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The s t r u c t u r e s  of the two modi f i ca t ions  of  b i s - ( 2 , 2 , 2 - t r i n i t r o e t h y l ) n i t r a m i n e  have been  studied.  
The c r y s t a l s  of modi f i ca t ion  A a r e  o r t h o r h o m b i c ,  a = 22.995, b = 9.506; c = 6.147 A', dca lc  -- 
1.929 g / c m  3, space  g roup  Pn21a,  four  m o l e c u l e s  in the unit  cel l .  The c r y s t a l s  of  modi f i ca t ion  
B a r e  monoc l in ic ,  a -- 18.124, b = 10.362, e = 6.162 A, y = 118.65 ~ dca lc  = 1.967 g / c m  3, space  
g roup  P 2 1 / a ,  four  m o l e c u l e s  in the unit  cel l .  The s t r u c t u r e s  were  d e t e r m i n e d  f r o m  the in ten-  
s i t i e s ,  r e c o r d e d  on a DAR-UM d i f f r a c t o m e t e r ,  and re f ined  by the me thod  of  l eas t  s q u a r e s  as  
fa r  as  R = 0.055 and R = 0.058 fo r  572 and 1988 r e f l ec t ions  r e s p e c t i v e l y .  The i n t r a m o l e c u l a r  
and i n t e r m o l e c u l a r  con tac t s  in both modi f i ca t ions  have been  examined .  On going f r o m  modi f i -  
ca t ion A to modi f i ca t ion  B the re  is s l ight  loosen ing  of  the molecu le ,  leading to a d e c r e a s e  in 
the i n t e r m o l e c u l a r  con tac t s .  The m o l e c u l e s  in modi f i ca t ion  B a r e  l e s s  s t r a i n e d  and m o r e  
c lo se ly  packed,  leading to a s l ight  i n c r e a s e  in the dens i ty  of the c r y s t a l .  

A c c o r d i n g  to publ i shed  data  [1] ,  the dens i ty  of  b i s - ( 2 , 2 , 2 - t r i n i t r o e t h y l ) n i t r a m i n e  (I) is 1.96 g / c m  3. The 
dens i ty  of the c r y s t a l s  of  the s t r u c t u r a l  analog of  compound  I, b i s - ( 2 - f l u o r o - 2 , 2 - d i n i t r o e t h y l ) n i t r a m i n e  (II) ,  
a cco rd ing  to ou r  s t r u c t u r a l  s tudy,  is 1.933 g / e r a  3 [2] .  The high value  of the dens i ty  of the c r y s t a l s  of c o m -  
pound I and the d i f f e r ence  be tween  the i r  dens i ty  and that  of the c r y s t a l s  of compound  II, in the l ight  of the 
ideas  which we a r e  developing r e g a r d i n g  the f a c t o r s  de t e rmin ing  the dens i ty  of  m o l e c u l a r  c r y s t a l s  [2], made  
it  n e c e s s a r y  to c a r r y  out an x - r a y  s t r u c t u r a l  s tudy  of  compound  I. 

E X P E R I M E N T A L  

The c o l o r l e s s  c r y s t a l s  of  compound  f in the f o r m  of t r a n s p a r e n t  pa r a l l e l ep ipeds  (rap 95-95 .5  ~ w e r e  ob-  
ta ined by condens ing  a m m o n i u m  ace ta te  with 2 ,2 ,2 - t r i n i t roe thano l  fo l lowed by N - n i t r a t i o n  of the r e s u l t i n g  b i s -  
(2 ,2 ,2 - t r in i t roe thy l )  amine  [3] .  The cel l  p a r a m e t e r s  were  re f ined  on a DRON-1 d i f f r a c t o m e t e r  with a s ing le -  

TABLE 1. Coord ina t e s  of the A toms  in the S t ruc tu r e  of  Modi f ica -  
t ion A (x 104) 

A t O I I l  x y z AtO1TI x g z 

C(l) 
c(2) 
c(3) 
c(4) 

N(2) 
N(3) 
N(4) 
N(5) 
N(6) 
N(7) 
N(8) 
O(1) 

743(4) 
8t3(3) 

17t6(4) 
1724(4) 
~58(4) 
994(3) 
821(3) 
302(4) 

1360(4) 
t837(4) 
1191(3) 
2259(4) 
13t6(3) 

517(11) 
2119(12) 

-696(11) 
-2306(10) 

-79(9) 
-226(9) 
2954(9) 
264t(10) 
25i3(8) 

--314t(ti) 
--2906(9) 
--268t(t2) 
--920G) 

6956(17) 
7339(t2) 
6121 (18) 

--6442(18) 
5456(t4) 
3288(13) 
5i95(13) 
86t2(16) 
8536(16) 
4374(t6) 
7580(t) 
7832(t5) 
215103) 

0(2) 
0(3) 
0(4) 
0(5) 
0(6) 
0(7) 
O(8) 
0(9) 
0(10) 
0(1t) 
O(12) 
O(t3) 
O(14) 

546(3) 
15490) 
1552(3) 
i230~) 
415(3) 

-161(3) 
392(4) 

t5t8(4) 
2248(4) 
1258(3) 
736(3) 

2423(3) 
2437(4) 

391(8) 
36900) 
1636(8) 
2781(7) 
3755(9) 
212800) 
3507(t2) 

--41i6(9) 
--2789(t0) 
--3448(8) 
--268800) 
--389t O) 
- -  1 7 6 2 ( 9 )  

2722(13) 
8192(16) 
9783(12) 
4073(i2) 
4873(14) 
819308) 
995t(14) 
3999(15) 
3339(t5) 
9325(i4) 
660206) 
7736(13) 
9043(14) 
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T A B L E  2. Coordinates of the Atoms in the Structure of Modifica- 
tion B (x I0 ~) 

y z Atom x ~ z Atom x 

C(I) 1698(1) 
C(2) 1274(1) 
C(3) 3077(1) 
C(4) 3628(I) 
NO) 2346(I) 
N(2) 2257(I) 
N(3) i693(t) 
NO) 58~(i) 
N (5) t034 0 ) 
N(6) 39450) 
N(7) 33430) 
N(8) 4288(7) 
O(1) 28170) 

6623(2) 
7382(2) 
8120(2) 
7622(2) 
721o(2) 
6932(2) 
86~9(~i 
6549(2) 
7760(2) 
7326(2) 
6429(2) 
8699(2) 
7366(2) 

3663(5) 
3387(4) 
4232(5) 
3760(5) 
5030(4) 
7212(4) 
2150(4) 
2066(4) 
5468(4) 
5776(4) 
2320(4) 
2534(4) 
~292(3) 

0(2) 
0(3) 
0(4) 
0(5) 
0(6) 
0(7) 
0(8) 
0(9) 
o(lo) 
O(tl) 
002) 
O(t3) 
O(t4) 

~6260) 
3820) 

~542(i) 
2i52(i) 
t498(2) 
441(1) 
237(2) 

4283(i) 
3829(1) 
3770(2) 
27t5(t) 
~140(t) 
4879(t) 

6279(2) 
7316(3) 
8520(2) 
8712(2) 
9458(2) 
7049(3) 
5452(2) 
8239(3) 
6232(2) 
6381 (2) 
5621(2) 
9353(2) 
8772(3) 

7872(3) 
5825(4) 
6600(4) 
876(4) 

2484(5) 
574(4) 

2653(5) 
6953(4) 
6035(4) 
i064(4) 
2623(5) 
1349(5) 
2843(6) 

,~,~oA.i~.',~ ~ ~ ~.~ . . . . . . .  -,-, 

,~6 ,%.,, 

Fig. 1. Bond lengths and valence angles in the molecule  of com-  
pound IA. 

erystat  attachment: C4I-I4N8012, M ; 388.1, a = 22.995(20)~ b = 9.506 (8),  e = 6.147(4)  A, V = 1343.7 ~3, dmea s = 
1.92, dealt  = 1.929 g / e r a  3, g = 4, space group Pn21a. 

The intensit ies of 572 nonzero reflections (0.04 ~ sin 0/X ~ 0.63) with I > 2a were measured on a 
DAR-UM automatic diffraetometer using CuKoz radiation; no allowance was made for absorption (~ = 18 cm-~). 
The structure was determined by the direct method using the program "Rentgen-75" under automatic eondi- 
tions. The refinement by the method of least  squares in the block-diagonal anisotropie 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] l ie beyond the l imits  of error  of the determination 
in both studies. This led to the suggestion of the existence of a second crystal lographic modification of com-  
pound I having a density of 1.96 g / e r a  3. In fact, crysta ls  of the second modification could be obtained by 
crystal l iz ing compound [ from solution in carbon tetraehloride.  The method used to study this modification 
(IB) was the same as that for the l e s s  dense form (IA). 

The principal crystal lographic data for compound IB are: a = 18.124 (10) ,  b = 10.362 (7 ) ,  c = 6 .162  (2) A., 
y = 118 .65 (3 )  ~ V = 1 3 1 8 . 8 8 , 3  d m e a  s = 1.96, d e a l t  = 1.967 g / e r a  3, Z = 4, space group P21/a, 1998 nonzero 
independent ref lect ions,  R = 0 .058.  The coordinates of the atoms are given in Table 2.* 

D I S C U S S I O N  O F  T H E  S T R U C T U R E S  

The molecules  of compound I in  the crysta ls  of the modifications A and B have very  s imi lar  conforma-  
tions. Figures 1 and 2 give the geometry  of the molecule  with the bond lengths and valence angles in the c r y s -  
tals of the two modifications.  Tables 3 and 4 give the character is t ics  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 va lence  angles in the molecule  of c o m -  
pound IB. 

TABLE 3. Mean-square  Planes  of the Fragments  of the Molecule  
of Modif ication A 

Plane Atoms Equation of the plane Deviations of the atoms 
from the plane, 

I 

II 

I t i  

IV 

V 

VI 

VII 

C(i)N(1)C(3)N(2) 
00)0(2) 
C(2)N(4)0(7)O(8) 

C(2)N(5)O(3)O(4) 

C(2)N (3)O(5)O(6) 

C(4)N(6)0 (9)O(I0) 

C(4)N(8)O(13)004) 

C(4)N(7)O(Ii)0([2) 

iO,5x-+8,27y+i,12z= 
0,065 

3,0x+6,89g--4,14z=5,i7 

i2,4x~-3,70y ~4,58z= 
8,93 

--11,0x-~7,t3y+2,78z= 
1,12 

13,54x§ 
5,55 

14,0z--2,76y-~-4,53z= 
4,50 

3,04x+8,37Uq-2,78z= 
3,64 

An,, tes between the planes~ de 
tI/III=8i v/vI =78 
II/IV=80 V/VII=67 

lII/IV=68 VI/VII~81 

--0,105, 0,056, 0,063, 
0,012, --0r 0,087 
0,002, --0,010, 0,004, 

0,003 
--0,004, 0,016, --0,006, 

--0,006 
--0,0i0,  0,0r --0,016, 

--0,014 
0,007, --0,027, 0,010, 

O,OlO 
--0,004, 0,018 --0,000, 

--0,007 
--0,0003, 0,0001, 
--0,0005, --0,0006 

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

Deviations of the atoms 
Density Atoms Equation of the plane 

from the plane, 

I 

II 

III 

IV 

V 

VI 

YII 

O(i)O(2)N(2)N(I) 
C(3)C0) 
0(7)0(8)N(4)C(2) 

O(4)O(3)N(5)C(2) 

O(5)0(6)N (3)C(2) 

C(4)N(6)O(9)O(i0) 

O (i3)0 (14)N (8)C(4) 

O (t1)O(12)N(7)C(4) 

--i2,079x+li,53~y ,~1,039z~ 
=6,022 

--15,479x-~6,848y~3,774z= 
--4,362 

--8,810x~ 10,379:] --2,93.% = 
=5,542 

11,805x+0,670.,/+4.49 lz:= 
=3,525 

17,34ix--2,517y--3,072z = 
=3,218 

--3,503x~-7,517g@4,65z= 
=6,211 

--  I i,909x~-7,845y--4,234z= 
=0,070 

Angles between the planes, de 
II[III= 77 V/VI ~68 
II/IV=8~ V/VIIi87 

III/IV~73 "VI/VII=82 

0,067, --0,074, 0,003, 
0,0i7, --0,066, 0.054 

0,001, 0,001, --0,003, 
0,001 

--0,002, --0,002, 0,006, 
--0,002 

0,007, 0,007, --0~019, 
0,005 

O,OOi, --0,004, 0,002, 
0,001 

0,002, 0,002, --0,006, 
0,002 

0,004, 0,004, --O,Olt, 
0,003 

805 



T A B L E  5. I n t r a m o l e c u l a r  a n d  I n t e r m o l e c u l a r  C o n t a c t s  f o r  t h e  

O x y g e n  A t o m s  in  t h e  S t r u c t u r e  of  M o d i f i c a t i o n  A 

Atom 

C *  

C 
c(N) 
N 
N 
O 
O 
O 
N 

Intra~olecular distances for the oxygen atoms of the 
"right-hand" part of the molecule 

0(8) 

2,29 
3,48 
333 
2,57 
3,13 
2,t2 
2,88 
3,21 

0(7) 

2,30 
2,69 
3,53 
3,02 
4,06 
2,12 
2,88 
4,09 

0(3) 

2,32 

~ ,62 
,3t 

2,59 
3,05 
2 j8  
2,77 
2,88 

0(4) 

2,32 
2,76 
3,18 
3.51 
3111 
2,t8 
3,21 
3,25 

Average for the atoms 2,85 3,09 2,84 2,94 

Average for the "right- 2.90 
hand" part 

0(5) 0(6) 0(2) 

2,31 2,36 2,64 
3,0t 3,42 3.34 
2,85 3 ,31  3.56 
2,77 2,54 2,24 
2,95 3,35 2,94 
2,15 2,t5 2~Ig 
2,89 2.88 2,89 
2,77 31i3 3,47 

3,47 

2,71 2,96 2,9~ 

Atom 

N(C) 
N(O) 
0 
0 
0 

Interrnotecular distances for the oxygen atoms of the 
"right-hand" part of the motec~le 

0(8) 

3,41 
3,26 
3,03 
3,25 
3,43 

0(7) 

~ ,29 
,00 

3.25 
3127 
3,23 

0(3) 

3.36 
2189 
3,32 
3:t0 
3107 

0(4) 

3,07 
2,95 
2,88 
2,95 
3,02 

0(5) 0(0) 

3,43 3,34 
2,95 3,03 
3,26 3,08 
3,02 3,29 
3110 3,tl  

0(2) 

3,36 
3,25 
3,27 
3,16 
3,08 

Average for the atoms 3,28 3,2t 3,t5 2,97 3,t5 3,t7 3,22 

Average for the "fight- 3,t6 
hand" part 

Atom 

C* 
C 
c(x) 
N 
N 
O 
O 
O 
N 

Intramolecular distances for the oxygen atoms of the 
"lef t-hand" part of the molecule 

0(9) 

2,33 
3,tt 
3,39 
2.59 
3121 
2,14 
3,28 
2176 

0(10) 

2,30 
2,90 
3,66 
2,76 
3,57 
2,14 
2,88 
2,93 

0(11) 

2,34 
3,44 
3,t5 
2,58 
3,33 
2.t8 
2,88 
3,39 

0(t2) I 0(t3) 
I 

2,30 !2,34 
3,05 2,99 
2,96 3,58 
2,75 2,57 
2,9t , 3,tl 
2,18 2 , t 8  
2,76 2,88 
3,16 2 , 9 3  
3,48 

2,82 

o(14) 

2,35 
2,65 
3,84 
3,19 
3,44 
2,18 
3,t5 
3,66 

Average for the atoms 2,85 2,89 2,91 2,84 3,05 

Average for the "left-hand" part 2,88 

Intermolecular distances for the oxygen atoms of the 

Ofi) 

2.62 
3,48 
3,09 
2,2t 
2,79 
2,19 
2,88 
3,28 

f 

2,81 

Atom 

N(C) 
N(O) 
O 
O 
O 

"left-hand ~ tort of 

0(9) 0(lo) o(11) 

3,30 3,22 3,39 
3,32 . 2.95 3.00 
3,02 2,85 2.89 
3,29 3.39 2,97 
3,00 3110 3,00 

the molecule 

o(12) 

3,54 
3.23 
3,47 
31tl 
3,49 

0(13) 0(14) 

3,35 2.85 
3,07 3.48 
3,01 3.10 
3,58 3.48 
3,50 313'1 

3.30 3. '24 

0(1) 

2,88 
2,97 
3,25 
3,40 
3,3t 

Ayezage for the atoms 3A8 3,t0 3,05 3,37 3,t6 

Average for the Uleft-hand" part 3,20 

* O n l y  t h e  t y p e  o f  a t o m s  i n  c o n t a c t  i s  g i v e n  i n  t h e  c o l u m n ;  e a c h  

t y p e  i n c l u d e s  s e v e r a l  n u m b e r s ,  w h i c h  a r e  n o t  g i v e n ,  to  a v o i d  

i n c r e a s i n g  t h e  s i z e  o f  t h e  t a b l e s .  
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T A B L E  6. I n t r a m o l e e u l a r  a n d  I n t e r m o l e c u l a r  C o n t a c t s  f o r  t he  

O x y g e n  A t o m s  in  t h e  S t r u c t u r e  o f  M o d i f i c a t i o n  B 

Atom 

O* 
0 
N 
N 
c(o) 
c 
C(N, o) 
O 
0 

~verage for the atoms 

Intramolecular distances' for the oxygen atoms of the 
"fight-hand" part of the molecule 

0(3) 

2.17 
3.22 
3.29 
2.59 
2,35 
3,46 
2,86 
3.2(i 

0(4) I 0(5) 

2,17 
2,84 
2.9] 
2,7(i 
2,31 
3.0t 
2.92 
2.77 
3,57 

2,[7 
3,12 
3,11 
3A8 
2,77 
3 .;5 
2.33 
3.11 

0(~) 

2,17 
2,79 

2,55 
2,88 
3,B5 
2.33 
3.22 

0(7) 

2,16 
3.26 
3,2 [ 
2,55 
2.34 
3A5 
2,88 
3,12 

2,90 2,81 2,92 2,83 2,87 

Average for the "tight- 2.!)(I 
hand" part 

Intermoleenlar distances for the oxygen atoms of the 

O(~) 0(2) 

2.1(; I 2,f8 ~, lu 2,84 
3.55 2,22 
2.95 2,97 
2.72 I 2,fi2 
2.3[ 3,28 
~,~O 3,53 

l _ [ 3,57 

3.(~u [ 2,90 

Atom 

N(O) 
0 
0 
O 
O 

O(3) 

3,30 
2,95 
3,02 
3,25 
3,t8 

"right-hand" part of the molecule 
0(4) 

3.~3 
2.g~ 
3,23 
3,12 
3,52 

(](5) o(Iu 0(7) 

3, i(i 3,35 2,!]7 
3,01 3,25 3,23 
3, I 'i 3.32 2,95 
2.88 :L:U~ 3.26 
3,12 :t,1~5 '~ 15 

3. i:~ 

3317 
3.2~; 

0(2) 

3,05 
3,25 
3,t4 
3,29 
3,t4 

verage for the atoms 3,1/t 3.21 3,0(; 3,25 3,11 :L2/~ 3.17 

Average for the "right- :4.17 
hand" part 

Atom 

0 ~ 
0 
N 
N 
c(o)  
c 
c ( x ,  o) 
o 
o 

Intramoleeular distances for the 
"left-hand" part of the 

O(~) 

2,16 
2,81 
3,54 
3,70 
2.95 
2,30 
2,77 
2,75 

oxygen atoms of the 
molecule 

2,16 2,2'~ 2,14 
3,28 3,07 2.94 
2,55 3,07 3,06 
3,37 2,58 2,77 
3,36 3,59 2.93 
2,34 2,33 2,85 
2.94 2,83 2.3t 
3,07 3 ")'~ 3,53 
3,45 

2,95 2,86 2,8'2 

$ 
0(i3) I O(i~') 

2,16 2,t6 
3,76 2,75 
3,09 3,07 
3,52 2,34 
3,-.'~') 2,87 
2,65 2,59 
2,33 3,52 
3,8t 3,36 

3,07 2,83 

O([) 

2,f,3 
2,8l 
2,20 
2.82 
2,62 
3,t9 
3,5t 
3,28 

Average for the atoms 2,87 2.83 

Average for the "lef~- 2,89 
hand" part 

Atom 

N (0) 
O 
O 
0 
O 

Intermolecular distances for the oxygen atoms of  the 
"left-hand ~' part of  the moleeu le  

0(9) 

3,41 
3,04 
3,29 
3,15 
3 j l  

0(10) O(1t) O(12) O(13) 0(%) 

3,34 2,95 
3,22 3,10 
3,09 3,37 
3,30 3,05 
3,37 3,29 

3,26 3,t5 

3,25 
3,i8 
3,09 
3,30 
3,10 

3A8 
3,22 
3,18 
3,tl 
3,05 

3,05 
3,32 
3,t8 
3,t3 
3,04 

O(I) 

3,t2 
3,01 
3,22 
3,22 
3,18 

Average fo~ the atoms 3,20 3,t8 3,t5 3,14 3,15 

Average for the "left-hand" I 3, t 7 part 1 

* S e e  f o o t n o t e  to  T a b l e  5. 
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the atoms of the f ragments  of the molecules in the modifications A and B respect ively.  In the molecules of 
the two modifications, the two tr ini troethyl  groups are  oriented in different ways relat ive to the C ( 1 ) - C  (2) 
and C ( 3 ) - C  (4) bonds and have the fo rm of r ight-hand and left-hand propel lers .  

The marked s imi la r i ty  in the .structures of the molecules in the two modifications does not ref lect  the 
observed significant difference in their  densities.  In this connection, we examined the in t ramolecular  and in- 
t e rmolecu la r  contacts in the two modifications. Since the molecules are  unsymmetr ica l ,  the calculation was 
ca r r i ed  out separa te ly  for  each tr ini troethyl  group. For  the oxygen atoms,  responsible  for the in te rmolecular  
contacts  of each half of the molecule, the eight shor tes t  in t ramolecular  contacts were obtained. The averaging 
was ca r r i ed  out f i rs t  for each oxygen atom, and then with respec t  to the in t ramolecula r  contacts of all the oxy- 
gen atoms of each half of the molecule. An analogous calculation was ca r r i ed  out for the in te rmolecular  con- 
tacts of the same oxygen atoms:  Here, thef ive  shor tes t  in te rmolecular  contacts were taken for each oxygen 
atom. The resul ts  of the calculation for  the molecules  of the modifications A and B are  given in Tables 5 
and 6 respect ively.  It can be seen that in the molecules of both modifications, the r ight-hand and left-hand 
par ts  are  not equivalent as far  as the s ter ic  s t ra in  is concerned. The r ight-hand par t s  of the molecules in 
both modifications a re  less strained,  and their  in te rmolecu la r  contacts are  shor t e r  than those for  the left-  
hand par t s  of the molecules .  The numerica l  differences for  the in termoleeular  contacts in relation to the in- 
t r amolecu la r  contacts in the r ight-hand and left-hand par ts  of the molecules a re  not so grea t  as for  the two 
conformers  of compound II [2].  

If we consider  the in t ramolecula r  and in termolecular  contacts for  the entire molecule as a whole, then 
on going f rom modification A to modification B the molecules  become slightly looser  (2.889 and 2.896 .~ r e -  
spect ively) ,  leading to a slight dec rease  in the in te rmolecu la r  contacts averaged with respec t  to the two halves 
of the molecule (3.182 and 3.173 A for  A and B respect ive ly) .  Thus the molecules  of compound I in the modifi-  
cation B are less  s t ra ined and more  closely packed, leading to a slight increase  in the density of the crystal .  

Thus as in  the c rys ta l s  examined ear l ier ,  the distribution of the in t ramolecula r  contacts in general  is 
determined by the total energy of the molecule. 

1. 

2. 

3. 
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