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Totally Epic AP Chem Review: Enthalpy Calculations!
You Must Know: 6 Ways to Calculate Enthalpy (AH)

1. Calorimetry 4. Stoichiometry
2. Heat of formation, AH¢’ 5. Bond energies
3. Heat of reaction, AHna’ 6. Hess’s Law
1. £algrimet[y_: technique used to experimentally determine the changein _enelfa Y of a chemical

reaction or phase change by putting it in contact surroundings of known heat capac‘:fy.) {9_ j L{£ O‘S
= The erse?gy change in the wateris _¢qu4 \ and oppoS E‘{'c to the h}@’t change by the system!
EAY ) T

0 . el
o The system can be an object, a phase change, or a chemical reaction. gne 94
+qn,0 = —qsystem
+ [mCAT]Hz o~ — [mCAT]system (o _AH \

XD,
> If water bath increases in temperature, it gained energy - chemical reaction or phase change lost energy.

= If water bath decreases in temperature, it lost energy = chemical reaction or phase change gained energy.

- ebda,-féf\f
To calculate the enthalpy of reaction (or phase change), you will need to divide Qgygrer by the moles of reaction.

For example,
For the dissolution of a salt (your solute):

Qsoln

AHsoiﬂ =
mozsolute

For the enthalpy of neutralization for the following reaction: 3 NaOH(aq) + HzPO4(aq) — 3 H;0(1) + NazP04(aq)

Grxn Qrxn : ; -
AH, oy = =% (assuming neither reactant is in excess)
molgcia 3 MOlpgse

Warning: Experimental Error with Calorimetry!
¢ We assume in the above equation that ALL energy lost by the system is gained only by the water, but
that’s not true! The calorimeter can also absorb heat, or heat can be lost to the surrounding air.

¢ Both of these errors would lead to a calculated heat (q) that was SMALLER than the actual heat

exchange, and thus the calculated AH would be \Lf than the actual AH.

— N :

1) W\""{l‘\mh” l
Coffee cup calorimeter: Styrofoam cups are commonly used as insulators in the high school chemistry lab to
measure temperature changes without a loss of energy to the surroundings.
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Standard enthalpy (heat) of formation (£211¢ ): change in enthalpy that accompanies the
A
formationof _ -~  mole of the compound in its standard state from its component ¢ 15 MentS

their standard states.

: Example
< & = (L \ P

' - S04(g) AH; = -396 kJ/mOlxn

iy,

N ” L 1 - 1
Note: youwillsee _T{aACTIDva coefficients to ensure only -~ mole of compound is formed.

The AHf for elements (in their standard state) is always {Z;Z kJ/molxn!

Heat of reaction: AH"x, (aka Big Momma’s Equation)

You can use the heat of formation of the reactants and products to find the total enthalpy change in a reaction,
according to the following equation:

AH = Z[AH;’ (products]]—- Z[AH‘,’ (reactants)]
Stoichiometry: heat is an extensive property. Amount matters!

Bond energies: Breaking chemical bonds requires an input of energy to overcome the attractive forces.
When new bonds are formed, energy is released. The difference between input and output determines whether
a process is endothermic or exothermic. This can be quantified in the following reaction:

AH = X Energy to break bonds - X Energy released forming new bonds
AH = X E (bonds in reactants) - I E (bonds in products) .

There are three steps to calculating enthalpy change through use of bond energies.
1. Draw the L e LIS dot structures for the reactants and products.
2. Identify the type and number of bonds being broken and bonds being formed.

3. Subtract the sum of bond energies formed from the sum of bond energies broken.

Endothermic: +AH® (system gains energy) Exothermic: -AH° (system loses energy)

» Forming a chemical bond is always

» Breaking a chemical bond is always
exothermic (more stable)

endothermic

» Hint: “end-ing a bond is endothermic”

6. Hess’s Law: the overall enthalpy change in a reaction is the sum of all the reactions (and is independent of the

route taken)

Rule 1: If you reverse the reaction, then change the S14h  of AH.

Rule 2: If you multiply the reaction by a coefficient, then _m 4| P L,\] AH by same coefficient.

W
Strategy: Find things in your goal equation that appear in only one of the available reactions and make them match .
by flipping equations or multiplying/dividing coefficients. Then arrange equations to cancel out things that don’t

appear in the “goal.” Whatever you do to the equation, you must do to AH!
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Let’s Practice!

The specific heat (in J/(g °C)) of solid aluminum is 0.89, of solid iron is 0.45, of liquid mercury is 0.14, and of

1
carbon graphite is 0.71. When the same amount of heat is applied to one gram of these substances, which

. one will reach the highest temperature? Explain.
!j\ Q-Ii‘f\‘ :,\E}EE. feach J‘Lf-‘ ‘!“'Emi»' » 04 WIV !:'f'{ ')' {"'(‘ U} * LQ '{L(‘ )9w~+
{: - ) V ¥ o v
Spec & lw:}Y Cg \ac;'::“: 41 ue Hhe Same Aot DT heat @"F{‘fjj qolo!.ed wu”
e AT NEG !. i ,__! T hieS
L

Ca18e *'-..-a "F?ﬂa?-:‘r;a\ 44 ?nﬁ‘ Mo+

2. Use the dataregarding the standard enthalpies of formation to calculate AH
2 GHe(g) + 9 0x(g) > 6 COx(g) + 6 HO()

for the following reaction:

Substance AH’{kJ/mol)
CBHG(g) 20.9 kJ!mOIrxn
CO:(g) -393.5 kJ/molnn
| H,O(/) -2086 kJfmolxn N j.!.l ” stde
zZ N = Z4H ‘_ﬂZAHr /_(j/'\/ﬁ

= [4(392,5) ¢ 6(-280)] -[- 2209)+ ()]

= —Lio“-FF -4\ 8 "i‘c\/ﬂ/\

. 3. When1.095 g of NaOH is dissolved in 150.0 g of water initially at 23.50°Cin a coffee-cup calorimeter, the final
temperature is found to be 25.32°C. Assume the specific heat of the solution is the same as that of water

(4.184 J/g°C) and no heat is absorbed by the calorimeter.
a. What s the enthalpy of dissolution, AHsoln?

a = - = "I"ncg ? y = -"ﬂ:—'
T, Fea ( ARy, LT
T \
= ¥25.32-23.60 )
- - (150, 0+ 1.09 Y 18‘13-9( 2-23.50) < (1mag, | melyoon]
= . 11C =-11S kT = —
T WS (g
Mn\ ©
\.0‘193 Y\\':D)r\y '_l- T - 0.02F3RB ~el N%OH 0.02338 Mol

0

b. If heat was absorbed by the calorimeter, what effect would it have on the calculated heat of
reaction? Justify your answer,

SDP‘\{ Q‘Q-)(-’Le kfﬂ-‘.' l\(‘\ +L){> f(‘(‘:(’hpp\ L}(’( vy Jo\NL;(-A [o\.j %f €4,Dflﬁ'\€‘!€r
ecature change o H.e J4+€f docresSing the ﬂ’)?jfm-}:nole

wgln\c' Aé’Cﬂ’ afe ‘“‘f -}C\CP ’30 calcu 'h'&(

. o calew] aked a}r bnt not 4 L{xm He Number o Mo I
AHW woh\ﬂl be j‘ma”er in fha m“"kdt (lt’Q’ hpj:,"we) -Hﬁ,, qL)ﬁM\ AHI'XL]
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4. The heat of formation of copper(l) chloride is =137 kJ/molxn.
a. Write the balanced chemical equation. [Hint: use the definition of a heat of formation!]

~ \ -~ |
i L . r i

,-‘
"‘{3} ol .J} ( l .

b. How many joules are released when 4.46 grams of copper react with excess chlorine to produce
copper(l) chloride?

L yrs y i 5 -
L1l 4 Lw 1 Mel LA ‘ E"-‘:')!. roan 4 3 k 'J )Om
L X ——— — ¥ - mm——— W s Y q J’ % yf ') 3’

g O L Mo} Lu l thol (x | K3
b Q ; TYITAY iy
63.523 ‘ > ‘?.(a\waEJ’(e le<Sed

5. Given the following information, find the heat of formation for methane: C(s) + 2H(g) — CHa(g)
3?‘; P ‘L(_ZI-I.,(g) + 20,(g) » COx(g) + szou)J AHC = —891 k) mol™ ¥ - = B9}

C(s) + Oxlg} » COA(g) Ay = —394 K mol ™ v/
7 X (Hﬂg)“’mz(EHHzOUD AH = -286Kmol ' X2 = ~5F2
720,
% ﬂ{O? ,scHWj) 1% o
”’ Aer = 31 -394-532
AR

Coy™ 2 fﬁ) /
AH, e * J@?fa) 20w o
Ly ™ ZHU , 7 C Hufﬂ;)
6. The flammable gas ethene, C2H4, combusts assuch:  GHy(g) + 30: = 2C0,(g) + 2 H0(I)

:{:T} . kj%"lm

Given the table of bond energies below, what is the enthalpy change for this reaction?

Bond Average Bond Bond Average Bond
Energy Energy
(kJ/mol) (kJ/mol)
C-H 413 C=0 799
c-C 347 H-O 467
C=C 614 H-H 432
Cc-0 358 0=0 495
H " M
Cel. i g(zi =8) 3> A(6=c=8)+ 2(,O.)
’ \ rs a . R H K
K H
\_".‘1{ %, = lj E\r ('((L;""\‘ - Z p-E ( [ ‘-‘-:x"l“

= Lu(c-H) + 1((7,(\4 3(0'(\1‘ (c-= o)t u(o- Hﬂ
=L (LH \J'( I+ 2(“ Q\B L11 75] + 'l{l{:-}'\—} .

= 345] - 50064 :T




