IB Chemistry |
Topic 5- Energetics and Thermochemistry
5.2 Hess’s Law
Understandings: the enthalpy change for a reaction that is carried out in a series of steps is equal to the
sum of the enthalpy changes for the individual steps

Applications and skills:

» Application of Hesss law to calculate emm Ipy changes.

o Calculation of 4H reactions using AH data.
Guidance
¢ Enthalpy of formation data can be found in the data booklet in section 72,
® An application of Hesss faw is

fil
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» Determination of the enthalpy change of a wam on that is the sum of multiple reactions with
known enthalpy changes ,f’ 5

Review from 5.1

Whatis enthalpy (H)?
/ /

What is AH? ]

What is AH?

e

Hess's Law is an extension of the Iaw of conservatlon of\?nergy What does the law of conservation of
energy state? - /

~ 27 Kt

CHOM() + 30,{g)

A, = 1367 Kot

] zcm,m‘bhne) + 3Hy(g) + 31 Offg) |20

[ 5 e . SHy = - 1646 mot ,
2C0{g} + 3H,0
Consider the clockwise route:
AH, + AH, =~277 +~1367 = ~1644 k} mol™!
T Consider the anticlockwise route:
\'\\ AH;=-1646 k] mol™!
Given the uncertainty of the experimental values. we can conclude that:
AH,=AH, + AH,

Now try these problems:
1. Use Hess's law to calculate the enthalpy change for the reaction A->C

A>B AH=+30k)
B2C AH=460k)
A>C Cg Okl )



16 The diagram Hlusirates the enthalpy changes of a set of reactions.

AH = +50 k)
P - > Q

AH =-60k]

AH = +30kJ

which of the following statements are correct?

I P—5 L = -10 K
H R=-Q S = 4590 k)
H P—R A =+20 K
A landllonly B \anc i only C lancitlonky D Iilandl
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“hange, AHY for the reaction
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20 The l?}ﬁ?ﬂ"%@{ha‘:”{‘iga equations fg:; three related reactions are shown, '{% ;
”‘zi:}igf»% BOigl— COug - AH = }E%f%*ime E
27 X 2Hel + Oyfe) - 2H,00) — X BH,=-572 mor
CO{g) + Hylg) — COlg) + H.O[) LT AH, =777
Determine 4H, e
A #2895k molt B__-

2. Calculate the enthalpy change for the reaction
P4Og(s) +2 O2(g) > PaO10gs) P

Given the foHowmg enthalpies of reactlon %{ig P ’ . \
K U1FPy(s) + 3 02(g) > P4Os(s) AH =-1640.1 kJ om0 %,j{\"" o\
P4()+5022(2) >P4Ofs) AH=20401k - — 1200 T

/‘%71,@ Dg:,w;/ 05 ‘*%)/ ,25;4 (}5 '

3. From the enthalpies of reaction  __

= (g Ha(g) + Ozlg) >2H:0(g) ) \ fiiéH - 4836 kJ
O /3 0s(q) > 2 0s(g) ) I (AH=+2846 WY
é?alculate the heat of the reactlon
3 Hz(g) +03(g) 2 3 HzO(g) AH =
/ . ,r Z - ! 3o
4. Fromthe enthalples of reaction
2.7~ Halg) + Falg) > 2 HF {g) DFAH=-53Tk) = - |04 //—\
) £.C(s) + 2 F2(g) > CFalg) JrAH= 680k = - 1260 £ - U3, 3
e 1y ey N -, ,//
N 2C(5) + 2 Hafg) > CaHu(g) NOAH= +523k) = ~ 5 2.5 T
Calculate AH for the reaction of ethylene with Fz
CaHi(g) + 6 Fa(g) > 2 CFa(g) + 4 HF(g e
Q//‘?*(ozwmng%'b%ﬁ b e T\/i(rti%ﬂw -
5. Given the data
Na(g) + O2(g) > 2NO(g) AH = +180.7 kJ e B
f11p Z (2NO(g) + Odlg) > NOAg) L AR =131k = S5 gg‘g 5 )
Z{2N;0(g) > 2Na(g) + Oz(g) > L (AH=-1632 kJ) -\
N ZoN Mﬂ"““m“..ww.«« e

Use Hess's law to calculate AH for the reaction D
NZO(Q) + NOz(g) > 3NO(g ) -w

STOP [check your answers here lf you are havmg trouble don’t move on yet



Enthalpy of formation problems
AH= the standard enthalpy of formation of a substance (how much enthalpy there is when a substance

forms)
More enthalpy required during the change = more unstable = harder to form

Change in enthalpy of formation of a substance (AH%) can be zero! When an element forms from itself and
is in its most stable form, its standard enthalpy change of formation will be zero. The standard part here is
important. It means you have to pay attention to state symbols. For example, the AH°tof Clag) will be zero,
because chlorine is a gas in its standard state, but the of Cla) will not be zero because chlorine is not a
solid in its standard state. Think you got it? Try these questions.

21 which of the following doss not have a standar

s y 7
1 Par / % NO% i gvbwz“;*x.«ﬁw)’\.irm
A Clig) B s e rele) ... D wNagv”
x‘l\'*-'\} ,,ii \,.“ RSPty &%{2%% L
22 which of the foliowing does have a siar ndard heat of formation value of zero at 25 °C and 1.00 x 10°
P = 3:2 v elareand f’kw&w

Pa?

- Sy C( xmm j s

A ?"i{g:?\l{f%{&} B i"}g{i‘?)% {4 C u‘\i Zmond) A /D@
\\\,\ 5} \\—"//

23 For which equation 's the enthal pw change described as an enthalpy change of formation?
A wb{‘.gaﬂ}+énh) InsC } }X
B Culsj+5(sj+20,g — Cu C :a
€ 5H,O0) + CuSCus) = CusO ;«s ><
@)C,fa +5(s) + 2 C{g‘%m}""ub 448;

24 (a) Wrie the thermochemical equation for the standard enthalpy of formation of propanone

({CH.COCH,). ,_/C/(s’} +BH, ,%ﬂ.;:{j;\.g; N CHé\ oCH {
(b) State the conditions under which standard enthalpy changes are measured.
\_/\v”\w// . .

DD kPa 7 5°0 @,ﬁgf«a)

STOP [check your answers here- if you are having trouble don’t move on yet



25 Calculate AH7 (in i mol ') for the reaction
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OylsH+ Zf;i’gra e} — 3Fels) + 2C0.g)
(2

from the data below: -

P

A o ié =
520

=
i R TI——

26 Calculate AH" {in & mol™} for the reaction

zi\éﬂwz&gg - NOlg)
from the data below: Zre5% 9,2

i
L
L
T
\
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27 Hydrogen peroxide slowly decomposes into water and

_2H:04{( > 2HC
1% ? | 7
Calculate the enthalpy change of th feaction’frofa th

0.0 -188
.0f) -286

H;
H:

A 88K mol! B -98& mol’ C +18% Kk mol’ D -195 k% mol!

28 Calculate the enthalpy change for the hypothetical reduction of ma nesiur QM“E“ carbon,
Py BiY £ Y

according 1o the equation uéi@m from the data given. Comment on its feasibility,
2MgOlE)
ey

+ (s} = COg) + 2Mgls)
/ °  -xd O

g W WC% P o #
COulg -3G4 i O I : L |
COJg 39 i . f%ff;w% i 2 7 5 a1y
R St ; b e A
MgOll) ~602 L 3 j o

Understandings: the enthalpy change for a reaction that is carried out in a series of steps is equal to the
sum of the enthalpy changes for the individual steps

1(No, I have noidea what 'mdoing.) 2 3 4

R"an‘mww
| feel that | have demonstrated understanding of Hess's Law by using heats of formation.
1(No, | have noideawhat 'mdoing.) 2 3 4 5 (YES, | HAVE!)






