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Abstract

Ammonium tetrafluorodimethylstannate(IV) has been prepared and characterized by IR, Raman and ''°Sn Mgssbauer spectro-
scopies. The Mossbauer parameters place this compound at the frontier between the dimethyltin(IV) compounds that gave rise to
the quadrupole splitting (QS) vs. C-Sn—C angle correlation, and the dimethyltin(IV) salts of strong protic acids and superacids.
The Mdssbauer QS, as well as the IR and Raman spectra, indicate that the C-Sn-C angle is 180°. The IR-active ¥(Sn-F) E, mode
appears at 345 cm !, and this mode is related to the Mossbauer QS for trans-[SnF,L,] because strong donors have a negative
partial quadrupole splitting (pgs) and weaken the Sn—F bond. The IR spectrum also suggests the existence of normal (not
polyfurcated) N-H - -  F hydrogen bonds. The X-ray crystal structure contains two crystallographically independent centrosymmet-
ric [MeZSnF4]2‘ anions, but only one kind of NH,* cation. The cations and the anions are lincked by nearly linear N-H - -+ F
hydrogen bonds giving rise to a three-dimensional network. The average Sn-F distance is 2.127 A and the usefulness of covalent
radii to predict accurate bond distances is challenged. An equation to calculate the average Sn-F distance in complexes [SnF,L,]

from the Mossbauer QS is proposed.
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1. Introduction

The M&ssbauer quadrupole splitting (QS) of octahe-
dral tin(IV) chloride [1] and bromide [2,3] complexes is
related to the Sn—X (X = Cl or Br) distances. Further-
more, QS is also related to the »(Sn—-X) frequencies
[2,4]. These relationships indicate that ligands with
negative partial quadrupole splitting (pgs) values are
strong donors that weaken the Sn-X bond, thus lead-
ing to long Sn-X distances and low v(Sn-X) frequen-
cies. In the case of octahedral complexes [SnF,L,],
only one crystal structure, of [SnF,(bipy)], has been
reported [5], and a few Mdossbauer data of inorganic [6]
and organotin complexes [7-9] are available in the
literature. Bearing in mind that alkyl groups have the
most negative pgs values [10], complexes [R,SnF,]*~
should display the longest Sn-F distances and the
lowest v(Sn-F) frequencies of [SnF,L,] compounds.
Therefore, a knowledge of the crystal structures of
compounds containing the [R,SnF,]*>~ anion would be
very desirable, but the lack of structural data for this

0022-328X /94 /$7.00
SSDI 0022-328X(93)24213-0

type of compound has been noted recently [11,12].
Consequently, we have tried to grow single crystals of
compounds containing the [Me,SnF,]*~ anion, and we
have been successful in the case of (NH,),[Me,SnF,]
which was first prepared by Wilkins and Haendler [13].
Further interest in the structure of this compound is
provided by the possibility of N-H---F hydrogen
bonds and their influence on the crystal structure [14].
This paper describes the IR, Raman and Mdgssbauer
spectra, and the X-ray crystal structure of (NH,),-
[Me,SnF,].

2, Experimental details

2.1. Preparation

Crystallization of an aqueous solution of Me,SnF,
and NHF in a 1:2 molar ratio [13] yielded crystals of
both (NH,)[Me,SnF,] and (NH,),[Me,SnF,]. Never-
theless, slow evaporation of an aqueous solution of the
same reagents in a 1:3 molar ratio yielded large
colourless crystals of (NH,),[Me,SnF,] only. Anal.
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Found C, 9.1; H, 5.2; N, 10.6. C,H,,F,N,Sn calc: C,
9.2; H, 5.4; N, 10.7%. IR: 3200s, 3045vs, broad, 2996sh,
2919vs, 2885sh, 2856vs, 2187m, 1927m, 1720w, 1492s,
1456s, 1424m, 1412m, 1203w, 790m, 588m, 583m, 345s,
292sh, 230sh cm.”!; Raman: 540vvs, 527vvs, 353vw,
261sh, 246m, 221w, 190w, 132w cm ~!; Méssbauer: IS =
1.12,QS=4.18, I, = 1.05, I', = 1.07 mm s~ ",

2.2. Physical measurements

Infrared spectra (4000-220 cm ™ !) were recorded on
a Perkin Elmer 1600 FT-IR instrument, using Nujol
and Fluorolube mulls between Csl windows. Raman
spectra (600~100 cm ') were recorded on a Jarrell- Ash
spectrophotometer, model 25-300, using Ar (5145 A)
and Kr (6471 A) lasers with the powdered sample
sealed in a capillary tube. The Mdssbauer spectrum at
liquid N, temperature was obtained as described previ-
ously [15], but velocity calibration was carried out with
the six lines of an «-Fe foil. The isomer shift is re-
ferred to BaSnO; at room temperature, and the repro-
ducibility of the Mdssbauer parameters was +0.02 mm
s~

A single crystal of (NH,),[Me,SnF,] suitable for
X-ray diffraction experiments was cut from a bigger
fragment.

2.3. Crystal data

C,H,F,N,Sn, M =260.8, monoclinic, 42/m (No.
12), a = 11.023(2), b= 10 514(2), ¢ = 7.564(1) A B=
103.64(1)°, V = 851.9(3) A (by least-squares refinement
on diffractometer angles for 25 reflections), Z =4,
D.=2034 gecm™3, D, =202 g cm? (by flotation in
CCl,/CHBr,), F(000) =504, n(Mo Ka)=30.1 cm~ !
T =295 K.

2.4. Data collection and processing

Reflection data were collected on an Enraf-Nonius
CAD4 diffractometer. The intensity data were mea-
sured in the range 1 <9 <24°(-13<h <13,0<k <
.12, 0 <1 <9), using the w—-26 scan mode with @ scan
width = 0.80 + 0.35 tanf and a variable scan speed
with maximum recording time 60 s. A total of 794
unique reflections were measured, using graphite
monochromated Mo Ka radiation (A = 0.71069 A); of
these, 677 with I > 20(I) were considered as observed.
No significant crystal decay was detected.

2.5. Structure analysis and refinement

After corrections for Lorentz and polarization fac-
tors, the structure was solved by Patterson and Fourier
methods. An empirical absorption correction [16] ap-
plied at the end of the isotropic refinement by using
unit weights led to a conventional R value of 0.049.
Anisotropic refinement for the non-hydrogen atoms

TABLE 1. Fractional atomic coordinates for (NH ,),[Me,SnF,]

Atom x y z

Sn(1) 0 0 0

Sn(2) 0.5 0 0.5

C(1) 0.080%8) 0 0.2824(12)
() 0.4715(9) 0 0.2149(12)
F(1) 0 0.2030(4) 0

F(2) 0.1767(4) 0 —0.0658(6)
F(3) 0.3594(3) 0.1412(3) 0.4812(4)
N 0.2230(5) 0.2986(6) 0.2237(7).
H(1) 0.147(8) 0.263(8) 0.154(11)
H(2) 0.209(8) 0.377(8) 0.306(11)
H(3) 0.270(7) 0.231(9) 0.320(13)
H(4) 0.269%(8) 0.3199) 0.157(12)

led to R=0.036. At this stage, a difference Fourier
map revealed the positions of the ammonium ion H
atoms, but the H atoms corresponding to the methyl
groups could not be located. Final refinements were
carried out with anisotropic temperature factors for
the non-hydrogen atoms and fixed isotropic thermal
parameters for the H atoms. Final R and R values
were 0.033 and 0.049 for 677 observed reflections
(number of variables = 62); maximum shift/e.s.d. =
0.01. In order to prevent bias on {F) vs. {F,) or {(sin
8)/A), the last steps of the refinement were carried
out with weights calculated by means of pesos [17].
Scattering factors for neutral atoms, and anomalous
dispersion correction for Sn, were taken from the In-
ternational Tables [18], and most of the calculations
were carried out with xravso [19]. The final atomic
coordinates are given in Table 1. Full lists of structure
factors and anisotropic thermal parameters are avail-
able from the author, and the data have also been
deposited at the Cambridge Crystallographic Data
Centre.

3. Results and discussion

3.1. Mossbauer and vibrational spectra

Aubke and co-workers have reported a linear corre-
lation between the IS and QS values for dimethyl-
tin(IV) derivatives of strong protic acids and superacids
[9]. The compounds included in the correlation have
very high QS values and are clearly distinct from the
dimethyltin(IV) complexes that had formed the experi-
mental bases for the application of the point-charge
model to dimethyltin(IV) compounds and the calcula-
tion of C-Sn-C angles from the Mdssbauer QS [20].
Whereas the Mdossbauer parameters of K,[Me,SnF,]
(IS=1.38, QS=4.12 mm s~ ') [7,8] deviate signifi-
cantly from the correlation, Li,[Me,SnF,] (IS = 1.31,
QS = 4.60 mm s~ !] fits [9]. Furthermore, the parame-
ters of the title compound (IS = 1.12, QS =4.18 mm
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s~ 1) also fit the correlation. A possible explanation
would be that the polarizing power of the small Li*
ions, and N-H - - - F hydrogen-bond formation in the
ammonium salt, reduce the nucleophilicity of the F~
anions around the Me,Sn group, therefore behaving
like the strong protic acid and superacid derivatives
that are the basis of the correlation [9]. Moreover, the
QS of (NH,),[Me,SnF,] indicates that the C-Sn-C
group is essentially linear [20}, and the title compound
is at the frontier between the dimethyltin(IV) com-
pounds that gave rise to the QS vs. C-Sn—-C angle
correlation [20] and the dimethyltin(IV) salts of strong
protic acids and superacids reported by Aubke and
co-workers [9].

The IR spectrum of (NH,),[Me,SnF,] (see Experi-
mental section) shows v, (Sn—C) at 588 and 583 cm™,
but no band assignable to v (Sn~C). The Raman spec-
trum, in contrast, shows v(Sn-C) at 540 and 527 cm ™/,
but no »,(Sn-C). Therefore, the C-Sn-C fragment
must be linear, as indicated by the Méssbauer QS. On
the basis of a normal-coordinate analysis of K,[Me,-
SnF,][21], a very weak band at 353 c¢m™! in the Raman
spectrum of (NH,),[Me,SnF,] can be assigned tenta-
tively to »(Sn—-F) (A;,). Nevertheless, the IR-active
»(Sn-F) E, mode is more unambiguously assigned at
345 cm~'. We have reported linear relationships be-
tween the Mossbauer QS and the IR active »(Sn—-X)
(E,) frequency for trans-[SnCl,L,] [4] and trans-
[SnBr,L,] [2]. In the case of trans-[SnF,L,] very few
data are available (Table 2), but they seem to indicate
a similar behaviour. The trend shown in Table 2 can be
rationalized by considering that strong donors have a
negative pgs and weaken the Sn—F bond, thus lowering
v(Sn-F).

A linear correlation of the four points (r =0.997)
gives the relation E, (cm ') =[(—46 + 3) QS + (551 +
8)]. The intercept (i.e. the E, frequency corresponding
to QS =0) is close to the »(Sn—F) (F,,) frequency of
the octahedral [SnF]?~ (559 cm™!) [22]. Similarly, the
intercepts of the correlations »(Sn-X) (E,) vs. QS for
trans-[SnX,L,], 317 cm™! for X = Cl [4] and 221 cm ™!

TABLE 2. Méssbauer (mm s~ ') and IR (cm~!) data for trans-
[SnF,L,]

L Qs?® Ref. »(Sn-FXE,)  Ref.

Me® +4.18 This work 345 This work
Me © +412 7,8 372 21

Py —0.45 6 569 6

THF ~1.03 6 601 6

3 The sign of the QS has been determined experimentally for
K,[Me,SnF,] [8]. For the other compounds, the sign has been
assigned on the basis of chemical considerations [2,4] and better
correlation with the »(Sn-F) mode. ® NH,* salt. © K™ salt.

for X = Br [2], are also close to the v(Sn—X) (F,,) for
octahedral [SnX]*~ (311 and 224 cm™! for X =Cl
and Br, respectively) [22]. This is due to the fact that
the symmetry species E, derives from the species F,,
in the correlation from the O, to the D,, point groups
[23]. Therefore, the [SnX¢]?>~ anions behave as a par-
ticular case of [SnX,L,] complexes with L = X™.

The bands at 2996 [v,(CH )], 2919 [v(CH )], 1424-
1412 [5,(CH,)], 1203 [6 (CH ;)] and 790 cm™' [p(Sn-
CH,)] in the IR spectrum of (NH,),[Me,SnF,] (see
Experimental section) can be assigned to vibrations
involving the Me,Sn'" group [21]. The rest of the
bands above 700 cm~! must correspond to vibrations
involving the ammonium ion. The internal modes of
vibration of the NH; ion under T, symmetry, are v,
[v(N-H)], v, [8(NH))], v; [v,(N-H)] and v,
[6,(NH,)]; while the external modes are usually de-
noted by v (translation) and v (libration) [24]. The
N-H stretching region in the vibrational spectra of
ammonium salts usually consists of a broad, complex
absorption (3400-2800 cm~!) in which extensive Fermi
resonance occurs between the N-H stretching funda-
mentals and several overtone and combination modes,
such as 2v,, 2v,, v, +v,, v, +vs, etc. [24]. This com-
plexity is also evident in the IR spectrum of
(NH,),{Me,SnF,], although the bands at 2187, 1927,
1720 and 1492-1456 cm ™! can be assigned to v, + v,
v, + v, v, and v,, respectively [25].

Dunsmuir and Lane proposed three criteria for hy-
drogen bonding of the ammonium ion in crystals: (i)
observation of both v, + v, and v, + v, combination
modes in the IR spectrum, (ii) the appearance of v,
above 1400 cm™!, and (iii) a broadening of the lattice
bands in the far IR region [25]. The first criterion was
later shown to relate more to the type than to the
strength of the hydrogen-bonding present, because the
combination modes are usually observed in the room-
temperature spectra of ammonium salts in which nor-
mal hydrogen bonds are present; but not in those
where the hydrogen bonds are polyfurcated [26]. In our
compound the lattice bands are expected in the region
where skeletal vibrations of the [Me,SnF,}*~ anion
should appear, and they are therefore not assigned.
However, v, appears above 1400 cm ™! and combina-
tion modes involving the libration v are clearly pre-
sent in the IR spectrum, so that (NH,),[Me,SnF,]
should have normal (not polyfurcated) N-H - - - F hy-
drogen bonds.

3.2. X-Ray crystal structure

The unit cell of (NH,),[Me,SnF,] contains two
crystallographically independent centrosymmetric
[Me, SnF, ]~ anions, but only one kind of NH,* cation.
Every cation is linked to four different octahedral
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anions by N-H - - - F hydrogen bonds, and every anion
is connected to eight cations, giving rise to a three-di-
mensional network. Bond and contact distances and
angles are collected in Table 3. The NH,* ion is close
to tetrahedral w1th average N-H dlstances and H-N-H
angles of 0.98 A and 109°, respectively. Every ammo-
nium H atom is involved in a nearly linear hydrogen
bond to a F atom with H - F distances ranging from
1.67(8) A to 1.89(10) A. In order to maximize the
number of hydrogen bonds, every F atom is connected
to two H atoms, because the compound contains two
ammonium H atoms for every F atom. Therefore, the
three-dimensional structure is governed by the hydro-
gen bonding. Interestingly, while K,[Me,SnF,] crystal-
lizes as a dihydrate from aqueous solutions [13], the
title compound crystallizes anhydrous, probably be-
cause all the F atoms are already involved in hydrogen
bonds. The fact that the hydrogen bonds are normal
(not polyfurcated) agrees with the predictions from IR
spectroscopy (see above).

The tin atoms in (NH ,),[Me,SnF,] are sites of 2/m
symmetry, so that the two crystallographically indepen-
dent octahedral anions (see Fig. 1) are centrosymmet-
ric. Therefore, both C-Sn-C angles are exactly of 180°
consistent with the IR, Raman and Mossbauer spectro-
scopic evidence. The geometry around both Sn atoms
is very similar (see Table 3), with bond angles close to
the regular octahedral ones, and it is not surprising
that the Mdssbauer spectrum shows only one doublet.
On the other hand, the presence of the two indepen-
dent anions in the unit cell can account for the splitting
of v,(Sn-C) and »(Sn-C) in the IR and Raman
spectra, respectively. The average Sn—F bond distance,

TABLE 3. Bond and contact distances (A) and angles (°) in
(NH,),[Me,SnF,]

Sn(1)-C(1) 2.112(8) C(1)-Sn(1)-F(1) 90
Sn(2)-C(2) 2.105(9) C(1)-Sn(1)-F(2) 92.6(3)
Sn(1)-F(1) 2.135(4) C(2)-Sn(2)-F(3) 90.1(2)
Sn(1)-F(2) 2.121(5) F(1)-Sn(1)-F(2) 90
Sn(2)-F(3) 2.126(3) F(3)-Sn(2)-F(3)’ 91.5(1)
N-HQ) 0.95(8) H(1)-N-H(2) 113(7)
N-H(2) 1.07(9) H(1)-N-H(3) 110(7)
N-H@3) 1.06(9) H(1)-N-H4) 110(8)
N-H(4) 0.82(10) H(2)-N-H(3) 104(7)
N...FD 2.820(6) H(2)-N-H(4) 111(8)
N...FQ)" 2.768(7) H(3)-N-H(4) 10%(8)
N...F(3) 2.722(6) N-H(D...F(1) 175(8)
N...F(3)"” 2.707(7) N-H(2)...F(2)" 177(7)
H(1)...F(Q1) 1.87(8) N-HQ(3)...EQ3) 171(8)
HQ)...F(2)" 1.70(9) N-H4)...F@3)" 173(8)
H@®)...F(3) 1.67(9)

H@)...F3)" 1.8%(10)

Symmetry codes: () 1—x, y, 1—z; (") x, 3+ y, 2+ 2; "M x, 1 -y,
1
Z 7.

F(2)
F(3)

(1)
Sn{1)

Sn(2)
F(3Y

F{1) € 2)

Fig. 1. orTEP view of the two crystallographically independent cen-
trosymmetric anions in (NH ,),[Me,SnF,].

2.127 A is 51gn1f1cantly longer than for the octahedral
[SnF ]*~ (1.955 A) [27-29], consistent with the idea
that the strong donor methyl groups weaken the Sn-F
bonds. Recently, a new value of 0.54 A for the covalent
radius of fluorine has been proposed [30]. Taking into
account the accepted covalent radius of tln (1.40 A)
[31), the calculated Sn-F distance is 1.94 A in good
agreement with the experimental distance in [SnF >~
(1.955 A) [27-29], but too short when compared to the
Sn-F distance in the title compound (2.127 A). We
have noted previously that the range of Sn—-Cl dis-
tances in octahedral complexes [SnCl,L,]spans a range
of 0.29 A [1]. Therefore, the application of the concept
of covalent radii is questionable for calculating accu-
rate bond distances.

In the case of [SnX,L,] (X=Cl or Br), we have
quantified the relationship between the average Sn-X
bond distances and the donor power of the ligands by
means of the correlation with the Mdssbauer pgs of the
ligands, where 4pgs=— QS for trans compounds or 2
QS for cis compounds [1-3]. In these correlations, the
intercept is close to the Sn—X distance in [SnX¢])*~
and the slope is close to that calculated from
[R,SnX,J*~ and [SnX()*". In fact, a straight line cal-
culated from only the two points can be used to calcu-
late Sn—X distances, which are cgnsistent with the
experimental ones within +0.02 A. In the case of
[SnF,L,], only the points corresponding to (NH,),-
[MeZSnE,] (4pgs = —4.18 mm s~ '; d(Sn-F) = 2.127 A)
and [SnF*~ (4pgs =0; d(Sn- F)— 1.955 A) [27-29]
are available, but by comparison with [SnX,L,]1(X = Cl
or Br) [1-3], a linear relationship is also expected. In
that case, eqn. (1) may be used to predict approximate
QS or d(Sn-F) data.

d(Sn-F) = —0.041(4pgs) + 1.955A (1)

According to eqn. (1), cis-[SnF,(bipy)] (d(Sn-F) =
1.934 A) [5] should have a very small and unresolvable
QS (ca. 0.26 mm s~ 1), and an average Sn~F distance
as short as 1.88 A is expected for cis-[SnF,(MeCN), ]
(QS=0.97 mm s~ ") [6]. The wide range of Sn-F
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distances in [SnF,L,] complexes further challenges the
concept of covalent radii in these compounds.

Acknowledgements

I thank Dr. E. Gutiérrez-Puebla for the X-ray data
collection and Dr. J.D. Tornero for recording the
Mossbauer spectrum. This work was supported by the
Direccién General de Investigacion Cientifica y Técnica
(Project PS90-0023).

References

1 (a) D. Tudela, M.A. Khan and J.J. Zuckerman, J. Chem. Soc.,
Chem. Commun., (1989) 558; (b) Struct. Chem., 2 (1991) 239.

2 D. Tudela and M.A. Khan, J. Chem. Soc., Dalton Trans., (1991)
1003.

3 D. Tudela, J.D. Tornero, A. Monge and A.J. Sinchez-Herencia,
Inorg. Chem., 32 (1993) 3928.

4 D. Tudela, V. Fernindez and J.D. Tornero, J. Chem. Soc.,
Dalton Trans., (1985) 1281.

5 A.D. Adley, P.H. Bird, A.R. Fraser and M. Onyszchuk, Inorg.
Chem., 11 (1972) 1402.

6 D. Tudela and F. Rey, Z. Anorg. Allg. Chem., 575 (1989) 202.

7 R.V. Parish and R.H. Platt, Inorg. Chim. Acta, 4 (1970) 65.

8 R.V. Parish and C.E. Johnson, J. Chem. Soc. A, (1971) 1906.

9 S.P. Malella, S. Yap, J.R. Sams and F. Aubke, Inorg. Chem., 25
(1986) 4327.

10 R.V. Parish, NMR, NQR, EPR, and Modssbauer Spectroscopy in
Inorganic Chemistry, Ellis Horwood, Chichester, 1990, p. 142.

11 T.H. Lambertsen, P.G. Jones and R. Schmutzler, Polyhedron, 11
(1992) 331.

12 D. Dakternieks and H. Zhu, Organometallics, 11 (1992) 3820.

13 C.J. Wilkins and H.M. Haendler, J. Chem. Soc., (1965) 3174.

14 J.J. Zuckerman, Silicon, Germanium, Tin Lead Compounds, 9
(1986) 305.

15 (a) D. Tudela, V. Fernandez and J.D. Tornero, Z. Anorg. Allg.
Chem., 509 (1984) 174; (b) Inorg. Chem., 24 (1985) 3892.

16 N. Walker and D. Stuart, Acta Crystallogr., Sect. A, 39 (1983)
158.

17 M. Martinez-Ripoll and F.H. Cano, pesos: A Computer Program
for the Automatic Treatment of Weighting Schemes, Instituto Ro-
casolano CSIC, Madrid, 1975.

18 International Tables for X-Ray Crystallography, Vol. 4, Kynoch
Press, Birmingham, 1974.

19 J.M. Stewart, XRAY 80 System, Computer Science Center, Uni-
versity of Maryland: College Park, MD, 1985.

20 T.K. Sham and G.M. Bancroft, Inorg. Chem., 14 (1975) 2281.

21 C.W. Hobbs and R.S. Tobias, Inorg. Chem., 9 (1970) 1037.

22 J. Weidlein, U. Miiller and K. Dehnicke, Schwingungsfrequenzen
1, Georg Thieme Verlag, Stuttgart, 1981.

23 N. Ohkaku and K. Nakamoto, Inorg. Chem., 12 (1973) 2440.

24 G.J. Kearley and I.A. Oxton, in R.J.H. Clark and R.E. Hester
(eds.), Advances in Infrared and Raman Spectroscopy, Vol. 10
Wiley, New York, 1983, Ch. 2.

25 J.T.R. Dunsmuir and A.P. Lane, Spectrochim. Acta, 284 (1972)
45,

26 O. Knop, L.A. Oxton and M. Falk, Can. J. Chem., 57 (1979) 404.

27 J. Durand, J.L. Galigne and A. Lari-Lavassani, J. Solid State
Chem., 16 (1976) 157.

28 S. Becker, G. Benner and R. Hoppe, Z. Anorg. Allg. Chem., 591
(1990) 7.

29 G. Benner and R. Hoppe, J. Fluorine Chem., 48 (1990) 219.

30 RJ. Gillespie and E.A. Robinson, Inorg. Chem., 31 (1992) 196.

31 J.E. Huheey, E.A. Keiter and R.L. Keiter, Inorganic Chemistry,
4th edition, Harper Collins, New York, 1993, p. 292.



