27.

36.

40.

54.

58.

a 48atmxO0MMHG _ 56 1GmmHg b, 3.6 x Tomm Hg x—2"
atrr mm Hg
= 3.6 x faorr
5 .
c. 48am=0t 10 Pa_ 9, 16pPa d. 4.8atm i PSI_ 71 b
atmr atmr

As NQ is converted completely into,,, the moles of gas present will decrease by onkeffiam the
2:1 mol ratio in the balanced equation). Using gaaro’s law,

v, _V
Y=Y y=vx M2=050mL x% =125mL

n, n, n,

N-O4(g) will occupy one-half the original volume of N@). This is expected since the mol of gas
present decrease by one-half whenMzonverted into pD,.

P—\T/ =R; For a gas at two conditions:

n
AV, :%; Since n and V are constant: = L}
) PR PY P T T
T,= P,T, _ 2500torrx294.2K _ 970 K = 7.0 x 1tEC

R 758torr

Since the solution is 50.0%®} by mass, the mass ot®, decomposed is 125/2 = 62.5 g.
1molH,0, 8 1mol O,

62.5 0O, x =0.919 mol
9RO < 02g H,0, 2molH,0, @
ot O.919mo|x%ﬂ2atmx 300 K
y=RT_ mo T =230LQ
P 746torr x
760torr

For ammonia (in one minute):

G- Pv_  90atmx500L = 1.1 x 16 mol NH;
W~ RT " 0o0s206Latm
mol K

NH; flows into the reactor at a rate of 1.1 ¥ d@l/min.

For CQ (in one minute):
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64.

67.

70.

N :ﬂ _ 45atmx 600 L
€% " RT  0.08206L atm
mol K
CO, flows into the reactor at 6.6 x Afol/min.

= 6.6 x 16 mol CO,

x 496K

To react completely with 1.1 x 1ol NHy/min, we need:

1.1x10° mol NH, . 1mol CO,

= 5.5 x 16 mol CQ/min
min 2mol NH,

Since 660 mol C&min are present, ammonia is the limiting reagent.

1.1x10° mol NH, 9 1molurea » 6006g urea_

3.3 x 1d g urea/min
min 2molurea  molurea

d = P x (molar mass)/RT; We need to deterrireaverage molar mass of air. We get this by usiag
mol fraction information to determine the weighiedue for the molar mass. If we have 1.000 moliof a

2802g N
average molar mass = 0.78 mol N9 "2 1 0.21 mol @ x 320090,
mol N, mol O,
0.010 mol Ar 39950 Ar _ 28.98 =29 g
mol Ar
100atm x 29g/ mol
Cair = =1.3g/L
008206L atm, o
mol K

Use the relationship¥, = R,V for each gas, since T and n for each gas areamnst

ForH: P, = AV _ 475 torr x 200L _ 317 torr
2
For Nb: P, =0.200 atm X%: 0.0667 atm; 0.0667 atmm: 50.7 torr
[ atrr

Potal = PHZ + PN2 = 317 + 50.7 = 368 torr

If we had 100.0 g of the gas, we wouldena®.0 g He and 50.0 g Xe.



71.

72.

77.

84.

50.09
AHe= — He = 4.003g/ mol _ 125mol He
Mhe * Nxe 50.09 5009 12,5 mol He + 0.381mol Xe

4.003g/mol ' 131.3g/mol

=0.970

Pre = %HeProtas = 0.970 % 600. torr = 582 torr;xP= 600.! 582 = 18 torr

latm
Ror = PHz + PHZO, 1.032 atm :PHz + 32 torr x760torr , PHz =1.032 - 0.042 = 0.990 atm

P,V 0.990atmx 0.240L 5
M. = "RT ~ T0.08206L atm oo = 9.56 x10"mol H,

mol K

1molZn N 65389 Zn
molH, mol Zn

9.56 x103mol H, x

=0.625g Zn

To calculate the volume of gas, we can ysgdhd Ry (V = noRT/Poy) Or we can useR
and e (V = nyeRT/Pye). SincenHZO is unknown, we will use,Rand ne.

Pye + PHZO = 1.00 atm = 760. torr 4P+ 23.8 torr, B. = 736 torr

Nwe = 0.586 g leoI =0.146 mol He
4.003g

0.146mol x 0.08206L atm
NpeRT _ mol K

P 736torr x Latm
760torr

x 298K

V= =3.69L

KE.wg= 3/2 RT; The average kinetic energy depends onliemperature. At each tempera-
ture, CH, and N will have the same average KE. For energy urijsues (J), use R =
8.3145 J/moKK. To determine average KE per molecule, dividAggadro’s number,
6.022 x 16° molecules/mol.

at 273 K: KBy = 3 831453, 503 k = 3.40 x 1b/mol = 5.65 x 16" Imolecule
2 mol K
at 546 K: KB, = g x 831:‘? x 546 K = 6.81 x 10J/mol = 1.13 x 18° J/molecule
mo

a. All the gases have the same average kimekicgy since they are all at the same
temperature.
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b. At constant T, the lighter the gas molecule,fdster the average velocity.

Xe (131.3 g/mol) < GI(70.90 g/mol) < @(32.00 g/mol) < H(2.016 g/mol)
slowest fastest

c. At constant T, the lighter,Hnolecules have a faster average velocity thaméasier Q
molecules. As temperature increases, the averafecity of the gas molecules
increases. Separate samples gpfaHd Q can only have the same average velocities if
the temperature of the,@ample is greater than the temperature of theakhple.

1/2
88. Ratg _[M, ,where M = molar mass; Let Gas (1) = He, Gas (€)=
Ratg, | M,
10L
. 1/2
4.5min _ [7090] t 24209, t =19 min
10L 4.003 45 min
t
o 0.5000mo|x%ﬁiatmx (250+2732) K
89. a P=""= mo = 12.24 atm
Y, 1.0000L

2
b. [P+ a(%j ]x (V-nb) =nRT; For & a=1.39 atm #mol* and b = 0.0391 L/mol

I 0.5000)
P+ 139 2209 atm| x (1.0000 L! 0.5000 x 0.0391 L) = 12.24 L atm
1.0000
(P +0.348 atm) x (0.9805 L) =12.24 L atm
p=1224LaM ) 5 8 atm = 12.48 - 0.348 = 12.13 atm
0.9805L

c. The ideal gas law is high by 0.11 atmi%llr—l3 x 100 = 0.91%.
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95. a. PV=nRT b, P(:rﬁj xT e 4P xv
Vv nR
PV = constant P =constant x T donstant x V
PV P T
Vv T \Y
d. PV=nRT e. pIRT i PV _iRr
\Y T
PV = constant P= constan%x g = constant
RV, 200L

106. For NH: P, = 11 =0.500 atm x—— = 0.333 atm
5 300L

100L
ForO: B = ﬁ = 1.50 atm x——=0.500 atm
V 300L

2

After the stopcock is opened, V and T will be canstso P46 n. The balanced equation requires:

i:i:5:125

Ny, Pam,

: P 0.500atm
The actual ratio present is: % - =1.50

Pwi, 0.333atm

The actual ratio is larger than the required ragim,NH; in the denominator is limiting. Because
equal moles of NO will be produced as NiHat reacts, the partial pressure of NO produseéii333

atm (the same aB,,,, reacted).

120. The reactions are:

C(s) + 1/2 @g) — CO(g) and C(s) + &g) — CO,(g)
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130.

PV =nRT, P =n (%j: n (constant)
Since the pressure has increased by 17.0%, thberurhmoles of gas has also increased by 17.0%.

MNina = 1.170 Ry = 1.170 (5.00) = 5.85 mol gasmy, +Ncg +Neo,

Nco +Ngo, =5.00 (balancing moles of C). Solving by simoéaus equations:

No, +Ngo t N, = 5.85
!(nco + nCOZ = 500)
Ng = 0.85

2

If all C was converted to COno G would be left. If all C was converted to CO, weuld get 5 mol
CO and 2.5 mol excess,@ the reaction mixture. In the final mixture,ohof CO equals twice the

mol O, present(ngg = 2Ny, ).

Neo =2Nng, =1.70 mol CO; 1.70 i, =5.00, Ny, = 3.30 mol CQ

170 330 _ 0.85
“5ar 029 Xeo, T5gr 0904 %o, = o

=0.145.0.15

Xco

The partial pressures can be determined Iog ilse mole fractions.

Prethane= Pot X Xmethane= 1.44 atm % 0.915 = 1.32 atmyhe= 1.44 — 1.32 =0.12 atm

Determining the number of mol of natural gas costéd:

Nnatural gas™ ﬂ = Oojé;thLn:;r%]SOOL = 0.898 mol natural gas
RT 220200 M, 593k
mol K

Nmethane= Mhatural gas® Xmethane= 0.898 mol x 0.915 = 0.822 mol methane
Nethane= 0.898! 0.822 = 0.076 mol ethane
CHy(g) +2 () — COAg) +2HO(l); 2GHs+7 O(g) — 4 CQ(g) + 6 HO())

2molH,0  1802gH,0
1molCH, mol H,0

0.822 mol CH x =29.6 gHO
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6molH,0 _ 1802gH,0

0.076 mol X
& 2molC,H,  molH,0

= 4.1gHO

The total mass of #0 produced =29.6 g + 4.1 g = 33.7 gH
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