Chapter Two-The First Law  Physical Chemistry For UGS-2"? Year 1% Semester

2-6-3-2 Relation between C, and C, (Derivation)

q, = C, AT = AU (at constant volume) (2-23)
q, = C, AT = AH (at constant pressure) (2-33)

552 (Cp) ol laiss ol ol (C0) ol n o Ayl dadl 1 (2-33) 5 (2-23) adobadl 0
Jid e s coll bais o Lyl dawd) O] ) 55 &3 § Cadly Cp > Crdagd O bl
) Jaid el AUall auazr pdsind oo (ol @ o Ayl dnadll Al (§ Jua Y (Gl o3
AU = zero 4ed mruai plladl 5)ly> domys sl Y ledie iy AT I 40 (pladl) 31 8yl d)s 28)
Bly> St e BlUall JWES] e dded Jid ladie Juam Coll daius s dylyodl dadl S0 olaell
L9l Loy pAV dad (e pangadlly (2-25) dolaall I gozyl die elldy cplladl 3 )yl 03 J1 8L

e s @il pladl 9! e

AH = AU + (pAV =ART) (2-27)

(2-34) JSadb Dalaadl 0555 9 A sl 30y o gl ke dnB R dovd O] Lag

AH = AU + RAT (Charles’s law) (2-34)
U dslaadl (e Juaxi (2-33) dolaall po AH 9 (2-23) dalaall oo Lgdola Loy AU o (asgatlly
C,AT = CyAT + RAT (2-35)
1(2-36) dolanll e Juass cpdydall IS po AT B> dasg
¢p=-=Cv +R (2-36)
13U (A1) Uolaadl e Juams odel Wslanll (i3 8ole] dasg
C,— Cy = R, for one mole of ideal gas (2-37)
C,— Cy = nR, for no. of moles of ideal gas (2-37)

Co oo JB1 Cy &1 29 oMeT 483 bo iy R 9l Cp (30 Cy 7o dudas O s (2-37) Aolaadl &)
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aio Jel el i o Bl i e Aatiall Bl 0 Aekae O g Mg ¢ Cy 30 ST Cp O Lo
(Mono atomic gas) )l oY1 5Ll ey lymedl s (yo 8Nl (g paasld Pl (2-37) Aol
A1) 83Ul iyl g ) Tadg o(R) Bl pladl colidl gl Loy Gyl O ol <SS

1O ezl gy 8yl SabYI 3Ll

qy, = C, AT = AU (2-23)
OR
_ _ 9y _ 3
AU = C, = AT 32 #nRAT (2-38)
_ _ _ 3
AU=gq,=C,= R (2-39)
S JSEIL zeual (2-6) Aolaadl O siad Jids dg Cu Elidaius Caxdly dylymed| dandl o]
AU = q,, (nC,AT) — pAV (nRAT) (2-6)

q,(nC,AT) = AU + pAV(nRAT) Rearranging the equation

QW) e Jaseid (ol 1 Balaall (2-6) Asbasll 3 lgasbs Lo AU & o525 (2-38) Dslasdl oye

3
#CyAF =5 ARAE +nRAT (2-40)
QW e Juaz nAT e dolasll § b dewisg
3
Cp=5R+R (2-40)
1(2-41) Volaadl Je Juazd pazxlly
5
C, = 5 R where this is prove that C, > Cy (2-41)

D13l § 8583 093 ¢y Cp dansd A8ym0 (S (2-41) Wolaall (30 9 Cy Lo &dym0 (S (2-39) Wslaall oy
3

C,=>R =>x8314Jmol 'K = 12.471 J mol 'K~

v o2

5 5
=—R = = 8.314J mol"*'K~1 = 20.785 ] mol 1K1

C”Z 2
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C,—Cy = R,(20.785-12.471)Jmol 'K~! = 8.314 Jmol 'K
1AW Aslaadl UM (y0 (Jaxid Cy 9 Cp o el e

& =y = 20.785J — k= =1.67 (2-42)
Cy 12.471 - mel—K—2*

A LSS e Oldeadl (§ lgalsin] zus g5 e (219 oainylyad! atasad ! o Axaaddl Jion Uyl 50,01
Apdaiellg ddliedl Bl ol laigs s g @ i 4)Y goll dyylyedl daadl i g3 (2-2)J 9!

Table 2-2: lllustrate the molar heat capacities of ideal and real gases at constant volume and constant pressure.

Molar heat capacities for various gases (J mol™? K1)
Gas Co C C,—-C v = Co/Cy
Monatomic gases
He 20.8 12.5 8.33 1.67
Ar 20.8 125 8.33 1.67
Ne 20.8 12.7 8.12 1.64
Kr 20.8 12.3 8.49 1.69
Diatomic gases
H> 28.8 20.4 8.33 1.41
N2 29.1 20.8 8.33 1.40
(0] 29.4 21.1 8.33 1.40
co 29.3 21.0 8.33 1.40
Cl, 34.7 25.7 8.96 1.35
Polyatomic gases
CO; 37.0 28.5 8.50 1.30
SO2 40.4 314 9.00 1.29
H20 35.4 27.0 8.37 1.30
CH4 35.5 27.1 8.41 1.31

Example: Estimate the molar heat capacity of nitrogen.

Solution: Because the N: gas here is di atomic so:

5 5 ~1p-1 “1p-1
CvziR:§8.314]mol K =20.785] mol " K

Homework 1: Calculate the molar heat capacity of helium gas (helium is a monatomic

gas and it is ideal gas).
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