oo D1 Koy

C(s}+ 02 (g) > CO:z (g} -394 kJ o0 b next pg 8

If the above equations {2 & 3) are manipulated, meaning multiplied by a coefficient or reversed, the
overall reaction (1) can be obtained.

Follow the steps below to solve any Hess’s Law problem.

1. Balance the individual equations

2. If necessary look up standard enthalpies

3. Putasquare around the substances that should be reactants. Circle everything that should be
products.

4. Flip equations around if necessary to cancei out terms on opposite sides and ensure reactants

are reactants and products are products.

Changing the equation around requires a sign change of the H of that individual step

6. Sum up the individual steps

o

CO (g) +% 02 (g) = CO: (g) {1)
C(s) %2 04(g) >{COle) -111 K (2)
c(s) £021E) >(C0)le) -394 kI (3)

Checking to ensure all substances that need to be reactants are on the left hand side of the arrow and
everything that needs to be praducts are on the right hand side of the arrow, it is observed that carbon
maonoxide (CO) needs to be a reactant, therefore reaction number 2 needs to be reversed. Once it is
reversed the sign on the heat also needs to be reversed. Also oxygen is on both sides of the equation,
but that is okay because only haif of a mole is required.

[CO ) > Cls) % Od(g) 1114 (2)

c(s) £0:18) >€0) ) -394 kJ (3)

Knowing the reactions are balanced the next step would be to cancel like terms on opposite sides of the
arrow. Solid carbon is found on opposite sides of the equation and therefore can be cancelled as well as
% oxygen. Once all like terms have been cancelled the next step is to sum up the reactants and products
and the heats of reactions to give the overall reactions.

[cols) > c(s)+zolie) 111k (2)
i {70} ) >Code) 334k (3)
CO (g) + % 0, (g) = CO:2(g) -283 kJ (1)

One the reactions have been summed, as well as the heats, the averall heat required to convert carbon
monoxide to carbon dioxide is -283 k.

To sum it up, Hess's law says that if two or more equations for which the enthalpy is given or otherwise
known can be added together to create a target equation, the enthalpy changes can also be summed to
find the enthalpy change of the target equation.
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HESS'S LAW PRACTICE PROBLEMS

1) Calculate AH® for the formation of 1 mol of strontium carbonate (the material that gives the red color
in fireworks) from its elements.

Sr(s) + Clgraphite) + 4 0,(g) — SrCO,(s)
The information available is
M St + Top 5 50w AFP = -592k]
(2) S104s) + TOHg — SICO,(s) 1+ AH® = -234KJ
(3) Clgraphite) + ©;(g) — COig + AH° = -394k
Srcs)'i‘c(gmmg'fé/rzgg_a @’*’;‘— |a§>’?¢:}

2) The combination of coal and steam produces a mixture called coal gas, which can be used as a fuel or

as a starting material for other reactions. If we assume coal can be represented by graphite, the
equation for the production of coal gas is:

2C(s) + 2H,0(g) — CH,(g) + CO\g)

Determine the standard enthalpy change for this reaction from the following
standard enthalpies of reaction :

(1) C(s) + H,O(g) — CO(g) + H,(g) AH® = 1313k X & —
(2) CO(g) + H20(g) — CO:(g) + Hx(g) AH® = -41.2kJ AH® = "5-?_5
(3) CH,(g) + H,0(g) » 3H,(g) + CO(g) AH® = 206.1k] #lip ~—— ©J
2C +2 Ha0 = 2€0 + 2 H2 AH=226KT
EE t Hz —2 (02 4+ Ha ap=-—41.2k7J

N ‘e — ChH e A =—-20b.\ KT
3) Find the AH for tl%e re+action below, given thél' foth-meg geps and subgquent AH values:
NzHa(l) + Ha(g) > 2NHs(g)

NzHa(l) + CHAO() > CHO(g) + Nafe) + 3H: (g) AH=-37K

Nafg) + 3Hd(g) > 2NHs(g) AH =-46 k)
CHLO(l) > CH:0(g) + H:(g) sH=-65k Flip
CH20 + Ha = CH4O aH= +65kyg
NaHay + Haig) —> ZNH3 BH=-18KY)
4) One reaction involved in the conversion of iron ore to the metal is:

FeQ (s) + CO (g) > Fels) + CO; (g)

Calculate the standard enthalpy change for this reaction from the following reactions of iron oxides with
carbon monoxide. bLFel +6CO>LFe+bCo, 4AH=-LLKT

S0 fiv <Lan bGU'e) :.—’bb =
3 Fe,0s(s) + CO (g) > 2 Fes0s (s) + cof(g) ia Jo =

aH=-a7k fip
Fe:0; +3CO (g} > 2Fe(s) + 3COa (g) aH=-25k X%
204 + CoO — 3Fco + CO. AH= KT flip,;x2
ZFe304 + TO7—2 3 Feany + GO AH = +4TkT
3-Fez03 +AC6 —DbFe + 3£02° P2 AH = -FBKT

b Fco+ 260z —p ZFes04+2C0 ab =—37ky 4AH=-bbkT



Fes0q4 + CO(g) 2 3Fe0 + CO:2(g) AH= 19kl

5) Find the AH for the reaction below, given the following steps and subsequent AH values:
H2504() > SOs(g) + H:0(g}
AH = 33 )
H _E{J aH=-2355k Flip

HaS(g) + 20a(g) -» SO1(g) + H20(1} AH=-207k

H2S(g) + 20:(g) => H2S04(l}

H20(1} = H:0(g) + AH=44W
H2S04 =2 H=zS +2862 AH=+2355kKT
Hzs + 262 — 505+i'¥ze}u.)AH -20TkT

-H-:;%n - ) AH= 44 kT
6) Find the AH for the reaction below, given the P owing steps and subsequent AH values:

¥ Hay(g) + % Cla(g) > HCHg)
 COCHTE] + Ha0(1) -> CHaChtl) + Oufgf AH=47.5K
2HE e ¥4 O8> HO ) -Ehigi— aH = 1o5+¢ FIip.
HaOiey + Claey = ZHCLE Yo 074 —\05KJ
CHCH(T) + Halg) + 3/2-04(8) > COEL(E) + 2H:0 + aH=-s0251
Ho + m?_ — 2 Hel AH = -460 kT

7) Find the AH for tﬁe reactlor{ %elow gwén tﬁeTfoIIowmg steps an}&}subsequent AI}values SCEL K':Y

C:H:(g) + 5/20:(g) > 2C0:(g) + H.0(g)
CzH¥2 + Z2Hz — Tzt TS kY
Crbhefg}>-Cobalghe 26— AH=2835W Flip
-_—
”HE , e o e o + Ozey AH = 23370 Flipx 2

+Ll'z=h2k.3‘
éeeﬁgﬁmeww H20 + AHo8494d Flip
Catty + FHa65/485 2C02 + ZH20 : —3HAKT
C2Hz +5/20, — 2 COz + H20 (H=—F08 T )

8) Find the AH for the reaction below given the following steps and subsequent AH values:

HCl{g) + NaNO2(s) = HNO:(l) + NaCI(s)

AH" ""H k'—“ﬁ:

2NaCl(s) + H,0{l) > 2HCI(g) + Na;O{s) _—"  aH=s07k Bip

NO{g) + NO#{g) + NazO(s} > 2NaNOx(s) AH=-4271k1 Flip
NO(g) + NO2(g) > N2O(g) + Oalg) AH=-43 K
2HNO.(1) = N20(g) + Oa(g) + H20{1) AH=34k Flip
2 HCl + Naz® — 2 Nacl + Ha AH=-B507FkT
2 NaNot:, — e + Moz + Noz o AH = +42FKT
N+ NOz —> Ny O + O AR = -1W3 KT
Nz + 0% 4+ Hzo —> 2 HNDZ tAH= —SkJ

2 HCIL 4+ 2NaN0, — 2 NaCl + 2 HND 2. AH = - 5FKT X
$o fivr Hel 4+ Nan0z— Nadl + HNO4 all=—15%/g = CFAKD



9) Calculate the standard enthalpy change for this reaction from the combustion of Zn(g) with
oxygen:

Zn(s) + 1/8Sg{s) +20;{g) 2> ZnSO4(s)

Zn{s) + 1/8 53(5) > ZnS(s) AH =-183.92 k)
Zns +%z Zn0 + S8y AH= —HE2.TTKRT
-Z%HS-H-'-B-GT@-)—Z-ZHO-H—H-SGTGBQ- AH=027 5440 — &

SQ2 + Y0z — SB3
-2505{g)}>250:{g)}+Qaig} “BH=196:844¢ lip,+2
aH==Ag02 KT
ZnQ (s} + $0afg) > ZnS0a(s) OH=-230.321)

10) You are given the following data:

Pa(s) + 6 Ch{g) = 4 PCl3{g) AH=-12256 k)

Pa{s) + 5 O2(g) —» P+O1ofs) aH=-29673k Tlip
PCl3(g) + Cl{g) —» PCls{g) AH=-842k Hlp, Xl
PCls{g) + 1/2 Oy(g) — C}sPO{g) AH =-285.7 kI X |10

Calculate AH for the following reaction.

P4O1a(s) + 6 PCls(g) — 10 CIsPO(g)

Pyt — S PE AR = —1225.kJ
PyOp — B + B0  aH=+29bF13kT
bPCls ™ P63 +6€¢ aH=+ 505.2 KT
10-RLlz + 502 — 10 CIaPO  aH = — ARSTF KT

PyOp + 6 PLIs =5 10 CIuPO (aH = — 6101 KT O
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