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Chemistry 1000 A, V    Midterm Test #2     November 14, 2003


Calculators allowed. Make sure this test has 5 pages. 


Part A. Answer each question with a few sentences or equations where necessary. (5 Marks each)





1.	What atom is being oxidized and which is being reduced in the following reaction?


IO3((aq) + 5 I ((aq) + 6 H+(aq) ( 3 I2(s) + 3 H2O(l)





	I in IO3- is being reduced 


	I- is being oxidized





Precisely define each symbol in the term DHof





	D means change


	H means enthalpy


	o means standard state


	f means formation�


	The term means the standard enthalpy of formation.





3.	Define “state function” and give three examples of one.





	Is a function whose value does not depend on the path taken or on the rate.


	e.g. D H, DS and DG.





4.	Consider the reaction 2 C6H14(l) +  19 O2(g) (  12 CO2(g) + 14 H2O(g).


	(a) Is the reaction endothermic or exothermic?


	Exothermic





	(b) Is DSo for the reaction positive or negative?


	Positive 





	(c) Is this a spontaneous reaction? How can you tell?


	Spontaneous because the free energy will always be less than zero, since DH<0 and DS>0 





5.	A reaction has a value of DGo very close to zero. At equilibrium, will there be mostly reactants, mostly products, or about the same quantities of each? What equation tells you so?


	


	There will be about the same quantities of reactants and products.





	Keq = exp [-DGo/RT]





6.	For the reaction SiCl4(g) + 2 H2(g) ( Si(s) + 4 HCl(g), which direction will the equilibrium shift if we:


	(a) Add some H2(g)?





	Reaction shifts right to use up the H2(g)





	(b) Add some Si(s)?


	


	Reaction will not shift since Si is a solid and does not enter into the equilibrium expression.





Part B. 	Answer two questions. If you answer all three, the best two marks will be used to calculate your   overall mark. (20 marks each)





B1.	Balance the following REDOX reaction in basic solution: P(s) + PO4-3(aq) ( HPO3-2(aq)





Oxidation:


P(s) ( HPO3-2(aq)


P(s) + 3 H2O(l) ( HPO3-2(aq)


P(s) + 3 H2O(l) ( HPO3-2(aq) + 5 H+(aq)


P(s) + 3 H2O(l) ( HPO3-2(aq) + 5 H+(aq) + 3 e-





Reduction:


PO4-3(aq) ( HPO3-2(aq)


PO4-3(aq) ( HPO3-2(aq) + H2O(l)


PO4-3(aq) + 3 H+(aq) ( HPO3-2(aq) + H2O(l)


PO4-3(aq) + 3 H+(aq) + 2 e- ( HPO3-2(aq) + H2O(l)





2 x the oxidation reaction plus 3 times the reduction reaction:�


2 P(s) + 6 H2O(l) ( 2 HPO3-2(aq) + 10 H+(aq) + 6 e-


3 PO4-3(aq) + 9 H+(aq) + 6 e- ( 3 HPO3-2(aq) + 3 H2O(l)


______________________________________________


2 P(s) + 3 PO4-3(aq) + 3 H2O(l) ( 5 HPO3-2(aq) + H+(aq)





To convert to basic solution, add an OH-(aq) to each side:





2 P(s) + 3 PO4-3(aq) + 3 H2O(l) + OH-(aq)  ( 5 HPO3-2(aq) + H+(aq) + OH-(aq)





Make water on the right, cancel with water on the left:





2 P(s) + 3 PO4-3(aq) + 2 H2O(l) + OH-(aq)  ( 5 HPO3-2(aq)





Check:





�
Left�
Right�
�
P�
5�
5�
�
O�
15�
15�
�
H�
5�
5�
�
charge�
-10�
-10�
�












�
B2.	The equilibrium constant for the reaction N2(g) + O2(g) ( 2 NO(g) is 1.7 x 10-3 at 2300 K. If N2(g) and O2(g) are placed in a chamber at 2300 K, and their initial concentrations are both 1.40 M, find the equilibrium concentrations of N2(g), O2(g) and NO(g).








�
N2(g), M�
O2(g), M�
NO(g), M�
�
initial (M)�
1.40�
1.40�
0�
�
change (M)       �
­x�
­x�
+2x�
�
equil (M)        �
1.40 ­ x�
1.40­x�
2x�
�



Kc = 1.7 x 10­3 = �EMBED Equation.DSMT4���





Take the square root of both sides and solve for x.


�EMBED Equation.DSMT4���;      4.1 x 10­2 =�EMBED Equation.DSMT4���;      x = 2.8 x 10­2





At equilibrium, [NO] = 2x = 2(2.8 x 10­2) = 0.056 M





[N2] = [O2] = 1.40 ­ x = 1.40 ­ (2.8 x 10­2) = 1.37 M








	�
�
B3.	Given the reaction PCl5(g) ( PCl3(g) + Cl2(g) and the thermodynamic data:





�
ΔHfo (kJ/mol)�
So (J K-1 mol-1)�
�
PCl5(g)�
( 374.9�
364.5�
�
PCl3(g)�
( 287.0�
311.7�
�
Cl2(g)�
0.0�
205.0�
�
	


Calculate the value of ΔHo for the reaction (in kJ mol-1).


Calculate the value of ΔSo for the reaction (in J K-1 mol-1)


Calculate the value of ΔGo for the reaction (in kJ mol-1) at 298 K. R = 8.314 J K-1 mol-1.


Calculate the equilibrium constant at 300(C.


If a mixture of these gases at equilibrium at 300(C has [PCl5(g)] = [PCl3(g)] = 1.0 M, calculate [Cl2(g)].





(a) ΔHo = ΔHof(PCl3(g)) + ΔHof(Cl2(g)) - ΔHof(PCl5(g))


	= -287.0 + (0.0) – (-374.9)


	= 87.9 kJ mol-1





(b) ΔSo = Sof(PCl3(g)) + Sof(Cl2(g)) - Sof(PCl5(g))


	= 311.7 + 205.0 – 364.5


	= 152.2 J K-1 mol-1





(c) ΔGo = ΔHo - TΔSo


	= 87900 J mol-1 – 298 K (152.2 J K-1 mol-1)


	= 42,544 J mol-1


	= 42.5 kJ mol-1


(d)


 �EMBED Equation.DSMT4���





(Note that Keq has the units of M in this case)





(e) 


�EMBED Equation.DSMT4���





�
PERIODIC TABLE





IA													                   VIIIA


(1)														    (18)


1


H


1.008�
IIA


(2)�
�
�
�
�
�
�
�
�
�
�
IIIA


(13)�
IVA


(14)�
VA


(15)�
VIA


(16)�
VIIA


(17)�
2


He


4.003�
�
3


Li


6.941�
4


Be


9.012�
�
�
�
�
�
�
�
�
�
�
5


B


10.81�
6


C


12.01�
7


N


14.01�
8


O


16.00�
9


F


19.00�
10


Ne


20.18�
�
���11


Na


22.99�
12


Mg


24.31�
IIIB


(3)�
IVB


(4)�
VB


(5)�
VIB


(6)�
VIIB


(7)�
            VIIIB


(8)          (9)       (10)�
IB


(11)�
1IB


(12)�
13


Al


26.98�
14


Si


28.09�
15


P


30.97�
16


S


32.06�
17


Cl


35.45�
18


Ar


39.95�
�
19


K


39.10�
20


Ca


40.08�
21


Sc


44.96�
22


Ti


47.90�
23


V


50.94�
24


Cr


52.00�
25


Mn


54.94�
26


Fe


55.85�
27


Co


58.93�
28


Ni


58.70�
29


Cu


63.55�
30


Zn


65.39�
31


Ga


69.72�
32


Ge


72.61�
33


As


74.92�
34


Se


78.96�
35


Br


79.90�
36


Kr


83.80�
�
37


Rb


85.47�
38


Sr


87.62�
39


Y


88.91�
40


Zr


91.22�
41


Nb


92.91�
42


Mo


95.94�
43


Tc


98�
44


Ru


101.1�
45


Rh


102.9�
46


Pd


106.4�
47


Ag


107.9�
48


Cd


112.4�
49


In


114.8�
50


Sn


118.7�
51


Sb


121.8�
52


Te


127.6�
53


I


126.9�
54


Xe


131.3�
�
55


Cs


132.9�
56


Ba


137.3.�
57


La


138.9�
72.


Hf


178.5�
73


Ta


180.9�
74


W


183.9�
75


Re


186.2�
76


Os


190.2�
77


Ir


192.2�
78


Pt


195.1�
79


Au


197.0�
80


Hg


200.6�
81


Tl


204.4�
82


Pb


207.2�
83


Bi


209.0�
84


Po


(209)�
85


At


(210)�
86


Rn


(222)�
�
87


Fr


(223)�
88


Ra


(226)�
89


Ac


(227)�
104


Rf


(261)�
105


Db


(262)�
106


Sg


(266)�
107


Bh


(264)�
108


Hs


(269)�
109


Mt


(268)�
110


Ds


(269)�
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58


Ce


140.1�
59


Pr


140.9�
60


Nd


144.2�
61


Pm


(145)�
62


Sm


150.4�
63


Eu


152.0�
64


Gd


157.3�
65


Tb


158.9�
66


Dy


162.5�
67


Ho


164.9�
68


Er


167.3�
69


Tm


168.9�
70


Yb


173.0�
71


Lu


175.0�
�
�
�
�
�
90


Th


232.0�
91


Pa


(231)�
92


U


238.0�
93


Np


(237)�
94


Pu


(244)�
95


Am


(243)�
96


Cm


(247)�
97


Bk


(247)�
98


Cf


(251)�
99


Es


(252)�
100


Fm


(257)�
101


Md


(258)�
102


No


(259)�
103


Lr


(260)�
�
�
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