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Chemistry 163B
Lecture 4
1st Law Calculations for Ideal Gases
Winter 2020
Challenged Penmanship

Notes

Menu: for TODAY(s)

Review of equivalent statements of 15t Law

Ideal gas calculations for REVERSIBLE adiabatic expansion
(fourth condition, viz lectures 2-3, slide #13)

« P, V, T constraints for reversible expansion ideal gas
(HW#2 15)

+ Cyclic path: combination of reversible adiabatic and
isothermal expansions/compressions (HW#2 10, HELLO
CARNOT CYCLE !l)

1st Law recapitulation

U =internal energy
dU,, =dq,, +aw,, +dn_ (n=number of moles: dn=0 for closed system)
du,. =-dU,,, (energy conserved)

dU is exact differential

U is a state function completely general

dU = dg +dwy, +dw,,, +dn

athar
for only P-V work and closed system (@, =0. dn=0)
duU = dg—P_dv
« Constant volume process dU,= &q,, AU,=¢,

« Adiabatic process du=dw AU=w

2
isothermal expansion of ideal gas: concepts illustrated
irreversible reversible
10 atm P.=const Pexi=Pin=P
300 K isothermal expansion | AV>0, AT=0, AU=0, q=-w AV>0, AT=0, AU=0, g=-w
1 mole au o -
W =P (Vg — Vigiga ) w =-nRTln \A
1 1) Vi
=—| P av - R
w=—fr, = BRTP o—5— | - uRTIn Dt
1 atm — fmal il P
300K = 2447 -
=2 =-5743J
1 mole
== q=57437
AU, 6,= AU, | 22 what can one say about the function U ‘ \

AV >0,w<0 work is done ON 22 ON system or ON surroundingsJ

Girev #Urev | 22 what does this imply about the quantities

Wirrey Wi,/ and w and

(-5743 J)rey> -(-2244 J)rey

irrev

?7? which does more work ON
surroundings rev or irrev j

two relationships for ideal gasses: a short look ahead
(will prove rigorously in next lecture)

« for any substance (only P-V work)
dU, =dg, =nCvdT and AU,=[nCr T for a constant volume process

« but for an ideal gas

AU =uC,dT and AU = uC, AT for ANY path (not only constant V process)
[other parts of path, i.e. changes of P and V with constant T, give zero contribution to AU]

« forideal gas
C,=C,.+R

* monatomic ideal gas

P
€. =3k &=1R

[simpie proof coming soonj

adiabatic processes and the First Law

g=0
AU=w=—[pav general

AU =nC, AT ideal gas

expansion AV > 0 -J PdV =w<0 AU < 0 (ideal gas) system cools

compression AV <0 -JPdV= w>0 AU > 0 (ideal gas) system warms
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Pressure-Volume work: irreversible adiabatic exj ion P, = t
P=10atm adiabatic =0 P=1atm
L A i,
| -‘—5- adiabatic A il
R N g
R g - g g
g g expansion g g
AN WA 0 A g
.isaun iua(m‘: : f
! q g g
R A A A
| adiabatic expansion against constant pressure (irreversible) |
1mole A =04w==P_(V. “"”“"”['ﬁ*t‘#] jrm,?li
300K it soon show R 2°
10atm (el &=l o =2R(T) e
V. Y - 3 2
1 —tatm (tmol ]R{JT -:é’: X ):;umrmr —300K)

IFr-= r=-1347] =- 7kJ hoqin, less work done
b”" Tz 192K w 13470 =-1.47KI than isothermal (-2.244 kJ) 7

Pressure-Volume work reversible adiabatic expansion

P=10 atm Pe=Pint (10 atm — 1atm)

B B adiabatic °f B
H i A oH H
g q reversible ol g
g R off g
B 9atm R expansion R g
Moo - — Moo -
:oo|1atm: :oo|1atm:
Hoo o R oo o
E Viital ' ' Vinisai E

<=0

e W= - PoydV

« AU=q+w

AV >0 w<0 (Wg, >0)
* AU=w < 0 = gas cools as V increases

ideal gas adiabatic reversible processes WORK

work
reversible
ideal gas

so as before 72

ey @)

o

,

P

e at

but T varies along
path initial — final

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

AU = d&w=—PdV

dU = nC,dT =—PdV (ideal gas)

n€,.ar =-"RL 4y

C dT _ v

RT ¥
TR E, AT I’” av
A RT )W

CopaTms o Vo 1 Vs

R T;Ilrnﬂ ]/mlnrl '/ﬂlmf
or
C—'lni—fln}—=ln -
R T1 ¥

8
for a reversible adiabatic expansion of ideal gas
important derivation (next few slides):
for reversible adiabatic expansion of ideal gas
want to relate (P,V,T) at any point along the
reversible adiabatic path to
HW2 #15
(Pinitial ’ Vinitial! Tinitial)
STRATEGY: AU, 4y, =W =—PdV = nCdT =dU,,, .,
10
for adiabatic, reversible, ideal gas: TvsV
C ) f
—In L_ In "
R T1 ¥,
&
= .
In L =In 4
Tl v,
&
L|*_¥
L) V%
42 &
LEV, =17V,
for any two states (T,, V,,P,) and (T, V,,P,)
along an adiabatic reversible path
Know: Tinisats Vinitiar Viina 2 calculate T,
initial» Vinitial» | finat > Calculate Vg 12
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(other) T vs P relationship for adiabatic reversible (HW#15)

for any two states (T, V,,P,) and (T,, V,,P;)
along an adiabatic reversible path

Know: Tiiiars Pinitiatr Prina™ Calculate Ty | 13

summarizing (and HW2 #15)

[ &
TRV, =T RV,
2o TvsV
and
L
L* _n*
P, B TvsP
and
y y— =P
HW2 #15 ——> where y = Ey PvsV

for any two states (T,, V,,P,) and (T, V,,P,)
along an adiabatic reversible path

adiabatic reversible expansion: P,=10 atm — P,=1 atm what’s T, ??

EXAMPLE YEA!

P,=10 atm z Z
T,= 300K P,=1 atm T.R TF
—_— useTvsP 22 _ 01
V,=2.462 { T,=22?? P F
n=1 mol
& & _
LU L
P B R 2
N
r-r[BF
A/
n=1;[ Lam 00k «(0.)
\10arm )

In =300K %(0.398) =1194K

Reversible Expansions
P aa=10 atm 1 mole, monatomic ideal gas

Tiritia= 300K 10 atm — 1 atm
Vi =2 46 ¢

— isothermal
£ 6 constant
8 P==
< s Vv
o
4
Prinal =1atm

Tisothermai= 300K
Visotnermar= 24.6 £

adiabatic

Pina = 1atm
Vadiabatic= 9.80 £ 4~
Tadiabatic™ 119.4 K

14
adiabatic reversible expansion: P,=10 atm — P,=1 atm what’s V;??
ANOTHER EXAMPLE DOUBLE YEA! YEA !!
P,=10 atm P=1
T11= 300K v§= ”a;m usePvsV RV =RV,
V,=2.462 £
n=1
BV =RV,
also:
¥V,  1moi{ 0821 arm mal 'K J(1194K)
2 Ll o el 0154
V.-080{
V.
¥, =2.462( x(3.98) =9.80(
16

adiabatic reversible expansion: P,=10 atm — P,=1 atm

| AT=T,, T, =(119.4-300)K =-180.6K
calc

AU AU =n€, AT =(1 mol) (1.5) (8.3145 JK"' mol')(~180.6K)
(av=-2.257 kJ )

calc
q.w

vs -5.743 kJ for isothermal reversible
10 atm — 1 atm at 300K

18
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" Pyiia=10 atm Adiabatic Exp.an_sions
Tonitia= 300K 1 mole, monatomic ideal gas
Viiia=2.46 £ 10 atm — 1 atm

Adiabatic
reversible

P (atm)

T,=119K

10atm —1atm w =257

Vi =246 (
Vi =9301

v more w on
surrounding = cooler

Adiabatic
irrreversible
P,

=lam

20 25

T,=192K
w=-1347J

HW#2 Problem 10 (Raff 2.14)

10. (from Raff #2.14) One mole of an ideal gas at a temperature of 500 K and a
pressure of 6 atm is subjected to the following changes

STEP 1: The gas is expanded isothermally and reversibly 1o a final pressure of
Satm.

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
reversibly to a final pressure of 4.800 atm.

STEP &: After STEP 3, the gas is compressed adiabatically and reversibly (o a
pressure of 6 atm, retuming the gas o a temperature of 500 K

a. Compute w, g, and AU for STEP 1.

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

o

Compute w, g, and AU for STEP 3.

a

Compute the amount of work done in STEP 4.

°

Compute w, g, and AU for the entire process.

20

Problem HW#2 Prob10

cyclic process

You’ve Made IT

N O

Jdeal Gas Calculations
and the _Ffivst _[ow
'four paths to enlightenment’

handout # 10 provides a summary of
our work on calculations and
interpretations for ideal gas
expansions and compressions

22

Carnot Cycle, HW#2 Prob. 10 [Raff 2.14] I isothermal expansion
(P1V4.TH) 1I adiabatic expansion
s 11T isothermal compression
1V adiabatic compression
P4=6 atm, T4=T=500K
— Po.Vp,T)
% s ®2V2TH P2=5 atm, Tp=T=500K
= (P4VaTD) Py=4 atm, qp_3 =0, T3=T|
Pg=4.8atm, Tg=T| . q4,1=0
. .
(P3V3.TY)
! 5 8 ]
HINT: T =457.3K
Volume (L)
21
Menu: for TODAY(s) DONE !!
v Review of equivalent statements of 15t Law
v Ideal gas calculations for REVERSIBLE adiabatic expansion
(fourth condition, viz lectures 2-3, slide #13)
v P, V, T constraints for reversible expansion ideal gas
(HW#2 15)
v Cyclic path: combination of reversible adiabatic and
isothermal expansions/compressions (HW#2 10, HELLO
CARNOT CYCLE !l) 2

E_nc] of Lccturc 4
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