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Phase Diagram for Water
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3. An ideal gas at 300 K has a volume of 15 liters at a pressure of 15 atm. Calculate (1)
the final volume of the system, (2) the work done by the system, (3) the heat entering

or leaving the system, (4) the change in the internal energy, and (5) the change in the

enthalpy when the gas undergoes
a. A reversible isothermal expansion to a pressure of 10 atm
b. A reversible adiabatic expansion to a pressure of 10 atm

The constant volume molar heat capacity of the gas, ¢, has the value 1.5 R.

To: 300K T, Po: IBatm = P : 10atm , Vo : IBL =V , Cv=1.5R
a. A reversible isothermal expansion
D T¥Y—= PoVo = nRT.=PV

&) W=JPdv = [y = nRT. Loy = AoV Sne

= l5atm"I5L - £ S=>5 = 91.2 atmL = 9. 24kJ (:latwL= 0l SE5T)

- V: PoPVo = {Batm - 5L = eE.SL

(0atm

3) isathermal = dT=0 0122 4U=0 LAU=f-Ww=0 = f=wW=92%kJ
( §>00122 en’rerfna)

u) c.,:(%g AU-‘-J‘CvdT =0 (- isgthermal» dr=0)
5)Co=C) --aH=JCdT =0 (- isgthermal~ d1=0)

b- A reversible adiabafic expansion .
) Cy=15R / Cp=R+Cv=25R .- T=G=

3
V=PV — = (ﬁv_o*_)v S

oVo 3 K
ol - B 1oy, = [0atm 19.1L T djsT = 255K,

Adiabatlc (i.e. &= 0= W= z—AU =-4a0 = —\rﬂCvdT = - /.5nR- AT

- 1.5 - BBl . -45K) = 50.6atm L = 513kT

3) Adiobatic = - §=0
Y) AU= §-W=—-n=—5(3kT
5) a=JnGpdT = 2.5nR4T = -84 U odm L = - 8.5 kJ



4. One mole of a monatomic ideal gas, in the initial state T = 273 K, P = 1 atm, is
subjected to the following three processes, each of which is conducted reversibly:
a. A doubling of its volume at constant pressure
b. Then a doubling of its pressure at constant volume
¢. Then a return to the initial state along the path P = 6.643 x 10 V2 + 0.6667.

Calculate the heat and work effects which occur during each of the three processes.
Po=latm , To= 213K , one mofe of a monoatonic gas = Vo=ﬁl:= ee.4L
a. . doubling of s volume o const. P
DW= JPdV = P-AV = fatm - 22.4L = 2.4 atm'L = 2.3 kJ
2) §= aU+w = 1CvaT+ W = [mog - 1.5R - 213K + 2.3kT = 5.1kJ
(BNo/To = P/ Ti 5 Viz2Vo - Ti=2Te @ AT=2To To=To)
Then, Pi=latm , I = 546K, V.= 44.8L

b. doubh’na of Hs pesswre at const. V
Dw=JPdV =0 (-dv=0)
2) = aUtw=4U=nCy 4T = |mf - [.BR Z4bK = 6.8kJ
(PVi/T = BV (T2, Pa=2P . Ta= 2T, - AT= 2T\‘T\=T\)
Then. P2= 2atm, Va= 44.8L, Ta= 1092K

C.return to the inttial stfe along the path P= 6.643x10™*V*+0.6661
1) W=JPdV= [ (6.688x10™*V*+ 0.6661)dV

= [Lxbeu3x0*V3+ o.bb(;'lV]:: = =324 atmL =—3.3k]

oVo __ zvﬂ.
e) PO=J.2-P1 9 v0= Lﬂ:v’- 9 P—‘\rig- - -P?;__ o TO =zj:T1 = 2’)3K

2 4T= To-T2=—8l19K
f= al+w= nCvAT+w=1Imol- .5R -(-8[9K)+ (-3.3KJ)
= -10.2kJ - 3.3kJ = - 3.5kJ



