Chemistry 217/Quiz 1
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1. (15%) A 1.000 g sample of octane (CgH;s) is burned in a bomb calorimeter containing 1200
grams of water at an initial temperature of 25.00°C. After the reaction, the final temperature of
the water is 33.20°C. The heat capacity of the calorimeter (also known as the “calorimeter
constant™) is 837 J/°C. The specific heat of water is 4.184 J/g °C. Calculate AE and AH of
combustion of octane in kJ/mol.

' Since this is a combustion reaction, heat flows from the system to the surroundings... thus, it
. is exothermic. The heat released by the reaction will be absorbed by two things: (a) the
I water in the calorimeter and (b) the calorimeter itself.

a. Calculate the heat absorbed by the water (Quater)
m = 1200 grams

Cwater = 4.184 J/g°C
AT =33.20 - 25.00 = 8.20°C

Quater = (M)(C)(AT), sO
Guater = (1200 g)(4.184 . )8.20° C)=41170.56 J = 41.2kJ

b. Calculate the heat absorbed by the calorimeter (qca)

The temperature change of the calorimeter is the same as the temperature change
for water. In this step, however, we must use the heat capacity of the calorimeter,
which is already known. When using heat capacity, the mass of the calorimeter is
not required for the calculation. (It's already incorporated into the heat capacity).

AT = 33.20 - 25.00 = 8.20°C

Qcal = (Ccal)(AT) SO
SO, Qcal = 837 )/CX8 20° C) 6863.4 J=6.86 kJ

The TOTAL heat absorbed by the water and the calorimeter is the sum of (a) and (b): 41.2 +
6.86 = + 48.1 kJ. (Remember, q is positive because the heat is being absorbed).

The amount of heat released by the reaction is equal to the amount of heat absorbed by the
water and the calorimeter. We just need to change the sign. So,

l q_roactlon =-48.1kJ |

Since 1.000 gram of octane was burned, the heat of combustion for octane is equal to
—48.1 kd/gram. In other words, when one mole of octane is burned, 48.1 kJ of heat is
released from the reaction. What is the heat of combustion in kJ/mol?
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Ceal = 837 JI°C |

1 mol of octane weighs 114 grams, so (-48 1 kJ/g)(114 g/mol) = — 5483 kJ/mol.

AH = AE + A(PV) = AE + RTA(n_gas)



2. (15%) For a gas following
p(v-b)=RT
a. Derive the expression for the Joule-Thomson coefficient w ..

p(V—b)=RT_>V=E+b (%) =E
p oT , P
T(a—vj -V T(R)—V
JT
C, C, C,
On the other hand, u,, :(a—T] :A_T
dp ), Ap

b. When the pressure drops in a Joule-Thomson expansion for such a gas, what is the sign
of AT?

Expansion = AP{0 = AT{0 = gas will cool down as it expands



3. (20%) Consider the cooling of 1.00 mol of O, (g) from 298K to O, (1) at 90.19K. Given:
AvspH (90.19K) = 6820 Jmol ™ and C, = 7R/2.

a. What are ASys, ASsur, and ASniverse 1f the process is done reversibly?

AH, AH, =-AnpH
0,(g,298K)—0,(g,90.19K) —s 0,(1,90.19K)

AS, AS,

T,\ AH T\ AH,
AS  =AS +AS, =C, In| = |+ T pm(22)- i
1 o2 T T
—AS = Z(8.314)111 90.19) 6820 AS. . =-1104JK"
2 298 90.19 a

AS,,, =0(reversible)=AS,  =-AS  =110.4JK -1

b. What are ASgys, ASeur, and ASuniverse 1f the process is done irreversibly by placing the sample in
liquid hydrogen at 13.96K?

AS,, (irreversible) =AS (reversible) =-110.4JK ™'

AS =_sts =_AHsys
" Tsurr Tsurr

AH  =AH +AH,=C,AT-A, H = %R(Tz ~T,)-A,, H

= AH,, = z(8.314)(90.19 ~293)-6820 = -12.87x10°J
2

3
AS. - (2.87x10°) o o
90.19

AS verse =AS s +AS, =-110.4+922 =812JK -
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4. (15%) Show that: (2P| —_ —»~P"%
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5. (15%) Describe the technique of adiabatic demagnetization by a graph and how this
experiment can be linked to the third law of thermodynamics.

In 1926 Giauque and Debye independently showed that low temperature can be achieved
by adiabatic demagnetization. In this technique a para- magnetic salt (gadolinium sulfate,
for example) is repeatedly magnetized and then demagnetized. Demagnetization is
accompanied by a decrease in temperature and it is found possible to reach 0.0014 Kby
the procedure.

v

L Cooling by the Debye-Giauque adiabatic demagnetization method.

As a magnetic field H is turned on a paramagnetic salt, the entropy
decreases from its value at H = 0 because of the paramagnetic ordering
effect of the magnetic field. Let us set

So = 11}3105 (H=0)

and assume that Sy # 0 contrary to the third law. Then it would be
possible to attain 7' = 0 in a single step of adiabatic demagnetization by
starting the procedure at an appropriate temperature. This then would
allow the system to reach T = 0 in a finite number of steps. But since
So = 0, it is practically impossible to attain 7' = 0 by a finite number of
steps of adiabatic demagnetization since the temperature decrease achieved
in each step gets smaller and smaller as the absolute zero is approached.

As a corollary to this theorem, we may state that it is practically im-
possible to attain the unit efficiency for reversible Carnot cycles. Since by



6. (20%) Water vapor can be maintained at 100°C and 2 atm pressure for a time, but it is in a
state of metastable equilibrium and is said to be supersaturated. Such a system will undergo
spontaneous condensation; the process is:

H,O (g, 100° C, 2 atm) — H,O (1, 100° C, 2 atm)

Calculate AGy, for this process by devising suitable reversible paths. The molar enthalpy of
vaporization Ay,pHm 1s 40.60 kJ/mol; the density of water is 1.0 g/em’; assume the vapor to
behave ideally and liquid water is incompressible.

H,0 (g, 100° C, 2 atm) —2%—H,0 (1, 100° C, 2 atm)
AGy | TAGH

H,0 (g, 100° C, 1 atm) —2%2—sH,0 (1, 100° C, 1 atm)

AG = AG, +AG, +AG,,

AG, =fmmV dp at constant temp.= AG, =f£dp =RT In 1.0 =8.314><298><1nl
2atm 2 p 2.0 2

m

=-1.72x10° Jmol™

AG, = 0Orev.phase transition

atm

AGy, = V.dp=V, ﬁz dp if water is incompressible

latm
10° Pa

atm

1.0cm®> 18g 10°°m’
X X 3

= AG,, =V, Ap = ( )x(z ~1)atmx = 1.8Jmol

g mol cm

~AG =AG, +AG, +AG,, =-1.72x10* Jmol™



