Lecture03/30

Monday, March 30, 2009
9:46 AM

o
WM

Notes 0330

Audio recording started: 10:02 AM Monday, March 30, 2009

e Chapter1: Ideal Gases
o Macroscopicproperties of gases
o Equation of state

?V=Y\RT

Once 3variables are known, the state of the systemis known:

U HA, G 'S
uipm

= Pressure:force molecules assert on containerwalls

ZaN
<

Collisions of molecules on containerwall

Fo_r'ce = IDrcSSUr{

lorte
Areo

dimensions  prass-length = mass
’Hmez'lﬂx\gmz f""’\cz"mﬁ'l‘h
mk s uncts: pascal = _IN = k
f o~ ;Zf;_
IOSPmSCc\.(: | bar = p 6(STD Pre_sSUr,,)
Lockm = [. 013 ba

| torc= L ofm

/60
- PV"’ Ene,rss
- Témpefoj\)fe ~ Ave Kt O‘F §(,s‘/5m
4 2 —> 1 2
S
T <, 7= T,

Aisin thermal equilibrium with B, and B isin thermal equilibrium with C, then Aisinthermal equilibrium with C
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Designing thermometer (object Bisthermometer)
—M—®

n £l

How do we define temperature scale?
Thermodynamictemperature scale: (Kelvins) K

thls)
INANA N ./’[—rl‘;,:)lg_ Poin+ mC

a,(waljs occurs ad Samg 'fq.\,o

T = 273.06K

Thermometeris anideal gas at constant volume and number moles of material doesn't change

ssut (¢ measurerment
TIAea! P(e
Ag_{s) Gas of  Femporate
] WWMMﬁ.

/
P(T)

Tlowrerr) = Fogreer “273.6K
P-r.P.

Pressure cannotbe less than zero, so temperature will never be below 0.

720

Celsiusscale, 0°is melting point of waterand 100° is boiling point of water
O/°c =T/K~273.Is
’P\/ﬂ\P\T\\
Kelvin

P\law(\) ol Gose = ideal cgaS

Ideal Gas

Molecules are very farapartin respectto theirmolecularsize, solow pressure gives this

(]
Thenforces between moleculesdo notinteract

K- Universal gous constant
T&[wo\uls K
n OJWNJS o les
R= .34 T/keal  (poscal,
R=%.210"dmL (ke L)
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A

<ol
R= %31n5 borl (bar, L)
K-mol
R =323k torr-L (@,r//L)

K-peol

Applications of ideal gas law, set 2 variables constant and investigate dependence of one on other

N=constont M ($otherms constant T dn
T=constant \D, \/, =5, V,
P V= constadt ,
P = const 7
v TI 4_E \/
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Discussion03/31

Tuesday, March 31, 2009

9:47 AM
TA:Luan Vu OtherTA:Terry
Ivu@chem.ucla.edu Office hours geology 4607
Office Hours: Geology 4607 Wed 4-5pm

Tue 11am-12pm Fri 9-10am

Thurs 2-3pm

Problem set problems not posted yet

Ideal Gas Laws

Pl
V=100 dw’
™ = S.Oog

methang
P I.OO"(OGPa flogk exP(oJeS 2 to ot

ol
VV\OICS (V\Q_’H'\&J\e_f 5%" 50~O(¢C56 - Olé-(ﬂ\mul CZ A[(’ “N

PV=nRT
ooy o=

nR (0.166)(8.314)

PLLg
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Lecture04/01

Wednesday, April 01,2009
9:53 AM

o
WMA

Notes 0401

Audio recording started: 10:02 AM Wednesday, April01, 2009

Office Hours Geology 4607
Terry W 4-5, F 9-10
LuanT11-12, R2-3

Midterms are in C524 (29th april & 28th of may)

e Chapter1 Continued: Description of ideal gasses PV=nRT
o n,Theldconstant

YV)I‘C\fosCo lCO/“
Aa R P ,G( ) P 7
=f(n,T
P \\ . X% i N\ 7
3 \So crms "’ >
>> ,/\\ﬂyelku(a < 4
v V<

\V24
/LSS' a:”llflo‘r\f rnor € co”'f{on_;

>

o n,Vheldconstant ~
P = aln V) T« 4/\
e P [eat 2 R V—7
pr~T i1Socore 2

T~ Ave lkanete energy - w,locl‘('y int

Choles' Law T Coll. freg. 2T
CD”. {(‘e_%. X 'f;rce per co”l_fm"\ —>ﬁ
lon T /hth

o n,Pconstant
\/m ':"\_/’ = |
linea - l/ n 70
\/ mMolar

; L ¢ Volume /4 me
1S0bo # de[f'l, la( Jd‘"h’
mo /m" /ﬂ( mess

Lo 3/m.l of %/rml
T PV., :@T) 7 =70/‘/1
p=PRT

IV

p=/m RT

Considerorders of magnitude M
V.. at STP (O°C, latm)

. Vo = 224914 L/mol
VUE V, ot SATP (25, [ bor)
Vin = 24.790 L /o]
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o Mixture of gases N

= No .—
AR N, E' %y |
ol 'chﬁole 1;,\-{7..(# r

of Species l'_" moles

P.= X R\

. .
Parﬁ P\ ?ressurc pressurt

P apphes to ideal € nonideal qases

\
0
Q
5—
85T

-
Pd = KT <“—~on |l1 trve for ideal wh P

V &FPY‘Q)(:M&.‘l'C e ron ifeal = n:

o Real GasBehavior

PV#(\RT m\'crescuP\C
Wh%? [} o

-

e/ intencty

2 not ‘u,wvl

= VanderWaals

P=nRT - &(ﬁ_>z
V-nb \Y

ernH‘eV\ me\ar Valdhf\o. V/“"’u

P=RT "o a, b0

\/M~L> V.m2 cOns‘/‘arﬂLS —f/]cd‘ dﬁp&hc{ on
CL\@,M}(_@[ {‘Jon’(‘l.fy dn/y

[sive

l) Stort P= rﬂ
V

Dmadify b => volume  excluded volume
e e V Mol
P-nRT
V-nb
3} attractive, yeduces veloey so Fon wall S less
P will be olccrmseo"“(-\?‘)z

P=nPT - a/n\?
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Vb (V)

e Chapter2: First Law of Thermodynamics
= +
4U q( l/0(\
I ~

chonge i \
intevnal exergy

work
heat

Definitions:
o "System"-partofthe universe we have aspecial interestin

o "Surroundings" - rest of the universe from the system

o "Boundary"
= "Permeable" - matter/energy can be transferred back andforth between systemand surroundings (open system)

= "impermeable" - matter cannot (energy can) be transferred back and forth between system and surroundings (closed system).
= "diathemic"boundary - heatcan be transferred

= "adiabatic" boundary - no heatcan be transferred

= |mpermiable+adiabatic=closed system

o Internalenergy
= Internal: molecules|Ebeakeratrest, notin movement

= Energy:kinetic+potential
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Lecture04/03

Friday, April 03,2009
9:57 AM

Midterm open book. 1 page front and back
Final open back. 3 pages frontand back

e Chapter2: First Law of Thermodynamics

F @ PE(F)J,;"EJI

( ref. Posih'nn )
(DFE s relstive quantit

@O U Is extasie (ealeswlsiv o 975‘Izm)
W s a stk fonction
(CAGI\? onlv dzpe..Js on rnitral 4 Baal sréf,J

HU=qg +w
U=KE+ PE
kEcﬂ_ﬁg
KE= 2
[ Y
o

H,o()

worm

b o(1) 17

Cu _1—71

Werk-’ w )
W= f_,( ?ﬂ

r

PV wock

Pext
l
k2772 774
*

dw = Foct - dz

Fct = Faxt *Aren Adz=d V
dw=(Pext-A) {;KM) de "»;‘(—V

W>0 if work is done g gystem
w<Q if work is done !;7 575‘7L(’/h
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OL‘) = 'IDCx‘l"A

Wp >0 foc contraction
W <0 for exponsion

Cu(ff#‘—\_ vk
N =2 (‘P"'" \pll)
W, =T 4 P ptential differonce
Q; QF rc,‘:rfé;f tre

Surface Exewsiom
Wee = f_fﬂb’dv
e
tersion
similar to gpring
UM~
W ~frdl

AU = Gt w e——1st |aw of +/\a/‘moa{7namfc5
oy fr  chbsed System

s stodement of consevation of eneryy

AU=0
du = dh‘\a, t Afw
shate net shae
function fumchons

Backto PV Work

dw = = P dV

Free Exponsion
Ped=?

R ST du == Bor PV
5 Bosf
P#o W=

‘rve//MV( 0
0 gret 43
il I [l =[P dV = = Pt AV
o L w
%
ok vy ANz P AV

| mace ot & tine expansion e ene.
’_J’_‘/a 'an P¢X+:Pl‘n+ @ dw:— PDIV
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Lecture 04/06

Monday, April 06,2009
9:49 AM

g

whia
Lecture 0406

Audio recording started: 10:01 AM Monday, April 06, 2009

e PVwork
o Free expansion
o Reversible expansion -

Pext
 repply Pert by small masses
er'y
and remove massas 1 by vre
S
h)
vevesiple expansion

syston alrays at €f

o Alwaysinequilibrium
o Impossibletoactually achieve since time would have to be taken to infinity
o Useful toconsiderasa limit

J'_F Pa)d— d\/
Weei® -, PAV

o 2cases:
1. Ideal gas: Isothermal reversible expansion

Wey ® _J+ Y\ﬂ d\/ in 'ls"#\e"“""{/ ‘l"CMp /S constant
P,,-f PX; l'so‘f“‘brm

/(A) \//s;‘flallwm

o (A
Max Wofk avm|able
fort R Vi Vo Pz P,

Wirey © ‘,{:ﬁdv /N/“‘/D((/ V)

=R (V)

Reversible gives rise to maximum amount of work.
Irreversible gives less work than reversible

2. Reversible Adiabatic expansion of real gas (coverthis nexttime)

¢ Relationship between internal energy and heat

AR=>G

lS“i‘ {GW du (}%,—PJW
® +consider svsfeﬂ\ that anh, exPansion work can be done
+consider constant V pracess
— du ’dl?’ et gV (dV=0)
AUz ¢
AU, = %V
+L||S Con B meosured T ?t V) L, constant V Ca/of/mfr.j
CO\\oer\dfg!

Arermngty et "’ark
s M .
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] D =§L
Ll

W heat capacity
conctant V % =cAl
v AUV
::I = T
AUy = cAT

how 1o determine C_?
fun rxn in containe  that we know AU for
AU‘:M wn =C
AT
OF YUn Constant curent over time ¢ measure heat Frupste
Welet = C

—_—

VA

He 4p
! M\“\n\” Enthalpyis astate function (only depends oninitial and final state) since AUand APV are also state

H = u 4 PV functions

AH= AU+ APV

1) Onlyexpansionwork possible
2) Constantpressure process
3) Psys=Pext

dH A dU+d(Pv)
dH,= dU+ P4V +VaP

= do +d + PAVHVAP
~BudV=-PdV consint P> dVP=0
dile = dLO( - PAv+RIV £ /4P = ,,!%4 de/
dHP = J%P
take i'\‘ltsmol
AHe = g
COY\S“'O\V\'* P COJOI'/IMQ,'f'bf
N"d -H,umd"ﬁ(l
Ge= c AT =AH;

AH<O eXo-f'thV“lC C{’P<O I’\ea.‘f‘ {oSS bt/ St/skm
AH>O endsthermic cx,f.>O heat absorbed 57 SySv‘cm

H=[Q+PV, AHFE AU
AH =AU+ A(PY)

AH differs AU only when APV s considerable

for condensed Plnase,s A(PV)«DM so DH¥AU (o gasses /'nV°’V'J)

if qosses are  involved Ael‘\,/ can be significant

L APVZ AWRT) 2" RT(an)
PV=nRT when AnZOQ then APV is not neﬁl@ab/e Compared h Au
AH=.AM+A(HRT)
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HR= AW+AGRT)
AHZEAW+RTAR

¢ HeatCapacity

AU and AH O"\O\Y\SCS UJH‘;\ T

= CAT
dg=cdT

¢ Heatcapacitiesare notgeneral, every system/material has its own heat capacity
¢ Heatcapacities depend on state of system (temperature, pressure, volume)

C(T,P)
C(T,Vv)

* Heatcapacities depend on nature of process taking place
Ccorresponding to constant volume processis not same as c for constant pressure process

Cv #Cp

Atconstant volume:

J%F duv = CvdT

Definition of constant volume heat capacity:

SR

0T )y

J%F:JHP: CPdT

Definition of constant

CP;&CV
%WAIH CP >CV

ressure heat capacity:
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Lecture 04/08

Wednesday, April 08,2009
10:01 AM

® Finishing Chapter2

iclosed syster U(T V) or U(TF) or.
)Constant @mposl'l’\af\ no chem Hrashormodion H( )nf (/{(l f') ol

-T(H P) Need 2independentvariables
/

oo ) )

au=(hﬁ) oV (ﬁ)a"r

W 5T

UandH are state functions,

VT —— \, T,

Jv\ /1;0
A}

T2

du = (_bg)dh _)l_J_>JT

V/T T N
l m— =@ for IJ%( 30\5
du = T dV + C CJT v
‘“‘z‘t,fmw'ﬁ P N
ideal qos! AU';C dT Lo : B
(,» non iﬂ'f‘efac'h.ﬂj
w1
\\, MJT @ for el 9as
dH = -uyr Cp +cPd! . f )
Juole g Sl cnpueity

‘lde.o\.( SO.S: dH: CPOVT

Isothermal reversible expansion of anideal gas:

rev \fenl gos
et befores JWE=PAV = =nBT AV
eXPOo-NSion Pz VL . V
R T U\)=—-V\RTJV,@<7V:-hETln_\/Z/

v

AU =fTTCvdT: )
AH= [ e dT=

Heatinvolvedin process?
AV Gtw
o+ ¢n RTLn _VL
4
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q,slr\RTln \[

N

v,
AH= AU+ A(PY) '
O A(nrr)
AH=0
Reversible adiabaticexpansion of anideal gas
rgvuc\\o‘i
ad\uba_‘\'\c
—_—
GivenvariablessuchasV1,T1,V2orV1, T1, P2
VT, 4
A=W, bl 4* O for sdiabatic e
dU = dw? - For dV= ~ PV e
Ceannot do nEToW v ble don't know o f!’»m,o cAannaLS w/ yolume.
dU=c dT Vo
- PaVE AT
- —nRTdV = c,dT
'
-nRAV =c,dT
% T
Wi gracke CV(r sl o) = consTant
Y\R‘Y\v = C IV\_Z_ F(m'ml 5&5) coﬂS'fan+
vl T; CPM CVM
Cxwﬁod-r_ beth sides k&/la, headt Capaufy

Cy nR
() (%
T (% ,

take ot sides fo Pcv"f ¢

Y Cpm~LCym
T ) (e
T Y vV,

¥

=Coam =Cp
Cym Cy
L=V )
T, Uy,

’2 - —R(M_)Y_l
Vy

AU= ¢, AT AdeH codt

MU= ¢, T{ML
V,
AH=¢, T, ,ML -
Vz
W= Ct'H,(

NSVE cT(,v\gzLj )
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u‘o:ciun'c T(V)"' [
B (Ol

SUF(aosQ glVOr\ a‘f',r\(/ Var\a_L(ES

-1
A -—(yL>
v,

AN
PV = constant

p- c_o\r)s{é@f - ‘{d\a‘ooj

Isotherm: connection between pressure and volume where Tis constant

P = covst {safkerw-
v

&
P Adiabat falls off fasterthan isotherm
4
' seTherm CP>CV
M'“LAT C S X >l

Vi V V? G, v
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Notes04/13

Monday, April 13,2009
10:02 AM

s
’[TT:(%\(/—A—)TS?: O {or | deal 90-5

Ze>dU=TAS—F%V Py
J\@_U) =—T(~&5 ~ P(ﬂ
dV L Vv WV /7

MC»J(W(,“ r&‘p:}lo"\

dA = - SdT-PJy
(bb:/S >T :(%%a)v\\ﬁ\/

Ty -‘(M Tl - @l
3V A% WV i

5,148) 2

T7=DE~P=O
\Y4

How to measure 7|:r ‘Fo(' 3&5

Sovle s Exp thesmometes
wW=0
- C)ﬂ‘ :0 Sﬂ W:O
Ho
bacth

dU = j@ = W;JV*CVOIT

(_)(C*PP_ Ciden.l 3(5) AT : ZZ/:JV“CVd{\
(Coor ~Cidmtgos = Cyy dT= Tt V
w

CAT= T+ AV
AT=()
Tr=0
Indicated internal pressure of gas is relatively small quanity

Notvery sensitive experiment because specificheat capacity of
waterisvery large

Hhresmorder

More sensitive experiment: —_— J !”J‘
ad il 1C
] u:_—[Cf]?\ ro W=0
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dU=0 = T JV+C, dT

This experimentshows Ujtends to be very small forreal 2— (
gasesand Oforideal gases ( I - /Ulj ﬁu/e CoefﬁCLM+
() n

TdV.= €, dT.
)

O\U'T]TTO\V+CVdT Covet & Pt T as indep. voarables

4V =(§%TAP+(_§%)P dT

&3) K fﬁ
. HOL_L(HZ c,,j:ﬁcwt o theemal acpansin ()
)
C/gr V+C,
now u'l'LW‘ JGSMHTVE@L): C éL/l

‘H\uw\oJ Compresabi /lf7 (K>
T
* denvechue oJUuo\qj neg, Se "\5‘ vsed

1'7TT\/K

[Do. ..
AV = = T VK P+ (BT VAC, )dT

(ﬂ) 2 ﬂ) +C,
)T A
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1& dP%;QJJT

o
)T

{M 0{0;'\’-]- léﬂOW MMSL/’( enﬂla//;% éu‘i"

a P con  MegaSyre

L/u cham r&h—h ,\ )

JP
YV\U|+ bO-H’l S’dq |1 H’\VV"LCf
= (T [ )P
/ 3’9 H bT
holdaﬂ‘ﬂ'\ﬂ’p\’ const. CP
'n GKF'P
MIJI—-,— (‘jUV,Q 'fl\om'osnn Cae‘FﬁCl{n+)
T MerGp
How is joule-thompson cpefficignt measured?
PP PG edinbor D
%, High? (LOW P Sy Stem
ua#( /80 2 a? I//
m/ parovs. Pt
plug

ep feachy  shudy state ( TZ—T‘,) = Myp
H

CONServes mﬁl\al}abl MZ‘COV\#'W PZ_—TGT

How do we know enthalpy (H) is constant? Consideranalogous system:

///////////

p\—E AV T, /%mz SN ﬂg T\% Z/u\Pz
272
Plsl“ll;h PU["\
mfal Stafe ]pmaf state
(TZ-—I_I> = MTT xet::l?)\centhalpydoesn'tchangebymakinguseofdefinitionof
" Howu +RY
A He = u+Pw
AH = ?UHPz r\/|
A ‘lqu
ﬂ'd““‘f‘lc (0 V) P(\/ O)
{ A= /D V PZV
AH= PV-RY, 1, Y-F Y =O
Q0...
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Show why Ujr =0 for ideal gases and small number for real gases?

(bH) =7 Co
P
plug n def o erthalpy ( H= UPPY)

M +r5(EV}

(b? )T g )‘r
/H /'A’\
—W_TK\/ + \/4(‘6—\—/-)')

3P L
-TKV+V-VPK
“augs o= — TRV (VXI-PK)
MTT:_V_(WTTP)K”IJ

Ce
\_C:;:l;fﬁ Hr ded 75_50 "R
K~:i(ﬂ =—1/)%—
v vIigE
= 1
> P -1=0 P
P
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Lecture04/15

Wednesday, April 15,2009
10:04 AM

(8, (), ()
Q@J T{—vg)ijwz \(/K: (i

SNV

M'TT _('\Df Voan n{a/ \asa /I§

Chem 110A Page 20



V_l’\b r)) ‘9) .
0-\%2L{0\ ¢ Tedius ﬁ*(%’)?ﬁf’.(g\i/_ T o (ab’]:\, ’e gasier L‘T Oler choin rule

Real ooses Mgy #QO
ot STP
mye (C0,) = HUK fatwn
if Mg 1S pesthie, then T decreases P @?T)H
e (N)=0.25 K/ake
myr (H)=0.0 K/t

As gas expands, species become furtherapart. If species have attractive force, they must overcomethis
energy by kineticenergy via temperature to move furtherapart.

There are also repulsive interactions, soif repulsive forces are predominant, then there isdecreasein
potential energy and goes to kineticenergy which increases the temperature.

Real gases differ fromideal gasses by that of theirintermolecularinteractions

dH - %V&)T dV+/,§7j_%_)vdT

), ) L
o Al N R

R

connection Col (Cy
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e () (), - () (45 )
() TG
Cv

P

= aT- V4PV JPv) :PVﬁ
CPN(_V=E/%/<'WT+P) P (AT ),,

ComCum B\/m <T{\T+P)
= E:E"P': T(Aﬂ) "P
kK, L),
Com=Cum B \/W\T
K

{‘\of on  idead 60\5 SMP(C CI”"CCV.‘
(\M *’0 e,va\(uodt /3/ /<, \/;h
Bllg.:-—j—

T

Constant pressure heat capacity is higher than constant volume heat capacity because
constant pressure heat capacity can do work while constant volume heat capacity goes to
kineticenergy.

Fora givenincrement of heat, the temperature goes up more fora constant pressure
process thana constant volume process.

Ingeneral, there isapossibility that the heat thatgoesinto the system canincrease the
potential energy: That's where [Trcomes from.

Typically betaand Vmare much smallerfor condensed phase systems (solid or liquid) are
much smallerthan forgases

BS,L< < fbﬂ

\/M (S:t) « \/""3

i
S\)W\V\/\ow'\1 M:,—T'(;LV)U
Y\ = T = /P2l _D - RT_DP—-_. -~
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e L e gy

& T ) P = BT e,

i
@{g_) - T, KV=(KP-BT)V
() P T
) = s, V(- V(AT o12)
My -CAL ﬁT—Q

)<

) cang ) or)

fjdu:Aw [T dV+ [ CodT
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Notes 04/20

Monday, April 20,2009
10:01 AM

e Chapterd

AR’
A— B(s)ﬁf\(a +B( °
HO-H (g)—> OH(¢) - H<5) AH"= Dy

CHq(j>—‘_—> CH3 + H ) .DcH }simnlo/ .D:~H~
ClcHy CHlo) gy cuzcu CH, + HE) D

Pg69 - table 4.3 - tabulated of mean bond disassociation energies.

H (j 2 O {j) '{ O(j) AHrm : Do-l-l +Do=o ~ZD°'H

Dy ?
Da—ﬂ L 9 —ZOO,H

2y 06)

Enthalpies of atomization

CH (L) — LCG)+ 6HE) AH
Fe(s) — 1’&(3)

Z’X”""\plﬁ
C(S,gr) + 2#2(6> — CHLI(j) 'F)ha‘ AHrw/\

AHI AHzI /.7
V) AH;

Cl)+ HG)

AHI :AHG[((S}Q»'))
AHZ = ZDH-H
AHy= - qDC.H

AH an” AH + OOl

How the enthalpy of reaction depends on temperatureand pressure?
Temperature:
P 298K

AHy
ch{'un'ts —3 Produects / bar
allspecies

AH 75 v Ol
Go from reactants to products by any path

T Ri_ac:km\{; — Preduct
I ath IAH;
“Z%“/Ee_admrk/—B Productk
all specres
S,z ol Eyong
AH = ¢ fcpcmhk)JT = J‘T Cp (react) dl

AHy= g, = L Cplordut) AT
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AH} z qﬂ = jl;- CP(Pndvds) AT
AH\ 4 H"s = .J: [CP(FNA‘HS) - CP[reac;l')) AT
\,\”_/

ACp
o _ o T
&My =aHgt Tac,dT
o\l Specres

ACF = T v.TCm(J_)

ComTT)=a;+bT + 1
Coh‘!-l'nn'l- ,l'j‘/ —Z; /
Far‘,:o'h;m-l./ 7‘1) 7"_~;
S Cpm Male dependence on 7

D&*MM\V\Q AH(M{\
W (9 Cls,q0 + IM,G) — Coth, (1) T=320K | bar

AHJ/ Ay 2ty
28t (5C(sqr) t SHZ@ ——>C By

back fext
/

° 120 v \‘I
Bl Ceoe) = AH ) + a1 €om (€ tt0) = € O-(Ci640) -3 Gom 6 DT

How enthalpy relates to pressure:

PoyAR s e D PP b

/A\‘h /’lAHZ

v

dH: V(I—TBT>0’P +C}’ﬁ0('\a temp ct«om(f,)

(-
AH1= S‘:v/\-f/\vm/ﬂ(" BAT) * Vg Vm,e(/‘BBﬂJ dP
A7 [ [y Ve (BT # 4 Voo (FB, TP
A=A+ A(V(l— BT)]aP

A(v(wér) <[V Vine (- BTV Voo IB5T) 1o Vi -B4T) - w4 m,,;//ﬂﬁ)}

A=+ L 4[(v F87)]4P
vlﬁT)J

a_l\ Ef 'S

(1-6T)

Temperature can have asignificant effect on enthalpies since heat capacity isinvolved. The effects of
pressure on enthalpy of reaction tends not to be very large.
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Bomb calorimetry

! Tragm
— | w0 AVU

RQ\ :O
AV=0 < AU #C. 8T FCriolT

AU, = A0°
Al = AU tA(PY)
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Lecture04/22

Wednesday, April 22,2009
9:57 AM

Finishing Chapter4

AH = AU+ A(PY)
Va6, Unll) €< VoAl @sTP

A(PV> =BV, -RV
* don't need to conader condensed PAo\SQ (s) ‘([)

a( va—: D (n R T)
= RT4n
Lc‘f\w\qz_ # poles of gseous sPLcl'es In £xn

Ex: CﬁCO—s <3)’_’9 CAO(S) * Ozlg)
AY\=1 (30{5‘ SPQCi(S)
AH= AU+ RT
AHEAD+RT2n
Ex GHt20,6) Hew bco,ly) t3Ho()

Ao, 7 b AH(Cop)+ 38HO! () - k(G )

Exam1covers chapter1-4
Best way to study forexam: do problems by yourself

Chapter5
Spontaneity =direction of change
= Entropy, 2nd law of thermodynamics

[\ — [
T,

TeT<T,

H,+0, |—

H) 3 0.6)— 1044 )
Je(Pe/nJS on f&w)wfaﬁm

AHXO  exothermic
H. () + 30,4)

CHG —GHE)  Al>o

o) Hzo (l,) AH<<O
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CHE —GHE)  AR>o

S‘on‘hrbp\/
ASU"‘VW > O _f;f SPQr\hl(\U)l)S PrOCst
<0 Won't oCcul

=0 Cqui librigm

ctafes
otk of M randemnesS
M\cruscaplcc\.“‘j O‘e‘ﬁm_J S = L(B [V\Q Maasurt J‘ﬁ"’"
C

but we  are or\\u\ concerntd R

Macriscoprc View N (Magadm's )

Cournot c75/ﬁ

mvoIWnJ idles] 345

shat RY
w[ :rP A3 ! ,'SQM"I qJH lanf @Tﬁ
may P NG
P W7 &t under curve :d?ad,pr
> ﬁd‘ﬁ[m"- > p3V3 /7:
v Compregion vV
it mal CompreSsen

Te

W:a“« Under curve

Tomaximize work, each step must be reversible. If each step takes
place reversibly then work is maximized by engine.

Ex Comdt Cycle (}Ju( 30\3)

61’6?—1 ISo‘H’\(’/rma,l exPo.V\sfur\

W, = —nK—E{Zn/_V,z_> " %
2VU,=0
S‘erp VA aJuabadfc e)ﬁxy\g\"an
=0 Te
NEN) -JcdT

step 3 tsotherma Compression

Wy = - nRT; Lﬂ(%i) = =G
5

step Y adabatic  compression
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=0 '
- AU e dT

LA x
N [%Tg,\(\/z RTZY(VL)J (wzmqso)
b ¢ € XPANSUn _in opneey] J_- _
Gon V ¥-\ '_]_;;_QL \/L — )J ¥ _gvg_
\f_F lL \[F —[—L
Gdiabatic expansen |
a7
B
3 _\[_L_ :L - _& -~ \_\/g_
Ml\o\\:)ﬁk'\c Comp\(&ivor\ v'$ V‘«{ V[ VL/
Ny (TH 48

W, 7 =N R(Ta~Te ) 0 Vg
V,
|00/ efFicient W= ngﬁ ="\ET'H1" yl

-~
<

a/ way§

efﬁrem,: ’L\"_)l"&l\ M —TC < l

%H r\fZT [" TH
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Notes04/24

Tuesday, May 05, 2009
12:42 AM

= ¢ < —lc

Ty 4t T
evelsble
o Q - Areon ud/ m"anUy srall carnol CL/C
‘F d %(CV

Entropy

dS = d rev
%—“

AS = f‘z db((rc\,
ﬁ:"'

Principple of Clasius
Isolated system ->no mechanical contact
No thermal contact
No material transfer

((JSBU,V 20 SPof\'l-anaovs f:focLSS

Inequality of Clasius
Closed system, const. comp, only PV work available

JU= de +dW
& Ay

= TdS PAV

Td SC d’&‘/ t {P_PQX‘P)(J \/ (P—P€(+)O, \/ >0 Spoentunesv’
TS > J’% Spontaheovs

dssv(r = ~_OL‘§_

e

| A ..

rN
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dS-4¢ >0
T

d5+d<S. =0

dUz TdS-PIV

PA Head'm ot _constant %
3 AS?
dU = T AV +Cod T = Tihs -4V
ArSs [T
N

LE

B) Constant [
) dHS 0;’ M"JTCFOQP +C,>0!P[~:0{(/+P0,VT V/’D: TJS%{/_{E//{/H//P

s TSV
] “JT/P(JP tepd T =TS VAP i
(é_) = Cp
0T T
AS: fgﬁ[
l
C> (oné“\'dwﬁ T

TIS-PJV =T dV *adT
TO‘S = _”—‘r O{V_PPOIV

(}i = n_—'r‘f'P :___é'
av)T T K
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Notes04/27

Tuesday, May 05, 2009
12:53 AM

(]

(5/5\ - JU=TEY + codT = T4 5PV
T (T +P)IV=Tds
Co

e BER

W= u(-BT) gprc,dT
= TJS + Vb
[V(I-BTY-V]gP= Tds,

e

Same matenal

Heattran;fg@:coggp_z ) BV:{P IT( éTz / =

| 7 1
dS= . dl => VAS'-J Cpi dT +[TF(;PZ dT

A I IS

AS:CP[IV\E r In ’Tij

2
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AS=cpIn (T4T) 7 >0

HTe
Pot 7
, ’ [ g, =0 dV=0 =TdS-pdl/

Hw=0 Td S= PyV

f*a& “P 4> 0
; v, 1

:fv{ QE_A\/ f;/ l'.g.

Vi \/

Ho6)— Wolt) [ bar const BT 27315k

TAS = d g 2 dH
Soxs:@f
l

NSz é_}-_} @(D‘nasc Cb\qv\ﬂ.zs
T 273

AH = AHs o (H00) = SH, e (H0) - fw (ACP,M)AT

3rd Law of Thermodynamics

S: kg\\f\ﬂ

S (R)
St (A)=0

A(jﬁ, T lbor S (/4(3)> < : ;
AL S AR S Agy D AL S5 Ag A

(
T =6k Taus Tevs s Ts T
| bas beur [ bar [borr [bav [ bar
Tas —
_ CB@) = AH‘F\:S‘ _ vap Q,le) ﬂ”
AS[ ) oK T OoT ! ASZ TRus ! ASB ] s T
T
£S5, AHwe Asgf Col 4T
Toep T T
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ASAUMZ A5, FAS, 185, +8S +HAS;

AS (iv\ - Z S(Pfoduc‘fs) - fgc rcaL‘(’qn-l-s)
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Notes05/01

Friday, May 01,2009
10:03 AM

G=H-TS
dGT,p <O spontaneous
JG—T,P =0 Caw”lbriuw\
JG1,p >0 impossible

AG, (1)
AG‘rx EAG-‘)' (IA)
Constit elements —> _1,;\1
in veference  states T, sTD STATE
CT
all Species

0% =ys,

T
Ho )+ 20,() ™ Heolt)
0= H,0t)- () -20,6)

Al speces 2

Gy “E v AG, (s
:l

CE‘A_Au*.\:r
dU=TJS-PdV

du:@%)vég +(;>b%)sav

) B_U_) =T Z)G&J = -P
83/, WV Js

) maxwell reladions

5, 69,
H=U+PV

dH= dU +VdP+ PV

dH=TdS+VdP <

dH =2\ ds+ Jﬂ) aP |
)5 oP % mare 1o lafions

S
W E

IS bl )P
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A<U-TS
dA © JU-TdS - SdT

dA = -~ ST~ PdV
dA=(AA>JF*_Bi>TdV
o A oV

. [P
more yseful e ficfion (:ﬁ"‘\, easy o
Measure. = (K

dG= -SdT+VdP

dG = ( %g_ )FO{T 4@1_76)po

) (%_CF_:—S z)(bag_) =V 9—(35\%) :(53%): RV

T T

dU = TaS - PV
(}“V\()C_ both sdes Jv f Impose const. T

<%/L>T 5 T(%)r— P A51\/>T Pl

<

d? %Zd P:—VS(AT (LG_ ) c

Pt
f“ﬁ ook at T @
&
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AGN =G, 1)~ G, (1)
how choes ‘/'L\'S dape/\J on T

el {res)

T
LCV&-[\MJ'AAQ_ fy Gibbs Helyho
== H, + He(T)' = —AH(T

m’fefjro&t_ y mu/f beth sides A1

LJ( )j—ézhtdz

)
= T
T\ 1

e ?i ’ fe ol (ﬁ " ageny
[ T T
£ A s deperdant on T then evalusde nfegral tiking Fhat into regard
265 -~ RIK
Bl -k - ey
dwide Wosth ades £ 7

T
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\

96,2 Vgp,
7
G(8)=G(P,)+L VdP
_2,,62555-: “condarsed rratter // {s) and Das

) for condlansed phase systems
VP)ZV K<<

G(p )= G(p)+ VAP

CXD\MBIQ
[mol  H:00) @ 298K, [bor
H,o(1) Hro(t)

298K — 7 748Kk
lbar 2 bar

VAP = (0:018L) ([bar) = 16510 b | @W s very gmall

% (P2 € (i) phoc:)
2)for gaseous systens

&(R)= 6(p) + [P VdP
6(R)= () +( kT 4T
| ot

= G{p) + nETzn/_g)

CXan{(
{V\f\al 3125 [D{:}LGr’D Pz :Zéhr
G 24€K

ET/HZ :: mucA /arg,y é? d/'o/Vf of Maym/‘w{(
'/'Z\.Q/\ Cordlersed P/\Me.

Hovo GAbbs  Free Erwﬂ 0((;/341\0’9 on Compos;%'on mp Sys%cm

G(P=1bar)= G°
G(P)= G+ nET/;(%

G (P)= G +R Tl (J;_)
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G. (P)-o:+r<Tln(:Pg:)

M chemseal P07le"‘+'.°\} fe o pure substan<e

MzG = G,
on Jrp
2 1 RTI(P) ) edect G,
M= M ('P:))g“ M
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Notes05/04

Monday, May 04, 2009
10:01 AM

e OpenSystems w/ changes of composition

4G50
=0

dG = -Sd T+ VdP
System w/ 2 comporents (#I/‘Hz)
#l: n,
#7: n,

SO need Y I‘f\(}LP&h&J\T Vecnableg
Ao ne) :(;ag)orr +@& »@@ ldn, +(_aé ) dn,
JaT B i aPT/"H”? an, Fneg 5”2 T,Pn,

/

homonclature

7.
AT N, 1z bT pn

x ——b—cﬂ—ﬁ
o JT P

These are came as closed St/sfem constant ComPog,"ﬁorn
)\ = -8
T e,

z)()i =\/

0P fo

S(jé= ’SdT+V0’P+5\Gj dn, +(§@)an

bﬂ' T,r\2 anz P/nl

(BG)‘ = M ((lé.) = My U= chemical Po*a\*/'a.f
T8

bnl [P,f\l a ﬂz

4G = =SdT+VdP+um,dn+u,dn,

N
dG = - S CJT"L VdP * ;u}dr\l; ofen St,Sﬂ’"J' with Chﬁn?cs n Com/oosﬁqﬂn
N T refers to Af#ﬂfen* oompovno/! T Shite s

Fondlamental EW-/—,'OV\ gF %Cfmoalyflkhfcs

M (T Pn,n,
“-;T/P {n)n )
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IEARVN
ML(\ ! {n})
example: |0 M(CH> in H,0
lO - 0
d(‘(lv\l'h'or\ Cl\(/h'ca,l Po?LCr\lLll&l (M)
M [ 06

avﬁc TP ¥ N
Mo ocon alss  be expresse  as U//{A
4G = - ST+ & uidn; = gH-SdT-Tas

solve  fe JdH
dH = TdS +\d P+ fuldn
wLﬂcV MoffL\Mochmll

(bH)dS +/0H JP+ /bH dn;

bS P ()P 5N on; P.n#n;

b
M

(b”( )TP nfn; (bn, )SP n;‘,,

A0+ d(P)=dH = L
JU =TSPV * 2w dni

M = M, 2 _bé\ = aH)
(b\f\, )slvlnﬁ,“ /bnt T,n#n; E\T 5P, n¢n,;

df = = SAT-PaV+2 . dng

PRUVARS S
ot T4P constant
A
( chemical pdm‘l’ia, Constant of sy St
\Y\, ,nl N3
()
a"ll TPn#n,
N
}(\’}ecya&c dG - - S(I)fT“/‘ Vol P+ ;M{O‘m

v Q0
(,GJ/F =,£ {‘ﬂ" . 'rln
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il "

0]

G NG, O _
Jod6 == [ widn

N
G = ‘L:Z(Mm(‘"‘fcgf consfant RV

Determine of chemical potential of anideal gasin amixture
M= +RTIn P Pure deal 905 (no+ m:'xﬁ//z)
Pe

Considersystem divided into two parts with semi permeable membrane. Membrane only passes species
Athrough. Aand B are ideal gases.

I‘ at eqmllbﬂ'\)m
A ! A P -
: B AL AR
P2
LY S 20 46,446y
0‘ G, = Ma, L AnA,L DM'R = Mag OQ"\/l-,rz

Mae dng, * Mﬂ,zdnﬁ,k =0

{M&,L —Mf\K\)O‘“A,L =0

4
must be O Yean't be Y

e
AAR,'-: My 'f‘RTIV\ P/\'.L

6

1

MaB =M: +RT] .Pﬁli “" frue for mixfure

0 P°
“Mp tRT %, P :<M: +RTln I;’;) R K,
P* »

Mx = aty(p) TR T 2
I
Thermodynamics of mixing of anideal gas

Initial state: (pure A, pure B, pure C, pure D) all at pressure P
Might be different mole amounts but they have the same pressure P

AtBrC+D  qoral B,
Find &G
pUrc pot pure pue
G 7 narky (T/P) t Noug U;P) N Uy (T:P) thym, (7/—’))
pve
M Ma(T0) TRl Xy

W vi¢
G = VM[M; (T,P)+RTIV\>(AJ gy (TORTIX 3.
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AGin= Ge™ Gr = NaRThXp +n8RTn Y, #n RTh X4 0y RThY,
S
AR nkKT z Ih)(( :AG—MM

—

n

What does Gmix mean?
Mole fractions are always lessthanorequal to 1, so A(fmr‘x <0 p..l"“‘l\jf So {I_,,nf'am_sus

ZCo»\fxnad‘
sygtem /ﬂ-dB)
AGM\K
f { >
0.5 Xa
l-o
Entropy/Enthalpy change during mixing
( bﬁ.c) =-3
o Pn N
(Mcw) TAS = 4R G X X
3T pin

N
YA Sm,k:— nle éx('/f' )((:
=
ASm.\ >O aduvaqs

AHM\X = AGM\,;P TAS»-,;X.
=0
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Notes 05/06

Wednesday, May 06, 2009
10:01 AM
Thermodynamics to Chem. Rxns

NG, .= -RTInK

dGT,P < O
Chemical reaction will evolve toward an equilibrium that has
alowerG
G
} |
[
Al csctasts al preducts

A=g
&ﬂ,\ = dﬂs

Eze,)&on-f & rxn
d€= —dn, = dn,

dG = - SdT+VdP+uudn, +ugdn,

Constanttemp and pressure

u n
0) 0)

d_GTT;Mf\_OQnA tagdng = d€(—u, * k) = (g _MA)dE
dGre ‘<b—6—> T Mg Mp
AT 0C Jrp

i
DGy =exn Gibbs fonction

dGTlf’(O Spor\'\'mv\e,auj
A270 fsd exn

(LG:_)F< O chj N g(:)or\mu,ous

0 ke
~ T —
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AG—_“P<O Sloor\'l"éw\g,ous

dZ<0  rev. rxn

(21@ >O  rev. rxn sponfunesys
0T /e

W -
Whet s AG? Bk, 7a6,

slope

t
AN A All B

f\ AGM> B
G(B) = G(A)= AG,,,

SVppose howe NAA+ NBB - (Nn")/A‘ +/N'3+{)B
where NAITNB @re Very farﬂe
AG =56,

AG& - Mg - My
AG(Xe) = My (Xg)=1q (a)

AGR <O MséMA 3P0ﬂ+&neous Cxn In ‘Fwo’ d:’f(cf}'o/\ A“’/B
A£G >0 N> My Spentaneovs Fxn in eV direc tion B4
AG‘/\ =0 Mg =M 4 6%(/{(‘('£rl'um

bG’n:MB—MA wWhore AtB are (deal gases
My = My + RT/n(&)
PO
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MB:M;_I_RT/V\(P&

Pﬂ
S u g (st )+ T 7
o ., . \AF
Mg:émll_% g :G,,,,,L\

D G = BGps =BG,
A()’/\ = AC’:xr\ t RT{V\ P@/P°>

. P /P
AGdn,ecﬁ,.zo :AGFXV\ *RT l"‘(@ﬁ):)
Fa /P’
ACxn © —reT/n(PB/V
. /P
AYCIN RTIn /\/e%

Q= rxn ﬁMm‘lLie,n'f E (MJ # /<e%,
/P
Qi = Keg

AG, =AG * RTInQ
when 860 Q=K | AG, = DG

Kef;ﬁ R/
Fa/PS

AGOmm <0 RTInK >0 } Suls—/em ot eag,u,('//érl'um Shot favors /Droo/l/ch'

e, >

A6 on>O  RTIK<O }SVSW o eguillbrion ot vors reactants

Kc%<(

A+2B —3C+2D

(Z = g\/J' S_T %MUDJ VA:—'I/ VB:"ZI VC:BI VD:Z

dn; = \,;d€
dg = —‘dnA
dn,=-d¢
dng =-72d¢
An = 2d€
dny = 2dE
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AGﬂP::MAﬁ”ﬁ'h“BJﬂc*Mano
Z(—M,\’ZuerS,uc +2up )ds
A6y = (Z Vs in5) dE

) = 26 (314 420y~ 145~ Zuts)
b,c;;’? > 2V i
T,p

i

For ?c,mce,d'ggé
MJ‘ :MJ- +RT/V\ /D

g@_) = (30 3200 w20 ) + ET/n[(Pc/P? (R/P)
i3 T, P ~ . (/Dk/ﬁj(@//y)z
AC':“)(Y\ \_f;—/

AG 0 =BG+ RTINK,
AG;XV\ = —RTIH KP
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Notes 05/08

Friday, May 08,2009
9:56 AM

Finish Chapter6
M&U-l,'!"".\lm

02wsr  dG=(Fwu)de =0
dny= Vs> d&

= i~ RTI(F)

Z iy Al

=" m(a) - "(WF )
AG o RTfr %) L,
AGrn=-RTInK,

BT
(&)( Pe>

This P wwas oal\1 fav  idead s

% WL:L) ”

MJ‘ (X'S)
mg P
for ed gas My # My +R—HV\(?JG)
For condensed phese systems:
Nols) + £ Cle (5 —> NeCl(5)

CaCo,(s)—> Col)+co, ()

AG]:' EV’J'M\Tco

e (NACT) = % pr[Cle )= ateg (060 = 0
W (Chl) =, +mlv\(”ﬂz

W=Gu  duzdOi o (36=lap -T)
Au andP
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M{f)

J \,dP=Vm(P_p)
M(P)-M— v, (P-R)

m P Forcondensed phase, pressure is negligible when not too far from atmospheric pressure
—M

Me% ( NA(S)) ~ M (Nu(s))
e (NACIO)=s (N C19)
u (NaClS) = it (Ve 5+

Pclz
0+ lagren(i)
LGt RTln(Puz)Z =0

o0

.-ET\V\ kp = AG’orxy\ i
e (Ber )
‘Ou

) Kp only refers to gas phase (does notinclude condensed phase)

Forall rxnsthat include condensed phase and ideal gases, can write Kp as

Ca (03 (s)—>Ca0(5) +C0. ()
KP :(PCol
&

NG

vAA(sM Vi 5() —\e9) 4, IY,)
Rk,

Py \Ve
()
VARAYEN

Ac.r;n = UG (C‘SJ) +V A()‘_; (D(L)) - \/,rAG:m(s) "VBAGO(&S )

ZH,O() = HO )+ OH g
Kc = [H;O‘P}[OH—] ('\D H 0{1) > My oloesn"[‘ CLWII:GE cjsewh&”

11_ (WW&MICJ #‘aiﬂ)
%oSISC )

Can re-expressinterms of mole fractions PJ =X3F
K -’(TVXIVI) P\ ke avesv
N W (Pe) 7 7
N——
Kx=Txy ¥ (make J(’ﬁmToh)
= Ky ( )

NG =-RThk,

ll|

Kp, and G, not dependent on pressure. Kx is
- ~bY
Ky Kp(ﬁ)
'Fo

Kx and Kp have differentvaluesif delta(v) does not=0
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e negvtrat)on

P 1\_ R—T = Cv:y RT
V Ay
K, = y(ﬁ) < Te,” (RI)
=)\ P

Vs
dQ'Fmt, kc = 7TC'S)
T Ce C’-ssl‘undaro! Concentration (1"11’,)“//,1 {’"‘}A)

res K )
- (eg
K= KP( ¢ RT) Y

Unlike mole fraction equilibrium constant, Kcdoesn'tdepend on pressure
Kp will depend on our choice of C°and P° (usually 1mol/L & 1bar, though a different standard can be chosen)

Temperature dependence

\"\KP = ‘AG:
eT

AT‘FFMur’rlA‘fL ‘atﬂ'l’\ 91'(.’&5 for qug
dinte 2 0 ) =
dT R T < T T
= AH:M
RT™
endn'ﬁwmcé\—\m\>o KP e W fomp
Cxo‘l'}\o/'mu, AH{».{O K olec l-J/ +UMP

Wl T
a(l"\ kr) = &:xn dT- _ , v)
hKe(®) L RT* et Ao ndip n T e T4 Tr ks
ln I(P(Tf) ("\kp(T;) _AHnu\ (—_L 1
T, T

o (Te) = Kol T exp (A Rrxn n T‘L)
.

Con %W+ ﬁol‘\ AG.; can Wj\ .Fn’"\ AH.{!V\

Pressure Dependence

Kf@z st a mal A 0 wal B
P, end  N-olpl A 2l B
(_E_) e EQAU(IEIUV\

LT KT = X *C2

[+ot [+

~aVv
Ingeneral: K&': KP <ﬁ)
7 Iy P° <~
{ pressUs

Asamds
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Ingeneral: [Q: KP ﬁ
7 A ° )<~
Jcpmk ( P préssus

on P pres indep Ve

Nottalk about RNA/DNA stuff atend.

6.15, deltaH and delta U changes, maxwell relations, state functions etc. Go through those examples
closely.
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Notes05/11

Monday, May 11, 2009
10:01 AM

Chapter?7

Ideal gas - point charges that do notinteract together
Real gas- there are interactions between real gases

(q,al QoS

\‘teu\s‘w
Rodivs

Y e
Ak

PE ©

ea“wl\kv} um

2 (@mprass\bll'f'% fk'l"?o)
2~ f;\/m
RT

quJ gos ——
At

qu
zqu z

Z= P&;<‘ eosier fo com]oreSS 7"/‘01\ Jea/ 9”‘5
KT beCawSe m‘f’l‘ro\c‘ﬁvc -@rws Jommaﬂ%

2>l hatdes +o compress
because  repulsive forces dominate

Atsmallandintermediate pressures, z<1because average distances tend to be less
As pressure increases, will encounter repulsive wall. Repulsive forces dominate z>1

\/‘.(‘.“-\ E%AAKHOV\ of Stute
PV ?T oX low P
Py, = RT(+ BOPC P+ )

VoL
\/\( o wd
a,z':fﬁe i dn-

n

P= k.

\/

rT(1+ 58 *L*—--)
\/V"' Vm
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Pcr\'

|

v

\/vv\ Aecrmes
PIV.MT P increoses
PVa = constant

Linb pressure

- ;[;\c.ns'hln PVM ’{ cons '}""d" gmx”
(ieother mal) Y dec- Vim dec. Vm /arge_ incC. in
I pPressvre

P remang Samre }Condwgo:h'ov\
B (veached vapel pressure )

Creteal P"'"+

(o conden Saton

|lrt4,u'(9 on'l, Pc )

Te

T}/ PC, Vm,c = constanT
for cac/\

as
wnllection pomt > critica Po[4+ is mflection point 7

(AB 0 A_P_z =0
A NG

<olve cr P!)'m‘f’ f(:r Vian oler bualls
P=RT -« RT (s =0
Vb Vi (Vmet)® V.7
-RT +4 =0

et W [

_I_-
\/M\ der Walls %OLS /Zﬂﬁ,ﬂ lons, 2 VnICrIDW/IS
72"’ SJo\
27Rb \/an/du Nafl¢ [aop
VM,C = 3-\9 v
Pe= o P
PPENIng = caprespondds # Condensation
Vim
Real gases obey Principle of Corresponding States. = - —
Expressinreducedvariables PA —,KD_ 7;7 :———7: \4 = —\—/'i
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%f o Obrl,\,,,\_"s

P=RT —a
V=5 Vin*

REET T - o

—_——

\//\\/m;c“b (\//1 \/,.,,c) ‘

lv n Te P , \/ c
PazgsTh -3
3l W - i,a/ca fo any gos ag /57 as 1}

ozys yoan te— palls

2 s Pu (B diffornt quses of same T;)

. P‘( 1)
/ - mqi;\o.vw_

Z Pr
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Lecture05/13

Wednesday, May 13,2009
10:04 AM

Fugacity

M‘d(m '/V\ J—RTIV\/_

Ml

M el “ar’ 4 RT _f_
P F
d"F'F 'Fo( 'F
§=pr
lim£<=P
Ps0

,avv\ Mgl = MK odeon|
P>0

dG =VdP-SyT
const tewnp
AG=VaP
A'V\d(, ‘9\4 n
4G, =V P
dnr = Vo dPr
(‘}\M«dml :\/:\'mdp }Q)\Jl'ro\d feom one punothos

LT VadP

erml dM deal = (V mhvldb\})d p

IV\'l’ D\.+€ ‘F/‘m P O
a( rgh
Wyt (P) ~ it (O) (MM(P MX(O) /[\/
os P20 = O/’_’/

Preal (P) = 1 deal (P = f( Vv e
k@*ﬁT!m‘) (}y R Tin P) / e )P

RTIne = RTIn P = [ (- 1)
Inf = QP+ L p(vi. Y/M ) 4P

real eal
2z PV, = Vm{_ ‘
ET vm|dta-

QKPVC S5 in "'yrv\q of =2
\/ ru s deal
|d€a.l

S G

\/ml deal - ’l—

rT P
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Se.. .
nf = lap (B2 4P

£ = Plo (52 0)]
~_ =
b(P,T> = ﬁUﬂo‘alLy Coef?‘l\aexﬂ‘“

Y=1 ideal 90s behayyer
3’7"'4-2 not WlépJ 30)’ behaviar

2 CeseS

(o\Z>[ ‘F;r a_” 'D o
+hon Y > =P, W 20

so £>P

rcpulsfvc. focces dominate

h)z2<] £ P=0—>P
then £ = Pexp (""‘) a>Q
f<0

M e (:MQ+RTIn£ w\'\y is  thisl
.Fe f€Cl'pg -Far e%u("bnun\ (,or\S’f‘;\,n'7L ﬁr V‘m—{"f Iﬂlln/ 35\5@)’

recall law mass achion qoses (for tdeal goses arl/l7)

ok b8 c,C tdD. . .
K, *Pc P

rca\ 90‘-5

3 H. (3)+_LN(j)ﬂNH 4)
N ‘_%, - ._L "‘O

JUSSIIN > My, > Mu,

Uy * RTIn B =3 fug, + RTln FHz - _L{ue +RTln F\) =
2 < P

<MNH’3 ?5 ELMN,) +RT [ﬂm‘ jf;h(_p
/ (£ M)
\—N/

~_

AG%exn

AG==RTInK
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‘FL' = i Pl.
K= Lo/t

( U ey }

A

KP b/N Hs
Sl 2
XH‘L 5Nz

'Fﬂz " ( TCN z)

(?fﬂz PHZ) Wz P/\»z)

KEK,

K:KP ot /D c]o<:2 o (Aar

Chapter8
Phase Behavior (certainly something on final with this topic)

When are these in equilibrium?
Solid-liquid
Solid-gas
Liquid-gas

dG= - SAT +VdP+ Zu dn,

"”aplal\’ ‘H\IS V\)L\UC. J aPF/{cs fo 0/1%/1’/171'

oc\'e?m'lbf\um
06,0,

So

IZMT Jn3=0 ot @%ui/lkﬂ'(,uv\

Cw\ﬂol(/‘ PL\&% 1 {Pblase 2
Mdn, tm.dn, =0

dn = - dr\z
()u “Me )dn, =0
So M, MZ

Rure substance

M TM, Mz (Of‘_ "f‘r{ple Poin‘{‘)

4G,
OQGT,F - (U:'“zw“l <

pM&S of ‘/‘/\c Same_ campaur\(}”

- S T=0, VaP=0

Triple point - 3 phasesinequilibrium
le liquid, solid, gas
le liquid water, liquid watertype 2, etc

j dn, <O dn(7O
M| >M'L Ml <MZ
12 2-1

System proceeds spontaneously toward lower chemical potential

Ke,vicw Some pf/\ase Coexis trnce

Phase Diagroamns
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Lines thatdivide up regions of stable single phases are phase boundaries
Phase coexistence in equilibrium

va\por \JrLSSW'L P(T)
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Lecture5/15

Wednesday, May 27, 2009
11:14 PM

[|?ulj O\[\’\'\(/\,l \?o\(\lf
P S
S |\ bﬁ)
\-(-(\fp‘& lV‘L
S+9

M=, (Cocx\sijce
F\(\O&& 2 |
< PLWS{ =34

T-dependence of w5 @ Conghat P
(}G = - dT*\M“MJ(\

e,

gvv\>0 U ofccrmseg wrth T
gjfm> SQ,M> S-Q/W\

constant P

16 = ~SoT T\ 4P 4udhn
VY =) =V
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\B(\ DP |,V\

(M>T,; ’(Q&)_ =i

Va0 1 increass w/ P C const. T
b> \/?]lm> @IW\/

V.

m (PT) = u, (PT)

g,m
V@.M>VS.M \/4,’“‘ s .m
M

ERERNEY:

P

\ P /\
% _ 0 V
s> /ﬂf(pz
£t = 9
T T

JM| Z&Ml

=S md T + VindP = =S, mdT + 1, ndf
E/Pf ~ SM
ol PL‘MQ \/2/ M = V, M

Ljo\) r\d ar\1
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INSREN

3P = AHg, = AHeu

0T TAV

TVl =V )
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Lecture 5/18

Thursday, May 28, 2009
12:25 AM

WP = ASw = Ot
T AVm DV,

1% ‘
f AP = f s (D) 4T SHpws T Ny a2 T adeperdort
. TAV(M

P;AHﬁ,s /ﬂiwLPO :—:'PothHFVS H)

A\/f\js }(, AV—RI,( 7:

Example: HO  BVg, = ~0.0018 ol AHps= §700 %m0 = 87 bar-L
P2 -20 bor /K

AE_ = ——Hvi A\/V&P CCA\[ " = R(;r «— ideod qas
T AT

K = PAH\/M’ > ]V\_& = AHVN’ (_1_ - __L>

W RT? Fs R e T

PlzPolcxP[%L’L (J_—L)]
T. T

lo
P: P( \A)’/)@V\ T ST O'F ‘I’Y(Plo]e Pol‘n'f‘
’]—"'“PPV— = AHVO_P’AHS‘U!)

(2

E'xample : HZO phase diag‘ram
MHson, DHiop pro ps e iﬂalzpejnd{ﬂﬂ"/' of T
Vapor 1s an ideal gas N
given: = 0499 30en” A= 0681 Yerd  Aoog=6010 el
CPIM(Z) = 2. ch %’-mal Cpm (3) = 33,568 ‘T/{*-mol

M(_P_) = A/ | ~¢>

P. R \T, T
I“(,e\> = AHWLP _I “__[,)
Py g \I. T
Pl PO,T, T, arw 3ivw on a cAoﬂL
(. 1)
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(P:, T)

PR+ bes (1) Sl 2,
ONgvs [ A
QHsub
Px
|
Vapo”
Py B ; ML{E /(/(3:’(’(6 OI/MJ: VJIMO“?/
ﬁgmz Semiper O{Mjsdul 0(,{,{1 =\ mdF = V,g,m///e'fpv)
. PV ! P,d'Pv /
Liqid f V, mdP' = Vi,mdP
P—r Py
PVZV.P. wih *
no excess P R’T [V\(’&>:\/élm(Pv+Px“Pv>
P
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Discussion 05/19

Tuesday, May 19, 2009
10:01 AM

Ch.5

Carnotcycle
Switching between isotherm and adiabatic
Efficiency =1- (tc/th)
Work ->heat 100% efficiency
Heat->work <100% efficient

Entropy

DS Yy AS;‘I, (”’"&"‘1 ot rev)
T

Ve
156 e rA AS:/\RlV‘W

Const V=°0?=U (V“’ \"’j AST{“CV(‘)T = Y\(v IHL
T T

p—

const P2 a(fH JANN :JACP /":\\i
[¢

ViT =V 12

ASTARInVE + ACyln Tt
Vi T

Plf\w changes (comct PGSSwa) A”jp_
&

Ay bteary $,ﬂ,orj
PToWL 8S=C, T + B(-V)
T K
P =PT;
C. T + VB(Ps -P)
T

X Le eV
w\u: be

\
AS T"T’ ASSYS +Q SSurr

v

Gwe = ‘E‘:gys =) dezcn't havt to le rey
“TSver T

i~ l\) lmol LG wl/ Cv :?S R (—%E-Dzllaﬁml'c \?RS)

T, 250K P, =1.00kar
Q,w,AU,AH,AS

a) QeS _ (V. adiosatic LXpansbn
P_g = '2\'P(,
a\fOl AlUzw
A\): “CVAT

X _C a
P;Vt :Pc\hx whee §=FE=3
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X _C a 2
P{VL :Pf\hx wWihere X_Cr\i_r ((rCVHE)

Vi Tn€T - (,0€34)(250k)< 2094

s ' [N
?'L (20'7(1) o 7 PLl \/(7 ’
(SN TNINN
-¥
e ef"ce“ :T-i :(M'F_)
On“l '—r\- v\
Te =082
T
T = 205K

70 ) I
= A\J:" . J
AH %i_ 1.3k

bS = O (rev. I:raceis)

C)<—>‘P~ Gﬂo'w\s“\‘ congt Pq_,d"'() PF =~?l: P
-Fre& exporsion i W =O (“WNJ ;mpfw So ‘r“-l'c/c/ ro e for T:Aﬂ)
AT=0
4 U :/3 H_() sz 0
A5 g

take (v o:H/\ ISu—}-Ml fcv ex,smlar\
Pas: gr/v = B (230 ) (1n2) =574 T/K

P

S.\5
Cp =8+ 34.30x10 T~ 1120 IOS_I_
Ik K K*

= 0.35%0%07 K™
Vvv\: ZZ.écmx/"’"l

what g AS,, (ZS"C {a.h,,,\)\:(ZZS‘C/ Iooonn,‘)
AST J Co 4T f “VEIP  * .94 ‘i"-ﬁmsum urg2w) - 5 6540 Yuse 2 Yk
TK

'S

-y W e A
- 22. acmm i oslzwo (. memh_"’—)

= 22.1T /e = O-C 80 Vtry) = 2UKEKTIK )
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Chapter6 T = P

Maxwell Relatiol bU V
3 = g5 -pay > (35)%° %VU_ d

dH = TdS+VarP  (

Blat :-l:olSdT(i\Po\\/ :} con do o0 +lese q- 40

40 = - SAT+V4P

T @)
MS =S (‘aﬁ_> =-p
[P W

CRN

Ef’{ DU-NL o e'xPr“g-"G“ fr molar entropy of f&:‘l‘Lu;—m,, C/Y}”‘nn‘m of V,(/U.jaS

P<RT - o
Vb Ve
() ()
LS s J L AV
Ex] Show
(M) ), VM(KIZ/BT) /q(’%;— |

grwm:\/M(l W \P- 1 /AV)T
W PRI

L AG!

L+ hand 6y = (m
3P
(cJS— 3,)\\/ 0

C(_ rrT"\ %/V P(L)r

QT nde = Lfr ode
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(l2
Fe 01y FCOG) == Fels) +CO(y)

T (o ¢ 1000°C
o 0.7% 0.3%

A£G, AH, aS” st GooK

AG 7 AGT+RT, Q5
ot eq DG :'ETIY\KF = 765 T/m.l

AH 1k (T) - k() = <ot L—i)
RAT, T
AR 18K

»S=7
NG =OH - TAS
S =-22.03/K
X o
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Lecture5/20

Thursday, May 28, 2009
12:42 AM

Acls) H;00) P\T — P, Pe,P.. P o
Hzofﬂ) ML:Mj
Pac"‘PV P
f Vimdl = [ Vomdfy
P A
KT (8= Vg, m (PX“‘PV’P‘/*)

R™

P"PV@%(D[VLMAP] Pv /Vth/

CXP[VZ.V’" px] = ZXP[(M
—pPT (0 083)’2%
|Oba, IR 007'1
100 bar . 0776
7
my 7
dw= Ydo-
suckoce fusie ~changg in surface area
D side dw = F= Jdo = §&TTrdr =T Yr
Yotk g T
RS O’ZL//Tr b
do =@ Trdr
Foe = QMY = 2%
07, * YT ® r
Pau'f‘ Pq‘r FP

Constant V,T@ egu [ibrium
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Constant \/, TC ecyw' {{ beium

% O(AT,V:OZ(M( /Mj)C)nt

® | i
JATV a‘A +0{/43

Oy ’/ﬁ’ Ry +utyh,

Ay = dUy +d (T5),
=S dT- BV, + bdlo 43R >Jnﬂ
57’1@ A7
\/z:'giﬂ_rz o’=%’7frz
AV, = 4T "de  do = 8mrie
do =24V,
Y

O\A = S@dT 'f'dv[ (—‘Pﬂ )'{‘Ml O{I’lg
dwd@ J = (-, 22V +sydn, ~ B, d

Jﬂ :dn
V=g - Avw/
Aur ~(Fefl + BN, m%anﬁ
PIZ—JPV_\LT
%:Pv
PL'T: Constant P+
J OIG ﬂ)/i/(g Mj
ER Ay = 4, +/€T/ng =4, +%
S/T‘H/M//%m 35 dn,
V’( TPV
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vy s

(,}LQ =My

In

¢/ TP .
/M_ = M,
Ing L P

dr=2 dV, =2 V,,.dn,
r r
46, = \f R+ //M:k’“ 2Voyim )An( -dg,
r

*
MQ :/MZ * Z )\/l'rm

hauntd
,—up of bylt g

>
&
U, = u” t RTIn P~

7z Pe
RTin(E, ) =24t
M r

I3
Fy = F¥exp (28 Vi
~RT
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Lecture5/22

Thursday, May 28, 2009
1:.06 AM

Missed
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Lecture05/27

Wednesday, May 27, 2009
9:57 AM

Chapter9

Colligative Property: depends onlyon amount of solventand amount of solute.
o Magnitude of the effect depends on nature of solventand molality (amount of solute in species). Doesn'tdepend
on nature of solute
1. BPelevation
2. FPdepression
3. Osmoticpressure

o Chemical potential of substance in solution is lower than pure substance

* Assume
1. soluteisnonvolatile
2. Soluteisinsolubleinsolid solvent
3. Solutionisideal solution

Let A=solvent, B=solute
My (1) = ads () + BT [ Xy

XA o-lwaqs’:(
So MA(£)<,uk(Z)

()

Entropiceffect

’LAA(SS = MA(Q>
Mi(\zﬂ: M;(Q) +RTln XA

RTInX, =RT(1-Kg) = i) ux &) = A5G g

n(1-%g) = 86K o 4 (W) = AHL e (T — ASy o (To)
Rz RTe R
oSsume X <1 (dilike solutin )
(‘Cp(auce,ﬂ {oﬂ by '/'m//o/ SerieS cx/omsim
In(l-%e) 5 - xa

(7= &)

b3
DU on = AS pn

€
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®B = MeSs sollf('c )<8<<l we
2 moss ol %o © ity % s = e
Mg = \Mo‘. w+ SO[U’t'C Mg thq Ma 'r:;/\A)
Ma~ Mol. wt SOIW'\“' &
Xg= Atapa = fzr}}\ﬁ
R z
wg
- RT % = ATz BT ma/ e | = kg,
AHVaP,ﬂ- A HV‘P/ﬁ \Nﬂ-
F. 0. depression
M) =) = 4, (L) + R X
* %*
—Xg=—bHasn + ASpsn
NF R
X o¥
Avaf ’ASﬁ&k
Tr
STaees Te 6
AFT:F = _(RT:‘F XE
At a
A_TP:'"MART-FZ Mg = - K; Mg
AHis,
N
Ke
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Ongs'S b\L 4o Sb‘\}”r\’
Serm P
P JTP
—— v T TN
! M4 (ﬁ "LkT
Sol\lw" " Iy Fio” MA(Z) A XA
1 o g
A ! a TT=0Sméhe pressure

X (P) =, ( P+rr) Por equilibrion
(P) M, (P+Tr)+RT{w)</\
[p+77) MA(P)D—ET/nY}.‘

AMT:VmJ'P 4 (,?_%)_ :\/m

M (Prrr) -M’F(?): \/:m(n)

=-RTlgXa 50
Vam
In Xy = {“/{—XB) ~-xg

T= Ry
\/A‘:évv\

¥g =De_
N

V\f(\/h,rf\gv
loghrn. .-
= Klue *[BJRT
Vv
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Lecture06/01

Monday, June 01, 2009
10:01 AM

No lecture Fri (justcomplete evaluations)

Nonideality
v
|+v
T
L
2/‘<

HO/geoH  grutoh
1/ H,0 . E+OH
Chemical potential
(deal M :,u;** RTIn X;

ceal 7
21,0 = H,0" ~ott”

Ko ZLHOTIOM T = (0 Vo)

,' For ;O(MJ " ) R¥activih I’
"fﬁf non 1 deod /
¥
o\pp\*{"f\,‘w ;= 4R e,
<e” L .= * T . .

;&«\ﬁm s TmARTIn B (,Aza(3,5>
gav P*

- b 3 ¥

*= F“ (/S ZQ”EL;E = X{ (ﬁr'\c}w‘ §olu—|1<.m>

it P:
\]W\O\\ :XL' 'f"or 1Y) |v’Hof\ ‘H’\ovlr aLQ,U'I Eau/""f Zﬂ.W

o=l X
Mf‘)l"f\fl'f"/ coefhivrent (JE)%V‘OQ on C"”P"S"-'L'low: J; /XL))
Y~ 1
\ PA.(
5
P
o
\‘|
O\V/\N" on
Xa *
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M, = /U: ‘LKT,V‘G\;
n di-ll/'l't St,,uﬁ\f\( w :;U: KT}hﬁA
g ?’AX*\

akzsz\xf\
UUL\O/‘ Z{,oc |‘§ 'Fa-.r 'Q‘OW\ 1

B SBIU‘\'L w dilvte solHion

Ps = KQXB Hc,nry's La\,u

MB: M;:-‘i- ETI”E&_

R .
H
Mg = ,UL;K+ RT’Y\ KB Xs = Mt KTIn([_(_E)* K_T}y\XB
P Fe
let = ,UB"'
= M5++ RTln XB
4 o
;hluh
solvhon
0\,3: P

o
Ke

_
Mg T Mg +RTlh Cg

:(M;u RTIV\_QQWL RTln B%

. " g<d
:/M5 + K ] IY\ _EL
7
l(mo\BZXS
Xg*ﬁ
Ks
Rg - XBXB
e Y32 1
Xg>Y
Rie I3 +hat ol)et15 //enr(/’s qu (P = KBHXB)
¥ +
x. “us *RTlna Mo = hg HRIMA,
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- : - W
" A

'{j * "
\wrlz shuen T = i +RTIn K.

A second convention for measuring chemical potential based on molality ratherthan mole fraction
(s Ay sven
g
Xg= kM
e Ry
( n® <—Imo/kg

un ['HC SY Conctant

Xg =g
Na

MB ;M;-'l' RT/V\ XB 'E)(‘ \‘OQUJ Oll(U'('t So{U'HUV\
:M; t KTIY\k k R_\/’nﬂﬁ_)

m
]

O\QF\?\LMB :/(,(; +ETInk
Mg z Mﬁe+ m—ln/vi\_g)

m

Stardoad state = deal Jilve solition of B that Ass WLL/,{}, =m6
O = JgMa_
m
bﬁ\s") l &S Msﬁﬂ (as 50/0"'*"" &Com; More and more O(I./MILG_)
g “Mg +rzﬂn( mﬁ) + RTInYs
"M

F:)f So’\/c;\_l'
) 4, =y TR TG, G = . 7 G Xa
aﬂf
F;( Sol\}x'l‘é
) g Mg *RT Ina Qeffg_:ZSBXB
s KB
2) Mg *mhg *RTInag g = Mg -Xg  Xglas Mg
m®
What exactly are activities?
Z(x,) :f%@ 0\3()(5): ,@_&2

u
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@#(KfJ :fi(l(_t), 0\3()(5): ,PL(X_&’)_
P Ka

Not coverfornonvolatile solvent
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