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17 AR Some Substances Found as Gases at 1 atm and 25°C

Elements

Compounds

H, (molecular hydrogen)
N> (molecular nitrogen)
O, (molecular oxygen)
O3 (ozone)

F> (molecular fluorine)
Cl, (molecular chlorine)
He (helium)

Ne (neon)

Ar (argon)

Kr (krypton)

Xe (xenon)

Rn (radon)

*The boiling point of HCN is 26°C, but it is close enough to qualify as a gas at ordinary atmospheric conditions.
ap g q ) g Y p

HF (hydrogen fluoride)
HCI (hydrogen chloride)
HBr (hydrogen bromide)
HI (hydrogen iodide)
CO (carbon monoxide)
CO5 (carbon dioxide)
NH; (ammonia)

NO (nitric oxide)

NO, (nitrogen dioxide)
N>O (nitrous oxide)
SO, (sulfur dioxide)
H,S (hydrogen sulfide)
HCN (hydrogen cyanide)*
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—>| l*—1cm

<«—10cm =1 dm—>

Volume: _cm3;
-mL

—>| |=—1cm

1cm3=(1x10°m)*=1x10°%m3
1dm3=(1x10t1m)3=1x10°m?
1L=1000 mL=1000cm3=1dm3

1 liter

Volumetric flask
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373K = 100°C = =—Boiling point—=>— 212°F
of water
310K - 37°C —<— Body . _ gg6°F
temperature
298 K 7 25°C T Room 77°F
temperature
273K 1 0°C =~ _—=1+32F 0
Freezing point
of water

Kelvin Celsius Fahrenheit

K = 0C + 273.15
273 K=0°C
373 K=100°C
F= 2 x0C + 32
32F=0°C

212 °F =100 °C
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OF = €XOC+32
OF —32= 2 x0C

%X(OF—BZ):OC

OC:% X (OF — 32)

OC = ) X (172.9 -32) =78.3
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76 ¢cm

Jaziall Cilas g Atmospheric
pressure

1 pascal (Pa) = 1 N/m?
1 atm = 760 mmHg = 760 torr l l
1 atm = 101,325 Pa

Barometer
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P x V = constant
P, xV; =P, xV,
P, =726 mmHg P,=?
Vl =946 mL V2 = 154 mL
P.xV
P, = 1 X Vy _ 726 mmHg X 946 mjat _ 4460 mmHg

V, 154 pat
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T (K)=t(°C) + 273.15
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V, IT,=V,IT,

V,=3.20 L V,=154L

T, = 398.1@ T, =7

T,=125 (°C) + 273.15 (K) = 398.15 K

VoxT, _ _1.541x398.15K
V, 3.20

5 =

=192 K
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P oo T
P =constant x T
P T, =P, /[T,

O gal (438

Amonton’s Law
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_ T(K)=t(°C) + 273.15




V o number of moles (n) Y

V = constant X n

Avogadro’s Law
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Culi Jazcall

V,In, =V,/In,

<

J

Q +

€ ¢

3H, (g) + N, (g) — 2NH; ()

3 molecules + I molecule e 2 molecules
3 moles + 1 mole e 2 moles

3 volumes + I volume E— 2 volumes
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1 mole NH;——1 mole NO
At constant T and P

1 volume NH;—— 1 volume NO




Increasing or decreasing the volume of a gas
at a constant temperature

@ P @ P @ P
Volume Volume l
decreases mcreases _
< QE—
(Pressure e (Pressure DR

v.,>*% increases)

"B E B .

Boyle’s Law

P= (nRT) 1T/nﬁ‘Tis constant

*, *» decreases) » ¢,

| Boyle’s

Law




Heating or cooling a gas at constant pressure
@P Lower (@ P Higher @P
temperature 1 temperature l

-

l (Volume ol = (Volume = =

‘J-r-' ﬂdecreases) g 0,38 increases) » ¢,«

Charles s Law
V= (n—,;?) T %B is constant
Heating or cooling a gas at constant volume
@ P Lower (@™ P Higher @ P
l temperature 1 temperature l

b e 2 7 (Pressure b 2 (Pressure e = 2 7

'+ decreases) “+'¢.¢ increases) fs'*at

Charles’s Law

= ("B T %? is constant

‘Charles’s

Law




Dependence of volume on amount
of gas at constant temperature and pressure

Gas cylinder

8 @ P I\‘\\ 8 @ P ~ @ P
Remove| Add gas [ l
.gas J molecuLeT s ¢
S grEB 2 8 ',".-E“.'f .::.“
W (VOIume ‘ | ( e 8," i'gxroelgsmeesy O - o
decreases)  Valve

Avogadro’s Law

- (R, RT
v= (B n

p IS constant
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Boyle's law: V « % (at constant nand T)

Charles’ law: V o T (at constant n and P)

Avogadro’'s law: V a n (at constant P and T)

nt
Vo—
P
nt nt
V = constant x? =R ry R = &l Ll bl il

PV = nRT
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PV = nRT

PV _ (1 atm)(22.414L)
nT (1 mol)(273.15 K)

R =0.082057 L » atm / (mol « K)
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T=00C =273.15K

¥

P=1atm
PV = nRT
nRT n=49.89gx 1 molHEl 1.37 mol
V = 36.45 g HCI
F)
y_ 1.37 ol x O. 0821MKX273'15K
1 atm

V=30.6L
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NRT n, V and R are constant

= = constant P,=120atm P,=?

T
T,=291K T, =358 K

P, X E = 1.20 atm X ggﬁg—l% atm
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PV =nRT
n P
V  RT
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Density (d) Calculations (d) LS claa

4= _PM Al jlell 468 m
"V T RT Jlell st o sl M

Molar Mass (/) of a Gaseous Substance _JL"UQ.F"’J"// CJ_JJJ/W‘?’L““

~dRT

M="p

g/L = JBll s d
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4.65
M ==>23-5212

M

9 Jtatm
2217 X 0.0821 mol%xBOO.lS,I/(

1 atm

M=

M = 54.6 g/mol
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Dalton’s Law of Partial Pressures

@ @ Vand T @

1 are 1
constant

Combining

the gases

@ o ©

Pl PZ I:)total - Pl t I:)2
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o+ 0.421 5 «CH, 0 30 8.24 e oanhll il e die (g gias
Gl ) dara M) I8 1Y) \CoHg i J 32 0.116 5 <C,Hg J s
‘C3Hg sl Soall ball s Lé catm 1.37

¥

P,=XPr  P;y=1.37atm

0.116
Xpropane = " 52 4 0.421 + 0.116 00132

Ppropane = 0.0132 x 1.37 atm = 0.0181 atm




Bottle being filled with oxygen gas

\

KClO5; and MnO,

\

\ /

Bottle filled with water eSSl dila dala
ready to be placed in slall Ay

the plastic basin

2KCIO, (s) — 2KCI (s) + 30, (9)

Pr=Po, +Py,o




P (mmHg)

TABLE 5.3

Pressure of Water Vapor
at Various Temperatures

Water
o , ) , - Vapor
Temperature  Pressure
800 (°C) (mmHg)
760 :
0 4.58
5 6.54
10 921
600 15 12.79
20 17.54
25 23.76
30 31.82
400 35 42.18
40 55.32
45 71.88
200 S50 92.51
55 | 18.04
60 149.38
65 187.54
70 233.7
0 20 40 60 80 100 75 289.1
t(°C) 80 355.1
85 433.6
90 525.76
95 633.90

100 760.00
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NmS_Z — éNmS_z = %NEA: % (EA)N

PV =

wWlkE

PV = nRT

2
§ (KEA)N= TlRT

(KE4)y=>nRT
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(KEs)n= NKE, = >nRT = >—RT

REy =25 =27 W
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Kinetic theory of gases and ...

Compressibility of Gases

Boyle’s Law

P a collision rate with wall
Collision rate oo number density
Number density o 1/V

PolV

Charles’ Law
P o collision rate with wall
Collision rate o average kinetic energy of gas molecules

Average kinetic energy o T
PoaT




Kinetic theory of gases and ...

Avogadro’s Law

P a collision rate with wall
Collision rate oo number density
Number density o n

Poan

Dalton’s Law of Partial Pressures

Molecules do not attract or repel one another

P exerted by one type of molecule is unaffected by the
presence of another gas

P .= =P

total




Calculation of the Molecular Speed 4l de jud) Gilaa

1 _
PV = §Nm52 = nRT

el SLSIL (M) 4l sall ABSH s (MN,) ol el e g al o LSIL sl 6l A 5allAlS am dus

(n=1)
s2M = 3RT
— 3RT
T M
2 = |3RT
ST =M
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N st +ss+si++ s
N

5 Sitsyt+si+o-+s]

> N
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Distribution of molecular speed
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Number of molecules

N> (28.02 g/mol)

500 1000 1500
Molecular speed (m/s)
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Srms

_ /= [3RT

VM

Number of molecules

dalida &l e A6 e

BJ\J;M&;JJUAJL;

500 1000 1500 2000 2500

Molecular speed (m/s)
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G3aaSY) 5 (0.1mol) crensoued) sl (e Aima 4 bl (IS 1D
#45 Jadl el a9y (i Al Cis Bl i (0.1mol)

0.002 kg.mol-* T=273.15 K

3RT 3x8.314 x 273.15

M 0.002

V52 = 1845.66 ms™!
M (O,)= 32 g.mol*=0.032 kg.mol- T=273.15 K

M (H,)=2 g.mol! =
Srms = \/? =
\
Srms =
\

3 x8.314 x 273.15

0.032

= 461.415 ms™1
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Apparatus for studying molecular speed distribution

To vacuum pump

/ Motor

n / Slow
\‘ molecules
A

Fast
molecules

Detector

Chopper with

rotating slit Average

molecules Detector
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1 mole of ideal gas CH,
PV = nRT 20 K

— —PV — NH;
n T 1.0

PV

- RT 1.0 Ideal gas
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(el Hladl &l gl e LS gl
da ) Cuiasds) LalS afa
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0 200 400 600 800 1000 1200
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Neglecting Molecule's Volumes <l jadl agaa Jlaa) )
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Neglecting intermolecular forces (Attractive forces)
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TABLE 5.4

van der Waals Constants
of Some Common Gases

a b
' atm - L? L
Van der Waals equation ass 2Ly by
I mol mol
nonideal gas
He 0.034  0.0237
Ne 0211  0.0171
an? _ Ar 134 0.0322
(P + \/2 (V _ nb) = nRT Kr 2.32 0.0398
19 0.02
— — Xe 4.1 66
corrected corrected H, 0.244  0.0266
pressure volume N, 1.39 0.0391]
0, 1.36 0.0318
Cl, 6.49 0.0562
CO, 3.59 0.0427
CH, 2.25 0.0428
CCl, 204 0.138
NH; 4.17 0.0371

H,O 5.46 0.0305
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(a=4.17 atm.mol-2L2) (b=0.0371 L.mol-1)

sl jiall die (O,) 3 e (2 MOl) i o Sy oS

<

n =2 mol V=3L
T=0°C +273.15=273.15 K R =0.0821 L.atm.K1l.mol!

nZ
(Pmeas + aﬁ) (Vneas — bn) = nRT

4.17X4

(P + 5 ) (3-2%x0.0371) = 2x0.0821x273.15

(P +1.853) (2.926) = 44.851 PV = nRT : il Latuall laal

P = 424;982561 —1.853 = 13.475 atm | PXx3=44.851

P=14.95 atm




Liquefaction of gases < jadl Al
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43).4

el el
atm

0.096
0.740
0.870
0.061
0.061

37.00
50.00
34.00
13.40
2.26

K) 4a_all
+31.1

-118
-146
-241
-268

Crga sl LS| ‘_r\l.i
02 OM‘
O 9 A

H ) T XB
He a 5l
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