Lecture 42
(CH 12:3-4)
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A 10 liter tank contains ideal gas at 30 °C and a pressure of 15 atm. How many moles of gas are in the
tank ¥ '

Equation of state for ideal gas:p.V=n.RTson= (PEV}//{R'J)

Where p — pressure in Pa, V — volume in m?, n —number of moles, R~ gas constant = 8.31 L.mol™ K™

and T —~temperature in “K”. Note T [K} =T °C + 273 =303 K. Also, note 1 atm = 1.013x10° Pa and
1kiter = 10° m®

Then n = (15x1.013x10° [Pa] x 10 {liters]x 107 [m?]) #(8.31 {J.mol™ K™'] x 303 [K]} = 6 moles




Ideal gas is in a closed metal cylinder. If its pressure is 1000 Pa initially, and its temperature is
293 K, what is its pressure after its temperature is raised to 333K ?

Equation of state (atomic) for ideal gas: p.V=n.R.T

So for the initial state: p1.Vy=Nkg . Ty Note:Vi=V,
And for the final state: P, .V, =Nks.T;

Therefore, (p1 )/ (p2)=T1 /sz

and isolating pa={p1xT2 )/ T1

p:= (1000 [Pa} x333 [K] ) / (293 [K] )

p.=1137 Pa
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Find the average kinetic energy of a molecule of ideal gas at 654 K. The value of
Boltzmann’s constant kg = 1.38 x 10° J/K.

By definition the average kinetic energy of a molecule isK = (3/2) Kg.T
Therefore, in our case, K = (3/2) . (1.38 x 107%) .(654)= 1.35x 102 ]




Find the thermal energy of 3.5 mol of monoatomic gas at 293 K and 1. Note the
molar gas constant R = 8.315 J/(mol.K)

By definition Ey, = (3/2).N.kg. T
where N = Ny.n
Here “N,” is so-called Avogardro’s number and “n” - number of moles.
Also, kg=R/N, , therefore Ey, = (3/2).N.kg. T = (3/2).(Ns .n}(R/Ny) . T
=(5/2)n.R.T

In our case Ey, = (3/2).(3.5). (8.315).(293) = 12.8 kJ
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At what temperature would the average thermal/most probable speed of oxygen molecules be
33 m/s ? The mass of O, molecule is 5.312 x10*° kg.

Average thermal/most probable speed is v = N2URT i
Therefore, (v¥)? = 2ksT/mand so T = (v x m(Oz)/{Z X kg}
= (33 m/s)” x 5.312 x10™° k%z x 1.38 x 102 J/K)

=21K
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65. ORGANIZE AND PLAN (a) We use the equation for the rms speed as

- 2%T where we find the mass of one H, molecule by dividing by

m

Avogadro’s number, N,. For part (b), we repeat the calculation for the higher R .

t ture.
emperar b A¥NG %ﬂ

X i\
R [ 33810 UKO(RBISK) 1> 2-4\0 /\/(éf
Vo (MIN,) (2:02x10° kg mol*/6.022x10% mol~ DR ® YZ\\ W\&'f;

ms

e -
(b) ﬁ\\“‘"‘—“ W = M
[ 3kT 3 (1.38x10% JK)x(546.0 K) WA\
v : =2595.9 m/s!
" AN J (2.02x107 kg mol™/6.022x107 mol-')
REFLECT The rms speed increases with the square root of the increase in
temperature.

M LW \:? M(\’\\ 3 M(\\’\V) |
= /\,.'-Oha&\oﬂ_g* Aa\()\* \O/S L‘&%“\w@ﬁ
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70. ORGANIZE AND PLAN  We use the equation for the rms speed and solve for
temperature. 72 'Can 5 ~" N\ P‘_i%> \g 2o\

637, ?

_ 35T ) \j?,w \ ks — 2
Yams = A oA . , —7
L) M) e

A{M/N v, 2 (44x107 kg mol ™ /6.022x10% mol™!)x (652 m 571)
3k 3x (138x10% TK)

SOLVE

=7503K

R

Vi
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61.ORGANIZE AND PLAN We use the definition of the hydrostatic pressure, the pressure at a
certain depth, inserted into the ideal gas law, and we can calculate the amount air exhaled
by the diver. Then, we use this result to calculate the volume of the bubbie at the surface
using the ideal gas law. We assume a water temperature of 20°C.

SOLVE With the definition of the hydrostatic pressure, P = pgh, where g, r, and 7 are the
density of water, the gravitational , we can calculate number of

moles of air exhaled at 12.5m: | O\, weT i \ p\n@ = g %g/‘

PV (pgh+B)V A
H=E:—_R?%_Eﬁm & Q@\}:L V\‘_\l‘\
. [(1030 kg m®)x(9.81 m/s?) x(12.5 m)+ (101325 Pa)]x(o.ooo 025 m?) — 233%10 mol

(8.314 Tmol™ K1)x(293.15K)

Using the number of moles, the volume at the surface is then: 7€ h}-

y_BRT _ (2.33x10* mol}x(8.314 TK ! mol')x(293.15K)

= 5.61x10° m=56.1 om? &
P (101325 Pa)
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ORGANIZE AND PLAN  We use the ideal gas law combined with the definition of
molecular mass. To obtain the same buoyancy with He as with Hs, the blimp has to have
the same volume, since the mass of the replaced air volume is providing the force to keep
the blimp in the air.

SOLVE DV W
(a) \ W =
Mo B m T ! \ Y
RT M N5
The mass of Hy in the Hindenburg is: 7. PP
(i, - MPY {2.02x107 ke ;po1—')x(101%_g5 Pa)x(2.121>r< 10° o) 178034 kg
RT (8.314 1 mok” K')x(293.15 K)
P N /\;_m e

The mass of He with the same huoyancy:

G wé
_Mpy (4004107 kgmol)x (101325 Pa)x(2.12x10° W)
m(tte) - RT (8.314 T mol K)x(293.15K)

= 352543 kg

The mass of the H; in the Hindenburg is less.

(b) The mass of H;, under the different conditions is:

S
[y MPY_(2.02x102 kg mol)x(1.05x10° Pa)x(2.12x10° Y9)
() =57~ {8.314 J mol! K-1}x(283.15K)

=19098.4 kg =1.9x10* kg

RerLECT L7 129 Hindenburg (Deutsche Luftschift Zeppelin #129; Registration: D-LZ
129) was a large German commercial passenger-carrying rigid airship, the fead ship of
the Hindenburg class, the largest flying machines of any kind (by dimension) ever built.
The airship flew from March 1936 until destroyed by fire 14 months later on May 6,
1937, at the end of the first North American transatlantic journey of its second season of
service. Thirty-six people died in the accident, which occurred while landing at Lakchurst
Naval Alr Station in Manchester Township, New Jersey.




