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Experiment 17

Sn(C;H;s)s, Sn(C.Hs).Cl,, and
Sn(Cz H5)2C|2 ' 2(C H3)2SO

As a member of the group IV elements, tin forms a tetrahedral
SnCl, structure analogous to that of CCly. At room temperature both
compounds are colorless liquids whose boiling points at atmospheric
pressure are 114° and 77°C, respectively. Beyond these comparisons,
their chemistries differ considerably. These differences depend to a
large extent on the larger size of the Sn atom compared with that of
C and on the availability of relatively low energy 5d orbitals on Sn. Both
of these factors favor the tendency of Sn to bond to more than four
Cl atoms. This is evidenced by the reaction of SnCl, with ClI™ in water to
form the octahedral anion, SnClg?~.

H.O
SnCl, + 2CI"— SnClg?~

Obviously CCl, does not undergo an analogous reaction.
The tendency of SnCly to expand its coordination number might
also be illustrated by its reactions with numerous donor ligands, L:
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where L = (CHg)sN, (C:Hs).O, or (C,H;),S. While infrared studies
suggest that these complexes have a trans structure, other L groups are
known to give compounds with the cis geometry. In moist air, SnCl,
readily fumes to form the compound SnCl,-5H,0, whose structure is
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unknown but is probably not a simple coordination complex of the
preceding type.

In addition to complex formation, SnCl, forms numerous organotin
compounds by reaction with Grignard reagents:

SnCl, + 4RMgX — SnR, + 4MgXCl

This type of reaction is not limited to SnCl, but has also been used in
the preparation of SiRy, GeRy, BRj, AlR;, PR3, AsR;, and SbR; from
SiCly, GeCly, BCl;, AICl;, PCl;, AsCl;, and SbCl,, respectively. The
specific reaction that will be carried out in this experiment is

SnCly + 4C,H;MgBr — Sn(C,Hs), + 4MgBrCl

The product, tetraethyltin, is a colorless liquid that is stable in air
and boils at 180°C. Unlike SnCl,, SnR; does not form stable 6-coor-
dinated complexes. In general, the tendency to form such complexes de-
creases as Cl is replaced by R in the compounds SnCl,R,_y: SnCl, >
SnCl;R > SnCLR, > SnCIR; > SnR,. Because the Sn-C vibrations occur
at frequencies below 650 cm™, the infrared spectrum of Sn(C.;Hjs),
simply consists of C;H; vibrational absorptions that reveal very little
about the composition or structure of the compound. Its nmr spectrum
is too complex for interpretation without a detailed treatment of nmr
spectroscopy. The reason for this complexity is the presence of the
isotopes ''7Sn and '*Sn (see Appendix 7), which have nuclear spins of
Y6 and which couple with the 'H to give a complicated nmr spectrum.

Of somewhat greater value and interest is the mass spectrum of
Sn(C;Hj;),. For a discussion of mass spectrometry, see Experiment 14,
p. 140. The large number of stable isotopes of Sn sometimes aids in the
assignment of peaks to ion fragments containing Sn, but also can make
complex spectra more difficult to interpret. The isotopes of Sn and their
natural abundances are:

Isotope Natural Abundance
1128n 0.95 per cent
114Sn 0.65 per cent
1158n 0.34 per cent
116Sn 14.2° per cent
178n 7.6 per cent
18Sn 24.0 per cent
1198n 8.6 per cent
12080 33.0 per cent
1228n 4.7 per cent

1248n 6.0 per cent

Carbon occurs as 98.89 per cent '*C and 1.11 per cent '*C. The tendency
of Sn(C,Hs), to fragment with the loss of ethylene, C;H,, and the forma-
tion of Sn-H ions should be noted.

In principle, it is possible to synthesize the mixed compounds
SnR,Cl,_y by reacting various ratios of SnCl, and RMgX. In practice,
a mixture of compounds that are difficult to separate is obtained. The
best method for their preparation is frequently the reaction of stoichio-
metric amounts of SnRy and SnCl, until exchange of R and ClI has oc-
curred. The equations for these reactions are:

3SnR, + SnCl; — 4SnR;Cl
SnR, + SnCly — 2SnR,Cl,
SnR, + 3SnCly — 4SnRCl,
Yields of SnR;Cl, SnR;Cl,, and SnRCl; prepared by this method

are generally very high. The compound Sn(C,H;);Cl, will be synthesized
in this experiment from the reaction:

Sn(C2H5)4 + Snc14 bd QSn(CzH5)ZC12

The product is a white crystalline solid that melts at 85°. The presence
of Cl allows this compound, as contrasted with Sn(C;Hjs)s, to form
adduct complexes. Thus, Sn(C,Hs),Cl,*2(CH;),SO (m.p., 64°) precipi-
tates upon mixing ether solutions of Sn(C,Hj;),Cl, and dimethyl sul-
foxide (DMSO):

CyH;
Cl o—f———— DMSO
N/
Sn(C,H;),Cl, + 2DMSO — ! Sn |
ZARN
Cl K- L———~NDMSO
C,H;

Infrared studies suggest that the product has the geometry shown above.
Dimethyl sulfoxide coordinates with certain metals through the S atom,
and with others through the O atom. By examining the infrared spec-
trum, in particular the S-O stretching frequency, the mode of coordina-
tion in Sn(CyH;);Cly - 2(CH;).SO will be established in this experiment.



Not all organotin halides form octahedral complexes. A five-coor-
dinated compound is generated from the reaction of Sn(CHj);Cl with
pyridine:
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Sn(CH),Cl  + [ H;C
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Hacz__. _SCH3
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An x-ray diffraction study of the solid indicates that the compound has
the trigonal bipyramidal structure shown. Thus tetrahedral, octahedral,
and trigonal bipyramidal geometries dominate the structural chemistry
of tetravalent tin. The endless variety of organotin complexes that may
be prepared makes tin chemistry a fascinating area of research.

EXPERIMENTAL PROCEDURE

Organotin compounds have different toxicities, depending upon
the number and type of organo-groups bound to the tin. In general,
they are not exceedingly dangerous. If they are handled in a hood, they
will present no serious hazard. Their relatively low volatilities also mini-
mize any toxic effects that the compounds might have. These prepara-
tions should be carried out in a properly functioning hood.

Tetraethyltin, Sn(Cz2Hs)a

As in any Grignard reaction, the reaction vessels should be thor-
oughly cleaned and oven-dried. This should be done the day before the
experiment is actually performed. Put 15.0 g (0.61 mole) of Mg turnings
into the 500 ml 3-neck round-bottom flask, and assemble the apparatus
as shown in Figure 17-1, which includes a CaCl, drying tube to protect
the reaction mixture from atmospheric moisture. (Grease the ground
glass joints, and lubricate the ground glass stirrer bearing with glycerin.)

Add 53 ml (75 g, 0.69 mole) of C,H;Br to the addition funnel and
5 ml of diethyl ether to the Mg turnings. Turn on the cool water in the
condenser. Then run 5 to 10 ml of the C,H;Br onto the Mg turnings.
Grignard formation should occur fairly soon, as evidenced by the forma-
tion of bubbles on the surface of the Mg. If the reaction does not start,
momentarily remove the addition funnel and add one or two drops of

CaCl.
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Figure 17-1
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Br; to the solution. The reaction should then start. When the reaction
starts, add 45 ml of ether to the flask, stir the Mg turnings, and add the
C.H;Br dropwise, cooling the flask with an ice bath. This addition will
require about 30 minutes. After all of the C;H;Br has been added,
remove the ice bath and continue stirring until the mixture is at room
temperature.

Remove, clean, and dry the addition funnel and add 10 ml (23 g,
0.090 mole) of anhydrous SnCl, to it. (It is important that the addition
funnel be free of ether because of its rapid reaction with SnCl to form
the solid complex, SnCl,-2(C,H;),0, discussed earlier. It will be noted
that the volatility of ether, even at 0°C, is sufficient to cause some of
this complex formation in the funnel. The formation of large amounts
of the complex will clog the addition funnel.) Cool the reaction flask to
0°C in an ice bath. Add the SnCl, dropwise to the cooled Grignard solu-
tion with continuous stirring over a period of 10 to 15 minutes. This will
result in the immediate formation of white SnCl,-2(C,H;),O, and the
ether will begin to reflux again. Stir the thick mixture as long as possible.
After all of the SnCl, has been added, remove the ice bath and allow
the mixture to come to room temperature.

Then add 50 ml of ether slowly through the addition funnel. Stir the
mixture if possible. Replace the drying tube with an adapter (such as that
shown in the left neck of the flask in Figure 15-1) and rubber tubing
that leads to the back of the hood. Very cautiously add to the mixture
first 20 ml of ice water and then 100 ml of ice cold 1.2 M HCI. Rapid
addition will produce a violent reaction. After the addition of some water,
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start the stirrer as soon as it can be turned by hand. Continue the stir-
ring for 5 minutes after the HCI addition is completed. Separate the
ether layer in a separatory funnel and dry it overnight over anhydrous
MgSO,.

Suction-filter (Figure 1-1) the solution through a medium glass frit.
Transfer the solution to the distillation apparatus illustrated in Figure
17-2, and insulate the distillation head with asbestos tape or glass wool.
First distill off the ether and then collect in a 25 ml fask the Sn(C,Hj;),
boiling at approximately 180° to 182°C at atmospheric pressure. Cal-
culate the percentage yield of the product.

As noted in the earlier discussion, infrared and nmr spectroscopy
are not convenient methods of characterizing Sn(C,H;);. The mass
spectrum, however, is interesting. If it is not possible to have a mass
Spectrum run on your sample, analyze the spectrum (Figure E) in the
section on NMR and Mass Spectra near the end of the book. Using the
isotopic abundances listed earlier, make ion assignments to all the peaks
in the spectrum in a manner similar to that outlined in Experiment
14, p. 141. In interpreting the mass spectrum, you should keep in mind
that (C,H;);SnCl is a possible impurity in Sn(C,Hj),. [The naturally
occurring isotopes of Cl and their abundances are 3°Cl (75.4 per cent)
and *7Cl (24.6 per cent); see Appendix 7.]

Diethyltin Dichloride, Sn(C2Hs)2Cl2

Place 10 g of Sn(CyHs)s and 11.1 g of SnCl, (equ.imolar[ ark?o;l:tisr)l
d assemble the equipment sho
in a 100 ml round-bottom ﬂask: an 1 RN
1 ling water and heat the mix
Figure 17-3. Turn on the coo . the mixre 3 e
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heating bath, and allow it to coo . comvenien'y.
i bath or with running tap
Then cool the flask further in a.water. ’ L e ol
i lid. Recrystallize the Sn(CpHs)2Cle
he product crystallizes as a white so e d
gy ilils)solving it iyn a2 minimum amount (~2§0 ml) of a E)Olh?f()}:éd;(\)fﬁfe
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1rtol(fm (zemperature. Suction-filter off the white needles of Sn(C,Hs):Cl,,

and determine its melting point. Calculate the percentage yield of
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mull (see Experiment 1, p. 19).

Figure 17-3

High boiling silicone
uid bath




176 Experiment 17

Sn(C2Hs)2Cl2+2(CH3)2SO

Dissolve 5 g (19 mmoles) of Sn(CyH;),Cl, in a minimum (~45 ml)
of anhydrous ether. Pour this solution into a solution of 3.2 g (41
mmoles) of dimethyl sulfoxide in 5 ml of ether. When the solution is left
standing, a white precipitate of Sn(C,H;),Cl, - 2DMSO separates. Suction-
filter, and dry the precipitate on the frit. Calculate the percentage yield
and determine the melting point of the product. Record its infrared
spectrum in a Nujol mull and compare it with that of Sn(C,Hj),Cl,.
The S—O stretching mode of uncoordinated (CH3),SO occurs at
approximately 1100 cm™. Try to locate the S—O absorption in the
spectrum of your complex. From the change in frequency from free

(CH3),S0, suggest whether DMSO is coordinated to Sn through the S or
O atom.

REPORT

Include the following:

1. Yield and interpretation of the mass spectrum of Sn(C,Hj),. (Make
a line drawing spectrum of Sn(C,Hs), that contains only one isotope
of Sn.)

2. Yield, melting range, and infrared spectrum of Sn(C,Hs),Cl,.

. Yield, melting point, and infrared spectrum of Sn(CyH;),Cl, - 2DMSO.

4. Comparison of infrared spectra of Sn(C;H;),Cl, and Sn(CyH;),Cl, -
2DMSO.

5. Interpretation of DMSO bonding to Sn in Sn(C;Hj5),;Cl, - 2(CHS,),SO.

o

QUESTIONS

1. Determinations of S or O bonding of (CH3),SO to metals are based on
whether the S—O stretching frequency of DMSO in the complex is
higher or lower than that of free DMSO. Sulfur bonding is suggested
by higher frequencies and oxygen bonding by lower frequencies.
What is the basis for interpreting frequencies in this manner?

2. Draw all possible structural and optical (if any) isomers of Sn(CyH;),-
Cl;-2DMSO.

3. Suggest methods of analyzing Sn(C,H;),Cl, for its percentage Sn and
Cl content.

4. Why are H,0 and also HCI added to the reaction mixture during the
isolation of Sn(C,Hj),? What reaction occurs during the addition of
the H,O?

What reactions could be used to prepare Sn(CHj3)Cl; from SnCl,?
6. Suggest a method for preparing P(C,Hj),.

SN(CzHs)a, SN(C.Hs),Clz, and Sn(C.Hs).Cl,-2(CH;),SO 177

7. The tendency for Sn(C,Hs)yCl,— to coordinate additional ligands de-
creases as follows:

SnCl4 > Sn(CZH5)Cl3 > Sn(C2H5)2C12 > Sn(C2H5)3C1 > SH(C2H5)4

Explain. . _ . ' e
8. Based on reactions that you carried out in this experiment, whic
ligand do you believe is the stronger Lewis base toward Sn(C,Hj),Cl,

—‘(C2H5)20 or DMSO?

INDEPENDENT STUDIES

A. Prepare and characterize Sn(C,Hj;);Cl or Sn(Csz)Clg. -

B. Prepare and characterize Sn(CyHj;),F, obtained from the reaction of
Sn(CyH;):Cly and aqueous HF. (L. E. Levchuk, J. R. Sams, and F.
Aubke, Inorg. Chem., 11, 43 (1972).)

C. Prepare and characterize the pyridine (py) adducts SnCl, - 2py and

H;).Cl, - 2py.

D. g?ég;res);ndz ch?;acterize triphenyltin hydride, (CgHs);SnH. (C. W.
Allen, . Chem. Educ., 47, 479 (1970).) ‘

E. Prepare and characterize SnCly(acetylacetonate), obtained from
SnCl, and acetylacetone. (D. W. Thompson, D. E. Kranbuehl, and M.
D. Schiavelli, J. Chem. Educ., 49, 569 (1972).)
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