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Abstract. Crystals of manganese citrate, [Mn(H,0)4]
[MnC¢H;0,(H,0),] 2H,0, were prepared by evapora-
tion of an aqueous mixture of freshly precipitated man-
ganous hydroxide and citric acid. They are mono-
clinic, space group P2,/n, Z=2, F.W. 723:19, a=
20:575 (5), b=6:755 (2), c=9-230 (2) A, f=96-74° (1),
V=127397 A% D,=189, Dp.s=188 gcm3,
AMMo Kx)=0-7107 A. The final residual R=0-045. All
hydrogen atoms were located and were refined iso-
tropically. The structure is isomorphous with that of
the magnesium salt [Johnson Acta Cryst. (1965). 18,
1004]. Each citrate ion forms a tridentate chelate to
one manganous ion.

Experimental. A roughly spherical crystal, 0:26 mm
diameter, was used in the collection of three-dimen-
sional data on a Syntex automated diffractometer with
monochromatic Mo Ka radiation using the 6-26 scan
technique. Intensities were measured for 3731 unique
reflections. Values for o(F) were derived from count-
ing statistics and measured instrumental uncertainties.
The formula used was: o(F)=F/2{c*(I)/I*+&*}'?
[where a(1) is derived from counting statistics alone
and ¢ is the measured instrumental uncertainty]. Re-
flections for which the measured intensity, Z,,,, was
less than 2-33a(/) were considered to be unobserved.
For these ‘unobserved reflections’, when I>g([), the

Table 1. Atomic parameters for manganese citrate

Positional parameters are listed as fractions of cell edges.

Anisotropic temperature factors are expressed as

exp [—(3) (Buha** + .

and isotropic temperature factors as

.. +2Bhka*b* + .. )]

exp (— B sin? 8/2%)
with values of B given in A% Estimated standard deviations, determined from the inverted full matrices, are listed beside each

parameter, with respect to the last decimal place given.

xx10° yx10* zx 10* By,
Mn(1) 0 0 0 1:62 (2)
Mn(2) 21778 (2) 5140-6 (6) 5400-8 (4) 1-50 (2)
o(1) 18672 (9) —56 (3) 8339 (2) 1-70 (7)
0(2) 20744 (11) —2426 (3) 6811 (2) 2:96 (8)
0(@3) 2549 (10) 4940 (3) 2914 (2) 2-07 (7)
04) 12844 (10) 5271 (3) 3877 (2) 190 (7)
O(5) 23341 (9) 2181 (3) 4525 (2) 1-52 (7)
O(6) 16588 (10) 26 (3) 3321 (2) 2:14 (7)
Oo(7) 15438 (9) 3074 (3) 6479 (2) 2-17 (8)
O(8) 26057 (11) 6813 (3) 3786 (2) 2-94 (8)
09 4049 (10) —1191 (3) 2110 (2) 2:25 (8)
0(10) 8938 (11) 1685 (3) — 150 (3) 2:27 (8)
o(11) — 4541 (11) 2427 (3) 1047 (2) 2:62 (8)
0O(12) 13989 (11) 5558 (4) 748 (3) 2:27 (8)
C(1) 17273 (13) —1050 (4) 7166 (3) 1:69 (10)
C(2) 11368 (13) — 340 (4) 6171 (3) 1-50 (8)
C(3) 12912 (13) 1627 (4) 5423 (3) 1-47 (8)
C@4) 6589 (13) 2496 (4) 4632 (3) 1-39 (8)
C(5) 7415 (14) 4366 (4) 3750 (3) 1-75 (10)
C(6) 18023 (13) 1246 (4) 4335 (3) 1-45 (10)

BZZ BSS BlZ BIS BZ3
161(2) 1532 007(Q) -—004(2) 003 (2
1447 (2) 146 (1) —017(2) —013(1) —012(1)
1483(7)  1:53(7)  026(8) —0-16(6) —029(7)
2:34(8)  233(9)  105(8) —046(8) —0-88(8)
205(8)  296(9)  004(8 —120(7)  0-54 (8)
242(9)  244(8) —057(8) —070(7) 098 (7)
208 (8)  248(9) —022(7)  040(6) —067 (7
235(8)  162(7) —030(8)  0-18(6) —067 (8)
138 (7)  1-10(6) —003(7) -017(6) - 003 (6)
2:68(9)  2:00(8)  012(8)  067(8) 045 (8)
1188 (8)  220(9) —028(7) —060(7) 041 (7)
247(9)  373(11) —0-50(8)  0-83(8) —1-06(9)
229 (8)  2:44(9) 049 (8) —069(7) —0-54(8)
300 (10) 278 (10) ©0-11(8)  0-21(8)  0-09 (8)
1138 (10)  124(9) —032(9) —-002(8)  019(8)
1444 (10)  142(9) —035(8) —0-11(8)  012(8)
1334 (9)  1-10(9) —0-09(8) —0-05(8) —013(8)
160 (10)  1-68 (10) —0-04(9)  0-10(8) 017 (9)
163 (10)  1-48 (10) 008 (9) —020(9) 006 (8)
1132(9) 126(10) 009(8) —005(8) 020 (8)
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Table 1 (cont.) in Table 2 with a comparison with distances for the

magnesium salt. Most of the differences in interatomic

xx10° yx10° zx10° B distances are very small. Those in the metal-oxygen
H(1) 77() - 12(4) 672 (3) 1-8 (6) : are very : 110SE : Y8
H(2) 103(2) —129(6) 548 (4) 3.6(9)  distances indicate that the ionic radius of the man-
H(3) 36 (1) 267 (4) 538 (3) 1-1(6)  ganous ion is 0-10 A greater than that of magnesium
If_llg;‘; lf}g 8; égg g; ;gg 8; %jg &/; ion. The main changes in bond lengths are the lengthen-
H() 281 () 627 (6 326 (4) 34(11) N8 of C(1)-O(1) by 0-012 A (esd. 0-002 A for each
H(7) 239 (2) 768 (7) 345 (5) 4-8 (11) Structure determination) and the shortening of C(3)-
H(8) 32(2) —222 (6) 230 (4) 34 (10) O(7) by 0-009 A. The distances involved in the hydro-
gg?())) 1?2 8 _l?g Eg) Zgg 8) §§/ 88; gen bonding of H(5) are slightly‘diﬂ'erent in the two
H(11) 99 (2) 262 (6; =% (4; 31 (10) salts. In the manganese salt the distances O(7)- - -Q(l)
H(12) - 71(2) 288 (6) 68 (6) 371 and O(7)---O(2") are 2756 and 3-104 A respectively
H(13) - 272 304 (6) 160 (4) 3-9(10) while in the magnesium salt these distances are 2-788
H(14) 135 (2) 560 (6) 148 (5) 24 (1)  and 2-985 A. These changes are discussed in detail else-
H(15) 178 (2) 593 (6) 65 (4) 3-4 (9)

where (Glusker & Carrell, 1973).

measured value of I was used in computing F and
when I < a(I), F was computed using the value 0-774(I).

. N / Table 2. Interatomic distances and angles
The intensity data were converted to structure ampli-

tudes by application of Lorentz and polarization fac- Mangzlitnous Magn?tsium
tors and a spherical absorption correction (Johnson, . sal sat
1963) with u[Mo Ka]=16-5 cm~". They were placed g('j;i‘gg) (5.0 9900 fend 00
on an absolute scale by means of a Wilson plot. C(4)-C(5) 1-523 1-518
The structure was determined from the Patterson C(3)-C(6) 1-558 1-555
map and refined by full-matrix least-squares methods C(2)-C(3) 1-547 1-541
with the hydrogen atoms treated isotropically and all 883:8((‘1‘)) ig% ;:;g%
others anisotropically. The weights used were [o*(F,)] C(1)-0(2) 1-239 1-246
with unobserved reflections assigned zero weight. The C(5)-0(3) 1:252 1254
quantity minimized was Jw({||F,|—|F.||}%. The final C(5)-0(4) 1-267 1-259
refinement resulted in a residual, R, of 0-045 and a g(é)_o(” 1-258 1-260
. . . (6)-0(6) 1-256 1-250
weighted R value of 0-042. Final atomic parameters C(3)-0(7) 1-434 1-443
are given in Table 1. A table of calculated and observed
structure factors has been deposited with the National Manganous  Magnesium
Lending Library as Supplementary Publication No. salt salt
SUP 30040.* Angles (e.s.d. 0-1) (e.s.d. 0:1)
: . O(1)-C(1)-0(2) 122-6° 123-2°
The atomic scattering factors used for manganese, 003)_C(5)-0(4) 1557 1230
oxygen and carbon atoms were those in International 0(5)-C(6)—0(6) 123-9 1241
Tables for X-ray Crystallography (1962) and for hydro- O(1)-C(1)-C(2) 1157 1162
gen atoms those of Stewart, Davidson & Simpson 88;—%8;—88; }-;-;? }%2;
(1965). The anomalous dispersion corrections for man- e ' :
ganese, Af'=0-295 and A4f"'=0-729 respectively, are ggg:gg;:gg; %%g% }}33
listed by Cromer & Liberman (1970). Computer pro- 0(6)-C(6)-C(3) 1181 1189
grams used in this determination were the X-ray 70 O(7)-C(3)-C(2) 111-0 111-7
System (Stewart, Kundell & Baldwin, 1970), UCLALS4 O(7)-C(3)-C(4) 106-4 106-7
Full-Matrix L . 1 & O(7)-C(3)-C(6) 109-4 108-4
(Full-Matrix east-Squares; Gantzel, Sparks, Long C(1)-C(2)-C(3) 110-5 111-0
Trueblood, 1969), modified by H. L. Carrell and a pro- C(3)-C(4)-C(5) 1155 1153
gram to compute interatomic distances, planes and tor- g%—ggg—ggg; }(1)(9)2 }{8-2
sion angles (ALLD written by H. L. Carrell & A. C(2)-C(3)_C(d) 109-5 108-9
Caron).
Manganous  Magnesium
Discussion. This study was undertaken in order to . salt salt
provide data for an accurate comparison with the Distances (e5.d. 0:002)  (e.s.d. 0-001)
results from studies in solution (Grzybowski, Tate & m};:gg%) %ﬁ}ﬁ? A %:83(1) A
Datta, 1970, Villafranca & Mildvan, 1971, 1972, Glus- M(1)-0(11) 2-169 2-061
ker & Carrell, 1973). Distances and angles are listed M(2)-0(1) 2-167 2-072
M(2)-0(2") 2-123 2-:019
M(2)-0(4) 2-181 2-077
* Copies may be obtained from The Executive Secretary, M(2)-0(5) 2:194 2-081
International Union of Crystallography, 13 White Friars, M(2)-0(7) 2:224 2118
Chester CH1 1 NZ, England. M(2)-0O(8) 2140 2-031
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A comparison of Mn?*..-H distances from this
study with those found by n.m.r. studies in the ab-
sence and presence of the enzyme aconitase (Villa-
franca et al., 1972) indicates that the model involving
a ternary enzyme-manganous citrate complex with the
citrate ion directly chelated to the metal ion is probably
correct.
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The crystallography of nitramine-solvent complexes. IL.* Classification and crystallographic data of some
complexes of 1,7-diacetoxy-2,4,6-trinitro-2,4,6-triazaheptane (BSX). By R. E. CoBBLEDICK and R. W. H. SMALL,

Chemistry Department, The University, Lancaster, England
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Crystallographic data of some further complexes of the title compovnd with organic solvents are given. The
complexes are classified into types depending on the internal symmetry within the crystals.

The crystalline complexes of BSX, formed with various
solvents by simple recrystallisation, can be divided into
four main groups; within each group the cell dimensions
are similar and the internal symmetry the same. Table 1
shows the four types of complex formed with a number of
organic solvents. Those marked (2:1) have that molecular
ratio of BSX to solvent and the remainder have a 1:1 ratio.
These ratios were obtained from crystal density and unit-
cell dimension measurements and confirmed by thermo-
gravimetric analysis or in some cases from n.m.r. spectra
of solutions.

Unit-cell dimensions and space groups were determined
for most of the complexes from oscillation and Weissenberg
photographs using Cu Ko radiation (4=1-5418 A). Crystal
data for the complexes are shown in Table 2. Crystals
grown from benzene and monofluorobenzene (type D) were
too small to determine unit-cell dimensions.

* Part I: Claringbull & Small, Acta Cryst. B27, 863-864.

Table 1. BSX complexes

Type A. Monoclinic

Acetonitrile N-Methyl-2-pyrrolidinone

Acetone Nitrobenzene (2:1)
Nitromethane Acetophenone (2:1)
Pyridine Acetylacetone (2:1)

N,N-Dimethylformamide
N,N-Dimethylacetamide
Dichloromethane
Dibromomethane

Cyclohexanone (2:1)
Pentafluorobenzene (2:1)
1,1,2,2-Tetrachloroethane (2:1)

Type B. Monoclinic
4-Hydroxybutanoic acid
lactone
1,4-Thioxane (2:1)

3-Bromopyridine (2:1)
3-Methylpyridine (2:1)

Type C. Monoclinic
1,4-Dioxane

Type D. Triclinic

Benzene Monofluorobenzene



