USING “ICE” CHARTS 

Example 1:

For the reaction:  2 CH4(g) <=>  C2H2(g)  +  2 H2(g) 

At 1700oC, a reaction mixture initially contains [CH4] = 0.115M. 

At equilibrium, the mixture contains [C2H2] = 0.035M. 

What is the value of the equilibrium constant? 

	
	2CH4(g)   
	(
	C2H2(g)         
	   +             2H2(g)

	I
	0.115M
	
	0
	
	0

	C
	–2x
	
	+x
	
	+2x

	E
	0.115 – 2x
	
	 x 
	
	2x  







 x = 0.035M
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Kc =[C2H2 ][H2 ]2



[CH4 ]2 = x(2x)2



(0.115 - 2x)2



Kc = (0.035M)(2*0.035M)2



(0.115 - 2*0.035M)2 =0.085M
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Example 2:
At 715K, the equilibrium constant for the reaction 

H2(g) + I2(g) ( 2HI(g) is 55.0. If 2.00mol H2 and 2.00mol I2 are allowed to react in a 20.0L vessel, what are the equilibrium concentrations of all species? 

The initial concentrations of H2 and I2 are: 
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[H2]0 =[I2]0 =
2.00mol
20.0L = 0.100M
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]
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[I
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0
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2.00mol

20.0L

=

0.100M


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

	I
	0.100
	
	0.100
	
	0

	C
	–x
	
	–x
	
	+2x

	E
	0.100 – x
	
	0.100 – x
	
	2x  
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Kc = 55.0 =
HI⎡ 



⎣ 
⎢ 
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⎦ 
⎥ 
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H2
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⎢ 
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⎦ 
⎥ I2
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⎣ 
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⎤ 



⎦ 
⎥ 
= (2x)2



(0.100 – x)(0.100 – x)



55.0 = (2x)2



(0.100 – x)2
         Perfect square



55.0 = (2x)2



(0.100 – x)2



±7.42 = 2x
0.100– x        Solve for each root.



+7.42(0.100 – x)= 2x                  – 7.42(0.100 – x)= 2x
0.742 –  7.42x = 2x                     – 0.742 +  7.42x = 2x
0.742 = 9.42x                               – 0.742 = –5.42x
x = 0.742



9.55 = 0.0788M                     x = –0.742
–5.42 = 0.137M
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x
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9.55
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0.0788M                     x

=
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The correct root is 0.0788M since 0.137M >0.100M, the initial concentration. 

[H2] = [I2] = 0.100–x = 0.100M – 0.0788M = 0.021M

[HI] = 2x = 2(0.0788M) = 0.158M
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Check
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Example 3:

Vinegar, which contains acetic acid, is a weak acid; thus, it only partially ionizes in water.  

CH3COOH(aq) ( H+(aq) +CH3COO–(aq) 

What is the extent of ionization (% reaction) if the equilibrium constant for the reaction is 1.8 x 10–5.

	
	CH3COOH(aq)
	(
	H+(aq)
	+
	CH3COO–(aq)

	I
	1.0 M
	
	0
	
	0

	C
	–x
	
	+x
	
	+x

	E
	1.0 – x
	
	x
	
	 x
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KC = [H+ ][CH3COO– ]
[CH3COOH]



= x2



(1.0 – x)
= 1.8x10–5



When x is very small, x can be neglected relative ±. 
This technique is generally valid when initial concentration is at least 1000 times KC. 



x2



(1.0 )
= 1.8x10–5   so  x2  =  1.8x10–5



x = ±0.0042M     Only + value is valid.



% ionization = x
[initial]



 x 100 = 0.0042M
1.0M



 x 100 = 0.42%
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Example 4:   Heterogeneous Equilibrium

Solid ammonium hydrogen sulfide, NH4HS, dissociates appreciably even at room temperature forming ammonia, NH3, and hydrogen sulfide, H2S, gases. What is the total pressure at equilibrium if solid NH4HS is placed in an evacuated container and allowed to reach equilibrium?  KP = 0.108 at 25oC. 

	
	NH4HS(s)   
	(
	NH3(g)
	+
	H2S(g)

	I
	      X
	
	0
	
	0

	C
	
	
	+x
	
	+x

	E
	
	
	 x
	
	x  


   KP   = PNH3*PH2S
   0.108 =   x   *   x

   x2  =  0.108

   x = 0.329 atm

PTOTAL   = PNH3 +  PH2S = 0.329 atm + 0.329 atm = 0.658 atm

Check: 
KP   = PNH3*PH2S =  (0.329 atm)(0.329 atm) = 0.108 atm2 √
Additional Example: Using Quadratic
For the reaction H2(g) + I2(g) ( 2HI(g), if  the initial concentration of H2(g) is 0.100M and that of I2(g) is 0.200M, what are the equilibrium concentrations of all species? At 715K the Kc = 55.0. 

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

	I
	0.100
	
	0.200
	
	0

	C
	–x
	
	–x
	
	+2x

	E
	0.100 – x
	
	0.200 – x
	
	2x  
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Kc= 55.0=
HI⎡ 
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Since this is NOT a perfect square, the quadratic formula must be used to solve for x. First step is to get relationship in correct form of ax2 + bx +c = 0.

55.0 (0.100–x)(0.200–x) = 4x2
55.0 (0.0200–0.300x+x2) = 4x2

1.10  – 16.5x + 55.0x2 = 4x2

51.0x2 – 16.5x + 1.10 = 0
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Using  x = –b ± b2 – 4ac
2a



x= –(–16.5)± (–16.5)2 – 4(51.0)(1.10)
2(51.0) =16.5±6.92



102
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Roots are x = 0.230M and 0.0939M.  The first root is ignored because 0.230M > 0.100M initial concentration. 

[H2] = 0.100 – x = 0.100 M – 0.0939M = 0.006M

[I2] = 0.200 – x = 0.200 M – 0.0939M = 0.106M

[HI] = 2x = 2(0.0939M) = 0.188M

Check
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Off slightly because only one sig. Fig. for H2 concentration.

Another way to solve is to find the roots using calculator.
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Kc =
HI[ ]



2



H2
⎡ 
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55.0 = (2x)2



(0.100 – x)(0.200 – x)



0 = 4x2



(0.100 – x)(0.200 – x) – 55.0



Make sure Y =  screen is clear and Plots are off. 
Plug into Y =  screen.



Y1 = 4x2



(0.100 – x)(0.200 – x) – 55.0 



Y2 = 0
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Make sure Y= screen is clear and Plots are off. 

Plug into Y= screen.

Y

1

 

=

4x

2

(0.100–x)(0.200–x)

–55.0 

Y

2

 

=

0


Set window for Xmin, Xmax, Ymin, and Ymax.

Xmin = 0 and Xmax = 0.100.   Why?

Ymin should be negative value and Ymax positive. For example Ymin = –5 and Ymax = 5.

Select CAlC (2nd TRACE); then 5:intersect. Press ENTER at each screen request. In this case, solving for intersection yields x = 0.0939M. 

_1265628054.unknown

_1265629954.unknown

