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A INTRODUCTION

The nature of the donor atoms in five-coordinate complexes of cobalt(ll) and nickel(I¥)
has been shown to be an unportant factor in determining whether the metal atomn 1sin a
high- or low-spm state ' In fact the magnetic cross-over point for five-coordinate com-
plexes does not depend only on the dipolar strength of the donor atoms, i.e. on Dg =
1 B, /6 (ref_ 2), but also on thewr nephelauxetic effects. A strong reduction of the interelec-
tromic repulsion term, which can well be as large as 50%, brings the low-spin terms closer
to the high-spin ground term, so that a lower Dy value 1s required to reach the cross-over
point. Accordingly, some bromo and chloro complexes are found high-spin whereas the
10do analogues, with smatler Dg and g values, are found to be low spin 3. Both Dgq and
B Iigand field parameters are related to the covalent and m-bond character of the metal
donor bonds, as the antibonding character of the metal orbatals 1s 2 measure of Dq, at least
for octahedral complexes On the other hand the electron delocalization onto the ligands
1s believed ® to determmne the value of § According to Basolo and Pearson ** the nucleo-
philic reactivity constant n° 1s strictly related to polarizabihity and to m-bonding properties
of nucleophiles. Therefore the nucleophilicity n° as well as the electronegativity of

« Presented in part at the Symposmum on Five-Coordinate Complexes at the 162nd Amencan Chemical
Society National Meeting, Washington, D C , September 1971,
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352 L SACCONI

the donor atoms have been suggested as parameters related to the spin state of the com-
plexes ', aithough the latter parameter does not take mto account the type of hy-
bridization of a given donor atom. Recently a correlation between the optical ligand elec-
tronegativity and the complex geometry has been treated by Hollehone sb,

B SPIN STATE OF THE COMPLEXES AND OVERALL ELECTRONEGATIVITY AND NUCLEQ-
PHILICITY OF DONOR ATOMS

If the donor atoms sets are placed 1 order according to the sum of individual x and n°
values, the complexes are clearly divided into the high- and low-spin categornes, with a
small repion of overlap where both spin types may be found Tables writh the donor sets
ordered 1n this way, which collect the values for magnetophores formed by tri- and tetra-
dentate ligands, have been published '. They have been found to be useful mn predicting
the spin state of a mven magnetophore, In assigning 11s coordinanion number of 1n 1den-
fymng the donor atomns where alternative possibilities would be expected to give different
spin states

The effects of stereochemuistry on spin state have, by contrast, recewved hittle attention &,
A sufficient number of X-ray crystallographic determinations has now been reported to
permut a discusston of these effects 7.

As 1t 1s well known, five equivalent donor atoms can be symmetrically arranged around
a central metal 10n 1 one of the two limit structures, Cy,, and Dy, which can be intercon-
verted by means of simple angular distortions through geometnes wath C,,, symmetry
(Fiz. 1) From a general point of view one would expect that the spin state of the complex-
es may depend on the symmetry of the magnetopheres However a ligand field treatment
of cobalt(II) and nickel(11) rons has shown that the energy difference between the lowest
high- and low-spin levels 1s approximately equal for all the above dispositions of the five
donor atoms ™ (Fig 1).

These resufts can be extended with some approximations to the five-coordinated mag-
netophores having non-equivalent donor atoms. All the magnetophaores, then, can be or-
dered accordmng to the electronegativity or nucleophilicity sum of the donor set indepen-
dently of the ligand skeleton or stereochemistry of the complex, as lllustrated in Table 1,
which reports almost all the known donor sets of five-coordmated complexes of cobalt
{II) and nickel(II).

Both Zn° and Ex correlate well with the spin state, and this shows that the previous
assumpfion that the spin state 1s independent of molecular geometry 1s fully justified. The
cross-over ranges, which are quite narrow, are practically comncident for cobalt(II) and
nickel(II). The positions of N,S3 and NS, donor sets can be considered undetermined be-
cause the 7° values for sulphur in dialkyldithiophosphates and -phosphinates are not
known *? In any case, the S donor atoms are unusual in strongly changing the relative
g and 7 contnbutions to the coordination bond depending on the ligand bond system.

We have excluded from Table 1 certain complexes that have “irregular” structure. Thus,
while most metal-hgand bond lengths are close to a value which may be tepned “standard”,

* Ligand [ield calculations have been performed using the well known weak scheme inclusve of configu-
ration interactions. The energy separanon of the free 1on term has been reduced by 25%
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there are some compounds 1n which it s known that one metal-irgand bond 15 significantly
longer than the “standard”, the difference may be as much as ca. 30% of the *“standazd™
bond length 1n some cases 55+ %> > 198 The donor atom in an elongated metal—ligand

bond can be considered as partally coordinated to the metal so that the effective coordi-
nation number 1s somewhere between five and four.

TABLE 1

Overall nuclcophilicitres and spin state for fivecaordinate cobalt{if) and mckel{(II} camplexes 2

Set En® Co  Ref N: Ref
O; 1200 H 8,9.10a, 11,12 H 82,10, 11
03Nz 1340 H 13 H 14,15
0, N,Cl 1404 H 16 H 16
O,N; 14 10 H 17, 181 H 18b, 18¢, 19, 20
ONCa 14 62 H 21a
ON;Cl, 1468 H 23 H 22,23
ON3Ci 1474 H 16 H 16
02N,Br 1518 H 16 H 16
Clg 1520 H 24
NoCly 1532 H 25
ON3 {NCS) 1535 H 16 H 16
NiCls 1538 H 26-35 H 26a,272,28,292,30-32,35,36
N4Ct 1544 H 37-39 H 37,39,40
Ns 1550 H 41
ON;Br 15R8 H 6 H 16
Onl5 {NCS), 1590 H 22
N4 (NCS) 1605 H 42
05N,I 1642 H 16 H 6
N4Br 16 58 H 37-39,404,43, 44 H 37,39,402,45
N3 (NCS), 16 60 H 16,31-33,342,46.47 H 16,4648
ON3,Br; 1696 H 22 H 22, 23,49
N;5CI2 170l H 50,5t H 50,52,53
NaSCH 1707 4 16, 46 H 16,46
ON, 1712 H 16 H 16
NsBrs 1766 H 26a,28,2%2,30-33,
34a35 H 26a,28,30,31,33,35,36,54
N3 S (NCS) 1768 H 16,46 H 16,46
N4 I 1782 H 37-39,40a,.42 H 37,39
N3SBr 1821 H 16,46 H 16,46
NzS(NCS), 1823 H 50,52.53 H 50,52
N;52C1 1870 H 16,46 H 16,46
N3 AsCH 12909 H 46,55
NaSBry 1929 H 50,51 H %0,52,53
N4S2 (NCS) 1931 H 16,46 H 16,46
N38I 1945 H 16,46 H 16,46
N2SaBr 1984 H 16,46 H 16,46
Nsl; 2014 H 26a,30-32,34a H 26a, 28, 30, 31, 36
NaAsBr 2033 H 46,55
NS3CL Me 2033 H 56

Coord Chem Rev , 8 (1972)
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TAELE ! {continued}

Set Zn® Co  Ref M Ref
NSaBr (1-Pr) 2042 H 57 H 57
N, OPCI 2043 Y 58

ONAsBry 20 61 H 3

N, OP{NCS) 2104 H 58

N, PCI, 2107 H 57

N3S,l 2108 H 16,46 H 16,46
NgPCl1 2113 H 46,55
N.S51, 2117 H 51 H 52,53
Ma AsBra 2131 H 3
Nzasl 2147 H 46,55 H 46,55
NS3Br (Me) 2147 H 56

N,OPRr 2157 H 58

NS;3l (+-Pr} 2166 H 57 H 57
NsPBr 22 27 H 16,55,59
N,P{NCS), 2229 H 680

ONPBr, 2265 H 3
NS31 {Me) 2271 H 586

N,SPCl 2276 H 58

N, OP1 2281 H 58

SNAsBr, 2294 H 3
ONaAsl, 23.09 H 3
N,PBe, 2335 H 57 H 3

N SP(NCSY 2337 H 58

N2S,C1 23 44 H 16,46,61
N3 Asly 2379 H 3

N S5PBr 2390 H 58

PS,Cl, 24 33 H 62
NAsyBrg 2496 H 63
SNPBI, 24.98 H 3
ONPIL, 2513 H 3

N, SPI 2514 H 58

SNAsl, 2542 H 3
N,PI, 2583 H 57 L 3
P5;Cl 26 02 L &d
NOP,Cl 26 12 L 65
As2SBr 26 59 L &3
FS,Bry 26 61 I 62
P83 (NCS) 26 63 L G4a
NOP, (NC8) 26.73 L+H 65 L 65, 66
NP,Cly 2676 H &/-69 H+L 6870
N, P,Cl 26.82 L 71 L 71
NOP;Br 27.26 L 65

N, P, (NCS) 27 43 L 54
NAsgI, 27.44 L 63
SNPI, 27.496 L 58
NAsyBr 27 53 L 63,72
NoP,;Br 2796 L 46,55 L 46,55, 71
P53l 28.40 L G4a
NOP;I 28 50 L 685,73
PSe;yCl 28 51 L 74
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TARBLE 1 {continued)

Set Zn® Co  Ref N1 Ref
AsaBrg 2861 L 75
NAs;y! 2877 L 63,72
P4 (NCS} 2881 L 76

NP, Bry 29.04 L+H 67-69,77a L 68-70,77
AsaSIa 2507 L 63
BSals 2909 L 62,78
PSeq (NCS) 29.12 L 74
NzPal 2520 L 7t L 71
PaS,Ci (PhED) 2938 L 79

P.S,Ci {Et) 29 30 L 80
PSe;Br 29.65 L 74
AsqCl {(Ph} 3004 L BL,82
P2S.Br (PhEty 3052 L 79 L 79
P25, Br (Et) 3064 L 80
Asg (NCS) {Ph} 3065 L 82
PSejl 30 89 L 74
AS3[2 a1 a9 L 75
AsgBr {Ph) 3118 L B2
P25, Br (PhMe) 3122 L a3 L 62
NP5I, 3152 L 67—69,77a L 68-70,77a
AsqCl (PhMe) 3162 L 84
PaSal {(PhEr) 3176 L 79 L 79.85
P25,1 (Et) 3i B8 L {1
Asq (NCS) {PhMe)} 32123 L 84
Asal {Ph} 3242 L 82
PaCly 32458 L B6
NP3Cl 3251 L 72,87
As,Br {PhMe) 3276 L 84
P4Ses Br (PhMe) 3288 1L 83 L 62
NP3 (NCS) 3312 L a7 L 87
P,SI, 3315 L 77 L 85
AsgCl {Et} 33 20 L 88
NP3Br 3365 L 72,87
Asz (CN) (Fh} 34.00 L 82
Asgl (PhMo) 34 00 L 89
Asal (PhiMe) 34.10 L 84

P2 AszCl (Ph) 3412 L 83 L 0
PQASQ_NO?_ {Ph) 34 30 L 90
AssBr (E1} 34 34 L a3
PAs,(Cl (Et) 34 51 L 91
PAsaNO, {Et) 34 69 L 91
PaBra 3473 L 92 L 86

P As, (NCS) 34 73 L 90
NP3l 3489 L 87,93 L 7:,87,94
{CN)s 3500 L 95,96
PAsy (NCS) (Et) 3512 L 91
PaAs,Br {Ph} 3526 L 83 L 90

Ps 3540 L 57
Asgl (Et) 3558 L 88
PAs3Br {Et} 3565 L 91

Coord, Chem, Rev , B {(1972)
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TABLE 1 {continued)

Set ¥n° Co  Ref N Ref
SbPyCl 35 06 L 98

NP5 {CN) 3647 L 56

Py Asyl (Ph) 3650 L 83 L 90
PAs3l (E1) 36 89 L 91
P3(CN): 3695 L 99-102
Asq (CN) (Et) 37 16 L BB

Pal, (Ph) 3721 L 86

Asg 3770 L i03
P4Cl {Ph) 3820 L 76, 81,104 L 82,105
PAs3 (CMN) {Et) 3B 47 L 91
P4Br {Ph} 3934 L 76 L 105
P3{CN)4 3949 L 106
Pa{CN)s 4043 L 107

P4l (Fh) 4058 L 76

@ The value of n° for 1sothiocyanate was taken as three unas less than that of thiocyanate (R.G Pearson,
personal communication) This will not require any substantial change 1n the published order.
b Substituent at the penipheral donor atoms
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Fig 1. Lowesr hugh- and low-spin levels for cobalt(I1} (upper) and nickel(ID) (lower) in Dy 4, Cyp and
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Fiz 2 Axial elongation observed 1n some square pyramidal complexes

C AXIAL ELONGATION IN SQUARE PYRAMIDAL COMPLEXES

Square pyramidal complexes are susceptibie to lengthenung of the axial bond with s1-
multaneous shortening of four basal bonds, which 1n the hrmt results in a square-planar
four-coordinate complex (Fig. 2). Since square-planar cobalt(I1} and nickel(II) complexes
are mvanably low spin, and a square-pyramidal complex may be high spin, the extent of
apical bond lengthening 1 expected to have a decisive effect on the spin multiplicity n
some cases

The apical angle & (Fig 2) has been found to be ca 100° 1n square pyramidal complexes
with five “standard™ bonds. The lengthening of the apical bond is then usunally accompa-
nied by a decrease 1 the apical angle towards 90°

The apical angle may be plotted against another measure of distortion, the ratio of
axtal - “standard™ bond lengths (axial elongation) as shown m Fig. 3 Most porints on this
plot he close enough to a single curve to indicate that erther axial elongation or apical angle
may be used as a measure of distortion {rom a “regular” confipuration.

Average standard five-coordinate bond lengths (&) were taken as follows. Ni—Q =
Co—0=2.0,Co—0 =194 (LS),M1i—8=2.26(L8), 2.38 (HS),N1—N_,‘p2 =2.04 (HS), 1.92
(LS),CO—NS.Pz = 2.12(HS), 1.94(LS), Ni—Ng,3 = 2.10(HS); Co—P = 2.23(1LS);N1—As =
2.29(LS);N1—Cl = Co—Cl = 2.31 (HS), N1--Br = 2 40 (LS), Co—Br = 2.43 (I18);Ni—NCS§ =
1 96 (HS)

The largest distortions are found for the magnetophores such as NINOP,1 (ref: 73) or
NINOP,(NCS) (ref. 66) in which the apical M—O bond 15 0 6 or 0.4 A longer than the
“standard™

If the energies of the high- and low-spin states are caleulated by a hgand field treatment
such as to fit the curve 1n Fig 3, using Balthausen's method to calculate 85 and B, as func-
tions of bond lengih *°°, it is found that the low-spin state 15 favoured by increasing
axal distortron (Fig 4) Thus, the highly distorted complexes of C4,, symmetry may be
low spin when they would expected to be high spin on the basis of the Tn® or Zy criterion
The overall n° and y values for complexes of cobalt(i1} and nickel(I1) whose structure has
been ascertained by an X-ray crystallographic determination are given i Tables 2 and 3,
including those omitted from Table 1.

The low-spin complexes with magnetophores placed by the Zr” criterton m the high-
spin regon are all grossly distorted from a regular configuration. For example, the com-

Coord Chem. Rev ,8 {1972
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TABLE 2
X-ray structure and spin state of five-coordinate cobalt(fI} complexes

Square  Flong Tng Axial
Set =X zn° pyram ratio Intermed  bipyr. angle Ref.
04 1750 1200 H 104 H 92°,93° 8b,9b
03N, 1664 1340 L 114 H 110,13a
O,N; 16 21 14 10 1: i‘gg 188, 18¢, 111
N3Clay 14.87 1538 H 100,101 26b, 27b,

29b, 34b
N,0(NCS), 1571 1590 H 96 6° 57
N4 Br 15.02 16 58 H 99°,91° 43,44
N3(NCS), 1535 1660 H 964° 47
N3 PCl 14.10 21 13 H 100° 57
N,P(NCS), 14 34 2229 L+H9?® H 98° 57
NOP,Ci 1352 2612 H 103° 65
N;P;Br 1300 2796 L 104 57
N, P, I 1247 2920 H 103° 57
NS, 1283 3150 L 103 112
NP3l 1208 3251 H 104 6° 113
NP3 Br 1199 3365 H 106° 57
P3Br, 1166 34173 L 90° 92b
NP,I 1146 3489 L 100 H 106° 93
PLCL 1107 3820 L 94° 104
TABLE 3
X-1ay structuee and spin state of five-coordinate nicke! {II} complexes
Square Elong Tig

Set Zx Zn® pyram ratio Intermed bipyr Ref
Oy 17 50 1200 H 10 10b
03N, 1664 1340 H 1.0 H 14,15
O,N; 1621 1410 H 10 HHH 18b, 18¢, 193,20
ONCly 1506 1462 H 21b
Cls 1415 1520 H 10 24
N,Cla 1463 1532 H 10 25
NaCl 1511 1544 H 1.09 40b
Ny 1535 1550 H 10 41b
N4(NCS§) 1535 1605 H 57
NBr 1502 1658 L 1.16 H 45,114
N3(NCS), 1535 1660 H 48
QON;Bta 1512 16 96 H 49
NaBr, 1469 1766 H 54
N»8.Ct 1385 2344 H 61
PS3Cl 1221 26.02 L 641
NOP,(NCS} 1376 2673 L 124 65b,66

Coord. Chent Rev., 8 (1972}
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TABLE 3 (continued}

Square Elong Tog
Set Zx Zn® pyram ratio Intermed  bipyr.  Ref
N,S3 13.46 2750 H 100 115
N,P,Br  13.06 2796 L 116 550,57
NOP,1 1250 28 50 L 130 73
AssBrg 1208 2861 L 1.11 756
NP ,B12 1267 2904 L 111 77b
PS, I, 1136 2909 L 125 78
Ny P,1 1247 2990 L 57
NS, 1283 3150 H 103 116
NP3CL 1208 3251 L 57
NP1 1146 3489 L 94
(CN)s 12 50 3500 L 114,116 L 95b, 96
Ps 1030 3540 L 97
Ss 1220 3550 L 125 117
Pa{CN} 1118 36935 L 102b
Pal, 1060 3721 L 92b
Asg 1100 3770 L 103 103b
PAsz{CN} 1116 3847 L 91t
P:(CNy, 1118 3949 L 106
Py (CN}a i1 18 4043 L LL 107k, 107¢

plexes [Ni(mac)Br] * (zef. 114) and Cosal-en (ref. 110) have an elongated square pyramudal
structure and are low spimn whereas the complexes [Ni(Meg tren)Br]* (ref 45) and Cosal-
Me (ref 13b), which have the same magnetophores NiN4Br and CoN, O3 respectively, are
trigonal-bipyramidal in structure, and are high spin *

More examples of distorted square-pyramrdal mickel complexes will be found 1n the
Tables than of distorted square.pyramidal cobalt complexes. This can be understood by
considering the effect of elongation of the axial bond (z ax1s) upon the d electrons, the
main result of which 1s to decrease the antibonding character of the electrons in the d,2
orhital. Low-spm mickel(II) complexes which have two electrons in this orbrtal therefore
gain more energy as a result of axial elongation than do cobalt(Il) complexes which have
only one electron 1n the 4,2 orbital In agreement wrth this hypothesis, the complex of
nickel with the open-chain ligand N, ¥ "-bis(2-diphenylphosphmoethyl)-N, N'.dimethyl-
ethylenedsamine (Ph,P+ CH,CH, *N(CH;)+CH; -CH, *N(CH;)*CH, - CH, *PPh,, PNNP)
having the formula *7* ™ [Ni(PNNP)Br} Y (Y = Br, PFy), 1s markedly distorted {elonga-
tion ratio 1 15, @ 94°) whereas the cobalt analogue 1s almost regular (elongation ratio
1 04, « 977%™ (Fig. 5).

* mac= 2, 12-dunethyl-3, 7, 11, 17-tetraazabieylo [11, 3, 1] hepladeca-1{17), 2, 11, 13, 15-pentaene;
sal-en = N, A-ethylene-bis (salicylaldimine), sal-Me = N-methyl (galicylaldimine}, tren = tris{2-antno-
ethyl}amine,
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D. TETRAHEDRAL DISTORTION IN TRIGONAL BIPYRAMIDAL COMPLEXES

Tuming to tngonal bipyramidal complexes of cobalt(II), a distortion is frequently found
mn which, as one of the apical bond distances mcreases, the configuration tends towards
tetrahedral (Fig 6).

X-ray data show that the angle v is often larger than 90° and correspondingly the dis-
tance between metal and apical atoms 18 greater than usual The distortion may be so
large ™ that 4 may nearly reach 109°28", e g., 106°, with an elongation ratio reaching
ca. 13.

A plot of ¥ against M—N apical bond lengths in cobalt and nickel complexes is presented
mn Fig. 7. Most of the complexes in this figure have tetradentate tnpod-like ligands with a
nitrogen atom at the apex of the tnpod m a state of sp3 hybridization, 1 e , N3P, N,P,,
NOP, and NPy donor sets The donor sets NgP refer to the bis-isothiocyanate complexes
with the tridentate ligand N, N-diethyl-N'{2-diphenylphosphinoethyl) e thylenediamine

Fig 6 Tetrahedral distortion of trigonal bipyrarmdal cobalt(IF) complexes

(Et;N-CH, «CH, -NH+CH, CH, - PPh,, HNNP) and 1is N "-methy! analogue (MeNNF)
(refs. 57,60). The set NgO refers to N, N-diethyl-N"+(2-diphenylphosphineoxide-ethyl)-
ethylenediarnine (Et;N-CH, *CH, -NH+*CH, - CH; - POPh,) (ref 57). As can be seen
from ¥ig 7, the M—N bond length increases 1n paralle] with the extent of distortion te-
wards a tetrahedral configuration This kind of distortion 1s imited 1n practice to com-
plexes of cobalt(II).

Since tetrahedral complexes of cobatt(II) can be only high spin, distortion towards a
tetrahedral configuration should favour the hgh-spin state. Lagand field calculations show
that the separation of the 44, and 2F levels increases steadily as vy tends to 109° 28’, as

Ulustrated in Fig 8. For a practical example of this, compare the two complexes
Co{HNNP) {(NCS), and Co(MeNNP) (NCS),. The difference between the two complexes,

Coord Chem Rev , 8 (1972)
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which have a N; P donor set, consists tn an ¥-H group i the former in place of an N-CH,

in the latter The former complex 1s tngonal-bipyramidal with a small distortion and ex-
hibits a spin equulibrium (u,z = 2.16 BM at 77°K,4.32 B.M. at 418°K). The latter com-
pound 1s severely distorted, with a cobalt-apical mitrogen bond length ca. 0.3 A longer than

1n the former complex, and exists only in the high-spin state (iog = 447 BM at 294°K) 57 50

(Fig. 9).
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Fig. 9 Structures of the Co(HNNPY(NCS); and Co(MeNNP}{(NCS}), compleves

The square-pyramidal iodo complex of cobalt(IT) wath the tnpod higand tris (2-diphenyl-
phosphmnoethyl) amine, [Co{NP3)I]™*, has a “standard™ geometry with &= 100° and 1s
low spin 3793 In contrast. the other form of the same complex catton, which has a dis-
torted irigonal bipyramidal structure, ¥ = 106°, 1s hugh spin 7:87_ The cobalt(Il} magne-
tophores with NP,Cl, NP4 Br, NOP,Cl and N,P,I donor sets denved from tripod
ligands are also high spin These are strongly distorted towards tetrahedral with y between
100° and 106°, as shown in Fig 10 It appears that, starting from the tnpod ligand with
donor set Ny {7y = 99°), both ¥ and the apicat distance increase with the number of equa-
tonal phosphorus atoms Clearly, the £1° or Ex criteria may fail when this type of distor-
tion 18 present

The particular way in which complexes of nickel tend to adopt an elongated square
pyrarmdal configuration while complexes of cobalt fend to take a distorted tetrahedrat
structure 1s well lustrated by the X-ray structures of the two “umbrella-shaped” com-
plexes [M(N,P,}I}1 (Fig 11) The nickel complex 1s diamagnetic, the cobaltt complex 1s
high-spin The cations of both complexes are distorted trigonal-brpyrarmidal. The cobalt
complex undergoes distortion towards tetrahedral when the cobalt atom lies ca. 0.5 A

M N 3]
r:r:'a%N \‘Co"""’N \‘C04 T =P
‘ | |
T =gge er ¥ =100° a 5 =103°c ¥ =302°
N”'ﬁ N N’,ﬁ
| 267 Pl 276 XP | 274 WP
~J T T T LR
C]o Co CIo
5 1050 O 2 =108 B ¥=106° |

Fig 10 Structures of tetrahedrally distorted trigonal-bipyram:dal cobalt{I!) complexes
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Fig 11. Suuctures of [N1{NzPz}I} I 2nd [Co(N;P3)I]I complexes.

below the equatonal plane, and thus much nearer to the apical 1odine atom The Co—N{I)
distance 15 unusually long. By contrast the nickel atomn 18 onty 0 13 A below the equato-
nal plane, and it 15 the Ni—N({2) distance which 1s long, 1 e. the nickel complex tends to

an elongated square pyramid with the N(2) atom at the apex Since the two compounds
are 1somorphous the different distortions cannat be atiributed to solid state effects, but
must be caused by the mntrmsic electronic requirements of the two metal 10ns

E CONCLUSIONS

To sum up, the Zn° and E'x values of a donor set provide a generally useful datum with
which to predict the spin state of a five-coordinate comnplex The predictron may fal, how-
ever, if the complex 1s strongly distorted towards a four-coordinate structure, tndeed an
unexpectied spin state probably incicates that distartion 18 present The most common dis-
tortron of five-coordinate complexes consists of the lengthening of one metal—donor bond
so that the complex tends towards the limiting tetrahedral or planar stereochemuistty The
effects of these distortions on magnetic properties can now be fairly well understood
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