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10.2 Pressure of a GAS 3V mab

SN T p N et
Because gas molecules are in consta.nt motion, gas parti c_lgpxert Pressure on
; =R <'49~u Lk "8 a8 ~33) UJL‘*
any fg.lp:face \they encounter.
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Atmospherlc Pressure: .. .. g A ® i
______________- N (_flr L5 B*P‘{ PP *\_:z-«J $(J \ 'L;::. ,3

— Pressure exerted by 7 column of air on area exposed to Earth's atmosphere. B

e e

R PR
fdependS)on locat1on temperature and weather COIldlthIlS
- deoreases as altitude mereases because alr becomes thmner L
SRR PRk vy S B
! ) -9) T o s A
()t O " About 760 mmHg at : sea levelleometer; sl
—=2) Tnstruments \
~ ]
n F =V ctbs |
/ Baromejer_ Manometer P
(;'—."‘?I') |'u I : i
L Closti-tube onbe '—\
J Pgas . Pa‘rrn o ! chts< Patm

— —

ek g ! ,‘

| \ e

~ Note: 76(cm 760@5;}3 we . |
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————— P i ? = 460 e
6}- P at : i /;..,:Z.
= T e @ =k

Units %f Erepssure o - )
Standard Atmospheric Pressur {1 atm): 760 mmHg ?t 0°C at sea level 34
7 \ o 5)) M. P e

J . _ ) g 7 - }- . ' > -E_:__ - ‘
PR {atm = 760 mmHg 750@01‘3251(%] t K = 227154 C)

Ex. 1 If the atmospheric pressure is measured fo be 735 mmHg on a given day
in Phaenix, express this atmospheric pressure in torr, atm, and kMa.

\o!, 325

Answer: M 107,325
Pressure in torr = pressure in mmHg =745 torr ZC
Pressure in atm = (? mmHg/760) = 0.98 atm N
Pressure in kPa = (? mmHg x 101325 kPa)/760 mmHg = 99.325 kPa
103 GAS LAWS P =2 _

RN e — ey
P: pressure (atm) - V: volume (L) |
n: moles: (mol) R: gas constant .atm/mol.K) ,
T: temperature (K) | _ﬂ?
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1- Boyle’s Law: (P-V Relationship) [ ConstantT &nl
P
P a L
1 v 1
_________________ v
P \

FEVY O
i a4 L V

T

- Absolute Temperature = zero Kelvm Temp =.273.15°C

3- Gay Lussac s Law: (P-T Relat10nsh1p) [ Constant V &n]

-

---------------

By
” Avogadro’g Law: (V - n Relationship) [ Constant T & P |

________________
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For a glve:p sample of gas under two ifferent conditions)we have
PiVi=PaV, i
BOYI ------------------ %' b {I Y )
i ﬁ 2 ﬁ. / y,
Charles ool
| Pemm 1
P Ty To
Gay-Lussac t-------ecesi
i Vi - Va
I"ll Nno E
Avogadro i erommionianidi

Q.1: If 20 L of hydrogen gas are heated heated from 298.15K to 552.50°C, calculate
the new volume? /,-ﬂ W ik

Vl 20 L 2 '?'-
~298.15K SO T5=5505 4273 =825.5K

Y. V2
Ty T

>>> Vz = (V1XT2)/T1

= (20x 825.5 )/298.15

= 5537L
’),(7,_,., L-,,,,-!v @ hon

Q.2: A 250 mL sample of helium at 722 mmHg is compressed until the new
pressure is 3. re is 3.60 atm. Calculate the new volume?

——————————————————

. )/,/" . “::/-)é
V,=0.95 x 250/ 3.60 (V2-0.066 L

N P

§11 8 i
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STP: Standard Temperature & Pressure
0°C & 1 atm pfy=2 T

‘.;gslx}z_x?‘;;

------------ ”) - = a ‘%72: ;A
Q.:A sample of krypton gas at(-10 °C. What is the pressure at STP?
Ans; v -

T,=-10+273 =263 K STP =273 K, 1 atm
FBr=1 >>> T,=273K P,=1atm
Pl 41’_2_ )
\I}’ _/>>> P, = (T1xP;)/T _ WV 5 M
=(0.96 atm
i}vjcxjw

- 10.4: The Ideal Gas Equation: q”” o b i

> No attra attractlon or repulsmns Between molecules

P: pressure (atm) V: volume (L)
n: moles: (mol) R: gas constant (0.0821 L.atm/mol.K)
T: temperature (K)

PV=nRT | ot
PV=(m/MM)RT m : mass (g) T A b
>> MM = mRT/PV MM : molar mass (g/mol)

d=m/V d: density (g/ml) A s et
>>>> MM = dRT/ P

6/18
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Q.1: Calculate the volume for 1 mole of gas at STP?

PV =nRT
V = 1x0.0821x273 /1
V=224L

Q.2: How many moles of NO, gas occupy a volume of 5.00 L at 50.00°C and

735 torr?

PV =nRT

n=PV/RT
n=0.97%x5/0.0821x323
n =0.18 mol

Q.3: An unknown gas having aniassof 615 éli"ﬁgcupies a volume of 5 L at
874 torr and 23.50°C. Calculate the molar mass of the unknown gas?

MM = mRT/PV N
=6.15% 0.0821 x 296.5 /1.15 x5
= 26 g/mol
Q.4: Which one of the following gases is lowest dgr}ge? -?"'J d""{ 4 Vs <
!b 1@ .:r\).L "'"""Eq (“"di) IV sasdi
a) NH; b) CH4 c) Ar HBr
— e . ? q‘
.

Ans.: b) CH, (Since it has the lowest
‘-f".'.‘ L

Ven KA ;:@E'\/::W\P\’T = oaned BY
P P

WA WS

M‘ (s

7H8

——
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Q.5: Calculate the density of NH; gas (17 g/mol) in 4.32 L container at 837
torr and 45 °C?

MM = dRT/ P
D =MMP/RT
D=17 x 1.1/0.0821 x 318

D=0.719 g/L
10.5 Gas( Stmchlometr\[ )

‘“H.._

A(s) < B ®

maSSO molar mass of A moles of mole rathB jlmoles ofi
coe cen s

@Pv aRT |
L\g\_,n,—( <1

Note: If the question need to find the lll]lltlllg reactan‘hvou should find it
Ex.1: If 240 g of are reacted W1th excess. 02, What is, the volume of CO,

(in liters) produced at 23°C and 0.985 atm?

CH,., +20;05 —> COZ( ) +2H,0,,
nCH, =240 g/ 16 g/mol =15 mol
1
o, = 7% Hey NS
2 1 4 % 3/'}\ % [
~15mol - T ‘V/#J

Now, substitute n in the ideal gas law:
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nRT

L-a

(15.0 mol)[ﬂ 0821 K)(B +273)K

— 370 % 10°L

0.985 atm

Ex.2: ¥f 9.0 L. of NO are reacted with excess 02 at STP what is the volume in

iters of the NO, produ S,
T @‘ 0, »2NO,

Ans.: q
The coefficients from a balanced equidgion can represent the volume ratio in

2 volumes NOp _ _ " - éﬁﬁ%‘a o
2 volumes NO S Qg % f : -
" g é% L ]
Q. For the decomposmon of- QNﬂNg{éﬁﬁﬁ%ﬂaévﬁ + 3N2(g) How many grams
of NaNj are required to prowde 40 Imﬁﬁg}ﬂgaagg% .C and 763 mmHg"

,,‘?.m“ %
PV =nRT )
n=PV/RT
n=1x40/0.0821 x 298

Law states tha@a n. g”

i
3

90L NOx

Mass =n x M.M PU s n’tTy
=1.63 X 65 XMD* myoag11)(~1q715
= 106 gTaIIIS .:)—i’ l/l ; [' 4 - Qy,ivy 3 @
B 1 s
3

/
N
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10.6 Dalton’s Law of Partial Pressures
Vo '
el # Lp L 250 %
partial pressure:  pressures of individual gas components in a mixture

Dalton's Law of Partial Pressure: ot o) 4
— total pressure of a mixture of gases is ihe sum of the partial pressures of ine
gases present

PTnm = P1 + Pg + p3 + .

RT

_ Also, Piotal = (1, +m, +"'+n")V

.
_)_,:;,\| . total |~
Q.: Consider the following appdlﬁztus_. Calculate theml pressures lof
helium and neon after the s opcock is open. 'The temperature remains

‘constant at 16 °C? . (.,Ue)t ' -

Ans.:
e = ’; ; - - (0'23 aa)12L) 0,032 mol He
{00821 'a“;}aﬁ + 273K
; mol -
Piage = ; z = (2]'3 ai)(” o, — 0.40 mol Ne
[0.0821 i% K)(us + 27HK
. m =
The total pressure 1s:
o (0.032 + 0.40)mo1(a.0321 Logm )(16 + 273K
P _ (et e JRT - mol-K 97
Total — = = 2.2 atm
Ve 12 +34)L

| 10718
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N
P; = X;Pr. The partial pressures of He and Ne are: .ﬁo Y] -
e L .] )
Py, = ©.032 mol x 22 atm = 0.16 atm
v (0. 032 5 0.40)mol
- Py = OAOmm x 22 atm = 2.0 atm
: (0.032 + 0.40)mol

Q. What is the pressure in a 12.2 L vessel that contains 2.34 g of CO,, 1.73 g
SO, and 3.33 g of Ar at 42 °C?

Neoy = 2.34 /44 = 0.05 Dsca 1.73/ 64 = 0. 03” =333 /40= 0.08

N =
Je
Ptotal ("1“"”2"“ +")§T VW m _f
total (bl

—803%5+003+008)><00821><315/122 s il oS0, v 5

//ﬁm ol e T PPN
fraction) (X,): ram_ of the number_of moles of ane component to sum total
¢~ of all the moles of all componenf s

- _;273\”55’

_# of _mOIes of ga,s A
~ Total # of moles of all gases in mixture

X, =

ion to calculate the partial pressure of a gas in a mixture
— For system with_mor an many gases the partial pressure of the: n'™ gas:

Ex. 1 A mixture of gases cantams 4.465 mol of neon, 0.741 mol of argon, and
2 154 mol of xenon. Calculate the partial pressures of all the gases if the
total pressure is 2.00 atm at a given temperature.

Poeon=1.2 atm Pargon = 0.2 atm Pyeron = 0.60 atm

QC)M -

0 11/18
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Q1. In a gas mixture of He, Ne, and Ar of total pressure 8.40 atm, what is
the Mole fraction of Ar if the respective partial pressures of He and Ne are

1.5 and 2.0 atm? H{_ N ME AY r)l- s Siu )
g 4
P (ota1 = P1TP21P3 W% 4 })( A SAV\ 7T
8.40 - 1.5+2+Dp 4 £\ oy - 1, 5 +‘Z+Plv’
par=2840—(1.5+2) VAvs w,u)
= 4.9 atm F,l " xvx H— =)

wy s X X% ) _14___
P Ar — XAr. P total

“ A
4.9 =Xy, 840

7
X pr= 0.583 . K126~ Yar

Q2. A gas mixture of total pressure 4.0 atm and 16.0 total moles contains
gases X and Z. If partial pressure of Z is 2.75'atm, how many moles of X are

in the mixture’ P sk % al

P,=X.P ot s ‘f—-bB cifu,
(

2.75=X,%4

X 7= 0.686 B iy "?I.j

Xz:nz/ntotal
0.686=n,/16 et s P+ P
X

n,= 11 mole [4
M s ﬂl‘x '+ ‘2-1_%5

nna =nx+nz i
it N
n,= 5 mole
P). S%Myﬁ‘.
\,%5’—;{5 v 4!

-

12/18 &
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45“69 -=);:"){ '/WI
Gases is collected over {vater) p

e — 2 p\ 5 % {;cv .
P total. = PHZO P gas | Lﬂ}"‘l '

Q. A mixture of helium (He) & neon(Ne) gases is collected over water at 28 |
w &\745 mm the partial pressure of He is 368 mmHg, what is at is the
partlal pressure of Ne? Vapor pressure of H,O at 28 °C = 28.3 mmHg

Piotal = Pne T Pre + Przo
PNe = Piotal - Pxe - Pazo

= 745mmHg — 368mmHg — 28.3 mmHg
=349 mmHg

a9
Molecular Speed (Root Mean Square Sped)

U rvas s L/-—“’ld‘r | 3RT

Mo m/s R: 8314 J/molk T: temperature (K) "/th molar mass

= mol e - (S e
Egm = 5 g gl v
Ex. Find Urms for COy (44ghmol) at 27°C? Ko delsi .,
Ans. | R=8314J/molk| T=300K MM =44x10" Kg/mol
>>>> Urms h, 112_1?{?_,%_ O D P
e iswiosecc e
13/18 U S !/ 3)( k3
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Q. Calculate the root-mean-square speed of a Rb (85.5 g/mol) at 1.7 % 107
-3

K? UﬂMS 3 Y Y g x 1}’1 V10

U 3RT 85 5

rms
Mwt. S 5 e
A y O
U, =+3x8314x 1.7x107/85.5x 163 |

-y
o)
Ans.: 7.0 % 10° m/s :E’—-X—l—

at 200 K, the molecules or ato E f an unknown gas X, has an Urms of
r e ideal behavior)

a) He
b\/

10.8 Gas

e SRR «*V'Q"ﬁ_.*ﬁiﬁ‘.i% '4;{3
1 m

Diffusion: gradual mixing of molecules of one gas Wi I
by virtue of their mat@ﬁrog rtlé}g fé% ‘r] \;q_ ,ff B Gl B 'l
_“ G g#._rt-- e e ‘.;j.: A0 5 "\ it

,.H

u:-_-,.... of_/cl ‘-)\_,.6_1—’ _—5‘ -.. _)} ,‘
Which one of the follomng gases wﬂl d;ffuse the at a given

temperature?

2) NH; b) CH, d) HBr

Ans.: b) CH, (Since it has the/lowest molar mass) g
l f ( = J

14/18
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Effusion: process of a gas under pressure escaping from a container via a
small opening.

Example: Consider a container sealed with
a small opening. A mixture of several gases is Ne A
added 1o the container. Assuming the gases _ér:_\)
do not react, indicate the order that the gases Kr S
escape out of the container, starting with the N>
gas that escapes the fastest. Explain why.

e, I, A

e 2 ”f;:;u b
__‘./.J 15
Ex 1. A sealed charmber containing ozone (O,) gas also contains several

other gases. Circle all the gases below that effuse faster than ozone at
room temperature when a small opening is created in the chamber.

N,O CaHj CL, . CO, Ar

Graham’s Law of Effusion
— rate of effusion of molecules « .- (at same temperature and pressure
m ( pe . P )

For 2 gases of sffusion for x _AMMy | time for y to effuse
ate/of effusion fory ( MM, / time for x to effuse

E:L: a\’M.WT(Z) :'1'_2
I R ,.:_:_":_v;* . }_’.Z-..
1 T l";
v g
o T :
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Ex.1: The wwm- helium gas (4 g/mol) will how much faster
Compared to the rate of effusion for carbon dioxide CO, (44 g/mol)?

ST 4 o
r\ s uu
nJMwt, 44 (/7 e
v, Mwt., ﬁ

2

=33 >>>>K=33r
v, < v

ﬂ

ra il -
gwﬁlkﬁgﬂgﬁnmn
: e | Qe Aaasiy . 4aash
pu| . S v I =
=\ i 3 o P ¢
s alas LS (e SN (= gty Baaimal) CySlatyi v
Sga Sl by - Ba0) —earani N BT g gumBl) Apayaisi w'—‘-f“‘}?
oY ga el Axalon Callag — Aa)) — 3 guaBl A agilSt s
2,33 W) Axalall ilas — Slas — sl - PRI :;-31*?-;.-@
cszas yaBll T sda — Aadaly _ya gemnl) Amam <ﬁ[§|—'§—1- § SJata <
e HSt—als SLag A58 ARl —al) J9aadl) HeaiDAS O gatiad N g e
LJ@Jl_aii S BS) Bt a8 ABL doa S L ool 5 1S3 ol s )
* C Alcdladia a5 AeaBll e ADMEN 3985/
e 4 =
T—— =
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Questions

Q1. A sample of oxygen gas was found to effuse at a rate equal to three
times that of unknown gas. What is the molecular weight of the unknown
gas? |

a) 288 b) 96 €) 35 d) 4

Q2. He gas effused through a hole in 53 seconds. An equivalent amount of
an unknown gas, under the same conditions, effused through the hole in 248
seconds. What is the molecular weight of the unknown gas?

a) 0.18 g/mol b)62 g/mol - c) 88 g/mol d) 18.3g/mol

Q3. Consider the following reaction: '(‘ZHH'HOHJF 120, —— 12CO,+11H,0
If 11.7 g of C;,H,04y is reacted with excess 02, what volume of CO2 that
Is formed at 1.0 atm and 37C ? (M.m C1_2H2_2011= 342.3 g/mole)?

a)22.4 L b)10.4 L c) 1.78 L d)5.20L

Q4. Consider the following reaction: A;+2B g —> 4C @ +2 F . If 20 LL
of B is reacted with an excess of A at STP , what is the total volume of gases

at the end of reaction at STP?

2)20.0 L 5)80.0 L ¢) 60.0 L d)40.0 L

17118
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Answers

Questions Answer

= (DN |
ol el

v, SRR
R & 3
i 11-:‘, g:‘.
R r,wmrﬁé&ﬁ?&ﬂﬁﬁ’ﬁi%&@@f&?ﬁm .
=T 'F‘{(%.‘_-fg

S e A P
E,‘q“-f-r;-, a Ly 5 j ,{
oty & P Ry & B 1

T, S Foy 8 P
+ s I b Pl reetd Wa A8 wea,,
Y 1o
:.:‘.|
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