Standard Enthalpies
of Formation




/\ H

* The standard enthalpy of formation is
the quantity of energy associated with
the formation of one mole of a
substance from its elements in their
standard states (at SATP)

Sywmbol: A Hs Unit: kd/mol




Caleulating AHs

* According to Hess’s Law, the enthalpies
of known equations may be used fo
calculate the enthalpy of an unknown
reaction.

* H20 ) *C) — Hop*CO ) AH=7

* Use the formation equations for each of
the products and reactants fo create
the target equation.




Example

* Q0 p*C) > Ha*CO0 AH=7

* (onsider:
* Hag* 172 029 — H20 AHAH20) = -241.8kJ/mol
* O *1/2029 — 00  AHACO) = -110.5kJ/mol




Equation 1

H20 g} * C 90 — Haig * CO (g
Hag * 172 0219 — EzO(g) AHAH20) = -241.8kJ/mol

* H,0 on wrong side, reverse and change sign on /A
H

H0 — Hag * 172 029  AHAH20) = -1(-241.8)kJ/mol

Sunday, April 15, 18



Equation 1

Equation 2

H20 () * C (59 — Hai * CO (g H20 ) * C () — Hag * CO (g
Hag * 172 0219 — EzO(g) AHdAH20) = 241.8kd/mol G + 172 0219 — 00  AHACO) = -110.9kJ/mol

* 1,0 on wrong side, reverse and change sign on A
H 3 : e * Coefficients and sides mateh, A H stays the same

H20p — Hag* 172 029  AHAH20) = -1(-241.8)kd/mol Gy + 1/2 029 — COip)  AHACO) = -110.5kJ/mol

Sunday, April 15, 18



Equation 1

Equation 2

H20 g} * C ) — Ha(g * CO (g H20 ) * C 0 — Hzig * CO (g
Hag * 172 0219 — EzO(g) AHdAH20) = 241.8kd/mol G + 172 0219 — 00  AHACO) = -110.9kJ/mol

* 1,0 on wrong side, reverse and change sign on A
H 3 : e * Coefficients and sides mateh, A H stays the same

H20p — Hag* 172 029  AHAH20) = -1(-241.8)kd/mol Gy + 1/2 029 — COip)  AHACO) = -110.5kJ/mol

Combine Equations

H0p — Hag + 172029 AHAH0) = -1(:241.8)kd/mol
Cio *+ 172Qz9 — CO0iy AHACO) = -110.5kJ/wol

HO*Cte) > Haip*C09  AHe=131.3 kJ

Sunday, April 15, 18



Using Hess’s Law

* When all enthalpies of formation are
known, the enthalpy of a reaction is
equal to the sum of the enthalpies of
formation of the products minus the
sum of the enthalpies of formation of

the reactants.

Aern =2 N AHf (products) ~ 2N AHf (reactants)

n = the amount in woles of each product or reactant




Example

% Oalculate the heat of combustion of
methanol.

CHsOH ) * 2720200 — CO2i0* 2H09  Acomb =7

A\ Hewson = -239.9 ki
A Ho.=0kJ

A Heo.=-3939 ki
A Huo=241.8 ki

All atoms in their standard states have H¢ =




Solution

K Aern =2 N AHf (products) = 2N AHf (reactants)
CHsOH ) * 3720219 — 00210 * 2H209  AH'comb =7

Abeen = [ (1D(CO2) + (2)(H20) 1 - L (1)(CH;0H) * (3/2)(02) 1 A Henson = 2399 ki
Ao = [ (1-393.5) + (2)(:241.8) 1- L (1)(:239.2) + (3/2)(0)1 /. Hoz=0kd
Athn=L-87711-1-239.21 A Heoz=-3935 ki

AHrxn=-6379 ki A Huzo = 2418 ki

The A Hcomb is-6379 k.

Sunday, April 15, 18



Homework

* Pg 323 #51-56
* Pg 324 « 14611




