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Ehé Ctzétal §§zus§uze ‘of Wenganese Dighloride x~~~,hz§z

The stable room temperature form of Mncaz-tho ( a=~form ) has.a"'.
honoclinic cell a = 11,186 4, b = 9,513 §, c = 6,186 A, and
B = 99 74°.  The space group is le/n with four formula units per

unit cell and d = 2,03 go/cce An X~ray diffraction study of thia

material yielded the positions of all of the atoms including the .
'hydrogens. The structum congists of discrete octahedra of four -
oxygen atom and two chlorine atoms about the manganese , and with

the chlorine atoms adjacent to’ each other. The four Mn-o distances

'are nearly equidistant being 2,224 A, 2,209 X, 2.185 A, and 2, 206 A

the two Mn-Gé distances are 2 u7s A and 2.500 A Only fou:b of the

Intreduction .

o

G:othz, reports two monoclinic crystal modifications of Mncea-hﬁzo.-

isomorphous with FeCl -hH20, the etructure of which has been described by’

L

‘Penfold and Grigor with comments on the proton aites by Saffar and Murtz

One form is metastable at room temperature ( ﬁawson“and Will:latms.3 ) arx:l ‘is

5 t')' S




’;{modification as the a-form, and to the metagtable modification as the

“p-form. It should be noted here that Groth? in his publication has f,

reversed the naming of these two forms from the above convention,

Delsin6 has reported the ooll dimensions snd epace group of the

: cc-form, and Gardner7 has reported some preliminary results on the proton
sités. We became interested in the structure of this crystsl after

":llearning of its use as a sample for 1ow temperature magnetic measurements M

by Professor W. F. Giauques -

S

eripental "“
| An aqueous solution of ms.nganous chloride wasallowed to evaporate |
'"at room te_mperature snd the tetrahydrate' crystals grew readily in the. .form_'_
{:; of approximately hexagonal plat_es. A suitable crystal with. maximm : | |
‘_‘dimension of 0.1 mm was mounted }and used for collecting the intensity data.:..

:Intensn.ties were measured with a Genersl Electric XRD-S equipped with a

goniostat » & scintillation counter and a pulse he:.ght discriminator. Mo Ko

'radiation was used and the unit cell dimensions are based on A = 0.70926 A

" for Mo Kcl. No preliminary x-ray photographs were taken; the ‘erystal was

'yf'aligned on the gomostat using the’ cell dimensions reported in Donrx.:any8 P

together with the observations on the direction of extinction of polarized',-

lighte The systematic space group absences were carefully checked on ."-

_the goniostate - . SR e

.

The 8L48 independent reflections permitted hy"the spsce group in the

_f."sphere with sin6/\ l'ess'than '0.538 ( 20 less than h5° t') were mea.‘sixﬁd with:.»'—'

counting times of 10 seconds each- of these, 49 were assigned zero intensity. :

:;'The maximum. intensity counted was h200 counts/second N which was the 002

. refIéction. ,

' No corrections were made for either absorption or extinction.~ The



%about 0.14 or less, making the absorption very low.
Calculations were made with an IBM TO9L computer using a full matrlx_
lleast squares reflnement program written by P. K. Gantzell, R. A, Sparks,
‘_land K. N. Trueblood with minor changes and Fourier and distance programs

written by A Zalkin, Ve minimized the function §w([F | - [F ])2/2'sz

9

Atomic scattering factors were taken as the values by Ibers for

’Mn'"2 s ce 1, neutral O and Ho Dispersion coac'rections:"o of ~0.4 and -0 l
2

:‘electrone were -added to the Mn* and Cé -1 scattermg factors respectively.

"The imaginary part of “the diepers:.on correction was neglected.

 Besults
-Cell and Space Grogp.-—The primitive cell is monoclinic s containe

N e

3+

L 4

‘."four fomula units (MnC4‘22 hHZO) per unit cell and has the dimensions-
a=11,186 * 0,006 , b = 9.513 % 0,005 A, & = 6,186 £ 0,002 1,
'ﬁ-99.7utooh°,‘v-6ueeA3 2t g L2759 1:06503 :

}‘_These compare with values a=1l.3, b= 9.55 end c= 6.15 A and B 99.63
':.'Ireported by Delain ‘(after transformation from P21/a) and the axial ratios
of 1.1525 : 1 : 0,6LLS with B ='99.12° by Grot?, . o
‘ ~From the X-ray data the calculated density is 2.03 g./cc. which

X4

compares w:.th the value of 2.01 g./cc. reported in the Handbook of Chemistry
“and Physicsll | o | .
- Reflections hO& are absent unless h + & - 2n and Oko rei‘lectlons are ~
absent unless k = 2n. This is characteristic of the space ‘group. P21/n (02h5 ) r.ff
and the success of our structure detenmnation confirms this symmetry.
) Dgtgmnation of the Structure --Projection data were collected mltﬁ.ally‘
."'and the Patterson functions for three pro:)ections hkO, hO& ¢y and Ok¢ were
.:':calculated from the observed intensities after correction for Inrentz and

_'"polarization effecte. From these three projections, the positions of the_k"Mn

;and the two independent C& atoms required.'by'i.the four fomﬂa unita per




‘unit cell were obtained directly. Theaefthree_'atoms,were alil”jin Iy ‘-:"‘i‘old
':'general positione-” o _ | A. ‘ A
h(e) 2 (X %25 1/2+x, 1/2-x, l/2+z ) ,‘»"
_ When all of the three dimensional data were available, a three
"dimensional Fourier was calculated with phases based on the poeitiona
- of the Mn and two C¢ atoms, In thie Fourier, all four independent
}oxwgen atoms were found in general positions.
| ‘The paramcters of these 7 sets of atoms were refined by least
> squares using all the data, each with unit weight, and giving eaoh
‘.'atom an isotropic :tenperature factor of the i‘orm exp (-Bl.2sin29). |
ALAELeD Syczcleoloferaﬁ.,mm,tohehcom‘amntna:laumanabmly*faﬂtor
| _13. -S| I-I-'-ol - ]_Iicll /élg‘o] decreased to 0.083 . Correction of several
blundersin the :i.ata tald.-ng and in the 'card punching and the introduction
of anisotropic temperature factors of the form | exp( Bll = Bpok” - p3‘ ¢
e 2312_‘}1_15- 28,5t~ 2B, ke) for each of the 7 atoms reduced R to 0,047 '
after i‘our more cycles of refinement, -
An electron density difference function with all 'atoms subtracted :
“out with the exception of hydrogen was calculated using the results of
this anisotropic refinement and using the terms for which sine/h less
‘than 0.)48 o Eight out of the ten highest peaks in thisxi‘unction corres-
ponded to reasonable positions i‘or the eight independent hydrogen atoms ‘
in general positions. _ Four of these hydrogen atoms form hydrogen bonds,
.but the dbher four atoms have no suitable environment for formmg bonds
'and remain unbonded, "
Four cycles of least squares refinexmant with all eight hydrogen atoms
each having isotropic temperature factors and the remaining seven heavier
o atoms having a.nisotropic temperature factore resulted in an R factor of _
"0.0hl The temperature factore of the four bonded hydrogen atoms remained."it e

N

e normal,;but thosm of,‘two of the_unbonded atons,” attached to’ 0(3), had !'j'_'j s




higher values,

- After four more cycles of refinement, the final R value was 0.039 .
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Deseription of the Struggggg‘é—mhe structure consists of discrete

POPON NN DY

-octahedral groups, with eachlmanganeseiatoh co~ordinated to two chlorine

“atoms at an average distance of 2.h88 L and_tq f&ur,oxygen atoms at an3

avérhge_distance of 2,206 K.

( 248, )

‘)

assuming that the 0 anc 0& atoms Pride" on the Mn.
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'smaller o:qvgen atoms. The chlorine atoms are adjacent in each octahedron

and not opposite as in the FeC¢ °b,H 0 structureh although both structures

have discrete octahedra. .Also in the Fecc °hH 0 structure there are two |
vdii‘feren‘t octahedral Fe-0 distances (2.09 I\ and 2.59 k), whereas in the

MnG¢ -hnzo all four Mn-0 distances are alJnost equivalent (2.29 k to 2. 22 A)
The densities of the two substances are very similar (2,03 go/cc. for the

Mn compound, 1.98 g./cc. for the Fe compound) ’ indicating that the ei’ficiency'»
:of packing is also comparable. These conparisons suggest a rather inter-
esting phase transformation if the metastable p-form of MnCe, g Ly 0 is

indeed 1somoxp hous with FeC& . 2O as is suggested by Groth2

According to Groth2 MnBrz'hH 0 has ~axial cell ratios, and ﬁ angle very

close to MnCJ o* b0 and is presumably isostructural with the structure
descnbed in this paper. ‘ o ‘ : . 4 Ll ) o

“There is a similarity between the MnC¢ -hH20 structure and that reported

112

by Culot et a for NaBre2H,0. Dawson and Williems3 remark that MnC&2°hH20

2

and Nacc'2H20 are isomorphous, and the. relation is further expanded by Groth2

who states that NaCJ'ZH (¢ and NaBroZH 0. are isomorphous. Ii' the monoclinic‘;:

2
cell for NaBr- 2}{20 is doubled along its a axis and a different setting
chosen, the resulting cell has axis.l ratios and ﬁ angle as follows >

c - 1.171 l : 0.653 with ﬂ - 97 3 ; this is quite similar to




Ry
;
-

;'howcver, each share an edge wlth each of three adjacent octahedra, con—{.t

4‘,\

fheavier atoms, Four of these are in a cuitable environment to participatey%f

‘indicated in Tabla V. The four hydrogen bonds are as follcws
317A

0(1)-——}1(1)1‘ dseiee t veee(l (1)

7 0(2)mmmenn(2) L0 e s eneaneeace(2) .;-.‘;‘3.17.}‘

T 0(2d——B(2)20 e eesersrene0(1) 293K
:o(uy.___cﬂ(u)l............cg(l) 3,29 A.

iAll of the distances above represenx hydrogen bonding between atoms in

'different octahedra.
The diatances calculated for the 0-H distances in‘water from the

:parameters ‘1isted in Table I are .8. ;andi130 | for 0(1); .8 and 9k for

:0(2); -5 and 6 for 0(3); and .9 and 1.0 L for O(M)._ It is because of
{the limited accuracy of our hydrogen parameters that we have not presented :
detailed list of distances ‘%o the hydrogen\
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