Chapter Two-The First Law  Physical Chemistry For UGS-2"? Year 1% Semester
3 -1 -1 1 -1
Cv = ER),1.5x8.314]mol K =12.47 ] mol " K
(@) g = 0,because the process is adiabatic

(b) AU =nC,AT,C, for amonatomic gas is 12.47] mol 1K1
AU = (4 mel) (12.47 ] mel=2K—1)(300-500) K

AU =-9.98kJ
(c) AU = —-wyg0r wyy = — AU (2-43)

Waqy = —(-9.98k]) = 9.98 kJ

Homework 1: Nitrogen gas expands adiabatically from 0.02 m3 at 20 x 10° Pa to

0.08 m? at 2 x 10° Pa. (a) How much work was performed by this

gas? (b) Calculate AU.

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

adiabatic expansion (perfect gas)

AL Daledl IMS oyo Jans £S5 Lao) ] LSl dcdonld suked] i
dU = —w,4; =—pdV (infinitesimal changes) (2-43)

A Dslaol S o 90 LSl Aubeall (3 A1l 28Ul i) JU1 syl 18 1S5
dU = C,dT (infinitesimal changes) (2-44)

1(2-46) Aslasll e Juasm cnidslaall 36§ &) DUl il oy (agail] disy

C,dT =—pdV (2-46)
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UM oo Lasiall e e OF oSa Jaiuall iy Jlall S el il passs odlel Aslandl O] Lasg
(2-46) Aslaall § Jaiall e (Bgas o5 Whlall pladl Ogilall

_ nRT
P="y
nRTdV
C,dT =— (2-47)
%
C,dT _ nRdV s,
T %
e e Sl Adandl § Bylyedl Ay o] (§ Al lpasl) Dslaal] (§ 5kl Joolil) dsl
c ij dT R f"f dv (2-49)
— =—n — 2-49
Y r, T v, V
(2-50) @olaall e Juass Dslaoll k) JobDI dsbg
c.int R It (2-50)
v nT—i =—n nVi -
Je Jha= (2-50) Dolandl (055 Bueby
c, T Vs
no T; n v, (2-51)
Y6 slaall sy pansnld Al plially L) o ol el 5Sar &Ll B)LY1 cya palsalls
c, Ts V;
Y inL St -
nR Ty W (2-52)

Ayl dad) Jaad n Vgl sde o lgasudd ey Coll px> cod dylyadl dadl Jid Cy L
HW 2 S13l) n Y ¢ll sue e lgasud das 33550

C C
;v = Cym and ;;’m =c (2-53)
Je Juazs Cy/n dad oo (asgadl AUiSy (2-51) Dolaed) &l DIWI Jsbg
Ty V;
(T—)"' = (V—),for number of moles for perfect gas (2-54)
i f
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o0 39 LY LSl sdatl] Ao §)lymedl Ay eamalls sidl yp AMI Jias (2-54) slaall

- JGadl Sl @Y g0l
VT, = V T/, whereVT® = constant (Why?), HW 3 (2-55)
v, 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.

Solution: n =0.020 mol, Ti =25 °C + 273 =298 K, Vi = 0.50 dm?3, Vs = 1.00 dm3

Cvm=12.47 J K mol™?, and c = 1.501.

1

Ty = Ti(V—; ), rearranging of the above equation (2-56)
T, = (298 K)(% )Tlol =188 K
1.00dm2
B Bslaally lgo a5 o5 (AT = -110K) @ @19 (AT) asd o iylyl As s Jgaamll sy
Waq = nC, ,, AT (2-45)

Waq = (0.20031061)(12.47 | K 2mel=2)(—110 K)
Way ==274]
Sodel Jliad! o L2 130

kadl Jids ae 39 S 9 (Ti= 298 K & Tr = 188 K) plladd! §)ly> daxys § polassyl -1
Sail Jids po Sl e Hadl &S e dasian Y Bylysdl dmyus paaidl G -2
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2-6-4-1-2Deriving the relation between pressure and volume for a reversible

adiabatic expansion (Perfect gas)

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

oo oyl iy 8 Lsal (Sen Sl Algils Aty Aol oy eailley Jiall 5L Al ol
(2-52) 03y Wslaolly lgsasgad @ (a9 Jkadh L] Uslao I

Ty _ PrVy . :
—= ,fromideal gas equation (Chapeter 1)
T; piV;
PrVy Vy
—_RIn-L 2-57
CymIn 7 In 7 (2-57)
Py Vy Vy
Comin—+ C,,,In — =—R In— 2-58
v,m n D; + v,m n Vi nV,- ( )
Py Vy Vy
Comin— = -RIn—-C,,,In — 2-59
v,m n D; nV,- vm n Vi ( )
V
Com L= S (R4 Cpp) In L (2-60)
Pi Vi
(2-37) Dslaedl I (10 R dod (e (2 945
Cpm— Cym = R, for no. of moles of ideal gas (2-37)

A Jwaid (2-60) dolaalb lgsaigad o3 a9
Py Vy
Comlin —=—Cpm In V. because Cp,,—Co+Com—Cpm  (2-61)
L L

o0 palsl) o) Gl plaally ol 0 bl elyz] SIS 5 (2-61) Aslaall 4l D) sl

Zul.c Jua=s ddldl 5)\.&11?\
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Cpm

(2 ) =(y )C”m (2-62)

bedie 9 d>lg oo JQS\ dasd uLS P9 L ol Com/Cym = v > 1 (heat capacity ratio) ! ol
IYE 0555 (2-62) Uslaally Lo g

(2= —)V PPy oy (2:63)
Py Vy
prfy = p;V;¥,where pV¥ = constant (Why?), HW 4 (2-64)

oo sdaly JUedl Hll) A5 Lo &Sl sueddl ddaad el Jasall (3 sl (2-64) slasll Jis
Y gl

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 = pi(V—l )Y ,rearranging of the above equation (2-64)
f
1.5
py = (100 kPa)(E )3 = 31kPa

50 J] gl diamed 9953 0T 92 9paadly 31 kPa (p Ayl asall degd O odlel JUdl o LoD
sadll Jio ) ] 39 G5 G Gl - xipow S g Skl 18 dle (xye Caeliad ub el Y kPa
Ol Cu amall & Jghae 435S &ny39 )1 ddkasdl o AST laivall ads e Jomy 385! ddkes! 8
o B8Uall 3T daasthasy JWlg pladl )ly> e Ladloss dea )93 ddanll (3 Jaall (pe Loolall 33Uall

SV ddeal!

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

adiabatic expansion (Perfect gas)

Pint —_ Rt 2.51
n T, a7 (2-51)
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IS 30 ezl e paganll (Sn Sl 45lgilly &SIyl Al (e parailly Jledl L1 Dslas plasiisl
(2-51) 3) Uolaalb lgsasgad @3 o9 Sl dslas

Yy _ PiT
T T
f Pily
C,,in— =—R In (2-65)
v psT;
T Ty
f Di
C,. In-L =——RIn~L —RInt (2-66)
R ¥ P T;
T Ty
f pi
Comin—=—+R iIn-L =——R In (2-67)
vm Tl Tl pf
e dnams AL 581 dadlae SIS (2-67) Dolaod! iutiy Bach
(Cym+ R)In—- =R In— (2-68)
Tl Di
Comint = R nPLp Com = Com+ R (2-69)
pm nT_i = nE, ecasue Cp,, = Cyppy -
T
(T—f)cl"'" = (%)R ,rearranging the equation (2-70)
i i
T Com
(Ff R = %,rearranging the equation (2-71)
i i
(2-71) Vol ‘3 (Com/r = @) doud (4 gLy
p:iTf* = 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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