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Molecu lar  structures of  acety lene  derivatives of  tin 
7.* Bis(trimethylstannyi)acetylene: analysis of electron diffraction data taking into 
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The electron diffraction data on bis(trimethylstannyl)acetylene, Me3SnC=-CSnMe 3, were 
analyzed in the framework of the one-dimensional dynamic model of free internal rotation of 
the SnMe 3 group about the axis of the Sn--C=-C--Sn linear fragment. The root-mean-square 
amplitudes and harmonic shrinkage corrections used in the analysis were calculated from the 
scaled quantum-chemical force field (i} taking into account nonlinear relations between 
Cartesian and internal vibrational coordinates at the first-order level of perturbation theory. 
(hl) and (ii) using a conventional approach (/tO). The rhi parameters of internuclear distances 
describe the eqt, ilibrium geometry of the M%SnC~CSnMe 3 molecule much better than the 
commonly accepted parameters r,, -= rift). Substiruent effects on the geometry of the acetylene 
fragment are discussed. 
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Our recent investigations on bis(trimethylsilyl)acety- 
lene (1) 2,3 have shown that the use of the moments of 
the probability density function of internuclear dis- 
tances r# (the first absolute moments, 5#, or harmonic 
shrinkage corrections and the second central moments. 
which give the root-mean-square (RMS) vibrational 
amplitudes, u0) calculated on the basis of the scaled 
quantum-chemical force field appeared to be highly 
efficient in the analysis of electron diffraction data. This 
made it possible to reduce the number of varied param- 
eters of the molecular scattering intensity sM(s) and to 
improve reliability of the molecular structure determi- 
nation. Such additional information is of the particular 
importance in the case of organotin compounds, for 
which a "short" diffraction pattern is usually recorded 
(for the scattering angle (s) range no greater than 20 A -I) 
because of its rapid damping. 4 

We have also shown 2,3 the limited possibilities of the 
traditional scheme of  spectroscopic xzalcu "lations_of the. 
u# and 6# parameters in the harmonic small-amplitude 
vibration approximation, 5.6 which implies linear rela- 
tions between Cartesian atomic displacements x and 
internal vibrational coordinates q. (Hereafter, this ap- 
proach is denoted as h0, which means a zero-order 
harmonic approximation with respect to atomic dis- 

* For Part 6. see Ref. I. 

placements from equilibrium positions.) The problem of 
taking into account nonlinear  relations between Carte- 
sian and internal vibrational coordinates has been solved 
previously v,~ for harmonic potentials at the first-order 
level of perturbation theory with respect to atomic 
displacements. This new approach to calculations of 
vibrational characteristics (hereafter, it is denoted as hi)  
has been realized using an efficient algorithm. The use 
of the improved procedure for calculations of Cartesian 
atomic displacements and scaled quantum-chemical force 
fields, which allows reliable determination of vibrational 
modes, made it possible to achieve a complete corre- 
spondence of the u,j.;,l and ,5/j.# 1 parameters obtained 
from spectroscopic calculations with the electron dif- 
fraction data on molecule 1.1,3 

Further testing of the new approach for (i) applicability 
to calculations of vibrational characteristics and (ii) its 
advantages as compared to the traditional approach was 
one of the maingoals  of this work. We carried out an 
electron diffraction study of the bis(tr imethylstan- 
nyl)acetylene (2} molecule. The u O. and ~5# parameters 
were calculated using scaled quantum-chemical force 
fields obtained previously I by the RHF and MP2(fc) 
methods (here. fc means the "frozen" core approxima- 
tion) with the standard 6-311G** basis set for C and H 
atoms and the Stevens- -Basch--Krauss  effective core 
potent ia l  (SBK ECP) with the opt imized 31G** 
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valence  basis set f o r  Sn atoms. The d i sc repanc ies  be- 
tween the results o f  structural analysis ob t a ined  using 
the t radi t ional  and new schemes o f  ca lcu la t ions  of  
vibrat ional  characteris t ics  are to a great ex ten t  reduced 
to differing interpretat ion of  the refined pa ramete r s  of  
in te rnuc lear  dis tances (~;;,.~ -= r~j.a and ro.,m ) in te rms  of  
their c loseness  to the equil ibrium structure parameters .  
The rq.ht parameters  are the best est imates o f  the equi-  
l ibrium s t ructure  parameters calculated using ha rmon ic  
potentials .  As will be shown below, in the  case of  
chemica l  bonds  they are nearly equivalent  to experi-  
mental  thermal ly  average ro.~, values (we ignore  cen t r i fu -  
gal dis tor t ions) .  Theretbre,  the question h o w  does  the 
in teract ion o f  the acetylene group with subst i tuents  
affect the molecu la r  structure was answered using the 
ro.,~ dis tance  parameters  reported tb r  ethynyl  der ivat ives  
of  G r o u p  IV and VII e lements  rather than the t rad i t ion-  
ally used to. a values. 

Experimental 

Procedures for the synthesis of compound 2 and determina- 
tion of the purity of the product, as well as the equipment used 
in the electron diffraction experiment carried out at T ~353 K, 
have been reported earlier 9 

In this work, the electron diffraction patterns of  compound 
2 and benzene, used as gaseous standard, were re-recorded 
photometrically and the electron beam wavelength (t.) was 
refined (according to the data obtained ["or benzene in the 
scattering angle range 1.4 < s _< 8.2 A - t ,  L = 0.049028 A at a 
convergence factor R = 5%). The optical density distributions 
were measured on an MD-100 automated microdensitometer 
and the results were processed using the known procedure. 1~ 

The averaged curv e of the total scattering intensity, IT(s), 
was calculated using three electron diffraction patterns of com- 
pound 2 obtained at a nozzle--plate distance of 49.48 cm for 
scattering angles in the range 1.5 <_ s _< 14.875 A -~ with an 
increment &, = 0.125 A -~, This curve was used in the structural 
analysis. The background line, l~(s), was plotted using an 
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Fig. 1. Experimental total scattering intensity ( / )  and back- 
ground intensity (2) curves for bis(trimethylstannyl)acetylene. 

approximating spline function. The experimental IT(s) curve 
and final version of the IB(s) line are presented in Fig. [. 

Structural parameters were refined by least-squares pro- 
cessing of the experimental molecular scattering intensity 
curve sA,FXP(s) (Fig. 2). The theoretical molecular scattering 
intensities sM~he~ were calculated using complex scattering 
factors, ti Anharmonic parameters a3(o) for bonds were set 
equal to their values for diatomic molecules (2.13l, 1.980, and 
1.65 A -I for the C-~C, C--H,  and Sn--C-=- (or Sn--C(H3)) 
bonds, respectively), tz For the distances between nonbonded 
atoms, these parameters were set to zero. 

We used the KCED25 program 13 adapted for IBM-com- 
patible PC by the Electron Diffraction Team of L. Eotvos 
Budapest University (Hungary) and modified at M. V. 
Lomonosov Moscow State University (Russian Federation). 
The u~ and ,50- parameters for internuclear distances were 
calculated using the SHRINK program. 7,a 

Molecular model for structural analysis of 
electron diffraction experiment 

The results of  q u a n t u m - c h e m i c a l  and spectroscopic  
study t have shown that molecu le  2 is a nonrigid system 
with several large-ampli tude torsional  and bending m o -  
tions. Internal rotations of  the Me3Sn groups about  the 
Sn--C-=-C--Sn fragment, which is l inear in the equi l ib-  
r ium conformation,  should be virtually free since the 
force constant of  the mot ion  is close to zero t and the 
possibility for steric in teract ions  to occur  between the 
groups in the acetylene f ragment  is ruled out because o f  
large separation between them.  Accord ing  to the data o f  
vibrational spectroscopy.t4 elastic, and quasi-elastic neu-  
tron scattering, Is J r  the height  o f  the barrier to internal  
rotat ion of Me groups is more  than halved on going 
from SiMe 4 to SnMe4, for which  it becomes equal  to 
0.80(5) kcal real - t  only. Nearly the same barrier height  
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Fig. 2. Experimental points, theoretical curve of the molecular 
scattering intensity sM(s) for version liB+ and the difference 
curves for each version of  structural analysis for 
bis(trimethylstannyl)acetylene (see text). 
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should also be expected tbr molecule 2, t'or which.the 
potential function will have a rather flattened shape in 
the range of  angles of  ro ta t ion  of  ~60 ~ between its 
min imum and maximum. Fina l ly ,  the results of  13C 
NMR studies of  stannylacetylenes suggest a flattened 
shape of the potential function and, hence, a large 
amplitude of  linear bending vibrations in these mol- 
ecules 17,18 

In the studies of  molecule 1 3 the use of  the one- 
dimensional dynamic m o d e l ,  13,19 which takes into ac- 
count only free rotations of  the Me3Si groups, has 
proved itself. Therefore. we used an analogous approach 
in the analysis of  electron diffraction data on molecule 
2. The contributions of large-amplitude torsional vibra- 
tions of  the Me groups affect only the distances between 
the pairs of atoms that include H atoms and have 
therefore virtually no effect on the scattering intensity in 
this electron diffraction experiment.  When considering 
the linear bendings of the S n - - C ~ C - - S n  fragment, the 
incompleteness of  the spectral data ze for the low-fre- 
quency region complicates the problem of  adequacy of  
the harmonic small-amplitude vibration approximation 
used in the calculations. Reliable estimates of the posi- 
tions of all spectral bands corresponding to bendings of 
the linear fragment appeared to be impossible, i We will 
return to this problem in the section concerned with the 
refinement of the structural parameters of molecule 2. 

According to the dynamic model,  x3,19 the probabil- 
ity distribution density P~2(r) for an internuclear distance 
in a molecular system characterized by a large-ampli- 
tude motion along coordinate q is approximated as 

P,/ r) = ~ Pijt~( r. q) P(q) d q. 

where P(q) is the Boltzmann probability distribution 
density for coordinate q. which depends on the potential 
function V(q) of  the large-amplitude motion, and Pofr(r,q) 
is the Gaussian probability distribution density for inter- 
nuclear distance r,2 in a hypothetical molecular form 
which has a fixed q value and is involved in 3N - 7 
small-amplitude "framework" vibrations. Since the A2u 
torsional mode of  the Me3Sn groups, which is inactive 
in vibrational spectra of 2. is virtually pure, t exclusion 
of this mode and the corresponding degree of freedom 
from the solution of  the spectral problem introduces no 
significant errors in the calculations of  vibrational pa- 
rameters for internuclear digt~antzeg-ontqqe bas&-of othei" 
3 N -  7 degrees of  freedom. Within small intervals 
between successive q values, the uo.rr(q) and rot q) "frame- 
work" parameters of  the PO-rr(r.q) function as well as 
harmonic corrections 6,f"(q) can be considered con- 
stant, in this work, the range o f  changes .in the coordi- 
nate q of internal rotations of  the Me3Sn group (60 ~ 
between the staggered conformation with D3d symmetry. 
and eclipsed conformation with D3h symmetry) was 
divided into five equal intervals, and the total molecular 
scattering intensity was obtained as the sum of the 
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contr ibut ions of all intervals calculated in this approxi- 
mation.  

In accord with the results of quantum-chemical  
calculations,  t the Me3Sn and Me groups were assumed 
to have a C3~ local symmet~ ' ,  the Me groups being in a 
staggered conformation. By analogy with l ,  z,3 it was 
assumed that internal rotation in molecule 2 is not 
accompanied by relaxational changes of other geometric 
parameters.  

Calculations of mean vibrational amplitudes and 
shrinkage corrections for internuclear distances 

Taking into accoant nonlinear relations between 
Cartesian and internal vibrational coordinates 

The new approach 7,s presupposes that the matrix B 
used in the matrix transformation q = Bx should be 
considered as a function o f  q, i.e., that one should take 
into account the dependence of  B on the instantaneous 
configuration of the system in order to more correctly 
calculate Cartesian atomic displacements using internal 
vibrational  coordinates. Correct  to second-order  terms 
in vibrational amplitudes, we can get 

q = B(q)x = (B o + I /2AB)x.  (1) 

Here,  B 0 corresponds to the transformation matrix B(q) 
for the equilibrium molecular  configuration and AB is 
the matrix with the elements Ab O. = ~  qk(t)(?,biy/Sqk)Iq=O. 
Assuming k 

qk(t) = ~ ~k~'cos(,,j  + 0~), 
ct 

where ~-k ta) is the kth component  of  the a th  eigenvector 
in internal vibrational coordinates, the summation is 
performed over all 3N - 6(5) vibrational modes,  c% and 
0 a are the frequency and phase of  the corresponding 
normal  vibration, and t is time, we can wri'te 

aB = ~ aB~cos(~t + %). (2) 
cl 
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Solving the spectral problem formulated using the 
new approach at the first-order level of  perturbation 
theory, gives (ignoring centrifugal distort ions) 7.S 

(DtZ ~ flaiL0, 

q,,(t) = qJ)cosl~,,t + %) + 

* ~ z~,,%oq(,%+__o~pf + (0,,-+%)1, (3) 

where superscript "0" labels the values obtained by 
solving the unper turbed  problem,  Z(3 z is the matrix 
coeff ic ient  equal  to zero at 13 = ct, !3 runs from I to 
3N - 6(5), and the summation is performed over both 
signs. 7,8 By applying the transtbrmation 

x = ~ '  Z r -- ~E-  0.5ao-'aS)Bo -~ ~q~,(t), 
, L  c~ 

where E is the un i t  matr ix,  to Eq. (3) and by averaging 
the result over time and ensemble at a specified tem- 
perature, we get 

(x> = -0,5Bo-' Z %aS~Bo-~-,) = 

= - 0 . S B o  -~ Y~%a&~,,, (4) 

where ~-u = B0-]q-~ 0 is the cah eigenvector for  the unper- 
turbed spectral problem in Cartesian coordinates and 

%, = ( Q~,2) = [ h / ( 8a ' c v , , ) } co th l (  hcv , f f (2k  T )] 

is the so-called frequency factor corresponding to the 
temperature Tand  frequency v~ of  the ctth normal mode. 

Analytical expressions for u O- and 3,] obta ined in the 
new approximat ion contain addit ional terms that are 
due to the configurat ion-dependent  part of  matrix B(q). 
Traditional approach takes into account  only the first 
term of  the expression for the mean-square  amplitudes 

u2u. m = ~ %(eo.e,':-.ii.,) 2 + 0.560.2 + ... = 
tx 

= Y~ o,,(e~.c.;,;.,,)" + DELT. (5) 

where eij.e is the unit vector directed from atom i to 
atom j in the equilibrium state, ~0.a is the vector ob- 
tained by subtracting the comPonents  corresponding to 
atom i from vector  ~'a, and DELT is the contribution 

_due Lo_no.nlinear relations he~tween Car tes ian .and  inteJ'~ 
naI vibrational coordinates. 

In the case of  linear fragment bendings and nonp[anar 
vibrations of  planar  systems, the ~q,. vectors are or- 
thogonal to c~. e vectors for all in ternuclear  distances in 
the fragments, so the contributions of  these vibrations to 
the first term of  Eq. (5) are equal to zero. The effect of  
these vibrations on the ampli tude value is taken into 
account by the DELT terms, it is clear  that  in some 
instances the ~,#,~ and e0,e vectors can also be orthogo- 
nal or nearly orthogonal in systems with arbitrary geom- 
etry. The tact that the frequency factor ~a increases 

exponentially as frequency decreases also indicates the 
necessity of taking into account the DELT contr ibut ion.  
For  this reason, the contributions of  low-frequency 
vibrations (e.g., linear fragment bendings) to the DELT 
value can become comparable with the contributions of  
high-frequency vibrations to the first term. Moreover.  
the contribution of  linear fragment bendings can even 
be predominant if the frequency of these vibrations is 
much lower than other frequencies affecting the ampl i -  
tude u~. 

Comparison of  the results o f  calculations o f  vibrational 
effects in the traditional and new approximations 

The ao-rr and ,5,) .rr values as well as the linear shrink-  
age effect values 8 for internuclear distances in molecule 
2 calculated in the traditional (h0) and new (h l) ap-  
proximations for different temperatures are presented in 
Table I and in Fig. 3. The values obtained exceed those 
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Fig. 3. Temperature dependences of the RMS amplitudes (u) 
and shrinkage effects (6) in linear fragments of bis(trimethyl- 
silyl)aeelylene (a. E = Si) and bis(trimethylstannyl)acetylene 
(b, E = Sn) molecules calcuIa~ed by the traditional scheme 
(1~61 and taking into account nonlinear relations between 
Cartesian and internal vibrational coordinates (1"--6"): B(E...E) 
(I,  I '):  u(E...E) (2, 2"); u(E...-=-C) (3, 3"); u(E--C~) (4, 4"); 
8(E...~-C) (5, 5"); and u(C-=C) (6, 6"). 

" 0104 



Bis(trimethylstannyl)acetylene: electron diffraction data Russ.Chem.Bull.,  Vol. 40, No. 4, April, 2000 635 

Table 1. Root-mean-square amplitudes fu#/A) and harmonic shrinkage corrections {69/.3,) for internuclear distances calculated for 
the O3d conformer of the MesSnC=-CSnMe 3 molecule at T= 0 and 298 K using the set of 3N - 7 internal vibrational coordinates 
(the internal rotation coordinate of {he SnMc 3 group was excluded) by ~he traditional scheme (I) and taking into account nonlinear 
relations between Ca~esian and intermtl vihratiolaal ct~ordinates (11) 

Dista nee" rc/,k ~ l IJ 
0 K 298 K 0 K 298 K 

UlH~ --~ShO ~ 1(0 uh(} --tSkO =- KT lthl --~)hl l/hi --('~hl 

Sn--C(H3) 2. 1395 0.0506 0.0046 0.0543 0.0303 0.0506 0.0000 0.0543 0.0000 
Sn--C=- 2.0991 0,0444 0.0045 0.0514 0.0292 0,0444 0.0000 0.0514 0.0000 
C=-C 1.2038 0.0370 0,0084 0,0373 0.0185 0.0370 0.0000 0.0373 0,0000 
C--H (:iv.) 1.0855 0.07~0 0.0406 0 0780 0.1303 0,0780 0,0000 0.0781 0.0000 
Sn...Sn 5.4019 0.0393 0.0001 0.0630 0.000b 0.0403 -0.0173 0.0733 -0.0758 
Sn...-:C 3,3029 0.0457 0.0031 00545 00199 0.0463 -0.0099 0.0595 -0,0276 
Sn...H (av.) 2.7166 0.1227 0.0190 0 1290 0.0834 0.1235 -0.0085 0.1315 -0.0087 
Sn...C(H 3) 6.3917 0.1047 0.0008 0 2754 0 01)43 0.1051 -0.0191 02789 -0.09t4 
Sn...H "(i.p,) 7.441 i 0.1213 0.0070 0 2526 0.0295 0.1255 -0.0516 0.2748 -0.1908 
Sn...H "(o.p.) 6.2995 0.2417 0.0045 0.5114 0.0147 0,2433 -0.0108 0.5183 -0.0554 
(H 3)C...C:= 3.4265 0.0830 0.0059 0.1232 0.0468 0,0831 -0.0019 0.1232 -0.0053 
(Hj)C .... C 4.4525 0.0958 0.0041 0.1858 0.0332 0.0961 -0.0111 0.1877 -0.0352 
(H.~)C...C(H..,) 3.5268 00884 0.0050 0 1307 0.0402 00885 -0.0021 0.1308 -0.0060 

u Notations: av. is average; atoms labefed by "i.p." and "o.p." are situated in and out of the molecular symmetry plane, respectively. 
Obtained from quantum-chemical calculations I in the RHF/6-31 IG** approximation (Sn: SBK ECP). 

found previously for molecule I z (see Fig. 3). This is 
first of  all due to an increase in the corresponding 
internuclear distances by 0.3--0.6 A. 

The largest differences between the RMS vibrational 
amplitudes calculated in the traditional and new ap- 
proximations are observed for the distances between 
nonbonded atoms in the Sn--C=--C--Sn linear fragment 
and for other distances for which the contributions of 
bending coordinates of  the linear fragment cannot be 
taken into account because of linearization of  the prob- 
lem in the traditional approximation (see Table I)- At T = 
298 K, the contributions of nonlinear terms to the RMS 
amplitudes for the Sn...Sn and Sn...=-C distances amount 
to 0_010 and 0.005 A. respectively, which is about twice 
as large as the analogous contributions for molecule I. 2 
This can be due to a more flattened shape of the 
potential function of  linear fragment bendings in mol- 
ecule 2. It should also be emphasized that the values of 
the amplitudes (and corrections) for distances between 
the atoms of  the Sn- -C~C--Sn  linear fragment whose 
Cartesian displacements are independent of  the tor- 
sional coordinate, coincide with those calculated for the 
complete set of  3N - 6 internal vibrational coordinates. 
For other  interquclear distances, which a re  "external" 
distances with respect to the rotating group, the effect of 
torsional m o t i o n  o n  the vibrational parameters depends 
on how many atoms tone or two) are not in line with 
the axis of  rotation. In the latter case, this effect is 
much more pronounced. 

As can be seen in Table I, the traditional scheme of  
calculations of  harmonic shrinkage corrections ~o.ho, 
which take into account only spectroscopic values of 
"perpendicular" amplitudes K,)., gives greater correction 
values for the bonds than for long nonbonded distances. 
It has also been reported 2L22 that the corrections ob- 

tained from traditional calculations seem to be too large 
in the former and too small in the latter case. The new 
approach gives zero shrinkage corrections SU, hl for the 
bonds (see above). As can be seen in Table 1, harmonic 
corrections ,3,j-m substantially differ from zero only for 
the distances between nonbonded atoms. 

According to calculations of molecules 1 z and 2 
(this work), the estimates of  linear shrinkage effects 6 
determined from the r,~- and rhf-structural parameters 
virtually coincide. Tile minimum differences increase 
only slightly as temperature increases and do not exceed 
0.001--0.002 A for ! z and 0.004 A for 2 at 800 K (see 
Table I and Fig. 3). Hence the r a (rg) parameters 
determined from the electron diffraction experiment  
should be independent of  the methods of  calculations of  
shrinkage corrections (at least, for internuclear dis- 
tances in the linear fragment). Substantial increase in 
the fi(Sn.._Sn) shrinkage effect compared to the ,3(Si...Si) 
one (see Fig. 3) confirms the conclusion drawn above 
that the Sn--C=-C--Sn fragment is much more flexible 
than the Si--C---C--Si fragment, i.e., that the linear 
fragment flexibility increases on going to heavier Group 
IV element. Therefore, the small-amplitude harmonic-  
potential approximation can appear to be insufficient 
for adequate description of  the linear fragment bendings 
in molecule 2. 

Correspondence between spectroscopic values of 
vibrational parameters and electron diffraction data 

Two series o f  the results obtained by refining the 
geometry of molecule 2 using vibrational characteristics 
of  the internuclear distances calculated in the tradi- 
tional (I) and new (11) approximations are presented in 
Tables 2--4. Structural analysis was carried out with 
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RMS amplitudes that were either fixed at the spectro- 
scopic values or used as variables. The R-factor values 
show that the refinements performed using fixed values 
of  all RMS amplitudes (versions IA and IIA) give 
insufficient agreement between theo~' and experiment,  
especially if the contributions of nonlinear relations 
between Cartesian and internal vibrational coordinates  
were not taken into account in spectroscopic calcula- 
tions. In these cases, the sMeXP(s) - s,'$flhe~ differ- 
ence curves (see Fig. 2) demonstrate insufficiently rapid 
dumping of theoretical functions and the calculated f ir) 
radial distribution curves (Fig. 4) display particularly 
large discrepancies between theory and experiment in 
the region of  the peak at r = 5.4 A, corresponding to the 
Sn...Sn distance in the linear fragment of molecule 2. 
The use of vibrational parameters calculated in the hl 
approximation taking into account the contributions of  
linear bending modes of  the Sn--C=--'C--Sn chain to the 
RMS amplitudes of  the Sn...Sn and Sn...=-C distances 
improves agreement with the experiment by about 2% 
(cf. versions IA and IIA). 

The inclusion of  the RMS amplitudes as independent 
variables decreases the R-factors by an additional 3%, 
mainly due to further increase in tile u(Sn...Sn) RMS 
amplitude, which much exceeds the experimental errors 
(versions 18 and l iB,  see Figs. 2 and 4). Changes in 
other amplitudes that were varied as compared to the 
results of spectroscopic calculations tie within the limits 
of experimental errors with the only exception being for 
,~(Sn...H(av.)). Noteworthy is that refinement of  ver- 
sions Ig and l iB gave virtually coinciding values of  the 
RMS amplitudes. 

Variation of  the RMS amplitudes for the Sn - -C(H  3) 
and Sn--C-= bonds resulted in unrealistic values that 
exceed, in particular, the RMS amplitude for the Sn...=-C 
nonbonded distance (versions IC and IIC). In addit ion,  
the Sn--C--= and C-=C bond lengths changed substan- 
tially because of strong correlations. The difference 
between the Sn~C--- and Sn- -C(H 3) bond lengths de-  
creased down to 0.015 A, which contradicts the results 
of  MP2(fc) quantum-chemical  calculations, j according 
to which the Sn--C--- bond should be 0.04--0.05 A 
shorter than the Sn--C(H3) bond. Changes in other 
RMS amplitudes compared to those obtained for ver- 
sions IB and l iB were insignificant and the R-factor 
value decreased by - 1% only. 

Discrepancies  between tile u(Sn...Sn) ampl i tude  
found from electron diffraction data and the corre- 
sponding values obtained from spectroscopic calcula-  
tions in the small-ampli tude harmonic potential ap- 
proximation can be explained by inadequacy of  the 
force constants of  linear bending vibrations, which were 
obtained by scaling the quantum-chemical force field, 
as well as by insufficiency of  the small-amplitude ap- 
proximation in the case of  these vibrations. The former 
is associated with ambiguous assignment of  linear bend-  
ing vibrations of  the S n - - C ; C - - S n  fragment I due to 
ineompletene~ of  the experimental spectra of  the light 

and perdeuterated isotopomers  of compound  2. z~ Re- 
production of  the experimental  um(Sn._.Sn) value ob- 
tained from electron diffraction data (0.114(5) A) by 
spectroscopic calculations carried out taking into ac- 
count nonlinear relations between Cartesian and inter- 
nal coordinates required substantial reduct ion of the 
scale factor corresponding to the linear bending  vibra- 
tions as compared to the previously obtained value (~0.3 
vs. 0.69, ! respectively), which has proved to be well 
transferable on a similar quantum-chemical  force field 
calculated in the R H F  approximation for molecule 1. 2 
As a result, several o ther  RMS ampli tudes increased 
appreciably in addit ion to the uj,1(Sn...Sn) amplitude. 
First of all was the ampli tude for the Sn...~C distance in 
the linear fragment, which increased from 0.0635 to 
~0.085 A. Their agreement  with the ampl i tudes  deter- 
mined from the electron diffraction experiment  became 
much poorer. Refinement of  electron diffraction data 
using the vibrational characteristics obta ined from this 
version of  spec t roscop ic  ca lcula t ions  and  a fixed 
uhl(Sn...~-C) value of  0.085 A did not change the geo- 
metric parameters significantly as compared  to version 
l i b  (see Table 3), whereas the R-factor increased by 
- I % .  

At the same time, the u(Sn...Sn) value refined in 
both versions IB and l iB  can be considered as an 
effective parameter; the increase in this parameter  com- 
pared to the results o f  spectroscopic calculations is 
explained by insufficiency o f  the harmonic approxima- 
tion due to the flattened shape of  the potential  function 

f(r) 

l l f  t I 61~8 9 I~ 11112 [3 - -  

_ _ -z ..... - .~ -  - -  - - ~ - - ~  . . . . . .  l i B  
. . . .  - -  v - - ~  - - - - - v -  - -  ' IIC 

I I I I ~ . . . .  i , I I 

0 2 4 6 8 r/A 

Fig. 4. Experimental and theoretical (version liB) radial distri- 
bution curves (dashed and solid line, respectively) and the differ- 
ence curves (~• for each version of structural analysis of 
bis(trimethylstannyl)acetytene (see Tables 2 and 3). The damping 
constant b = 0.0104 A 2. Shown are the principal contributions of 
internuclear distances independent of internal rotation of the 
SnMe 3 group: C--H (av.) (I), C~-C (2}, Sn--C~- (3), Sn--C(H3) 
(4), Snl....HII (5}, Snl...C3 (6), C2...C5 (7). C5...C6 (8), 
C3...C5 (9), Snl...Sn4 (I0). SnI...H21 (11), SnI...C8 (12), and 
Sn I... H20 (/3). 
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TaMe 2. Results of analysis of electron diffraction data for bis(trimethylstanny0acetylene (T = 353 K) using the free internal rotation 
model in terms of the traditional approach (I, r,,-structure) 

Parameter tA IB IC 

F u llhH Ftx 111I 0 g~z UhO 

Irzdeper~dent distance a 
Sn--C(H 3) 
Sn--C-= 
C-=C 
C--H (av.) 

Dependent dist;mce a 
Sn...Sn 
Sn...~C 
Sn.,_H (av.) 
Sn... C(H 3 ) 
Sn...H '(i.p.) 
Sn...H '(o.p.) 
(H3)C...C,z 
(H3)C...-=C 
(H3)C.-.C(H0 

Bond angle/deg 
(H3)C--Sn--C(H 31 
(H 3)C--Sn--C~- 
S n - - C - -  I I  (av.) 
H - - C - - H  (av.) 

Scale factor 
R-factor (%) 

2,093(7) 0.0563 2.099(5) 0.0563 2.093(5) 0.070(31 h 
2.076(131 0.0541 2.061(81 0.0541 2.078(8) 0.068 h 
t.192(24) 0.0373 1.216(141 0.0373 1.185(131 0.0373 
0.951(111 0.0782 0.947(5) 0.0782 0.950(5) 0.0782 

5.343(121 0.0686 5.339(121 0.1t4(51 5,342(11) 0.117(41 
3_26g(I4) 0.0576 3.278~10) 0.062(9) c 3.264(9) 0.062(7) d 
2.65t(121 0.1324 2.652(8) 0.121(61 2.653(7) 0.114(51 
6.34(3) 0.2993 6.32(2) 0.320(19) e 6.329(181 0.321(15y 
7.28(3) 0.2724 7.26(2) 0.55(25) 7.273(19) 0.50(16) 
6.31(41 0.5537 6.29(2) 0.575" 6.31(21 0 .57~ 
3.39(3) 0.1320 3.370(15) 0.[37" 3.3881131 0.137 a 
4.42(3) 0.2009 4.409(17) 0.22(31 4.404(151 0.23(2) 
3.43(3) 0.1400 3.454(151 0.145 c 3.435(131 0.145 d 

110.0( 101 1103(51 110.3(41 
108.91" 1 I ) 108.2(61 108_6(41 
115.4(I I) 115.3(51 115.7(4.) 
103.0(13) 103.1 (6) 102.6(5) 
1.544(231 1.592(15) 1.645( 161 

10.13 5.11 3.97 

o Listed are the interatomic distances (r,,/A) and their mean amplitudes (%/A). The estimates of experimental errors given in 
parentheses include the least-squares standard deviation values and the scale errors, z3 In the least-squares correlation matrices, the 
largest interaction coefficients (up to 0.8--0.96 in absolute values) were found tbr the Srr--C(H3), Sn--C=:, and C-=-C bond lengths. 
For notations "nv.," "i.p.." and "o.p.," see note" to Table 1. 
~-c-'t.eJThe RMS amplitudes labeled by the same letter were refined by group; in each group, the differences between the amplitudes 
obtained from spectroscopic calculations were retained. 

Table 3. Results of analysis of electron diffraction data for bis(trimethylstannyl)acetylene ( T = 353 K) using the free internal rotation 
model taking into account nonlinear relations between Cartesian and internal vibrational coordinates i l l ,  rm-structure) and 
comparison with the datz~ of M P2(1i:)/6-311G** (Sn: SBK ECP) calculations 

Parameter I IA I I B I IC M P2,1 

rls ~ - t t h  I r h  ~ t t l t  I r h  I Uh  I re. 

Independent distance n 
Sn--C(H 3 ) 2,131(61 0.0563 2.135(51 0.0563 2.129(5) 0.070(3) b 2.1389 
Sn--C-= 2.104(111 0.0541 2.095(9) 0,0541 2.113(8) 0.068 h 2_0947 
C-=C 1.224(2c)) 0.0373 1.239( 141 0.0373 1.206( 131 0.0373 1.2421 
C--H (av.) 1. 110(9~ 0.0784 I. 108(61 0.0784 I. I I 1(5) 0.0784 1.0926 

Dependent distance a 
Sn...Sn 5.433(I21 0.0816 5.429(121 0.114~51 5.432(I I) 0.117(4) 5.4316 
S n...-=-C 3.329(12) 0.0639 3.334(10) 0.065(91 c 3.319(91 0.066(7) ̀4 3.3369 
Sn...H (av.) 2.769(111 0.1361 2.770(8) 0.122(7) 2.771(71 0.114(51 2.7190 
Sn... C(HO 6.44(3) 0.3037 6.42(2) 0_322(~9} c 6.436(181 0.322( 151 f 6.42t5 
Sn::. H"(-i:p: ) 7.52(5) 073001- 7:5H2)- 0.56{-26)- 7:52-3(I 91 0.52(171 7,4782 
Sn...H "(o.p.) 6.39(4) 0.5622 6.37(3) 0.580 e 6.40(2) 0.580/ 6.3233 
{H3)C...C = - 3.44(2) 0.1320 3.425(151 0.133 c 3,446(131 0.134`4 3.4240 
(H3)C .... C 4.49(2) 0.2033 4.484(171 0.21(31 4.479(151 0.22(2) 4.4841 
(H3)C...C(H 3) 3.50(2) 0.1403 3.514(15) 0.142" 3.493(13) 0.142 d 3.5245 

Bond angle/deg 
(H3)C--SrI--C(H 31 110.3(81 110.8(51 110.3(4) 110.95 
( H3)C--Sn--C~ =- 108.6(9) 108.1(6) 108.7(4) 107.94 
Sn- -C- -H (av.) 113.6(81 113.5(5) 113.8(3t 110.24 
H- -C- -H  (av.) 105.1(91 105.2(51 104.8(4) 108.69 

Scale factor 1.563(201 1.594(16) 1.650(16) - -  
R-factor (%) 8.30 5.24 4.01 -- 

a'l"c'd'eJSee tile corresponding notes to Table 2. 
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Table 4. Experimental internuclear distances (G), harmonic vibrational corrections calculated tbr T = 353 K (the temperature of the 
experiment) and T = 0 K. and the r,, ~ and rht ~ parameters for the bond lengths in the ground vibrational state of the 
Me3SnC=-CSnMe 3 molecule (in A) 

Distance IB (R = 5.1 I%, see Table 2) ~ liB (R = 5.24%. see Table 3) a r~, (see 
r a r~, - r ,  raO -- r a r,, 0 r a r#t - r a rt, t 0 - -  r a r h l  0 Ret: 9) t' 

Sn--C(H 3) 2.133[ -0.0343 -0.0046 2.129(5) 2.1333 0 . 0 0 1 5  0 _ 0 0 0 0  2 . 1 3 3 ( 5 )  2.127(5) 
Sn--C=- 2.0944 -0.0330 -0.0054 2.089(8) 2.0936 0 .0014  -0.0009 2 . 0 9 2 ( 9 )  2.095(10) 
C~C 1.2366 -0.0202 -0.0073 1.230(14) 1.2379 0.0012 0.001 I 1.239(14) 1.21 c 
C--H (av.) t.1023 -0.1553 -0.0350 1.067(5) 1.1023 0 . 0 0 5 7  0.0055 1 . 1 0 8 ( 6 )  1.108i14) 
Sn...Sn 5.3389 0.0002 5.3389 0.0900 5.341(9) 
Sn...~C 3.3002 -0.0224 3.3008 0.0332 3.295(8) 
Sn..-H (av.) 2.7543 -0.1022 2.7546 0.0152 2.781(19) 
Sn.--C(H 3) 6.3082 0.0090 6.3004 0.1216 6.01~6.45 
Sn...H "(i.p.) 7.2818 -0.0245 7.2718 0.2339 j 6.12-- 
Sn...H '(o.p.) 6.2540 0.03t7 6.2574 0.t150 ] --7.48 
(H ~)C...C=-- 3.4199 -0.0502 3.4135 0.0113 3.41(5} 
( H3)C...-=C 4.4396 -0.0302 4.4333 0.0502 4.33--4.47 
(H~)C...C(H;) 3.4957 -0.0420 3.5013 0.0126 3.51(5) 

a See note'; to Table 2. 
b Results of r,-analysis with inclusion of effective nonlinearity of the Sn--C--zC--Sn fragment. 
c Fixed. 

of linear bending vibrations in molecule 2. Agreement 
between the values of  the u(Sn...---C) RMS amplitude 
obtained from electron diffraction experiment and by 
spectroscopic calculat ions (versions IIA and lIB, see 
Table 3) indicates that the contribution of this vibration 
to u(Sn...~C) is much smaller than its contribution to 
the u(Sn...Sn) ampli tude.  Therefore the small-ampLi- 
tude harmonic-potential  approximation is more appro- 
priate. 

Interpretation of experimental values of 
structural parameters 

The data presented in Table 4 confirm the conclu- 
sion drawn above that the r,L o parameters of the mo- 
lecular scattering intensity function determined directly 
from the electron diffraction data are virtually indepen- 
dent of the approximation used in spectroscopic calcu- 
lations of the vibrational characteristics of internuclear 
distances. Apparently, the same is also valid for the 
thermally average internuclear distances ro..g, which are 
related to rij.a simply through the mean-square ampli- 
tude ( rv .g  = ri j .a  + u 2 d / r i )  ) in the case of Gaussian 
pr0babHity distr ibution.  6 

As was ment ioned above, the discrepancies between 
the results of structural analyses performed using the 
standard and new scheme of calculations of u U and 60 
values (versions I and II, respectively) are determined 
by the closeness of the obtained estimates of the rij.t~o ~ ru.~ 

and t;~.~,l parameters to the equilibrium values, if we 
ignore the cont r ibut ion  of centrifugal distortion, then, 
correct to th i rd-order  terms, the general equation for 
the thermally average value of internuclear distance 

rij.g = rilx + (Az 0) + [((~U 2) + (Ayij2))/2rij .r  = 

= rO'.r + (~Zij) + Kij 

can be rewritten at the first-order level of perturbation 
theory as 

(6) 

since first-order harmonic and anharmonic corrections 
are additive. The last term in Eq. (6) should be positive, 
whereas the preceding term, which is also of the second 
order in vibrational amplitudes, is most often negative. 
Its absolute value is larger than or nearly equal to (for 
bonds) Ko..7,s The commonly accepted ro.,, ~ - ro..h o pa- 
rameters are obtained by subtracting the last term from 
both sides of Eq. (6) 

rig.,, = r ~ ,  - K u = rU., + <'~zU>=,t,=,~ + <~zO>h,~,=- 

The standard approach s,6 presupposes that the mean- 
square "perpendicular" amplitude Kg is the only har- 
monic vibrational contribution to the thermally average 
internuclear distance and that the ( ,~z  U) correction is 
completely determined by anharmonic terms of the 
potential energy function. If so, harmonic vibrational 
effects 6~.~ = 60.dr0 lengthen chemical bonds. In this 
approximation, the ro..g and, as a rule, ro..a parameters 
are larger than corresponding ~'U,a values Or analogous 
estimates for the ground vibrational state, ra0 (see Tables 
I. 2, and 4), which would coincide with the data for the 
equilibrium structure correct to anharmonic correc- 
tions. 

Taking into account nonlinear  relations between Car- 
tesian and internal vibrational coordinates, we determine 
that the total harmonic shrinkage corrections 60.,h t for 
bonds are nearly equal to zero (if centrifugal distortions 
are ignored). 7`s In other words, the assumption that the 
harmonit  component of (AZ U) is equal to zero immedi- 
ately gives K O. ~ O. This means that we cannot take into 
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account the contribution of "perpendicular" amplitudes 
and simultaneously ignore (AZ,))harrn. Though the algo- 
rithm developed to assess the rii, m parameters does not 
include separate calculations of K# and (Aj.0-)har m val- 
ues, 8 we will write its key expression for comparison 

r~i.~ = r,~..~ - (AZ(j,h~, - K~ = ro.~ + (~ , zo : . : ,~ .  (7) 

whence it follows that the rij.h I parameters do differ from 
rij.e by the anharmonic contribution and are nearly equal 
to riLg for bonds. Physically, the rhl coordinate vector 
corresponds to the minimum of the harmonic potential 
function which best describes both electron diffraction 
and spectroscopic data for the molecule and is tempera- 
ture-dependent because of the second term in the right 
side of expression (7). We believe that the rhl-structure 
is the closest approximation to the equilibrium structure 
that can be obtained using harmonic potentials. This is 
confirmed by very. good agreement between the results 
of the MP2 quantum-chemical calculations of the equi- 
librium structure of molecule 2 and the r,j.h ~ parameters 
(see Table 3), which is not observed for the %,#o ~ rij.a 
parameters (see Table 2). The physical meaning of the 
r~-structure remains unclear. At best. the ro-x, parameters 
can serve as intermediate values in the course of calcu- 
lations because, as was discussed above, the procedure 
for calculations of shrinkage corrections has no signifi- 
cant effect on the r,j.o (r,j.g) parameters, which are 
arguments of the s M ( s )  function. Since the corrections 
calculated at the first-order level of perturbation theory. 
are additive, the use of the rhl-structure makes it pos- 
sible to allow for anharmonic effects with ease. It should 
also be emphasized that the estimates of the rg.m ~ 
parameters for bonds obtained by introducing partial 
anharmonic corrections in the diatomic approximation, 
rg - %o ,. l.Sa;(uz2 _ u02) 6 and the 6iy.hl corrections 
calculated for T = 0 K virtually coincide with the ro..h ! 
parameters, whereas the estimates of the rij.a and rij.a ~ 
values differ significantly (see Tables 2--4). 

The C-=-C and Sn--C-=- bond lengths 
in mono- and polyethynyl tin derivatives 

In Table 5. we compare the C-=C and Sn--C~- bond 
lengths in molecule 2 obtained in this work with corre- 
sponding values in other stannylacetylenes studied by 
electron diffraction. 24-z7 Since the rq.hi parameters, 
which are the best estimates of the equilibrium structure 
in the harmonic approximation, can be considered nearly 
equal to the r,j, values in the case of bonds, the use of 
the latter rather than the traditional r~j.a parameters for 
comparison is more justified. 

According to quantum-chemical  calculations, 1,2 the 
C~C bond in molecule 2 must be nearly as long as that 
in molecule 1 (only 0.003 A longer). This has been 
confirmed by comparing the results obtained in the 
electron diffraction study of  molecule I 3 and in this 
work (see Table 5). The effect of  asymmetrical substitu- 
tion in the acetylene fragment of the Me3SnC-=CH 
molecule could not be determined because of large 
experimental errors, z4,xs However, compared to asym- 
metrically substituted polyethynyl derivatives of tin, the 
C---C bond in molecule 2 is somewhat lengthened. Re- 
centlyf1.3 our analysis of the data for ethynyl derivatives 
of silicon has led to an analogous conclusion. 

it has been accepted for long that the C=-C acetylene 
bond length is only slightly sensitive to substituent 
effects. Lengthening of the C-=C bond in acyclic hy- 
drocarbons was first observed in electron diffraction studies 
of the simplest acetylene derivatives, za,29 In the diacetylene 
molecule, the rg(C-C) value appeared to be -0.005 A larger 
than in the acetylene molecule. 30 However, the effect of 
heteroatoms has been little studied as yet. In Table 6, 
we compare the spectroscopic (rs) and electron diffrac- 
tion (rg) data for acetylene and ethynyl derivatives of 
Group IV and VII elements and the experimental esti- 
mates of the re(C---C) equil ibrium parameters. Usually, 
the rg - r s difference is estimated at 0.014-0.01 A. 6 
According to the electron diffraction data (see Table 6), 

Table 5. Estimates of tile rg parameters (in A) and linear shrinkage effects 6 (A) for stannylacetylenes 
(the experiments were carried out at temperatures between 295 and 360 K) 

Molecule rg a Ref. 
[version ] C~C Sn--CS= Sn... -=-C Sn...sn 

Me3SnC--zCH 

Me3SnC~-CSnMe 3 
[|1 
[ I l l  

Sn(C=-CH) 4 
ISn(C-=CH)3 
Sn(C---CCF3) 4 

1.22(5) 2.09(6) 0.0 a -- 24 
1.23(2) 2.13(3) 0.02 -- 25 
1.21 a 2.096(10) 0.04 h 0.06" 9 
t.238(14) 2.096(8) 0.032 0.089~ This 
1.239(14). 2.095(9) 0.032 0.089 ] work 
1.228(8) 2.068(5) -- -- 26 
1.226(6) 2.062(17) -- -- 26 
1.216(6) 2.072(7) 0.0 ~ -- 27 

a Fixed. 
b Obtained from the to-analysis carried out using the model with a nonlinear acetylene fragment (the 
Sn--C---C angle was 170.4(15y'). 
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Table 6. Comparison of the C-~C bond lengths (r/A) in the acetylene molecule and in the 
molecules of ethynyl derivatives of Group IV and VII elements obtained from spectroscopic 
calculations and electron diffraction data a 

Molecule Spectroscopic calculations 
r~ :, 

Electron diffraction data, 

H--C::C--H I 2024(3), 31 1.2026(3) 32 1.207(5) 33 1.212(I) 30 
Me--C=-C--H -- t.21)66(3) 3 t̀ 1.2t0(4) 35 
M e--C-=C-- Me - - -  1,2135(13) zs 
Me3C~C~-C H -- t_209(2) 36 1.211(8137 
H ;S i~C=-C-  H -- 1.2076(20) 3s-39 1.223(2) 40 
Me3Si--C~C--SiMe 3 -- _ 1.239(3) 3 
H3Ge--C=-C_ H - 1.20812) 41 -- 
Sn(C~C--H)4 -- __ 1.228(8) z6 
Mc3Sn--C-=C--SnMe 3 -- - -  1.239(14) ~ 
F--C~-C-- H 1.1962(8) 42,43 1.198(3) "~ --  
CI--C-.C-- H -- 1.2033(5) 45 --  
Br--C~C--H -- 1.2038(30) 46 -- 
F3C--C__=C-- H -- 1.201(2) 47 -- 
F3C--C~C--C F 3 - -- 1.205(4) "~ 

" Experimental errors are given in parentheses. 
l, This work. 

the interaction o f  stannyl and silyl groups with the 
acetylene fragment causes lengthening of  the C a C  bond 
by 0.01--0.03 A as compared  to acetylene and its alkyl 
derivatives. The results of  spect roscopic  studies indicate 
that the presence o f  e lec t ronegat ive  substituents (Hal 
and C F  3 group) causes shoctening of  the C-~C bond. 

Tlae equilibrium C~-C bond length in the acetylene 
molecule found from the data of  high-resolution rovibrational 
IR and Raman spectra (I .2025(3)  A,) 3t,3z appeared to 
be smaller  than the rg(C-=-C) parameter  obtained from 
electron dif f ract ion data ( | . 2 1 2 ( I )  /~L z9 There fo re ,  
anharmonic  vibrat ional  effects cause a fengthening of  
this bond by -0.01 A. Quan tum-chemica l  calculat ions  
of  the acetylene molecule  in the M P2/6-3 I G* approxi-  
mation gave an exaggerated es t imate  o f  the equi l ibr ium 
C:~C bond length (I .2177 A). 49 Our  calculat ions in the 
(I I s 7 p l s p 3 d 2 f l g / 6 s 3 p l d ) / 1 5 s 3 P l s p 3 d 2 f t g / 4 s 3 p l d l  ex-  
tended basis set reduced the es t imate  down to 1.2080 
and 1.2001 A at the MP2 and MP4(SDQ)  levels o f  
theory, respectively. Therefore ,  the anharmonic  cont r i -  
bution to the exper imenta l  value o f  the C-=C bond 
length and the systematic  error  o f  MP2 calculat ions of  
this bond length in ethynyl derivatives of  Si and Sn with 
basis sets o f t h e  6231tG ~ type (see Refs. 2 and I, 
respectively) should be nearly equal and have the ~ m e  
sign. 

The Sn--C-~ bond in monoethynyI  derivatives o f  Sn is 
0.02--0.03 A longer than in polyethynyl ones (see Table 5). 
This can be due to higher e lectronegat ivi t ies  o f  ethynyl 
substituents c o m p a r e d  to those o f  methyl substi tu- 
ents. 50,5~ Analogous  changes are also observed for o ther  
molecular  systems (e.g., methyleh loros tannanes  ~--54) 
in which the bonds o f  the central  a tom with e lec t roneg-  
ative substituents are shor tened as the number  o f  these 

substitt,  ents increases. By and large, the results o f  de-  
tai led analysis 55 o f  changes in the ionizat ion potentials ,  
chemica l  shifts in the I H N M R  spectra, and characteristic 
v ibra t ional  f requencies  of  the ethynyl der ivat ives  of  
G r o u p  IV elements  (El ,  Me,,E(C=CH)4_,, ,  also indicate 
that  the E- -C~ bond strengthens as the n u m b e r  of  
e thyny l  groups increases.  This was expla ined  by the 
j o i n t  effect o f  e lec t ronegat iv i ty  of  the subst i tuents  and 
p . , - - d : i n t e r a c a o n .  

Th is  work was carried out with financial  suppor t  of  
the  Russian Founda t ion  for Basic Research (Project  No. 
99-03-3251 lat.  
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