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The wozd * thexmodynamics’ means flow of heat. The thevmadynamics deals With evexgy change
associated with all physical and chemical n_:n:omm.

?mﬁﬁo&asﬁéﬂnm implies a Feld concevrned with mecharnical action produced by heat .
rnwco__m_._w deals with enesgy in its varxious fosms, which include +thevmal, Chewical, clectvicl
and wechanical , With the Yestsictions on the transfowxmation of one Yype of enexgy
into the Othex types , and with the Yelation of enexgy nroﬂmmm +o _urmm.uno._ and chemical
changes.

- ?mg&dﬁbgwn is based sn |aws of +$m§oaaj93ﬂnh.4fmmw laws oave evolved 4rem

human Obsexvation o¥ experievice wade oN MACYOSCOpic woxld . They are Wove emprrical
+han theoritical- Theve 18 mo ﬁoxgnr_ .ud.oom for these laws.

The psedictions based on +he laws of thermodynamics have been wverwified in most cases
However, Cases a¥e Kknown wherse +hese laws show deviations. But the Yeasons Hox these
deviabions ave well kKnown.

The science dealing with the wmacwoscopic propesties of wmattexr is Knewn as classical

&rmxgoaujog._nw. Heve the entive fowmulation has been developed without the ,Asoﬁfn.mn
that the ynattes s mMade up of atoms awnd wolecules.

stastistical thewmodynamics o Stastistical wechawmics pyovides a link between Quantum
mechanics (ory wave wnechamics) and classical mechanics. quantum mechanic deals with

the study of Mmatter at microscopic leve=l. Each YNIC¥OSCopic System Con be described a& -
wave function,
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oamsog.ﬁm oY asm«gonrm?._mwx,m s the byanch ofF ?mgo&mjngmnm which deals
with the m}.cam of processes in which os.u c hemical energy is involved.

— Chemical thewm

LY F”_.Ju....._,.u tance ..‘U.ﬁ. theEYTMmoa M AT

Thexmodymamic s is a b.rmﬁn.ngmswp. Subject of great impe¥tance in _usam.mno_ chemistyy- Most
of the ‘mpostont mm:m&pr.mbw_.ojm of E& sical hfo?_.md,u ; _Z_cn...jm van't Hoff law of dilute
solutions , Raoult's law of vopour pressuse |owewing, distvibution law, law of chemical equlibriun
the phase yule and the laws of +5§onfm§._mw<m_ cav be deduced Hyom the law of thewmo-
dgnamics.

-~ ?mgﬁavogﬂnu also helps o psedict wnbm.;o.__.;m °¥ spontaneity of a process, ?n_c,%sm o
chemical yveackion, under o given sekt of conaitions.

LiymmtatTionNs oO1 .4..,_;.3205&_:_:,__:rr 4

e law of +rmd§o&~_39§._nm Q_....qu_m to vnattesx in bulk and Mot to individual otoms oy
molecules.

- ?naéo&&ﬁoémnm can only predict _.,nom._v.__l.m of o chemical rveaction under « given set
of condibions : it does mot tell about wate ofF o chemical yeaction.

- ?mﬁsoamjogwnm does not give any sepecic, divect information about the mature ox structuve
of wattes.
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A system May be detined as ony specitied portion of mattey under study which is

sepavated fyom the west of the universe with o UOCS&Q,«M surface.

ORrR
A i,m«?oo_aﬁnr?._np_ mam¢m3 s a paxt of the universe which is Da_u..TﬂD«‘__m set off From

the west of the univesse _om_ definite boundaries ﬂo# the PuUspose ofF @Y_umd._43m5¢0._ o%
theoritical studies.
A systewm 'way consist of one o¥ Mose substances.

Thpgslll Dﬂ_ \NgS:i
The vemaindes of the univesse othey than system is called m;«docjm_.smn.

OR

The vest of the universe which might be in a U0m..¢05 t+o mxnrosmm ﬂsm«&m and "Mattey
with the system Ts called the SUwTDUNdings .
The mcﬁoC5&_.5mm. ose Tvestsicted ‘o a Tegion in +the ivwmediate <._n._j._76w of the mamnmé undey

Stud m. Psessuye

L

__ OLLY ._,rm.nu. AV

<
The space sepavating the wdw,aﬁj from ts suwroundings Ts tewymed as

gﬁjmbd& "

_.r_.*_._f‘..\l.. of W|\__.....,_C;.H&_L.d\:..r”w ov _L_,.u.,.,.wm,.m,.... >
A wigld wall:» This 1s a wall whose position and shape arve Ffixed. Gias B8
An_impexmeable walli> This is the wall which does mot pewmit the passage

Consant temp
of Watter. bath
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s Tk is that type of wall which pevmits +he passage of mattey and

consequently , also of energy-
An adiaba¥ic It e that +&1m ofF wall which when |held im._n_ Will mot pevimt the
passagé of matter o¥ enevgy provided No extewnal Povce Fields arve present.

example ;- The¥smos bottles.

giatnesin Qi)

¢ This is that type of wall which when held vigid will
not pewmit +the passage of wnattex but allow the passage of enery 9 in the absence of
ony extesnal Lorxce PLield. Tt Mean +hat a diatheymal wall is iMmpeymeable but not

odiabatic.
example:- Aluminium cam.
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— TIn expeximental work, the mmmﬁmg is called veal.

wsteYyY) .-
¢

= _vmjn.._._ and paper work, the wamw.m:). tveated is colled ideal. A 1deal wmm¢ng is O.Eomm
censidesed to m.%:_i%u the thexmodynamic problems.

e L tein: >
— An open mdmw»g 1S one Wwhich can mxn_)n:amm both energy and Mmattex

with sSuwvoundings.
Example:- A bealkkex containing watex(the system) in o thevmostated
watex bath (the suwvoundings) is an open System.

Surroundings

Matter

4. Closed system:>

— A system is said to be closed when "t pewmits the passage of enevgy,
but Mot vMass, acwxoss the _oocﬁaoam.
Exomple:— A liquid in equilibxium with its Vvapou¥s in a sealed tube
is an exawmple of a closed system.

Csolateca sustEm:-»
r||f —‘L |

- A Sy stem is said to be Jsclated when it can meither nknTijm eneyy
Mmor Motter with its su¥youndings:
Example.~- I¢ the sealed tube hoj._wo...J..sm liquid and Vvapou¥ was ?mﬂgzm
insulated so that heat emergy could not enter ox leave +he
liquid- VopouY , system would be on isolated system.

(c) Isolated
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- A m.mwmm_): s MQ_._n_. to be Iogommﬁmogm when 1t 1s ﬁoﬂjv#ﬂﬁm_M un o &Sdorrmrorrw oY a
rogommSmOFm system consist of- one phase.
Example: - A puxe solid, & liqud o¥ a solution ,or a Mmixture ot mommm.
A mawme s mﬁw_u to be Jmmmﬁo&mﬁmocm when it is mor uniform .¢$3cmroc+. In Othey
wosds hetevogeneous System consist of two ox move phases.
Example - System anm._mwﬂjm of two o¥ Ynorxe IMmiscible liquids, 0¥ a Solid In contact with
o liqud in  (which it does not disselve, is a Inﬁdommsmoﬂw mm_mﬁg.
— A liquid in Contact with its vapouy s also a rmw.miumezmor»m mdmmmﬁg because it
consists of two phases.

L OS0 |2 ¢ _“‘.\m S CEYY >

A MacsosScopic System is one In which theve ave a large mumber ot vo«iﬁmmﬁ,}oe& be
™olecules otoms, ions,etc.)
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hexmodunamic juulio¥iu _
L . y -
_ A mam*mg in which the Macyo scopic psopesties do wokt Csam«mo Qjm njbsmm with time is sad

to be In ?mgomaﬁbg,ﬁ cquilibrium.
suppose a  system is hetexogeneous , ie. it consists of mose than one phase. Then if it
is in equlibvium, the Tnacroscopic propeslies in the vawmious phases vemain UMmalteved
with time.

= Twexmodynomic equilibrium implies +he existance oF thvee kKinds of equilibsia in the m&.#@.?
Thexmal equilibyium

el . mdm,..mﬁg is said to be in thexmal equilibyium if thexe is mo Flow of heat Hom ome
povtiom of the system to omothew. This is possible 1 the tempevature wemains the samme

thvoughout in an parts of the mmmwﬁd.

(2y Mechanical equlibsium’?

A mdm*ﬁj s said to be m mMechanical cquilibsium i No mechanical wWork 1s dene wm ij”
past of the Systém on awother part of +the m&m,mm;_ This is possible i the pressuze vemains
+the same .I,.qocmioF+ in all parts of +the mmnp.m?.

e _?m._.;ﬂ.;m.r_,_ ﬁL..&f._jU.meIw >

A m,a.m.nnj) i5 sald to be in chemical equilibvium if the composition of the various Phases
In the system vemdin the some thy oFmTOC.n.

» Mocroscopic pyopeytes .
— The propervties associated with o T™acwoScopic syctem (ce. cosisting of large mumber of particles)
ase called vnac¥oscopic propesties. Exammple: - pressuse, volume, temperature nbmSm..nm_ compgsition,

viscosity, surface tension, sefrachive mdex etc.
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When macyoscopic propesties of a System hove definite values, the system is said to be
in definite state.

Whenevey theve is a change Tn any one of the 'macvoscopic propesties, the system 1s said

to change n a diffevent state. Thus  the state of a mum¢m3 is fixed wm its macososcopic
psopexties.

State vas\ables ' =3

Since the state of a system changes with change in any oF the ~nacroswpic propexiies
these prvoperties ave called state variables.

When o ucmwﬁs nSDSmnm f¥vom Omne state ﬁhQ:mm intlal state) to anothey state Ano:mm h_so_
state) , thexe s Q_Sbmw a change in one o¥Y Mowxe of the M™Macroscopic Prvoperties.
Pressuse, tempevatuse | volume, wass and composition ave the Ynost important state variables.
In the case of m_.:m_m gas. composition is not one ofF the Vvorioble because w.n. J.m.;::nr._s D—Eomm
100 */. . Fuxthes, ifF the gas is ideal and one wmole of the gas is Under exdMination , it o.ommw
the equation PV=RT, where R is gas constant. m<.&m5¢_m , ik os_m two of the three variables
(p.v and T) 0¥& Known, the +hivd can be casily be calculated. “The two variables, gqenevally specihed
o¥e +tempesotuse and pressure. The ove called mdependent vaviables, The thizd variabkle
genevally volume , 18 said to be @ dependent Vvaviable, as its value depends .crvo_: the values
of P and T. Thus , the thexmodynamic state of a system nojmmww.._sm of a m:d_m gaseous substunce
™ay be no«jﬁmwm.u defined U& wemnmﬁdwsm any two of the thwe voviakies, viz., temperatuze, Pressuve
ond \olume,

4
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PEOPEILICS

An intensive s«o_umlm of- a mam#mjg is that which is independent of the awmount of the substance

pyesent i the mammmﬁp

Example:- tempevatuwe , pressuse, density, viscosity , vefsoctive index surface tension, specific
heat, Uo:._:w point %Amnw_z& point , Fvee emne¥gy pex ole "molaxy volume.

[ KtENSI VNG ___.‘__ n”ﬁ\ﬁl (a] ﬁ | S r 4

i -

An extensive ?o_uma_na of o mamwmj) is that which depends wpon the amount of the substance
Ox substances present In the gystem.

Example:- Volume, mMass , {vee energy » Mumber of- woles, m.sdxom.u_ miusnr_mm_ Heat n.nvﬂﬁn...ﬁ.u.

Fsom the above definitions it follows +that , extensive propesties ofF a single (pure) subskance
will depend Upon the numbexr of wmoles(n) of the substance present and alse on any two
ofF the thvee vaviables P, V and T. If n is Kept constont, the extensive propevties oF the
system will depend only on the two independent variables.,

If o wum¢m§ is Maixtuse of two or Move gases, the extensive propevties Fw..: vowy with the
numbez of Mmoles, Mp, Np . Ne et of the constituents A ,R,c etc, present in the sy stem ond
also With the two ﬁsn—ﬁvmaaﬁ.ﬂ varviobles. The ntensive p¥ o_vmu.#_.mn in such cases will &Q_,“sn_

upon the coyncent¥ation of Vazious species, besides the two independent <Dd._n..l_o_mm.
— Avy extensive propesty if expiessed as per mole o¥ pev gram becomes an \ntensive _:d_umim.

En %sm.d
Volume
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?mgomhaﬁnpg._nw deals with ﬂfo%mmm that occuxr In the propevties of mamﬁmdﬂ when +the
System goes fsomn orne equilibsium state to othey. such a <change W the values ofF the
psopesties of the system 1S called o pwocess.

P_wmdﬁbm_cm_u , & ¢6§o&~_ﬁogmn psocess is the path or opevation _oa which & w&mwm? nro.:mmm
fxom one state to amnothew.

d PCS .ru_,
{ ]

tHheymoed g namc P¥ocesse
{ _

A wdm¢m3 can cmcﬁz& nyojmm P¥om one m@c(..:rﬁ._ng state to another Lnrdoﬁm_: a coﬁmm.

Adiacbatic P §OCLSS .2
Wwhen a p¥ocess is cavwwvied but under such conditions that mp mxnrnz)mm S k. i
place between +the system amd suwoundings, the process Ts called adiabatic.

If the pyocess is exothewmic , the heat evolved will vemain in the m&mwm.a and, thevefore,
the tempevature oF the systew wises. TF on other hand , the pyocess is endothewmic,

heat absoved is supplied by the m&ﬂng itsel F and hence the tempevatuwe of the systewm
falls.

hersnal p XOCLSs . »

.?AM prxocess Wwhich occurs at constant temperatuve is called a isptheymal process.
In this P¥YOocess, the mamg mxnrn.ﬁmmm heat with the suwoundings.

1L SOopQE\C BOLLess .2

If the pyessuve of the m&mﬁ? vemamns Constant mcisw each sktep of nrosmn in the skate of
& System, this process is sold to be an jsoboric process,
e volume of Mdmiﬁ, changes during awn \sobavic pryocess.
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— A psocess is defined +o be isochowsic iF the volume of the mdmnmi,_ Seauns constant &cq_,sm
each step of the process. The pressuve of +the manrm«s Dfnr?mmm D_ci:m an \sochodic pyocess.

e Zs_ms a system Cﬁnrmdmomw a sevsies of state n,fDﬁmmm in such a wary that +the {inal State
becomes dentical Wwith the ntHal state, it is said to have passed thyough a hm_a..n process.

— TF a sexies of DSDS@mw axe conducted ot a constant tempeyatuve , +he nan_m is Known
as an isocthewsmal nan:m. TE the nrnspmmw ave cavried out ,.dsn,qm_;o.m_. then the ndn,& is
Known as 7seversible Dﬁnrm.

— As the intewnal nﬁnd.wm ot a wdmrﬁj depend s oZm Upon its state, (& means that in o
cyclic process, the net change of intesnal enexgy is zexo. i-e-

OE =0
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Z= nh%&: — O

The +total diffevential of z | is given _om.

4= = (F) =gkt — @

o¥ dz = Mdn + 2&&[@

wheve M= IUI.W Iy h-WI.m
dXVm and N = uaw

|_.px.sm Trixed second devivative of eq. @ , we hawe

n

Awlﬂlvx Iwu.al wlmv u a.m .oux - @

JdN D Dtz
and h|v 2 (22) . - 6
A% 4 o#ﬂm&v M 3y
Fsom equations @ amd ©

am AN o'z =
Ua vvn - wunv.mi@ e dmwu.. - .wKWM &

Eq. ©) s called the Euley vec\proci

ty4 (weciprocal) velation . It Cowresponds to an exact ditlaenticl
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- 1¢f any function Follows Eulexr <wecipyocal welation then diflevential of funchion s an evact diffeventu

and if does mot Lollows then diffevential of funchionis an inexact diHevential.

-~ Exocet diffevential con be ,_5¢m@50¢mm between the appvopviate limits. This canvot be
done in the case of inexact diffeventials. Thus

.N.P_. 22

R&N = Z,-2, \QNW&I NN!N.

<, z

Exact diffezential Inexact difevental



Learn Chemistry Online

| i ATa | + =T a
taQTE ANga poaty LNCtioOns \MMa thewy airesentials | »

— The state Punction js a vdo_umdwi of a gmdéom&jbg..ﬂ mmmwm:,. which has a defimite value fov
oo pavticulay state of the mamgg. It is independent of the manner which the state S

seached.
— The change n the Vvalue of o stote Ffuwction depends only on the initfial and final

state and mot on the path of +he process cCavried out in @O,:Jm Prom intial state +o
£inol state.
Example:- Pvessure , temperature, Volume and enevgyg-
- O.SQﬁ@nw in Volume is given ,o&
AV = Vg -Vp
Wwhese Vp = Volume of initial state
Vg = Volume of Final state

—  Oiffexeptial of stoate function is an exact ox perfect diffevertial. Exact diffeventials can

be integsated between the oappvopriate limits.
_  state Hfunctions Pollows Eules weciprocal (veciproaity) welotiom,

h dv = V-V = AV
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- The path funchion is a _ud.o_umdﬂa ot %dgommjog._n System which does not depend on

imtial and Linal state ofF +he m&mgg but depends on the path Ga which the n,jn:@m
is byought about.

Example : -~ heat ond wo¥k.

— oitfeventials of path functions ave inexact diffeventials . Inexact difHewential cannot
be ntegsated between the approprviate limits.

— Poth functions do mot follows Eulewx d.mh..vdonD._ ﬁd.mn.%ddh._ﬂ.._d welat on.

s Wg
w dq # 4;-1a w dw FW - W

A
b\) .}._)
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We kKnow +that v=F(T,p) — O

dve (89,01 +(), 9 -G

Fo¥ an ldeal mo.m

PV = RT
o e Dl
AU
Hence RT
9@ - 2ol DV . -

mcrdmwu._wc.ﬁjm these volues 'n equation @

dv = (B)drT |p~v% =®

J.Dr..:m mixed second dewvative of 9 @

ﬁ@%\j . =B _5
’Hwhﬁ\ﬁé _ _ R _®
—.uu.
is an exact diHexential.

— Eq. ® and @ Hollows Eulesw imn.ﬁ«oo.h& ¥elation hénce dv
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Qeal A A 'V =~ PEUNC cnak ¥ LA ‘ 1§ . XQcok N

We Know +that v=F(T,P) — Q@

-E u|<
dv = ULUDZ o a_uvqn:v -@

Fo¥ an ideal mo.m
PV
o¥ v= 2L —®

ov) . R_ w<u . - RT
hlmﬂ_ul ¥ L0 ﬂ% . PR
mdeﬁwc.J:m these volues 'n equation @

dv = (B)dr |A.M|Hv% - ®

we Know that
dw = pav — &
xom eq- @ omad B

dw= p(R)ar— e (E])ar
or 4dWw = ﬂl%l@mv

o dW= RAT-VdP — © A <n|11v

[
il

2D
4

Hence
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|_.D_a._:m mixed second dewivative of e9:- @
Wm.v . |@<lv — @
ﬁvﬁ T 2T P

Since R s gas constant  hence

U__Nu = &

g4

Accosdingly from equation @ .Wk.v =0
/ ) @-—I 1

But this is not tue becouse thexe s O,En&m nro<&h in volume with tewpexatuve
a¥ coenstant pwessuwe . This leads to the Conclusion that dw is an inexact diffevential .
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The change in ene¥gy Moy appeas in +the foem of heat, wovwlc ete.

- The wunit of ene¥gy is joule. It is defined as +the wWoxk done when 4G Tvesistance of 1
newton 1s ymoved +wvough o distance of 1 wnetexe. Tus, T= N.m

= lhenever o wamw.m«: nrﬁjmmm from one state to another theve will be change in enexgy-

- The lbxitish physicist P Jouwle (1818- 1889) Showed n 1850 that these (s a definite =elationship

Letween wechanical wovk Jone W and heat produced | i.e.
W H

O W = JH
Whese T = Joule Mechanical equivalent of heat. Jts numexical value s

talken as 4.1 84 joules. Thus,K the expendituse of 4.\24a jowles of wmechanical enavad .

1 calovie of heat s pyoduced. Thus | | Calosie = 4-184 joules. Heabt s Mow ,.Sco&.ér,m
expyessed in joules.

- Enevgy expresses itself mot only in the fowm of mmechanical woxk (as in Joule's expeximent)
but olse as heabt evnevqy . electvical enexgy and chemical enewgy- Whatevex be +the fowm,
enex gy Is composed of +two Pactors- U4) an ._5¢m5mi.u Pactoy and ) o nP_an._.f factory .
The pyoduct of +hese +wo Factoxs gives the evesgy.

-~ Heot enesgy is pvoduct of tempevatuwe T:ﬁ@:m.:& facktox Yand heat ngon__ﬁuﬂmpﬂon_i& Factoy).

- Elects' cal enexgy s p¥oduct of potential diffevence Csmnsm.,& ameﬂgi and b_.cosw._.é of n_mmgﬁ.& mmn.;oon&
wonwoau
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— When a Uomm of ™Mass m Km is vnoved .Iadoc@s o Tmﬂafw oF I 3H+7m woxk done D&o._,jin
gvavity is obtamed by Wultiplying the mjgam._&m factow hjgm newtons) Wwith the npvon;.m

Lactox hT metex ) . The wo¥ik vm;qdmogmunw is 5)@7 ,.wocr_mm.
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— The is also known as law of consexvation of enexgy.

— Dmnouo_ws& to this law, “ energy can wneithex be cCyeated moxw n_mm_ﬁoam& D_+Soc.m,3 it can be
tvansfexmed fvom one Foxm to another.

amount of mﬁm.,..m_m n

Whenever enexgy in one form disappeaxs, an equal
some othew foem must appeax.
r Statements of { ‘ lawd .2

i Fixst s Catemeaent: >

— Joule stated that . Theve is an exact ﬁn...?..(oLmjﬁmw betoeen the awount of woxk
ovexcome and the heat mm.:mdoﬁmm.,.

In othex wo¥ds oF Maxwell, Jsoule's law way be stated that " when woxk is transfowmed
inte heat ox heat s work, the @CDSﬁmm ofF Wwox¥k (s §mnybﬁm0n~:m equivalent t© the
n..PC.DS#;K& Dh rmwﬂ.m.:

ot TTnmentct.?

— " Evexgy of an isoclated System wust xewmain cownstawt, although
one fewyn to ancthner.

it may be transformed from

BILE - T=! STAaTtTeE Tenc

T mﬁmdmm in one %Od.g.._h & n:.mp_uvmﬁd.m. will mMake its Drvtmb.*ﬁ_shm M an nw.KDh!W_& m&tc(../\ﬁ_m.j.q
quantity n another fowm.”

Statement.»

It s mnevew possible to constwuct a pevpetual motion machine that could produce WOYK
without consuming any energy
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Aasis nl Pivst law

chine which way opevate without any expenditure of fuel and may thus
C¥eate emevgy out of mMmowheve is Qevexally called a pewpetual motion nsching . e Lcak
law swles out such machines. The Lact that Mo exception to the Fivst law has been
found yet ond Wo one Succeeded in Ucr_:m_::nm such a wachine +fosms an expeximental

basis for the fivst \ow.

al foxm o+ +ivst |law

viatheTnax :
let Ea be +the WSmd.md of w&mmﬂj in its state A ond Eg is the energy TR —
suppose the System  Wwhile Undev¥going change oo dinte & s & Shnsstes Tk o Srom
the suwoundivgs and also pexfoyms some work (Mechanical ov elec twical) equal to w.
The absoxsption of heat _un.._ the mam§ +ends to raise the enevgy of the wdnﬁg. The

pevformance of woxk by the system, on the other hand, tends to lowex the enevyy

of the SYystem because pewxfoamance of Wosk Yequwes expenditure of energy . P

the nroﬁ&m ofF Intexmal enexgy AE anogvbzamsm the obove process will be Qiven wul

AE = Eg-Ep=9qQ-W — (D
In @mjmﬁp_‘_,j a d..cm.) p¥ocess | the P;QST..J of heat tyansfewed 5
f¥xom the wcdqocj&m&m to the nanﬂ«s 'S q and the wWwo¥k done in the T &
process is w, then +the ﬁfosm_m N inte¥nal enewyy \s given _om_ P Ir
A
AE= Gt — @ g

Eq @ is +he mnathematical statement of the ¥ust law of thewmodynamics.
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— T4 wWo¥K i5s done da the wcﬁo:;&.smm on the system h&ca\_jm compyession of gas), w is
‘talkken ’uom..j ve so that OE = nm|+ A Almnﬁ Nv : Hﬁ i SO.{%(MJ\\ LooY K 1S Qﬁvjp U& .rlfam m&m ZYyn on
the mCd.qOC,:D.__Smw, ﬁD_Cd_.Dm expansion of Qas), w is taken ﬁmm_bj_ ve so that DE=¢-W hm&_C
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ILntexynia eNevyay >
..z-.__".._

— Intewnal enevgy s vepvesented by E or L.

— m.<m,.\m substance is ossociated with a defimte omount of mjmr.dm_ which depends wpon iks

Chemical Mmatuze as well as  upon ts teyrpeyobusxe , pressuve and yolume. This mjm,«mdmm
lknown as mtexnel enevgy-

- The exack ?9@??&%. oF +his m.ﬁmq@u is wot Ilkwnown because the chemical natuse includes
such indetexwmivnal #Factox as the

tyanslational | wotational ond Vvibxational /movements
of the wolecules, the ™anmes n which the wolecules axe put together, the atuve of
the individiual gtoms, the D.,ﬁ\g@mésw amnd NuMbeY ofF electyons, the enevgy vonm.mnmn.
by the mucleus etc, But ,one +tmwg I cevkam that the jntemal enexy 4 of a Subslante
oY ,mr,_mmm.? is a definite nﬁc.n.5¢¢u and it is a Puncton Q:N_ of +the state of the mm_.ﬂraS
at the given moment | izxespective of- ynannex n which 4hat state hags been _u,a&rpr
about.

It s Tsue +that the actual value of intewal nsmx.mm cammot be detewymined. It is,
thesefose, essential to censider n_:n::mmm \n inteanal enexgy.

Suppose a. systemn undergoes a ﬁ.rmd«jomujbg.ﬁ nfoB@n. frorn state A to B. Then Dfujmm n
intewnal enevgy 1s given _om

Dm = mmlmp
E, = Trntexnal evevgy of initial state A
Eg = JIntewnal enexgy of Pinal stote B
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— Suppose the change of state of a system is bwought about at cowstant pyessuve. In that case
these will be nro::@m. of volume. Let the wvolume incvease From Vi to Vg , at constant pwessuze P.

Then , the wo¥K dene (w) Fu the system will be given _oa

W= — RAY
o¥ W = iﬁﬁ<mudrv — O
Fvom the Pfivst law of +rm30m&50§..hw
AE = q+W — @)

WFUU#JETSM value Om,! w n cq- ®
sE = .- P(VgVa)
or  Eg-Ea= a=p(Vg-va)

ov manu m\r = i _Uh/\@icpu“é
(e R mmlmbtr.v/\ml_U(P"n_\
0¥ (EgtPa)— (EptPV)=q — ®
The quantity E+Pv is knowwn as the enthalpy of the system and 15 denoted

Um H. Tt wsepvesents the +total ene¥gy stosad 1n the w&mﬁmg..ﬂrcﬁ

H= E+PV — @
since E 1 a defimte quantity and P and v ave also definite quantities which
H is also a definite @Fosw._J- Fyrom eq. @ and @

ine the sState of & system, hence

cef
Hg~Ha = 8H =q — &
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— Since Hp and Hy ove definite quantities , it 1s evident that

&coz%m mmnmsm._sm 05_& on the nitial and final sState of o umwT:? OUSoCm.&\ AH dm?mmaim
incexease wn the mSwrP_wm of a mmmﬁm:a when "t nrbjmmm Peorn state A to State B

AH, like LAE, IS & definite

Snce AR 1S a definite D.CD?T».M . the heat

obsovbed (9) undey the condition of the
expesment e

ot constant (ressuwe , is olso o defimte qQuantity.

Fuxthex it olhows Frem eq . ©)

(EgqEa) + Plvg-V) = 4 — ©
wFWmT_.n:mdjm the oabove value of q in eq. B . we have

av = (Eg-Ea) + P(vg-Va)

o¥ AW = AE+ PaV — 3B

whexe AV = the incxvease n Voluwme Cimmxmosm ra the m&mﬁﬁa_
— ,._._..,...f__.. 4 -y JO m_..f...\_du_,...ﬁp._.. .

. lon:® The nrngmm N mSw_?D:uM (AW) when a :@c.._m changes nte vapouy
o when yo pouss 0505&& inte liquud state, is Known as o.jw._)n_fm of <D.ﬁod...m0.¢..oﬁ. T™is has
+ve sign in the fowmor case omd -ve sign n the laotter case.

a1 1 -

~ASIDY

, P o> (he QTQSmm n mvwsp_vu (an) when a solid nrosmmm inte liqguaad ox
['quid wsnjmwm j:+.d| solid state, 1s kKnownN as m.:p.soSm of fusion. This has +4ve .w.,mj v
the Fovmaxy cCcase and -—ve sigh n the

cnthNnaipy

|lattexy <ase.
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— Heat nPﬂon,.wu,.Om o system, between any two tempevatuves is defined as the @rﬁi..wm of heat(q)
sequivxed te waise the <tempevature of the wdmnmj) fxom +the lowex to the v:mrm« tempevature
divided by the +empewatuye difHevence.

— If the mass of the wdmmmj: iIs one w.qbg. +he heat 091Dn..¢& is called +the mqumn.:ﬁ._n heat
of the wamg3. If, howeverw, the vnass of the mamgg is one mole, the the heat OQ_K.DM
is tesmed as Molaxw heat np_ubn._ﬁu. T+ chﬁr:m denoted .UM C. Thus, the "olax heat nn%pa:,m
of a System between +tempevaturves T, avnda T. will be expvessed as

- Since the heat DﬁﬁuDﬂ._...-u varies with temmpewsatuse, hence +he Hwe wwelay lheat nb.ﬂbn._ﬁ
is defined by the diffexential equation.

_da
Lw @

> Heat coapacity at constont velume:-
— Fyom 4he Rivst law of +de.30am3n.§..nh
A= bE-W — D
At constant volume  no extexpal Woxk s done Um the ummamg ox on the

t (e W=
m&m e&m < Ov &\H -

Dm
- (&)
"I.I ..HIII nll..
- hD.._u.u/\ e 0( 0T )y - ke Ta-T

Vv
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H1éat Lpacit _ i 1 ( istant X 35 (L U7
— At constant pressuse | however, thewe s nrn:pmm of wolume and some (woxk is done
Suppose, the volume increases by AV anad the wosk done is w . Then, F¥om Fixst law

of thexmodynamics.
P \AT
— Tncsease n volume "neance +hatbt the Wwosk done r& the wamwm;s on the mﬁaaor»jn:ym_w =a
that W, Uu conveéntion, is 5®@D¢<m. Hence

Q=0E-W and C,= mhlv
—.v

= — PAV
q = OE-—(-Pav)
qQ= OE + PAV

Dm+vb<v DIV Ab: V
Ca 2 | ————— oY C =[]— iy &=
g ar 7 P AT > P T/

constant velume is debined as +he increase in intewmal enexgy ofF the sqstem pevw
degewee wise of tewmperatuse, that at constant pvessuve is defined as the incvease
enthalpy of System pev degwe wise of itempevatuwe.

— Thus , while the Mmolaw heat ﬂD._an._mM of a gaseous system of wass e&ne mole at
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4

<elotion kelweeNn CLp and C, M gaSe0usS S4yste
— When a gas is heated at hojmwbsm <0_E_3m._. Yo extexnal woxk 1S done .u@ the gas . In othex
Wwosds all the heat mrrmu_u:nn_ +o the wpm 1S Wwsed n msndmbm..ﬁm 1ts  intevnal mﬁmd.@d. Thus |
tewperatuse of the one wole of gas s =waised .mf,.\oc&r 10¢ ﬁme increasing - TtoT+1)
at constant voluwme.

the incvease in its intewnal enexgy itself gives the wwlax heat capaci
incxease In its Volume  that

is heated ot constant ﬁdmmhc«ﬁ_+rmdm will be
15, the gos will expand and do some extesmal worK. \—.fma.mﬁodﬁ_ seme extro. heat (in
additien to +the heat 7rTequived r.a it to increase the Intewal enewgy of its wolecules)
must be supplied to the gas +to encble it to pexform this extewnal wowk.
Hence , the "™Molaxs heat Opvbn._w.m ot a gas at constant pvessuvye Mmust be gveakey
than that at constant velume, ¢.e. Cp>cC,, -
Thus Cp-Cy = oYK done .on_ one mole of the gas in expansion when heated
thwough 1°c at constant pressuye.
— As we WKwow , the wovk done by the gas in expansion at constant pressuze is numesically

— When a gas

m_.:m_) fu& W= pav
Fox one wole of gas ideal equation is
PV = RT — ©

Wwhen the tempervatuse is waised _um 1°c Brom T to T+L So that the volume is V+AV,

P(v+av)= R(T+1)

then
o PV+PAV= RT+R —@

Substyacting eq. @ from cq.@,we have
POV =R — @)
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— Thus, the wox¥k done Gm one Yole of an ’ideal gas in expansion at constant pressuvre when
heated ijno;@r 1°c is equal to R. Hence

Co-Cy = R — @
— Thus, the diffevence between the wnolax heat DPGDG.;..M of o gas at constant vqmmmc&mmnl
ond at Constant wlume (Cp) s @qual to the gas constant R.
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, oOw Taulde aYVISO T = I

J QLAANE 164 LYY - JLA € 1AL

— Tf the stxeam of o gas at T._mj pressuse (s allowed to expand by passing +7«o£m7 O. PO¥OUS Eﬂm
jnto vacuum o a ,..mmmos of \ow pressuse , undex adiabatic conditions, it mm*m cooled o.ﬁ._imn..pf_&.

— Hygdvogen and helium ave exceptions as they get wavmed «p Undex Similay cwcumstances,

But, ot very low tempevatuxes, these gases also show +the Uusual behaviousw. .
- The tempevatuse below which a gas becomes Cooles on expansion is known as the inversion
tempevature .
Tnvession temp. fow Tmn_dommj is —-4%8'C
and TInversion temp Poxr Helium is —242'C

- The phenomenon of change of +tempevatuye produced when o gas is Wade to expand

Pmmbvoinﬂ:m fom a region of Zmr pressure te a Tegion of mxwxmj;m_m low pressuve s Known

as the Joule-Thomson effect.
— The Joule -Thomson expeximent was pe¥foymed n 1350s rx the two byilliant British _ur,m_m._nmu.wm

T.7. Joule (1818-1883) and William Thomson (1824~ 1307), latexy wemembexed as Lovyd Kelvin.

— The noo_.::m effect s dAue to decyease in the Kinetic evergy of the gaseous molecules 8ince

o paxt of this ene¥qy is used up in Ocmﬁnoz:..sm the van dex Waals Lovce of attraction
mxﬁm*._iﬁ between molecules n.c.ﬁ..jm expansion.

— The Joule-Thomson effect Ts Very small when o gas approoches ideal behaviour. Tevelose, the

Joule - Thomson eflect is zewo Yo¥ an iTdeal qas- because ,in an ideal gas, the van dexr Waals
fovces ave 3mm__.@.&_m and thexe is Mo expenditure of energy n o<m«no§‘.sm these fowces ac«._sm
mx—ubjm.od.
frmj an \deal gas expands m vaccum, thexe 1S MSither Dﬁmoqvios nox evolution of heat,
ie.,q=0-
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— Fuythewr , when an ideal gas expands W vacuum, 1t does Mot Wo¥K because the pressuve
Dmc.ﬁww which it expands is ze¥o. 1In othexw WOIds , W=0.

— 1Tt follows Fyom the general equation oF the Hivst law +hat AE =o.

Thus , Wwhen an ‘deal gas undevgoes expansion undey adiabatic conditions n vacuum
Mo change tolkes place in its ‘mtewnal enexgy-

— In other Wwosds, the wntewnal enexvgy of o given quantity ofF an deal gas at o constant
tempevatuxe is independent of iks wvolume, ce.

(RE) .4

\2V )+ | |
— An \deal gas moy, +Ymdmﬁou.m. be defined %«gommjﬁé._m&_m_ Ud the .m.ozacu_smgo m&cnﬁoﬁw
) Pv= Constant, at constant tempevatuwe.
@ [BE) -4
\ov )+

Th anth \@B =
e quan ¢M r.@( \._.
an \deal gas 'S zexo.

O is called *he mtexmal pressuse . Thus Intemal pressuve of
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JOoul& iIhomson coethicient ) :i>

- The expevimental technique _Mmm.nﬂ +o explain Joule-Thomson elect is illustated mnrmgf,ﬁn:m -
TJ.@. _ A G =
A +tube made of a non- moSn_cn¢3m matevial is fitted with o = _1“ — _1"
povous EC@ G n the middle ownd two pistons A anda B on the s+ b 8
sides, as shown. The tube is &ro,qoc&r_m insulated to ensurxe 7,\_,&““ .TSJ-___
adiabatic conditions.

A velume V, of the gas enclosed betwoeen the piston A and Fig'L - Povous plug expeviment

the povous v_crm G ot a pressuve P;. The volume Vv, of the mﬁw Soxced i‘,«oc&r the povous
plug _um ™oving the piston A Iwwawds and is allowed *© expand t© a Vvelume Vv, at o lower
pvessuve P, by Moving the plston B oulwosd, as Shown.

;. Wo¥k dene on the system at piston A = + PV,

wowk dene by the m&mﬁ«j at piston B = —P,v,

ot Net worlk dome by the system = —p,y 4+ Py,
Since the expansion of +the gos has talken orn:ﬁsn_w_,hb:&. the cystem meithex absoybs o¥
evolve heat to the Swwroun dings. e mdmaag\ thexefose, pevforms work at the expense of

..mm,_jgasn_msmdwm. DuSwB.c,m:«m_ .i..n._sg,qsﬁ mﬁm&@d ohi:m m&m.ﬂé nsgbamhm\ wo.m. 510.3
E g to mp .

s — PaVa + PV, = E,~E,
o¥ - E, =PV, =—E, - PV,
o¥ E,+ P2V, = E, T PV,
0% H, = H, (: H=E+PV)
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Thus, the Jouwle-Thomson expamson of ¥yeal §as occurs mot With constant intewnal

enexgy but with constant enthalpy . This is, thexefore, called on isenthalpic process.
— Since H is a state function, dH is o complete diffesential. Taking H as a function of Pand T

H= £(pP,T)

_ [2H M
oH = Ai o Au;% — O
T P
But UIV

since foe odiabatic expansion, dH=0, hence

H
d?vjﬁﬁ_ﬂ b 0 D?Q.ﬂ —% 8|

H
o s are
O¥ nﬁ&.ﬂ hwﬂ L

ST _ _ (2u/apP)
- ap G Mﬁ B @

(e. n:v - _ (@n/or)+ B
H

aP
The L\Coﬁifm

ﬁo_vq is called Joule- Tnomson coefficient anad s denoted by Myt
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AT = ©)

whese aT is the fall of temperature Pvoduced as a vwesult of the fal| of pressure AP.
- Joule and Thomson \exified eq- & mxvmx‘_éjnp._m GM o,nnc,..owm_u Teasuring the fa\l of

tempevature (aT) pnnogvbﬁa._sm the expansion F o Mumber of seal qoses- In ewry case,
AT was found +to be p¥opvotional to the diffewence of pressure AP on the two Sdes
of the povous plug.

JatTlxYeE { J OLLL € nomsoY) co

LOCT CIC I

AC .\Cru.« - =+vVve value = O.GD__..JM oan Qxfuﬁﬁm..cﬁ
) My > —Ve value = _\CDJAS,SM on expansion
@ My > © > No tempevatuve change on expansion .

The tempervature at which meithex nOO_._sm Nox¥ 5&0}_5& offect occurs, s called the
inversion teywpevaturve.

The Joule- Thomson expansion is One of the Mmost impostant wetheds Ffox __,@cm_”sntg
of- gases.
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Nal-fa eEntc ¥ QY adeal

)
>

— We know that Toule- Thomson coeflicient is

QJ _ Adxv
— — ,.P\F . e ien | NERE — @
ﬂ.o_u: JT Cp \ 2P/
PV
P dP T
QE a(PV)
o[-
Cp -1 - °P /-
_Sfr;:v—u and divide WUW UM DV in eq,: @

L[5 ) -0

when on ideal gas C.Smﬂ«@omm expansion undey adiabati

change takes place W its intewnal enevgy. In other Wwoxds, the intevmal enevgy of a given
quantiby of om ideal gas at a constant tempevatuwve (s independent of its veolume, (e.

Iw.mu =0 sO oF > dcv =0
oy

c condition \n vacluum | no

OV/+ AV [-) 4

Also, since fox an ideal gas, pv is constant at constant tevnpevature, w%u&v =
Hence , eq. @ Tveduces tO WMy3:=0. The Toule- Thomson coeficent foxr an \deal m_Qm te 4Nm«o.
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S

1Y .

— Joule - Thomson coefficient con be mDm.__,m calculated with the help of van dex Waals m@cnw..oj.
— von de¥ Waoals equation fox one ol ot gas is

hfm&?-_& - RT — @

a ab _
- - & YT
o% PV —Pb + — e @
Since both a and b ave small, the +tewnm G542 in the Van dex Waals equation
Can be meglected provided the pvessuve is Mot teo high-

PV—Pb + & = RT

RT—2 +Pb — ®

() 1 PV =
Fox ovne vole of gas
PVv=RT
RT

oF v= ||ﬂ.|
on  Substituting value of vin eq @ ,we have

Da...mvl+?o -®

S RT
on 0_2_%5& eq @ by P
PV RT &P . Pb

P - P RTPR P
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Ve 2wl b - @

P RT
on n:?m,ameDTS& eq- B with wespect to +emp at constant pwessuse,

;9\1 Wlpll
?Lm « P ©
Reawanging eq. @ we have
&P _ 3
RT = P(v-b) + o=
Divide both sides by PT,

RT _ p(v-b) M apP
RTPT

PT PT
Q
R . LD —®

P - RT?*

mﬁrrum&»gﬁﬁ% /.RF_CND*U I.WP .TRQ.S: ﬂnﬂ.@ T\.. @ , we TDCN

mwkv . R, 2 +nm.w»

P i i RT?
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dv 2a
D.d\ [ — _— —— — S ——
[ ﬁ 3T V_u v b @

Cm:;m the well Kknown *ymdgommsogwn velation

V= Ah,mw#lv_qu mbwﬂ.a

P
Eq- O ™ay be wwitten as

OH)\ _ BV \ e
= - G T - @

dH) - 2& _
Ilv = - b

P T
MIV mmo, v
o% e = = | —-b) —
EY) - - (&) -0
we know that Toule- Thomson coelficient

@R —&(F.—©

P

Fyom eq @ omd @
By L E ] i
mwnqru Cp ;“_u.q M ©
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\ 20 =
tq.qulnﬂﬁnaluf ©)
0 2=

>b +then JA
RT

s I8 +VE , noo__.sm of Qas.
0 rWo..M <b then Mg is —ve, Tmbiﬁm of gas.
D) lul.ﬂﬁ = then i

Myr 15 0, Mo change in temp.

— Since o ,b and R ave constants, it s evident pnat the 459@1.?&@ ona sign of the
Joule - Themsomn coeHicient depends 05_& upon the tewp abt Which gqas is allowed to
expand.

— The termpevatuse at which the Jowle-Thomson coefficient chan
the inversion ‘emperatuse. At this

tevnpevatuze My IS zeovo

@mm w,.mf is Known as
24 = b

So that.

RT;
_ o
o =g —8
von dex Waals

- whewe T; wepresents the Inversion tempewatuwe . Thus, the Invewion tewmperatuve depends
constants

o and b of the ges -

wepon the
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and dH +to¥ the éx pansion of ideal N_rrm.u

AVIQE T i\ Sotheamal COnNnat

Caolculation oF W=

— Considex a gas enclosed \In a Da__.jmm,q fitted with a E&.mrimmm and fvichonless pistov, as
shown in b..mr:.m.

— The extewnal pressuse P on the piston is equal to the pressuse of Pext
the gas Within the nm___.smma.. TF the extexnal pressuve is loweved
by own infinitesimal amount dr, ce. it falls fyom p Yo p-dp,
the gas will expand sm infimtesimal volume dv, (-e. Vvolume nsos&nm
fxom V to V+dv. As a vesult of expansion , the pvessuwe of gas
Loithin the n&:smmx falle to p-dp, Ce- 't becwmes Qmo‘:. equal to e )
the extewnol pressuse . The piston then comes to Tyest. g cm.qmmﬁ_mmﬂnvosmaj
= Smce the system is in thewvmal equilibrium with the wrrJ.qocso:smw_p.rn msfj..*nmﬂ.gﬁ._u small

cooling produced as o wesult of infintesimally Swmall expansion of the gas is offset by
the heat absocszbed fwom the mg.(ozja..:mn and +the tempevature Femains constant
thxoughout the opevation.

—  Since nwcd..sm expansion pyessuye dJdecreases and wvolume Incyeases, these two pavameteys
ave assigned opposite signs- The wodk done by the gas is given by-
W= —(P-dp)dv

Tgnoxing the product dpdv, as both quantities ave Fipitesimal.

W = .I-UE(I.I@
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— The +total wozsk fox a Rinite Vvoluwme nSDjmm. say Leom V) o Vv, Can be
,S*madbwmm eq. (O

i
W= — h PdV — (@
/h_
whexe Vv, = Volume of the gas in initial state
V, = Volume of +he gas n  Ffinal state

Fow one Yole of an ideal gas

PV =RT
e B
P=-
Thus, eq- () becomes
Va
& av
o _ﬂalq..
vV,
Vo
ov W= —RTIn—= — @

obtrained Gm

Since In an ideal gas PWV,=Pv, | at constant tempevatuve, the gbove equation

™ay also wwittén as
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- For n woles of gas, above expression way be written as

Vv P
Al = .I.j_N...—.bjlluul ﬂljﬂ.ﬂ.ﬂ,bsllll T

V, Pa

Since duwing expansion V, is vnowe than VvV, and P, is less than P, ,hence,

Frem eq-B® , the W comes out to be 5mmﬁ¢<ﬁ n ﬁOShOd??m with the convention
used in Hnis d\mmn,&.

O Hation O% )H e

|

— Fvom +*the .m;‘mﬁ law of gmg&xjﬂqﬂ,_hw

D\ﬂ AE - W
For on isothe¥vmal process
At = 0O

So pﬂlc_(_

of heat absoxked.

Calculati oy oOr a4 :~

In an \sothesmol process, +he tempervatuse of the mdmﬁug wemnains constant i%.dc&focpw
the process of &xpansion.

Since fov an 1deal qas, intexnal energy & depends 02& on
tempevatuze, it follows +that at constant +‘empevatuse (isothewmaol process), the intewmal

enevgy of the gos yemoins comstart. This means that AE=0
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— We know +that enthalpy s
H=E + PV
ox oORn= o6(E+PV)
AR = O€ + HPV
Fo¥ an Jdeal gas
PV = MRT
AH = OE + OnRT

gince fox an isothexmal process,
AT =0 and HE=0

hence AH =0
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—  Fyom the fivst law of +5mﬂ50&djﬁgo_ﬂm

AE = q+ W
Fow odiabatic expansion
D\HO
S0 AOE =W
0¥ W= CyAT (: cu= G ©% 0E=G,AT)
o¥ w= C,(T2-T\)

i 1 >

— TIn case of odiabatic expansion, mo heat is allowed 1o éentery or leave the

System. Hence , q =0O-

—  Molar heat Dn..ﬁn.n._ﬁm_ ot constant volume ofF an deal gas is given SM‘

ﬁ.(.ﬂ. h@lmlv
oT v
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oY dE = (,aT
and, for o Linite change
AE = CyAT
o¥ AE = Cy(T.-T)

We Know that, ms*g:um is @?\&3 ._Dm

H = E++ PV

o OH= bE+ H(PV)

Fox owne ynole of ideal gas
PV =RT
ond DHE = ﬁ(Dn—.

se AH = CyAT + ROT

OH = hﬁ(l—.mv AT
ox ADH = Dﬁb.ﬂ ﬁ

o AW = CelT2-T)

cp-Cy =R

O™

Co= Cy+R)
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> | NETYW YY) *YNIS ToW .o

- |>: chemical a..mnm%osm a¥e accompained um enesgy nresmm. These nro.:mmm appear in the fown
of evolution ox absowption of heat.

— The byanch of nfngwmﬁdm‘ which deals with enevgy 0595&0 involved in chemicel veaction (s

called ¢rmd3005m3._mﬁﬁ.
— The ernevgy 9iven out during a chemical change appeavs n the form of heat , while that
which is oabsoxbed ™ay be n the fosm of thexmal, electyical or photo energy- The amount

of energy evolved oY absovbed o_c&,_sm o chemical nrodam D_En.uw Yemains sawme for the
same quantities of dmonrsm substances.

— The subject attey of +rmu‘§oﬁsm§mmﬂx¥ is based on the first law of #5@«30&&50«5._nn.
The energy DTDSmm in chemical Yeactions axe &mﬁmuﬁ:u due +to r;qmprmjm wp of mx.,m.Ism
bonds between atoms and the fowmation of mew bonds, Thus Thexmochemisty provides

important infowmation wegarding the bond enexgies.

Ewxothesmic aAQnad eéndotheyymiC Yeactions . ~»

— Reactions that give out heat, ¢e. which ove accompained by evolution of heat , awve
called exothesmic weactions. In Such weacxrions Hp £HR So that A4H is ﬁmmn¢<m.

— On the othex hand , weactions that take in heat, c.e. Which axe o ccompained a& absoaption

of heat, oxe called endothewymic weactiens. In these ~Yeactions, Hp> Hp S0 that AH is positive.

Theymochemical equation

An equation Wwhich indicates +he evolution ox agbsoxption of heat in the ~veaction or process

is caolled a theymochemical equation. o
Cls) + 0.(8) — ¢€o,(3) 2onH=-23935 kI mol
+ 226-8 KT Mol

2¢c(s) + M(9) — cH,(g) oH
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— The standord sState of a substance ot a specified tewmpewatuve |s its pure foem at L bay

— Fov o puve gaseous substance, the sStandavd ctate at o given tempevxgture is the (deal
9 P
gas at ovne bax pyessuxe.

Fox o puse liquid substance +the Standowd state at a qiven tempevatuve is the purse
liguud at one baoax pyessuxe.

Fox o puve cwystalline substance, +he standard state at o given tempervatuge is the
puse Crystalline substance ot one baw pressuze.

Fov a osubstonce o¥ lon in solution, the Standowd state at o given tewmpevature is the
unit Ynolality of the speces in ideal solution ot a cone bowr pwessuve.
Fo¥x example: s

— The stondazd state of \iguud ethancl ot 298K is pure liquad ekhano| at 293Kk and
1 bow.

— The standasd state of solid ivyon at sco k is puve ivon at sook aond | lbow.
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— The standoxd enthalpy of Ffowmati
foxmed +Hwvom

substance

i s
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» (BHE)
oN,1s defined as the enthalpy change when one mole of

o o : '
th 'may be 5mmo+.<a o¥ positive.

ks elements In theiwy standasd states.
Reaction ) = Dtao (kJ mol™")
for the compound formed

C(s) + 0i(2) —_— CO;y(g) - 393-5
C(s) + +0(g) —  CO(g) - 1105
Ha(g) + 5 0x(g) —>  H0) - 2859
Hy(g) + 08 —3  Hy0(g) - 2419
+Hag) + +Falp) —>  HF(g) - 27111
C(s) + 2Hi(g) —_— CHu(g) - 749
2C(s) + 3H,(g) —__ ChHé(g) - 892
2C(s) + 2Hy(g) o CyHy(g) +523
NOAMV + INANV S ONIMAMV +226-8
6C(s) + 3Ha(g) — CgHg(D) + 490
8C(s) + 4Ha(g) —  CgHg()) : - 2244
Si(s) + 01(g) —  Si0y(s) . - 9100
S(s) + 03(g) —>  S05(g) - 2975
Na(s) + +Cly(g) —>  NaCl(s) - 411:0
Ca(s) + 3 02(8) —  CaO(s) - 6355
1/2Na(g) + W:NQV o NH1(g) - 460
N»(g) + 2Hy(g) —5  NpH4(D) +50'6
Cis) + 2Ha(g) + 1/2 O(g) — CH;OH(D - 2389
2C(s) + 3Hy(g) + 1/2 05(g) —>  C,HsOH() - 27717
_:namw + h——mﬁh‘- —_) n—_u:ﬂmhv + 60-2
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— Enthalpies of weactions at 2s5°c con be dete¥mined it OH¢ values ot weactants awnd products

involved in the TYeactions arve Known Svce

AR®° = 2 DIeh (pvoducts) — 3 DIM ( xeactants)

imm convention, wa values fox elements In theiy sStandavd states awe talken as zexo.

— Calculate the mﬁ¢_:?€,m of combustion of Mmethane ot 25°¢c and 1 atm pressure.

CHa (29) + 20,(3) — €0,(8) + 2n,0®) AH =
—74 -9 o =-393-9 —285-9
KT wool”! k3 mol™ K3 mol|- KT mol-

OH® = ﬁ -393'5 + (2%x-2859) — h14+.®+ou.t_

Ar®= [ —965.3 +74-9])

AH® = —890-5 KJI mol~!

7
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— This law was @w<®3 U& Russion chemist G.H. Hess Iin (840.
— Accoxding to this law,” The enthalpy change of a given chemical veaction is the same whether

the psocess +ales place in one ox sevewsal Steps.”
OR _ &
“ The amount of heat evelved ©x absorbed n & pYoOceESS, :)n_Cn__jm. a chemical chavge,

M
is the Same whethex the prsocess talkkes place m one o¥ Sevexal Steps.

Suppose In o process, the system changes Pxom A te B TInitial State

Q Final state
in one step and the heat exchanged in this change is q- A B
Now Suppose the wdmg Pfﬁ.ﬁmmm fron state A to B in
qQ, q,
cC a, D

..wf\umwm mﬁm_.uuw ,.._.,_(O_c._SM (8% DTDﬁmm ;_w.oxo.g >¢Oﬂ.n.¢06 and .ﬂmg:&
f¥om D to B. It q,,9, ond 93 ave the heats exchanged
in the frrst, second and +thixd step, dmm@m&cm.u. , then,
accosding to Hesss law,

J\.—...m_.w._.nﬁwi.nd\ — ©

This genexalisation weans, in ebfect, that the enthalpy of ~¥eaction depends SWly on
the initial Yveactants and final prvoducts and Mot at all on the ntevmediate pweducts

that wmay be Lovmed.
KPCUIYNE NTA HustvyatT

Fosx example , casbon dioxide mmay be produced ad two processS
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— The buwning of cawbon takes place In m.::mﬂm step to fosm CO,.

c(s) + 0,(9)— <co0,(8) ; OH=-393:5 KJI wol-' — O

20D

— 3t is olso possible to cowvy out the above Teaction \n two StepS .

c(s) + 4 0,09)— co(g) °, AH= =115 K3 mot”! — @
co(9) + +0.(9) = co,(® - AH= -2320 KI mol™ — O

on oddmg eq. @ and
c(s) + 0,(9) — Co,(89) ; AH=-2393-5 KIJ mol~! — @

From eq- ® and @, it follows thot the enthalpy change in both the
pysocedures is sawme.
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1 li.r_..r.i.{.‘,“..\l n o1 entna _\.,_ GC .
Hesss law can be easily used fox those wseactions +ow @hich enthalpy of Feaction cannot
be detexmined mxﬁmd._gm:.nb:m_.

— Exawmple:- It 1S mx.ﬂxm?m__m dilficult t6 mmeasuxe the heat evolved when caxbon burn in

oxygen to Poxm carxbon "memoxide.
c(s) + 30,(8)— Cola) - T

Dnnoun_..«& 4o Hess's law , heat evelved in the combustion ofF 1 mole of cawzbon is
same , viz., 2393.5 kI (€. AH=-3923-5 kI), Whethex the ¥eaction takes place In o m._:a_m.

step as
c(s) + 0,(8)— COx(8) , BH=-3935 KJI
or In two steps as
c(s) + +0,(8)—> cog) ; OH= R KJI
cols) + 1 e(9 — Co,(9) ;, 4R= g K3

Although 2, the heat charge involved in the combustion of cawbon to carbon Tovoxde
Canmnot be dete¥nimed easily but y, the heat change volued in combustion of cCarbeon
TonoXide +to give Carsbon disxide Can be Measuwed and has been found +o be —282-0K7.

Pnno,mnw.,s& 4+ Hess's law.
R+ & = —3893-5

ow 2 = -393-5 -y = -393.5—(-282-0) = —lI-S K3
Thus, an Fox the combustion of cawbon to give Caxbon Momoxide is —i1+S KI.



JEX BTN (* NN o _\:_ ke x .(|. L X A4 R

PLES

Learn Chemistry Online

>

— Fox example, the tvansfovmation of Thombic Sulphur into Wonoclinic sulphur is so slow that
dixect measusement of enthalpy is mot possible

But the enthalpies of combustion of whombic
sulphuy and Mmonoclinic suwlphuy ave Kknowy to be -291'5S and -300-0 KI ynol=* uﬂmm_umnﬁi_&.ﬁ..?

) s (whombic) + 0,(8) —> S0,(9) AH = -297-5 RJ
@) s (monoclinic) + 0,(9) = 50, (3) ° AH = -300:0 K3J
Substracting «» fsom (O ond transposing, we

mm.w
s (wonoclinic) —> s(whomiic) ; AH=-2:5 KJ
o g (shombic) —— S(moneclinic) ; BH= 125 KI
WM CLAIOTION of >N th L_,___._..r.,l.. '® ] m...w...i..._... -

ROTTTNaTION .7

The enthalpies of formatien oF <ompounds can be calcuwated .Qa application of Hess's law
when it is Mot possible te detewmine these ﬁxvmu\.ﬁgmsg_ﬁ.

Example:— I+ is impossible to deteymine nxvmd._gmdwﬁzm the enthalpy of formation of benzene
fromn its elements : Cawbon and exygen.

Howevex it con be calculated Prom the entholpy o combustion of benzene and
the entholpies of fowmation of watex

angd carben dioxide .
The solubion is cawried pout \n two steps:
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Thus

The thewmochemical equations for the known values arxe wryitten as

€)  CgHe () + = 0,(9) —> GCO, (@) + 3H0(4); AH=—32C7-TKJ
€) c(s) + O,(9) ——n» CO,(8) ; OH=—3333 KI
¢y H(9) + ¥ 0,(9 — HRH,o(2) ; OH= —285-2 KRI
Equation (¢é) is multiplied by 6 and equation (4it) is voultiplied ,om_ 3
@v) 6ec(s) + 60,(3) — 6¢C0, (R) ; OH= —2361-0 KJ
AH= - 857-7 IK7J

(v) 3N, (9) + mlonmm: —5¥ 30 @ ;
Adding (iv) and (v) and m.FamnSn«Sm (), we get

6C(sS) + 3H(9) —> CeH(Y) ; AH = + 49.0 kKT

!

the nﬁnro:um of Powrmatisn ofF benzene 15 +49.0 KJ. = _..lw.wmv..o+ﬁ|wmq..~vu Iﬁlwmh.\.‘_u
- 32187 4+ 32617-1

= +490
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— The amount of heat evolved o¥ absosbed dAuying & chemical weaction is called the heat of
s eaction.

- Let Qo be the heat mxnID,a@@n_ in the chemical weaction +D_.n,_5m place ot constant pressuwe
The heat m.xnybj@mn._ ot constant pressuse is tewxmed as the mjwsppv& 0595&¢.|?£m.

AH=q,
In mmjmdp_ ik

He
Hp

Enthalpy of the weactants and
mjr.fo.:vm_ of the productg, then
This statement s mnjm«soinb:m wepsesenwted as Foliows

OH = Hp-Hg= pﬂ _MS.IJD.__UM oF weaction.

cactionm

— Let us considewy a chemical wTeaction +Df.:& place. at constant volume.

— 3n such case, W=0 and hence Fcom the eq uation of Ffivst law (AE H£\+_$&‘
AE =49

(qu = heat exchanged at constant volume)
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— Suppose Eg 15 the inte¥nal enevgy of vYeactants and Ep is the mntemal enevgy ofF the
psoducts, then
Dm = mnul mnhu D\C

This statement is schematicall wvepresented as ho___oﬁm..
J Y

AE = Ep-Eg=Qq, = Heat of weaction at constant volume. .

< elati vy DE eeY Nent O eQcCct 1T ! LA T S ..r.[.f_....ﬂ VT ESSUEE A Na CONSTON O1 LYY ¢
mjﬁap:vm is mw<m5 UN_
AH=OE + pPav — O
sv  p= Gyt PAV-@( " BH=q, ond OE=4,)
Fox ™ wmoles of ideal gas

Pv=""NRT

o¥ PAV = Djw RT m Djmu Su.j_v Ni=No. of Eo_mm%mommocm weactants.

M, =No -of woles of qaseous products.
mC.,um*w..lﬂCﬁ.:o% in eq, @ ﬁ w P

D\bn D(< + D_J@ﬂm.—.

0¥ DW= Dm+05®w.—.
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— The enthalpy change Dmnoqﬁv?j&_sm the veutsilization of | wole of an acid by @« base in dilute
solution s colled nwi.._d:am of meutxilization of the acid by the base.

— The enthalpy change accompanying the meutsilization of | wole of an acd va & base in dilute
Solution at 2s5°c Ond L atm pressuse IS Called standard mdwrp:m of meutyilization of the adid
by the base.

— The meut¥ilization of HCl _om_ NaOH in dilute solutions when the add, alkal omd the salt
foxmed ave completely dissociated, may be sepresented as:

HY + ¢ 4+ Nat +o0H™ 5 Not +c™ + H,0

o¥ H* + OHT = H,0(1)
= ﬁ...ujm.&md..sm Teutwilization of Streng acid by strorg bases, it will be seen &:ﬁ._w in evewy
case, neutvalisation 7veaction 15 the Same as it wwgv.m involues +he combination of
Ht ions and OH- ions to form umionised H,0. It s expected , thevefore, *hat the
enthalpy of Mneutsilisation of every wﬂ.quAm acd _u& a ..wﬁudﬁ@ baose awnd Vice <m4m1u.0r
shouwld be dentical: (The data awe given in table-L). Table -1 :- Standawvd enthalpy o
— I howevex, the acid 0% alikali is Weak , the aﬁﬁrﬂva _,MM__H:MJ,;,, strong acid by STFONG

of neubsilization is diffevent because the weaction mow - FFI T
Involves dissociation of weak acid 0F weak alkali as

well. HC) NaOH -57.32
HNO3 NaOH —S57-28
HC KOH -57-45

HC) LiOH - 57-38
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- Fos example, the meubvalisation ofF acitic acid by sodium Saldox..n,m , involyes the dissociaton
of the acid as well as the Meutsilization of HY gpna OH- Tons, as e pxesented below:

«) CH,CO0H (aq) = CH c00~ (@q-) + Ht(aq)
€y HY (aq-) + OH (0q:) — H,0 (1)
As h* ions ave meutsalised by oH— Tons fumnished by +the ngﬂw_mrn_m dissociated
sodium Ian».moxﬂ.&m  Thove H* ions ave Jormed _om the disco ciation of acetic acd *o

5 e- establish +he N@c......vﬁt«s.n?;p both +the weactions p¥ocecd side _ua side +ill Qcetic acid
is nogv_wkﬂ,& Neusalised .

lable -2
S tandard mung_tm of Neutsilisation of wWeak 0cid wWith NodOH
Fowmic acd - 56-06 - $7-32 * 138
Hydwogynomic acid —12-13 -57-32 + 4S-19
Hyd¥ggen sulphide -15-90 -57-32 + 41.42
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— Bond energy fox any paxticulay +N_tm of bond in a compound Thay be defined as +the avevage amnount
of enesgy vequived to disseciate (/.e. byeak) one Mole of bonds of that +m_um pYesent fn the Compound.

Bond enexgy is also called +he mjwjpﬁmm of Powmation of the bond.

— T+ has been found Um expe¥iment that Iisomexic compounds bave +he Same value $ox Qﬁgb_vm of
fowmation. Alse, in any 5o§o_owoﬂm. the incvease in enthalpy of fovmation for each CH, g¥oup

is almost constant. This shows that mjwso.:gm_ of Powmation of a bond of a paxticular type is
lasgely an additive pyope¥ty.

- - d _— R e ) = i g
Calculation or LOna €nNnewr Frorn thermochemical aata .
d — _

Tn order to calculate bond enexgies of diffevent types of bonds , it is necessary to
know the enthalpies of dissociation of olecules ofF Ccommon elements Into atoms. These

have been Obtained spectsoscopically and axe given below fo¥ TamqomnFOx&mms,ﬁ..qomns and
Cosbon.

O H(R) —— 2H(9) . AH = 4351 KJ
i) 0,(@ —— 20(3) ; oH =4835 KJ
Gy N,(@ —— 2N(@) AW = 9374 KJ

(iv) c(sy — <9 d AH = 7196 KJ
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— We should know +the cewnthalpy of foxmation of ™Methane . This has been calculated Psom the

mﬁtbo._va of combustion of ynethane +o be —74.9 KI. Thus,
) €(8)+ 2n,(9) - cCHa(8) , AH= -74.9 KJI

Zc‘z.__:agm eq. (¢) Uu 2, we have.
AH = 870-2 KT

vi) 2H (3) — 4 H(93) ;
Dni:;& mnrnnr.o«. (iv) and (vi) ana wFfmU\o.m.’...ﬁSM ¥ om eq.- (v) ,we have
AH = - 16647 KT
—74+9 = (719 - 6 +870-2)

— 74-3 — |589:8

c(g) + 4H(8) = CH,(s) o

-—

— 166477

byealk. four Moles of C-H bonds in Tnetharne.

16¢4-7 k7 of enexgy is yequized to
Thevelose, the avezage bond €nexgy pex mole of C-H bonds is
lee4-71 _ 416-2 KJI hmﬁgb..vu ofF .WG.&QDTQJD of Cc-R Woj&v

a4

“artions ot

M PRI C

> F > Bond enexgies.>
1. Detexminotion of enthalpies of weactions 2. Detewmimation of enthalpies of Fowmation ot com pounds.

9. Deteymination of wesononce energy
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Entholpies of fosmation of Bonds ﬁwgn_ m..jmqmmmmv at 2%¢
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P - Kiwchhott equation
— The enthalpy of any process,

Whethew vymm._na_ ox¥ chemical, Vvavies with tempexratuse .
The enthalpy of the weaction

oA + bB —

cC 4+ 42
is mwcms rum
AH = MIvuom:nwm lMIdDDn.Tn.ﬁ#m.
OH = ((cHc+ dHp) — (aHL+ bHg)
ox AH =

nIn - &Ib.l pIPI UI@ - @

diHfeventiating eq. (D with tewpevatuve at constant pressuve
2(an) | . dHc dH3)\ dHA dHg

N. ST g nﬁuq + d( 37 Sl ] =° &

P p e p P

A OH
HEQ = nnw.n + &hm«.e — phT.>| Unmv;mw -y = = I.Iv
DT p [

.ulllﬁb:; « AC, = B
2T 4

—U

—\Cfmd\m DhT =

Sum of heot capacities of products — Sum of heat c apacities of ¥eactants.
Eq.® is coalled the

Kiwchholff equation. T+t sStates that the vorwiation of AH of- a veaction
with tempersatusve ot comstont pressure s equal to ACp, of +he System. Eq. @ can be writken
Qs

d(oH) = BCdT — B
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- b:ﬂomocw_uh the tempewvatuze - dependence of mﬁg_um of weaction abt constant volume is

@.Emﬁ w&

OR

- 1f +he tempevatuse Tange is

)
[d(am) =
AL

small ‘

ﬁ

D(AE)

Ta
Ra (aH) =
§ {

BH, -

T
\a (aE)
T

OH

1

!

T2
[d(aE) =
T,

AE, -

OE

1

T

g .

v

d(bE) = A, AT —B

ra
| acpar

Ty

Ta
Dmmﬂmﬂ
Al

Dnm m.__.wl._._v — @

T2
[ acaT

Ty

AC, Hm T

AC

Tz

AL

v

g

T

vl.

€q. @ and @ com be mom.__m .s*mmdbwm& Um Dmmc.jg:m
that the heat capacities awe independent of tewpevatuve | Accoxdingly

@
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— T£ tempesatuwe ¥ange IS not small, then heat capacities awe mo longex constant ond
ave Hunction ofF tewmpevatuze. So, It is Convemnient to express the heat ﬁPﬁDn?u as o powes

sewies Iin 1, viz.
Co= ¢ +BT+YT — @
whexe X B and Y ave constants Fow given Species .
ACp = ﬁhn.xh.* decg ) — (axp+ vﬂmv“_...?nvn;.&ubulﬁpvﬁw _ouaég. .
o ACp = D% + ART + AYTT __ (9
mcbmﬁgfj& equation @ in equation (3) and ..5¢mm;d¢«m between T, and T, , we hawve

..—.P Ta
Aahbxv = anbff OBT+AYT?) AT
T, T

o¥ OH,- OH, = Aa(T,-T)+ 4 ap(va-72) + Ln,_lbiﬂwnl_._wv —

Eq. e is the ..5¢m.udo¢mm KixchhoHf equation
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