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Table 1. Final atomic coordinates and U, values
Ueq =3(U,; + Uy, + Uyy).

x y z Ueo(AY)
C(11) 0 0-0227 (2) 0-25 0-077 (1)
C(12) 0-29282(6) 0-0533 (1) 0-1991 (1) 0-081 (1)
N(1) -0-1337(2) 0-0277 (4) 0-1335(3) 0-057(2)
N@Q) ~0-2201 (1) —0-0111 (4) 0-0295 (3) 0-053(2)
NQ@Q) —0-1612 (2) 0-1572 (4) —0-0143 (3) 0-054 (2)
N@) ~0-1094 (1) 0-2301 (4) 0.0157 (3) 0-052(2)
C() —~0-1710 2) 0-0623 (5) 0-0481 (3) 0-049 (3)
C(2) —~0-1581(2) —0-0845 (6) 0-1794 (4) 0-071 (3)
C(3) ~0-2173(2) —0-1111(5) 0-1080 (4) 0-065 (3)
C@4) —0-1024 (2) 0-3249 (5) —0-0442 (4) 0-052 (3)
C(5) —0.0740(2)  0-8393(6) —0-0500(4)  0.075(4)
C(6) —0-0184 (2) 0-7885 (5) —0-0192 (4) 0-064 (3)
(ol@)] —0-0077 (2) 0-6449 (4) —0-0100 (3) 0-050 (3)
C(8) —0-0493 (2) 0.4118 (4) —0-0201 (3) 0-046 (3)
C(9) ~0-0576 (2) 0-5545 (4) —0-0309 (3) 0-045 (3)
C(10) —0-1147(2) 0-6138 (5) —0-0624 (4) 0-062 (3)
C(11) —0-1224 (2) 0.7516 (5) —0.0729 (4) 0.-071 (3)
o(1) 0-2434 (2) 0-2481 (4) 0.3381 (3) 0-084 (3)
N(5) 0 0-3341 (7) 0.25 0.081 (5)
C(12) 0-0522 (3) 0-3998 (8) 0-2735 (4) 0-089 (5)
C(13) 0-0528 (3) 0-5425 (8) 0-2745 (4) 0-099 (6)
C(14) 0 0-613 (1) 0-25 0-098 (7)

Table 2. Bond lengths (A) and angles (°) for
bisantrenium pyridinium chloride

N(1)-C(1) 1.316 (5) N(1)-C(2) 1.445 (6)
N@)-C(1) 1.320 (5) N(2)-C(3) 1.440 (6)
N(3)-N(4) 1.373 (5) N@3)—C(1) 1-317 (5)
N(4)—~C(4) 1-272 (5) C(2)—C(3) 1.503 (6)
C(4)-C(8) 1-467 (6) C(5)—C(6) 1.356 (7)
c(5)-cQ11) 1386 (7) C(6)—C(7) 1-415 (6)
C(H—-C(9) 1.428 (6) C(8)-C(9) 1.400 (6)
C(9)-C(10) 1-418 (6) C(10)-C(11) 1.351 (7)
N(5)-C(12) 1-342 (7) C(12)-C(13) 1384 (9)
C(13)-C(14) 1-380 (8) C(7)—C(8) 1.405 (6)
C(2)-N(1)-C(1) 1096 (4) C(3)-N@2)-C(1) 110:3 (3)
C(1)-N(3)-N(4) 116-8 (4) C(4)-N(4)-N(3) 115-3 (4)
N(2)—C(1)-N(1) 112-4 (4) N(@3)—C(1)-N(1) 125-0 (4)
N@)-C(1)-N(2) 122-6 (4) C(3)-C(2)}-N(1) 104.2 (4)
C(2-C(3)-N(2) 103.5 (4) C(8)-C(4)—N(4) 120-6 (4)
C(1)—C(5)~C(6)  120-8(5) C(N)-C(6)~C(5) 121.2 (4)
C(9)~C(7)—C(6) 118-0 (4) C(9)-C(8)—C(4) 117-2(4)
C(8)~C(9)—C(7) 120-1 (4) C(10)-C(9)-C(7)  118-1 (4)
C(10—C(9)-C(8)  121.8(4) C(11)}~C(10—C(9)  121-5 (5)
C(10)—C(11)-C(5)  120-2(5) C(13)-C(12)-N(5)  118.9(7)
C(12)=N(5)=C(12)  123-4(8) C(14)-C(13)=C(12) 119-2(7)
C(13)-C(14)—C(13) 120-3 (9) C(7)-C(8)—C(9)  120-9 (4)
CO)-C(7—C(8)  119-1(4)
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Fig. 1. View showing the stacking interaction between pyridinium
and bisantrenium ions and the H bonding to chloride ions. Cl(1)
and the pyridinium ring are located along a crystallographic
twofold axis. An inversion center is located at the center of the
anthracene ring.
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Structure of 2,5-Diamino-3H-1,3,4-thiadiazolinium Chloride Monohydrate
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Abstract. C,H;N,S+.CI-.H,0, M,=170-6, mono-
clinic, P2,/a, a=14-217(3), b=9-526(2), ¢=
5-0497 (9) A, B=98:31(2)°, V' =676-7(2) A%, Z =4,

0108-2701/86/081087-03$01.50

D, = 1-67 (by flotation), D, = 1-675 Mg m~3, Mo Ka,
A=0-71069 A, £=0-127mm~!, F(000)=352, T=
293 K, final R=0-027 for 1083 observed unique
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reflections. The cation consists of a 3H-thiadiazoline
ring and exocyclic —NH, and —N*H, groups. The
cation is almost planar. All N—H distances lie in the
range 0-80-0-88 A, and O—H distances are 0-82 and
0-72 A. Both ions and the water molecule are held
together by H bonds.

Table 1. Fractional atomic coordinates and equivalent
isotropic thermal parameters (A?) for non-H atoms

X y z B
S 0-66602 (2) 0:45137 (3) 0-68086 (5) 1.99
N(1) 0-59215 (6) 0-25196 (8) 0-3976 (2) 2.03
N(Q) 0-56261 (7) 0-36816 (9) 0-2429 (2) 1-91
N(3) 0-68138 (7) 0-17559 (9) 0-7998 (2) 2-69
N@4) 0-58332(7) 0:61133(9) 0-2739 (2) 2.56
C(1) 0-64664 (7) 0-2737 (1) 0-6277 (2) 1.92
C(2) 0-59691 (7) 0-4804 (1) 0-3665 (2) 1-83
Cl 0-33495(2) 0-17104 (3) 0-22551 (5) 2.53
0] 0-44281(7) 0-02621 (8) 0-7457 (2) 3.25

* Hamilton (1959).

Table 2. Bond distances (A) and angles (°)

(a) Non-H-atom values

S—C(1) 1.730 (1) S—-C(2) 1.764 (1)
C(1)-N(1) 1.316 (1) N(1)-N(2) 1.385 (1)
N(2)-C(2) 1-298 (1) C(1)>-N@3) 1.322 (1)
C(2~-N@4) 1.336 (1)
C(1»S—-C(2) 87.62 (5) S—C(1)-N() 110-55(7)
C(1)-N(1)-N(2) 11766 (8) N(1)-N@2)-C(2) 108-97 (8)
N(Q2)C(2)-S 11518 (7) S—C(1)-N(@3) 123-62 (7)
N(1)-C(1)~N(3) 12582 (9) S—C(2-N(4) 119-68 (7)
N(Q2)}-C(2)-N(@4) 125-14 (9)
(b) Possible hydrogen bonds

X...Y X---H /X--H=Y
Cl..-H(0)2-0 3-161 (1) 2.35(1) 173 (1)
N(2)---H(N4)2-N(4) 3.096 (1) 2:27(1) 173 (1)
Cl---H(N3)2—-N(3" 3.311 (1) 2.53() 166 (1)
O---H(N1)-N(11) 2.773 (1) 1.90 (1) 171 (1)
Cl---H(N3)1-N(3") 3-188 (1) 2-39() 157 (1)

Symmetry codes: none x, y, z; () | —x, 1 —y, —z; (i) 1 —x, —p,
1—z; (i) L+ x,1—p,-1+2z

, asinf
¥

1 2.

-+ —30—

b/2 —b/2

Fig. 1. Crystal structure projected along e¢. Hydrogen bonds are
indicated by broken lines.

2,5-DIAMINO-3H-1,3,4-THIADIAZOLINIUM CHLORIDE MONOHYDRATE

Introduction. Recently we reported the formation of
heterocyclic ring compounds, 1,2,4-thiadiazole and
1,2,4-thiadiazoline derivatives, by reaction between
substituted thioureas and FeCl, (Senda & Maruha,
1985a,b). Here we report the structure of the compound
prepared from dithiobiurea [H,NC(=S)NH-], (dtbu)
and FeCl,.

Experimental. An ethanol solution of FeCl,.4H,0 was
added to a suspension of dtbu in ethanol (molar ratio of
Fe and dtbu 1:2). The mixture was refluxed at about
330K for 5 h. A dark-violet iron complex precipitated.
Pale-yellow crystals formed from an aqueous solution
of the complex were used for X-ray analysis.

Space group P2,/a, systematic absences 0k0, k odd;
hOl, h odd. Crystal: 0-45 x 0-25 x 0-21 mm. Rigaku
AFC-4 four-circle diffractometer, graphite-
monochromated Mo Ko. Cell parameters refined by
least-squares method on the basis of 268 values of 25
reflections (25-7 < 28 < 39.1°). Intensity measurement
performed to 26=50°, 6-20 scan technique, scan
speed 4°min~'(6), h 0-16, k 0-11,
I —6-6. Four standard reflections showed no
significant variation, 0:996 < I|F,|/1F, |, < 1-014.
1320 independent reflections, 237 reflections with
|F,| < 3061F,] considered unobserved, 1083 observed
unique reflections. Lorentz—polarization correction, no
absorption correction. Structure solved by direct
methods with MULTAN78 (Main, Hull, Lessinger,
Germain, Declercq & Woolfson, 1978). All of the nine
non-H atoms located from E map and refined by
block-diagonal least-squares method on F with aniso-
tropic thermal parameters using UNICS program
system (Sakurai, 1967). Seven H atoms obtained from
AF synthesis and included in the refinement isotrop-
ically. Final R =0-027, wR =0-019, w=1/(c*|F,|
—0-08151F,1 + 0-00391F,1%), S=0-66. (4/0)yax
=0-18 for non-H atoms and 1-20 for H atoms.
Max. and min. height in final 4F synthesis +0-16 ¢ A~3.
Scattering factors for non-H atoms from International
Tables for X-ray Crystallography (1974) and for H
atoms from Stewart, Davidson & Simpson (1965). All
calculations performed on a FACOM M-360AP
computer.

Discussion. Final atomic coordinates are given in Table
1, and bond distances and angles in Table 2.* The
crystal structure is indicated in Fig. 1 together with
atom numbering of the crystallographic system.

* Lists of structure factors, anisotropic thermal parameters,
atomic parameters for H atoms, bond distances and angles
including H atoms, torsion angles and dev'~*ions of atoms from the
least-squares plane have been deposited with the British Library
Lending Division as Supplementary Publication No. SUP 42861
(11 pp.). Copies may be obtained through The Executive Secretary,
International Union of Crystallography, 5 Abbey Square, Chester
CHI1 2HU, England.
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The five-membered heterocyclic ring is planar: the
sum of internal bond angles is 539-98° and maximum
deviation from the least-squares plane is 0-008 A for
C(1). The deviation from the plane of the H atom
attached to the ring N is 0-03 A, and for the exocyclic
N(3) and N(4) atoms the deviations are —0-011 and
—0-023 A. All N—H distances lie in the range 0-80—
0-88 A, and O—H distances are 0-82 and 0-72 A. The
bonding parameters of the ring are comparable with
those reported by Flippen (1972) for a mesoionic
thiadiazole derivative. Consideration of the bond
lengths shows that in the crystalline state the cation
exists mainly in the resonance structures indicated
below, with partly double S—C(1), C(1)-N(1) and
C(1)—N(3) bonds and a C(2)=N(2) bond.

N+ § N S N N S+

/' N/ \/\ /\N/N\/\ /NN

H Cl (l:l He— H ﬁ ﬁ H H (IZ (l:l H
N—N NN N—N
/ / /

H H H

The cation, the chloride ion and the water molecule
are held together with four types of H bonds as seen
from Fig. 1. A pair of N(4)—H---N(2) H bonds across
the center of symmetry results in an H-bonded dimer of
the cation. Such dimerization has also been observed in
some other 1,3,4-thiadiazole derivatives (Mathew &
Palenik, 1974; Kornis, Marks & Chidester, 1980). The
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H-bond parameters are listed in Table 2. The remaining
shortest contacts are Cl---N(4V) 3.345 (1) [(iv) 1 —x,
1—y, 1—z] and Cl...0¥ 3.347(DA [(v) x, »,
—1 4+ zL.
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Lead Indium Bismuth Chalcogenides. III. Structure of Pb,In,Bi,S,,
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Abstract. M, =2311-15, orthorhombic, Pcma
(conventional setting Pbam by transforming b into —c
and c¢ into b), a=21.344 (4), b=4-002(1), c=
26-494 (5)A, V=2263.08A3, Z=4, D, =
6-783 g cm3, A(Mo Ka) = 0-71069 A, U=

0108-2701/86/081089-03$01.50

614-0 cm~!, F(000) = 3864, room temperature, final
R = 0-054 for 1373 independent observed reflections.
The structure consists of In—S tetrahedra and octa-
hedra, mono- and bicapped trigonal prisms of Pb—S,
and Bi—S octahedra; all polyhedra are distorted and
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