161 Let's say we would like to find the enthalpy of reaction for this equation: Ff‘om

. P -
LCo Holy) +50,(a) — 4 (0, (q) t2H20(q); AWz ﬁ:—efrf
Hess' Law: If you add two reactions fo get a new reaction, their enthalpies also add. y.

Gt LC) +  Hily) —> CaMely )  DH =107
COq 1 LCQ <+ 01(3) — COL(s) AU = ~-393.S

: l W 241
e H1(y) + 5 00lg) 7 H0Cg) DK s
Colg by ) —> L Co) F|Hy( OH = =167
CLHLL3> — (Z_CLS) +|H (3) DH <= =-126-7
Cepy * Ouly) = (00 (y) A4 = =3935
(_CSB - O'L(j) — COL(&) AW = =393.S
ey * Ouly)  — (00 () AW = —=393.5
C ) + O'L(g) — COL(S) AU = ~393.S
\
H = 0, ( — My O (a)
1)+ > q) 20 (4 T
1(q)|x 3 010g) — My.0 (4) DH: —241 3

LLHL(g) « S0 lg) —7 Yo lg)+ LH0(0)

AH=7(0-21(.7) FH(=-393-s) +2(-24.5) =23 kT




12 Hess' Law using enthalpy of formation:

A H < ; AN \r\( orodokg — EAYl L rtachnkg
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NH = (“»(-3%,5) 3 'L(—m\.g)) ('z,(m(g ﬂ+ S (o) )
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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!




1 Example problems: FORMULA WEIGHTS in g/mol
1,616 3100 1%.00_ in purple
LHL(g)* Oy (g) —> 2H0(g) § AH=-H¥H k]

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.

’L‘omgnlzmole\ |\(3210% Vool Hy =g kT

" -8 K —
'OOL{j HL* 37‘ - pt | }f 2| =\V20 006K
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QHUOL (1) + O lg) —5 L (O, L4) + LWLO (¢)

If 50.3 kd 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 Congbral pres e
= =503 kJ p nEPTEV
& J /'X H mal HCUQOq

Find moles formic acid:

, WCHO4
, HCHON % — = O WFOE3I3EL ms| HLHO
5HGq AR X 16,02 o WCHoy, ™ :
/ \’ = _SO.:B l(j 2w
A1 0. MNFOEIZGL pms| HOHO, T~ 2.2 |(Tm0| HCHO,.

Based on the calculation above, can we complete this thermochemical equation?
?—HCHO‘L“)# O'\’l‘)) ﬁ"LCO-L(?)-PlV('LO{[):)bH: - 44y \‘(j

We calculated the enthalpy change PER MOLE of formic acid. This equation is based
on TWO MOLES of formic acid. So, we double the enthalpy change above 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 150 L of NO to moles using ideal gas equation.
2 - Convert moles of NO fo enthalpy change using thermmochemical equation.

PV wRT [P=1.50 abtmn R= 0,0%L06 “*m

mole ¢
ne PV 1 veiso. L o
e [225.6°C = 298 LK
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3HU.086g Imel Heo’r of formation / enthalpy of formation! —
—'),o SO -18S ¢ -296,% _J AH ; l(J/mo

3)"? 3 01(9) — ZHLO(Q) '\'2501(93 (Anpﬁ’ndt\n ()

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 HEATS OF FORMATION.
2 - Convert 25.0 grams of hydrogen sulfide fo moles using formula weight.
3 - Convert moles hydrogen sulfide to enthalpy change using thermochemical equation.

LH= 2 &H:’ produeks - Z DH%, reccbunts
© =[2685.0) 42260 [l w08+ 3 (o) )= U1 2D

Thermochemical equation:

Q.l’\—)_S(g)"v 3) 01(9) — ZHLO(Q) +1501(9)} AH:-—HZLM?_ K
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