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1. One of the most widely used herbicides in the world is 2,4-dichlorophenoxyacetic acid (aka 2,4-D). The following data is for the [image: image8.emf]Cl Cl
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decomposition of this compound.
	Trial 
	Initial Rate (M/min) 
	Initial [2,4-D] (M) 

	1 
	7.92 x  10-7
	14.4 x 10-2

	2 
	5.94 x  10-7
	10.8 x 10-2

	3 
	1.98 x  10-7
	3.60 x 10-2 


a) Using the data in the table, derive a rate law and a value for the rate constant (with units) for the decomposition of 2,4-D at 300K.

The concentration in trial 1 has 4x the concentration of trial 3 and the rate is larger by a factor of 4 so it is first order. 

Rate = k[2,4-D]

Taking any of the trials, k = rate/[2,4-D] = (for example k = 1.98 x 10-7/3.60 x 10-2 )  

k = 5.50x10-6 min-1 
b) If the initial concentration of 2,4-D was 3.6x10-2M how many days will it take for half of the compound to decompose at 300K? 
this is a first order reaction and  t1/2 = ln2/k = ln2/5.5x10-6min = 1.26 x 105 min x 1hour/60min= 2.10x103 hours x 1 day/24 hours = 87.5 days 

c) If the activation energy, Ea, of this reaction is 120kJ/mol, calculate the rate constant when the temperature is increased to 100°C. 
ln(k1/k2) = -(Ea/R)(1/T1-1/T2) = -(120x103/8.314)(1/300-1/373) = -(120/8.341)(6.5237x10-4)

ln(k1/k2) = -(120x 103/8.341)(6.5237x10-4)= -9.416
 (k1/k2) = 8.1411x 10-5

k2  = k1/8.1411x 10-5
k2 = 6.76 x 10-2min-1
2. A chemist prepared a sealed tube with 1.4 atm of PCl3 and 0.89 atm of Cl2 at a certain temperature. The pressure dropped as the following reaction occurred.  
PCl5(g) ⇄  PCl3(g) + Cl2(g) 

H = 87kJ/mol
When equilibrium was achieved, the pressure in the tube was 2.18 atm. Calculate Kp. What would be the effect of increasing the temperature on this equilibrium? What would be the effect of increasing the reaction pressure? 

Answer: 

PCl5(g) ⇄  PCl3(g) + Cl2(g) 
	I 
	-
	1.4 
	0.89 

	C 
	+x 
	-x 
	-x 

	E 
	x 
	1.4-x 
	0.89-x 


Ptotal = 2.18 atm = 1.4-x + 0.89-x +x = 2.29-x So, x = 0.110

 K = P(PCl3)P(Cl2)/P(PCl5) = 1.29x(0.78)/(0.11) = Kp= 9.15 

The two remaining questions are answered using LeChatelier's Principle: 

1. The effect of temperature depends on the sign of ΔH. Value is +87 kJ/mol.

 Raising the T will increase the products 

2 As the reaction is written, 1 mole of reactants converts to 2 moles of products. Thus an increasing P should push the reaction to reactants. 

3.  Putrescine [NH2(CH2)4NH2] is a foul smelling, monoprotic base and was originally found in rotting animal tissue. It is now known to be in living cells and to be essential for growth. When 1.764 grams of this compound is dissolved in water to produce 100.0 ml of solution the  pOH was measured to be 2.68. 

Write the equation for the reaction of putrescine in water and calculate the ionization constant (Kb) for this base. 
The equation can be symbolically represented (NH2(CH2)4NH2 = B) by:

B + H2O ⇄
 HB+ +

 OH- 

1.764 x 1mole/88.15g  = 2.001 x 10-2 moles

Dissolved in 0.100L

M = 0.20001M

pOH of 2.68 corresponds to  [OH-] = 10-2.68 =  2.09 × 10-3 we can fill in the equilibrium values for the reaction: 

B + H2O 

⇄
 HB+ +

 OH- 

e
0.20001-2.09x10-3

2.09x10-3
2.09x10-3
Kb =[HB+][OH-]/[B] =  (2.09x10-3)2/1.98x10-1 = 2.21 x 10-5
4.  A chemist prepared a sealed tube with 2.3 bar of COCl2 and heated it to 500K. The following reaction occurs:  
COCl2(g) ⇄ CO(g) + Cl2(g) 

Kp = 0.0444

What will be the total pressure when the system is at equilibrium? 

Answer: 

COCl2(g) ⇄ CO(g) + Cl2(g) 

Kp = 0.0444

I
2.3

-
-

C
-x

x
x


E
2.3-x

x
x

X2/(2.33-x) = 0.0444
Assumption x = (0.0444x2.3)1/2 = 0.3196 not good

Quadratic

X2 = 0.102 – 0.0444x

X2 + 0.0444x - 0.102  = 0

0.298 and -0.342

X = 0.298

Equilibrium P are 2.3-0.298 = 2.002, 0.298 and 0.298 sum = 2.598 bar = 2.6 bar
5. Short answers:

(a) Identify each  element below:

	 [Ne] 3s23p4
	S

	[Ar] 4s23d1
	Sc


(b) Using the rules of electron configurations, answer the following. 

	Number of unpaired electrons on an atom of Si
	2

	Number of 4d electrons in an atom of In
	10


(c) Consider the reaction

5Br-(aq) + BrO3-(aq) + 6H+(aq) → 3Br2 (aq) + 3H2O(l)

The average rate of consumption of Br- is 2.00×10−4M/s over the first two minutes. What is the average rate of formation of Br2 during the same time interval? Express your answer numerically in molar per second to three significant figures. 
rate =

3/5 x 2.00x10-4 =1.20x10-4 

What is the average rate of consumption of H+ during the same time interval?

Express your answer numerically in molar per second.

rate =
     6/5 x 2.00x10-4 =2.40x10-4

(d) Consider the following mechanism for the reaction 2B2 → B3 + B

X + B2 → XB + B

XB + B2 → B3 + X
An intermediate in this reaction is

XB

A catalyst in this reaction is 
X

(e) For the reaction 

A → products

When the concentraton of A is increased by 1.7, the rate of reaction increased by 2.89. 

What is the order of the reaction in A?

order =

2

(f) Write the reaction quotient, Q, for the following reaction:
1/2 P4(s) + 5 Cl2(g) ⇄  2PCl5(g)
 Q =

P(PCl5)2/ P(Cl2)5

(g) What is the expression for Kb of NO2-?






Kb =
[OH-][HNO2]/[NO2-]

(h) For the following reaction, 

4NH3(g) + 3O2(g) ⇄ 2N2(g) + 6H2O(g)  H = - 1176 kJ

Will the amount of product increase, decrease, or remain the same if the volume is decreased while all other factors remain constant?






Answer: 




V decrease corresponds to P increase and reaction favors side with least moles of gas. Reactants favored so Decrease product

	Work = mass x acceleration x height
Gas Law
PV  =  nRT

PTotal  =  P1 + P2 + P3 + . . . 
d = m /V = P(MW) / RT

KE  = (1/2)mvav2
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Acid/Base

pOH = -log [OH-] 

pH = -log[H + ]
pH + pOH = 14 
Ka x Kb = Kw
pH = pKa +log [A]/[HA]
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Kinetics

ln[B]t = -kt + ln[B]o
[B]t = -kt + [B]o
1/[B]t = kt + 1/[B]o
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ln(k2/k1) = -(Ea/R)(1/T2-1/T1)

k = ln2/t1/2

	Thermodynamics

U = q + w
wsystem  =  PV
H  =  U + PV 
qP  =  U + PV

Cp = Cv + R 
Hrxn°=npHf(products) 

               nrHf(reactants)

S°=npS(products) 

               nrS(reactants)

Grxn°=npG(products) 

               nrG(reactants)

qrev = -wmax = nRT ln (V2/V1)

S = qrev / T
ST1-T2 = nCp ln(T2/T1)

S T1-T2 = nCv ln(T2/T1)
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Go  =  Ho  -  TSo

G = Go + RT ln(Q)
Go = - RT ln(K)
ln(K2/K1) =  -Ho/R (1/T2 - 1/T1)

Electrochemistry

G = -nFEcell

Ecell = Eocell – (RT/nF)logQ 
Ecell = Eocell – (0.0592/n)logQ
General
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f.c. = valence-1/2 bonding pairs-lone pairs




Data For Water

Density  = 1.00 g/mL (25°C)


C = 2.13 J g- K- (solid)
C = 4.18 J g- K- (liquid)
H°fus = 6.02 kJ mol-
Cp = 2.01 J g- K- (gas)
H°vap = 40.7 kJ mol-
Constants

Avogadro’s Number
N
6.022x1023
mol-1

Boltzmann’s constant
k
1.30866x10-23
J·K-1

Faraday’s constant
F
96,485
C·mol-1

Gas constant
R
8.314
J·K-1·mol-1


R
8.314
kPa·L/(mol·K)



R
0.08206
atm·L·K-1·mol-1


R
0.083145
bar·L·K-1·mol-1

Planck’s constant
h
6.62608x10-34
J·s


Speed of Light
c
2.99792458x108
m·s-1
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