Lecture 14: Enthalpy

Enthalpy, Cp, v, ¢in = —Qout, Non-standard enthalpy



Motivation

e Many chemical processes occur at constant pressure
e Measuring heat is annoying because it is a path function
e What if we could have a state function for constant pressure processes?

Internal energy works for constant volume processes:
dU =dq+ dw = dU = dqv
We define enthalpy to be the constant pressure analog:
Enthalpy

H=U+PV
AH = AU + PAV

Change in enthalpy is the heat transferred in a
constant pressure process



Enthalpy Derivation

Starting from First Law:

AU =q+w
Consider constant pressure:

AU = qp — PAV
Rearrange:

AU + PAV = gp
AU + A(PV) =qp
AH = AU + PV) = gp



Heat Capacity

Constant Volume Heat Capacity

oUu
Cv = (aT>v

Constant volume heat capacity

dU = dq + dw = dq — PdV"

At constant volume:

dU = dqy

Constant Pressure Heat Capacity

OH
Cp= (3T>P

Constant pressure heat capacity

dH = dU + d(PV)
dH = dq + dw + PdV + V4P

At constant pressure:

dH = dgp



Evaluating Heat Capacity

Conceptually: Cp > Cy
e Constant Volume - heat increases the internal energy
e Constant Pressure - Volume increases, expansion work, extra energy needed

Mathematical Derivation:

H=U+PV
Relating Heat Capacities
Cp=Cy+R
H=U+nRT Get Cy from equipartition,
always at high 7" limit

Substitute Ideal Gas Law:

Take Partial:

G .
ar _ar "
Cp=Cy+nR



Adiabatic Expansion of Ideal Gas

Another way to relate heat capacities is to use a ratio, recall last lecture:
nCydT = —PdV

Substitute ideal gas law PV = nRT"

— T
nCydl = - gy
Vv
Group similar terms and integrate:
T 1 \%}
—dT = —i ldV
T T CV \%1 14

(z)=-am(%)
ln p— - —:ln p—
T Cy \W\1



Adiabatic Expansion of Ideal Gas

Define ~:
Therefore:

Substituting back:




Conservation of Energy: ¢, = —qou

Conservation of Energy

Qin = —Yout
Energy released from one object
gets absorbed by the other

A steel rod (10 g, heat capacity 0.5 gg]c) is heated to 75°C. The rod is set on a
concrete block (20 g, heat capacity 0.1 gg]c) that is at 25°C. When the two

materials come to thermal equilibrium, what is their final temperature?

(steel = —{concrete

msteelcs,steel(Tf - 7500) = *mconcretecs,concrete (Tf - 25OC)
10g (0.5 z3g)(Ty — 75°C) = —20g(0.1 3¢ )(Ty — 25°C)
Ty — 375 = =217 + 50

Ty = 60.7°C



Heating Curve
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Standard Conditions

2 Standard Conditions

Thermodynamics
(= AL iR At R aalL &0 SATP: 298 K, 1 bar or 1 atm
M?! RDICULOLS]
WE NEED To DEVELOP Gases
SITUATION: || SEWNERAL SOOI | Siuation: | STP: 273 K, 1 bar or 1 atm
THERE ARE USE CASES. YERH! THERE ARE
14 COMPETING : 15 COMPETING
SIANDAKI;S. \O / SFANDARIIDS SATP States of Matter
?i Liquid: Brs, Hg
Gas: Hs, O9, No, Fo, Cly, He, Ne, Ar,
Kr, Xe, Rn

Diatomic: HQ, OQ, NQ, Fg, CIQ, Bl"g, IQ
Otherwise, mono-atomic solid



Non-Standard Enthalpies

Gen Chem: Heat capacities independent of temperature, always use same AH?,
PChem: Heat capacities can be temperature dependant, calculate AH ., at diff T

Calculating AH,x,(T5)
For a reaction aA +bB — yY + zZ

T
AHon(T3) = AHoe(T) + | ACP(T)dT
T

ACP (T) - yCP,Y (T) +ZCP,Z (T) _aCP,A (T) _bCP,B (T)



Example: Non-Standard Enthalpies

Given NHz AH} = —46.11kJ/mol, determine NHz AH (1000 K)
Ny + 3 Hy — NH; )
Cp(Ha)/ glr = 29.07 — 0.837 x 10737 + 2.012 x 10~°7?

Cp(N2)/ gt = 26.98 + 5.912 x 107°T — 0.3376 x 107>
Cp(NH3)/ = = 25.89 + 32.58 x 107°T — 3.046 x 107>

1000 K
AH3(1000K) = AHS(208K) + /2 . ACR(D)T
AC%(T)/ﬁ = Cp(NH3) — 1C3(Ny) — 3Cp(Hs)
= —31.21 + 30.88 x 10737 — 5.895 x 107572
1000 K
/ [—31.21 +30.88 x 10737 — 5.895 x 10*6T2] dT
298 K

= (—21.91 + 14.07 — 1.913) kJ/mol
= —9.75kJ/mol = AH;(1000K) = | —55.86 kJ /mol |




