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A INTRODUCTION 

The nature of the donor atoms in five-coordmate complexes of cobalt(I1) and mckel(II) 
has been shown to be an rmportant factor in determmmg whether the metal atom 1s in a 
htgh- or low-spm state r In fact the magnetrc cross-over point for five-coordinate com- 
plexes does not depend only on the dtpolar strength of the donor atoms, i.e. on 0~ = 
or B4/6 (ref. 2), but also on theu nephelauxetrc effects. A strong reductron of the interelec- 
tronrc rep&eon term, whxch can well be as large as 50%, brings the low-spm terms closer 

to the h&-spur ground term, so that a lower 04 value IS reqmred to reach the cross-over 
pomt. Accordmgly, some bromo and chloro complexes are found h&-spur whereas the 
rodo analogues, wtth smaller 04 and fi values, are found to be low spin ‘. Both Dq and 
@ hgand field parameters are related to the covalent and n-bond character of the metal 
donor bonds, as the antrbondmg character of the metal orbrtals 1s a measure of Dq, at least 
for octahedral complexes On the other hand the electron delocahzation onto the ligands 
1s believed 4 to determme the value of /3 According to Basolo and Pearson Sa the nucleo 
plulic reactrvrty constant no is stnctly related to polarizabihty and to Ir-bonding properties 
of nucleophrles. Therefore the nucleophrhcrty no as well as the electronegativrty of 

* Presented m part at the Symposmm on FrveCoordinate Complexes at the 162nd Amencan Chemical 
Society National hleetmg, Washmgton, D C , September 1971. 
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the donor atoms have been suggested as parameters related to the spm state of the com- 
plexes r , although the latter parameter does not take mto account the type of hy- 
bndrzatron of a grven donor atom. Recently a correlation between the opt& hgand elec- 
tronegatrvrty and the complex geometry has been treated by Hollebone 5b. 

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

If the donor atoms sets are placed m order accordmg to the sum of indwrdual x and no 
values, the complexes are clearly divided mto the hrgh- and low-spm categories, wnh a 
small region of overlap where both spin types may be found Tables with the donor sets 
ordered m this way, whrch collect the values for magnetophores formed by trt- and tetra- 
dentate hgands, have been pubhshed ’ _ They have been found to be useful 111 predicting 
the spur state of a gtven magnetophore, 111 assrgnmg rts coordmahon number of m rden- 
fymg the donor atoms where alternative possrbrlities would be expected to give different 
spur states 

The effects of stereochemrstry on spm state have, by contrast, received little attention 6. 
A sufficient number of X-ray crystallographrc determmatrons has now been reported to 
perrmt a drscussron of these effects ‘. 

As it 1s well known, five equivalent donor atoms can be symmetrically arranged around 
a central metal ion u-r one of the two limit structures, C,, and D3h, which can be mtercon- 
verted by means of simple angular lstortrons through geometnes wrth C,, symmetry 
(Fig. 1) From a general pomt of vrew one would expect that the spm state of the complex- 
es may depend on the symmetry of the magnetophores However a hgand field treatment 
of cobalt(II) and mckel(I1) ions has shown that the energy difference between the lowest 
lugh- and low-spm levels 1s approximately equal for all the above drsposrtrons of the five 
donor atoms * (Frg 1). 

These results can be extended wrth some approxrmatrons to the five-coordinated mag- 
netophores havmg non-equivalent donor atoms. All the magnetophores, then, can be or- 
dered according to the electronegatrvrty or nucleophrlrcrty sum of the donor set mdepen- 
dently of the hgand skeleton or stereochemrstry of the complex, as rllustrated m Table 1, 
whrch reports almost all the known donor sets of five-coordmated complexes of cobalt 
(II) and mckel(I1). 

Both Zn” and ZX correlate well with the spm state, and this shows that the previous 
assumption that the spm state 1s mdependent of molecular geometry IS fully Justified. The 
cross-over ranges, which are quite narrow, are practrcahy comcident for cobalt(I1) and 
mckel(I1). The posrtrons of N,S, and NS, donor sets can be consrdered undetermmed be- 
cause the no values for sulphur in dialkyldrthrophosphates and -phosphinates are not 
known ‘a In any case, the S donor atoms are unusual in strongly changing the relative 
u and n contnbutrons to the coordmatron bond dependmg on the ligand bond system. 

We have excluded from Table 1 certam complexes that have “u-regular” structure. Thus, 
whrle most metal-hgand bond lengths are close to a value whrch may be termed “standard”, 

* Llgand field calculations have been performed usmg the well known weak scheme mcluslve of configu- 
ration interactions. The energy separation of the free ran term has been reduced by 25% 
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thexe are some compounds m which lt IS known that one metal-hgand bond 1s sigmfkantly 
Longer than the “standard”, the drfference may be as much as ca. 30% of the “standard” 
bond length 111 some cses ‘% 6% 73z loa The donor atom m an elongated metal-hgand 
bond can be constdered as partrally coordmated to the metal so that the effecttve coordt- 
natron number IS somewhere between five and four. 

TABLE I 

Over&l nucleophdzltzes and spm state for five-coordmate cobalt(H) and mckei(fI) compteves Q 

Set cn* co Ref NI. Ref 

05 
OBN2 
02N,Cl 

OzN3 
ONC13 

0NzCt2 
0N3Cl 
02N2Br 

ai 
N2C13 
ON3 (NCSI 

N3C12 
N4Ct 

W5 
ON3Br 

ON2 (NCSI2 
N4 (NC% 
%NzL 
N4Br 

N3 WCS);! 
ON2 Brs 
NaSCta 
N3SCt 
ON31 

NsBrz 

1200 H 
13 40 H 
14 04 H 
14 10 H 
14 62 

14 68 H 
1474 H 
15 18 H 
15 20 

1.5 32 

1.5 35 H 
15 38 H 
1.544 H 
is 50 
15 88 H 
15 90 H 
16 05 H 
1642 H 
16 58 H 
16 60 H 
16 96 H 
1701 H 
1707 H 
17 12 H 

1766 H 

N3S (NCS) 1768 H 

N4L 1782 H 

N3SBr 18 21 H 

NzS (NC%2 1823 H 

N2S2Cl 18 70 H 

N3AsCt 19 09 H 

N2SBr2 19 29 H 
N2S7, (NCSI 1931 H 
N3SI I945 H 
N2S2Br 19 84 H 
N312 20 14 H 
N3AsBr 20 33 H 
NS3CI (hle@ 2033 H 

89, ioa, II,12 H 
13 H 
16 H 
17,lS.I H 

H 
22 H 
16 H 
16 H 

H 

H 

16 H 
26-35 H 
37-39 H 

H 
16 H 
22 
42 
16 H 
37-39,40a,43,44 H 
16,32-33,343,46,47 H 
22 H 
so,51 H 
t6,46 H 
16 H 
26a,28,29a,30-33, 
34a35 H 
1646 H 
37-39,40a,42 H 
1646 H 
50,52,53 H 
16,46 H 
46,5.5 
so,51 H 
16,46 H 
16,46 Ii 
16,46 xi 
26a, 30-32,34a H 
46,55 
56 

83, IO, Ii 
14.15 
16 

lab, i8c, 19,20 
21a 
22,23 
16 
16 
24 
25 
I6 
26a,27+28,29a,30-32,35, 
37,39,40 
41 
16 

16 
37,39,40a, 4.5 
16,46,48 
22.23,49 
50,52,53 
16,46 
16 

26a,28,30,31,33,35,36,54 
16,46 
37,39 
16,46 
50,52 
16,46 

50,52,53 
16,46 
16,46 
16,46 
26a, 28,30,3 1,36 

36 

Coord Chem Rev, 8 (1972) 
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TABLE 1 (contmued) 

Set Dz” co Ref Nl Ref 

L. SACCONI 

NS3Br 
N20PC1 
ONAsBrz 
N20P(NCS) 
NZPC12 

%%I 
NBPCl 

N292 

N2AsBr2 
N3.U 

NSsBr 

N20PBr 
NS31 

NsPBr 

N2P WCS)2 
ONF’Brz 
NS31 
N2SPCI 
N20PI 
SNAsBr2 
0NAs12 
NzPBr2 
N2SP(NCS) 
N&Cl 
N2As12 
NZSPBr 

=2c12 

NAszBr2 
SNPBr2 
ONPI:! 
N2SPI 

SNAs12 

N2PI2 

Ps3CI 

NOP2Cl 
AsZSBr 
PSzBr2 

f53 (NW 

NOP, (NCS) 

NP2C12 
N2P2C1 
NOPzBr 

N2P2 (NW 

NAG2 
SNP12 
NAs3Br 
NzPaBr 

pS3L 
NOPzI 

PSe3Cl 

(r-Pr) 20.42 H 
2043 H 
2061 
2104 H 
2107 H 
2108 H 

21 13 
21 17 H 
2131 
2147 H 

(Me) 2147 H 

2157 H 
(z-Pr) 2166 H 

22 27 

22 29 H 
22 65 

We) 2271 H 
22 76 H 
2281 H 
22 94 

23.09 
23 35 H 
23 37 H 
23 44 

23 79 
23 90 H 
24 33 
26 96 
24.98 
25 13 
25 14 H 
25 42 
25 83 H 
26 02 
26 12 
26 59 
2661 

26 63 
26.73 L+H 
2676 H 
26.82 L 
27.26 

27 43 
27.44 
27.46 
27 53 
27.96 L 
28.40 

28 so 

57 
58 

58 
57 
16,46 

51 

46,SS 

56 

58 
57 

H 

H 

H 16,46 

H 46,55 
H 52,53 
H 3 
H 46,55 

H 
H 

60 

H 
56 
58 
58 

57 
58 

H 
H 

H 

H 16,46,61 
H 3 

58 
H 62 
H 63 
H 3 
H 3 

58 

57 

65 
6 i-69 
71 

46.55 

H 
L 
L 
L 
L 
L 
L 

L 
H+L 
L 
L 
L 
L 
L 

L 
L 
L 

L 
r 28 51 

57 

3 

57 

46,55,59 

3 

3 
3 

3 

3 
3 
64 
65 
63 
62 
64a 

65,66 
68-70 
71 
65 
54 
63 
58 

63,72 
46,55,71 
64a 
65.73 
74 
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Set %” co Ref Nl Ref 

As3Br2 2861 
NAs31 28 77 

P4 (NW 2881 L 

m2Br2 29.04 L+H 
As2SI2 29 07 

=212 29 09 

Pse3 WCS) 29.12 

Nap21 29 20 L 
P&Cl <PhEt) 29.38 L 
P2SzCl (Et) 29 50 
PSe3Br 29.65 

As4C1 Sh) 30 04 

P&Br (PhEt) 30 52 L 
P2S2Br (Et) 30 64 

As4 (NCS) (Ph) 30 65 

PSe31 30 89 

As3fz 3109 

As4Br (Ph) 31 18 

P2S2Br (PhMe) 3122 L 

NP2I2 3152 L 
As4CI (PhMe) 3162 

PzS2I (PhEt) 3176 L 

P2S2I (Et) 3188 
As4 (NCS) (Phhle) 32 23 
AS41 (Ph) 32 42 

p3cl2 32 45 
NP3Cl 3251 
As4Br (PhMe) 32 76 
P2Se2Br (PhMe) 32 88 L 

NP3 (NCS) 33 12 L 

p2=2 33 15 L 
As4C1 (Et) 33 20 

NP3Br 33.65 

As4 (CN) (Ph) 34.00 
AS41 (PhMe) 34 00 
As41 (Phhle) 34.10 
P2As2Cl (Ph) 3412 L 

P2As2N02 (Ph) 34 30 

As4Br (Et) 34 34 
PAsaC1 (Et) 3451 

PAs3N02 (Et) 34 69 

Wr2 34 73 L 

P2Aq (NCS) 34 73 

NP31 34 89 L 

(CW5 35 00 
PAs3 (NCS) (Et) 35 12 

P2A%Br (Ph) 35 26 L 

Ps 35 40 
As41 (Et) 35 58 

PAs3 Br (Et) 35 65 

76 
67-69,77a 

71 
79 

79 

83 

67-69,77a 

79 

83 
87 
77 

83 

92 

87,93 

83 

L 
L 

L 
L 

L 
L 
L 

L 
L 

L 
L 
L 
L 
L 

L 
L 
L 

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

L 
L 
L 
L 
L 
L 
L 
L 

L 
L 
L 
L 
L 
L 
L 
L 

:: 

75 
63,72 

68-70,77 
63 
62,78 
74 
71 

80 
74 

81,82 
79 
80 
82 
74 

75 
82 
62 
68-70,77a 
84 
79.85 
80 
84 
82 
86 
72,87 
84 
62 
87 
85 
88 
72,87 
82 
89 
84 

90 
90 
88 
91 

91 
86 
90 
72,87,94 

95,96 
91 
90 
97 

Coord. Chem Rev, 8 (1972) 
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TABLE 1 (contmued) 

Set ZnO co Ref Nl Ref 

SbP3Cl 36 06 L 98 
Np3 00 3647 L 56 
P2As21 0’h) 36 50 L 83 L 90 
PAs3I (Et) 36 89 L 91 
P3 (CNI2 36 9.5 L 99-102 
As4 (CN) (Et) 37 16 L 88 
PaI, (Ph) 37 21 L 86 
Ass 37 70 L 103 
P&l U’h) 3820 L 76,81,104 L 82,105 
PAS3 (CN) (Et) 38 47 L 91 
P4Br (Ph) 39 34 L 76 L 105 
P3 (CNI2 39 49 L 106 
P3 (CNI2 4043 L 107 
P4I (ph) 4058 L 76 

a The value of no for lsothxocyanate was taken as three units Iess than that of thlocyanate (R-G Pearson, 
personal commumcation) This WJ.U not requrre any substantial change m the pubhshed order. 

b Subsutuent at the peripheral donor atoms 

Fig 1. Lowest Qh- and lowspm levels for cobalt(H) {upper) and ni&el(II) (lower) in D,h. C,, and 

mtermehte Czv symmetnes ilq = 1.2 kK, p = 0 80 
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Frg 2 Axial elongatron observed rn some square pyramrdal complexes 

C AXIAL ELONGATION IN SQUARE PYRAMIDAL COMPLEXES 

Square pyramidal complexes are susceptrble to lengthenmg of the axral bond with sr- 
multaneous shortening of four basal bonds, whrch m the hrmt results in a square-planar 
four-coordmate complex (Fig. 2). Smce square-planar cobalt(H) and nickel(H) complexes 
are mvanably low spin, and a square-pyramtdal complex may be high spin, the extent of 
apical bond lengthenmg 1s expected to have a decisive effect on the spin multiplicity 111 
some cases 

The apical angle cy (Fig 2) has been found to be ca 100° m square pyramidal complexes 
wrth five “standard” bonds. The lengthenrng of the aprcal bond 1s then usually accompa- 
med by a decrease rn the aprcal angle towards 90” 

The apical angle may be plotted against another measure of &stortron, the ratto of 
axial - “standard” bond lengths (axial elongation) as shown m Frg. 3 Most pomts on thrs 
plot he close enough to a smgle curve to mdrcate that either axial elongation or apical angle 
may be used as a measure of drstortton from a “regular” configuratron. 

Average standard five-coordmate bond lengths (A) were taken as follows. Nr-0 = 
Co-O = 2.0, Co-O- = 1.94 (LS),Nr-S =2.26 (LS), 2.38 (HS), Nr-NV2 = 2.04 (HS), 1.92 
(LS),Co-NV2 = 2_12(HS), 1_94(LS),Ni--NW3 = 2_10(HS);Co-P= 2_23(LS);Nr-As = 
2.29&S); Nt-Cl = Co-Cl = 2.31 (HS), Nr-Br = 2 40 (IS), Co-Br = 2.43 (IS);Ni-NCS = 
196 (HS) 

The largest drstortrons are found for the magnetophores such as NrNOP,i (ref: 73) or 
NtNOP?(NCS) (ref. 66) m whrch the apical M-O bond IS 0 6 or 0.4 & longer than the 
“standard” 

If the energtes of the high- and low-spm states are calculated by a hgand field treatment 
such as to fit the curve m Rg 3, using Ballhausen’s method to calculate B2 and B4 as func- 
tions of bond length lo9, it is found that the low-spin state IS favoured by increasing 
axial drstortton (Frg 4) Thus, the hrghly distorted complexes of Cd, symmetry may be 
low spm when they would expected to be high spur on the basis of the Zn” or Zx crrtenon 
The overall no and X values for complexes of cobalt(H) and mckel(I1) whose structure has 
been ascertamed by an X-ray crystallographrc determmatron are given m Tables 2 and 3, 
includmg those omrtted from Table 1. 

The low-spur complexes with magnetophores placed by the En” cnterton m the hrgh- 
spm regton are all grossly distorted from a regular configuration. For example, the com- 

Coord Chem. Rev, 8 (1972) 
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Fig. 4. Energy of the lowest high- and low-spm levels for cob&(111 (lower) and mckeI(I1) (upper) 
plotted vs OL The Q values are related to the axial elongation through the plot of Fig. 3. Dq (basal) = 
1.4 kK for nickei and 1.5 kK for cobalt, fi = 0 8 and 0.7 for Iuckel and cobalt resperxvely. 
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TABLE 2 

X-ray structure and spm state of five-coordmate cobalt(H) complexes 

Set z;x CR” 
Square El0Slg Tng Axial 
pyram ratlo Intermed btpyr- angle Ref. 

05 17 50 
03N2 16 64 
W’J3 16 21 

N3C12 14.87 

N20(NCSj2 15 71 
N4Br 15.02 
N3 WCS)2 15 35 
N3PCl 14.10 
N2P(NCS)2 14 34 
NOP2C1 13 52 

N2P2Br 13 00 

N2PzI 12 47 

NS4 12 83 

NP3C1 12 08 

NP3Br 1199 

P3 Br2 1166 
NP31 1146 
P4Cl 1107 

12 00 

13 40 
14 10 

15 38 

15 90 
16 58 
16 60 
21 13 
22 29 
26 12 
27 96 
29 20 
3150 
3251 
33 65 

34 73 
34 89 
38 20 

H 104 
L 1 14 
H 100 
L 1.08 
H 100,101 

L 104 

L 103 

L 100 

H 
H 

H 

H 
H 
H 

L+H97O H 
H 

H 

H 
H 

L 
H 
L 

92’. 93O 8b, 9b 
110,13a 

18b, 18c, 1 

26b, 27b, 
29b, 34b 

96 6O 57 
99O, 91° 43,44 
96 4O 47 
loo0 57 
98” 57 
103O 65 

57 
103O 57 

112 
104 6O 113 
106O 57 

9o” 92b 
106O 93 
94O 104 

11 

TABLE 3 

X-ray structure and spin state of five-coordmate mckel(I1) complexes 

Set 
Square 

XX Zn” pyram 
Elong 
rat10 Intermed 

Trig 
blpyr Ref 

05 17 so 12 00 

03% 16 64 13 40 

02N3 16 21 14 10 
0NCi3 15 06 14 62 

Cl5 14 15 15 20 

N2C13 14 63 15 32 

N4Cl 15 11 15 44 

N, 15.35 15.50 

N4 (NCS) 15 35 16 05 

N4Br 15 02 16 58 

N3 (NCS)2 15 35 16 60 
ON2Br2 15 12 16 96 

N3Br2 14 69 17 66 

N2S2CI 13 85 2344 
PS3c1 12 21 26.02 

NOP2(NCS) 13 76 26 73 

H 

H 

H 

H 
H 
H 
H 

L 
H 

L 1 24 

10 
1.0 
10 

10 
10 

1.09 

10 

1.16 

lob 
14,15 

HHH 18b, 18c, 19a,20 

H 21b 
24 
25 

40b 

41b 
H 57 
H 45,114 

48 
49 

54 
H 61 
L 64b 

65b, 66 

Gwrd Chem Rev., 8 (1972) 
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TABLE 3 (contmued) 

Set 

Square Elong 

zx cl0 pyram ratio Intermed 
Tng 
blpyr. Ref 

N2S3 13.46 27 50 
N2P2 Br 13.00 27 96 
NOP21 1290 28 50 
AssBr2 12 08 28 61 
N&F& 1267 29 04 

Hz12 11 36 29 09 

NzP2I 1247 29 90 
NS4 12 83 3150 
m3c1 12 08 32 51 

NPsI 1146 34 89 
CW5 1250 35 00 
p5 10 30 35 40 
s5 12 20 35 50 
P3 KN2 11 is 36 95 
p312 10 60 37 21 
A35 1100 37 70 
PAs3 (CN) 11 16 38 47 
P3 (CN)2 11 18 39 49 
P3 (CN)2 11 18 40 43 

H 100 
L 1 16 
L 130 
L 1.11 
L 1 11 
L 1 25 

H 1 03 

L 1 14,l 16 

L I 25 

L 103 

L 

L 

L 
L 
L 
L 

L 
L 

L 
L 
LL 

115 
55b, 57 
73 
75b 
77b 
78 
57 
116 
57 
94 
95b, 96 
97 
117 
102b 
92b 
103b 
91b 
106 
107b, 107~ 

plexes [Nl(mac)Br] + (ref. 114) and Cosal-en (ref. 110) have an elongated square pyramldal 

structure and are low spm whereas the complexes [N1(Me6 tren)Br] f (ref 45) and Cosal- 
Me (ref 13b), which have the same magnetophores NtN4Br and C0N203 respecttvely, are 
tngonal-bipyramidal in structure, and are hrgh spin *. 

More examples of dIstorted square-pyramIdal nickel complexes will be found m the 

Tables than of distorted square-pyramrdal cobalt complexes. Thts can be understood by 
considering the effect of elongation of the axtal bond (z axis) upon the d electrons, the 
mam result of which 1s to decrease the antrbondmg character of the electrons in the dzz 
orbital. Low-spur ruckel(II) complexes which have two electrons m thus orbital therefore 
gun more ener,9 as a result of axial elongation than do cobalt(U) complexes whrch have 
only one electron III the dzz orbrtal In agreement wrth thus hypothesa, the complex of 
mckel wrth the open-cham hgand N,N’-brs(2-drphenylphosphmoethyl)-N,N’-drmethyI- 
ethylenedramme (Ph2P= CH2CH2*N(CH3)*CH2 l CH2 *N(CH3)*CH2 *CH2 l PPh2, PNNP) 
havmg the formula “, ‘r [Nr(PNNP)Br] Y (Y = Br, PF6), 1s markedly dtstorted (elonga- 
tron ratro 1 l&o1 94”) whereas the cobalt analogue 1s almost regular (elongation ratio 
1 04, OL 97°)57yn (Frg. 5). 

*mat = 2,12-dunethyl-3,7,11,17-tetxaazablcylo [ 11,3, l] heptadeca-1(17), 2,11,13,15-pentaene; 
&en =N,N’-ethylene-bu(sahcylaldunme), s&Me =N-methyl(salicylaldnnme), tren = tns(2-ammo- 
ethyl)_amme. 
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Bl- 
Br 

25 

-0 

28 

L- 

NC _gp ,N; _>g 
+ 

NPp’ 

,$4 -I. Nsp..’ L- 

a=970 a= 94O 
elanq r =105 elong r = 117 

Fg 5. Structures of the [M(PNNP)] magnetophores 

D. TETRAHEDRAL DISTORTION IN TRIGONAL BIPYRAMIDAL COMPLEXES 

Turning to tngonal brpyramrdal complexes of cobalt(H), a distortron is frequently found 
m which, as one of the apical bond distances mcreases, the configuratron tends towards 
tetrahedral (Fig 6). 

X-ray data show that the angle 7 1s often larger than 90” and correspondmgly the drs- 
tance between metal and aprcal atoms IS greater than usual The dtstortion may be so 
large 73 that y may nearly reach 109O28’, e g., 106O, wrth an elongatron ratio reachmg 
ca. 1 3. 

A plot of y against M-N apical bond lengths m cobalt and mckel complexes is presented 
111 Fig. 7. Most of the complexes m this figure have tetradentate tnpod-hke hgands with a 
mtrogen atom at the apex of the tnpod m a state of sp3 hybrrdrzation, 1 e , N,P, N,P,, 
NOP2 and NP3 donor sets The donor sets NqP refer to the brs-rsothrocyanate complexes 
wrth the tridentate ligand N,N-diethyl-N’-(2-drphenylphosphinoethyl) ethylenediamme 

Fig 6 Tetrahedral dIstortron of trlgonal blpyramldal cobalt (II) complexes 

(Et,N*CH, =CH, -NH*CH+H2 l PPh2, HNNP) and itsiV’-methyl analogue (MeNNP) 
(refs. 57,60). The set N40 refers to N,N-dtethyl-N’-(2-drphenylphosphmeoxrde-ethyl)- 
ethylenedramme (Et,N*CH, l CH, -NH-CH2 -CH, -POPh,) (ref 57). As can be seen 
from Frg 7, the M-N bond length mcreases 111 parallel with the extent of distortron to- 
wards a tetrahedral configuration This kind of drstortion 1s hmrted m practice to com- 
plexes of cobalt(H). 

Smce tetrahedral complexes of cobalt(H) can be only hrgh spm, drstortlon towards a 
tetrahedral configuration should favour the hrgh-spm state. Lrgand field calculations show 
that the separation of the 4A2 and 2E levels mcreases steadrIy as 7 tends to 109” 28’, as 
G&rated in Fig 8. For a practical example of this, compare the two complexes 
Co(HNNP) (NCS), and Co(MeNNP) (NCS)2. The difference between the two complexes, 

Coord Chem Rev, 8 (1972) 
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Fig. 8 Energy of the lowest high- and low-spm levels for cobalt (II) comp!exes vs 7 values which are 
related to the tetrahedral &storfion through the plot of Fig 6 Dq = 1.2 kK, fl= 0 8 

which have a NqP donor set, consists m an N-H group m the former m place of an N-CH3 
in the latter The fcrmer compIex 1s tngonal-blpyramldal with a small dlstortlon and ex- 
hubits a spm equilibrium (,L+~ = 2.16 B M at 77”K, 4.32 B.M. at 418OK). The latter com- 
pound IS severely distorted, v&h a cobalt-apical nitrogen bond length ca. 0.3 a longer than 
m the former complex, and ems& only m the high-spm state (Ire@ = 4.47 B M at 294°K) 57* Mf 

@lg. 9). 



SPIN STATE OF FIVE-COORDINATE C# AND NIH COMPLEXES 363 

Fig. 9 Structures of the Co (HNNP) (NCS);? and Co (MeNNP) (NC!& compkxes 

The square-pyrarrudal lodo complex of cobalt(H) with the tnpod hgand trls (2-dlphenyl- 
phosphmoethyl) amine, [Co(NP3)1]+, has a “standard” geometry with (Y = 100” and IS 
low spm 87s y3 _ In contrast. the other form of the same complex cation, wiuch has a &s- 
torted trrgonal brpyranudal structure, y = 106O, IS high spm 57V 87_ The cobalt(H) magne- 
tophores unth NP3CI, NP,Br, NOP,Cl and N7P71 donor sets derived from tripod 
hgands are also high spin These are strongly d&&ted towards tetrahedral with y between 
100” and 106”, as shown m Fig 10 It appears that, starting from the tnpod hgand with 
donor set N4 (7 = 99”), both 7 and the apical distance increase wrth the number of equa- 
tonal phosphorus atoms Clearly, the ZZ:n” or x:x cntena may fd when th1.s type of dlstor- 
tion is present 

The particular way m wluch complexes of mckel tend to adopt an elongated square 
pyrarmdal configuration wWe complexes of cobalt tend to take a distorted tetrahedral 
structure IS welI dustrated by the X-ray structures of the two “umbrella-shaped” com- 
plexes [M(NxPz)I]I (Fig 11) The nickel complex 1s diamagnetic, the cobalt complex 1s 
high-spin The cations of both complexes are distorted tngonal-blpyramrdal. The cobalt 
complex undergoes dlstortron towards tetrahedral when the cobalt atom lies ca. 0.5 A 

Fig 10 Structures of tetrahedrally hstorted tngonal-blpyramldal cobalt(I1) complexes 

Coord. Chem Rev., 8 (1972) 



364 L SACCONI 

1 I 

Fig 11. Structures of [NI(N~Pz)IJ I and [co(N~Pz)t]I complexes. 

below the equatorial plane, and thus much nearer to the aprcal rodme atom The Co-N(I) 
drstance IS unusually long. By contrast the mckel atom 1s only 0 13 A below the equato- 
rial plane, and it 1s the Nr-N(2) distance which 1s long, I e. the ruckel complex tends to 
an eIongated square pyramid with the N(2) atom at the apex Since the two compounds 
are rsomorphous the different distortions cannot be attributed to solid state effects, but 
must be caused by the mtrmsrc electronic requirements of the two metal ions 

E CONCLUSIONS 

To sum up, the Z;n” and & values of a donor set provrde a generally useful datum wrth 
whrch to predict the spm state of a five-coordmate complex The predrctron may fall, how- 
ever, rf the complex 1s strongly distorted towards a four-coordmate structure, mdeed an 
unexpected spm state probably mdrcates that drstortron 1s present The most common drs- 
tortron of five-coordmate complexes consrsts of the lengthening of one metal-donor bond 
so that the compIex tends towards the hmitmg tetrahedral or planar stereochemistry The 
effects of these distorttons on magnetic properties can now be farrly well understood 
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