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The Crystal Stl~etm'e of the Monohydrated Potassium Salt of 
4-Hydroxy-5,7-Dinitrobenzfurazan 
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(Received 11 August 1970) 

The crystal and molecular structure of the hydrated potassium salt of 4-hydroxy-5,7-dinitrobenzfurazan, 
K+[OC6H(NO2)2N20] -. H20, has been determined by X-ray diffraction techniques. The complex crys- 
tallizes as bright yellow, monoclinic needles with a = 10.944 + 0-010, b = 4.694 + 0.004, c = 21.310 + 0.010 
A and t =  117.42 + 0.08 °, measured at room temperature. The space group is P21/c and with four molec- 
ules of the monohydrate (M.W. 282.2) per unit cell, D = 1.921 g.cm -3 compared with D,, = 1-91 g.cm-3 
The structure was solved by the heavy-atom method and refined by full-matrix least-squares methods to a 
final R of 0.081 for the 1321 observed reflections, measured by the stationary-crystal stationary-counter 
technique with molybdenum radiation. The C-O bond length of 1.234 + 0.008 A is close to the C-O 
double-bond distance. The resulting distortions in the ring are similar to those found in potassium 
picrate, modified by the furazan system. A C-H (ring)... O (nitro) hydrogen bond appears to exist in 
the crystal. 

Introduction 

The crystal structure of potassium and ammonium 
picrate (Maartmann-Moe, 1969) revealed a very strong 
interaction of the deprotonated phenol oxygen with the 
aromatic ring. In fact, the term 'benzene ring' may not 
be appropriate since the distortions in the ring are so 
extreme. Subsequently, a comparison of the Meisen- 
heimer complex of trinitrophenetole (Destro, Gramac- 
cioli & Simonetta, 1968) with a similar dinitrobenz- 
furazan complex led Messmer & Palenik (1971) to con- 
clude that the furazan ring had a greater electron with- 
drawing power than a nitro group. Therefore, the 
potassium salt of 4-hydroxy-5,7-dinitrobenzfurazan 
should exhibit distortions similar to potassium picrate 
but perturbed by the furazan system. We undertook 
an investigation of the structure of the potassium salt 
of 4-hydroxy-5,7-dinitrobenzfurazan, henceforth K + 
HDNBF, to examine the interaction in salts of nitro- 
phenols and also the electron withdrawing power of 
the furazan ring. 

Experimental 

Bright yellow needles of K+[C6HN406]-.H20 were 
obtained by recrystallization from water. Preliminary 
Weissenberg photographs indicated that the crystals 
are monoclinic with the systematic absences of hOl for 
1= 2n + 1 and 0k0 for k = 2n + 1, suggesting that the 
space group is P21/c (CSzh). 

A crystal of dimensions 0-10 x 0.18 × 0.08 mm (paral- 
lel to a, b and e respectively) which was dipped in 
liquid nitrogen to minimize extinction effects was used 
for the intensity measurements. The resulting mosaic 
spread of the crystal was sufficiently smaller (peak width 
at half-height was less than 0-1 ° at a 1 ° take-off angle) 
than the effective source width at the 4 ° take-off angle 
used for the intensity measurements. The unit-cell di- 

mensions determined from diffractometer measurements 
are given in Table 1. Diffraction data for reflections 
in a hemisphere with 20 < 60 ° (Mo Ke, 2(cq)=0-70926 
A) were measured using the stationary crystal-statio- 
nary counter method. A 20 sec count was taken for each 
reflection with a zirconium filter in front of the counter 
window. A General Electric XRD-5 diffractometer con- 
trolled by a prepunched paper tape was used for meas- 
uring the intensity data. Four standard reflections 
which were measured after every 100 reflections were 
used to correct the data for, a slight decrease (maximum 
9 %) in the intensity with time. A background curve as 
a function of 20 was derived from the systematically 
absent reflections which were not affected by a radia- 
tion streak. A total of 2862 unique reflections was ob- 
tained after averaging symmetry equivalent reflections, 
and the 1321 reflections which were greater than or 
equal to 1.2 times the appropriate background count 
were considered to be observed; the remaining re- 
flections were considered to be unobserved and entered 
as 0-1 times the local background count and flagged 
with a minus sign. Since the linear absorption coeffi- 
cient for Mo Ke is only 5.7 cm -1, no absorption cor- 
rections were applied (the maximum error in an inten- 
sity is 9 %). The t~l--a 2 doublet could be contained with- 
in the counter window under the experimental con- 
ditions employed (take-off angle was 3.7 ° ) and no cor- 
rection for the splitting was applied. The intensity data 
were reduced to a set of observed amplitudes on an 
arbitrary scale in the usual manner. 

Table 1. Crystal data 

a = 10.944 __ 0.010 A K[CrHN406]. H20 
b-- 4"694_+ 0"004 M.W. 282"2 
c=21-310_+0"010 Z=4 
,8= 117"42+0"08 ° Dm= 1"91 g.cm -3 
Space group P21/c (C~h) Dz = 1.921 g.cm-3 
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Determination and refinement of the structure 

The posi t ion o f  the potass ium ion was  de te rmined  f rom 
a sharpened  three-dimensional  Pa t te r son  function.  A 
Four ie r  synthesis based on phases  de te rmined  by the 
po tass ium ion a lone yielded the posit ions of  the a toms  
in the anion.  A c o m p u t e d  difference Four ie r  synthesis,  
using the anion and  cat ion for phasing,  was utilized to 
locate the wate r  molecule.  At  this point  the convent io-  
nal R value (R=XIAF[/XFo) was 0-18. 

F o u r  ful l -matr ix  least -squares  cycles using individual  
isotropic  the rmal  pa ramete r s  reduced R to 0.12. The 
thermal  pa rame te r s  were conver ted  to their anisot ropic  

'% ",3o o % 

o%- 

Fig. 1. A projection of the structure on the (010) plane illustrat- 
ing the molecular packing. The hydrogen bonds are shown 
as dotted lines. 

equivalent  f o r m  and  four  ful l -matr ix  leas t -squares  cyc- 
les reduced  R to 0.081. The shifts in the pa rame te r s  
in the last cycles were all less than  0"Icr and  thus the 
ref inement  was considered completed.  The final par-  
ameters  are given in Table  2. The s t ruc ture  fac tors  
calculated with these pa ramete r s  are presented in Table  
3 together  with the co r respond ing  observed values. A 
final difference Four ie r  synthesis was compu ted  using 
the heavier  a t o m  pa rame te r s  given in Table  2. The three 
hydrogen  a toms  were easily located and  their coordi-  
nates  are given in Table  2. The cont r ibu t ion  of  the 
hydrogen  a toms  were not  included in any  of  the cal- 
culat ions.  

The quan t i ty  minimized by the leas t -squares  calcu- 
lat ions was Sw(IFol-IFcl) 2 where the weights  were as 
fol lows:  

l/w = IFol/2 Fmin if Fo < 2 Fmi. 

l/w = 1 if 2 Fmin --< Fo --- 6 Fmin 

l/w = 6 Fmin/IFol if Fo > 6 Fmin 

and  where  Fmin is the nomina l  m i n i m u m  observable  
F, in this case 4.2 (or 42 on the scale of  Table  3). 
A tomic  scat ter ing factors  for  all a toms  were taken  f rom 
the International Tables for X-ray crystallography (1962) 

Discussion 

The crystal  consists o f  K +, [ O C 6 H ( N O 2 ) 2 N 2 0 ]  - ions 
and  a water  molecule  packed  together  (as i l lustrated 
in Fig. 1) with no unusua l ly  shor t  in te rmolecular  con- 
tacts. The K + ion is su r rounded  by 8 oxygen a toms  and  
a ni t rogen a t o m  at dis tances f r o m  2.858 to 3.112 A_. 
The a toms  of  the coord ina t ion  po lyhedra  abou t  the K + 
ion and  their  dis tances are t abu la ted  in Table  4. The 

Table  2. Final parameters with estimated standard deviations in parentheses 

All values are multiplied by 104. The temperature factor is of the form: exp [-(fllxhZ+f122kZ+f1331z+fl12hk+flx3hl+fle3kl)l. 

x y z f i l l  fl22 ]]33 i l l2  fll  3 fl23 

K 6849 (2) 6662 (5) 3249 (1) 121 (2) 607 (1 l) 26 (1) 28 (9) 58 (2) 31 (4) 
O(1) 8606 (6) 1715 (16) 3831 (3) 129 (7) 939 (48) 25 (1) 177 (33) 51 (5) 19 (15) 
C(1) 6525 (6) 1195 (16) 1804 (3) 81 (6) 419 (39) 14 (l) 40 (26) 17 (5) 25 (12) 
C(2) 6080 (6) -705  (16) 1216 (3) 82 (6) 401 (36) 16 (l) - 2 2  (26) 28 (5) 6 (12) 
C(3) 6586 (6) -689  (16) 718 (3) 82 (6) 401 (37) 14 (1) 20 (27) 19 (5) 12 (1 l) 
C(4) 7610 (7) 1145 (16) 768 (3) 94 (7) 433 (38) 13 (1) 1 (28) 27 (5) I I (11) 
C(5) 8173 (6) 3076 (17) 1348 (3) 70 (6) 434 (39) 16 (l) 22 (27) 20 (5) 7 (13) 
C(6) 7641 (6) 3080 (16) 1837 (3) 85 (6) 333 (34) 15 (1) 35 (27) 18 (5) 14 (12) 
N(1) 5060 (6) -2832 (14) 1110 (3) 87 (6) 442 (35) 21 (l) 45 (24) 28 (5) 4 (11) 
N(2) 8070 (6) 1049 (15) 243 (3) 104 (6) 586 (40) 17 (1) - 2 7  (28) 40 (5) - 1 8  (12) 
N(3) 9123 (6) 5046 (14) 1532 (3) 88 (6) 464 (35) 19 (1) - 2 0  (25) 28 (5) - 1  (12) 
N(4) 8241 (6) 5029 (14) 2315 (3) 85 (5) 439 (32) 17 (1) 26 (24) 23 (4) - 9  (12) 
0(2) 6113 (5) 1445 (13) 2252 (2) 109 (5) 641 (35) 18 (1) - 8 6  (25) 46 (4) - 3 7  ( l l )  
0(3) 4603 (6) -2993 (14) 1539 (3) 152 (7) 572 (35) 32 (2) -122  (28) 85 (6) - 5 5  (13) 
0(4) 4722 (6) -4484 (13) 616 (3) 127 (7) 549 (34) 28 (2) - 151 (25) 54 (5) - 6 9  (12) 
0(5) 7551 (6) -646  (15) -244  (3) 178 (8) 725 (41) 25 (1) -104  (31) 81 (6) - 6 9  (13) 
0(6) 8976 (6) 2722 (16) 304 (3) 146 (7) 959 (50) 30 (2) -270  (33) 83 (6) - 8 4  (15) 
0(7) 9168 (5) 6288 (12) 2136 (2) 83 (5) 504 (31) 22 (l) - 4 0  (21) 25 (4) - 2 6  (10) 

H(1) 8860 1670 4310 
H(2) 9430 1560 3900 
H(3) 6250 - 1940 300 

A C 27B - ] 
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K + ion is approximately in the center o f  a distorted 
trigonal prism, with the three remaining atoms roughly 
in the center o f  each rectangular face. The result is 
approximately a 3 -3-3  type of  nine coordination. The 

O . . . O  distances in the triangular faces [3.214/k for 
O(1) to 0(2), 3.032 ~ for 0(2) to 0(3') and 2.904 It for 
0(3') to O(1)] are close to the value for van der Waals 
contacts. 

Table 3. Observed and calculated structure amplitudes 
The three columns in each group contain the values, reading from left to right, of l, 10Fo and 10Ft. A negative Fo indicates an 

unobserved reflection which was not included in the least-squares refinement. 
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Table 3 (cont.) 
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Table 4. Coordination about the K + ion 

P o s i t i o n  D i s t a n c e  

O ( 1 )  A ( 0 0 0 )  2 . 9 0 4  (8 )  .t .  
O ( 1 )  A ( 0 1 0 )  2 . 9 4 3  (8 )  
0(2) A(000) 3.097 (6) 
0(2) A(010) 2.938 (6) 
0(3) B(100) 2.858 (7) 
0(3) B(010) 3.112 (7) 
0(2) B(100) 2"910 (6) 
0(5) C(000) 2.976 (6) 
N(4) A(000) 3.108 (6) 

* T h e  p o s i t i o n s  a r e  g i v e n  f o l l o w e d  b y  t h e  t r a n s l a t i o n s  in  
x ,  y ,  z r e s p e c t i v e l y .  A is x ,  y ,  z ;  B is - x ,  ½ + y ,  ½ - z ;  C is x ,  
½ - y ,  -~- + z w h e r e  x ,  y ,  z r e f e r  t o  t h e  c o o r d i n a t e s  g i v e n  i n  T a b l e  2. 

The bond distances and angles in the anion are 
shown in Figs. 2 and 3. The C(1)-O(2) bond distance 
of 1.234(8) A is close to the value for C=O found in 
ketones, aldehydes and carboxylic acids tabulated by 
Sutton (1965) which indicates that a strong interaction 
with the ring occurs on removal of the proton from 
0(2). A similar effect was found in potassium picrate 
by Maartmann-Moe (1969) where the corresponding 
C-O distance of 1.243 (7) A is not significantly different 
from that observed in the present study. The question 
of whether a similar interaction is present in all phenol 
salts or only in polynitrophenol salts is unanswerable 
at present but further studies in this area are in pro- 
gress. 

The presence of C=O on the ring greatly perturbs the 
C-C bonds in the ring. The distortions are sufficiently 
large that the term 'benzene ring' seems inappropriate. 
As expected, the furazan ring introduces an asymmetry 
in the ring in comparison with the dimensions found in 
potassium picrate. The C-C bonds in the ring in K + 
HDNBF are longer on the average than those observed 
in potassium picrate. This observations must reflect the 

greater electron withdrawing power of the furazan ring 
relative to a nitro group. A similar observation was 
made by Messmer & Palenik (1971). In fact, the dimen- 
sions of the furazan ring in the two studies are almost 
identical; the largest difference is 0.010 A, suggesting 
that the electronic requirements of the furazan ring are 
satisfied at the expense of the rest of the molecule. 

The two C-N (nitro) distances of 1.422 (9)and 1-436 
(10)/~ are intermediate compared to the C-N (nitro) 
distances (1.389 to 1.497/~) found in other aromatic 
nitro compounds. A comparison of the values in other 
aromatic compounds suggests that the C-N bond de- 
pends on the strength of the interaction of the NO2 
group and the ring. The longer C-N bonds were found 
in m-dinitrobenzene (1.493/~) by Trotter & Williston 
(1966) and in m-nitroperchlorylbenzene (1.497 .A) by 
Palenik, Donohue & Trueblood (1969), where the 
interaction is expected to be weak. Conversely, the 
shorter C-N distances of 1.389 and 1.436 .~ in a Meis- 
enheimer complex (Messmer & Palenik, 1971), 1.436 
and 1.457 • in potassium picrate (Maartmann-Moe, 
1969), 1.42 and 1.43 A in 1,3-diamino-2,4,6-trinitro- 
benzene (form I) (Holden, 1967), and 1.460 A in p- 
nitroaniline (Trueblood, Goldish & Donohue, 1961), 
were all found in compounds where a strong interaction 
with the ring was anticipated. The two nitro groups are 
very close to being coplanar with the ring [3 ° 48' for 
N(1)-O(3)-O(4) and 0 ° for N(2)-O(5)-(6)] in spite of 
the presence of ortho substituent in both cases. The 
0 ( 2 ) . . .  0(3) distance of 2.658(8) A is shorter than the 
van der Waals contact, nevertheless the NO2 group lies 
essentially in the plane of the ring. 

The C - C - C  angles in the ring also illustrate an inter- 
esting feature of the molecule. In all the other aroma- 
tic nitro compounds reported to date, the C-C(nitro)-C 
angle is always greater than 120 °. Bailey & Prout (1965) 

A C 27B - 8* 
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and Carter, McPhail  & Sim (1966) have suggested that  
an increased s-character in the C - C  bonds causes the 
angle to open. The C(1)-C(2)-C(3) angle of  124.5(6) ° 
found in K + H D N B F  is consistent with these previous 
observations. However, the C(3)-C(4)-C(5) angle of  
118.4(6) ° is smaller, a l though perhaps not  significantly 
so, than 120.0 ° . This angle is also very close to the value 
of  118.5 (4) ° observed for the corresponding angle in 
the other benzfurazan structure by Messmer & Palenik 
(1971). Apparent ly,  the five-membered furazan ring 
fused to the six-membered ring may constrain the angle 
so that  the generalizations regarding the value of  the 
C-C(n i t ro ) -C  angles may not  be valid. 

The 'benzene ring' and furazan ring are both  planar  
(Table 5) within the accuracy of  the present analysis. 
The two rings are folded slightly so that  the angle be- 
tween the normals  is 1 °, similar to the value of  1.2 ° re- 
por ted by Messmer & Palenik (1971) for a benzfurazan 
system. The two nitrogens of  the nitro groups and the 
phenol  oxygen are bent slightly out of  plane of  the 
'benzene ring', presumably to minimize steric inter- 
actions with the corresponding ortho groups. 

Table 5. Least-squares planes 

Deviations (Ax 103) in boldface type indicate atoms which 
were used to define the plane. 

(I) 
C(1) - 0 1 5  
C(2) 016 
C(3) -003 
C(4) -- 010 
c ( 5 )  009 
C(6) 003 
N(1) 085 
N(2) --032 
N(3) • -003 
Y(4) -022 
0(2) 
0(3) 
0(4) 
0(5) 
o(6) 
o(7) 

(II) (III) (IV) 

069 

- 003 
002 

000 
000 
002 

000 
000 

-012 

000 

000 
000 

- 059 - 002 

Parameters of the plane.* 

A × 104 4876 4890 5528 5039 
B x 104 - -  6749 -- 6626 -- 6068 -- 6773 
Cx 104 5539 5673 5711 5361 
D(A) 4"144 4"219 4"465 4"242 

* Equation of the plane in the form deviation (A)= AX+ 
BY+ CZ+D with X, Y, Z the coordinates of the atom in A 
relative to a, b, c sin ft. 

There are three hydrogen atoms in the asymmetric 
unit (two f rom the water molecule and one on C(3) of  
the ring) and all apparently have contacts which suggest 
hydrogen bonding. The dimensions for the possible 
hydrogen bonds are tabulated in Table 6 and are shown 
as dotted lines in Fig. 1. The water molecule forms two 
hydrogen bonds to two different molecules. The hy- 
drogen bond involving H(1) appears to be a weak but 
normal  O - H .  • • O hydrogen bond. The bond  involving 

V =0o, 

~ (91 

230(91 (~234(91 

Fig. 2. The atomic numbering and bond distances in the 
OC6H(NO2)2N20 anion. The estimated standard deviations 
are given in parentheses. 

9°,f3 

1225 ~118.6 129.7 ~1[9.5 ~-J 

Fig. 3. The bond angles in the OC6H(NO2)zN20 anion. The 
estimated standard deviations are 0.6 ° except for N(3)-O(7)- 
N(4) which is 0.5 ° and C(2)-C(1)-O(2) and C(4)-C(5)-N(3) 
which are 0.7 ° . 

Table 6. Intermolecular contacts involving the hydrogen atoms 

Position of A D-H H- • • A D. • • A 
D-H. . .  A (h) (A) (h) 

O(1)-H(1)-- .O(6) x, ½-y, ½+z 0.93 2.08 2.986 
O(1)-H(2)...N(3) 2-x ,y -½,  ½-z  0.85 2.28 3.026 
O(1)-H(2)...0(6) 2 - x ,  y-½, ½-z 0.85 2-54 3.069 
C(3)-H(3). • • 0(4) 1 - x,-1 - y ,  - z 0.99 2.42 3.393 

D-H" • "A 
(°) 

165 
146 
122 
170 
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H(2), O(1 ) -H(2) . . .  N(3) has a relatively small O - H .  • • 
N angle but otherwise appears normal.  The alternative 
for H(2), O ( I ) - H ( 2 ) . . . 0 ( 6 )  has a poor O - H . . . O  
angle and also the H . . .  O distance is very close to the 
value for a van der Waals  contact. The third hydrogen 
H(3) bonded to C(3) of  the ring has a relatively short 
C - H .  • • O contact, very suggestive of a hydrogen bond. 
The angles involving H(3) are all very reasonable for a 
hydrogen bond and the H ( 3 ) . . .  0(4)  distance of 2.42 

is less than that expected for a van der Waals  con- 
tact. A similar C - H . . .  O hydrogen contact was found 
in potassium picrate.* Al though the existence of 
C - H . . . O  hydrogen bonds has been questioned by 
Donohue  (1968), the present study (together with the 
potassium picrate example) suggests that C - H . . . O  
hydrogen bonds may indeed exist in special cases. 

We wish to thank the Defence Research Board of 
Canada  and the Nat ional  Research Council  for finan- 
cial support  of  this research at the University of Wa- 
terloo, Waterloo, Ontario, Canada.  One of us (GJP) 
wishes to thank the U.S. Naval  Weapons Center, Chi- 
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na Lake, California for the use of the diffractometer 
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Die Struktur des Ammoniumparawofframates (NH4)lo[H2W~2042] • 10H20 

VON RUDOLF ALLMANN 

Mineralogisches Institut der Universitiit Marburg, 355 Marburg/Lahn, Deutschland 

(Eingegangen am 17. Juli 1970) 

Ammonium paratungstate, (NH4)10[H2W12042].10H20 crystallizes in space group Pbca: a=19.07, 
b=24.42, c= 10.915 .~, Z = 4 ,  D,,, =4-13, Dx=4.23 g.cm -3. The W atoms were located by a Patterson 
map, and the lighter atoms by a AF-map. Using 3002 visually estimated reflexions, including 609 un- 
observed ones, the structure was refined to R=8 .5% (8.1% for observed reflexions only; isotropic 
temperature factors). The positional uncertainties are" 0.(W)=0.002, 0-(0)=0.03, 0-(H20, NH4+) = 
0.05 ,~. The paratungstate ion [HEW12042] 1°- (not [H10W12046] 10- as earlier formulated) consists of 4 
corner-sharing groups, each containing 3 edge-sharing WO6 octahedra. The oxygen atoms of the anion 
are hexagonal close packed (average O-O 2.78 A, 2.49-2.97 A). Six octahedra have one unshared oxy- 
gen and the other six have two unshared oxygen atoms. The W atoms are shifted into the direction of 
these unshared oxygen atoms away from the centres of the octahedra by 0-33-0.37 A.W-W (edge- 
sharing) = 3-34, W-W (corner-sharing) = 3.755 A, W-O = 1-70-2-32 ~, average 1.96 ,&. By estimation of 
the W-O bond strengths, the non-acid protons were located in the inside of the isopolyanion in accor- 
dance with the results of some recent H nuclear magnetic resonance broad-line spectra. The anion has 
pseudo-symmetry 2/m, which is also obeyed in part by the NH2 environment. Via ammonium ions each 
complex [HEW12042] 10- is connected to 10 other complexes. All N-N distances are greater than 3.6/~. 
A probable network of hydrogen bonds is suggested. The shortest possible H-bonds are: OH . . .  O-- 
2-64 ~ and NH .-- O=2"69/~. 

Einleitung 

Die erste r6ntgenographische Strukturuntersuchung 
eines Parawolframates erfolgte 1952 (Lindqvist) am 

5Na20 .12WO3.28H20  mit  Hilfe einer Pattersonsyn- 
these. Aus dieser konnten die Lagen der Wolframa-  
tome des Isopolyanions eindeutig ermittelt werden. Die 
Lage der Sauerstoffatome wurde aber nur  aus der 


