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heat capacity (E&R section 2.5)

%:C heat capacity [J K-]

the amount of heat requires to raise substance 1K
dq = .
o -ne molar heat capacity [J mol -+ K]

the amount of heat requires to raise 1 mol substance 1K

C generally dependson T and conditions
for example ideal monatomic gas (independent of T) but

= _3
add heat at constant volume C, =5 R

transfers of energy: HEAT and work (sec 2.3)

change of energy by heat transfer
dq=CdT =nCdT (C is extensive,
g= I dq= I nCdT C is intensive)
path path

C will generally depend on T and path

q > 0= energy (heat) gained by system
(endothermic)

q < 0= energy (heat) lost by system
(exothermic)

add heat at constant pressure C,, :g R
3
heat only transfer (also zeroth law; E&R p7)
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da,=nC.dT, dq,=n,C.dT,
assume C' sindependent of T
q=[ nCAT=nC,(T,-T,) da=[nC.dT=nC,(T,-T,)
C,(T-T
q:+0,=0 3T,:T1+7n272( <T)
nlC,+ﬂzC2
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final T nhew T n2v62
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transfers of energy: heat and WORK (sec. 2.2)

change of energy by work done ON system

dw = dwev + o Woiner

dwrv = —PexdV
Wev = j dw= J —Pea dV
path path

w >0 = energy gained by system
(work done ON system)

w< 0 = energy lost by system
(work done ON surroundings)
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processes: definitions of constraints

« jsolated q=0; w=0
* jsothermal AT=0
* adiabatic q=0
* “against constant
pressure” P,,= const

* reversible process P,= P,
a (ideal) process that proceeds so slowly
that an infinitesimal change of conditions
causes the process to proceed in the
opposite (reverse) direction

* irreversible process

all other (real) processes proceeding at finite
rate 7

derivation of w = — P4V (work of expansion or PV work)

W*g,,= work done ON SURROUNDINGS I * pressure=foreefarga

" %
W= PXAxAh
v
W= P XAV
W—work-ON-SYTEM
*w=— PAV

to be consistent with
work done ON system

(@) Initial {b) Final
state state

ideal gas and energy, heat, work

for IDEAL GAS
* U(E) depends ONLY on T

«isothermal, AT=0
* AU=0=qg+w
. q:_w

« adiabatic g=0, AU=w

* monatomic ideal gas
*U=(3/2)nRT
«C,=(3/2)nR
*Cp=(5/2)nR

P - P - -
res‘ system is gas inside piston; weights are surrounding [**"'

P=10atm isothermal AT=0 Pex=1atm

expansion AV
_—

expansion against constant pressure (irreversible) |

+system is piston and gas inside; weights represent external pressure of surroundings
* Pexi=1atm (during volume change) ; AVgys > 0; Weye= - P AV o <0
« work (<0) is done BY SYSTEM ON SURROUNDINGS (1 atm weight lifted)
«later (E for ideal gas depends only on T)
isothermal ideal gas AT=0 = AU=0 w<0; - w=q>0; heatabsorbed by system

gainst

P - T . . -
resl system is gas inside piston; weights are surrounding

adiabatic =0
P=10 atm Pe=1 atm

adiabatic

expansion

| adiabatic expansion against constant pressure |

« system is piston and gas inside; weights represent external pressure of surroundings
* Pex=1atm (during volume change); AVgys > 0; Weye= - Poyq AV <
« work (<0) is done BY SYSTEM ON SURROUNDINGS (1 atm weight lifted)
« later (conservation of energy U)
w< 0; g=0 (adiabatic); Ugys < 0;
energy (potential) of surroundings increases = energy of system decreases = gas cools

Pressure-Volume work reversible expansion

P=10 atm Pex = 10 atm — 1atm
isothermal AT=0
reversible o
°
°
°
expansion
—_—

* W 0N SUrr rev > w on surr irrev
W= - [ PoudV
+Pey =P =NRT/V = w=-[nRT/VdV

« isothermal =T=const
== NRTIN (VinalVinigal) 12




Chemistry 163B Winter 2014
Lectures 2-3 Heat and Work

Wogner (E & Rp. 20)

change of energy by work done ON system
dw = dwev + @ Wother
dw = —PeadV + d Wotner

W= J‘*P@(l av +J‘d'Wothe'

Isothermal expansion: P.,= const ideal gas (irreversible)

Pe=1 atm

P=10atm isothermal AT=0

expansion AV
\

1mole 1mole
300K 300K

10 atm 1atm
V, Vz

Isothermal expansion: P,,,= const ideal gas (irreversible)

Pe=1 atm

P=10atm isothermal AT=0

expansion av
M \

o
w=- [ P,V PV=nRT
Viniia

1mole  w=-latm (V,-V;) 1mole
300K | _300KR(moD  300KRamop 00K
10atm °  lam " 10atm atm

\Z w= -(300 K-mol (1 atm) R [ﬁ’m :m‘fz

w=-2244]= 2244 K]
(- sign implies net work done ON surrounding) 16

Donehlllﬂmgal Mass (m), b,
weight agains ass (m), 252
e posiion w=-[mgdn e
surroundings) i 13
Isothermal expansion: Pg,= const; ideal gas; Graphical Interpretation
final
Wosen= | ~PofdV
initial
Wouem =-Area under F,, -V curve
10 # W, =Area under P,,-V curve
Pext
(atm) all AV against
Py = 1atm
S LT
T
\4 \A
V(L)
15
Pressure-Volume work reversible isothermal expansion; Pg,=P;,
Pox = 10 atm — 1atm
P=10 atm 1
isothermal
°
°
°
9atm °
expansion °
—
°
meal
1mole 1mole
300K 300K
10 atm 1atm
Vi vz
17

isothermal irreversible vs isothermal reversible:
which does more work on surroundings ??

P..=1atm

!

irrev
AV W= -2244 kJ

— irrev
P lm atm - * l Wo=+2244 kJ

\ Py = 10 atm — 1atm
rev
NG |

rev irrev

WSUU Wsurr
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Pressure-Volume work reversible isothermal expansion; P, =P,

Isothermal expansion: P,,= P, ideal gas; Graphical Interpretation

Peq = 10 atm — 1atm

P=10 atm
isothermal AT=0

°
RT
10 3 p, =20 N
v %atm J o
Pext / final expansion °
(atm) Woan = | BV _— .
W,om =-Area under P, -V curve
1 W,,,=Area under P, -V curve w "vzpﬂ‘w Viinal
/, w:-vTﬂdv =-nn'r?ldv=-nk'rh|&
! 1mole ;‘,;“K: o Y 1mole
V.- (mol) ; _ 300K R (1mol) 300K
v, v, 300K “=7 atm =" 10atm
108 (300 kemol) Rl 102 \1/ atm
Tatm
\% (L) Vi w=-5743 J= -5.743 K] ?
(more work done ON surroundings
19 by reversible than irreversible; w _ =-2.244 kJ) 20
molecular picture of heat and work: molecular picture of heat and work:
constant volume heating (E&R p 23-24) isothermal compression (E&R p 23-24)
i ‘box’; 0.2 K He gas in 5 nm ‘box’; 0.4K . .
He gas in 5 nm ‘box’; 0 gas X He gas in 10 nm ‘box’, 0.2K He gas in 5 nm ‘box’, 0.2K
; n=7 |e
y—
| RIS e,
™
heating of He, constant V
w=0; g>0 He, 0.2 K isothermal compression
w>0; g<0
1. energy levels same spacing: 4V=0, W=0 (no change in size of box) — -
2. greater number of atoms in higher energy levels: g> 0 raises U; 1. energy levels further apart for smaller ‘box’: 4V <0, w>0, raises U
(note E scale 1024 J vs 102 J)
3. 4U>0 2. greater number of atoms in relatively lower energy levels: q<0, lowers U;
21 3. 4U=0 22
lectures next Wednesday-Friday [3X]
(Monday 20" Jan HOLIDAY; exam Friday, 315t Jan)
better make it a triple
23




