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What would be the enthapy change when 25 g of water are produced by the reaction?
1 - Convert mass water to moles using formula weight.
2 - Convert moles water to enthalpy change using thermochemical equation.
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- This reaction is EXOTHERMIC, and it will release energy to the surroundings (making
them warmer) - just like every other combustion reaction!

- If this reaction is done at constant pressure, the enthalpy change should equal the
observed Q.

A few more terms related to enthalpy:

- Enthalpy of vaporization / heat of vaporization: The enthalpy change on vaporizihg one mole of a
substance. (from liquid tfo vapor)

- Enthalpy of fusion / heat of fusion: The enthalpy change when a mole of liquid changes to the solid
state.

/T\\ Phase changes require energy, foo!



" 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.

COZ(S)ﬁ C(S,yn\pk”’g) -+ O'L(‘]> —’—’7‘ (,01(93 ;AH -‘-_,.30’3/’5 L_’j
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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: 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




2 Hess' Law using enthalpy of formation:

AH < ;AHQ‘GNMV& - E/NL,MLHAFS
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= -2 WD

* 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 (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

loDLESH’L-” MD\H’L }‘(j Zloﬁz ‘11’?\0\ H = —H%9 }(J
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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=-S5 5 DH=

Find moles formic acid:

46 0LEG 9 \WCHO,

A H - Qcmghnr presiure - Co Ly h

~l—q2 L WD
mol H CHJ, 0119063135 mol HLHD, - \ AC D
w0 2,

Lonshant precsore

Mol H CH&L

=0.M9063) L% mmol HLHO,

Based on the calculation above, can we complete this thermochemical equation?
LHCHOL () + Oy lg) —5 L (o, (4) + L0 (L) D= —%HY T

We calculated the enthalpy in the calorimetry problem per mole of formic acid, while
the equation here is per TWO MOLES. So multiply the calculated enthalpy by
two to get the enthalpy change for the reaction as written.
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L (g)= 5041g) =2 HNMO(y) ¥ 6120(4) + AH=~906 kT

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 - Change 150. L of NO tfo moles using ideal gas equation.
2 - Chnage moles NO to enthalpy change using thermochemical equation.

PY2nRT [ P= LSonkm V=10, R= 0,0¢20¢

o) -l
Y T=28.00=29¢ .01\
(

\
@ V\N ~ (.50 mi“m)(lgo,l,)
v,

(0,0g20¢ b (1‘756,1\\/\

me) -

Hol MO = =906 kS

= 9. 194 GLLEHG mo) MO
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% 3U.0%Cg Ined Heo’r of formation / enthalpy of formation! _
—'),o S'() -18S ¢ -296,% AH ; l(J/mo

Sg)+ 3 0q () —> 2 0(0) + LSy Lg) " (Bepenais )

Who’r is the enthalpy change at standard conditions when 25.0 grams of
hydrogen sulfide gas is reacted?

1 - Calculate the enthalpy change of the equation as written using HEATS OF FORMATION

2 - Convert 25.0 g of hydrogen sulfide to moles using formula weight.
3 - Convert moles hydrogen sulfide to enthalpy change using thermochemical equation

AR= ibnf,prudwd‘g i/AH reactonk
O [’L(——’L%S %)+ 2-296 %)1 [2("169 )% Y J =-N2Y .1 W3

Thermochemical equation ;

LHAS(g)x 30,(g) —> 240(() F LS80y Lg) ) N=-124.2 kT

3H. 066 9 Hod =\ Has "Lm\ Ry S = —1128.2 k3
ZSO HQSX o\ Ho S K_”ZL'LZJ\’S Y }\/jl
3 3‘{-0{5‘69H2§ 7. mol HZS B

® ©
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Cabe(y) *5 0 (g) = 3C0aCq) £ U HOLg) AR =203 k3

Calculate the volume of propane gas at 25.0 C and 1.08 atm required to provide 565 kJ of
heat using the reaction above.

1 - Convert energy requirement to MOLES PROPANE using THERMOCHEMICAL EQUATION

2 - Convert moles propane to volume using ideal gas equation

Mol L?) W g - -L0Y :5 l(j Since the reaction provides the energy, the
energy requirement will be negative from the
reacrtion’s point of view.

~——g — mcl C?)Hg - ,
6S ) ¥ 2093 11 O,’l?éSgb}O%’Hmf(_swg @

PV nlT In=0,2969640 6 ml Calfg P =1, 0% e
V2ol 1R 009204 Lake
P . rwl « ke
T2 25,090 29,21

(0.2965540 67 1l (g ) © 05200 22 ) (5 540
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END OF CHAPTER 6



