Name:

Chem 3321, test #3 practice solutions

I want complete, detailed answers to the questions. Show all your work to get full credit.

DATA:

R =0.082 L atm mol™' K~! = 8.314 J mol™! K™!

1 atm = 1.01 x 10° Pa = 1.01 bar = 760 torr

1 mL =1 cm3

1Pa=1Nm"?2

0°C=273K

Avogadro’s constant = N4 = 6.022 x 10* mol !

m = 3.14159

1 eV = 1.6022x107' J (electron volt to joule conversion)
mass conversion from amu to kg: 1.66 x 10727 kg/amu

Cp — Cy = nR for any ideal gas



Problem 1

A solution containing 1.470 g of dichlorobenzene in 50.00 g of benzene (molar mass
78.11 g/mol) boils at 80.6 °C at a pressure of 1.00 bar. The boiling point of pure benzene is
80.09 °C, and the molar enthalpy of vaporization of pure benzene is 32.0 kJ /mol. Determine

the molar mass of dichlorobenzene from these data.
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Problem 2

a) Define: diffusion

Solution: Diffusion is the net movement of molecules from a region of higher concentration
to a region of lower concentration.

b) From the transport property theory we derived for gases, we obtained an estimate
of the diffusion coefficient of D = A(v)/3. Calculate D for perfume molecules of diameter
d = 2 nm and molar mass 152 g/mol in a classroom at 20°C and 1 atm.

Solution: Using
8kpT

m™m

1/2
) (m = mass of one molecule) (1)

() = Van = (

and the mean free path (¢ = 7d?® where d is the diameter of a molecule):

- kgT
B V20 P

we can put the numbers in and convert units. The answer is 1.52 x 1077 m?s~

(2)

c) Calculate, in units of meters, how far these perfume molecules move across the room
in t = one hour. Use z = (2Dt)"/?

Solution:

We just use the given formula to get (1 hour = 3600 seconds) = = 0.033 m = 3.3 cm

d) In a realistic classroom, what other contributions exist to transport perfume molecules
around the room?

Solution:

Air currents from the HVAC and from people walking around and breathing.



Problem 3

Use the experimental value of the coefficient of thermal conductivity of neon (molar mass
20.18 gmol™!) of 46.5 mW K 'm™! to estimate the collision cross-section of Ne atoms at
273 K.

Solution:

3 kgT (8kpT\'"? N
o= (2T Q

mm V
Use N/V = P/(kgT) and solve for o to get o = 8.42 x 10720 m? = 8.42 A2



Problem 4

1

At 400 K, the rate, v(t), of decomposition of a gaseous compound was 9.71 Pas™ when

10.0% had reacted and 7.67 Pas™! when 20.0% had reacted. Identify the order of the

reaction.

Solution: For the reaction A— P
we write rate = k[A]"
This gives

9.71 = k(0.94p)"
7.67 = k(0.84p)"
Dividing, we get 1.266 = (1.125)™ which yields

~ In(1.266)
" (i) 4



Problem 5

A spherical vessel of radius 10.0 cm contains argon gas at 0.980 atm pressure and 298.15 K.
Calculate the number of argon atoms striking the inner surface of the container per second.

Solution:

The answer is given by zyan A where A is the surface area of the inner vessel surface.

PA

A = — =
Zwall (27ka'BT)1/2 (5)

(0.98 atm) (47 (0.1 m)?)
(27(39.948 amu))(1.66 x 10~27 kgamu~1)(1.381 x 10-23 JK~1)(298.15 K))1/2

(6)

t 2
— 2,973 x 10” S (1.01 x 10° Paatm™") = 3.00 x 10% s~ (7)

kgms—



Problem 6

Counsider the first order reaction
CeH11Cl(g) — CgHio(g) + HCl(g) (8)

with rate constant k£ = 0.150s7'. 2.00 moles of CgH;;Cl(g) is placed into a 10.0 L rigid
reaction vessel, and the vessel is then sealed and maintained at T = 300 K.

a) Derive an expression for the total pressure as a function of time.

b) What is the total pressure after 6.00 s?

Solution:

From the first order integrated rate law we know that
[CeH11Cl] = [CoHii Cllge ™ = Pogiy o = Pogrycroe ™ 9)

where PCGHllc]’O = 4.92 atm.

Now, [C¢H;o] = [HCI] = [CsH;1Cl]g — [CsH11Cl] so that
Pegit,y = Puct = Peguyycr0 — Pogiycroe™ (10)
from which we can write
Piotal = Pegiyycr0(2 — e ) (11)

At t = 6.00 s, this gives Py = 7.84 atm



