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Abstract 
The structures of two energetic biguanidium salts 
have been determined from low-temperature X-ray 
diffraction data collected at 100K. Biguanidium per- 
chlorate, C2H8N~.C10£, and biguanidium diperchlo- 
rate, C2H9N~+.2C10£, have structures characterized by 
twisted cations and extensive hydrogen bonding. 

Comment 
There is a great deal of current interest in the produc- 
tion of energetic materials (Borman, 1994). A newly 
discovered class of energetic materials is based on the 
salts of biguanide (Bottaro, Gilardi, Martin & Pinker- 
ton, 1996). The present paper describes two other en- 
ergetic biguanidium salts, the mono- and diperchlorate. 
Perchlorates have a long and sometimes checkered his- 
tory in the field of energetic materials due to their 
unpredictable nature; nevertheless, they have an im- 
portant role. Ammonium perchlorate, for example, is 
used in the solid-fuel booster rockets of the space shut- 
tle and an unspecified biguanidium perchlorate was in- 
cluded in an explosive formulation in 1917 (Manuelli 
& Bernardini, 1917). The two nitrate salts of biguanide 
(Martin, Pinkerton & Schiemann, 1996) have densities 
that are higher than many other organic materials, al- 
though not much higher than predicted by empirical cal- 
culations (Chichra, Holden & Dickinson, 1980; Stine, 
1981). These factors encouraged us to synthesize and 
structurally characterize the diprotonated biguanidium 
diperchlorate, (BIGH2)(C104)2, and the monoprotonated 
biguanidium perchlorate, (BIGH)(C104). 
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(BIGfl2)(CIO4) 2 (BIGH)(CIO 4) 

(BIGH2)(CI04)2. The structure of the diperchlorate 
consists of a biguanidium unit and two perchlorate 
anions linked by an extensive hydrogen-bond network 
(Fig. 1). The diprotonated biguanidium cation is fairly 
symmetric about the central N atom, as observed for 
the carbonate, sulfate and nitrate but not the free base 
(Pinkerton & Schwarzenbach, 1978; Martin, Pinkerton 
& Schiemann, 1996). 

As expected, the biguanidium unit is not planar, but 
consists of two planar moieties twisted by 43.7 (1)° with 
respect to one another; this is comparable to 49.1 ° for 
the analogous sulfate. The other metric parameters are 
similar to those previously reported. 

The bridging C--N bonds of the bi~uanidium unit 
[C1--N3 1.369 (3), C2--N3 1.367 (3) A] are slightly 
shorter than in the analogous sulfate [room temperature 
data: C1--N3 1.383 (5), C2--N3 1.373 (5) A]. The 
bond angle at the bridging N atom (C1--N3---C2) 
is 127.0 (2) ° , which is comparable to the same angle 
in the sulfate [126.2(3)°]. The terminal C- -N bonds 
are significantly shorter than the bridging bonds and 
range from 1.308(3) (N1---C1) to 1.313(3),~, (N2--  
CI); the same range is found in the sulfate [1.308 (5)- 
1.315 (5) A]. 

The two perchlorate anions are well behaved with 
unusually small displacement parameters and have the 
expected tetrahedral geometry. One anion accepts five 
hydrogen bonds from four different biguanidium cations 
usin~ three O atoms (with O. . .H distances less than 
2.5 A). The hydrogen-bond angles vary from 114(2) 
(O1. . .H7--N4) to 176(3) ° (04. . .H2--N1) ,  the lat- 
ter also being the shortest of these hydrogen bonds 
[O4...H2 2.04(3)A]. The other anion accepts six 
hydrogen bonds from four different biguanidium cations 
usin~ all four O atoms (with O. . .H distances less than 
2.5A); the angles vary from 135(3) (06. - .H1--N1,  
07.-.H4----N2) to 170 (3) ° (05.- .H9--N5).  The short- 
est of these is N3- -H5 . . . 07  with an angle of 162 (3) ° 
and an O. . .H  distance of 2.05 (3) ,~,. The H atom on the 
bridging N atom (H5) is known to be the most acidic, 
and is also known to form a very short hydrogen bond 
in the analogous nitrate, but with an angle slightly closer 
to linearity [168 (3)°]. We note that the more linear the 
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Fig. I. The biguanidium cation in (BIGH2)(CIO4)2 showing the 

hydrogen bonds. Displacement ellipsoids are shown at the 50% 
probability level [symmetry codes: (a) -x,  1 -3 ' ,  -z;  (b) 1 - x ,  
1 - y ,  - z ; ( c )  l + x , y , z ;  (d) l + x ,  l + y, .7.; (e) x, l + y, z; ( f )  - x ,  
l - y ,  l - z ] .  
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hydrogen bond, the shorter it is, and that the H atom 
bonded to the central N atom has a significantly differ- 
ent character to the others. 

Examination of the biguanidium cation (Fig. 1) shows 
that every H atom (of which there are nine) forms a 
hydrogen bond to an O atom resulting in bonds to a 
total of six different anions. Two O atoms bind to two 
H atoms from the same biguanidium unit (07 to H4 
and H5, 08  to H7 and H8). We note that there are two 
bifurcated hydrogen bonds, involving H1 and H7. 

(BIGH)(CI04). The structure of the monoprotonated 
perchlorate is more complex. There are two biguanidium 
units and two perchlorate anions in the asymmetric unit, 
again connected by an extensive hydrogen-bond network 
(Figs. 2 and 3). One perchlorate ion is well behaved with 
small displacement parameters; the other is disordered. 
Attempts to refine the structure in space group P1 were 
unsuccessful, thus we report the disordered structure in 
Pi .  The refinement of the H-atom positions was not well 
behaved as a result of the disorder; as these atoms are 
attached to planar sp2-hybridized N atoms the discussion 
of the hydrogen bonding below is based on ideal H- 
atom positions (N--H 0.95 ,~). (We believe this to be 
more meaningful than an alternative description based 
on O-. .N contact distances.) We have modeled the 
disorder using two equally occupied sites, A and B, for 
each atom in the anion; refinement of the occupancies 
showed no significant deviation from 0.5. The C1 atom 
and two of the O atoms were refined isotropically due to 
the proximity of the disordered partner atoms (<0.4 ,~); 
07  and 08, however, were refined anisotropically as 
their partners are further away (>0.8 A). Although it 
is not unusual for a perchlorate ion to show disorder, 
this is usually prevented by strong hydrogen bonding. 
In the present case the opposite is true; the hydrogen 
bonding to both possible perchlorate-ion orientations is 
very similar, with the exception that H14 forms a strong 
hydrogen bond to O7A in orientation A and to O8B in 
orientation B. We believe that this choice of two possible 
hydrogen-bonding schemes is the origin of the observed 
disorder. 

The second, ordered perchlorate ion accepts eight 
hydrogen bonds from five different biguanidium cations 
using all four O atoms. The hydrogen-bond dis- 
tances involving the perchlorate anions range from 1.99 
(O1...H7, O1.. .H12) to 2.53 A (02 . . .H9)  with angles 
ranging from 103 (O5B.- .H9--N6) to 176 ° ( 0 4 - . - H 5 - -  
N4). 

Again, the biguanidium units consist of two planar 
halves twisted with respect to each other. One has a 
43.5 (1) ° twist about N3; the other has 45.6 (1) ° twist 
about N8. This is similar to the twist of 44.0 ° reported 
for the monoprotonated biguanidium sulfate, and not 
very different to that in the diprotonated cation (see 
above). 

The bridging C- -N  bonds range from 1.334 (3) (N8--  
C4) to 1.341 (3) ,~ (N3---C2) and are slightly longer than 

the terminal C- -N  bonds, which range from 1.326 (3) 
(N2--C1) to 1.339(3),~ (N6---C3). The bond angles 
at the bridging N atoms are 121.2 (2) (C1--N3-----C2) 
and 121.3 (2) ° (C3--N8--C4),  and are identical to that 
reported for the analogous sulfate [121.2 (2)°]. 

There is more hydrogen bonding to describe here than 
for the diperchlorate because of the larger asymmetric 
unit. All the H atoms form at least one hydrogen bond 
(<2.5,~). One interesting feature is that one of the 
biguanidium units is hydrogen bonded to its symmetry- 
related partner through a center of inversion (Fig. 2). 
This 'dimer' is held together by two short hydro- 
gen bonds between H6 and N3. This is the shortest 
hydrogen bond in the structure (1.98 ,~) and, with an 
N4---H6...N3 angle of 177 °, it is essentially linear. 
Fig. 2 also shows the eight O atoms (counting all 
atoms, disordered or not, equally) and one additional 
N atom that have hydrogen-bond distances less than 
2.5 ,~ to one biguanidium cation. Removing the disorder 
would reduce this to six O atoms from four different 
perchlorate ions. The hydrogen-bond angles involving 
O atoms range from 130 (O7A..-H8--N5) to 176 ° 
(04 . . .H5--N4) .  

The other biguanidium unit is shown in Fig. 3, and 
forms hydrogen bonds to 13 O atoms (removing the 
disorder would reduce this to nine O atoms). The hydro- 
gen-bond angles range from 103 (O5B.. .H9--N6) to 
170 ° (03--.H10---N6). We note that H9 and H15 form 
bifurcated hydrogen bonds. 

Clearly, the geometries of the cations in these salts are 
very similar to those observed previously. The increased 

O7A a O7B a ~ "  O I b 
O3a ~ /  / / ~  

Fig. 2. The biguanidium cation 'dimer' in (BIGH)(CIO4) showing 
the hydrogen bonds. Displacement ellipsoids are shown at the 50% 
probability level [symmetry codes: (a) -x ,  - y ,  1 - z ;  (b) -x ,  1 - y ,  
l - z ;  (c) 1 - x ,  1 - y ,  1 - z ] .  
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Fig. 3. The second biguanidium cation in (BIGH)(CIO4) showing the 
hydrogen bonds. Displacement ellipsoids are shown at the 50% 
probability level [symmetry codes: (a) x - 1, y, z; (b) x - 1. v+ 1, 
z; (c) --x, 1 --y, 2- -z ;  (d) -x,  1 -.v, 1 - z ;  (e) x, 1 +3', z: (f) 
l - x ,  l - y ,  2 -z ] .  

densi t ies  resul t  f rom the more  eff icient  pack ing  of  the 
perchlora te  compared ,  for  example ,  to the sulfate.  This  
is mos t  ev iden t  in the d iperchlora te  (Dx = 1.95 M g  m -3 
at 100K) .  The  h y d r o g e n  bond ing  is impor tant  and 
ex tens ive  in both  salts. 

(BIGH)(C104)  has been shown  to explode  wi th  a 
green  flash on heat ing.  An  ana lys i s  of  the m e c h a n i s m  
of  the thermal  decompos i t i on  of  (BIGH)(CIO4)  based 
on the rmograv ime t r i c  analys is ,  mass  spec t roscopy  and 
t ime- reso lved  vis ib le  spec t roscopy  wil l  be publ i shed  
e l sewhere  (Dol l imore ,  Mar t in  & Pinker ton ,  1996). 

Mo Ko~ radiation 
A = 0.71073 ,~, 
Cell parameters from 25 

reflections 

Experimental 

(BIGH)(C104) is easily prepared from biguanidium sulfate 
and barium perchlorate. (BIGH2)(C104)2 can be prepared by 
dissolving (BIGH)(C104) in perchloric acid. Good crystals of 
(BIGH)(C104) were obtained from ethyl acetate and those of 
(BIGH2)(C104)2 were obtained by slow evaporation of the 
perchloric acid solution. 

(BIGI-12)(CIO4)2 
Crystal data 

C2H9Ns2+.2C104 - 
M r  = 302.03 
Triclinic 

a = 7.409 ( 1 ) ,4, 
b = 7.619 (1) ~, 
c = 9.843 (I) ,4, 
o~ = 82.02 (1)° 
/3 = 83.20 (1) ° 
"7 = 69.92 (1) o 
V = 515.3 (2) ,~3 
Z = 2  
Dx = 1.95 Mg m -3 

Data collection 

Enraf-Nonius CAD-4 
diffractometer 

0/20 scans 
Absorption correction: 

refined from A F  
(DIFABS; Walker & 
Stuart, 1983) 
Train = 0 . 8 5 5 ,  Tma~ = 

1.000 
2188 measured reflections 
2020 independent reflections 

Refinement 

Refinement on F 
R = 0.030 
wR = 0.035 
S -- 3.205 
1803 reflections 
191 parameters 
All H-atom parameters 

refined 
w =  llo'2(F) 
(A/o ' )ma×  = < 0 . 0 0 1  

0 =  8-17 ° 
/2 = 0.673 min-  
T =  100K 
Parallelepiped 
0.30 x 0.28 x 0.18 mm 
Colorless 

1803 observed reflections 
[I > 3.0o(/)1 

Rint = 0.022 
0m,~ = 25.97 ° 
h = 0---~ 9 
k = - 8 ~ 9  
1 = - 1 2 - - - ,  12 
3 standard reflections 

frequency: 50 min 
intensity decay: 3.20% 

Apmax = 0.37 e ~ - 3  
Apmm = -0 .43  e /~ -3  
Extinction correction: 

isotropic (Zachariasen, 
19631 

Extinction coefficient: 
0.18 x 10 -5 

Atomic scattering factors 
from International Tables 
for  X-ray Crystallography 
( 1974, Vol. IV) 

Table 1. Fract ional  a tomic  coordinates  and  isotropic or  

equivalent  isotropic d i sp lacemen t  parame te r s  (~2 ) f o r  

(BIGH2)(CI04)2 

Ui~o for H atoms. Ueq = (1/3)~,~jU,)a~aTai.a ) for all other atoms. 

X V Z Ueq/Uis o 
CII 0.03513181 0.29809181 0.20887161 0.0113111 
CI2 -0.34878 181 -0.00828 (8) 1/.26851 (61 0.0096 ( 1 ) 
O1 0.1937 (3) 0.3628 (31 0.1649121 0.0255151 
02 -0.0076 (31 0.2133 121 0.1022 (2) 0.0210 (51 
03 -0.1328 (3) 11.4559 (2) 0.2452 (2) 0.0193 (5) 
04 0.0799 (2) 0.1667 (2) 0.3311 (2) 0.0165 (51 
05 -0.1571 (2) -0.1295 121 0.2936 (2) 0.0198 (5) 
06 -0.4835 121 -0.0935 (2) 0.3376 (2) 0.0180 (5) 
07 -0.3822 (3) 0.1686 (2~ 0.3209 (2) 0.0190 (5) 
08 -0.3726 (3) 0.0235 (21 0.1231 (2) 0.0203 (5) 
N I 0.2037 (3) 0.7550 (3) 0.4354 (2) 0.0123 (5) 
N2 0.2784 131 0.4354 (3) 0.4772 (2) 0.0163 161 
N3 0.4085 131 0.5585 131 0.2801 121 0.0113 15) 
N4 0.5480 (3) I).6551 (3) 0.0783 (2) 0.0143 (6) 
N5 0.2291 (3) 0.8132 13) I).1367 12/ 0.0141 (6) 
CI 0.2922 (3) I).5856 (3) 0.3995 12) 0.0109161 
C2 0.3929 (3) 0.680913) 0.1631 12) 0.0108 16) 
HI 0.234 (4) 0.843 (4) 0.391 (3) 0.021 (8) 
H2 0.120 (4) 0.773 141 0.506 (3) 0.023 (8) 
H3 0.227 (3) 0.443 (3) 0.552 (3) 0.011 (7) 
H4 0.326 (4) 0.331 (4) 0.454 (3) 0.04 ( 1 ) 
H5 0.482 (3) 0.451 (3) 0.275 (3) 0.012 (7) 
H6 0.649 (3) 0.596 (3) 0.108 (3) 0.013 17) 
H7 0.540 (4) 0.73614) -0.004 13) 0.033 (9) 
H8 0.236 (4) 0.881 14) 0.059 (3) 0.021 (8) 
H9 0.131 (4) 0.816141 0.183 (3) 0.015 (7) 
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Table  2. Selected geometric parameters (A, °)for 
(BIGH2)(CI04)2 

CI I - - O  1 
CI I - -O2  
C11---O3 
C11--O4 
C12--O5 
C12--O6 
C12---O7 

O I---C11--O2 
O I---C1 I---O3 
O I---CI 1---O4 
O2--C11 ---03 
O2---C11 ---04 
O3---CI I ---04 
O5--C12---O6 
O5---CI2---O7 
O5---CI2---O8 
O6---C12--O7 

.424 (2) C12--O8 1.439 (2) 

.424 (2) N I----C 1 1.308 (3) 

.452 (2) N2--C1 1.313 (3) 

.446 (2) N3--C I 1.369 (3) 

.431 (2) N3--C2 1.367 (3) 

.429 (2) N4---C2 1.311 (3) 

.441 (2) N5---C2 1.311 (3) 

10.6(I) O6--C12--O8 109.7(I) 
109.3 (1) O7---1212---O8 109.4 (I) 
109.3 (I) C1 - -N3- -C2  127.0 (2) 
109.2(1) NI-- -C1--N2 122.0(2) 
110.9(1) N I - - C 1 - - N 3  120.6(2) 
107.6(1) N2---C1--N3 117.3(2) 
109.2(1) N3---C2--N4 116.5(2) 
109.0(I) N3- -C2- -N5  121.1 (2) 
110.1 (1) N4---C2--N5 122.4(2) 
109.4 (1) 

Table  3. Hydrogen-bonding geometry (,~, o)for 
(BIGH2)(CI04)2 

D - - H . . A  D - - H  H - . . A  
N1- -HI .  .O4' 0.83 (3) 2.36 (3) 
N 1 - - H I . . 0 6 "  0.83 (3) 2.30 (3) 
N1--H2.  .04 m 0.87 (3) 2.04 (3) 
N 2 - - H 3 . . 0 3  m 0.79 (2) 2.19 (3) 
N 2 - - H 4 . . 0 7  i~ 0.80(3) 2.42 (4) 
N3--H5.  -OT' 0.82 (2) 2.05 (3) 
N 4 - - - H 6 . . O 3 "  0.80 (2) 2.12 (3) 
N4--H7.  .O1' 0.94(3) 2.35 (3) 
N4--H7.  . 08"  0.94 (3) 2.11 (4) 
N5--H8.  . 08"  0.87 (3) 2.12 (3) 
N 5 - - H 9 . . 0 5 '  0.81 (3) 2.21 (3) 

S y m m e t r y  codes:  (i) x, 1 + y, z; (ii) i + x,  1 + y,  z; (iii) - x ,  1 - y, 1 
(iv) 1 + x , y , z ;  (v) 1 - x, 1 - y, - z ;  (vi) - x ,  1 - y, - z .  

D - - H .  • .A 
137 (3) 
135 (3) 
176 (3) 
159 (3) 
135 (3) 
162 (3) 
163 (3) 
114(2) 
147 (3) 
156 (3) 
170 (3) 

(BIGH)(CIO4) 

Crystal data 

CzH8 N~.C104- 
M, = 201.57 
Triclinic 
/'7 
a = 7.7421 (9) ,~ 
b = 9.874 (2) ,~ 
c = 12.267 (2) ,~ 
a = 112.75 (1) ° 
/3 = 91.89 (1) ° 
7 = 111.91 (1) ° 
V = 784.9 (6) ,~3 
Z = 4  
De = 1.71 Mg m -3 

Data collection 
Enraf-Nonius CAD-4  

diffractometer 
30/20 scans 
Absorption correction: 

~b scans (North, Phillips 
& Mathews, 1968) 
Train = 0 . 9 3 1 2 ,  Tmax = 

0.9982 
3322 measured reflections 
3069 independent reflections 

Mo Ka radiation 
A = 0.71073 
Cell parameters from 25 

reflections 
0 = 9 - 1 5  ° 
# = 0.472 m m -  
T =  1 0 0 K  
Parallelepiped 
0.37 x 0.31 x 0.11 mm 
Colorless 

2680 observed reflections 
[I > 3.0o'(/)] 

Rim = 0 . 0 2 7  

0max = 25.99 ° 
h = 0 ---, 9 
k = - 1 2  --, 11 
l = - 1 5  ----, 15 
3 standard reflections 

frequency: 50 min 
intensity decay: 2.27% 

Refinement 

Refinement on F 
R = 0.036 
wR = 0.047 
S = 2.677 
2680 reflections 
233 parameters 
H atoms placed in ideal 

positions ( N - - H  0.95 ,~) 
w = 1hr2(F) 

( /~/O')max = <0.001 

mpmax = 0.35 e ,~-3 
mpmin = - 0 . 1 2  e ~ - 3  
Extinction correction: 

isotropic (Zachariasen, 
1963) 

Extinction coefficient: 
0.15 x 10 -5 

Atomic scattering factors 
from International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

Table  4. Fractional atomic coordinates and isotropic or 
equivalent isotropic displacement parameters (fi2) for 

(BIGH)(CI04) 

Ui,o for C12, 05 and 06, Ueq = (1/3)~i~jUij~a~ai.a)  for all other 
atoms. 

x y z Ueq/Uiso 
CII 0.04296(6) 0.38504(5) 0.73141 (4) 0.0147(I) 
CI2At 0.4842 ( I ) 0.12244 (9) 0.80259 (7) 0.0121 (2) 
CI2Bt 0.4697(I) 0.0957(1) 0.77591 (8) 0.0182(2) 
O1 0.1661 (2) 0.5207 ( I ) 0.7109 (1) 0.0197 (4) 
02  -0.0401 (21 0.4397 (2) 0.8326 (I) 0.0234 (4) 
03 0.1550 (2) 0.3067 ( I ) 0.7545 ( 1 ) 0.0209 (4) 
04  -0 .1032 (2) 0.2734 (2) 0.6245 (1) 0.0206 (4) 
O5At 0.5098 (4) 0.1876 (3) 0.7122 (2) 0.0221 (6) 
O5Bt 0.5062 (41 0.2206 (3) 0.7376 (2) 0.0173 (6) 
O6Bt 0.6440 (4) 0. I 125 (3) 0.8429 (2) 0.0203 (6) 
O6A t 0.6560 (4) 0.0993 (3) 0.8174 (2) 0.0205 (6) 
O7At 0.3302 (4) -0 .0397 (3) 0.7457 (2) 0.0239 (9) 
O7Bt 0.3681 (5) -0 .0590 (4) 0.6821 (4) 0.052 (1) 
O8Bt 0.3547 (5) 0.1233 (5) 0.8660 (3) 0.059 ( 1 ) 
O8A t 0.4475 (5) 0.2178 (5) 0.9087 (3) 0.042 ( 1 ) 
N1 0.0788 (2) 0.0536 (2) 0.3172 (1) 0.0168 (4) 
N2 0.2518 (2) 0.0883 (2) 0.4883 (1) 0.0215 (5) 
N3 0.2834 (2) 0.3142 (2) 0.4654 (I) 0.0156 (4) 
N4 0.3032 (2) 0.5429 (2) 0.4509 ( 1 ) 0.0185 (5) 
N5 0.0078 (2) 0.3365 (2) 0.4005 (1) 0.0165 (4) 
N6 -0 .3967 (2) 0.5610 (2) 0.8366 (2) 0.0219 (5) 
N7 -0 .4395 (2) 0.7622 (2) 0.8061 (2) 0.0226 (5) 
N8 -0 .1359 (2) 0.8050 (2) 0.8683 (1) 0.0166 (4) 
N9 0.1672 (2) 0.8462 (2) 0.9315 (I) 0.0194 (5) 
N 10 - 0.0605 (2) 0.7448 (2) 1.0272 ( 1 ) 0.0213 (5) 
CI 0.2015 (3) 0.1528 (2) 0.4230 (2) 0.0155 (5) 
C2 0.1956 (3) 0.3936 (2) 0.4364 (2) 0.0150 (5) 
C3 -0.3221 (3) 0.7090 (2) 0.8398 (2) 0.0174 (5) 
C4 -0 .0143 (3) 0.7949 (2) 0.9412 (2) 0.0164 (5) 

t Site occupancy = 0.5. 

Table  5. Selected geometric parameters (,4, °)for 
(BIGH)(CI04) 

Cl I---O 1 1.445 (2) N I---CI 
Cl I - -O2  1.428 (2) N2--C I 
C11---O3 1.444(2) N3---CI 
CI 1--O4 1.438 (2) N3----C2 
CI2A---O5A 1.467 (5) N4---C2 
CI2A--O6A 1.448 (5) N5--C2 
CI2A----O7A 1.459 (4) N6----C3 
CI2A--O8A 1.392 (5) N7--C3 
CI2B--O5B 1.421 (4) N8--C3 
CI2B---O6B 1.475 (5) N 8---C4 
CI2B---O7B 1.4(h") (5) N9---C4 
CI2B--O8B 1.450 (5) N 10--C4 

O 1 - - - C l 1 ~ 2  110.0(1) 0 6 B - - C I 2 B - - O 8 B  
O I - - C I  1---O3 108.5(1) 07B--CI2B- - -O8B 
O 1 ---CI I---O4 108.64 (9) C 1--N3---C2 
O2---C1 I - -O3 109.9(I) C3--N8---C4 
O2----C11 ---O4 110.2(I) N I - - -CI - -N2  
O3---CI 1 - -O4  109.5 (1) N I - - C I - - N 3  

.337 (3) 

.326 (3) 

.340 (3) 

.341 (3) 

.331 (3) 

.334 (3) 

.339 (3) 

.332 (3) 

.338 (3) 

.334 (3) 

.331 (3) 

.335 (3) 

103.9 (3) 
108.5 (4) 
121.2 (2) 
121.3 (2) 
I 18.4 f2) 
124.0 (2) 
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O5A---CI2A--O6A 103.1 (3) N2---CI--N3 117.5 (2) 
O5A--CI2A--O7A 107.4 (3) N3--C2--N4 117.3 (2) 
O5A---C12A--OSA 114.1 (3) N3---C2--N5 124.5 (2) 
O6A--CI2A--O7A 105.5 (3) N4--C2--N5 118.1 (2) 
O6A--C12A--O8A I 15. I (3) N6---C3--N7 I 18.2 (2) 
O7A--CI2A--O8A 110.9 (3) NO~C3--N8 124.8 (2) 
05B---CI2B--O6B 112.1 (3) N7--C3--N8 116.9 (2) 
05B---CI2B----O7B I12.9 (3) N8--C4--N9 117.6 (2) 
05B--Ct2B--O8B 105.6 (3) N8--C4--N 10 124.4 (2) 
06B---C12B---O7B I 13.1 (3) N9--C4---N I 0 I 17.9 (2) 

o 

Table 6. Hydrogen-bonding geometry (A, o)for 
(BIGH)(CI04) 

D - - H .  • .A 
N I - - H 1 . . N 8  i 

N1--H2. " O 3  ii 

N2--H3- -O5A 
N2--H3- .O5B 
N 2 - - H 4 . . O 4  ii 
N4----H5. " O 4  i 

N4---H6. .N3 iii 
N5--H7. .Oli 
N5- -H8. .O7A ii 
N 5 - - H 8 . . O 7 B  ii 
N6--H9- .02 
N6~H9. -O5B ~v 
N6--H 10- - .03 iv 
N7--Hl l .  .O6B v 
N7--HI1. -O6A ~ 
N7--HI2. " O 1  iv 

N9--H13- -O6B vi 
N9--HI3. .O6A Vi 
N9--HI4. .O7A TM 

N9--HI4. . O S B  TM 

N 10~H 15- " 0 2  TM 

NI0----HI5- .O6B vi 
N10- -HI5 . .O6A "i 
N 10----H 16. " O 8 B  TM 

N 10---HI6. " O 8 A  TM 

D--H H.. .A D--H.. .A 
0.95 2.2625 141.50 
0.95 2.1417 162.68 
0.95 2.0652 150.77 
0.95 2.1877 157.64 
0.95 2.0562 171.99 
0.95 2.1~93 175.92 
0.95 1.9802 176.95 
0.95 1.9894 161.96 
0.95 2.2240 129.83 
0.95 2.1728 138.4(I 
0.95 2.5337 150.00 
0.95 2.5061 102.76 
0.95 2.3282 169.74 
0.95 2.2010 160.57 
0.95 2.1410 166.67 
0.95 1.9873 168.42 
0.95 2.0675 144.61 
0.95 2.3080 139.06 
0.95 2.0913 168.67 
0.95 2.2183 139.99 
0.95 2.4573 135.65 
0.95 2.3124 136.91 
0.95 2.3125 138.72 
0.95 2.4163 130.00 
0.95 2.3866 149.08 

Symmetry codes: (i) - x ,  1 - y, 1 - z; (ii) - x ,  - y ,  i - z; (iii) 1 - x, 1 - 
y, 1 - z; ( i v ) x -  1, y, z; (v) x - 1, 1 +y ,  z; (vi) 1 - x ,  1 - 3 ' , 2 - : . : ( v i i )  
x, 1 + y, z; (viii) - x ,  1 - y, 2 - z. 

Lists of  structure factors, anisotropic displacement parameters and 
H-atom coordinates have been deposited with the IUCr (Reference: 
BK10921. Copies may be obtained through The Managing Editor, 
International Union of Crystallography. 5 Abbey Square, Chester CH 1 
2HU, England. 

References 
Blessing, R. H. (1987). Co'stallogr. Rev. 1, 3-57. 
Blessing, R. H., Coppens, P. & Becker, P. (1974). J. Appl. Cr3'st. 7, 

488--492. 
Borman, S. (1994). Chem. Eng. News, pp. 18-22. 
Bottaro, J. C., Gilardi, R. D., Martin, A. & Pinkerton, A. A. (1996). 

In preparation. 
Burla, M. C., Camalli, M., Cascarano, G., Giacovazzo, C., Polidori, 

G., Spagna, R. & Viterbo, D. (1989). J. Appl. Crvst. 22, 389-393. 
CAChe Scientific (1993). CAChe Reference Manual. CAChe Scien- 

tific, Beaverton, Oregon, USA. 
Chichra, D. A., Holden, J. R. & Dickinson, C. (19801. Report NSWC 

TR79-273. Naval Research Weapons Center (White Oak), Silver 
Spring, MD 20910, USA. 

Dollimore, D., Martin, A. & Pinkerton, A. A. (19961. Thermochim. 
Acta. In the press. 

Enraf-Nonius (1977). CAD-4 Operations Manual. Enraf-Nonius,  
Delft, The Netherlands. 

Fair, C. K. (1990). MolEN. An Interactive Intelligent System for 
Crystal Structure Analysis. Enraf-Nonius,  Delft, The Netherlands. 

Manuelli, C. & Bernardini, L. (19171. Br. Patent 155 627. 
Martin, A., Pinkerton, A. A. & Schiemann. A. (1996). Acta Crvst. 

C52. In the press. 
North, A. C. T., Phillips, D. C. & Mathews, F. S. (1968). Acta Crvst. 

A24, 351-359. 
Pinkerton, A. A. & Schwarzenbach, D. (19781. J. Chem. Soc. Dalton 

Trans. pp. 989-996. 
Stine, J. R. (1981). Report LA-8920. Los Alamos National Laboratory, 

Los Alamos, NM 87545, USA. 
Walker, N. & Stuart, D. (1983). Acta Crvst. A39, 158-166. 
Zachariasen, W. H. (19631. Acta Crvst. 16, 1139-1144. 

Preliminary examination and intensity data collection were 
carried out using an Enraf-Nonius CAD-4 diffractometer. 
Backgrounds were obtained from analysis of the scan profile 
(Blessing, Coppens & Becker, 1974). The crystal of the 
diperchlorate was lost before ~b scans were obtained, hence 
an absorption correction was applied using DIFABS (Walker & 
Stuart, 1983). All H atoms in the diperchlorate refined cleanly. 
This was not the case, however, for the monoperchlorate, 
for which all H atoms are reported in ideal positions. The 
computer programs used were taken from MoIEN (Fair, 
1990) and locally modified according to Blessing (1987). The 
molecular graphics were prepared with a CAChe workstation 
(CAChe Scientific, 1993). 

For both compounds, data collection: CAD-4 Software 
(Enraf-Nonius, 1977); cell refinement: CAD-4 Software; data 
reduction: MolEN PROCESS; program(s) used to solve struc- 
tures: SIR (Burla et al., 1989); program(s) used to refine struc- 
tures: MolEN LSFM; software used to prepare material for 
publication: MolEN CIF VAX. 

Acta Cryst. (1996). C52, 1052-1054 

8-(3-Methylphenoxy)- 16H-dinaphtho [2,1- 
d; l',2'-g][ 1,3,2]dioxaphosphocine 8-Oxide 

S. MANI NAIDU, a M .  KRISHNAIAH, a *  K .  SIVAKUMAR b 

AND H .  MANOHAR c 

"Department o f  Physics, College of  Engineering, S. V. 
UniversiO,, Tirupati 517 502, India, bDepartment o f  Physics, 
Anna UniversiO', Madras 600 025, India, and "Department 
o f  Inorganic and Physical Chemistr3; Indian bzstitute o f  
Science, Bangalore, India 

(Received 20 January 1994: accepted 9 October 1995) 

We thank the College of  Arts and Sciences of  the 
University of  Toledo for generous financial support of 
the X-ray diffraction facility and thank the Office of  
Naval Research for funding this work (contract No. 
N000149310597).  

© 1996 International Union of Crystallography 
Printed in Great Britain - all fights reserved 

Abstract  

In the title compound, C28H2104P, the eight-membered 
heterocyclic dioxaphosphocine ring has a distorted boat 
conformation, with the phosphoryl O atom axial and 
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