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	1. Exp. 1
Preparation and
Characterization  of
K3[Fe(C2O4)3]
https://youtu.be/SilzJBCEins
https://youtu.be/z95d-b4J6zI
https://youtu.be/6cNMxTJIV6Y
 


	2. Objectives
• To prepare,  isolate and characterize the
coordination compound of potassium tris
(oxalato) ferrate (III) trihydrate K3[Fe(C2O4)3].3H2O
• To determine the percentage yield of the
compound K3[Fe(C2O4)3].3H2O
• To study the lability of the compound (if it is
kinetically labile of inert)i.e., to determine the
kinetic and thermodynamic properties of the
product.
• To calculate the percentage of oxalate and iron
(III) in the complex through redox titration
method and potentiometric titration method.
 


	3. Introduction
A suitable starting  material (precursor) must
have certain properties in order to be chosen as
a staring material for a reaction.
• 1: It should be stable at room temp
• 2: It should not be:
deliquescent (capture water from the atmosphere)
hygroscopic (absorb moisture from air and dissolve in it)
efflorescent (losses water of crystallization and the
salt of the compound remains).
• 3: It should have high solubility in water
• 4: It should be labile
 


	4. Introduction
• Fe2+
(aq) has  K(H2O) value that equals to 4.4 x 106,
which indicates the high solubility comparing
to Fe3+
(aq).
• Fe2+
(aq) has an ionic potential of 27.027
according to the (+2) charge and the (0.074
nm) ionic radius. Having high ionic potential,
low charge and big ionic radius indicates the
high lability of the compound. So, Fe2+
(aq) is
more suitable as a starting material than
Fe3+
(aq)
 


	5. Procedure
• 15.0g Ammonium  Ferrous
Sulfate (NH4)2Fe(SO4)2.6H2O
• 7.5 g Oxalic Acid
• Dissolve the Oxalic Acid in 50ml
hot water: to increase the
solubility of the solid
 


	6. • Dissolve 15.0g
(NH4)2Fe(SO4)2.6H2O  in 50ml
acidified, hot water
➢ Acid is used
To preserve Fe2+ in a free form
[Fe(OH2)6]2+
To prevent the formation of
hydroxo complex
[Fe(OH)(OH2)4]° [Fe(OH2)6]2
 


	7. • Add the  oxalic Acid
solution, while hot to the
ferrous solution:
[Fe(H2O)6]+2
(aq) + C2O4
-2
(aq)
↓
FeC2O4.2H2O(s)↓ + 4 H2O
FeC2O4.2H2O(s) = Yellow precipitate
 


	8. • Heat the  mixture to near boiling,
and let the solution stands few
minutes.
• Then cool in ice bath, to increase
the amount of the solid formed:
FeC2O4.2H2O
 


	9. • Wash twice  with 30ml cold water and separate
the liquid by decantation
• Add 10.0g
Potassium Oxalate dissolved in 50ml hot water:
provides excess ligand and the counter cataion
FeC2O4.2H2O + K2C2O4.H2O → K2[Fe(C2O4)2].2H2O
FeC2O4.2H2O + K2C2O4.H2O → K2[Fe(C2O4)3].3H2O
 


	10. • Add 25ml  20% H2O2, drop wise, to
oxidize the Fe(II) to Fe(III):
The solution should be cooled during the
addition of H2O2
To prevent the destruction of H2O2 and to
allow it to oxidize the available Fe2+
K2[Fe(C2O4)2].2H2O(aq)+ ½ H2O2
↓
2K+
(aq) + 2C2O4
-2
(aq) + Fe3+
(aq) + OH-
(aq)
 


	11. • The yellow  solution changes to
dark brown due to presence of
solid Fe(OH)3
Fe+3
(aq) + 3OH--
(aq) → Fe(OH)3(s) 
• Heat to near boiling to remove
excess H2O2 and to complete
the reaction
H2O2(aq) → O2(g) + 2H+ + 2e-
H2O2(aq) + 2H+ + 2e- → 2H2O(l)
2H2O2(aq) (heat) → O2(g) + 2H2O(l) ∆𝑮 = -210 kJ/mol
 


	12. • Add drop  wise, while mixing, 20 ml Saturated
Oxalic Acid to dissolve the brown solid,
Fe(OH)3 → the solution changes to green,
 


	13. • The iron  (III) oxalate is converted to
trisoxalatoferrate(III) ion
Fe2(C2O4)3(s) + 3 H2C2O4(aq) + 6 H2O(I)
↓
2 [Fe(C2O4)3]3-
(aq) + 6 H3O+
(aq)
 


	14. The produced, K3[Fe(C2O4)3],  is soluble
in water.
Methylated Spirit is added to the
solution, the resulting solvent system
of water-spirit is less polar than water.
This reduction in the polarity of the
solvent system, and allowing it to
stand overnight, causes the salt to
precipitate: 3 K+
(aq) + [Fe(C2O4)3]3-
(aq)
↓
K3[Fe(C2O4)3] (s)
(15/18)100
 


	15. Theoretically, oxalate C2O4
2-  is a weak
ligand field that is not supposed to
give colored solution, but what was
obtained through the experiment is
the opposite.
➢ The oxalate undergoes ligand to
metal charge transfer (L to MCT)
 


	16. Analysis
1- To study  the lability of the complex (if it is
kinetically labile or inert)
2- To find the percentage of oxalate (Redox
Titration)
3- To find the percentage of Iron(III) by
potentiometric Titration
 


	17. Analysis: Chemical Properties
•  A small amount of the complex is dissolved in
water
[Fe (C2O4) 3]-3
(aq) + H2O 
Fe+3
(aq) + 3 C2O4
-2
(aq)
Fe+3 = [Fe(H2O)6]+3 =
(light green)
 


	18. The sample is
divided  into
three test tubes
K3[Fe(C2O4)3]
solution
portion
Chemicals
added
Color
change
First KSCN(S)
Yellow
solution
Second H+
(aq) + KSCN(S)
Red-blood
solution
Third BaCl2(s)
White
precipitate
 


	19. 1- The complex  is Thermodynamically
stable
(Kf = 3.3 x 1020) (Kd = 3.0 x 10-21)
-----------------
2- When dissolved in water the following
reaction occur:
[Fe(C2O4)3]3- + H2O → Fe3+
(aq) + 3C2O4
2-
(aq)
Fe3+
(aq)=
[Fe(H2O)6]3+ + H2O(l) ⇋
[Fe(H2O)5(OH)]2+ + H3O+
 


	20. If these tests  gave positive result, that proves
that the complex is kinetically labile, if not,
that means that complex in inert:
SCN- + [Fe(H2O)5(OH)]2+
⇋
[Fe(H2O)4(OH)(SCN)]+
(yellow solution) + H2O(l)
H+
(aq) + [Fe(H2O)5(OH)]2+ ⇋ [Fe(H2O)6]2+ + SCN- ⇋
[Fe(H2O)5(SCN)]+ (red-blood solution) + H2O(l)
Ba2+ + C2O4
2- → BaC2O4↓
(white precipitate)
 


	21. All three tests  gave a
positive result which
successfully proves
that the complex is
kinetically labile
 


	22. Analysis: Oxalate
• 0.35g  product is dissolved in 50ml,
0.1MH2SO4
• The solution is heated to 60°C
• The sample is titrated with 0.02M ↓
KMNO4 (Redox Titration)
2MnO4
-
(aq) + 5C2O4
2-
(aq) + 16H+
(aq) (∆ 60o C)
↓
2Mn2+
(aq) + 10CO2↑
+ 8H2O(l)
Volume of KMNO4 = 43ml
 


	23. Analysis: Iron(III): Potentiometric  Titration
• In order to find the percentage of iron (III) in the
solution, the end point where the color of the
solution changes must be determined.
• The location of the end point
will be determined from
the titration curve;
because the titration
that is done is
potentiometric method titration
not normal redox method titration.
200
250
300
350
400
450
500
550
600
650
700
750
800
0 1 2 3 4 5 6 7 8 91011121314
𝜺^𝒐
(mv)
Volume of Cr2O7
2- (mL)
Solution potential versus
dichromate (titrant)
volume
 


	24. 6Fe3+ → 6Fe2+  + 6e- 𝜺𝒐 = -0.77 v
Cr2O7
2- + 14H+ + 6e- → 2Cr3+ + 7H2O(l) 𝜺𝒐 = 1.33 v
-------------------------------------------------------------------
6Fe3+ + Cr2O7
2- + 14H+ → 6Fe2+ + 2Cr3+ + 7H2O(l)
𝜺𝒐 = 0.56 v
The end point according to the
following equations appears to
locate at 𝜀𝑜
= 0.56 v or 560 mv.
 


	25. Procedure
• The solution  remained from oxalate analysis
is used.
• The solution is mixed with few milliliters of concentrated
HCl aqueous solution and heated to boiling where the
pale pink solution is changed to yellow colour solution.
This step is done in order to have a solution that is free of
oxalate ions and contains only iron (III) ions.
C2O4
-2 + HCl(aq) → 2FeCl3
Containing (Fe+3) Greenish yellow
Yellow color formed due to the oxidation to iron (III)
 


	26. Then, the solution  is treated with stannous chloride,
SnCl2 aqueous solution in order to reduce the iron (III)
ions to iron (II) ions:
Sn+2
⇋ Sn4+
+ 2e-
Eº = - 0.139 V
2Fe3+
+ 2e-
⇋ 2Fe2+
Eº = + 0.732 V
Sn+2
+ 2Fe3+
⇋ Sn4+
+ 2Fe2+
Eº total = + 0.593 V
The solution is cooled, then excess SnCl2 is treated
with HgCl2 aqueous solution; to prevent sublimation
process of Hg(l) to Hg(vapor) to occur:
white Hg2Cl2 ppt
Sn+2
⇋ Sn4+
+ 2e-
2Hg2+
+ 2e-
⇋ Hg2
2+
Sn+2 + 2Hg2+ ⇋ Sn4+ + Hg2
+2
 


	27. After that, the  solution is treated with
40%H3PO4 aqueous solution that acts as
a masking agent.
Masking agent is a chemical species that
acts as a mask around the analyte in
order to protect it from contamination.
Then drops of barium diphenylamine
sulfonate are added to the solution as
an indicator.
 



	29. Result
Volume of Cr2O7
2-  (mL) 𝜺𝒐 (mV) Color change
1.0 352.3 Light gray color
1.5 358.2
The green color appears on the surface
when adding the titrant & the solution
has pale green color
2.0 366.8
2.5 373.2
3.0 380.9
3.5 395.3
4.0 399.3
4.5 403.2
5.0 408.6
The solution color becomes more green
gradually
5.5 413.9
6.0 423.6
6.5 433.6
7.0 457.6
The violet color appears on the surface
when adding the titrant & the solution is
cloudy green
7.1 529.1
7.2 631.9
7.3 669.5
7.4 694.9
7.5 712.5
The solution color becomes more violet
gradually
8.0 720.6
8.5 726.8
9.0 731.6
9.5 737.8
10.0 740.2
10.5 744.5
11.0 752.6
 


	30. 200
250
300
350
400
450
500
550
600
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