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The general packing of the ions and the hydrogen-
bond network is essentially identical with that found
in the other Tutton’s salts, that is, each water molecule
forms two hydrogen bonds (Table 6) which range in
length from 271 to 2-86 A. The ammonium ion is also
hydrogen-bonded to the oxygen atoms of the sulfate
groups, but one bond (to O(3) and O(4) of the same
sulfate ion) is ‘bifurcated’. In addition, there is a fairly
close approach of the water octahedra along the ¢ axis,
the O(9)-0O(9’) distance being 3-00 A for the vanadium,
3-03 A for the iron, and 302 A for the cobalt com-
pound.

This research was supported in part by the U.S.
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10842, in part by the U.S. National Science Founda-
tion, and in part by Defense Research Board of Canada
Grant 9510-31.
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The Crystal Structure of Bis-(/V-isopropyl-3-ethylsalicylaldiminato)nickel

By R.L. BRAUN AND E.C. LINGAFELTER
Department of Chemistry, University of Washington, Seattle, Washington 98105, U.S.A.

(Received 1 July 1966)

The crystal structure of bis-(N-isopropyl-3-ethylsalicylaldiminato)nickel, Ni(C;;H;sNO),, has been
determined from three-dimensional data collected on a single-crystal diffractometer with Cu K« radia-
tion. The cell has dimensions a=26-947, b=19-883, and c=28-820 A, belongs to space group Pbca, and
contains eight molecules. The structure consists of discrete molecules in which nickel(1I) exhibits a
distorted-tetrahedral coordination configuration. The dihedral angle between the plane defined by the
Ni-N(1)-O(1) group and the plane defined by the Ni-N(2)-O(2) group is 85-3°.

Introduction

A striking example of the small energy difference be-
tween the diamagnetic and paramagnetic states of the
nickel(Il) ion has been provided by a series of ring-
substituted salicylaldimine chelates of nickel(Il). That
is, Holm & Swaminathan (1963) have reported that
for 3-substituted bis-(N-isopropylsalisylaldiminato)nic-
kel chelates the magnetic moments are 3-28, 0, and 3-30
Bohr magnetons for the substituents hydrogen, methyl,
and ethyl, respectively. Consistent with these magnetic
moments, the coordination configuration of the 3-
hydrogen chelate has indeed been shown to be tetra-
hedral (Fox, Oriolo, Lingafelter & Sacconi, 1964) and
the coordination configuration of the 3-methyl chelate
has been shown to be strictly planar (Braun & Linga-

felter, 1966). We have now completed the structural
determination of the 3-ethyl chelate by three dimen-
sional X-ray diffraction techniques.

Experimental

Bis-(N-isopropyl-3-ethylsalicylaldiminato)nickel was
prepared by the method of Sacconi, Paoletti & Del Re
(1957), using 3-ethylsalicylaldehyde which was pre-
pared according to the general procedure of the Duff
(1941) reaction. Final purification was accomplished
by two recrystallizations from equal volumes of
methanol and 2-butanol by slow evaporation at room
temperature. The crystals were in the form of flat
needles, lath-like on (100) and elongated along [001].
A crystal of dimensions 0-14 x 0-12 x 0-03 mm was used
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in the determination of cell dimensions and in the col-
lection of intensity data.

Cell dimensions were determined on a Picker X-ray
diffractometer equipped with a General Electric gonio-
stat, using Cu Ka radiation (1=1-54178 A). The cell
dimensions with their standard deviations are

a=26-947 +0-002 A
b=19-883 1 0-001
c= 8:820+0-001

Systematic absences of 0k/ for k odd, A0/ for / odd, and
hkO for h odd identified the space group as Pbca. The
cell contains eight molecules: measured density 1-24
g.cm—3, calculated density 1:235 g.cm™3.

The intensity data were collected by the -2 scan
method (Furnas, 1957) using nickel-filtered Cu K«
radiation and a Picker diffractometer equipped with a
scintillation counter, pulse-height discriminator, and a
General Electric single-crystal goniostat. A suitable
scan range for each reflection was calculated by the
formula of Alexander & Smith (1964), scan range=1-8
+0-86(tan #). Stationary background measurements
were made at the start and finish of each scan. Of the
2016 reflections which were examined, only 1180 re-
flections had an intensity (/) greater than twice the
standard deviation of the intensity (2¢7), owing to the
very small size of the crystal. These 1180 reflections
ranged in intensity from 1 to 2500.

Four standard reflections were measured periodically
to detect systematic changes during the course of the
data collection. The scale factor determined by these
standard reflections was essentially constant, with only
a random variation of + 1% due primarily to counting
statistics.

Structure determination

All calculations were carried out on an IBM 7094 com-
puter with a set of programs written or adapted by
Stewart (1964). Lorentz and polarization factors were
applied and relative structure factors were calculated
without correction for absorption. The atomic scatter-
ing factors used were those of Viervoll & Qgrim (1949)
for nickel, those of Berghuis, Haanappel, Potters,
Loopstra, MacGillavry & Veenendaal (1955) for oxy-
gen, nitrogen, and carbon, and those from Table 2 of
Stewart, Davidson & Simpson (1965) for hydrogen.
No correction was made for anomalous dispersion.

Since there are eight molecules in the cell of space
group Pbca, no atoms are required to be in special
positions, The positional parameters of the nickel atom
in the eightfold general position were readily obtained
from a three-dimensional Patterson synthesis. A series
of Fourier syntheses enabled the positions of all 29
non-hydrogen atoms to be determined, and resulted
in a reduction of R to 0-21. R is defined throughout
as X ||Fo| —|F¢||/Z |F,|, where the sums are over the
unique, observed reflections only.

Further refinement was carried out with the full-
matrix least squares program of Busing & Levy (1959)
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as adapted in the UW crystallographic calculation
system (Stewart, 1964). The function minimized was
X w(|Fy| — | F¢)2. Initially, a weighting scheme based on
counting statistics was used; that is, /w=1/gr for un-
observed reflections for which F¢> F, and for all ob-
served reflections and w=0 for unobserved reflections
for which F. < F,. Here the unobserved reflections are
the 302 reflections for which /<0. Three cycles of least-
squares refinement using individual anisotropic tem-
perature factors reduced R to 0-158.

A three-dimensional AF synthesis at this stage re-
vealed the positions of all 32 hydrogen atoms. After
the introduction of these hydrogen atoms, three addi-
tional anisotropic cycles of refinement of the non-
hydrogen atoms and two cycles of refinement of the
hydrogen atoms with individual isotropic temperature
factors reduced R to 0-109. During these and all sub-
sequent least-squares calculations, the calculated struc-
ture factor contributions of the parameters not being
refined were included as fixed contributions.

Two observations at this stage indicated desirable
changes for the further refinements. First, many of the
weak reflections had very large 4F’s. Partially to elim-
inate the errors in the least-squares refinement which
would be caused by such large 4F’s, a change in the
definition of an ‘unobserved’ reflection was made. That
is, the 836 reflections for which /< 2s; were coded un-
observed and were assigned an intensity of 2¢;. In sub-
sequent least-squares calculations the weights of these
unobserved reflections were made zero when F,< F,.
Secondly, it appeared that the strong reflections had
unduly large weights. In order better to eliminate the
errors which seemed inherent in the weighting scheme
based on pure counting statistics, unit weights were
used for all observed reflections and for unobserved
reflections for which F> F,.

Two cycles of refinement of the non-hydrogen atoms
with individual isotropic temperature factors and one
cycle with individual anisotropic temperature factors
reduced R to 0-070. Because of the large number of
variables involved, each anisotropic cycle of refinement
of the non-hydrogen atoms was carried out in two
stages: one stage refining their thermal parameters and
one stage refining their positional parameters.

A change in the weighting scheme was then made to
correspond to the plot of root-mean-square 4F vs Fo,
where the r.m.s. 4F is calculated from all 4F’s within
a statistically large enough group of F,’s. Considering
the r.m.s. AF as an average standard deviation, the
weighting scheme was taken as yw=1/(5-55-0-078 F,)
for F,<43 for observed reflections and for unobserved
reflections for which F, > F, and w=1/(2:00+0-0047
F,) for Fo>43. Three cycles of refinement of the non-
hydrogen atoms with anisotropic temperature factors
reduced R to 0-060.

A final change in the weighting scheme was made
to correspond to the plot of r.m.s. 4F vs F, shown in
Fig.1. One anisotropic cycle on the non-hydrogen
atoms and two isotropic cycles on the hydrogen atoms,
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using the weighting scheme |'w=1/(7-:05—0-115 F,) for
Fo<47 and }'w=1/(1-07+0-0127 F,) for F,>47, did
not change R from its final value of 0-060.

For the final cycle of non-hydrogen atom refine-
ment, the average shift/error for positional and thermal
parameters was 0-2, with a maximum of 0-7. For the
final cycle of hydrogen atom refinement the average
shift/error was 0-1, with a maximum of 0-5.

The final parameters and their estimated standard
deviations are listed in Tables 1 and 2. Since it was

STRUCTURE OF BIS-(N-ISOPROPYL-3-ETHYLSALICYLALDIMINATO)NICKEL

necessary to refine the atomic parameters in three
stages because the 389 parameters greatly exceeded the
180-variable capacity of the full-matrix least squares
program, the ¢’s estimated by the least-squares pro-
gram have been increased by empirically determined
correction factors. The list of observed and calculated
structure factors is given in Table 3. Examination of
these structure factors by the method of Housty &
Clastre (1957) did not show any detectable secondary
extinction.

Table 1. Parameters of non-hydrogen atoms and their estimated standard deviations

33
Anisotropic thermal factors are of the form: exp[—1 2 z Bijhihjai*a;*).

Positional parameter x 104

i—=1j=1
Thermal parameter x 10

B Bs; B> B3 B3
55 (1) 60 (1) 2(1) 0() =2
45 (3) 54 (3) 5(2) 6(2) 3(3)
44 (3) 51 (3) 2(2) 12 (2) —-10(3)
36 (3) 33 (3) 1(3) 2(3) —-1(3)
41 (3) 48 (3) 3(3) -5@03) —6(3)
26 (4) 40 (4) 0 (3) 2(4) 34)
24 (4) 41 (4) —10(3) 8 (4) —-3(3)
46 (5) 46 (5) 1(3) -74) 1(4)
40 (4) 54 (5) —114) 12 (4) —1(4)
58 (5) 63 (6) 13 4) 0 (4) 7(5)
42 (4) 46 (5) 11 (4) —-12 4) 04
35 (4) 50 (5) 8 (3) —15(5) 1(4)
49 (5) 35 4) 17 (4) —1(5) —4 (4)
78 (7) 57 (7) -2 14 (6) 6 (6)
84 (8) 54 (7) 6 (7) 35 (6) 4 (6)
80 (7) 57 (7) 19 (6) 33 (6) 4(7)

107 (10) 93 (10) 41 (9) 18 (9) 36 (10)
45 (5) 32 (4) 8 (4) —14) -103)
48 (5) 34 (4) —-2(3) 14) 14 (4)
61 (5) 54 (4) 04) -3 —16 (5)

102 (6) 63 (6) 14) 14) 9 (5)
96 (6) 55 (6) 22 (4) 16 (4) 1(5)
62 (5) 45 (4) 19 (4) 12 (5) 5(5)
45 (4) 45 (5) 5 (4) —-114) —-13(4)
47 (5) 50 (5) 0(4) —18 (4) —17 (4)

101 (10) 55 (8) —68 (7) -3 2(7
51(7) 109 (10) — 14 (5) —28 (1) —16 (6)
87 (7) 71 (8) —-9(5) 3(5% 5(6)
85 (10) 140 (10) —25(9) —16 (9) 28 (9)

Table 2. Parameters of hydrogen atoms and their estimated standard deviations

x/a y/b z/c B
Ni 3529 (1) 3945 (1) 4272 (1) 45 (1)
o(l) 4048 (1) 3850 (2) 2842 (5) 22 (2)
0(2) 2848 (1) 3805 (2) 3976 (5) 29 (2)
N(1) 3839 (2) 3323 (3) 5748 (7) 50 (3)
N(2) 3452 (2) 4867 (3) 5039 (6) 36 (3)
C(1) 4628 (2) 3244 (3) 4375 (8) 43 (4)
C(2) 4487 (2) 3586 (3) 3040 (8) 24 (3)
C@3) 4840 (2) 3637 (3) 1865 (9) 29 (4)
C4) 5311 (3) 3390 (4) 2093 (10) 34 (4)
C(5) 5448 (3) 3073 (4) 3416 (11) 42 (4)
C(6) 5119 (3) 2994 (4) 4518 (10) 60 (5)
C(7) 4294 (3) 3121 (4) 5615 (10) 54 (4)
C(8) 3552 (3) 3053 (4) 7057 (9) 61 (4)
C(9) 3233 (4) 2483 (8) 6520 (15) 70 (6)
C(10) 3253 (5) 3584 (7) 7779 (15) 105 (8)
C(11) 4677 (3) 3960 (6) 394 (12) 55 (6)
C(12) 5028 (6) 3957 (8) —836 (20) 110 (8)
C(2n 2543 (3) 4826 (3) 5133 (7) 43 (4)
C(22) 2480 (2) 4189 (3) 4418 (8) 30 (3)
C(23) 1985 (2) 3968 4) 4192 (9) 41 (4)
C(24) 1595 (3) 4376 (5) 4707 (11) 37 (4)
C(25) 1688 (3) 4974 (5) 5443 (10) 40 (4)
C(26) 2135 (3) 5182 (4) 5651 (10) 53 (4)
C(27) 3030 (3) 5112 (4) 5345 (9) 62 (5)
C(28) 3890 (3) 5313 (4) 5270 (10) 55 (4)
C(29) 4079 (5) 5564 (8) 3779 (16) 115 (9)
C(30) 4275 (5) 4979 (6) 6194 (18) 62 (S5)
C(@31) 1892 (3) 3312 (6) 3425 (13) 28 (5)
C(32) 1819 (6) 2740 (8) 4481 (23) 120 (9)
Positional x 103 Thermal
x/a ylb z/c B
H(4) 548 (2) 341 (3) 136 (7) 2(1)
H(5) 576 (2) 291 (3) 353 (8) 4 (1)
H(6) 519 (2) 285 (3) 546 (8) 4 (1)
H(@) 442 (2) 284 (3) 618 (7) 2 (1)
H(8) 382 (2) 291 (3) 786 (8) 5(Q2)
H(O1) 348 (3) 218 (3) 615 (8) 5(2)
H(92) 303 (3) 229 (4) 742 (9) 7(2)
H(93) 301 (2) 265 (4) 590 (10) 6 (2)
H(101) 339 (3) 391 4) 799 (10) 8 (2)
H(102) 301 (3) 379 (4) 696 (10) 8 (2)
H(103) 302 (3) 348 (4) 865 (10) 5(2)
H(111) 438 (2) 374 (3) —44 (8) 4(1)
H(112) 460 (2) 437 (3) 84 (9) 7Q)
H(121) 494 (3) 427 (5) —152 (11) 14 (3)
H(122) 539 (3) 416 (4) —32(11) 16 (4)
H(123) 512 (3) 350 (5) —139 (11) 13 (3)

Positional x 103 Thermal
x/a ylb z/e B
H(24) 130 (2) 426 (4) 460 (9) 6 (2)
H(25) 139 (2) 520 (3) 589 (9) 7(2)
H(26) 221 (2) 561 (3) 601 (8) 5(1)
H(27) 303 (2) 550 (3) 575 (8) 4 (1)
H(28) 378 (2) 566 (3) 581 (9) 4(1)
H(291) 381 (3) 581 (4) 307 (10) 8 (2
H(292) 436 (3) 589 (4) 382 (10) 9(2)
H(293) 413 (3) 528 (5) 326 (10) 10 (3)
H(301) 414 (3) 476 (4) 712 (9) 9(2)
H(302) 438 (3) 468 (4) 568 (10) 9(2)
H(303) 454 (3) 531 (4 650 (9) 7Q2)
H@311) 157 (3) 336 (3) 273 (8) 6 (2)
H(312) 217 (3) 320 (4) 262 (8) 3
H(321) 171 (3) 234 (5) 377 (12) 13 (3)
H(322) 211 (3) 269 (5) 473 (11) 13 (3)
H(323) 148 (4) 281 (5) S13 (11) 12 (3)



783

ked with *.

ctions are mar

- oo~ c——
emoro n Y Tars Ty o~ m —ex
NOREIIITTATD RT3 P -3 gt 4 2229 e
. v 0 i o I v D
: ~ ~ ~ ~ ~ o «
- - . e T 4 4 essvass o “ e ssesses o - T se ee % .
- ~ OwonsA - . < -~ S tinne £ ves
- b Duraon o 4 < . . Soieom .+ Do
z H z z T z z 22822 ¢ RR=
- omo00 BoO—~ PRE. JETNSY
g e~ g S0 ono rEO©sO—m~ o £on
3 ~onesonn~e NOBEC OT NP ACR I DY Sas
P SRS Yo Rty 24 *RRSTANSD R3S Venm et P} e
O v DO " T i e i
° < .
3 o see eves s s ssase ee  eve . s s s O ae
Py ym—y Py ° S omen
< L 32 RENe~oe 2 Tx=F238% T Zex
I KAAYe T Srienmamid e ~~ T oa==
- A e +rc Cmnmiv s nmesamoO ° ,e OmNm e OmEOOmAme M EAON KOO N o=~
©0rse00 on €N T ONDINBAT OO O NIOmNG —o o~ T o By o0 —ommaon sox
~ NOG I S arm ORGANLD  hdn 3 DAt~ T D OO AN RoCN dna~aD Feso0anonoma =Venon Frd
v ATSTYES NOG TN SARIAN I ST AR ARTRIEVAN EEA == TRIaSTRANAAS QT RSYIZTIZESR R P} AT =hiets ~TR
D " . e (x} 0 i 0 « T VAT - - v 0
-« “ " . . A <
es ssens L . « e % o ssee ene - = s se se s~ 7 easse Lo
2ONBImNON ¥ N OONMBOROACTNANY O COOBIIIBOOOCIOANEON = DNt AR DG - e T R N - zemeg~ < aen
ImnmFednd L FEaloni0e0onaneone o . . DOTNIWDOL®IES + DOKA_BO! L sR@xid . Nte
ERRVS H 3 T £ ZRTZJ{EIPERIZL ¢ 2R I 7 <=8
nom 40o~n R l] NS DN £G O £ n DN —ATIACTOCanm CmrirsnEmEIO~ mnmerinT Cmnmar s
- <Tre Somome. ~NerSrny 200 —Cs FDmDT LOC G ODmOw L e L T L rery NGz mmOO~C
=~ Q9= P Ten=iTR ORI 07 2o £ QOB 80 O e TR et S Sa i ins EZoBi~ocmak
- i ommsen N onamine TRTeSN N LIRSV LR e S S L 229 ZIKREERY 2o FRRAVIASNTAN
. ' v ' . . O . ey LA g R 0 (R D
. . " 3 -
22 3 o s o o . 4 e e aes 4 4 A - se see o .o o« o . . s es e e % .
gm = = 2z ARmnSA 2 QAN LA LT~ b TN OIADNS N DIDOmIENOOONG MM E § BANAGAMAT DL
A T PoeT s . Soonmo DO WENSGR ACm QRN PN LED + S RADADORN IR EMDICS - FOmPNALEASY
-~z =z I3 I CAmNme L TR IIINSTRRD £ JUSIRINQREZIZETZIZRNL ¢ I]ZIALRI
~»  Omnmeno~Do e . N s “ANMINONDOOSN OmNMINOmDOO ~~maenon DOmN SAMEAONDO JmNm YL 00 CmNMIACm DO OmNT Y AO~ DS NP AONOO SN A~ L So=nTeromiro
¥ = AmC®00 00 OnON~DY0O A NE ANy XED ol 00N L TINT £OL PmmTA “NA SR R o= COFNNI T 1 4T ONA ~m—2 0 220 —y10D—mmnr oEm N AT T ea —r e,
S moAN—oominerAN—mams oD N XSG R g Ry oG Smmom FrOP PN A ONING s M TCO Y R 4EOBON DTN T mon mm RO NB~ AN DG~ ONE B X 32<% ST ey
ARrRS AR P RRADITITROVAS SOmA NIV LRV ARSTITRRY NRIIVRITAIISNTISN SATTVRFATIIITA T oIV R SNV S S 2= ZRZETVEN
[ AN R =1 0 [ i . oo L] =1 T (R DR e
. - P - « . - v
L N cmom00008—00nmmnA SR on A 4 00PN =OF MR OOCO0GNDTmN £ AN ¢ @ romnsn o 23 lmen. N gmgn € €ocizms o
~ + SENOARIOs—OAvonmmENISC o TN CAYTEN T ORR AR NG 8 .+ ARRAAY o €T YN SN KBTI o ST v d et VO G Bm DR d & CRLAC . FIALIRIrCLEEnnR
-1 I ~=mFens S~ tvn e ~A H PRty ERR=EIES f IIZLLG -
. ORI O BEC =M N O~ DO O~ NN N BOOSNME A ON IO DM E N CEDOSNMEN LA DOO = AR O~ DO A TN EmLOC N L SN e €T O g O T G s ONE GO AT
X SIIZLN2NIERT SIRTILZTEIRR SIRTIZZZIIRT SIhZIZEzEIS Szzfzzarnel STRTIZZ2NET sttt intel
=~ m=m o 50 emm— O 4T OF NOMO T om P Ty T L T O oxmoDnND O g 7 Om OSSOy Cm DLt
= QERT T INIANOT S ON DM PN g BDSINOO | g D07 0BAMS gD 2 5 DRROALINT 20T rFommaronn onn i 50N 8
NI RVeRARINTRRIAZRICA TRNSTREZIREZ Y SOLPRIR2ULDTRTINLL Rt S SPLITARARLAEATRTIC _Ek2T
v . LA R -~ () ' - DO v - - v - . s S T Ty Y
ss o . . . = . e seses N e e s W . - v < es ee m ‘. . se aa L
€= n OO#OMANIOLNDMTmme, S lecoronmdndzaanis D yinislrdmocrsrane z S Nliooiait T T T T P -y
B8 & FAT=sC43OBmONROOREn + AEmBONNONONIALDNAN & DONEEmImONIOC—=CBe o . Do~ rE—LixomEme < oo~AlBorx =+ s mReom T e I OON DX NI m L0 DRI I
2 2 T T ITINTES L < I3 B T CeLRALILARIRSLPRRAZASIRIAT ¢

+non

CunT 4 O DOO—NT D

T AO~DIONR e

OmnmyrOm T IO

Omnmeromz SN CNETOaN NP R O C Oy

SIxZrISTIEORTL

AR A ENEIDaAT S L ONT T T

D ammen e fOmTOO~
2z SISDIZZZILARRY

R R T I T e

IS ST TRARPIRALITLLIRIY

I e e
d X

M3

Fomo ame
Pr-Sitaer SNl i & S
RRTT IR INARIARREARAS

T D00~ £ AOC 000N DY Nrvm Dt

P S ENTEOINO G40 A Cr O D
G ore AN LRGN e S ARSI YT
TR RIS A i
=T T
0—Eohomn omos—ct oAt IO

N T 5 LT e DD

Mty s

STSTAZZTRARRRRN

—nman

7 TP EmNANG o~ OmnE 0T

SZUCLInEZEIRR

Ty

A O R O LR =0T
NOT YT R TS0 AR AT R o0 o
gmrlmyed 2Ty
i o v

essse sasuses
P T T L LI X ]
AVRABA LI N s 0 ODN ST TN
FRYoRFIIIITSoENEEE

Hede s

—N R ON DO DM O KT O
SIRTIZ2REIRN

TINOCAE I ANQU ST T e

B et D SN S
= RN er '

N -
R T D e T LT
Lmt R a0 m o e o
ARFIARRLOZEEATARIERIE ¢

ORI On DT O e N O ZOC

2Z20I2222%%

SRS CmNO LM NOACE

REQRINZFZaAZeRnals

NP LB C AT o

£0¢ 000m 0N Im A gEANO~ 00 0T Y NN
O e rBLUT A NAOG A RN o T
N ROr ST A O Red b

v OCEDIOT

P CDRAINND=G OO —4 O

R. L. BRAUN AND E. C. LINGAFELTER

Table 3. Observed and calculated structure factors

Columns are A, 10]|F,|, and 10F.. Unobserved refle

~ N o N N ~ =t =y DR -
S . = ~ -, 5 ~ - . . . e o sese oo o - .
S elimapmon z = ‘ 2 = 2 locorfnessiolaretaiiiioff 4 ronfemails
T 335588525 - : : - : : 32313020ty Y Rz3RgRnEly
i E Z : : : T OOSTOIRRSRRECIOSIEIRANAIAT  IRAARSY
e o oo 20 GeAenenSEOmNREsYY  mmed nACO_NAEAy o gmErOan e omnm s romnoe SnmeronLrCannevencocns s Doneeinte
ezumenymErs gznmessmre someres oonneny g=nres o coamerersocianes
T=SEReRene = T Tezee == S CerrornozireseiT Srer  So-iterrsoioonoioinT
ITEnE aENTgtedeeoitaioteen | Salilpetaiisiifnoes IILPTVSNARNSIPIICRATOANE SRBRANTERLTINTIVETIONT  SANIrosnRiTIRRT0SCIIT  R2OSTACTIoifraatRSnih | S9oifRiofioasgisnat
e SNRIREZESITITNLI AR LR SERINRELNT ISR AR SRPRTINIYIISSYOONTNT  SrinETgiragvTozpebaanes  ENRRRsRTILISIRoAENC $22oARIRY RymmmeitiIRsific
B IRV NI 2EETTN o IV S : TOTIT _ STeeevieenyd T Hara At
N ~ T N ~ ~ 3 ~ ~
. sse e e Y . T TR P N e ex s s sssess
320223 7 mooonunosenessontrandd i sromecimntocmesmlonsiedd & osmecdnsmnsdeledede tlan 028 savras=ioenanion & voselede & momenrodbadnioilsiil
27e702 7 oggzengnsemnesesiiagnd® ¢ gj2rooiiatocresonanelfodl f samvsfnsecsdetelsdsiins  gomemogciontienadindesd ol socoarsmesansirenenion § $8352282 % pazsnsenbadsioifiis
SeRnal ; RARgAtaSIsISid i STEN 7 RSCERNTRSALLS i 82 IERRIIRERNE ¢ DERRRSRIILGRAARANEZEMY 7 $0Qe2Es ; SRSRGIIITRRRNNE R
TERRIS % ¢ <
e omme - e SESREOOINR  OeNmEMCMECOTNMIAOREIOIN AN OmODQaN A Lo Do O e OnE > Do er VI onsoe
TR SINDLLEIEIRINT SnmeegnEsgIaT ozNmarenseeiNt oxnmereneToTy onnmissmEoRTy oznmeroneoos o=nmeremmoe
SermBTeTIT—TIREEoaTIS = =3 TS ToEny  DSENNeRIiIf2SIiIimEienie  2olTioToroiEioic ssenterss  EeSEIIIEoaairoro—res
TiiRReoso-  susomagisogeronns  RLSENTINYRNGTELR J298SATIRRNL2  R2LITIZTS  nogns  LpRSoncRpsifyliggspemeencn  gosgrosoroisesso
FegPReRges  ANESNPRRTUSALLYNT  SRENVE S - LTI SANGIISTISITSRIIIRILISRONT  SpRIepatiniiniisfsRziaxdl  SRisnizaTiaas
: e - MHT I R v - e - B h o - 2855722 IS SR LT el il F O A ™
: : : : : : N TR : N N
o e ae R ey eisas ee T s ses s K : stsss X sssseess S sesss . ., . . el
—oatrdoslil Z onmiode PRty < £ mmene 3oR83-0 T (SI2298 2 13382 6 nveocniinosgonmlismnoofeo & _tendienieoss ot fueomglode <
T gt T 852 : © DoToRIRINEISL T OSESSIINSR T M09 ¢ InnogSnTUSIRSINGASLINAfITe T siesdisnisingiieseemszede o
e F K : E I ZZZT ¢ gRRRSICh205TeRRnRINATLNIL  SRIRENTISIRTRLATIISNISIIN
e S0ER  OmNASAOREICINR N ANAAONDIOINAL Do sASNEOOSN  SNMEAORDO  Gonme  OmaedhenD0OmNAEASNBIONNAIND  mnad s Gn DT Oann €A S0 Om
gomeras eonmangt gznmen feaid oz 2INDIRSRITOINALLS oznnemsrseozyace
0 T T T T Tt T T o Forneater % r
IToEgReotognoosinooyer  eoos SnTeaR2IZIIIoRRNINGELS T TIRETO0090TONIN000E  aXviosergsbegtaosonte  LIEITouSE
SiTTReRioIee < f3z3% $IERzeeE RETLZTIIPILRNAINILNNT  TFMETTSOURSSILNGRACN  RNTA7S(S723{EECRenSe  AERSLAZ
BT s Gl e b I s TS T TN T VITTTUETIT 9NN L SRR i3 - ? :
T 37 : < ' z .3 . .2
: . . .. oo 3 - ... Lo . T TS P .
Zo . 3~ < 3 mporeoinatincounifiarsed ¢ someonmor ohy 2 z a2
{ 5233523 2 TR LT P I SV KIet D CRISSISRSSIRERATNNEILLD T £RTLENIINTRonatee 0y < udneslinzosdenoonost T coeomeragin
£ 2232900 RRNGONILRGININNN § BSRCRESRATIIIGISVEINEEY ¢ K Ehrd £ SFTEERERISIOATENIICNER ¢ OSUANITITTOPISRSRIRES ¢ ITIaatvina
e I Bt = 3
ot o080 g cm e O S0ENEOOUN O NDOCINALAONEOOIN A enONEIBIAT£M0% 0On  OmmgnOmEO SoNm e OREEC g oom B Onrmen Cn e on
~meromeoONr s erEroTNT ozynfrenzegint fian bob ki o Sannenenesy 2onnefonesgn 2ownsrenseg tromoeomameriney  O=nmerons
= o TR R O T T e T 275 5 TR T T e T =
T Soeecagian 2RNNIT fee 3SR T IReNs S0s0Ar S8 NonmiNrinmenBTer3nRess | Y3rety Tehcts | N22geas ST onoEgils
s sy o fegs TRRREITSIEAIRRANLIOAY 2R ionieietegbtaarniia  IREIIEMMRER TaRSET ToiRT ey
Te TV WMo o 0T T e 'Te Pt i S VA i e BT OCIERRTIIIT RV TN DS I e TOINITV i
. K : N R . . .3 .. .« . e o 3 . e T. Y
3T 8alsondeos : 2 103a0sd T 2202 2 sho J puroamemfeccosamrnad_rened 4 condeastosnanoloctnarntlor) & mobencondocsolegeastont & fromenie oo oomettie s
T 33Es38%588 T . T RR2235% T 2025 7 283 7 RAICSYSRRLIYSATSERISEASLSY Y g8YCSSTIfANSTSESIISSINSaSRY T NNTSNTalavIBlesfiaont f afgrsgfresmnces o=
2 7 SREE8EaTeY ¢ E 1 EIIRREII 7 Q=02 7 REX ¢ RERTRIRINARfSYASRINTINNANT £ PoURITRElofnEiecsiSOiSnl T OQITSniTeniyEESiilinisiit o §aiiisanonyansitest
aneoeonson ONEOTON N8B  ONE  SAMINON@ISINCIONDOOINMENL  OeNAerOmOOOSNTLAONBOONALNS e GnEO QSN RO Oy O O Orem s En EO O
< < oxgneon o SINCELSNESINRALE SINTALETEIRINRALE QoNneeeTEIoNTY, emerouimas cnEogTTy
=7 < ] = ] —ooc SITE  Eoiaeesttni  EoioTiiioeEos  Sisisineerr RTeorio—sioronoes
TZ2 T et PR T2 Sooincoiigges = ool = Proriea; | Sioiareis
7555557 ot o507 JDERJESSIEEnZ DUTESTRLNSRYS  spenniotaRest ol 8258 SRSTTNIRCRS  SIURIRNZOTET | SXIIriens
EEI th b 4 St = " (M A R A A R ) R Vo U R D V- ' o~ Tao =i o =vi T
o iIT ° T o v o TT.'Y La . o o s o 2 2
2 2 . T . 2, 2 . 2 .2 2 e L . .
2 2 2 : en P 2s83e I socornmssmatn o P S 2o S 43 = omedroao
3 SPXTELENN082 T SOYEIRIINSTES - FrIR 7% 4 1p8entiageiy < . 9 s € L B3IRILTIINE T ogpomgeoncsd T one=dooce
2 o8gaET : Pl i 2 NI ¢ I i 228 ; 3322z F T OSRERIERLTINT ¢ SISTLENRE
LFI=eReg £H5REY oRREes it £ 3 B3 31 %

NEOBONeDDONLS NeODINIOBONEO ONe0LONILDONS O NeOOONIODONE S  ONIODINIIDONE D NEOXINEDBONEO  ONJOEONFODING  NeOWANEODONS OneODONT BN ~N¢ovONeoDIN ansomonrogTA ~eozonear
2 2z222

AC22-3



784 STRUCTURE OF BIS-(N-ISOPROPYL-3-ETHYLSALICYLALDIMINATO)NICKEL

Discussion

The crystal consists of discrete molecules. The projec-
tion of atomic coordinates on (001), shown in Fig.2,
illustrates the pseudo-tetrahedral coordination con-
figuration about the nickel atom. 3k

Least-squares equations for selected planes within 4
the molecule are listed in Table 4. The salicylaldimine
groups are quite planar, only C(7) (0-06 A), O(1) 4 2[
(0-07 A), C(27) (0-08 A), and O(2) (0-06 A) lying slight- 2

ly but significantly out of the plane defined by the 1k

benzene ring. As in many salicylaldimine chelates, the

nickel atom is found to be significantly out of the plane

defined by the salicylaldimine group, lying 0-30 A out 05 5'0 1"30 1é0

of the plane in one case and 0-22 A in the other. ‘

Various dihedral angles between the least-squares ) ° ‘ .

planes illustrate several important features of this struc- Fig.1. Root-mean-square 4F vs Fo at R=006.

ture. First, the dihedral angle between the coordination

plane defined by atoms Ni, O(1), and N(1) and the

coordination plane defined by atoms Ni, O(2), and

N(2) can be taken as a measure of the flattening of a Hs

the coordination tetrahedron. This angle is 85-3°, com- \]
b

H Ha
pared with the corresponding angle of 81-5° in bis-(N- *

isopropylsalicylaldiminato)nickel (Fox, Orioli, Linga-
felter & Sacconi, 1964) and 60° in bis-(N-isopropyl- Hizi—"2
salicylaldiminato)copper (Orioli & Sacconi, 1966). Sec- Hsos '
ondly the average dihedral angle between an isopropyl Hae2 \ Hiz % T /
group and its salicylaldimine residue is 90°, significant- Hass £30 Hsoz 0/1
ly greater than the value of 79° found for this angle \’— \Hsol Fy 7
in the planar chelate bis-(N-isopropyl-3-methylsalicylal- Hagl ——C2® o /
diminato)nickel (Braun & Lingafelter, 1966). This Has

. . NI He
movement of the isopropyl group in the planar chelate / \ /

from the perpendicular position in the tetrahedral N2 Lo
chelate may be a reflection of the appreciable steric e \ Hot
interaction involving the isopropyl group in the planar © s,/
chelate. Finally, the dihedral angle of 6-0° between the Hic pios /: \
plane of the benzene ring and the plane defined by 0z H93 Hez
atoms C(3), C(11), and C(12) is very different from 2'\czz

the corresponding angle of 84-0° between the plane of Hze__

the benzene ring and the plane defined by atoms C(23), X
C(31), and C(32). This may illustrate the effect of 23
crystal packing forces on the rotational freedom about Cos T~
the C(3)-C(11) and C(23)-C(31) bonds. The corre- / TGa f R
sponding single independent angle in bis-(N-isopropyl- Hes \ Fsn H3a:
3-ethylsalicylaldiminato)palladium (Braun & Linga- H2e H323

felter, 1967) is 87-1°. Fig.2. Projection of one molecule on (001).

Table 4. Coefficients of least-squares plane equations, A(x/a)+ B(y/b)+ C(z/c)= D*

Plane A B C D
Coordination (1) 13-004 15-278 3-707 12-199
Coordination (2) —-2-130 —17-016 8:223 —0-006
Benzene (1) 7-853 17-388 3-420 10-779
Benzene (2) —0-861 9-:371 —-7-774 0-291
Salicylaldimine (1) 7-984 17-214 3-557 10-831
Salicylaldimine (2) —-1:092 8:992 —7-858 0-029
Isopropyl (1) —2:900 8-981 —7-811 —3-801
Isopropyl (2) 6-209 17-437 3719 13-640
C(3)—C(11)-C(12) 9-773 17-461 2-750 11-593
C(23)-C(31)-C(32) 26:497 —3-607 —-0119 3-777

* D=origin-to-plane distance in A.
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C2 4—.377—Cs
1441 1.375 1.324
Ci—1.513—C3 /:8
1.409 1.420

—d

\ —.41)
a{m P
Ca0 306 1.439

[o]] \
Cr
1477 \ /
1.892 1.295
Cog 495 R /
1491 —1.980° '\
1967\ 1,490
\ ce—!499~°
1.265 1.875 /
- \ 1.473
/)z
1.442 1.310 10
/C2|—i.425-—022
l~/387 |.4<o
Cze /Czs—|.490-C5l
1.335 1.402 1.485
\ / \
C25-1.368—Ca24 Caz

Fig.3. Bond distances. Average values of the estimated stan-
dard deviations (A) are: Ni-O, 0-:004; Ni-N, 0-006; O-C,
0-:007; N-C, 0-:010; C-C, 0-013.

Ci2 Ca——Cs
1223 nee
ne.9 123.0
Cil—————C3 9.3 1211 Cé
nr.7
ur.e 196
119.0 C2 C) nr.2
123.3 1232
C3o
/ O1 128.4 1215 C7
"n3.3 "n.s 1222 /
8 .
CzB/Tcz 93.7 1 6.7
0.4 1212 us.e /N
’ Ni |2|4|\
e.3 109.0
nr.o 7
121.8 9 \ CO/CS
\ 1IN
\\ s
C27 1297

127.8
\ 1214 124.0 Cio
ns.e Ca C22 9.3

1202  1ne.s
n9.s
C26 123.0 ns.e C23: 3
121.9 4.1
08.0 1233

Cas: Ce4 C32
Fig.4. Bond angles. Average values of the estimated standard
deviations (°) are: O-Ni-O, O-Ni-N, N-Nij-N, 0-2; Ni-O-~
C, Ni-N-C, 0-4; N-C-C, O-C-C, C-N-C, C-C-C, 0-7.

b
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Bond lengths and angles involving the heavy atoms
are shown in Figs.3 and 4 and carbon-hydrogen dis-
tances are listed in Table 5. The average Ni-O and
Ni-N distances of 1-884 and 1-974 A agree well with
the corresponding average distances of 1-896 and
1:970 A in the related tetrahedral chelate bis-(N-iso-
propylsalicylaldiminato)nickel (Fox, Orioli, Lingafel-
ter & Sacconi, 1964). The average Ni~O distance is
0-047 A longer and the average Ni-N distance is
0-054 A longer than the corresponding distances of
1-837 and 1-920 A in the planar chelate bis-(N-isopro-
pyl-3-methylsalicylaldiminato)nickel (Braun & Linga-
felter, 1966), reflecting the decreased strength of the o
coordination bonds (Pauling, 1960) and possibly less
favorable dn—pr interaction in the tetrahedral chelates.
The intrachelate angles of 93-7° for O(1)-Ni-N(1) and
94-7° for O(2)-Ni-N(2) are appreciably smaller than
the normal tetrahedral angle of 109°28’. This may be
partially or entirely caused by the constraints imposed
by the chelating agent.

Table 5. C-H bond distances and their e.s.d.’s

C(4)—H@4) 0-79 (6) A C(24)-H(24) 0-83 () A
C(5)—H(5) 0-90 (6) C(25)-H(25) 0-95 (7)
C(6)—H(6) 0-90 (7) C(26)-H(26) 0-94 (6)
C(7)—H(7) 0-82 (6) C(27)-H(27) 0-86 (6)
C(8)—H(8) 1-05 (6) C(28)-H(28) 0-89 (7)
C(9)—H(91) 095 (7) C(29)-H(291)  1-07 (9)
C(9)—H(92) 1-03 (8) C(29)-H(292)  1-00 (8)
C(9)—H(93) 0-89 (8) C(29)-H(293) 073 (9)
C(10)-H(101) 0-77 (8) C(30)-H(301) 099 (8)
C(10)-H(102) 1-05 (8) C(30)-H(302)  0-80 (8)
C(10)-H(103) 1-02 (8) C(30)-H(303)  1-01 (8)
C(11)-H(111) 1-16 (7) C(31)-H(311) 106 (7)
C(11)-H(112) 0-93 (7) C(31)-H(312)  1-05(7)
C(12)-H(121) 0-91 (9) C(32)-H(321)  1-06 (10)
C(12)-H(122) 1-14 (9) C(32)-H(322) 0-82 (9)
C(12)-H(123) 1-05 (10) C(32)-H(323)  1-09 (10)

Because of the high thermal parameters of the ter-
minal carbon atoms in the isopropyl and ethyl groups,
the accuracy of the bond lengths within these groups
should not be considered as good as their precision
of 0-01 to 0-02 A. For example, the four internal bond
lengths of the isopropyl groups average only 1-486 A,
considerably less than the normal length of a C(sp3)-
C(sp®) bond. The apparent C(11)-C(12) bond length
of 1-441 A in one ethyl group is particularly affected
by the high thermal motion. This bond length, when
averaged over thermal motion (Busing & Levy, 1964)
with C(12) riding on C(11), is lengthened to 1-467 A
and, with C(11) and C(12) moving independently, is
lengthened to 1:614 A. The joint thermal motion of
these two atoms thus appears to be somewhat more
independent than a simple riding motion.

Examination of the non-bonded intramolecular dis-
tances, listed in Table 6, substantiates the conclusion
that the close intramolecular contacts involving the
isopropyl group which were observed in the planar
chelate bis-( N-isopropyl-3-methylsalicylaldiminato)nic-
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kel (Braun & Lingafelter, 1966) are indeed relieved by
distortion toward a tetrahedral configuration. For
example, the short H(8)---O’ distance of 2:20 A in the
planar chelate has increased to 4-51 A for H(28)---
O(1) and 4-66 A for H(8)---O(2) and the short H(7)
---H(93) distance of 2-2 A has increased to >2-9 A.
Furthermore, there does not appear to be any unfavor-
able steric interaction between the ethyl and isopropyl
groups. There is, however, some indication of un-
favorable steric interaction between the benzene ring
and the ethyl group which is essentially in the plane
of the benzene ring. That is, the distances of 2:54 A
for C(12)---H(4) and 2-1 A for H(122)---H(4) are
appreciably less than the sums of the van der Waals
radii, 3-2 and 2-4 A, respectively.

Examination of the intermolecular contact distances
shows no unreasonable values, the shortest distances
being 2-5 A for H---H, 2:62 A for O---H, 3-54 A for
N---H, 2:87 A for C(sp?)---H, 3-:03 A for C(sp?)---H,

3-61 A for C(sp?)---C(sp?), 3-68 A for C(sp2)---C(sp?),
and 3-67 A for C(sp?)---C(sp?).

This study has been supported in part by the U.S.
National Science Foundation.
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The Crystal Structure of Bis-(/NV-isopropyl-3-ethylsalicylaldiminato)palladium

By R.L.BRAUN AND E.C. LINGAFELTER
Department of Chemistry, University of Washington, Seattle, Washington 98105, U.S.A.

(Received 1 July 1966)

The crystal structure of bis-(N-isopropyl-3-ethylsalicylaldiminato)palladium, Pd(C;,H;6NO),, has been
determined from three-dimensional data collected on a single-crystal diffractometer with Mo K«
radiation. The cell has dimensions a=10-672, 5=13-063, and ¢=7-998 A, belongs to space group
P2,/a, and contains two molecules. The structure consists of discrete molecules in which palladium(II)
has strictly planar coordination configuration. The molecular structure shows the steric factors which
cause the tetrahedral configuration to appear for the corresponding nickel(Il) chelate.

Introduction

It has been shown (Holm & Swaminathan, 1963) that
3-substituted bis-(N-isopropylsalicylaldiminato)nickel
chelates exist in a conformational equilibrium between
a planar species and a tetrahedral species in toluene
solution. In the crystalline state, however, these chelates
exhibit a striking alternation in coordination configura-
tion as the 3-substituent is changed from hydrogen to
methyl to ethyl. That is, consistent with the magnetic
moments reported by Holm & Swaminathan (1963),
the coordination configurations have been shown to
be tetrahedral for the 3-hydrogen chelate (Fox, Orioli,
Lingafelter & Sacconi, 1964), planar for the 3-methyl
chelate (3-M-Ni: Braun & Lingafelter, 1966), and
tetrahedral for the 3-ethyl chelate (3—-E~Ni: Braun &
Lingafelter, 1967). The molecular structure of the
planar chelate 3-M-Ni has shown the steric factors
which cause the tetrahedral configuration to appear for
N-isopropylsalicylaldimine chelates. In order to ex-
amine the intramolecular steric interactions of the
planar 3-ethyl chelate, we have now completed the
crystal structure determination of bis-(N-isopropyl-3-
ethylsalicylaldiminato)palladium (3-E-Pd) by three-
dimensional X-ray diffraction techniques.

Experimental

Bis-(N-isopropyl-3-ethylsalicylaldiminato)palladium
was prepared by the method of Sacconi, Paoletti &
Del Re (1957), using 3-ethylsalicylaldehyde which was

prepared according to the general procedure of the
Duff (1941) reaction. Final purification was accom-
plished by two recrystallizations from equal volumes of
chloroform and ligroin by slow evaporation at room
temperature. The crystal used for determination of cell
dimensions and collection of intensity data was a well-
defined rhomb, tabular on (001) and bounded by {011},
approximate dimensions 0-25 x 0-:20 x 0-12 mm.

Cell dimensions were determined on a Picker X-ray
diffractometer equipped with a General Electric gonio-
stat, using Mo Ka radiation (A=0-71069 A). The cell
dimensions with their standard deviations are

a=10672+0-002 A
b=13-063 + 0-002
c= 7-998 +0-001
f=98-09 +0-01°.

Systematic absences of 0k0 for k odd and %0/ for & odd
identified the space group as P2;/a. The cell contains
two molecules: measured density 1:47 g.cm™3, calcu-
lated density 1-465 g.cm—3.

The intensity data were collected by the w-26 scan
method (Furnas, 1957), using zirconium-filtered Mo
Ka radiation and a Picker diffractometer equipped with
a scintillation counter, pulse-height discriminator, and
a General Electric single-crystal goniostat. A suitable
scan range for each reflection was calculated by the
formula of Alexander & Smith (1964), scan range=
1-8+1-0(tan ). Stationary background measurements
were made at the start and finish of each scan. Of the
2061 reflections which were examined within the limit-



