CRYSTAL AND MOLECULAR STRUCTURE OF
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The structures of the two modifieations of bis- (2,2,2~trinitroethyl)nitramine have been studied,
The crystals of modification A are orthorhombic, ¢ = 22,995, b = 9.506; ¢ = 6,147 A, degle =
1.929 g/ cm®, space group Pn2,a, four molecules in the unit cell, The crystals of modification
B are monoclinic, a = 18,124, b = 10.362, ¢ = 6.162 A, v = 118.65°, dgalc = 1.967 g/cm?, space
group P2{/a, four molecules in the unit cell. The structures were determined from the inten-
sities, recorded on a DAR~UM diffractometer, and refined by the method of least squares as
far as R = 0.055 and R = 0.058 for 572 and 1988 reflections respectively. The intramolecular
and intermolecular contacts in both modifications have been examined. On going from modifi-
cation A to modification B there is slight loosening of the molecule, leading to a decrease in
the intermolecular contacts. The molecules in modification B are less strained and more
closely packed, leading to a slight increase in the density of the crystal.

According to published data [1], the density of bis-(2,2,2-trinitroethyl)nitramine (I) is 1.96 g/cm? The
density of the crystals of the structural analog of compound I, bis~(2-fluoro-2,2-dinitroethyl)nitramine (II),
according to our structural study, is 1.933 g/cm? [2]. The high value of the density of the crystals of com-
pound I and the difference between their density and that of the crystals of compound II, in the light of the
ideas which we are developing regarding the factors determining the density of molecular crystals [2], made
it necessary to carry out an x-ray structural study of compound I,

EXPERIMENTAL

The colorless crystals of compound I in the form of transparent parallelepipeds (mp 95-95.5°) were ob-
tained by condensing ammonium acetate with 2,2,2-trinitroethanol followed by N-nitration of the resulting bis-
(2,2,2-trinitroethyl)amine [3], The cell parameters were refined on a DRON-1 diffractometer with a single-

TABLE 1. Coordinates of the Atoms in the Structure of Modifica-
tion A (X 10%)

Atom x v z Atom x u z

C(1) T43(4) 517(11) 6936(17) [10(2) 546(3) 391(8) 2722(13)
C(2) 813(3) 2119(12) 7339(12) | O@3) 1549(4) 3690(9) 8192(16)
C(@3) 1716(4) —696(11) 6121(18) | O(4) 1552(3) 1636(8) 9783(12)
C(4) 1724(4) —2306(10) —6442(18) | O(D) 1230(3) 2781(7) 4073(12)
N 1158(4) —79(9) 5456(14) | O®6) 415(3) 3755(9) 4873(14)
N(2) 994(3) —226(9) 3288(13) [[O(7) —161(3) 2128(10) | 8193(18)
N(3) 821(3) 2954(9) 5195(13) | O(8) 392(4) 3507(12) | 9951(14)
N(4) 302(4) 2641(10) 8612(16) | O(9) 1518(4) | —4116(9) 3999(15)
NG) | 13604) | 2513(8) 8536(16) |O(10) | 2248(4) | —2789(10) | 3339(15)
N6} 1837(4) —3141(11) 4374(16) | O(11) 1258(3) | —3448(8) 9325(14)
N 1191(3) —2906(9) 7580(1) 0(12) 736(3) | —2688(10) 6602(16)
N(@& 2259(4) ~—2681(12) 7832(15) 11 0(13) 24233y | —3891(%) 7736(13)
o) 1316(3) —920(7) 2151(13) | O(14) 2437(4) | —1762(9) 9043(14)
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TABLE 2, Coordinates of the Atoms in the Structure of Modifica~
tion B (x10%)

Atom x y 5 Atom x 4 z
C(1) 1698(1) 6623(2) 3663(5) 0@) 1626(1) 6279(2) 7872(3)
C2) 1274(1) 7382(2) 3387(4) 0Q) 382(1) 7316(3) 5825(4)
C(3) 3077(1) 8120(2) 4232(5) 0(4) 1542(1) 8520(2) 6600(4)
C(4) 3628(1) 7622(2) 3760(5) 0B) 2152(1) 8712(2) 876(4)
Nty | 2346(1) | 7210) | 5030(4) | 0@) 1498(2) 9458(2) 2484(5)
N©2) 2257(1) 6932(2) 7212(4) o) 441(1) 7049(3) 574(4)
N@) | 16931) | 8649¢2) | 21504 | 0@) 237(2) 5442(2) 2653(5)
N4) 581¢1) 6549(2) 2066(4) oY) 4283(1) 8239(3) 6953(4)
NG) 1034(1) 7760(2) 5468(4) (01410)] 3829(1) 6232(2) 6035(4)
N() 3945(1) 7326(2) 5776(4) oty 3770(2) 6381(2) 1064(4)
N 3343(1) 6429(2) 2320(4) 0(12) 2715(1) 5621(2) 2623(5)
N@) 4288(7) 8699(2) 2534(4) 0(13) 4140(1) 9353(2) 1349(5)
o) | 2817¢) | 73662 | $292(3) | 0(4) 4879(1) 8772(3) 2843(6)
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Fig. 1, Bond lengths and valence angles in the molecule of com-
pound IA.

crystal attachment: C,H,NzOqy, M = 388.1, a = 22.995(20), b = 9,506 (8), ¢ = 6.147(4) A, vV = 1343.7 f‘s3, dmeas =
1.92, dogle = 1.929 g/cm3, Z = 4, space group Pn2,a.

The intensities of 572 nonzero reflections (0,04 = sin §/A = 0.63) with 1> 20 were measured on a
DAR-UM automatic diffractometer using CuK, radiation; no allowance was made for absorption (u = 18 cm' Yy,
The structure was determined by the direct method using the program "Rentgen-75" under automatic condi-~
tions. The refinement by the method of least squares in the block-diagonal anisotropic approximation using a
weighting scheme gave finally R = 0.055. The coordinates of the atoms are given in Table 1.* The difference
in the values of the density obtained by us and given in [1] lie beyond the limits of error of the determination
in both studies. This led to the suggestion of the existence of a second crystallographic modification of com-
pound I having a density of 1.96 g/cm? In fact, crystals of the second modification could be obtained by
crystallizing compound I from solution in carbon tetrachloride. The method used to study this modification

(IB) was the same ag that for the less dense form (IA).

The princ1pal crystallograph1c data for compound IB are: a = 18.124(10), b = 10.362(7), ¢ =6.162(2) A,
v = 118,65(3)° vV = 1318,88 A3, dmeas = 1.96, dpale = 1.967 g/em?®, Z = 4, space group P2;/a, 1998 nonzero
independent reﬂectlons, R = 0.058. The coordinates of the atoms are given in Table 2.*

DISCUSSION OF THE STRUCTURES

The molecules of compound I in the crystals of the modifications A and B have very similar conforma-
tions. Figures 1 and 2 give the geometry of the molecule with the bond lengths and valence angles in the crys-
tals of the two modifications, Tables 3 and 4 give the characteristics of the mean-square planes drawn through

*The tables of temperature factors for compounds IA and IB can be obtained from the authors.
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Fig. 2. Bond lengths and valence angles in the molecule of com-

pound IB.

TABLE 3. Mean-square Planes of the Fragments of the Molecule

of Modification A

Equation of the plane

Deviations of the atoms
from the plane, A

Plane Atoms
I 8((11))13((;))0(3)1\1(2)
11 CRNEO(T)0E)
111 CRINE)OE0WQ
v CR)NB)O ()0 ()
v C(4)N(6)0(9)0(10)
A% CAN(B)0(13)0(14)
Vil CUNTOUNO(I2)

10,52-8,27y-+1,122=
,085

3,006,890y —4,142=5,17

12,42+3,70y1-4,58:=
8,93

—11,02-+7,13y+2,78z=
2

13,542+5,93y—3,15z=

14,00—2,76y+4,h32=
4,50

’

3,04z-+8,3Ty~-2,78z=
3,64

Angles between the planes, deg

II/IT1=81 V/VI =18
II/IV=80 VIVII=67
11I/1V =68 VI/VII=281

—0,105, 0,058, 0,063,

0,012, 0,114, 0,087

0,002, —0,010, 0,004,
0,003

— 0,004, 0,018, —0,006,

i

—0,010, 0,041, —0,046,
220,014
0,007, —0.027, 0,010,

0,004, 0.018 —0,006,
—0,007

—0,0003, 0,0001,
20,0005, —0,0006

TABLE 4. Mean-square Planes of the Fragments of the Molecule

of Modification B

Equation of the plane

Deviations of the atoms
from the plane, A

Density Atoms
I 8((;))&(12))1\‘ @N()
II O(MOENECE)
111 00BN (B)C(2)
v 0B)OE)NE)CE)
v CEANE)0©)0U0)
VI 0(13)0(14)N(B)CE)
VII O(11)O(IZ)N(T)CE)

—12,0792+11,534y-+-1,039z=
3,022

—15,47921+6,848y 13,774z =
362

—8,8102+10,379y 2
=5,542

11,805z+0,670y+
525

—d

03Yz=

4.491z=
17,341z—2,517y—3,0722 =
=3,218
—3,5082--7,517y-+4,652=
=6,211
—11,90974+7,845y — 4,234z=
070

)

Angles between the planes, deg

IYITE=T77 V/VI =68
II/IV=84 V/IVII=87 .
IILIV=73 VI/VII=82

0,067, —0,074, 0,003,
0,017, —0,066, 0,054

0,001, 0,001, —0,003,
,001

—0,002, —0,002, 0,006,

—u,002

0,007, 0,007, —0,019,
0,005 !

0,001, —0,004, 0,002,
0,001

0,002, 0,002, —0,006,
0,002

0,004, 0,004, —0,011,
3

’
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TABLE 5. Intramolecular and Intermolecular Contacts for the
Oxygen Atoms in the Structure of Modification A

Intraznolecular distances for the oxygen atoms of the

“right-hand” part of the molecule

Atom
0(8) [ 0(7) 0(3) [ 0(4) 0(5) l 0(6; l 0(2)
C* 2,29 2,30 2,32 2,32 2,31 1 2,36 | 2,64
C 3,48 2,69 3,62 2,76 3,01 1 3,42 | 3.34
cN) 3,13 3,53 3,34 3,18 2,851 3,31 | 3.56
N 2,57 3,02 2,59 3,51 2,77 1 2,54 | 2,24
N 3,13 4,06 3,05 3,11 2,95 | 3,35 | 2,94
[¢] 2,12 2,12 2,18 2,18 245 245 | 244
O 2,88 2,88 2,77 3,21 2,89 | 2,88 | 2,89
[¢] 3,21 4,09 2,88 3,25 2,77 1 3,13 | 3.47
N 3,47
Average for the atoms 2,85 3,09 2,84 2,94 2,71 | 2,96 | 2,91
Average for the "right- 2.90

hand* part

Intermolecular distances for the oxygen atoms of the

“right-hand" part of the molecule

Atom
0(8) 07 am | ow | oo | o) | o
NO) 3,41 3,29 3,36 501 | 343 | 334 | 5.3
N(O) 39 | 3,00 289 | 295 |29 30332
0 3,03 325 | 3.32 2,88 | 3,26 ] 3,08 | 3,27
0 3,25 327 | 310 2,05 | 3,02 | 3,29 | 3.16
0 3,43 323 | 3,07 | 3,02 | 3101 311|308
Average for the atoms l 3,98 ( 3.21 3,15 | 2,97 l 3,15 ' 3,47 | 3,22
Average for the "right- l 3,16

hand* part

Intramolecular distances for the o;fygen atoms of the

**left-hand* part of the molecule

Atem
am | oo | eun | oum | oas | oas | o
e 2,33 2,30 2,34 2,30 | 2,34 2,35 | 2.62
C 3,11 2,90 3,44 3,05 | 2,99 | 2,65 | 3,48
CY) 3,39 3,66 3,15 2,96 3,58 | 3,84 | 3,09
N 2,59 2,76 2,58 275 | 2,57 | 3,19 | 2.21
N 3,21 3,57 3,33 2,91 | 341 (344127
0 2,14 2,14 2.18 2,18 | 2,18 | 2,48 | 2,19
0 3,28 2,88 2,88 2,76 | 2,88 | 3,15 | 2,88
¢ 2,76 2,93 3,39 316 | 2,93 | 3.66 | 3,28
N 3,48 }
Average for the atoms 2,85 2,89 2,91 2,84 | 282305 ‘ 2,81
Average for the “left-hand” part 2,88

Intermolecular distances for the oxygen atoms of the
“left~hand* part of the molecule

Atom

09 oo | oan | o | o | o | o

N(©) 330 | 322 | 339 | 354 | 335|285 | 288

N(O) 332 | 295 | 3.00 | 323 | 307|348 297

0 soz | 28 | 289 | 347 |3.01] 30032

0 320 | 339 | 297 | 341 | 358|348 340

0 3.00 | 340 | 3,00 | 349 | 350331331

Average for the atoms 318 | 340 | 305 | 337 |330] 324 316
3,20

Average for the “left-hand” part

*Only the type of atoms in contact is given in the column; each
y

type includes several numbers, which are not given, to avoid
increasing the size of the tables,



TABLE 6. Intramolecular and Intermolecular Contacts for the
Oxygen Atoms in the Structure of Modification B

Intramolecular distances for the oxygen atoms of the
“right~hand" part of the molecule

Atom .
o | o | o®m | ow |om|oaw | o
o* 2,47 2,17 2,17 247 246 | 2.6 ) 218
0 3.22 2,84 3,12 2,79 326 1 400 1 2,84
N 3.29 2. 3.1 3.0 320 334 2,22
N 2,99 2,76 3,48 2,55 255 | 2o | 297
CQ) 2.35 2,31 277 2.88 234 | 272 262
C 3,46 3.01 3.25 3.64 3.40 113,28
C(N, 0) 2,86 2,92 2.33 283 | 288 4 3,53
O 3.26 2.1 J.1t 3.22 32 286§ 3,57
0 357
Average for the atoms ‘ 200 | 28 | 2oz | e | 287 | 5w | 20
Average for the “right~ ' 2.90
hand" part
Intermolecular distances for the oxygen atoms of the
Atom “right-hand® part of the molecule
o3) oth) o) oy | oy | om | o)
N(GQ) 3.30 3.43 3.6 330 2497 | B0a ] 3,08
0 2,95 2.88 3.01 3.25 3,23 | 340 ] 3,25
[0) 3,02 3.23 3,14 332 295 | 3021 314
) 3,25 312 2.88 334 326 ] 307 1 3,29
(&} 3.18 3,42 3,12 305 45 1 sl | 3,14
Average for the atoms ‘ 3,14 3,21 l 3.06 } 3.2 l 301 \ 44 \ 347
Average for the "right- ‘ 3.7
hand™ part
Intramolecular distances for the oxygen atoms of the
Atom “left=hand" pan of the molecule .
oM [¢1§30)] O(1ty G2y G113y I Ot f Oty
o= 216 2,16 2,24 2,04 | 2,16 | 2,16 | 245
0 2,81 3,28 3,07 29 | 3,76 | 2,75 | 281
N 3.54 2,59 3,07 3,06 3,09 1 3,07 | 2,20
N 3,70 3,37 2,58 2,77 3,52 | 2,34 | 2,82
C(O) 2.95 3,36 3,59 2.93 3,22 | 2,87 1 2,62
C 2,30 2,34 2,33 2,85 265 | 2,59 | 3,19
C(N, 0) 2,77 2,94 2,83 2,31 2,33 13,52 ] 3,51
[¢] 2,79 3,07 3,22 3,53 3,81 | 3,36 | 3,28
QO 3,43
Average for the atoms } 2,87 l 2,95 [ 2,86 ] 2,82 ' 3,07 | 2,83 | 2.83
Average for the "left- l 2,89
hand® part
Intermolecular distances for the oxygen atoms of the
Atom "left~hand" part of the molecule
oM [o]¢R0)] Oo(11) ‘ 0(12) I o(13) | 014y | o1y
N(O) 3,41 3,25 3.8 3,05 3,34 | 2,95 | 3,12
Q 3,04 3,18 3,22 3.32 3,22y 3,10 | 3,01
@] 3,29 3,09 3,18 3,18 3,09 { 3,37 | 3,22
¢) 3,15 3,30 3,11 3,13 3,30 | 3,05 ) 3,22
0] 3,11 3,10 3,05 3,04 3,37 | 3,29 | 3,18
Average for the atoms ! 3,20 \ 3,18 \ 3,45 344 | 326 | 345 | 345
Ave fi *left~ ‘l :
A Yerage or the "left-hand 3,17

*See footnote to Table 5.
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the atoms of the fragments of the molecules in the modifications A and B respectively. In the molecules of
the two modifications, the two trinitroethyl groups are oriented in different ways relative to the C(1)—C(2)
and C(3)—C(4) bonds and have the form of right-hand and left-hand propellers,

The marked similarity in the structures of the molecules in the two modifications does not reflect the
observed significant difference in their densities. In this connection, we examined the intramolecular and in-
termolecular contacts in the two modifications. Since the molecules are unsymmetrical, the calculation was
carried out separately for each trinitroethyl group. For the oxygen atoms, responsible for the intermolecular
contacts of each half of the molecule, the eight shortest intramolecular contacts were obtained. The averaging
was carried out first for each oxygen atom, and then with respect to the intramolecular contacts of all the oxy-
gen atoms of each half of the molecule, An analogous calculation was carried out for the intermolecular con-
tacts of the same oxygen atoms: Here, the five shortest intermolecular contacts were taken for each oxygen
atom. The results of the calculation for the molecules of the modifications A and B are given in Tables 5
and 6 respectively. It can be seen that in the molecules of both modifications, the right-hand and left-hand
parts are not equivalent as far as the steric strain is concerned. The right-hand parts of the molecules in
both modifications are less strained, and their intermolecular contacts are shorter than those for the left-
hand parts of the molecules. The numerical differences for the intermolecular contacts in relation to the in-
tramolecular contacts in the right-hand and left-hand parts of the molecules are not so great as for the two
conformers of compound 1II | 2].

If we congider the intramolecular and intermolecular contacts for the entire molecule as a whole, then
on going from modification A to modification B the molecules become slightly looser (2.889 and 2.896 A re-
spectively), leading to a slight decrease in the intermolecular contacts averaged with respect to the two halves
of the molecule (3.182 and 3.173 A for A and B respectively). Thus the molecules of compound I in the modifi-
cation B are less strained and more closely packed, leading to a slight increase in the density of the crystal.

Thus as in the crystals examined earlier, the distribution of the intramolecular contacts in general is
determined by the total energy of the molecule,
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