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this replacement leads to an increase of the average 
metal-sulphur distances [d (K-S)  = 3.30 A] and 
hence to a greater separation of the 2Cu3S2 sheets 
along c, but there exists a particular metal-sulphur 
distance (marked by a broken line in Fig. 1) which is 
0.09 A shorter in the T1 than in the K compound. As a 
consequence the 1Cu4Sa tubes are deformed in the e 
direction such that the S(2)-S(2) distances (marked by 
a dotted line in Fig. 1) are 0.2 A longer in T1Cu3S 2 than 

2 in KCu3S 2. Since the anionic ooCu3S2 network has a 
tendency to maintain the length of its C u - S  bonds 
[d(Cu-S)  --- 2.32 (T1Cu3S2), 2.33 A (KCu3S2)] it will 
tend to compensate the expansion along e by a 
contraction along a and b mainly through a change of 

1 the S - C u - S  bond angles of the ooCu454 units (Table 
2). 

There exist several other thiocuprates which contain 
ICu454 units as structural elements. These units may 
be isolated as in Na3CuaS 4 (Burschka, 1979a) or 
connected with each other by additional atoms (Cu,S) 
and thus take part in the formation of a more complex 
thioanion as in the title compound, in NH4CuvS4, which 
may be written as NH4[3Cu31(Cu4S4)] (Gattow, 
1957), and in K3CusS6-K3 oot--,22[t-'t31t""t41q,.--,.,2 ~"2 1(Cu484)] 
(Burschka, 1979b). On the other hand the complex 
anion [2(Cu4S3)] 2- in fl-BaCu4S 3 (Iglesias, Pachali & 
Steinfink, 1972) is built up by ~Cu4S 4 units which share 
S atoms. A comparison of all these compounds shows 
that the ICu4S4 units cannot be considered as rigid 
structural elements since their shape varies strongly as 
a function of the packing and connexion type. Thus it 
may for certain purposes be useful to describe the 
thiocuprates differently, for instance in terms of layer 
structure compounds (Bronger, Eyck & Schils, 1978). 

Finally it is worth pointing out that the powder 
diffraction diagram of the mineral chalcothallite, 

T1Cu3S 2 (Semenov, Sorenson, Bessmertnaja & 
Novorossova, 1967), shows no similarity to that of 
the present compound. 

This work was supported in part by the Swiss 
National Science Foundation under contract No. 
2.250-0.79. 
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Abstract. K[HaNO3P], monoclinic, P21/n , a = 
6.143(2),  b = 6.872(1),  c = 10.288(1) A, fl = 
89.25 (2) °, Z = 4, D c = 2.066 Mg m -3, g(Mo Kay) = 
1.346 mm -~, 2 = 0 .70926A (graphite mono- 
chromator). The structure was solved by an application 
of the tangent formula, and refined by full-matrix least 
squares to R = 0.027. The anion contains an 'ideal' 
P - N  single bond with a length of 1.800 (4) A. 

Introduction. There are many factors that influence the 
length of a nominal P--N single bond (Bullen & Dann, 
1973). It has been shown, for example, that the P - N  
distance is significantly shortened when the N atom is 
sp 2 rather than sp 3 hybridized (Cameron, Cordes & 
Jackman, 1979) and particularly for the sp2-hybridized 
N atom the P - N  bond lengths further vary according 
to the extent of the overlap of the P atomic orbitals and 
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the lone-pair electrons of the N (Cameron, 1978; 
Cameron & Owen, 1979). It is valuable, therefore, to 
know the length of an 'ideal' P - N  single bond where 
the N atom is sp 3 with no lone pair of electrons. 

The phosphoramidate salts are normally considered 
to have such an ideal single bond and the refined 
structure of the sodium salt Na[H3NO3P] was reported 
by Cruickshank (1964); the recorded P - N  bond length 
is 1.769 A but the e.s.d, is +0.019 A, and a more 
reliable value was required (Cameron, Cordes & 
Jackman, 1979). An attempt was made to re-prepare 
the sodium salt but suitable crystals could not be 
obtained. Stokes (1893) reported the preparation of the 
analagous potassium salt and Klement & Becht (1947) 
showed that it was anhydrous. The preparation of 
potassium phosphoramidate has been repeated; 
crystals suitable for X-ray analysis were prepared and 
the structure is reported here. The crystal system and 
approximate cell dimensions were determined from 
equi-inclination Weissenberg photographs. The 
systematic extinction hOl, h + l =/= 2n; 0k0 k 4: 2n 
uniquely indicated space group P2~/n [equivalent 
positions +(x,y,z; ½ + x, ½ -- y, ½ + z)]. The cell 
dimensions were refined on a CAD-4 diffractometer 
from the circle angles of 25 general reflections with 
Bragg angle 0 between 14-15 °, and with 0 maximum 
25°; 1271 unique reflections were collected, and of 
these, 545 had I > 3o(1). The data were reduced to a 
standard scale by routine procedure (Cameron & 
Cordes, 1979) and were corrected for Lorentz and 
polarization factors; no corrections were made for 
extinction or absorption. 

The structure was solved by application of the 
tangent formula with the Sheldrick (1976) system. All 
but H atoms were located from the resultant E map 
and the structure with isotropic temperature factors 
was refined by a full-matrix least-squares procedure, 
minimizing ~ w(AF) z. It converged at R = 0.04 with 
weights w = (o'21Fo I + 0.0026F2o) -~, where o is the 
individual e.s.d, for each reflection calculated from the 
diffractometer counting statistics. H atom positions 
were determined from a difference synthesis and 
refinement was continued with anisotropic temperature 
factors on all but these H atoms. A final refinement on 
all the atoms converged with R = 0.027 and R w = 
0.026. 

The atomic scattering factors were those recorded in 
International Tables for  X-ray Crystallography (1974), 
and were corrected for the real part of the anomalous- 
dispersion effect. 

The final atomic parameters* are given in Table 1 

* Lists of structure factors, thermal parameters and an extended 
table of distances and angles have been deposited with the British 
Library Lending Division as Supplementary Publication No. SUP 
35309 (11 pp.). Copies may be obtained through The Executive 
Secretary, International Union of Crystallography, 5 Abbey 
Square, Chester CH 1 2HU, England. 

and the interatomic distances and bond angles are 
given in Table 2. Figs. 1 and 2 show two projections of 
the unit cell along axes b and c. 

Discussion. The structure is constructed from K + and 
[H3N-PO3]-  ions only. Each H atom in the anion 
forms a hydrogen bond to an O atom in an adjacent 
ion, but the structure determination clearly shows that 
each H atom is firmly bonded to the N rather than an 
O atom. Thus the anion should contain an 'ideal' P - N  
single bond. 

Table 1. Atomic parameters (x 104, except x 103 for  
hydrogen) 

x y z Mod (U) (A 2) 

K 2490 (1) 9883 (1) -2089 (1) 191 
P 2506 (2) 3405 (1) 892 (1) 132 
O(11) 802 (5) 2841 (4) 1890 (3) 205 
0(2) 4820 (4) 2944 (4) 1254 (3) 189 
0(3) 1915 (5) 2946 (4) -496 (3) 193 
N(1) 2451 (6) 6024 (5) 897 (4) 147 
H(1) 298 (9) 657 (8) 159 (5) 
H(2) 335 (9) 643 (8) 19 (5) 
H(3) 147 (26) 674 (22) 102 (13) 

Table 2. Interatomic distances (A) and interbond 
angles (°) 

P-O(1) 1.505 (3) O(1)-P-O(2)  ll5-1 (2) 
P-O(2) 1.509 (3) O(1)-V-O(3) 114.5 (2) 
P-O(3) 1.512 (3) O(1)-P-N(1)  104.0 (2) 
P-N(1) 1.800 (4) O(2)-P-O(3)  115.6 (2) 

O(2)-P-N(1)  103.1 (2) 
O(3)-P-N(1)  101.9 (2) 

f-~.~ ~.-~ 
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Fig. 1. The structure projected along b. 
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Fig. 2. The structure projected along e. 

The P - N  bond length is 1.800 (4)/~, which is longer 
than the 1.769 (l 9)/~ recorded by Cruickshank (1964) 
for the corresponding sodium salt, but the two lengths 
are not significantly different. The P - N  single-bond 
length reported here is probably the longest recorded in 
recent years but the length is not unexpected. Apart 
from confirming the earlier work, a P - N  single-bond 
length of 1.77 (I) ,/k was proposed from the variation in 
exocyclic P - N  bond lengths in hexakis(methylamino)- 
bicyclotetra(phosphazene) (Cameron, Cordes & 
Jackman, 1979). This bicyclophosphazene actually 
contains a P - N  bond length of 1.723 (6).A where the 
sum of the interbond angles at the N atom is 337.5 °. 
[VSEPR considerations (Gillespie, 1963) suggest that 
the sum of the angles should be 360 ° for sp 2 and less 
than 328.5 ° for sp 3 N.] The P-C(aliphatic) bond 
lengths are regularly in the range 1.80-1.86 ,/~ (Brown, 
Brown & Hawthorne, 1978). The aliphatic C atoms, 
like the N atom of this present compound, are unable to 
donate any non-bonding electrons to empty P orbitals. 
Thus from covalent-radius considerations, the observed 
P - N  bond length is not unreasonable. 

The three P--O bond lengths are 1.505 (3), 1.509 (3) 
and 1.512 (3)A; these are not significantly different 
and they compare with lengths in the range 1.504- 
1.517(5)/k in a sodium salt of N-phosphoryl- 
creatinine (Na[RNH.PO3]) (Herriott & Love, 1968). 
Each O atom forms one hydrogen bond with a H of the 
NH 3 group in an adjacent ion. The anions pack in 
layers perpendicular to b; two of the hydrogen bonds 
are formed with adjacent anions within the layer, the 
third with an anion in the next layer (Fig. 2). However, 
since each anion contains both an NH 3 and a PO 3 
group, the hydrogen bonds extend to form a three- 
dimensional net (Fig. 1). The N . . . O  contact distances 
are 2.825 (5), 2.843 (5) and 2.811 (5)/k for O(1), 0(2) 
and 0(3) respectively and the corresponding 
N - H . . . O  angles are I79 (5), 176 (5), 139 (8) °. The 
N . . . O  contact distances are consistent with an 

N - H . . .  O hydrogen bond and the bent 
N - H ( 3 ) . . . O ( 3 )  bond is not unusual (Olovsson & 
J6nsson, 1976). The positions of the H atoms them- 
selves were refined; the subsequent N - H  bond lengths 
for H(1), H(2) and H(3) are 0.87 (6), 0.95 (6) and 
0.79 (16)A. These are all short, but none differ 
significantly from the expected values of 1.01, 1.02 
and 0.99 A (Olovsson & J6nsson, 1976). A refine- 
ment was also calculated in which the H atoms were 
constrained (Waser, 1963) to be the expected distances 
from the N atom; this produced no significant 
improvement in the R factor or the e.s.d.'s. Since it is 
important in this structure to establish the positions of 
the H atoms without prejudgement, only the result of 
the unconstrained refinement is reported here. 

The K + ion is surrounded by six O atoms, each from 
different anions. The oxygens are arranged on the 
corners of a slightly distorted octahedron with K +. . .  O 
contact distances in the range 2.687 (3)-2.815 (3),~. 
Adjacent octahedra share a common face and so form 
connected columns in the zone of the b axis (Fig. 1). A 
full list of contact distances and angles has been 
deposited.* 

We thank the Canadian Natural Sciences and 
Engineering Research Council for a grant in aid of 
research to TSC. 

* See previous footnote. 
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