
Page 1 of 6 

Chem 201 Lecture13 
Summer’07 
 
Admin: return Test #1 
 
Last time: 
1) acid base titration calculations 
2) EDTA 
 
 
Today: 
1) EDTA titration calculations 
2)  
 
Lecture: 
 
0) we looked at a sample case last time. OK start with Kf equilibrium: say, M2+ 

M2+ + Y4-  MY2-  Kf = [MY2-]/[M2+][Y4-]  But [Y4-] = αy4-[EDTA]F   
And so: -  Kf = [MY2-]/[M2+] αy4-[EDTA]F  ;  Or Kf’ = αy4-Kf= [MY2-]/[M2+][EDTA]F 
(better since more easy to use [EDTA]F) Kf’ = conditional formation constant. 
 
1) Problem: Calculate the pMg2+

free of a 0.10 M Mg-EDTA solution.  Given: pH = 10.0 
 
From tables: αy4- = 0.30 ; logKf = 8.79 So: Kf’= (.30)(108.79)=1.85 x108 

 
Mg2+ + EDTA  Mg-EDTA   Kf

’=1.85x108 
 x     x  .10-x 
 
x = √(.10/1.85x108)=2.32x10-5 M Mg2+

free  pMg2+
free = -log(2.32x10-5)=4.63 

 
What is the % free Mg2+?   %free Mg2+ = 2.32x10-5 x 100%  / 0.10 = .0232 %   
 
For “valid titrations”, the metal must be 99.9% bound and ≤ 0.1% free. 
 
For valid titration Kf’ ≥ 106/F  i.e. pH can be adjusted so Kf’ exceeds this. 
 
2) EDTA TITRATION CURVES: 
 
suppose titration of 24.0 mL Mg2+ requires 15.0 mL of 0.16M EDTA to reach equivalence.   
A. Preliminary calcs: what is [Mg2+]o =? 
 
1:1 stoichiometry so: M1 = M2V2/V1 =(15.0mL)( 0.16M)/(24.0mL)  =0.100M = [Mg2+]o 
 
B. During titration: 
There are 3 regions: 
region 1 - before equivalence:  
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-free metal is in excess but diluted: 
Here: 
[Mg2+] = (initial conc)(free fractn)(dilution)    => [Mg2+] =Mo((VEDTA-Ve)/Ve)(Vo/(VMg+VEDTA)) 
 
say, VEDTA =12.0 mL [Mg2+] =0.100M(3.0/15.0)(24/36)  =1.33x10-2 M   => pMg = 1.87  
 
region 2 - at equivalence use Kf' equilibrium: Say Kf' =1.85 x108 
 
M      +     Y        MY       
x      x           .083 -x 
 
get: [MY]=(.10)(24/(24+15))=6.15x10-2;  [M]= x = √(6.15x10-2)/( 1.85 x108) =1.82 X 10-5   ;  
pMg = 4.74 
 
region 3 - after equivalence.  
use Kf' equilibrium: Say Kf' =1.85 x108 VEDTA=19mL 
M      +     Y           MY       
x      .0149+x              .0558 -x 
 
 
[Y] = .16(19-15)/(24+19)= .0149  [MY] = .10(24/43)=.0558  
Kf' =1.85 x108 = .0558/x(.0149+x)  
 
x≈ 2.02 x 10-8 ;  pMg = 7.69 
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Use of metal ion indicators: 
 
M-In(red)  + EDTA (colorless)  

M-EDTA(colorless) +In(blue) 
 

eg. eriochrome-T is a metal ion indicator which binds to Mg2+ to form red complex.   
 
But metal must be easily dissociable from the indicator otherwise it is "blocked" by the metal.  
 
(eg: Cu2+, Ni2+, Co2+, Cr3+, Fe3+, Al3+) 
 
Read about the various EDTA titration techniques:  (pages 244-245) 
1) direct titration,  
2) backtitration,  
3) displacement titration,  
4) indirect titation ,   
5) masking (precautions) 
 
 
REDOX/ ELECTROCHEMISTRY: 
 
Basics 
 
oxidation = loss of e's,   reduction = gain of e's 
 
Redox rxns involve transfer of electrons: 
 
This is followed by determining Oxidn #’s 
 
1) Recognizing a Redox Reaction: Is the ff a redox rxn?    
 
 Example 1: Zn  +    HCl --> ZnCl2 + H2   a) yes  b) no 
 
The oxidation # of Zn in ZnCl2 is:  a) 0 b) +1 c) +2 d) -2  e) -1 
 
oxidizing agent = gets reduced  reducing agent=gets oxidize 
 
what is the oxidizing agent in the above reaction?  (choose one)  a) Zn    b) HCl  c) ZnCl2   d) H2 
 
Example 2:  C2H6 + H2  2 CH4 What are the oxidation #’s? 
 

C2 H6 + H2  2 C H4 
    -3+1      0          -4 +1 
 
C is reduced and H is oxidized. 
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We usually say “ethane is reduced” not just the carbon of ethane. 
 
Note: in organic chemistry (and biochemistry too) easier to count H’s and O’s.    
 
Element 
             /change 

Gain Loss #e’s  
transf’d 

Oxygen,O Oxid’n Red’n 2 
Hydrogen, H Red’n Oxid’n 1 
 
 
Example 3: Alcoholic fermentation step in yeast: 
 
acetaldehyde  ethanol (unbalanced half rxn) 
 
CH3CHO       CH3CH2OH 
(acetaldehyde)      (ethanol) 
 
Is acetaldehyde oxidized or reduced? 
 
Count the O’s : no change in O 
Count the H’s:  gain of 2 H’s 
So reduced with gain of 2 e’s. 
 
What is the reducing agent? 
It’s not given in the above equation. 
 
3) Balancing redox reactions. 
 
a) determine the Oxidation No’s 
b) write the 2 half rxns 
c) balance the H’s and O’s.check charges 
d) add the 2 half rxns so e’s cancel out. 
 
Example: 
 
Oxalate reacts with permanganate to form CO2 and  manganese (II) ions. 
 
C2O4

2- + MnO4
-   CO2 + Mn2+ 

 
a) determine ON’s: 
 
      C2O4

2- + MnO4
-   CO2 + Mn2+ 

 
 First:      -2                 -1                 -2            +2 
 
2nd:   +3                +7                 +4        
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b) write the half rxns: 
 
Oxidation:    
#1 C2O4

2-      2 CO2 + 2e- 

  +3         +4 
 
 
Reduction: 
#2   5e- +MnO4

-   Mn2+ 
  +7  +2 
 
c) balance the H’s and O’s.check charges 
 
Oxidation : already balanced 
 
Reduction:  
 
#2  8H++5e-+MnO4

- Mn2++4H2O 
       +7      +2 
 
1st:   add 4 H2O on the right to balance the O’s    2nd:  add 8 H+’s on the left to balance the H’s 
balanced! 
 
d) add the 2 half rxns so e’s cancel out. Multiply #1 by 5 and #2 by 2 and combine: 

16H++5C2O4
2-+2MnO4

- 5CO2 + 2Mn2++8H2O 
Balanced! 
 
In general, metals placed in water tend to dissolve in the form of cations. 
 
e.g. Cu  Cu2+ + 2e-  and Zn  Zn2+ + 2e- 
 
the tendency to oxidize can be represented by the oxidation potential, E°ox.   
 
From Table 19.1, page 927) 
 
Standard reduction potentials, E°red (the more + E° is, the more spont the half rxn) 
 
Reduction half rxn E°(Volts) 
F2(g) +2e- 2 F-(aq) +2.87 V 
Cu+2(aq) +2e- Cu(s) +0.34  
2H+(aq) +2e- H2(g)   0.00 
Zn2+(aq) ) +2e- Zn(s) -0.76 
Li+(aq) +e- Li(s) -3.05 
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a) Which is the most spont reduction half rxn? 
 
F2(g) +2e- 2 F-(aq)  (i.e. the one with the most positive E°) 
 
b) Which is the least spontaneous redn half rxn? 
 
Li+(aq) +e- Li(s) (i.e. the one with the most negative E°) 
 
c) Which is most spont oxidation half rxn? 
 
Li(s)  Li+(aq) +e- 
 
Li is the “most active” metal 
 
d) Which is the strongest oxidizing agent?  
 
F2(g) (i.e. the most spontaneously reduced) 
 
e) Which is the strongest reducing agent?  
 
Li(s) (i.e. the most spontaneously reduced) 
 
f) What is the E°red for: 
 
 2 F2(g) +4 e- 4 F-(aq)  ? 
 
E°red = +2.87 V (not 2(2.87 V)).  Note that E°red is an intrinsic property not extrinsic. Doesn’t 
depend on mass (like pressure or density). 
 
g) What is the E°oxid for 3 Li(s)? 
 
3 Li(s)3 Li+(aq) +3 e-   E°oxid = +3.05V 
 
h) Write a possible redox reaction based on the following half rxns. 
 
1  Cu+2(aq) +2e- Cu(s) +0.34V  
2 Zn2+(aq) ) +2e- Zn(s) -0.76 
 
One has to be reduced, the other oxidized, so  
Reverse #2 and add to #1 : 
 
(1) –(2):  Cu2++ Zn  Cu+Zn2+  .34+.76=1.10V 
 
1.10 V is the redox potential?  `E°Cu2+/Cu - E°Zn2+/Zn = .34+.76=1.10V 


