CHEMISTRY 161A FALL 2019 CHAPTER 6

1. You have four identical 1.00 L unbreakable containers filled with gases. The molar masses of the
gases are given in curly brackets {}. Assume all gases are ideal.
Flask A: 1.0 mol He {4.00 g/mol} 100 K

Flask B: 0.40molCO {28.01g/mol} 400K
Flask C: 1.0 atm Cl, {70.91g/mol} 298 K
Flask D: 1.0atmNO, {46.01g/mol} 273K

(a) Which flask has the greatest pressure?
Flasks C and D are both at 1 atm pressure. Determine the pressure of flasks A and B:
L-atm L-atm
b, = nrT _ (10 mol)(0.08206 Z2%)(100 K) _82am P, = nRT _ (040 mol)(0.08206 Z2%)(400 K)
\'4 1.0L v 1.0L
Answer: Flask B

= 13 atm

(b) Which flask is at STP?
Recall that STPisT=0°C =273 Kand P = 1.0 atm.
Answer: Flask D

(c) In which flask would the contents take up the smallest volume if brought to STP?
Recall that at STP, the volume of 1 mol of any ideal gas is 22.4 L.
Therefore, the volume is directly proportional to the number of moles of each gas (Vste a n).
Flask A has 1.0 mol of gas and flask B has 0.40 mol of gas.
Determine the number of moles in flasks C and D:

_ ﬂ _ (1.0 atm)(1.0 L) — 0.041 mol Cl - ﬂ _ (1.0 atm)(1.0 L)
=0. 2 D=

nc = 0.045 mol NO,,

T RT (0.08206 ;2&_?{)(298 K) RT (0.08206 ;?)22‘()(273 K)
Answer: Flask C
(d) In which flask will diffusion of the gas be fastest?
rategg < ’T/M « T/M
Flask A Flask B Flask C Flask D
T/M 25 14 4.2 59

Answer: Flask A

2. A gas tank has a volume of 32.0 L, a temperature of 27.0 °C, a pressure of 1.10x105 Torr, and
contains 748 g of an unknown gas. What is the identity of the gas?
Determine the number of moles of unknown gas (X) using the ideal gas law:

. 1 atm
pv (2125 psixgg7og) (321)
Ny = — = = 18,53 mol X
*TRT (008206 L2 (27 4 27315k "
( ' mol - K) ( ' )
We can determine the molar mass of gas X (MMx)now:
massy 748 g X g
MMy = = = 40—
Ny 18, g mol X mol

The gas is helium (He).
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3. An average person consumes 31 g of O, per hour through the following balanced chemical equation
(cellular respiration):

6 0, (g) + CsH1.06 (aq) — 36 ATP (aq) + 6 CO, (g) + 6 H,O (1)

What volume of O. (at STP) is consumed in 30.0 minutes?

Determine number of moles of O; required:
1hr 31g0, 1molO,

30 min X X X = 0.48 10
0 min~ " 1hr ~ 32.00g0, 4+ MO,
Determine volume of this much O using the ideal gas law:
no,RT (048, mol 0,) (0.08206 ﬁ) (27315 K) L
027 p 7 1.00 atm B

4. Consider the following arrangement of two flasks at 400.0 K, connected by a stopcock. Assume
that the gases are ideal and the tube connecting the two flasks has negligible volume.

02

NO 100.0 Torr

600.0 Torr
4.0L

stopcock

Flask 1 Flask 2

(a) Assuming no chemical reaction between NO and O., calculate the partial pressures of NO and
0. if the stopcock were opened. Assume no temperature changes.
Use pressure-volume gas relationship to find new partial pressures: P,V, = PV,
(100.0 Torr)(2.0 L)

0, 0L = 33 Torr
600.0 Torr) (4.0 L
Pyo = ( 60L)( ) = 4.0 x 102 Torr

(b) Now assume that when the stopcock is opened, the NO and O. react to form NO.. Assume that
there is no temperature changes.

Calculate the partial pressures of NO and O. after the reaction is complete.
2NO (g) + O2 (g) — 2NOz2 (9)

First, determine the number of moles of each reactant through the ideal gas law:

pv  (600.0 Torr x %) (4.0 L)
Nyo = RT— T atm = 0.096, mol NO
(0.08206 - K) (400.0 K)
pv  (100.0 Torr x %) (2.0 L)
ng, = RT = T atm = 0.0080, mol O,
(0.08206 m) (400.0 K)

Second, determine that the limiting reactant is Oz2:

0, 2 mol NO,
=0.048; mol 0, | 0.096, molNO X ————

2 mol NO,
000802 mol 02 X T‘loz = 00160 mol NOZ

— We have less Oz than we need. — O2 produces less NO2 product.

1 mol
0.096, mol NO X

e = 0.096, mol NO
2 mol NO 2 MOLAY:
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Since 02 is limiting, none will be left after the reaction. However, some NO gas will be left over:

ZmOINO—0016 INO ted
Tmol0, ~ 20160 mo reacte

No left over = 0.096, mol — 0.016, mol = 0.080, mol NO left over

0.0080, mol 0, X

Third, find the partial pressures of NO gas leftover:

L-atm
nRT  (0.080, mol) (0.08206 "7 (400.0 K) 045 a5 760TOT
= —= = U. X—=
No =Ty (ZOL+40L) o A X T tm orr



