Thermochemistry practice problems

1) How can energy be transferred to or from a system?

A) Energy can only be transferred as potential energy being converted to kinetic energy.

B) Energy can be transferred only as heat.
Energy can be transferred only as work.
‘D) Energy can be transferred as heat and/or work;]
2) Which of the following is an example of a state function?
A) The length of time it takes to go from New York to Los Angeles
B) The mileage traveled going from San Francisco to Los Angeles

C) The amount of time it takes to change the channel when Gossip Girl comes on.
\ D) The difference in altitude between Chicago and Denver |

3) Which of the following is NOT a state property?
A) pressure
B) temperature
Q) internal energy
D) enthalpy

4) Which of the following is the best example of an isolated system?
A) water in a styrofoam coffee cup
B) liquid in a beaker with a watch glass over it
C) soda in an unopened soft drink can
@ coffee in a closed thermos bme_]

5) How does a closed system differ from an open system?
A) A closed system does not do any work on the surroundings.
B) A closed system cannot exchange heat with the surroundings.
Energy is conserved in a closed system, but not in an open system.
D) A closed system cannot exchange matter with the smroundin@

6) A chemical reaction where heat is transferred to the surroundings is a(n)

TxOTHERMIC
7) Which of the following is an endothermic process?
A) jet fuel burning in a jet engine B) combustion of methane
C) freezing of water | D) vaporization of wateq

8) Which is true if AH=-95]?
A) Both the system and the surroundings are gaining 95 J.
B) Both the system and the surroundings are losing 95 J.
The is gaining 95 . while the surroundings are losing 93 J.
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9) Which of the following signs on q and w represent a system that is doing work on the 9)
surroundings, as well as losing heat to the surroundings?

A) +q, +wW
! ! +q, W
D) -q, +w
E) None of the above.

10) How much work in joules is done when a piston expands from a volume of 13.27 liters to 10)
76.55 liters against a pressure of 14.89 atm?
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11) How much work in joules is done on the system when a 1.15 atm external pressure causes  11)
a piston to decrease in volume from 6.55 liters to 3.16 liters?
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12) In a refrigeration system, the refrigerant gas absorbs 21.39 k] of energy while expanding 12)

against a 0.278 atmosphere pressure from a volume of 0.0423 liters to a volume of 1.876
liters. What is the energy change of the gas?

AT = AR -PDV = (mgqor) -(o.z-rsa{m}( 1.876\_—0.0422L) (ﬁ_’gﬁ,
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AE= 21728 T = 21.328 KT

13) What is the energy change of the system if a chemical reaction transfers 32.146 k] of heatto ~ 13)
the surroundings while it causes the expansion of a 1.465 liter vessel to 3.687 liters against a
pressure of 3.64 atmospheres?

14) Lead, water, sulfur, and arsenic have specific heats of 0.128, 4.18, 0.706, and 0.329 ]/ gGC, 14)
respectively. Which of these would require the smallest amount of heat to increase its
temperature by 10 °C (assume all samples have the same mass)?

LEAD = SMALLELT sPECIFIC HEAT

15) When power was turned off to a 30.0 gal. water heater, the temperature of the water 15)
dropped from 75.0 °C to 22.5 °C. How much heat was lost to the surroundings? (1 gal =
3.785L)
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16) How much heat is needed to raise the temperature of 5.28 gal of water from 16)

25.0 °C to 88.0 °C (1 gal = 3.785 L)?
%= (W]Bq%\(q 184 )(88 o 2'5.065
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17) 14.0 g of metal at 24.0 °C has 250 joules of heat added to it. The metal's specific heat is 0.105  17)
J/g °C. What is its final temperature?

72mCAT = 2503 - (1404 (0105 Y(T- 29.0%)
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18) 1219 joules of heat raise the temperature of 250 g of metal by 64 °C. What is the specific 18)
heat in J/g °C?
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19) 1674 J of heat are absorbed by 25.0 mL of an aqueous solution of NaOH (d =1.10 g/mL, 19)
specific heat = 4.10 J/g °C). The temperature of the solution goes up how many degrees?
\
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20) What is the final temperature when 150.0 mL of water at 90.0 °C is added to 100.0 mL of 20)
water at 30.0 °C?

- (150.04) (T, - 20.0°) = (160.0)(Te =20.6°)
Te = 6L.0C

21) 50.0 g of iron that has an initial temperature of 225 °C and 50.0 g of gold that has an initial ~ 21)
temperature of 25.0 °C are brought into contact with one another. Assuming no heat is lost
to the surroundings, what will be the temperature when the two metals reach thermal
equilibrium? The specific heat capacity of iron = 0.449 J/g°C and gold = 0.128 J/g°C.
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22) 100.0 g of nickel at 150 °C was placed in 1.00 L of water at 25.0 °C. The final temperature of 22)
the water was 26.3 °C. What is the specific heat of nickel?
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23) A 25.0 g piece of iron at 398 K is placed in a styrofoam coffee cup containing 25.0 mL of 23)

water at 298 K. Assuming that no heat is lost to the cup or the surroundings, what will the
final temperature of the water be? The specific heat capacity of iron = 0.449 J/g°C and
water = 4.18 J/g°C.
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24) What is the molar mass of a metal predicted by the Dulong-Petit law if the metal has a 24)
specific heat capacity of 0.128 J/g°C?
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25) A 75.0 g sample of a metal at is heated by adding 450 ] of heat. Its temperature increased 25)
from 22.0 °C to 37.0 °C. What is the molar mass of the metal?
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26) A 10.0 g sample of a metal at 78.0 °C is submerged in 50.0 mL of water at 25.0 °C. the final 26)
temperature of the water is measured to be 26.1 °C. Assuming no heat is lost to the
surroundings, what is the approximate molar mass of the metal?
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27) Two aqueous solutions at room temperature are mixed in a coffee cup calorimeter. The reaction
causes the temperature of the resulting solution to fall below room temperature. Which of the
following statements is TRUE?

A) Energy is leaving the system during reaction.
B) The products have a lower potential energy than the reactants.
) C) This type of experiment directly yields AEpxn.
| D) The mixing is endothermic.}
E) The solution has special properties that enable it to violate the first and second law of
thermodynarnics.

M =

27)

28) A 21.8 g sample of ethanol (CyH5OH) is burned in a bomb calorimeter. If the temperature 28)

rises from 25.0 °C to 62.3 °C, determine the heat capacity of the calorimeter. The molar
mass of ethanol is 46.07 g/mol.

CoH50H(l) +3 Oz(g) — 2 COp(g) +3 HaO(g) AHjxn = -1235 K]
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29) A 35.6 g sample of ethanol (CoH50H) is burned in a bomb calorimeter that has a heat 29)

capacity of 23.3 kJ/°C. If the temperature rose from 35.0 °C to 76.0 °C, what is the value of
AHxn? The molar mass of ethanol is 46.07 g/mol.
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30) A 12.8 g sample of ethanol (CoH50H) is burned in a bomb calorimeter that has a heat 30)

capacity of 5.65 kJ/°C. If the initial temperature is 25.0 °C, determine the final temperature
of the calorimeter. The molar mass of ethanol is 46.07 g/mol.

CoH50H() +3 O2(g) — 2 CO2(g) +3 HaO(g) AHpxn =-1235K]
Ta - 3493 kY .
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31) A 100.0 mL sample of 0.300 M NaOH is mixed with a 100.0 mL sample of 0.305 M HNO3 31)

LTl - “"in a coffee cup calorimeter. If both solutions were initially at 35.0 °C and the temperature
of the resulting solution was recorded as 37.0 °C, determine the AHpyp, (in units of kJ/mol).

Assume that no heat is lost to the calorimeter or the surroundings. NaOH 4 HNO ;=7 NaNO,t H, 0
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32) A student is preparing to perform a series of calorimetry experiments. She first wishes to 2 7.

determine the heat capacity of the calorimeter (Cc,]) for her coffee cup calorimeter. She

pours a 50.0 mL sample of water at 72.0 °C into the calorimeter containing a 50.0 mL
sample of water at 25.0 °C. She carefully records the final temperature of the water as 44.0
°C. What is the value of C¢g] for the calorimeter?
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33) Two solutions, initially at 24.60 °C, are mixed in a coffee cup calorimeter (Cca1 = 15.5]J/°C).  33)
When a 100.0 mL volume of 0.100 M AgNO3 solution is mixed with a 100.0 mL sample of

/0.200 M NaCl solution, the temperature in the calorimeter rises to 25.30 °C. Determine the
winmin 6  AHpxp for the reaction as written below.

J/ NaCl (aq) + AgNO3(aq) — AgCl(s) + NaNO3(aq) AHpxn=?
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34) Use the AH°f information provided to calculate AH®xp, for the following: 3)

SOpCly (g) +2 HpO(l) — 2 HCl(g) +H2S04(1) AH xn= ?
AHCf (kJ/mol)
SO Clo(g) -364
HyO(l) -286
HCl(g) -92
Hp504(1) -814
Au‘:m E,,,_,n(-qz T + (L) (- BIE S5 \1 [(m\)( 3 + + (2 ~oV)(-286 ‘)] = =42 KY
35) Use the information provided to determine AHrx, for the following reaction: 35)
CHy(g) + 4 Cla(g) —~ CCly(g) +4 HCI(g) AH’rxn = ?
AHCf (i /mol)
CHa(g) -75
CCly(g) -96
HCl(g) -92
Kr S --' —
N [(aml)(- 96 ES) ¢ Huo)(-12 ;ﬂ] = [(t«-t)( 75 Jj 381 KY
36) Use the information provided to determine AH rxn, for the following reaction: 36)
3FepO3(s) + CO(g) —»2Fe304(s) + CO2(g)  AH°ryxn=?
AHCf (/mol)
FepO3(s) -824
Fe304(s) -1118
CO(g) -111
COa(g) -394

dH. [(‘ZMO\.)("“\S l‘j\“_(‘w\)( 11"[-—-‘)‘[ r(!»»ll( g24 :‘\r-;'.-) +(""“°l)("l” ).J "'L(_l K3
37) Use the AH?f and AH® 1, information provided to calculate AH®¢ for IF: 37)

IF7(g) +I2(g) = IF5(g) +21F(@g) AH’rxn=-89K

H° -
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38) Use the standard reaction enthalpies given below to determine AH rxp, for the following 38)

reaction:
2NO(g) +0O2(g) > 2NO2(g) AH®rxn = ? A
Fue et e,
Given: -
Na(g) +02(g) ~2NO() AHa=183K —2 NG ~> Ny %+ Oz  —I83 K
x &
172 Na(g) +O2(g) = NO2(g) AH°rxn =33k —> N, +20, — 2NO, 66 KT
2N0 + 0, — 2N0, —1l17 kY
39) Use the standard reaction enthalpies given below to determine AH rxn, for the following 39)
reaction: Fui?
% A
P4(g) +10 Cly(g) — 4PCl5(s) AHCryn = 2 y YR+ A, ARy - 28 kT
Given: ?"1 - é(.l;_' = L‘F{'\S ~leat Kjr___
P4(g) +6 Cla(g) — 4 PCl3(g) AH®rxn =-1207 kJ
40) How much energy is released during the formation of 98.7 g of Fe, according to the 40)
reaction below?
FerO3(s) +2 Al(s) — AlpO3(s) +2 Fe(s) AH®pxpn = -852 K]

852 &%
187 t2lTe e 753 kT
5.8%7¢  2ud feo
41) Using the following information, what mass of HF must react in order to produce 345kJ of ~ 41)

energy? Assume excess 5i07.

SiOy(s) + 4 HF(g) — SiF4(g) +2 HoO()) AH®pxn =-184 K

r
84 &7 we HE
42) Using the following information, what mass of HpO must form in order to produce 975 k]~ 42)

of energy?

SiOp(s) + 4 HF(g) — SiF4(g) +2 HaO(l) AH®ryn =-184 k]
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43) How much energy can be relased during the following reaction if 2.50 L. BpHg and 5.65 L 43)

Cly (Both gases are initially at STP), are allowed to react?

BoHg(g) + 6 Cla(g) — 2 BClz(g) + 6 HCl(g) AH?rxn =-1396 k]

He 346 KD - ]
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