Thermochemical Equations

Enthalpy - an extensive property that measures heat absorbed or
evolved in a reaction represented with an H

AH= HproJuc‘IS_ H redctants

i thermochemical equations, the enthalpy sigwn determines whether
heat Ls absorbed or evolved (Lost).

if the stgn for ewthalpy ts positive (+), thew heat is absorbedt.

tf the stgw for ewthalpy ts megative (=), thew heat ts evolved.

endothermic - heat/energy is absorbed by the system from the
surroundings

exothermic - heat/energy is released (evolved) by the system to the
surroundings

When...
..product energy > reactant energy, the reaction is endothermic
..product energy < reactant energy, the reaction is exothermic.

Exothermic Reaction Pathway Endothermic Reaction Pathway
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The only difference between a chemical equation and a
thermochemical equation is the fact that a thermal equation ends in ;
(delta) H =. This gives how much heat energy was evolved or
absorbed during the reaction.




Manipulating Thermochemical E’quations

Rules for manipulation:
1. When an equation is multiplied by a factor, the enthalpy

value for the new equation must also be multiplied by that same

factor.
2. When a thermochemical equation is written in reverse, the

sign of enthalpy is also reversed.

Stolchiometry of Thermochemical Equations
Using the thermochemical equation, Yyou can make a conversion
factor to create a ratio of mols to heat evolved/absorbed.

Enthalpy of Formation - The amount of energy absorbed/evolved for
an tndividual molecule in a reaction  AH°

Solving basic Thermochemical Problems using Hess's Law

Rules:
1. When one reactant of one equation is the same as the

product of another equation, they can cancel out.
2. When a compound is in two equations but on the same side

(both reactants or both products), the molar amounts are

added.
3. The thermochemical equations can be manipulated, but the

whole equation must be multiplied or divided by the same
amount, including the enthalpy.




Hess's |_aw

The first part of Hess's Law describes how reactions can have
multiple steps that are not always listed.

Now, this equation doesn't happen naturally. It is actually a
combination of two different reactions:

N& H4(l)+ Oa(33_> Na\[j) + ‘ZH:(O{,) ) AH =- 6.2 KT
Hg(j) + E'g' a(q) -2 Haoc,); AH= ~2%S. 9 kT

In order to solve this problem, we want to manipulate the two
equations so that the components combine or cancel out to

form the original equation:
The first equation is reversed.
The second equation is doubled.

—> N, H, +@ s OH=622.9 KT

Once all factors are added and canceled, all reactants are
written on one side and all products are written on the other.
To find the net change in enthalpy, just add the two values of
enthalpy together.

Ny+ 2H, = NyH, , &H=56.0kT
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Hess's |_aw

The next part of Hess's Law states that the overall enthalpy
“hange of a reaction is equal to the sum of the energy changes in
2ach step.

Mathematically, this can be written:

AH :E_ N AH:pwdudS B ZTV\ AH: reac‘lTA‘\+S

Table A-6
Thermodynamic Properties (at standard states)
E; k' th H H AH¢ in kJ/mol AG¢ in kJ/mol S°in J/mol-K
re a I n g IS eq u a IO n concentration of aqueous solutions is 1M
Substance AH¢ AGf s° Substance AHy AGy s°
Ag o 0 427 HaPOs -o72 = -
I I Ieans e SU| I I c AgCl —127 -110 96.1 HPOL ~1280 ~1120 110 O t e
AgCN —148 ~164 837 HeS -20.1 -33.0 206
Al 0 0 283 H,S0s(aq) ~614 538 232
A204 ~1670 ~1580 510 H,S04(aq) -908 ~742 17.2
re aCta ntS BaCl; (aq) 873 823 121 HgCl, ~230 —177 =
BasSO, -1470 ~1350 182 HgCl, -265 —211 196
Be 0 0 954 | Hg.SO, 742 -624 201
. BesN; -568 -512 - s 0 ) 17
nAH/mAH is the ct|: - o B
BiCls -379 -319 190 KBr -392 -379 9.4 y S an
Bi,Ss -183 ~164 146 | KMnO, 813 = 172
. Br, 0 0 152 KOH ~426 - -
CH, 748 508 186 LiBr -350 - —
reactants respectively | c: s i ae | uow 7 s02
CaHe -84.7 -329 229 Mn 0 320
CaHio 125 15.7 310 MnClz(aq) 555 91 389
co 1 137 198 Mn(NOs)2 (aq) 636 8 |
e n and m before | & - halpy o
cs, +87.9 +63.6 151 Mn —214 = — !
ca o 1. N, 0 0 192
4 Ca(OH), 987 897 - NH —462 ~16:6 193 . .
ormation of each part |& = = = |¥ = & % ljedbyits
CoCO, -723 -650 - NO +80.4 = 211
Co0 -239 -213 439 NO, +338 +51.8 240
. Cr,04 -1130 -1050 812 Na 0 0 51.0
reS t V n CsCl(aq) -415 -371 188 NaBr -360 — -
I u er O I Cs,S04(aq) -1400  -1310 283 NaCl —a11 -384 724 -] en a py_
cul -67.8 -69.5 96.7 NaNO; (aq) 447 - -
cus -53.1 -537 665 Na —427 = -
Cu,S -795 -86.2 121 Na,S(aq) 437 — -
CuSO4 770 -662 Na;SOs 1380 70 149
F2 0 0 203 0. 0 0 205
FeCly ~405 - — P40 ~1640 — —
C\ H - FeO -267 - — P,0. -2980 2700 229 [
)O uttl n t IS to et ( Fe,0, 822 ~741 90.0 POB! —277 -260 162 tOtal Chan e I n
A ) H 218 - 115 | Ppoci; -359 314 136
H 0 0 131 s 0 0 319
. HBr -362 -53.2 198 ) —207 300 249 .
enthalpy is equaltoth &, & & |z =2 = =
y HCl(aq) -167 -131 565 S0 -590 560 54.4 |a Ion O e
(CN(aq) +151 +172 94.1 Ti 0 0 303
. H -269 271 174 TiO, - -853 502
HI 4259 +130 206 il -83.3 236
products minus the su iz & 2 %|i = = % |nofthe
H20(q) —242 -229 189 uCls -1100 903 259
Hy = -118 110 zn 0 0 416
HoPO, -609 — = 2nCl (aq) 487 ~410 372
reactants.

A List of the standard enthalpies of formation can be found at
URL HERE! as well as in the resowrces tab of the website.

The enthalpies of formation can be written wnderneath each
respective element, and thew the above equation is used to find the
total enthalpy of the equation.

p_x) 4NH3(3)+ go&cm 7 4NO(3\+ 6H-koc ) AH:AHPQ[AHh

3 )
4(-4s9) S(o) 4(90.3) 6(-243) ~TI08A-( 1536
AH: -G0( 1T




Calori metry

Calorimetry - The measure of heat absorbed or evolved in a
chemical or physical reaction
Calorimeter - an object used to measure heat absorbed or evolved.

Motorized stirrer

~ Electrical leads for
igniting sample

Thermometer
Pictured left is a

Insulated container calorimeter

O, inlet

Bomb
(reaction chamber)

Fine wire in contact
with sample

Cup holding sample

Water

Heat capacity - The amount of heat required to raise a
substawnce 1 degree celsius

Specifie Heat capacity - The amount of heat required to raise
1 gram of a substanee 1 degree celsius

tatewt heat of fuston / vaporizatiow - The amount of energy
recuired to cause an amownt of @ substance to wndergo a phase
change.



Hcating and Cooling Curves
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To any heating and cooling curve, there are generally five parts
that need to be observed:

1. The initial up/down slope

2. The first flat line(melting/condensation point)

3. The upward/downward slope in the middle

4. The second flat line (evaporation/freezing point)

5. The final upward/downward slope
Using this information, it is possible to calculate the energy
needed throughout phase changes.

Parts 1, 3, and 5 (with an upward/downward slope) can be
calculated with the equation:

Q=mct

Where m is the mass of the substance

C is the object's specific heat

and t is the change in temperature (final - initial)
Parts 2 and 4 cannot be calculated with this equation, because
there is no change in temperature. Instead, they need to be
calculated using their latent heats of vaporization/fusion. The
equation used for this is:

Q=mL

where m is the mass of the substance (or the molar
amount, depending on what is available)

and L is the latent heat.



Solving Cooling Curve Problems

Caleulate the energy required to raise the temperature of 18.0
grams of itee at -20 C to steam at 120 C. You have exactly one
mole of watey.

Spee. Heat of tee: 2.092 /g C
Spec. Heat of water: 418 j/g C
Spec. Heat of steam: 2.092)/g C

Heat of Fuston: 6020 j/wmole
Heat of vaporization: 40,700 |/mole

O=2mcOt

0,4.092)(1%)(0-cao) = 753.127
O3=(‘ro'%)(l?)(loo-o)= 15247

Og= (2.092)(15)(120-100)= 753.12T  Once all values have been
individually calculated, they
are all added together to find

Q=mL the total energy added.
Q,* 6——2if’rx lovsl = c0203

Qu= 10,700T . | et _
e X =407007

So, the total energy added in
this case is 55,750.24 Joules.




