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the final refinement are assumed to be the correct ones.
The value N is defined as the percentage of correct
signs minus the percentage of incorrect signs.

Conclusion

This work shows that despite smallness of the change
in scattering factor caused by anomalous dispersion
and unavoidable inaccuracy in the observations caused
by background radiation, this effect may be used for
phase determination, even with visually estimated
data.

The author is indebted to Dr. Mary R. Truter, Dr.
H. P. Stadler and Prof. J. M. Bijvoet for their helpful
advice, and to British Titan Products for a Research
Fellowship.
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The Crystal Structure of bis-(N-isopropylsalicylaldiminato)nickel(II)

By M. R. Fox, P. L. Oriori, E. C. LINGAFELTER AND L. SaccoNI

Department of Chemistry, University of Washington, Seattle 5, Washington, U.S. 4.,
and Istituto di Chimica Generale, Universita di Firenze, Firenze, Italy

(Recesved 22 July 1963 and in revised form 2 October 1963)

The crystal structure of bis-(N-isopropylsalicylaldiminato)nickel(Il), {OC,H,CHNC,H,],Ni, has
been determined from three-dimensional X-ray diffraction data with Fe K« radiation. Cell dimen-
sions are ¢ =13-219, b6 =19-697, ¢ =15-140 A, zZ=8. Space group, Pbca.

The structure consists of discrete molecules in which nickel(IX) exhibits a tetrahedral coordination

configuration.

Introduction

The structures of coordination compounds of nickel(II)
are of considerable interest because the ion is found
to adopt several different coordination configurations:
planar (e.g. Stewart & Lingafelter, 1959), octahedral
(e.g. Stewart, Lingafelter & Breazeale, 1961), and te-
trahedral (e.g. Venanzi, 1958). Evidence has recently
been given (Sacconi, Orioli, Paoletti & Ciampolini,
1962; Sacconi, Paoletti & Ciampolini, 1963) which
indicates that the nickel(Il) ion has a tetrahedral
coordination configuration in bis-(-isopropylsalicyl-
aldiminato)nickel(II) [OCsH,CHNCsH-]2Ni. We have
now completed (Fox, Lingafelter, Orioli & Sacconi,
1963) the three-dimensional X-ray diffraction inves-
tigation of the structure.

Experimental

Two batches of bis-(V-isopropylsalicylaldiminato)-
nickel(II) were used and found to be identical. One
batch was prepared at the University of Florence by

the reaction between bis(salicylaldehydato)nickel(LT)
and isopropylamine in methanol solution. The other
batch was prepared by Dr H. F. Bauer at the Univer-
sity of California at Los Angeles by the reaction be-
tween nickel(II) chloride and the Schiff base N-iso-
propylsalicylaldimine in aqueous ethanol.

Cell dimensions were determined from a rotation
and a zero-level Weissenberg photograph taken about
the ¢ axis with Fe K« radiation (A=1-9373 A). For
calibration of the films the rotation pattern of NaCl
(a0="5-6387 A) was superimposed on each diffraction
pattern. The cell dimensions are:

@=13-219 + 0-006, b=19-697 +0-008 ,
¢=15140+0-018 A .

The cell contains eight molecules; observed density,
1-31 g.cm-3, calculated 1-32 g.cm-3. Systematic ab-
sences of 0kl for k odd, A0l for I odd, and AkO for
odd indicate the space group to be Pbca.

The crystal chosen for collection of intensities was a
needle having dimensions 0-22 x 0-14 x 1-22 mm. Equi-
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inclination Weissenberg photographs, 2k0 through 2%6,
were taken on a Nonius integrating Weissenberg cam-
era with Fe Ko radiation. In order to obtain a satis-
factory range of intensities, multiple films and a range
of exposure times were used. Camera integration was
in one direction only, and each diffraction spot in the
linear response range of each film was then scanned
normal to the direction of camera integration with a
Moll type densitometer feeding into a Leeds & North-
rup amplifier and recorder having a logarithmic slide
wire. The areas under the densitometer tracings were
measured with a planimeter and used as relative inten-
sities. The several films for a given level were put on
the same scale by comparing common spots. The seven
levels were then scaled together using intensities from
Okl and A0! zero-level integrating Weissenberg photo-
graphs.

1282 unique reflections were examined, representing
569, of the reflections within the limiting (Fe) sphere.
Of these, 979 had measurable intensities and 303 were
too faint to be measured. The range of measured in-
tensities is 1 to 4500.

Lorentz and polarization factors were applied and
relative structure factors calculated with a data reduec-
tion program written for the IBM 709. No correction
was made for absorption.

All calculations were carried out on an IBM 709
with a set of programs written (or adapted) at the
University of Washington. The atomic scattering fac-
tors used were those of Viervoll & Jgrim (1949) for
nickel, those of Berghuis, Haanappel, Potters, Loop-

BIS-(N-ISOPROPYLSALICYLALDIMINATO)NICKEL(II)

stra, MacGillavry & Veenendaal (1955) for oxygen,
nitrogen and carbon, and those of McWeeny (1951)
for hydrogen. No correction was made for anomalous
dispersion.

Structure determination

Since there are eight molecules in the cell of space
group Pbca, no atoms are required to be in special
positions. Intensity data from the three axial zones
were used to evaluate the three Patterson projections,
P(u,v), P(v,w), and P(u,w). The positional para-
meters of the nickel atom in the 8-fold general posi-
tion were readily obtained from these projections. A
three-dimensional Fourier synthesis was then calcu-
lated, using phases determined by the nickel atom
only. This Fourier synthesis showed a number of
peaks from which twelve (in addition to the large
nickel peak) were selected to determine coordinates
for a second cycle. (Three of this twelve were later
found to be spurious.) A series of four Fourier syn-
theses, interpreted with the aid of a model, enabled
the positions of all 25 non-hydrogen atoms to be
determined, and resulted in a reduction of R to 20-89%.
R is defined throughout as X||F,|—|F¢||/Z|F,|, where
the sums are over the unique, observed reflections
only. A three-dimensional AF synthesis at this point
gave no further significant improvement.

Further refinement was carried out using the full-
matrix least-squares program of Busing & Levy (1959).
The eight reflections, (020), (220), (112), (212), (023),

Table 1. Positional parameters and their e.s.d.’s

Atom zla oz x 108 y/b oy x 10% zfe o, % 108
C(1) —0-0505 46 0-3012 32 0-2202 70
C(2) —0-0491 49 0-3672 34 0-2555 74
C(3) —0-1335 53 0-3956 36 0-2970 70
C(4) —0-2220 53 0-3582 36 0-3052 69
C(5) —0-2273 49 0-2932 32 0-2717 70
C(6) —0-1433 42 0-2619 29 0-2289 60
C(7) —0-1541 46 0:1940 31 0-1987 62
C(8) —0-1182 55 0-0889 32 0-1337 80
C(9) —0-1072 69 0-0773 33 0-0347 95
C(10) —0-0541 57 0-0371 36 0-1819 75
C(11) 0-2106 45 0-1019 30 0-0859 79
C(12) 0-2785 52 0-0485 33 0-1142 66
C(13) 0-3441 53 0-0159 37 0-0545 87
C(14) 0-3435 55 0-0336 36 —0-0348 90
C(15) 0-2801 57 0-0831 35 —0-0676 71
C(16) 0-2125 42 0-1168 30 —0-0059 76
C(17) 0-1510 53 0-1720 30 —0-0451 69
C(18) 0-0396 54 0-2638 34 —0-0567 70
C(19) 0-0949 75 0-3302 38 —0-0327 84
C(20) —0-0757 57 0-2701 37 —0-0392 74
N(1) —0-0884 36 0-1587 24 0-1545 50
N(2) 0-0844 40 0-2077 24 —0-0019 55
O(1) 0-0300 29 0-2771 22 0-1822 43
0(2) 0-1525 30 0-1303 22 0-1439 45
Ni 0-0476 7 0-1939 5 0-1216 11
Shifts x 105 during final cycle
] 11 9 33
Smax 23 36 75
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Table 2. Thermal parameters

Atom Bu Bas Bas bBrs b1s Bas

Cc(1) 0-00415 0:00292 0-00378 0-00021 —0-00061 —0-00055
C(2) 0-:00528 0:00339 0-00346 —0-00025 —0-00121 —0-00076
C(3) 0-00592 0-00346 0-00514 0-00047 —0-:00014 —0-00232
C(4) 0-00612 0-00347 0-00419 0-00110 0-00063 —0-00118
C(5) 0-00461 0-00299 0-00514 0-00035 0-00056 —0-00008
C(6) 0-00394 0-00265 0-00162 —0-00008 —0-00025 —0-00007
C(7) 0-00385 0-00283 0-00216 —0-00019 —0-00054 —0-00008
C(8) 0-00704 0-00225 0-00355 —0-00056 0-00099 —0-00113
C(9) 0-01134 0-00211 0-00923 —0-00161 0:00034 —0-00141
C(10) 0-00816 0-00303 0-00595 0-00094 0-00135 0-00092
C(11) 0-00403 0-00223 0-00300 —0-00074 —0-00080 0-00043
C(12) 0-00530 0-00342 0-00155 —0-00041 —0-00019 0-00052
C(13) 0:00534 0-00305 0-00932 0-00035 0:00020 —0:00013
C(14) 0:00598 0-00306 0-00903 0-00086 0-00228 —0-00064
C(15) 0-:00753 0-00284 0-00524 —0-00016 0-00370 —0-00045
C(16) 0-00392 0:00243 0-00099 —0-00044 0-00076 —0-00077
C(17) 0-00650 0-00213 0-00460 —0-00088 0-00122 —0-00025
C(18) 0-00806 0-00267 0-00369 0-00039 0-00080 —0-00016
C(19) 0-01201 0-00287 0-00929 —0-00014 —0-00089 0-00155
C(20) 0-00725 0-00325 0-00881 0-00146 —0-00093 0-00024
N(1) 0-00344 0-00229 0-00319 0-00041 —0-00016 —0-00023
N(2) 0-00487 0-00209 0-00311 0-00028 0-00153 —0-00072
O(l) 0-00350 0-00316 0-00337 —0-00043 0-00112 —0-00111
0(2) 0-00408 0-00333 0-00336 0-00082 0-00080 —0-00067
Ni 0-00404 0-00292 0-00403 0-00013 0-00065 —0-00075

Mean e.s.d.’s

Atom Pu Bas B bra Brs Bas

C 0-00055 0-:00024 0-00140 0-:00029 0:00064 0-00040
N 0-00035 0-00016 0-00087 0-00021 0-00043 0-00026
(0] 0-00029 0-00015 0-00071 0-00018 0-00034 0-00022
Ni 0:00006 0-00003 0-00023 0-00003 0-00008 0-00005

Shifts during final cycle

é 0-00012 0-00006 0-00081 0-00007 0-00011 0-00011
Omax 0-00049 0-00019 0-00335 0-00020 0-:00035 0-00036

(114), (025), and (116) were omitted because of large
secondary extinction effects. A modified Hughes
weighting scheme was used: Jw=0 for unobserved
reflections for which F, < Fin, w=1 for unobserved
reflections with F¢> Fnin and for observed reflections
with Fo < 30, Jw=30/F, for observed reflections with
Fy>30. The function minimized was Zw(|Fo| — |[F¢|)2
Five cycles of least-squares refinement with individual
isotropic temperature factors reduced R to 10-5%.
Introduction of the hydrogen atoms in calculated posi-
tions (assuming a C-H distance of 1:04 A) reduced R
to 9-3%. The hydrogen atoms were assigned isotropic
thermal parameters, B=4-5 A2, and were not refined.
The hydrogen atoms were clearly evident on a differ-
ence synthesis calculated at this point, but in the
present case, as we have found in other cases, intro-
duction of hydrogen atoms in calculated positions gave
a slightly lower R than introduction of hydrogen
atoms in the positions estimated from the difference
synthesis. Three final cycles of least-squares refinement
with individual anisotropic temperature factors re-
duced R to 579,

Each of these cycles was carried out in two steps,
since the total number of parameters exceeds the
capacity of the computer. In the first step, positional

Table 3. Positional parameters of
hydrogen atoms

Atom zla y/b z/c

H(1) 0-0166 0-3960 0:2502
H(2) —0-1298 0-4448 0-3223
H(3) —0-2844 0-3794 0-3369
H(4) —0-2940 0-2658 0:2797
H{(5) —0-2225 0:1700 0-2124
H(6) —0-1933 0-0825 0-1532
H(7) —0-1519 0-1134 0-0019
H(8) —0-1315 0-:0290 0-0176
H(9) —0-0322 0-0836 0-0156
H(10) —0-0611 0-0442 0-2489
H(11) 0-:0213 0-0429 0-1627
H(12) —0-0780 —0-0117 0-1647
H(13) 0-2808 0-0346 0-1810
H(14) 0-3924 —0-0229 0-0740
H(15) 0-3927 0-0101 —0:0772
H(16) 0-2807 0-0958 —0-1348
H(17) 0-1617 0-1829 —0-1107
H(18) 0-0515 0-2533 —0-1225
H(19) 0-1717 0-3261 —0-0435
H(20) 0-0827 0-3410 0-0348
H(21) 0-0655 0-3699 —0-0698
H(22) —0-1121 0-2255 —0-0549
H(23) —0-1042 0-3098 —0.0766
H(24) —0-0870 0-2809 0-0280

and thermal parameters of the atoms C(1) through
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Table 4. Observed and calculated structure factors

Columns are k, 10|F,|, and 10F,. Unobserved reflections are marked with *.
Reflections omitted because of secondary extinction are marked with E

0.K,0 2 837 792 49Kyl 1 86 =23 2 1285 ~-1300 15
3 370 334 2 180 ~l67 3 625 599 16
2 1456E -3151 4 481 =445 1 124 12¢ 3 544 532 4 654 630 17
4 90 -b4 5 a7e -17 2 730 696 4 230 225 Y 1041 1068
& 327 320 6 543 =498 3 878 841 5 597 =583 & Gae -1l4
8 1056 -1120 T 83e -8 4 565 =516 & 87e -57 7 253 -243
10 1222 1333 8 466 431 5 1163 -1172 7 266 251 € 186 -170 [
12 780 =710 9 126 -128 6 396 -363 8 508 =511 9 351 324 1
14 218 =218 10 424 —414 7 517 516 9 350 336 10 87+ =75 2
16 126 108 11 83 =95 8 1C4 -96 10 310 307 11 134 -116 3
18 500 =49C 12 413 4C3 9 232 213 11 217 =217 12 105 T2 4
13 124 =113 10 169 162 12 173 =172 13 100« -3 5
24Ky0 11 663 -676 13 330 323 14 247 T 232 6
12,%,0 12 2917 =303 14 95 96 1s 265 251 7
o 1127 1304 13 682 701 16 94 33 a
1 59 =51 [¢] 733 =729 14 Boe 95 104Ky1 17 128 104 S
2 1802E ~2748 1 118 ~122 15 576 =554 18 T4n ~49 10
3 1429 1730 2 326 323 16 337 327 1 159 =150 19 59 79 11
4 1515 1717 3 72 102 17 68e 3 2 180 1n 12
5 1595 1828 4 6Te G4 18 57 =47 3 254 259 34%,2 13
& 703 686 > 373 ~361 19 137 126 4 393 =377 14
7 433 —~439 6 172 172 5 B4w =63 0 108 112 13
8 1040 -1092, 7 55e 39 51Kyl 6 398 378 1 132 =734 lo
9 675 645 8 257 251 7 8lw 1) 2 1223 1238
10 554 537 1 323 =304 9 Tee -3 3 s68 1607
11 481 =434 04Kyl 2 568 -556 9 Taw -15 4 445 =423
12 397 =330 3 424 -4C9 1C 93 -100 5 70 =30 G
13 362 334 2 707 -8C6 4 685 691 11 111 -107 6 238 =242 1
14 89« 58 4 40« 56 5 120 =106 12 34C 342 7 1292 -1393 2
15 492 473 6 904 =926 6 716 -687 8 563 «00 3
16 2178 251 8 800 =753 7 563 556 11,K,1 9 640 641 4
17 151 =121 10 881 844 8 1031 1023 - 10 384 -1010 S
18 301 =271 12 758 =7% 9 141 132 1 lag -162 11 506 =468 6
19 107 =101 14 456 448 18 545 521 2 153 125 12 444 432 7
16 83« -114 11 86w g 3 417 469 13 107 104 8
41Ks0 18 68e 18 12 587 =563 4 194 =167 14 100 -18 °
13 2719 =254 5 269 =262 15 228 2035 1Cc
o 602 -614 1,K,1 14 580 569 6. 273 218 16 449 =44C 11
1 1429 -1551 15 112 =103 7 TCe 55 17 107 ~11l4 12
2 564 =542 1 924 1044 16 217 =237 8 6L 15 18 274 28¢ 13
3 1594 1697 2 1110 =-1233 17 219 235 9 (o1 =34 14
4 254 249 3 1356 -16713 18 138 150 1C 10C 82 49Ke2 15
5 917 -B84 4 232 =210 11 277 =275
6 333 =294 5 141 162 €1Kyl [} 925 -923
7 1187 -1222 6 513 ~541 12,K,1 1 60w =18
8 338 =336 7 620 -654 1 415 ~393 2 163 151 - 0
9 1166 1168 8 147 142 2 67« 56 1 206 200 3 288 =251 1
10 241 254 9 294 =25¢ 3 1299 1348 2 68e =17 4 488 -489 Z
11 761 -687 10 500 =464 4 Tl= 4 3 434 =439 5 70+ =33 3
12 617 -572 11 807 815 5 177 ~752 4 65e -43 6 727 -711 4
13 89w 89 12 468 -462 (3 354 329 5 112 108 7 6e7 -654 5
14 146 132 13 716 =749 7 328 315 6 259 280 8 434 40¢ o
15 89 87 14 259 250 8 elw 39 7 147 -147 9 182 -19¢ 7
16 165 140 15 616 623 9 136 1c8 8 47 ~13 1C 93e w2 8
17 426 =412 16 83e 26 10 172 =152 11 159 =162 9
18 59+ =47 17 329 -314 11 T46 =716 13,%,1 12 160 152 10
18 68« =29 12 86 ~49 13 101» 76 11
61K40 19 55« 16 13 450 417 1 154 =160 14 227 =240 12
14 234 234 2 309 338 15 134 =115 13
o 816 =713 21Ky 1 15 547 =546 3 4w -68 16 162 150 14
1 1460 -1578 16 240 -240 4 171 -183 17 TTe -33
2 600 582 1 202 -181 17 286 284 18 Ghe 4
3 302 838 2 656 =637 04K42
4 12 96 3 1140 1192 TeKyl 9K, 2 Q
5 459 -390 4 795 817 o 469 542 1
6 T7» =35 5 173 142 1 252 =226 2 794 915 0 1321 <-1453 2
7 252 193 6 688 -714 2 891 -851 4 210 306 1 149 =132 3
8 649 625 7 59 56 3 136 126 6 lal -137 2 1432 1489 4
9 988 956 8 129 -104 4 539 506 8 295 -221 3 287 28l >
10 145 =134 9 629 -590 5 518 =506 10 216 214 4 559 =548 6
11 663 -586 10 432 428 6 269 =263 12 517 497 > 108 -99 7
12 89e 4 11 95 68 7 B4s 54 la 198 ~165 6 08 =489 8
13 415 ~387 12 359 =362 8 191 =181 16 112 =115 7 356 326 9
14 257 ~247 13 489 455 9 286 -247 18 131 152 8 138l l444 10
15 223 224 14 208 130 10 417 407 9 286 217 11
16 171 143 15 338 =326 11 8o =94 12Ks2 10 856 -880 12
177 217 -199 16 174 =180 12 504 -483 11 298 =299
17 75 -70 13 371 361 [} 174 =154 12 3CS 285
81Ke0 18 (L1 34 14 182 191 1 1T12E -2486 13 10C» =56
19 105 113 15 154 ~161 2 36 51 14 134 13C 0
0 935 =95 16 2071 =222 3 123 106 15 90s 39 1
1 1085 -~1055 3,Kel 4 153 132 16 258 =248 2
2 831 789 BaKyl 5 213 280 17 70« 11 3
3 420 422 1 165 161 & 184 =210 18 267 28C 4
4 297 =274 2 792 742 1 320 =305 7 1140 =-1219 Fl
5 213 193 3 1162 1120 2 374 354 8 411 -395 64K,2 6
6 607 =589 4 1835 2084 3 3e8 394 9 1221 1280 7
7 431 =357 S5 1226 1248 4 443 ~427 10 176 -182 o] 334 -327 8
8 524 480 6 1184 -1224 5 35e =92 11 773 -172 1 310 =308 9
9 410 390 7 189 =202 6 508 501 2 715 712 2 722 729 10
10 403 -366 8 262 266 7 12 -103 13 231 219 3 479 —444 11
11 313 293 9 472 -469 8 153 -121 14 101 -7 “ 134 -123
12 455 439 10 294 -258 9 184 195 15 151 20 k] 268 227
13 244 235 11 294 219 10 85w -45 16 224 =230 6 659 586
14 664 27 12 391 =359 11 92e -30 17 380 -368 14 100 -16 (9]
15 56 ~-58 13 421 =391 12 21> 221 18 T7e -8 8 95« 43 1
16 219 =231 14 659 657 13 205 191 19 373 409 9 208 =211 2
15 259 237 la b4e -390 10 178 =132 3
10,K,0 10 375 -357 15 107 -109 24Ky2 11 372 =377 4
17 216 -21C 12 100e 25 Pl
0 1216 -1%15 1e 62n 7 F:K21 0 362 =347 13 253 245 6
1 89 =79 19 48e -59 1 1%68C -20206 14 119 -190% 7

34 42
73s =59
127 =141
TeK 2
1233 -1289
359 3z
194 760
83 -73
131 121
222 =213
421 ~406
413 418
602 593
ol7 =641
627 =643
230 19¢
36 73
312 320
89 ~-82
Tae -7
154 =169
8eKy2
189 =173
5« 10C
299 266
214 214
142 -11c
191 -18e8
254 259
101« 24
178 -1%¢
167 172
98e -9
333 340
89e -6
129 =118
T2 =12
141 1¢s
9yKy2
625 -61%
810 821
305 3Cs
43 —-451
104 99
183 =172
349 =347
771 700
184 167
346 =33>
148 -151
481 475
153 145
314 =316
94 =317
10eKs2
477 4773
109 =104
305 =229
108 -62
130 -133
I 17
173 -192
171 17>
89+ 26
140 -l4o
150 143
85 =83
131 =152
114K, 2
93« =25
638 603
92 56
349 -339
118 ~-113
BT+ =15
B4e <
257 274
81 67
558 -583
G0« 3>
347 408
129Ks2
181 213
326 334
104 =9y
153 ~1«3
172 173
TC» -4
71 T2
60+ ~53
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12.,K.2
Sle -18
13,K,2
371 417
316 321
179 -175
174 -185
0,Ke3
1612 -2873
1337 1620
825 -912
1014 1103
467 ~443
260 =276
340 346
205 -213
63 -50
14Ke3
1403E -1550
984 -976
882 949
164 155
635 -665
5l =23
407  ~437
103 112
476 509
259 =276
406 ~403
19« -88
487 506
245 ~-239
8le -18
76 0
70« 58
139 150
169 163
24Ke3
366 311
1056 ~1003
412 389
1460 1462
547 -550
738 -765
219 218
461 491
126 111
339 354
174 -1l44
317 -304
496 520
285 256
243 =221
229 -232
71 80
178 -187
458 13
31Ke3
490 458
554 478
47« =54
691" -706
353 -353
321 -280
239 259
86 -94
387 408
418 ~404
259  -287
479 431
241 253
456 ~465
79 -6
216 211
150 -157
262 268
49Ke3
118 -112
272 =241
480 447
1003 960
1428 ~1l4l4
775 =734
494 408
72 -62
88 107
80 -86
200 =204
199 -180

362

443

154
7Ce
63
91

51Ky 3

353
308
2¢2
511
250
933
270
T4
TTe
765
82«
923
8le
355
332
134
160
40«

63Ky 3

545
495
553
5838
397
443
824
79+
249
256
650
8ls

197

159
57
45

T9Ks3

217
591
440
785
594
101

194
364
257
125
291
295
286
100
153

BeKy3

165
368
474
754
672
418
429
107
8le
79
153
188
291

244
94Ky 3

431
283
245
338
478
82+
217
79
T6e
2.
67

363
443
=173
~10
-71
109

368
306
-258
-517
-207
910
240
=23
-9
-T67
-64
876

=351
=345
119
177
54

=551
465
529
~548
-373
429
792

-222
-232
=662

105
-186
140

31

-195
566
-423
-755
606
102
-95
-182
~333
-237
120
288
271
-283
~123
182

-158
355
444

-722

-653
376
403
-98

-60
168
221
301
=304
=271
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Table 4 (cont.)

10,K,

Ele
372
80s
639
78
399
T4
247
T4
157
98
127

114K,

292
47

13,X,

41
67

04Ky 4

174
225
466
712
1012
512
129+
181
293
379

1yK, 4

780
1591€
Sle
1294
822
313
94w
293
102«
364
212
124+
130+
133
133
129«
121
123»
93e
123

24Ky 4

898
1221
1199

396

389

238

799

97«

725

150

T43

597

180

193

177

265

319

474

247

199

3

46
368
€5
=611
-60
375
55
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100+« 53
82 55
61Ky4
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1263 1231
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148 153
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1144 -1111
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519 534
284 276
150 -97
2719 -274
103 -46
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247 316
TiKe4
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105 -86
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10,Kq+4
499 483
271 256
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127+« -27
128+ -122
312 280
147 144
425 =455
185 -155
430 475
83e 64
222 =263
11+Ky4
219 222
117 17
160 -161
189 202
279 266
224 ~221
103+ =64
97« ~51
89w 18
79+ -T4
64w 46
124Ks4
3717 436
422 ~470
276 =312
148 186
245 271
110 98
114 135
65 -87
04Ky 5
1320 2191
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266 274
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465 491
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111 -122
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430
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148
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BIS-(N-ISOPROPYLSALICYLALDIMINATO)NICKEL(II)

Table 4 (cont.)

61Ke5 5 520 476 16 164 -168
6 366 365 18 131 155
7 177 -204 7 314 -335
8 128 49 8 303 ~309 14K, 6
9 225 =208 9  113e 75
10 130+ 70 10 106+ 88 0 1003 1041
11 435 424 11 Q6w 47 1 1389 1606
12 164 ~140 12 99 133 2 294 =296
13 241 =243 13 195 =251 3 395 -387
14 107+ 26 4 114 110
15 9%e 81 10,K,5 5 820 ~-879
16 193 -177 6 308 317
1 124% =95 7 483 492
T1KeS 2 559 -530 8 634 =—685
3 122+ 23 9 559  —065
1 190 -177 4 515 495 10 103+ =36
2 429 378 5 117+« =11 11 350 382
3 299 =287 6 253 =253 12 166 =loS
4 761 =730 7 260 290 13 161 157
5 294 266 8  103e 50 14 236 -—233
6 698 703 g 213 =243 15 221 -2l6
7 240 =207 1C 85« 54 16 27> 286
8 347 =361 11 T2 86 17 283 241
9 129« 2 18 123 -107
10 127e 56 11,K,5
11 567 524 2,K16
12 240 270 1 110+ 1
13 216 =212 2 108+ 4 0 380 365
14 298 =291 3 419 415 1 345 =315
15 78+ 48 4 104e 34 2 57e 36
5 533 582 3 411 4C2
B3yKy5 6 94 87 4 532 584
7 334 -368 5 75 -3
1 543 479 8 93 ~84 6 284 =262
2 338 -307 9 66 98 7 266 269
3 584 536 8 373 =403
4 451 428 12,K,5 9 163 =131
s 189 182 10 105 68
6 281 -280 1 86% ~80 11 184 -200
7 185 155 2 141 =152 12 172 192
8 127+ -128 3 238 260 13 213 259
9 248 -255 4 145 145 14 106% 8
10 123 134 5 151 -162 15 99e 45
11 379 449 16 352 -327
12 215 —242 0:Ky6 17 91 =107
13 161 -189 18 2o 97
14 240 287 0 553 789
2 42 —48 34Ke6
9yKs 5 4 45T  —445
6 430 408 0 1249 1233
1 374 361 8 91e 64 1 419 384
2 404 379 10 194 =208 2 1150 -1133
3 611 ~-563 12 186 -205 3 834 =776
4 501 —458 14 107+ 84 4 261 234

C(10), N(1), O(1) and Ni were refined: in the sceond
step the parameters of atoms C(11) through C(20),
N(2), 0(2), and Ni were refined. The standard devia-
tions estimated by the Busing-Levy program were
therefore multiplied by the factor 1.0657 (from
Y[(1021—117)/(1021 —225)]). The mean and maximum
shifts of parameters during the final cycle are given
in Tables 1 and 2.

The final values of the parameters and their es-
timated standard deviations (from the Busing-Levy
program) are given in Tables 1 to 3. The list of ob-
served and calculated structure factors is given in
Table 4.

Discussion

The crystal consists of discrete molecules. Bond dis-
tances and angles are shown in Figs. 1 and 2 and are
listed along with their estimated standard deviations
in Tables 5 and 6.

A most important result of the structure determina-
tion is the confirmation of the tetrahedral coordina-
tion configuration of the nickel(II) ion in this para-
magnetic chelate compound. The coordination tetra-
hedron is, of course, considerably distorted because the
intrachelate angles N(1)-Ni-O(1) and N(2)-Ni-O(2)

5 485 492 61Ky6 12 8le -53
6 1795 718 13 708 =77
7 583 625 0 124 =126 1la Sle 42
B 798 -870 1 220 ~-181
9 496  -569 2 141 137 EFLEY
10 537 592 3 160 ~l6l
11 114 146 4 146 -108 0 480 476
12 304 =336 5 124 89 1 484 =433
13 108+  -62 6 171 -188 2 437 443
14 104% =40 7 109+ 30 3 213 257
15 245 =237 8  110e 56 4 111 104
16 412 387 9  110e 72 5 106+ 62
17 264 261 10 109 100 6 272 2617
11 107s  ~4l 7 389  =3ol
44Ky6 12 192 -192 8 241 =216
13 145 125 9 376 329
0  Te8 ~687 14 85 29 10 84w 13
1 77¢ =29 15 T3e  -32 11 125 ~l12
2 73 15 16 17 106 12 91 -6
3 270 285
4 431 430 TeKe 6 10:K46
5 89w 70
6 9%s =20 0 1233 1232 o 215 261
7 98 36 1 640  -624 1 102« -T2
8 260 246 2 760 -73C 2 299 -262
9 185 209 3 182 749 3 100+ 20
10 175 =207 4 108s =11 4 95 24
1 116 =124 5 109« 62 5 958 =72
12 109+ 55 6 426 398 6 G2 as
13 106w 94 7 234 -246 7 87w ay
14 100% =75 8 543  ~595 3 8lw S
15 91e -39 9 242 218 3 Tew =77
16 79 53 10 549 528 10 63 3
17 62 42 11 206 -190 11 46w 35
12 215 -244
54K y6 13 152 133 111Ky 6
14 172 =170
0 754 703 15 55 49 0 308 =307
1 205 -191 1 454 -443
2 225 -208 8,Ksb 2 224 225
3 94  -117 3113 113
4 246 249 0 110+ 13 4 82+ 15
S 181 -169 1 110  -&3 s 269 246
6 28s 237 2 110e 4 6 730 -22
7 104 -12 3 110 -8l 7 238 -2ce
8 846 -904 4 150 =156 8 114 114
9 109« o6 5 202 192 .
10 925 872 6 110 -39 124Ky 6
11 114 105 7 224 204
12 218 -210 8 106« 48 o 272 279
13 17%  -161 9 333 -327 1 12% 103
14 19 -192 10 97 93 2 186  =1%0
15 83 -22 11 257 251 3 59 a8
16 217 273 4 53s  -28

are fixed at about 94° by the requirements of the
salicylaldimine groups. The planes of the Ni-N(1)-O(1)
and Ni-N(2)-0(2) groups are found to make an angle

Table 5. Intramolecular distances and their e.s.d.’s

C(1)-C(2) 1:406 A 0-010 C(11)—C(12) 1-448 A 0-010
C(2)-C(3) 1:8398  0-011 C(12)-C(13) 1-407  0-013
C(3)-C(4) 1-388 0-010 C(13)-C(14) 1-396 0-019
C(4)-C(5) 1-879 0-010 C(14)-C(15) 1-879 0-011
C(3)-C(6) 1:425 0-010 C(15)-C(16)  1-452 0-012
C(6)-C(1) 1456 0-008 C(16)-C(11)  1-421 0-016
C(6)-C(7) 1-422 0-009 C(16)-C(17)  1-481 0-010
C(1)-O(1) 1-300 0-009 C(11)-0(2) 1-294 0-011
C(7)-N(1) 1.298 0-009 C(17)-N(2)  1-303 0-010
N(1)-C(8) 1-464 0-008 N(2)-C(18)  1-503 0-010
C(8)-C(9) 1.524 0-019 C(18)-C(19) 1-542 0-011
C(8)~-C(10) 1514 0-012 C(18)-C(20) 1-552 0-011
N(1)-Ni 1-990 0-005 N(2)-Ni 1-950 0-009
O(1)-Ni 1-894 0-005 0(2)-Ni 1-898 0-004
C(9)-C(7) 3439  0-017  C(19)-C(17) 3:209  0-011
C(9)-0(2) 3-950 0-013 C(19)-0(1)  3-523 0-016
C(9)-N(2) 3:650 0-011 C(20)-N(1)  3-665 0-014
C(10)-C(7) 3-371 0-011 C(20)-C(17)  3:-567 0011
C(10)-0(2) 3-339 0-010 C(20)-0(1)  3-635 0-014

of 81:5° with each other. Equations for the several
group planes are given in Table 7.
The Ni-O distance (mean value, 1-90 A) is about
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Table 6. Bond angles and their e.s.d.’s

C(5)-C(6)-C(7) 118-4° 0-8
C(1)-C(6)-C(5) 1179 0-8
C(6)-C(5)-C(4) 122:0 0-9
C(5)-C(4)-C(3) 1200 0-9
C(4)-C(3)-C(2) 1200 09
C(3)-C(2)-C(1) 122:0 09
C(2)-C(1)-C(6) 1188 0-8
C(2)-C(1)-0(1) 1196 0-8
C(1)-C(6)-C(7} 1238 0-8
C(6)-C(T)-N(1) 127-1 0-9
C(6)-C(1)-0(1) 1224 0-8
C(T)-N(I)-Ni 1232 0-6
C(8)-N(1)-Ni  12I-1 0-5
C(7)-N(1)-C(8) 1156 0-7
N(I)-C(8)-C(9) 109-0 1.0
N(1)-C(8)-C(10) 112:3 0-8
C(9)-C(8)-C(10) 108-6 1-0
C(1)-O(1)-Ni 1291 0-6
N(I)-Ni-N(2) 1209 0-5
N(1)-Ni-O(1) 940 0-2
N(1)-Ni-0(2) 1127 0-3
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C(15)-C(16)-C(17) 114-5° 1.0
C(11)-C(16)-C(15) 1231 1.2
0(16)-C(15)-C(14) 1177 1.1
C(15)-C(14)-C(13) 121-9 1.4
0(14)-C(13)-C(12) 120-3 1.3
o(13)-C(12)-C(11) 1215 1.1
C(12)-C(11)-C(16) 1154 1.0
C(12)-C(11)-0(2) 1188 1.1
C(11)-C(16)-C(17) 1222 1.1
C(16)-C({17)-N(2) 1245 1.0
C(16)-C(11)-0(2) 1258 1.2
C(17)-N(2)-Ni 1250 0-7
C(18)-N(2)-Ni 1223 06
C(17)-N(2)-C(18) 1127 0-9
N(2)-C(18)-C(19) 107-8 0-8
N(2)-C(18)-C(20) 110-6 0-8
C(19)-C(18)-C(20) 111-0 0-8
C(11)-0(2)-Ni 1267 08
0(1)-Ni-0(2) 1251 04
O(1)-Ni-N(2) 112:0 04
0(2)-Ni-N(2) 947 03

Table 7. Coefficients of least-squares plane equations,
Ax+By+Cz+1=0

Salicylaldimine No. 1
Coordination No. 1
Isopropyl No. 1
Salicylaldimine No. 2
Coordination No. 2
Isopropyl No. 2

A B C
—0-5523 0-6218 —1-5158
—1-8663 1-9690 —3-9902

5-1555 4-1894¢ —0-1385
—0-1986 —0-1906 —0-0501
—0-1635 —0-2003 —0-0717

0-0546 —0-1355 0-3779

0-1 A shorter than the Ni-N distance (mean value,
1-97 A), as has been found in both bis-(N-methyl-
salicylaldiminato)-nickel(IT) (Frasson, Panattoni &
Sacconi, 1959) and -copper(1I) (Lingafelter, Simmons,
Morosin, Scheringer & Freiburg, 1961). The Ni-O dis-
tance of 1-90 A is intermediate between the 1-80 A
distance found in bis-(NV-methylsalicylaldiminato)-
nickel(IT), which has a planar coordination configura-
tion, and the 202 A distance found in diaquabis-
salicylaldehydato)nickel(II), which has an octahedral
coordination configuration (Stewart et al., 1961). The
Ni-N distance of 197 A is also greater than the
corresponding distance, 1-90 A, found in the planar
N-methyl compound, but no comparable value is
available for the octahedral coordination configura-

tion.

Table 8. Distances from least squares planes
of salicylaldimine residues

(1)
C(2)
C(3)
C(4)
C(5)
C(8)
&(7)
N(1)
o(1)
Ni

0-0030 A
—0:0052
0-0005
0-0007
0-0085
0-0012
—0-0309
0-0277
—0-0024
0-1400

(1) —0-0020 &
C(12) 0-0007
Cc(13)  —0-0154
C(l14)  —0-0040
C(15) 0-0147
c(16 0-0293
Cc(17)  —0-0282
N(2) 0-0004
0(2) 0-0046
Ni 0-1959
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The bond distances and angles in the salicylaldi-
mine groups appear to be normal. These groups, fur-
thermore, show no significant deviation from planar-
ity, as indicated by the distances listed in Table 8.
It is apparent, however, that the nickel atom is not
in the plane of the salicylaldimine group, lying 0-14 A
out of the plane in one case and 0-20 A in the other.
The planes of the two salicylaldimine groups form an
angle of 82° with each other.

The bond distances and angles in the isopropyl
groups are normal. The plane of each isopropyl group
is nearly normal to the plane of the salicylaldimine
group to which it is attached.

The contact distances between non-bonded atoms
all appear to be reasonable. Distances between the

Table 9. Closest contacts of neighboring molecules

Closest

Atom Distance atom Molecule position
C(l) 3-80 A C(18) 2, 34—y, 4+2
C(2) 3-74 C(10) T, 4+y, 32
C(3) 3-65 C(9) z, -y, 4+z2
C(4) 3-65 o(1) —d+z,y,4—2
C(5) 3-30 O(1) —i+z,y, 42
C(6) 3-68 C(20) z, -y, 4+2
(1) 371 0(2) —§+z,y, -2
C(8) 412 C(14) z,7,%

C(9) 3-65 C(3) z, b~y, —t+2
C(10) 3-74 C(2) z, —%+y, $—2
N(L) 4-48 C(12) —t+z,y,3—2
O(1) 3-30 C(5) it+2,y,4—2
Ni 3-91 C(5) btz y, 3—2
c(11) 3-85 C(20) itz b—y, 2
c(12) 3-81 C(10) 12,y b—2
C(13) 3-87 c(9) z, 7,2

C(14) 3-81 C(9) T,Y,2

C(15) 3-68 c(3) btz -y, 2
C(16) 3-64 C(20) 42, b—y, 2
C(17) 3-85 C(5) 4o, 4~y 2
C(18) 3-80 c(1) T iy, — 4z
C(19) 3-97 C(13) -2, 44y,2
C(20) 3-64 C(16) — 34z, b—y, 2
N(2) 4-34 C(2) z, 34—y, —t+2
0(2) 371 C(7) bz, y, 34—z

BIS-(N-ISOPROPYLSALICYLALDIMINATO)NICKEL(II)

methyl groups of the isopropyl and other atoms within
the same molecule are listed in Table 5 and range from
3-209 A upwards. Contact distances between mole-
cules are listed in Table 9, in which is given the closest
neighbor of each atom in the molecule. These distances
range upwards from 3-30 A.
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