Homework 1:

Thermochemistry 102 CHM- 1440-01

—

. Radiani energy 1s

A)  the energy stored within the structural units of chemical substances.
B)  the energy associated with the random motion of atoms and molecules.
C)  solar energy. i.c. energy that comes from {he sun
D)  energy available by virtue of an object's position.
2. Thermal energy is
A)  the energy stored within the structural units of chemical substances.
B)  the energy associated with the random motion of atoms and molecules.
C)  solar energy, i.e. energy that comes from the sun.
D)  energy available by virtue of an object's position.
3. Chemical gnergy 1s
A)  the energy stored within the structural units of chemical substances.
B)  the energy associated with the random motion of atoms and molecules.
C)  solar energy, i.e. energy that comes from the sun.
D)  energy available by virtue of an object's position.
4. Pgtential energy is
A)  the energy stored within the structural units of chemical substances.
B)  the energy associated with the random motion of atoms and molecules.
C)  solar energy, i.e. energy that comes from the sun.
D)  energy available by virtue of an object's position.
5. Heat is
A)  ameasure of temperature.
B)  ameasure of the change in temperature.
C)  ameasure of thermal energy.
D)  ameasure of thermal energy transferred betwe ics ifferent temperature.
—— -
6. An endothermic reaction causes the surroundings
A)  warmup. @ decrease in temperature.
B)  become acidic. E)  release CO..
C)  condense.

7. An exothermic reaction causes the surroundings to
warm up. D)  decrease its temperature.

B)

become acidic. E) release CO,. C)  expand.

8. A sample of nitrogen gas expands in volume from 1.6 L to 5.4 L at constant temperature. Calculate the
work done in joules if the gas expands (a) against a vacuum, (b) against a constant pressure of 0.80 atm,
and (c) against a constant pressure of 3.7 atm. w = P AV

Answer

o) P=o w=-°fDV = -o(AV) = O

= 0.3 abm W= - va
¥ w = 0.8 X\0l3KG X 38010

¢) P=3%

W =_304.j‘:‘3x‘°tj-

3

bDV= 54_1¢€

= 3.3%10°m

?: o-3 X \-GBX\O'

S
P-3%X \.0] 3%10

W= =PAV = 3.Fx\.0ol3 Xlog;f 3~3K|0-5=-).q J(\Osj

Page 1 of 7



Homework 1: Thermochemistry 102 CHM- 1440-01

9. The work done tc(compress)a gas 1s 74 J. As a result, 26 J of heat 1s given off fo the surroundings.
Calculate the change 1 energy of the gas.

\M:..‘-f-tl q,:.-'2.6
4 +W = -26+34 =\&7

10. Determine the amount of heat (in kJ) given off when1.26 x10%g of NO; are produced according to the
equation: 2NO(g) + O2(g) 2NOx(g) AH = -114.6 kJ/mol

No+),02 —>NO2 AH=-SF3E) 2 oS ol ” @

q -
n:’- L-n-—- - [264“0 - 2?3.(! —J».’S)JA:' ':H_-b @

My 46 (Mu= 4t 2006 )
b4 ¢

O' )\ Jod ‘:.Su\o'ou’ef S22V A4 Up cole) oF o s D
5734 2739 = ).5%x10° EF

11. Consider the reaction: X2
Hx(g) + Cla(g) —— 2HCl(g) AH =-184.6 kJ/mol
If 3 moles of Hz react with 3 moles of Cl to form HCI, calculate the work done against a pressure of 1.0
atm at 25°C. What is AE for this reaction? Assume the reaction goes to completion.
Solution:

DH= —1pu-€ X3 = -553.8 KJ/mel

ZEeN© ‘-‘_"'L—' _.-.D.o&l 2al QY

DE- AW A\ ss
= =552.% T
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Homework 1: Thermochemistry 102 CHM- 1440-01

12. Consider two metals A and B, each having a mass of 100 g and an initial temperature of 20°C. The
specific heat of A is larger than that of B. Under the same heating conditions, which metal would take
longer to reach a temperature of 21°C?

Solution:
A fakes |grn9es Hime 4o realh 2
becanse + hat l-ghes &)

13. A piece of silver of mass 362 g has a heat capacity of 85.7 J/°C. What is the sgegﬁc heat of silver?

Solution: | Bmm— v e ' 37‘ G- G
o ym Y3 / ol

14. A 0.1375-g sample of solid magnesium is burned in a constant-volume bomb calorimeter that has a
heat capacity of 3024 J/°C. The temperature increases by 1.126°C. Calculate the heat given off by the
burning Mg, in kl/g and in kJ/mol.

Solution: imel lu,_,) = 24.3 3
-1.126 C
m=0\3%SJ bt r

C = 302Y a/c° pott

c'r: CAtL =3@U 126 = UoST = 3405 KT

q (es/s) = 299> _ ou4.76¢ &g/9
0-13+S

9 Ueg/mol) = 2u.76 % 24.3 = 60! KI/mel

15. Which is the more negative quantity at 25°C: AH® for H>O(/) or AH®, for H,O(g)?
Solution:

//zf)(() 5 more Slable

Df'f;eo( /”’-—0@) poye /zgwﬁue
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Homework 1: Thermochemistry 102 CHM- 1440-01

1o

16. Suggest ways (with appropriate equations) that would enable you to measure the AH® values of
Ag)O(s) and CaCly(s) from their elements. No calculations are necessary.
e

2 A9 1—%@, —>  ARO

DH(}“ = b H}(Aﬁzﬂj

Ca =« CIZ_ —_— CaCle

ﬁHﬁm = bh;(Cadz)

17.Calculate the heat of decomposition for this process at constant pressure and 25°C:
CaCOs(s) + CaO(s) — COa(g)

(Look up the standard enthalpy of formation of the reactant and products in Table)

Solution:

bH,,“ - pr(CaO)-r pr_((az)] = b“ﬁ [Ca.('og

= (635t ~343.5]] — - |2064

7R kd/mel

W
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Compound

AgCi(s)
Aghs(s)
Ag;0(s)
Al;05(s)
Bra(/)
Bra(g)
C(s), graphite
((s), diamond
CHa(g)
Co(g)
C0:(q)
GHa(g)
CHs(g)
GHs(g)
CeHs()
Ca0(s)
CaC0(s)
W
Fe;04(s)
HBr(g)
HC(g)
Hi(g)

AHdld
Ml
-127.068
+620.6
-31.0
-1675.7
0.0
+30.907
0.0
+1.895
-74.81
-110.525
-393.509

———
+226.73
+52.26
-84.68
+49.03
-635.09
-1206.92

—
=157.3
-824.2
-36.4

-92.307

+26.48

Table 3.10.1: Some Standard Enthalpies of Formation at 25°C.

AHgkcal
md—l
-30.35
+148.3
-741
-400.40
0.00
+7.385
0.00
+0.453
-17.88
-26.41
-94.05
+54.18
+12.49
-20.23
+11.72
—15L.75
-288.39
-37.59
-196.9
-8.70
-22.06
+6.33

Compound

H0(g)
H0()
Ha02()
H:5(9)
HgO(s)
I5(s)
I(9)
KCl(s)
KBr(s)
Ma0(s)
NH(g)
NO(g)
NO(g)
N204(g)
NF3(g)
NaBr(s)
NaCl(s)
0s(9)
505(9)
504(g)
Zn0(s)

AH{K
'“d-l
-241.818
-285.8
-187.78
-20.63
-00.83
0.0
+62.438
-436.747
-393.798
-601.7
—46.11
+90.25
+33.18
+9.16
-124.7
-361.062
-411.153
+142.7
-296.83
-395.72
-348.28

AHfkcal

-57.79
-68.3
-44.86
-4.93
-21.70
0.0
+14.92
-104.36
-94.097
-143.77
-11.02
+21.57
+7.93
+2.19
-29.80
-86.28
-98.24
+34.11
-70.93
-94.56
-83.22



Homework 1: Thermochemistry 102 CHM- 1440-01

18. The standard enthalpies of formation of ions in aqueous solutions are obtained by arbitrarily assigning
a value of zero to H" ions; that is, AH° [H"(aq)] = 0.
(a) For the following reaction:
HCl(g) ﬂ>H’(aq) + Cl?aq) AH® =-74.9 kJ/mol
calculate AH®s for the CI ions.
(b) Given that AH® for OH" ions is - 229.6 kl/mol, calculate the enthalpy of neutralization when
1 mole of a strong monoprotic acid (such as HCI) is titrated by 1 mole of a m— (such as KOH) at

e
ay  DH,.- mfcmh Dl (cd~ DRp (Beh)

-9 = 0 + AHp(u) --42:3

Die (c1”) = -Hq-923
=-\6+2 “J/mol—-

\ H-r-r ol T —= H2o -229.:6

52858 i
BH = D (uw)-l}l"(wf‘) +A}&(A“)j

DR =-285.8 - -222-6€ {="54.2 & jmol-

19. The standard enthalpy change for the following reaction is 436.4 kJ/mol:

Ha(g) —H(g) + H(g)
Calculate the standard enthalpy of formation of atomic hydrogen (H). A H; (“)

Solution:

Dl = 288p(B) = aqp (A2)

Z2eXS

%= Y364 _
O Hp (i 122 2132 ¥ /wel

Page 5 of 7



Homework 1: Thermochemistry 102 CHM- 1440-01

20. From these data,
S(rhombic) + Oi(g) — SOx(g) AHx, = - 296.06 kJ/mol
S(monoclinic) + Oz(g) — SO2(g) AHmn = - 296.36 kJ/mol
calculate the enthalpy change for the transformation
S(rhombic) — S(monoclinic)
(Monoclinic and rhombic are different allotropic forms of elemental sulfur.)

Solution: MUN\‘S‘(AJJ)}PL? &2, oljusn""'
S (chomb.c) -bO(—-a,sOf AH=~-296-06

/s‘g{ _'—'3‘9'-/‘\‘ S@'\Onod:« <) Ak = 4 2963¢

kaomb-‘c. —> S monstlinie = 0:3 rS(mJL

21. From the following data,
C(graphite) + Oz(g) — CO:(g) AH° i = - 393.5 kJ/mol

Ha(g) +3 Ox(g) — H:0(1) AHP = - 285.8 kJ/mol

2.C:He(g) + 702(g) — 4COx(g) + 6H20(l) AHP = - 3119.6 kJ/mol
calculate the enthalpy change for the reaction
2C(graphite) + 3Hx(g) — C:He(g)

Solution: @e ® it 9)_)
2 g™ ﬂ;/?- —= 2662 LM = 137

Cz)@r-wfv 2 o

29?& —rzyo — Cahe *}da DV - 1550.9

@ \Z 4 o\ahuoyp
CLERS }32/02 — IPI0 M-2sTIYy

2C +3H2 —=CeHg

LY = -F37 5 35+ 4+ (559,98
—— gcbé' kJ/MaL
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Homework 1: Thermochemistry - 102 CHM- 1440-01

22. Calculate the standard enthalpy change for the reaction ﬁ(s} + Fe)0s(s) —2Fe(s) + AOs(s)
given that =

2Al(s) + 3/202(g) —— AL Os(s) 4H xn = - 1669.8 kJ/mol

2Fe(s) + 3/202(g) — Fe203(s) AH i = - 822.2 kJ/mol

AL '1/:. —s AL.Os3 B =1i5a

EZO_?. —ﬂzFej’ﬁ\‘AH = H22.2

2AL + Y203 —» 2Fe 4+ AL20 %
AH= -166a x$22.2 = ~3W €kl
23. Define specific heat.

Ans: The amount of heat required to raise the temperature of one gram of a substance by one

degree Celsius. G=msS &T oaT= 2 —
mSsS

24. Mark the Answer with True or False
a) The specific heats of water and iron are 4.184 and 0.444 J/g°C, respectively. When equal masses
of water and iron both absorb the same amount of heat, the temperature increase of the water will

be 5.42 times greater than that of the iron. AT w = qys ATI' - =
Ans: e FQJL% meow m 2,
b) Chemical reactions in a bomb calorimeter occur at constant pressure. . v
) P Alw - S -oud
Ans: Trues 7 bfr"_ Sw Q.ng
¢) If 2Mg(s) + Ox(g) — 2MgO(s), AH® =—-1203.6 kJ/mol.
For Mg(s) + (1/2)02(g) — MgO(s), the enthalpy change is AH = —601.8 kJ/mol. O 04
Ans: True

d) The heat capacity of 20.0 g of water is 83.7 1/°C.
= Ms = .
Ans: True C § 20X 413 q

e) The work done on the surroundings by the expansion of a gas is w =—PAV.

Ans: True
f) The heat absorbed by a system at constant pressure is equal to AE + PAV.

Ans: True
g) In an endothermic process, heat is absorbed by the system.

Ans: True
h) A home aquarium is an example of an open system.

Ans: True
1) The heat of hydration (AH-) of 1ons 1s always endothermic.

Ans: False
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