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Which of the comments given here accurately apply to the concentration versus time
 graph for the H2O + CO reaction?	



The changes in concentrations with time for the reaction H2O(g) + CO(g)  H2(g) + CO2(g) are
 graphed below when equimolar quantities of H2O(g) and CO(g) are mixed.	



A. 	

The point where the two curves cross shows the concentrations of reactants
 and products at equilibrium.	



B. 	

The slopes of tangent lines to each curve at a specific time prior to reaching
 equilibrium are equal, but opposite, because the stoichiometry between the
 products and reactants is all 1:1. 	



C. 	

Equilibrium is reached when the H2O and CO curves (green) gets to the same
 level as the CO2 and H2 curves (red) begin.	



D. 	

The slopes of tangent lines to both curves at a particular time indicate that the
 reaction is fast and reaches equilibrium.	



No matter what the starting composition
 of reactants and products, the same ratio
 of concentrations is realized when
 equilibrium is reached at a certain
 temperature and pressure.	





The figure shown here represents the concentration versus time relationship for the
 synthesis of ammonia (NH3).  Which of the following correctly interprets an observation of
 the system?	



This is a concentration profile for the reaction N2(g) + 3H2(g)   2NH3(g) when only
 N2(g) and H2(g) are mixed initially.	



A. 	

At equilibrium, the concentration of NH3 remains constant even though some is
 also forming N2 and H2, because some N2 and H2 continues to form NH3.	



B 	

The NH3 curve (red) crosses the N2 curve (blue) before reaching equilibrium
 because it is formed at a slower rate than N2 rate of use.	



C. 	

All slopes of tangent lines become equal at equilibrium because the reaction
 began with no product (NH3).	



D. 	

If the initial N2 and H2 concentrations were doubled from what is shown here, the
 final positions of those curves would be twice as high, but the NH3 curve would
 be the same.	



One of the environmentally important reactions involved in acid
 rain production has the following equilibrium expression. 
 From the expression, what would be the balanced chemical
 reaction?	


Note:  all components are in the gas phase.	



K = [SO3]/([SO2][O2]1/2)	



A. SO3(g)   SO2(g) + 2O2(g)	


B. SO3(g)   SO2(g) + 1/2O2(g)	


C. SO2(g) + 2O2(g)   SO3(g)	


D. SO2(g) + 1/2O2(g)   SO3(g)	





Starting with the initial concentrations of:	



[NH3] = 2.00 M; [N2] = 2.00 M; [H2] = 2.00 M,	



what would you calculate as the equilibrium ratio once the
 equilibrium position is reached for the ammonia synthesis
 reaction?	



N2 + 3H2  2NH3	



A. 1.00	


B. 0.250	


C. 4.00	


D. This cannot be done from the information provided.	





One of the primary components in the aroma of rotten eggs is
 H2S.  At a certain temperature, it will decompose via the
 following reaction. 	



2H2S(g)  2H2(g) + S2(g)	



If an equilibrium mixture of the gases contained the following
 pressures of the components, what would be the value of Kp? 	



PH2S = 1.19 atm; PH2 = 0.25 atm;  PS2 = 0.25 atm	



A. 0.011 	


B. 91	


C. 0.052	


D. 0.013	





The liquid metal mercury can be obtained from its ore cinnabar
 via the following reaction:	



HgS(s) + O2(g)  Hg(l) + SO2(g)	



Which of the following shows the proper expression for Kc?	



A. Kc = [Hg][SO2]/[HgS][O2]	


B. Kc  = [SO2]/[O2]	


C. Kc  = [Hg][SO2]/[O2]	


D. Kc  = [O2]/[SO2]	



At a certain temperature, FeO can react with CO to form Fe
 and CO2.  If the Kp value at that temperature was 0.242, what
 would you calculate as the pressure of CO2 at equilibrium if a
 sample of FeO was initially in a container with CO at a
 pressure of 0.95 atm?	



FeO(s) + CO(g)  Fe(s) + CO2(g)	



A. 0.24 atm	


B. 0.48 atm	


C. 0.19 atm	


D. 0.95 atm	





5.00 ml of ethyl alcohol, 5.00 ml of acetic acid and 5.00 ml of 3M
 hydrochloric acid  were mixed in a vial and allowed to come to
 equilibrium. The equilibrium mixture was titrated and found to
 contain 0.04980 mol of acetic acid at equilibrium. What is the value
 of Kc ?	



1) Calculate the initial molar concentrations (moles are OK in this case). 	


2) Use the equilibrium concentration of acetic acid to determine the changes and
 the equilibrium concentrations of the others.	


3) Place the equilibrium values into the equilibrium expression to find it’s value.	



CH3COOC2H5(aq) + H2O(aq)        CH3COOH(aq) + C2H5OH (aq)	



CH3COOC2H5(aq) + H2O(aq)             CH3COOH(aq) + C2H5OH (aq)	



Initial (mol)	


Change 	

 	

	


Equilibrium	



0                 0.261                0.0873 	

     0.0856	



0.0498	


0.0873 - 0.0498 = 0.0375	



+0.0375        +0.0375             -0.0375          -0.0375	


0.0375        0.2985                                       0.0481    	





CH3COOC2H5(aq) + H2O(aq)             CH3COOH(aq) + C2H5OH (aq)	



[CH3COOH(aq)] [C2H5OH (aq) ]	


_____________________________________	



[CH3COOC2H5(aq)] [H2O(aq) ]	



CH3COOH(aq) + C2H5OH (aq)            CH3COOC2H5(aq) + H2O(aq)	



[CH3COOH(aq)] [C2H5OH (aq) ]	


_____________________________________	



[CH3COOC2H5(aq)] [H2O(aq) ]	



4.00 mol HI was placed in a 5.00 L vessel at 458°C, the equilibrium	


 mixture was found to contain 0.442 mol I2. What is the value of Kc ?	


Calculate the molar concentrations, and put them into	


the equilibrium expression to find it’s value.	



2 HI(g)                H2 (g) + I2 (g)	



Initial conc. of HI =	

 4.00 mol	


  5.00 L	



Equilibrium conc. of I2 =	


0.442 mol	


   5.00 L	



Conc. (M)             2HI(g)                   H2 (g)              I2 (g)	



Initial                     0.800                    0                   0	


Change                      - 2x                      x                   x	


Equilibrium           0.800 - 2x                x                   x = 0.0884	



= 0.800 M	



[HI] = M = (0.800 - 2 x 0.0884) M = 0.623 M	



[H2] = x = 0.0884 M = [I2]	



Kc =                      =                                            =  0.0201	


[H2] [I2]	



[HI]2	



( 0.0884)(0.0884)	


(0.623)2	



What does the value 0.0201 mean? Does the decomposition proceed 	


very far under these temperature conditions? 	


Note: The initial concentrations, and one at equilibrium were provided. The
 others that were needed to calculate the equilibrium constant were deduced
 algebraically.	



2 HI(g)                H2 (g) + I2 (g)	





http://chemconnections.org/general/chem120/UsinganEquilibriumTableII.swf	



The weak acid HC2H3O2, acetic acid, is a key component in
 vinegar.  As an acid the aqueous dissociation equilibrium could
 be represented as	



HC2H3O2(aq)   H+(aq) + C2H3O2 
–(aq).	



At room temperature the Kc value, at approximately 1.8 × 10–5,
 is not large. What would be the equilibrium concentration of 
H+ starting from 1.0 M acetic acid solution?	



A. 1.8 × 10–5 M	


B. 4.2 × 10–3 M	


C. 9.0 × 10–5 M	


D. More information is needed to complete this calculation.	



The reaction to form HF from hydrogen and fluorine has an equilibrium 	


constant of 115 at temperature T. If 3.000 mol of each component	


 is added to a 1.500 L flask, calculate the equilibrium concentrations of 	


each species.	



H2 (g) + F2 (g)                2 HF(g)	



Solution:	



Kc =                  =  115	

[HF]2	



[H2] [F2]	



[H2] =                 = 2.000 M	

3.000 mol	



3.000 mol	



3.000 mol	



[F2] =                 = 2.000 M	



[HF] =                    = 2.000 M	


1.500 L	



1.500 L	



1.500 L	



Concentration (M)         H2             F2              HF	


__________________________________________	


Initial                          2.000         2.000         2.000	


Change                         -x                -x              +2x	


Final                          2.000-x    2.000-x    2.000+2x	



(2.000 - x)	



Kc =                  =  115  =                                         =	

[HF]2	



[H2][F2]	


(2.000 + 2x)2	



(2.000 - x)	

(2.000 - x)	


(2.000 + 2x)2	



(2.000 - x)2	



Taking the square root of each side:	



(115)1/2 =                      =10.7238	

(2.000 + 2x)	

 x = 1.528	



[H2] = 2.000 - 1.528 = 0.472 M	


[F2] = 2.000 - 1.528 =  0.472 M	



[HF] = 2.000 + 2(1.528) = 5.056 M	



Kc =                  = 	

[HF]2	



[H2][F2]	


(5.056 M)2	



(0.472 M)(0.472 M)	



Kc = 115	

check:	



H2 (g) + F2 (g)  2 HF(g ) 	





The gas phase reaction of 2 moles of CO and 1 mole of H2O in a 1L vessel:	


Concentration (M)         CO(g)    +     H2O(g)             CO2(g)    +     H2(g)	



Initial                           2.00               1.00                   0                 0	


Change                         -x                   -x                    +x               +x	


Equilibrium                2.00-x            1.00-x                 x                 x	



Kc =                     =                               =                                   = 1.56	


[CO2][H2]	


[CO][H2O]	



(x) (x)	


(2.00-x)(1.00-x)	



x2	



x2 - 3.00x + 2.00	


We rearrange the equation:       0.56 x2 - 4.68 x + 3.12 = 0	


                                                      ax2  +  bx  +  c  =  0	



quadratic equation:	


x =	

 - b +     b2 - 4ac	



          2a	



x =                                                           = 7.6 M	


                                                           and 0.73 M	



4.68 +      (-4.68)2 - 4(0.56)(3.12)	


2(0.56)	



 [CO] = 1.27 M	


[H2O] = 0.27 M	


[CO2] = 0.73 M	


   [H2] = 0.73 M	



Q = K only at equilibrium	





Two components of natural gas can react according to the 	


following chemical equation:	



CH4(g) + 2 H2S(g)                       CS2(g) + H2(g)	



1.00 mol CH4, 1.00 mol CS2, 2.00 mol H2S, and 2.00 mol H2 are mixed
 in a 250 mL vessel at 960°C. At this temperature, Kc = 0.036. 	


(a) In which direction will the reaction go?	


(b) If [CH4] = 5.56 M at equilibrium, what are the concentrations of
 the other substances?	


Calculate Qc and compare it with Kc. Based upon (a), we determine the
 sign of each component for the reaction table and then use the given
 [CH4] at equilibrium to determine the others.	


Solution:	



[CH4] =                  =  4.00 M	

1.00 mol 	


 0.250 L	



[H2S] = 8.00 M,  [CS2] = 4.00 M	


and [H2 ] = 8.00 M	



Qc =                           =                              = 64.0	


[CS2] [H2]4	



[CH4] [H2S]2	


4.00 x (8.00)4	



4.00 x (8.00)2	



Compare Qc and Kc: Qc > Kc (64.0 > 0.036, so the reaction goes to the
 left. Therefore, reactants increase and products decrease their
 concentrations.	


(b) Set up the reaction table, with x = [CS2] that reacts, which equals
 the [CH4] that forms.	



Solving for x at equilibrium:    [CH4] = 5.56 M = 4.00 M + x	


x = 1.56 M	



Concentration (M)      CH4 (g)   +   2 H2S(g)              CS2(g)   +   4 H2(g)	



Initial                          4.00              8.00                  4.00           8.00	


Change                        +x                 +2x                    -x               -4x	


Equilibrium             4.00 + x       8.00 + 2x          4.00 - x      8.00 - 4x	



x = 1.56 M = [CH4]	



Therefore:	



[H2S] = 8.00 M + 2x = 8.00 M + 2(1.56 M) = 11.12 M	



[CS2] = 4.00 M - x = 4.00 M - 1.56 M =  2.44 M	



[H2] = 8.00 M - 4x = 8.00 M - 4(1.56 M) = 1.76 M	



[CH4] = 1.56 M	







The following table shows the relation between the value of K
 and temperature of the system:	



At 25°C; K = 45; at 50°C; K = 145; at 110°C; K = 467	



(a) Would this data indicate that the reaction was endothermic
 or exothermic?  (b) Would heating the system at equilibrium
 cause more or less product to form?	



A. Exothermic; less product	


B. Exothermic; more product	


C. Endothermic; less product	


D. Endothermic; more product	





The balanced equation shown here has a Kp value of 0.011. 
 What would be the value for Kc ?(at approximately 1,100°C)	



2H2S(g)  2H2(g) + S2(g)	



A. 0.000098	


B. 0.011	


C. 0.99	


D. 1.2	






