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Fig. 1.-Confirmation of tin atoms in ((C6Hb)&)c 

X-ray study. .4 light yellow powder, obtained by adding meth- 
anol to an ether solution of diphenyltin dihydride, was dissolved 
in dimethylformamide. The resulting crystals were recrystal- 
lized in m-xylene. The well-formed, clear, colorless crystals 
which resulted are monoclinic with a = 12.05, b = 18.17, c 
= 18.55 A., and y = 102.7". P21/b is the probable space group. 
There are twelve diphenyltin units and four xylene molecules per 
unit cell; the calculated density is 1.55 g./cc. vs. 1.55 g./cc. 
observed. Complete three-dimensional data were collected on a 
G.E. XRD-5 crystal orienter using Mo Ka irradiation. These 
data were corrected for background, streaking, absorption, and 
Lorentz-polarization factors. The three independent tin posi- 
tions were obtained from a three-dimensional Patterson map and 
refined to  a reliability index of 27% using 607 reflections with 28 
less than 25". The positions of all carbon atoms were found from 
subsequent Fourier maps. The atomic parameters, including 
anisotropic thermal parameters, were refined using the block 
diagonal least squares method. The final R values for all data 
and for observed reflections only are 15.9 and 7.2y0, respectively. 
Final analysis of this structure is still in progress. A full account 
of this X-ray work is to be published elsewhere. 

Discussion 

The three asymmetric tin atoms are related to three 
more by a center of symmetry forming a six-membered 
ring with the chair configuration. The tin-tin bonds 
(Fig. 1) have lengths of 2.77, 2.78, and 2.78 A,, com- 
pared with the tin-tin distance of 2.80 A. in gray tin, 
indicating normal tetrahedral covalent bonds. Two 
phenyl groups emanate from each tin atom a t  appioxi- 
mately tetrahedral angles. The xylene molecule is not 
involved in any type of n-bonding with the tin atoms. 

It is not to be expected that RzSn compounds will 
remain monomeric, since this would leave a valence 
orbital of tin vacant and is contrary to valence princi- 
ples which have now been established." I t  is interest- 
ing to note that for R2Sn compounds, where R is an 
organic group, the tendency to use all valence orbitals 
leads to tin-tin bonds and to tetravalent tin. In in- 
organic compounds,12 i t  is most usual to find that tin(I1) 
uses its three 5p-orbitals to form three electron-pair 
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bonds either by forming halogen bridges or by accepting 
electron pairs from such donors as water.12 Without 
tin-tin bonds in R2Sn compounds, the extra valence 
orbital could only be filled by some sort of bond de- 
localization as, for example, in trimethylaluminum, l 3  

and in organometallic tin compounds it is apparently 
energetically more favorable to form electron-pair tin- 
tin bonds. In inorganic compounds, where unshared 
pairs abound, tin(I1) is stabilized by acting as an elec- 
tron acceptor for some of these unshared pairs to form 
nondelocalized electron pair bonds. 
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Since the first synthesis of tetrafluorohydrazine in 
1958l and the observation of the dissociative equilib- 
rium between tetrafluorohydrazine and the difluor- 
amino free r a d i ~ a l , ~ ? ~  considerable interest has been 
shown in many of the physical properties of this 
system. We wish to report here some further obser- 
vations on the n.m.r. and e.p.r. spectra of this system. 

E.p.r. Spectrum 

The first e.p.r. spectrum of NF2 was observed in the 
gas phase a t  approximately 40 mm. pressure and over 
the temperature range 340-435°K.4 The spectrum 
observed was a single broad line with a g-value of 2.010 
and a peak to peak line width of 104 gauss. Recently, 
the spectrum of NF2 in solid argon has been ~ b s e r v e d . ~  
In the solid matrix, Adrian and co-workers were able 
to observe some hyperfine structure; in particular, 
a center triplet arising from interaction with the N14 
nucleus (16 gauss) and corresponding to the NF2 spin 
state in which the two fluorine nuclei are antiparallel. 
Two side lines were also found about 47 gauss from the 
center line, but, like the outer lines of the triplet, they 
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Fig. 1.---l3.p.r. spectrum of NF, in perfluorodimethylhexane. 

were weak, broad, and unsymmetrical. Apparently 
the N1* structure was washed out in these side lines. 
The weak and broadened features of Adrian's spectrum 
were due to the anisotropic nature of the interactions a t  
low temperature and the spectrum was not greatly 
improved when the matrix sample was warmed. Even 
more recently, Doorenbos and Loy6 have reported a 
broad e.p.r. signal in the vapor phase a t  2.5' and 13 
atm. pressure. In the liquid phase they found a triplet 
believed to arise from the two equivalent fluorine atoms, 
the nitrogen splitting apparently remaining unresolved. 
They reported a g-value of 2.006. 

Figure 1 depicts a first derivative spectrum of NFZ 
which has been almost completely resolved into nine 
components. This spectrum was obtained a t  room 
temperature, with tetrafluorohydrazine dissolved in 
perfluoro-2,3-dimethylhexane. Similar spectra have 
also been observed when NzF4 was dissolved in Kel Fi 
oils No. I, 3, and 10 and in 2,2-dichloro-3-chloroper- 
fluorobutane. 

The following observations have been made on this 
spectrum. There are nine overlapping lines which are 
interpreted as consisting of a 1 ; 2 : 1 triplet, each com- 
ponent being split further into a 1: 1 : 1 triplet. The 
measured N 1 4  and F 1 9  couplings are 16 and 56 gauss, 
respectively, and the over-all peak-to-peak width was 
approximately 150 gauss. The g-value was determined 
to be 2.009. 

We believe the failure of earlier investigators to ob- 
tain complete resolution of this spectrum may be due 
(at least in part) to the presence of the paramagnetic 
impurity NO in their NzF4. It is a very common im- 

(6) H. Doorenbos and B. R. Loy, J .  Cheln. Phys.. in press. 
( 7 )  Trade Mark of the Minnesota Mining & Manufacturing Company, 

St. Paul,  Minn. 

Fig. 2-The F I g  n.m.i. spectrum of K2F4 (cycles per second 
downfield from trifluoroacetic acid ' )  

purity in NzF4 and we have found that as little as 
1% NO can cause poor resolution of the NF:! e.p.r. 
signal. 

Discussion 

The unpaired electron in a bent triatomic molecule 
with 19 valence electrons ( N F 2 ,  NOZ-~,  03-, Son-, 
ClOn, etc.) should lie in a relatively pure ?r level and 
there should be small s character with respect to the 
central atom. Results for NF2 were in accord with 
this picture, and the general trend discussed by Symons 
and co-workers.* -11 The average g-values reported 
for NF2 and other radicals with 19 valence electrons lie 
in the range 2.005-2.010, considerably above the free 
electron value. 

The unpaired electron in NF2 is predicted12 to be in a 
2bl molecular orbital constructed by out-of-phase over- 
lap of the three px-orbitals perpendicular to the molecu- 
lar plane (which contains the Y and the 2 axes, the 
latter bisecting the FNF angle), Thus 

*(SF,) = a p x q N ( 2 p X )  - bpX(1/.\15)[*F(2px) + qF'(2pX)l 

~ p x '  + bpx2 = 1 

The greatest hyperfine coupling should occur for the 
field in the X-direction assuming a positive isotropic 
coupling constant. The unpaired electron presumably 
polarizes the 4al molecular orbital which has 2pz and 
2s character on nitrogen, accounting for the small 

(5) M .  C. R. Symons, ref. 5 ,  p. 76. 
(9) P. W. Atkins, N. Keen, and M. C. R. Symons, J .  Chem. Soc., 2573 

(10) P. W. Atkins, J. A. Arivati. N. Keen, M. C. R. Symons, and P. A. 

(11) P. W. Atkins and M. C. R. Symons, ibid., 4794 (1962). 
(12) A. D. Walsh, ibid., 2266 (1953). 

(1962). 

Trevalion, ibid., 4788 (1962). 



Vol. 2, No. 6,  December, 1963 CORRESPONDENCE 1313 

isotropic coupling, 16 gauss, observed in the spectrum 
in Fig. 1. This value is close to those found in several 
radicals8 having similar electronic configuration. The 
isotropic interaction is related to the spin population, 
as2, of a nitrogen s-orbital by the expression 

A iaa = gNPN(8?T/3) I *ZS ( 0 )  I zUe2 

where gN and PN are the nuclear g-value and magneton, 
respectively, and \kz,(O) is the amplitude of the wave 
function of the 2s-orbital a t  the nucleus. E m p l ~ y i n g ~ ~ v l ~  
l\k2s(0)12 = 34.0 X loz4 cm.-3J i t  is calculated that us2 
= 0.028 in NF2. Atkins and Symons’l found 0.027 
for the corresponding quantity in N02-2. (The rough 
nature of such quantitative estimates of relative s and 
p character has been discussed by Symons.*) 

Assuming that the isotropic fluorine interaction 
arises from the exchange polarization of a fluorine 2s- 
orbital, then the preceding expression may be adapted 
to find bs2. The self-consistent field functions for F- 
calculated by LOwdinl3 and Allen’s give an electron 
density l\k~~(O)/~ = 11.0 a.u. a t  the fluorine nucleus. 
For an F atom, the density would be 11.5 a.u. Taking 
the density to lie within the latter range, the calculated 
fluorine 2s character ( b S 2 )  is 0.003; the result is small 
as anticipated. 

A s  in Symon’s treatment, ups2 may be estimated from 
Cou1sonJs16 hybridization relationships and the require- 
ment that  the nitrogen’s contribution to the 4a1 
orbital be orthogonal to the N F  bond-forming orbitals. 
From the valence angle,” 1O4OJ in NF2 and the relation 

01 = 2 cos-1 ( A 2  + 2)-1/2 where X = a,,/aa 

the value for ups2 is calculated to be 0.018. 
(13) P. 0. Lowdin, P h y s .  Reg,  SO, 120 (1953) 
(14) G. C. Dousmanis, ibzd.. 97, 967 (1955). 
(15) L. C. Allen, J .  C h e m .  Phys., 34, 1156 (1961). 
(16) C. A. Coulson, “Victor Henri Memorial Volume,” Desoer, Libge, 

(17) M. D Harmony, R. J. Myers, L. J. Schoen, D. R. Lide, and D. E. 
1Q48, p. 15. 

Mann, J. Chem. P h y s . ,  35, 1129 (1861). 

The distribution of unpaired electron spin in the 
px orbitals (perpendicular to the molecular plane) 
cannot be determined without experimental knowledge 
of the anisotropic hyperfine interaction tensor. How- 
ever, spectra thus far obtained5 from NF2 radicals 
randomly trapped have not been sufficiently informa- 
tive. By analogy with NOZ-~, apx2 would be expected 
to be of the order of 0.50 or greater. 

N.m.r. Spectrum 

The coupling of the equivalent fluorine nuclei to the 
nitrogen nuclei in N2F4 would be expected to give rise 
to a triplet in the F19 spectrum. However, as in the 
case of NFg,18 a t  low temperature, the triplet in NlFl 
has not previously been observed due to quadrupole 
relaxation. However, when N2F4 is dissolved in per- 
fluoro-2,3-dimethylhexane a t  room temperature, a 
triplet n.m.r. is observed as illustrated in Fig. 2. 
The N14-F19 coupling constant is -117 c.P.s., which 
may be comparedlg with JN-R in the difluorodiazine iso- 
mers (145 C.P.S. cis,  136 C.P.S. trans) and in NFs (15.3 
C.P.S.). 

Experimental 

The e.p.r. spectra reported herein were obtained with a T-arian 
V-4502 e.p.r. spectrometer system employing 100 kc./sec. 
modulation and detection. The n.m.r. spectrum was obtained 
on a Varian Associates V-4300 40 Mc./sec. spectrometer. Tri- 
fluoroacetic acid (TFA) was the reference used and the shifts 
noted were downfield from TFA.  
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Corremondence 
The Structure of Triiron Dodecacarbonyl 

Sir: 
The recent paper by Herber and co-workers1 which 

presented evidence for a “staggeredJ’ 3-3-3-32 structure 
for triiron dodecacarbonyl (Fe3(CO)12) and for the pres- 
ence of carbonyl bridges in this complex prompts us to 
report evidence which also supports this view. 

Much of the data which have been reported in regard 
to the existence of ketone-like carbonyl bridges have been 
reviewed in Herber’s paper. Barraclough and co- 
workers, however, have reported solvent shift studies 

(1) R. H. Herber, W, R. Kingston, and G. K .  Wertheim, Inorg. C h e m  , 2, 
153 (1963). 

(2) F. A. Cotton, A. D. Liehr, and G. Wilkinson, J .  Inorg. Nucl. Chem., 2, 
141 (1956). 

(3) C. C. Barraclough, J. Lewis, and R. S. Nyholm, J .  Chem. Soc., 2582 
( 1961). 

in which significant downward shifts in the bridging 
frequencies for Co2(CO)8 are observed in more polar 
solvents, while no such trend is evident for the terminal 
carbonyl groups of this complex or for Fe(CO)6. That 
work also pointed out the similarity between the shifts 
observed for the bridging carbonyl bands in C O ~ ( C O ) ~  
and those reported4 for various ketones. 

We have extended the solvent shift studies to Fe3- 
( C 0 ) l ~  and find that the stronger of the two bands in the 
bridging carbonyl region shifts in much the same man- 
ner as do the bridging carbonyl bands in CoZ(CO), and 
in ketones; no studies were made on the other band 
because of its weak intensity. Table I gives the re- 
sults for this work which is, we believe, still further 
evidence for the presence of bridging carbonyl bands in 

(4) L. J. Bellamy and R. L. Williams, Trans. Faraday  Sac., 66, 14 (1959). 


