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The Crystal Structure of Twinned Monoclinic Potassium Manganicyanide, K;[Mn(CN)
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Crystals of potassium manganicyanide were found to occur in one form only. They are monoclinic,
twinned on (100) showing pseudo-orthorhombic symmetry and have the space group P2;/c. The unit-
cell dimensions are a=7-09 + 0-009, b = 10-49 +0-007, c=8-46+0-006 A and f=107-6+02°; V'=599-6
+1 A3 0,,=182 gcm™3, geaie=1-82 g cm~3, Z=2. The structure has been determined by three-dimen-
sional X-ray analysis at 20+ 2°C (R= 1193 %) and is closely isomorphous with potassium ferricyanide
[Figgis, Gerloch & Mason (1969), Proc. Roy. Soc. A309, 91-118] and one monoclinic crystal form of
potassium cobalticyanide [Curry & Runciman (1959), Acta Cryst. 12, 674-678]. Some X-ray photographs
showed that the crystals are not simply twinned, but consist of more than two individuals, and indica-

tions of lattice disorder were observed.

Introduction

Unit-cell data for potassium manganicyanide had
previously been recorded in three separate X-ray in-
vestigations and the results obtained are summarized
below.

Space
a(A) bA) c(A) group Z Reference
13-56 1060 850 Pnca 4 Gottfried & Nagel-
schmidt (1930)
13-59 1062 8-52 Pnca 4 Okaya et al. (1957)t
13-56 10-51 848 Pnca 4 Chadwick & Sharpe

(1966)*

Gottfried & Nagelschmidt reported that the single
crystals of potassium manganicyanide have orthorhom-
bic symmetry. This symmetry was confirmed by Okaya
et al., but these authors observed indications of dis-
order in the single crystals similar to that which they
described for potassium cobalticyanide. Chadwick &
Sharpe examined powder photographs of potassium
manganicyanide and noted that with the exception of
three weak lines these could also be indexed on the
basis of monoclinic unit cells with space group P2,/c
using the relationship ag.0=1(2 sin f)a@men, and f=
107°20°. It might be expected that potassium man-
ganicyanide would be isomorphous with monoclinic
potassium ferricyanide and potassium cobalticyanide.
However, with the exception of the suggestion of Chad-
wick & Sharpe mentioned above, all earlier investiga-
tions on the structure of potassium manganicyanide
led to the conclusion that the symmetry is orthorhom-

* Present address: Department of Physics, University of
Ranchi, Bihar, India.

7 The a and b axes have been interchanged in relation to the
usage of these authors, so that a in all cases is the longest axis.

bic. In view of this anomaly an independent investiga-
tion of this structure was undertaken.

Experimental
Preparation

The blue complex potassium manganocyanide was
first prepared (Christensen, 1885) and then oxidized
by drawing air through the suspension of the crystals
in their mother liquor to give red potassium manganicy-
anide. This product was recrystallized from warm water
to give needle-shaped crystals, which when dry were
stable in air. Although various methods of preparation
and recrystallization were investigated, only one form
of these crystals was obtained. The crystals varied in
size and one of the largest grown had the approximate
dimensions 25x 1 x 1-5 mm. However, for X-ray pho-
tographs the dimensions of a typical needle crystal
used were 144 x0-09 x 0-21 mm.

Chemical analysis

Potassium was determined gravimetrically as potas-
sium tetraphenylborate. Manganese was determined
colorimetrically as potassium permanganate by meas-
uring the optical density with a Unicam Spectrophotom-
eter (S.P. 500). Carbon and nitrogen were determined
by the combustion method. The average values from
three separate determinations and the theoretical values
are as follows.

K Mn C N Total
Experimental 3573 16-58 21-25 2557  99-13
Theoretical 3572 1673 2195 2560 100-00

The error in all the analytical results is +0-3% (abs).

Density

The density of crystals of various sizes was deter-
mined in a density column prepared from carbon
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tetrachloride and tetrabromoethane and was found to
be 1-82 g cm~3 at 20°C.

X-ray data

Laue, oscillation and rotation photographs were
taken about the three principal axes. Equi-inclination
Weissenberg photographs were taken of the layers
hkQ—hk6, hOI-h3l, Ok! and 1k/. Cu, Cr and Co radia-
tions were tried but the intensity values were finally ob-
tained from the hkO-hk6 Weissenberg photographs
taken with unfiltered Co radiation. All photographs
were taken at 20+ 2°C. The relative intensities of the
reflexions from the larger component of the twin on
the layers where /,,=2n+1 and the superimposed re-
flexions for the layers where /,,=2rn were measured
visually and corrected for the Lorentz and polarization
factors. A structure-factor diagonal least-squares re-
finement (Milledge, 1962) was carried out until shifts
in the parameters were less than 0-25 of the standard
deviations. In the calculations isotropic temperature
factors were used, all reflexions were given unit weight
and the cumulative error factor was found for 668 re-
flexions calculated with zero contribution from the un-
observed reflexions, when F_,. was less than F,,,
minimum.

[hkO)  [hkl) [4k2) [Ak3) [hk4l

o" orthorhombic
cell

> k O~ Ox4
orthorhombic \T\2< _— |
unit cel

-
~

~

Fig. 1. Reciprocal lattice layer normal to [010] for twinned
crystal of K;[Mn(CN).] showing coincidences of reflexions
from the two individuals of the twin (1) and (2). Encircled
black dots: equivalent hk! coincide. Encircled asterisks:
non-equivalent hk/ coincide.
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Discussion and results

The rotation photograph about the needle axis [001]
gave a repeat distance of 8:46 A but an exact horizontal
mirror plane was not observed. This photograph
showed that the odd layer lines of reflexions were weak
in comparison with the even layer lines, indicating that
the heavy atoms are probably separated by ic. The
oscillation photograph about [010] showed a horizontal
mirror plane and the repeat distance was 10-49 A. The
oscillation photograph about [100] taken at 90° to
[010] also showed weak layer lines of reflexions in be-
tween lines of stronger reflexions. The spacing of the
stronger layer lines corresponded to the repeat dis-
tance 13-52 A and when the weaker layer lines of re-
flexions were considered a=27-04 A. The /hk0 and hk1
Weissenberg photographs showed symmetry planes
90° apart. The h0/ and A1l Weissenberg photographs
also showed a pseudo-symmetry plane but in this case
although the reflexion positions conformed to orthog-
onal nets the reflexion intensities showed small but
definite deviations from mm symmetry (see below).
This suggested that the true crystal symmetry could
be monoclinic and that the orthorhombic arrangement
of reflexion positions was due to the twin relationship
of two monoclinic a*c* nets. The 0k/ and the 1k/
Weissenberg photographs again showed symmetry
planes 90° apart but comparatively few reflexions were
observed and no additional ones were found by increas-
ing the exposure time. Furthermore it appeared that
the direction taken as the a axis was not in fact a true
crystallographic axis, since when the reflexions were
indexed on the basis of orthorhombic symmetry no
satisfactory space group could be obtained. These ob-
servations are very similar to those made by Barkatov
& Zhdanov (1942) on crystals of potassium cobalticy-
anide which were later identified by Kohn & Townes
(1961) as being of the one-layer monoclinic type, in
their study of the polytypes of this complex. A new
a* axis was identified for a monoclinic unit cell on the
h0l Weissenberg photograph and assuming that the
crystals were twinned on (100) it was possible to de-
scribe a new unit cell with the following dimensions
and estimated errors: a=7-09+0-009 A; 5h=10-49 +
0-007 A; ¢=8-46+0:006 A and f=107-6+0-2°; V=
599:6 A+ 1; Z=2. In this monoclinic cell the b axis
is identical with the b axis of the orthorhombic cell
and the ¢ axis is also common to both unit cells. The
monoclinic a axis is at an angle of 107-6° to the mono-
clinic ¢ axis, whereas the direction which was taken as
the orthorhombic a axis is a line of pseudo-symmetry
caused by the superposition of certain reflexions due
to twinning. This line of pseudo-symmetry gave the
appearance of an axis at 90° to the a* axis on the 40/
Weissenberg photograph. When the reflexions were
indexed on the basis of a twinned monoclinic system
the following conditions were found to apply: A0/ is
present only when /=2n and 0kO is present only when
k=2n. This indicates that the space group is P2,/c.
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The new monoclinic unit cell and space group now
described for potassium manganicyanide are very sim-
ilar to those reported for potassium ferricyanide (Fig-
gis, Gerloch & Mason, 1969) and potassium cobalticy-
anide (Curry & Runciman, 1959).

The superposition of reflexions due to twinning is
illustrated in Fig. 1, from which it may be seen that
where /=2n there is overlapping of reflexions from
both parts of the twin, but where /=2n+ 1 there is no
overlap.

In general for a layer having /= 2n, reflexions for the
main crystal hkl, and those for the twin hkl; are
superimposed when Ay +hy= —n, ky,=ky, and hence
in particular for the zone #k0 and the line 1k4 there is
superposition of equivalent reflexions. It was noted
that in the higher layer-line Weissenberg photographs
of potassium manganicyanide where /=2n+1, such as
hkS, reflexions from only one part of the twin were
recorded and even these were weak. Consequently, the
two parts of the twin were unequal but nevertheless the
even layers where superposition did occur showed com-
plete mm symmetry to the naked eye. This must in-
dicate that the corresponding reflexions were in fact
almost equivalent, so that whatever the relative sizes
of the two twin components the even layers would ap-
pear to have mm symmetry. Because of this the struc-
ture factors were calculated for the layers AkO-hk6
without taking account of the contribution from the
superimposed reflexions on the layers where /,,=2n
and these are paired for easy comparison in Table 7.
The observed values are listed as though they come
from the main twin.

It can be shown (e.g. Lonsdale, Milledge & Pant,
1965) that if I is the intensity of reflexion from the main
crystal (larger individual, M) and fI is the correspond-
ing intensity from the smaller twin (7)) where f is to
be determined the separate intensities could be derived
as follows:

If reflexions (hk,l))y and (hk,0,)r(=1)) are super-
imposed, it follows that (h,k,/,)s and (h,k, /) (= 1,) are
also superimposed so that when 7, and I, are measured,
then

Ihikd +f. Thk,l,=1,
[ Ik + Ihk,l,=1,
(1 _f2)1h1k111=11 =/ 0

and similarly
(1 —f2)1h2k212=12—-f. 1.

In this case Fcalc(hlklll)Tz-F;:alc(hzkzlz)M and Fcalc
(hokes )1~ Fogi(ikyd)y to within about 5% for the
layer lines having /=2n and hence I, I+ + 5%. f was
estimated from the layer lines with /=2n+1 to be
~0-4. Hence the observed intensities would never be
expected to differ by more than about 15-20%, and
as the intensities are estimated visually to +10% it
seemed unrealistic to make such a correction in this
case although it is formally possible to do so. The fact
that variations are in this order of magnitude is con-

THE CRYSTAL STRUCTURE OF TWINNED MONOCLINIC K;[Mn(CN)]

Table 1. Error factors for layers hk0-hk6 for

K;3[Mn(CN)g]
hkl Error factor R
hk0O 10-53%
hki 9-31
hk2 10-56
hk3 1197
hk4 12:26
hk5 13-29
hk6 1746

The cumulative error factor is 11:93 %.

Table 2. Atomic coordinates for KiJMn(CN)g] and their
standard deviations

E.s.d.’s (in parentheses) refer to last significant digits.

Atom

X y z
Mn 0 (0) 0 (0) 0 (0)
K(1) 0(0) 0O 0-5(0)
K(2) 0-49790 (53) 027158 (38)  —0-12626 (50)
() 012199 (243)  0-17301 (165)  0-02875 (229)
Cc(2) 0-18881 (246) —0-05183 (166) —0-11671 (230)
Cc@3) 019213 (243) —0-05418 (162)  0-21642 (229)
N(1) 020488 (195) 026781 (136)  0-05368 (184)
N(2) 029522 (209) —0-08484 (142) —0-19104 (195)
N(3) 029851 (211) —0-08580 (144)  0-3446 (19)

Table 3. Isotropic temperature coefficients, B, for the
atoms in K3[Mn(CN)s] and their standard deviations
(in parentheses)

Mn 289 (0-07) CG3) 277 (0-33)
K@) 285 (0-10) N@) 302 (0-28)
K(2) 298 (0:07) N(@2) 361 (0-30)
C(ly  2:94 (0:34) N@3)  3-80 (0-31)
C2)  2:99 (0:34)

Table 4. Interatomic distances and interbond angles for
K4[Mn(CN)g] with their standard deviations
(in parentheses)

Inside anion

Mn—C(1)  1-990 (15) A C(DH-N(1) 1140 (22) A
Mn—C(2)  1-940 (15) C(1)-N(2) 3676 (23)
Mn—C(3)  2-:003 (15) C(1)-N(3) 3746 (24)
C(1)-C(2) 2759 (25) C(2)-N(1)  3-635 (23)
C(H-C(3)  2-821 (25) C(2)-N(2) 1-157 (23)
C(2)-C(3) 2795 (27) C(2)-N(3)  3-744 (25)
Mn-—N(1) 3126 (15) C(3)-N(1) 3655 (23)
Mn—N(2)  3-096 (15) C(3)-N(2) 3-717 (25)
Mn--N@3) 3:167 (15) C(3)-N@3) 1-164 (25)
Outside anion

K(1)-C(3) 3114 (15) A

K(2)-C(1)  3-420 (18)

K(2)-N(1) 2:884 (15)

K(2)-N(2)  3-980 (15)

K(1)-N(3) 2913 (15)

Bond angles

C(1)~Mn—C(2)
C(2)-Mn—C(3)
C(3)-Mn--C(1)
Mn--C(1)-N(1)
Mn--C(2)-N(2)
Mn——C(3)~N(3)

89°10" (54')
89°45’ (47%)
89°53" (499
174°34’ (1°57’)
177°11’ (1°55%)
177°517 (1°31")
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sistent with the apparent mm symmetry of the photo-
graphs. The error factors calculated for the layers ~7k0—
hk6 are listed in Table 1.

The validity of the agreement obtained between the
observed and calculated structure factors can be as-
sessed by considering the AkO layer separately, since
the values superimposed there are equal. R(hk0)=
10-53 % and better results could not be expected for the
other layer lines. For the layers with /=2n41 many
of the reflexions are so weak that the error factor only
indicates that the agreement is reasonable. Separate
refinement of these structure factors could not lead to
a more reasonable result since so many of the values
merely show that F_,, is less than F,,, minimum. The
final observed and calculated structure factors for the
three-dimensional analysis are listed in Table 7.

The final atomic coordinates in fractions of their
unit-cell lengths and the isotropic temperature coef-
ficients for the individual atoms are listed in Tables 2
and 3 respectively. The interbond distances and inter-
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bond angles are listed in Table 4, and Fig. 2 (a) and ()
shows the 4k0 and the 0k/ projections of the structure,
respectively.

A small number of weak reflexions which could not
be attributed to the two main components of the twin
were observed on the ikl and hk3 Weissenberg photo-
graphs. This indicates that the twinned crystals may
consist of more than two individuals and have a lamel-
lar structure. Then the stronger reflexions from the
smaller lamellae would also appear on the photograph.
The hk5 Weissenberg photograph was too weak for

Table 6. Average values for metal-C and C-N distances
in K5[Mn(CN),] and related complex cyanides

Complex M-C (&) C-N(A) M-C-N(A)
Ki[Mn(CN)] 198 1-15 3-13
Ki[Fe(CN),] 1-90 1-13 3-04
K;[Fe(CN)I(95 °K) 1-94 1-13 3-07
H,[Fe(CN)] 1-89 1-15 304
K3[Co(CN)s] 1-89 1-15 3-04

Table 5. Comparison of the unit cells of Ks[Mn(CN),] with those of related complex cyanides

Formula Symmetry Space group
K3{Mn(CN)] Monoclinic P2,/c
K;[Fe(CN)gl Monoclinic P2,/c
K;[Fe(CN)6](95 °K) Monoclinic P2y/c
Hi[Fe(CN)l Monoclinic P2,/c
K;[Co(CN)gl Monoclinic P2/c
K4[Fe(CN)¢] .3H,0 Monoclinic C2le

(@
Or Om or o

a b c B vV 4
7-09 A 10-49 A 8-46 A 107°38’ 600 A3’ 1
7-06 10-38 8-40 107°0” 589 2
7-03 10-31 8-35 107°12’ 579 2
6-94 11-34 6-13 105°15" 465 2
7-10 10-40 8-40 107°20° 592 2
9-32 16-84 9-32 90°0’ 1462 4

c

Fig. 2. (a) hkO projection of the crystal structure K;[Mn(CN)g]. (b) 0k! projection of the crystal structure K3[Mn(CN)].



660

THE CRYSTAL STRUCTURE OF TWINNED MONOCLINIC K;[Mn(CN),]

H K L F(08BS) F(CALC)

8407
13e18

9e03
33437
~3e64
219086
e 54
33,08
0094

4039

VUHLIUBEHRAL P HLIL BN OUNIL RN ANAL N MY ONEL B HT OUNELE M st B M2 CArts B 10000 O Otadts ¥

90450 50 54 b0 64 0 0 B0 6 00 B4 04 B0 04 04 B0 00 B4 0o bu 00 B4 B4 B4 B0 04 2 B0 64 b4 b4 Do 64 B4 BE b4 B0 04 00 B4 DO 04 B4 B0 P9 B4

HONIUBHONIUN N O ONLL WHO ORI UB N O RALL Y MO Bl B MO Ctadte BHO
BAIINININ AR AR NCNUUNNUNNE SRR LI P UULLLLIL ® WS BB W H M

H

dducunoswunonus

’
O 394

BEEFRYNERYY

”
POVD CDDDOININN 0O PR OUNNANGNNE S S D d N Ll BB 8B W8 H MMMy
SOKEFUS S UM Gk e B4 e e B B0 80 0B B 0 B 0 S04 b b B4 e B b 84 b4 8 B4 6 B4 pe e e b0 e be b4 80

dododudaduduno

Joda

[
“rsw

sdudododa

]
F XA

]
wdedudodadada
VUUUUULLULU B RS BRBH U EEEEELNNHNENMNRNNNNH00D00000000O0

]
ded

K

L

b e b b e b b

A A R O T O N T T

F(08BS) F(CALC)

3078
4016
3046
3056
4039
4004
4006
20 50

3082

2061 S
19452
33e 30
17486
Beay

11e54
CoBs

Table 7. |F,y.| and F.,,. for Ki{Mn(CN)]

2045
“3e91
8093
~5e36

~36073
9eay
2499
_3-3:]
5

H Kk L F(08BS) F(cALC)

dodedodada

VUAME L2 LrsbrssrrrrruLLL

dodudodadudada

PWOVOVOVO VPPN ODODODIT VLT NI TN T I 00O OO LA A on

11
PSRN

dodida

dudodusndudu

]
wu e

dedude

PUBH oAU M ONIUUNOUIL B HOLELEND AL MO OUaw b MO

NNNNY O AR OUNNUUNNNE LS B L P LLLLLL S LB S 0BG NN

L O P A A N N AN

e R T T I A A

000U LI LI 0 L L0 L0 L0 Gt 0 L0 0 L0 € L3 L0 L L G 0 L0 0 L0 0 £ 0 00 0 L0 U0 U L 0 0 L0 0

6028
6e16
-:.61]

7039
8406
3073
3096
16053
135075
7064
Te46
8es7
8,63
13035
313e33
Te71
8407
6e54
6e93
Se08
Se33
Jeoo
397
10044

5469 Seos
4032 3493
4058 Jer1
4917 “Te33
4043 “leas
3e82 Oer0
4008 =0414
3e33 0408
~0e28

4035

4035,

Se34

Seas

4085 3.63
Se00 3.8:]

H K L F{0BS) F(CALC)

MoLwMOoLLMO

=3

[N ERRN
do JdAIILLLY

P

wduoldudadudodudodudan

doduddda

]
GVus buw

dedddodadadudondodnda

oovVvoVIBmE®®

"obeee
00000000 0000VVVY PAPPAINNNT OO ANNGALAINE LS Lt U6 BB DM

VUUUUNI S S L2222 PP PP ULLULLLLLLLL G H S B LD B LB NN 0NN N N0 0
ooooAaa¢¢aa.Aa.00aa.a.;.;.o.#.yo-oo.¢;o¢._t¢o.‘

U L0 L0 L 00 0 L0 L 0 0 0 00 0 0 1 0 0 L L L € 0 0 0 00 00 00 00 0 L 0 60 S0 0 0 0 40 0 40 0 Lo L 0 €0 4 £ 6 40 00 00 G0 G

PELPLPIrrb st rrrrrrrr BLLL

0e 36
~Se®0
3009
~le3
3
“3e72
3e 359
~1ea7
~Ze$3
3e80
3043
4e72
Se83
~%e 77
“Ie63
=3e60
~2e09
~6e04
1e36
©e95
©e95
=3404
5097

“Te79
=30 56,
Ie67
294
0486
*le38
~Ze36

)|

;.63]

3063
315015
0463
0e65
1Te39
10.79
3e30.
Jeaz
6a18
Ge33
2.3y
~0e70.
~1e34
~1e56
2036
1006

1

1

H

]
“vu

dudndods

1
Ge

doduwdods

lududodada

Guss

1

dududo

K

F(0BS) F(CALC)

3e31
271

3
13409
1Xe46

3499

H

! o

Joda

J
o

vdwdodada

(] LI 1
dedudodudududodudud ndodudud nd oda dud
NRNI 2220 s s UBULLUULE L L BL LD P U NN NN NN 0000

[
-"“J’O

P Y89

Adrdagasany
NN A NIPLUULUD YN OOOQQQNQQQNQGOOOOMMV\“M

hh L L L Y Y Y Y Y L L L LT T T

kK L F(0DBS) F(CALC)
6ely beygr
Ses9 6 10]
098 . o]
6073 61
6496 8,1
6e83 3455
558 -s.aa]
Se32 583
3085 ~3e44
3e52 3-46]
2e 41 2049,
2018 -—3441
Te9.
5o3;]
64 58
6.57]
4o 52
4e59
5676
Sea?,

Rl L L L T L N Y T L T L T T T oeed

6e36 5e89
3030  oebo
3093 =1e2o0

EXPLANATI NN OF
SYMBOLS USED

® = REFLEXIONS FOR
WHICH DATA FOR BOTM
TVINS IS SUPERPOSED

OBSERVED VALUES
THEREFORE MULTIPLIED
BY APPROPRIATE SCALE
FACTOR FOR RELATIVE
SIZES FOR THE TWiN
COMPONENTS

3« ReFLEXIONS FoR
VAICH DATA FOR BOTH
COMPONENTS OF THE
TVIN ARE SUPERPOSED

VALUES FOR ALL OTHMER
JONS OBTAINED

FROM DATA FRON TME

LARGER TWI:l COMPONENT



M. P. GUPTA, H. J. MILLEDGE AND A. E. MCCARTHY

this effect to be observed. Also, streaks were observed
on the Ak] and hk3 Weissenberg photographs parallel
to a* at integral and non-integral k. This could in-
dicate one-dimensional disorder in the direction parallel
to (100) and resembles that described by Okaya et al.
(1957) in their study of potassium cobalticyanide and
the corresponding salts of chromium iron and man-
ganese.

It may be seen from Table 5 that the unit-cell dimen-
sions and space group of potassium manganicyanide
are very similar to those of the related complex cy-
anides which have been studied, with the exception of
the hydrated potassium ferrocyanide (Pospyelov &
Zhdanov, 1947).

The atomic positions of potassium manganicyanide
and the corresponding salts of iron (Figgis, Gerloch &
Mason, 1969) and cobalt (Curry & Runciman, 1959)
are all similar and the metal-ligand interatomic dis-
tances in these complexes and in hydrogen hexacyano-
ferrate(IT) show a close resemblance to one another.
Although due account must be taken of errors in the
structures and hence in bond lengths some general
trends involving bond lengths in these related com-
pounds may be observed.

In Table 6 it may be seen that metal-carbon bond
distances tend to decrease slightly with increasing
nuclear charge of the metal ion and the corresponding
carbon-to-nitrogen interatomic distances generally
tend to increase. These values are consistent with the
expected charge distribution along the metal —-C-N
bond. Also, these metal -C-N bonds appear to be
linear and their lengths tend to decrease in the manner
predicted by Chadwick & Sharpe (1966) who found
that the volumes of the unit cells decreased in the order
potassium manganicyanide > potassium ferricyanide >
potassium cobalticyanide and stated that provided the
octahedra in these complexes are not severely distorted
the metal-ligand distances should be reflected in the
molecular volumes.

In conclusion it may be said that although the
cumulative error factor for potassium manganicyanide
was found to be 11-93 %, thus indicating that the struc-
ture described is generally correct, there are a number
of factors which influence the accuracy of the data
listed and the introduction of further corrections could
lead to an adjustment of atomic positions and bond
lengths. In the layer-line Weissenberg photographs
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hk0-hk6 of the monoclinic potassium manganicyanide,
the layer lines where /,,=2n+1 should have been
particularly valuable for assessing the error factors,
because here the lattices of the monoclinic individuals
were separated. However, these photographs gave
mainly weak reflexions and the intensity measurements
and resulting error factors could not be considered to
be very reliable. On the layer-line Weissenberg photo-
graphs where /,, = 2n the superimposed reflexions were
not separated before carrying out the least-squares re-
finement. Consequently, it is possible that differences
between F,,; and F,,,. values in these layers could be
reduced by determining the relative contributions from
the monoclinic individuals of the twin and recalculat-
ing the structure factor. Also, isotropic temperature
factors were used and although the introduction of
anisotropic temperature factors into the structure-fac-
tor calculations would result in lower error factors this
improvement would be spurious unless the data were
first untwinned. However, because of the nature of
potassium manganicyanide and the presence of dis-
order and lamellae in the structure, it was considered
that a more rigorous treatment of the crystallographic
data would not yield a significantly more accurate
result.
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