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the Y.I.G., as observed by Cunningham & Anderson
(1960) in the Sm substituted Y.I.G. These dimensions
varied from 12-380 A in Y3FesFes0:z to 12:530 A in
{YNdz] Fez F63012, 12‘4:78 in [YzPI‘J Fez Feg 012 and
12:434 in [Y2.5 Lao.5] Fez Fe3 O12. These data were found
for the maximum amount of Nd, Pr and La substi-
tuted for the Y in iron garnets. If higher proportions
of these rare earths are introduced, one obtains a
mixture of garnets, perovskites and in some cases also
hematite. Cerium ions did not substitute for the
yttrium in the iron garnets. No shift of the lines of
the Y.I.G. were found in these samples and besides
the garnet lines, perovskite and hematite, CeOs lines
were also identified there. Dillon & Nielsen (1960),
arrive at the same conclusion.
The cell dimensions of

Y3FezFe3012 and [Yl.sNdl.s]FezFe3012
measured by us are in fair agreement with the data

obtained by Bertaut & Forrat (1956, 1957) and Geller
& Gilleo (1957).

Acta Cryst. (1961). 14, 1222
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The authors express their gratitude to Prof. E. H.
Frei under whom this work was done. Thanks are also
due to Dr A. Aharoni for his critical remarks.
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The Crystal Structure of the x-Form of bis-(N -methylsalicylaldiminato)-Copper
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The crystal structure of the x-form of bis-(N-methylsalicylaldiminato)-copper has been determined.

The unit cell has

@y =2471+0-02, by=9-25+0-01, ¢, =666 +0-02 4 ,

space group Ibam, and contains 4 molecules. Intramolecular distances and angles are essentially
the same as those reported for the nickel compound, except that the molecule of the copper com-
pound is completely planar and the metal-ligand distances are 0-1 A longer. The packing of the
molecules is quite similar to that found for bis-dimethylglyoximato-nickel and involves chains

of Cu atoms with a Cu—Cu separation of 3-33 A.

Introduction

Stackelberg (1947) described the cell dimensions and
space groups of three forms of bis-(N-methylsalicyl-
aldiminato)-copper, which he called «, B, and Y.
Since it appeared from his results that the structure
of the x-form is somewhat similar to that found by
Godycki and Rundle (1953) for bis-dimethylglyoxi-
mato—nickel, we have determined its structure.

The determination of the structure was carried out
independently in both laboratories and preliminary
reports have appeared (Methuen & v. Stackelberg,

1960; Lingafelter, Morosin & Simmons, 1960). Since
the results of the two determinations are in quite
satisfactory agreement, and since the refinement was
carried somewhat further at the University of Wash-
ington, the present report has been written in terms
of that determination.

Experimental

bis-(N-methylsalicylaldiminato)—copper was prepared
by the reaction between methylamine and bis-salicyl-
aldehydato—copper in ethyl alcohol, and recrystal-
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lized twice from chloroform. Suitable crystals were
obtained by slow evaporation of a solution in chloro-
form. The crystals are green orthorhombic needles on
[001], as described by Stackelberg.

Cell dimensions were obtained from rotation and
zero-level Weissenberg photographs with the NaCl
pattern (ao=5-6394 A) superimposed for calibration.
All photographs were taken with Cu K« radiation
(A=1-5418 A). The cell dimensions are:

ao=24-T1 +0-02 A, bp=9-25+0-01 A,
co=6-66+0-02 A .

The density calculated for 4 molecules/cell is 1-45
g./ml.; measured by flotation, 1-47 g./ml. Systematic
absence of hkl for h+k+1 odd, of Okl for k odd,
and of 0l for % odd indicate the space groups Ibam
or Iba. On the basis of the great similarity in in-
tensity distribution between hkO and hk2 reflections
the space group was assumed to be Ibam.

hk0 and Rkl intensities were obtained with a
Nonius Integrating Weissenberg camera, integrating
in one direction only and using multiple films and
several exposure times. The crystal used had dimen-
sions of 0-1x0-05x5 mm. Each diffraction spot in
the linear response range of each film was scanned
normal to the direction of camera integration with
a Moll type densitometer feeding into a Leeds and
Northrup recorder having a logarithmic slide wire.
The areas under the densitometer tracings were
measured with a planimeter and used as relative
intensities. The several films for a given level were
placed on the same scale by comparison of common
diffraction spots and the two levels were scaled
together by comparison of calculated and observed
intensities during the structure determination.

Lorentz and polarization factors were applied, but
no correction was made for absorption. Three re-
flections, 200, 110 and 211 were found to be con-
siderably affected by secondary extinction. They were
therefore omitted from all difference syntheses and
in calculations of R.

146 out of a possible 155 kO reflections and 58
out of a possible 135 hkl reflections were observed.
All calculations were carried out on an IBM-650.
Structure factors were calculated using atomic scat-
tering factors from Berghuis et al. (1955). For com-
parison of observed and calculated structure factors
and for all difference syntheses except the first two,
the observed structure factors were corrected for
dispersion by the method of Templeton (1955).

Determination of Structure

Assuming the four Cu to occupy a 4-fold set of equiv-
alent positions in Ibam, they may be placed in (4c)
without loss of generality. The contribution of the
Cu to all observed hk0 reflections is then +4fcu.
Therefore a Fourier projection on (001) was cal-
culated, assuming all phase angles to be zero. A

reasonable trial structure was immediately apparent
from an examination of the projection.

Table 1. Atomic positions and temperature factors

zja ylb zfc B
Cu 0000 0000 0000 4-2
o 0435 1695 0000 4-0
C, 0965 1870 0000 4-6
Cs 1330 0690 0000 4-9
C, 1170 3285 0000 49
C, 1725 3515 0000 6-0
C, 1885 0955 0000 52
(o) 2085 2340 0000 5-8
C, 1155 — 0795 0000 45
Cq 0590 — 2885 0000 4-1
N 0655 — 1250 0000 4-0
H, 0880 4200 0000 5-0
H, 1880 4700 0000 5-0
H, 2550 2375 0000 5-0
H, 2125  —0050 0000 50
H 3500 3325 0000 50
H, 4050 1500 0000 5-0
H, 4700 1750 1200 5-0
Hy 4700 1750 —1200 5-0

Because of the visual identity of the intensity
distribution of 2k0 and hk2 reflections, it was decided
to attempt the refinement of the structure by means
of Fourier sections go(z, y, 0) and difference synthesis
sections at z=0, calculated from the hk0 and Akl
data alone. These proceeded quite satisfactorily. At
R=0-15, the hydrogen atoms were introduced in
calculated positions, assuming a C-H distance of
1075 A and individual isotropic temperature factors
were used. The final values of the discrepancy factor,
omitting the three reflections strongly affected by
secondary extinction and also omitting unobserved
reflections, are Rpro=0-080 and Rpz1=0-078.

The final values of the position and thermal para-
meters are given in Table 1, and observed (cor-

Ce
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o 437

120'5 113-6

Cs—1404-4—Ca

Fig. 1. Bond lengths and angles.
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in Table 2.

To estimate the standard deviations of the positional
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231
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170
157
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Table 2. Observed and calculated structure factors (x 10)
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2.4
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F,
71
<52
418
993
576
705
642
398
555
244
238
326
200
223
81
86
286
737
690

479
397
308
246
351
<104
125
279
214
225
143
96
397
614
374
127
<180
220
295
278
196
182
178
<67
169
213
368
282
144
204
317

F,
77
42
403
1029
594
771
651
416
578
189
248
322
189
187
78
82
304
764
679
487
544
461
429
52

8
298
284

111
111
276
214
197
159
104
360
702
334
120

58
173
345
254
202
207
153

64
131
182
415
284

76
203
295

hi F, F, bk F, F,
14,8 266 286 2,3 <31 18
16,8 177 176 4,3 318 343
18,8 143 129 6,3 <35 —34
20,8 89 85 8,3 447 - 437
22,8 <64 42 10,3 177 167

1,9 144 152 12,3 <45 31

3,9 145 106 14,3 <49 33

5,9 209 239 16,3 <53 —27

7,9 168 165 18,3 103 —105

9,9 239 226 20,3 174 189
11,9 245 249 22,3 <57 —145
13,9 146 162 24,3 88 —92
15,9 146 157 26,3 <50 —4
17,9 136 125 28,3 <41 12
19,9 <52 75 1,4 <37 8
0,10 165 172 3,4 539 491
2,10 176 173 5,4 813 775
4,10 137 138 7,4 52 76
6,10 90 102 9,4 65 —63
8,10 118 108 11,4 <48 28

10,10 152 151 13,4 <51 —22
12,10 137 125 15,4 <54 —46
14,10 110 97 17,4 295 —261
16,10 93 108 19,4 91 —93
1,11 132 153 21,4 67 91
3,11 95 98 23,4 <54 26
5,11 94 102 25,4 <50 26
7,11 83 100 27,4 <42 6
9,11 7 76 2,5 168 168
11,11 98 101 4,5 175 181
6,5 <46 —-35

8,5 140 152

=1 10,5 <50 48

2,1 856 —925 12,5 191 178

4,1 811 852 14,5 57 —4

6,1 116 —178 16,5 302 —305

8,1 75 76 18,5 68 —52
10,1 350 —338 20,5 <56 3
12,1 588 —549 22,5 <54 —21
14,1 <45 23 24,5 <49 -5
16,1 126 154 26,5 <4l 38
18,1 268 267 1,6 203 —218
20,1 197 199 3,6 316 —293
22,1 105 117 5,6 221  —214
24,1 74 -7 7,6 55 —72
26,1 87 —87 9,6 57 74
28,1 <46 —42 11,6 175 161
30,1 38 —54 13,6 113 134

1,2 <24 5 15,6 60 5

3,2 148 130 17,6 <57 -2

5,2 451  —454 19,6 57 —6l

7,2 448 —455 21,6 54 —35

9,2 145 —143 23,6 <46 ~33
11,2 230 —217 25,6 40 —29
13,2 67 68 2,7 222 226
15,2 <49 —18 4,7 279  —314
17,2 56 77 6,7 <55 38
19,2 412 412 8,7 <56 —21
21,2 135 113 10,7 <57 —47
23,2 140 —162 12,7 <57 13
25,2 92 —90 14,7 <57 32
27,2 <48 ~26 16,7 96 120
29,2 <39 18

parameters, the Cruickshank equation (1949) was
used, multiplied by an additional factor to correct
for the fact that only the %k0 and Akl reflections
were used. This factor was the square root of the
ratio of the total number of reciprocal lattice points
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within the limiting sphere to the number in the k0
and hkl levels. The standard deviations so calculated
are o(x)=o(y)=0-006 A, for oxygen, 0007 A for
nitrogen and 0-008 A for carbon.

Bond lengths and angles are given in Fig.1 and
listed in Table 3 along with the corresponding values
for bus-(N-methylsalicylaldiminato)-nickel (Frasson,
Panattoni & Sacconi, 1959) and bis-salicylaldiminato—
nickel (Stewart & Lingafelter, 1959). None of the
differences between corresponding bond lengths in
different compounds are of statistical significance
except for those involving the metal.

In both the nickel and copper chelates, the presence
of the N-methyl group has caused an increase in
the length of the metal-nitrogen bond by 0-10 A
over that of the metal-oxygen bond. That this
increase is due to the steric effect of the methyl
group is indicated by the equality of the #/~-N and
M-0O bond lengths in b&is-salicylaldiminato—nickel
(Stewart & Lingafelter, 1959), and by the very short

Table 3. Interatomic distances and angles
(a) ® (c)

M-0 1-90 A 1-80 A 1-84 A
M-N 1-99 1-90 1-84
C,-0 1-32 1-28 1-32
C,-D 1-31 1-30 1-29
Cs-C, 1-44 1-46 1-44
C,-C, 1-42 1-36 1-41
C,-C, 1-40 1-41 1-41
C,-C, 1-39 1-42 1-37
C,—C, 1-40 1-38 1-40
C—Cs 1-37 1-40 1-38
C5-C, 1-39 1-40 1-41
N-Gq 1-52 1-56 —
G0’ 2.76 2-68 —
O-M-N 91-1° 96° 93-8°
C-0-M 131-5 127 127-5
Cs—C,—O 1225 126 124-0
C,-C;-C, 1230 124 122-8
N-C,—C, 126-3 122 121-5
C,-N-M 1257 125 130-3
C,—C,—Cq 119-3 119 119-0
C,-C,—C, 120-0 120 120-7
C,—C,—C, 120-5 121 1216
C,-C,—C; 119-6 118 117-6
C,~C—Cq 121-2 122 122-4
C,—C4—C, 119-4 120 1186
M-N-Cq 119-4 125 —

(a) bis-(N-methylsalicylaldiminato)-copper.
(b) bis-N-methylsalicylaldiminato)-nickel.
(c) bis-Salicylaldiminato-nickel.

distance between the methyl group and the oxygen
atom (2-68 A in the nickel and 2-76 A in the copper
chelate).

The arrangement of the molecules of bis-(N-methyl-
salicylaldiminato)-copper in the crystal is essentially
the same as that reported by Godycki & Rundle
(1953) for bis-dimethylglyoximato-nickel. The planar
molecules all lie parallel to (001), and the copper
atoms form chains along the c-axis, with a Cu-Cu
separation of 3-33 A, only slightly larger than the
Ni-Ni separation of 3-25 A in bis-dimethylglyoximato-
nickel, but considerably larger than the 2-64 A separa-
tion found in copper (II) acetate (Van Niekirk &
Schoening, 1953).

Understanding of the conditions for formation of
this type of structure, involving weak metal-metal
interactions must await further experimental data.
It should be pointed out that Stackelberg’s (1947)
second crystal form of bis-(N-methylsalicylaldiminato)—
copper probably does not have metal-metal inter-
actions and that Ferguson (1960) has obtained ah
orthorombic form of bis-(N-methylsalicylaldiminato)—
nickel which is isomorphous with the copper chelate
and therefore does have metal-metal interactions. We
are at present examining this crystal.

This investigation was supported by the U. S. Public
Health Service under Grant A-2241.
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