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262. The Crystal Structure of s-Bisnitroaminoethane (Ethylene 
Dinitroarnine). 

By F. J. LLEWELLYN and F. E. WHITMORE. 
The crystal structure of s-bisnitroaminoethane has been completely determined by X-ray 

crystallographic methods utilising all the (hkl)  diffracted beams obtainable with Cu-Ka 
radiation. The molecular disposition is such that the atomic centres are confined to  laminz, 
parallel to ( O O l ) ,  approximately 1.72 A. in thickness. Interatomic distances are C-C = 1.52, 
C-N = 1.42, N-N = 1.33, N-0 = 1-21 A. There appears no doubt that the shortening of the 
N-N bond is attributable to the development of positive charges on both the nitrogen atoms ; 
two possible resonance mechanisms, one of which violates Pauling’s adjacent charge rule and is 
therefore considered the more improbable, provide a reasonable explanation of the bond lengths. 

THERE is practically no information in the literature concerning the size and shape of 
the nitroarnine grouping, and since various substances containing this group have achieved 
considerable importance in the last few years i t  was deemed worth while to initiate an 
investigation of some of the simpler organic nitroamine compounds. Moreover, Costain and 
Cox (Nature, 1947, 160, 826) have examined the structure of dimethylnitroamine and their 
results reveal some striking anomalies in bond lengths; in particular, the N-N separation is 
considerably smaller than the sum of the single-bond covalent radii of the two nitrogen atoms. 
An investigation of the structure of s-bisnitroaminoethane is therefore desirable in order to 
determine, amongst other things, whether or not the anomalies observed in dimethylnitroamine 
are peculiar to that substance. 

Preliminary Crystallographic Data.-s-Bisnitroaminoethane crystallises in the orthorhombic 
holohedral class with variable habit. Crystals exhibiting only (1 11) can be obtained readily by 
slow evaporation of an alcoholic solution. Optical measurements reveal (i) that (100) is the 
optic axial plane and (ii) that the refractive indices are a = 1.427, p = 1.686, y = 1.730. The 
unit cell, determined by rotation photographs about the three principal axes, is defined by 
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[a] = 10.67, [b] = 8.67, [c] = 6.16 A., the calculated density is 0*439n, and as that observed by 
flotation is 1.75 g./c.c., n = 4. 

Series of oscillation photographs about the [a],  [b], and [cJ axes exhibit the following 
systematic halvings : (h01) absent when I =/= Zn, (OM) absent when k =k 292, (hkO) absent when 
h + 2n, whence the space-group is Pbca. This space-group accommodates 8 general positions, 
and since there are only four molecules in the unit cell it follows that the molecular symmetry is 
that of the four-fold special positions. There are two sets of four-fold special positions each of 
which is centrosymmetric ; the choice between them is arbitrary, depending only upon a choice 
of the origin. The molecule is therefore located so that the centre of the carbon-carbon bond is 
coincident with the centre of symmetry [taken for convenience at  (OOO)] and i t  is only necessaq, 
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in order to define the structure, to determine the 15 parameters of the atoms -C-N-N< (the 

positions of the hydrogen atoms on the carbon and the first nitrogen cannot be determined 
directly by means of X-rays). 

Measurement of Intensities.-The intensities of all the (hkl) diffracted beams observed with 
Cu-Kct radiation were measured, on an arbitrary scale, by comparison of the photographic 
density produced by the beams, under standard development conditions, with photographic 
spots on a standard comparator. From these intensities structure amplitudes (F), still on an 
arbitrary scale, were calculated by means of the relation F = IDpJL,  where I = intensity, 
D = Cox and Shaw’s angular velocity correction, p = polarisation factor, and L = Lorentz 
factor. 
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These structure amplitudes were rendered absolute by recording on the same film, and with 
equal exposure, a set of (It04 diffractions from a small crystal of s-bisnitroaminoethane and a 
selected set of (h01) diffractions from a similar crystal of pentaerythritol tetranitrate. As the 
crystals chosen were of the same size and almost equal density (density of pentaerythritol 
tetranitrate = 1.77 g./c.c.), direct comparison of the densities of the two sets of recorded spots 
made calculations of absolute structure factors for the bisnitroamine possible, since those for 
pentaerythritol tetranitrate had previously been obtained by comparison with rock-salt. 

A list of the absolute structure amplitudes used in this determination, together with the 
values and phase angles calculated from the final co-ordinates, is shown in the table. 

Determination ofthe Structure.-The structure amplitude of the plane (002) is large whilst that 
of (004) is very small; this observation, coupled with the observed cleavage parallel to ( O O l ) ,  
lends support to the view that the molecule is arranged approximately in the c-plane. 
Preliminary investigations were therefore confined to Fourier projections on to the c-plane using 
only the FhkO structure amplitudes, and to Patterson sections, using all the F h k l  terms available, 
parallel to the c-plane. A Patterson three-dimensional section parallel to 001 at  z = Q should 

FIG. 1. 

2 

Projection o n  c-face. The lowest contour represents 1 eZectronlA.2. 

produce maxima at  (2xf2y,) where (xfyf)  represent the (xy) co-ordinates of an atom. Actually, 
such a section produced a contour map of considerable complexity which proved of no value in 
determining atomic co-ordinates. 

Use was then made of the method of trial and error using the Bragg structure amplitude 
charts which proved valuable in the case of pentaerythritol tetranitrate (Booth and Llewellyn, 
J . ,  1947, 837), and after persistent application, a structure which gave calculated structure 
amplitudes in excellent agreement with the observed values of the hk0 planes was derived. 
The xy co-ordinates obtained in this manner were refined by successive two-dimensional Fourier 
projections on (0011, using eventually all the hkO structure amplitudes. The final projection is 
illustrated as a contour diagram in Fig. 1. On the basis of normal bond distances, z co-ordinates 
were calculated from these xy co-ordinates and refined by means of three-dimensional Fourier 
lines parallel to the c-axis, and passing through the xy co-ordinates of each atom. From these 
z co-ordinates the molecule spreads out very approximately in a plane parallel to ( O O l ) ,  but i t  is 
not sufficiently flat to allow all the atoms to appear in a Fourier section at the mean 
z co-ordinate. Further refinement of the xy co-ordinates was effected therefore in the first 
instance by a three-dimensional Fourier section projection (Booth, Tram. Faruduy Soc., 1945, 
41, 434) between the limits zz = 0-12 and z1 = - 0.02. The final section projection is 
illustrated as a contour map (the contours are at arbitrary heights) in Fig. 2. The atoms C and 
0,, both being near the limits of the section projection, give rise to peaks of smaller magnitudes 
than the other atoms. The final set of atomic co-ordinates was obtained, all the (hkl) structure 
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FIG. 2. 
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Section-projection between the limits z = -0.02 and z = 0.12. 

FIG. 3. 

! 

Composile electron-density map of the three-dimensional sections parallel to the c-face. The lowest 
contoztr repvesents L electron I A . ~ .  
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Final atomic co-ordinates. 
C 0.035 0.005 0.107 0, 

0.165 0.028 0.074 0 2  N l  
N2 

0.327 0.173 0.014 
0-146 0.278 0.057 

0.215 0.167 0.043 

amplitudes being used, by computing successive sets of three-dimensional Fourier lines parallel 
to the [c] and three-dimensional Fourier sections parallel to (001) at  the appropriate z co-ordinates 
until no further change in phase resulted. The various Fourier sections are plotted as a 
composite electron-density map in Fig. 3. 

Discussion of the Structure.-The molecular orientation, viewed along the [GI-plane, is 
illustrated in Fig. 4 ; the larger atoms belong to molecules associated with symmetry centres in 
the plane of the paper, and the smaller atoms to molecules associated with centres halfway up 
the [GI. Fig. 5, which represents the view of the structure along the (b) axis, illustrates clearly 
the layer-like arrangement of the molecules. The atomic centres are all located in slabs lying 
parallel to the c-face, of thickness 1.32 A.  It is also noteworthy that the form (001) develops 
largely in a number of the crystalline habits and that cleavage, admittedly poor, has been 
observed parallel to this direction. 

FIG. 4. 

Moleculav orientation viewed along the c-axis. The  atoms represented by the large circles refer to molecules 
having symmetry centres at z = 0 ;  the small circles represent atoms of molecules having symmetry 
centres at z = 3. 

The molecule itself is centrosymmetrical ; the interatomic distances and bond angles 
calculated from the final atomic co-ordinates are : 

c-c 1.52 A. N2-0, 1.21 A. C-C-N, 111'26' N1-N2-0, 118' 9' 
C-N, 1.41 A. N2-0, 1-21 A. C-Nl-N2 123' 9' 0,-N,-O1 125'21' 
N1-N, 1.33 A. N,-N2-Ol 117" 18' 

The sum of the three bond angles around N, is 360" 48', in very close agreement with value, 
360°, to be expected if the four atoms lie in a plane. The perpendicular distance of the carbon 
C atom C, from the plane containing the nitroamine grouping is small and is within 

the probable experimental error (estimated at  5 0.02 A. ; Booth, Nature, 1945, 
H > <o 51, 156) ; the whole grouping (I) therefore is planar. This is in agreement with 

the results obtained by Cox in the dimethylnitroarnine structure, where the 
molecule actually lies on a crystallographic plane of symmetry. 

The two oxygen atoms of the nitroamine grouping are each separated from the nitrogen atom 
N, by a distance of 1-21 A .  ; this is somewhat shorter than the bond length observed in 
pentaerythritol tetranitrate (1.28 A,) and in p-dinitrobenzene (1.23 A . ) ,  but agrees with the value 
found in nitromethane. Despite these divergences in bond lengths and the different natures of 

N-N 

(I.) 
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the third bond to the nitrogen atom, the shape of the nitro-group remains remarkably similar in 
the three compounds : 

116' 

121. 
Pentaerythritol 

tetranitrate. 

117t' 0 
\C-N 124' ' 1184' ' 0  

s-Bisnitroaminoethane. p-Dinitsobenzene. 

The carbon-carbon separation of 1.52 A.  is again shorter than in diamond (Bragg and Bragg, 
Proc. Roy. SOC., 1913, A ,  89,277) and in various hydrocarbons, but it falls into line with that found 
in a number of other organic molecules, viz., 1-50-1-52 A. The carbon-nitrogen separation of 
1-41 A .  agrees exactly with that found in fi-dinitrobenzene (Llewellyn, J., 1947, 884), but it is 
considerably shorter than the calculated value (1.47 A.) obtained by summing the accepted 
covalent radii of nitrogen and carbon. If it is assumed that the covalent radius of carbon is 
0.76 A . ,  then the radius of the nitrogen atom of the nitro-group in fi-dinitrobenzene and of the 
first nitrogen in the bisnitroamine is 0.65 A .  In the first compound the resonance between the 

FIG. 5. 

1 CcJ 

Molecular orientation viewed along the b-axis. The atoms represented by the large circles refer to molecules 
having symmetry centres at y = 0 ;  the small circles represent atoms of molecules having symmetry 
centres ut y = Q. 

two structures (11) and (111) necessitates the development of a formal positive charge on the 
nitrogen atom and this would be expected to lead to a change in the covalent radius towards 
that of oxygen. Pauling (" The Nature of the Chemical Bond ", p. 169) suggests a decrease in 
the single-bond radii of N in these circumstances of 0.02 A. ; Elliot ( J .  Amer. Chem. SOC., 1937, 
59, 1380) has shown that the N-0 bond in the nitrate ion is 0.03 A. shorter than the expected 
value and attributes this also to the development of a formal positive charge on the nitrogen 
atom. The conclusion to be drawn, then, from the observed length of the C-N bond in the 

0 -&/ 
\O- 

(111.) 

bisnitroamine is that there is an electronic drift, involving the loan pair of electrons on this first 
nitrogen atom, presumably towards the electrophilic nitro-grouping, leaving the nitrogen 
positively charged. The nitrogen-nitrogen separation (1.33 A.) is also less than the sum of the 
single-bond covalent radii of two nitrogen atoms (1.40) ; this shortening may be due to the 
existence of a resonance hybrid (IV), in which each nitrogen atom carries a formal positive 
charge and the two are linked by a double bond. Alternatively, it may be postulated that the 
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tendency for the amine nitrogen to lose its electrons increases the polar nature of the nitro-group 
as in (V), and that the loan pair of electrons orginally on the amine nitrogen distribute themselves 
between the two nitrogens, leaving both with incomplete octets. In such a mechanism there is 
no need of a double bond between the two nitrogen atoms since the formal positive charge on 
each together with the incomplete octet would account for the observed bond length. The 
participating resonance forms of the molecule could then be written as in ( A ) - @ ) .  The 

( A  .) (B.1 (C.1 (D.1 

observed inter-bond angles do not favour either mechanism ; the angles CN,N, is 123" and both 
angles NNO approximate to 117'; since the whole grouping is planar, it appears that both 
nitrogens dispose three bonds at 120° intervals distorted in the instance of the second atom by 
the negative charges on the oxygens ; alternatively, the approximate 120" disposition is also 
explained by the existence of the double bond between the two nitrogen atoms. 

That the resonance hybrid (VI) does not contribute largely to the structure can be readily 
-CH, 0- shown by calculating the extent of double-bond character of the N-N bond y=iG<,- and neglecting any shortening effect attributable to the development of 

H positive charges. The N-N single bond separation being taken as 1 * 4 0 ~ . ,  
and the double bond as 1.23 A . ,  then the observed bond distance of 1.33 A. 

is compatible with cu. 15% double-bond character. This figure represents the maximum 
contribution of the double-bond resonance form ; most probably its contribution is very 
much less. 

On balance, then, it appears that the resonance mechanism involving doubly-charged 
nitrogen atoms is the more probable. 

The results of this structure determination, whilst they demonstrate conclusively the planar 
nature of the nitroamine group and establish the existence of a short N-N bond, do not provide 
sufficient data to establish unequivocally the nature of the chemical bonds involved. Further 
work is to be undertaken on this point. In particular, i t  is hoped that an examination of a 
suitable substance, involving both a nitrate and a nitroamine grouping so disposed that the 
occurrence of the double bonds which have been suggested may form a conjugated system, will 
provide the additional information. 

This work, which forms part of a programme of fundamental research sponsored by the Ministry of 
Supply a t  the University of Birmingham, was completed in December 1945 ; approval for publication has 
been granted by the Director General of Scientific Research and Development, Ministry of Supply. 
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