Ch. 10: Gases

10.1: Characteristics of Gases

· Vapor: substances that are in a gas form that can also exist in a solid or liquid form at normal conditions

· Gases have the volume of the container they are in and expand to fill the space

· Gases always form homogeneous mixtures no matter which two are combined

10.2: Pressure

· Pressure: the force that acts over a certain area; P= F/A (F=force(mass*acceleration) A=Area)

· Atmospheric Pressure and the Barometer:

· SI unit for force is a newton (1N=1kg-m/s²)

· SI  unit for pressure is N/m² = pascal (Pa) 

· 1bar = 105 Pa

· Pressure can be measured with a mercury barometer- the height of the mercury in the tube changes depending on the atmospheric pressure

· Standard atmosphere pressure: typical pressure at sea level (760 mm H=101.325 kPa=760 torr=1atm)

· Pressure of Enclosed Gases and Manometers:

· Closed End Manometer: used to measure pressure of enclosed gases below atmospheric pressure; pressure equals the difference in the levels of mercury in the two parts

· Open End Manometer: used to measure pressure near atmospheric pressure; uses levels of mercury to compare the pressure of the enclosed gas to the pressure of the atmosphere

10.3: Gas Laws

· Boyle’s Law: the fixed quantity of a gas at a constant temperature is inversely proportional to the pressure

· P1V1=P2V2
· Ex: There are 18.0 L of carbon dioxide gas held at 3.0 atm pressure. What is the volume of the gas if the pressure is increased to 6.0 atm?

· (18.0L)(3.0atm)=(6.0atm)(V)

           54 = 6.0V       V= 9.0 L of carbon dioxide gas

· Charles’s Law: the volume of a fixed amount of gas maintained at constant pressure is directly proportional to the temperature

· V1/T1=V2/T2
· Ex: There are 5.0 L of oxygen gas at 120. K. What is the temperature of the gas when the volume has increased to 10.0 L?

· (5.0L)/(120K)=(10.0L)/(T)

5.0T = 1200      T= 240 K

· Avogadro’s Law: the volume of a gas at constant temperature and pressure is directly proportional to the number of moles of gas

· V= constant*n 
· Ex: The volume of a gas doubles from 5.0 L to 10.0 L. There are originally 3.0 moles of gas, how many are there after the volume doubles?

· (10.0 L/5.0 L) = (n/3.0 moles)

         2.0 = n/ 3.0                     n = 6.0 moles of gas

10.4: Ideal-Gas Equation

· Ideal Gas: a hypothetical gas whose pressure, volume, and temperature behavior can be predicted from an equation

· PV=nRT

· P= Pressure (atm)      V= Volume (L)       n= moles of gas      R= gas constant (.08206L-atm/mol-K)     T=Temperature (K)

· Ex: Carbon dioxide is collected in a 250mL flask. After decomposition, gas has a pressure of 1.5atm at a temperature of 30ºC. How many moles of CO₂ gas were generated? 

· Known info: P=1.5atm      V=250mL=.250L      T=30ºC=(30+273)K=303K        n=?
· n=(PV)/(RT)          n=(1.5atm X .250L)/(.0821 L-atm/mol-K X 303K)        n= 0.015 mol CO₂
· Standard Temperature Pressure (STP): 0°C and 1atm

· PV/T=PV/T : another form of the ideal gas law equation
10.5: Further Applications of the Ideal-Gas Equation

· Gas Densities and Molar Mass:

· n/V=P/RT           Multiply both sides by the molar mass(M)

· NMV=PM/RT     Density then equals the right side of the equation (d=PM/RT)

· Ex: What is density of ethyne gas at 700. torr and 130.ºC?
· Molar mass = (2)(12.01) + (2)(1.01) =26.04g/mol      Temp is 130ºC=(130+273)K=403K
Pressure is 700. torr = (700. torr)(1 atm/760 torr) = .921atm
· d=(PM)/(RT)= (0.921 atm X 26.04g/mol)/(0.0821 L-atm/mol-K X 403K) = 0.725 g/L
10.6: Gas Mixtures and Partial Pressure

· Partial pressure: pressure exerted by one particular gas in a mixture of gases

· Dalton’s Law of Partial Pressures: Pt = P1+P2+P3+...
· Using the Ideal-Gas Equation: Pt = nt(RT/V) and P1= n1(RT/V)
· Ex: A mixture of gas is made at 0°C in a 15.0 L container. The mixture includes 4.0 mol of oxygen gas and 2.0 mol of carbon dioxide gas. What are the partial pressures of each gas and the total pressure of the mixture?

· PO2 = (4.0 mol)((.0821)(273K)/(15.0L)) = 6.0 atm

· PCO2 = (2.0 mol)((.0821)(273K)/(15.0L)) = 3.0 atm

· Total pressure = 6.0 atm + 3.0 atm = 9.0atm

· Mole fraction (X): a ration that expresses the number of moles of one gas to the total number of moles in the mixture

· Rewriting the previous equation: P1 = Pt(X)
· Collecting Gas Over Water:

· Ptotal = Pgas + Pwater
· Ex: Oxygen gas is produced over water in a .300L container at 299 K. The total pressure is 275 torr and the partial pressure for water at these conditions is 25 torr. What is the pressure of the oxygen gas?
· 275 torr = Poxygen + 25 torr               Poxygen = 740 torr
10.7: Kinetic-Molecular Theory

· Kinetic Molecular Theory:

· Gases are large quantities of molecules that have continuous, random motion

· Volume of the molecules is negligible compared to the container the gas occupies

· Attractive and repulsive forces between gases are negligible

· Energy can be transferred between molecules with collisions, but average kinetic energy doesn’t change 

· Average kinetic energy is proportional to temperature

· Root-mean-square (rms) speed: speed of a molecule at average kinetic energy at each temperature

· ε = ½ mu²

· m = mass of the molecule    u= rms speed    ε = average kinetic energy
· Application to Gas Laws:
· Effect of volume at constant temp: since the temperature is constant, the kinetic energy is constant, so molecules increase volume which avoids collisions
· Effect of temperature increase at constant volume: increase in temperature = an increase in kinetic energy so since there is no change in volume, there will an increase in pressure to increase the number of collisions
10.8: Molecular Effusion and Diffusion

· Effusion: the escape of gas molecules through small holes in evacuated space

· Diffusion: the spread of one substance throughout a second substance

· Graham’s Law of Effusion: 

· r1/r2 = (M1/M2)½     or       u = (3RT/M)½
· Ex: The rate of effusion of an unknown gas is .50 times that of the rate of oxygen gas. What is the molar mass of the unknown gas?

· .50 = ((32.0g/mol)/(M2))½        M2 = 32.0/ 0.25 =  128 g/mol

· Diffusion and Mean Path:

· Diffusion occurs with molecules at high speeds which causes more collisions

· Mean free path: average distance traveled by particles between collisions; carries by pressure

· Small when pressure is large; bigger when pressure is small    
10.9: Real Gases: Deviations from Ideal Behavior

· Deviations from Ideal-Gas Equation:

· High pressure have greater deviation from ideal-gas equation than low pressure

· Low temp. shows deviations from ideal behavior

· As temp. increases, behavior becomes more similar to that of an ideal gas 

· Attractive forces between molecules

· As pressure increases, the behavior deviates more from ideal gases

· Real Gases: have a finite volume and attract one another

· van der Waals Equation:
· Adjusted version of the ideal-gas equation for real gases:

· P = (nRT)/(V- nb) — (n²a)/(V²)      where “a” and “b” are constants that vary for each gas
· (P + ((n²a)/(V²))) = nRT  another version
· Ex: Find the pressure of 1.00 mol of chlorine gas in a 22.00 L container at 273 K.
· P = (1.00 mol)(.0821)(273K)/(22.00- .0562) — (6.49)/(484)

P = 1.02 - .0134 = 1.01 atm
