
15.68 BIS (2-FLUORO-2,2-DINITROETHYL)NITRAMINE 

Table 3. Average intra- and intermolecular non-bonded 
distances (A) 

The quantity following each slash is the number of distances 
averaged for the contact. 

C s C2 
Intramolecular 
F 2.780/20 2.846/20 
O(C--NO2) 2.909/64 2.890/60 
O(N-NO2) 2.834/16 2.845/16 

Intermolecular 
F 3.493/10 3.364/13 
O(C-NO2) 3.391/65 3.338/71 
O(N--NO2) 3-433/20 3.402/20 

On the basis of previous work, AGGE had proposed 
that the more 'a molecule is stressed, the more loosely it 
is packed in the crystal'.* In support of this hypothesis 
(see Introduction), they tabulated the average intra- and 
intermolecular contacts for the F and O atoms in the 
two conformers, which showed that the conformer (C s) 
with the longer intramolecular contacts is the same one 
that is associated with t h e  shorter intermolecular 
contacts. Unfortunately, the precise boundary con- 
ditions used in these tabulations were not reported and 
we have been unable to repeat their calculations exactly 
with our atomic-coordinate data. Our calculations were 
carried out in the following manner: the intra- and 
intermolecular contacts were limited to those less than 
3.8 A, and no more than 10 of the shortest contacts to 
a particular atom were used to construct the appropri- 
ate non-bonded contact averages. These data, which are 
summarized in Table 3, show no significant trends that 
could be interpreted as support for the AGGE 
hypothesis. We find, in fact, that it is the C s conformer, 
not the C2 conformer, which is involved !n the shorter 
intramolecular/longer intermolecular contacts. The 

* This quotation is from a translation of the original Russian 
paper. We believe that the word 'strain' would be more in line with 
common chemical usage than 'stress'. The inference here is to 
intramolecular, non-bonded contacts. 

tabulated data further show that it is primarily the 
F . . -F  contacts that provide a basis for concluding that 
the C s conformer is associated with the shorter 
intramolecular contacts. 

These data, in conjunction with our calculated 
molecular volumes, indicate that there are no significant 
differences between the intra- and intermolecular 
environments of the two molecules. While the 
hypothesis of AGGE in the matter of the saturability of 
van der Waals contacts may be valid, it is our 
conclusion that the crystal structure in question cannot 
be used to support this idea. 

This work was supported by the Naval Sea System 
Command under task 61153N SR024-03 and, in part, 
through the facilities of the Computer Science Center, 
University of Maryland. 
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Abstract. M r = 216.2, monoclinic, P2i/c, a = 3.92 (1), 
b = 8 . 0 4 ( 1 ) ,  c = 3 2 . 5 0 ( 2 ) A ,  f l = 1 0 1 . 6 ( 1 )  °, V =  
1003.4 A 3, Z = 4, D m = 1.42, D x = 1.43 Mg m -a, 
Cu Ka, ~, = 1.5418 A, g = 0.927 mm -I, F(000) = 448, 
T = 293 K, R = 0.087 for 899 observed reflexions. The 

0108-2701/83/111568-03501.50 

structure was solved by Patterson synthesis from 
densitometer and visually measured equi-inclination 
Weissenberg data. The average C--C bond in the 
phenyl ring is 1.389 A. The molecule is non-planar; the 
angle between the phenyl rings is 36.3 (0.6) ° and the 

© 1983 International Union of Crystallography 



H. H. SUTHERLAND A N D  A. RAWAS 1569 

acid is rotated about its C - C  bond by 3.7 (0.5) °. 
There is also distortion in the bond angles at the C atom 
bonded to F, with the internal angle 124.3 (1.2)°; the 
C--F bond is 1.363 (13)A and makes an angle of 
1.4 (0.4) ° with the phenyl plane. Dimers formed from 
the molecules by an O - H . . . O  hydrogen bond of 
2.623 (13)A pack in a herring-bone arrangement with 
the F atoms lying in sheets parallel to (001). 

Introduction. The structure determination of 3'- 
fluorobiphenyl-4-carboxylic acid forms part of an 
investigation into liquid-crystal compounds and their 
chemical precursors. 

E x p e r i m e n t a l .  Drn measured by flotation using aqueous 
cadmium n-dodecatungstaborate. Colourless transpa- 
rent crystals used in data collection about a had 
dimensions 0.45 × 0-03 × 0.15 mm and about b 0.2 × 
0.2 × 0.4 mm. Data for 1102 reflexions measured on a 
Joyce-Loebl flying-spot densitometer from multiple-film 
Weissenberg photographs using Cu Ktx radiation; range 
of hkh 0 < h < 3 ;  0 < k < 9 ;  - 3 7 < l < 3 5 .  Data 
merged to give 904 unique observed reflexions; Rin t = 
0.07. Structure solved by Patterson synthesis and 
refined by block diagonal least squares with anisotropic 
temperature factors for the non-hydrogen atoms. 
H-atom positions, initially obtained from a difference 
synthesis and placed at geometrically reasonable 
positions, were refined with isotropic thermal 
parameters. Five reflexions (102, 104, 113, 11]- and 
212) appeared to suffer from extinction and were 
removed from the refinement. Final R = 0.087 and 
wR = 0 . 1  for 899 reflexions, w =  1/[21Fm~,,f + IFol + 
21FolZ/lFmax I + 5 l F o l 3 / l F m a x l 2 ] ,  (A/O')max in final 
refinement cycle 0.1 for positional and 0.3 for thermal 
parameters, max. and min. height in final Ap map 
+0.32  and - 0 . 4 8 e A  -3. Scattering factors from 
International Tables for X-ray Crystallography (1974). 

Discussion. Table 1" gives atomic parameters and 
Table 2 bond lengths and angles. The atomic number- 
ing is shown in Fig. 1. 

The phenyl rings are planar to within + 0.019 A, 
with an average C - C  bond of 1.389 A. In several of 
the 2' and 3' halogen-substituted biphenyls the halogen 
atom has been found to be displaced out of the ring 
plane; the F atom in the present structure is displaced 
by 0.041 (9)A,  the C ( 3 ) - F  bond being inclined at 
1.4 (0.4) ° to the phenyl ring; C(7) is displaced from the 
ring C(1) -C(6)  by 0.043 (12) A. The C(3)--F bond, 

* Lists of structure factors, anisotropic thermal parameters, 
H-atom coordinates, intermolecular contact distances and details of 
mean-plane calculations have been deposited with the British 
Library Lending Division as Supplementary Publication No. SUP 
38681 (11 pp.). Copies may be obtained through The Executive 
Secretary, International Union of Crystallography, 5 Abbey 
Square, Chester C H  1 2HU,  England. 

Table 1. Fractional coordinates (× 104) and equivalent 
isotropie thermal parameters (A 1 × 103) with e.s.d.'s in 

parentheses 

Ueq = (UIIUnU33) I/3. 

x y z Ueq 

C(1) 1170 (30) -1687 (14) 1528 (3) 41 (6) 
C(2) 2642 (31) -1440 (15) 1952 (3) 43 (6) 
C(3) 2287 (32) -2695 (16) 2228 (4) 47 (7) 
C(4) 525 (33) -4149 (16) 2115 (4) 51 (7) 
C(5) -972  (34) -4380 (15) 1693 (4) 51 (7) 
C(6) -594  (31) -3148 (16) 1405 (4) 48 (7) 
C(7) 1646 (29) -373 (14) 1219 (3) 41 (6) 
C(8) 2107 (30) -837  (14) 820 (3) 39 (6) 
C(9) 2743 (32) 357 (15) 541 (3) 44 (6) 
C(10) 2814 (30) 2051 (14) 648 (3) 40 (6) 
C(11) 2297 (32) 2521 (15) 1042 (3) 45 (6) 
C(12) 1632 (31) 1312 (15) 1323 (3) 43 (6) 
C(13) 3650 (31) 3327 (15) 364 (4) 44 (6) 
O(1) 4287 (24) 2865 (1 I) 10 (3) 60 (5) 
0(2) 3829 (26) 4829 (1 I) 470 (3) 60 (5) 
F 3825 (22) -2466 (I0) 2639 (2) 63 (5) 

Table 2. Bond lengths (A) and bond angles (o) with 
e.s.d. 's in parentheses 

C(1)-C(2) 
C(I)-C(6)  
C(I)-C(7)  
C(2)-C(3) 
C(3)-F 
C(3)-C(4) 
C(4)-C(5) 
C(5)-C(6) 
C(7)-C(12) 

• 397 (15) C(7)-C(8) 1.396 (16) 
• 381 (17) C(8)-C(9) 1.377 (16) 
• 495 (16) C(9)-C(10) 1.405 (16) 
• 376 (17) C(10)-C(I  1) 1.389 (16) 
• 363 (13) C(10)-C(13) 1.461 (17) 
• 370 (18) C(I 1)-C(12) 1.394 (17) 
• 392 (17) C(13)-O(1) 1.281 (15) 
• 391 (18) C(13)-O(2) 1.254 (15) 
• 397 (17) 

C(1)-C(2)-  C(3) 117.6 (1.1) C(8)-C(7)-C(12) 119.5 (I .0) 
C(2)-C(3)-C(4)  124-3 (1-2) C(7)-C(8)-C(9)  120.0 (I .0) 
C(2) -C(3) -F  117.2 (1.1) C(8)-C(9)-C(10) 120.7(1.1) 
C(4) -C(3) -F  118.5 (1.1) C(9)-C(10)-C(I  1) 119.5 (1.1) 
C(3)-C(4)-C(5)  117.9(1.2) C(10)-C(I  1)-C(12) 119.7(1.1) 
C(4)-C(5)-C(6)  119.2 (1.2) C(I 1)-C(12)-C(7) 120.5 (1.1) 
C(5) -C(6) -C(I )  121.7 (1.1) C(9)-C(10)-C(13) 121.4 (1.0) 
C(6)-C(1)-C(2)  119.3 (1.1) C(I 1)-C(10)-C(13) 119.0 (1.0) 
C(6)-C(1)-C(7)  122.0(1.0) C(10)-C(13)-O(I)  118.2(1.0) 
C(2)-C(1)--C(7) 118.7 (1.0) C(10)-C(13)-O(2) 120.7 (1.1) 
C(1)-C(7)-C(8)  119.5 (1.0) O(1)-C(13)-O(2) 121.1 (1.1) 
C(1)-C(7)-C(12) 121.1 (1.0) 

. . . .  

Fig. 1. The arrangement of the molecules in the unit cell viewed 
along a. 
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1.363 (13)A, is in good agreement with the value of 
1.369 (8)A determined in 4-acetyl-2'-fluorobiphenyl 
(Young, Tollin & Sutherland, 1968). The distribution of 
bond angles around the C atom bonded to F is also 
similar in the two compounds. In the present structure 
C(2)-C(3)-C(4)  is 124.3(1.2), C (2 ) -C(3 ) -F  is 
117-2 (1.1) and C ( 4 ) - C ( 3 ) - F  is 118.5 (1.1) ° and 
these compare with 124.3 (0.6), 117.7 (0-7) and 
118-0 (0.5) ° for the comparable angles in 4-acetyl- 
2'-fluorobiphenyl. 

The angle between the phenyl rings is 36.3 (0.6) ° 
and in common with other halogen-substituted bi- 
phenyls the axis of the molecule defined by C(1), C(4), 
C(7), C(10) deviates significantly from collinearity. Not 
only is there a rotation by an angle (01 about the central 
C(1)-C(7) bond but also two Other rotations: ~02= 
1.6 (0.5) ° of the ring C(1)-C(6) about an axis in its 
plane, passing through C(1) perpendicular to 
C(1)-C(7); and ~03 = 2.6 (0.5) °, the corresponding 
angle of rotation for ring C(7)-C(12). Similar rotations 
have been found in a number of substituted biphenyls 
including 1.2 and 4.1 ° in 4-acetyl-3'-bromobiphenyl 
(Sutherland & Hoy, 1969), and 2.5 and 1.4 ° in 
2,2'-dibromooctafluorobiphenyl (Hamor & Hamor, 
1980). 

The carboxyl group is rotated about the 
C(10)-C(13) bond through an angle (P4 of 3.7 (0.5) °. 
Associated with this is a second rotation tps= 
3.1 (0.5) ° of the group C(10), C(13), O(1) and 0(2) 

about an axis in its plane passing through C(10) 
perpendicular to C (7)--C (10). 

The various values of ~0 are larger than the 
corresponding values in 3'-iodobiphenyl-4-carboxylic 
acid (Sutherland & Mottram, 1972). These reductions 
are probably due to intermolecular forces since the 
molecules in that compound lie in a series of chains 
whereas they adopt a herring-bone configuration in the 
present structure (Fig. 1). 

The O--H. . .O hydrogen bond of 2.623 (13)A, the 
shortest intermolecular distance, is similar to the value 
of 2.61/k quoted for 3'-iodobiphenyl-4-carboxylic acid. 

The authors thank Professor G. W. Gray for 
providing the crystals. HHS and Drs C. Morgan and 
M. J. Mottram supplied the computer programs. One of 
us (AR) is indebted to the University of Aleppo, Syria, 
for the award of a Research Studentship. 

References 

HAMOR, M. J. & HAMOR, T. A. (1980). Acta Cryst. B36, 
1402-1406. 

International Tables for X-ray Crystallography (1974). Vol IV. 
Birmingham: Kynoch Press. 

SUTHERLAND, H. H. & HOY, T. G. (1969). Acta Cryst. B25, 
2385-2391. 

SUTHERLAND, H. H. & MOTTRAM, M. J. (1972). Acta Cryst. B28, 
2212-2217. 

YOUNG, D. W., TOLLIN, P. • SUTHERLAND, H. H. (1968). Acta 
Cryst. B24, 161-167. 

Acta Cryst. (1983). C39, 1570-1572 

Iopamidol, C17H2213N30 8 

BY FABIO GANAZZOLI 

Dipartimento di Chimica, Politecnico di Milano, Piazza L. da Vinci 32, 20133 Milano, ltaly 

ALBERTO ALBINATI* 

lstituto di Chimica Farmaceutica dell'Universit~, V. le Abruzzi 42, 20131 Milano, Italy 

AND DAVIDE PITRI~ 

Bracco Industria Chimica SpA, Laboratori di Ricerca, Via E. Folli 50, 20134 Milano, Italy 

(Received 15 April 1983; accepted 28 June 1983) 

Abstract. M r = 777.088, triclinic, P1, a = 12.478 (4), 
b =  11.233 (3), c =  9.241 (3) A, ct= 104.49 (8), f l=  
92.63(7), 7=108 .63 (8 )  °, V = 1 1 7 7 ( 1 ) A  3, Z = 2 ,  
D x = 2 . 1 9 M g m  -3, 2 (MoK~)=0 .71069A,  / l=  
3-986 mm -1, F(000)= 736, T =  295 K. Final R = 

* To whom correspondence should be addressed. 
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0.0544 for 2381 observed reflections. The title com- 
pound, a new, non-ionic, hydrosoluble contrast 
medium, shows rotational disorder at the asymmetric 
C atom C(8). Two I atoms deviate slightly from the 
benzene ring plane due to steric hindrance. The 
molecules are packed together by hydrogen-bond 
interactions between amide O atoms of symmetry- 
related molecules and by van der Waals forces. 
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