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The Crystal Structure of K,[BsOs(OH)].2H.0
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K[BsOs(OH)].2H,0 crystallizes in the orthorhombic system with lattice parameters a=12-566+
0-005 A, »=6671+0-003 A and c¢=11-587 + 0-005 A in space group Pna2;. There are four molecular
formulas per unit cell. The structure was solved by the Zachariasen statistical method and three-
dimensional Patterson and Fourier series. The positional and anisotropic thermal parameters have
been refined by the least-squares method based on 1440 structure factors. The final conventional R
index is 0-044.

The structure contains units [BsOs(OH)]2- constructed from two BO, tetrahedra, two BOj triangles
and one BO,(OH) triangle by sharing corners. Each polyion shares four of its oxygen atoms with
four different units. In addition, they are held together by hydrogen bonds and K-O bonds. This
array of oxygen-boron and oxygen—potassium polyhedra forms empty channels parallel to the b axis,
in which the two water molecules of hydration are accommodated. The mean bond lengths are K-O
(eightfold coordination)=2-805, B-O (threefold coordination)=1-370, B~-O (fourfold coordination)=
1-483, H-0=096, H- - -0=2-18 A.

The unique position of these water molecules, and their weak hydrogen bonding with the rest of
the structure, seem to indicate that K [BsOs(OH)].2H,O can lose the waters of hydration without
changing structure. These findings corroborate the predictions about the zeolitic nature of the hydra-
tion water made from thermogravimetrical studies.
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Introduction

The author began the determination of the crystal
structure of K;[BsOg(OH)].2H,0 in 1962 while work-
ing with W.H.Zachariasen at the University of Chica-
go. Professor Zachariasen has had a continuing interest
in borate structures since the nineteen thirties.

The polyborate K;[BsOg(OH)].2H,O was prepared
for the first time by Auger (1925). The first single crys-
tals were prepared by Carpéni and his collaborators.
(Carpéni, 1954; Carpéni, Haladjian & Pilard, 1960).
These authors studied the dehydration-hydration pro-
cess of K,[BsOg(OH)].2H,0. They found that this salt
can lose or regain reversibly two molecules of water
per molecule of salt. However, if the dehydration is
carried on any further, the product obtained, K4B9O7,
cannot be hydrated back to K[BsOs(OH)].2H,0.
This was interpreted by Carpéni ezal. as an indication
that the two waters of hydration are of zeolitic nature
and that the hydroxyl group is essential to the structure
of the polyborate K,[BsOs(OH)].2H,0.

This paper reports the results of a detailed structural
study of the polyborate K,[BsOs(OH)].2H;O.

Crystal data

The crystals used in this investigation were kindly
supplied by Professor G.Carpéni. The symmetry, the
space group and approximate lattice parameters were
determined from Weissenberg and precession photo-
graphs taken with Cu Ko« and Mo Ko radiation, re-
spectively. The crystals of K,;[BsOs(OH)].2H,O were
found to be orthorhombic with 4 molecules per unit
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cell of dimensions a=12-566+0:005, b=6-671+
0-003, and ¢=11-587+0-005 A. The calculated den-
sity is 2-142 g.cm~3 as compared with the measured
value of 2-15 g.cm~3 given by Carpéni, Haladjian &
Pilard (1960). The lattice parameters were determined
from the scattering angles of 12 reflections with large
20 values, as measured by a single crystal General
Electric diffractometer and Cu Ka radiation. The final
values were calculated by the use of the least-squares
method. The systematic absences are Ok/ for k+/=
2n+1 and 40/ for h=2n+1. These absences corre-
spond to two space groups, Pna2, and Pnam. A
piezoelectric test was made on the crystal of
K,[BsO5(OH)].2H,0 with a sensitive Giebe-Scheibe
apparatus and found negative, although the Patterson
function (see solution of the structure) indicated that
the correct choice of space group is Pna2,. All atoms
are in the general positions

(X,)’,Z;f,f,‘%"'2;%—%%"'%%4'2;%"'%%—%2) .

Experimental

The intensity measurements were made with a General
Electric automatic diffractometer, with the use of Zr-
filtered Mo K radiation and a scintillation counter.
The specimen was a crystal with a prismatic habit, the
longest direction being ~0-25 mm. This crystal was
oriented with [010] zone axis parallel to the ¢ axis of
the goniostat. The integrated intensities were obtained
with the stationary-crystal stationary-counter tech-
nique and single filter. The take-off angle was 8°. The
background was measured on each side of the peak at
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2° off the peak itself and the average was subtracted from
the peak height. All reflections included within an octant
in reciprocal space having 20 < 90° were measured. The
‘total number of independent reflections measured was
4334, Those reflections for which the peak height was
not at least twice as much as the background were re-
garded as unobserved. This criterion gave 1478 obser-
ved reflections and 2856 unobserved. The integrated
intensities were converted to structure factors using a
computer program written by Prewitt (1966). No ab-
sorption correction was applied since the dimensions
of the crystal were such that the absorption effect was
negligible.

Solution of the structure

The first step for solving the structure of
K;,[BsO5(OH)].2H,0 was based on calculating a three-
dimensional Patterson synthesis which was carried
out by the use of the program ‘Four’ written by Fritchie
(1967) and modified by L.Guggenberger and by
P.B.Jamieson. The squares of the 1478 observed
structure factors on an arbitrary scale were the input
terms. The concentration of vectors of the sections
xy¥, x}z and }yz indicated that the correct space
group was Prna2,. According to this space group sym-
metry the xy projection of the structure has a center of
symmetry. By the statistical method introduced by
Zachariasen (1952) a self-consistent set of signs for
33 strong Frxo terms was deduced. A Fourier synthesis
carried out with these terms gave the approximate x
and y coordinates of the two potassium atoms;
K1) (x;=0044, yp; =014) and K(2) (x,=0-25,
y2=0-50). In addition, most of the strongest peaks in
the Patterson synthesis could be explained by placing
K(1) at 0-044, 0-144, 0-00; and K(2) at 0-252, 0-498,
0-191. Structure factors based on these coordinates,
assuming isotropic temperature factors of 0-4 A2
yielded R=2 |4F|/ X2 |Fy]=0-4. A three-dimensional
Fourier synthesis, computed with the signs of the
two potassium atoms, gave the positions of the 11
oxygen and 5 boron atoms. The positions of these
atoms, those of the potassium atoms, and the isotropic
temperature factors were subsequently refined by the
program ORFLS (Busing, Martin & Levy, 1962).
The function minimized was Zw||Fo|—|F|[2. The f-
curves for neutral atoms of K, O, and B given by
Cromer & Waber (1965) were used. All observed struc-
ture factors were weighted equally with the exception

sin 6
A

of the high background errors for these reflections,
zero weight was assigned to the corresponding struc-
ture factors. This criterion reduced the number of
reflections on which the refinement was based to 1440.
Convergence was attained after three cycles and re-
duced the R index to 0-095. A three-dimensional diffe-
rence Fourier showed a number of small peaks. The
number of these peaks was greater than the number of

of those reflections for which <0-20. Because

THE CRYSTAL STRUCTURE OF K;[BsO3(OH)].2H,O

hydrogen atoms present in the unit cell, indicating that
some peaks were spurious. The starting positions for
the 5 hydrogen atoms were chosen by taking into ac-
count the difference Fourier synthesis and the structural
arrangement obtained fromthe preliminary refinements.
For instance, the short O(8)—O(5) distance could be
explained only in terms of an O-H---O bond, and
since O(10) and O(11) are not bonded to any boron,
these oxygens should belong to the water molecules.

The final refinement provided for the simultaneous
adjustment of 177 parameters: 1 scale factor, 68 posi-
tion parameters and 108 thermal parameters. Aniso-
tropy was assumed for the thermal motion of potassium
boron and oxygen atoms, while an isotropic thermal
factor B=5-0 A2 was postulated for the hydrogen
atoms. In this last refinement each observed structure

sin 6
A

where 0 =2 when |F| <20 and 0 =0-1|F| when |F| > 20.

The results of the final refinement, which gave
R=0044 and wR=[ X (W24F)?/ X (wil2Fp)21/2=
0-058 are shown in Tables 1 and 2, while Table 3 shows
the degree of agreement between observed and calcul-
ated structure factors.

factor with

=02 was weighted by w=1/02

Table 1. Final positional parameters

X y V-4

K(1) 0-0432 (1) 0-1431 (2) 0-0

K(Q2) 0-2495 (1) 0-4978 (2) 0-1902 (2)
B(1) 0-2906 (4) 0-9945 (7) 0-0285 (4)
B(2) 0-1624 (4) 0-1613 (6) 0-4373 (4)
B(3) 0-0209 (4) 0-3879 (7) 0-5138 (5)
B(4) 0-2204 (4) 0-0433 (7) 0-2405 (4)
B(5) 0-2785 (4) 0-3096 (7) 0-8992 (4)
o(1) 0-4063 (3) 0-0219 (5) 0-0542 (3)
0Q2) 0-2281 (3) 0-0810 (5) 01252 (3)
0o(3) 0-1785 (3) 0-1865 (5) 0-3103 (3)
0o(4) 0-0486 (3) 0-2145 (5) 0-4588 (3)
o(5) 0-2334 (2) 0-2848 (4) 0-5063 (3)
o(6) 0-2605 (3) 0-1157 (4) 0-9249 (3)
o(7) 0-3243 (3) 0-4472 (4) 0-9690 (3)
0o(8) 0-4154 (3) 0-0620 (7) 0-5292 (5)
0(9) 0-2443 (3) 0:3634 (5) 0-7873 (3)
0(10) 0-4474 (5) 0-3132 (1) 0-2236 (5)
o(11) 0-0089 (8) 0-2506 (3) 0-7729 (9)
H(1) 0-36 (2) 0-15 (3) 0-53 (2)
H(2) 0-44 (2) 0-20 (3) 0-19 (2)
H(3) 0-51 (2) 0-25 (3) 027 (2)
H(4) 043 (2) 0-79 (3) 024 (2)
H(5) 0-53 (2) 063 (3) 021 (2)

Description and discussion of the structure

The results of the final refinement give the interatomic
distances reported in Table 4. Their values with the
standard deviations were calculated by the use of Bu-
sing, Martin & Levy’s (1964) ORFFE program.

Fig.1 shows a projection of the structure of
K,[BsO5(OH)].2H,0 on the XZ plane. The structure
contains the units [BsOs(OH))2~ which consist of a
central BO, tetrahedron with two opposite tetrahedral
edges shared with a B,Os group on one side and a
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B,05(OH) group on the other. A projection of the unit group B,Os(OH) consists of one boron-oxygen tetra-
on the (101) plane is shown in Fig.2. The group B,Os hedron and one boron-oxygen triangle. The unshared
consists of two boron-oxygen triangles, whereas the oxygen of this triangle is a hydroxyl group. Each unit

Table 2. Anisotropic thermal parameters*

Ji¥! B2 B33 Bi2 B3 B2
(x10%)

K(1) 20 (1) 84 (2) 53 (1) —-5Q) -8 (1) 4 (1)
K(2) 58 (1) 58 (1) 17 (D —12 (1) 6 (1) -2
B(1) 13 (2) 36 (6) 10 (2) 5 @) 1(2) 3(3)
B(2) 15 (2) 25 (6) 9(2) 6 (3) 14 (2) 15 (4)
B(3) 12 (2) 47 (7) 25(3) 0Q@3) 8 (2) —11(4)
B@4) 13 (2) 36 (6) 15 (2) 0(3) —-2(2) 203)
B(5) 16 (2) 42 (7) 10 (2) -8 (3) 3(2) 5(3)
o(1) 14 (2) 58 (6) 30 (2) 2(2) —3(2) —14 (3)
0(2) 23 (2) 57 (5) 7 (1) 8 (2) 5Q) —2(2)
0O(3) 32(2) 39 (5) 9 (2) 9@3) 0(@2) 0(2)
0O(4) 13 (2) 62 (5) 30 (2) 6 (3) 0(2) -18 (3)
O(5) 14 (1) 39 (4) 16 (2) 4 (2) 0() -3()
0O(6) 23 (2) 35 4) 11 (2) —-1(2) 1(1) 4 (2)
o(7) 18 (2) 34 4) 14 (2) —1(Q) -4 (1) 2(2)
0O(8) 16 (2) 110 (9) 86 (5) 4 (3) 8 (2) 56 (5)
0(9) 40 (2) 59 (5) 13 (2) —21(3) —10 (2) 9 (3)

O(10) 56 (3) 199 (15) 47 (4) 13(6) —-22(3) 23 (6)
oarn 79 (D 661 (40) 92(7y -=37(4) -—=3(6) 107 (15)

* The anisotropic thermal parameters are the coefficients in the expression
exp [ —(Br1h2 + Ba2k? + B3312 + 2B12hk + 281381 + 2f23k1)] .

k(10954

0(6)0.772
B(2) 0(4)
5594 5.240

K(N5.717

. . : , mgz_,z(»j(a)zszx
e e(’ o

K(1).954

Fig.1. The projection of one unit cell on the XZ plane. The heights of the atoms are in dngstroms. Note that a left handed
system of axes has been used.

A C25B - 8*
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Table 3. Comparison of observed and calculated structure factors
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Table 3 (cont.)
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shares four of its oxygen atoms with four different poly-
jons. In addition to the oxygen-sharing, the units
[[BsOs(OH)]>~ are held together by means of the
K-O bonds and the O-H - - - O bonds between polyions.

Similar units have been found in other pentaborates.
For instance, the structure of potassium pentaborate
tetrahydrate, K[BsOs(OH),].2H,0, (Zachariasen &
Plettinger, 1963), contains polyions

..+ H—O O—H:+e
N /
B—O O—B
7 N/ N\
o B O
NN/
B—O O—B
/ N
<« H—O O—H:-:-

which are bonded together by means of O-H:--O
bindings. The structure of the anhydrous potassium
pentaborate contains the same unit but without the
hydroxyls. The four oxygen atoms bonded to only
one boron atom are shared with four other units
(Krogh-Moe, 1965).

The reason for the units in the compound
K[BsO¢(OH),]).2H,0 being held together by hydrogen
bonds whereas in the compound K,[Bs;03(OH)].2H,0
they are held together mainly by oxygen bridges, is
connected to the conditions under which the two
compounds are prepared. The former compound is
prepared by cooling a concentrated aqueous solution
of 5H;BO; and 1KOH, whereas the latter is prepared
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by evaporating a very viscous supersaturated solution
of 5H;BO; and 2KOH at ~90°C.

The array of [BsOg(OH)]?~ polyions and potassium-—
oxygen polyhedra forms empty channels parallel to
the b axis, in which the two water molecules are ac-
commodated. The position and the bonding of the water
molecules corroborate the predictions made by Car-
péni, Haladjian & Pilard (1960), namely, that the
pentaborate K,[Bs03(OH)].2H,0 can lose two mol-
ecules of water per molecule of salt without any major
change in the crystal structure. The above authors
based their predictions on thermal dehydration and
density measurements. They also found that the re-
versible dehydration takes place in two stages:

K,[BsO3(OH)]. 2H,0=2K,[Bs03(OH)]. HO + H,O
K2[Bs05(OH)]. H,O=22K,[BsOs(OH)] + HO .

The first molecule of water to leave the structure is
the one which contains O(11); the second to escape
contains O(10). O(10) forms two K—O bonds and two
hydrogen bonds with the rest of the structure, whereas
O(11) forms one K-O bond and one hydrogen bond.
O(11) forms the second hydrogen bond with O(10). It
can be seen from Table 4, where the values of the inter-
atomic distances are given, that these bonds should
have comparable strength.

If further dehydration takes place, the hydrogen
bond O(8)-H(1)- - -O(5) is destroyed and the structure
can no longer exist. This is in agreement with the
findings of Carpéni etal., who found that the dehydra-
tion process

2K,[BsO5(OH)]—+K B1¢017+ H,0
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is irreversible and predicted that the hydroxyl group
is essential to the structure.

Since this compound can exist with or without the
water of hydration, the occupancy of the oxygen sites
corresponding to the water molecules was investigated
during the last least-squares refinement of the struc-
ture. It was found for the crystal under study that both
oxygen atoms had full occupancy within the experi-
mental errors.

The average interatomic distances are:

K-O(eightfold coordination)=2-805 A
B-O(threefold coordination)=1-370 A
B-O(fourfold coordination) =1-483 A .
H-O =096 A

H---0=2-18A

However, it can be seen from Table 4, where the indi-
vidual bond lengths are reported, that there are appre-
ciable variations from the average, indicating that the
potassium-oxygen and the boron-oxygen polyhedra
are somewhat distorted.

The two potassium atoms are each surrounded by an
8-oxygen polyhedron. The average K-O distance of
2:805 A is smaller than the average value of 2:903 A
found in K[BsOs(OH),].2H,O (Zachariasen & Plet-
tinger, 1963) where the potassium atoms have also
coordination number 8. This difference can be ex-
plained by the fact that K,[BsOs(OH)].2H,O can
exist with or without the two molecules of water. In the
anhydrous compound the coordination number of the
potassium atoms is 6 and 7 for K(1) and K(2), respec-
tively. The average K-O distance in the hydrated

o(6)

o(é)

Fig.2. The projection of the unit [BsOg(OH)]2~ on the (101)
plane; these units are linked together to form a three-dimen-
sional network.
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compound must be a smaller value than would
be expected for a typical 8-coordinated potassium,
otherwise after dehydration the average K-O distances
in the anhydrous compound would be too large for
6- and 7-coordinated potassium atoms. In dehydration
processes where the structure remains the same, only
a slight rearrangement of atoms takes place.

The average B-O distances are in good agreement
with the corresponding distances found in other bor-
ates.

The dimensions found for the hydrogen bond corres-
ponding to the hydroxyl group are:

O(8)-H(1)=0-84 + 021 A O(8)-0(5)=2-740 + 0-005 A
O(5)---H(1)=194+021 &

The dimensions found for the hydrogen bonds corres-
ponding to the two water molecules are:

0(10)-H(2)=0-84 A H(2)---0(1) =2-03 A
O(10-H(3)=1-02A  H(3)---0(3) =2-25A
H(3)---0(4) =2.23A

0(10)-0(1)=2-810 A

0(10-0(3)=3-073 A

0(10)-0(4)=3-013 A
H(2)-O(10)-H(3)=91-0°

O(11)-H(#)=090 A  H4)---0(9) =229 A
O(11)-H(5)=121 A  H(5)---0(10)=2:39 A

O(11)-H(4)- - -0(9)=3-06 A
O(11)-H(5)- - -0(10)=3-02 A
H(4)-O(11)-H(5) = 106-5°

The large values for the H---O bonds can be inter-
preted as a consequence of the zeolitical nature of the
hydration water of this compound. A small strength
must be attached to these bonds so that it would be
easy for the compound to lose its water of hydration.
Note that the water H(2)-O(10)-H(3) forms one of its
hydrogen bond with two oxygens O(3) and O(4).

With the exception of the O(3) and O(4) all the
oxygens of the unit [BsOg(OH)]?~ form four bonds. In-
stead, O(3) and O(4) form three bonds, one K-O, one
B-O (triangle) and one B-O (tetrahedral). However,
they also form weak hydrogen bonds with the water
molecule O(10). The three bonds which O(3) forms
with K(2), B(2), and B(4) are the same in length to the
three bonds which O(4) forms with K(1), B(2), and
B(3), respectively.

Because of the long H---O bonds of the water
molecules, the large uncertainty in the positions
of the hydrogen atoms, and the short K-O distan-
ces, it is not possible to make a quantitative valence
balance for K,[BsOg(OH)].2H,0. However, it can be
seen from Table 4 that all the distortions are in the right
direction. For instance, from its coordination O(5)
seems underbonded, but as one would expect the
B-O(5) distances are significantly smaller than the
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average B-O for tetrahedral coordination. Further-
more, the balance for O(2), O(6), O(7), which do not
form any hydrogen bonds, is exactly 2 if one assigns a
strength of % to each K-O bond, 1 to each triangular
B-O bond, and £ to each tetrahedral B-O bond.

The anisotropic thermal coefficients f;; of Table 2
were used to compute (Busing, Martin & Levy, 1964)
the root mean square displacements along principal
axes, together with the angles that the principal axes

THE CRYSTAL STRUCTURE OF K3[Bs03(OH)].2H,0O

form with the vectors a, b, and ¢ of the crystal. These
values are reported in Table 5.

Although a detailed analysis of the data of Table 5
will not be presented, qualitatively these data reveal
many features of physical interest. For instance, the
water oxygens have larger thermal amplitudes than the
hydroxyl oxygen, which in turn has larger displace-
ments than the oxygen atoms. The thermal motion of
the water oxygen O(11) is much larger than the water

Table 5. Magnitudes and orientation of thermal ellipsoids

r.m.s.
amplitudes

0118 (2) A
0-139 (2)
0-194 (2)
0-105 (2)
0112 (2)
0-218 (2)
0-08 (1)
0-09 (1)
011 (1)
0-07 (1)

K(1)

K(2)

B(1)

B(2)

B@3)

B@4)

B(5)

o)

0(2)

03

0O@4)

O(5)

0O(6)

o)

O(®)

0O(%)
0-099 (7)
0-196 (5)
0-142 (8)
0-200 (8)
0-247 (8)
0211 (11)
0-249 (10)
0-410 (12)

0(10)

o(11)

wa—ﬂwNi—-wN»—-uNr—awN»—th'—-wN»—auN»—anHmNHwN)—auNHwn»—auN—awN»—wa»—th»—-wN)—a ~
(=]
S
S
w
~~
w
N

Angles with respect to

a b 4
157 (3)° 109 (4)° 103 (1)°
106 (4) 20 (4) 101 (2)

74 (1) 96 (1) 163 (1)
80 (1) 66 (10) 154 (10)
85(2) 24 (10) 65 (10)
169 (1) 81 (1) 97 (1)
103 (33) 47 (40) 134 (53)
121 (20) 58 (46) 48 (54)
146 (13) 121 (12) 104 (13)
86 (14) 41 (53) 130 (53)
100 (13) 48 (53) 43 (53)
169 (13) 93 (11) 100 (12)
138 (13) 66 (15) 59 (5)
59 (15) 32 (14) 85 (10)
113 (6) 70 (7) 148 (5)
76 (35) 154 (45) 68 (34)
48 (34) 165 (47) 52 (35)
135 (30) 84 (23) 45 (29)
65 (8) 58 (10) 138 (11)
75 (16) 44 (15) 50 (12)
151 (11) 62 (14) 99 (13)
115 (48) 140 (35) 119 (5)
27 (46) 117 (42) 92 (24)
79 (5) 63 (4) 150 (4)
75 (4) 99 (5) 162 (6)
110 (7) 24 (6) 104 (6)
154 (6) 113 (7) 100 (4)-
91 (6) 82 (24) 172 (24)
102 (3) 13 (13) 82 (25)
168 (3) 102 (3) 91 (3)
129 (12) 47 (8) 68 (6)
39 (12) 60 (10) 67 (7)
85 (5) 57 (4) 147 (4)
67 (13) 152 (11) 106 (14)
47 (30) 85 (28) 43 (32)
128 (30) 118 (11) 51 (32)
91 (5) 49 (13) 138 (13)
85 (6) 41 (13) 49 (13)
174 (6) 86 (5) 86 (6)
101 (16) 35(38) 123 (33)
68 (10) 55 (38) 43 (30)
155 (7) 87 (6) 65 (7)
158 (27) 106 (25) 75 (11)
111 (28) 31 (15) 112 (8)
96 (2) 116 (2) 153 (2)
102 (8) 79 (16) 163 (6)
66 (4) 24 (9) 84 (16) .
152 (2) 69 (2) 74 (2)
120 4) 101 (6) 147 (3)
57 () 146 (7) 97 (6)
132 (5) 121 (7) 58 (3)
76 (13) 67 (3) 153 (8)
16 (11) 88 (6) 73 (12)
82 (3) 157 (2) 112 (2)
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oxygen O(10). This is due to the fact that O(11) forms
only two bonds with the rest of the structure whereas
0O(10) forms four bonds. The oxygen O(5), which is
bonded to two tetrahedrally coordinated boron atoms,
has the smallest anisotropy of thermal motion among
the oxygen atoms.

Furthermore, the directions of maximum displace-
ment observed for the atoms O(6), O(7), O(9), which
form a triangle around B(5), are nearly parallel to the
normal of the plane formed by the three atoms. The
same is true for the atoms O(1), O(4), O(8) which form
the triangle around B(3).

The author wishes to thank Professor G.Carpéni for
supplying the crystals, Professor W.H. Zachariasen for
many valuable discussions, Miss H.A.Plettinger for
helping in the collection of the X-ray data at the Uni-
versity of Chicago and Mr P.D. Dernier for collecting
the X-ray data at Bell Telephone Laboratories.
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The Structure of Dichlorobis-(2-methylpyridine)copper(II):
A Five-Coordinate Copper Complex

By V.F.DUckwoORTH* AND N. C. STEPHENSON
School of Chemistry, University of New South Wales, Kensington, Australia

(Received 2 July 1968 and in revised form 5 August 1968)

Dichlorobis-(2-methylpyridine)copper(Il) crystallizes in the triclinic system, space group PT, with
lattice constants a=_8-58 + 005, =920+ 0-05, c=10-99+ 005 A, 0 =868 +0-5°, f=110-1+0-05° and
y=123+1°. The structure was determined by the heavy-atom method and refined by least-squares
analysis to a final R value of 0-11 for 1152 visually estimated intensities. Each copper atom is sur-
rounded by two chlorine and two nitrogen atoms in an approximately square-planar arrangement.
The 2-methylpyridine ligands lie approximately in a plane which is perpendicular to the square-coordina-
tion plane and the methyl groups are in a cis arrangement, effectively hindering any close approach by
the chlorine atom of another molecule at one axial coordinating site. There is evidence of some inter-
molecular association at the other axial site through Cu-Cl bridging, so that the environment of each
copper atom may be described as a tetragonal pyramid.

Introduction

Metal halide complexes with pyridine and methylpyri-
dines have been the subject of study for many years.
More recently Graddon, Schulz, Watton & Weeden
(1963) and Graddon & Watton (1965) have studied
some metal halide complexes with 4-methylpyridine
and 2-methylpyridine. Whilst they found that the prop-
erties of these complexes of cobalt(Il) and copper(Il)
with 4-methylpyridine were substantially the same as
those with the analogous pyridine complexes, they ob-
served that the presence of 2-methylpyridine in these
types of complexes could provide steric hindrance to

* Present address: Chemistry Department, University of
Sheffield, Sheffield, England.

octahedral coordination. Thus they could not prepare
a 2-methylpyridine complex with cobalt(II) which cor-
responded to the octahedral CoCl,(pyridine), form
(Mellor & Coryell, 1938; Dunitz, 1957). Only a blue
tetrahedral form was isolated. The complexes with cop-
per(I) of the form CuX,(2-methylpyridine), (where X
is Cl or Br) were found to have properties which did
not correspond to those of the analogous compounds
of pyridine and 4-methylpyridine. The colours of the
2-methylpyridine complexes were much deeper and
there were differences observed in the solid state visible
absorption spectra which indicated a change in the
stereochemistry of the copper atom.

On the basis of this evidence, Graddon & Watton
(1965) postulated square-planar monomeric structures
for these 2-methylpyridine complexes, in which the



