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Thermochemical Equations for Phase Changes

Thermochemical equations can also be written for E‘?’\N’)S ' C a‘!\ changes!

H,0(s) = H,0(}) AH = +6.02 k] /mol
H,0() = H,0(s) AH = —6.02 k] /mol
Physical changes ( {g‘h nSe changes, or changes of 3'}{'&'} € ) are either endo- or exothermic:

¢ Endothermic physical changes

1. Require an addition of heat/energy to overcome TMEs {intermolecular forces) and change state {just
like ending a bond, “end”ing an IMF.is always “end”othermicl)

*  Solid - Liquid (Melting}
v Liguid = Gas  (Vaporization)
» Solid 2 Gas {Sublimation)

» Exothermic physical changes
1. Heat/energy is released as IMFs form

» Gas > Liquid  (Condensing)
* Liquid = Solid (Freezing)
*  Gas—» Solid (Deposition)

Heating Curve of Water

© g«@ «:9 w 1::'@
o g e , }»m When heating a solid, liquid,
g ettt wtenge fare 0, 0| oresst3,onds)
el e KE/Temp increases
e PEis constant
ﬁfﬂ'o . Consfant state
éi When changing phase in the
;% forward direction (2 and 4}:
g e KE/Temp is constant
® e PEincreases
& o e Multiple states
i
a0 i

Heat Added - g

_ Energy Changes
1. i‘“ ine A (slanted) sections (1, 3, and 5): Temperature (thus Y\¥ ) changing
=2 Use mCAT

2. ? | Dﬁ (plateau) sections (2 and 4): 3 Ps: Plateau, Phase change, and Potential Energy Change
> N D change in temperature = KE constant
= Useq=nAH '
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How to Calculate Energy Needed to Change Temperature or Phase

1. Temperature changes: qg=mCAT
~ This starts with grams and gives heat in Joules

Note: is your specific heat a molar heat capacity? (C,, = molar heat capacity = J/mol K)
2> Use g = n Cpy, AT

2. Phase changes: TWO Options!

e Melting q =nAHpy;
= Freezing q = —nAHpy

n = moles of substance
AHpys = enthalpy of fusion

+ Vaporizing q = nAHyq,

* Condensing ¢ = —N AH,g,
n = moles of substance
AHyap = enthalpy of vaporization

These start with moles and give heat in kilojoules

3. Once you know the heat at each step of the process, add them together to find the heat of the process,
' but make sure you are adding the same units of energy! (usually k} +kJ) '

Examples: Determine the amount of heat gained (+) or lost (~) during each of the following changes.

1. Melting 55.8 g'of Ti at 1677°C | AHPM ()= 188 ¥4l

aF - AH
_ fzg 3 Vgl T ——
SRR (Y SAN ey
\ L‘f:?- %:]. il —
T
.
2. Converting45.0gofwater at-20.0°C to steam at 115°C CH O = "i.i_%‘g& ) {wﬁ am)w”'ﬁ e

D heat HLD{) ©.0°C dloo'c “')‘},“"Cdﬂ”
ns°e
q = {4s.0 AJ}(LH% %{’%\XIOD.U’L-—Q&Q%) =15 048 T = 15048 KT

(D beil W04, HH,0 5" My (_Hzo\ = o4 KT/,

(L nAl =15 Og bmol Hm (\Hl} ,},KT> =10l ({p KT
18 oin ol
3

. heat Hl_()@}) oo -5 D Tmcﬂ

ADD 1S pHB + lol.bly + 13438 = R KT
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3. Calculate the energy absorbed when heating 6.9 g of solid aluminum from 32°C to 3205C. The melting point of
aluminum s 660°C, AHgs = +10.8 kJ/mol, and the specific heat capacity of Al(s) is 0.903 J/mol °C.

(é-qj eyl ](o%% ww”}(ajzo vgz) IH:J L—WJ!
3 .

26.1%

5

4. Calculate the energy absorbed when melting 27.3.g of Al at 660°C. The melting point of aluminum is 660°C, AHg,,
= 10.8 kJ/mol, and the specific heat capacity of Al{s) is 0.903 J/mol °C.

S[8%3q  Imol Al Reyers
:1.-;5-»1"&%%«( g.xmy'”’m> ‘iDﬁK]

5. When water vaporizes at its normal boiling point, its AHygp = +40.7 I<J/rho| A sample of water vapor was
condensed at 25°C and 1.05 atm. Calculate the volume of water that was condensed, in liters, if 620 kl of
energy was released during the process.

OL.,-» nAH
: | G20, KT !
“QE(},KT*"“V)H b(q{).‘:},ﬁ;‘g 2 nh= L = 1 5.2 mol
i o f&’i@‘ . _ Lll 0.'_!'_ ky/ﬂ@ !

. i
nRT (15,2 mol)(0.0820K P
P |, 0% atm

Part ll: Determine the amount of heat gained (+) or lost {-} during each of the following changes. (For water, AHg,, =
© +6.02 kifmol, AHyap = +40.7 kl/mol, Ceqq = 2.06 J/g °C, Ciiguia = 4.18 J/g °C, and C_ga5 =2.02)/g"°C). -

PV zniT D N =

6. 220.0 g of ice at -35.0°C is converted to liquid water at 50.0°C.

1y heat B 060 -25 00 0 0.0°¢ 7‘}’!\1(4;1‘
q = (2200;}( ()({. 3%’/&0 Q ( ES Dj\ - :5 5,:.{ ,’T j—m 55;,;3 1,:_5,
r 3
2y melt B0, 7H 00 74 naHp
G mmH LY (0022 #3512 KT
¥ i% D!{_ag - el
Dhead, B, Dpy 2 DL de 20,070 2 ﬁ“mwé'}g. 54% KT
1f(220m\\( ;53/3‘,6)(””-;,\ us, D-.__LL:
/"\0\3'- 1S 6(»2 kﬁ" +32012.kT + 15 8% k7T "i 35 L} kT}
7. 5.00 g of steam at 155°C is converted to liguid water at 100.0°C° _
L, rTe e B =D .;*'}{.‘!-—i"
\) Coo| Th O,ﬁ. C G a0 PO )q]f iy 25 |
= J0.5555 kT

legeC 1= (500 &5(2 o2 /"Y““) ] ‘(5) 5555

YN
7) tondgnle Hg D( - H.i ab o vap
ot 4,0 "f . gf, KT
G}/" - (5 DD2 x ;é_ﬁ!;fé_....mjtqo_q.m l “ 2 (o

Add: -0.5555 KT v (-11.23bKT)= CiLa ks
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Multiple Choice Practice FTW!

8. Aluminum metal can be recycled from scrap metal by melting the metal to evaporate impurities.
3250°C+ ‘_

2925°C 4
2600°C 4
2275°C 1
1950°CH /
Temperature
°C) 1625°C4 /

1300°C+ /

975°C f
650°C 4 £

325°C+

v

Time

Calculate the amount of heat needed to purify 1.00 mol of Al originally at 298 K by melting it. The melting point
of Al is 933 K. The molar heat capacity of Al is 24 J/mol K, and the heat of fusion of Al is 10.7 kl/mol.

a. 15,300kl b. 30,600 kI c. 10.7 kJ 259kl 3
(D Heat A\(r) . 298 K 933K 9 ﬁr: nCaTz=(| r%\}(gq M%Eyﬂgg _298) :@4)(6?5
Zx 25 x (00O
a0 oS aenBHL = (lne k2
@FWH ff‘\\l(?-) e hl(m’ > 1{ (RS ,Cuj = (‘ﬂ'\ WIO-}ﬂij___f_ o ;\S/ DDS-T
= fo:r3 ¥T Total = l0F4 152257 =\S kJ

9. Benzene, CgHg, has a melting point of 5.5°C and a boiling point of 80.1°C. Given the other constants below for
benzene, which of the following processes would require the least amount of energy?

Csotig = 1184 ] -mol™! - K™*
Cliquia = 134.8] mol~ - K™t
Coapor = 82.44]mol™* - K™
AH,qp = 30.77(k]) mol ™
AHpys = 9.9@)m01-1
X Vaporizing 2.0 mol of benzene at 80.1°C.
@ Warming 2.0 mol of benzene from 91°C to 101°C. ] 9 6S > C= 824y
c.  Warming 2.0 mol of benzene from -10°C to 0°C. | Solid D =By

e, Melting 2.0 mol of benzene at 5.5°C.



