" FORMATION REACTIONS

- A reaction that forms exactly one mole of the specified substance from its elements at their
STANDARD STATE at 25C and 1 atm pressure.
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you may see fractional coefficients in these
formation reactions, because you MUST form
exactly one mole of the product!

- The heat of formation for an element in its standard state at 25C and 1 atm is ZERO.

AH?,OL(Q) < I"/J/mo|

- What are formation reactions good for?

.. finding enthalpies for more interesting reactions!



161 Let's say we would like to find the enthalpy of reaction for this equation: >
LCo Holy) +50,(a) — 4 (0, (q) t2H20(q); AWz
Hess' Law: If you add fwo reactions to get a new reaction, their enthalpies also add.

Gt LC) +  Hily) —> CaMely )  DH =107
COq 1 LCQ <+ 01(3) — COL(s) AU = ~-393.S
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AH=7(0-21(.7) FH(=-393-s) +2(-24.5) =23 kT




2 Hess' Law using enthalpy of formation:

AH -~ ; /kH“.‘()N)Jb\’S - EAY[ (—l“f-‘“"l"’"h
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* Remember:

- Multiply each enthalpy by its stoichiometric
coefficient from the reaction

- Enthalpy of formation of an element at ifs

See Appendix C in the standard state is zero

textbook for enthalpy - Watch phase labels. You will usually find
of formation dafa: SEVERAL enthalpies of formation for a given
P A-8to A-11 substance in different phases!

- For ionic substances in solution, remember that
they exist as free ions, so look up the agueous
IONS!




163 Exgmp|e prob|em5; FORMULA WEIGHTS in g/mol
1,616 3L.00 1%.0) in purple
LHL(g) ~ Oy (3) —> 2H0 () j AH=-H¥H k3

Calculate the enthalpy change for the combustion of 1.00 kg of hydrogen gas.

1 - Convert 1.00 kg of hydrogen gas to moles using formula weight.
2 - Convert moles hydrogen gas to enthalpy change using thermochemical equation.
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FW: ygp,otb 31,00 (Y, ol 1.9,
LHUUOy () + Oy lg) — L (04 (5) + LWLO (1)

If 50.3 kJ of heat was released when 5.48 g of formic acid are burned at

constant pressure, then what is the enthalpy change of this reaction per
mole of formic acid?

Q=—50.3 k3 /LH = &‘“‘L‘“Wrﬂmre

| o mol H{H 0
Find moles formic acid:
v H
S;Ll(é HQV\OQ_X ol HHOo = (), 1F063V35 2 mol HCHOL
—$0.% k3

AH = 0, UF063V382 mol HCHOL: “HLL L(j/nof HCHOL

Based on the calculation above, can we complete this thermochemical equation?
?—HCH%([) + O'L l‘)) — L CO-L(?) + 1“’)_’0 {[) :) DH = /%qu \‘(j

We calculated the enthalpy change for a mole of formic acid being burned, and the
equation has two moles being burned. Double the enthalpy change for two moles.
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What is the enthalpy change when 150. L of nitrogen monoxide are formed by this
reaction at 25.0 C and 1.50 atm pressure?

1 - Convert 150L of NO to moles using ideal gas equation.
2 - Convert moles NO to enthalpy change using thermochemical equation.

V=0 AT | P2y, 50 atm N= 0.0620¢ L+ atm

ne W |V =150.L ol -k

RT | T=72¢.0°=29¢%. LV
@ N\ 4o > C; Soakm}[ﬂhgf’d = 9, 194822444 mol A/ O
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3HU.0%6y mol Heci’r of formation / enthalpy of formation! _
—'),o SO -18S ¢ -296,% _J AH ; l(J/mo

1505) x 305.(5) —> 2h0(0) + 25D, () *(Papentin €

Who’r is the enthalpy change at standard conditions when 25.0 grams of
hydrogen sulfide gas is reacted?
1 - Calculate the enthalpy change for the reaction as written using HESS'S LAW and
ENTHALPIES OF FORMATION.
2 - Convert 25.0 grams of hydrogen sulfide to moles using formula weight.
3 - Convert moles hydrogen sulfide to enthalpy change using THERMOCHEMICAL EQUATION.

@ &H - iAHbP ;{‘(‘U o\u(/l"s - é&"t m(,j(‘{_o\(j"mh

:El(_lgg'cﬂ) + L= ,%)1— L 2(-20.50)+ 3(0)]
= —1114. 2 K9

So the thermochemical equationis ...

LHS () + 304.0g) —> 2H0(0) + 2505 (g)y A=~ 1124257
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