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THE INFRARED AND FAR INFRARED SPECTRA OF TRIALKYLTIN
FORMATES: PRESENCE OF A LINEAR POLYMER IN THE SOLID
STATE AXND IN SOLUTION

ROKURO OKAWARA axp MITSUARKI OHARA
Dezpartinent of Applied Chemistry, Osaka University, Osaka (Japan)
{Received April 22nd, 1963)

Although many of the observed properties of the organometallic compounds of the
fourth group elements are similar, there are still some properties that are characteristic
uf one element. One of the most characteristic properties observed is the metal-oxygen
vonding of carboxylate compounds of these elements. In the case of acetoxysilanes?,
the characteristic absorptions of the acetoxy group in the infrared spectra are similar
to those of organic esters and it has been assumed that the metal-oxygen bonding is
covialent. Trimethvltin® and trimethvllead® carboxvlate in the solid state, however,
show the characterisiic bands of the carboxyl group analogous to those of the carboxy--
late anion. As a tentative interpretation of these spectra it was at first assumed that
a planar teimethyvitin or trimethyilead cation and the carboxylate anion were present
in the solid state. Further investigations in the far infrared region showed that tri-
methyvitin formate and dimethyvltin diformate have a characteristic absorption at
near 3co cm~ It Is reascnable to assign this band to a weak coordination of the oxvgen
atom with the tin atom3. Thus it 1s understandable that these compounds sublime
easily at their melting points. With such a weak coordination it is likely that both the
symmetry and the characteristic frequencies of the carboxylate anion are maintained.
X-rav analvsis also clearly shows that in trialkyltin carboxylates the tin atom and the
carboxylate group are arranged alternately along the direction of the needle axis with
an identity period of 19.3 to 108 A+ Hence we believe that in the crystalline state
trialkvitin carboxylates consist of a pianar SnC; skeleton bridged by carboxyvlate
groups, thus forming a linear chain, as was suggested by Beattie «f «l3

In order to make clear the difference between the weak coordination in the
acetat=s and the formuies and to obtain iaformation about the confizuration of these
compounds, the infrared and far infrared spectra of triethyltin and wri-n-propyltin
formate in the =olid state and in solution were examined in the region of = u to 35 u.
It was found that these formates not only show the characteristic absorptions similar
to the other trialkvitin acetates, but also polymerize in solution®, while trialkyltin
acetates are exclusively monomeric in solution3.?.

EXPERIMENTAL

Maicriais
Tricthyléin formate. A mixture of triethyvitin hvdroxide (18 g) and formic acid (4 g)
-was dissolved in ether and the solution washed several times with water saturated
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with sodium formate, then dried with anhyvdrous sodium sulfate. The ether was
distilled off and the white solid (13.5 g) obtained was sublimed ¢# vacuo; m.p. 57—-8°
(reported” m.p. 50-607%). (Found: C, 33.62; H, 6.39; Sn, 47.34. C;H ,s0.5n calcd.:
C. 33.51: H, 6.43; Sn, 47.31%.)

Tri-n-propyitin formate. This compound was obtained from bis(tri-n-propyltin)
oxide (26 g) and formic acid {6 g) by a procedure similar to that for triethyltin formate.
The very viscous liquid {26 g) obtained, was distilled several times under reduced
pressure; b.p. 105°-106°/3; np 1.5039. {(Found: C, 4r.10; H, 7.45; Sn, 40.55.
C,0H,.0,5n caled.: C, 41.30; H, 7.57; Sn, 40.51%.)
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Fig. 2. Infrared spectra of R,SnOOCH.
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Moleculay =2eight deteyminations

Mbolecular weights were determined cryoscopically in cvclohexane. The results are
shown in Fig. 1.

Infrared and far infrared specira

The infrared absorption spectra were recorded using a Perkin-Elmer Model 221 spectro-
photometer and the far infrared spectra were measured by the instrument in the
Department of Chemistry of Tokvo University with kind permission of Prof. T.
Sunraxotcsi. In the whole region from 2 u to 35 g, the spectra were examined in
nujol mull or by means of liquid films. The spectra of the solutions were obtained in
cyclohexane of various concentrations for the rock salt region and in #n-heptane for
the other regions. The spectra are shown in Fig. 2 and Fig. 3.
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The characteristic absorptions due to the formoxy group in triethyltin and tri-n-pro-
pyvltin formate are similar to those of trimethyltin formate or the formate anion, as
shown in Table 1.

TABLE |

CHARACTERISTIC FREQUENCIES OF l\: SnOOCH (in cm—1)

N10OCEH R CH? K- CH, R r C,u-
=2 f ragul - : Assigrnent
wadid tlaze 2 T N P .7 Assiz
NBr fisc Pl vyveensIzns 1, (:r..;z{;rf.(ﬂ(

790 ]
732 or i 775 779 777 COO deform.
770
107 _ — —_— — — CH out of plane bend.
13656 1363 1366 1232} 1362 1235 | COO sym. str.
1359 ! 2359 1
1377 1378 —_ — — — CH in plane bend.
1567 | £t590 1592 1535 | 1587 1587 | COO asym. str.
{ 1610 1658 | 1661 |
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Whereas trimethyltin formate is insoluble in organic solvents, triethyltin and
tri-n-propyltin formate are soluble in these solvents but not in water, and the spectra
of the solution in the rock salt region showed additional new bands at 1660 crn—? and
1245 cm~!. The relative intensity of these absorptions with respect to those at 1585
cm~! and 1366 cm~! due to the ~OCO- group having Csp, symmetry increases as the
concentration decreases; this is shown in Fig. 3 (a) and Table 2.

TABLE 2

RELATIVE INTENSITY OF THE ABSORPTIONS AT 1661 cM~1 AND 1587 cy~1 OoF
(1-CyH,)3SnOOCH (X CYCLOHEXANE SOLUTION

Log (I,/1i Ratio
Conc.*
1661 crt 1587 cmt fourd calcd »*
1.5 0.261 0.310 1.2 1.9
3.8 0.269 1.128 1.2 4.7

* (weight of samplejweight of solvent) X 100.
" Calculated from degree of polymerization: (number of bridging groups/mumber of terminal
groups).

The new bands of triethvitin and tri-z-propyltin formate in solution are considered
to be associated with the formoxy group having reduced symmetry of the ~OCO-
group, of which form is similar to that of organic esters. It has been reported? that in
the crystalline state the acetoxy group of trialkyvltin acetates is in the Cop svmmetry
class, and that in solution, in which these acetates are monomeric, this group is
exclusively in reduced symmetry.

The results of the molecular weight determinations given in Fig. 1, show that
these formates are likely to form a linear chain in solution and that the formoxy group
which appears newly in solution may exist as a terminal group.

If ecach oxvgen in the carboxyl group of these alkvitin compounds can be coordi-
nated to a tin atom and the coordination is weak enough to keep the characteristic
frequencies of the carboxylate anion, it is to be expected that the vand due to coordi-
nation will appear in the far infrared region. It has been shown? that in the solid state
this band was found in trimethvltin formate at 306 cm~! and in dimethyltin diformate
at 30x cmil, the band being brcad. As shown in Table 3, a similar band was found in

TABLE 3

FREQUENCIES OF R3;SnOOCH ix THE REGION 18u ~ 354 (in cm~1)

R (EH,‘ R = CH, K= nGH, Assignmen?
nujl nuiol n-keptane soluticn ligu:d fiim n-keptanesalulicr
552 520 525 513 51 Sn—-C str.
438sh
130 420 new band in soln.
391 390 inner vibration of n-C H.
group”

300 253 283 294 299 coordination band

* The band at 391 cm™! is common to tri-#-propyltin compounds.
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triethvitin and tri-n-propvltin formate at 283 cm~? and 2g4 cm?, respectively; on the
other hand, trialkvltin acetates show no similar absorption in this region, but the
similar band is likely to exist in the lower region. Assuming that this band is due to
the coordination bond vibration, the difference between the coordination of the oxygen
ator . to the tin atom in the format:s and the acetates could explain the behavior of
both compounds in solution. In the far infrared spectra in n-heptane solution a new
band occurred at 430 cm! in triethyltin formate and at 429 cm! in tri-n-propyitin
formate, as shown in Table 3; this band can be assumed to be due to the terminal
formoxyv group. As to the shape of the trialkyltin group, since we can find orlyv one
absorption which can be assigned to the Sn—C stretching vibration as shown in Table 3,
the SnC; skeleton of trimethyltin and triethyvltin formate is assumed to be planar or
nearly planar. The band at 513 or 514 cm~! in tri-n-propyltin formate is tentatively
assigned to the Sn-C stretching vibration, as shown in Table 3, because tri-n-propyltin
halide and di-n-propyitin dihalide, in which the tin atom is tetrahedrally bonded, show
only one absorption at near 510 cm~!. Thus it is difficult to decide whether in tri-»-
propyitin formate the SnC; skeleton 1s planar or not. It is, however, likely that it is
planar in analogy with trimethyitin and triethyvltin formate.

In conclusion, the carboxyl group in trialkyvltin carboxyvlates certainly bridges
two tin atoms by coordination of the oxyvgen to the tin atom, which has a planar SnC;
skeleton, to form a linear chain in the crvstalline state or in the liquid state. In solution,
the bridging is broken at the coordination bond as shown in the following scheme.

O
BT +Sn—0O— C—R (monomeric)
- -8Sn- -0, -0~ -Sn--0Oy O - e
TN N
) X K.z . ()
R : T % e )
R —=Sn{- -0, 0= -Sn},—O—C—R {polyvmeric)
Cc ~~ i
i the crvstailine R
or in the liquid state. in solution

In the case of acetates the linear chain, as shown above, is completely broken, but
in formates the configuration is artially maintained and a species having both bridging
and 2 terminal formoxy group appears. Two kinds of SnC; skeleton. the terminal and
the chain forming planar one would appear, as shown in the scheme. The terminal
skeleton, however, may not be so distorted as that of the acetates because the band
due to the symmetric Sn—C stretching is not observed in the spectra of triethyltin
forrate in solution.

SUMMARY

Triethyltin and tri-n-propyltin formate were found tc exist as low polymers in organic
solvents. In the infrared spectra of these compounds in the solid state, the formoxy
group shows bands similar to those of the formate znion at near 1590 cm™1, 1360 cm™1
aad 770 em~!; furthermore a band which is due to a weak coordination of the oxvgen
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atom with the tin atom is found near 300 cm~*. The absorption due to the Sn-C
stretching vibration appears only at 520 cm™! in triethyltin formate. In the spectra of
solutions, additional new bands due to the terminal forrnoxy group appear at near
1660 cm™1, 1243 cm~! and 430 cm~1. From these facts it is concluded that in the solid
state trialkyvitin formate is a linear polymer in which the planar SnC; group is bridged
byv the ~OCO- unit, and that even in solution this structure is partially maintained.
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