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 gruai plladl 8)ly> dmys sl Y ledie iy AT I 40 (pladl) 31 8yl d)s 23)
Bly> St e 88Uall JWs] die oded Jad e Juas coll ot e dylyod! dadl 6 bilaelb
L9l Loy pAV dad (e pangadlly (2-25) dolaall I gozyl die elldy cplladl 3 )yl 03 J1 8L

ide dhass bl Jodl ogilall ¢y

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=-=Cy +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
_ . _ 4 _ 3
AU = C, = == - 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 Jameid (3 A1 Balaall (2-6) Aalasll § lgagls Loy AU & o525 (2-38) Dslandl cya

3
RC,AT = 2 nRAT + nRAT (2-40)
QW e Juazs nAT e dolaadl § 5 dewuding
3
Cp =5 R+R (2-40)
1(2-41) dolaadl e Juaxd aazllg
5
Cy=3R where this is prove that C, > Cy (2-41)

M) 3 2,53 095 (50 Cp dnsd Adyma Sy (2-41) Dslaadl (30 9 Cy dasd Adyma Sy (2-39) Dslaal 50

C,=>R =>x8314]mol 'K = 12.471 J mol 'K~

= ER = > 8.314 J mol 1K1 =20.785 J mol 1K1
P2 2
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C,-Cy = R,(20.785-12.471)Jmol 'K~! = 8.314 Jmol 'K
13U Aolael IS (e (Jamid Cy 9 Cp oo duenddl Lol

C, _ 20.785)mel K=t

— = = =1.67 2-42
¢, ¥ T12.a71 merin—a ~ 1© (2-42)

4SSl Oldaall (§ Wgaldsvinl b g5 einw (@19 crinhad! ciaeddl n &) Jior s Yl 50,01 O
LA
Example: Estimate the molar heat capacity of nitrogen.

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

5 5 ~1p-1 —1p-1
CV=ER=§8.314]mol K =20.785]Jmol " K

Homework 1: Calculate the molar heat capacity of helium gas (helium mono atomic

gas and it is ideal gas).
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2-6-4 Adiabatic process

dass 529 63 ASaluagall edaidl e Ygiae 09S0 duaall 0da § pllaill 5T g5 A5l Akl
dasd Jas Ko e Jaomall Y1 dBUall QL zrawog 38Uallg 85l Jio Lagins Joladl oy £95 (ST Juams Y9
doyly=d) daad) 516 adke 9 g = 0 Sl JUWL Jawmall o (5)y2d)1) d8Uall ULty grase Y Jgsaall pladl & Lo
(WS o cloily g0l JoYI 0 g3lall g dasd (e gt e 9 e I Lgluns 9SS

AU = q + w,AU=04+w (2-6)

AU =w (2-43)
Al 4 Gudg Jaad joall Jaad) Ao dem sl ddsiu)l ABUall pad) Gl gotins (2-43) dolas! ;e
& ) Aomiis e AS5Leol ddasnll (@ 51 aued Sl elldug e I Dgluns Lgted Y Byl a8dle
o0 paied ddadl sly2Y dogllaall 23Ul Hb Sl sl Juass ledi€ (&1 Lgads JUl Oibozad dds-1ull ddlall
Bily> dzps § p2lassl Juas JWby HW liai e Jdae J85 dde Sl @by 48y dolall i3
Ul Blyy> days § sl Jhas Cae S palds wie WSl e ¢pllasll
duoall (§ siall Jaadl O G dongisy plarl) Al a8 Uall Gl e Juass dialis o 5Ll sued 03]
ducoall § 3ol Jids Jaaze) Caum (Wad < Wiso ) &e,593081 dalaall (3 3aiedl Jied) oy J31 00550 A5 LodI
Sl 3 WS colispael) a1l A8UaIN U s udg Jameall U8 (p0 8)lyoa)l poliaia Aol dneysg 33l
rogidenl (Bl (o Jaidl § Gyl s g (2-8) SSadl

Isotherm, p =< 1/V
Adiabat, p < 1/W

Pressure, p

Figure 2-8: An adiabat depicts the variation of pressure with volume when a gas expands adiabatically and, in this
case, reversibly. Note that the pressure declines more steeply for an adiabat than it does for an isotherm because
in an adiabatic change the tempera.
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2-6-4-1 The work done of the adiabatic process

& ez AW s O] Cum@SEladl ddasll § parsdly Blmdl Ao i3 AU ms g (2-9) Sl
shas

sadll i Aol ponanll o133 B gan ccnadl L bl 0 81(2) 1 (1) 03) o0 Lyl i 1 J gV Bglasell
(ol B3lymdl Ay Al A1 38U &) Lag Bylymedl Ay gy Sg (el SWI) pllaild sl
Byl dzps § sl pie o (BU = 0) O e [U= F(T, V)]

8 (353) p2lassl Juasy Gy haid (2) p8) daidl e Jaud! J] LYl o 2yl due 1451 B glasell
23 ggnzma O JWbg 8)ly=)l dyd § st o (AU # 0) O ke ool gy plasl! 8,20l days
13V Wien (29 &5y JoYI (righasd! (§ Aol il paill Eoazee Sy dudsIl 38U (3

Temperature, T

VT Volume, V Vf

Figure 2-9: To achieveya change of state from one temperature and volume to another temperature and volume,
treat the(@verall change as composed of two steps.

AUt = AU, + AU, (2-44)
AUotar = (€yAT)q + (C,AT); = 0 + (C,AT),

Because AU = 0 + wg,4,q = 0 (adiabatic)
AU =wgy (2-43)
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1 3YE Tamaid (2-44) Dolaall § (2-43) Dalasdl oo Jatdl (2 ga3

Wgoq = C,AT (2-45)
Lol 8yl dmys (§ il e dainy 4S5 Adeadl (§ Ul 5l suasdl Jiss OF (5 (2-45) Dolasll
G (AU = 0) O e 8yl domys (§ ) (Ao daing dds-1ad) @8Uall (3 pasdl O dnoyg3dl dudasll 8
(AT = 0) & 8)ly=dl 3 98

Example 1: 700 J of work was done on ideal gas in a perfectly insulated container.

(a) How much heat energy was transferred? (b) What is the change in the
internal energy of the system? (c) Will the temperature increase or decrease
during this process?

Solution: g =700 kJ, (done on ideal gas = compression):

(a) q = 0,because the system is insulated (aduabatic)
(b) AU = wgq, for the compression of the gas (2-43)
AU = 700] (2-43)

(c) The temperature is increased because the process is compression

yly> dzyd @y de Je S Blaail 0Y (AT > 0 or Te > Ti ) dxzrge Syl A2 dad 0955 i

Example 2: The temperature of 4 moles of Ne gas decreased from 500 K to 300 K during
an adiabatic. process. (a) How much heat energy was transferred? (b)
Calculate the change in the internal energy of the gas. (c) How much work
was performed during this process?

Solution:n =4 mol, T. =500 K, T>= 300 K.
3
(Cv & ER), 1.5x8.314Jmol ' K1 = 12.47J mol"1 K1
(a) g = 0, because the process is adiabatic.

(b) AU =ncC,AT,C, for mono atomic gas is 12.47] mol 1K1
v v g ]
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AU = (4 mel) (12.47 ] mel=2K=1)(300-500) K
AU =-9.98 kJ
(c) AU = —-wggo0r wyy = — AU (2-43)

Way = —(-9.98kJ) = 9.98 kJ

2-6-4-1-1Deriving the relation between temperature and volume in a reversible

adiabatic expansion

1A Aslaadl IS (po Jam &S0 dwsa)) dudoal) suwidl Jicdo
dU = —w,4; =—pdV (infinitesimal changes) (2-43)

FAIW Dolaadl NS (o 92 A LooN! ddaadl (3 dds )l dBUa)l pad I Cayadl Gld SISy

dU = C,dT (infinitesimal changes) (2-44)
1(2-46) Aslaadl s sz ciolaadl O § a1l 88Uall il oy prsgasll dis
CvdT =—pdV (2-46)

JIN= OR L sl O AR u‘l ui“f bl gy JLAA.HJL’.U P:odbﬂ:ul\ =L oMel dlalaol! Z)! Lasg
(2-46) Aol Lg Laall e (peas ‘03 Ol ‘ﬁLa.” Ogolall

_ nRT

P="y
nRTdV
C,dT =- (2-47)
V

c,dr _ nRdV (2-43)

T V
c Trdr R Vrdv

vLiT—_n le (2-49)
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(2-50) Wslaall e Juazs Dslaoll k) JaS2 sl

Ty Vs
C, lnFi =—nR ani (2-50)

e Juas (2-50) Dolaall i By
C Tf B Vf

v
—In— =—R In— 2-51
n T; V; ( )

Dolaa) s JWby pamoel) Gl plially Jawad! cr Joaidl elyz] oSy dldl B3I 3o salsallg
Szl

v
Pin-L = In- -
R nTi an (2-52)

%J_)b::J\M\@nQ)’jﬂ‘&dﬁ&&MMj&gueqo@apb:J\w‘Mcvu
ddgats olss e Jeml Coll paem o Aplyad! Andliolss B8 @y s e o dyyY gall

C C
f = C,n and Zm

(2-53)
e duass Cufn @b e’ gl ldSy (2-51) dolasl) deudl A1 dsbg
V.
(T—f)c = (V—l),for number of moles for perfect gas (2-54)
L f

oo 5dadg LS3lusd A uSadhodel dulasd 8ylyoull Ay ool il oy A3Vl Jiss (2-54) Aslaol!

U 3Ll Y gl
ViT," = V;T;,whereVT® = constant (Why?), HW 3 (2-55)
Vy 1 , ,
Ty = Ti(V— )c , rearranging of the above equation (2-56)
f

Example: Consider the adiabatic, reversible expansion of 0.020 mole Ar, initially at
25 °C, from 0.50 dm3 to 1.00 dm3. The molar heat capacity of argon at

constant volume is 12.47 J K mol™, so ¢ = 1.501.
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Solution: n = 0.020 mol, Ti = 25 °C + 273 = 298 K, Vi = 0.50 dm3, Vi = 1.00 dm?

Cvm=12.47 J Kt mol™?, and c = 1.501.

1

Ty = Ti(V_; )e , rearranging of the above equation (2-56)
: 3 1
T, = (298 K)(m )1501 = 188 K
A0 Dslaally Lga 923 @5 (AT = -110 K) (2 (@19 (AT) desd osurnd cBylyond] dryd gzl s
Waq = nC, , AT (2-45)

Waq = (0.200 mel)(12.47 ] K—2mel=1)(—110 K)
Wyq =—27.4]
Sodel JLadl opo L2 13
kel Jid xe 3390 W 9 (Ti = 298 K & Tr = 188 K) plaidl 8)y> dys § polasuyl -1
Doaitll Jids po Sl el &S e daiay Y 8)lymedl Ay sl OF -2
2-6-4-1-2Deriving the relation between pressure and volume for a reversible

adiabatic expansion

T V. 1
L (V—l)? ,after rearranging of equation (2 — 54)
f

~
O
Il

oo 3yl 890, 00 g (e 5l olgdls &Syl Aol oy aeaillos Jlall 31 Wslas ol
(2-52) 03y Uslaolly lgsiasgad @ (a9 Jkod! 51 slao SN

T |4
S _Prir ,fromideal gas equation (Chapeter 1)
T; piV;
psVy Vy
C. .1l =—R In— (2-57)
vm iVi Vi
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Pr Vy Vy
In 2L In — =—R In— 2-58
Comtn Lt Copln ny (2-58)
Py f Vf
Comin =L = —RIn-L—C,,1 2-59
vm N D, nVl v,m N = Vv, ( )
%4 V
Cym In Pr _ —R ln—f—C,,,m in L (2-60)
i Vi Vi
V
Comln Y- R+ Com)In L (2-61)
Di Vi
(2437) Woleall I 50 R dasd (ye (292
Cpm — Cym = R, for no. of moles of ideal gas (2-37)
S Jrazd (2-61) Aolanll lgaigal @5 (09

Ps Vy
ComIn —= —-C,,In V. because Cp, ,—Com+Cogn =
l

i

(2-61)
Cpm

o palsill paol) duddly plaally Jasidl ypdbtdl sly] VIS 9 (2-61) Uolaal) 4l DI dsbg

e Juazs ALl yla)l

( )—(—ﬂ“m (2-62)

lodis 9 U9 (o ,.\Sl da 8 u\.) P9 LS (pud Com/Cym = y > 1 (heat capacity ratio) &l Sl
GYE 0555 (2-62) Ualaally Lgsp gas

()—() or 2Ty = 1 (2-63)
Py f
prfy = p;V;Y,where pV¥ = constant (Why?), HW 4 (2-64)

Sl Y gl e saly LSSl deuSall sdal deban) @aelly Jassall (§ adll (2-64) Dslaall Jie3

L;L.o.”
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Example: When a sample of argon (for which y = 53) at 100 kPa expands
reversibly and adiabatically to twice its initial volume. What is the final
pressure will be?

Solution: pi =100 kPa, y = 5/3 and Vs is bigger twice than V..
V.
Pr = p,-(V—l )Y ,rearranging of the above equation (2-64)
f
135
py = (100 kPa)(E )3 = 31 kPa

50 I diglus diowed 0555 OF (5 9580ll9 31 kPa (p daysuiuall Jaiall dasd Of oel Jlial (o LoD
sl Jis O ) o9 <3 (3 Corandly (x5 pa0 S CBgus Jadiall O e (yBpe el 8 exdl &Y kPa
Ol Cu Jamall e Jgiae 435S &ny3a )l ddkasdl o AST lasalidais e Jony 4S5l ddbasd!
oo 88Ual J51 Jaas Juasey JWls plaid] 8yl e Jadloxs dua s3I ddandl (§ Lacmall (po daslall 23Ul

ALYl ddeal|

2-6-4-1-3 Deriving the relation between temperature and pressure in a reversible

adiabatic expansion

—In—- =—R Iln—> 2-51
n nTi nVi ( )

DS e el e agaill San Ll Lslgidly Syl Dol e by Jliall 5l Dolna sl
(2-51) 0d) Uslaall lgsaugad @3 (309 Jliall Aslas

Ve pily , ,
= 3 ,fromideal gas equation (Chapeter 1)
Vii T,
T ;T
f Pi'y
— :_R — -
Comlin T, In P, T, (2-65)
T ; T
f Pi f
Comin—=—RIn— —R In— -
vm N T, np}c n T, (2-66)
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T T .
f f Di
Comin=—+RIn—=— =—R In— (2-67)
T T; P
Je Jhazs ALl )Lyl dadlae Sy (2-67) Uslawll (5 Buel,
T
(Com + R) lan - rm” (2-68)
i Di
Cominst = Rn®L b Com = C 2-69
pm nFi = R nE, ecasue C,,, = C,, + R (2-69)
T
(T—f)cp'm = (%)R ,rearranging the equation (2-70)
i i
Ty Com  py
(F R = p—,rearranging the equation (2-71)
i i
(2:71) Wolandl § (Comyr = @) dasd 8 sgallig
piT" = psT;" ,where pT* = constant (Why?), HW 5 (2-72)

Homework 6: Suppose that 1.00 mole of an ideal monoatomic gas at 1 bar is

adiabatically and reversibly compressed starting at 25.0 °C from 0.1000
m3 to 0.010 m3. Calculate g, w, AU and AH.
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