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OBJECTIVES
• To observe the various colors 

associated with transition metal ions
• To determine the relative strengths of 

ligands
• To compare the stability of complexes
• To synthesize a coordination 

compound



INTRODUCTION

Complex & Ligands

A complex is a ion or molecule formed between a metal ion 
(a  Lewis acid) and a number of anions or molecules (Lewis 
bases).  A ligand is an ion or molecule that binds to a 
central metal atom to form a complex. They produce a 
change in electronic energy levels of the metal ion. As 
result, the energy (and also the wavelength) of light 
absorbed by the electrons in the transition metal ion and 
consequently, the energy of light transmitted change. The 
solution has a new color.



Coordination compound & Sphere

The complex has a number of ligands bonded to the transition 
metal ion that form a coordination sphere. The complex along 
with neutralizing ion is called a coordination compound.



Common Ligands

The bond strength between the transition metal ion and its 
ligands varies, depending on the electron pair donor (Lewis 
base) strength of the ligand and the electron pair acceptor 
(Lewis acid) strength of the transition metal ion. Ligands 
may be neutral or anionic.

Monodentate Ligands
H2O:, NH3:, :CN-, :SCN-, :S2O3

2-, :F-, :Cl-, :Br-, :I-, :OH-



Bidentate Ligands Tridentate Ligands

Tridentate Ligands and higher polydentate ligands 



Table 36.2 Common Coordination Numbers of Some Transition 
Metal ions coordination

Coordination 
Number         Transition metal Ions

2
3
4

Ag+, Au+

Hg2+, Cu2+, Ni2+, Co2+, Zn2+, Pt2+, Au2+

Co2+, Co3+, Fe2+, Fe3+, Cr3+, Ni2+, Cu2+

Coordination Number 

The number of bonds between a metal ion and its ligands is 
called the coordination number of the complex.



Why compounds of transition metals are colored?



EXPERIMENTAL 
PROCEDURE & RESULT 
VIDEOS



Overview
Several complexes of Cu2+, Ni2+, and Co2+ are formed and
studied. The observations of color change that result
from the addition of a ligand are used to understand the
relative stability of the various complexes that form. One
or more coordination compounds are synthesized and
isolated.



Notes on Observation

Subtle color changes occur for solutions mixed in PARTs A-D, so
it is important to make careful and close observations. Always
compare the test solution with the original aqueous solution.

After each addition for the ligand-containing solution, tap the test
tube to agitate the mixture (Figure 36.4) and view the solution at
various angles to note the color (change) (Figure 36.5).

If a color change occurs (not a change in color intensity), then a
new complex has formed. On occasion you may need to discard
some of the test solution if too much of the original solution was
used.



From three to six 75-mm test tubes are used PARTs A, B, C,
and D of the experiment. Plan to keep them clean, rising
thoroughly after each use. Do not discard any test solutions
until the entire PART of the Experimental Procedure has
been completed.

For PARTs A-D, perform the experiment with a partner. At
each circled superscript, ①-⑨ in the procedure, stop and
record your observation on the Report Sheet.

Discuss your observations with your lab partner and your TA.

Consult with your TA to determine which of the coordination
compounds outlined in PARTs E, F, and G you are to
synthesize.



Caution!

Several of the ligand-containing solutions should be
handled with care. The conc HCl, conc NH3, and
ethylenediamine reagents produce characteristic
odors that are skin and respiratory irritants. Use
drops as suggested and avoid inhalation and skin
contact.



Part A. Chloro Complexes of the 
Copper(II), Nickel(II), and Cobalt(II) Ions

1.Form the complexes.
2. Dilute the complexes.

Test tube # #1 #2 #3
0.1 M CuSO4 0.1 M Ni(NO3)2 0.1 M CoCl2

PART A.1 1. Place ~0.5 mL of each solutions into each of three separate test 
tubes.

2. Add ~1 mL (20 drops) of conc HCl to each.
3. Tap the test tube to agitate.
4. Record your observations on the Report sheet ②.

PART A.2 1. Slowly add ~ 1 mL of distilled water to each test tube.
2. Compare the colors of the solutions to ~2.5 mL of the original 

solutions. Does the original color return? Record.③



Part B. Complexes of the Copper(II) Ion

1. Form the complexes. 
2. Test for stability

#1 #2 #3 #4 #5
0.1 M CuSO4 0.1 M CuSO4 0.1 M CuSO4 0.1 M CuSO4 0.1 M CuSO4

5 drops of 
conc NH3

5 drops of 
ethylenediamine

5 drops of  
0.1 M KSCN

blank 5 drops of  EDTA 
(ethylenediaminetetr

aacetate anion) 

PART B.1 1. Place ~0.5 mL of 0.1 M CuSO4 in each of five test tubes.
2. Transfer them to the fume hood.
3. Add the above ligand solutions to each tube.
- If a precipitate forms in any of the solutions, add an excess of the ligand 

containing solution.
4. Compare the appearance of the test solutions with the 1 mL of original 

CuSO4 solution in the fourth test tube.④
3-5 drops of         
1 M NaOH

3-5 drops of         
1 M NaOH

3-5 drops of         
1 M NaOH

3-5 drops of         
1 M NaOH

3-5 drops of         
1 M NaOH

PARTB.2 1. Add 3-5 drops of 1 M NaOH to each of the solutions. 
2. Account for your observations.⑤



Part C. Complexes of the Nickel(II) Ion

1. Form the complexes. 
2. Test for stability

#1 #2 #3 #4 #5
0.1 M NiCl2 0.1 M NiCl2 0.1 M NiCl2 0.1 M NiCl2 0.1 M NiCl2
5 drops of 
conc NH3

5 drops of 
ethylenediamine

5 drops of  
0.1 M KSCN

blank 5 drops of  EDTA 
(ethylenediaminetetr

aacetate anion) 

PART C.1 1. Place ~0.5 mL of 0.1 M NiCl2 in each of five test tubes.
2. Transfer them to the fume hood.
3. Add the above ligand solutions to each tube.
- If a precipitate forms in any of the solutions, add an excess of the ligand 

containing solution.
4. Compare the appearance of the test solutions with the 1 mL of original NiCl2

solution in the fourth test tube. Record your observations. ⑥
3-5 drops of         
1 M NaOH

3-5 drops of         
1 M NaOH

3-5 drops of         
1 M NaOH

3-5 drops of         
1 M NaOH

3-5 drops of         
1 M NaOH

PART C.2 1. Add 3-5 drops of 1 M NaOH to each of the solutions. 
2. Account for your observations.⑦



Part D. Complexes of the Cobalt(II) Ion

1. Form the complexes. 
2. Test for stability

#1 #2 #3 #4 #5
0.1 M Co(NO3)2 0.1 M Co(NO3)2 0.1 M Co(NO3)2 0.1 M Co(NO3)2 0.1 M Co(NO3)2

5 drops of 
conc NH3

5 drops of 
ethylenediamine

5 drops of  
0.1 M KSCN

blank 5 drops of  EDTA 
(ethylenediaminetetr

aacetate anion) 

PART D.1 1. Place ~0.5 mL of 0.1 M Co(NO3)2 in each of five test tubes.
2. Transfer them to the fume hood.
3. Add the above ligand solutions to each tube.
- If a precipitate forms in any of the solutions, add an excess of the ligand 

containing solution.
4. Compare the appearance of the test solutions with the 1 mL of original 

Co(NO3)2 solution in the fourth test tube. Record your observations. ⑧
3-5 drops of         
1 M NaOH

3-5 drops of         
1 M NaOH

3-5 drops of         
1 M NaOH

3-5 drops of         
1 M NaOH

3-5 drops of         
1 M NaOH

PART D.2 1. Add 3-5 drops of 1 M NaOH to each of the solutions. 
2. Account for your observations.⑨



Clay triangle

CLEANUP:
Rinse the test tubes twice with tap water and twice with 
distilled water and discard in the Waste Metal Ion Solution 

container in the fume hood. Additional rinses can be 
discarded in the sink, followed by a generous amount of 

water.

DISPOSAL:
Dispose of the waste solutions from PARTs A, B, C, and D 

in the Waste Metal Ion Solutions container.



Part E. Synthesis of Tetraamminecopper(II) 
Sulfate Monohydrate

[Cu(H2O)4]SO4∙H2O + Conc NH3

1. Dissolve the 
starting material

1) Dissolve 6 g of copper(II) sulfate pentahydrate in a clean, dry 
previously mass-measured 125-mL Erlenmeyer flask with15 mL of 
distilled water. (Gentle heating may be necessary)
2) Transfer the flask to the fume hood.

2.Precipitate the 
complex ion

1) Add conc NH3 until the precipitate that initially forms has dissolved.
2) Cool the deep-blue solution in an ice bath.
3) Cool 20 mL of 95 % ethanol to ice bath temperature and then slowly 
add it  to the solution. (The blue, solid complex should form.)

3. Isolate the 
product

1) Premeasure the mass of a piece of filter paper and fit it in a Buchner 
funnel.
2) Vacuum filter the solution; wash the solid with two 5-mL portions of 
cold 95% ethanol (not water!).
3) Place the filter and sample on a aluminum foil boat and allow the 
sample air-dry. 
4) Determine the mass of the filter paper and product.
5) Calculate the percent yield.
6) Submit it to your TA.



Clay triangle



Part F. 
Synthesis of Hexaamminenickel(II) chloride

[Ni(H2O)6]Cl2 + Conc NH3

1. Dissolve the 
starting material

1) Dissolve 6 g of nickel(II) chloride hexahydrate in a clean, dry 
previously mass-measured125-mL Erlenmeyer flask  with10 mL of warm
(~50oC) distilled water. 
2) In a fume hood, slowly add 20 mL of conc NH3 (Caution!).

2.Precipitate the 
complex ion

1) Cool the mixture in an ice bath.
2) Cool 15 mL of 95 % ethanol to ice bath temperature and then slowly 
add it  to the solution. 
3) Allow the mixture to settle for complete precipitation of the lavender 
product. (The supernatant should be nearly colorless)

3. Isolate the 
product

1) Premeasure the mass of a piece of filter paper, fitted for a Buchner 
funnel.
2) Vacuum filter the solution; wash with two 5-mL volumes of cold 95% 
ethanol (not water!).
3) Air-dry the product and filter paper on a aluminum foil.
4) Determine the mass of the filter paper and product.
5) Calculate the percent yield.
6) Submit it to your TA.



Clay triangle



Clay triangle



Part G. Synthesis of Tris(ethylenediamine)nickel(II)Chloride 
Dihydrate

[Ni(H2O)6]Cl2 + Ethylenediamine

1. Dissolve the 
starting material

1) Dissolve 6 g of nickel(II) chloride hexahydrate in a clean, dry 
previously mass-measured 125-mL Erlenmeyer flask  with10 mL of warm
(~50oC) distilled water. 
2) Cool the mixture in an ice bath.
2) In a fume hood, slowly add 10 mL ethylenediamine (Caution: Avoid 
skin contact and inhalation).

2.Precipitate the 
complex ion

1) Cool the mixture in an ice bath.
2) Cool 15 mL of 95 % ethanol to ice bath temperature and then slowly 
add it  to the solution. 
3) Allow the mixture to settle for complete precipitation of the lavender 
product. (The supernatant should be nearly colorless)

3. Isolate the 
product

1) Premeasure the mass of a piece of filter paper, fitted for a Buchner 
funnel.
2) Vacuum filter the solution; wash with two 5-mL volumes of cold 95% 
ethanol (not water!).
3) Air-dry the product and filter paper on a aluminum foil.
4) Determine the mass of the filter paper and product.
5) Calculate the percent yield.
6) Submit it to your TA.



Clay triangle



Clay triangle



Clay triangle

CLEANUP:
Rinse all glassware twice with tap water and discard in the 
Waste Metal Ion Solution container in the fume hood. Rinse 
the glassware twice with distilled water and discard in the 

sink.

DISPOSAL:
Dispose of the waste solutions from PARTs E, F, and G in 

the Waste Metal Ion Solutions container.



REPORT SHEET
Laboratory Manual For Principles Of General 
Chemistry, 10th edition
p.407-408
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