Experiment 2
Geometrical Isomers: Cis & Trans Isomers of
Dichlorobis(ethylenediamine)cobalt(IIT) Chloride

Introduction

Geometrical isomers are metal complexes in which the coordinding ligandsare present in the
same propottion butvary in thearrangement of theligandsaroundthe central metal atom.
Despite always having identical chemica formulas, geometrical isomers often have widdy
different propeties, such as magndic moments, colors, bondstrengths, and reactivities.
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Figure 1. Geometrical isomers from octahedral coordinaion complexes.

Thecobdt complexesthat we will investigae are both six coordinae. There are six ligands
boundto thecentral metal atomin an octahedral structure. An octahedronis ageometrical solid
with six vertices, each vertex beng at 90 degrees to its four nearest neghbors and 180 degrees
fromtheremaining vertex. When viewed as apolyhedron, it can be seen tha an octahedron has
eighttriangular faces. In a pefect octahedronthefaces are all identical equilateral triangles.
Because we have amixed ligand set [chloride and ethylenediamine (en), where en isa bidentate
ligand that has two metal binding sites], our molecules will have a distorted octahedral structure.

Complexes of cobdt(l11) undego ligand subditution reactionsrel atively A"inl
dowly and tend to be stable even when solvated. This allows usto isolate
metastable species by crystallizing them before they can conveat to the mos
thermodynanmically stable form. Despite the benign chemistry of cobdt(I11)
complexes, the Co(l1l) ionis notstable in water due to the hydrolysis
reaction b ow.
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We could ensure a congant (if small) supply of Co** during our reaction by
bubbing air throughour reaction solution usng the appaatus shown on the
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right Ingead, we will use the stronge oxidizer, hydrogen peroxide (H20,), Flgu;e 8.7. Side arm test tube

to oxidize cobdt. Once Co*" has been coordinated by the (en) and Cl FPparatis.
ligands it is stable againg redudion.



Throughoutthese preparations note any color changesin your laboratory natebook. These
changes are indicators of changesin the coordinaion sphere aroundthe cobdt ion.

Preparation of trans-[Co(en),CL|Cl

Start by dissolving 1.2 g of cobdt(I1) chloride hexahydrate in 9.5 ml of deonized water in a
sidearm test tubeequipped with an air inlet (a Pasteur pipete inserted througharubbe stoppe,
as diagrammed in theintrodudion) butDO NOT connect this tubeto an aspirator. Insert a
magnédic stirbar and stir the solution during thefollowing additions First add 2.5 ml of a 16%
ethylenediamine solution to thetest tube Then slowly add 1.2 ml of 30% H,0O- solution
(dropwise) Bthis should take about5 minutes. Finally, add 2.4 ml of conceentrated HCI dropwise
to thereaction mixture.

Next, attach the sidearm of thetest tubeto an aspirator, and heat thetest tubeover asteam bah
while ugng the aspirator to pull air throughthe Pasteur pipete. This removes water. Allow the
solution to evaporate until thevolumeisreduaed to roughly 2 ml Bgreen crystalswill be
appaent. Cool thesolutionin an ice bah, and then filter to recover thecrystals. This deep green
produd is trans-[ Co(en) .Cl,] CIMHCI¥2H,0. Wash twice with 8 ml portionsof methanol, and
then two 8 ml portionsof diethyl ether Bthis usudly removesthe HCl co-solvate.  Spread
crystalsand air dry. Assume for thislab tha yourwashed crystals are trans-
[Co(en),Cl,]CI¥2H,0. After determining your yield, prepare a solution of your produd for uv-
Vis spectroscopy (see andysis section bdow).

Preparation of cis-[Co(en) ,Cl,]Cl

Make 5 ml of a0.015M aqueoussolution of the¢rans isomer. Heat this green solution over a
steam bath it should turn violet. Cool thesolutionin ice and observe wha happens rehesat the
solutionif necessary. Use this solution to collect auv-vis absorbance spectrum.

Analysis of the Cobalt Complexes

Collect a uv-vis absorbance spectrum for each complex. Use a0.0150M aqueoussolutionfor the
visible region of the spectrum (300nm- 900 nm) Byou should calculate the masses needed for
this in your prelab. Make note of the wavelength of maximum absorbance or pesk postions
Calculate the molar extinction coeficient at each absorbance pesk in your spectra. Y ou cannot
accurately calculate a molar extincion coeficientif you do notknow the precise molarity of
your solution.

Questions
1. How many isomers exist for complexes of the general formulaMA3B3? Draw and name
each of them.

2. Isthecis isomer theenantiomer of thesrans isomer? Judify with adrawing.

3. Write the badanced redox reaction between cobdt and H,O, that occurred during your
preparation.



. What was donedifferently in thetwo stepsof the procedure to prepare the two different
geometric isomers? What chemica species was used to favor oneisomer over theothe?

. Co(l1l) exhibits a strongtendency to coordinae with ligandscontaining nitrogen. Isthis
congstent with the hard-soft acid-base (HSAB) concepts tha we studied in lab 17

. How many d electronsare presentin Co(ll) and Co(lIl) ion?



