Exercise walk-through

6.8

Enthalpy of Formation

AP Chemistry



Thermochemistry

L Formation & Hess

Enthalpy of formation and Hess's law

From a table of AH?

AH = Z AH:z(prod) — Z AHZ (react)

An element in its standard state has AH? = 0.

Hess's law . AH is a state
function — add steps. Re-
verse flips the sign; scale multiplies it.

—394
—» (O3

1\ /283

and end = same AH.

Same start



Thermochemistry

L Formation & Hess

Heat Capacity and Calorimetry

----- thermometer

|- lid (reduces heat loss)

solution - - insulated cup

Calorimetry: measure the temperature change of a known mass of solution



Thermochemistry

L Formation & Hess

Heat, equilibrium, and the enthalpies

flows from hot to cold until objects reach thermal equi-

heat librium

equal temperature — not equal energy, and not no mo-

equilibrium means .
tion

T e e e AHy, — the heat released or absorbed at constant pres-

sure
the sign negative for exothermic, positive for endothermic
standard enthalpy of forma- AH? — one mole of a compound from its elements in
tion their standard states
why it is useful AHxn = > AHZ (products) — > AH?(reactants)

An element in its standard state has AH; = 0 by definition. Forgetting that is what breaks
the subtraction.



Thermochemistry

L Formation & Hess

Enthalpy of Formation

formation AH;:

eIements]—»[l mol of the compound]

combustion AH,: [1 mol substance + OQHCOQ — HQO]

Formation makes a compound from its elements; combustion burns it in oxygen



Thermochemistry

L Formation & Hess

Endothermic and Exothermic Processes

temperature temperature
rises falls
exothermic endothermic
heat given out, so heat taken in, so
the surroundings the surroundings
get hotter get colder
(AH < 0) (AH > 0)

An exothermic reaction warms the surroundings; an endothermic one cools them



AP Chemistry

Exercises 2.1:2.3

2.1 What is AH}’ of an element in its standard state?

2.2 Write the formula for AH,,, from formation enthalpies.

2.3 For products summing to —500 and reactants to —200 kJ, find AH,,.



AP Chemistry

Exercises 2.1:2.3

2.1 What is AH}’ of an element in its standard state?

2.1

e Zero

2.2 Write the formula for AH,,, from formation enthalpies.

2.2
o AH,, = XAH(products) — XAH(reactants)

2.3 For products summing to —500 and reactants to —200 kJ, find AH,,.

2.3
e =500 — (—200) = —300 kJ



AP Chemistry

Exercise 3.1

3.1 The standard enthalpy of formation of Os(g) is

D A —286 kJ/mol
B0

C +286 kJ/mol

D unknown



AP Chemistry

Exercise 3.1

3.1 The standard enthalpy of formation of Os(g) is

D A —286 kJ/mol
B0

C +286 kJ/mol

D unknown

3.1B

e an element in its standard state has AHJ? =0



AP Chemistry

Exercise 3.2 (a)

3.2 For 2H, + 02 — 2H20, AHf(HQO) = —286 kJ/mol
(a) State AH; of Hy and Os.



AP Chemistry

Exercise 3.2 (a)

3.2 For 2H, + 02 — 2H20, AHf(HQO) = —286 kJ/mol
(a) State AH; of Hy and Os.

(a)

« Both 0 (elements)



AP Chemistry

Exercise 3.2 (b)

3.2 For 2H, + Oy — 2H,0, AH{(H,0) = —286 kJ/mol.
(b) Find AH .



AP Chemistry

Exercise 3.2 (b)

3.2 For 2H, + Oy — 2H,0, AH{(H,0) = —286 kJ/mol.
(b) Find AH .

(b)
e AH =2(—286) — [2(0) + 0] = —572 kJ



AP Chemistry

Exercise 3.3

3.3 For CQH4 + 302 — QCOQ + 2HQO, with AHfI CQH4 = —f—52, COQ = —394, HQO =
—286, find AH,,. 4]



AP Chemistry

Exercise 3.3

3.3 For CQH4 + 302 — 2COQ + 2HQO, with AHfi CQH4 = —f—52, C02 = —394, HQO =
—286, find AH,,. 4]

3.3

o products = 2(—394) + 2(—286) = —1360; reactants = 52+ 3(0) = 52; AH = —1360 —
b2 = —1412 kJ



