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The Crystal Structures of the Tetragonal
and Monoclinic Forms of Bis-(/N-isopropyl-3-methylsalicylaldiminato)palladium

By PreM C.JAIN AND E. C. LINGAFELTER
Department of Chemistry, University of Washington, Seattle, Washington 98105, U.S.A.

(Received 9 September 1966 and in revised form 28 November 1966)

Bis-(N-isopropyl-3-methylsalicylaldiminato)palladium crystallizes from ethanolsolution in two crystalline
forms,tetragonal and monacclinic. The monoclinic formis isomorphous with bis-(N-isopropyl-3-methylsali-
cylaldiminato)nickel. The crystal structures of both forms have been determined from three-dimensional
X-ray diffraction data. The cell dimensions for the tetragonal form are: ao=18-178, co=12-879 A ; and
for the monoclinic form are: ag=11:297, bo=9-755, co=9-844 A, B=107°51". The space group for the
tetragonal form is I4,/a with eight molecules per cell and for the monoclinic form is P2;/c with two
molecules per cell. The palladium atoms have trans-planar coordination in both cases. The bond
distances and angles in the chelate are similar to those reported for other salicylaldimine complexes,
but differences in packing cause significant bending of the nearly planar molecules.

Introduction

In an attempt to understand the structural reasons for
the variations in coordination configuration in a series
of substituted salicylaldimine chelates of nickel(II), we
have undertaken the investigation of the crystal struc-
tures of a number of salicylaldimine chelates (Fox,
Orioli, Lingafelter & Sacconi, 1964; Braun & Linga-
felter, 1966, 1967a,b). The palladium(Il) ion has been
selected as an ion whose coordination configuration
would probably be planar in all cases (Sacconi, Ciam-
polini, Maggio & Del Re, 1960). We have now com-
pleted the structural investigation of the two forms of
bis-(N-isopropyl-3-methylsalicylaldiminato) palladium.

Experimental

Bis-(N-isopropyl-3-methylsalicylaldiminato)palladium
was prepared by the method of Sacconi, Paoletti &
Del Re (1957), using 3-methylsalicylaldehyde which
was prepared by the method of Duff (1941). Purifica-
tion and recrystallization were carried out from ethyl
alcohol by slow evaporation. The crystals are yellow
in color and two forms of crystals are easily separable
under the microscope. The crystals of the tetragonal
form are rectangular with pyramidal ends while those
of the monoclinic form are rhomb-shaped plates. Well-
defined crystals of the two forms were chosen for study.
They had approximate dimensions 0-09 x0-10 x0-12
mm and 0-14 x 0-15 x 0-03 mm, respectively. All meas-
urements were made with Mo K« radiation (A=
0-71069 A) on a Picker Single Crystal Diffractometer
equipped with pulse-height analyser and a General
Electric Single Crystal Orienter (Furnas, 1957). The
cell constants and their estimated standard deviations
were obtained by least-squares fit of 21 & values in the
case of the tetragonal form and of 10 & values in the
case of the monoclinic form. The final values are:
tetragonal, ao= 18-178(1), co=12-879(2) A ; monoclinic,

ao=11297(1), by=9-755(1), co=9-844(1) A, f=107°51
(1)". The systematic absence of Akl for h+k+1+#2n,
00/ for /#4n, and hkQ for h+#2n and k+2n identified
the space group 74,/a for the tetragonal form, while
the systematic absence of 0kO for k odd and A0/ for
/ odd identified the space group P2,/c for the mono-
clinic form. The crystal densities were found to be
1-40 g.cm—3 and 1-45 g.cm~3, respectively. The calcu-
lated densities, assuming eight molecules in the tetra-
gonal cell and two molecules in the monoclinic cell,
are 1429 g.cm=3 and 1-473 g.cm~3, respectively. The
linear absorption coefficient for Mo Ko radiation is
876 cm1.

All calculations were carried out on an IBM 7094
computer with the programs written or adapted by
Stewart (1964). Diffractometer settings for each of the
possible diffraction maxima were calculated for the
w-26 scan method using the recommended formula of
Alexander & Smith (1964): scan range=A -+ B tan 0,
with A set equal to 1-4 and B equal to 1-00.

At the beginning and at the end of each six-hour
interval of data collection, the intensities of four stan-
dard reflections were measured. The reciprocal of the
mean value of these eight intensity measurements was
then used as a relative scale factor for all intensities
measured during that interval. These scale factors
showed no systematic variation with time and the
maximum variation from the scale factor for the initial
interval was 0-5% for the tetragonal crystal data and
3-5°%; for the monoclinic crystal data.

Intensities were measured for 1847 reflections, lying
in the range 0 <26 < 50°, for the tetragonal crystal and
1284 reflections, lying in the range 0 <26 <45°, for the
monoclinic crystal. 563 of the reflections from the
tetragonal crystal and 495 of the reflections from the
monoclinic crystal gave net intensities less than twice
their standard deviations (calculated from counting
statistics) and were assigned intensity values of 2¢; and
treated as ‘unobserved’.
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Lorentz and polarization factors were applied and
relative structure factors were calculated. No correc-
tions were made for absorption or for anomalous
dispersion.

Structure determination

Tetragonal form

From a survey of the intensity distribution in the
case of the tetragonal form it may be seen that, in
general, only reflections with 4+ k +/=4n and h, k and
! all even or with A+k and / both odd are strong.
This suggests that the palladium atoms lie in positions
(¢) or (d) (International Tables for X-ray Crystallo-
graphy, 1965), and (c¢) can be chosen without loss of
generality. For all calculations the origin was chosen
at a center of symmetry.

An initial structure factor calculation, carried out by
placing the palladium atom of the asymmetric unit at
the origin, gave R equal to 0-31. R is defined through-
out as X ||Fo| —|Fel|/Z |Fo|, with summation over the
unique, observed reflections only. The atomic scatter-
ing factors used were those of Thomas & Umeda (1957)
for palladium, those of Berghuis, Haanappel, Potters,
Loopstra, MacGillavry & Veenendaal (1955) for oxy-
gen and carbon, and those from Table 2 of Stewart,
Davidson & Simpson (1965) for hydrogen.

A three-dimensional Fourier synthesis, using phases
determined by palladium alone, was calculated. On the

BIS-(N-ISOPROPYL-3-METHYLSALISYLALDIMINATO) PALLADIUM

Fourier map the nitrogen atom was located easily.
Another structure factor calculation based on palla-
dium and nitrogen brought R to 0-28. A Fourier syn-
thesis phased on these atoms revealed the positions of
the oxygen atom and carbon atoms C(l), C(2) and
C(3). Another three-dimensional Fourier synthesis
phased on these atoms enabled the positions of all
the remaining non-hydrogen atoms to be located. Dur-
ing all stages of these structure factor and Fourier cal-
culations an overall isotropic temperature factor, B=
2-72, was used.

Further refinement was carried out with the full-
matrix least-squares program of Busing & Levy (1959).
The function minimized was X w(|F,|—|Fe])2. Four
cycles of least-squares refinement with individual iso-
tropic temperature factors and with all w=1 (except
that, in each cycle, unobserved reflections with F.< F,
were given w=0) reduced R to 0-063. Three more cycles
of least-squares refinement with anisotropic tempera-
ture factors reduced R to 0-049.

At this stage, a AF synthesis showed the positions
of all hydrogen atoms. The hydrogen atom coordinates
thus obtained were refined by three cycles of least-
squares refinement, treating the non-hydrogen atoms
as fixed.

A further series of four cycles of combined refine-
ment of both non-hydrogen and hydrogen atoms with
mixed temperature factors (individual anisotropic tem-

Table 1. Tetragonal form
Positional parameters ( x 104) and thermal parameters ( x 102)

The thermal parameters are of the form exp (—3 X X Bijh:ihjai*a™).
. Rt}

i=1 j=

y:79) Bj; By, B3 By
273 (2) 303 (2) 28 (2) 12 (2) 26 (2)
356 (14) 298 (14) 104 (12) 58 (11) 60 (11)
274 (15) 327 (19) 104 (12) 9 (14) 26 (13)
271 (18) 338 (21) 40 (15) 1(16) —16 (16)
263 (18) 306 (21) —30(15) —9(14) 29 (14)
304 (21) 398 (24) =21 (17) 74 (19) 14 (18)
521 (28) 268 (24) 28 (23) 65 (22) 65 (21)
535 (30) 383 (27) 140 (25) —8 (26) 121 (24)
415 (25) 311 (24) 89 (20) —26 (20) 63 (19)
274 (20) 398 (24) 107 (17) —39(18) 52 (18)
435 (24) 311 (23) 169 (20) 103 (20) 56 (42)
496 (32) 467 (36) 245 (34) 131 (32) —054(28)

1163 (73) 772 (59) 11 (41) 252 (41) —144 (50)
567 (34) 470 (31) 66 (25) 207 (26) 94 (26)

Positional parameters ( x 103) and isotropic thermal parameters

xla ylb z/c B

Pd 2500 2500 2500 279 (2)

(0] 2927 (1) 2557 (2) 1081 (2) 321 (13)
N 1821 (2) 3362 (2) 2197 (3) 311 (16)
C(1) 2096 (2) 3453 (3) 0343 (3) 346 (20)
C(2) 2687 (2) 2940 (2) 0291 (3) 315 (19)
C(3) 3041 (2) 2838 (2) —0673 (3) 392 (22)
C(4) 2798 (3) 3205 (3) —1530 (4) 617 (31)
C(5) 2207 (3) 3696 (3) — 1494 (4) 653 (33)
C(6) 1871 (3) 3810 (3) —0567 (4) 508 (27)
C(7) 1731 (2) 3631 (2) 1279 (3) 337 (21)
C(8) 1380 (3) 3700 (3) 3046 (4) 453 (26)
C(9) 1452 (5) 4527 (4) 3072 (6) 1009 (56)
C(10) 0606 (5) 3419 (7) 2969 (9) 526 (41)
Cc11) 3682 (3) 2313 (4) —0732 (5) 505 (30)

B

H(@4) 296 (2) 312 (2) —213 (3) 27 (1)
H(5) 203 (3) 396 (3) —203 (4) 58 (1)
H(6) 147 (3) 416 (3) —049 (4) 4-8 (1)
H(®) 138 (2) 399 (2) 122 (3) 2:5 (1)
H() 157 (2) 351 (2) 364 (3) 2:3(1)
HO1) 127 (4) 470 (3) 372 (5) 9:0 (2)
H(92) 206 (4) 470 (4) 306 (6) 10:4 (2)
H(93) 125 (4) 472 (4) 253 (6) 86 (2)
H(101) 043 (3) 354 (3) 335 (4) 37 (2)
H(102) 032 (4) 351 (4) 226 (6) 9:9 (3)
H(103) 051 (4) 288 (5) 274 (8) 14-5 (3)
H(111D) 391 (3) 235 (3) —136 (4) 47 (1)
H(112) 415 (3) 249 (3) —019 (5) 6:3 (1)
H(113) 355 (2) 184 (2) —056 (4) 37(1)
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Table 2. Observed and calculated structure factors for the tetragonal form
Columns are 4, 10F, and 10F.. Unobserved reflections are marked with *,
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perature factors for non-hydrogen and isotropic tem-
perature factors for hydrogen atoms) brought R to
0-038.

Finally a sequence of four cycles of refinement was
carried out using a set of weights based on the mean
AF as a function of F,. These weights were determined
as follows (Wiesner & Lingafelter, 1966): from a plot
of AF versus F,, using the structure factors at R=0-049,
expressions were obtained giving AF as a linear func-
tion of F, for several ranges of F,. Weights were then
set equal to 1/(4F)2. Thus:

Yw=00

for unobserved reflections with Fp < Fuin -
Yw=1/(8-65—0-0883 F,)

for unobserved reflections with F,> Fpin and

for observed reflections with F, <60 .
Yw=1/(4-10—0-0125 F,)

for observed reflections with 60 < F, <120 .
Yyw=1/2-60

for observed reflections with F,>120.

This sequence of cycles resulted in no change in R,
and only small changes in parameters, but the weight-
ing scheme is believed to represent a reasonable re-
flection of the probable accuracy of the structure fac-
tors. In the final cycle the average parameter shift was
0-026 and the maximum was 0-10¢ for non-hydrogen
and 0-26¢ for hydrogen atoms.

BIS-(N-ISOPROPYL-3-METHYLSALISYLALDIMINATO) PALLADIUM

The final values of the parameters and their estimated
standard deviations are given in Table 1 and observed
and calculated structure factors in Table 2.

Monoclinic form

The initial structure factor calculation was carried
out with the parameters from the isomorphous nickel
compound (Braun & Lingafelter, 1966), giving a value
of R=0-119. Refinement was carried out in exactly the
same manner as for the tetragonal form after location
of the hydrogen atoms. The weighting scheme used for
the final sequence of cycles was

Yw=0-0

for unobserved reflections with F; < Fjn .
Yw=1/(3-33—0-0583 F,)

for unobserved reflections with F¢> Fmin and

for observed reflections with F, <28 .
Yw=1/1-70

for observed reflections with 28 < F, <60 .
Yw=1/(—2:594-0-714 F,)

for observed reflections with 60 < F,<95.
Yw=1/420

for observed reflections with Fp>95,

and gave a final R value of 0:052. In the final cycle the
average parameter shift was 0-06¢ and the maximum
was 0-48¢ for non-hydrogen and 0-59¢ for hydrogen
atoms.

Table 3. Monoclinic form

Positional parameters (x 104) and thermal parameters ( x 102)

By Bj3 B;2 B3 B3
422 (4) 292 (3) 12 (7) 111 (3) —31(8)
819 (39) 391 (25) 10 (57) 83 (20) —308 (52)
622 (45) 312 (33) -2(39) 111 (31) —16 (33)
327 (49) 368 (42) 14 (43) 120 (39) ~—23 (38)
391 (43) 306 (37) —69 (35) 34 (35) 51 (33)
356 (52) 469 (46) —84 (36) 126 (42) —16 (35)
691 (75) 547 (63) —139 (57) 136 (53) —4 (54)
789 (84) 468 (59) — 262 (66) 103 (59) —115(59)
620 (73) 421 (53) —121 (55) 106 (52) —95 (50)
497 (57) 410 (48) 28 (46) 241 (44) —109 (43)
883 (76) 339 (45) 102 (55) 219 (40) —137 (50)

1759 (27) 602 (91) —11(162) 153 (81) 173 (148)
1098 (143) 1098 (122) 106 (88) 107 (85) —358 (96)
640 (123) 671 (65) 62 (62) 202 (53) 33 (59)

Positional parameters ( X 103) and isotropic thermal parameters

x/a y/b z/c By,
Pd 0000 5000 5000 338 (4)
(o] 1827 (4) 5002 (11) 5955 (5) 263 (24)
N —0310 (7) 5797 (9) 6754 (8) 349 (39)
C(1) 1876 (9) 6327 (10) 7998 (10) 421 (55)
CQ2) 2446 (8) 5633 (9) 7133 (9) 278 (45
C@3) 3749 (9) 5512 (9) 7531 (11) 424 (52)
C4) 4432 (12) 6207 (14) 8735 (13) 369 (64)
C(5) 3901 (14) 6933 (16) 9563 (15) 589 (83)
C(6) 2635 (13) 7025 (13) 9230 (13) 477 (83)
C( 0559 (10) 6360 (11) 7778 (11) 476 (61)
C(8) —1600 (10) 5846 (14) 6867 (10) 431 (56)
C() —1662 (19) 5321 (46) 8231 (21) 489 (94)
C(10) —2128 (16) 7295 (21) 6568 (23) 351 (80)
CcQ11) 4357 (12) 4685 (15) 6641 (15) 535 (61)
H(4) 519 (9) 614 (9) 878 (9) 33(2)
H(5) 431 (12) 721 (14) 1029 (13) 7-5 (4)
H(6) 229 (9) 738 (10) 983 (9) 3-5(2)
H(7) 034 (8) 676 (9) 860 (10) 4-6 (2)
H(8) —196 (7) 497 (13) 604 (9) 56 (2)
H(91) —251 (11) 535 (11) 832 (11) 79 (3)
H(92) —132(10) 479 (16) 860 (12) 0-2 (4)
H(93) —110(13) 596 (16) 907 (15) 89 (4)
H(101) —284(12) 736 (14) 670 (13) 7-8 (4)
H(102) —159(7) 785 (7) 713 (6) 02 (1)
H@103) -—172(11) 745 (12) 565 (12) 67 (3)
H(11D 414 (11) 539 (13) 568 (14) 9:7 (4)
H(112) 550 (19) 466 (22) 702 (19) 7-7 (6)
H(113)  405(8) 363 (11) 666 (9) 42 (2)
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Table 4. Observed and calculated structure factors for the monoclinic form
Columns are A, 10F, and 10F,. Unobserved reflections are marked with #,

-l

~

-2

-3

=11

M9l
218 12¢
266 238
159 19¢C
183 143
22C 23¢
159 1€9
218 188

HelCol
105e -7

Hellel
i 126

Hy10,1
107¢ =12

Hellel
223 17
HeCy2

68e =57
311 tCa
212 190
686 671
837 163
75 749
916 el6
690 33}
454 43
553 559
166 1eC
455  ae2
303 51§
393 “«Ce
468 419
314 337
388 354
296 N2
284 297
310 e
164 2eC
Hely2
225 =22¢
434 419
166 138
223 =235
™ 25
Toe =33
The =23
8le =42
157 153
dae 21
7Re 52
e 54
162 lec
Qe =p8
8le =2
102e (13
4 =a2
103¢ &3
102 %3
101e “
He2e2
210 2ce
282 256

1467 1e12
598 5¢1
812 ee2
643 631
39% 32
849 g49
2e4 20z
387 38
481 47e
“24 43C
645 €35
294 293
396 354
183 1e1
254 245
296 e
2 2e2
269 212
heds2

Tee =t5
T8e =5}
491 aus
1 12¢
16e =le7
29) 258
119 13%
87 41
8le %9
92¢ =)
B4e 27
128 =17
127 124
136 . 13¢
155 =126
140 199
99e 48
103s «7¢
107 =71
102¢  =5C
LIETY
748 %2
552 S5
417 549
401 3ec
626 ¢57
28 154
650 €13
654 €23
309 337
416 428
511 52%
360 c
431 425
105« 1C1
484 470
106  13¢
e 39
in 1¢9
lo4 172

Fe5e2

¢
1
-1
2
-2
3
-3
4 106e
=4 104
5 108e
=5 1Cee
¢ 107e
=6 105e
1 1c8e
HeRe2
¢ 266
1219
-1 234
2 22y
2 219
3 248
-3 249
4 25

€ 239 220
Holle2
€ 113 =41
He1002
1 1l 14C
Helle2
1 112e 29
Hel0e2
2 112e 101
Helle2
2 1l4e 13
Feled
C 497  alC
1 e62 e27
-1 191 169
482 4e2
=z 11 37
3 496 4t6
-3 529 2%
4 %90 583
-4 244 232
5 415 4C2
=5 400 375
& 449 463
-t 4e3  48C
T o158 163
=7 567 Stl
& 180 1&C
-8 420 alC
-5 232 218
=1C 263 215
«l1 248 248
He2y3
€ 163 ~15C
L T7e =64
=1 437 =4t}
2 221 e
=2 135 =134
3 125 143
-3} 274 =261
4 B6e  ®5Y
=4 110 57
s 92e 2
=5 198 =léee

v

998

LIRRYE]
117
Mellgd

1C9s

16

76

17

-3

.
v

-5

o

-6

~

-7

®

-8
-9
=10
~i1

CrrewNNm=O

-9

- ———o

Helled
1i%e
My 1043
11le
kelled
126
Hy1043
112e

Kol

HeSed

155

48

.17

9

-4

=142

-9

vrunNme—O

-

=16

HeS et

107e

113e
115

F9l094
139

Falles
1lde

hel0ss

12u
145

Hellod
1te
FolDos

195
121e

"

125
130

o
-7
-8
-9

.10

s
FVrewuNm—C

renmmo

v
1

-2
-

e

304 318
320 329
31s 342
286 288
196 206
Hedy5
96e =28
97¢ =81
100 =104
99¢ =62
93e @&t
102¢ =96
e 11
103e =52
4e =27
104 25
9be  als
107e 3
10le =53
102¢ 10
104+ 1L
105 54
HeSed
236 253
23 256
332 3
345 349
286 314
346 353
39% 429
3071 re
29% 335
187 185
246 239
7 155
190 198
180 186
266 250
Heb,y5
105¢ 165
104s =18
176 =292
105 40
108 =11y
1040 =6
1040 36
108 =33
105e =50
169 42
1060 18
1108 =
1C8s  =u0
107e L]
My 745
106e a3
169 209
1ule 100
242 245
350 319
23 232
287 30%
120 121
199
114s 121
145 151
166 149
133 164
HeByS

18e 102
Hel005
1l6e =2
1Te =12
1ee 78
MTe =4
He0y0
495 493
824 608
18 4l9
599 599
495 17
396 393
324 303
33 31e
51?7 506
187 206
634 629
38 338
342 3
261 290
390 371
1100 184
166 160
402 389
302 3C3
Helso
92¢ =38
154 =l4s
tos 122
9%e 6
87e 3
99e =28
a7 =b8
102¢ 13
v0e 60
1318 =72

-5
[
-6
1
-1
8

9
=10

ORI P WA =0

rwnm—n

[
whe—o

29
=22
9% 12
108e 3¢
9%e 62
108e =]g
115 €8
104 se
103e  «¢C
He 2o
“52 451
390  3ee
“92 59
501 488
b1 4TS
397 3es
457 457
305 318
521 515
175 175
319 el
210 191
336 34C
211 2ep
38 lez
160 164
287 s
315 265
185 152
Hidpe
13C nr
126 =1CS
6o 13
101e  etC
95 -28
10ke =113
127 "
100e 35
v5e 18
104¢ 32
e 1c
119 =¢s
1060 35
109¢ =28
1ms s
170 7
106 ¢9

112
-28

-a

J
rrewnmne—n

(]
fRRrrwwNNE—

HelO0&

123
125

Hele?

1ce
85

.e2

-4C

-

8¢
159
14
132
18
1s

sunm—c

-—oa

138
124
130

54
-29

~23
-7

-1

-2
-3

-
-

N —C

>

-0

-t
-2

-1

-2

-1
-2

-1
-2

131

200 153
313 251
115 151
209 249
24y 259

290 212
252 248
291 296
175 1ed
192 219
156 14%
176 1
(31} 141
20l 266
20 251
Hhy9
110 w47
1lle =44
HATENCITY
lige -2
tule =37
112 ®
1l4e i0
Fi%.9
220 234
218 212
174 182
184 178
177 109
140 12%
Feby9
113e =21
liae 5
111e =39
1l6e =}l
e 8
e Te9
122 111
158 120
17e 119
He0e10
266 251
229 223
s 30%
e 93
144 172
mn 135
Helolo
106e =35
1100 =23
1060 =86
1100 =30
he2,10
246 230
220 201
212 219
164 122
181 189
1140 109
Hedol0
1ile
[33)
109e a52
1120 =32
109¢ =47
He4ol0
166 1%¢
208 189
127 164
(£1) 1%0
#5410
115
113e -7
l1le L]
Hebol0
117« 104
Heloll
196 211
249 217
257 241
He2,el1
113e 10
1109 10
e 12
Hedell
193 149
116e 130
Hedoll
1150 =23



132

The final values of the parameters and their estimated
standard deviations are given in Table 3 and observed
and calculated structure factors in Table 4.

Discussion

The centrosymmetric molecules of bis-(N-isopropyl-3-
methylsalicylaldiminato)palladium are similar in con-
figuration to those of the nickel compound and the
3-ethyl-palladium compound (Braun & Lingafelter,

Table 5. Bond distances
between carbon and hydrogen atoms

Tetragonal Monoclinic
form form
C(4)—H(4) 0-84 (4 A 0-85 (10) A
C(5)—H(5) 0-89 (5) 0-77 (12)
C(6)—H(6) 0-97 (5) 0-87 (11)
C(7)—H(7) 092 (4 1-00 (10)
C(8)—H(8) 0-91 (4) 1-16 (11)
C(9)—H(®D 095 (7) 0-99 (13)
C(9)—H(92) 1-14 (7) 0-68 (14)
C(9)—H(93) 0-86 (7) 1-08 (14)
C(10)-H(101) 0-63 (6) 0-85 (15)
C(10)-H(102) 1-06 (8) 0-88 (7)
C(10)-H(103) 1-03 (8) 1-15 (13)
C(I1)-H((11D 0-91 (5) 1-14 (13)
C(11)-H(112) 1-15 (5) 1-23 (20)
C(11)-H(113) 0-92 (4) 1-09 (10)

BIS-(N-ISOPROPYL-3-METHYLSALISYLALDIMINATO) PALLADIUM

1966, 1967b), but there are a number of significant dif-
ferences in details, particularly in the case of the tetra-
gonal form. The packing of the molecules of the two
forms of bis-(N-isopropyl-3-methylsalicylaldiminato)-
palladium are shown in Figs.1 and 2.

Fig.3 shows the bond lengths and angles between
the non-hydrogen atoms for both forms. The two sets
of values agree well within twice the standard devia-
tion. Also they agree well with those reported for sim-
ilar compounds (Lingafelter & Braun, 1966; Braun &
Lingafelter, 1966, 1967a,b). The bond distances involv-
ing the hydrogen atoms are given in Table 5.

Although the bond distances and angles show very
little variation, considerable differences in the devia-
tions from planarity are observed. Table 6 lists the
deviations of selected atoms from the least-squares
plane defined by the benzene ring in six recently studied
N-isopropylsalicylaldimine chelates. The significant de-
viations from planarity are seen to be in the same di-
rection for all compounds but to vary markedly in
magnitude between compounds. Thus the oxygen atom
is in all cases displaced from the plane in the same
direction as the metal atom, while C(7) and N are dis-
placed in the opposite direction. The considerable dif-
ferences between the two forms of the bis-(N-isopropyl-
3-methylsalicylaldiminato)palladium can only be due
to intermolecular forces and it therefore seems likely

njo

Fig. 1. Projection on (001) for the tetragonal form.
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that all of the differences in deviations from planarity
between different molecules may be due to inter- and
intra-molecular steric effects, rather than special metal
ion differences. This flexibility of these molecules has
been pointed out previously (Cheeseman, Hall &
Waters, 1965; Lingafelter, 1966; Boyko, Hall, Kinloch
& Waters, 1966). Examination of intermolecular con-

tact distances shows none which require comment.
Comparison of intra-molecular contact distances with
those in the nickel compound show that the steric inter-
actions which inhibit the formation of the planar form
of bis-(N-isopropylsalicylaldiminato)nickel compounds
are somewhat less unfavorable in the palladium chelate
than in the nickel chelate.

Table 6. Distances of selected atoms from least-squares benzene plane. (A)

Atom (@) (0) (0 (@) (e )] ® (h)
Metal —0-256 —-0-212 —0-294 —0-312 —0-220 —-0-210 —0-139 —0-159
O —0-052 —0-057 —0-039 ~0-066 —0-062 0-021 0-001 0-010
N 0-049 0-201 0-187 0-021 0-055 0-024 —0-021 0-047
C(7) 0-073 0-145 0-170 0-061 0-083 0-007 0-040 0-068
C(8) 0-217 0-495 0-564 0-269 0-256 —0-020 0:074 0-251
C(9) 1-427 1-695 1-930 1-693 1-633 1-036 1-351 1-730
C(10) —-1-078 —0-723 —0-536 —0-669 —0-809 —1-402 —1-112 —-0-690
can 0-021 0-054 0-051 0-087 —0-013 —0-013

* 0-008 0-017 0-008 0-012 0013 0-003 0-008 0:007

(a) Bis-(N-isopropyl-3-methylsalicylaldiminato)palladium, tetragunal form.

(b) Bis-(N-isopropyl-3-methylsalicylaldiminato)palladium, monoclinic form.

(¢) Bis-(N-isopropyl-3-methylsalicylaldiminato)nickel (Braun & Lingafelter, 1966).

(d) Bis-(N-isopropyl-3-ethylsalicylaldiminato)nickel, ring I (Braun & Lingafelter, 1967a).

(e) Bis-(N-isopropyl-3-ethylsalicylaldiminato)nickel, ring IT (Braun & Lingafelter, 1967a).

(f) Bis-(N-isopropyl-3-ethylsalicylaldiminato)palladium, (Braun & Lingafelter, 1967b).

(g) Bis-(N-isopropylsalicylaldiminato)nickel, ring I (Fox, Orioli, Lingafelter & Sacconi, 1964).
(h) Bis-(N-isopropylsalicylaldiminato)nickel, ring II (Fox, Orioli, Lingafelter & Sacconi, 1964).

* Root-mean-square deviations for the carbon atoms of the benzene ring.

Fig.2. Projection on (010) for the monoclinic form.



134

This study has been supported in part by the U.S.
Public Health Service under Research Grant GM-10842
and in part by the U.S. National Science Foundation.
The authors express their gratitude to Dr R.L.Braun
for the crystal samples and for helpful discussions. One
of us (P.C.J.) is thankful to the Kurukshetra Univer-
sity, Kurukshetra, India for the grant of leave of ab-

sence.
References

ALEXANDER, L. E. & SmrtH, G. S. (1964). Acta Cryst. 17,
1195.

BERGHUTS, J., HAANAPPEL, 1J. M., POTTERS, M., LOOPSTRA,
B. 0., MACGILLAVRY, C. H. & VEENENDAAL, A. L. (1955).
Acta Cryst. 8, 478.

Bovko, E. R., HaLL, D., KiNLocH, M. E. & WATERs, T. N.
(1966). Acta Cryst. 21, 614.

BrAUN, R. L. & LINGAFELTER, E. C. (1966). Acta Cryst. 21,
546.

BrAUN, R. L. & LINGAFELTER, E. C. (1967a). Acta Cryst.
22, 780.

BrRAUN, R. L. & LINGAFELTER, E. C. (1967b). Acta Cryst.
22,787.

BusiNg, W. R. & LEvy, H. A. (1959). Oak Ridge National
Laboratories 59-4-37, Oak Ridge, Tennessee.

CueeseMAN, T. P., Hair, D. & Waters, T. N. (1965).
Nature, Lond. 205, 494.

Durr, J. C. (1941). J. Chem. Soc. 547.

Fox, M. R., OrioLL, P. L., LINGAFELTER, E. C. & SACCONI,
L. (1964). Acta Cryst. 17, 1159.

Furnas, T. (1957). Single Crystal Orienter Manual: Mil-
waukee, General Electric Company, X-ray Department.

International Tables for X-ray Crystallography (1965).
Vol.I, 2nd Ed., p.178. Birmingham: Kynoch Press.

LINGAFELTER, E. C., (1966). Coordin. Chem. Rev. 1, 151.

LINGAFELTER, E. C. & BRAUN, R. L. (1966). J. Amer. Chem.
Soc. 88, 2951.

Saccon, L., PaoLerTy, P. & DEL RE, G. (1957). J. Amer.
Chem. Soc. 79, 4062,

Saccony, L., CiampoLINI, M., MaGalo, F. & DEL RE, G.
(1960). J. Amer. Chem. Soc. 82, 815.

STEWART, J. M. (1964). Crystal Structure Calculation Sy-
stem for the IBM 709, 7090, 7094. Technical Report
TR-64-6, Computer Science Center, Univ. of Maryland
and Research Computer Laboratory, Univ. of Washing-
ton.

STEWART, R. F., DAVIDSON, E. R. & SimpsoN, W. T. (1965).
J. Chem. Phys. 42, 3175.

BIS-(N-ISOPROPYL-3-METHYLSALISYLALDIMINATO) PALLADIUM

Cla) c(S)
1223 ng.2
u22.80 021.00
W5 Cle)
C(,,)/:C(3) i34
{120.6)
\ s,
™ 4 !
s\ 12081 c(l) wes
B U+
ey 3
clio) i A1
o 0_izrar
123
\ w226) \ (:'.2.;',
\802_-C(8) e
CRTCalAN
Y450 Pd 2.4 Cc(9)
(1.497) z.oﬁ?' 108.4 e
\ f _0\‘3\ 1.98 "me.» C(B) 18.0
N (1.388) oen
|.2’90 0
u.lzsq 1
1.308
C(I0)
o) (1.310)
}4|5
11.437)
N 1.423 C(?-)
Sh—we O\
141
1401 (1.407)
(1.425) \
Syo-Lasacan
C(6) )
1364
1356 (1.378)
(u.ses)\
1398
C(5) —q3s0) C(4)

Fig. 3. Interatomic distances and angles between non-hydrogen
atoms for the tetragonal and monoclinic (in parentheses)
forms. Average values of the estimated standard deviations
in the tetragonal form are: Pd-O, Pd-N, 0-003; O-C, 0-005;
N-C, 0-006; C-C, 0-007; O-Pd-N, 0-1; Pd-O-C, 0-2;
Pd-N-C, 0:3; N-C-C, O-C-C, C-N-C, C-C-C, 04.
Average values of the estimated standard deviation in the
monoclinic form are: Pd-0O, 0-004; Pd-N, 0-008; O-C,
0-010, N-C, 0-013; C-C, 0:018; O-Pd-N, 0-3; Pd—O-C, 0-6;
Pd-N-C, 0-7; N-C-C, 1-1; O-C-C, 0-8; C-N-C, 0'9;
C-C-C, I'1.

TraoMas, L. H. & UmMeDpA, K. (1957). J. Chem. Phys. 26,
239,

WIESNER, J. R. & LINGAFELTER, E. C. (1966). Inorg. Chem.
5, 1770.



