GAS PRESSURE AND ITS MEASUREMENT

Terminology:


Pressure (P)
- the Force (F) exerted per unit Area (A) of surface




           Force            F




P =  ((((  =  (( 



                   Area             A

Force (F)
- the Mass (m) times the Constant Acceleration of Gravity (g) 




F = m x g

                                                                                              m




Constant Acceleration of Gravity
= 9.81 (( 

                                                                                               s2 
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It follows:                                            m

                                                (kg)  (( 

           F            m x g                           s2                     kg
P  =  ((  = ((((   =    ((((((( =    (((
          A               A                             m2                     m . s2
SI unit of Pressure is the Pascal (Pa) 

                 kg
1 Pa  =  ((( 

              m . s2
Air (Atmospheric) Pressure

Demonstration:
What keeps the water in the glass ? 
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Gravitational force










(Weight of Water)










       Air Pressure

Air Pressure acts against the Weight of Water and keeps the water in the glass.

NOTE: Air Pressure (Atmospheric Pressure) acts in all directions 



(just like water pressure).

How large is the Atmospheric Pressure ?

 What is the height of the water column it can support ?




        At sea level:




     10.28 m

                       Atmospheric Pressure




supports a water column




10.28 m high.




At higher altitudes:




Atmospheric Pressure




is less;




The water column




supported is lower.




Height of water column




is proportional to




atmospheric pressure;








Height of water column


       At sea level




could be used to measure                               0.760 m



atmospheric pressure.

            Atmospheric pressure 










    supports a Hg column




However, this is



    760.0 mm high




impractical, since the


     (lower at higher




column is too high! 


      altitudes)




 Could another liquid




  be used  that results




   in a shorter column ?




    Water (d = 1.00 g/mL)                        
Mercury



    (transmits air pressure)                            (d=13.53 g/mL) 

NOTE: The Height of Liquid Column supported by Atmospheric Pressure: 

1. is directly proportional to the Atmospheric Pressure



- the higher the altitude (lower Atmospheric Pressure),




  the lower the height of liquid column. supported.



2. is inversely proportional to the density of the liquid used




- the denser the liquid, the lower the height of the liquid




   column supported.

Question:

If atmospheric pressure supports a water column 10.298 m high, at sea level, what is the height of a mercury column it could support ?

(d of water = 1.00 g/mL

d of Hg = 13.53 g/mL)

Water



Mercury

Hw = 10.2
8 m


HHg = ????? (should be much less than 10.298 m)

dw  =  1.00 g/mL

dHg   = 13.53 g/mL 





         1.00 g/mL 

HHg = 10.28 m x (((((( = 0.760 m = 760. mm





                                13.53 g/mL

The Barometer:

- was invented by Torricelli

- is an instrument used to measure Atmospheric Pressure

- expresses Atmospheric Pressure in terms of the height of the mercury 

  column supported.

Atmospheric Pressure depends on :

1. Altitude
-the higher the altitude, the lower the atmospheric pressure

2. Temperature 

- the higher the temperature, the lower the atmospheric pressure


3. Humidity (moisture content of air)


- the more humid the air, the lower the atmospheric pressure 

Standard Atmospheric Pressure is defined as the Atmospheric Pressure:

of air
- at sea level,

- at 00C,

- with 0 % moisture content (100 % dry air)

This atmospheric pressure would support a Hg column 760.0 mm high.

Standard

Atmospheric
= 760.0 mm Hg = 760.0 torr = 1.000 atmosphere (atm) 

pressure

Measuring the Pressure of Gases in closed containers

1. The Closed Tube Manometer








Pressure of enclosed gas = difference in height = (h 


2. The Open –Tube Manometer
 Patm


           Patm                                Patm




















        (h


Pgas

                               Pgas                                   Pgas



















  (h





   Pgas = Patm

     Pgas ( Patm


Pgas ( Patm








     Pgas = Patm + (h

Pgas = Patm - (h

Assume the following measurements are obtained:



Pgas = Patm

            Pgas ( Patm


    Pgas ( Patm



Pgas = 760. mm Hg

    Pgas = 1520 mm Hg
    Pgas = 2280.mm Hg



V gas = 100. mL

    V gas = 50.0 mL

    V gas = 33.3 mL


Pgas = Patm

            

Pgas ( Patm


    Pgas ( Patm

Pgas = 760. mm Hg

    

Pgas = 1520 mm Hg
    Pgas = 2280.mm Hg

Vgas = 100. mL

    

Vgas = 50.0 mL

    Vgas = 33.3 mL








P is doubled

     
    P is tripled










V is halved


    V is one-third

  P x V
 76,000 (mmHg)(mL) 


76,000 (mmHg)(mL)  
    76,000 (mmHg)(mL)   



NOTE:
1. Volume and Pressure are inversely proportional



2. The product of the Pressure anf the Volume is constant.

Boyle’s Law:

The Volume of a gas is inversely proportional to its Pressure, provided that the temperature and the amount of gas are constant.

Boyle’s Law can be interpreted and used both Mathematically and Graphically.

Mathematically:

                                                  P1         V2
PV = constant

OR

(( =  ((      OR  


P1V1 = P2 V2





          P2           V1

Graphically:

Assume the following data are obtained:


    P

  V






P
  1/V


(atm)
(mL)




     (atm)
(mL(1)


  0.50
 20.





     0.50
  0.05


  1.0

 10.         




     1.0        0.10       


  2.0

 5.0                



     2.0        0.20


      V is inversely proportional to P

1/V is proportional to P

Sample Problems

1. A gas in a closed-tube manometer has a measured pressure of 0.047 atm

    Calculate the pressure in mm Hg.

          


                760.0 mm Hg


? mm Hg = 0.047 atm x (((((( = 36 mm Hg 

                                                  1.000 atm

2. You have a tank or argon gas at 19.8 atm pressure at 190C. The volume

    of argon in the tank is 50.0 L.

    What would be the volume of this gas if you allowed it to expand to the

    pressure of the surrounding air (0.974 atm) ?

    Assume the temperature remains constant.

Initial


Final
P1 = 19.8 atm

P2 = 0.974 atm

V1 = 50.0 L

V2​  = ?


                                         P1 V1         (19.8 atm) (50.0 L)

P1 V1 = P2V2

V2 = ((( = (((((((( = 1020 L

                                            P2               (0.974 atm)

Volume – Temperature Relationship for Gases

Gases contract when cooled and expand when heated

It follows:
The Volume of a gas increases with temperature


V(L)


                     a = intercept





100            200
   300      temperature (0C)

This is a linear relationship.

The equation for a linear relationship is : 
y = a + b x










V = a + b t


                                               volume




                                               intercept




                                                                   slope


                                                                                     temperature

To simplify the equation, the graph can be extrapolated to the temperature

at which the volume of the gas becomes 0.








V(L)


















































































       
extrapolation

                                                       a = intercept

 - 3000C    - 2000C      - 1000C         0           + 1000C       2000C        3000C

- 2730C

NOTE: 

at 

t = - 2730C


Vgas = O
V = a + bt
becomes:

0 = a + (-2730C) b


273 b = a
V = a + bt can now be rewritten:

V = 273 b + bt = b (273 + t) = bT




                                                                 Absolute Temperature

A Plot Of Volume (V) as a function of Absolute Temperature (T)

      V(L)











Absolute temperature (K)

  0 K

(- 273 0C)




          V 

V =bT
OR

(( = b = constant
                                  T


Charles’ Law:
The Volume occupied by a gas is directly proportional to the Absolute Temperature.



V1
 T1


V1
   V2
        ( =
 (
   OR      (   =  (
        V2     T2                   T1        T2
Sample Problem

An experiment calls for 5.83 L of sulfur dioxide gas (SO2​) at 00C and 1.00 atmospheres.

What would be the volume of this gas at 250C and 1.00 atm ?

(Note: the pressure does not change)

Initial




Final

t1 = O0C




t2 = 250C

T1 = 00C +  273 = 273 K

T2 = 250C + 273 = 298 K

Temperature increases 

V1 = 5.83 L



V2 = ?





Volume must increase







       298 K

V2 = 5.83 L x ((( = 6.36 L



273 K




V1
 T1

     
         V1 T2
  (5.83 L) (298 K)

OR        

( =
 (
    

V2 = ((( =  ((((((( = 6.36 L
        

V2     T2                  
           T1                  (273 K) 

Combined Gas Law

Boyle’s Law and Charles Law can be combined and expressed in a single statement.

The Volume of a gas:


                                                                                                                                           1
- is inversely proportional to its Pressure              


Boyle’s Law 
          V (  (
                                                                                                                                                   P

- is directly proportional to its Absolute Temperature

Charles’ Law

   V ( T 

For a given amount of gas, this can be written as a single equation:

When temperature is constant: 
(T1 = T2 = T)





    T = ct

P1V1      P2V2


  



  
  
(( = ((




P1V1   =    P2V2
P1V1

P2V2                         
  T          T

                           Boyle’s law



((   =
((                          

  T1
         T2
When pressure is constant :
(P1 = P2 = P)

    


    P = ct

P V1
    P V2                                  

   V1        V2



       


(( = ((




((  =  ((





  


  T1            T2


                            T1                T2



                                                                               Charles’ Law

Sample Problem

A bacterial culture isolated from sewage produced 41.3 mL of methane gas

(CH4) at 310C and 753 mm Hg pressure.

What is the volume of the methane gas at 00C and 760.0 mm Hg ?

Initial



Final
V1 = 41.3 mL


V2 = ?

 t1 = 310C 


t2 = O0C

T1 = 304 K


T2 = 273 K

P1 = 753 mm Hg

P2 = 760.0 mm Hg

V2 = V1 x Temperature Ratio x Pressure Ratio




T(  V(


P(  V( 




      273 K          753 mmHg

V2
= 41.3 mL x (((  x  (((((( = 36.7 mL
                              304 K        760.0 mm Hg






OR

 P1V2    P2V2    

         P1 V2 T2       (753 mmHg) (41.3 mL)(273 K)

(( = ((           V2 = (((( = (((((((((((((   

  T1         T2                       T1 P2                   (304 K) (760.0 mm Hg)





V2 = 36.7 mL
Relationship between Volume of a gas and Amount of Gas

NOTE:
Volume of gas is expressed in L or mL




(V)



Amount of gas is expressed in number of moles of gas 
(n)

Consider equal volumes of three different gases at the same temperature and

pressure:


1 L He




1 L H2



1L O2
Same Volume, Same temperature, Same Pressure

Which cube contains the largest number of molecules ?

The three cubes contain the same number of molecules!

Reasons:

1. The volume of a gas is determined by the intermolecular distances;

    Intermolecular distances: - depend on Volume and Pressure (the same)






     - do not depend on the type of gas

2. The volume occupied by the molecules is not the same in the three

    samples of gas.

    However, the volume occupied by the molecules is negligible compared 

    to the intermolecular distances (molecules of gas are very far apart from

    each other)

AVOGADRO’S LAW :

Equal volumes of different gases at the same temperature and pressure,

contain the same number of molecules.
Consequences:

1. 
Equal number of different gaseous molecules (equal number of moles

     
of gas), at the same temperature and pressure, occupy equal volumes.

2.
1 mole of any gas (6.02 x 1023 gaseous molecules) occupies the same


volume under the same conditions of temperature and pressure.

At 0oC and 760.0 torr (1.000 atm), 1 mol of any gas occupies 22.4 L
Vm = Molar Gas Volume = 22.4 L

00C(273 K) and 760.0torr(760.0mm Hg, or 1.000 atm) are referred to as:

STP (Standard Temperature and Pressure)
Vm = 22.4 L at STP (O0C and 760.0 torr)
3. The Volume of a gas is directly proportional to the number of gaseous

    molecules it contains (number of moles of gas)


V = Volume of gas


n =  Number of moles of gas


V ( n



or 



V = a n  

directly







constant

proportional

Sample Problem

1 mol of gas occupies 22.4 L at STP. What is the volume at 20.00C and

749 mm Hg ?

Initial



Final
V0 = 22.4 L


Vf = ?
t0 =  00C



tf  = 20.00C

T0 = 273 K


Tf = 293 K

P0 = 760.0 mm Hg  

Pf  = 749 mm Hg 

Vf = V0 x Temperature Ratio x Pressure Ratio




T(  V(


P(  V( 




   293 K          760.0 mmHg

Vf
= 22.4 L x (((  x  (((((( = 24.4 L
                           273 K           749 mm Hg






OR

 P0V0    PfVf    

         P0 V0 Tf       (760.0 mmHg) (22.4 L)(293 K)

(( = ((           Vf = (((( = (((((((((((((   

  T0         Tf                       T0 Pf                   (273 K) (749 mm Hg)





Vf = 24.4 L
The Ideal Gas Law

The 3 relationships that have been derived for gases can be combined into a single equation.

1.The Volume of a gas is inversely proportional to its Pressure
                              1

                V = k    (

Boyle’s Law

                              P 



Constant

2.The Volume of a gas is directly proportional to its Absolute Temperature  

V = b T


Charles’ Law



  Constant

3. The Volume of a gas is directly proportional to the number of moles, n



V = a n 


Avogadro’s Law



Constant

                                 T n                              T n

It follows:
V ( ((


V = R ((         

P V = n R T 

                                   P                                 P                          Ideal Gas
                                                                                                               Equation







Molar Gas 

 Constant

                                             (Proportionality Constant)

To determine the value of R (Molar Gas Constant), consider exactly 

1 mol of gas at STP.

P = 1.00 atm


                            P V            (1.00 atm) (22.4 L)

T = 273 K
  P V = n R T

R  =  ((( =  (((((((((
n = 1.00 mol                                               n T             (1.00 mol) (273 K)

V = 22.4 L                             L . atm
R = ?

 R = 0.0821  ((((
                                              K . mol


Sample Problems

1. What is the pressure in a 50.0 L tank that contains 3.03 kg of oxygen

    gas at 230C ?

V = 50.0 L


                       1 mol O2
n = 3,030 g x  ((((  = 94.69 mol O2
 
P V = n R T

                               32.00 g O2


T = 230C + 273 = 296 K    





 n R T

                             L . atm
 





P =  (((


R = 0.0821 (((                                                             V

                            K . mol

P = ?

                                                   L . atm

         (94.69 mol)  0.0821  (((      (296 K)
                                           K . mol
P = (((((((((((((((((( =  46.0 atm.

                                 (50.0 L)

2. What is the density of carbon dioxide gas (in g/L) at STP ?

                 m


For 1 mol of CO2, at STP:


d  =  (



m = 12.01 g + 32.00 g  = 44.01 g 



 V



V = 22.4 L

                 44.01 g


d =   ((( = 1.96 g/L 

         22.4 L

3. What is the density of carbon dioxide gas (in g/L) at 220C and 

     751 mm Hg?

         m


For 1 mol of CO2, at 220C and 751 mm Hg:

d  =  (



m = 12.01 g + 32.00 g  = 44.01 g 


 V



V = ? L
     






                           n R T


 44.01 g


P V = n R T

V = ((((
d =  ((((                                                              P


24.51 L
                                           L . atm
                                       (1.00 mol)  0.0821 (((   (295 K)

          





           K . mol

d = 1.80 g/L
    V =  (((((((((((((((( = 24.51 L
                                                                    1.000 atm
                                             751 mm Hg  (((((
                                                         760.0 mm Hg

4. A sample of a volatile liquid is placed in a 200.0 mL preweighed flask. 

    The flask containing the volatile liquid is submerged in boiling water to

    vaporize all the liquid.

 









The vapor fills the flask











and the excess escapes.











When no more liquid











sample remains (all of it











has vaporized) the flask 








is cooled to room

temperature.

At room temperature, all

the vapor remaining

in the flask condenses.

   








The mass of flask with










the condensed vapor is 










determined.

What is the molecular weight of the volatile liquid ?

EXPERIMENTAL DATA

Mass of condensed vapor in the flask:



   0.970 g
Temperature of boiling water:

990c  +  273 
= 372 K
Volume of flask:




200.0 mL 
= 0.2000 L
Atmospheric (barometric) pressure:
    

                                                                   1.000 atm

                          ? atm =  733 mm Hg x  (((((      =  0.9645 atm
                                                        760.0 mm Hg

Calculations

m = 0.970 g



                                        P V

T = 372 K



P V = n R T

n =  (((
V = 0.2000 L                                                                   R T

P = 0.9645 atm

                                          (0.9645 atm) (0.2000 L)
Molar Mass = ?      n  = ((((((((((( = 6.316 x 10(3 mol 
grams                                   L . atm
?   (((( = 

  0.0821 (((   (372 K)
        mol    (?)                               K . mol

n = ?

   

                                                              0.970 g

Molecular Weight = Molar Mass = (((((((( = 154 g/mol

                                                             6.316 x 10(3 moles

5. The density of a gas at 90.0C and 753 mm Hg is 1.585 g/L.

    What is the Molecular Weight of the gas ?


   1.585 g


                                         P V

   d = ((((  

P V = n R T          n  =  (((
           1.000 L                                                          R T


                implies              

                                                                  1.000 atm      

   m = 1.585 g                     753 mmHg  (((((    x 1.000 L
   V = 1.000 L                                         760.0 mmHg
                                    n = ((((((((((((((((
   P = 753 mm Hg                                  L . atm

   T = 363 K                             0.0821 ((((   x 363 K
            g                                                 K . mol
   ?  (((( 

         mol
            
    n = 0.03325 mol 

   n = ?


                                         1.585 g

Molecular Weight = (((((( = 47.7 g/mol

                                    0.03325 moles

Stoichiometry Problems Involving Gas Volumes

Magnesium reacts with hydrochloric acid to produce magnesium chloride and hydrogen gas. Calculate the volume of hydrogen (in L), produced at 280C and 665 mmHg, from 0.0420 mol magnesium and excess hydrochloric acid.


Mg(s)
+
2 HCl(aq)


MgCl2(aq)
+
H2(g)  

0.0420 mol









    ? moles













       ? L

Part 1: Stoichiometry

                                                     1 mol H2
? moles H2 = 0.0420 mol Mg x  (((( = 0.0420 mol H2
                                                     1 mol Mg

Part 2: Ideal Gas Law

n = 0.0420 mol H2                                                                               n R T

T = 301 K


   p V = n R T        V = ((((
P = 665 mm Hg                                                          P

V = ?                                                                                 

                                                                                   L . atm
                                             (0.0420 mol) x  0.0821 (((   x (301 K)
                                                                                   K . mol




     V = ((((((((((((((((( 

                                                                           1.000 atm
                                                    665 mmHg x (((((( 

                                                                         760.0 mmHg





V = 1.19 L
1
22

