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X-Ph, 
PY. 
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3-CH,O . 
ta.S, 
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pyridine 
N-substituted salicylidcnciminate 

sal 1 R, N-substituted 3-methoxysalicylidcneiminate 
methylbis(3-propyldimerhylarsinc) 

A. INTFtODUCTION 

One of the mast ~und~m~n~l aims in u~d~~~andin~ the electronic sgxxtra 

of transition metal ~omp~ex~ is their complete and unambi~o~ ~ignm~~t in 
terms of the enef level scheme and chemical bondin - To do this completely is 
often a troubl instaking task. 

is established with certainty for complexes of a group, 
se of this as a criterion or a basis for the consideration 

of other problems related with this in one way or another. There arc some 
where the spectral pattern for a d” system is well characterized, although the 
plete assignment of the absorption bands is not settled. In this case, the electronic 
spectrum may be used for diagnostic purpascs. From this point of view, the 
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extensively studied and w&J ~t~b~ish~d s~t~rn~ are d3, d’ (tow-spin), d’, dS and 
111s. Other systems (d’, da. d4 and d’ s~tems) are not as well ~Inde~tood, 

but as fundame to accumulate more data, cor- 
relation of tbe s tion of the metal complex bas a 

co~ide~ in this ~~jc~e. In 
s area, the results of the r h 

Tbcre are many compound in which a coo~rative effect is p 
These compounds, which include those with an inte~ction, direct or indirect, 

tweea metal ions, are also i~terest~g in many respects, but will not be discussed 
in this article, 

B. d3 AND d’ svsrEMs 

Polarized crystal tra are useful for many *#*_ In addition to 
their appli~t~o~ to the of various problems in i chemists, they are 

useful for the assi ent of absorption bands of compounds. As great improve- 
ments bave been de in i~st~rn~~ts in recent years, the measurements of the 

more and more a~u~te and co~v~uient. 
fact, many pa mainly c~nc~med with band ‘I have ap red 

, however, no attempt w to review the 
ill be concerned mainly with the application of the 

Ch 
trams or- 

Ofli rdinated complexes of cobaltW) under tower 
Acid symmetries. 
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1 ~rd~~t~un 

or d3 and d6 systems, such 
a extensively stu n and correlation 

ion of the metal 
et, the Platonic 

tion of tbe dicbroism 
spectra of trffH.P 

line 
bed 
* 

the ~-axis of the complex, and the band at about 22.1 * 103 cm- ’ is poh * 
inly on the basis of 
shah in Table 1, 

It seeJns to 

se ana.lysis of the rum. There are* b~wcycr, some 



rrunr-[Cr(cn),Cl,]+ 17.3 22.1 2S.3 26.5 
pdtWiZ. z XY XY c 

i ‘A¶ 

~i~-~Cr{~n)=Cl*l~ 18.1 14.4 24.5 25.2 
~]a~~. XY z z XY 
asGstkb ‘A, ‘At, sB, ‘AL, % *J% 
~- I~ l^-._pw..__l - .._ - I mmps_P 
a From the Guam state 

cases where ent of the complexes in the crystal may be inferred from 
the crystal s at the ~ola~~~tio~ of the ~bsQr~tion hands may dcterm- 

~uaIita~ively_ Abuzz 811, the positions of the split cornp~~e~t~ can determ- 
ined accurately from the poi~ri~~d crystal spectrum. 

d field bands of chromium(II1) and cobalt(III) 
from a th~r~ti~~ point of view, and a molc- 
d in terms of o and R em~i~c~l p~r~rnete~~~ ‘. 

An ~t~~rnpt was r ntly ~r~~~t~ to interpret the band splitti~ on the basis of 
the crystal field model*. 

In order to ~tirn~t~ the ma nitudc of the baud ~~jittin 
have often n used80 v_ In many casts, how it is difficult to estimate the 
band splitti from the solution spectra with onabte accuracy and without 
too much arbitr~ri~~~s. The band splitti which were obtained through a rather 

cial analysis of the ~bso~tio~ ban of the ~0Iution often sutured 
errors arising from the arbitrariness involved in the d. Some of the 

ificance. It seems to be evident 
su~~sfulIy for the d~ter~n~- 

e split corn~one~~ are often obsc~~d in the 
separated peaks with di~~rent pol~~~tion properti 

y under the perturbin effect of the sur- 
, but it is assumed to the first ~pproxim tion that the crystal sputum 
spectrum of the complex itself. 

Polaroid crystaal s n dete~u~ at room tem~~ture with 

Q),* [CO(~~~)~ 
0W2@W3 and KMNH~sNCSI WC% 
(b) rf~~~ornpiex~s: ~C~(en)~Ci~]Cl * HCL - 2H,O, jCo(en),Cl, JCIO,, 

rJBr - I-II& - 2H20, [Cu(~~)~(O~*~~~Cl~ 9 2&O, ~Co(~~)~(N~~~~~- 
NOJ - Wh ~~~en)~(NH~~~~CI~ - H,O, [C~~n~*~C~)~ JCI * H,O, 
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[Co(en),(NO,),]NO,, ~a[Co(en)~(SO~)~] and [Cr(en),Cl,]Cl - HCl - 2H20 
(c) cis-complcxes: [Co(en),CI,]Cl, [Co(en),Br,)Br, [Co(en),(OH,),]CIJ 
and [Cr(en),CI,]CI. 

The assignment of ligand field baads may be made in a similar scheme as 
previo~~y given. in d~rivin8 the m *mum fr~uen~ of the spht ~m~ncnt, the 
possibility that rhe other component mi ht contribute some of the intensity is 
considered. The band maxima of the split components, together with proposed 
assignments, are given in Tables 2 and 3. There are several points of particular 
interest, which will be briefly discussed below. 

TABLE 2 

ABSORFTVJN MAXIMA (in kK) BF LIGAND FIELD BANDS OF COBALT COMPLEXES DETERM~ED FROM 

THE POLARIZED CRYSTAL SPECTRA 
_. _ ._ -- - .-__~I _ ._~ - -.-. __^- ..-. _I_. 

Band I Band II ___ -- s_ ----~ 
x (I b n b 

~~______” - _“~_____ ..“__~__.. _._~“~________ _, _____ 
~COI~‘(~~~)~X] 

NCS- 20.7 21.5 - - 

0% 19.7 20.9 sh sh 
CI- 18.3 20.3 27.1 28.3 
Br- 17.8 20. I - - 

Band Ir, “E+- ‘A, (polarized alongz); Ib, *Ai& ‘A, (along xy); Band ita, *& +- ‘A, (aLong xp); 
Ilb, ‘Ea- “Al (along I); sh, shoulder. 

mm-[Co(en),X:] 

NOz- 23.0 (22) 29.0 - 

NCS- 19.9 21.8 .- - 

NOS- 18.7 23.6 27.9 28.7 
OH, 18.6 21.3 28.1 29.6 
sop * 17.5 20.0 - - 
Cl- 16.0 22.7 - - 
Br- 14.9 21.7 - - 
-.- _._. ---- I- -._ ._ “~~-. ~_. -- . . ~~ .~ 
Band Ia, ‘ES+- ‘AIs (aim a); Ib, lAto+- ‘A+ (along X-Y); Band Ita, ‘Bra+ lAls (along xy) 
IIb, ‘Eli+- XA,, (along -_). 
The observed polarization property is shown in parenthesis. 

TABLE 3 

ABSDRPYlON MAXMA (in kK) OF LIGANI) FlELD BANDS OF cis-[~o(cn)zX~] UtTERhUNED I:ROM THE 

PDIAWIZEO CRYSTAL SPECTRA 
. . . -~~I -I _- . pp._-- 

Band f &znd N 
- _I_.““,^ I~ _“~;__ _ -_ _..~ 

x 0 b 0 b 

OH, 19.7 20.9 sh sh 
CI- 17.3 19.3 24.8 25.6 
Br- 17.3 19.7 23.9 _c__ 
-~ _- ___r___l 
Band Ia, *&-+- ‘A, (along xy); Ib. ‘A?, ‘Bx- ‘AI (along 3); Band ita, %A* “& +- ‘A, (alon 
I:; hlb, ‘Ap- ‘Al (along xy). 

Cmrdin. C&m. Rev.. 2 (1967) 83-98 



‘A,, and 
I& which is due to 

and c~ra~~rn~~) 

I and Band II 

where a quite similar 

in a s~rn~l~r way, one of the sp 
than the other component far 

In many cases, the m 

and I is much more intense 
, shire NO, - is also much 

wever, may n 

of n~~r~~rnp~ex 
ents for Baud I, 

(1) 

the first term, and the total sum will not a large value, since the third term con- 

~~mmine se * are about the same as t 

of the ccis- and the e urgent work co 
tioa. Closer ins 
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splittings of the cis-series arc almost equal to those of the pentamminc series, but 
that the band splittings for the frans-series are always slightly larger than twice the 
splittings of the cis-series. The reason for this fact is not quite clear for the moment; 
it may be due partly to the contribution of the cross term in the energy matrix, : 
or may indicate the importance of the specific effect of the ligands in the fransf 
positions_ 

The values of da and dn, which have been calculated according to the theory 
of Yamatcra and McClure, are shown in Table 4. As mentioned above, the values 
of da and dn derived for cis-[Cr(en),Cl,]+ arc greatly different from those derived 
for the rruns-series. 

TABLE 4 

THE VALUES OF da AND dz(in kK) FOR COBALT(III) ANV C~~~OMIU~~(III)CO~~PLEXES 
-_ - --..._ __. _---_ _- - 

X da d;r Source of dafa 
_ _-_-. _ . -_ .--._. _ . _~_ _ 
Co(IIl) complcxcs 

CI- -1.60 0.40 pcntamminc-series 
Ci- - 1.60 0.40 cis-series 
O?i, -0.85 0.50 rran.+scrics 
NO,- - 1.42 1.00 frans-series 

Cr(Ill) complexes 

CI- - 1.00 
CI- -1.50 

-. 

0.20 
0.90 

-. _. _. 

cis-series 
Irons-series 

-. ..- 

(ii) Spectra of meta! diarsine complexes 

In addition to ligand field bands, “specific absorption bands”, due to charge 
transfermechanisms(CT bands)and to internal transitions within ligands, may somc- 
times appear at comparatively low frcqucncies. The “specific absorption bands”, due 
mainly to charge transfer between the metal ion and the halide ion, have long been 
known, but some other ligands also give rise to specific bands in the low frequency 

region. These ligands include, for example, phosphorus-, arsenic- and sulphur- 
containing ligands, which are unusual in many respects, perhaps because of the 
n-bonding between these ligands and the metal ion. In this connection, wc will be 
concerned here with metal complexes of arsenic-containing ligands. in particular 
diarsine(l)14. 

As(CH,), 

(I) 

Coordin. Chcm. Rev., 2 (1967) 83-98 
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For [Co(das)J3’, two spin-allowed &and field bands are expected to ap- 

, #rr~~ndin~ to the position IT’,, t ‘At, and ‘Tzs t ‘A,,. One 
figand field bands is observed as a separate peak in the lower fr 

region, but the otller is hidden by stronger absorption bands, due to ch 
and internal transitions within the Iigands, as shown in Fig. 3. The stro 
ticm band at about 25.9 - IO3 cm-’ is c~~side~d to be due to the charge t~n~f~r 
mechanism : Co”‘(d*) c- As(a). 

“~__._. 
2IT----- v-----T-----‘- 

---T-l_-.p ----r- 
30 40 x to’cm-’ 

3. A~~rption spcct of c~~lt(KII) compf in soluthn. (I) (~~(das~~~ (CIB,), in 50% 
sol; (2) rran~-(Co(da~)4-)ICi,]C104 in ethanol; (3) rruns-ICa(fn),CltJC181 in water; (4) diarsine 

in ethanol. 

Since Band 11 (“r2, + *Ax& is hidden by the charge t nsfer band, it is not 
ble to obtain the exact value of Dq for this complex. it is possible, however, 
timatc an approximate Dq value and determine the position of das in the 

spectrochcmical series from the maximum frequency of Band I (‘T,, + ‘A $&): 
(das) > (en) ) NHs. The optical electr~~~~ati~ty~’ for diarsine is estimated ap- 
proximately to be 2.46, lower than iodide as well as chloride and bromide. 

It is to be noted that the intensity of the ligand field band I of [Co(das)$ 
ec than that of the blinding bands of the ammine compIExes, as 

shown in Table 5. This is probably due to the mixing in of the strong CT bands 
on the ligands, and the mixing of the d- and p-orbital function on the metal. 

Efectronic absorption spectra were abo determined with complexes of the 
[Cofll(das)~X~~-~~, for which two isomers co~~spondin~ to cis- and tram- 
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CN- 32.3 2.29 
was) 22.2 2.70 
GM 22-2 1.84 
@A 21.3 1.94 
N?I: 21.0 1.68 
H@ 16.3 1.60 

configurations are possible. It proved to be possible to determine the confi rations 
of the isomers of [Co(das),CI,]+ and [Co(das),Br, 1” from their electronic spectra. 
The two isomers of th were parry as crystals, one being n, and the other, 
violet. The green is0 of [Co(das),Cl,]* and [Co(das),Br, show an absorp- 
tion band at about 16.4 and 15.7 * lo3 cm-“, respectively. The band maxima lie 
at lower frequencies. when compared with the correspondi ethylenediamine 
complexes with a cis-conti ration (18.6 and 18.1 - lO’cm_‘, lively). Since 
(das) stands higher than (en) in the spectrochemical series, the comparison of the 
band maxima clearly shows that the green isomers have a fransconfiguration. A 
cis-configurationisassipnedtothevioletformsof[Co(d~),Cl,]+and[Co(das),Br,]+. 

For Co(das),I,, only one of the two isomers is known, and this is usually 
obtained as dark-purple crystals. The compound shows a &and geld band Ia at a 
much higher frequency (18.5 * lo3 cm-‘) than the trans-fCo(das),Cl,]’ and 
[Co(das),Br,] *. It is concluded, th~~forc, that the irk-~urpIc complex Co(das),I 3 
does not have a trans-co guration, but has two iodide in cis-positions. 

It seems to be empirically helicvcd that most of the bis(diarsinc)metal com- 
plexes with six-coordination have a frans-coafiguration, when only one of the two 
isomers is known. This has been well su~~~tiat~ so far, but t iod~~b~lt(III) 

complex discussed above is an exception to this. 
It is interesting that [Co(das)2(CNS)2]’ shows a ligand field band la at a 

considerably lower frequency (18.8 * IO3 cm-‘), when compared with the cor- 
responding ethyienediamine complexes (19.8 - lo3 and 19.7 - 13’ cm-’ for the cis- 
and the rrans-bis(ethylcncdiamine) complex, respectively). The electronic trum 
alone seems to indicate that the sulphur atom of the thiocyanate group per- 
haps c~rdi~~t~ to the ~~t~I1) ion. The infrared s~ctNm of the complex, 
however, favours the Co-N bond, according to the current criterioni6. This dis- 
crepancy cannot be explained at the moment. 

of the band lcs 5 sod 6) yields the following 

order for the s (das) B (dip) > (en) > NW3. It is 
again seen that the band intensity of the diarsine complexes is considerably higher 
than that of the corresponding amminc complexes. In particular, the complexes 

uration exhibit ligand geld bands with a higher intensity. 

Coordin. Chem. Rev., 2 (1967) 83-98 
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TABLE 6 

THE LOWER COMPONEPGTOY BAND 1 (BAND rlr) FOR rrons-[Co”‘B,X,]+(v.in kK) 

S.YAMADA 

X B=(ahs) E = (en) _. -.___ -- --- 
V (fog E) V (Cog El 

-- _-.---- - 

NO,- 23.5 (3.00) 23.3 (2.20) 
CNS- 18.8 (2.58) 19.7 (2.42)b 
CH,COO- 18.7 (1.88) 18.6 (I .73) 
CI- 16.4 (1.85) 16.1 (:.61) 
Br- 15.7 (1.94) 15.2 (1.73) 
- --- --.- 
. The data for the cthylcnediamine complexes are taken from ref. 13 and M. LINMARD AND 

M. WEICEL, Z. Anorg. Allgem. Chem.. 26d (1951) 324. 
b The nitrogen atom of the CNS- is bound with the cobalt(ll1) ion in the bis(cthylencdiamine) 
complex. 

Ail these diarsiae complexes of cobalt(W) show As-CT bands in the com- 
paratively low frcqucncy rcgioa, and the absorption curves are thereby made much 
more complicated in appearance than the curves of the corresponding amminc 
compIexes. 

For UWW2W’, UWWzBrzl’ and [Ir(das)2Clz]f, only one of the two 
geometrical isomers has so far been obtained’ ‘. From the low frequency and the 
low intensity of the ligand field band Ia, when compared with the corresponding 
amine compounds, it is concluded that they all have a tru,Ls-configuration, as 
shown in Table 7. 

TABLE 7 

ARSORmON hfAXIMA (in kK) OF [M’t’A,ClJ+ 
____ - - -_------.-_- 
A hf = Co(fll) M = Rh(lIf) M = Ir(JII) 

---_--- 

(das) 16.4 1.85 24.7 2.27 29.1 2.10 
(en) 16.1 1.62 24.6O 1.88 28.9 1.66b 
(PY)= 15.8 1.64 24.3 1.85 no data 

----.- 
* Taken from S. ANDERSON AND F. BASOLO. J. Am. Chcm. Sot., 82 (1960) 4423. 
b Taken from S. KXDA, Buif. Chcm. Sot. Japan, 39 (1966) 2415. 
c Taken from A. v. KISS AND V. v. CZEGLEDY, Z. Anorg. Allgem. Chem., 235 (1938) 407. 

It is found that the spin-forbidden band of [Ir(das),CI,]+ at about 24.9 - lo3 
cm-’ has a considerably high intensity (log c 1.40). For these diarsine complexes, 
too, the intensity of ligand field bands is found to be higher than the intensity of 
the corresponding ammine complexes. 

The ratio of the frequency of the lE, + ‘A,,bandmaximumis 1:1.58:1.for 
Co”‘: Rh’u: Ir’n. These values agree with the values for complexes of other typical 
ligands’ s. The As-CT bands and halide-CT bands are shifted toward higher fre- 
quencies in the order: Co”’ c Rh”’ < Ir”‘. This is in agreement with the pre- 
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diction b nd field splitting 

into account. 
netic mi’“(dss),] (CD,), complex shows absorotion bands which . 

act typical of a planar nickel(H) complex, as &own in Fig. 4. Comparison of the 

and field band maximum with the band maxima of other squ~tc-pJanar com- 
ows that diarsine stands very hi h in the spectrochemical series and in the 
omit series. 

rum of ~~(t~s)~] (~I~~)~, which was ~r~vjousSyi s, is 

cal of a sq~~~-pla~a~ nic~eI(l~) complex. The 1 and (tas) usually 

~~~A~ 
,(~~~)~-~s~~ 

--astcic3~2 

tn1 

functions as a t~rdentate Ii 
~tahcdra1 complex [Ni(d 

lectronie spectrum s interpreted on the basis of electrical 
from CT- and x-bond ” It seems that the pattern 

from that of the planar ~~i(d~~~ 1” , except for the much hither intensity of the 

former, at least nds are concerned. 
r in the fr~uen~ n lower than about 

30 * 10’ cm- ‘, in these nick~I(Il) c Iexes (incIuding the com- 
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plexes, ~i(~~)~X~~)* in ailment with the c~mparati~ly hi 
“optical e~~tro~ tiv%y” of shekel- 

I) complexes are known with diarsine as a ligand. e elee- 
tromc spectrum of ~il’I(das)~~l~]+~ which is of a low-spin Eerent 

of the nickel0 ~u~pl~xes~ The ~~ckc~~I1) ~#mplex she 
13.2 * 103, 16.6 * IO3 and 19.2 - IQ3 cm-“, which co 

rbirfden d-d tmnsitionlc. bromonickel(II1) co 
ctrum with the corre at slightly lower frequencies. For 
kel(II1) complex, tb ion band at about 24 * IO’ em-’ 

as an As-CT d, which is most probably due to B tradition 

l(W- 
Diarsine ~ompiexcs of rn~~y sther metal ions exhibit compli~ted s 

bands ia the lower uencies and with ligand field bands which are 
ammi~e ~ornp~e~es_ There are those ~ornpI~x~ 

bands with molar inction coefficient of order of lQ3. 
s for ex~rnp~~, [M’” and ~Rel~(d~s)~X~], wh 

and OS, and X denotes 
Several metal complexes with phospho~s~ontainin~ 1 nJs arc also knwn 

to show so-called ‘“li and field bands” with anomalously hi intensity. 

For a d’ system (Co2*) or a d8 s tern (aide), the e~ectro~je s 
~~~el~-de~~e~ for d&r atjcns. The puffery of the el~tr~~i~ 
for the different confi ems to be so characteristic that it is 
foible to use the atian of a com- 
plex. In fact, the electronic spectru 

urations of many complexe “L,X,I and the [Ni”LaX2] type, 
which were concluded to take a tetrahedral or a planar confi uration, depending 

n the Caere of L and X2o*2’. 
discu~ion, we will ~~~side~ only cobalt complexes. The 
(II) arc known to take a t hedral, an o~t~hedrai or a square- 
. Taking S&B bases of 

sp~tra for di~e~~t ~on~~ratio~s are s 

the tetr~h~~al and the oct~h~r~l co& 
way, as shown in the figure. 

In ~d~~i~n to four- and ~~~~~rdj~~tjo ordination also a rs far 
cob~lt~1). The five-coordinated c4~b~t(~) co unds of a low-spin have 

kno r some time’*, but the five-coordinated cobah compounds of a 
spin have been charactet%ed only recently, One of the first examples is 

afforded by Co&al - 2*~(CH~)~~h I2 * py, which is obtained from the pyridine 
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20 

H 

10. 

0 1 

.-0 . 

(Al 

.oa7 
---Lc=Ni=OLN=cU 

_/ 

f/ 

. “’ \ C”*-CL, ‘n 

i 

2.3. m=2 in tB) 

4. m=3 in (8) 

/n \ 

,C=N \ ti n-C_& 

Fig. 5. Absorption spectra of Schiff base cobalt complcxcs in solution. (1) salicylaldchydcbis- 
(cthylcncdiiminato)cobnlt(II) in chloroform (planar); (2) Co”(sa1 . n-C,fI,), in pyridinc (octa- 
hedral); (3) Co”(sal * n-C,H,), in ethanol (tctrahcdral); (4) Co”‘(sa1 . n-C,H,), in ethanol (octa- 
hcdml). 

solution of the parent complex 23 A possible configuration for this five-coordin- . 

atcd pyridinc solvatc may be one of the three configurations, (III), (IV) or (V). 
From examination of the steric condition, the structure (III) may be cxcludcd. The 
structures (IV) and (V) are, in fact, rather similar. 

(P) 

When the substituent (R) is Ph or X-Ph in Co(sal - R)2, the pyridine solvates 
obtained arc always six-coordinate. Obviously the main factors favourablc for the 
fivc-coordinatcd complex is the stcric one in this case. On the contrary, for 
3-CHJO - sal, a similar procedure to the above yields not a five-coordinated sol- 
/ate, but a diffcrcnt one with the formula, Co(3-CH,O - sal - 2,6-Y,Ph), - @Y)~, 
where Y denotes CH, or C,H,. From the electronic spectra, it is most likely that 
these pyridine solvatcs take a distorted octahedral configuration2*. Electronic 

spectra of some of the pentacoordinated cobalt(H) complexes are shown in Fig. 6. 
The difference between sal - R and 3-CH,O - sal is to be noted. The elec- 

Coordin. Chrm. Rev., 2 (1967) 83-98 
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tronic factor sterns to be important in this case, The iigand field seems to Iie near 
the border ia th between the f&d f~v~~rjn the five- and six-c ~~~t~on, 
2nd a ~ssibly inductive effect by the 3-meth xy group may be st enough 
to give rise to a different configuration. 

Simifar frve-coordinatcd cobalt(I1[) complexes of a high-spin type have also 

been prepared 2 s,Thesc include Co(sal * 2,4,&Br,Ph), * py and Co(napha1 * R), * py 
for R = 2,6-(CH&‘h and 2.6-<C,H5)1Ph+ 

Then ~~~~g~rations of Co&al * CE13)426 and CofS-Cf - sal * ~~~~~~~- 

GH Ma 27 have been determined by X-ray structure analysis, the former being 
trigonal bipyr~midal and the latter, square p~~rnid~l. 

Some other examples of ~v~-co~rdi~~ted cobalt(iI) cornpl~~es of a high- 

spin type have also been recently r~~rt~ 21)*29. A theoretical tr~~~~~t of the 
ctra of t~~ona~-bipyramid~l It(U) complexes of a ~j~~~~~in type 

was ~res~~t~~ The agreement between this theory and experiments seems to be 
rather good p~~ticuiarly in view of the ~~~r~~~rnations in the them-y. Mom detailed 
discussion of the electronic spectra should not be made until more datsi. concerning 
the crystal structure and spectra of fivecaordinatcd cobalt(I1) complexes of a 
high-spin type are available. 
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