Synthesis of Chromium(l1) Acetate
Introduction

Chromium may adopt many formal oxidation states rangog £4 to +6. Most familiar
of the compounds with the highest oxidation number (+6}l@wse containing Cr® and C5O.*
ions. The most stable compounds of chromium contair-8hoxidation state, but many
compounds containing the +2 oxidation state are knowratieastable in the absence of oxygen
(air). The name chromium (Gé&hroma means color) was given to the element becausenitsfor
a large number of colored compounds. The Cr(ll) ioraslity oxidized:

Cr*=Cr'+e E°,=-E°=+0.41V

and to achieve synthesis its compounds must be proteotadhir. The Cr(ll) ion is also capable
of reducing water, producing hydrogen, and is thereforeagteducing agent. It has been used
extensively in studying the mechanisms of electronsfiea reactions.

In this experiment the red, diamagnetic chromium(lltateewill be prepared. The
starting material for the synthesis is potassium diclate which is reduced by zinc in the
presence of strong acid. During the reduction there any mformative color changes. First the
orange colored Cr(VI) is reduced to green Cr(lll), andlffrto blue Cr(ll). The chromium(ll)
acetate is brick red and was first synthesized in 184#restingly, Huheey {organic
Chemistry, 3¢ ed., Harper and Row, New York, 1983), points out that thispound is prepared
in inorganic synthesis courses as a “test of skill@atéence - unless it is absolutely dry it is
readily oxidized in air.” Thus, you will be challengednaany generations of inorganic lab
students before you have been. Will your compound relongi red in a sealed vial for more
than one week? Chromium acetate because of itsveeftibility is often used as the starting
material for other less stable Cr(Il) compounds sudbr&$,-4H,0. Chromium(ll) acetate has
the dimeric molecular formula ¢©O,CCH,),(H,0O),. There has been considerable interest in it
because it has a short Cr-Cr distance, suggesting thbiligssf a quadruple bond. As you
answer the questions at the end of the experiment ybleavh more about its structure and
other properties.

Procedure

Obtain a side-arm test tube, rubber stopper, Tygon ansltglisg needed to assemble
the apparatus shown in the diagram. (Some of thesalwggldy be preassembled.) Clamp the
test tube securely on a ring stand and move into theé.hoo

Weigh out 1.0 g potassium dichromate, being careful not to ang of the compound on
or around the balance (see MSDS). Weigh out 5.0 (x0.5)sgyminc and transfer both the
potassium dichromate and zinc to the side-arm test tDbenot place the stopper and glass
tubing on the test tube at this time. In a 30-mL bedlssolve 4.5 g sodium acetate trihydrate in
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4 mL water. This solution may have to be gently retatea hot plate in order to obtain
complete solution. Make certain that this solutioatisoom temperature before proceeding.

The next part of the experiment must be donein the hood. All studentsworkingin
the area areto wear safety glasses, and those working directly on the experiment should
wear protective gloves. Your instructor will give you specific directions about the following
procedure.

Pour 10 mL of concentrated hydrochloric acid (12 M) inBDa
i mL beaker. Depending upon the size of the mossy zinc particlesit is
;‘ possible that some dilution of the acid will be made - see instructor.)
| With the side-arm test tube set at a slight angle adbydhechloric acid
| dropwise to the side-arm test tube. Immediately the zinc Isetgimeact
‘ ~ with the acid evolving considerable amounts of hydrogen g&cause
= || | the evolution of hydrogen gas will carry hydrogen chloadé of the tube
it make certain to keep your hands away from the moutheakst tube.
' Continue the addition of the acid, making certain thatrésulting foam
‘ from the reaction does not rise to the height okitle-arm. This
procedure should be continued for 15 to 20 minutes until tbéi@ohas
7 gone through all the color changes described above. tBaoset is
difficult to determine a blue-green solution from a blne.oYour
LA instructor will assist you at this point if necessary.

—

While the reaction is proceeding take approximately 10 fivkater in a test tube and
shake vigorously with one drop of ether. This will remair from the water. Place this test tube
in a small ice bath for use as a wash solution latdre experiment. Also set aside in two smalll
flasks 5 mL ethanol and 5 mL ether.

Finally, when the solution is blue, indicating the preseof Cr(Il), add fairly rapidly 10 to
15 more drops of the acid and immediately insert the stapmkglass tubing into the side-arm
test tube. Be extremely careful not to jam the ¢ifaiss tubing into a piece of Zn at the bottom of
the test tube. If you break the glass tip at this stagexperiment will likely be ruined. Adjust
the clamp so that the test tube is vertical as showre diagram and place the beaker containing
the sodium acetate solution under the glass tubing witGheend. Pinch off the Tygon tubing
at the side-arm and allow the pressure of the hydrogetogasry the Cr(ll) solution through the
glass tubing into the beaker containing the sodium acetéugon. Transfer as much of the
solution as possible without allowing the glass trarnsfiee to touch the sodium acetate solution.
The deep red chromium acetate should immediately forrmehse this beaker in an ice bath for a
few minutes and prepare a filtration assembly using a 30aedium frit glass filter. Filter the
cold deep red solution making certain not to suck too muchraiugh the sample. As soon as
the liquid is no longer visible break the vacuum and add ®ithe ice cold water. Suck the
water through the filter and break the vacuum. Repegirtheess with two more 3-mL water
washes, one 5-mL ethanol wash, and one 5-mL of ethsh.wPass air through the sample for
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approximately 30 seconds then break the vacuum. Collesatnple, and spread it out on a filter
paper or porcelain plate to allow the remaining etha@vaporate. Place the sample in a tared
sample bottle and weigh to determine the yield of product.

Dispose the filtrate in the waste container markedralum(ll) acetate waste. Fill the
side-arm test tube half-full with water and add thishe same waste container, being careful not
to dispose of the zinc in the same container (debaniquid). Repeat the process twice more.
You may now rinse the test tube under the tap and dispdlse ninc in a laboratory trash can.
Reaction of Chromium(l1) Acetate

Take a small test tube and add 5 to 10 drops of dilute iad@€j. This pink colored
solution will be available in the laboratory. Addegual amount of water to the test tube. Add a
spatula tip full of the chromium(ll) acetate to the solutand shake vigorously. Observe any
color changes that occur in either the O2lthe water layer.

Laboratory Report

1. Submit your sample, clearly labeled with your namé.on

2. Your written report should contain balanced equationthe syntheses. Base the percent
yield on the quantity of potassium dichromate startingen@t Also include in your report
any unexpected observations or difficulties encountered.

3. Write balanced equations for the reaction with iedin

4. Sketch the structure of chromium(ll) acetate? Whdite Cr-Cr bond distance in the
compound? Summarize the arguments for and against thegraedea Cr—Cr quadruple
bond in the compound.

5. Give at least two other methods with referentaians for the preparation of chromium(ll)
compounds?
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