11.

22.

Homework #4

Chapter 5

Gases

Originally the volume occupied by X and Y is N before the reaction takes place. As X and Y react
the volume goes down until all of X and Y have all reacted forming XY. Assuming that the
number of moles of X equals the number of moles of Y originally the final volume of the system
will be %2N. This is due to the fact that pressure is dependent on the number of molecules and
after the reaction goes to completion there are half the number of molecules that there were

initially.

As a balloon goes up into the atmosphere the pressure on the outside of the balloon decreases.
In order for the pressure on the outside and the inside of the balloon to equal the balloon must
increase in size thereby dropping the pressure inside the balloon. Eventually this expansion will
cause the balloon to pop.

a)

b)

d)

PExternal: 760 mmHg
Pchange: —118 mmH g (negative because Hg went down)

Priask: Pexternat + Pchange = 760 mmHg — 118 mmHg
=642 mmHg

Pflask = 642 mmHg (%) = 0.845 atm
Priask = 642 mmHg (%) = 642 torr
Prigsk = 0.845 atm (%) = 85,600 Pa

PExternal: 760 mmHg

Pchange: +215 mmH g (positive because Hg went up)

Priaskt Pexternal T PChange =760mmHg + 215 mmHg
=975 mmHg

Pflask =975 mmHg (76;;:17’:::@) = 1.28 atm
Prigsi = 975 mmHg (%) = 975 torr

101,325 Pa
Pflask = 1.28 atm (W

PExternal: 635 mmHg
Pchange: —118 mmH g (negative because Hg went down)
Prigsk: Pexternat + Pchange = 635 mmHg — 118 mmHg

=517 mmHg( 760 torr ) = 517 torr

760 mmHg
Pgxternai: 635 mmHg
Pchange: +215 mmH g (positive because Hg went up)
Priask® Pexternat + PChange = 635mmHg + 215 mmHg

= 850.mmHg (M) = 850. torr
760 mmHg

) =1.29 x 105 Pa



29.

33.

34.

What was given:
Pyu,y = 475 torr
VI(HZ) = 200 L
Piwy) = 0.200 atm (7222
Vin,) = 1.00L
VF = VI(NZ) + VI(HZ) =3.00L
R and T are constant
Calculate the final pressure of the H;
In addition to R and T being constant if we are just conserved about the H,, nis also
constant:
PruyVic,) = Prauy Ve
(475 torr)(2.00 L) = Ppy,y(3.00 L)
Ppw, = 316 torr
Calculate the final pressure of the N,
PivyViwy) = Pravy Ve
(152 torr)(1.00 L) = Pp(y,)(3.00 L)
P, = 50.7 torr
Calculate the total pressure
Piot = Pru,) + Prn,) = 316 torr + 50.7 torr = 367 torr

) = 152 torr

What is given
m; =1.00x 103 g

n; = 1.00 x 103 g ;11147 ) = 25,0 mol

39.948 g Ar
P, = 2,050. psi
T; = 18°C = 18 + 273.15 = 291K
Pr = 650.psi

Tr = 26°C = 26 + 273.15 = 299K
Need to calculate me
Find a relationship between P, T, and m (R and V constant)
PV =nRT
P, P
anI - nFTF
_ PenyT; (650.psi)(25.0 mol)(291K)
TR T (299K)(2,050.psi)
me = 7.71mol (22248947) _ 308 ¢

1mol Ar

= 7.71 mol

What was given
P; =1.00 atm
V;, =1.00 L
T, = 23°C =23 4+ 273.15 = 296K
Pr = 220.torr (227 ) = 0.289 atm
Tr = —31°C = =31 + 273.15 = 242K
Need to calculate AV
AV =V =V
Determine V¢




36.

37.

40.

Find a relationship between P, V, and T (R and n constant)

PV = nRT
PVy  PpVp
T, Te
_ PViTy _ (100 atm)(100 )42K) _ oo
PP, (296K)(0.289 atm)

Calculate the change in volume
AV =Vy,—V; =283L—-100L=1.83L

What was given
P, =710 torr
V, = 5.0 X 102 mL
T, = 30.°C = 30.4273.15 = 303K
Ve = 25mL
Ty = 820°C = 820 + 273.15 = 1,090K
Need to calculate Pe
Find a relation between P, V and T (R and n constant)

PV = nRT
PVy  PpVp
T, Tr
PV,Tr (710 torr)(5.0 X 10%> mL)(1,090K)
e = = = 51,000 torr
T, Vg (303K)(25mL)

The number of moles of the He and H; gas will be the same, but the mass of the gases
will be different.

What is given
P =2.70atm
V =200.0 L

T = 24°C = 24 + 273.15 = 297K
Calculate the number of moles
PV =nRT
PV (2.70 atm)(200.0 L)
RT  (0.08206 L%™)(297K)
Determine the mass of He

22.2 mol He (‘”"’g He

1mol He
Determine the mass of H;

22.2 mol H, (22912

1 mol H,

n = 22.2 mol

) =888 He

)=448gH,

What is given

P; = 400.torr

n; = 1.50 mol

T, = 25°C = 254+ 273.15 = 298K

Pr = 800. torr

ng = 1.50 mol + ngg4eq

Tr = 50.°C = 50.4273.15 = 323K
Need to calculate naqyq



41.

42.

43.

Find a relationship between P, n, and T (V and R constant)
PV = nRT
P Pp
T, npTr
_ PenyT;  (800.torr)(1.50 mol)(298K)
=T (323K)(400. torr)

= 2.77 mol

Calculate Nagq
ng = 1.50 mol + ngggeq
Ngdded = Nr — 1.50 mol = 2.76 mol — 1.50 mol = 1.26 mol

What was given
Vo, = 25.0 mL

Need to calculate Vy, o,

Find a relationship between V and n (P, R, and T constant)
PV = nRT
Vwo, _ Vo,

Nno, Mn,o0,
Vo, N0,

VN0, = —

The number of moles of N,O4 is % the number of moles of NO, because

Vvo.n V, 0.5n
Vi,0, = ——2—20% — AT 0.5Vyo, = 0.5(25.0 mL) = 12.5 mL

Nyo, Nno,

What was given

P, = 75 psi
T; = 19°C = 19 + 273.15 = 292K
Ve =V,1.040

Tr = 58°C =58+ 273.15 = 331K
Need to calculate P¢
Find relationship between P, V, and T (n and R constant)

PV =nRT
PV, _PpVp
T, Tr

_PViTe (75 psi)V;(331K)
F7omve — (292K)(V;1.040) —

82 psi

What was given
V, = 4.00 x 103 m3
P, = Pr = 745 torr
T, = 21°C = 21 + 273.15 = 294K
Ve = 4.20 x 103 m3
T = 62°C = 62 4+ 273.15 = 335K
Need to find 7:1—‘:

Find relationship between V, n, and T (P and R constant)
PV =nRT
Vi Ve

n Ty npTg




46.

49.

ne _ TiVe _ (294K)(4.20 X 10° m®)

= = =0.921
n;  V;Tr (4.00 x 103 m3)(335K)
What was given
T =20.°C=20+ 273.15 = 293K
P =Py, + Py,o = 1.00 atm
Py,0 = 17.5 torr (%) = 0.0230 atm

Py, = 1.00 atm — Py, o = 1.00atm — 0.0230 atm = 0.977 atm
V =250 x 102 mL (oot) = 0250 L

1000 mL
Calculate the number of moles of N,

Py,V = ny,RT
_ Py, V (0.977 atm)(0.250 L)
= = =
> RT  (0.08206 Z%™)(293K)
Convert moles to grams

0.0101 mol N, (

ny = 0.0101 mol N,

28.02 g N,
1mol N,

)=0283 g N,

What was given
Py, = 0.250 atm
Pcy, = 0.175 atm
Piot = Po, + Pcy, = 0.250 atm + 0.175 atm = 0.425 atm

a) Calculate the mole fraction of CHs, xcp, = ZCH‘*
tot
Py :XAIftot 0.175
CH, . atm
= = = 0.412
XcHs = p "= 0.425 atm
Calculate the mole fraction of O, o, = :02
tot
_ Py, 0250 atm _ cg8
Xo. =p T 0425atm
b) What is given
V=105L
T = 65°C =65+ 273.15 = 338K
P = 0.425 atm
Calculate n
PV =nRT

PV (0.425 atm)(10.5 L)
n=—=
L.
RT  (0.08206 £%™)(338K)
c) Calculate the grams of CH,

= 0.161 mol

New, = Xon, Mot = (0.412)(0.161 mol) = 0.0663 mol CH,

0.0663 mol CH, (12259 Cls
4
Calculate the grams of O,

No, = Xo,Mtor = (0.588)(0.161 mol) = 0.0947 mol 0,
0.0947 mol 0, (2220992) = 3,03 g 0,

1mol 0,

) =1.06 g CH,



55. Determine the empirical formula
Assume 100 g (87.4 g N and 12.6 g H)

Calculate mole N and H

N
1molN '\ _
87.4gN (m) = 6.24mol N
H
Lmolh) = 12.2 mol H

123 gH (1.019 a
Divide through by smallest number of moles (6.24 mol)
H

N
6.24 mol —1.00 12.2 mol =1.96
6.24 mol 6.24 mol
Empirical Formula
NH>
Determine the molecular weight
What is given
P =710 torr (23 ) = 0.934 atm
760 torr

d= 0.977%
T = 100.°C = 100.4273.15 = 373K

Relate density to molar mass

m
M=—
n
d m
%4
d

14
M=—orn=—
n M

Plug into ideal gas law
dVRT

PV = nRT = T
L-at
_ dRT _ (0.977 9)(0.08206 L4171 (373K) 30009
P (0.934 atm) " mol
Determine molecular formula
My _n,, _ 32.02 % 200
My, 16.03 %
NyH4
56. What was given
v =256mL (i) =0256L
1000 mL
P =750 torr( 1 atm ) = 0.987 atm
760 torr
T = 373K
m=0.800g
Calculate the molar mass
PV = nRT
m
n=—
Latm)(373K)

M
_ mRT _ (0.800 g)(0.08206 2570
- (0.987 atm)(0.256 L)

PV

g

mol
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Calculate molecular formula

MCxHxClx _ 96.9 Trﬂ)l =20
Moo, 4847 -2 =

mol
Molecular Formula
C,H,Cl,

What was given

P =1.00atm

m = 1.00 x 103 kg Mo

_ 3 1000 g 1molMo \ __

n = 1.00 x 10° kg Mo (12509) (17010 ) — 10,400 mol Mo

T=17°C=17 4+ 273.15 = 290.K
Calculate the moles of O,

7
10,400 mol Mo (1 molM003) ( /5 mol 0,
1 mol Mo 1mol MoO3

Calculate the volume of O,

) = 36,400 mol 0,

PV = nRT
nRT 36,400 mol 008206“‘ 290.K
= ( )( )( ) =8.66 X 105 L
P 1.00 atm
Calculate the volume of air
8.66 x 10° L = V,;,-(0.21)
Vyir = 41X 10°L
Calculate the moles of H;
10,400 mol Mo (Z%F2) = 31,200 mol H,
1mol Mo
Calculate the volume of H;
nRT 31,200 mol)(0.08206 L2tm)(290. K
= ( ) nior)( ) =7.42%x105L
P 1.00 atm
What is given

PNH3 = 90. atm
T = 223°C =223 + 273.15 = 496K
Rate of flow of NHs 500.#

Pco, = 45 atm

Rate of flow of CO, 600. =
This is a limiting reagent problem.
Calculate the rate of flow of NH3 in 22 mol

PV = nRT
_ PV (90.atm)(500.;5) — 1100 ™
RT ~ (0.08206 Latm)(496) ~ '~ min
Calculate the rate of flow of CO; in "mlfri
PV _ (45 atm)(600 mm) _ mol

T RT ~ (0.08206 Latm)(496K) T min



65.

66.

Calculate the amount of NHs need to fully react the CO;

660 "2 0, (2N = 1,300 % NH,
min 1mol CO, min
NH; (L.R.) co, H,NCONH H.0
mol mol mol mol
1,100, = 660, - i min
—2x=-1,100"% | —x = =550 ™% | 4+x =550™% | 4+x=550"%
mo[ min m0l min mOlmlTl mOImm

Change rate of urea formation to -4

mol urea (60.07 g urea urea
550 MOLuea (G079 UTeT) _ 33 x 0% L1re
min 1mol urea min

What was given
m = 150 g (CH3),N,H,
_ 1mol (CH3)2N2H2
n =150 g (CH3),NzH, (60.12g (CH3)2N5H
T =27°C=27+ 273.15 =300.K
V=250L

Calculate the moles of N,

) = 2.5mol (CH3),N,H,

2.5 mol (CHs),N,H, (%) = 7.5 mol N,
Calculate the moles of H,0

2.5mol (CH3),N,H, (%) = 10.mol N,
Calculate the moles of CO,

2.5 mol (CHs),N,H, (%) = 5.0 mol CO,

Calculate the total moles of gas

Ntor = Ny, + Ny, 0 + Neo, = 7.5mol + 10.mol + 5.0 mol = 23 mol
Calculate the total pressure

PV =nRT

p_ MRT _ (23 mol)(0.08206 £4™)(300. K)

V (250 L)
Calculate the partial pressure of N,

Py, = Xn,Peot = (Lm‘ﬂ) 2.3 atm = 0.75 atm

23 mol

=23 atm

What is given

P = 1.00 atm

V=70.0L

T =0.°C=0.4273.15 = 273K
Calculate the number of moles of N, gas produced

PV =nRT

o PV (1.00 atm)(70.0 L)

RT  (0.08206 24™)(273K)

Calculate the g of NaN; need to produce 3.12 mol N,

2 mol NaN3 65.02 g NaN3\ __
3.12mol N, ( 3mol N, ) ( 1mol NaNg ) =135 g NaN;

= 3.12mol N,
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79.

What was given

Vyn, = 2.00 L
Pyy, = 0.500 atm
Vo, = 1.00 L

Py, = 1.50 atm

This is a limiting reagent problem
Find an expression for the number of mole of NH3

PV =nRT

Nyp, = RT

RT

Find and expression for the number of moles of O,

1.00
Calculate the number of moles of O, needed to fully react T

Since we have

NHs (L.R.) 0, NO H,O
[ 1.00 atm-L 1.50 atm-L 0 0
RT RT
C Ay — 1.00 atm-L £y = 1.25atm- L iy = 1.00 atm- L tox = 1.50atm- L
X = RT r = T YT T RT x= T
F 0 0.25atm-L 1.00 atm- L 1.50 atm- L
RT RT RT
Calculate the partial pressure of NO
PNOV == nNoRT
1.00 atm - L
nyy, RT (T) RT  1.00atm-L
No = = = = 0.333 atm
%4 %4 3.00L

a)

b)

c)

d)

Pyu,V _ (0500 atm)(2.00L) _ 1.00 atm - L

RT

_ P,V (150 atm)(1.00 L) _150atm-L

o, = Rr

RT

100 atm - L ( 5 mol
RT

1.50 atm-L

4 mol NHy

0, ) _ 1.25atm-L
RT

atm-L
moles of NHs

moles of O, NHs is the limiting reagent

Since the containers are the same size the number of particles must be equal in
order for the pressure in the two containers to be the same.
The average kinetic energy ((KE)a,,e = ERT) is only temperature dependent,

2

therefore, since both containers are at the same temperature the average kinetic

energy is the same.

The average velocity of the molecules is dependent on the mass. Since
container A contains the less massive particles they will be at a higher velocity.

The particles in container B do collide with the side of the container with more

force, but, they are moving slower. Therefore, there are less collisions with the side of
the container, whereas the gas molecules in container A have less forceful collisions
with the side of the container but they collide more often. Therefore the pressure in
the two containers are equal.
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82.

83.

a) i =vi<i=iv=v=viii <iii = vii

b) all are the same
c) Helpful Hint: mye = 2ma,

i< i=iv=vi<iii=v=viii<vii
d) v =vi=vii=viiiki=ii=iii=iv

Calculate the (KE)ave at 273 K for CHy

(KE)ape = SRT = _(8 3145 _ )(2731() =3.40x10° L
Change to per molecules

340 x 103 L ( L mol )=565x107%

mol \6.02214x1023 molecules molecule

Since the (KE).ve does not depend on type of gas molecule, the (KE)ave of N2 at 273 K would be
the same as the (KE)ave of CHy at 273 K.
Calculate the (KE)ave at 546 K for CH,4
(KE)ave = SRT =3(8.3145 L) (546K) = 6.80 x 103 L.
Change to per molecules
6.80 x 103 L ( 1 mol )=113x1072 L

6.02214%x1023 molecules molecule

Since the (KE)ave does not depend on type of gas molecule, the (KE).ve of N2 at 546 K would be
the same as the (KE)ave of CH, at 546 K.

Calculate the ums at 273 K for CH4

1kg _ kg
Mcy, = 16.05 -2 (222 ) = 0.01605 22
L~ [3RT_ 3(8.3145 57) 73K) _ _—
e M 0.01605 X9,

Calculate the uyms at 273 K for N,

=28.02 2 (259 ) = 0,02802 X%
mol 1000 g mol

J
3RT _ J3(8 3145 i) Q73K) _

Urms = [Ty 0.02802 X9

mol

Calculate the uyms at 546 K for CH,
_[3RT j?,(s 3145 i) G46K) _

Urms = [Ty 0.01605 X9

mol

Calculate the ums at 546 K for N,

3RT  [3(8.3145 1 —)(546K) (o7
u = = = —
e M 0.02802 X, s

Not all molecules in the sample have the same energy. The energy span is a Boltzmann
distribution centered at the average kinetic energy. Like the energy, the molecules have
different velocities that can be represented by a Boltzmann curve. The center of the curve is the
average velocity.

10
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a) average kinetic energy increases

root mean square velocity increases
frequency of collisions with each other increases
frequency of collision with walls increases
energy of impact increase
b) average kinetic energy decrease
root mean square velocity decrease
frequency of collisions with each other decrease
frequency of collision with walls decrease
energy of impact decrease
c) average kinetic energy

root mean square velocity

energy of impact
d) average kinetic energy
root mean square velocity

energy of impact

Assume 100 g (58.51gC,7.37 gH, and 34.12 g N)
ne = 5851 g C (L12C) = 4.87 mol

12019 C

ngy =737gH (%) = 7.30 mol
ny =3412gN (%) = 2.43 mol

Divide through by smallest moles, 2.43 mol

C H
4.87 mol =200 7.30 mol =3.00
02.43 mol 2.43 mol
Empirical Formula
C,H3N

Determine Molecular Formula

rate of ef fusion He _ Mcy Ha Ny

rate of ef fusion CyxHzxNy - Mpye
3.20x _ \/Mcy by,
4.00-L
mol

_ 9
Me, o, = 40.96 -2
Myp _ 40.96 .2

mol
= = 0.998
Mgp 41.06%01
Molecular Formula
C,HsN

remain the same
remain the same
frequency of collisions with each other increase
frequency of collision with walls increase
remain the same
remain the same
remain the same
frequency of collisions with each other increase
frequency of collision with walls increase
remain the same

N

2.43mol _
2.43mol

1.00

11
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91.

92.

rate of ef fusion of He = % =0 022 L

4.5 min min
rate of ef fusionHe _ /Mci,
rate of ef fusion Cl, - JMye

0.22 ik J709055

rate of ef fusion Cl, 4009

mol
rate of ef fusion of Cl, = 0.052 ﬁ
Calculate the time it takes for 1.0 L to effuse

1.0L (010’:;"L) = 19 min
What is given
V = 1.0000 L
n = 0.5000 mol
= 25.0°C = 25.0 + 273.15 = 278.2K
tm-L?
a=1392 "‘12
b = 0.0391 —
mol
a) PV = nRT
nRT  (0.5000 mol)(0.08206 £4™)(298.2K)
v (1.0000 L)

b) [P+a ](V—nb)—nRT

= B —a(Z)

0.5000 mol)(0.08206 £X™Y (298 2 2
_C mol)( molk) ) (1 39 atm-Lz) (0.5000 mol) — 12.13 atm

= 12.24 atm

(1 0000 L—(0.5000 mol)(0.0391 L ) mol? 1.0000 L
c) The two numbers are within 0.11 atm of each other.
What is given
V =10.0000 L
n = 0.5000 mol

= 25.0°C = 25.0 + 273.15 = 278.2K

tm-L2
a=1. 39%
b = 0.0391 -
mol
a) PV = nRT

_ nRT _ (0.5000 mol)(0.08206 Z272)(298.2K)

_ K
Vv (10.0000 L)

n\2
b) [P+a(;) ](V—nb)—nRT
nRT n\2
- (V—nb) —a (;)
_ (0:5000 mol)(0.08206 ;‘3?;)(298 2) (1 39 atm-LZ) (0.5000 mol)Z
N (10.0000 L—(0.5000 mo1)(0.0391 L ) 10.0000 L

= 1.222 atm

= 1.224 atm

mol2

12



c) The two numbers are within 0.002 atm of each other.

d) The two value are now closer to each other than they were when the volume
was 1.0000 L. This should not be surprising because as the volume is increased the
molecules are farther apart from each other, therefore, intermolecular forces play a smaller
role and the ideal gas law gives an answer closer to the actual answer.

Real gases do not always behave ideally because there are attractions (intermolecular forces)
between gases molecules.
Gases behave more ideal when:

Temperature is high (gas molecules spend less time in contact with each

other i.e. less intermolecular forces)
Pressure is low (less intermolecular forces)
Small molecules (they are closer to the assumption that the particles take
up no space and they exert less intermolecular forces)

a) He B
Cl, A

. ’3RT N
Since the U, = e and Cl, has a greater molecular weight it must be the

slower gas. The heavier the gas the slower it travels at a given temperature
because the average kinetic energies of the two samples is equal.
b) 273K A
1273K B
Raising the temperature raises the velocity.
0O, would behave most ideally at 1273K because intermolecular forces play a smaller
role at higher temperatures because the gas molecules are in close proximities to each
other for a shorter amount of time.

What is given
— g 1kg \ _ kg
My, = 28.02 ﬁ(woo&;) =0.02802 0%

T =227°C =227+ 273.15 =500.K
Calculate the root mean square velocity

3RT _ J3(8.3145 o) 500.K)

trms = ™M 0.02802 X9

mol
Calculate the most probable velocity

_ 2RT_]2(8.3145m)(500.K)

- =545
Ump M 0.02802 X9 s

mol
Calculate the average velocity

_[sRT J8(8.3145 ) 500.K)

Urms = 7o = 70.02802 X9

mol

13



119.

127.

What is given
My, = 2.747 g

2.747 g Mn (L2 = 0,0500 mol

54.938 g

V =322L

P = 0.951 atm

T = 373K

Mn(s) + xHCI(g) = ZH2(g) + MnClx(s)
From equation

Ncy = Ny
Determine the moles of H

PV =nRT

PHZV (0.951 atm)(3.22 L)
n = = -
"2 RT ~ (0.08206 L%m)(373K)
= 0.200 mol H
Divide through by smallest moles, 0.0500 mol
Mn Cl
0.0500 mol __ 1.00

0.0500 mol

= 0.100 mol H, (210LH)

1mol Hy

0.200 mol
——— =400
0.0500 mol
Formula

MnCI4

What was given
Pihey = 200. torr(
VI(HE) = 1.00 L
VI(NE) = 100 L
Piar) = 24.0 kPa (
VI(AT‘) = 2.00 L
Viot =1.00L 4+ 1.00L + 2.00L =4.00L

PV = nRT

Find an expression for moles of He

_ Prwe)Vine) (0.263 atm)(1.00 L) _0.263L-atm

Tar RT RT RT
Calculate the Pye

1atm

) = 0.263 atm

760 torr

1000 Pa) ( 1atm

) — 0.237 atm
1 kPa 101,325 Pa

0.263 L - atm
p., = Rl _ Comr—)#T — 0.0658 atm He
FlHe) =y (4.00 L) '

Find an expression for moles of Ne
_ PneVine) (0.400 atm)(1.00 L) 0400 L -atm

MWe=""pr RT RT
Calculate the Pye

0.400 L - at
p _ e _ RTam)RT—omo tm N
FWNe) =7y =T (q00L) o amAie

14



Find an expression for moles of Ar
_ PranVian (0.237 atm)(2.00 L) _ 0474 L-atm

Nyyr RT RT BT
Calculate the P,

0474L - at
P ekt _( RTam)RT—0119 tm A
F(Ar) — th - (400L) = V. atm Ar

Calculate total pressure
Piot = Prerey + Prvey + Preary = 0.285 atm

15



