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Complexes of difluorostannylene with dinitrogen of composition 1 : I and 1 : 2 were 
stabilized in Ar matrix (12 K)and characterized by IR spectra. The bands at 588, 565, 
and 583, 557 crn -], respectively, were assigned to these complexes. Potential energy 
surfaces of the systems SnF:~+N 2 and SnF2+2N 2 were studied by the ab initio 
MP2/3-21G(d2)//HF/3-21G(d2)'method using the basis set including polarization functions 
at Sn, F, and N atoms. Equilibrium structures of the complexes have C s and C2v symmetry 
and correspond to coordination of lone electron pairs of nitrogen molecules with vacant 
p-AO of the carbenie center. The calculated complexation energies are equal to 4.6 and 
8.9 kcal tool -I, respectively. Based on results of quantum-chemical calculations an interpre- 
tation of the IR spectra of the complexes was given and it was shown that cycloaddition of 
SnF 2 to a triple N~N bond with formation of cyclo-SnF2N2 is energetically unfavorable. The 
absorption band belonging to SiF 4 �9 N2 complex in Ar matrix was detected and assigned. 
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Carbene analogs (CAs) --  silylenes, germylenes and 
stannylenes --  are important intermediates in organo- 
metallic chemistry. Their formation is postulated in 
many reactions. The number of publications devoted to 
studies of physicochemical properties of compounds of 
two-coordinated silicon, germanium, and tin has grown 
steadily, t - 3  

in the singlet state, which is the ground state of all 
CAs studied, they have a low lying vacant p-orbital that 
allow them to behave like Lewis acids. Reactivity of 
stable complexes formed by CAs with relatively strong 
Lewis bases 4-s  can differ significantly from that of free 
CAs thus allowing one to control their reactions. 9 Weak 
Lewis bases can, in principle, also form similar com- 
plexes. For example, the blue shift of absorption maxima 
of germylenes observed in hydrocarbon matrices in the 
presence of cyclohexyl, phenyl, or allyl chlorides was 
explained by the formation of the complexes. I~ 

Recently, strong experimental and theoretical evi- 
dence of complex formation in the course of the reac- 
tion of Me2Si with CHBr 3 was reported and complexes 
of SnF 2 with MeCI, i3 alkenes, t4 and alkynes 15,16 were 
detected and stable complexes of stannylenes of the 
formulas Sn(SO3F)2.MesH,  Sn(SbF6)2"2Meslt  (Mes 
is 2,4,6-tr imethylphenyl) ,  17 and R2Sn.SnCI  2 (R = 
CH(SiMe3)CgH6N-~q) t8 were identified. In the latter 

* Dedicated to the memory of Academician M. E. Vol'pin 
timed to his 75th birthday. 

case the structure of the complex was unequivocally 
established by the X-ray diffraction method. Evidently, 
the formation of complexes with substrates or molecules 
from reaction media where CAs are generated is, in 
general, the first and often underestimated step of many 
reactions involving carbene analogs. Hence, studies of 
stability, structure, and reactivity of complexes of CAs 
appear to be important. 

Due to the presence of two Iot'te electron pairs in the 
N2 molecule it can be considered as a weak Lewis base. 
This is confirmed by its ability to  form complexes with 
different Lewis acids t9,20, as well as formation of 
hydrogen bonds with such molecules as H20,  2t HCI, zt 
HF, zl-z3 HNO3, 24 ROH. zs Earlier, it was shown z6 by 
matrix IR spectroscopy that SnCI 2 and PbF 2 forms 
complexes with N 2. The complex  of s i lylene,  
(MesCs)zSi-N2, was characterized z7 by the vibration 
frequency of the N-=N bond in liquid Xe and in liquid 
N 2. However, detailed experimental and theoretical stud- 
ies of the stability and structure of  CA complexes with 
dinitrogen have not been reported yet. 

In the study of the complexes of SnCI 2 and PbF 2 
with dinitrogen z6 it was assumed that they are formed 
via interaction with one of the lone electron pairs of the 
N 2 molecule, although based on the data reported, 26 one 
could not in principle exclude an alternative structure 
with the SnF 2 molecule coordinated to a triple N---N 
bond, similar to that found by us t5 in the case of 
x-complex of SnF 2 with hep t - l -yne .  Because dinitrogen 
is usually considered to be an it~ert compound and is 
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of ten used as a m e d i u m  where  uns tab le  shor t - l ived  
in te rmed ia tes ,  in par t i cu la r ,  c a r bene  analogs ,  are s tud-  
ied, the  ques t ion  of  possible  c o m p l e x a t i o n  o f  a CA with 
N 2 is o f  g rea t  i m p o r t a n c e .  Moreover ,  the  fo rma t ion  of  
complexes  is d i rec t ly  re la ted  to the  p r ob l em  o f  chemica l  
f ixat ion o f  n i t rogen .  2~ 

In this  work we s tud ied  in detai l  the  com pl exa t i on  of  
ca rbene  ana log  (SnF2)  wi th  d in i t rogen  using mat r ix  IR 
spec t roscopy  and  q u a n t u m - c h e m i c a l  ca lcu la t ions .  This  
work is a par t  o f  ou r  sys temat i c  s tudies  o f  fo rma t ion  of  
complexes  by SnF2.13,Is,t6 C o m b i n e d  use o f  bo th  theo-  
retical and  e x p e r i m e n t a l  m e t h o d s  al lows us no t  only  to 
de tec t  the  S n F  2 �9 N 2 a nd  S n F  2 �9 (N2) 2 complexes  but  to 
d e t e r m i n e  t h e i r  s t r uc tu r e  and  stabil i ty.  

Experimental; procedures of  
quantum-chemical calculations 

A sample of SnF 2 (Aldrich, 99,% purity) was evaporated 
from a graphite Knudsen cell with orifice diameter 1 mm 
positioned inside a quartz pyrolyzer, coupled to a vacuum 
optical helium cryostat. Heating was done by an electrical coil 
wotmd around the pyrolyzer above the asbestos isolation coat. 
The temperatttre was measured with a chromel-alumel thermo- 
cottple positioned on the external wall of the pyrolyzer under 
the insulating coat and was varied in the range 515--550 ~ 

The products of SnF 2 evaporation together with the mix- 
tures of Ar--N 2 were deposited on the surface of a mirror 
copper plate cooled to 12 K, located inside the cryostat 80 mm 
from the orifice of the Knudsen cell and at a distance of 50 
mm from an outlet of the mixture introduction pipeline. The 
plate was cooled by a Displex-CSW-208R closed-cycle refrig- 
erator. The working pressure in the cryostat was ~10 -5 Tort. 

The amount of frozen SnF 2 was estimated from the weight 
loss of the Knudsen cell after the experiment, taking into 
account the geometrical factor of the pyrolyzer, equal to 05.  
The molar ratio o f S n F  2 : (Ar+N 2) was varied from 1 : 150 to 
I : 550. 

The mixtures of argon with dinitrogen were prepared the 
day before the beginning of  experiment in a glass vessel; the 
composition of the mixtures was measured by a mercury gauge. 
Mixtures of the following composition were used: pure argon; 
N~--Ar with molar ratio of I : 206, I : 92, 1 : 36, I : 5; 
pure dinitrogen. The mixtures were brought into the cryostat 
via an unheated pipeline and, in parallel, through the quartz 
pyrolyzer where evaporation of SnF 2 took place (to reduce the 
interaction of SnF 2 vapor with its walls). Total consumption of 
the mixture was -16 mmol h - I  The time of deposition varied 
from 20 to 40 rain. IR spectra were recorded in the range of 
4000--400 cm --I on an 1KS-24-LOMO spectrophotometer 
using the reflection scheme. 

Quantunl -chemica l  calculat ions were done with the 
GAUSSIAN 92W, GAUSSIAN-94,  2g and GAMESS z9 pro- 
grams, Optimization of geometry and vibrational frequency 
calctd,ttions were done ttsing the 3-21G(d) 3~ basis set with 
additional polarization d-functions on N and F atoms denoted 
below as 3-21G(d2). For d-ft, nctions of N and F atoms the 
same exponents were used. as in 6-31G(d) 31 basis. The nature 
of the calculated stationary points (minima, transition states) 
was determined by calcalations of the eigenv:flues of the matrix 
of second derivatives of energy. Energies of slaltionary points 
optimized at the HF/3-2IG(d2)  level were corrected by sec- 
ond-order Moiler-- Plessct M P2/3-21Gld) / /H F13-2 [G(d2) 3:' 

single point calculations. Calculations using GAUSSIAN-92W 
and GAMESS programs were done with a Pentium-120 com- 
puter, and using GAUSSIAN-94* --  with the SG! POWER 
CHALLENGE L supercomputer at  the computer center of 
lOC RAS. 

Results and Discussion 

IR spectra  of  the  mat r ix  p r o d u c e d  by codepos i t i on  o f  
S n F  2 evapora t ion  produc ts  wi th  a rgon  (Fig. 1, a) have  
revealed absorpt ion  bands  o f  m o n o m e r i c  S n F  2 (593 and  
57l  e r a - l ) ,  33.34 its d i m e r  (SnF2)  2 (580 cm-I) ,33 ,  34 wh ich  

exists in  equi l ibr ium with m o n o m e r i c  d i f l uo ros t anny lene  
in the gas phase  at the  evapo ra t i on  t e m p e r a t u r e s  used 3s, 
S iF  4, which  is the  p roduc t  o f  S n F  2 i n t e r ac t i on  wi th  tile 
quar tz  pyrolyzer  walls ( the  b a n d  at  1027 cm - l  o f  the  
most  abundan t  2sSi i sotope and  at 1017, and  1009 cm - l  
of  29Si and 3~ isotopes),  3~ t race  quan t i t i e s  o f  wate r  
(3776, 3755, 1624, 1608 c m - l ) y  -39  deso rbed  from 
cryostat  walls and  frosted in the  mat r ix ,  as well as t race 
quant i t i es  o f  H F  (3963 and  3953 c m - t ) ,  4~ w h i c h  is the  
p roduc t  of  hydrolysis of  S n F  2 vapor .  U n f o r t u n a t e l y ,  the  
cryostat  setup does not  al low us to  exc lude  the  f o r m a t i o n  
o f  SiF 4. The  bands  be long ing  to t in  oxides,  41-43 which  
should  arise from S n F  2 hydrolysis ,  were  absen t  due  to 
the  relatively low t e m p e r a t u r e  o f  the  pyrolyzer ,  insuffi-  
c ient  for evapora t ion  o f  oxides f rom the  walls. 41-a3 The  
absorpt ion  bands  of  the  c o m p o u n d s  observed  in the  
matr ices  were pos i t ioned  in d i f fe ren t  parts  o f  the  spec-  
t rum;  no  in te rac t ion  be tween  th is  c o m p o u n d s  was de-  
tec ted,  thus  the i r  s imu l t aneous  p re sence  in t he  mat r ix  
does  not  h inder  the subsequen t  s tudies .  

Upon  codeposi t ion of  the  p roduc ts  o f  S n F  2 evapora-  
t ion and the mixtures  of  argon wi th  d in i t rogen  the  follow- 
ing changes were observed in the  ma t r ix  IR spectra .  

At mola r  rat ios of  N 2 : Ar equa l  to  1 : 206 and  
I : 92 (Fig. 1, b, c) two new b a n d s  appea red  in the  
region of  S n - - F  bond  s t r e t c h i n g  v ib ra t ions  at  588 and  
565 cm - t ,  the  in tensi ty  o f  w h i c h  grew wi th  increase  in 
d in i t rogen  concen t r a t i on  in the  mix ture .  S imul t aneous ly ,  
a shou lder  at  1022 cm - I  arose  a n d  grew, as wel l  as a 
band  at 3882 cm -I in the  region o f  H - - F  v ibra t ions .  The  
lat ter  belongs to a known c o m p l e x  N 2 �9 HF.  zz 

Fu r the r  inc rease  in c o n c e n t r a t i o n  o f  d i n i t r o g e n  
(N 2 : Ar = I : 36; Fig. I, d) led to d i s a p p e a r a n c e  of  
the  bands  be longing  to m o n o m e r i c  S n F  2 and  to e m e r -  
gence  of  one  more  band  wi th  a m a x i m u m  at 558 c m  - t  
(as a poorly resolved s h o u l d e r  o n  the  b a n d  at 565 c m - I ) .  
The  m a x i m u m  of the  abso rp t ion  b a n d  of  (SnF2)  2 u n d e r  
these  c i r cums tances  shifts f rom 580 to 578 c tn  - j ,  the  
intensi ty of  the  shou lde r  at 1022 cm - I  increases ,  and  
instead of  two bands  in the  region o f  d e f o r m a t i o n  vibra-  
t ions  and two bands  in the  region of  a n t i s y m m e t r i c  
s t re tch ing  vibra t ions  two in tense  bands  arise at 3731 and  

* The program was purchased by the computation center of 
conlnlon t lsC with the financial sllpport of the Russian Foun- 
dation for Basic Research (Project No. 95-07-2(J201) 
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Fig. !. The IR spectra of the products of  difhtorostannylene 
vaporization in mixed n'tatriceg Ar+N 2 at 12 K: a, Ar matrix, 
Ar : SnF 2 = 200 : I; b, tnatrix Ar+N2 (206 : I), Ar : SnF2 = 
500 : l; c, matrix Ar+N2 (92 : I), Ar : SnF 2 = 500 : 1; 
d, matrix Ar+N9 (36 : I), (Ar+N 2) : SnF2 = 400 : 1; 
e, matrix At+N2 (5 : I), (Ar+N 2) : SnF2 = 350 : 1; 
f, N 2 matrix, N 2 : SnF 2 = 350 : I; 1 - -  the bands of 
SnF 2- N~, 2 --  the bands of SnF2"(N2) 2, �9 -- the bands of 
SiF4- N2. 

Table 1. Assignment of  bands in matrix 1R spectra observed in 

1600 cm -I corresponding to vibra t ions  of  wa te r  mo l -  
ecules observed in the dinitrogen matr ix  ~ and assigned 
to its complex with dinitrogen. I t  Start ing f rom this 
concentrat ion of  dinitrogen the absorpt ion  bands o f  free 
isolated H F  were absent in the s p e c t r u m  and on ly  the  
band corresponding to complex N 2 �9 H F  was observed.  

At the ratio N 2 : Ar = I : 5 (Fig.  1, e), bands at 
583, 572, and 557 cm -~ were observed  in the region of  
stretching vibrations, and the absorp t ion  band o f  S i F  4 at 
1027 cm - !  disappeared; the band at 1022 c m  - l  was 
preserved. No  changes were observed  in the region o f  
H20  and H F  absorption. 

Upon codeposit ion of  the p roduc t s  o f  S n F  2 evapora-  
tion and pure dinitrogen the fo l lowing new bands were 
observed in the spectrum (Fig. 1, ./): at  3878 cm -I  
(N 2. H F  in dinitrogen matrix),  zz at 3728, 3638, 1600 
cm -I ( H 2 0 "  N~), 11,44 at 1022 cm -~, toge ther  wi th  weak 
low frequency satellites, and at 583, 569 and 557 cm -~ 
(Table I ). 

Altogether,  it is worth men t ion ing  that  the resolut ion 
o f  bands in the matrix spectra o f  the  mixtures  o f  argon 
with dinitrogen was poorer  than t h e  resolut ion o f  bands 
in the spectra o f  the matrix which cons is ted  o f  d in i t rogen 
or  argon only, which is evidently related to i n h o m o g e -  
neity of  the mixed matrices. Howeve r ,  the  total  t rans-  
mit tance of  the matrices does not decreased  appreciably.  

The  new bands in the matrix 1R spectra arise from 
the products o f  interaction o f  codepos i t ed  substances 
with diuitrogen. One should m e n t i o n  that this in terac-  
tion is a specific one,  because the major i ty  of  new bands 
appears at sufficiently low concen t r a t i ons  of  n i t rogen in 
the matrix, when the nonspecific in f luence  o f  d in i t rogen 
should be small. The persistence o f  the observed bands 
in a relatively wide range of  d in i t rogen  concen t ra t ions  
up to a pure dinitrogen matr ix suggests that  these  bands 
belong to compounds  o f  fixed ra ther  than variable c o m -  
position that are stable under  the mat r ix  condi t ions ,  i.e., 
to complexes.  

The  bands observed by us in t h e  region o f  s t re tching 
vibrations o f  S n - - F  bonds (600- -550  cm - t ,  see Table  1) 
could be divided into four groups.  In each group the 
intensities of  bands change s imul taneous ly  in matr ices  

the experiments on codeposition of SlaF 2 and SiF4 with N 2 

Matrix vlcm-I  
, . .  , .  

SnF 2 �9 (N2) ~ SnF2" N~_ SnP2 (SnF2) 2 SIP4" N 2 SiF~ H,O N~- HF  HF 

Ar 571. 593 580 1027 1608, 1624, 
3755, 3776 

Ar+N 2, 
(206--92) : 1 565. 588 571. 593 580 1022 1027 1608, 1624, 3882 

3755. 3776 

Ar+N 2, 
36 : I 558 565, 588 578 1022 1027 160(I, 3731 3882 

Ar+N~, 
5 : I 557, 583 572 1022 1600, 3731 38S2 

N~ 557. 583 569 1022 1600, 3638, 3728 3878 

3953, 3963 

3953, 3963 
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of different composition, which indicate that every group 
belongs to an individual compound. One of them, the 
monomeric SnF 2 (571 and 593 cm-t) ,  was present in 
matrix in appreciable quantities until the ratio of 
N 2 : Ar = I : 92 (~1%dinitrogen).  In the range o fN  2 
concentrations from 0.5 to 3% (from I : 206 to I : 36) 
in the matrix another particle appeared, which was 
characterized by two bands in the region of stretching 
vibrations of S n - - F  bonds (565 and 588 cm-I) .  As this 
particle appeared in noticeable quantit ies even at 
dinitrogen concentrations equal to -0.5%, when the 
presence of two N 2 molecules in a cell containing the 
SnF 2 molecule is statistically unlikely, one may consider 
it to be a complex of SnF 2 with N 2 of the simplest 
composition of I : I. 

The third particle, which has bands at 557 and 
583 cm -I ,  is formed only at dinitrogen concentrations 
>2% (the decline in resolution is the reason why at 
N 2 : Ar = I : 36 only one band appeared at 557cm-1). 
Quantum-chemical calculations show (see below) that 
SnF 2 could form a donor-acceptor complex with no more 
than two dinitrogen molecules, coordinated at the differ- 
ent sides of the difluorostannylene molecular plane. That 
is why this particle should be a complex of composition 
SnF 2 �9 (N2) 2. Characteristically, the positions of the bands 
of this complex do not changed upon further increase in 
N 2 concentration and persist even in a pure dinitrogen 
matrix. The constancy of vibration frequency values upon 
transition from argoq to dinitrogen matrices is a charac- 
teristic of compounds having a small dipole moment. 45 
The SnF 2 molecule has a significant dipole moment, but 
its coordination with two N 2 molecules could significantly 
lower this valve, which is one more argument in favor of 
the accuracy of assignment of the observed bands. A,s 
could be expected, an increase in the coordination num- 
ber of Sn atom owing to complexation with N 2 results in 
lowering of the stretching vibrations frequencies of Sn--F 
bonds. 

Upon controlled annealing of the matrices studied 
(35--40 K, 10--30 min) the following transformations of 
SnF 2"(N2) . (n = 0--2) compounds took place. The 
annealing of matrices with ratio of N 2 : Ar = I : 92 at 
the first stage led to a synchronous decrease of intensi- 
ties of the absorption bands of monomeric SnF 2, a small 
growth of bands belonging to SnF 2 �9 N 2, and to appear- 
ance of bands belonging to SnF2"(N2) 2. Upon fitrther 
annealing, a decrease of inteqsities of SnF 2, as well as of 
SnF 2" N2, took place with a simultaneous growth of 
inteqsities of SnF 2 �9 (N2) 2 bands. Annealing of matrices 
with the ratio of N 2 : Ar = I : 36, which have no 
bands corresponding to free SnF 2, led to a lowering of 
intensities of the bands corresponding to SnF 2- N2, and 
an increase of intensities of the bands corresponding to 
SnF2"(N2) 2. Upon increase in annealing time (up to 
60 rain) the intensities of the bands of S~F 2- (N2) 2 also 
decreused. The transformations observed upon mmeal- 
mg of the matrix arc explained by n diffusion of nitrogen 
molecules and their complexation with free SnF~ (with 

formation of the complex SnF 2 �9 N2) or with SnF  2 �9 N 2 
(resulting in SnF2.(N2)2), and this indicates the ther- 
modynamic feasibility of these processes under the ma- 
trix conditions. More prolonged annealing resulted in 
transformation of complexes into oligomers transparent 
in the middle IR region, which in tun] indicates lability 
of the complexes. 

The fourth species that absorbs in the region consid- 
ered is difluorostannylene dimer. The position of its 
absorption band, unlike the bands corresponding to 
other compounds observed in the matrix, shifted gradu- 
ally towards lower wave numbers upon an increase in N 2 
concentration in the matrices (see Table 1). Upon an-  
nealing of the matrix with the ratio N 2 : Ar = 1 : 36 
the band of the dimer (578 cm -I)  transformed into two 
not fully resolved bands with maxima at 580 and 
571 cm -l ,  The first belongs evidently to the (SnF2) 2 
molecule surrounded exclusively by Ar atoms, and the 
second corresponds to the wave number observed in 
matrices containing >_.20% of dinitrogen. Because under 
the same conditions monomeric SnF 2 was present only 
as complexes with .dinitrogen, the formation of large 
dimer molecules not bound to dinitrogen contradicts the 
assumption of a specific interaction (complexation) of 
dinitrogen with the dimer. Nevertheless, this fact agrees 
with the assumption that the shift of the absorption band 
of the dimer is a result of nonspecifie interaction only. 
Indeed, formation of microcrystals could take place 
upon annealing, which consist preferentially of Ar, or, 
on the contrary, are significantly enriched in N 2. An 
inclusion of (SnF2) 2 into either microcrystals could 
explain the appearance of the two absorption maxima. 
The smooth shift of the absorption band maximum of 
(SnF2) 2 upon increase in N 2 concentration also indi- 
cates the absence of stable dinitrogen complexes of a 
fixed composition. Thus, the shift of (SnF2) 2 absorption 
band is due to nonspecific matrix environment  effects. 

A decrease in intensity of the (SnF2) 2 band took 
place only upon long-term annealing, which is caused 
by a small mobility of this polyatomic molecule in an 
annealed matrix. Additionally, some quantities of (SnF2) 2 
were formed under this conditions as a result of interac- 
tion of two molecules of monomeric SnF 2 (or its 
dinitrogen complexes) in the process of diffusion upon 
annealing. 

Another compound, present in the matrices in no- 
ticeable quantities, was SiF4, 36 characterized by the 
band of Si - -F  bond stretching vibrations (1027 cm-t) .  
Even iq a N 2 : Ar mixture of composition 1 : 206 a 
shoulder arose at 1022 cm -I on the band at 1027 cm -t.  
Upon increase of N 2 coqcentration in the matrix the 
intensity of absorption at 1027 cm -I decreases and the 
baqd at 1022 cm -t grew. In the matrix containing 20% 
of dinitrogen and in the pure dinitrogen matrix only the 
band at 1022 cm -j with low-frequency satellites from 
silicon isotopes was present. Appearance of the band at 
1022 cm -I even at low concentrations of N 2 allows one 
to assign it to :~ Sit-" 4 �9 N~ complex of the simplest 
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composition I : 1, with a pentacoordinated Si atom, 
analogous to previously studied complexes of  SiF 4 with 
amines.46,47 

We found no bands which could be assigned to the 
SiF4" (N2) 2 complex. 

Previously, ~6 the complexes SnCI 2 �9 N2 (v 3 329.9 and 
326.7 cm- i ) ,  SnC12.(N2) 2 (v 3 326.1 and 322.3 cm - I )  
and PbF2-N  2 (v i 526.6 and v 3 502.2 cm - l )  were ob- 
tained in the Ar matrix and characterized by IR spec- 
troscopy. The shifts of stretching vibration frequencies 
in CAs upon their complexation with N2 relative to that 
of free CAs for SnCI 2 are equal to 1 and 1.3% (complex 
of  composition 1 : l ) ,  and 2.3 and 2.4% (complex of  
composition 1 : 2), and for PbF 2 they are equal to 1 
and I% (complex of  composit ion 1 : 1). 26 With the 
complexes observed in this work the relative shifts of  
stretching vibration frequencies are equal" to 0.8 and 
1.I% for SnF2-N2,  and 1.7 and 2.5% for SnF2"(N2) 2. 
Thus, complexation with N:  influences the frequencies 
of SnX 2 (X = F, CI) and PbF 2 in approximately the 
same degree. Thus, aforementioned complexes of  the 
same composition (1 : 1 or I : 2) are apparently close 
in strength. 

Based on general considerations on possible orbital 
and electrostatic interactions of  carbene analogs with 
dinitrogen, the following probable configurations ( I - - 4 )  
of SnF 2 �9 N 2 complex were considered: 

N 
1tt . . . . . . .  Sn. N---=N . . . . . . .  Sn 
N i " F  J, "F 

F F 

1 2 

N F , /F  
IINI . . . . . . . .  S<F N~N- . . . . . . .  SnNF 

3 4 

The structures 1 and 2 could be stabilized by interac- 
tion of  the lowest unoccupied p - M O  (LUMO) of  the 
carbene analog with the occupied rt-MO (p,n-interac-  
tion) and, respectively, with the lone electron pair of the 
N 2 molecule (p,n-interaction).  Analogously, the struc- 
tures 3 and 4 correspond to n,~t- and a ,n- interact ions of  
~r-MO of  the carbenic center. Earlier, 15,16 we have 
shown that interaction of  SnF 2 with the triple C~:C bond 

1.870 A 1.073 A 
k j /F - -  O.oge .~) (1.893 

11" '~ 94~ S ,060) N .  :: N 

"~'F: D ~  
c2, 

2.900 A 
S n  . . . . . . . .  1.074 A 

~.87s x / ~ ,' "'-,-,--r . . ~ ,  
~..~ 76= - - - "  ' "  

F 94" -F: 167* 

2, c~ 

. . . . 2 3 5 *  

2.937 A �9 ~ �9 
. . J  . . . .  ~ . . . . . . . .  1.074 A 

F ~ ~  , , 
1 6 6 "  

5. Car 

Fig. 2. Main geometric parameters of PES stationary points for 
SnF2+N 2 and SnF2+2N, systems calculated by the ab initio 
method in the 3-21G(d2) basis. The symmetry group is pre- 
sented beside the strt,cture number_ Experimental values for 
N2 41 and SnF 2 49 are given in parentheses. 

of hep t - l -yne  restllts in the format ion of  a type 1 
complex stabilized by p,n-interact ions.  

The results of the ab initio HF/3-21G(d2)  calculations 
of the potential energy surface (PES) of the SnF2+N 2 
system show that there is only one sufficiently deep 
minimum corresponding to configuration 2 (Fig. 2). 

Since according to the calculat ions structures 1, 3 
and 4 were found to be unstable in studies of SnF  2 - (N2) 2 
complex we considered only the structure 5 constructed 
by analogy to 2 with two nitrogen molecules placed 
symmetrically relatively to CA and coordinated at its 
LUMO. Structure 5 was found to be a local min imum 
on the PES of SnF2+2N 2 system (see Fig. 2). 

SnF:  complexation energies with one and two nitro- 
gen molecules, calculated with correct ions for correla- 
tion effects, zero point energy (ZPE) ,  and basis set 
superposit ion error (BSSE) ,  are equal  to 4.6 and 
8.9 kcal tool - i ,  respectively (Table 2). One should note 
that the binding energies of  the first (4.6 kcal tool -1) 

Table 2. Ab hlitio calculated energies (E) and dipole moments (p) of N 2. SnF 2, and complexes 2 and 5 

Structure E (HF) E (MP2) AE (tlF) AE (MP2) AE (MP2) + ZPE + 

�9 " l U  + BSSE 

kcal tool -i 

~/D 

N 2 --108.42595 -108.72214 
SnF~ It -619475221 -6195.18141 
SnF~. N 2 -6303.18644 -6303.91605 5.2 7.8 4.6 
SnFi-2N 2 -6411.61990 -6412.64976 9.9 151 8.9 

0.00 
2.3,~ 
2.26 
1.57 
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Table 3.  Calculated vibrational frequencies of SnF 2, 
Nz,* and complexes 2 and 5 

SnF z SnF2+N z (2) SnFz+2N z (5) 

Sym- Vcalc Sym- Vcalc Sym- vcalc 
metry metry metry 

A z 749 
B 2 730 
A I 251 

A' 2757 
A" 742 
A" 723 
A" 253 
A" 151 
A" 140 
A" 103 
A" 53 
A" 41 

A I 2756 
B 2 2756 
A t 736 
B I 717 
A I 254 
B 2 161 
A 2 143 
A u 132 
B l 127 
B 2 104 
A t 90 
B 2 59 
A 2 45 
B t 23 
A I 23 

* For N 2, the calculated value is 2743 cm -t and 
the experimental one is 2328 em -I (from the Raman 
spectra). 

and the second (4.3 kcal mol - l )  N 2 molecules differ 
little. Yet, the attachment of the second N 2 molecule 
results in a significant (by 0.037 A) lengthening of 
Sn" -" N distances. 

A comparison of calculated data on the structures of 
SnFz, N 2, 2, and 5 shows that complexation results in 
small lengthening of the S n - - F  bonds (by 0.005 h in 2 
and 0.009 A iq 5), but the lengths of the N-=N bonds 
and the valence angle F - - S n - - F  do not change in a 
significant degree. The calculations overestimate signifi- 
cantly the frequencies of valence vibrations of SnF 2 and 
N 2 (Table 3), but reproduce well the frequency shifts on 
formation of complexes with o,te and two N 2 molecules. 
The quasi-additivity of frequency shifts and the some- 
what large shift of the antisymmetric B 2 vibration of 
SnF 2 molecule on going from complex of 1 : 1 compo- 
sition to 1 : 2 complex are correctly reproduced. The 
calculations indicate a small polarization of the N 2 
molecules in complexes 2 and 5, resulting in nonzero 
intensities of the N=N absorption band in IR spectrum 
However, these effects are too small to be observed 
under our experiment conditions. 

The calculations predict the transfer of electron den- 
sity from nitrogen molecules to SqF2, resulting in a 
lowering of the dipole moment of SnF 2 (see Table 2), 
small (by 0.1 D) in structure 2, and significant (by 
0.8 D) in structt,re 5. The dipole moment is the only 
characteristic that changes in a non-additive manner  on 
attachment of the second nitrogen molecule. The values 
of such characteristics as complexation energy, Sn- -F  
bond length changes, and shifts of SnF 2 stretching vibra- 
tion frequencies (see Table 3) in complex 5 with two N~ 
molecules are appmxintatcly two times larger than in 
complex 2 with one N~ molecule. 

The possibility of SnF 2 to undergo P,n-interactions is 
fully realized in complex 5, and upon addition of other 
N 2 molecules their interaction with SnF 2 should result 
in structures of types !, 3, or 4, which, as our calcula- 
tions on the SnF2+N 2 system have shown, are unlikely 
to result in a noticeable stabilization. This explains why 
increasing the dinitrogen concentration and going to a 
pure dinitrogen matrix do not result in additional bands 
that correspond to SnFz. (N2)  x complexes with x > 2. 
Additionally, the dipole moment  of complex 5 is essen- 
tially smaller than that of free SnF2, which also lowers 
its possibility to bind additional N 2 molecules as a result 
of electrostatic interactions. 

The example of SnF 2 shows that formation of a type 
2 complex with one N z molecule by a carbene analog 
practically does not affect its interaction with the second 
N 2 molecule. This means that despite the relatively high 
stability of complex 2, its formation does not change 
dramatically the reactivity of SnF 2. 

As was found previously so in the case of the 
SnF2+C2H z system, cycloaddition to a triple N - N  bond 
is energetically unfavorable, and according to our calcu- 
lations the three-membered cycle SnF2N 2 is unstable. 

Thus, one can conclude tlmt eomplexation with vari- 
ous types of compounds at low temperatures is a very 
characteristic reaction z~ of dinitrogen. Therefore, use of 
N z as a matrix material is undesirable in studies of 
molecules having Lewis acidity. 
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