Chemistry 232 Tutorial #4

1. For O, molecules at 300 K, calculate the

a) mean velocity <>

b) root-mean-squared velocity <v,>>'?
) mecan speed <v>
d) root-mean-squared speed <v*>'2

e) most probable speed vip

f) speed of sound (Data: Cpm/Cym = 1.40)

2, Suppose a high-velocity micrometeorite hits the Space Station, cutting a 0.30 mm diameter hole
through her hull. Oxygen at 290 K and 0.20 bar starts to leak into outer space.

a) Calculate the leak rate of O, in units of mol s,

b) Are the astronauts in danger of suffocating from lack of oxygen? Explain.

3. Molecular velocity distribution functions such as f(v,) are symmetrical, but the distribution
function F(v) for molecular speeds derived from velocity distribution functions are not, as
illustrated below, Why?
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4, Have you ever wondered where the values of R, &. Nayogadro, # and other fundamental physical
constants come from?

To determine the molar gas constant R, the speed of sound in argon gas was measured at the
triple point of water (273.16 K, exact by definition). Extrapolation to zero pressure gave
307.8250 m s* for the speed of sound in the ideal-gas limit p — 0.

Use Cpm/Cyin = 5/3 (exact for an ideal monatomic gas) and 39.947735 g mol~! for the atomic
weight of argon to calculate a precise value of the molar gas constant R,

5. The diagram below shows the speed distribution function for oxygen molecules at 300 K.
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Use the graph to:

a) show that (v} is a normalized distribution (why is this important for calculating probabilities?)

b) give the most probable speed

¢) estimate the fraction of O, molecules with speeds above 600 m s (gegm'ii’ Y $%4 & ?) 2—‘;
d) calculate the fraction of O, molecules with speeds between 400 m s and 600 m s

e) calculate the median speed of O, molecules (50 % of the molecules have speeds below the median
speed and 50 % have speeds above the median speed.
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To get some practice calculating probable values, use the velocity distribution function

2n kT

m —mv, % 2kT
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f) =

and the definite integrals provided below to prove
a) f(v,) is normalized b) <v> =0

d) the standard deviation of v, is VAT / m

Use the speed distribution function
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and the definite integrals provided below to prove

¢ <w> = kT/m

©) V<vi> = kT /m

a) F(v)is normalized b) <v> = J8kT/nm
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Distribution Functions

e What are they?

e Why are they important?

e How can we use them?

N, (number of students with mark x)

An Example of a Distribution Function

® histogram plot of final-exam marks for Chem 232
® number N, of students with mark x; plotted against mark x;

® q clear, concise visual representation of the data
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a discrete distribution
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Why?
N, and x; are
not continuous
N,=0,1,2,3,4
x; =89, 91, 92, 93, 94




What is the average mark?

ZM-’Q‘
<xX> = —4

2N,

i

_ DB+ RO+ )92} + (1)(93) +(2)(94)
1+3+4+1+2

<X>

> = %%)l = 91.90%

another way to calculate the average mark:

® the area under the histogram plotis Y N, =11
® Dividingby D N, =11 gives P; = the probability of mark x;

1

® the normalized histogram is the mark probability distribution
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Calculating average values for a P .

discrete probability distribution

<xX> = Z}ﬁ‘.xf
i

= Bx + Bx, + Bxy + Bx, + B + Fx + Bx, + Bxg + Bxy + Ryx, + Aix,

- L89 + 290 + i91 + i92 + l93 -+ i94
11 11 11 11 11 11

<x> = 9190  average mark

Calculating average values from P -
a discrete probability distribution

<x> = Zﬂx,.
i

The probability P, of mark x,=0, 1,2, ... , 97, 98,99, 100

is the area of a rectangle of height P, and width Ax = 1.
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Average of discrete x;, x;, x,, ... values:

<x> = Zl?xI
I

What about averages of continuous values, such as
velocities, speeds, translational kinetic energies, ...?

1. Use probability distribution function P(x)
to give the probability x is between x and x + dx

2. Instead of adding discrete x; P, values,
integrate xP(x)dx values:

<x> = IxP(x)dx

Example: Molecular Speeds

Distribution function:

312
m 2 —mv?  2kT
) v

F) = 4n e
2n kT

gives the probability F(v)dv of molecules with speeds
in the range from v to v + dv.

Average speed:

<y> = IvF(v)dv = 8kT
Yy




