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Chemistry Formulas and Constants

Kinetic energy = ½ mv2
w = -P(V

Ptotal = P1+P2+P3+…

u = (3RT/MW)½
(G = (H - T(S

PV = nRT

Rate ( (MW)-½
P1=X1*Ptotal  

C = q/(T 

Ptotal = P1 + P2 + P3 + …

M = mol/L 

K = oC + 273.16

m = mol/kg solvent

Xi = moli/ moltotal
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1 kcal = 4.184 kJ 

NA = 6.02 x 1023 /mol 

R = 0.0821 L atm/mol K = 62.4 L torr/mol K = 8.31 kJ/mol K

Standard Temperature and Pressure = 0oC and 1 atm

760 torr = 760 mm Hg = 1.00 atm = 101 kPa = 14.6 psi = 30 in Hg
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Specific heat water = 4.184 J/mol K

Hvaporization (H2O) = 2260 J/g

Part I -- Multiple choice questions  (22 points) 
______1. For most chemical reactions 

a. E is much larger than H. 

b. H is equal to E. 

c. the difference between H and E is very small. 

d. H is much larger than E. 

______2. Which of the following can be interpreted as a measure of randomness? 

	a. entropy
	b. free energy 
	c. enthalpy 
	d. temperature 


______3. Determine the sign of S o for each of the following processes:

I.
   The mixing of two gases at a given temperature and pressure

II.  C(s) + 2 H2O(g) ( CO2(g) + 2 H2(g) 

a. S o is negative for I and positive for II. 

b. S o is positive for I and negative for II. 

c. S o is positive for I and positive for II. 

d. S o is negative for I and negative for II. 

______4. Which of the following is not true? 

a. The reverse of a nonspontaneous process is always spontaneous. 

b. A spontaneous process is one that can proceed on its own. 

c. A spontaneous process need not occur immediately. 

d. A spontaneous process must be exothermic and must have an increase in entropy. 

e. For the conversion of ice to water at 0oC and 1 atm, 

f. G is zero, H is positive, and S is negative. 

g. G is zero, H is positive, and S is positive. 

h. G is positive, H is negative, and S is positive. 

i. G is negative, H is negative, and S is positive. 

______5. For the process of freezing liquid methanol CH3OH at a given temperature and pressure,  

a. H is positive and S is positive. 

b. H is negative and S is negative. 

c. H is negative and S is positive. 

d. H is positive and S is negative. 

______6. In an open end manometer, one end of a U-tube filled with mercury is attached to a gas-filled container and the other end is open to the atmosphere. If the gas pressure in the container is less than atmospheric pressure 

a. the difference between the Hg levels in the two arms will be greater than 76 cm. 

b. Hg will be forced out of the open end of the U-tube. 

c. the Hg level will be higher in the arm connected to the container. 

d. the Hg level will be higher in the arm open to the atmosphere. 

______7. Some assumptions from the kinetic molecular theory are listed below. Which one is most frequently cited to explain diffusion of a gas? 

a. The volume of the particles is negligible compared to the volume of the gas. 

b. A gas consist of tiny particles moving in random straight line motion. 

c. The average kinetic energy of gas particles is proportional to the Kelvin temperature. 

d. Collisions of gas particles are elastic and total kinetic energy of the gas is constant. 

______8. Which of the following gases has the lowest average speed at 25oC? 

	a. NH3
	b. CH4

	c. O2
	d. H2S


______9. A process by which gas molecules escape through a tiny hole in a membrane into a vacuum without collisions is called 

	a. diffusion
	b. sublimation

	c. Boyle's law
	d. effusion


______10. Three identical flasks contain three different gases at standard temperature and pressure. Flask A contains C4H10, flask B contains SO2, and flask C contains He[image: image3.wmf]. Which flask contains the largest number of molecules?  

a. flask A 

b. flask B 

c. flask C 

d. All contain same number of molecules. 

Part II  --  Problems  (78 points)
1. (8 points) A Styrofoam cup is filled with 85.0g of water at 35.0°C. How many grams of ice at 0oC are required to bring the water in the cup to 20.0°C? Hfus for water is 6.01 kJ/mol, and the specific heat of water is 4.184 J/g°C.

2. (8 points) Calculate Hrxn for,

2 NOCl(g)  N2(g) + O2(g) + Cl2(g)

given the following set of reactions:

½ N2(g) + ½ O2(g)  NO(g)
H = 90.3 kJ

NO(g) + ½ Cl2(g)  NOCl(g)
H = –38.6 kJ

3. (8 points) Yuki needs to determine the heat capacity of a calorimeter so she uses a reaction with a known H, 

NaOH(aq) + HCl(aq)  NaCl(aq) + H2O(l)             H = –57.32 kJ. 

Yuki mixes 50.0 mL of 2.00 M HCl with 50.0 mL of 2.00 M NaOH, and gathers the data below: What is the heat capacity of this calorimeter in J/°C? Remember, the H of the reaction above is for the reaction of 1 mole of NaOH with 1 mole of HCl.

	Initial temperature of both solutions
	16.9°C

	Maximum temperature recorded
	30.4°C

	Density of resulting solution
	1.04 g/mL

	Specific heat of NaCl solution
	3.93 J/g°C


4. (8 points) The standard enthalpy of combustion of liquid n-heptane (C7H16) is –4816.0 kJ/mol.  The products of this combustion are liquid water and carbon dioxide gas. Calculate the standard enthalpy of formation of liquid n-heptane.

5. (6 points) With its components in their standard states, a certain reaction is spontaneous only at high temperature. What can you conclude about the signs of H° and S° for the reaction. Give an example of such a process.

6. (6 points) NO reacts with O3 to from NO2 and O2. 1 mole of NO is placed in the flask shown below with 1 mole of O3. Assuming that the disk shown on the top of the container is free to move with the expansion and contraction of the gas in the flask, and the temperature of the flask remains constant, what will happen to this disk as the reaction proceeds? Be sure to explain your answer.

[image: image4.wmf]
7. (8 points) 25.0 g of calcium bicarbonate is placed into an evacuated 5.0 L flask. The calcium carbonate is heated to 200°C and decomposed into water, calcium carbonate, and carbon dioxide. Assuming the reaction goes to completion, what is the total pressure of the gas inside the flask at 200°C?

8. (8 points) A sample of dry ice (solid CO2) is placed into a sealed 5.0 L flask and allowed to undergo sublimation. Upon completion the pressure in the flask is measured to be 850.0 torr and the temperature is 18.5°C. How many grams of dry ice were placed in the flask?

9. (6 points) Discuss differences between real and ideal gases; what are the fundamental assumptions of the behavior of ideal gases? Under what conditions do we usually see departures from ideality? How are these departures accounted for with respect to the behavior of real gases?

10. (6 points) Valerie, after landing a job as a chemical engineer for ACME Power Company (slogan: Honest, there really is a power shortage!), is asked to determine which, octane or toluene, would be a better fuel to burn in their boilers.  Assuming that octane and toluene cost the same, and are equally easy to handle, which would be the better fuel to be burned in oxygen to make steam to turn their generators?   Use the table given at the end of this exam.  Be sure to explain your answer in words as well as mathematical expressions.

11. (6 points) If at a temperature T, the average speed of a CO2 molecule is 4.2 x 104 ms(1, what would be the average speed of a methane (CH4) molecule at the same temperature?
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