyrir hlutfallslegum fjélda sameinda & yfirbordinu, < Ny > / < Ny >,
einfaldadu eins og mogulegt er og gerdu grein fyrir markgildinu pegar 1" — 0.



