Experiment 6

Thione-Thiol Tautomerism in Co complexes

Introduction

This experiment demondrates how spectroscopic and magndic data for many trangtion metal
complexes can be used to determine the coordination geometry of a set of ligands about the
trangtion metal ion. You will prepare cobdt complexes usng the monodentate organic ligand,
2-mercapto-1-methylimidazole (MIMT) and chaacterize them with UV/VIS and IR
spectroscopy. Two complexes will be formed. Complex A has the formula
[Co(MIMT)4(NO3):], while complex B hastheformula [Co(MIMT),(NOs),|. Youwill work in
parsin this lab: oneof you will prepare and characterize complex A, and the other onecomplex
B. Youwill shaeyour daaon A and B with each other.

The structure of the MIMT ligand is depicted bdow. MIMT is oneexample of aligand that can
bondto a trandtion metal in more than one manner. Such ligandsare said to be ambidentate.
This behavior arises from the fact tha MIMT can exist in two tautomeric forms, namely the
thione and thiol forms. The behavior of MIMT is very smilar to tha of the keto-enol
tautomerism tha you learned aboutin organic chemistry.
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In the thione form, MIMT coordinates to a metal through the sulfur atoms, while in the thiol
form it coordinaes through the imidazole ring nitrogen atom.  The coordinaion sphae of
complex A is either Co(N or S); or Co(N or S);,0, you are asked deermine the exact
coordinaion sphae of this complex in question #3. The coordinaion sphae of complex B is
Co(N or S),0;,, with the oxygens coming from thetwo coordinaed nitrate ions

MIMT by itself exists in the thione form, and the C=S bond of the free ligand has an IR
stretching frequency at 745cm™. The IR spectra of the complexes can be monitored to see what
happensto ligand bondstretching frequendes if the sulfur or the nitrogen are coordinated to the
cobdt atom. The UV/VIS spectra of A and B should aso differ, reflecting the difference in the
d-orbital splitting capability of thedifferent coordination spheres of A and B.

Also, in metal complexes, thefrequency of the IR bandscorresponding to bondstretches should
inarease if the electron dengty in the bondis beng enhanced, and will decrease if the electron



dengty in the bondis reduced. The kind of electronic interaction of the metal with the ligand
can therefore bedetermined.

Procedure:

CAUTION: The MIMT ligand is a toxic compound. Exercise care when weighing out
your samples. Wear gloves to prevent it coming into contact with your hands.

Preparation of Complex A — [Co(MIMT)4(NO3);|

In asmall Erlenmeyer flask, prepare the solvent to be used for these reactionsby mixing 8 ml of
absolute (100% ethanol with 0.45 ml of triethylorthoformate. We will refer to this solvent as
TF-ETOH.

In a 25m roundbottomed flask equipped with a magndic stirring bar, dissolve 228 mg (2.0
mmol) of MIMT in 2.5 ml of your TF-ETOH solvent. You may need to warm this solutionin a
sand bath to get the MIMT ligand to fully dissolve. Use a Pasteur pipete to add a separately
prepared solution of 73 mg hydrated cobdt nitrate, Co(NOs3), + 6H,0, in 2 ml TF-ETOH.

Fill a drying tube with CaCl,, a drying agent that absorbs water vapor, at the appropriate lab
station, working over the plastic tub to contain CaCl, spills. Attach a reflux condenser capped
with your CaCl, drying tubeto the roundbottomed flask, and clamp the appaatusin a sand bath
set atop a magnetic stirring hot plate. Heat the resulting mixture at reflux with stirring for about
30 min. Then use a Pasteur pipette to trander the hot liquid to a small Erlenmeyer flask (10m)
containing a boiling stone

Reduce the volume by about 10% by heating on a sand bath IN THE HOOD, and then allow the
solution to cool to room tempeature. Further cooling in an ice bah should induce
crystalization. If posible, now acquire the UV/VIS spectrum of the green mother liquor of A
diluted with ethanol (see Characterization of the Produds section bdow). Collect the emerad
green crystals from the cooled mother liquor by filtration usng a Hirsch funnd, and wash them
with a 1 ml portion of cold absolute ethanol. If this does not work, further reduce the sample
volume, and try again. Replace the mother liquor in the ice bath after the filtration. Using the
dried solid produd, estimate your yield and measure the melting point of the produd (the
literature value is between 150 and 200;C). If a UV/VIS spectrum of A was not acquired
previoudy, make a solution of your solid produd in CH3CN, and acquire the spectrum. If you
complete this reaction but fail to produce a solid sample of A, it is still possible to obtain a
UV/VIS spectrum of the mother liqua.

Preparation of Complex B — [Co(MIMT),(NO3),|

In asmall Erlenmeyer flask, prepare the solvent to be used for these reactionsby mixing 8 ml of
ethyl acetate with 0.45 ml of triethylorthoformate. We will refer to this solvent as TF-EA.

In a 25m roundbottomed flask equipped with a magndic stirring bar, dissolve 114 mg (1.0
mmol) of MIMT in 1.5 ml of your TF-EA solvent. You may need to warm this solution in a
sand bah to get the MIMT ligand to fully dissolve. Use a Pasteur pipéte to add a separately
prepared solution of 146 mg hydrated cobdt nitrate, Co(NOs), - 6H,0O, in5 ml TF-EA.



Fill a drying tube with CaCl,, a drying agent that absorbs water vapor, at the appropriate lab
station, working over the plastic tub to contain CaCl, spills. Attach a reflux condenser capped
with your CaCl, drying tubeto the roundbottomed flask, and clamp the appaatusin a sand bath
set atop a magnetic stirring hot plate. Heat the resulting mixture at reflux with stirring for about
30 min. Then use a Pasteur pipette to trander the hot liquid to a small Erlenmeyer flask (10m)
containing aboiling stone

Reduce the volume by about 10% by heating on a sand bath IN THE HOOD, and then allow the
solution to cool to room tempeature. Further cooling in an ice bah should induce
crystallization. If possible, now acquire the UV/VIS spectrum of the blue mother liquor of B
diluted with ethand (see Characterization of the Produds section below). Collect the dark blue
crystals from the cooled mother liquor by filtration usng a Hirsch funnd and wash them with a1l
ml portion of cold abslute ethanol. Replace the mother liquorin theice bah after thefiltration.
Dry the solid produd, calculate your yield, and measure the melting point of the produd (should
be beween 150 and 200;Q). If a UV/VIS spectrum of B was not acquired previoudy, make a
solution of your solid produd in CH3CN, and acquire the spectrum. If you complete this reaction
but fail to produce a solid sample of B, it is till possible to obtain a UV/VIS spectrum of the
cold mother liquor.

Characterization of the Products:

Collect UV-VIS spectra of freshly prepared solutionsof A and B, as these complexes degrade
within afew minutes. Eithe dilute therespective mother liquorsinto ethanol (jus before you
filter off thecrystals), or else prepare acetonitrile (CH3CN) solutionsof your collected solid
produds. These spectra should differ congderably. Compare thewavelengths of the strongest
absorption maxima in thevisible region and comment on therelative postionsfor thetwo
complexes and the reasonsfor these differences.

Obtain the IR spectra of the solid produds by preparing a KBr pdlet, following the method
suggested by your TAs. Compare these with the IR spectrum of the free MIMT ligand, and
comment on any changesin theligands stretching bands

Questions:

1. Draw geometrically accurate Lewis dot structures of thethioneand thiol forms of the MIMT
ligand. Indicate which electron pars may be participaing in thebondwith Co, and give the
expected angle between the Co-N or Co-S bondand the plane of the MIMT ring.

2. What isthechargeonthe MIMT ligand? What isthe oxidation state of theCo in
[Co(MIMT)4(NO3),] andin [CO(MIMT)z(NO‘;)z]?

3. While [Co(MIMT),(NO3),| isobvioudy tetrahedral, it is notimmediately obviousif
[Co(MIMT)4(NO3),] will adoptatetrahedral or odahedral coordination environment, asthe
NO; ionscan either be coordinaed directly to the Co atoms, or merely serving as counter-ions
in solution. Based onyour UV-VIS data and youwr knowledgeof therelative sizes of thecrysta



field ggos Ao and A+, explain which coordinaion environment for [Co(MIMT)4(NO3),] you are
obsrvingin this lab.

4. Based onyour IR daa, iscomplex A athioneor thiol complex? Wha aboutcomplex B?
Explain your reasoning.

5. How many unpared electronsdoes [Co(MIMT)4(NO3),] have? How many unpaired
electronsdoes [Co(MIMT),(NO3),| have? Draw crystal field energy level diagrams (based on
your condusonsfrom question 3) to illudrate your answers.

6. Wha is the expected magnetic moment (in ug) of the Co in complexes A and B for
tetrahedral, octahedral (high-spin), and octahedral (low-spin) geometries?

Themagndic moment (uer) for ions(in units of ug) is given by theformula

Uy = V2528 +2)

where Sisthetotal spin for the complex (Remember each unpared electron contributes avaue
of S=1/2, so acompoundwith three unpared electronswill have S=3/2. S=n/2).

7. Isitlikely tha the choice of coordinaing ligandswill affect the magneic moment of
tetrahedral Co?* or Co**? How aboutfor octahedral Co®* or Co*? Use crystal field diagramsto
judify your answer.



