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atoms. The figures were prepared from the output of ORTEPII 
(Johnson, 1976). Major calculations were performed on a VAX 
8800 computer. 

Lists of structure factors, anisotropic displacement parameters, H-atom 
coordinates, complete geometry and intermolecular distances have been 
deposited with the British Library Document Supply Centre as Supple- 
mentary Publication No. SUP 71843 (22 pp.). Copies may be obtained 
through The Technical Editor, International Union of Crystallography, 5 
Abbey Square, Chester CH 1 2HU, England. [CIF reference: HL1047] 
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Abstract 
Crystals of C(NH2)a+.NO; are built of sheets of 
guanidinium and nitrate ions linked by N--H.. .O 
hydrogen bonds of length 2.945 (6), 2.962 (8) and 
2.968 (6) A. The sheets are perpendicular to the crys- 
tallographic mirror planes; the C and N(1) atoms of 

the guanidinium cations, and the N and O(1) atoms 
of the nitrate anions, lie on these planes. It appears 
that pronounced changes of the crystal shape, 
observed at the first-order phase transition of 
guanidinium nitrate crystals at 296 K, are connected 
with shear shifts of the sheets in the crystal lattice. 

Comment 
In the most recent article, the crystals of guanidi- 
nium nitrate (hereafter GN) were reported to exhibit 
unusual properties connected with two phase transi- 
tions observed in this substance (Szafrafiski, 1992). 
The low-temperature phase, GNI, on heating at T12 
= 296 K, undergoes a transition to phase GN2; the 
second phase transition occurs at TEa = 384 K, where 

[ N H ~  + ~ H 2  • N O ~ "  

GN 

the crystals transform to the GN3 phase. The transi- 
tion between the GN1 and GN2 phases has first- 
order character and is associated with a 20 ° tempera- 
ture hysteresis between 276 and 296 K; the phase 
transition GN2-GN3 has a continuous character. 
One of the most interesting features of the 
GNI-GN2 transformation is the abrupt change in 
crystal dimensions; in certain directions the param- 
eters expand or contract by nearly 45% of their 
initial length. The other interesting properties of the 
GN crystals at this phase transition were observed in 
calorimetric, dilatometric and dielectric measure- 
ments (Szafrafiski, 1992; Szafrafiski, Czarnecki, 
Dollhopf, H6hne, Brackenhofer & Nawrocik, 1993). 
The main aim of the present study was to determine 
the crystal data and the structure of the GNI phase, 
which are necessary for interpretation of these 
phenomena. Crystals containing guanidinium cations 
are known to exhibit various types of molecular 
motions, like rotations or other forms of disorder of 
the cations (e.g. Grottel & Pajgtk, 1984; Grottel, 
Kozak, Matuszyfiska & Pajgtk, 1992; Gima, 
Furukawa & Nakamura, 1984; Ratcliffe, 1985), and 
a cationic self diffusion was considered in order to 
explain the mechanism of the phase transition in 
guanidinium perchloate crystals (Titova & 
Rosolovskij, 1965; Pajgtk, Grottel & Koziot, 1982). 
In no other guanidinium salt is a phase transition 
similar to that associated with the GN1--GN2 trans- 
formation reported. 

The GN1 crystals are built of guanidinium and 
nitrate ions hydrogen bonded into sheets along crys- 
tallographic planes (001), as shown in Fig. 1. The 
sheets are perpendicular to the mirror planes. The C 
and N(1) atoms of the cations and the N and O(1) 
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Fig. 1. ORTEP (Johnson, 1965) drawing of the GN1 structure 
viewed perpendicular to the sheet of hydrogen-bonded ions. 
One cation and one anion of the neighbouring sheet are 
included in the drawing to show overlapping of the sheets. The 
displacement ellipsoids are drawn at the 50% probability level, 
the H atoms are represented as small circles of arbitrary size 
and the hydrogen bonds are indicated by broken lines. 

atoms of the anions lie on the special positions, and 
the ions are Cs symmetric. Thus, half of the formula 
unit constitutes the symmetry-independent part of 
the unit cell. 

While the differences between symmetry-inde- 
pendent bond lengths in the cation and in the anion, 
as well as the valency angles in the anion, are within 
or slightly exceed three e.s.d.'s, the two symmetry- 
independent valency angles of the guanidinium 
cation are significantly different. Each cation and 
each anion is interconnected by six hydrogen bonds 
to three neighbouring ions arranged in a chicken- 
wire pattern within the sheets. Three hydrogen bonds 
are symmetry independent, the dimensions of which 
are compared in Table 3. The longest of the hydro- 
gen bonds is that linking the ions along [100]. The 
neighbouring sheets are parallel, but displaced by 
c.cos/3 = 1.839 (1)A along [100]. The average dis- 
tance between the sheets is c.sinfl = 3.148 (1) A; 
however, the ions are deflected from the (001) plane 
in a manner which increases the distances between 
the closest atoms. Thus, in Fig. 1, the atom N(1) has 
a lower z coordinate than atom N(2) and atom 0(2) 
has a lower z coordinate than atom O(1) (compare 
the manner of overlapping of the ions as shown in 
Fig. 1 to the coordinates in Table 1). The inclination 
angles between the (001) plane and the guanidinium 

and the nitrate ions are 5.1 (2) and 3.0 (2) °, respec- 
tively; the dihedral angle between the planes fitted to 
the ions is 2.1 (3) °. The differences in the dimensions 
of chemically equivalent bonds and hydrogen bonds 
may result from their different surroundings. 

The arrangement of the sheets in this structure 
suggests that the pronounced changes of the crystal 
dimensions at/ '12 can be connected with shear shifts 
of the hydrogen-bonded sheets. Similarly, large 
effects in crystal morphology were induced by the 
phase transition in crystals of 1,3-cyclohexanedione, 
also constructed of hydrogen-bonded molecules 
linked into planar chains arranged in parallel 
(Katrusiak, 1990, 1991). Also, as in the high- 
temperature phase of 1,3-cyclohexanedione, calori- 
metric results indicate the possibility of some kind of 
disorder in the GN2 phase (Szafrafiski et al., 1993). 
Dilatometric measurements show that the GN2 
phase is denser by 1.85% than the GN1 phase. 

Attempts to investigate the GN2 phase by single- 
crystal X-ray diffraction methods proved unsuccess- 
ful. In most cases the crystals remain transparent on 
transformation from the GN1 to GN2 phase, but 
their quality is significantly affected. The reverse 
transformation from the GN2 to the GN1 phase 
visibly damages the crystals, which bend and become 
opaque. The crystallizations of GN carried out 
above/'12, directly in the GN2 phase, yield small and 
low-quality species which are not suitable for X-ray 
measurements. We are continuing structural studies 
of these crystals by single-crystal and powder X-ray, 
as well as neutron diffraction methods. 

Experimental 
Crystals of GN 1 were obtained by slow evaporation of an aque- 
ous solution at 280 K. They crystallized in the form of colourless 
elongated prisms with well developed faces. 

Crystal data 

+ N  - C ( N H 2 ) 3 .  O 3  C u  K a  r a d i a t i o n  

Mr = 122.08 A = 1.54178 A 
Monoclinic Cell parameters from 25 
Cm reflections 
a = 12.686 (3) A 0 = 5-20 ° e 
b --- 7.274 (2) A # = 1.135 mm -I 
c = 3.629 (1) A T = 291 K 
/3 = 120.85 (2) ° Prisms 
V 287.5 (2) A 3 0.7 × 0.2 × 0.2 nun 
Z = 2 Colourless 
Dx = 1.410 Mg m -3 

Data collection 

Kuma 4-circle ~;--craddle Ri~t = 0.018 
diffractometer 0max = 65 ° 

20-0 scans h = - 6  ~ 15 
Absorption correction: k = 0 --, 9 

none l --- 0 ---, 4 
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320 measured reflections 
309 independent reflections 
281 observed reflections 

[I > 1.96o-(/)] 

Refinement 

Refinement on F 
R = 0.0319 
wR = 0.0366 
S = 1.32 
281 reflections 
53 parameters 
All H-atom parameters 

refined 

2 standard reflections 
monitored every 50 

reflections 
intensity variation: +0.5% 

w = lltr2(Fo) 
(A/or)max = 0.2 

Apma~ = 0.18 e A -3 
Apmin = - 0 . 1 6  e A -3 
Extinction correction: none 
Atomic scattering fac- 

tors from SHELX76 
(Sheldrick, 1976) 

Table 1. Fractional atomic coordinates and isotropic or 
equivalent isotropic displacement parameters (A 2) 

Uiso for H atoms; Ueq = (1/3)~i~qUija~afai.aj for others. 

x y z u~/U~q 
N 0.5464 (4) 0 0.0915 (12)  0.0578 
O(1) 0.6512 (4) 0 0.1271 (12) 0.0830 
0(2) 0.5007 (3) 0.1508 (2) 0.0957 (10)  0.0833 
C 0.2000t 0 0.0000t 0.0562 
N(1) 0.0971 (6) 0 -0.0235 (18)  0.0850 
N(2) 0.2586 (4) 0.1533 (5) 0.0332 (17)  0.0806 
H(I) 0.079 (3) 0.093 (5) -0.005 (8) 0.032 (9) 
H(2) 0.299 (5) 0.148 (4) -0.005 (9) 0.011 (8) 
H(3) 0.221 (5) 0.236 (8) 0.060 (15) 0.084 (15) 

t Coordinate fixed to define origin. 

Table 2. Selected geometric parameters (ik, o) 
C--N0) 1.264 (9) N(2)--H(3) 0.80 (6) 
C--N(2) 1.311 (4) N--O(1) 1.269 (8) 
N(I)--H(1) 0.73 (4) N--O(2) 1.244 (4) 
N(2)--H(2) 0.61 (6) 

N(I)--C--N(2) 121.6 (2) C--N(2)--H(3) 107 (5) 
N(2)--C--N(2') 116.6 (4) O(I)--N--O(2) 117.97 (11) 
C--N(1)--H(I) 111 (3) O(2)--N--O(2') 123.7 (3) 
C--N(2)--H(2) 116 (3) 

Symmetry code: (i) x, - y ,  z. 

Table 3. Hydrogen-bonding geometry (]k, °) 

D H A H. • .A D. • .A D--H-..A 
N(1) H(1) 0(2 a) 2.23 (4) 2.945 (6) 168 (4) 
N(2) H(2) 0(2.). 2.39 (6) 2.962 (8) 160 (4) 
N(2) H(3) O(1 '1) 2.18 (6) 2.968 (6) 167 (6) 

Symmetry code: (ii) x - ½, ½ - y, z. 

Owing to the crystals very high elasticity they could not be 
cut or shaped and it is possible that the deflects in the sam- 
pies resulted in broadening of the reflection peaks. The crystal 
diffraction symmetry was determined by precession and Weis- 
senberg methods. The unit cell was chosen in the way corre- 
sponding to the crystal morphology and its microstructure. Thus, 
[100] lies along the sheets of hydrogen-bonded ions, which is 
not consistent with the Niggli cell parameter aN = 10.931 ,~, 
(cf. Crystal Data). As a result of all crystals having reflec- 
tions broader than normal, presumably because of the low qual- 
ity of the highly elastic crystals, an appropriately wider scan 
range of 2.0 ° was applied. 20-0 scan method and a variable 
scan speed (1.0-20.0 ° min -~) depending on reflection inten- 
sity were applied. The intensities were corrected for Lp effects. 
The structure was solved by the Patterson method and H atoms 
were located from difference Fourier maps. The function mini- 

mized was Ew(IFol-lEe I) 2. Most of  the calculations were per- 
formed with SHELX76 (Sheldrick, 1976); all calculations were 
performed on an IBM 486DX computer. 

This study was supported by the Polish Committee of 
Scientific Research (project 2-0662-91-01). 

Lists of structure factors and anisotropic displacement parameters have 
been deposited with the British Library Document Supply Centre as 
Supplementary Publication No. SUP 71808 (3 pp.). Copies may be ob- 
tained through The Technical Editor, International Union of Crystallog- 
raphy, 5 Abbey Square, Chester CH1 2HU, England. [CIF reference: 
HO10641 
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Abstract 
The molecular  structure of  N,N' -b is (2-hydroxypro-  
pyl)di thiooxamide,  C8H16N202S2, belongs to the Ci 
point  group,  with only half  of  the molecule in an 
asymmetr ic  unit. The di thiooxamide par t  of  the mol- 
ecule is planar  with normal  bond distances and 
angles. There are intermolecular  hydrogen bonds 
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