THERMODYANAMICS SHORT NOTES

Thermodaanamfcs
Reactant —— Pyoduct enevgy chunges.
Bond Breakn’ng - Endotheymic Bond foymation - Exotheymic

Some l‘mpoﬁamL teyms
Sys+em - speciﬁc ponnL of univeyse which is under obsevvation.
Sumundu'nﬂ- Rest Paﬁ of univevse excludin8 the sysTem.

Boundmry- Hny+hin8 which sepemﬁs sysﬁem and suwoundms.

TH pes of syﬁem ?

1) Open system - which can exchange enevgy as well as matfey.

2) Closed syshm - can exchange eneygy but not mattey.
3) Tsolated sys+em - cannot exchange enevgy and matter.

Stafe of system - pvoperfies which define stote of any sysham.
Pressue ,1‘empew+uve , volume efc.

State Function- Vaxiable which depend upon initia) and final state.

Pressure , Volume, Jrlzmpem’rwe, Intevnal enevgy , Ermvopy.
Giibbs fyee enegy.

Puth Function - Vaviable which depends on the path followed by
system. Work and Heat.

Intensive pvopevties - which ase independent of mass
Dens'rkH,Jrempewhne, pessuve,, spec'rﬁ'c heat, molay spec’rﬁ'c Heat ,
Boiling point, meH'inﬂ poinf, Vapouy pressuve and vfscosﬂ‘y.

Extensive properties - which ave dependerﬂ' of mass.
Mass. Volume , moles, enhopy‘ Giibbs fvee enevgy, erﬂ‘nalpy,
Trteynal energy Heat capac'rfg.

TH pes of processes :

o) Isotheymal - T is constont - AT=0

b) Isobavic - Pis constort - AP=D

¢) Isochovic - V is constamt — AV =D

d) Adiabatic - Heat exchqnge is zevo - q=0

Cyclic pvocess - TInitial state = final state.

A . B chonge in state Function = 0
y 4 AE=0 AS =D
5 . AH=0 AGI =0

Wo¥k - Avea undey P-V gvaph
- —dev =<PAV  AV= Na-Vi

Va > Vi
Vo<V,
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Expansion W=-ve - work done by sys‘fem

Compvessfon W= +ve - Work done on sy5+em.

Revevsible pvocess
Chonges can be vevevsed.
Driving fovce should be infinte
simally greatey than oppos |'n8
Tovce.
Place in vevy small steps and
takes infinite Hime 1o complete
the process.
Tdeal process
System is in vivtual
equilibvium af any state.
Pext 16 variable

Trveversible pyocess

Changes cannut be veversed
Driving fovce is much greatey
than oPposin8 fovce.

takes finite time and usually
0] single s’reP process.

All natuval process.

Sys*hem is in equilibvium
onl)/ ot inftial and final state.
Pext is constout.

Heat (q) : Enevgy flow due 1o fempevatuye diffevent.

w=rve | T we-ve
Sys't'em
g=tve | | q=-ve

Intevnal enexqy - (EorU)

Wnifs :

1cal= 42 Joule 12T = 107 evg
1L atm = 101-3 Joule

1L Bay = (00 Joule

Sum of diffevent enevgies associated with its atoms and

molecules like P-E, K-E, elechvonic enevgy, nucleay enewgy

Extensive Pmpeﬁy
state Funchion

We cannot find the absolute value of inteynal enevgy.

AE=E)c-EL AE = tve

AE=-ve

< B

Note: Gravrtational enevgy is not P(mL of inteynal enevgy.

Fivst law of +he1modyanam|‘cs )

AU=q+w

Based on conseyvation of enevgy

Enevgy nefther be cveated nov be destvoyed but can
transformed from one foym 1o ancther.

Total energy of univeyse is alumys constant.

Tsotheymal process - Tis constant AT=0

Fov ideal qas , inteynal enevqy depends only onT

AU=D q=‘UJ.

Tsochoric process: Vis constant AV=10

Ww=0 AU= C]v

Change in inteynal enerqy is equal o heat veleased oy

absoybed at const- volume.
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Cyclic process: AU=D - Q=-Ww.
Tnitial state = Final state
Chunge in state Function = 0

Adiabatic process: q=0 AU=w

Tsobavic prDCess : P is constant AP=0
Chunae in enﬂmlpy is heat veleased oy absoybed
at constant pressuve. AH=qP

En+hulp>/=
H=U0+PV AH=AUTA(PV)
If Pis constant AH= AU+ PAV
Tf Vis constant AW = AU+VAP
AH= AU+ PAV An8=0—AH=AU
AH=AU+An8RT An9>D—AH>AU
qF=qv+An8RT Ang<D—AH<AU
ang = Sum of the gaseous moles of product -
Sum of the gaseous moles of veactant.

Hecrl-capaci’rg () ¢=9

AT
Specific Heat copoc'r’rH (s) s=9

mAT

Molay Heat capacity (Cm)  Cm= q

NAT

/ Constant P — CP=1P_ —AH= f”n= nCPAT
c naT

m
\ Constant ¥ — Cv = Qv — A= qv = nCvAT
nAT

Meyex‘s yaio Poison®s Ratio (V) = Cp
Cp-Cv=R fov 1 mole Cv
Cp-Cv=nR fov n moles

Gias Cv CP V= CP/CV
Monoatomic 3R 5R 5 =161
( He,Ne) 2 e 5
Diatomic 5R 1R T =14
(02, Na) z 2 >
Twratomic 5R IR T =14
(Lineas . CD,) 2 2 >
Tvigtomic 3R 4R 4 =133

3

(Non=linear, 50 )
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Work Ww=- j PdV
-P-Ywork - Avea undey P-V gmph

a) Twyeverysible pvocess P— constant.
Wiy = —PAY

b) Reversible process P Vaviable.

W= —nRT &n V2 = -2:303 nRT log V2
Vi Vi

W= -nRTAn P = -2:303 nRT Iog P1_
Py Pa
- Wovk done in vaccum W=0.
Revevsible adiabatic PYOCESS :
Woyk AU=W W=nCy (To-T)

W= nNR(T2-Th) W= PVa- PV
Y- Y-
- Some imPDﬁ'Oﬂ‘l‘ Pofrﬁs :

a) Reveysible adiabat'c pYOCess :

Pv'= constant TV =k TYPH =k

b) Grvaphs: Move slope Move steep - Adiabatic.
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Expans[on

Limitations of Fiyst law
Does not explain feusibnihd of @ pyocess undey
8iven conditions.
Reactants — pvoducts.
Spontaneous process
Nafuval tendency to occuy.
All natural processes ave ivveveysible and spontaneous
Example - Flow of water fyom Hl'gh level o fow
level . Flow of Heat from Hot Bod)/ to cold Body.

Non - spontanebus process:

Pvocess which do not occuy on s own.
When enevgy fom some exteynal source is
applied.. Example - Bu*ml'na of Fuel.
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Cyvitevia fov @ process 10 be spun+aneous.
a) Enevgy decyease.

b) Erm'opy incyease.

Enhopy‘- (S)

Degvee of yandomness oy disovderness of the sys+em
Move the yandomness = moye is enﬁopy

S initial

AS = Quey BS =S fina =S inttial
! AS=+VE = S £io)
AS universe = AS system + ey g bl i
or AS suwounding Final intal
AS total

AS = SP-iodudS‘ 5 veactants

AS5= nCvinTa + nRln Vo
Ti Vi

Case I : Revevsible isotheymal

AS = nRInVa = nRInP AS = nCvin T2
\ P T

5805 > Sh'q > S solid
Move fs the goseous atom = move is en’rxbpy

ang = Sum of the gaseous moles of product -
Sum of the gaseaus moles of veactant.
Ang >0 AS=tve
An8 <0 AS=-Ve
An8 =D AS=0
Revevsible adiabatic: q=0 AS=0 Isoemtyopic
pyOCess.

Ermopy change duw’ng phase Tyansition. AS= Qrev
T

a) Entropy of fusion ( solid — Iic;uid) Mel-h'nﬂ point.
AS = AH ‘FUSI’OO
Twp

b) Errhopy of vapouyisation lh‘guu’d——) 61as) Boilin9 point
AS= AH vap
Tep

¢) En-hopy of sublimation ( Solid — Gias)
AS = AHsub
Tsub

Some'nmpoﬁanJr p0|n+s about errhopy chOnge :
1) Emtyopy of gmph’rfe » Grvaphite of Diamond.
2) Rush‘ng of ivon | errhropy inCYeases.

3) On bo'nh'na of eq9 | denatuvation of protien occuvs.
enhopy incveases.

4) sﬂeching of vubbey - enhopy decveases.
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Case I - Isochoyic p¥0Cess

Case T

Case T

Case 1T

Cose I

AH
-ve

Tve
-ve

tve
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Emtyopy chonge in vevexsible process
ASuniveyse = 0

AS system + AS suwoundfng =0

AS system = - AS suwnundl‘ng

Errhmpy chonge in iyyeveysible process

ASuniveyse > 0
AS system + AS suwoundl‘na > D

Second law of thevmodyanamics
AS tota] = AS system * S surrounding
ASyotq > D = Spontanedus
AS 4otq) < D = non-gpomtanebus
AS yotq) = 0 = Equilibvium
Giibbs fvee energy (61)

Capac'rfa of syshem to do useful wovk.
Predict sPomLone'rfy of a pyoCess.

Extensive p*roperlv
State Function.

Expansion WOYK ( Not useful) PV- wovk
Wovk
Non- expansn’on woyk . ( Useful work) AG

AG= AH-TAS  AGi system = ~TAS yopo
AS opq) » O ~AGisys < D~ sporfanedus
AS o < D —AGisys » O = non-spomanedus
ASiopq =0 ~AGIsys =0 - Equl'll'b‘{ium
AS AGr

+Ve <0 | always sportaneous
-Vve >0 | always non sportaneous
-Ve <0 | spontaneous at ow T
+ve <0

spon+0ne0us at H1‘8h T

Thivd law of +he1m0dyanamics:
At 0°K, Randomness =0
Exce})ﬁon - ND,N20, C0, (02 Mixtute of isutopes ice.

./ learningtales



