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The Crystal Structures of «- and of 3-RbMnC(l,,2H,0

STIG JORGO JENSEN

Department of Technology, The Royal Dental College, Aarhus C, Denmark

The crystal structures of «- and of A-RbMnCl;,2H,0 have been
determined by three dimensional Patterson and Fourier methods
and the parameters refined by least squares computations.
o-RbMnCl,,2H,0 is orthorhombic, space group Pcca with a = 9.005
A, b=17.0565 A, ¢ =11.34 A. B-RbMnCl;,2H,0 is triclinic, space
group P1 with a = 6.656 A, b=7.01 A, ¢ =9.03 A, « =923,
B =109.4° y = 112.9°. In both structures the manganese atom is
octahedrally coordinated to four chlorine atoms and to two water
molecules. The water molecules occupy cis-positions in the a-form and
trans-positions in the g-form. The octahedra in the «-compound form
infinite chains by corner sharing at a chlorine atom. The g-form
contains discrete ions [Mn,Cl;,,4H,0]%".

Sa.unders 1 investigated aqueous solutions containing manganous chloride
and a chloride of alkali metal or of ammonium with the intention of pre-
paring double halides. The existence of C(sMnCl;,2H,0 (orthorhombic),
Cs,MnCl,,2H,0 (triclinic), Rb,MnCl,,2H,0 (triclinic), KMnCl,;,2H,0 (tricli-
nic), and (NH,),MnCl,,2H,0 (monoclinic), was reported, whereas the attempt
to prepare RbMnCl;,2H,0 was unsuccessful. This compound has now been
obtained from a solution of MnCl,,4H,0 and RbCl (molar ratio 5:1) in hydro-
chloric acid. RbMnCl,;,2H,0 exists in two crystal modifications; a-RbMnCl,,
2H,0 (orthorhombic) is the stable form at 0°C, and g-RbMnCl,, 2H,0 (triclinic)
is the stable form at 25°C. Their structures have been determined to explain
the difference between the two modifications. The present study forms part
of a series of crystal structure investigations of hydrated halides containing
manganese and alkali metals.2™*

EXPERIMENTAL

A mixture of «o- and B-RbMnCl,;,2H,0 is precipitated, when a saturated solution
of MnCl,,4H,0 and RbCl (molar ratio 5:1) in 8 M HCI is cooled from 50°C to 20°C. A
transformation from o«-RbMnCl;,2H,0 to the g-form takes place if this mixture is allowed
to stay in the mother-liquor for several months at 25°C, whereas f-RbMnCl;,2H,0 will
be transformed to the «-form in the same time, if the temperature is 0°C. «-RbMnCl,,
2H,0 forms pink needle shaped crystals. g-RbMnCl;,2H,0 is precipitated as a white
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powder, but a grain growth during the above-mentioned period changes the powder to
bigger pink crystals often forming cross-shaped twins.

Chemical analysis gave the following results: «-RbMnCl;,2H,0: Mn 19.63; Cl 37.65;
H,0 12.87; Rb 29.85. -RbMnCl,,2H,0: Mn 19.49; Cl 37.49; H,0 13.00; Rb 30.02. Calc.:
Mn 19.43; Cl 37.61; H,0 12.74; Rb 30.22. Mn was determined by complexometric titra-
tion with EDTA, Cl by potentiometric titration using AgNO; and the water gravimetri-
cally by heating to 110°C. Rb was calculated as the balance. «- and g-RbMnCl;,2H;0 are
losing the water at 69°C and 83°C, respectively. Both compounds have a density of 2.60
g/em?® (20°C) as measured by flotation in a mixture of acetylene tetrabromide and carbon
tetrachloride.

Unit cell dimensions were determined at room temperature from Guinier powder
diagrams using rubidium chloride as reference (agpc; = 6.592 A). FeKa-radiation
(FeKe = 1.9360 A) was employed. Three dimensional intensity data were obtained from
Weissenberg photographs by the multiple film technique using MoKa radiation. The
o«-RbMnCl,,2H,0 data were collected with a crystal (dimension: 0.300 X 0.050 x 0.050
mm) oriented along the needle-axis (a-axis). Reflexions 0kl — 5kl and h0l were recorded
and scaled together. The 8-RbMnCl,,2H ,0 data were obtained from two irregularly shaped
single crystals (maximum dimension: 0.150 mm) oriented along [011] and [111], respec-
tively. Eight levels around [011] and six levels around [111] were recorded. The intensities
of the reflexions were measured on a Joyce-Loebl double-beam densitometer. 379 and
758 observed independent reflexions were obtained from the «- and from the g-com-
pound, respectively. Corrections for Lorentz- and polarization-factors were computed,
but no corrections for absorption were applied in spite of the rather high absorption
coefficient (4 = 103 cm™).

STRUCTURE DETERMINATION OF «-RbMnCl,;,2H,0

The powder pattern of «-RbMnCly,2H,0 shows that it is probably iso-
structural with CsMnCl;,2H,0.2 Therefore structure-factors were calculated
using the coordinates and temperature-factors of the atoms from this com-
pound. The atomic scattering factors were taken from Vol. III of International
Tables of Crystallography ® and their parameters calculated according to the
interpolation formula of Bassi.® A three dimensional Fourier synthesis was
evaluated with signs obtained from this structure-factor calculation. A pro-
gram written by Lauesen ? was used. The electron density maps resulting
from this synthesis led to better coordinates of all atoms.

The Bhuiya-Stanley 8 method was used for refinement. An ALGOL-
program, D 45, written by Danielsen * was employed. With individual iso-
tropic temperature factors the R-value was reduced to 8.8 9, after a series of
six cycles of refinements. At this stage a difference Fourier synthesis was
evaluated. Peaks and troughs of electron density were observed around the
Rb- and the Mn-atom. This effect must be due to anisotropy of the thermal
motions or to absorption effects. The refinement was continued with aniso-
tropic temperature factors using a block-diagonal least-squares ALGOL-
program, G 3, written by Grenbaek.1® After five cycles of refinement the R-
value dropped to 5.7 %,

STRUCTURE DETERMINATION OF g-RbMnCl,;,2H,0

The crystals showed no piezo-electric effect, so a centre of symmetry might
be present. In a three dimensional Patterson function several prominent peaks
with equal heights could be seen. These peaks must be due to overlapping
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Table 1. Crystal data.

a-RbMnCl,;,2H,0 B-RbMnCl;2H,0
Crystal system : orthorhombic triclinic
Space group Pcca—Dy,? P1-C}
Formula units per unit cell 4 2
Unit cell : a= 9.005+0005 A a= 665100124
b = 7.055 +0.006 A b= 1701 +£0.01 A
c= 11340 £ 0006 A c¢= 9.03 +0.01 A
o= 923 4 0.1°
B = 109.4 & 0.1°
y = 112.9 £ 0.1°
Density, calculated (20°C) 2.62 g/em?® 2.62 g/cm?®
Density, measured (20°C) : 2.60 g/em? 2.60 g/cm?®
Absorption coefficient(MoKa): 103 cm™ 103 em™
Residual factor, R(hkl) : 5.7 % 7.7 %

including all observed reflexions with sin 6/4 < 0.7.

Table 2. Final atomic coordinates and temperature factors. The temperature factor,

B, is from the last cycle in which the atoms were isotropic. The anisotropic temperature

factors are in the form: exp(—b;h?—byef?—bssl?—byshk—b,shl—byykl). Anisotropic

temperature factor coefficients and sta.:ildgrd devi?,tions (in brackets) have been multi-
plied by 10%

«-RbMnCl,;,2H,0

Atom z/a ylb zlc B A

(o) 0.0738 (12) 0.6793 (12) 0.3716 (7) 2.0

Cly 0.2500 ( 0) 0.5000 ( 0) 0.1476 (4) 1.9

Clyr 0.0866 ( 5) 0.2023 ( 4) 0.3893 (3) 1.5

Mn 0.0000 ( 0) - 0.4600 ( 3) 0.2500 (0) 0.9

Rb 0.2500 ( 0) 0.0000 ( 0) 0.1475 (2) 3.0
Atom b1 bas bas bia bia bas
(0) 22 (22) 112 (17) 57 (8) —170 (28) 25 (19) —86 (18)
Cly 39 (11) 114 ( 7) 39 (2) — 5 (12) 0(0) 0(0)
Clyp 54 (9) 82 ( 4) 31 (2) —2(9 -3 (5) 16 ( 4)
Mn 45 ( 8) 46 (14) 27 (1) 0(0) -3 ( 5) 0 (0
Rb 138 ( 6) 152 ( 3) 63 (1) 152 (7) 0(0) 0 (0)

B-RbMnCl,;,2H,0

Atom zla y/b zle B As

(Y 0.7485 (23) 0.7514 (26) 0.4915 (21) 3.7

O 0.7466 (26) 0.4410 (28) 0.1667 (21) 2.7

Cly 0.2442 ( 8) 0.7204 ( 8) 0.4960 ( 7) 2.0

Clyp 0.7704 ( 8) 0.9588 ( 9) 0.1857 ( 7) 2.0

Clyry 0.2461 ( 8) 0.4279 ( 8) 0.1646 ( 7) 1.9

Mn 0.9977 ( b5) 0.3331 ( 5) 0.3296 ( 4) 1.0

Rb 0.2589 ( 4) 0.9352 ( 4) 0.1774 ( 3) 2.3

Atom b bas bss bia bis by

Oy 164 (47) 234 (59) 179 (39) 306 (94) 136 (72) 124 (78)
Oy 294 (53) 264 (55) 115 (32) 439 (95) 153 (69) 202 (71)
Cly 141 (14) , 58 (14) 84 (10) —16 (25) 112 (21) —46 (20)
Clyp 165 (14) 110 (15) 69 (9) 102 (25) 85 (18) —15 (20)
Clinn 151 (13) 107 (13) 85 (10) 129 (24) 115 (19) 32 (19)
Mn 0 (7) 85 (7) 62 ( 5) 102 (13) 56 (9) 44 (10)
Rb 187 ( 6) 194 ( 7) 95 ( 4) 217 (11) 94 ( 8) 68 ( 9)
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vectors. Among several possible solutions a trial structure was chosen which
gave the largest Rb—Rb-distances. PT was assumed. A three dimensional
Fourier synthesis was calculated using signs based on the positions of the Rb-
and of the Mn-atoms of the trial structure. In the Fourier maps all Cl- and
O-atoms appeared clearly.

Table 3. Interatomic distances under 4.0 A and, in brackets, standard deviations x 10° A.
Hydrogen bonds are indicated with h.

«-RbMnCl,,2H,0

Within octahedra
Mn — (L 2.549 (2) Cliy — Cly 3.524 ( 4)
Mn — Cly 2.531 (3) ¢y, — O 3.252 ( 9)
Mn — O 2.177 (9) Cly - 0 3.186 (11)
Cl; — Cly 3.754 (4) Clipy — O 3.373 (.9)
C — Cl 3.711 (4) (0] - 0 3.061 (12)

Between neighbouring octahedra
Cl; — Cly 3.892 (4) Cly — O 3.176 (12)h
Cl - 3.730 (9) Cly — O 3.183 (9h
Cly — O 3.697 (9) »
From the rubidium-atom

Rb — (I 3.528 (0) Rb — Cl 3.573 ( 3)
Rb — (I 3.424 (3) Rb — O 3.755 (9)
Rb — Cly 3.377 (4) Rb — O 3.697 (10)

B-RbMnCl,,2H,0

Within octahedra
Mn — CI 2.624 ( 5) Cliy — Clyy 3.635 (1)
Mn — Cl 2.543 (1) Cl; - O 3.374 (19)
Mn — Cly 2.488 ( 6) Cly — O 3.332 (20)
Mn — Clyyg 2501 (7) Cl; — Oq 3.403 (14)
Mn — O 2.202 (18) Cl; — Op 3.281 (20)
Mn — Og 2.228 (20) Cly — O 3.336 (13)
C; — C4 3.530 ( 6) Cly — Oy 3.453 (22)
Cly — Cly 3.628 ( 9) Clyr — O 3.391 (21)
Cp — Clyy 3.566 (9) Cliy — Op 3.365 (21)

Between neighbouring octahedra
Mn — Mn 3.774 ( 6) Clyy — O 3.469 (13)
Cly — Clyy 3.930 ( 7) Cliy — On 3.287 (21)h
Ccl; — O 3.289 (19)h Clir — Oy 3.175 (21)h
Cl; — O 3.681 (20) r — Op 3.729 (21)
Cly — O 3.192 (21)h o, — O 3.832 (21)
Cly — O 3.566 (22) O — Oy 3.575 (29)
Cly — O 3.784 (14)
From the rubidium-atom

Rb — Cl 3.313 ( 6) Rb — Cly; 3493 (1)
Rb — Cl 3.492 ( 4) Rb — Cl 3.622 ( 4)
Rb — Cl 33156 (1 7) Rb — O 3.662 (20)
Rb — Cly 3.342 (1) Rb — Oy 3.767 (18)
Rb — Cly 3.350 ( 7) Rb — O 3.792 (16)
Rb — Clyy 3.520 ( 17) Rb — O 3.975 (21)
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Table 4. Observed and calculated structure factors. F,, and F_,; have been multi-
plied by 10.

a=RbMACTy ) 2K;0
ok Fealc 2 1 61 -231 2 5 a3 -7’ 3 7 288 293 [ T 3 B 11
o 0 & 1778 -1918 2 1 39 =375 2 6 1036 -1102 3 08 M7 a2 MM 5 A3 M9
° 8 1345 1a71 2 1 05 289 2 7 89 177 3 9 78 -284 [ ] 17 312
10 702 -671 3 32 -226 7 8 74 146 31 11191 [ 81 -239
2 7 3 53 ~67h 2 9 56 74 3 12 a8 =290 [ I ] 10 42
b 1167 -1299 3 29 I 2 10 93 S »o 3 368 EIE I | 38 282
[ 82 3 68 145 2 12 A3 55 8 2 1081 1033 IR T 111
83 10 ~270 3 5 865 <45 2 13 88 =~156 3 3 8 -h62 s 5 0 62 -120
10 75 243 3 48 2 1 38 =337 B b ROD =377 [} 26 38
12 86 -275 3 07 -287 30 1111 -108% [ | A6 [ ] 37 ks
i 68 180 31 71 7 3 1 66 ~247 A 8 578 558 S 6 1 208 21t
0 00 1250 » 1053 1 3 2 76 v V7 308 -3tk [ ] 99 177
2 2 1372 -1266 y TS 3 s 15 05 . A0 06 [ A A ~316
2 N w09 » 200 1 3 8 A5 19 » .2h 223 . H 9% -278
8 s62 539 » 536 5 3 8 A0 -b38 (3] 20 ~192 [ ] [}] 17
8 313 1 £ b 3 9 45 ~258 A1 18 -218 » 9 14 Sk
10 1096 -1136 § NS o7 310 'Y 56 68 ~529 » 10 60 -296
12 MAS ASk » 89 5 3 12 33 -168 2 620 . [] 94 84
1 36 287 » 66 3 3 1 02 89 7 363 » » N2 -207
[ 59 ~239 [ 34 ] A7 ~646 55 =265 » o 08 65
2 81 227 [N N1 [ 39 -A9t 392 -388 » 35 ~A75
s 33 «611 25 - Vo3 19 09 23 9 a21 -501
[ 394 70 - NN o3 1 9 =311 542 556
H 51 ~335 79 [ ] 11 95 1 3 » 22 17
10 10 -186 77 ] [ 99  -813 7/ 9 625 -6
3 18 92 383 S M5 391 L] 87 -381 7 s 1 [ [}
g 1689 1635 7 M5 a2 ¥ 10 31 28 69 -387 20 -
N2 05 ~576 ] 01 -293 13 46 36 [ 72 -269 2
b ~662 9 91 ~260 [ 79 -328 5 1 21 3
» 6 86 260 12 NG 19 5 0 38 -338 6 AGE  -A7h 06 o
[ ] 26 53 13 22 ~19 5 1 32 i) 7 319 =310 56
a 10 21 =519 2 21 =51 s 2 277 28 303 30 95 237
[ 83 59 3 02 -72 5 3 132 -0 200 178 87  -18h
2 00 168 1 N 32 5 6 159 171 363 -368 1 7 303
0 ) 03 ~726 5 65 8 5 10 286 10 228 158 7 (113
° [] 13 189 6 275 2M € 0 508 =507 27 285 1310 -1232
10 263 3 K01 <38 6 1 38 72 ’ 52 -201 9 A0
0 Shh Sk 9 258 24 6 2 188 57 s 03 ~207 7 (3
2 38 ~196 1 01 ~h2 € 3 207 201 ? 2 07 M7 -k
. 92 ~692 12 64 28 € & a3 98 3. 22 59 A30 A
[ 52 335 1 50  -346 6 5 331 338 9 b8 -239 20 2
3 66 3hh 2 40 -338 € 8 339 -39 3 48 -263 10 188 -1
10 07 -291 H 63 258 s 7 15 30 » 16 -223 12 26 237
7 2 1w -191 5 22 ~320 6 9 280 43 32 276 1 M2 a7
7 4 12 22 6 A7 20 6 10 290 304 67 28 2 11 -282
7 6 27 223 7 333 387 7 0 239 251 53 ~20h s 41 =321
7 10 38 =300 8 206 -172 7 8 203 30 9% 333 5 ] 3 e
s 6 83 A0 1 359 389 8 0 5 -649 . 3 A35 7 1 AS
9 0 29 393 2 490 =510 $ 2 196 20 » 1 980 -9 2 93 -627
¢ 10 0 % 252 s 213 183 2 8 & 30k 309 [ 12 3 38 [ ] V2 =721
1.0 & 370 981 s 6 322 315 2 8 8 265 -28% » 2 A6 a7 [ 9 363
o 6 310 320 s 7 5 318 [ ~423 N & 157 -3 NS 37
0 8 391 -958 : 8 189 =176 0 6 1325 =18A3 » s 296 -31 & 6 35 326
0 12 599 6 8 9 185 168 0 8 08 s [ 73 [ St ~M26
0 1% 228 ~-180 9 3 302 333 0 10 a38 (131 N 1 336 -32 » 9 22 233
0 16 297 -258 19 5 191 215 1 2 sa1 595 » 33 29 M 11 A38 =67
101 2 832 5% o A 1163 1287 103 20 23 » 0 2057  209% b 12 2 276
11 3 2sh 277 0 6 k28 1535 1 6 17 -7 M 1 % 3 5 1 116 -169
1 % 338 35 o 3 371 w01 1 5 s =171 N 2 806 -77h 5 3 3 a2
15 222 -7 0 10 373 38 16 2719 292 A 3 238 -232 5 5 A0 -A6O
1 6 237 266 0 18 550 586 1 8 165 134 N booBBY) 656 5 1 s
1 7 a%3 528 12 932 967 2 1 282 253 » 5 3 .35 9 17k -158
1 8 386 =344 1 3 172 -185 2 2 391 365 . 3 7 77 1 678 66
1 11 208 ~207 1 & 270 ~230 2 3 350 =333 » s 23 26 2 K06 -372
11 12 212 163 1 'S A1 =55 2 N 788 =767 N 10 563 -58 Moo2s 2
1 1 13 230 -205 1 6 22 18 2 5 32 3 N ° 1 6 211 175
1 1 15 261 203 1 8 508 553 2 7 281 -23% N 1 293 28 7 a39  -ams
12 1 02 ~142 1 9 319 339 2 8 s 8eS 3 2 % 337 3 270 -207
12 2 1927 -20u8 1 10 537 571 2 10 203 -178 s 323 195 9 261 232
12 3 -906 112 259 274 2 12 580 =586 . ] 769 -788 2 237 -202
1 2 N 581 s98 113 226 -218 2 W 182 82 4 3 5 238 249 5 3 356 379
12 S5 540 5k 2 0 W61 ~1k29 3 1 568 -5A9 § 3 6 3 82 s 5 352 355
1 2 & 906 986 2 1 650 59 3 2 195 180 N A 0 1083 1033 H 1199 21
12 7 m n 2 2 320 -278 3 3 386 320 A 8 1 559 -5k 5 2 338 eA2t
1 2 8 551 <57 2 2 3 =435 3 3 b 382 375 A N 2 520 -500 5 3 3 255 282
12 9 e 128 2 & 1889 2002 3 3 5 2w -230 BN 3 ASe $3 5 8 6 261 263
8=-RbHACY, |21, 0
N k 1 Fobs Fecale 3 1 %0 o 1 -8 & 267 -268 3 3 ;3 0 6 226 18
0 0 3 1013 -1069 3 6 NS A83 1 -8 S 3 138 - 5 313 -7 223 210
0 0 5 1% 173 b 10 385 372 1 =7 1 238 19 -3 8 168 -5 212 260
0 0 6 265 9k7 N -8 217 186 1 -7 3 195 -1h1 2 -7 10 N 276
o 0o 9 236 -219 s -7 338 ~331 1 -7 7 7 135 -2 & 2 -3 N2 ~AS0
o 1-10 282 246 N -6 168 -157 1 -6 0 260 282 -2 -2 290 -1 s26
9 1 -5 209 243 N -5 187 189 1 -6 2 228 226 -2 1 349 1 77 ~A50
9 1 b h28  AT5 N -4 918 966 1 -6 3 136 127 -2 9 kSO 2 82 38
0 1 -3 M9 -526 PERS 211 ~217 6 N 152 ~163 -2 1 69 3 58 ~230
0 1 -2 568 -668 [ 538 533 -6 5 3%0 339 -2 2 A7 s 6 39
0 1 3 M8 o522 A o- 509 -528 -6 6 191 -2 3 131 -8 77 22
0 1 & 307 351 [3 297 283 -5 -k 183 136 -2 & 162 -6 N2 07
0 1 5 516 369 [ 828 828 -5 -1 199 167 1 -2 5 218 -5 09 380
0 2-11 369 313 S -7 188 180 -3 0 235 227 -2 6 263 272 -8 0N =51
0 2 -3 324 -338 5 -6 238 260 1 -5 2 320 313 - 7 325 -305 -3 39  -h21
0 2z - 72 =302 5 - 317 1 -5 & 237 -229 -2 3 8 -2 60 61
0 2 -5 1105 1185 5 - 283 -218 1 -5 5 117 131 -1 =5 212 2 -1 76 o3
o 2 -3 18 =N75 5 220 -215 1 «5 6 97 -11t -1 A g 20 70 92
e 2 -2 1011 -1068 5 549 526 1 -5 3 186 1 10 WA2 -ASS N23  -550
0 2 - 200 ~197 6 - 324 324 -4 2 197 200 -1 1 81 3 351 -356
0 2 0 317 303 6 -7 219 -236 -4 -1 304  ~322 -1 2 82  -382 202 '3
¢ 2 3 5 -621 6 -6 228 190 - 0 591 -6OM -1 N3 37 39 38
o 2 507 536 6 -8 178 20 - 1 A7 s -1 6 309 306 28 -218
0 2 7 551 535 6 - SéS 555 - 3 238 226 e 7 112 1 12 38
0 3 -3 136 203 6 - 304 251 -4 & 165 168 0 -6 253 267 35«23
0 3 -3 171 188 6 - M7 -387 -4 5,226 ~239 0 -5  &00 ~AS2 A, 226
0 3 -7 262 -312 ] 186 -156 -4 6 359 358 0 -k N3 =500 03 -325
0 3 -6 200 182 6 335 328 -4 7 19t 209 0 -3 327 388 382 v6
c 3 -k 205 20% 7 - 295 287 3 ‘=6 202 178 0 -2 96 210 Y 22 ~222
0 3 -3 16k 183 7 380 334 -3 -3 284 336 0 1 6k2 ~645 \ 77 -1Mm
0 3 -2 N7 NG s -8 208 210 -3 -1 295 338 0 2 600 59 \ 81 02
o 3 -1 39  ~A62 8 -6 201 ~197 -3 0 289 257 ¢ 3 339 3hh Y 152 3
0 3 o 712 660 s -2 220 23 1 -3 1. 336 35 o & 181 206 [ 310 0
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5 -3 & 199 -223 6 =3 o1 256 =260
~3 76 17 -3 0 05
-7 - 56  -10§ -3 1 51 153
-7 1 00 16 -3 & 17«21
-7 37 -129 2 7 34 =321
-6 -k 16 13 «2 6 0s  ~291
-§ 3 93 134 -2 - 13
-6 -2 9% -180 -2 =2 3 -167
-6 -1 61 -392 -2 -1 M7 =h02
-6 0 209 204 - 187 -169
-6 2 7 %2 - 2 Sih 589
-6 3 71 125 8 «1 -8 236 226
-8 & 65 138 8 -1 -7 0y  ~203
-6 5 3 =-235 «1 -6 02 ~222
5 - 25 13 -1 -5 a7t e
-5 -1 08 3% -1 = 77 98
-5 0 10 «161 -1 =2 0 120
-5 2 65 7 -1 =1 9 -290
-5 & 70 ~170 - 8 ~196
-4 -8 93  -350 - 7 288
-4 -3 33 1] o - 9 73
S 1% 5 0 - 8 ~34%
-y - 29 . 0 - 93 -156
- - 85 ~266 0 - 677 707
-5 26 -N2S 0 - 6 -230
-8 36 s 0 b -231
- 3 63 2 L] 6 381
- & kL3 {3 6 - 7N -187
‘eb 6 58 =206 6 - 66 ~135
-3 08 - [ bl S5 256
-3 - 15 [] 0 09 =164
-3 - N0 -228 [] -1 6 ~137
-3 - 94 77 [ - 13 .27
3 o 76 243 - 178 =156
- H 7 - 2 -20t
- 9 - - L3 AS9
- {3 - 27 132
- - -3 21 260
-2 -7 S 88
-2 - 8 13 - 1 89 -222
5 *2 - i) 59 -7 =2 85 172
-2 - 7 =366 - ° 37 =107
=2 o {] 28 -8 b 75 ~209
-2 - {] . 6 - 53 150
-2 - 1 -5 = (3] 28
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- -3 - 65 ~237
- - 5 73 =115
-, 20 208 95
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- 110 =177
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- 189 k3 0 = 83 (33
-l 176 =1V -l 07 ~202
-! 202 7. - 2 73
- 17! =16 -t 38 -138
- 96 - 39 ~168
- 0 -8 - 67 N2
- 3 - 0 10 =200
-8 o 9 -279 -7 -2 28 20
-3 - 13 -204 - 1 65 ~136
-l 2 29 -6 -5 76 ~252
- 134 71 ~6 -3 389 AON
-l 70 ~219 -6 -2 122 130
- 07 228 - 216 -152
- 128 =170 180 -181
- 167 =158 8 ~5 =~ 27
- 139 97 8 -5 - 150 -131
-6 - 05 118 -5 - 13
-8 - 31 ~203 -5 173 -18%
-8 - 35 ~363 -4 - 388 355
-8 - 97 ~195 -, - 261 -216
- [] L3 555 -8 =¥ s ~228
- 1 9% 175 -4 -2 L3 3
- 3 07 -193 - 1 197 -173
-l » 05 -19% -3 -6 222 1
-6 & 73 303 -3 =5 181 «18%
-5 <& A00 357 8 =3 ok 121 «158
-5 - 205 -227 s -3 1 193 «173
-8 - 237 219 3 -2 -8 165 -156
-5 7 112 8 -2 -7 &3
6 -5 163 165 8 =2 M 252 -282
6 -5 23 -228 8 ~2 -3 108 ~127
6 -5 & 178 =163 8 -2 -1 A08 M6
8 =N -7 318 -317 8 -1 =t 170 =172
B - =6 220 -200 8 -1 =2 208 118
-8 -5 668 8 -6 376 AN
-8 -4 188 186 8 0 -3 183 =178
-8 -2 A0S =370 s 0 ¢ 82 303
- -1 3% =326 9 -8 -6 153 -1
-5 1 668 678 9 -b -2 128 1S
-4 3 185 =156 9 -3 ~6 128 136
-8 208 -21% 9 -2 .S 171 =157
6 -3 -7 151 -168 9 ~2 «» 126
6 -3 -3 310 283 9 -1 -5 126 136
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The D 45 program was also used for f-RbMnCl,;,2H,0. The R-value was
9.0 9, after 6 cycles of refinement with isotropic temperature factors. Also
in this compound effects of anisotropy around the Rb-atom in a subsequent
difference Fourier could be seen. The refinement continued with program
G 3 and was terminated at an R-value of 7.7 %,

CRYSTAL DATA

The crystal data are given in Table 1. The coordinates found, the tempera-
ture factors and standard deviations are given in Table 2, the interatomic
distances in Table 3, and observed and calculated structure factors in Table 4.

DISCUSSION

In «- and in f-RbMnCl;,2H,0 the manganese atom is surrounded by four
chlorine atoms and two water molecules forming distorted octahedra. In
«-RbMnCl,;,2H,0 (Fig. 1) the water molecules occupy cis-positions in the

Fig. 1. a-RbMnCl;,2H,0. Projection of half Fig. 2. B-RbMnCl;,2H,0. Projection on
the unit cell on (001). (100).

octahedra. The octahedra sharing corners are arranged in zig-zag chains.
«-RbMnCl;,2H,0 is isostructural with CsMnCl;,2H,0.2 In S-RbMnCl,,2H,0
(Fig. 2) the water molecules occupy trans-positions. The octahedra are joined
in pairs by sharing edges and are thus forming groups [Mn,Cls,4H,0".

In both compounds the rubidium atoms have eight chlorine atoms as
nearest neighbours. In «-RbMnCl,,2H,0 these eight atoms together with six
oxygen atoms form a coordination similar to that in a body-centered cubic
packing.?2 In -RbMnCl,,2H,0 the eight chlorine atoms surround the rubidium
atom in a CsCl arrangement.

The structures of «- and of B-RbMnCl;,2H,0 can be described as layer-
structures (Fig. 3). The layers contain the Cl-, Rb-, and O-atoms. Between
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Fig. 3. (a) «-RbMnCl,,2H,0 seen in the direction of the a-axis. (b) g-RbMnCl;,2H,0
seen in the direction of the c-axis. The figure shows the layer-sequence in the two struc-
tures.

these layers the Mn-atoms are placed. Each layer consists of chains of Cl-atoms
only, alternating with chains containing both the Rb- and the O-atoms
(Figs. 4 and 5). In o-RbMnCl;,2H,0 the layers are parallel to (001); in

N
o>

A B8

Fig. 4. «-RbMnCl;,2H,0. A- and B-layer. The alternating chains of Cl-atoms and of
Rb- and O-atoms can be seen.

S-RbMnCl,,2H,0 the layers are parallel to (100). Two sorts of layers, A and
B, exist in «-RbMnCl;,2H,0 (Fig. 4). In the A-layers the chains are parallel
to [110], whereas the chains in the B-layers are parallel to [110]. The layer-
sequence in the a-form is:

—A—-Mn—B—B—Mn—A—
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Fig. 5. B-RbMnCl,;,2H,0. A-layer. The
atoms are placed approximately in the
same way as in the A-layers in
a-RbMnCl,,2H,0.

In B-RbMnCl;,2H,0 (Fig. 5) the chains in all the layers are parallel to [011],
so the sequence will be:

—A—-—Mn—A—A—-Mn—A—

In both compounds the oxygen atoms have four chlorine atoms as nearest
neighbours outside of the coordination polyhedron of the manganese atom.
Two of the four chlorine atoms are placed at distances varying from 3.47 A
to 3.78 A from the oxygen atom, and the two others are placed in distances
from 3.18 A to 3.29 A from this atom. It is assumed, that the latter distances
correspond to hydrogen bonds. The corresponding Cl—O—Cl angles are
108.1° in «a-RbMnCl,;,2H,0 and 101.6° and 102.8° in -RbMnCl,,2H,0.

The occurrence of cis-trans isomerism in kinetically labile coordination com-
pounds is rather uncommon. This work gives probably the first example
with established cis-frans isomerism as explanation of the polymorphism.
Another possible example is «- and f-MnCl,,4H,0. In the a-form, investigated
by Zalkin, Forrester and Templeton,!* the manganese atom is surrounded by
four water molecules and two chlorine atoms in cis-octahedral coordination.
If g-MnCl,,4H,0 is isostructural with FeCl,4H,0 (Penfold and Grigor %)
as suggested by Groth 3 the Cl-atoms here will occupy trans-positions in the
octahedra. In NaBr,2H,0 (Culot, Piret and Van Meersche 14) the sodium
atom is octahedrally coordinated to four water molecules and to two bromine
atoms with the halide atoms adjacent. In (C¢H;),AsRuCl,(H,0),,H,0 (Hop-
kins, Zalkin, Templeton and Adamson %) two water molecules occupy cis-
positions in the RuCl,(H,0), -octahedra. The existence of #rans-isomers of
the two latter compounds has not been published.

In «-RbMnCl,;,2H,0 the Mn—O distance is 2.18 A, and in the f-form the
Mn—O distances are 2.20 A and 2.23 A. The differences are less than three
times the largest of the estimated standard deviations of the bond lengths.
In MnCl,,2H,0 (Morosin and Graeber 16) with trans-octahedra in chains the
Mn—O bond is 2.15 A, and in MnCl,,4H,0 (Zalkin, Forrester and Temple-
ton 11) with isolated cis-octahedra the average Mn—O distance is 2.21 A. The
distances from manganese to chlorine vary in the cis-compounds from 2.48 A
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(MnCl,,4H,0) to 2.55 A («-RbMnCl,;,2H,0) and in the trans-compounds from
2.49 A to 2.62 A (8-RbMnCl,,2H,0).

In both compounds the Mn—Cl; bonds are longer than the other Mn—Cl
bonds. The reason for this difference is probably that the Cl; atoms are in
contact with two Mn atoms (Figs. 1 and 2). The same difference can be seen
in CsMnCl;,2H,0. In «-RbMnCl;,2H,0 the Mn—Cl}; bond is opposite to a
Mn—O bond. In (C¢H;),AsRuCl,(H,0), H,0 and Cs,RuCl;H,0 (Hopkins,
Zalkin, Templeton and Adamson !?) with chlorine and oxygen around ruthe-
nium in discrete octahedra, the metal-chlorine bonds opposite the oxygens in
the octahedra are shorter than those for which the opposite atoms are both
chlorine atoms (2.33 A and 2.31 A compared with 2.36 ,£ and 2.35 A).
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