Lecture 7.2

Bond energies +
Second Law Analysis of
Chemical Reactions
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Bond Energies & Enthalpy
of formation

The process of formation of a compound =>

Gaseous atoms
D AH
a
Elemental Mols ZAHb

e

Chemical
Compound
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EXAMPLE

Find the enthalpy of formation of
octane using bond energy approach

Sol : Structure of Octane
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RECAP-Reactive mixtures

Mass balance -balancing the no of atoms of
each clement in the reactants & products

First Law analysis : Need for absolute
enthalpies

Concept of enthalpy of formation- enthalpy
of all stable elements at ref conditions = 0

Adiabatic flame temperature

Bond Energies & Enthalpy
of formation

from above :

(AHf)=zAHa_ZAHb

In reality
AH, ZZAHa _ZAHb

- Z AH res Z AH latent

Example

SOLUTION

Chemical Equation
8C+9H, > CyH g

< by = 8% A [Cl+9x Ab[H - H]}
~{7xAn[C-C]+18x AR [C-H]}

=8%x717.2+9x435.4—-7x347.5-18x414.5
=-237.3 MJ/kmol

Tabulated value : - 208.45 MJ / kmol




SECOND LAW ANALYSIS OF
CHEMICAL REACTIONS

Purpose :

SECOND LAW ANALYSIS OF
CHEMICAL REACTIONS

Implications of eqlbm. Conditions :

Extent & direction of reaction

= T,P const. UR +0,R, &UP+0,P,
Basis : From def. of Gibb’s fn.; atconst T & P
Criterion of equilibrium

dG, , = wdn, + ,dn, + u.dn, + p,d
Const T&V => Helmhotz fn. minima R A N

Const T&P => Min Gibbs fn. i Ly Uk Dy =2 0 Gl el G

constituents actually present
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SECOND LAW ANALYSIS OF
CHEMICAL REACTIONS

In chem. reaction, the changes in no.
of moles of various constituents
present are related :

—dm _ —dn, _%_ﬂ_dg
v, v, U, U,

SECOND LAW ANALYSIS OF
CHEMICAL REACTIONS

Therefore a reaction would occur only if
. . >
This implies Ad§ 20

If A> O,i.e.ZyiVi > Zyivi,df >0

reac prod

If A< O,i.e.z,uivi < Z,uivi,df <0

reac prod

Where & is called the extent of reaction.
Using it in the equilibrium condition we get

dGy , = ~(0, + 0, = 1303 = 0, )AE <0
dG, ,=-AdE<0 A : Affinity

thus the affinity A determines the
direction of the reaction
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SECOND LAW ANALYSIS OF
CHEMICAL REACTIONS

i, =’ +RT In £,/ f°
=4’ +RT In q,
/i

a, =4 = activity

i

SECOND LAW ANALYSIS OF
CHEMICAL REACTIONS
Condition of eglbm. at const T & P

A=0 = pyogt v, = pgvgt P,

To make this result more useful :
(dw,), =RT d In f,

Integrating between a std. state

designated by superscript °

{corresp. to Press P, & pure

substance i) & the eqlbm. state

Using this expression in the
equilibrium condition we get:
0

(:ul b +ﬂ302 _;u§)U3 _/1204)+RT(01 In a+
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v, Ina, —v,Ina,—v,1n a,)=0




SECOND LAW ANALYSIS OF
CHEMICAL REACTIONS
Now for pure substance u’' =g’

& defining Gibb’s free energy
change of reaction

SECOND LAW ANALYSIS OF
CHEMICAL REACTIONS
We define

U3 Uy HaAUi
a3v a4u = ( — )p ol — K, the eqlbm. Const.
l @ : (Hai i)reac
The eq. for chem. eqlbm. becomes

AG, +RT InK =0

or K = exp(— AG, ]
RT

0 0 0 0
AG, =g;0,+8,0,—g U, — &0,
Above equation becomes
vy

AG. +RTIn| %% |=0
a’ a,”
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SECOND LAW ANALYSIS OF
CHEMICAL REACTIONS

For reactions involving Ideal Gases
fi=P-x

f'=P,, the std. press.

V3404 =0~y 0
P [x3 X,
CIpgr?
By %

=> Examples

EXAMPLE

Gaseous propane C;Hg is burned with
80% theoretical air in a steady flow
process at 1 atm. Both the fuel and air
are supplied at 25° C. The products
which consist of CO,, CO, H,0, H, and
N, in equilibrium, Ileave the
combustion chamber at 1500 K.
Determine the composition of the
products and the amt of heat transfer /
kg of propane. [Hsieh p412]
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Lecture 7.3

Reaction
Equilibrium

End of Lecture
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* Second law analysis —reaction equilibrium
* For ideal gas reactive mixtures

U3+04—0 U,

>~
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SOLUTION

2= Lety & Z be the moles of CO, & H,0 in
5 = the products. The chemical eq. can
§ = then be written

(AR N

C,H, +0.8x5(0, +3.76N, ) — yCO, +(3~ y)CO

+zH,0+(4—z)H, +0.8x5x3.76N,

Géiuou

here the coeffs of CO & H, are obtained
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SOLUTION

Another relation between y & z can
be obtained from the equilibrium
condition for the reaction

CO,+H, < CO+H,0
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EXAMPLE

Gaseous propane C;H; is burned with
80% theoretical air in a steady flow
process at 1 atm. Both the fuel and air
are supplied at 25° C. The products
which consist of CO,, CO, H,0, H, and
N, in equilibrium, leave the
combustion chamber at 1500 K.
Determine the composition of the
products and the amt of heat transfer /
kg of propane. [Hsieh p412]

SOLUTION

A mass balance for O, then gives

08x5x2=2y+3-y+z

SOLUTION

[u=v=0=0,=]]

KD= 2%
X%

M {mole fraction =
Pw, Pu, partial pr ratio}




SOLUTION SOLUTION

Constitution of products :
.. for a total pressure of 1atm, the

y moles of CO, values of partial pressure in atm are

(3-y) moles of CO
Z moles of H,0

4 -Z moles of H,
15.04 moles of N,

> 22.04

_3-y z y

Po =008 Pro = 55047 P =55 04

4 - 2
22 .04

Pu, =
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SOLUTION SOLUTION

Thus k(7)= B-y) Therefore

y(4-2)

Solving egs (I) & (iii) simultaneously
yields

y=1.81 and z=3.19

From the std tables, for this reaction
(i), at 1500°K we have

log,o[K(T)]=0.409 or K(T)=2.56 The chemical equation for the

combustion process is then

0000000000000000000000000

SOLUTION SOLUTION

C H, +40, +15.04N, —>1.81CO, +1.19CO v, =2 =18l g0l x, =3.68%
“ " 2004 22.04 :

+3.19H,0+0.81H, +15.04N,

x, = % =54% x, =68.24%
And the eqlbm mole fractions of the :

products are Xy =14.47%

First Law analysis => Q= -13483 kJ / kg of fuel
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Calculating K from
Thermodynamic Data

K (T) = exp (— ARGTr ]

Calculating K from
Thermodynamic Data

Where

AH (T, Py)= 3y +0,h, =0k~ 0shy
AG, (T’ ref)= 05 (hy = Ts; )+ v, (h, = Ts,)

AS(T,P))= - -
—Ul(hl—Ts1)+Uz(h2—TS2) SR( ) 0) D383 + U484 = U185 = U,8,

=AH, (T,P Need for absolute entropy values

ref )_ TASR (T’ Ref)
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Calculating K from
Thermodynamic Data
EXAMPLE

Find eqlb constant for

Calculating K from
Thermodynamic Data

Third Law As T—>0
S—0 for all substances

In principle we can find abs.
entropies from above law using
basic thermodynamics

C

c
ds=rar -2 ap =S ar + 2 gy
T T T T

H,0

1
(g)(—)H2+502

at 298 K & 2000 K
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SOLUTION

InK = exp(— AG,
RT

SOLUTION
at 298 K

=+241827 — 298[130.684 + (%j

—188.833)

1
(g)<—)H2+502

at 298 K from tables

1
AG=g, 58 0,-g,,,
=0+0—(-228583)
g 228583
8.314x298

=-922

AG, =
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SOLUTION SOLUTION

Q
-
N
o
o
=)
~

AG =AH —-TAS
AH = (hzooo - hz98)1-1Z +%(h2000 _h298)02

- (hf + hzooo a hzss )HZO

1
AS® = (Szooo )H2 + 5 (Szooo )o2 - (S 2000 )Hz 0

=188.406 + % x268.764—264.681

=58.107 kJ /K
1 S AG=251670-2.000x58.107 =135455kJ
:52932+§(59199)—(— 241827 +72689)
(ln K) 135455

=———T"""° __8146
2000 8 314% 2000

=251670kJ
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Dependence of K on
Temperature

RT nK =-AG, ==(v;hy +v,h, —vih —v,h,)+

Dependence of K on
Temperature

Simplifying the above equation we get
dInK _ Ah,
dT RT
van’t Hoff Equation
Ah, is a weak function of T,therefore
we can integrate above equation to get

+T(V3Sy + VS, =S —V,5,)
Differentiating w rt Temperature at const P,
we get

R | Rink =y,
dT

d
———l%)+..similar term
dT dT

+ (V38 +V,8, — V38, —iS)) In(K,/K,)=

10000000
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End of Lecture
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