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Multiple Choice 
Identify the choice that best completes the statement or answers the question. 
 
19.00 mL of a solution of unknown monoprotic weak acid is titrated with 0.600 M lithium hydroxide. The 
titration curve for the reaction is shown below. Use this information to answer questions 1 - 3: 

 
1. What is the approximate equivalence point volume for this titration?  

a) 6 mL. 
b) 8 mL. 
c) 10 mL. 
d) 12 mL. 
e) 14 mL. 

 
Graph becomes vertical at 10 mL. This is the equivalence point for this titration.  
 

2. What is the concentration of the acid in the original solution? 
a) 0.006 M. 
b) 0.600 M. 
c) 0.003 M. 
d) 0.316 M. 
e) 0.158 M. 

 
10 mL   1 L             0.600 M    1 HA     = 0.006 mol HA  
              1000 mL                      1 LiOH 
 
[HA] = 0.006 mols / 0.019 L = 0.316 M 
 

3. What is the approximate pKa of this acid? 
a) 4.00. 
b) 6.00. 
c) 8.00. 
d) 12.00. 
e) Not possible to predict with information given. 
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You can determine the pKa by looking for the half equivalence point. If we look at the graph and look for 
the half equivalence point, we can see that it is around 4.00. 
 

4. A list of titrations and their proposed equivalence points is provided in the chart below: 
Acid-Base Pair Proposed pH at Equivalence Point 
CH3COOH + KOH > 7 
HCl + NH3 < 7 
HClO + NaOH < 7 
HNO3 + Ba(OH)2 = 7 
HClO4 + NaOH = 7 

 
Based on the information provided in the table, which pair of the proposed pH at the 
equivalence point is not correct? 
a) CH3COOH + KOH 
b) HCl + NH3 
c) HClO + NaOH 
d) HNO3 + Ba(OH)2 
e) HClO4 + NaOH 

 
To answer this question, you must know your strong acids and bases! 

- CH3COOH is a weak acid and KOH is a strong base, so it makes sense for the pH to be > 7. 
- HCl is a strong acid and NH3 is a weak base, so it makes sense for the pH to be < 7. 
- HClO is a weak acid and NaOH is a strong base, pH should be > 7, proposed pH incorrect. 
- HNO3 is a strong acid and Ba(OH)2 is a strong base, so it makes sense for the pH to be 7 exactly. 
- HClO4 is a strong acid and NaOH is a strong base, so it makes sense for the pH to be 7 exactly. 

 
You have a 25.0 mL sample of hydrobromic acid that has a molarity of 0.350 M. This solution is then 
titrated with a lithium hydroxide solution that has a molarity of 0.225 M. Use this information to answer 
questions 5 – 8: 
 

5. The pH of the solution of hydrobromic acid before any sodium hydroxide is added is: 
a) 2.053 
b) 0.963 
c) 0.726 
d) 0.456 
e) 0.347 

You must still know your strong acids and bases! It will be very difficult to do well on this exam if you do 
not. 

Hydrobromic acid (HBr) is a strong acid, so it will dissociate completely. There is no need to make an ICE 
table for this problem. 

Strong acid = complete dissociation 

-log[0.350] = 0.456 
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6. You add 20.0 mL of lithium hydroxide to the solution of hydrobromic acid. The pH is now: 
a) 2.324 
b) 2.096 
c) 1.025 
d) 0.856 
e) 0.795 

       HBr                       +                  LiOH                                         ⇌                    LiBr                  +                 H2O 
 
I  (0.350 M)(0.0250 L)                 (0.225 M)(0.020 L) 
 
C  - 0.0045 mol                               - 0.0045 mol 
 
E  0.00425 mol                                      0 
 
0.0250 L + 0.020 L = 0.0450 L 
 
!.!!#$%	'()
!.!#%!	*

 = 0.094 M 
 
-log[0.094 M] = 1.025 
 

7. In order to reach the equivalence point, you need to add _______ of lithium hydroxide to the 
solution. 
a) 42.36 mL. 
b) 38.89 mL. 
c) 25.58 mL. 
d) 0.04236 mL. 
e) 0.03889 mL. 

At equivalence HAmol = A-
mol 

0.225 M = !.!!+,%	-./
0	*

 

x = 0.03889 L or 38.89 mL 

8. The pH at the equivalence point is _____. 
a) Greater than 7. 
b) Less than 7. 
c) Exactly 7. 
d) Could fall anywhere between 0-14. 
e) Need more information to determine. 

This is a strong acid base titration, which means that the equivalence point will be at exactly 7. 
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9. How many milliliters of a 0.130 M barium hydroxide solution are required to neutralize 90.0 mL 
of a 0.0600 M hydroiodic acid solution? 
a) 41.54 mL. 
b) 20.76 mL. 
c) 12.39 mL. 
d) 7.800 mL. 
e) 0.021 mL. 

 
This is a strong acid base titration question, use dimensional analysis to solve! 
 
First you need to write a balanced equation based on information provided: 
 
Ba(OH)2  + 2 HI ⇌ BaI2 + 2 H2O 
 
0.090 L HI    0.060 mol HI         1 mol Ba(OH)2                 1 L                      1000 mL = 20.76 mL 

1 L                       2 mol HI          0.130 mol Ba(OH)2          1 L 
 

10. In your general chemistry lab, you are performing a titration of 25.0 mL of a 0.0320 M NH3 
sample with 0.0320 M HCl. You add 8.3 mL of HCl. What is the pH after the addition of the HCl? 
Note: The pKb of NH3 is 4.74. 
a) 3.58. 
b) 5.04. 
c) 7.87. 
d) 9.56. 
e) 11.68. 

 
Covert values to moles: 
0.0320 M x 0.025 L = 8 x 10-4 mols NH3           
0.0320 M x 0.0083 L = 2.656 x 10-4 mols HCl 
 

 
                NH3                    +        HCl                 à            NH4+        +          Cl- 
I           8 x 10-4 mols           2.656 x 10-4 mols         
 
C          - 2.656 x 10-4        - 2.656 x 10-4                          + 2.656 x 10-4 
 
E        5.344 x 10-4                        0                                 2.656 x 10-4 

 

 

pH = pka + log[acid/base] 
 

pH = 9.26 + log[5.344 x 10-4 / 2.656 x 10-4] = 9.56     
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11. Given the following combinations, which one(s) would successfully produce a buffer solution? 
I. HNO2 and NaNO2 

II. HCN and NaCN 
III. HClO4 and NaClO4 
IV. NH3 and (NH4)2SO4 
V. NH3 and NH4Br 

 
a) III only.  
b) I, II, and III. 
c) I, II, IV, V. 
d) IV and V. 
e) IV only. 

Requirements for Creating a Buffer Solution:  
1: Two substances are needed: an acid capable of consuming hydroxide ions, and a base that is 
capable of consuming hydronium ions.  This typically means that a buffer solution is created 
using (a) a weak acid and its conjugate base, or (b) a weak base and its conjugate acid  
2: The acid and base must not react with each other.  Neither a weak acid and its conjugate base, nor 
a weak base and its conjugate acid will react with one another.    

 
Option 3 is the only option where a strong acid is present, so it would not result in a buffer solution. 
 

12. You have a buffer that contains 0.275 M NH4+ and 0.175 M NH3. The pKa of NH4+ is known to be 
9.25. What is the pH of this buffer solution? 
a) 9.05. 
b) 9.25. 
c) 9.35. 
d) 9.45. 
e) 9.87. 

 
The answer this question, you must use the Henderson-Hasselbalch equation! 
 
pH = pKa + log[1.2345678	96:8

;86<	61=>
] 

 
pH = 9.25 + log[!.?,%	@

!.$,%	@
] = 9.05 

 
13. Which diagram below depicts a generic monoprotic acid (HA) when pH = pKa? 

 
a)                                           b)    c)       d)   

 
                  e) None of the above. 
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This question involves understanding what it means when the pH = pKa. pH is equal to the pKa at the 
half-equivalence point, which is where exactly half of the analyte is consumed by the titrant. Option a 
would represent the monoprotic acid at the start of the titration (before any titrant was added). Option 
c shows exactly half of our monoprotic acid converted to the conjugate base, making this the correct 
answer. 
 

14. You have a solution of 0.5 L of 0.350 M hydrofluoric acid. How many grams of sodium fluoride 
would have to be added to yield a solution with a pH of 4.50? Note: The Ka of hydrofluoric acid 
is 7.2 x 10A#. 
a) 168.37 g 
b) 119.24 g 
c) 85.21 g 
d) 36.51 g 
e) 0.83 g 

You need to recognize that hydrofluoric acid (HF) is a weak acid and that with sodium fluoride present, 
we have a buffer solution present and can use the Henderson Hasselbalch equation. 
pH = pKa + log[BA

CB
] 

 
Can determine pKa from Ka value given: -log[7.2 x 10A#] = 3.14 
 
4.50 = 3.14 + log[ 0

!.D%!	@
] 

 
1.36 = log[ 0

!.D%!	@
] 

 
22.91 = 0

!.D%!	@
 

 
x = 8.019 M 
 
8.019 M x 0.5 L = 4.01 mols 
 
NaF = 41.988 
 

15. Given the following solutions, which one would have the largest buffering capacity? 
a) 1.13 M HF and 0.621 M NaF. 
b) 0.580 M HF and 0.303 M NaF. 
c) 0.290 M HF and 0.150 M NaF. 
d) 0.180 M HF and 0.100 M NaF. 
e) Not possible to determine with information provided.  

 
1.13 M  - 0.621 M = 0.509 ß Highest buffering capacity 
0.580 M - 0.303 M = 0.277 
0.290 M - 0.150 M = 0.140 
0.180 - 0.100 M = 0.080 
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16. Determine the change in pH when 0.03 mol HCl is added to 1.00 L of a buffer solution that is 
0.10 M in CH3CO2H and 0.25 M in CH3CO2

-. Note: Ka for acetic acid is 1.8 x 10-5. 
a) 0.17. 
b) 0.54. 
c) 0.67. 
d) 0.71.  
e) 4.97.                          pka 

Initial pH: pH = -log(1.8x10-5) + log[!.$%]
[!.?]

 = 5.14 

HCl              +                 CH3CO2-                      à                       H2O               +            CH3CO2H 

I         0.03                                   0.25                                                                                                  0.1          

C      - 0.03                                   -0.03                                                                                              +0.03        

E         0                                         0.22                                                                                                  0.13 

[CH3CO2H] = 1.3 

[CH3CO2-] = 0.22 

pH = log(1.8x10-5) + log[!.$$]
[!.?$]

= 4.97 

Change = 5.14 - 4.97 = 0.17 

17. Mixing which of the following would lead to the creation of a buffer solution? Select all that 
apply. 

I. Mixing identical volumes of 0.20 M potassium acetate and 0.20 M acetic acid. 
II. Mixing identical volumes of 0.20 M potassium acetate and 0.10 M hydroiodic acid. 
III. Mixing identical volumes of 0.20 M acetic acid and 0.10 M potassium hydroxide. 
IV. Mixing identical volumes of 0.20 M acetic acid and 0.20 M potassium hydroxide. 
V. Mixing identical volumes of 0.20 M potassium acetate and 0.20 M hydroiodic acid. 

 
a) I only. 
b) I, II, and III. 
c) I, IV, and V. 
d) I, II, III, IV, and V. 
e) None of the above will produce a buffer solution. 

For option I we know that acetic acid is a weak acid and the potassium acetate will serve as its 
conjugate, meaning this will serve as a buffer. 

For option II you may initially see hydroiodic acid and rule this out as a possibility to make a buffer, 
however we need to look at this closer. There is a different molar amount present of the potassium 
acetate and the hydroiodic acid. This all the hydroiodic acid will be used up in solution reacting with the 
potassium acetate (which we know will dissociate into CH3CO2-) leading to the formation of acetic acid. 
At that point, all your hydroiodic acid will be used up and you will only have acetic acid and potassium 
acetate left, which we know will form a buffer. 
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For option III, we will use the same logic that we used in option II, except that we are working with a 
strong base this time. 

For options IV and V, there is an equal molar amount of the strong acid/base present is there is present 
of the conjugate, so it is not possible for a buffer to form. 

18. Which conjugate acid/base pair could be used to create a pH 3.20 buffer solution with the 
largest possible buffer capacity? 
a) Sulfurous acid/sodium bisulfite                    pKa=1.92 
b) Hydrofluoric acid/sodium fluoride               pKa=3.14 
c) Nitrous acid/sodium nitrite                           pKa=3.34 
d) Benzoic acid/sodium benzoate                     pKa=4.20  
e) Acetic acid/sodium acetate                           pKa=4.74 

 
Sulfurous acid/sodium bisulfite                    pKa=1.92 (0.92 – 2.92)    

Hydrofluoric acid/sodium fluoride               pKa=3.14 (2.14 – 4.14) 

Nitrous acid/sodium nitrite                           pKa=3.34 (2.34 – 4.34) 

Benzoic acid/sodium benzoate                     pKa=4.20 (3.20 – 5.20) 

Acetic acid/sodium acetate                           pKa=4.74 (3.74 – 5.74) 

19. In chemistry lab, you have a solution composed of 0.11 M CH3CO2H and 0.21 M CH3COOK. Given 
this solution, which one of the following statements is true? 
a) Adding a small amount of LiOH will cause the pH to decrease very slightly. 
b) By adding LiOH, OH- ions will react with the CH3COO- ions. 
c) If more CH3COOH is added, then the pH will increase. 
d) Adding a small amount of HCl will cause the pH to decrease very slightly. 
e) By adding HCl, H+ ions will react with the CH3COOH ions. 

 
The only statement that is true in this set is option D. HCl is a strong acid, meaning that it will cause a 
decrease in pH (becoming more acidic). You must realize from the question that we have a buffer 
solution present and that despite us adding a strong acid, it is going to resist change in pH. Even though 
the buffer is resisting change in pH, the strong acid is going to cause the pH to decrease slightly. 
 

20. In a solution of water at 25 °C, _______ would be considered soluble and _______ would be 
considered insoluble. 
a) Fe3(PO4)2; Na2S. 
b) Fe(NO3)2; Mg3(PO4)2. 
c) FeS; Ca(OH)2. 
d) Fe(OH)2; (NH4)2CO3.  
e) FeCO3; Na2S. 

You must know your solubility rules! It will be impossible to answer questions like this if you aren’t 
familiar with the rules! 
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Understand all nitrate (NO3-) salts will be soluble. Understand that most salts that contain a 
phosphate ion (PO4

3-). 
 
 
21. In a general chemistry lab, you are assigned to place a sample of sodium nitrate into a beaker of 

water. Which model below best represents what the sodium nitrate would look like once placed 
in the water? 

 
a)                                                                                                                         b) 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
c)                                                                                                                          d) 
 
 
 
 
 
 
 
 
 
 
 
 
e) None of the beakers listed could depict sodium nitrate. 
 
 
NaNO3 à Na+ + NO3

- 
 
there should be ions of Na+ and NO3-. Essentially all the NaNO3 will dissociate into ions because NaNO3 is 
soluble in water. 
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22. Which of following statements must be true comparing Ksp to Q? 
I. If Ksp is less than Q, the solution will not precipitate. 
II. If Ksp is greater than Q, the solution is saturated. 
III. If Ksp is equal to Q, precipitation will occur. 

 
a) II only. 
b) III only. 
c) I and II.  
d) I, II, and III. 
e) None of the above statements are correct. 

 
I. If Ksp is less than Q, the solution will precipitate. 
II. If Ksp is greater than Q, the solution is unsaturated. 
III. If Ksp is equal to Q, precipitation will not occur. 

 
23. You are given a sample of Ag3PO4 and know that the Ksp for this is 1.3 x 10A$!. In which of the 

solutions listed below would Ag3PO4 be least soluble? 
a) Pure water 
b) 0.2 M Na3PO4 
c) 0.2 M HNO3 
d) 0.2 M AgNO3 
e) The solubility in all the solutions will identical. 

This is a common ion effect question. Understand that if there is a common ion already in solution, it is 
going to result in a decrease in solubility of the compound that you are putting into solution. In the 
options listed, both AgNO3 and Na3PO4 contain common ions to the compound we are trying to dissolve, 
but AgNO3 will have a larger impact since the ion ratio of Ag to PO4 is 3:1. 

24. Given the following pairs of insoluble compounds, which should be more soluble in nitric acid 
than in pure water? 
 

I. AgCl or Al(OH)2 
II. AgI or Ag2CO3 

 
a) In pair I, AgCl is more soluble in nitric acid and in pair II, AgI is more soluble in nitric acid. 
b) In pair I, AgCl is more soluble in nitric acid and in pair II, Ag2CO3 is more soluble in nitric acid. 
c) In pair I, Al(OH)2 is more soluble in nitric acid and in pair II, AgI is more soluble in nitric acid. 
d) In pair I, Al(OH)2 is more soluble in nitric acid and in pair II, Ag2CO3is more soluble in nitric 

acid. 
e) All the ions in pairs I and II have equal solubility in nitric acid. 

In pair I, the hydroxide ions in Al(OH)2 will react with the nitric acid in solution, resulting in it being more 
soluble that AgCl, which is a neutral salt. In pair II, Ag2CO3 is a basic salt due to the carbonate ion, which 
will react in solution with the nitric acid, making it more soluble than AgI. 
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25. In your chemistry lab, you prepare a solution so that the concentrations of nickel (II) nitrate, 
magnesium nitrate, zinc (II) nitrate, and barium nitrate are all 0.100 M. The solution is then 
titrated with 0.100 M sodium carbonate. Which metal carbonate will precipitate first? 
a) barium carbonate, Ksp = 6.8 x 10AG  
b) zinc carbonate, Ksp = 1.5 x 10A?! 
c) nickel (II) carbonate, Ksp = 1.4 x 10A, 
d) magnesium carbonate, Ksp = 6.8 x 10AG 
e) All the metal carbonates will precipitate at the same time. 

Larger Ksp means more likely to ionize in solution. This means that a lower Ksp will result in a compound 
precipitating first. 
 

26. Which of the compounds provided in the table below has the greatest molar solubility in water? 
Which of the compounds in the table has the least molar solubility in water? Note: Assume the 
molar ratio of anions to cations is 1:1 for all four compounds. 

Compound Ksp Value 
Compound 1 5.4 x 10-12 

Compound 2 2.7 x 10-14 

Compound 3 3.5 x 10-11 

Compound 4 8.1 x 10-17 

 
a) Compound 1; Compound 2. 
b) Compound 2; Compound 1. 
c) Compound 3; Compound 4. 
d) Compound 4; Compound 3. 
e) Additional information is needed to answer question. 

 
Greater Ksp means more soluble in solution. Lower Ksp means less likely to dissolve in solution. This 
means that compound 3 would have the greatest molar solubility while compound 4 would have the 
least molar solubility. 
27. A solution of saturated PbCl2 is found to contain 3.2 x 10−2 M chloride ion. Calculate the Ksp of 

PbCl2. 
a) 1.02 x 10-3. 
b) 3.28 x 10-5. 
c) 2.56 x 10-4. 
d) 1.64 x 10-5. 
e) 4.10 x 10-6. 

 
PbCl2 ⇌ Pb2+ + 2 Cl- 
 
[Cl-] = 0.032 = 2x 
 
x = 0.016 
 
Ksp = [Pb2+] [2 Cl-]2 = (x) (2x)2 à (0.016) (0.032)2 = 1.64 x 10-5 
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28. The molar solubility of which of the following compounds would not be affected by the pH of a 
solution? 

I. NaF 
II. MnS 
III. KNO3 
IV. Ca(ClO4)2 
 

a) I only. 
b) II only. 
c) I and III. 
d) III and IV. 
e) II and III. 

 
You need to be comfortable with your properties of salts to answer a question like this.  
 
NaF is a basic salt, so the pH would impact the molar solubility. 
 
MnS is a is a basic salt, so the pH would impact the molar solubility. 
 
KNO3 is a neutral salt, so the pH would not impact molar solubility.  
 
Ca(ClO4)2 is a neutral salt, so the pH would not impact molar solubility 
 

29. In a general chemistry lab, you are exploring the molar solubility of Ag2CrO4. If the Ksp of this 
compound is experimentally determined to be 1.94 x 10-12, determine the molar solubility of the 
silver component ion in the compound. 
a) 1.94 x 10-12 M. 
b) 7.86 x 10-5 M. 
c) 1.57 x 10-4 M. 
d) 1.39 x 10-6 M. 
e) 2.79 x 10-6 M. 

 

Ag2CrO4 à 2 Ag+ + CrO4
2- 

 
Ksp = [2x]2[x] 
Ksp = 4x3 = 1.94 x 10-12 
 
X = 7.86 x 10-5 M 
 
Plug the x value back into 2x representing silver to determine the solubility of the silver component ion! 
 
2 (7.86 x 10-5 M) = 1.57 x 10-4 M. 
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30. Determine the solubility (in g/L) of the hypothetical insoluble salt AX2 (60.11 g/mol; Ksp = 1.42 x 
10-11) where A represents the cation and X represents the anion. 
a) 9.20 x 10-3 g/L. 
b) 1.53 x 10-4 g/L. 
c) 4.60 x 10-3 g/L. 
d) 7.65 x 10-5 g/L. 
e) 1.42 x 10-11 g/L. 

 
Ksp = [A2+] [X-]2 
 
4x3 = 1.42 x 10-11 à X = 1.53 x 10-4 M 
 
1.53 x 10-4 mol     60.11 g     = 9.20 x 10-3 g/L 
1 L                            1 mol 
 

31. HNO3 is a strong acid commonly used in the laboratory. What is the oxidation number of the 
nitrogen atom in this acid? 
a) +5 
b) +4 
c) +3 
d) +1 
e) –1 

 

Oxygen = 3(-2) = -6 
H = +1 
Therefore, Nitrogen has a charge of +5 
 

32. Of the reactions provided below, which could be classified as redox reactions? 
I. 2 Al2O3 + 3 C → 4 Al + 3 CO2 
II. SO2 + H2O2 → H2SO4 
III. 2 Al(OH)3 → Al2O3 + 3 H2O 
IV. 3 AgO + 2 Al → 3 Ag + Al2O3 

 
a) I only. 
b) II only. 
c) II and III. 
d) I and IV. 
e) I, II, and IV. 

    +3   -2            0               0          +4 -2 
2 Al2O3 + 3 C → 4 Al + 3 CO2  ß oxidation/reduction has occurred. 
 
+4 -2      +2  -2        +1  +6 -2 
SO2 + H2O2 → H2SO4 ß oxidation/reduction has occurred. 
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    +3   -2 +1              +3    -2                +1  -2 
2 Al(OH)3 → Al2O3 + 3 H2Oß oxidation/reduction has NOT occurred. 
 
    +2 -2       0                0        +3     -2 
3 AgO + 2 Al → 3 Ag + Al2O3 ß oxidation/reduction has occurred. 
 

33. For the following reaction, identify the species that is reduced and oxidized, and the reducing 
and oxidizing agent.  

H+ + 2 H2O + 2 MnO4
- + 5 SO2  2 Mn2+ + 5 HSO4

- 
a) MnO4

- is reduced and is the oxidizing agent; SO2 is oxidized and is the reducing agent. 
b) MnO4

- is oxidized and is the reducing agent; SO2 is reduced and is the oxidizing agent. 
c) MnO4

- is reduced and is the reducing agent; SO2 is oxidized and is the oxidizing agent. 
d) MnO4

- is oxidized and is the oxidizing agent; SO2 is reduced and is the reducing agent. 
e) Additional information is needed to determine oxidation states. 

                                            +1         +1    -2          +7     -2           +4 -2                   +2               +1 +6 -2 
H+ + 2 H2O + 2 MnO4

- + 5 SO2  2 Mn2+ + 5 HSO4
- 

Remember oxidation involves losing electrons and reduction involves gaining electrons. Remember 
that what is being oxidized is the reducing agent and what is being reduced is the oxidizing agent. 

 
34. What is the coefficient of the permanganate ion when the equation listed below is balanced in 

acid? 
MnO4- (aq) + I- (aq) à I2 (s) + Mn2+ (aq) 

a) 2 
b) 3 
c) 4 
d) 5 
e) 6 

 
RED: 8 H+ + MnO4- + 5e- à Mn2+ + 2 H2O 
 
- Add H2O to balance oxygens, we must add H+ to the opposite side to keep equation balanced. 
- the 5 e- comes from the fact the Mn oxidation state goes from +7 to +2. 
 
OX: 2 I- à I2 + 2e- 
 
Now we need to get the number of electrons equal in both equations: 
 
2 x (8 H+ + MnO4- + 5e- à Mn2+ + 2 H2O) = 16 H+ + 2 MnO4- + 10 e- à  2 Mn2+ + 8 H2O  
 
5 x (2 I- à I2 + 2e-) = 10 I- à 5 I2 + 10 e- 
Overall: 16 H+ + 2 MnO4- + 10 I- à 2 Mn2+ + 8 H2O + 5 I2 

 

Permanganate has a coefficient of 2 
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