Experiment 9
Research Into Alternate Syntheses of [Cr(en);]Cl;- 2H,0

Introduction

We will be experimenting with modifying the published procedure for synthesizing
[Cr(en);]Cl3°2H,0 in order to improve the success rate of this synthesis. When trying to develop
a new procedure, it is VERY IMPORTANT to keep a very detailed record of your actions and
observations in lab in order to be able to reproduce your synthesis later. It is not necessarily
obvious which variables are crucial to the success of the reaction, so your record must be both
very detailed and very exact. You will work in pairs in this lab: one of you will prepare the
complex using alternate synthesis A, and the other one will use alternate synthesis B. You will
share your data on A and B with each other. You will report your percent yields of both
complexes in your lab report, and we will tally them to see which synthetic variation the class
had most success with.

Prelab

Write the syntheses of both complexes in your prelab. Also, calculate and write the quantities of
all reagent solutions that you'll be using (ex., 10% ethylenediamine in methanol by volume).

Literature procedure and new variations:

The literature procedure for the synthesis of [Cr(en);]Cl3»2H,O (J. Bray, J. Locke, J.
McCleverty, and D. Coucouvanis, Inorganic Syntheses 13, pp. 184 - 186) involves the addition
of a single piece of granulated zinc to a green solution of CrCl;*6H,0 in methanol. The mixture
is then heated to reflux on a steam bath. Anhydrous ethylenediamine is added very slowly, to
prevent bubbling and frothing, which may reduce the yield. The reflux is continued for one
hour, the reaction mixture is cooled to room temperature, and the product is collected by
filtration, during which the piece of zinc is removed. The yellow product is then washed with a
10% solution of ethylenediamine in methanol until the washings are colorless, then washed with
ether and air-dried. The reported yield is 51%. The authors note that an exactly similar
procedure can be used to synthesize the analogous complex of 1,2-propanediamine.

No[Cr(en);]Cl3*2H,0 is obtained in the absence of the zinc, showing that zinc's function in the
reaction is that of a catalyst. Other reducing metals, such as magnesium ribbon or granulated tin,
may be used instead, but the yields are lower (38% and 30% respectively), and with granulated
tin the reaction is much slower than with zinc or magnesium.

The zinc catalyst probably functions by generating kinetically labile Cr(II) species. It is
noteworthy that in aqueous solution, the use of zinc as a catalyst gives only very low yields of



[Cr(en);]Cl3*2H,0. The authors state "The preparation does not succeed if aqueous solutions are
used, the yield then being very small."

Given the sensitivity of the reaction to water, the alternate syntheses are designed to exclude it as
much as possible. The methanol solvent will be dried before you use it; also washing the mossy
zinc with acid and water has been deleted in alternate synthesis A, to exclude any additional
protons, which may react with the reducing equivalents of zinc. To provide more surface area,
and thus faster reactivity, to the zinc catalyst, zinc grains will be used in place of mossy zinc in
alternate synthesis B. This will require an extra crystallization and filtration step to separate the
un-reacted zinc grains from your product.

The yellow solid [Cr(en);]Cl3*2H,0O obtained when the reaction mixture is filtered, has been
observed, at times, to completely re-dissolve during the rinsing procedure that the literature
recommends, i.e., rinsing with 10% ethylenediamine in methanol. This rinsing step is an attempt
to remove any unreacted CrCls, or any Cr™> complexes that are not fully substituted with three
ethylenediamine ligands. These complexes are presumed to be more soluble in methanol than is
the [Cr(en);]Cl3*2H,0 product, so rinsing the filtered solid with methanol should remove the
unwanted complexes, but not dissolve the [Cr(en);]Cl3*2H,0. 10% ethylenediamine is added to
the methanol to coordinate and help remove any Cr™ complexes that are not fully substituted
with ethylenediamine. [Cr(en);]Cl3*2H,0O should not become more soluble in the presence of
ethylenediamine, because the Cr” is already fully coordinated with this ligand. However, the
methanol rinsings do often dissolve the [Cr(en);]Cl3*2H,O product, in contradiction of the
literature procedure.

The ether rinsing which is the last purification step, removes excess methanol and
ethylenediamine, thus helping to dry the product. No dissolving of the product is seen upon
rinsing with ether.

In this experiment the literature purification procedures will therefore be modified. The
modified purification steps to be used are: 1) cooling the methanol/ethylenediamine solution in
an ice bath before rinsing, attempting to decrease its ability to dissolve the product, 2) rinsing the
product with only one portion of methanol/ethylenediamine, and 3) adding this portion dropwise,
so that dissolving of the product will be minimized.

Experimental Procedure

Record the procedures and experimental notes of your partner in your lab notebook before you
leave lab. Attach copies of your partner's spectra, as well as your own, to your lab report.



Alternate Synthesis A
A. [Cr(en)s] Cls¥2H,0 Bthe preparation of Tris(ethylenediamine)chromum(I11)

Weigh out 200 mg of mossy zinc and place it, 532 mg of CrCl3*6H;0, a stir bar, and 2 mL of dry
methanol into a 25 mL round bottom flask. In the hood, measure out 2 mL of anhydrous
ethylenediamine, and leave it sitting in the hood for your later use. Heat the round bottom flask
in a sand bath with stirring until the solution is just boiling, or is just under the boil. Put on
gloves. Then bring the flask to the hood, using tongs, and, while the reaction mixture is still hot,
add the 2 mL of ethylenediamine to it VERY SLOWLY, using a Pasteur pipette. The reaction
mixture may froth or bubble with each drop of ethylenediamine added, so do the addition slowly
enough not to lose product. When the addition of ethylenediamine is complete, bring the flask to
the bench, attach a reflux condenser to it, and heat the reaction mixture to reflux on a sand bath,
with stirring, for one hour. If the reaction mixture is not actively refluxing, your reaction may
not run to completion.

Cool the solution in an ice bath. Collect the yellow crystalline product by suction filtration using
a Hirsch funnel. Remove any un-reacted zinc with tweezers.

Wash the filtered product with a cold 0.5 mL solution of 10% (by volume) ethylenediamine in
methanol added dropwise. Follow this with a 0.5 mL rinse with ether. If your product dissolves
significantly when drops of the cold methanol/ethylenediamine solution are added, discontinue
rinsing with methanol/ethylenediamine and perform only the ether rinse. Allow the product to
dry and determine the percentage yield.

Alternate synthesis B
B. [Cr(en)s] Cl3¥2H,0 Bthe preparation of Tris(ethylenediaming)chromum(ll)

Weigh out 200 mg of granular zinc and place it, 532 mg of CrCls*6H,0, a stir bar, and 2 mL of
dry methanol into a 25 mL round bottom flask. In the hood, measure out 2 mL of anhydrous
ethylenediamine, and leave it sitting in the hood for your later use. Heat the round bottom flask
in a sand bath with stirring until the solution is just boiling, or is just under the boil. Put on
gloves. Then bring the flask to the hood, using tongs, and, while the reaction mixture is still hot,
add the 2 mL of ethylenediamine to it VERY SLOWLY, using a Pasteur pipette. The reaction
mixture may froth or bubble with each drop of ethylenediamine added: do the addition slowly
enough not to lose product. When the addition of ethylenediamine is complete, bring the flask to
the bench, attach a reflux condenser to it, and heat the reaction mixture to reflux on a sand bath,
with stirring, for one hour. If the reaction mixture is not actively refluxing, your reaction may
not run to completion.

Cool the solution in an ice bath. Collect the yellow crystalline product by suction filtration using
a Hirsch funnel.

Wash the filtered product with a cold 0.5 mL solution of 10% (by volume) ethylenediamine in
methanol added dropwise . Follow this with a 0.5 mL rinse with ether. If your product dissolves
significantly when drops of the cold methanol/ethylenediamine solution are added, discontinue
rinsing with methanol/ethylenediamine and perform only the ether rinse.



To remove un-reacted zinc grains, dissolve the product in a minimumamount of distilled water
by adding drops of water while stirring in a small round bottom flask. When all of the product is
dissolved, filter the solution by suction filtration using a Hirsch funnel to remove the zinc grains.
Then add drops of acetone to the cooled filtrate until the yellow product precipitates.

Collect the product by suction filtration using a Hirsch funnel and wash the product with a 0.5
mL rinse of ether. Allow the product to dry and determine the percentage yield.

C. Characterization of thg Cr(en)s] Cls¥2H,0.

Prepare aqueous solutions of the products of syntheses A and B using approximately 10 mg of
each complex in about 5 ml of water. If you do not obtain solid products, the yellow filtrate
solution may be used. Obtain the electronic spectrum for each complex, carefully recording
which spectrum corresponds to synthesis A and which to synthesis B. Record the wavelengths
of the absorbances for each complex, and compare the spectra to those posted as shared data for
Experiment 4. Compare your spectra to both that of [Cr(en);]Cl3*2H,0, and to that of the
[Cr(en)s]Cl3*2H,0 yellow filtrate solution, found at the Shared Data web link for Experiment 4.

Data Analyisis

Write, in paragraph form and using equations, a detailed description of the actual experimental
methods you used (for both syntheses), and your/your partner's observations at each step of the
two syntheses. Note carefully any deviations you both may have made from the experimental
procedures given above and from your prelab notes. Record any problems that occured with the
syntheses, purifications, or recrystallizations. Record your per cent yield for both of the
syntheses. Record how the electronic spectra of both your products compare to the spectra of
[Cr(en);]Cl3*2H,0 and of the [Cr(en);]Cl3*2H,0 yellow filtrate solution.

Discussion

Discuss the scientific concepts behind the re-design of these two syntheses, comparing them to
the synthesis of [Cr(en);]Cl3*2H,O we used in Experiment 4 and the literature synthesis given
above. What are the significant differences, and what specifically do we hope to achieve by
altering the syntheses as we did? What steps did we leave out of the literature procedure, and
why? Would the addition of these steps potentially improve the reaction yield?

Discuss how your products' electronic spectra compare to the shared electronic spectra, and
whether you can identify your products from the wavelengths of the absorbances in your spectra.
If you see differences in your spectra from the shared electronic spectra, discuss what the
differences are and what they might arise from.



Give your best explanations for why your reactions did or did not work. Identify sources of
actual or potential errors. Give reasonable causes (and solutions, if possible) for the problems
you experienced, and suggest ways the syntheses could be further improved.

Discuss whether your complexes consist of all ethylenediamine ligands, or if they may retain
some Cl ligands. To determine this, calculate the A, of your [Cr(en);]Cl3*2H,0 complexes from
your electronic spectra. Then calculate the true A, of [Cr(en);]Cl3*2H,O from its electronic
spectrum that is posted on the webpage for Experiment 4.

Compare the true A, of [Cr(en);]Cl322H,0 to the A, of your complexes. If your complexes' A,'s
are close to the true A, of [Cr(en);]Cl3*2H,0, what does that indicate about which ligands are
coordinated to the Cr™ in your complexes?

Look at the relative ligand field strengths of the en and CI ligands, given in the spectrochemical
series on page one of Experiment 4's EP. If your complexes have some CI ligands, would you
expect the A, of your complexes be greater or less than the true A, of [Cr(en);]Cl3*2H,0?

If your complexes' A,'s differ significantly from the true A, of [Cr(en);]Cl32H,0, try to estimate
from the magnitude of your complexes' A,'s relative to that of the true A, of [Cr(en);]Cl3*2H,0,
whether you may have one, or a few, or even many, CI” ligands coordinated.

Questions

1. No Cr(en);*2H,0 is produced in the absence of zinc. But how do we know that the zinc is
acting as a catalyst in this synthesis, not as a reducing agent?

2. Why are Cr(II) complexes kinetically labile, while the Cr(I1I) starting material is not? (Think
of electron counts).



