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Fig.4. Doppelkette aus zwei in b-Richtung tibereinander- 
liegenden Einzelketten. Die Verkntipfung erfolgt tiber ge- 
meinsame Ecken. 
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Crystals of potassium picrate [2,4,6-trinitrophenoxide, (NO2)3C6H20)-] and ammonium picTate are 
orthorhombic, space group Ibca (No.73), with cell dimensions 13.33, 19.09, 7.14 A, and 13.45, 19.74, 
7.12 A. Both unit cells contain eight formula units. The phenoxide carbon--oxygen bond length is 
found to be 1.23 A, and the carbon(1)-carbon(2) bond lengths 1"45 A, while the other carbon-carbon 
bond lengths are 1.37 A. The bond angle at carbon(I) in the benzene ring is 111 °. 

Introduction 

It is known from a number of crystal structure investi- 
gations of substituted benzenes and phenols that the 
bond angles, and to some extent also bond lengths, 
within the benzene ring are influenced by the substi- 
tuents. The author thought it of interest to analyse 
derivatives of phenols in the form of phenoxides. These 

compounds seem to have been neglected by crystallog- 
raphers and no earlier work in the field has been found 
in the literature. 

Experimental 

Potassium picrate and ammonium picrate crystallize, 
in the form of long thin needles, from warm aqueous 
solutions of picric acid upon neutralization with potas- 
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sium or ammonium hydroxide. Potassium picrate gives 
deep brown crystals, while the colour of the ammonium 
salt is orange-yellow. 

The unit-cell dimensions and systematic absences 
were determined from oscillation and Weissenberg 
photographs of crystals mounted parallel to the shortest 
and next-shortest principal axes. The crystals were co- 
vered with finely ground sodium chloride before taking 
the Weissenberg photographs from which the unit-cell 
dimensions were determined, by use of the powder lines 
for calibration (NaC1, dx00 = 5.640 A). Cu Ka radiation 
(2= 1.5418 A) was used for these as well as for all in- 
tensity photographs. All recordings were done at room 
temperature. 

For the recording of the intensities, the crystals were 
cut to about cubical shape with the side-edge approx- 
imately 0.2 mm. The Weissenberg films were inte- 
grated and the multiple film technique was used. In 
the case of potassium picrate the following layers were 
recorded: hkO, hkl, hk2, hk3, hk4 and Okl, lkl, 2kl. 
The relative intensities were measured with a densi- 
tometer. On these layers 758 independent reflexions are 
possible within sin 0 =0.97, of these 199 were too weak 
to be measured. For ammonium picrate, only the 
hkO, hkl, hk2, hk3, and hk4 layers were recorded, and 
the relative intensities were estimated visually. Here, 
within sin 0 = 0.97, 703 reflexions are possible of which 
79 were found below the observable intensity minimum. 

Crystal data 
Space group Ibca (No. 73). 

Potassium Ammonium 
picrate picrate 

a 13"325 13.45+0"04 A 
b 19-09 19.74+0"05 
c 7 . 1 4  7.12+0"02 
Density, experimental 1.93 1"73 g.cm-3 
Density, calculated 1-96 1.71 
Formula units per unit cell 8 8 
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Fig. l. The positions of the atoms of one formula unit of 
potassium picrate in the (001) projection. 

Structure analysis of potassium pierate 

The measured intensities were corrected for spot ex- 
tension, and the usual Lorentz and polarization factors 
applied. The relative structure amplitudes were put to 
the same scale by comparison of the values of common 
reflexions in the hkO-hk4 and the Okl-2kl sets. 

The space group Ibca has sixteenfold general posi- 
tions, and with only 8 formula units per unit cell it is 
implied that O(1), C(1), C(4) and N(1) (Fig. l) are 
situated on a twofold axis and most likely on one 
parallel to the b axis. The potassium ion must lie on a 
twofold axis or on a centre of symmetry. 

A three-dimensional Patterson synthesis yielded the 
necessary rough information on which a trial solution 
could be based. A model of the trinitrophenoxide ion 
was constructed assuming a regular benzene ring with 
carbon-carbon bonds of 1.38 A, a carbon-oxygen 
bond of 1.35 A, carbon-nitrogen bonds of 1.48 A 
and nitrogen-oxygen bonds of 1.22 A. All bond an- 
gles were assumed to be 120 ° . The nitro groups 
were, for the sake of simplicity, put coplanar with the 
benzene ring. On the basis of the vector density map 
this model of the trinitrophenoxide ion was placed as 
outlined above with the centre of the benzene ring at 
(0.25, 0.21, 0) and the normal to the plane of the mol- 
ecule inclined 30 ° to the c axis. The position of the 
potassium ion was fairly well indicated in the vector 
density map and was taken to be (0.125, 0, 0.25), which 
is on the twofold axis parallel to the a axis. Calculated 
structure amplitudes based on these coordinates com- 
pared well enough with the experimental ones to allow 
progression directly to full-matrix least-squares refine- 
ment. The first iterations were carried out by use of 
isotropic temperature factors and fixed scale factors 
for the structure amplitudes belonging to the different 
layers. When an agreement residual of R = Z IIFexpl- 
[FeaM[/Z' lFexpl=0"25 was reached, the scale factors 
were allowed to vary. The hydrogen atom bonded to 
the benzene ring was included in the refinement at this 
stage, initially assuming a carbon-hydrogen bond length 
of 1.0 A and the hydrogen atom to be coplanar with 
the benzene ring and equidistant from the ortho and 
para carbon atoms. At an agreement residual of 0.12, 
the least-squares refinement was interrupted and the 
experimental structure amplitudes corrected for secon- 
dary extinction (Zachariasen, 1963), neglecting absorp- 
tion. Duplicate structure amplitudes were averaged and 
one common scale factor introduced. The last least- 
squares iterations were performed with anisotropic 
temperature factors for all atoms except hydrogen. The 
refinement converged with an agreement residual of 0.05. 

The final atomic coordinates and temperature par- 
ameters are given in Table 1, and the experimental and 
calculated structure amplitudes in Table 3. The weights 
assigned the refecting planes in the least-squares cal- 
culations are given by (a+lFexpl+clFexpl2) -1, where 
a = 20 and c = 0.02 (Rollet, 1965). The function mini- 
mized was w(lFexpl-IFcaxcl) 2. Unobserved reflexions 



1454 S T R U C T U R E S  O F  P O T A S S I U M  P I C R A T E  A N D  A M M O N I U M  P I C R A T E  

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

i n t e n s i t y  m i n i m u m .  A t o m i c  s c a t t e r i n g  f a c t o r s  u s e d  f o r  
t h e  c a l c u l a t i o n  o f  s t r u c t u r e  a m p l i t u d e s  w e r e  t h o s e  
g i v e n  in  International Tables for X-ray Crystallography 
(1962).  

T a b l e  1. Positional and temperature parameters of  potassium picrate 
The temperature  parameters  refer to the expressions: 

exp [-- B(sin 0/2)2] and exp [ -  ( f l  lh 2 +f22k  2 +f33 l  2 + 2f123kl+ 2flahl+ 2fl2hk)] • 

K 

O(1) 

0(2)  

0(3)  

0(4)  

N(1) 

N(2) 

C(1) 

C(2) 

C(3) 

C(4) 

H 

x y z B fill f22 f33 f23 
0"11697 0"0 0"25000 0"00353 0"00149 0"01611 - 0 - 0 0 0 0 1  
0"00009 0"0 0"0 0"00006 0"00006 0"00032 0"00010 
0"25000 0"05656 0"0 0"00372 0"00147 0"02744 0"0 
0"0 0"00022 0"0 0"00024 0"00012 0-00140 0"0 
0-05469 0"07195 -0"08275 0"00458 0"00203 0"02744 -0"00006 
0-00025 0"00018 0"00063 0"00020 0"00009 0"00119 0"00026 
0"02622 0-16333 -0-25266  0"00490 0"00317 0-02220 0"00027 
0-00024 0-00020 0"00067 0"00021 0-00011 0"00107 0"00030 
0-17847 0"37739 -0"07122 0"00629 0-00181 0"03035 0-00146 
0"00031 0"00018 0"00064 0"00023 0"00009 0"00126 0"00027 
0"25000 0"34684 0"0 0"00467 0"00168 0"01104 0-0 
0-0 0"00027 0"0 0"00033 0"00014 0"00133 0"0 
0"07723 0"13099 -0"13818 0"00349 0"00177 0"01620 -0"00063 
0"00028 0-00020 0"00064 0"00019 0"00009 0"00110 0"00026 
0"25000 0"12167 0"0 0"00322 0"00156 0"01539 0"0 
0"0 0"00031 0"0 0-00030 0"00016 0"00166 0"0 
0"16651 0"16469 - 0 " 0 6 2 2 7  0-00286 0"00159 0"01231 -0"00032 
0"00030 0"00022 0"00072 0"00022 0"00010 0"00102 0"00026 
0"16657 0"23655 -0"06642 0"00368 0"00163 0"01155 -0"00004 
0-00030 0"00021 0"00071 0"00022 0"00012 0-00097 0"00025 
0"25000 0"27164 0"0 0"00353 0"00132 0"01394 0"0 
0"0 0"00030 0"0 0"00029 0"00013 0"00170 0"0 
0"10833 0"26146 -0"11837 0"60 
0"00400 0"00319 0"00875 0'90 

f13 
0"0 
0"0 
0"00087 
0"00051 

-0"00176 
0"00038 

- 0"00343 
0"00043 

- 0"00175 
0"00045 
0"00039 
0"00062 

- 0"00064 
0"00040 
0"00135 
0"00064 
0"00064 
0"00040 
0"00062 
0"00043 
0"00045 
0"00060 

f12 
0"0 
0"0 
0"0 
0"0 

-0"00094 
0"00012 
0"00003 
0"00013 
0"00063 
0"00012 
0"0 
0"0 

-0"00004 
0"00011 
0"0 
0"0 

-0"00014 
0"00011 
0"00024 
0"00013 
0"0 
0"0 

N 

H(1) 

H(2) 

O(1) 

0(2)  

0(3)  

0(4)  

N(1) 

N(2) 

C(1) 

C(2) 

C(3) 

C(4) 

H 

T a b l e  2. Positional and temperature parameters of  ammonium picrate 

cf.  legend of  Table 1. 

x y z B 
0.11652 0-0 0.0 
0.00039 0-0 0.0 
0.14916 0.01068 0.14639 2.55 
0.00495 0-00318 0.01153 1.46 
0.07665 0.03235 0.29644 2.18 
0-00494 0.00338 0.01088 1.46 
0.25000 0.06512 0-0 
0"0 0"00018 0"0 
0"05701 0"07928 -0 .08162  
0-00022 0-00016 0"00066 
0"02666 0"16857 -0"24469 
0"00021 0"00017 0"00062 
0-17721 0"37504 -0"06072 
0"00026 0-00016 0"00065  
0"25000 0"34622 0"0 
0-0 0-00023 0"0 
0.07776 0"13701 - 0 . 1 3 6 5 0  
0"00023 0"00016 0"00064 

0"25000 0.12788 0"0 
0"0 0-00024 0"0 
0"16679 0.16925 -0 .06023 
0.00024 0.00019 0"00069 
0"16730 0"23877 -0"06194 
0"00026 0-00018 0"00068 
0"25000 0.27243 0"0 
0"0 0"00025 0"0 
0"10871 0-25951 -0"12366 8"05 
0"00775 0"00575 0"01777 2"90 

ill! fl22 fl33 fl23 
0"00264 0"00101 0.00485 -0"00018 
0"0024 0"00010 0"00236 0"00033 

ill3 
0"0 
0"0 

ill2 
0"0 
0"0 

0"00257 0"00092 0"01030 0"0 0"00217 0"0 
0"00019 0"00008 0"00167 0"0 0"00039 0-0 
0"00344 0"00167 0"02069 0"00010 -0"00126 --0"00080 
0"00017 0"00008 0"00154 0"00022 0"00035 0-00009 
0-00337 0"00233 0"01050 --0"00023 --0"00275 0-00024 
0"00016 0"00009 0"00141 0"00025 0"00031 0-00009 
0"00578 0"00125 0"02456 0"00104 --0"00201 0-00086 
0-00022 0"00008 0"00168 0"00022 0-00043 0"00010 
0"00418 0"00105 0"00480 0"0 --0"00001 0"0 
0"00028 0"00011 0"00211 0"0 0"00053 0"0 
0-00212 0"00146 0"00419 --0"00085 --0"00041 --0"00007 
0"00015 0-00008 0"00137 0-00023 0"00033 0"00008 
0"00160 0"00111 0"00045 0"0 0"00030 0-0 
0"00023 0"00011 0"00222 0"0 0"00046 0-0 

0"00192 0"00128 0"00027 -0"00014 --0-00010 --0-00002 
0"00018 0"00009 0"00177 0"00023 0"00036 0.00009 
0-00289 0-00119 0"00030 0"00061 0"00001 0-00025 
0"00019 0"00010 0"00164 0"00022 0-00038 0-00009 
0"00325 0"00081 0"00446 0"0 0"00116 0"0 
0"00027 0"00010 0"00236 0"0 0"00057 0"0 
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T a b l e  3 .  Experimental and calculated structure amplitudes of potassium picrate 
E x p e r i m e n t a l  s t r u c t u r e  a m p l i t u d e s  m a r k e d  n e g a t i v e  a r e  u n o b s e r v e d ;  the  v a l u e  c o r r e s p o n d s  to  the  o b s e r v a b l e  m i n i m u m .  T h e  

va lues  l i s ted a re  Fexp x 10 a n d  Fea~ × 10. 
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Structure analysis of ammonium picrate 

The visually estimated intensities were corrected in the 
same way as those of the potassium picrate. No Patter- 
son synthesis was computed, as the initial coordinates 
used in the least-squares refinement were derived from 
the results obtained in the analysis of the potassium 
salt. The scale factors of the five parallel layers and the 
isotropic temperature parameters were first adjusted 
by allowing them to vary while the positional param- 
eters were kept constant. Subsequently the coordinates, 
isotropic temperature parameters and the scale factors 
were allowed to vary. When the parameters had con- 
verged, the experimental structure amplitudes were 
corrected for secondary .extinction (Zachariasen, 1963), 
neglecting absorption. The least-squares refinement 
was then continued with the scale factors kept constant 
and with anisotropic temperature factors on all atoms 
except the hydrogen atoms. The hydrogen atoms of the 
ammonium ion were included in the refinement under 
the assumption that the nitrogen-hydrogen bond length 
is approximately 0.9 A and that the ammonium hydro- 
gen atoms form a tetrahedron. One of the two crys- 
taUographically independent hydrogen atoms of the 
ammonmm ion was assumed to be situated on the line 
between the phenoxide oxygen and the ammonium 
nitrogen; the position of the second hydrogen atom is 
then implicit. The final agreement residual was 0.07. 

The final coordinates and temperature parameters 
are given in Table 2 and the experimental and calcula- 
ted structure amplitudes in Table 4. The weights as- 
signed to the reflecting planes in the least-squares cal- 
culations were computed according to the same scheme 
and with the same constants as for the potassium salt. 
Atomic scattering factors were identical in the two 
analyses. 

Discussion 

Tables 5 and 6 give interatomic distances and angles 
together with the standard deviations, as calculated 
from the positional data obtained in the two analyses. 
The content of Table 5 is illustrated in Fig. 2. The stan- 
dard deviations listed are probably too small since no 
account has been taken of the uncertainty in the cell 
dimensions. 

The two analyses of the picrate ion are in good agree- 
ment, considering bond lengths and angles. The aniso- 
tropic temperature parameters do, on the other hand, 
deviate more than would be expected in the two iso- 
morphous salts. The extreme anisotropy assigned to 
the carbon atoms in the ammonium salt is probably not 
real, but a consequence of inaccurate scaling of the five 
parallel layers on which the analysis of the ammonium 
salt is based. It should be mentioned that the separate 
scale factors of the layers have not  been refined with 
anisotropic temperature factors (Lingafelter & Dono- 
hue, 1966). 

In order to consider the planarity of the picrate ion 
and groups therein, planes were fitted by least-squares 

with equal weights assigned to carbon, nitrogen and 
oxygen atoms; hydrogen atoms were assigned zero 
weight. Relative to the least-squares plane of the carbon 
atoms of the ion, the deviations are: 

0(2) 0(3) 0(4) N(2) C(2) C(3) H 

0.448 -0.529 -0.106 -0.033 0.014 -0-014 -0 .060 /k  
0.401 - 0.532 - 0.047 - 0.064 0.007 - 0.007 - 0.107 

0(2') 0(1) 0(2) 

N(2.)(~ 1(~ ( ~  

0(3') H C(3,) /~ . . . .  ~ C ( 3 )  H O-(3) 

0(4') 0(41 

(a) 

2'685 
col.~ .~11"243 11'232 

.~1-._ 11'a72 

(b) 

2"675 
~1"~ .(bl 1"239 11"237 

.~1;. 11"a72 

Fig.2. Atomic numbering, bond lengths and angles in the 
picrate ion. (b) and (c) refer to potassium picrate and 
ammonium picrate, respectively. 
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T a b l e  4 .  Experimental and calculated structure amplitudes of ammonium picrate 

Cf. the legend of  Table 3. 
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where the first and second lines refer to the potassium 
and ammonium picrate, respectively. It is immediately 
apparent that the ortho nitro groups are twisted rela- 
tive to the plane of the benzene ring, (between 25 and 
27°), while the para-positioned nitro group is almost 
coplanar with the benzene ring. In the case of the po- 
tassium picrate the twist is about 6 o, whilst in ammo- 
nium picrate it is about 2.5 °. The planarity of the 
benzene ring itself is questionable since the deviations 
of C(2) and C(3) from the least-squares plane are to 
the same side of the plane in the two analyses, and in 
the case of potassium picrate, the deviations reach the 
level of significance. 

The deviations from the least-squares plane defined 
by C(2), N(2), 0(2) and 0(3) are: 

c(2) N(2) O(2) O(3) 
0 . 0 0 2  - 0 . 0 0 7  0 . 0 0 3  0 . 0 0 3  £ 
0.003 - 0.012 0.004 0.004 

Similarly, the deviations from the least-squares plane 
defined by C(1), C(2), C(3) and N(2) are: 

C(1) C(2) C(3) N(2) 
- 0 . 0 0 7  0 . 0 2 2  - 0 . 0 0 8  - 0 . 0 0 7  A 
-- 0.007 0-022 - 0.008 - 0"007 

As above, the first and second lines refer to potassium 
and ammonium picrate, respectively. The two last- 
mentioned sets of planes are inclined to each other by 
26.6 and 25.7 °. Regarding the para position, the cor- 
responding groups of atoms must, by crystal symmetry, 
be exactly planar. The inclinations of the planes in the 
two salts are 5.0 and 2.2 o. The strong rotation of the 
bond C(2)-N(2) must be due to the interaction between 
O(1) and O(2), which are only 2.685 and 2.675 A apart. 
The nonplanarity of the benzene ring may be a conse- 
quence of the tendency of a conjugated system to main- 
tain planarity on rotation of the nitro groups. 

The bond lengths in the nitro groups conform with 
the results obtained in earlier investigations of nitro- 
benzenes and nitropyridines (Eichhorn, 1956; Trotter, 
1959; Trueblood, Goldish & Donohue, 1961; Hanson, 
1964; Coppens & Schmidt, 1964; Mugnoli, Mariani 
& Simonetti, 1965). The length of the bond between 
C(1) and O(1), 1.24 A, is the same as that found in 
many ketones, aldehydes and carboxylic acids and 
their salts (Tables of Interatomic Distances and Con- 
figuration in Molecules and lons, 1958, 1965). The 
C(1)--C(2) bond length, 1.45 A, corresponds to that 
found in conjugated unsaturated systems such as 
acraldehyde and acrylic acid, and one may assume that 
the density of delocalized re-electrons is reduced from 
the even distribution in benzene to a degree similar to 
that for 'single bonds' in short conjugated unsaturated 
systems. The C(2)-C(3) and C(3)-C(4) bonds of 1.37/~ 
do not deviate significantly from what is normally found 
in benzene and its derivatives, neither do the C-N 
bonds of 1.44 to 1.46 A to the nitro groups. 

The bond angle C(2')-C(1)-C(2) of 111.0 ° to 111.5 ° 
is, to the knowledge of the author, the smallest observed 

in a benzene ring. One may ask, on the basis of the bond 
lengths and angles of the carbon system, whether the 
term 'benzene ring' is appropriate in cases like these. 

In Table 6 the shortest cation-anion distances and 
related angles are listed. The coordination of oxygen 
atoms around the potassium cation is illustrated in 
Fig. 3(a). As may be seen, the coordination is roughly 
square-antiprismatic. The potassium-oxygen distances, 
ranging from 2.74 to 2.92 A, are as usually found 
in potassium salts of organic acids (Manojlovi6 & 
Speakman, 1968; Manojlovi6, 1968; Larson & Nah- 
ringbauer, 1968). The corresponding distances and 

VI VII 

a 
III °1 

(a) 

VI VII 

(b) 
Fig. 3. The coordinat ion of oxygen atOMS around the potassium 

and ammonium ion. Cf. Table 6. 
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angles in a m m o n i u m  picrate  are also given in Table  6, 
toge ther  wi th  the h y d r o g e n - o x y g e n  distances and  
angles re levant  to the hyd rogen  bond ing  (cf. D o n o h u e ,  
1952 and  Fuller,  1959). It  should  be no ted  tha t  each  of  

the two crys ta l lographica l ly  i ndependen t  h y d r o g e n  
a toms  o f  the a m m o n i u m  ion is shared  by two acceptor  
oxygen a toms  (cf. Albrech t  & Corey,  1936 and  Marsh ,  
1958); the b i furca t ions  are indica ted  by thin,  solid 

Table  5. Distances and angles within the picrate ion 

The standard deviations are in A x 103 and in degrees x 10. 
Upper lines refer to potassium picrate, lower lines to ammonium picrate. 

C(1)-O(1) 1.243 (7)/~ O(1)-C(1)-C(2) 124.3 (3) ° 
1.239 (6) 124.3 (2) 

C(1)-C(2) 1.452 (5) C(2)-C(1)-C(2') 111.1 (5) 
1.450 (5) 111.5 (4) 

C(2)-C(3) 1.372 (6) C(1)-C(2)-C(3) 124.9 (4) 
1-372 (5) 124.2 (3) 

C(3)-C(4) 1.382 (5) C(1)-C(2)-N(2) 119.3 (3) 
1.368 (4) 119.8 (3) 

C(3)-H 0.983 (60) C(3)-C(2)-N(2) 115.7 (3) 
0.966 (97) 115.9 (3) 

N(1)-O(4) 1"228 (5) C(2)-C(3)-C(4) 118.5 (4) 
1.212 (4) 119.1 (3) 

N(1)-C(4) 1.436 (8) C(2)-C(3)-H 119.4 (50) 
1.457 (7) 116.3 (60) 

N(2)-O(2) 1"232 (5) C(4)-C(3)-H 122.0 (40) 
1.237 (5) 124.3 (60) 

N(2)-O(3) 1-229 (5) C(3)-C(4)-C(3') 122.0 (5) 
1.206 (5) 121.9 (3) 

N(2)-C(2) 1.457 (6) C(3)-C(4)-N(1) 119.0 (3) 
1.461 (5) 119.1 (2) 

O(1)-O(2) 2.685 (3) C(4)-N(1)-O(4) 118.4 (3) 
2.675 (3) 118-0 (2) 

O(4)-N(1)-O(4") 123-3 (5) 
124.0 (4) 

C(2)-N(2)-O(2) 118.9 (4) 
118.0 (3) 

C(2)-N(2)-O(3) 118.5 (4) 
118-7 (3) 

O(2)-N(2)-O(3) 122.6 (4) 
123.3 (3) 

Table  6. Distances and angles related to the coordination of  oxygen atoms around the potassium 
and ammonium cations 

K/N I II 
I O(1) (x, y, z) 2.738 (2)/~ 

2.836 (4) 
II 0(2) (x, y, z) 2.867 (4) 57.2 ° 

2.944 (5) 55.1 
III O(1) (x,)7, ½+z) 2.738 99.3 156.5 

2.836 101.5 156.5 
IV 0(2) (x,)7, ½-z)  2.867 156.5 146.3 

2"944 156"5 148"4 
V 0(2) (x,)7, ~) 2"923 (4) 115"2 70-2 

3"056 (5) 118"0 75"5 
VI 0(4) (x, - ½ + y ,  ~) 2"789 (4) 80"9 96"2 

2"927 (4) 85"2 98"9 
VII 0(4) (x, ½--y, ½+z) 2"789 77"1 93"6 

2-927 74"4 89"8 
VIII 0(2) (2, y, ~t+z) 2.923 126.0 83.5 

3-056 119.8 80.5 

III IV V VI VII 

57"2 
55"1 

126"0 83"5 
119"8 80"5 
77"1 93"6 
74"4 89"8 
80"9 96"2 
85"2 98"9 

115"2 70"1 
118"0 75"5 

69 "4 
66"5 

144"2 
145"6 
77"0 
80"3 

145.8 
147"7 
144"2 69"4 
145"6 66"5 

N-- -H(1)  0.90 (90) A C(1)-O(1)-H(1) 122 ° O(1)-H(1) 2.00 (80)/~ 
N-- -H(2)  0.85 (60) C(1)-O(1)-N 117.0 O(1)-N 2-836 (4) 
H(1)-N-H(I ')  121 o N(2)-O(2)-H(1) 127 O(2)-H(l) 2-44 (80) 
H(2)-N-H(2') l l0 N(2)-O(2)-N 133.0 O(2)-N 2.944 (5) 
H(1)-N-H(2) 114 N(2)-O(2)-H(2") 116 O(2)-H(2") 2.25 (60) 
H(1)-N-H(2') 99 N(2)-O(2)-N" 121.4 O(2)-N" 3.056 (5) 

N(1)-O(4)-H(2'") 157 O(4)-H(2'") 2.48 (60) 
N(1)-O(4)-N'" 141.7 O(4)-N'" 2.927 (4) 

Column under 'K/N' gives the potassium-oxygen and nitrogen-oxygen distances. The angles following are the O-K-O and 
O-N-O angles, respectively. 
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lines in Fig. 3(b). Since the phenoxide oxygen, which is 
one of the acceptors, lies on a twofold axis, it takes 
part in two equal hydrogen bondings, over H(1) and 
H(1) (½-x ,y ,  ~,). 0(2) is neighboured by H(1) and H(2) 
(Yc,½-Y,-½+z),  while 0(4) has only one hydrogen 
atom, H(2) ( x , ½ - Y , - ½ + z ) ,  of the ammonium ion 
close enough for hydrogen bonding. 

Among the distances between atoms of different 
picrate ions in the crystals, the only short one in the 
direction approximately normal to the benzene ring is 
between C(1) and 0(4) ( x , ½ - Y , - ½ - z )  and 0(4) 
(½-x ,½-Y ,½+z) ,  this being 3.206A in potassium 
picrate and 3.278 A tn ammonium picrate. 

All computations in this investigation have been 
performed on the IBM 360/50 computer at the Uni- 
versity of Bergen Computer Facility. The programs 
used are written by the author and he wishes to take 
the opportunity to thank the computer staff for their 
assistance and advice. 
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Zur Kristall- und Molekiilstruktur des Octamethyl-tetraamidodiphosphono-2,3-butadien-l,3 

VON L. BORN 

Anorganisch-wissenschaftliches Laboratorium der Farbenfabriken Bayer AG, 509 Leverkusen, Deutschland 

(Eingegangen am 4. Mdrz 1968 und wiedereingereicht am 20. August 1968) 

Octamethyltetra-amino-2,3-diphosphinylbuta-l,3-diene, CH2 : C[PO(NMe2)2]. C[PO(NMe2)2]: CH2, 
crystallizes in the triclinic space group P1 (CI) with unit-cell dimensions a= 8.7240, b= 8-3414, c= 
6.3356/~; a= 98.154 °, p= 85.601 o, y= 105.513 o, and with Z =  1. The crystal structure was determined 
by interpretation of the three-dimensional Patterson synthesis with aid of minimum functions and re- 
fined by isotropic and anisotropic least-squares methods. The hydrogen positions were determined by 
three-dimensional Fourier synthesis and also refined by least-squares methods. The final R1 value was 
0"074 (0.063 for observed intensities only). The molecule inclines to a trans-configuration. But the 
eentrosymmetry around the C-C bond is considerably distorted, presumably because of the packing 
of the molecules. The bonding lengths are discussed. Only the N-C bond lengths differ significantly 
amongst themselves. The average value of the C-H distance is lower than the value determined by 
other methods. The other bond lengths are normal. 

Einleitung 

Das Octamethyl-tetraamido-diphosphon0-2,3-butadi- 
en- 1,3 wurde im anorganisch-wissenschaftlichen Labor 
der Farbenfabriken Bayer AG yon R. Schliebs darge- 
stellt. Neben einer Bestatigung der Molekiilkonstitu- 
tion (mittelst/~ndige Anlagerung der beiden Phosphor- 
atome) interessierte der gesamte sterische Aufbau des 
Molekiils, zumal P-N-Bindungen bislang vorwiegend 
in Ringstrukturen untersucht wurden. 

Experimentelles 

Die zu untersuchende Substanz kristallisiert aus Aceton 
in s~tuligen, durchsichtigen Einkristallen, die wegen 
leichter Hygroskopie in R6hrchen aus Lindemannglas 
eingeschlossen wurden. Fiir die r6ntgenographische 
Untersuchung wurden Kristalle mit einem angen~her- 
ten Durchmesser von 0,15-0,20mm ausgew~thlt. Es 
wurde Nickel-gefilterte Cu Kct-Strahlung verwendet. 
Die Absorption wurde nicht beriicksichtigt. 


