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Notes

1st Law recapitulation

U = intemal energy

du,, =dg,, taw,, +dn,, (n=number of moles; do=0 for closed system)
du,, = -dU,, ienergy conserved |

dU is exact differential

U is a state function completely general

AU = dg + dWpy + AW 4, +dn
for only P-V work and closed system (@w g, =0, do=0)
dlU=dg- R di"

« Constant volume process dU,= @, AU=(,

1
isothermal expansion of ideal gas: concepts illustrated
irreversible reversible
10 atm Pex=const Pexi=Pin=P
300K isothermal expansion | AV>0, AT=0, AU=0, q=-w AV>0, AT=0, AU=0, q=-w
1 mol
g au r o
ﬂ W= Py | Vi~ Visiga ! w =-nRThn \_"“
Vinitia
1 1
w=—| P .dV =-nRTP, [_ - _] Paa
1atm _i “\ P Pia - FnRTI ™
300K =-22447
1 mole —
=-w Q=227
* AUjre,= AU,
« AV>0,w<0 workis done ON
* Girev #Grev
* Wirey ¥Wrey
e -(-5743 J)>(-(-2244 J) | 3
two relationships for ideal gasses: a («sec) look ahead
(will prove rigorously in next lecture)
« for any substance
&, =dg. =nCrdl and AU.={nCdf fora constant volume process
« but for an ideal gas
dU = nCdl and AU = nC,AT for ANY path (not only constant V process
[other parts of path, changes of P and V with constant T, give zero contribution to AU]
« forideal gas
C.=C,+R
« monatomic ideal gas
~ 3 ~ 5
C,=—R C,==-R
[simpie proof coming soonj
5

- Adiabatic process du= dw AU=w
2
Pressure-Volume work reversible adiabatic expansion
P=10 atm PPt (10 atm — 1atm)
- 1 g adiabatic °g
u f - ol
= B reversible of
u f og
H oatm - expansion q
R oo Fﬂ_‘: —_— H
% oo [datm= =
m 00 Ia] =
L 3
+q=0
e w= - [ PoydV
« AU=q+w
*AV >0 w <0 (Wg, >0)
« AU=w < 0 = gas cools as V increases
4
adiabatic processes and the First Law
q=0
AU =w
expansion AV >0 S[PaV=w<0 AU < 0 (ideal gas) system cools
compression AV <0 S PaV=w>0 AU > 0 (ideal gas) system warms
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ideal gas adiabatic reversible processes WORK

it
w=— | FdV work
iritial
Be=R.,=P reversible
P= nRT ideal gas
v
so as before 72:
fnal F
wan | m g
iatial wiias ¥
nal

but T varies along
path initial - final

for a reversible adiabatic expansion of ideal gas

important derivation (next few slides):

for reversible adiabatic expansion of ideal gas

relate (P,V,T) at any point along the
reversible adiabatic path to

(Pinitial ’ Vinitial’ Tinitial)

STRATEGY: AU ;. . =ihw=—Pdl" = I}FVITT =dl 'ngm

equate dU and work for reversible adiabatic process P, =P, =P

AU =qdw=-PaV’

AU = n(_“vﬂ']' =-PaV (ideal gas)

nFVdT:—"iTﬁl'
C . ar v
RT VvV
— ws,
¢, ar ]

& ¥ v,
Vi A gy gy i
R '

initial iniial final

(other) TvsP relationship for adiabatic reversible (HW#15)

S [
LAV, =LFN
with
= _= . _uRT
Co=C,+ R and I=T
& &
LEV, =551
G [}
157 uRT, _ I;T #RT
P, E
[ [
—H —H
L* B=T% P,
G+R 4R
LER=L %P
L] L3
LER=L¥F  for any two states (T,, V;,P,) and (T,, V,,P,)
== =3 along an adiabatic reversible path
LF _LF
2 B Know: Tiniiai, Piniian: Prina calculate Ty | 1"

8
for adiabatic, reversible, ideal gas: TvsV
G, T 1
2 =In1
R Tl I
T -
In| 2| =In—t
Tl 5
&
|Z|" -4
4 £
& &
LRI, =T FT)
for any two states (T,, V4,P,) and (T, V,,P,)
along an adiabatic reversible path
know: Tini!ial! V\mtial! Vfinale calculate Tf\nal
Tinitiats Vinitialr Trina Calculate Vg 10
summarizing (and HW3 #15)
TvsV
TvsP
PvsV
for any two states (T;, V4,P,) and (T, V,,P;)
along an adiabatic reversible path
12




Chemistry 163B Winter 2014
notes for lecture 4

1 Reversible Expansions adiabatic reversible expansion: P,=10 atm — P,=1 atm
Piia=10 atm 1 mole, monatomic ideal gas
10 initia
Tina= 300K & & _
R R
¢ Vinitia=2.46 4 2= Tl_ (_
[ P,= 10 atm B R R
, T,= 300K L
. isothermal BT
(S 8 constant L=1 P
= P,=1atm 1
T T,= 227 2
5 2
a use TvsP T,=1 [%] = 300K x 0.1 %
Pra =1 atm 10 aon
Tisotherma= 300K T, =300K % 0.398 | = 119A4K
=246¢
isothermal - o
E ST ey - calc AT =T, ~ T, = (1194 -300)K =—1806K
. " N N AU AU =uC, AT = (1 mol) (1.5) (8.3145 ] K™ mol™)(-180.6K)
adiabatic s ‘{‘/ (i 2 2 AU=-2.257 K
Pia = 1atm
Vadiabatic= 9-80 £ 4~ .G:’
Tadiabatic™ 119.4 K - 13 cale — Vs -5.743 kJ for isothermal reversible
T BV qw qrw=AU= 10 atm — 1 atm at 300K 14
° =R
HW#2 Problem 10 (Raff 2.14) Problem HWH#2 Prob10
cyclic process
10. [from Raff #2.14] One mole of an ideal gas at a temperature of 500 K and a Carot Cycle, HW#2 Prob. 10 [Raff 2.14] | isothermal expansion
pressure of 6 atm is subjected to the following changes: P1VLTH 11 adiabatic expansion
STEP 1: The gas is expanded isothermally and reversibly 1o a final pressure of 6
Satm.

111 isothermal compression

IV adiabatic compression
‘STEP 2: After completion of STEP 1, the gas is expanded adiabatically and

reversibly until the pressure reaches 4 atm.

STEP 3: After STEP 2 is completed, the gas is compressed isothermally and P1=6 atm, T4=T}=500K
reversidly 10 a final pressure of 4.800 atm. (P2.V2.TH)

Pg=5 atm, Ty=Ty=500K
STEP 4: After STEP 3, the gas is compressed adiabatically and reversibly 1o a
pressure of 6 alm, refuming the gas (o a temperature of 500 K

P (atm)
o

(PaVaTD)

=4 atm, qp_y3 =0, Ta=T_
a. Compute w, g, and AU for STEP 1 P4=4.8 atm, T4=T| . qq_,4=0

o

Atthe completion of STEP 2, what are the temperature and volume of the gas? N
Compute the amount of work done in STEP 2.

o

PaV3,T|
Compute w, g, and AU for STEP 3, (P3.V3,T)

a

Compute the amount of work done in STEP 4.

°

Compute w, g and AU for the entire process. HINT: T, =457.3K

Volume (L)

lectures this Wednesday-Friday [3X]
(Monday 20" Jan HOLIDAY; exam Friday, 315t Jan)

better make it a triple




