NIHERMOCHEMISHIRY.

Hess's Law



Flessishlbaw

"In going from a particular set of reactants
to a particular set of products, the change in
enthalpy is the same whether the reaction
takes place in one step or a series of steps.”

Hess's Law
The change in enthalpy for a stepwise process is the
sum of the enthalpy changes of the steps.
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RelationsShipSHINVOIVINGPAYIoS

*SVWhenreactionusimultiplied by afaCton AL RIS
multipliediby thatiractor

S ECAUSENAT A RISIEXIENSIVE]

= C()= Y)lg) = CY)(¢,
AW = 1=3035 k)

= 2.0(05) - 2.0)(¢)) = 2.©0)(¢),

SNA = 2(=598:50Kd) IS =7 820K

sSFarreactionisireversedythentthe signioi?ANAS
changed:

CO5(g)—C(S)=05(g) AH=39350Kd



StandardrConditions

o lhe standard state'Is the state of a
materallatardefined set of

conditions:

=Pure gasiatiexactiysiratmipressure

=pPurersolidioliguidinitsimostistabie
formiatiexactiy iratmipressurerand

temperaturerofinterest
ssUsually 255 ©

=Substancennrarsoelutioniwitn
concentration™svi



StandardrConditions

sHhestandandienthalpy,change;
AVISISItherenthalpy /change
whenralifreactantsianciproducts
areNnthengstancard states:



StandardrConditions

e The standard enthalpy of formation,
AVIESNISIthe enthalpychangermorthe
reactionforming it mole oiarpure
compoundifromptsiconstituent

elements:

=heelementstmusthelnrthelr
Standard states:

She A ssoraipureielementinits
standard state = 0 kd/mol.




Chiz(9)#2107(g)=C0;(g) 5:2H70/(g)

Calculating the Enthalpy Change
for the Combustion of Methane

C(s, graphite) + 2 Hy(g) + 2 O,(g)

) Decomposition @ Formation

(+74.6 k)) of CO4(g)

CH,(g) + 2 0s(g) (=39354))

COZ(g) 3 Hz(g) + Oz(g)

AH," = —802.5 k] ¢1) Formation

Enthalpy ?f igzgl(gg

CO,(g) + 2 Hy0(g)

C(s, graphite) + 2 H,(g) — CH,(9) AHe =-74.6 kd/mol CH,

C(s, graphite) + O,(g) — CO,(g) AH; = -393.5 kd/mol CO,

H,(g) + ¥ O,(g) — H,0(g) AH? = -241.8 kJ/mol H,0



Chiz(9)#2107(g)=C0;(g) 5:2H70/(g)

Calculating the Enthalpy Change
for the Combustion of Methane

C(s, graphite) + 2 Hy(g) + 2 O,(g)

) Decomposition @ Formation

(+74.6 k)) of CO4(g)

CH,(g) + 2 0s(g) (=39354))

COZ(g) 3 Hz(g) + Oz(g)

AH," = —802.5 k] ¢1) Formation

Enthalpy ?f igzgl(gg

CO,(g) + 2 Hy0(g)

CH,(g) — Ci{s, grapnite) + 2 11,(9) AH =+746kJ
C{s, grapnite) + O,(g) — CO,(g) AH; = -393.5 kd/mol CO
2 Hx(g) + O,(9) — 2 H,O(9g) AH® =-483.6 kJ

CH.(g) + 2 O,(g) — CO,(g) + 2 H,O(g) AH° =-802.5 kJ



Use Hessisiiiawtordetermine A orthe
foliowingitargetreaction:

75Ny (9)1+ 74105 (g) — NO.(g) A= 00)31kd
NG (9)* 72 Cly ()= NOCI (g) AH= =386 KkJ

2INOGING) == NN(G)O5g) S CIoNG) s ATTISEe

a) —51.7 kJ
b) 51.7 kJ
c) —103.4 kJ

d) 103.4 kJ
e) 142.0 kJ AH; = AH; + AH,

Enthalpy




Userkless sitawitordetermminerAvTor
therroliowingitargetreaction:

75N> (9)/+ 2 O, (g)— NO(g) AH=90,3kd
NGO () * 2Cl5 (o= NOGI(g) AH==38.6/kJ

ZINOGCING) = NN G) 05 (g)Cl5N0) WNpf=

a) —51.7 kJ
b) 51.7 kJ
c) -103.4 kJ

d) 103.4 kJ
e) 142.0 kJ AH; = AH; + AH,

Enthalpy




Calculate the standard enthalpy change for this Rx from
these Rx's of Iron Oxides w/ CO:

[1] 3Fe,0; + CO (g) > 2Fes;04 + CO, (g) AHo= -47 kJ
[2] Fe,O5 + 3CO (g) > 2Fe (s) + 3CO, (g)  AH°= -25 kJ

[3] Fes04 + CO (g) > 3FeO (s) + CO,(g)  AH°= 19 kJ

TN 53 kd

-3 kJ
-41 kJ

22 kJ

AN

-11 kJ



Calculate the standard enthalpy change for this Rx from
these Rx's of Iron Oxides w/ CO:

[1] 3Fe,05 + CO (g) > 2Fe;04 + CO; (g) AH°= -47 kJ
[2] Fe,05 + 3CO (g) > 2Fe (s) + 3€0, (g)  AH°= -25 kJ

[3] Fes04 + CO (g) > 3FeO (s) + CO,(g)  AH°= 19 kJ

TN 53 kd

-3 kJ
-41 kJ

22 kJ

AN

-11 kJ



