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ABSTRACT
L

Cnmp]exes obtamed hy dﬂsphcement nf two and three carbonyl '

groups from hexacarbony]:hromium by transition meta] Schlff hases have been N

“prepared and menhhed. Two carbony] - qronps are rep'laced by a metal Schiff

base fnrmmg a o-bonded"tetracarbonylchromium complex. Tmcarbnnylchromwm e

-complexes cf metal s:hiff bases are’ formed by d1sp\acement of three
carbony] gruups from hexa:arbun?]chromwm The. stereochemlstry about the
accentor metal m +the ;etracarhonylchrommm compleéx approximates to C2
* :symmetry; under, «these conditions, four 1.r. achye carbonyl bands ‘are
expected and observed Considering the Ioca'l ‘symmetry of the carbony]
groups, the tncarbonylchrom‘lum comp]lexes he]ong to-the Csv point group, and
S0 dxsplay two i.r. active carbony'l bands

» Carbony1 stretching vibraths are used to see if electromc

‘effects are trAnsmitted from th/e central metal to the tr1carhuny1chrom1um

moiety.” The i.r. data for .the CO stretching region indicate a very small

n atf than, &

shift (v 10. en™! higher i systems) of Voo, using different -
transltwn metals at the centre The observed trend oF co frequency is
opposlt_e to that expected in M(R-N—sal) Cr(C[))3 (n = 2 or3) complexes (M,
the'central metal = Cr(II), Co(III), ca(Il) Ni(II), vCu(ll) and Zn(I1)’ and
R= CHj, 'CéHs and -CHZ ). This reverse 1ncremf nrder of CO stretching™
frequencies from that expected suggests that electron density of the ligand
is decreas‘I;;\a‘s\the number of d eIectrons 1ncreases in the. central
transition meba’ls This can be explalned 1f - bonding between M(H) and
(R- N-sa'l)2 is considere:i negligible compared to o-l band1ng
8, the ratio’of B in comp’lex/B of free 1og)§etemlned for a few

complexes with the help of/e'lectrnMc spectra, was high (0.75-0. 85) The <

o




\ hlgh va]uas of 8 suggest that the bondmg is most]y 1on1c and a’ very small
amount of- covalency exlsts between the centra'l metal and the Tigand.
. 5 . These complexes are fair]y stable toward oxidation by air and, in >/ -

some cases, ‘are even stab'le in sulutwn fur more than a day.

Then,qveraﬂ spectruscoplc study (ir., U V /visible and nbar

Ay o‘f tmcarbuny]chrommm comp]exes of metal Schiff hases provides the

Y e ” following 1nformat1on' : v . . S

The add1t1on of a Cr(CO)3 gruup to a metn1 Schiff ‘base has’ - 1

w I.

< no’ s1gmf1cant effect on‘ steveochemstry of meta'l Schiff

w .bases. . 4 ); .
_2. The electronic distrihu‘tion of the ligand (Schvff base) does !

L © not change very much hy Varying the centra] metal.

¢ ’y 3, Theére is very 'htﬂe covalent hl_mdlng bétween, the central

_metal and the 1igand (quif# ba;e). b '7 Tam ™ g

& ’ ’ ER . ?he reaction’ between .metal phthalocyanine (metai' = Cv(l[)‘ Cu(I1)
and n(11)) and hexacarbanchhromvum y1elded tr1carhnny1chromium comulexes,

but the punfication of . the complexes ‘was nnt ach‘leved
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I
. INTRDDUCTIUN

*
A large number of complexes contam\

1 g two different transition
meta'ls has been prepared 1n the past. In genet’gl in ‘these complexes .the
R b3

. ’ two metals are bonded to each other througb meta1-meta] bonds or through .

simple bridges. Very few complexes co|

",,jning two diffe_rent transition
metals connected to each uthér through Eanjugated 1igands have been prepared

A metal-metal interaction through the ligand can be studied by-preparing and
5tudy1‘ng sucfl complexes. In the pre;e.nt s"tudy complexes of this Tast .

't T category (tricarbonylchromium cump]éxes of metal Schiff bases) have been

\\ 5 prepared and stmﬁed. The deve’lop’ments in the field of tricar‘huny'lchromium

complexes of arenes and polynudear aromatics are outlined.

o

The metal
Schiff bases used are also rewewed briefly. ! '

The number of known arene tricarbony]chrnmium comp]exes has
i 1ncreased sugniﬁcantly in the past few years. ‘It was not too 1oQg ago whi
Fischer and Ofele (1) first obtained tricarbonyl henzenechrumum (Fig. 1) .in

o

ER cr,(CD')G + . i @-——. Cr(co), + 30

Fig. 1
27% yield by reacting hexacarbonylchromium v;ith dibenzenechromium in benzene
) in a'sealed system atVZZGOE N1cha'|1s and Whiting (2) and Fischer and his
coworkers (3). dlscuvered a simpler and more general method for preparing

@ompounds of this type which involves heatmg hexacarbonylchromium -under

reflux in excess aromatic compound in an Jnert solvent. Natta and his 5 *
coworkers (4) also deséribed the direct preparation of several of these




¥
cmnri;unds using a pressurised {ystein and high-temperature (200—23§°C).
.The work of Flscher_shn!;s that equilibria §re 1nv«;1ved in these: reactions.
An excess of carbon mnm{w‘de converts the dibenze‘nechrominn‘ complex into
the hexacarbonylchromium and therefore it is advantageous 1ﬁ>pr1ncip1e and
\n»prach‘ce to emplo_y an open system, the free escape 6f carboil monoxide
phén driv‘ing‘ the reaction to camp1e;jun. t 4 §
Recently Rausch ;nd his c;wurkers (5) ohtai‘n’e_d'\‘.ricarhupy]
benzenecﬁromium in 90-95% yield from yhe reaction of hexacarbonylchromium,
® benzene and z—mca'lme at reflux temperatures They presume that the
reaction proceeds via a dative complex such 'as (2-picoline) penta:arbonyl-'

chromium, which is subsequently converted to the more themodynamicany

stable product (Fig. 2) > .
o B
¥ 2-picoline / ol
- Cricog %, 45 days 300
: )
0 G . i
« Cr(co), -
o o @—-Cr(m)s '
: . n ‘g. o1
) . ) o . +Zeiss 1isted a number’ of arene and substituted arene vtrlcarbonyl-'

chromiun complaxes 1n h1s 1960 revfew (6). A hrge amuunt of work on arene
exchange .reactions of(arene Cr(CO)a) complexes was discussed in 1966 (7) and

. 1'n_ the same year a general review by. Dobson et al. (8) was also puhhshed.




£
Naphtha1ene, the s1mp'|esb condensed six-membered ring compound
N reacts ‘with hexacarbonylchromium to give the complex (9) as shown below
(Fig., 3). .Fischer (10) examined rhe tendency of condensed aromahc systems

I R ) i

N . . . -
5. B =

to form arene carbonyl derivative$and pv:eﬁared the following complexes

L (Fig, 4). He suggested that the least substituted, most ‘benzenoid ring

- Cr{co)y - cric;

Fig. 4 | . \

forms the tricarbonylchromium complex., Nuclear magnéttc resonance spectra

o

. o .
s were. used to identify the productsi. Rausch et al. .(11) have developed a
convenient’newsynthesis of the reagent triarm\inetricarhonyhhm)mi um and

shown it to be a valuable compound for the synthes1s of a wide- var1ety of&

+arene tricarbonylchromium comp'lexes 9 s
(C0) kon SHEEOH,100C0, Bhowrs, . cov o conl on(c
pe Cr(CO)G’rKDH W Kz[(CU)JCr(OH)acr(CO)SH] req orange,
+NH, O i

(NH'J) 467 (C0) 3 +,0 +KOH
Yellow crystals m.p. BU-QOBC(dec)‘




1

'

. ? 5 A .
, For exampIeJ the reaction between triamiMricarbohylchrnmium and biphenylene
in. reﬂuxina dioxane produtes b1pheny1ene tmcarbonﬂcﬁromuum and

b1|§|eny1ene hexacarbony'ld(chromwm (Fig. 5)

. ® T s er(c0)y’

: O:O o« (ggerco, 2208, Q:©+ ‘QZG‘

TR . cr(co)y, ., o "ér(co)a
" Fig. 5 L .

B M . < -
Simﬂar reactwns hetyleen tr1aminetncarbﬂnylchmmium and var1uus arenes .

have produced a variety of organumeta'lnc camplexes such as (Fig. 6),

‘ S () A
, RS P



+-and Cr(co)s, e.g. Fig 9 (15) Recently qun:e a numher of mixed carbony] .

Iodobénzene tricarh&nﬂcﬁrumium reacts with magnesium in tetrahydrofuran

% tgl form a Grignard reagent, am‘i a solution of thiswith tr{methy‘lch'loro‘si'lane

. gives tr"lmethuyl silylbenzene, tricarbonylchrofium.

‘Fischer, and 0'fé'|e (lz)'.reported that pyrolysis of N-methy]pyridinlmn
iodqpentacarbnnylchmmate [0] gave n—C—methy]pyridine\ tncarbnny'lchramwm (Fig.

7A)v.. However, on ‘the basis-of n.m.r. evidence the same anthurs (13) have

'refomu’(afed the product as (l-metny'i-1,2—d1hydropyr1d'lne)tricarhcny'lchrmnaum )
. (Fig. '78). '

Mixed fron-chromiun complexes were first Synthesised in 1961 (14)
-_ e reaction’ of diphenylbntadiene tricarbony]chrumum with Fe(l:[))5 or-.
Fe (CO)12 to give (th 4 4Cr(C0)3'Fe(Cﬂ) ) (F\g 8). Many ather iron-

.v ) ) N *
e : Fe(c0)3 ) ;

e « . cr(co),

Fig. 8 w

chrOmwm complexes Werer formed From phenyl subst'l tuted fermcene derivative%




complexes have been prepared by refluxing an(c(l)10 and Cr(CO)G with 2-
phenylpyrrole (16), 2-benzylpyriole (17), and CGHSCOC5H4Mn(CO)3 (18)
in an fnert sqlvent (Flg. 10). - Rausch and coworkers (5) have reported a

(:1'(!:0)3 »i
ﬂ l Cr(C0)6 + ""z(m)m [‘/\ @
(c0)g
cr(co
qw Cr(CD)S é "‘2(50)10 @/Sz cr(co),
: & wo B e @ ‘
m(m), :
@'/z B ’ |:r(4:o)6 @/é 3
Mo —- @ g,
’ W:|(C0)3 Figo 10 m(c0)3

new route for synthesiilng organochromium _complexes wﬁich vould be
impossw'le to obtaln by the direct’ complexuuon methnd (Fig. 11):- The H
‘ n.m.r.- studies ‘of (CGHﬁrM(CO) ) cmnp'lexes by varlous workers between 1964

and 1969 have $hown thlt the most ubvious characteristic is the upfield

sh1ft of thz ring prnton resonance upun cmplentlm. A recent paper (19)

hias correlated these shifts with three effects, namely, withdrawal of v-

elncgn-_on density from the ring, the magnetic anisotropy of the -Cr(co)z 5
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rimiét‘y, and the quenching of f:he ring current.- The decrease of coupling
constant bétween ;-1ng protons on c@mplex formation was also discu‘s'se.d in
terms of reduced’ m-electron density on the complexed arene ring.

. Extensive infra-red studies have been done by varlous workers

(7, éo 21). I.R studies on the variation of ucomth substituentson the

arene ring show that electronic effects are transmitted from the r-lng to

the carbdfiyls. This is.reflected in a reduction.of the €0 bond order (and




' ‘henca.z stretching frequency)-as more 7-electron density .isK transmitted to
the éarhonﬂ group. .The work of Brown and‘ Hughes (22) on the effe:'ts of
so'lvents on vco,shifts indicates that w-bonding between the metal and
carbony\ groups increases in the sequence Cr < Mo <M

A substantial nu@er of-crystal scrucfures (23,24,25) on mono-
substituted benzene tricarbonylchrom‘ium have established that the eclipsed
orientation of the‘ -Cr(cﬂ)a group, with rgspect to the a;'ene ring, exists

) in the solid staté. This orientation 1s contro’ﬂed by e'lectron repulsion or
withdrawal by the substituent, such that when the substituent X is a 44

group, canfnnner (B) is more stable. When X is a -M group, cunfarmer (A)

is stabilised and for more bulky substituents the staggered orientation (C) *

is favoured in order to minimise stsr\'c effects (Fig. 12).

0
c .
X * o
* (]
-0C
o
o co . o e
o) “(8) T
Fig. 12°

Emanuel and Randa'l'l (19) have suggested that in the eclipsed
conformers -the effect of the magneﬁc anisotropy of t‘ne 'C'(CO)S group will
produce x‘t]ifferent chan_ica'l shifts at tbe starred and unstarm&-ring protons.
Thus if either conformer is prefe}‘red in salu;:ion, there"wﬂl be a
z‘ﬁ‘fferent‘l‘al‘ s‘df‘t of the two sets uf'ri]pg'}prqtons. On consiQer'atjron of
their n.nr. data, they.concluded that (Bv) is the preferred cnnf‘om‘!er for
._(Cljscéﬁ;Cr(CO)a).- Similar observations by Price ’and‘Sarevpson, (26) are.

/




é’xp'la’jned by partia]vthree-pmnt bonding of the -Cr(C0)3 moiety to the»
drene ring. However, the X-ray“structure of CGHGCr(CO)3 ’(_27) shows ‘na' '
. = evidence for bond alternation in the same- ring. Th}grefore,-the interpreta-
tion of Emanuel and Randall (19) thaf: preferred conformers are retained ‘in .
: } E solution and that the n.m.r. variations are due to differential magnetic
anisotropy effects present in the confnrmers seems very reasonable. ‘ It is
. also very probable that the.differences.in is»nmerﬁhtribut'ion in
. e!ectruphﬁic reactions of free and complexed arenes are due to the
_‘ele;trnm’c and steric effects. .
The author has prepared and studied (2’8,"29,30) the electronic p
effects of tricarbonylchromium complexes-of a,g8,Y,5-tetraphenylporphine and
its Cr(II), .Mn(III), Ni(II), Cu(II), and Zn(II) chelates (Fig. 13). The

cumplexes ‘were prepared by ref'luxing hexacarbunylchromium with metallo-

purphmes in. d1~n-buty1 ether under mtrogen ln the case of zinc, two

tomplexes werg obta1ned, one with only one -Cr(to)3 group and the other




10

- wi{h two ;(:r((:ﬂ)3 groups attached.’ The structures were established with

“the help of n.m.r.

. The electronic effects weré.'st'udied with 1.r. spectroscopy. The

ﬂ;equencies of the carbonyl stretching vibrations are sensitive to changes

“of electron d1§tributi0q. in the benzene ring. If benzene is part of
]and

conjugated ‘1igand, ahy changes in'tr!e electron distribution of the 11

by varying the central metal will be reflected by changes in the position

of carbonyl stretching vibrations (Table 1)1\5 The i.r. spectra of these
’ N .

4 .
TBLET ¢
i

The i.r., CO stretching region for M-TPPCK(CO)g, ent (cHe,)

M = Cr(II) Mn(111)C] Col(I)') Ni(I1) In(11) H

2
y 1976 . . 1972 1972 1973 - 1972 1990 °
1900, 1904 1904 1903 1902 1930

complexes show simﬂarit} in the positions of the carbonyl s;retchihg’

. vibrations. These occur at the same frequency within experimental‘ error, !

except for the free bgse complex, TPPCr(CO)TEwm’ch shows a significant
‘difference in this respect. The higher frequencies (1930, 1990 cm'l)

observed for this complex mean ‘that theré':is Yess -electron density in the-

_antibondifig orbitals of the carbonyl groups than in -the metal complexes..

A qualitative ryulecy]ar orbital giagram (Fig. 14) for the higher

,-‘handing orbitals of the mebaE)porphine system shows the variation in-the -

», Mumber of o- and w-efectrons. -Any o- or n-effect or both, transmitted

from' the ce_:ntral metal to the éarbnnyl groups, sho.yld be observable in a



i + o “H
yzx2i+-1++t-4++l-—u-4+++-+|-
v dg ot + H +
I SR | B9 . qlo

lo3r * lo6r ' ‘2061 < 306r 4o br
cr(I1), " Go(I1)-  Nf(II) cu(II) Zn(IL)
Ma(IIl) o

variation in the;frequency'df the carbonyl sfretc,tﬁng vibrations. ‘However, -

no variation v}as ‘observed.. If there was s1gmf1cant interaction between
the m-system of.the porphine r1ng and the phenyl rlng, one would expect an -
appreciable effect on the tricarbonﬂchrom!um group. On the other hand, if
the‘ systems could interact only through the o~framework:the effect would hé. .
\}ery small as the w/-a’rbitnls are localised between pdir‘sﬁf atoms _This
interpretation is :unsistent with the x-ray work of Fleischer et al. (31)
who showed that the phenyl rings 1n ITPP were perpendicu]ar to the plane
of the pnrphlne system. This conﬂguratmn would not aﬂnw any vr-interactian
between the pcrphine and the pheny1 r1ng. From this work it was suggested
that the mutua] configuration of the porphine and the phenyl system are
perpendicular to one another in so'lutinn as well as in the solid-state. '

In the present work the- trlcarbonylchrmnium w-complexes of
_phtha1ocyan|nes and metal phtha]ncyanines were vrepared The phtha!u-

cyanines were chosen because the henzene ring is fused 'mto the basic framu



and there is a strong pnss1bility of a.conjugated wr-’system Upén é'emp]exa-
tion significant changes in CO stretching vibrations were expected by
varymg the central meta1 The reactwn between the meta! phtha1ocyan1nes’:
and hexacarbanylchramum in di-n- butyJ etherJ produced tricarbonylchromium
camp]exes, Unfortunately, purification of these complexes was difficult.
The details’are given in the last chapter of this thesis. ’
5 FInaI}y, metal Schiff bases were chosen as Hgands These metal
Scﬁ1ff bases ‘are fami‘har for their diversity in stere_ochemistry and, at
* ‘the same time, the 1{gand (Schiff‘base) when coordinated to a metal i}
a/l(_nn»[yy':;) have a conjugated system. The author has prepared and plfriffed
the tricarbonyTchromium n-complexes of pr(l‘l), Co(I1), Co(I1I), Ni(II),"
Cu(II) and Zn(II) metal Schiff bases and their study will r’eve‘al the ‘
following: * :
: 1. The changes in stereochemstr'y caused b{ the additiun of a
_tr1carb0ny7chrom1um group. - “
2. The changes in: electron distribution -in the Tigand produced
by changing the central.metal. g
3. The ext:rgt of covalént bonding between the central-metal and

the Tigand,



>‘ R i % . O
Metal complexes of Schiff bases -

Metal complexes of Schiff bases are among * the o?dést Kknown
complexes. Ettling (32) in Iéflo isolated bis ('schylaldiminato)vcopper‘

~(IT) from the reaction o’frcnpper(l!i"ucetate, salicylaldehyde and aqueous

ammonia as dark-green crystals (Fig’.‘ 15).

r}culz
o Fig 15

In 1869, Schiff _(33)-prepared the corresponding R = phenﬂ and
aryl derivatives'_and showed 1:2 metal:Tigand scoich(nmgtry. The complexes
.with R = mefhyl ;nd “benzyl were prepared by Delepine in 1899, who also (34)
dmnstr#ted 1:2 .sto1ch’lometry. No work was done. after 1899, until
193121942, ‘hhen‘Pfeiffer and his coworkers (35,36,37) isolated a var?’e{;y of,
c:omp1exes from Schiff bases of saticylaldehyde and yts subscitu-ﬁqn products;

'o-aﬁinobenzaTdehyde and pj{rro'le-z-aldeﬁyde (Fig. 16). Dubsky and Sokol (38)

on ¥ MK -
X - 2 é \S :
cHo co 0 N
) : Fig. 16 -

in 1931 ‘isolated N-N-ethyTenebis (sa i):yIidineq]nidato) copper (II) and-
nickel. (I1) and formulated the structure as shown in Fig. 17. The emphasis




view, much work has not been don:

“was placed on the synthesis of complexes and recognition of their structure

by tﬁeasurement of dipole and magnetic moments and‘op’tica'l resolution
experlments before 1950. . . ° P
The physicochemical 1nvest€gat10ns during the past 15 years of =~
tﬁese complexes hax)e made it easy to undev:stand their electrogic and sgereo-
chemical propertles. These compounds have been widely studied because
simp’le synthetlc procedures make it poss1b'le to synthesize fhem by vav\ying
the Tigand (Sch'ff base) with the same metal. The variatidn of Tigand
changes thevelectruniq and stere‘ochemic;al properties of compounds. Thus it
“is possiblento study the effects of these changes in a series of compounds.

The effect of medium on.stereochemistry is important; therefore

:'a non-coordinating solvent was chosen by previous workers.. In ‘this non-

coordinating medium the stereochemistry presumably remains the ‘sage during

investigation. The best media ‘in which to ‘study ructures are "

weakly interacting solvents where medium effects-€an he ignpred. The two ¢
most s)gmﬁcant stereochemical patterns s died were (39):
’ 1. "Variation ‘in stereochemistry as a functicn of metal ion-id a

series of complexes with a. constant 1¥gand’ struct re. From this point of

ecause the chemistry o‘f four coordinate




§ mesy : 15
z 2. “"Variation in stereychenﬁstry as a function of .1igand structure

in.a series of complexes with the same metal fon" (Fig. 18). A large nimber”

. 0
' X A\«/z
” A ="
y v A RS
! 7 : _Fig. 18
. L st S

of .compgunds can be easily prepared by varying the nitrogen substituent R.

" Different electronic and.steric effects are observed by changiﬁg‘the R group.
) The ring substﬂ:uent X may also be varied but these :hanges have semndary

effects on the stereochemistry as compared to alteratwn of R.

The complexes of tetradentate Schiff bases are, in genera‘l, p]anar

or nearly planar due to the steric constraints.of the 1igand system and
therefore these complexes are less aptractive than neutral bis-cheIéte :

spécies for the purpose of investigatih‘g the stereochemical patterns.

Basic structural features of bis-chelate complexes
[
The possible structures of monomeric bis-chelate complexes are ;

planar and tetrahedral. The’cis and trans geometrical isomers ‘(Fig. 19)

L
.cis . i ] ) ‘ trans

5 = : Fig. 19




are posslb]e for p]anar stereochemstry

v % §
In the tetrahedral case\it has

40) that the configurations of right and. 1eft-handed |

been prop

‘halic{ty ahmg the twofoid rotation axis be designated a and Ay respectwe]y

(Fig. 20). The notation is analogous to that employed with trigonal - |

|

.-

S R N

. Fig. 20 S

RO et
complexes ar;d ‘descrblbes thé absolute stereochemistry without reference to
any known' structure. The structural parameters required to define comp]ete
geometry of the coordination sphere are shown in Fig, 21.
the dihedral angle bef:ween fhe planes MLL, are found to be < 900. if the
structure of the coordination sphere contains a twofold rotation ax1s.‘ In
either the ph;mr or tetrahedral case the specification of all ‘the distances

and angle, parameters is unnetessary because a = ¢, b =d, a * o', 8 =

From the-available X-ray results, several structural features of
general importance are aerived in the crystalline state (40). The planar
complexes possessing or closely approaching the maximum possihfe cuplanarity
of, metal fon and Tigand atoms are not common compared to those which
exhiblt the so-called "stepped structures". .The stepped structures are -

those in which ligands are individually planar or nearly so, but are ‘not.

Both the ¢ and o,
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My
M.

aad

FAepsy = "7 tetrahedral

| Hi—L\A_‘ (I

_ dihedral (fold) angle ¢ dihedral angle & between
JPlanar, tetrahedral ) )'IL2 planes, tetrahedral

Fig. 21

coplanar. The structure is ill;lstrated in Fig. 2@. rmefe S is the ’

perpendicular separation ‘of chelate ring _mean p]aﬁe. ' Inlsw; c;ses tha_ '
step. 15 very slight, as with bis (salicylaldininato) Cu(l), whilé tha
isomorphous rifckel analog has a step §=.29 R, "The. éoneswndiné’,l!-pﬁenyl‘ .

Cu(II) has a much larger step with S = .89 X and ¢ = 182" The interactions




.

producing’ the ste‘pped‘ st"uctures are v‘mt clear and may arise from specific

g ] \ v -
1ntermo]ecu'|ar int& actions; although 'this is definitely nota necessary
cundltion, Van der Waal's forces ur a :ommnatlon of both may, be acting. K

At present we can~say there are two general types of s,tructures, i X

tetrahedral and stepped, in these metal Schiff base chelates. .

1

The |;sua'l type of spectral and magnetic measurements whi({h ar“er -. ‘...
employed to assess the stereochsmstrx of metal complexes in tbe sohrti}i
and’ so‘hd phase are incapable of d‘lst‘ngmshmg between complexes. that are
planar’ and those that possess the s&epped cunfigurat1on. The term plarnar

1mpl1e$ exact/or essential planarity of ‘the ML4 coprdination tsphere on‘ly. 5

Likewise, ti descrwtmn of tetrahedra] is meant to imply a sufﬁment]y
Targe dihedral angle such that the ground state spin mu]tlp1!c|ty nf the
cocrdmatmn metal ion is consistent with a sunp;le 11gand field theory forr
effect]ve tetrahedral symmetry. : ‘o
.-Planar and tetrahedral distinctions are genera]ly quite c]ear
whe) che two forms have different tmu1t1p11c1t|es, as 1n the case-for the
veri led stereoisomers of bis- che]ate cobalt (II) and mckel (11) complexes.
I_ntermgdiate svtructures are frgquently des!gnated as pseudotetl@hedral %in

order to com}_ey the lack of -c]u‘se'approach to the Timiting (o = 90.°) -

tetrahedral confi guraticn.

The two stereochemlcﬂ patterns specified before (page 14) are
summarized. in Table II for the more pimportant type nf first transitmn -
ser_1es "complexes by Holm. et 31.1(40). Hor\zon;al and vertical rows ::umprise
patterns 4 and 2.(pa ia) for each type of comp'lex. *The 1nformation ) &

given réfers to the bhshed or most hke]y shgreuchemlstry in non-

5
E :oordlnaﬂﬁg solyénts near. room temperature Structures of the cwsta]hne

complexes are in most cases the same as. those indicated, in sulutjon. .

. : N\ . g E % ¥
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-Stereochemca'l patterns-of hls che]ate metal (II) cnmp]exes

r e " of the first transition series ' ' 3 .
¥ . = » i i - ) .

Studies in CHC15 solution ‘

o 2 e M
- Coriplexes & Ve = -
e L w .oote(II) Me(ID) Fe(II) Co(II)*  Ni(II)"  Gu{II) zn(II).”
5 T r—
. MRisal)y cReMe . — (1) =T pé @ migf
’ Y Bt — — =, 7 pk PP T
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o e — — T T8 pT T
‘ - B s .
4 e L n-Bu — — - T P P T
L TRyt e — Y e T - T S
e R ¥ \ « *
Ph = —_ () b p 3 T
Pk = Mixture' of planar monomer and pararﬁiﬁﬁetic associated species n ,./
solutwn = % .
Monomer ‘in solution and dimeric in solid state. . e
o T‘ = Tetrahedra'l 5 . » .
. : to
4 P =Planar % P
pT = Pseudotetrahedra'l )
- g Structural information for Cr(11), Fe(II), Co(II), Ni(II) and
Cu(II) is based -upon various combin:tionsLo;‘ magnetiac. spectral and dipole
\ .~ moment ,dér‘,a. and complete X-ray studies,-<isomorphic re'lationsm;z ‘and, whgre
: available, comparisons ofcertain of these data in solution and solid
- . . phases. §§tabiished structures of Zn(11) complexes follow f;"um X~r5y and
T T v ; 2 " %
. F T » ( :
. "d : L



dipole moment results. ) & ‘e

. Co(I1)- (CH3—N-snl)2

~

The complex Co(II) (CHJ-N-sal)z exists in the form of triclinic
- emerald green crystals.” The magnéﬂc moment of Co(II) is 4.62 B.M. at~
rool temperature.. The magnetic susceptibility follows the Curie-Weiss
Jakha v;lye of 0= < 8%, This complex represents the f'lr-st e;(ample
of pentavcgardihate high spin cobalt (II) complex, Whose structure has
been establ’ipsuned by X-ray analysis (41). Cryoscopic mensurement.m benzene
s.nlutinﬁ has shown it to be l_nnnumeric (V4i]. On the basis of a simpie nm&e'l
three spin.A'I'Iowed crystal field bands are expected (in solution) in tetra- )
hedral cobalt (11) (43)1 - 4 :

b=ty e —4
¥ N2

v is generally too far in the near infra-red to be easily observed. v,
and vy are often found to be r‘esqlvedA into several components. “Co(II) X
_(Alkyl—N-sal)z complexes EW two bands at 7.‘7oﬁ_an§ 11,200 t:'m'l which may
be assigned as Vpe The rapid rise in absorption obscures part of Vg
however a well-defined shoulder at 17,000 m-_l~|s c’learly,seen: The charge
transfer bands at 25,000 cn™’, 28,000 ¢n”t and 34,000 en” occur at
frequéncies which are near'ly_‘lient‘ica'l with those of Cu(II) (CHB-N»sal)z"
). ‘ : Bl i g o
The reflectance spectrum of Co(II) (CHa-N-snl)z shows four bands

with peaks at 5,600, 11,400, 15,000 and 19,000 ol

It differs consider-
ably from that of other high spin cmgp‘lexes of Co(II) with N-substituted
salicylaldimines with tetrahedral configuration or octahedral symmetry.

. : ¥
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The‘ magnet:.lc moments of tetrahedral and octahedral complexes fall in the

range 4.3 - 4.5B.Mand 4.8 - 5.2 B. H.respecﬁvely.
n(11) (CH3-N-sa1)z - ) /

) The complex Zn(II) (CHa-N-sa'l)z ex'lsts in a straw-coloured
triclinic form. A complete three-dimensional X-ray (45) analysis has
shown that this complex exists as a dimer in the solid state.
Each atom of zinc, bound to. two atoms of oxygzn and two atoms of
" nitrogen, has a coordination of five via sharing with an oxygen atom frowl a
neighboring molecule, The ligand atoms are situated -at the vertices of q
two trigonal bipyramids with a.common edge.. The zinc atoms are at the |

centre of bipyramids according to: the following sketch (Fig. 23).

CN(TI). (CHg-N-sal),
Three crystalline forms of this compound are known tcr‘gxist (46). The u-}f
orthohombic and B-monoclinic. forms are those usually obtained by crystalliza-
tion from organic solvents. They are d_langnetic with planar configuration
about nickel as shownby X-ray. The y-form is obtained by heating diamagnetic .
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. Ni(IE) ((CH3-N-sa1)2 to about wobc- this/high'/temperature form is para-

magnetic With Baff = 3 4 B.M. and is j/fe'now-green m1crocrystal]1ne powder,
it is insoluble’in all inert so\vents and this can be attributed to its
polymeric structure." The/camp]ex has been studied as the first examp'le of
a magneticatly a}u\alous nicke1 (11) complex The dlscovery of magnehcany
anomanus nick/'l complexes vas made in the period 1947-1957. The observed
magnetic moments per nickel atom of these.complexes' in non»coordi’nating
salvents corresponds to a nonintegral number of unpaired e_lectronﬁ. These

unusual magnetic moments were explained by vconsidering an equilibrium

between high spin and low.spin complexes.

Further work in 1960-1962 (46) showed _that magneﬁc monents in

solution depend upon the degree of association” of these complexes. In

. 1962-1963 (47j the magnetically an(‘)ma'luus behavior of nickel complexes was

explained by the existence of a structural equilibrium between P1anar g
Tetrahedra] in the solut'lon (48 49)
Cu(I1) (CHg-N-sal),

The structure is trans plafar-and exists in“three forms, o, 'y
sorthohombic -and 8 monoc1inic form (50).' The molecular packing is similar
to Ni-dimethylglyoxime : with inter-molecular Cu—éu distance being 3.33 X

for. the a-form. 2




The 'structure_ for the copper (II) ﬁ-alkyl :omplex‘is planar in
Bhe solid form, whffe the sec-alkyl comp]exés have a pseudotetrahedral
coordination prabab]y imposed hy forces of a steri‘c nature. -
«These two different types of structure correspond to two
different reflectance spectra in the region 5,000-35,000 . For
’ -example, the planar N-buty] complex (51) has a single broad band at .
16,000 cm™ and a shoulder at 22 UUU cm . This is analogous to the results
r‘:htained by Ferguson (52). The N-methyl complgx probably also cqntains more
than one transition under its envelope. On the other-hand, the pseudo-
) tetrahedra'l N- -isopropyl copper (II) cumplex, both as pure solid and in
solid solunon with the analogous zinc (II) compound, has bands at 8,50!
/13,500 and 21,000 cm 1. ‘For a truly tetrghedral copper (II) complex, the
crystal field theory predicts onlyjz;i\e transition, ZT2—> ZE. Furlani and
“Morpurgo (53) have shown thaf the flattening of the tetrahedron results
in the splitting of both the grnun;i and excited 1ev/e15, so .that four
transitions are to be expected in the crystal field spectrum f({r a.’
‘sahcy‘la'ldminato copper (II) complex. Hence both bands at 8,500 and
13,509 cvﬁvéorf “the basis of the\r frequenc)es and of their relatwe'ly Tow
" intensities can be assigned to crystal field transicinns of the copper‘
(II) ions. The other two -bands expected may be Iocated below 5,000 o ‘.
The sahcyla]dlmnato comp]exes of copper (I1), to which a

pseudotetrahedral structure has been assigned on the basis of the spectral

criterion have magnetic moments (1.89-1.92 B.M at room temperature) Slightly.©

but consistently higher than those of planar compounds (53) (1.83-1.86 B.M).

1\/.

)
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Co(111) (cHy-N-sal), (39)

“The 'Interésting feature of this complex is the possibility of
geometrical isomerism. Tns-chelate complexes containing. three identica'l
unsymetrical bidentate Hgands can ex1st in two geometrical'ly\ isomeric

-configurations, cis ahd trans (Fig. 24)

cis .
% . Fig. 24 ;

BT

The complex has been isolated in only one form. West (54)
observed that, because of steric nvgicrﬁwqing. molecular models of the cis
isomer could not be assembled and that models of the trans form could be

made but still show considerabie steric strain. West tentativély suggested .

~ a trans structure for the isolated complexes. The trans stereochemistry

Gf the tris conplexes has now been definitely esiablished by dipole moment
and n.m.r. studies,(&';&). The n.m.r. uses the arqum@nt éhat .the trang isomer:
has? no symmetry at all. Thus, in the trans _'isomer, a‘give;-n substituent (R).
on nitr;gen can‘, in p‘rincip'le._prnduce a separate resonance, gene_rati'ng

three signalsin all, A single signal s predicted for ‘the same substituent

/in the cis forn. The spectrum of the complex. (R=CHz) shows three distinct
and equally intense resonances 6f the methyl group, clearly demonstrating’ &
the, predominant trans codfiguration.” . o ' -
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The electronic spectra of these complexes show only one ligand
ield band (lkig - 1719). and from its energy it has been argued that the
sali‘cy'laldiminato group lies slightly toward the strong field side of
water and a‘:etylacewne in' the spectrochemical series (56). The complex

is diamagnetic as is expected for spin paired- -Co(111) :uanex

Co(111) CCS 5-N-sa1 )3

>

- This complex has -been is:olated only in the trans form. "It is
diamagnetic and shows orfly .one broad 1jgand field band when the electronic
‘_spAectrum 'l's ssurﬁed (54) ' ' i

Cn(ll) ((:6 5'" sal)z

A large mmber of magneto -chemical investigations have been
reported for the complexes of Co(II) which are_oftep assigned Structures
oli"t.his basis. For example, tetracoordinar,ed- ColII) complexes are assigned
tetrahedral structures if the values of magnetic moment are in the range
4.2-4.7 B.M, merés the values of 2.1-2.9B.M are said to indicate square
planar structures. Octahedral Co(II) cmmlexés have Vorf values of (44)
1.7-‘2‘.0 or 4.4-5.6 B.M. As far as the spectral properties are concerned,
it was observed mat the crystal field bands in the specti‘ﬂ of‘the tetra-
hedral complexes of Co(11) have molar extinction coeffiments which are
lguch Targer than those found-in either planar or octahedral complexes.

-The magnetic suscepﬁbnity of. the Co(I1) ((:s !.‘-N-sa'l)2 comp’lex.
as measured (57) -in.the solid state over the 89- -297°% range of temperature. ]
follows strictly the Curie-Weiss law and has values of o from -3 to 3°.
These very 'lw values of 6 indicate that intenno]ecular interactwns are

" very small.




2.
The values of the magnetic nnments‘between :1.27 and 4.48 B.M. are
thosé pfedi(éted for a tetv:ahedra'( structure. The temperature independence.v"
of ueﬁ; is also in agreement with the ground state being an orbital ’
‘sing]et as exﬁeéted for a tetrahedr:;ﬂ :arrangement. The magneti“c moments in
" benzene solution are identical (4.41-4.42 B.M.) with those of the solids..
Cryoscopic measureme.ts also show }:hat the cmnv_lex is monomeric' in benzene
solution. This iS supported by a compatison of the spectra of téé:%ﬁmplex
in the solid state with that in benzene solution-over the range 600-3,500
gm'l. The reflectance spectrum is very similar in shape to the absorption
spectrun; taken- in benzene solutjon whi/ch shows. maxima at 7,700, 11,200,
25,000 and 34,100 ™! and shoulders at about 17,000 and 28,000 eml, The
-1

bands beyond 20,000 cm ~ are very intense and may be attributed either to

intraI%gand transition;‘ or to charge transfer between the Tigand and the
metal. The wt‘eak bands at lower frequency may be due’to crystal fielti
transitions. ’ s o
The magn)etjc moment pf the ;gmméx in pyridine solution (4.78.B.M.)

is higher than 1‘n_ benzene §o1ut1nn. This suggests that in pyridinev the
comp}ex conrjdinates to two molecules’ of solvent thus l;eing six coordinated
and qctahedra'l. This was confirmed. by isolation of the solid adduct bis
(86H5-N-sal) (if':(ll).z pyridine, with ‘;eff of 4.81 B.M. Further evidence for ,

thE‘ formation of tﬁ'{s adduct is py:uvided by the reflectance spectrum of the '
' dipyridine derivative and th‘at of pyridine s&.ution of the unsolvated

comrllegt. These two are very'stmﬂar. The ter shows band maxima at [

10,000, 26,000, 33,100 cﬁ_l and a shoulder around 17,000 cm-l. This differs
From the spectrum of a benzene solution of the tetrahedral compléx,'fke
major difference being the higher extinction coefficient of the crystal

. field bands in the tetrahedral complex.



Cu(I11) (CGHS—N—sa'I )2

The structure is centrosymmetric but the molecule is not completely
planar (58).. Only the Cu-OzNz'l‘xMt is uI'anar. and _the salicylaldimine
groups are-parallel but not coplanar and are separated by 0.89 R The
phenyl grbups are normal to the coordinate plane (Cu-Nz-O2 plane).

. The magnetic susceptibility fol’lo‘ws. the Curie-Weiss law and has a
very small value of 6. This low value of 6 indicates that intenﬁnleeu’lar
' interactions are very small. The distinction between squar‘e planar ar'|d
tetrahedral structures can ‘be made with the help of electrumc spectrn and
magnetic susceptihihty as discussed previnus'ly. /
Ni(I1) (CSHS'"'“‘)Z

X-ray crystallography (59) shows a trans planar stru:ture uit’h
Ni-Ni distance being 7-8 &, isomorphous with the Cu(11) complex, but with

-~ a slightly different molecular structure.

; Magnetic and spectmsc‘opic stud{.es (60) on a series of N-aryl
Ni(I1) complexes in inert solvents up to a temperature of 473% havé shown
than p_henyl substituted complexes which are diamagnetic both in solid state V
and in solution retain the square planar structure at all tenl;eratures. For
3 and d-substituted phenyl comp\e‘xes, the decrease in the amount of associa-
tion which is observed with an increase, in tanperature is accompan!ed by .

" the appearance of aitetrahedral species whose concentration 1ncreases wlth
temperature Dﬂut(on. too, causes a decrease in the amount of assnchﬂon
and favours the formation of tetrahedral species.

. The sensitivity of the magnetic and spectral properties uf the
phenyl complex to temperature is suggestive of an equﬂ{briu'n (Tet —‘Sq pl.)

i (61) such as occurs in the N-methyl complex. n

N
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*oThe Mggs Value decreases-with temperature and is 3.10 B.M at 20°.
The eiectrénic spectrum shows three bands around 16,270, 12,820 and 9,950
m 1 at 25° in chloroform. The intensity of the bands at 16,270 and 9,950
decreases as the temperature is raised.
Zn(11) (c6 S-N—sa‘)z

X-ray crystallography has shown. (62) a tetrahedral.structure for
the.complex. The complex hqs not béen widely studied because of 1t‘s»dm .

configuration.

Infra-red studfes of M(II) (aryl-N-sal),

The Timited i.r. study is due to structural d(ver‘sity of the
*co‘mplexes, and the difﬁcu'lti' of’applying normal coordinate methods iu the
assignment o‘f bands and the comp]exity of the specyra resuTting from the
presence of phenyl vibrations, two ‘ﬂifferent metél '[igand bands (M-N, M-0) )
and extensive vibrational coup'l'lng

The application of 15N '(abe'l'lmg (63) has he|ped in 1nterpret1ng
i.r. §pectra of metal complexes of ‘Schiff bases. , This technique y'le]ds
reliable assignments and prov(des an est1mate of che vibrational purlty of
t_:?.\e frequency. Two 15\ sensitive bands near 1,600 cm vl occur in the

spectrum of the N-gry'l compound (Fig. 25A); the higher frequency band has’
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beer; assigned to v C=N but the Tower frehuéncy band shows the greater 15N
induced shift amh'erefm:e v1bv:aﬁona11y purer. A shift to higher
fi‘equency was zxpe::ted for.uncomplexed v C=N but a shift to Iowe(. 4
frequency is observed indicating that both bands are extensively coupTed’.

The assignment of both ba‘nds to v C=N is supported by their sensitivity to
metal ion. complexation and to thé varfation of substituent R.

) ) Two other bands in the range 1,375:1,475 cm"1 exhibit shifts of
=7 c:m'1 15N labelling and the1r' assignment to v C-N was therefare
md'u:ated The following ‘shifts .on 15y labelling in the copper (11)

(R=4CH, (Fig. 258)) chelate were observed: 1,615 (av-3), 1,59 (ay-10),

1,450 (Av-3), 1,387 (A\:,-ﬁ), 1,256 (Av, 6), 867 (Av-6) and 829 (Av4) cm™ '.

The bands ft ‘1 615 cm” and 1,59 cm were a§s1gned to v C=N.. Tw0'15N
sensitive bands pt‘; 1,450 and 1,387 en! are due to v(C-N ary1) and the.two bands
near 850 t:m_1 are probably C=N-C defﬁrmatinn frequencies.

) Below 600 cm_l only three bands exhiblit shifts exceeding 2 cm'1
That at 595 cm'l is very Tittle affected by substitution in the N-aryl -
ring or by reﬁlacement of .Cu(II) by other metal (II) ions. f"‘

The remaining bands at 505 and 427 :_:m are sens1tl’v_e to both
modes of substitution and\therefore assi‘gned to v Cu-N.although there is
undnubteﬂIy-a significant contribution‘to each from coupled v— Cu-0.

Crystal field theory predicts (64) that a series of three )
complexes with identical 1igand compos1tmn containing tetrahedra'l Co(ll)
and Zn(II) and square planar Cu(II) will have C.F.S.E§ .in the order
Co<Cu>Zn. Accordingly, any band assignmentvas v Cu-N I§ expected to i
exhibit a similar order of‘:‘frequ_ency variation on substitution oi Co(IT)™

or-Zn(11) for u(In). C o



The frequencies of. the bands ass"igned to v Cu-N reflect (Table III)

the predicted C.F.S.E. sequence for differently substituted salicylaldimine

complexes.
TABLE 111 B
‘ veNem M cnfl v an”t
2 Co(TT) (Cylg-N-sal), 1,607, 1,580 © 513, 457 49
Ni(1D) (CgisN-sal), 1,618, 1,588 542, 466~ . 516
Cu(in) (Cgh-sal), 1,611, 1,595 - 529, 448 495
C Zn(In) (CigN-sal), ‘1600, 1580 516, dsa - 4%
Gel Al 3 "1,6?5; 1576
" Percy and Th;rnt;:n (65), ina further test of the assilg.nme"nt. .

- included a Ni(II) complex of/ known structure (square planar) similar to Cu,

Crysta'lv field theory predicts the stability order Ni>Cu' for the pair of

comp'léx; since the orbital of highest energy is necessarily occupied in the

cu(1I) chelate but #s unoccupiedAin the diamagnetic Ni(IT) analogue. The. 5

v£-N bands are observed to ebeH: thls frequency order. tu ‘

N ‘The effect of Varying the N-ary’l substituents R is nomceahle in
the i.r‘. spectra of copper (II) comp'lexes. The v C-N yand shifts to higher\y.
_frequency with an el ectron withdrawing substituent R. . The M n-bonding'1s
facilitated by electron withdrawing suhstﬁ;uents_. It is unlikely that the

electronic eﬁfect is transmitted via the conjugation of the chelate ring, .

- as v C=Nand v C-0 are insensitive to substitution in the N-aryl rlng.’




Infra-red studies of M(11) (alkyl-N-sa1), (65)

31
The assignment of v Cu 0 has not been conclusively established
yet but v Ci-0 is coupled with v Cu N so that N substitution will. induce
some shift in v Cu-0. The confirmation of the Cu-O band has to come from o

1abe11ing.

The §.1n. spectra of the N-alkyl sa'liv;yu'ldim{nes have fewer bands
than observed for N- ary1 sahcyla]dmﬂne Th1sf§gture suggests less

vibrational” couphng in the N-alkyl compounds.’ 15y

»here is only one
'sgnsitive v C=N band in N-alkyl base ‘as compared to two bands in N-aryl
base. The shiftmvC—N onlabelling is (av,- 18 ) for the N-alkyl base |
while the shvft in the case of N-aryl ‘is much less (av,+'5 and -8 cm 1)
.for both bands. If there was .no’ vibrati’onalﬂphng, a smpf

R RS TN
N—Av, 40 cm " wa expected"in‘b/th cases.

*
falS
)M/Z
- .
W,
N X . (B)-
Fig. 26

only one substituent sensitive band in the v C=N region and on'ly one band
in this region has been observed “to shift.on 15" labelling of the Cu(II) .
complex. . The v (_:-N assignment s 'supported by the fact that increased

electron delocalization accompanying metal ion complexation of the freer

"ligand leads to the expected frequency decrease.



Compound v C=N em! v Mt et v M0 !
Cu(I1) (CHyN-sal), * "1,638 *- 467,410 . 587
" CHyN-sal H 1,645 S T T e e
o : < PR

~ Two banﬂs in the far infra-red spectra of the N-alkyl Cu(II)
cumplexes are SEnsitlve tu the ‘substituent. An electron w?’thdraw’lng group
causes an increase in frequency.‘ The bands are ass'xgned to v CusN~ 5

similarly as-in the case of N-aryl ccmple}(. A band in the vr‘egwn 550-600
1 3

‘em " was observed to shift in the opposite direction to-v Cu-N and on this

basis was tenbative'ly assigned to v Cu-0.
Percy and Thornton did not cbnfn"m the assignmen\‘, of metal Hgand

v1brations by nbservmg the band shifts Induced by substitutmn of other

metad (II) ions, but mstead adopted an a1tern§tlve approach of mtroducing ’

subst”ituént; into the,phenyl ring (R' and R", Fig. g7) with ‘the assumption

S fa ; R
N .
2 .
. Vat
! K}
\CHJ, K

. Fig. 27
° that these Mstituents would shwft the metal Hgand bands, if correctly

ass1gned. The substant‘ia1 ‘shifts 1n the frequencies of these bands uccur
in the subshtuent sequence H ~ 5-C1<3, 5.dia Br<3,5-di, C1<3- t!CH3 Except~
for the 5 cl subshtuent which yie1ds/‘|‘-ather Tow frequencv shift is-also

the sequence of electron releasing capauty of the substituent‘t
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Finally, in order to qle:t‘eml"m whether the order of - substituents
eff'e:t is peculiar t; the Eu(If) comp]exes they succeéded.in obnhdng a
“series of. stab]e tetrahedra'l Co(I1) complexes of N- 1sopl—upy'lsa'licyla'|dlmine .
with an |dentica1 range of R' and R" suhstituents and found a similar order

of suhszltuenc effect in their spectra 2

N-N-ethylenebis— ]sﬂ(cxla'ldln‘ﬁnam[ cobalt (IT)
" The compound has attracted a lot of attention because of its property
«to form an add\gt with oxygen®reversibly. . It-was found that différene crystal-
.. line andsalvited forms existed, each with d‘lffenng capacity for .oxygenation, '
‘Jnﬂud’lng one comp'lete'ly inactwe form. The variation in oxygenation acﬂvity
" in‘the solid state’ has been re‘lated ‘to the presence of vnids in ‘the cr,ysta’l
latth:e. of sufficient size .to allow the passage of oxygen.
:H'. This suggestion is supported by structural detennmatwn of the
active.and inactive forms. The inactwe form is dimeH: [Co(ll) (salen)]2 i

(Fig. 28). Dimerizatiom- is accmpan(ed by an 1nteract{nn




/A?ﬂw‘een the "cobalt atoms and the phenolic oxygen.atoms of anvadjacent
: pair of molecules. In ;:hl's manner the cobalt l?ecnmes five coordinate
in a distorted recta_ngu]ar—based pyramid. Thé iaqtermo1ecu'lar qobaIt-

-oxygen distance is 2.25 ?\. The close stacking of the dimeric units
prevents the formation of voids in the lattice and possibly explains

the compound s oxygenation inactivity.

The first study (66,67) of cobalt (I1) Schiff base complexes p

of tha planar tetradentﬂte type revealed an ahsurptmn in the near

infra- red region of the spect?um characteristic of a planar configura-
tion. Similar results were obtained in other studies (68) where so'lu-
® “. tion magnetic properties were also consistent with planar stereochemistry.
The diffuse reflectance spectrum (69) of Co(I1) (salen) differs from the -
s&]utiun spectrum in that the near infra-red absorption shows a positive N
ce shiftgf 3,100 en! on goin from soluh‘on to the s}ﬂ\'d states
i The absorption at 15 500 cm was assiéned to the dxy * dxz_yz :
transition. “In those cases where the d-d bands -could be clearly observed,.
,: . E :the-second band at about 17,500'cm_1, was a_s“signed to the Tow e'nergy
cu}rlpunent of the d 2+ d 2 2 transition. The hig‘hest ener‘gy d-d band
S, -observed (19,000 cm ]) is asswnea to the Tower epergy componeht -0f the
dy, dyz +d2 2 tran§1t1on. The remaining bands in the v1s1b1e
' region are gither chargef‘& 'nsfev‘ or intraligand in origin.
Variation of themtituent R and X in Tow spin planar C.o(II) L

i

o ‘vcomp'lexes results in marg"n(e‘tic mpment values at room temperature in
the ranée“? 1-2.9 B.l . No high’spin planar complexes are known. Co(II)
(salen) as the active form possesses an effective moment reported as
224BM. ﬂtBDUK 2.52 B.M. at298Kand27ZBM‘ at 297 K. . The

o I G .
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reciprocal susceptibility of Co(II) (sa1en) Fo'l'lows Curie-Weiss var‘lat‘lon
w1th temperature, and 6 (the Weiss constant) is reported as 20‘)(70) and
_250(71) The inactive form (72) of this compound dues not obey a Cune-

Weiss 'law and has u ff =:1.90 8.M.-at room temperature

N-N-ethylerbis (salicylaldiminato) nickel (II)

Ni(II) (sa]eﬁ) has been shown to exist as the centrosymn&ri‘g,
dimer in the solid state, incorporating planar Ni(II) (salen) units<’
: Thi; .is the only example of a dimeric structure.formed by direc; megal-
metal interactions. v‘The nickel-nickel distance 1s 3.21 & and this
_results 1"n only a weaL interaction. The diamagnetism of the complex
is typical of planar nickel c(;mpnunds‘ The ‘diamaqnétism of Ni(II) (salen)
is also mamta'lned in solution of :uordmating and noncoordinating | ° c
sn]venCS .
The electronic spectrumof this planar nickel Sch\';f base
’comp‘]ex has been widely studied (73,74). Depending on the symétry of
the complex) three or four transitionsare e);pe:ted within the d
orbitals of the metal ion. F;w.'opticany active Schiff base complexes
of the tetv;ad«'antate (salen) ‘type, three circt;l\ar dichroism d-d bands
are observed. These correspond. to a single shoulder in-the ‘absqrption ‘
spectra. Bands occurrmg in the approximate regmn 17, 000-22 000 cm
_were assigned to the gxy +d 2 _ y (A\l + B, ) d > d 2 (Al > BZ)
and d (A\1 + Ay plus d + d (A1 +By) transvtwns - The
1atter two tra'ﬁsitmns are observed as one band since the d  and _

z orbitals are not expected to differ much in energy in these -



o

3%
compounds. For purposes of general. characterisation, planar complexes
of nickel can be dist'lngm‘shed from octahedral -and tetrahedra’l symmet-
ries by the lack of e]ectmmc absorption below 10,000 o= a con- o

sequence of large crysta1 field splitting. Clark and Ode'l'l (75) have

: reported the sn]ut\on absorption spectrum of nickel(II) (salen) in

cuprdin'aiing solvents and found both temperature variable so)/iﬂ/;nd
solution r'qa’gnet’ic properties consistent v‘!ith, a planarar’rangement.

sa claldtmnatu copper Il

The -interest in copper Schiff base complexes has centred

around their spectral, magnetic and structural. pruper»hes. The

“structure of Cu(II) (salen) has been determined by X-ray diffraction

methods (76). Tn'is're.vea’ls a dimeric situation |nv61v1ng “inter-
molecular copper-oxygen: bonding Snﬁt'eracﬂons The resulting
stereachem\stry about the copper is approximately square pyralmdal
with an 1ntermoTecular cepper-oxygen ‘distance of 2.41 ﬂ (2.25 A
in the inactive Cu(LI) (salen) dimer) (77). . .
The color isomerism of copper (II) Schl_ff base com\p'lexes
has been related to the coordination number 6f the metal Ion' It
is proposed’ that (78) the green-co]ored copper complexes possess an

effective :ouréinahon exceeding four due ta either intermolecular

.association or adduct formation with Lew‘ls bases whereas brown or

violet complexes contain fonr-coordlnate‘copper. The green complex -

o £ .
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has Tow e in the 20,000 o ? region ahd h(gh:c 11; the 14,280 gm'l region
as compared to the violet or hrown complexes. The rule applies iﬁ a
substantial number of cases but there are a few-exceptions (79).
The susceptibility of Cu(II).(salen) obeys the Curig-l-leis‘s law.
The magnetic moments determined by d‘lfferenf workers, are 1.84 B.M. (80)
and 1.90 B.M. (81) with ¢ = 4° and -13.5°, respectively.’
For, Cu(n) ions, crystai fie1& ‘theory pi‘edicts that three or
four tra_‘nsn‘lans shuu'id occur w1th1n‘the 3d orbital manﬁo’ld, depgnding
' Vupon the symmetry involved. In most cases the spectra of planar Cu(II)
complexes pnsses only a sing1e broad band, maklng assignment of individual
“electronic transitions difficult. Circular' dichroism spectra of optically
actiye tetradentate cuppér cumpiexes have been applied to the problem of
_assign|n§ transiti‘ons (82). Circular dichroism spectra 1nd1§ate the
presencé‘of ,1':hree transitions. 'Ti;ese have been assigned to dxy '+le2. ’

d, y ™ dxe s yz and tentatively dxy +d

vz in order of increasing energy ahd

underlﬁz symmetry.

N-N-ethylenebis (salicylaldiminato) zinc (I1)
- The solid staté of Zn(II) (salen) as the monohydrate reveals

almost b]anar Tigand arrangement or square pyramidal stereechemistv:y‘
Ja’bout the metal. The water mo]e::u'le‘uccup‘ies the apical position (83).
The crystal structure‘(m) shows thét NZD unit is b1anar,
where the zinc is 0.34 R above ' the NZO2 p'lane, the distance of zinc tp
water is 2.13 R, .

5



/ The Fu"ﬂy occupied d-orbital Tevels in. the (salen).zinc (II) . Hy0
re

ult in simplified physical and chemw‘ca'l)_prnperties' of this compoynd.
A € v

Metal Schiff bases as ligands

\ The dunor bundmg properties of the phenoHc oxygen atoms in
mgtal Schiff bases have been extensively studmd 1n the -past few years by
Gruber, Harris and Sinh and others (138). .

The'metal Schiff base comp1e; has been found to act Qs a neqtra'l
bidentate 1igand towards metal ha11de§ and perchlorat,es,'fprming both homo~
and hetero-binuclear and’ trinuclear adducts. Thgse comp'!exes are
represented as ‘Cu(II) (salen)MX (X=halide) and [Cu(II) (salen)] M(C104)2 .
(where M may be .copper or another metal). VComp'Iex ft;rmation is not

'restr1cted to Cu(II) (salen). Similar campounds may be formed using nickel
or van?dxl ctzmp]exes,and the nature of the Schiff base ‘1igand may also be
varied (85,86).

The investigations of the Lewis base properties pf.transition

- metal Schiff base complexes h‘ave shown that M(I1) (sa]en) :Emp]exes where
the metal. fon is- Cu(II), Ni(II) and Co(II) react with SnX) (where X = C1 or
Br) to fnr!n 1:1 addﬁcts. Characterisation u/f/theﬁiduct's uéing magnetie
data and diffuse re?Iectance and infra-red spectroscopy indicates a retention
of planarity about the transition metal fon and’ that adduct formation
involves cis addﬁ£1cn to SnXg. !n polar so'lvents the CD(II) (salen) SnX,,
,adduct was found to, undergo exchange reactions to produce CD(H) (sa!en)
snky (87). ' .

2 Reactit;n of 5hc13, SbB\-3 and SbC15 with M(IT) (salen) camp'lexes,
“where M 1s Co(ll), Ni(II) and CP(II) also Teads to the formation-of adducts

in which the p1én_ar1ty of the, transition metal is retained (Fig. 29).
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.To clarify ‘the question of local® symmetry about- the a‘cceptor
metal, Hobday and Smith (88) isolated cémpour}ds involving metal cdrbonyls
betause the metal carbonyl i aiwsorpﬁons are more sensitive t(; lusa'l

' ‘symmetry than metal chlorine absorptions. They 1sfﬂated ‘the folgnwing
compounds: w . 4
) Ni(I1) (salen) Mn(CO)(CT ~ * ;
Ni(IT) (salen) Mn(CO)SBr . . 5
Ni(1I) (salen) Mo(CO)4
Ni(II) (salen) W(CO)g -
) "Group VI transition metal carbonyls allow from one to four: CO
gr"onps ‘to be displaced by Lewis bases, stereuch;rnical changes. being
.reflectgd in the carbonyl reg(on’of»the 1.n spectrum. Néutra"l bidentat;
Tigands, under appropriate 'cundit‘jons, displace twn carbonyl groups. In
Ni(II) (salen) ‘Mn(co)yfthé stereochemistry about the gcceptc;r metal may : .

be either c2v or Ca‘;.' The _furmer requires three i.r.active térhuny]

stretching vibrations and the latter only’ two.", Threg ‘carbonyl upsar;pﬂons'_ -

.are found in this case indicating CZV' symmetry about' the manganese." (83).v
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Ni(II) (salen) d1§b1aces two carbony‘l groups from hexacar-,
bonyl molybdenum and hexacarbonyl tungsten to form the diamagnetic
compound Ni{II) (salen) H(CO)“. The stereochemistry about the acceptor
metal is_analogous to th;t in ‘the SnX, adduct and approximates to C,,
symmetry. -Under these‘r.ondii:inns, four i.r. active carbonyl. bands are
expected and ohservez‘i.’ confirming the local. group synlne‘try about the
metal. : ’

' The substitution of -two carbonyl groups. from Mrl(C0)5X by
: nickel Schiff base complexes prndu'ces compounds with two ‘(Fig.-ﬁo)

AN e A
PINF e /TN

Fig. 30
alternative structures. On the i.r. evidence, Hobday and Smith assigned

¢

tt;e. correct st_ru‘cture as (30A) with c2v Tocal symmetry about the
manganese. o : . i
Ni(II) (salen) M(C0), shows four bands in the CO stretching
region indicating’the presence of CZv local symmetry around M. On the
basis of C,y Symmetry Hobday and Smith (88), assigr-ned the following '
structure (Fig. 31). g : C
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The carbonyl absorptions are removed to lower frequencies than

. ‘those of the parent molecules. R

i.r.vpq region cm”
Ni(i1) (salen) Mo(CO), . . 1910 .~ 1798> 1696, 1665

Ni(I1) (salen) W(C0), 1899 1790 1667 1630

‘_lt. was suggested (by Hobday an‘d}ksmth) that Ni(II) (salen) is a strong
electron donor and the bonds 'to the‘acceptor metal are strong. Their

‘exp1ana_t1‘on for Tow veo values is not satisfactory which makes\their

* proposed structure rather doubtful J*

| : - i.r. veq region en’!

P :-Ni(II) “(salen) M;\(Co)acl.' 2030 - 1939 1900

Ni(11) (salen) Mn(CO)4Br 2029 1940 1900

Two reasons were ‘given why, .in the 'm'anganese compounds, the
carbonyl frequencies are not .shifted to low values. The strongly
el_ec‘tmnegét'i;le haingen >cou1d accommodate a large degree of electron

density, which is solely accommodated on the carbonyl .group in the

molybdenum and tungsten cases or alternatively a metal-metal bond'may

"*See page 184 ‘for detailed argument. - o Sy




be} present in manganese compounds forming S synergic type ofv bonding
system, reducing ’the elenv:trun density on the car-t;unyl groups. Hobday
and S’nith did react hexacarbonylchromium with thése metal Schiff _
bases but apparently did, not éet any'carbonyl compTex. The work was
repeated in the present study using di-n-butyl ether as a solvent and

tr\‘carhony’lchr" mium complexes of these metal Schiff bases were

9bta1 ned. Lo
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“EXPERTMENTAL

I.R. spectra were recorded on a Perkin Elmer 457 grating spectro-
. photometer using nujol mulls, solutions in chlorufum\a‘nd potassium
br—om{de discs. Moisture (water ;lapu—ur) and polystyrene were used -for
calibration. g ’ )
‘ U.V. and visible spectra were det&rmined a“n a Pérkin Elmer 202
or Unicam'S.P. 800 D spectrophotometer in ch]orofurrﬁ‘ sdtluéion. The specgra
were recorded usmg 1-cm quartz cells with the solv,'znt in the reference

- beam.  Holmium oxide was used for. calibration.

. Near Thfra-red Spectra were taken on a Beckman DV 27 ratia
recording spectraphotumeter as nuaa] muTls (89).
Magnetic susceptibilities of solids were obtained by the Faraday ..

method aiid of solution by the n.m.r. method (90).

N.M.R. spectra were recorded on‘a Varian A-60 or HA-iOO spactrometer,

Precautionsduring the process of separati and purification
Most of the tricarbonylchromium. complexes of metal Sch\ff bases

are fairly stable in air and solutwn for some time. Therefore, the
processes of separati‘on ;a‘d purification were car‘ried out in an b;{en
atmosphere. . . 5 B

The Co(I1) and Mn(II) complexes oxidized easily in solution. For
these complexes the purification and separatibn were carried out in an
atmosphere of nitrogen, an;i nitrogen was passéd through dried solvents
before they were used. In most of the cases tl';in Tayer chronﬁatography was
used to ‘test the&pur’lty of the campounds‘ Ty
&A1l the compounds were recrystalhsed (reprec'{pibﬂted) from the

same su1vents used for separation. : ~



Bis 1methy1 N-salicylaldiminats) zinc (11)° (91) 5

A solution of 0.10.mole of zinc acetate was added :n a solution .

of O.Zb ‘mnle of salicylaldehyde and 0.30 mole of methy1amine in 100 w of
_ethanol,” The mixture was refluxed for 30 minutes. On'cooling, pale yellow-
cqlor‘ed crystals separated which were recrysta'l.lizgd from chlordfun‘n.
M.P. reported (260-262°C) )
M.P.*found (262-264°C) 2 .

Purification of di-n-butyl ether
The peroxides were removed by shaking_ the ether with acidic .
iron (I1) sulphate ina separating funnel. The ether 1ayer was separated
‘after ‘washing with distilled water. The presence of péroxide was tested
-, using acidic f#on (11) sulphateand potassium thiocyanatewhich gives a red

color if peroxide is present.

4 Fe*t 4 2:0-0% 4 Fe™ 4+ 2074 0,

Fet** £ soN” > rre (s

N
Affer removing the peroxide, the ether-was dried with CaCT‘Z and

then refluxed for 30 minutes with-sodium and finally d1st1'|'|ed in an

atmosphere of pure n1trogen The nitrogen used was punﬁed hy passing

through Fieser's solution and drymg dgents to remove oxygen and mo1sture.

Hydirogen sulphide produced by F1eser s solution was absorbed by- 1ead

'ac_etat_e solution, and traces of su'lphunc acid were'remuved by soda lime.  *

- -Redgent gradgi‘di—n-buty'l‘ e’ther’}an’tni}ned xylene as-an 1mpurit)"

wh'h:h Fovms am—comp]ex with hexacarbany'lchrunium. Di-n-buty’l ether was

*Melting points were recorded using Thomas Hoover- Capﬂlary me1t1ng point v

apparatus. Melting points® are uncorrq:ted z &y
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* several ‘times. Fraetiunal distﬂlatian of’

treated with alkaline KMn04 to oxidize xylene to phthalic acid which has a

higher boiling point and could bg removed by fractional distillation.

oy N 5 A CO0H
T +  Akaline KMnO; - el
oHy T i coon

The oxidation was not compléte aven by repeating the process

n—butyl ether, to separate

xylene fram it did not work as their bo

ng; points are ery close ;

Di-1 n-buty] ether "B.P =

p-xy1 enet

o-xylene, "@,’
m—){ylene
Xy1ene was removed successfuﬂy by reﬂuxmg di-1 rybulyl ether w1th

hexacarbonylchrommm under pure m\trnge'n The tricarbony!chromum complex
. S g Ll

of xylene-was formed. The di-n-butyl éther was separdted from the complex by )

(’1‘1 stillation under vacuum; .the comp'lex was Teft as a solid and tﬁe etb\pr
obtained‘was free of )‘(;lene Spectmscup\c quaTlty di-n-| butyl ether
(Matheson, Coleman and. Bell, U S.A.) was used suhsequently due to these
difficulties 1nvolved 1n puriﬁcati'on s ‘ e ?

Hexacarbony]chrmmum (Pressure Chemfca! Co . ll S.A. ) way purified

. by vacuum. sublimation.
. e

v



Tri and tetra carbunz]:hmmium cnmp'lexes of bis (m echy'l-N salicylaldiminato)
zinc sll) # .
w Bis (ine:r{ﬂ-u-sai1cy1mnq1nam) zmc (11) (0.0045 moles) was

refluxed with hexacarbonylchromium ~ (0.009 moles) in 150 mi di-n-butyl
éther for ;ix hours in an atmosphere of bure_ nit;'ugen ‘using a’Soxh]et
.i B extrahg:tor ' (Diagrav;x 1). When the reaction was over, the solvent was‘
evaporated in yacuo. The1 T of the dried pi‘oduct showed four bands in
o the CO stretch1ng regmn mdicatmg that a tetracarhony'l complex was formed,
asa tricarbonykhromum complex has only two bands, or the crude product . . N
.. R ) wasfa mixture of comp'lexes 2 ‘i '
T A11 the attempts to sevarage the r.ov'np'lexes by chromatography
using d1fferent adsorbants ‘and eluents failed. The comp]exes were separated

successfully by fractidnal prec{pitation

Cmde pmduct disso'lved in acetone ‘(spectroscopic qua'th (J. 1. Bakér))
N N L
! . Petroleum splrit (60 80% (BDH Chemicals)) added slowly £in the
precipitate appears

“ L4

N o7 ’ Filter *
‘1. Precipitate ({e'l'lowish Filtrate + P.Spirit
e . greev tin Precipitate appears S
. Navc0 - F1'Iter e ; L ) M
2.° Precipitate (yellow)~ .. Filter + P.Spirit i
Strong vey )
3. Precipifate'(urange). & Filtrate light ..

'y . -Stfong vgg ' . color, rejected- :
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1. The first fraction showed no €O stretching vibrations indicating absence
of carbonyl complek. . 3

2. Tricarbonylchromium =-complex of Zn(II) ‘Kﬂ}n—sai)z i bl

_This fraction was further purified by repeatiﬁ the process.

Precipitate (2) dissolved in acetone i
- * ’
- P.Spirit ti11 ppt appears
. ) 3 . o 5 ~
Filter

Precipitate rejected Filtrate + P.Spirit

Filter

g Precipit;te = .. . Filtrate rejected
! p 5 3

Finally this fraction (2) was reCrystalh'sed yielding an amorphous yellowish-
coh‘njed.su\id The complex uas falrly stab]e in air and was fuund to be

" hygroscopic. . Thereis a marked increase in ueight if left in air and the
weight decreases when dried under vacuum. Thei.r. of the qrieq comp’lex, “in
the region 3200-3600 cm'l, shows 3 broad bénd‘ indicating the «presence of

Y lattice’ water The elemental analysis of the dried complex agrees .Qyn the

Ppresence nf three water mo‘lecu'les . . . o
Zinc (Il) (CHg=N- s.ﬂ)2 (Cr(co)a)z.au 0

Ca'lcu'lated = C 40.10, H 3.34, N 4.26, and Cr 15 7%

- Found = C 39 34, H 3. 53 N 4. 50. and Cr 15.2%



R 4
The canplex. starts losing CO5 when heated above 100°C and no CO5 are left
when the temperature reaches 15565. (This study was followed by studying
' the i.rl Vof the solid taken out from the Mlting point apwraéus at

different temperatures. The‘ intensity of Co’s. was compared with Tigand
bands and no CO stretchings were left when the complex was camp'letely
decomposed.) The rate of decampositlon mcreases as the temperature is
raised. .

vmd 800 mg; 27% based on Zn(lI) (CHs-N sal)z

3. Tetra carbony]chrommm cump1ex of Zn(I1) (CHs-N-saI)z

The third fraction was purified by the same process used for
fraction number two W recrystallised to give an orange-colored
powder. This complex is stable in air and also hygroscopic as shown by
the i.r. and drying tests. The elemental analysis of the dried complex

corresponds to a formula with one water moTecule:

e (cHz-N-sal), (Cr(C0),).Hy0

. Calculated = C 46.60, H 3.49, N 5.44, and Cr 10.07%
° Found = C 46.56, H 3.46,:N 5.07, and Cr 10. 531
The cnmp]ex started decomposing above 100°C and was. comp'let.ely decomposed

aruund 180%
(Zn(I1) {CHy-N-sal), Cr(Co)?
v Yield/, 370 mg, 121 Jbased on Zn(IT) fCH;,-N-saT)Z

B1s methyl-N- sch ’Ia'ld‘ inato) cobalt 11) and man anese 11 (91

The comp'lexgs of cobalt (II) and manganese (II) were prepared
and coﬂected under a nitrogen abnosphere in order to avoid oxidation by-
atmspheric oxygen. In the crysta'IHne state both these complexes are
fairly stable to air, while in solution they are readny oxidised.



Cobalt (I1) complex <N

A'cor{centrated aqueous sz‘)lut"un of 0.02 moles of cobalt (II)
acetatp was added to a warm solution of rJ 04 moles of sa]icy‘la]dehyde and
.0.06 ‘moles of mer_hylam{ne in 80 ml of ethannl‘. After a few minutes, deep ’
Tgreen cr‘ystals began‘ to sepa/rate from solution. When recrystallisation
was'complete,, the crystals were collected.on a fi‘]ter, washed with

% ’ pettoleﬁm elther and dried. . 5
g e " M.P. rgported'231-éa4°c
M.P. found 233-235°C

Manganese (II) complex

The same pv:'ocednre‘used for the preparation of the cobalt. cpn]p]ex
" was employed. This complex is not as stable as the cobalt and decomposes in ‘

M.P. reported 305-307°C: . .

air after a/fé_lv;(days. ) g ¥

M.P. found 307°C

Bis (l;rethy'l-Nr-sa'Hcy]a'ldiminath ‘iron (II) (91)

Aétempts to prepafe the ana'lognus iron (Il)compound led to, the
formation of a red cr) ta'l\\y{product which readﬂy decomposed in air,

becoming black even when dry. .

Tricarbonylchrom{um n-complexes of bis (CHg-N-sal) Co(II)

The same procedure used for the brepar:at:ibn of the zinc complex
\ -was employed. A1l attempts to separate and purify the‘c:mpl'exes by i:o]ﬁmnch,ruma-.
’tqgr’a_phy using different adsorbants and eluents failed. Th?cbmplexés were - ’
separated successfuﬂyvI’:yﬂ'fréctjunal precipitation. N
\ 8 . o8 _—

e



Crude pﬁoduct partially soluble in chloroform (spectroscopic quality

(J. T. Baker)).
Filtrate. -

1.- Black solid ; Filtrate b a .
No vy el Concentrate ti11 ppt appears - -~
FiTter o

1A. Greenish black solid Filtrate + B.Spirit
] .vweak.ym ti11 Precipitate appears
! 5 ’

Filter:

g

2. Light green solid ? Filtrate
Strong Ve Concentrate ti11 ppt appears .
5 % Filter

. 3. Light brown solid =~ Filtrate :
Weak veo Concentrate till ppt appears
g  Filter

¢ 4. Brown solid Filtrate + P.Spirit-

Strong Yoo ’ Ttin Préc1p|tate"‘appears
: Filter
o * 5., Light brown soiid . Filtrate

Heak’ v

51

Colorless, Rejected .




1. The first fraction showed no m'strét'ching vibrations indicating
absence of any carbonyl complex. ' '

% . 2
Fractions 1A, -3 and 5 showed weak CO stretching vlbraﬂonsjn'dicating that

these fractions were impure.

' .\ : 2.~ Trx:arbony\chromium 1r~comp'lex of bis’ (CH3 ~N-: sa'l) Co(H)

“This fv*actwn was further pur‘If‘Ied by repeahng the process

Light gre'en so1id dissolved in chloroform
+

P.Spirit ti11 ppt appears

Filter -

4, . Precipitate KF 1trate concentrate
2 Rejected ti11 Precipitate appears ~ .
Filter .

2. Precipitate Filtrate rejected

Findlly the fractmn 2 was recrystallised and an amnrphnus greenish su'Hd '
obtained. The complex is fairly Ltab]e in air. The i.r. of the dried
complex in t!\e region 3200 3600 em shuws a broad band indicating the
presence of lattice water.” The elementa'l ana'l_ysis of the\dned ccmp'lex

agrees vnth the presence of one wWater molécule.

Cu(ll) (CH3-N-sal), !Ir(CG)3 HO
Calculated.= C 47.8, H 3.74, N 5.84, and Co 12. 24% “
Found =~ C 47.13, H ‘4,78, N 5.32, and, Co 12.37%



53

The complex starts losing CO' when heated above 100°C. The rate of

] 3 -~
decomposition increases as the temperature is raised.

Yield, 27% based on Co(II) ((:Iia-N-sa’l)2

4. . Iri;arbnnylchrnmim --compi‘ex of bis (CH -N-sal) Co(II)

éThis fractinn vas purified further by the same procedure as
eupicyed for fraction number 2, and & brownish solid was ohtaiued The*

detaﬂs of this cnmpiex are gwen in Table IV,

'Tricarhouy’lchrumium w-cumpiex of bis (CH3-N -sal) Mn(I1)

The same prcggdur¢ usenj ‘fnr the zim: complex was employed. for this
preparation. The process of separation and purificatiun ._was carried out'in
an atmosphere of nitrogen. Nitrcg‘en uas_paséed i:hruugh the'suivents b‘efnre
they were used. The complex decumposed during the pmess of separation
and purification either by chromtngraphy or by fracuunai precipitation.

Bis (methyl-N-salicylaldiminato) copper !{I) {92) 2
: To 0.05 moles of sa'licyialdehyde dissolved in 100 ml of methyl
alcohol was added 0.10 moles nf primary amine (as 40% solution in water)
and the mixture was allowed to-stand for a few minutes.at room temperature.
) A seiut_idn of 0.025 moles of copper acetate iri,lOO ml of disi:ilieﬂ water )
was added. The mixture wus heated nearly to buiiing and stirred for 30
minutes After heat‘lng 1t was allowed to stand at ranm temperature for two
: hours; and the so’|1d chelate was fiitered ona buchner funnei Tiie compound
was recrystaliised from methanoil . 5
. -M:P reported 158.5 C
L WP found, 159.5%C



:fricarhanylchrognium n-complex of bis (CH3-N-sa'I) Cu(II)

The same procedurshused for zinc_complex .was employed for" the
preparation. The complexes were separated.and puh‘ﬁed by fractional
precipitation.’ ) ’

Crude product partia'ﬂy soluble in acetone.

. Filter
: o L ¥,
. 1. Solid Filtrate + P.Spirit
© No vg ti1l. Precipitate appears
Filter
2. Solid C Filtrate 3
Weak. voq Concentrate £i11 ppt appears
’ Filter
Ea 3. Brown solid R Filtrate
Strong veo Concentrate till. ppt, appears %
: Filter
4. imack solid Filtrate orange color .
3 -Weak vog - -Concentrate till ppt appears
. 5 . Filter
5, Orange solid . ~" Filtrate
Strong “’Cﬂ o Colorlgss, Rejected



The first fraction showed no CO stretching vibrations indicating

absence of any carbonyl complex.

.Fractions 2 and 4" showed weak "CO stretching vibrations indicating that these )

fractions were impure.

3. Tricarbonylchromium w—cu_mﬂex of bis (CH3-N-sa1) Cu(1r)

This fraction was further purified by repeating the process.

A Brown solid 3, dissolved in chloroform.
# .
P.Spirit till preéipitate appears

Filter
Solid S Filtrate
.Rejected . .Concentrate ti11 ppt appears
“Filter
) g

3. Solid | - Filtrate rejected”

,ﬁinally this fraction,wds recrystallised and an .amorphous brown-colored
solid obtained. . The elemental analysis corresponds’ with the ‘fo'l'lowing
formula: 3 L E L

“Cu(11) (CHy-N-sal), Cr(CO)y" .
Calculated = C 48.70, H 3.42, N 5.97, and Cr'11,12%
Found = C.48.46, H 4.74, N 6.10, and Cr 11.03%

» g
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_The complex starts losing CO's above 100°% and no CO's are Teft when the
température reaches 180°C. The rate of decomposition increases as the
temperature is-raised. '

Yield, 31% based on Cu(II) (CH3~N—sa1)2

5. Tricarhony]chrnmlmn n-complex of lns (CH3-N -sal) Cu(II)

This fraction was pur1f|ed further by the same pmcedure used for
fraction 3 and an orange-colored solid was obtained. The details of ‘this

c;)mplex are given in Table IV.

" Bis (hethyl-N-salicylaldiminato) nickel (II):(92)

' The same p?oc_:eduré used for copper (II) che'l@?_tg was employed for

preparation. ® I # N "
M.P. reported 206-207°C

M.P. found 208-210°C . .

Tricarbupykhrmium - comp]ex of bis (CH3-N -sal) Cr(I1)

The same procedure used for the zinc comp'lex was employed for the '

’ preparation. A mirror was_observed” on the wall of the flask and on the :
1.ovier vortinn of the Soxhlet when the reict{dn was cumpTeted (D1agram 1). .

To the éHNOs) solution of mirror was added 6 m«ﬂar ammonium hydrnxude drap

by drup, untﬂ alkaline, then a few drops of dimethylg'lyoxime gave the n'lum -red
precipitate of bis (dimethﬂg'lynxme) nickel (II), indjcating.the presence

,o; ‘nickel. A'negative test of nickel was shown on the dﬁ'ed product,
indicating the rep!acement of n'{cke’l by chrummm which was confirmed hy

quantitatwe chromium analysis on the comp'lex famed to .



" Ni(CHy-N-sal), + Cr(00)g — Cr(CHy=N-sal), +'Ni(C0), +2C0
Ni(C0), —)m(u) +400 . '

Cr(CHa-N sal), + Cr((:l))6 ———)Cr(CH3 N-sal), Cr(C0)5 + SCO

~ The formation of a m'ckel mirror on the Tower part of the Soxhlet
cannot be explained un'less a very volatlle compound of nickel was formed
which decomposes readily at that temperature (temperature of reactmn 141°C)
TetracarbonyImcke'l (B.P ASDC) vaporises quickly and deeompﬁses to
the metal readily. No further study has been done to confirm the formation
of N1(C0)4 as an intermediate, :

j The complexes were separated and pur\ﬁed hy fracnonal precipita-

tion.
Crude product dissolved in acetone \
ay P s . :
P.Spirit till prec1p1‘pate appears ’ : *
.
Filter
1. Black solid ’ ‘- Filtrate + P.Spirit
" N veo . till Precipitate appears =
. Filter i
. - '
2. Green solid " Filtrate : .
Weak® veo Conicentrate till ppt appears
N Filter
. 9 . | Y i
3." Yellowish éreén solid Fiithate
Y . Strong ven . . Concentrate tﬂ'l ppt appears
o AN E . . ) F1H|;er
§ o B B B | .

..4. Yellowish brown sotid oo Filtrate s
' Strong veo d . Light yellow color

R‘ty\eCted
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1. The first fraction showed no CO stretching vibrations indic,ating.abse;Q .

of any carbonyl complex.

* Second fraction shéwed_vwéak C0.stretching vibratijons indicating that

this arach‘un was impure.

3. Tricarbonylchromium n-complex of Cr(II) (CN:,'—N-sa'I)2 “

This fraction was further purified by repeating the process:

Fraction 3 dissolved in acetone 23
L+ 3

P.Spirit ti1l precipitate appears

Filter =~ ; &
Solid rejected  * < Filtrate .
. . ‘Concentrate till ppt appears i
Filter - )
“
'. 3. .Yellowish green solid B Filtrate rejected

Vv

Finally this fraction was recrystallised;

n amorphous yellowish-green solid

obtained. The elemental analysis corregbonds with the _fol'lowir!g formulae:

Cr(II) (CHS-'N-SB ZCr(QD)a
Calculated = C 50,00, H 3.51, N.6.13, and, Cr' 22.78% .
Found = C 49.73, H 4.66, N‘6.44, and Cr zﬁ)oi foall o F 4
The. compTex starts Tosing les aho\le‘ 100°C and n‘u COs are left when the 4
<" temperature réaches 1§0°C.‘ _The raté of :decomposition increases as the ..
temperature is raised. - E ' :
¥ield,8 based on Ni(I1) (CHy-N-sal), * .
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4, Tricarbonylchromium n-complex of Cr(II) (CH}-N-saH2 . o

This fré\:tion was purified further by the same prgcedu}e used for,
fraction 3 and a ‘yellowish-brown solid was obtafhed. The details of this

complex are given in Table.1v.

Tris (CHz-N-sal) Co(IXI)(Q:’iL) .

To 0.06 mles of salicylaldehyde in'100 ml ethanol vas added 0.06
moles of methylamine and to this so1{1tion 0.02 moles of cobalt (II) acetate
tetrahydrate dissolved in 50 ml of water' was’ a_’Hded. To the resul ting,

mixture was added dropwise aislight excess of hydrogen peroxide (0.013 moles)

with gorous stirrhig for 30 minutes. The product obtained was filtered -

through a buchner funmﬂ and recrystallised from methylene chloride and

" ethanol mixture as dark green crysta'ls. e,
& ®

M.P reported 245-247°C )
M.P found-247-248°C - - ’ .

Tricarbony1chromium n-complex of tris (CHa-Nfsa'I) (_Io(lﬂ)
s

The same- procedure used for the zinc complex was ‘employed for -’

»p_reparat'ién. The ‘complexes were: -purified anq separated byifractinna!

precipitation. . B
. . -
Crude product dissolved in chloroform

P.Spirit ti11 precipitate-appears ~ RORE .




) / »
Filter N - #
1. ‘Dark giree_n soTid Filtrate + P.Spirit
Weak Veo Concentrate ‘11 ppt appears -
B % 5 Filter
ke “ % 3 2. Green solid v»v— Filtrate Concentrate | :
. Strong Veo, H s . . .
2 P.Spirit ti1l ppt appears B
~ Filter " ) ]
7 MO P Veﬂbwisb—green,lgoh'd F1'Itrate
% . o Medium Yo - Concéntrate ti11 ppt appears .
! , . Filter
4.° Brown solid © T Filtraterejectéd |-

Strong veo

1. First: fraction showed weak CO swuching vibrations indicating that it

-was impure. & i

3. Third fracﬂon was considered impuré. and was rejected:
8 o

2. Tricarbonylchromiun( n-complex of tris (CHy-N- sa'l) Co(III) P

This_fraction was purified by repeating.the process.

" Fraction 2 dissolved in “ehloroforn” ™ #
E N : =
P.Spir’it’ti]] precipitate appears .’ -




W

Rl ' i
- ; X 61-
e “ . : v
“ Fed e X
5 Filter .
1 ' | ¥ - -
S *. . Solid rejected .* 1 ..« Filtrate
. Cnncentrate till ppt appears
i " Filter . .- A
. . Pl .
J 2, ‘Green solid Filtrate rejected
Fina'lvly the fra'cl;‘inﬁ 2 was recrystallised and an amov‘*phqus green solid
- .obtained.- A weight loss occurrgd‘o'n drying, and also the weight increases
.if the, comp’[ex is left in air. The 1'.r‘. of the dried complex.in the .region
5 3200-3600 _cm_l sh;ows a broad band indicating the-presence of'latt‘i‘ce wat‘er.\_
° <, Ihe.‘e1emént'aI analys)s corresponds to the presence of twp water mblecu1es:
“ - Co(IIT CHv N-sal \C 0 H,0
) B o(I11) (CHy-N-sal)3 Cr(C0)3.2H,
Y . CalcuTated = C.51.20, H 4.42, N 6.64, and Co'9.32%
C v v, Found = 65187H456,rl68&,and(20993% N
- The comp’lex started Tosing CO's above 100°C and.no C0's were Teft when the
% b temperature reaqhed 180°C: The rate of \decoq\pnnt(on increases when the '@
temperature is raxsed . . ) i
Nierd, 221 based on Co(lﬂ) (cx-l3 -N- sa1)3
4. Tricarbonylchromium n-complex of C'o(IH) (CM_.,-N-sa'I):1
G ‘—‘ : This fraction was pur1F|ed in the same way as fraction 2 The Y

W | :
1 r. uf the dNed camp'lex shnws a br‘oad band in the regmn 3;00 3600 cm B




- The elemental analysis corresponds to the presence of three water

molecules. T
) Cu(I!I)‘(C'Ha—N—_sﬂ)a (Cr(C0)3),. 3,0 7 e O
Calculated = C 45.75, H 3.84, N 5.34, -and Co 7.50%
Found = C 46x10, H 4.46, N 5.15, and'Co 8.37%

“ The comp'lex starts lnsing CO s above 100%c and is com;ﬂete'ly decumpused
around IHGOC The rate of decomposition iricreases.as the temperature is
raised. * P ‘

Yield, 132 based on Co(111) (CHy-N-sal)y

Iris phenyl-N-sal ic: laldiminato) cobalt {IIT) (94 s
' Cobalt (I1) acetate tetrahvdf-a“te (5.0 g, 0.02 molé) was ‘dissolved z
“in water (50'm1), and the su’lutmn filtered and added to a solution of
schy'Hdeneaanne (11 0g, 0. 06 mole) in ethanol (300 m'l) To the °
. resulting’ dark rgd solution was added dropwise a shght excess’ of h'ydr;oéen
_4peri)x-ide ((0.013 plq'le) .wi;ﬁ viéorous stirrin‘g.» -T,i)e ‘dark yellow-brown,
'éd]utinn was,'kept until crystallisation wasvcum[':'lete. Thé product was"
récrysta]!iséd from ‘alcﬁho] and‘nbtaihed as .black green‘ neeyd]es.‘ s
M.P. reported 104°¢ a
NP, fuund 1958

Tricarbonylchromium n-complex of tris (C Hg-N-sal) Co(111)"

%? sameé procedure used far the z1nc comp1ex was emp'loyed for
"the preparation The complexes were separated and purified by fractwna'l

prempvtation.




prudé product dissolved in c’hlnrufnrm
+ ) ;
P.Spirit ti1l precipitate appears

. Filter’
P 1. Solid (dark green) Filtrate
; . Weak ) Concentrate tiil ppt appears
4 Filter
2. Solid (green) . Filtrate concentrate" :
Strong V6o _— + R B
P.Spirit till ppt appears
. Filter - .. 0
i . ¥
3. Solid (11ght green) . Filtrate .
Weak - ven Concentrate till ppt appears
: _Filter,
oo (R TI
4. . Solid lbrown)“ T " Filtrate rejected )
Strong ‘tO ) iy

Frachons 1 and 3 showed weak CO stretching vibratmns mdlcatmg that they,

were: “impure. B a

Trwarbony]chrommm w-compIex of Co(III) (CEHS -N- 5“)3 .
T

T 's fraction was purified hy repeatlng the pmcess,

Fraction Z dissolved in ch'loroform
S

P.Spirit till precipitate _appears




. SN . &
& R Filter
. A LT H
£ Solid rejected © Filtrate
' Concentratg ti11 ppt appears

Filter '

2. Green solid j1ter rejected

Finally the fraction 2 was rm:rysta]hsed and an amurphous green soHd was

obté«med The detaﬂs of the complex are g{ven in _Table IV.

b B Trucarbony\chrom‘lum v-comp\ex of Co(I11) (CEH5 -N- 531)3

This fraction was puriﬁed 1n the same way as fractlon 2. The i,r.
,-uf the dried comp‘lex shows an intense broad band in t,hE region- 3200-3600 (:.m'l
’ indicating 'the i:resen;e’ of lattice water. A we1ght:loss occur}edv on dryir!g',
i a’v;dvanlso the weight 1nc!?ea'ses if the ‘comp]exv‘ls left in the ai}, suggesting
it to be-hygroscopic. The e]emenéa] a‘na1ysi§ of >the d;'ied complex cérr:es’-
ponds  tol the presénce aF 13’ water molecules. The c_qmp"l‘ex had perhaps

»p1cked up watewmu]_acules hefore elemental ana’lys1s

GollID) (Getsoh- sal)!(Cr(CO)a)z 13,0

_‘CaIcu!ated = C'47.58, HWA.79, N 3.69, ind. o 5.18%

. Found '=c4694 H-4.19, N 3.58, and50545% N .

The complex starts losing C0's above 100°C and is completely decomposed
around 180°C. The’ rate of. decompositwn- increases as the temperature is i
raised.. - y

‘he'ld “7.5% based an Co(III) (CgHg-N- sa])3

. In view of the bad'C:N ratig the identity of the comp\ex is

‘suspect. lt is very er]y 1mpure




«

’ Tricarbonylchromium n-complexes of bis* _(CGHS«N—saI) Co(II)

f P \ B . L
,-/rBis (salicylaldehyde) cobalt (II).ZHZO (95),

This complex was ‘prepared by trea‘tl‘ng a saturated solution of

cobalt (I1I)acetate in 50%.alcohol with a stoichiometric amount of ke
: g -

'salicyldehyde. The reactants‘weré thoroughly mixed and allowed to stand

at room temperatuvre_ until the reaction was complete. The precipitated - ~

pi‘oddct was filtered, washed successively with water, alcohol and ether

“and fjnally dried.

B pheny’ licylaldiminato) cobalt i1 42)

To ‘0.01 moTe) bis (s_a'lf:yTaldehyde) cobalt (II) in (50 m1)”
ethanol was added (O}OZ mole) an;i'h'ne and reﬂuxeé on a steam bath for
several hours till brick;red cry;tais ‘started appearw‘ng‘. “Crystals
obtained were filtered on a buchner.funnel, vashed with :E}Tano! and then
recrystallised from ethanol. ) i

© . P reported 193

M.P found 193%

* ;'The same procedure Used for th:a zinc complex was employed for

.thg preparation. The complexes were separated and purified by fractional

pr:ecipitation. ;

. Crude product dissolved in-chloroform -
P.Spirit £in precipitate appears -
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; e .
Filter” R N
) | . "
1. Solid (greenish-brown) "Filtrate |
No eo Concentrate ti11 ppt appears ol
i ; ! Filter
L2 Solid,lgreen)_ : © ' F{ltrate + chloroforii .
b{ea.k veo, 2 C+ .
R S - P.Spirit til1 ppt appears
g Filter.
3. Solid (yel'lowi,sh green) Filtrate cnncentrate\\
. + ‘Medium "cn B . + \
. ~P.Spirit till ppt appears
Filter
- . 4.. Solid (brownish-green) * . © Filtrate concentrate
AR Strong’ v'co o T m +
P.Spirit till ppt appears
Filter )
Q- # )
5. Solid Igr_een) g . Filtrate -
strong veq - ., Colorless, rejected-

First fraction showed no. C0 stretching wiib‘ration's-'ir‘\dicating absence of,

any ‘carbonyl comiﬂex.
Fractions 2 and 3 showed weak and. med'{um co stretch1ng v1brat1ons 1ndicat1ng

* that they were 1mpure




. ‘ « - f

4., Tricarbonylchromium n-c’omp'lex of 'Cé (C6H -N-sa])z 5

This fraction 4 was pur'lﬂed by repeating the process.

- Fraction 4 d1ssolved in chloroform *
. +

© P.Spirit till pp;: appears

Sy ¥ Filter

o, Y. o
* Solid ‘rejected . , . Filtrate .
= 9 J . Concentrate till ppt appears
7, ¢ T * Filter
“ -/ . ;
- r T o 4: Solid y Filter rejected

Finally this fraction was recry'staﬂised and an amorphous green solid was

obtained. Thei.r.of ‘the dned cumplex shows .the presence of water ~The *

e'Iementa’l analysis corresponds to the pv‘esence of ~ three water mnlecu]es.

Co(I1) (CGHS-N-sal)Z»Cr‘(CO)a.SHzO
. Calculated = .C 54. 30 N 4. 36 Ha. 08,"and .Co 9.18%
Found - = C.54.50; N 4 51 H 4 20, and Co'9.15%

The complex starts losing co% abuve IOOYC,and is comp]ete'ly deccmposed

around' 180°%. The rate of decomposition increases as’ the temper:aiure is _'

raised.

. Yield, 10% based on Go(1D) (Cghg-tosan),

5. Tricarbonylchromum wcomp]ex uf Co(l!) (CSH -N sa1)z

This frachon was purified the same way. as fract\un‘4 The i.r.

bf the dried st the présence_uf water. The e]emental_anal);sis L



K ) (]

'of the drved product corresponds- to the presence of . two water molecu'les,

Co(I1) (CgHg-N- sa1)2Cr(C0)3 S2H,0° o

o E Calculated = C 55.87, H 3.86, N 4.49, and Co 9.45%
Found. = C 55.99, H 4,12, N 4.56, and Co 8.27%

“The cbmp'lex starts losing CO's above 100°C and no CO's.are left around
-180%. The rate of decompos‘lﬂun increases as the temperature is raised

Yield, 5% based on Co(II) (C6H5~N saldy. :

Bis (sa"licy'la‘ldehy;ie) nickel-(I1). 2H,0 (95)

.
The same,prncedure used for the cobalt comp'lex was emp'loyed for
’ the preparatlon (page 65). e

Bis Eheny1 N- salicy]a]dim{nato) nicke‘l (11) (91)_
To (0.01 mole) bis (sahcy1a!dehyde) nickel (II) in 50 ml ethanol

was added (0.02 mole) anﬂjne and refluxed for 30 minutes, on cooHng dark
green crystals were filtered uéing'a buchner fupnel _'and then recrysta"l'lised

from p-xylene.

" Tricarbonylchromiun =-complexes of bis (CgHgaN-sal) .Cr(11)

l"he same procedure ‘used for the zinc c’omp'lex was employed for
the preparatian The nickel metal was rep'lace;« by chrmmum, the details .
of meta] replacement are the same as were discussed 1n the: case of bis-

( CHg-N- -sal) Cr(lI).

* 4 or(0) o+ Nigo) -
“ v, The complexes - were éeparatéd‘a,nd puriﬂ'ed by fractional precipiiatinn.
E ‘The crude product was partially soluble in chloroform.

P}
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s Ty © Filter ., S : ;
£y Suiid.[ma'ck) Filtrate )
- No ey Y +

T{ P.Spirit till ppt appears
4 Filter

Solid (dark green) ' Filtrate
e : cuncentrate‘tﬂl ppt"appears

. . Fﬂiev\‘

3. ‘Solid (1ight green) . Filtrate
i E Strong ven Coricentrate till ppt appears
e o 3 © e FiITer
1'4. X Séolid (btowhish-greenf
it Strong Ve

Filtrate colorless ’

i

2.

F|rst frac ion showed-no CO stretch‘lng vibratiuns mdu:atmg the”
absence of any carbonyl complex.
&, . 5

Second fraotwn has weak CO stretchlng v1brat|ons lmhcatmg that th1s

A .
fractmn was impure.

\
3.

- Tricarbonylchromium w-complex of bis, (CEHS-N-saT) cr(I1)
oy 4

This Fraction was further purified by repeaiing the process:

Fraction 3 dissolved in acetone
: . o i
P.Spirit t'i'l!‘p‘pt appears
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%
e . Filter
T N .
Solid rejected ' Filtrate
Concentrate ti11 ppt appears
Filter
3.. Solid L - Filtrate rejected

Finé11y this fraction was recrystalliséd and 'a‘n amorphous. yellowish-green
solid 6btained Thé i.r. of the dried complex shows the presenc; of Water
5 The e]ementaI amﬂysis of the dried complex corresponds to the- presehce of
three water mo]ecu'les
cr(1) (c6 5-N-sal), Cr(c0)3,3H20
“Calculated = €'54.89, H 4:13, N 4.41, and. Cr 16138
oA S - Found: «=C.54.93, H 4.35, N 4.28, and Cr 16.12%
The complex.starts losing CO's above 100°C and no CO's are left when the
temperature reaches 180°C. The rate of decomposition increases as_the
temperature is raised. . o !
“Yield, 35% based on Ni(l[) (Celty-N-sa1),

4 Tricarbony'tchromwm w—comp1ex of b1s (C6 5-N sal)Z Cr(II)

This fractinn was pur1hed as fraction 3. The i.r. of the dr1ed
_ complex shuws the presence of water. The elemental analysis of the dried
complex corresponds to.the presence of four water molecules.

2 er(in) (CGHS-N sa1)2 (Cr(C0)3)2 A0

Calculated =€ 48.73, H 3.57, N 3.55, and Gr 19.85%
Feynd Y= c’49.q3, H 3.98. N 3.88,.and Cr 19.63%



The complex starts losing €05 above 100°C and is compiete1y- decomposed

around 180°C. The rate of decbmposition ‘increases as the temperature is

raised.

Yield, 5% based on Ni(II) (C4

N-sa‘l )y

-Bis “zhen[l—N»salicyla]d‘l’minatn) zinc (I1) (97). !

. To (0.01 mole). bis (sa!icyla]dem"de)vzinc (IIj in (50 m1)
efhanol vas added (0,02 mole) aniline and stifred for 3 hours at 25°C. The
~yellow cr)_'stals f}mned were filtered, washed with a s1ight amount of

ethanol and then recrystallised from ethanol.

Tricarbonylchromium w-co}np1exes of bis (CSH5-N-sal) n(11)

_The same procedure used for the zinc complex was employed for the
preparation. The comp'le_x‘es were sepirated and.purified by fractional
precipitation.

Crude product dissolved in dcetone *.’
A

P.Spirit till ppt appears

Filter

1. . Solid (black) Filtrate
St’rong"vcu'cm . " + ) R
. ) P.Spirit till ppt-appears
Filter
2. Solid (yetlonish) Y Filgr]:ate. !
Strong Ve M- . Concentrate vt'ﬂl ppt appears ‘-
e FﬂTvr‘

\ ;

s | g ¥ T

3. Solid (yellowish-brown) . Filtrate o
Strong ve, ° . Colorless, rejected




1. Tricarbuny]chrom;jum w-complex of bis (CGHé-N-sa'I.) Zn(‘II)

This flraction was further purified by repeating the process.

Fraction 1 dissolved .in acetone
by B
P.Spirit til1l ppt-appears

. F‘I.'Itev‘. . ' ) ; i
[ - )
Solid rejected Filtrate
. L Concentrate til1.ppt appears
o . ., Filter ~
Y1 solid " Filtrate rejected

\D Finally the fraction 1 was recrystallised and an amrphoué light brown
solid obtained. «The i.r. of the dried complex shows the 'presence of water.

The details of this cor‘nplex are .Q1VE}I in Table IV. - T
. v «

Z.‘A' fh(s fraction was considered amixture of 1 and 3 and was rejected.’ .

3

Tricarbonylchromium r-complex of Zn(11) (CENS—N--sa'I)2

This fraction was purified as fraction 1. Thei.r. of the dried
compl’ei( shows -the presence of water. : The elemental analysis of the driéd
Ca g

complex, corresponds to the presence ‘of four water'molecules.

In(11) (cghg-t-sal), (Cr(c0)y);iH,0

Calculated = C 44.81, H 3.00, N 2.99, and Cr 16,621 .
7\  Found ‘= C45.37, H 3.79, N 2.70, and Cr 16,50%




. The complex starts 1os1ng 05 above 100°C and no Cﬂs are left -above 180°c

The rate of decompos1t1on 1ncv‘eases as the temperature is raised

Vve]d 14% based Qn Zn(11) (CGHS‘N sal)2

alicylaldiminato) copper (IL X
& v ¥ w
The same procedure used for nickel (II) complex was :employed for

the preparation. - K : X E .

Tncarbony]chromwm 7-complex of Cu(II) (EGHE-N sal)2

* The same procedure, used for the zinc complex was emplo_yed for the
preparation. The complexes were separated and purified by ‘fractional

" preci p1 tation. -

Crude product part'la’l’ly solup]e in acetnne

.. Filter “ e v

1.7 Solid (dark green) . . Filtrate
g :

ToNovey o g e L -
- . PuSpirit til1 ppt appears X o
F1'It]f.erv 3 . . o
. & : ; [
2.. Solid (green) - - Filtrate
Weak veg N ,  ‘Concentrate till ppt appears
’ Filter:
. - 1 i
) z 3. Solid (light green) ..t Filtrate -
5 N o . 5
i . 19 : y Stv-ong Veg . . Concentrate tilr pgt appeav‘s R
t : Filter. 3
) . i . I I .
v <L 4 “soldd [hr‘own) e, Filtrate . . i
v o strong vey' - g 2 Light color, rejected a:




Za

1. First fractmn showed ho.CO stretchinq wvibrations 1nd1cat1ng absence of .
any carbonyl cump'(ex ; ;
s i -
2.

Second fracﬂon showed weak CO stretchmg vibrations 1nd|cating that

this fraction was lmpure i . . N

R T
3.\ Tricarbonylchromium -complex of Cu(II) (Cg 5—N-sa1)2A

This fraction was purified by repe_ating the proceés.

Fraction 3pd|'ssq1ved in acetone

* 0
P.Spirit till ppt appears
” o W %
Filter,
|.
SO1id rejected - Filtrate
E 5, 3 ‘Concentrate till ppt ‘appears i,
- . . F1'1Terr, g .- Y
3. ,So_nd' TR Filtrate rejected ) s

- Fma'lly this fraction was recrystalﬂsed and an amarphous green sa’Hd \
obtained.” : .

. The i.r. of the dried comp1ex shuws the presence of water The
elementa'l ana'lysvs of the’ dr1ed comp’lex curresponas to the presénce of five

water molecules.

Cu(In) (Cghg-N-sa1), Cr(C0)y 5D

Calculated =C 51,08, H 4.41, N 4.11, and Cr. 7.63%

«" . Found - ‘=C 51.07; H 4.22, N 3.91, and Cr 7.93% o -
B . > ' g &




i

The complex starts Jps1ng COs a’)ove 100°-C and no COs are 1eft ar‘ound 180°E
The rate of, decompusit\on increases as the temperature is ra1sed

- Yield, 22% based on Cu(II)” (C Hg-N- sa?)2

4. Tr1carbony1chromwm v-comp]ex of Eu(II) (c H5~N sal)Z .

This fraction was purlﬁed in the same way as fractwn 3. The

detaﬂs of tlns complex are given in: Table e . T A

© N=N- ethzlene 1s (sa'llcyhdenelmlnatn) cobalt (II) (98, 99 100

.t Coba'lt acetate tetrahydrate (0. 02 male) was disstﬂved ina

' m1xture of solvents (EtOH 100 ml.+ Hzo 20 m1) by heatmg undér mtrogen.

Thj_ so'lutmn Was added tosthe Schlff base (0. 02 ‘moles in 50 ml Etl)H)
a'lready heateg! (be'(uw the boiling pmnt of EtOH) m\\:\troger_\ atmosphere

and stwred at that tgglperature for 1’:* minutes. On co 'x"ng, smaﬂ violet-

* brown crysta'ls were obtained. The crystals 'ubtamed were washed w1Eh

/
d1st1'|1ed water, alcohgl And petroTeum ether in an atmosphere of n1tmgen.
sl of Y -

The crystals were dried under vacuum.

Tex of Co(I1 sa1en R oL

The same procedur%’used for the zinc. comp'lex was employed for
the p?aparatwn.- Thé ‘compléx was separated from the reactlon product by .
~fract|onal precwrtutmu The, whole process of separat]un and pur1f1:atlor}
was carmed out under mtrogen aﬂd n1trogen was passed thrvugh solvents
(chloroform and" R Spirit) before they‘were used Three fractions were

ubtamed~ i. F1rst and th1rd fractions showed weak CO stretchmg v1bratmns

mdicatmg that thesé fractiofis we) 1mpufe. 2, Second- ‘F,ractluun showe_d P

° i ¥




L

i
stmng -€0 {tretchmg vibrations and was ‘purified by repeatmg the precipita-

tinn process. Finally, fraction 2 was recrysta'l‘hsed and an %ﬂurphous :

brown scHg was ubta1ned . ' g »
' The T of the dried cnmplex shows the presence af water{ , The
)
e'lemental ana'(ys1s of the dried complex corresponds cu the :presence’ of two

water ffm'lecu'les © o b ) ~’.
‘VVH) (salen) Cr‘(CO)a 2H,0 o
£ calculated 4 c 26, 00, H 3. 63 N‘S 67, and Cr 10.46%
. ' 7 fFound " =C 46»75 H 3. 39 N 5.65, and Cr !0 63% i
The comp'lex starts 1os1ng €0's above 100°C and was comvllte]y decumpnsed
around* 185°c.> The rate of decompus1t1on increases as the temperature is
.raised, ' .

Yield, sax hased on m(u) (sa'len) » ©

N- N ethz\enelns (sa'hc_deeneiminato) zinc (II) (101)

To (0 04 mole) sahcyla'ldehyde in 100 ml, etham‘ﬂ w‘as added (0 02
mo'le) zinc acetate and kept warm while stirring for 20 minutes To this,
‘war’m solution was added (0. 02 mo]e) ethylenedwmme and stirred for another
30 minutes. " The Zn('ﬂ'7\(sa1en) formed ias filtered, washed ‘with dvstﬂ]ed

water and then recrysta111sed fr-om ethanol..

r1carbonzlchromium w-comp]ex of Zn II) sa'len)

The same yrncedure used for the z1n: complex’ was emp1oyed for the

preparatmn The separation uf the' comp'lex from the reactmn prcduct was:
* achieved by extracting the:complex with- c?rlaroform using'a Soxmet ina
ni‘trbg‘eh atmosphere. .The extracted comp]ex was recrys:a]hsed ;frnn(/chlorofbm

and petrn‘leum'spirit_ and an’_vamnrphuus yellowish solid was ohtained. The 1 re
’ ¥ i . : . ¥

o
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£ “ of "the dried complex shaws the presence of water The ele}nenta'l analysis

of the drled complex corresponds to the presence of twa water vmlecules

Zn(11) (sa1en) Cr(co)3 2H,0 - i
Calculated = C 45.40, W 56, it 5. 57,-and Cr 10,32
“Found = c 45.51, H 3. 67 N'5,53, and Cr 10. s . 5

5 ’ -
The: complex starts de:omposmg above 100°C and was cnmplete]y decomposed

ardund 185°C._ The rate ‘of decomposition mcyea‘.,es‘as the temperatire 'is
" raised. £ . ’

Yield, 7% based on Zn(11 saTen)’

N-N-ethylenebis (salicylideneiminato) co per (11) {102)

’ The same pmcedure used for Zn(II) (salen) was employed for the
prepav‘atlon. . ” ) . l(
_M.P repnrted 322° :
) P found 32 g, e e, g
P LN . - ’ . s

" o T r1car‘bonx]chr‘om|um n-comglex of Cu(ll) (salen) " -

k The .same method used for the zinc comp1ex 'was employed for ‘this.

i preparanon The separat\on and purification was achieved by fractional -
[N premp’ltatlon using ch'lnraform and petro’leum splnt There were four ) -

: fract'lons the fractxons 1, 2and 3 5howed weak co sﬂ'etchmg tions: .

and were consmered impune The fourth Fractxon had strong CO stretchfing

V|brations and was further gumﬁed by repeatmg the preupxtatwn proc/gs.
,} . Finally on recrystalhsat{on an amorphous brownish-green. so}id ‘was obtained._
The1 T uf the dr1ed complex shuws the ,presence of water The elementai F

nnalysls cf ‘the dried comp'lex corresponds to the presence of twu water molecu'les




Cu(II) (gmn) c|r(c0)3 znzo

’

ca]culated = C 45.46,-H 3.99, N 5.58," and Cr 10.36%
~ Found C 45 33. H 4.92, N 5. 77 and Cr 10, 52%

.

The comp’lex starts .Tosing CO's above. 100°C and was, cump1ete1y decnmpused s

2 zamund 180°C. The rate of decémpog1t1on increases,as the tanperature is w o
raised, £ . S y
P

Yield, 11% based on Cu(II) (sa]en)

; N N ethylenebis (salfcylideneiminato mcke'l 102
] L " The same. procedure used for Cu(n) (salen) was emp'lo.yed for. the
. perarauon . *
= WP, reported 330°C !
s s e 'fnund 332°C
Tricarbonz'lchromium n-comglex of Ni(11) (salen
The same procedure used " for the zinc cemp‘lex was empluyed fof ) o
-~ the vreparatwn T this reaction mcke] méta] was not replaced by .
chrumium as compared to H3 and C6 5 Schiff base nickel: chelates (where
lt was rep'laced by chromm‘n)‘ 3 s .
o : ! The separation and pur1f1cat1on was achieved by ﬂ‘rachonal ¥
s precipitatw 5 K "
5

. 5 o Reacnan prcduct was, partial]y so'luMe 1n ch1oroform : o %




i "t Filter < s
“1. Solid (green) . Filtrate concéntrated
No Yoo S v > oY ;
ReJet:t_ed P.spirit till ppt appears v : e B
by 5 S Fter '
. . . | s Gy )
.2, Solid (re&dis‘h-brown)l Fultrate concentrated
Weak "bo' | Kept in refriqerator averniqht
| ,

A ' . Rejected \ ‘ . ‘Red crysta]s formed .

Fi Iter

3. Solid:(red) ..

. . Strong (am \

Fraction 3 was vecrystaﬂlsed\and red crysta'ls were ubtamed Théi r.of:

+ b T
Filtrate rejected
> s

/‘A‘the drled complex showed the presence of water. The e‘lemental analysis of'

'\‘.he dried comp'lex corresponds to !;he presence o‘ “one water molecule. -, .

3 N (1) (salem) Cr(CO)y. WO 0 0 L
. Calculated = C a3, H3.76, N 5.84, and Cr 10,86%
CFound - = C.47,93, H. 3.6, 1'5.86,-and Cr 10. ..

This comp'lex 15 not’ as sbah]e as other col

decnnwoses v

vje‘ld,‘s'; based on Ni(ni {(saten)

3 ' . e p
Some Umden(:lﬁeg Comglexes o ’ : g
| -'g ‘The, details of. these comp'lexes are gwen in Tab’le 1V The*i r.of

v'the drled complexes (Nhere mo]edﬂhr formu]a xu‘:ludes XHZO) show-a hroad

K £ « .
[




\%M g W 80
. ) T
vband in the reg'lon 3,200- 3 600 om 1? 1ndicat1ng the, presence of 1attice water. )
The we1ghtmeasurements before and after drying show the Toss of weight, and
also the weight mcreases if the.comp'lexes are 'Ieft‘ in the air. :’The
molecular weight cou';d not be dgterhinéd because of lack‘of suff: cien;:
: solubihty and mass spectra could not. be recorded because of declmpnsiﬂon
5 and non- vo!atﬂ!ty of aﬂ these’ cumplexes .
f” « The punty of theSe com;ﬂexes vas checke&by thm Tayer chroma-
’tography* The elemental analys1s does not agree vuth the expected molecu] e

fannlﬂa and various other possvblht‘les

*In most of the casesvthe TLC method wés nnt effective because the spot did
not move at a]'l, but jn’some cases “the spot d@ove with a tail and in |
others w1,thuut .a tail. The plws ‘where on]y one, spot was seen were

cénsidered" to b‘e‘pure. “ The adsorbed compound. could not be e'l&ted.

B & W 5 . “
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Electronic geectra of transﬂion metal :m‘lexes

Iv.
. INTRDDUCleM T0 DISCUSSION -

The energy required for the promotion of an e]ectron from one
orbital to’ anuthe‘r'or more precis.ely the excitation of a mo_'lecu'le from its
electronic ground state-to an e1ectmnic excited state mrrespunds to

absorption’ uf thr_ in the near infra-red, vislb'le or u'Itravic'Iet region of *

“the spectrum For first row. transition meta'l :nmplexes the absorption’ bands -

in -the first two of these regions are re]atively weak and are associated
with transitions largely 10c3hzed on "the nietal atom. - The ultraviolet bahds
are usqally intense. They are a§sociateﬂ with the transfer of.-an e1ect_rony'
fvjom one aéom to another and so are called charbe transfer" ba‘nds

The weak bSnds in the near infra-red and visible reg\on are
explained by crystal ﬂe’ld theory and the predictions of the spectra can be
made on the basis of crystal field theory and the e’lec-tromc configurah‘vn 4
of the trans|tinn metal. The. crystal field spectrumof a d1 system s K4
cnnsmered first. ,T‘e free-ion state for 411 2p. The D state is sth

into T, and E levels by the ncmhedral anmi field.  In the case of a -

29

strong crysta'l f|e1d the s‘lngle ehzctron‘ may . either occupy the t !ev}el ok 2

the eq Tevel. . Hence ‘there are two possible configurdtions, ‘z and e

"The crysta] fleld ) Httinq nf a at system 1n an octahedra'l and tetrahedra'l

envwonment 1s ‘shoyn . 1n Fig. 32 Y 4 5 & r"

One band' 8’ predicted corresvonding to tlke e1ectrun1c tra nsition 1n

> the d system (T ——vE or E -—-)T ). The d 'Iun (one hole in the | d shell)
vbehaves in an e]ectrostahc field just er the dl ion, extept‘fur a reversaI

C in the sngn nf the energy of interacncn The situation is a bit cmvacated -

8 . ~

. e
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o Octatiedral Field

d

g - dxy’ xz’dyiH

Spherically
perturbed
free jon
- spectroscopic
©Afrm

. 5 i
42 2,42 ©
. 5 E
rahedral. Eie:ld

" in the d® case because Gf Jahn-Teller distortion. The splitting of ‘the

electronic energy Tevels of a 99 ion in crystat fields of octahedral,

" tetrahedral and lower §ysune€ries§‘are‘shown below (Fig. 33). The number"\
. . B LI T

. Compressed
Tetrahedral

“Fleld 0

Octahedral

. Elgngated Square <

' Tetragonal ©, Planar
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«of bands in-the & case wﬂﬂ depend upon the d1sturtwn from octahedral or *
tetranedra'l environment.. If ‘there is mo distortion only one band s
s predicied. The spectrumof the d system is ot as simple-as -a ane electron
/system The electrons can be p]aced in several different ways in the e

and tz 'levels in’an octahedral field (Fig. 34).

e ™ T+ E
« Y : - ,
2 2 . 1,7 50
(tg)f oty ey

" follows:.

‘s—}ﬂ/\]g )

However, if we “strong - f1eld approach the ground scate conflguratwn

'w«;u'ld be 'Zg)a/-'rom F\g 34 the f1rst and second excited states wmﬂd
t f.be (tzg) ,,(e )1 and (e )2 The energy sepav‘aﬂon between (t2 nd ’
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B . ol : R o
the eneray difference. between the (tzg)l (_eg)1 and (Eg)z would also be 10.Dq.

_However, in the 'presence"nf intere‘l'ectronic repulsion, the different

electronic configurations give rise. to-a numﬁér of terms.-The direct

products can be obtained from group " theory (103).. The dly[ect products

" would then be:

thg Xty = Hyg +Eg +3T oty

: 3
D tgxe -11 +ng T‘g+ T

LA complete correlation diagr;am for the d case ina strong and weak fleld

environment. is given in Fig. 35 (104). The nethod of constructing such

diag:rams may be found in standard” textbooks (104-106). The strong field

terms dre listed to therightand the weak field terms to the left in the

L (108);

* hediral spectrum.

d\"agram. The' spectrnscépic terfis can be obtained from atomic spectroscopy

The spin se'lectwn ru]e allows translhons nnly W|th1n the same

spin multiplicity. Three aHnwed tran51tlor]s are- predlcted in a d“ ncta-

g 5F) - L, ¢

)

gy G

Tl (F) (P) (v3) g - .‘,

lg

The T (F) — A 75 a twoelectron’ transit n,m a d2 system and ds -

forb1dden by the spm‘se'lectwn rule.” This band" is at ﬁmes observed as a

a»/*’ :;‘
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&
e
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- diagram ford
Ny AT s

‘wealk bsnd The energy of transition "2 may o I‘t‘ at a higher or 'Iower
energy ‘than V3 accordmg to the strength uf the ,crystal field.

" . The tetrahedral dz system has a correlatlon dhgram whi:h is the
inverse of the nctahedral d case (Fig 36) % The ® jon can be cunsvdered -
a two‘ho‘!e system.and wﬂl be the reverse uF a dz case. Three transit\‘ons B
are also predh;ted for a ds system.

Ina a3 1on the spim. quartet states are 4F and
. give rise to a 4A

Thé "F term wnz
g ground tenn and Tlg and ngﬁtems at higher energies
» The P will gwe rise to. the T1 (P)‘fe’nn Thz energy Ievel sphtting f

jon 1’5 given in Fig. 37.
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- One would also expect in principle three bands from‘the orbital
singiet ground ‘state 4A 2 The 4&\2 '——»41 -(F) is a two-electron

transition but becomes allowed because of the mixing-of the Tlg(F) and |
4Tlg(P) terms. The detailed energy correlat,wn diagrams farda' 4, ds,

and d7 ca? be found in standard textbooks. The Orgel diagram can be
conswited (Fig. 38) only for spiﬁ allowed transitions in purely octahedral

-

N L E .
A,
2
. (P)
\\.m
L - 5 : .
da*,d? octahedral —— s ‘—dl.d6 octahedral d 'y tetrahedra'l ——a\ Pl Lo
d!,d® tetrahedral " tetrahedral “‘g‘g/em‘
. i 54 . . &,d8 octahédral 5
A . . R - L tetrahedral
v @ . 5
X Fig. 38 -

nd tetrahe;ra\ casgs‘. According to t}ve Orgel '(107) ‘diagram one .spjin allowed

7 aEsorptiuP 1s-expectez‘!'for dl, dg. d5, z_i4 sys'_:éms and three 'spin ajléwed
'abso.rptiqnus for dz, ds.» d7, and ds‘syst'gns. Ir_t’practié‘e,a‘ll observed hanﬂ§ cannot b
‘explained by Orgel diagrams: ‘A compléte correTation diagram or Tanabe and .
.Sugano graphs are needed to explain all the b_ands.“ ’ ; ’

q




%

Tanabe and” Sugano (108) calcu1ated the energies of the var{ous

;terms as'a function of the octahedra1 He]d splitting parameter 10'Dgq and

1nbere1ectromc parameter B, (The same diagram can be used to interpret .
tetrahedral comp]exes by revers1ng the sign and dropping the g suffix )
Tanabe and Sugano dxagrams (Figs. 39, 40) have two specml features
Firstly, they are p'lots of 10 Dq/B versus E/B so that B is.a functiun of

1igdnd and. of the metal. (The dvagrams can be used for any ligand assuming

: spi’n or.b{t couph‘né phenomena . to be negligible.) Secondly, the ground

term is madve the horizontal base line so that absorption transition energies-
may be estimated s1mp{y by vertn:a'l measurements from the base Tine. In

this way experimental results may' be compared with theory by fitting the

'observed bands to the" Tanabe and Sugano d1agrams with an appropriate va1ue

of 10 Dg/B. -~ ,,\' ,

- Accurate vﬂues of Dq and B can, be obtained by solving the

'simu'ltaneous equations (109).

Octahedral d3 and da, and tetr‘ahedra] d2 and d species =

m t'—-Azg (ul) 1009

2
T1g{F) &4y, (»2) 758 + 15 04 - (225 82 + 100 0a?
: 180 uqs)‘* i, s

lg(P) Ry (v3) 7.5 B+ 15'0q + k(225 B2 + 100 Do’
180 nqa)‘i
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,Octahedral & and d , tetrahedral 'd? and o species 22

5

2g < T1g)5 D4 = 7.5 B+ x(225 82+ mo D'q2 + 180 Dqsfi

.

Azg<—1 olsp)15 Dg.- 7.5 8 + (225 82 + 100 Dq? + 180 uqs)"
I,

¢ d Tigl?) & Tyqlv3) (225 Bz +100 0q’ # 180 uqs)‘s
(The g suffix should be d;‘opped for tetrahedral species.) .
‘v2+v31‘%\} =158 L Y
[ i
Ovev‘all. if we cunsu'lt the Tanahe and Sugano zﬂagrams, the ‘
equations (above) and trans1tion energy ratios (Table V) (109), the valuable
quanﬁties Tike 10 Dq, B, C, and “the position of an unknown band ("1’ v, ar
' v3) can be calculated from the observed spectrum .
‘ The parameter B cam throw hg/ht on the nature of bonding between’ )
‘metal and™igand. The value of B increases'\ﬂth dncreéasing oxidation state '
“and nith U\e mmber of electrons in tne d shell. The primary factor is.the
size of the 1on. /€he size-of the jon is related to the effective rmc'lear
charge experienced by the- d-electmns, it fo'llws that,B is not only a
measure of 511e but also 6f effective «nuc’lear charge.
If the bondlng bemeen metal and 1igand becomes parhaﬂy covalent
a decrease in B 'is expected “The e e.'lectrnns wﬂ'l become o ant‘lbondlhg
and will therefore spend some of their ‘time on the 'Hgand (0h cump!ex)
'-Yhe tZg e'lettron;\zny become w-bonding or antﬂwnding, depending upon the -
* 1igand, and will also spend some time on the 1igand. A small amount of o
and v-electro’r( density' on the‘yneta]' may be .transferred_ onto :the 1igand.
« Such a délocelizaﬂon will increase 't_he meap dlsfance between -the d

9 < - » —
» i .



. TABLE V (109) °

Transition Energy Rafios

5]
RS
&

-A2 Groun
»,

d ?uh—

n/n w/v wn/B

T’y Grol
»n/n

und State———
T m/n n/n.

/

Qo e & oLt o oan &

o
©

RERE38I

8703006900 LI LI
g

OO
RERSIEHLEEST

4
LERRSURA2RBIABR

PPy

-
@

&
QooroTo s b i BB B0 e

3853
it

BRBEY

38.02
19.28
13.

1




electrons and t‘hereby'reduc‘é B. " Central fie"Id zovalenc'y probably plays ‘the

major part in the réduction of B 1n trans1t1on metal complexes.
It.can be reasonah'ly ar‘gued that the greated the reduction in g -
as represented by the ratio - ' . i J"
Bincom'lex =L=B- B
k2 : ‘g in free ion By 7 z
§ . $ vy w
2 the greated the covakncy in the metal ligand bond and the sma!'ler the

effect‘ive ‘charge’ experlenced by the d electrons.




13 A

s of inorganic conpbunds (110:

Magnetu: moments of transmon meta'l dons in units of Bohr
magnetnns arevery usefuI in detenmning the stereochemi stry’and bond1nq of .
complexes. The main contributwnv to bulk magnetic properties of substances’ -
ar‘i‘ses from magnetic moments _re§u1ting from motion of charged electrons. '
Effects frcb\ nucleons are minor and can be ignored.

Substances which contain one or-more unpu1réd elecf_.mns ha\.le a
: - pgrmanént magnetic moment which exigts in the ahsenc‘e of the magneti;‘ field /
and arises from the net spin and orbital angulér momentum of' the-unpaired )
electrons. . Sui:.h a substdnce is attracted into a‘magn‘etiC field with a
force pr&purtiona1 to the field strength times the h:eld gradient and is
called paramagnetic. L .

Magnetlc moments cannot be measured direct]y Instead; 'ane
measures the suscepﬂbnity of a material from which it is possible to

R calcul_ate magnetic moments. When a substance is p]aced in a-magnetic

field H, the magnetic induction B is given by ol s » “;
B =H+d4nl/H ‘
I/H = k .t . R
& B/H =1+ 4rk

“The ratit; B/H is called the magnetic permeability of thé material, I.the
intensity of magnetization and k the magnetic suscepnhility per unit
volume. )

1t 1s convenient to measure the gram suscephbihty, and the

following relatianship exists:




” 9"
;% et b o '
- Xg ” density h ) :
The molar susceptibility is given by - ’ - ) P v

{*
” X=X X mol wt
o L iy o i
Theé moTar susceptibility is corrected for diamagnetic contribution'and TIP,
(temperature independent paramagnetism). :

‘The corrected molar susceptibility xﬁ‘o" in a noninteracting -

magnetic dipole‘has the following relationship .m'th the temperature: °
% . : .
ot corr _ C . P ! i ¢
.

. ‘
where- C-is the Curie constant which is

C=N u2/3k

::Nris Avogadro's nunber, k is the Bol tzn\;nn constant and u-is the magnetic, .- ¥
memenf; in B.M. (Bohr magnetons). Applying the staﬂstica?treatment, the
j » ﬁa]qr susceptibﬂiti{ of @sub\stance cnn;:aim‘ng independent.atoms, molecules .
or ions of magnetic. miqment,uw111 vary with temlpe;"ature .

‘ | 2
corr _ N u®/3k .
wmeooT T

[

and at a fixed temperature
‘ u
‘ ;

Vervi iy T

The effective magnetic moment is given by R N

uepr= 288 /50T T 0 k

) S‘ome compounds follow the Curie-Weiss law

i Lo ¢
Lo Wy " T8 , .
‘ = . N




[\
- ¢
k ' 98
e . : :
N i .
Here. 6 is knuwn as Nexss constant; in thls case, the correctig\ shou]d be,
. ° made while ca'lculating the magnetic moment. * :
%
. Ah
, 2.88 / SO (T-0)

For compounds w/h\:h do not follow the Curie-Weiss law this equat‘lon should

> " not be used. "Fdr practical purposes Moff is generally used at a given _

temperatdré The Bohr mugneton is a fundamental qunnhty n .the quantum

theory of magnehsm and is defined as

‘»1 B.H. = A:r)r:c Co

where e 1s the electronic charge, his P1anck scnnstant, mis electrnn mass
and c the speed of hght This is not the moment of one electron.
" The spin only va]ue, i.e., the contribution to the moment from

. only the- e1ectrcn spin effect, is. given by the equat\on
iy q -/s(s+1 B.M‘
where s is the absolute value of thes spin quantum_number and g is the
,,gyrnmgnet}c ratiosy for a free electron g has thé' value’ 2.00023 -which may
. be taken as 2 for most purposes, the spin only value is a1sn given by the
formula . 3 - o N
ug = /n{n+2] B.M. ro-
) ° ' v ¥
where n 1is-the number of unpaired electrons. If the orbital motion makgs’

its full contribution, then the value is calculated by
= .
® ug 4 = V/8S s+}) + L(LH) :

L = orbital ansjular momentum quantum number. Hhen there is appreciable
ML e

-




g B . &
. .99

spin ur‘h‘it coupling in'a molecule or ion which glves'splitﬁi ng of the

ground state, there \dl]' be an appreciah‘le coﬁtriwtion to ‘the moment from

this coupling. The value is then gjven by the equation
v=.9 A0 . s

This situation prevails for atoms in the gas phase and for most rare.

. ¢ 4
earth jons. J'is the total angular momentum of the ground state given,

according to LS coupling. The cam;lated values are given’iu Table VI'(110).
. 5 G e

p

p . TABLE I >
vge(B-M) -
No. of - ) 4
unpaired, Ground [L(L+1) ; s teel
d’electrons Tons _term  4S(S+1)] qI(J+1)]% . [4S(S¥1)].  Expt
2\ )
Y1 ¥ %, 30 1.55 173 - 1748
2 LA L 4.47 1.63 %7 283 2.7-2.9
53 et Yy, sz 0.70 3.7 - 3.7-3.9
4 o, w0 5.8 0 4.9  4.8-8.9
5 w2t et S, s 5.92 5.92 ° 5.7-6.0
4 e, o %, 5.48 6.71 290 5.0-5.6
2+ 4 -

3 co?! Fop . 520 6.63 387 4.35.2
2w .7 4.47 . 559 2.8 2.9-3.5
1 ?* By, 300 o455 113 1820

The experimental magnetic moments for first row transi!:lan metal ‘ions are

often found Eo be c:los'é to those calculated for the spin only Values'.



'Fhe discrepancy betneen the measured va’lues and those calculated
from eqnatmns mcludh\g orbita] contribution arises because hgands remove
the ﬂegener'acy of the d orbitals. The ‘orbital angular moment could arise
froh rotation of the electron about the nucleus. This® sunple p1cture is
complicated in the wave mechanical ‘model of the atm where the orbital
angular momentum may be pictonaﬂy_ associated_with the _1n§er_change or /
transfo‘matio‘n of one arbit;;\l with another by mtatfou'about an appropriate

axis For this to bA possilﬂe the orhituls must be degenerate and of the

, same shape and shnu'ld not contain e'lectrons of the same spin. The dxy’

and dxz urhita’ls can transform into each other by 90" rotation about the

~relevant axes, while 25° rutatian aofrthe d orblta'l about the z axis
transf‘oms it into d 2 2 orb!tal B )

A ligand fie'ld 1ifts the degeneracy of the d 2 2 and d nrpiuls
and spin orbit coupling cannot occur via this model fur this set of
orbitals. In 0, or Ty complex ions, the g set of orbitals (dxz_yz. dzé)
cannot_be used by electrons to rotate about an axis, therefore t-.:g orbitals
do not contribute to orbital angular momentum. If the tZg set of orbjtals

in a complex is half filled, rotatton involving dxy vz and dxz orbitals

—»is not possible and orbital contribution from this set is quenched. : *:

"The orbital contribution in octahedral and tetrahedral complexes
for different electronic configurations of d orbitals is given in Table VII..

In corflp'lekes of lower symetry, the n;ore the d orbitals lose thé_ir .

degeneracy, the grent_er'rthe 11kelihood _nf the orbital contribution bglng

quenched. - The presence or absence of orbital contribution may be taken to N

distinguish octahedral-and’ tetrahedral shapes) since in no ¢ase does it



o : ) . 101
K "
. ! . : .
). I TABLEVIT (110) -l ol . 3
2= ’ ° . Spin-paired oct. Spin-free oct. . Spin-free'teﬁ.
No.of d Orb. No'orb.  Orb. No orb. ~Orb. J B
£ electrons cont. _ cont. cont. cm cont. .
. i _ . 4 ’ f
) ( g
1] S . .
2 .
b = i3 241
% 3 d d°d ’
€ YE %
s et g YT 2,2 o4
d s ddydd ) k3
1 V3.2 2 .
N B . 4%, LRCR ~
; s § w6 N 33 e
6 d: 4 .y %
7 x a%t Sa2, o a%3
€ (CE s @ ¥
6,2 4,4
8 a5 d’d
5 P63 4,5 § =g
9 . dﬁdv“. d.'d i 3

appear that it should occur in both. Tetrahedral Co(11) s:sng to be an
_exception which dogs not fit-in the schsne above
In general, orbh‘.al contributions are, expected in these camplexes
) in which the ground state is trivly degenerate (e.g. tzg) ang, values .
' ap) raximabing the spin on|y va1ues are uhtained for non-degererate and,
doub1y degenerate g»'uund states(é g. AZg ’ E ). lnformatiun regarding the .
‘x 3 @ grmmd state can be ohuined frmn the’ Tanahe and Sugano d{agrams for
uctahednl and: tetrahedral complexes. B s
The “terms A and E g!ve no orblta\ ontribution. Ha:ever, if there
- is a T term of the same multiplicity at a_l[gher energy, It is possib'le ?or '




Loor A ify is known experimentally* (110).
el eff =

- . 4 : -
spin orb1t coupling to m1x some of this into the grnund ten<n‘, so introducing
a certain amount of nrhital angular momentum into.the latter P
“There are Mcases 1n which the ground tem is A. These are
weaal,t field octahedral & rand stmng field octahedral &, 1n the case
there is no higher T term of -the same multﬁp“cjty ;nd it therefore is
expéctéd to’give a s.mn ani'ly-nmnen: of 5.92 B.M. independent of temperature.
. The strong field dﬁ is diamagnetic A'Z and E terms ariking from F and D

* terns must. be accumpanied by a hlghev T term of the same mul t1pHc1ty; for

these the.mixing is’ expressed by the following formula:

¢ Veff = ¥s.o [1 = Tﬂq]

.where o is 2 for aif'E and 4 for ah'A tefm. 100q is the energy. 'separatiné

the {nteracti‘ng terms and X is' the spin orbit cs’;upl {ng “constant for the
terms invnlved. Xtrefers to the particular term and is relat%d to the spin
orbit coupling constant g, of an individual electron.

7 ’ e
Asfage . :

This is important in dealing with the strong field case. The free ion
values of sb(n orbit coupling constants for f1rs_t'rvn transition metal ions
are given in Table VIII.- An examp]ewinﬂlustra.te the calculation of Voff

&

= Ni(ﬁ 0) 2 10 Dq = 8,900 &m rl (spectroscoplca’l'ly)
27’6

- 315 et (free ion value) Ground term is Az there}are a=4

1260 v Ee
= 2.8 [1 + mo] 3.23 B.M, . o




. /¢ e (10)
. Frde ion yalues (cm'l) of spin-orbit coupling constants

for first row transition metal ions

Ligand field: . Weak oct. Strong.oct. Weak tet.
/" "No. of d  Ground Ground Ground
Ion 7% electrons term A . -term A, tem A
3+ 2 e 2 : 2 .
i Ti / 185 1 g sss Py o owss B s
o 3 < ; 30
. \17‘ 210 2 Vg 05 #105 n, 4108
g y 4y 4
170 _3\ Mg *57\, +57 T
4 : 4
75 .3 hyy 492 +92 T, 02
5 - 3
@ 4 w o ons . Sr, s
s :
355 4 kg 489 zrlg -178 :Tz\ +89
300 5 — Pk, . % —
; 3
460 5 — zrzg a0 G, —
. 1 . &5
400 6 100 lagg 3 100
. i s . 1 _ 5, _
580 0§ I - & -145
515 7 ar %, s Yy an
(] 2 ¥
. C g "8
715 7 28 %5 h,
2 8 3 \ R
e gy s Yy 3 b, s .
80 9 \ B R N I A
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For A and E terms of weak field dql to d4 cnnﬂguratiuns;’ A is posifiye and -
should Tead to a reduction in themoment below the spip_an'ly values, for

A and E terms of weak field & to d° configurations, A is négagivev and
should Tead to an increase in th"e momen;: above the sﬁin only values. The
on]‘y relevant strong field case is ;17, for which 25 = 1, therefore A =:-g

leading to the moment above, 1.73 8.4." (110)




' T 105

: DISCUSSION
_ NEAR INFRA-RED SPECTRA AND MAGNETIC SUSCEPTIBILT Y

Tricarbonylchromium complexes of ca.balt (1) St;.hiff bases (Oh)

Electronic spectra and rnagneti}: susceptibility data dre widely
used for determining the stereochemistry of complexes. -

The Histlnction_ petﬁeen octahedral and tetrahedral cobalt .(II)
"complexes can be made byhvaiues of magnetic moments. Higher moments (1.1.8-5.2
B.M;‘) vere predicted and observed for uctahedrn'and Tower moments (4.2-4.6
B.M.) for tetrahedral céﬁpIexes. The parent compound Co(I1) (t:5H5-N—sa'I)2

: has a higher magnetic moment in pyridine sofution (4_.78 B.M.) as compared

to benzerie solution (4.41 B.M.). The higher value was’explained by add‘uct.
formation of Co(Il) (CSH -N- sa1)2 with pyridine. The adduct has an octa- '
hedral stereochemistry and in 'this st.ereochemistry orbital contribution is
posdible and this effect increases the magnetic moments higher than the sp‘ln S
only values. the formation of adduct was co_nfirme& by isolation of a so'lid—
pyridine adduct, and its ma.gnetic moment was 4.81 B.M. (57)._

The magv.mﬁc moments of tricarbonylchromium cogple% of Co(II)-
(CSHSTN'“])Z both in solid a@d solution are in the octahedral range .
(Table IX), indicating the p:e‘sence of octahedral steredche'nistry in these
complexes. . :

The electronic-spectra of cobalt (ll) six-coordinate cnmp'lexes in
genera'l give rise to two transit{ons

() = ng (o) and 1 gdF) — 1) (vy).

: transition 41' (F) — AZg (v,) is a-two-electron trans1hon and is not

“always nbserved. The electronic spectra of ph!se complexes are_interpreted’
: : ) ¢



Complex

Co(I1) (CeHs—N-sal )2» )

CO(11) (CgHg-N-sa1), 2Py

Co(11) (Cghg-N-5a1),Cr(€0)53H,0

" Co(ID) (Cahlg-Nsal), Cr(CO)g2Hy0

‘TABLE IX

Electronic spectra and magnetic sust:epillﬂ'lity~ data

|
i

Structure, - Colour
T fl “ Red
O,
0, " Green
.
s T 5 5
9, Greenish-
brown
. g
-

33,400 cn”

. Electronic spectra
Tt ” solid

7,700, 11,200, 25,000, and
34,000 e

10,000, 17,000 (Sh), 26,000, - . 4.81

" and 33,100 el

8,350, 17,840, 20,130,
23,000, 25,350, 30,500, and
33,100 cn”?

4.84

7,871, 16,750, 18,000, 4.‘85

23,000, 24,500, 30,500, and

Mégneﬂc susceptibility

verf (B.M)
Solution

4.41
(Benzene)

4.87
(Pyridine)

4.93
(Chloroform)

4.95
= (Chloroform)

-90T



© caleulated.

. those ca‘lcu'lated from Tanabe and Sugano p'lots

107,

considering these complexes of octahedra’l stereochem1stry as 1nd|cated by
magnetic moments ? ; )
; The Bands at 8,300 and 20,130 et are considered to bevy and ‘

5 for Co(11) (Cgllg-Nesal), Cr(c0)y. The position of v, (17,880 an”l)is
calcu]ated from vy and vg. ’ o .
From Vs vy and v3 the Racah parameter B, the crystal held )

arameter Dq and 8, the ratio of B in comp]ex/B 1n free ion are calculated.

= 864 cm~

< 950 et
. g =0.89

'WQ band assignment \31, vy and v3 is checked from Tanat;e and Sug‘zno plots.
This is'done by making the ground term the horizontal.line so that the )
transition energy may be estimated by vertical measu_remen} from the base "
line. 'The value of. 10 Da/B 1s*ohta1ned from the above calculated values.

. The value of Vi vy and v3 ohtamed from Tanabe and Sugano plots are 8 BSU,

.
18,300 and 21,000 cm N respectwe]y

From the agreement between observed posdtions nf vis Vp and v3 and

it can be fferred that “the «

complex 1s d’ six-coordinate. The chances of getting similar values from

o & A “
Tanabe and Sugano plots are extremely low if the complex is not octahedral.

The bands at 7,781 and 18,000 enL are considéred to be vy and
vav'for Co(I1) (CGHE—N~5§I) (trFCO)a)z. " The position n‘f'u2 (16,750 cm'l)

_ isicalculated from v and vy, From vy, v, a‘nd"vsx the B, 10 Dq and 8 are’

'




2Py is not made because there 15 no pyr-ldine in these tr\icarhanylchromium

e . e 108"
X ; 1 ; = . R
B o= 75eml oy , A

o =g 'z '895 em™1

o8 =0 766
The value of. a throws some 'tht on the nature of hondmg hetween centra!

meta1 and 11gand. The value of s in complexes - of sulphur Hgands (e g.

k d{ethyhhiophosuhath) is nearly 0 30, and this s attributed to the strong

covalency between centrn metal and.ligand. Ions, Tike fluoride, give,
va]ues of: B-close .to one, “the f]uoride complexes are known to ‘be mnic

In'Co(I1) (CGH5 N~sa'l)2 Cr(cﬂ)3,3H20 and Co(11) (Csﬂﬁ -N- sal)2 Cr(CO)asz‘

e cump'lexes. the values of 8 are 0. 89 and 0. 766, respective'ly The. higher

values in these cump'lexes 1nd|cate ;mor cova!ent bondmg\ The cumparison

of tr{carbony]chromium comp Texes with the pamnt compound Co(l!) ((26 5—N-sal)2

complexes of Co(II) (C.H, N~sal) 9 The pasmun of pyridine 1s tak\ by
6757 2 B

vater molecules. E o

v ‘

Tricarbonylchromium complex of cobalt (IT) Schiff bases (Td)

The electronic spectra and magnet(c susceptibiﬂty of the parent
cnmpnund Co(II) (CHy-N- sa])2 are compared with those of tni:arbonykhrom!um

complexes in Table X. In.general, cobalt (11) tetrahedral cnmp’lexe§ have

‘“eff values in the ranﬁe 4.3-4.56 B.M. The magnetic susceptibility of

these tricarbénx]chromium g:omp\ex‘es falls in the range of tetrahedral values
and therefore a tetrahedral” stereochemistry is suggested for these complexes.
The reason for studying the magnetic susceptibllity In solution was to check
the possibility of having different stereuchsﬂistries in solution and soHd

The cobalt (II) square planar comp'lexes are ‘expected to give lower moments. .



Conpl:ex

~
Co(1I)(CHy-N-sal),

e TRBLEX

. Electronic spectra and magnetic susceptibility data

Structure . Colour Electronic spectra

Mg Green 7,700, 11,200,"17,000,
25,000, 34,000, and 34,000 cm

ColIT) (CHy-N-sallyCr{C0) 2,0 Ty . Light - 6,650, 16,700, 24,000, 26,000

" Co(I1) (CHy-N-sal)(Cr(C0)),

*The magnetic suscepﬁh{“ty va]ugs quoied for this complex are based on assume

green 30,000, and 33,500 el

Brown 6,670, 16,500, 23,500, 25,300
30,500, and 33,500 cn”t

-1

Solid

" Magnetic susceptl'bﬂﬂy

sopp B-M)
Solution

4,51
(Chloroform)

4.40%
-(Chloroform)

d molecular weight (600).

iy

601



. ‘ (1.73 B.M.) while higher. values are expected for tetrahedral._ The hlgher‘
va-'lues‘ found are 'moremr less the same in solid and solution su§gest1ng
.that tetrahedral stereac?xew_ﬂstry ‘exists in the two phases.
Moments’much higher than the spin only (3.87 B.M.) found in
these _éamp]gxes can be explained by mixing o‘f the A, ground state with the
T state by spin e;‘bgt coupling; this spin a'rb’it c‘oupling allows some

o a5 orbital contribution and this contribution raises the magnetic moments.

. ) £ o : 5
The spin orbit coupling constant A is calculated from Hoff values. The Dq

s known from the electronic spectrum.

. .
P o a A
Yorp 7 S0 [ "1 Dq} ’ ,
S a=-109en! (CofIT) (CHyoN-sal), Cr(CO)y 3,00 .

The free ion \;a'lue for i;| the case of cobalt (11)-1s 172 ;:m'l. The‘1ower
fi o value of i 'is because ‘the 1igand electrons quench. the §ﬁ1n orbit coupH'ng
and therefore the value of A" is a'lways Tower than free jon value. B
Tetrahedral coba]t (11) complexes are expec’ted to give three(
" bands by considering crystal field theury. “One band [A, —oTz‘(vl)]l is
not observved be’ca‘use it is of very 10»}‘ energy and {s obscured by ligand
’ a"bsorptinr;s in the infra-red region.- The ba‘nds around 7,000 and 17,000 A:m'l
Ain ‘t‘hese tricarbonylchromium complexes and thé parent compound are -
.,‘ considered to, be v, IA —’TI(F)I -and vy [A, ""Tl (P)]. The va1ue of
“'l is caIculated from vz and vy in all the complexes. From these "1’ “2
_.and 3 bands the Racah parameter B and- B8 the ratio of B in complex/B! in

free fon are calculated.. = - -




shown m Table XI, vmere a clea

of differences 'in the electronic spectrum

m .

Co(I1)(CHy-N-sal); - B = 751 en”l, 6 = 0.774
 Co(IT) (CHy-N-sa1),Cr(CO),24,0 B = 791cn™) = 0.815

| Co(I1)(CHy-N-sal ), (Cr(C0) ;) xH0 B = 776 ol 6 = 0.800

The calculated values shown above,are not reliable as vy is seen as'a

shoulder and its éxact position cannotf be determined-accurately. .The values
of B and 8 are high as comﬁared to other cobalt ('II) tetrahedral complexes /
which makes these figures even morejdoubtful. ﬂuwever, the similarity of 3
th.e spectrum vof both the’tricarbow]:hrommm comp'lexes'with t‘he parent comp‘oﬁndl
whose tetﬁﬁhedral stereochemistry is already established by Sacconi (42)

does support a tetrahedral stereochemistry. ‘Th‘e walues of g may not be
reliable but the values are close enough in all. the three compounds to

indicate. that the bonding between centrfa'l met‘al and 1’igand is not, change4

by the addition of cr(00)3 group.” ™
y ¢
The crystal field theory predicys a single transition (ZT2 —-)ZE)
for copper (II) complexes hi‘g regular fetrahedral field. If the tetra-
hedron is distorted, the ground or ited state may split, giving rise to
more than one band.

The electronic spectria of copper.(I1) (R-N-sa])2 compounds' are

distinction is made between square planar

) _and tetrahedrnl (pseudotetrahe -al) :umplexes by sacconi (51) on the basis

The parent compounds _Cu(u) (CHS-N-sa'I)2 and Cu(I1) (()‘SHS-N-sa'I)2
are shown to be square planar by electronic spectra. The squsre planar
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' structure in both paxent compounds hé;been confirmed b{y_'x-ray frysta'llogr'aph)u
-(50,58). The ccmp1exes Cu(I1) (CH3-N-sa1)2 Cv*(co)3 and Cu(II) (CHa-N-sals2
(Cr(cb) ) have similar, spectra in the near mfra reu regwn to those of r
square planar copper (I1) complexes (Tab]e XII) /Therefore a square planar
stereochemistry is suggested fnr these two cumplexes
The spectra ofaCu(I1)" (CH 5—N-¥al)2 Cr(€0),45H,0and Cu(IT) )
(CSH{’—N-sa'I)2 (cr(co). )24)126 complexes have extra nhands in the near infra-
.red region which are similar to other tetrahedra’l (pseudatetrahedral)
copper (II) complexes. There is a’lso the passibﬂity of octahedral structure
because of the presence of water molecules in these complgxes. Generaﬂy,
actahedrf’a'l copper (IT) complexes do not have any absorption in the region
5-000-15 000 cm'l. The simﬂérnyof spectra of these two tricarbonyl-
chromium comp'lexes to other copper (II) tetrahedral complexes suggests a-
tetrahedral (pseudotetrahedral) structlre. =
The tetrahedral (pseudotetrahedral) structure is favoured from
the steric point of view in th;se tricarbonylchromium complexes of éu(ll)‘
) ((ZEH5--N-sa'I)2 as.compared to-Cu(II) Y(CHS-N—saUZ.'

‘e
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TABLE XII o F e

. . ST,
Electronic. spectra and magnetic suscepdibility data

Magnetic ~

- . N ~ N g
Compléx N Si;‘ructur'e " Colour i E1ectr9nic spectra susceptibility
. . uare (B.M)
P G Cu(II‘)(CHa-N-sal)ZCr(CD)S s [ Brown  14,300-18,200 (sh), 22,800, - = 182
. w e " 25,670, 30,000, and 33,200 en”t
T cu(Tn)(cHy-N-sa1)(Cr(C0) 1) H,0- P Orange-  14,000-18,200 (sh), 23,000," Y
= ' K brown 25,800, 30,500, and 33,400 cn-
o - % L n b # .
i cu(u‘,)(ceus-n-sn)Zcr(co)ssuz.o : T Green 6,670, 8,350, 11,780-16,700, (sh), 1.89
s ) ; N it x 22,800, 25,180, 29,500, and
) ' ) 33,300 el -
'] £ ‘ o ¥ - -
Cu(IT)(CgHg-N-sal)p(Cr(C0)3) 40,0~ Ty .  Brownish- 6,660, .8,700, 12,500-16,650°(sh), o 1.93
- e ) green  22,900; 25,110, 30,000, and - '
! E 33,500 et
) . *The magnetic susceptibility v’a'lue quoted for this complex. is based on ass'umed molecular weight (600).
i & B ‘ . » :
- =
. L -
- ; P - ) .
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’ 5 . 15 7
Sacconi has repnirted thét a higher magnetic.moment is expected
y for tetrahedrﬂ complexes over square planar because of mgher arbftal ’ 4
contribution (5l) a8 % . . -
W . ~ . : - £ 5
- . P
o s oW . Magnetic data for X-substituted t
Eu(]l) (R-N-sal)2 complexes ~ = %
I e r " S
i ’ L . . 4 X : -
X ’ R Temp. ‘uéff (B-M) Stergochemistry ) By .
. -y N
“H " 23 '1.86 Planar
. il | PR .
pr’ 28 11,90 - Pseudotetrahedral
s o Y : ) =5
B - 23 185 Planar :
B® 21 L9, Pséidotetrahedral  +
s b, 21 1.91 Pseudotetrahedral -
; 3c1 et 22 -, 1.92 . Pseudotstrahedral P
. : s w8 e . -
5-C1 P 21 : 1.84 - o Planar . o
L, 5-C1°" But 22 s lél Pseudotetrahedrgl
t 3,4 Benzo  Bu® . l24‘ B 1,89 . Pseudotetrahedral Fo e g
The magnetic moments._ 1ned for tricarbonylchromium cump] exes

of Cu(II) (CH -N-sa'l)z fal1 in the square p]anar range (1.83- -1.86 B.M). This

suppnrtg the squareplanar stereochemistry suggested with the helpof :

he pseudotetrahedra'l structure of Cu(1I) (Cs@)«sal‘)z ¥
& L
i 3 : -

by

electronic spectra.
b B
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l:r(co)3 and Cu(1I) (C6 N sa])2 (Cr(C0)3)2 complexes is also snppnrted by
B magnetic moments (1 89 and 1.93 B.M., respect\ve1y) (Tab'le XII).

7 R Tricarbon Tchromium complexes of chromium (11 Schiff bases .

( ¥ ' A1l ‘the faﬂ’r-coor‘anate chrofiiun (11) comp]e)@es are known to
have’tetr‘ahedral stereochem{sti‘y Crith the exception of chromium (11)
phtha’locyanme, whu:h is square planar. '

The ‘magnetic moments show that all these carbonyl comp'lgxes have
h1gh spln The electronic spéctra of tr'lcarbenyichromwm comp]exes “of -

) chromium (Il) schiff bases exhibit a hroad band (14,000-20,000 cm” )

B Chromium (119 (C6H5 nr CHy-N- sa])2 compounds are not known to exist.
Tricarbony'lcl;\romum comp!exes of Cr(II1) Schiff bases were obtamed by
replacement of Ni(II) by .chromium from- N;;(Il') (E6H5 or CH3 =N- sal)2 and at
the ‘same’ hme, foming the tncarbnny]chromuum complex The nonavai'lab\hty :

“of electranic spectra of parent compounds makes |t\{hfficu'lt to mterpret t“b
a broag band observed in. the near infra-red regwn of these complexes.

A broad band in the range 14,000-20,000 ¢m Ly is genera'lly typ‘lca'l of octa-

+ hedral Cr(II). Therefore an pctahedral stereochemistry is suggested for
Cr(ll) ((:6 =N~ sa1),- (Cr(to)a) comp‘lexes. . . ‘) 0
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Tricarbnn lchromum complexes of cobalt (IIT) Schiff bases -
* g A1l the four trlcarbony]chrnmium comp]exes are diamagnetic. s
"Their electronic spectra show a broad band in the 13,000-19, 000 cm A

region. Crystal field theory. | predvcts two spin allowed and two spin

' forbidden bands. l_n practice the two spin a'nowed bands are seen as_nné
band, and two spin allowed bands ‘are not séen (56). In these Co(III)

“;6"5 or lt)ia-i‘l-sa'l)3 Cr(CO)a’ complexés the tv}n_) spin aﬂm;led ban‘ds are- -
probably hidden in the broad, band, and no sbm forbidden ‘bands are ohsérved.
i The ﬁare‘nt Co(f!) (CGHS or l;Ha-N-sa'l)a .compounds were shown to’
have a trans structure because of steric reasons.. The trans structure was
confirmed by n.m.r. studies (55). In these Co(III) (CgHg or CHy-N-sal);-
' Cr(CO)3 complexés/the crowding is even greater than-the parent :oﬁpound
because offadditional Cr(CO)3 groups, fherefore the pos;ibih‘ty of trjan’s

structure . 15 very high.

Tricarbonylchromium comp)exes of zinc 1 Schiff bases
A11" the four tr1carhouy1chrom(mn wmp'lexes are diamagnetic. The

. parent Zn(II), (CGHs-N-sa'l)z' compound was- shown to be tetrahedral by X-ray
. crystallography (62). 1In the ahsence of X-ray crystallographic studies §
for these tﬁcarbony’lchromium complexes the stereochemstry ‘cannot_be
proposed with certainty, although most zinc (II)complexes are known to
g have tetrahedral stereochem‘l’s‘tvry‘ N.M.R. could not be n‘bta‘ingd because of

lack of sufficient solubility.
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. Tricarbonylchromium compiexes of cobalt (11) (salen i -
. The magnetic susceptibility of the comblex corresponds to one
electron, which i§ ;nly poss{ﬁle if the structure-‘ is square planar. All :
the tetrahedral -cobalt (11) complexes have three unpaired elettrons. . //
,Thé electronic spectra exhibit bands at 6,540, 8,350, 17,300,and *

21,780 em L.

The band -around 8,500 cm © is considered to be a characteristic
of Co(II) square planar complexes (114). »
.8 . .

Tricarbonylchromium complex of nickel ‘Q‘H) éalen)
- The complex ié diamagnetic and the electronic spectrum shows a
broad band (!Z,‘OOD-]GJUO cm'x). Planar compTéxes can'be dist1n§uishéd
from octéhedra] and tetrahedral symmetries by the lack of eTectran‘]c
o absorption i;e1uw 10,000 cm'l\ (74). The Ni(II) (éalen)'Cr(CO)3 exhibits no
kabsorption _below 10,000 cm'_l, therefore this Co'mp'le\x is considered square
planar. The tetrahedral complexes are paramagne!:ic and this. complex is,

r diamagnetic, which’,further supports square planar stereochemistry.

Tricarbonylchromium cémglex of ‘copper (I1) (salen .

’ The e'!ect;rmn‘c spectrum shows bands at.16,000 cm'l_‘ and 22,000 cn™?
which are similar to the_parent compo‘und. The parent compound Cu(1I) ‘(salen)
is shown to'hiaVE a square planar structure by X-ray crys‘ta}'lograph'y (76).

A square planar stereochemistry is therefore -suggested .for this ;:omplex.

e v .
" Tricarbonylchromium complex of Zinc (II) (salen 5 o
The con{p’lex is diamagnetic.  N.M.R. .could not be studied because -a

.-of lack of sufficient solubility. In the absence. of X-ray crystallographic o
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| studies, the stereochemstry .cannot be pmpased ‘with certainty, althcugh

the parent compound ‘is p]anar (84)
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U.v. and v{sxb'le sgectra of tricarbony!chromium cnmglexes of metal Schiff
bases ¢ :

The U.V. and v1sjble' spectra of these complexes are compiicated ’ &

because of the large number of ah‘sorpﬂons in this region. , The U.V: and

visib'le spectra of various’ arene tricarbonylchromium complexes have already -
been stud1ed by Er:o’h and Mangani (115). Their 'spectra resemb]e,the s
spectra obtained by Vamada (116). Generaﬂ‘y there are three bands ébserved "
for arene and subsntuted arene tricarbonylchromium complexes in the reglon
given below. T . . !

" 30,800-32,000 e} (10g <, 4-4.3) - ‘
"36,000-80,000 e (Tog <, 3.7-4.0) ? } #
" 43,500-47,000 el (Tog e, 4.3-4.8) -

The U.V..and visible spectra of metal Schiff bases used fall in

the.following general rande:

24,000-28,000 ci™ % (Tog ¢ ~ 4.0)
33,000-34,000 cm™? (Tog-e'~ 4.0)

In some cases bands wﬁth their maxima in thé"ne‘gr b 1 ‘exfend up to 21.000"
c;n'l. If the U.V. and yisible specéra of metal Schiff bases.a’re <ombined
with arene tricarbonylphmmium comp'léxes, a rather comp'!i_cated resulf v}ill
arise. However, the observed spectral bands fnr‘ the tricarbonylchromilm

complexes of metal Schiff bases fall in the fu]low1n§ general range:
24,000-26,000 cm™? (Tog-e, 3.36-3. aa) ’
29,500-32,000 cn™L broad shoulder

33,000-34,000 e (Tog e, 3.96-4.30)

1

34,000-37,000 cm™ " shoulder
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- ‘methyl group causes a shift of M<C band from 36,000 en! to 37,000 en”

£ . 121

The detailed spectrum of each'com’p]ex is tabulated in Table XIV.
. One of the previous wurke/rs (117) has studied the U.V. and visible
spectra of Cr(CO)G, [Mn(cn)s']z, am:I'Fe(ClJ)5 and their derivatives. They (117).

assigned the absorption to electron transition involving the metal carbon

and this could be considered a characteristic feature of all compounds

containing such bonds. These bands were referred to by them as M-C (metal

. carbon band§). Their séudy, in generé],‘ I:evea1s three features: .

1. Replacement of electron r¢leasing group by strongly electron
withdrawing gro‘uﬁs cau’ses ‘a hypso'chromic shift; for example, in methyl
pentacarbonyl manga’nesg the replacement of the methyl group by.a trifluro-

l.
© 2.. The number of carbonyl g.;r'oups attached t.o the metal atom has
a direct influence ‘on the intensity of absorption of the M- c bands, the
higher the number of carbuny1 groups the greater the intensity of the bands.
‘ 3. A bathochromic shift is expected if the conjugation increases
_"in the H;;and pa_rt other than carbonyl. . b
. In molecular ®rbital te‘ms the M-X bands- are refewgd to as charge -

transfer bands. The charge transfer bands aris’é by transfer of an electron

_from one of the orbitals of the metal to.a ligand orbital or from Tigand to

metal. ¥

) The effect of solvent was studied for tricarbonylchromium complexes
of metal Schiff bases using pa'l'_ar and nonpolar solvents to ;ss1gn the bands

wherever. possible. The band positions due to :arbony]’groups are sgn’sitive

- to the polarity of the solvents. Polar solvents generally shift the

n—1* and n —3 o* bands ,to shorter wavelengths and m — n* b_ands' tos
Aonger 'wavelengths. No significant cﬁanges were noticed in band posiﬁons i :

us1ngﬂp’o'lar and nonpolar solvents. -It was difficult to assign the exéct.“
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position of band; because they were very broad. The band assignment is ver)"
:'ljfficu'lt, 1t‘ is hard even tg say whether certain transitions are due to .
the tricarbonylchromium part of the complex.or the metal Schiff base part.
The spectra of all the tricarbonyhhrom\um comp'lexes of metal ,
Schiff bases (excluding zinc and nickel) are-very similar except for their
+positions and intensities. The spectra uf zinc and n_ickel complexes have
an extra band around 30,000 cm'l, It is very hard to draﬁ any- conclusions
from the U.V and visible spectra of these complexes. However, there is a
noticeable ‘change in intensity of certain bands'by varying the number of

carbonyl groups (Table XIII). The extinction coefficient, 1ncrea$es as the
5
- TABLE XIT
Complex x = Cr(CO)i r K= (Cr(CD)l)z‘ .

CRUIT) (Cghg-N-sal)y X 25,500 em™! (c 5,330) 25,000 en™! (c-7,860)
‘ 33,500 cm™! (¢ 13,090) 33,000 cn™! (e 16,600)

Cr(I1)(CHy-N-sal); X 25,600 cm™" (e 6,640) - 25,700 cn™! (e 1,000)
B 33,800 em™! (e 11,570) 33,500 L. (e 18,450)
Cu(11)(Cghg-N-5al), X 25,180 em:! (e 6,710) 25,110 an™t (e 6,730)
33,300 en™) ( 14,410) 33,300 cnl (e 17,100)
Co(11)(CgHg-ti-sal), X * 25,350 cm™* (e 5,690) . *24,500 cn™> (e 7,098)%
i - 33,100 en™ (e 16,610) 33,400 con”! (e 18,984)

sally X 25,500 el (c 8,620) 26,000 ! (e 7.890)
33,800 cm" (¢ 15,490) 33,600 en”! (e 15,420)

- Co(111(CHy-

*These cmnp’lexes have one Cr(C0)3 group.
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number of Cr((‘.‘D): groups is 1mrea;ed from bne to two 1;\ these complexes.
The ext(pctin_n’ coefficient does not increase in the case of Co(III)- »
(CHz-N-sa1)5 with two Cv‘,(CO)3 groups for some uriknown reason. The
dependence of intensity on the number of Cr(c0) 5 9ro;xys suggests that

these bands are associated with the Cr(C0)s or Cr(C0); groups have some

. . & efFéct on these bands. A similar effect was noticed by Lundquist and Cais

{117) with other .meJal carbonyl cahmlexe‘!.’v\i
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TABLE XIV. -
¥ : Electronic ‘Spectra (cm ™)) 5 .
C 0 comound L Nugol mant EERURE- "
%1 . Y e - B 3
o ¢ty dhy g e <ty
E Calculated L
. 8,30 17,840 "« 20,130 ‘ 25,350 (c5,690), 33,100 -(16,810)
. . e - Broad shoulders 23,000 and 30,000
) c'o(n)(csus'-n-sanz'c'r(co)zznzo 7,871 T 16,750 . 18,000 -~ 26,500 (‘;_7;09_4). 33,400 (18,980)
% - S e w o B Broad shoulders 23,069.and 30500
g . 5. : \ . A - - }
: . e h, nerethy. _~\ ..
Co(11) (CHy-esa)Cr(CO)H,0 -~ - ¢ 6,650 - 16,700 © 26,000 (£3,863), 33,500 (e9,200)
‘ A ) . . B o
¥ : ; : # \ - » Broad 'shoulders ZA;D}MDQO.UOO
: 7 Col11)(CHy-N-sal),(Cr(CO)3) 0~ - . 6670 16,500 e 25,900, 33,500

= Shoulders 23,500 and 30,500

]
=



Compound

Co(T1)(CHy-N-5a1) Cr(CO);2H,0

Co(I11) (CHy-N-sa1)3(Cr(C0) 3),3H,0

\

CD(Ili)(CGH5-N-sa1)3Cr(C0)3»

. Co(II1)(Cghlg-N-sa1)5(Cr(C0)3) 7H,0
. “; » u
cr(1f)(CHy-N-sa1) Cr(c0)5

(Cr(ll)(C,Ha-N-'sa'l)ZIZCr(CO)a )

TABLE XIV, continued

) < > -1
Electronic Spectra (cm™).
T Nujol Mull T

ol

. . T S
Broad band extends from 13,000 t¢ 19,000 cm 2

Broad band extends from 13,000 to 19,000 !

Broad band extends from 13,000 to 19,000 en!

Broad band extends from 13,000 to 19,000 cm™

" I

Band extends from 14,000 to 20,000 cm~

Band extends from 14,000 to 20,000 cm”

1

1

1

Broad shoulders 24,000 and 31,000

CHC]a

" 25,500 (¢8,820), 33,800 (e15,490)

Broad shoulders 23,500 and 30,500

26,000 (7,890), 33,600 (e15,420)

25,400, 33,700

Broad ;shoulders 23,500 and 31,000
25,000, 33,600 )

Broad shoulders 23,000 and’ 30,500

25,700 (:6.640). 33,800 (e11,570)

' Broad shoulders 24,000 and 31,500

25,790 (€10,000), 33,500 (&18,450)
Broad shoulders 23,500 and 30,500



2 Compound

Cr(11) (CgH-N-sa1),Cr(C0) 35H,0
Cr(11) (Cgfig-N-sa1),,(Cr(C0) 5) 2H,0

Zn(11) (Cghg-N-sa1),(Cr(C0) ) 55,0

120 (11) (Cghg-N-saT) 1, (Cr(€0) 5), xHp0

Zn{11)(CHy-N-5a1),(Cr(€0)3),3H,0

In(11) (CHy=N-sa1),Cr{CO)H,0

Band extends from 14,000 to 20,000 cm™

TABLE XIV, continued

Electronic Spectra (cm™)
S

Nujol Mull

Band extends from 14,000 to 20,000 en

1

CHC14
25,500 (-gs,%b), 33,500 (£13,090).
Broad shoulders 23,000 and_ 30,500 N
25,000 (:7,350)1 33,000 (16,600
Broad shoulders 23,000 and .30,000
22,300, (€2,580), 31,600 (;10,750)'.
33,700 (£10,970)

Broad shoulders 28,500

23,300 (e5,560), 31,300 (e13,450),
33,500 (&13,620) .
Broad shoulders 29,000 '

-
1)
3



: ) TABLE XIV, continued . o - ) B
’ ' . Electronic Sne‘ctra (en™))
1 i .
 Compound ‘ ‘ hugol M1, - Cooeny -
Cu(I1) (Chy-ti-sa1) ,Cr{c0) g Band  extends from 14,300 t0,18,200, én” 26,670 (<1,622), 33,200 (e4,560)
% o ) 4 ot . L

[Cu(I1)(CHy-N-saT),1 (Cr(C0)3), Band fends' from 14,300 to 18,200 cm™ 25,800, 33,400

: - ’ ) Broad shoulders 23,500 and 30,500

. . " ) : <

Cu(I1) (Cghg-N-5a1),Cr(C0) 35,0 6,670, 8,350 e} (Shoulder 11,780 to 16,700 cn™> 25,180 (c5,710), 33,300 (el4,410

- Broad.sheuldérs 22,800 and 29,500

"Cu(ll)(CGHS-N-sal)z Cr(C0)43H,0 6,660, 8,760 cn™" (Shoulder 12,520 to 16,650 en™l) 25,110 (c6,730), 33,300 (c17,100)
' 3 Broad shoulders 22,900 and 3,000

'cn(m(smﬁ)cé(co)aznzo, S, 17,300, 21,780, t | 25,600, 34,000
. ' Weak bands 6,540, 8,350 " Broad shoulders 31,800 and 23,200
m(n)(sﬂen)cf@ Band .(12,500-16,400) ‘ 23,000, 29,300 and 33,700
_— : IO T By, ¥ ShouTders 22,000 and 25,900
2 ' Ry ’ " = * v

-
N
S -
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. . i . +
) ) , . . .
‘ ’ " TMRLE W s o
. BLE XV
: . ¥ g =
E Magnetic Susceptibility
- C L. . . a > o I &
! . ’ " uepr (B:M.) .
s . = Spin only - Exper\menta] (B.M.)
Configuration # Eompo)/nd " Stereochemistry (B.M) Solid = Solution (CHC13) %
- ° . . . - . \ - .
£ = D Gy esal) e (c)y Tetrahedral 4 - 4.90 4ol o .
; . Cr(11) (CHyzN-sa1),(Cr(C0) ), ' Tetrahedral = 40  4.90 5.01 )
+ Cr(I1)(CgHg-N-sa1),Er(C0) 5,0 Tetrahedral 4 4.90° - 4.90 " —
Cr(”)(CGHS-N-sal)Z(Cr(co)s)zwzo Tetrahedral - 4 4.90 4.88 .
- el . Co(li)(CHs-;{Asa1)ZCr(C9)3H20 ' Tee,ka_n'edran e 3.88, .4.113 R
. ) . Co(II)(CH -N-sa1),(Cr(C0)5) ){HZD Tetrahedral 3y 3.88 A4.46 »' 4.49
’ CO(H)(CG 5—N-sa])2(Cr(CO)33H20 Octahedral 3 - 3.88 484, . 493
L e Co(II)(CeHS »saT)z Cr(CO)32HD Dc.t}hedral ./3’ © 3.8 4.83 495
Cu(II)(salen)cr(CD) znzo ; 2 Planar [ T X TN - I
A i L i Tl & : . . -
W b & Cu(II)(CHS—N sal)cr(C0)3 : Planar o1 - 173 1.82,
: Sy s 5 ) : . ;
) ) Cu(_}I)(CHJ-N-sal)2|:|r(c0)3 % Planar ) 1o =t 1308 581 i i
" g = umber of uipaired electrons . ’ IR B . - \ x




< - a .
- Ny & , R w B
. - @
. 3 2 -
e vl s * . TABLESNV, conti :
ks - & *  Magnetic Susceptibility
. N i . v gy (BMY)
: ‘ . o 2 . [ e = * Spin only * Exper‘imentﬂ (B.M.) .
- " Compound " * . _ Stereochemistry n - (B.M) - Solid = Solution (CHCI:{),
\ . Cu(T1){CqHy-N-sal),Cr(CO) 5H,0" = Tetrahedral 1 173 ' 1.89°
s M Ees® i oy o . 3 7 73 1937 -
o e Cu(uz(CGHs N: sa'l)z Cv‘(CD)33H? Tet{rahedr"a] 1 ) 1.73 1.93 .
] ST 0. cu(I)(salen)Cr(CO) 52H,0 . Planar 1 “ 1737 L9l .
. i
* n =;nim|her' of unpaired electrons
3 £ 4 - . ~
s . o
+ im = ) P
"‘ ' $ -
g v
> K., -8 ° -
y » i 8




CVIL
INFRA-RED
INTRODUCTION

Infra-red s;ectroscopy has played a very important role |jr|
qetem{ning the molecular structures of metal carbonyls and their deriva-
t‘fv;zs. The nmmer of_infra-red and Raman active CO stretching ﬂmdamenta-ls »’
and symmetries for the different geul\etrlcal isomers of the octahedral
derivatwes M(CO)G xL can be der’rved on the basis of Tocal symetry of the
carbuny oups Teft in the origwal octahedra'l env1ronment by substituent s

groups (118).

Complex_ " Point group.. Number ‘of ~|’.r‘. and Raman

. 2 CO stretching modes
M(CO)Lg ) Oy 2 1E 1ir, N 1,(Rav;nn
A Ay s e A
: 1 1
tran‘s.-M(!.‘O)zln..4 : Dgpy 1, dure 1: Raman
. (Ay) (Ag)
cis-M(C0),L, Coy ' 2, {.r. * 2, Raman
T : (A 8)) (A, 8y)
asym-H(CO)gly" .. .Cp L 3. ‘. 3, Raman
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Band assignments can be malde Dn‘t’he basis of relative band
positﬁ‘ns and intensities (119,120) and th'.rouygh application oi; the "non-
rigorous" secxﬂa-r equations of Cotton and Kraihanzel (121)% Extreme
caution should be taken in assigning the bands The spectra 1n both solid
aﬁd squtﬁm Hshou'ld be taken. The band assignments from the solid-state da!aonly
may/be very reliable, as sma'l'l 1ntensuty bands may be hidden in broad bands.
The spectra.in solution are generaﬂy reliable, provided there is no
r-eactwn witth the sn'lvent (adduct formation, dissociation and change of
stereochemistry in solution). s s

‘Correct band ass‘ignments’ are not only 1mportar‘|t in detevmihing
the pomt group symmetry of the mo'lecule but also in determining the CO
stretch\ng force constants.: The assumptmns as to the nature of bomﬁng
1n metal carbony]s in an attempt to demonstrate the internal consistency
of the force constant to bond order relationship are open to que/ian, and
the rehabﬂ'lty of such ca]cu'latmns has not heen satisfactohly demur\strated
" (122). )

The deviation from loFaK symmetry causes broadeniv;g of .bands and',
1n some cases, the band may splits for examp1e, the E mode in symm-! M(CO)3L3
splits into two bands if the molecule deviates from,Cg, symetry (123).

The structures assigned -to the carbonyl comp'lexes on the basis of
point group symmétry derived from i.r. studi’es are general'l; found to be
correct by X-ray crysta'l .structl‘:re deteminatipné. If the same symmetry
exists 1'»n other carbonyl complexes a similar structure can, be proposed (124). '
- ' The i.r. studdes of tricarbonylchromium complexes have been done
by various workers {121,124-128). The wfg%‘l!rown and Hughes (126) on the.-
X trend of carbonyl stretching frequencies in meta'l tricarbony1 comp’lexes ¥ ’

shows that V.
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b.l; Carbonyl frequencies in arene metal t_ricarbony'ls decrease 1in-
the order bénzene, toluene, xylene, mes{ty’l'ene and N-tH’dimethyl-p-tohgidlne.
in a1’ Cr, Mo and W arene tricarbon;rls studied.

2. Carbonyl frequel}cies in arene metal tric‘arbcny\s increase in
the order Cr, Mo and . ] ’

3. Carbonyl frequenc[es in arene metal tricarbonyls are dependent
‘upon solvent. N d

-Earlier work of Brown and Raju (129) has shown fromi. s studies on
substituted condensed hydrncarbons that the w(cu)s group goes preferenHal'ly
to the ring which has higher ; n-e1ectmn density The i.r in'the CO stretcl}lng

region shcws three bands: i

_Trii:arboqyl‘chrmium complex of ' o en! (cyclohexane)
) . v
Phenanthrene (Fig. 41A) 1977, 1017, 1906
1-methy] phenanthrene (Fig./418) 1973, 1913, 1903

R < -
d i:r'(co)a' - . ::_r~I(|:0)3
(O i ")
Fig. a1

The methyl group is an electron donor and increases.the &lectron

density of the ring, TMstincrease is shown by'a sn\éll—decrense'in co

frequencies 1n the case of l—methy'l phenanthrene tricarbonylchromlum, as &

compared to the phemnthrene conplex.

A
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The spectra of tribarbonyfchmmim co'np'le:;es of subs‘tiwied
arenes provide clear evidence for the transnission' of electronic effects of
a substituent 'of an av"ene ri'ﬂg to the attached metal carbonyl group.
Nméver the ‘question a'rises as to nﬂether the metal atom 1nteract§ with
_‘on]y the w-electron system of the‘ring to which it is attached or whether
it reacts with the m-orbitals of the complete ring system. The application of
the efféctive atomic number rule (E.A.N) and simple theory will support the
latter, but according to Brown (130) tfhe interaction of all orbitals should
be taken into account ﬂ;r- discussjon of bondi;xg of organometallic systens,
I?écause thg E.A.N. rule '.'“ no real’significance in mole’cula;' orbita‘] stheory,./ "o
‘His (130) spegtra!'results .for ihe substituted biphenyl.complexes suggest "
that there is.a trdnsmission of an ‘e'lectrunié effe_c‘t from -a substituent on an

adjoining ring (at least for a methyl group) (Fig. 42).

E Tricarbnnylchranl;m; complex - . vcb (cyclohexane)
Biphenyl . ige2, 1917
i 4-methyl biphenyl 1978, 1913 )
4, 4" dimethyl biphenyl. 1976, 1908
¢ ! ,

: 1
‘o HE G cr(co)y

- Fig. 42
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The-decrease in frequency is indicative of an 1ncrease’ in m-
electrop density of the ring towhich the tricarbonylchronium group is attached.’
Recently, Adams and Squires (127) and  Kettle and coworkers (131) =

have studied the vibrational spectra of benzene tricarbonylchromium and

© ‘related compounds in the solid state.

. oo (c’mjl) of Cahelr(C0)y *

Solution (CC1,) i.r. . 1978, 1909
solid (KBr) 1.r. 1966, 1879, 1858
Solid (powder) Rama.n 1945, 1887, 1865 -

_Thexr stud'les shiow that there was ‘no coincidence between the Raman and 1.r.
spé‘Etra in solution and sohd There are more bands in  solid state than ,
predicted by the (:3V point symmetry of the isolated molecules. They found
_that the data werebest éxﬁlained by‘ use of factor group analysis of tr{e
spectra and suggested that spectra “in the suhd phase must be duscussed on
the basis of the factor group, although in some cases the moIecular point
group symetryl is a good approximation, - The abundance of bands in the 300-
700 t:m"\1 region as compared to the few bands predicted fur‘*'csv Tocal symmetry
for solids a]so suggests the use of factor grcup analysis is more useful
3 In the past few years the use of i.r. spectroscopy of metal
carbony1 cnmpnunds has changed in emphasis from the determination of
"molecular symmetry to discussion of bonding and electron distribution In
terms of ohserved frequencies in the C0.stretching, region. A1l attempts to
relate stretchmg frequencles to bond order have been based off the assumptinn‘
that in a series of compounds the* observed’ variati'on can be re'la,ted
primarily to-a change in bond character of the 'meta'l‘ carbonyl system,
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-Kettle (132) has shown that for the variation of the C-0 bond

distance normally observed in metal carBony] compounds the -0V

integral pr-pr'(C-O) éhanges far more than the corresponding o-overlap’ P
- integral. . g )

In the préseﬁt work the changes' in €0 frequencies in tricarbonyl-
chromium complexes of metal Schiff bases '".U be discussed 1r‘\ terms of )

changes in electron distribution on the 1igand (metal Schiff base).
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.. The band assignment in the €0 stretching region of trlcarbunyl-
-~

chromium complexes ofvmetal Schiff bases is simple, as there are no nther

absorptions in this reg(el\. The high energy band is assigneazas Al and

Tow energy band as EZ

The far.infra-red for simple arene tr1carbony1chr0m\ums and some

of its derivatives have been stud1ed by some workers, and they have

asslgﬂed M-C-0 nngle deformations, M CO. stretching vibrations and metal

ring v1brat|uns Some of the values nbtained by Brown and Carrol {133) for

mnosubstituted bénzene tricarbuny]chmmium are given belaw

Sub;tituent Cr-0  Cr-€-0

e - c1 638
H 646

‘CHy 645

RHy 645

', -Tolyl 646

(Measured:in KBr) unit, cm

546

540 .

i
548
538
536

Cr-CO

483
487
485
491
489
-1

Cr-ring

300
296

©298

295

301

Recently, Adams"and Squire . (127) -have reported the i.r,and far

. anra-red of benzene tricarbonylchromium in the solld'state.

They found many

extra bands -In ‘the far 1nfra~v;ed region and an extra band in the CU

stretching region Their resu'l ts-and bandéssignment aregiven below.




vgo = 1966, 1899, 1858 & TS
& (M-C-0) = 667 (°

s (M-C-0) =658" .

5 (H-C0) = 635 i e
5 (N-C-0) = 612

& (M-C-0) = 533

\v(M-CO)=ASB"> .

. = v (M-CO) = 483 ;

< : ' ’ "u (M-ring) sym = 298
v (M-ring) asym = 328

* Adams and Sq;nre: discussed these. results using the full fac.tar group
rather than point group symmetry. to explain the existence of these extra
bands. The complex in the solid state in a unit cell has CZh_synlnetry'.v
two molecules of the complex are found |n/:njt ‘cell and their 'colvblned
symmetry is ;mt C:iv' Under CZh symmetry more bands dre expected. - Percy
and -Thornton  (63,65) have studied the infra-red of M(II) I¢gHg-N-sal),
and M(1I) (CHJ-N-sal)'z compounds by 15y {sotope labelling. . They have
éssigned v €=N, M-N and M-0 vibrations. o

Compound - v CeN (emd) . v M0 (en”l)" v N (enD) .
Cu(In) (CghgeN-sal), ' 1611, 1594 495 529, 448
NIT) (Cghlg-N-sal), . 1618, 1588 516 542, 466 .
In(11)(Cgg-ti-sal), 1609, 1589 * . 493 . 516, 454
Col11)(Cghg-N-sal), 1607, 1580 a0 519, 457

- Co(I1)(CHg-N-sal), * 1683 487 - 467, 410



139

The band assignmient of tricarbonylchfomium complexes of metal-.

Schiff bases in the far infra-_red region is rather’ complicated because of

‘the Cr-C-0, Cr-CO, Cr-ring, M-0 and M-N v1hratmns m the same region. T}le

only way to assign the bands vnth some certainty is by isotope 'Iabe’lhng
The.”isotopes 15N. 0 and 53Cr are needed separate'ly for each” compound to’
assign vibrations mentioned above. ) .
‘In the absence of-sueh) isotope labelling_studies for these
triéarbonylchromium complexes of metal Sch1ff bases, the bands cannot be
» assigned with certainty, but the bands can 'he assigned “tentatively (‘m the
basis of analngy with the parent compaunds
The bands in the far infra-réd region abave 600 cm” have ‘been

assigned to Cr-C-0 angle‘deformations as M-N, M-| r-C0 and Cr-ring . .

e region of 480 cm-,1 is .

vibrations fall below this region. The band in ¢

present in all other aréne tricarbonylchromium complexes and has been

35§1gned as & Cr-CO vibration (133). The presence of such a baﬁd in the
: above mentioned region.in a1'I‘s»tv‘icarbunylchrumiumvcnmp'lexes of metal Schiff
‘bases suggests that'this hand could be. due to‘Cr~b0 yihrqt‘{uns. A11 £he
‘othgr bar}ds have_been,ass_igned tentatively on the basis of analogy with

. parent compounds (Table XVII).

Discussion © - . - s, =

The bands assigned aé Cr-C0 ;tretching vibrations are listed

below. : L . . 4 ,‘ .
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v Cr-60 (cm™})

f

‘M(i})_(cna-u-sal)ZCr(co)3 487, 475, 473, 472, 473, 473,
) L w73, 477, 470, and 478 gt

ML) (Cghg-N-sal), Cr(C0)y 476, 473, 472, 475, 472, 473,
iy . C 475, and 472 en”!

M(II)(sa1'el])Cr(C0)'3 " 483, 490, 488, and 483 cn’!

. Each band corresponds to one complex. The bands are grouped together fn’ir

the complexes of three different series of ligands. These figures are also

© reported.in Tahle XVII, whete a specific assignmén; is given for each

complex. . . \

The band positions: of Cr co vub ions are dependent upon the

" extent of hondmg between chromium and carbon The bondinq between chromium

and carbon depends upon the nature of X ()(-Cr((:(?l)3 where X = M(II)- L
(CH3 =N-: sa1)2, M(Il)(CGHS-N sa'l)2 and M(II)(sa)en) and M = 1st series

transition metals). ) " |

¥ * -
X-M-CEU"'—“X-M-C 0

The greater the .electron donanon from X the higher the value of the Cr CO R
stretching vibrations. T[he v.Cr-C0-are expected to vary if there are
bhanges in electron donation capacity of.X, in a‘l'l the three series with
different trnnsition meta]s The v Cr-CO va1ues are very c’lose |n each

series and are indicative of near]y the same Cr—C bund order This is only,

¥ possib'le if the s-interaction of X and Cr is more or less the same in each

series; this result suggests that the n-electron density of the ligand X in
each series does not vary \/ery much wit)v"ln the firsf series trans_ition metals.
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The Cr-CO stretching-vibrations are not asnsensitlve as "CO ‘when the 7~ -
g]ectrun density on X is changed. &

The other vibrations such 'a's Cr-C-0 deformations and Cr-ring
v1bra€ions have no obvious correlation with the;,; varying natyre of X,
although Cr-ring vibrations iinvn1ve a simple metal ring stretch and should
“be a measure of the'metal ring bond strength. v ’ a

The centra'l‘meta'l-oxygen and metal-nitrogen band assignments are -

very uncertain, therefore they will not be discussed furthér.

_The v C=N_band

" ChyN-sal = 1645 cn™ :
(CHy-N-sal),Cu(11) = 1638 o™t :
CalL1) (CHyoesal) 6r (0); = 1630 cn a

The reported values of v C=N for Schiff base and ﬂl(II)(CHa—l‘I-saU2
are cumpared with tricarbonylchromium camp]exes of M(Il)(CHa-N sa])z (e.q.
above). There is a decrease of v “C=N_1in the tr\carbony'lchrommm complex as
compared to the parent cnmpound which 1ndicates a decrease of C-N bond order
This can be exp'lained by arguing that the conjugated ligand has lost some
of the w-eIectron density in bnnding with the Cr(CO)a group. There 1sv no
51gn1f1cant change in v C=N"in M(II)(Cs 5‘"'5?])2 and its tricarbonyl-
chromium complexeé. The v C=N band in M(lI)(salen) Cr((‘.())s are not assigned
because  this band has not been assigned in M(II)(salen) by 15y 1sot¢;pe
Tabelling. . = - . #

§
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bands ° 4

These'are the most 1mp¢m‘:ant bands in discussing the structure of
the co;nplexes and e'lectmn density distribution on the Tigand. In all
these complexes, two CO stvetchmg vibrations are observed in solid state .
and in solutjon (Table XVI).

The E band is generally seen as a broad band‘. Pérhaps the E band
is sp"Ht into two bandls (A+8)-which are not resolved in the spectrum. The
broadening of thé E mode may be due to deviation “from the C3v symmetry in
these complexes. ’

The point group symetry predicts two i.r. active bands for Cy,
symmetry. The presence of two CO bands in snhd and solution in tricarhonyT—
chromium complexes of .metal Scmff bases indicates the presence of C v
symmetr‘y around the chromum a‘énm Therefore, the conclusion is drawn that -
a Cl'((il))’3 group is present ip these complexes The only reasonable place
where a (:r((:())3 grou'p\:m,bjattached 1_5 the benzene ring of the metal
Schiff‘base,‘ The structure of‘_metﬂ Schiff bases has already been
‘established by other workers as shown in Fig. 43 (I, 1'). In the case of

both 11gands "(Fig. 43,1, 1') there are two possibilities. The Tigand may

.react with Cr(cu)s to form either a tricarbony'lchromium‘ complex (Fig. 43,

III , III') ora tetrkarhor\y'lchromwm complex (Fig. 43, II, II'). These
twc (F1g 43, 1I and III) complexes can be easily differenhated from each
other by the number of bands observed in the CO stretching re{on. In the
case of a tricarbonylchromium.complex with C3v symmetry only twd bands are
expected and- in a_ tetracarbonylchromium complex with C2v symmetry. {_our 5

bands are expected. “There are four i.r. active bag;is' observed in the case of ,
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m(11) (CHy-N-sa1), Cr(C0), ‘Therefore, the following structure l_s"l_arn'pused 3
‘. (Fig. 48).” -~ e
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H i - "
0

5o “ ' Fig. 44
“ \

The elemanta'( ana'lvsis agrees Mith the ahnve structure.

. In the case (Iaf Fig. 43)where R is CH3. these cump’lexes show two
far active bands and the following structure is* suggested for M(I1)
N

(CH -N sa])2 (:r(CO)3 complexes where M = Cr(II), Co(II) and Cu(II) (Fig. 45)

Fig. 45 -

. Ot .4
The nuriber of Cr(CO)J'gruups atta‘chéd is determined by elemental analysis
(C H Nwand Cr) -Only one group was shown to_be present in these

g L

comp'l exes.

In the zinc compI‘ex‘ (R = CHé)'two Cr(C0), groups have been shown to '
- be present by 'the eleméntal anaiysis. ’

In this case various isomers are

It is hard to suggest which isomer exist.
a

couT\jl not be studied because of lack of sufficient solubility.

- possible (Fig. 46).

The n.m.r.

e
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l:r(ct))a1
s y Cr(co)‘1
. % i
LAl cu-u @
Fig. 46

' Same unidentified complexes -

All.these complexes (Table IV) have two i.r.bands inthe Cnstretch(ng

region.” This indicates thatacr(c0)3 group is ;:resent in these complexes.

The eleme'nu] analysis suggests that, on the average, more.than one and.less

than two Cr(c0)3 groups are pre_sent per molecule of ligand in s}ue of these

complexes. T

The n.m.r of these complexes was not recorded betause of lack of

sufficient sulub111ty The thin Tayer chrmmtography showed only une spot

wﬂ:h a tai

1n all the cases. Further attempts at puriﬁcanon by frac-

tional prec1p|tat|on gave thesame result, (a sing]e spot with a tail on thin

layer). There isa possihi'l{ty that these comp’lexes are’either. impure ur .

dimeric wi

ith two and one Cr(C0)y' groups per dimer of ligand (meta'l Schiff

' h ¥ y .
|base). The overall mixture will have between one tq two Cr(w)a-gmuns.

’

2
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’, " The following structures are proposed for Co(III) ((:}{3»ll-sa'l)3
(:r_(ch)3 (Fig. 47A) and Co(III) (CH3—N-sa1)3(Cr(C_0)3)2 (Fig. 47B) complexes.

N ’\ cr{c0),

1 )
]
|
| .
1
! .
AR KR A,
(®) Lo " ®

Fig. 47

N.M.R. "study has already shm‘nn that these campTexes have a t’rans stereo-

chemistry (55).. Various isomers are possible for Co(IiI) (EHy-N-sal)5 - o
“(cr(c0)y), Fig. 478). " The possible structures of M(II) (CgHg-N-sal),.

cr(co)'3 (M = Co(I1), Cr(II) and Cu(I1)) complexes are given below (Fig. 48A,B).

=, B 2 " # )
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The distinction between A and B would have been very simple if n.m.r. was
available. (These complexes are paramagnetic and naﬂt‘ver,y soluble.) Fro_m
the infra-red arguments it was shown by Brown (129)' that the Cr-(co)3 group
attaches preferentiaﬂy to the ring which has higher electron density. In

the parent compuund due to the fnﬂomnq resonating structures (Fig. 49), the *

ring with four .protons is cnnJugated. This conjugatwn increases the

7 Fig. 49 .’ )
electron density of the r1n§ w‘ivth four protons* The Cr(co)3 group will

therefore attach itself preferen’; 113’ to the ring with four protons.

"Therefore structure A (Fig. 48) is Suggested for these complexes.

Two Cr(CO)a groups are shown to be present in the ful'luwlng 2
complex. (Fig. 50), Cr(Cghg-N- sa1)zZCr(co)34H20. Varlous isamers

are possxb'le similar to zinc ccmlp1ex (Fig. 46) -

*Seerpag'e 185 for further discussion. . ¥a : -}




‘The zinc compiex has threé C\,r((:o)3 groups,, therefore oné of the

Cr((’:())3 group has to be attached to a'mohoéubstituted benzene ring (Fig. 51).

Ty “or €0)4 E(_‘;---Cr(co)3 e ;
E - N-CH rad T

. |
Cv‘(ACD)3
Fig. 51
_The number of possib’(e \sumers is much greater for.this cunp]ex ' This complex, 7

is d1amagnehc but is not-soluble enough to study the n.m.r. The complex

decomposed in deuterated dlmethylsu'lphoxlde while trying to get . the vl m.r.
spectrum. § 5. . o ol
* Iricarbonylchromium complexes of M(11) (salen :

There was a strong possibility of fnrnnng a tetracarbonylchmmum
‘' complex (Fig. 43 II'} 1n the case of M(II) (sa]en) but the i.r. shws on]y
two bands suggesting a c3v syml\etry around -the chrmmum metal. In th1§
series uf complexes onlyone Cr(CO)a . group was-found to be attached. .

This was shown by elemental amalysis, - The following structure
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is-proposed for these complexes (Fig. 52), where M = Co(II), N(II), Cu(II)

aid Zn(I1). The n.m.r. was not studied because of¢lack of solubility for
In(11) and Ni(11) complexes. © © /> :

et » * Lon
% PR
.
R "Fig. 52
-‘tt -
¢
¢ .
-
v i e
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Elecgrnn distribution 7 _k i 7,/ h
: The chariges in CO stretching v{bfatiuns are discussed here in
terms of changes 1_‘n eI_ectron distribution of the 'Hgan;s.
The €O stretching vibrations of tricarbonylchromium complexes of
M(1I1) (CH:,’-N-saT)2 are plotied‘aga%nst the electronic conf\'guratiun of
. metals. The cumplexes containing one Cr(CO)3 group are considered
" separately from compTexes containing two cr(co)3 groups. This way s
ghanges of CO sgretchmg- v1bratwns are ‘only dependent on the central’ metal. )

The CO frequency increases as ‘the number of the d electrons

Weases in M(!I) (CHB-M sal)2 Cr(co)3 complexes (Graph I) The CO

ﬂ‘equendes are known to be sensitive to the electron dnnating capacity of
X(X = arenes) in arene tricarhony]chromlumcomp'lexes (Here X = M(II)-
(CH3 N-: sal)2 where M= Cr‘(ll), Co(I1), -Ni(1I), Cu(II) and In(11).)" The n-
electron back dunat{on from M(II) to‘(c}h}ﬂd'l)z shuu'ld increase w1th the
inErease of_the number of d electrons and, as a-result, the electron density
of the (CH3¥N-sa1)2 part should increase in the followirg order: vCr(II‘) <
Co(III) < Co(II) < Cu(Il) < Zn(II) Therefure, the €O stretching 'frequency .
should be in the reverse order, Cr(II) > Co(HI) > Co(!l) > ;n(l!)

The observed trend of CO frequencies is opposite to that

’ expecte& in M(I1) {CHS-N-sa])Z Cr(C0)3 complexes: The increase of CO'

"1y, This reversal in’ the

frequency from Cr to Zn is very sma]T (7.cm
ordér of .CO stretching f;‘e’qdencies su‘ggests that the electron &enslty of
the ’hgand is decreasing as the number of d e'lectrons increases. This’

v can be explained. if the d-honding be\‘.ween M(II) and (CHa-N sa'()2 is

G cons!dergd neg!-‘giblys compared to .p-bondlng._ Moving across from Cr

to Zn the-size of the metal h)n‘ decreasés. . The smaller, ion with the same’ -
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cha%"ge will withdraw more electron density from the"Hgand and will cause

a decrease of elkbctron density on the 'Iigand This effect wﬂ'l _be observed
as an increase 1n the CO stretching frequem:ies in the foHuw{ng order: 7
Cr‘(”) < Co(IIT) < Co(II) < Cu(ll) < Zn(11).

These results suggest that the bonding between the central metal
anq the 1igand is mostly o and perhaps a negHgﬂﬂe amount of n-back bonding
firom the central me;:al to ligand exists. The ‘oxygen atoms of the 1igand do
not have any suitable empty orbitals to u‘Ccept m-back bonding.

' 8, the ratiq of B in complex/B of free ion of these 'comp'l_exes*was
high (0.65-0.95) for ‘the complexes where this p;rameter could be measured.

The high value of 8 sl{ggests that the'handing is mostly fonic and a very.

. small amount of covalency exists between.the central metal and the ligand. :

The§e results, along with 1’.». observations in the CO stretching region,
indicate that there is very poor covalent bonding between k:he central metal
and the 1igand. . o
! The graph (Gr’aph’ 1I) of CO frequenmes vS. e]ectromb\conﬁgura-
tion of metal fu{r M(II]‘ (CgHg-N-sal), (‘,F(CO)3 complexes (M = Cr(II), Co(III),
Co(I1), Cu(II) and Zn(11) seems to have no trend. The v Values’ are more
m‘*- less the same, indicating that.the electron dénsity of the Schiff base
does not change much with dlfferent transition metal at its centre.
The.Co(1I) complex 15 octahedral and: the stereochemistry of Cr([l)
complex is not deH‘mte'ly known. Other.complexes in the series are tetra-
hedral. The change of stereochemistry may be-the reason for a sTightly -
different interaction between: the central metal and the Hgand This
difference of stereochemistry changes the electron density.on the Hgand

which, changes the posltion of veo-

A

{
i
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Th; third series (M(I1) (salen) Cr(C0), complexes (M = Co(ll),'
Ni(11), Cu(II) and Zn(II)) show a' similar variation of CO frequencie; with
electronic configuration. The Cu(II) complex in this series dées not
follow the‘ trend and has ‘a h{'gher Vo than the zinc complex. ' IF is  hard
to explain this difference.

) "A11 the three series of complexes show a similar trend of increase
of CO frequency with _|ncrea§1ng electronic cnnfigurai}‘inn of metals.. Tng
‘ivncr"ease of Veo is -less than 10 cm'? going frrom d1 ‘to dw- in each sefies.

The overa]Lstudy of .tricarbonylchromium complexes of me{a] S'ch\‘?f
bases provides the fo'llov‘«ing information: !

‘ 1, *." .The addition of a (:r(CO)3 group ta the metal Schi}’f baﬁes
“has no signifjcant effect on the stereochemistry of the‘metal Schiff bases.
- 2. The electronic distributién of the‘ Hgt;nd (Schiff base) does
Jnot. c‘hangev very much by varying the‘ central metal.

3. There is Very Tittle covalent bonding between the central

metal and the ligand (Schiff base).




’ Infra-red (cx_n'l) : ‘
t, . . e 1 vey | .“CO
" Compound ) " Solid Ker Solid KBr Solution CHCly
P . Cr(I1)(CHz-N-sa1),Cr(C0)5 1,630 s 1,943, 1,856 LS
“Or(ID) (CHy-N-sal)(Cr(C0)g), ¢ L6285 1,947, 1,860 1,954, 1,869
N Cu(II)(CHS:N—sa].)ZCr(CU)éHZD A 1,530‘ $ 1,947, 1,859 1,950, 1,864
Ccolt Ha- -éa])z(c'r(co)'a)xxuio 1,628 s 1,950, 1,864 1,952, 1,868
: Cu(I){CHa-N3a1) 1,630s 1,93, 1,857. - 1,950, 1,064 -
. L 1,618 sh c :
. g 5 2 ik
Cu(II)(CHa-N-sal),(Cr(C0)3), 1,628 s 1,942, 1,854 ~ ¥ 1,953, 1,865
I Zn(cua-’u_-m)Z(Cr(co)3)23uzo' . L6 1,949, 1,863 s
' . 1,627°sh . . ’
< ¢ 3 ' .
; g . 1,637 sh
'—.Zn(CH}-N—sa'I)zCr((.:O)‘:HzU‘ : 1632 s 1,954, 1,880, 1,948, 1,876, -
I i 1,866, 1,826 . . 1,860, 1,824

14
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< TABLE WVIT - - ¢
\\\;\ i oty . Far infra-red (tm'l) KBr - ) g € N .

* Compound : 5.Cr=C<0 . v Cr-CO ~ v Cr-ring v.M-0 v M-N

Cr(I1) (CHytesal) Cr(c0)y . 6Blw T 487s . 206w 590w 464w
? J 2 662 sh e 't
632m - :

V613 sh,

Others
- 522.w, 502 sh, 401 v.w, 392 w, 368 W, 350 w, 32 W,
330 x.w, 31‘9 m, 308w, 280 w, 268 v.w, zso viw

Cr(11) (Chy-N-sal) ,(Cr(c0) ), - 1w 45w 29lw. 50w . 497 sh'

: &5 . ) 665sh ' a6 m

- " : 1 ; - oy " 638 m . .
i - R ) . 6m
B T . 615sh
Others

341 v.w, 299 v.w, 317 v.w, 303 v.w, 280, 267, 259
% . ~ % e

‘x

549 v W, 521 sh, 400, v.w, 391 v.w, 366 v.w, 359 v. w.'

65T



Compound

-Co(TT){GHy-N-sal )6 (€0) 0

,Far infra-red (cm'l) KBr . v " Y o =

8§ Cr-C-0 - v Cr-C0 v Cr-ring v M-0 v M-N :

679 w A73m | 290w 593 w 473 m

©-658.sh . x . i e N 420 m
629 s & Z
608 s .
/ Dthers ° ‘ S e
550 sh, 500 sh 450 sh, 390 sh, 367 W, 356 sh, 340 v.w,

329 V. w" 316 v.w, 302 v.w, 280 sh; 265 sh, 256 w -

680 g 472 m 295m 590 w 472 m
.. 655sh - 3 s T a0m
628 s 9
62 n
Others

. 555 sh, 524° vAw, 490 sh 401 v.w,; 392 w, 38. sh :
. 370 w, -374 w,” 350 w, 344 W, 330 v.w, 318 W, W,
281w, 26 v.w an%_

091°
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CA)mpound

Zn(ll)(cn3~u-sal) cr(to) 3uzo

A Zn(xx)fcna-u{sal )5Cr(C0)3H,0

TABLE )(VH, continited' 4 L
Far infra-red (cm 1) KBC‘\_;

5 CreC-0"  v.Cr-CO v Criring © v M-0  vMN

682w 473w 293 v.w - 549 488 v.w

. 660 sh ' : 420 w
. 642m ) e E T N
606w =
Others

'521 sh, 503 sh, 449 Vi, 391 V. w 372 w, 358 sh.
_‘350 sh, 341 w, 321'v.w, 304 v K

681 m 477 w C 297w 576 w . .489 sh °
675 sh &, nm e D amm
. 630m
o 613w
Others ’
548 sh 519 sh, 391, 370 m, 358 sh, 351 Wy 343 w, 319 m.
305 w, 294 w, 281 w, 268 w, 260 w q &

Sz
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* Compound

©er{11) (Cghg-N-sa1),Cr(C0) 15,0

hesa) Cr(COT5T i)

. -
(TABLE XVII, continued

Far infra-red (cn™!) KBr *

§CrC-0" vCr-C0 v Crering v M0 v M-N

675'v.w 376 W 290 w Sm‘v.w 558 w
670 v.w S 438m -
630 W
608 w o
% e
Othérs '

590°V.W, 440 sh, 365 w, 356 sh,.340 w; 318 Wy 302 v. w.
278: sh

672w - “470,.4 20w 497w 56m

640 w- . 437 w

607 m -
Others -

592 w, 535 w, 470 Wy’ 417 W, 400 sh, 352 Wy 350 sh.
340 w, 317w, ZED w, 256",

91
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< TABLE XVII, contirued

P Y g Far infra-red (cm™!) KBr
.7 e y - ) . .
Compound 6 Cr-C-0 v Cr-C0 .y Cr-ring vM-0 v M-N
- > . 3 % i ’ . .

&

" CulIn) (Eg-san), (cr(Eo) 5,0

a6BLw. 475 v 292w 508 sh 527 sh
635 sh : : : 3
628 w
611'm i by .
Others i : t
593 w, 558'm, 412 sh, 396 v.w, 367 m, 354 sh, 340 v.w,
326 v.W, 315 W, ‘302 v.u, 280 sh, 258 vw :

680 w 472 vow 290w . " 481 v.w 533 sh ‘

643 sh " N . 428 v.w
628 w 3 .
604 s . P

Others . 3

590 w, 558'm, 420 v.w, 408°v.w, 390 v.w, 364 w, 328 v w,
1315 Vs 301 V.w, 276 sh, 258 v.w :

991 -



" TABLE'XVII, continued

S ’ Far'infra-red'(cm'l) KBr

Compound S sCr€-0 weri0 v Cr-ming v M0 v HN
Z0(IT) (Gghg-N-s1), (Cr(cO)3) X0 _ 680 m oW 560 w
S = « i 62m c N 435 m*

* Others

594 sh, 342 w, 317 w, 304 w, 250 W, 268 W, 260 W

‘.

=N-sa1),(Cr(C0)3)45H,0 a8t w m3sh ¢ 25w - 556 w
e 676 sh $ B . 37w
640 m i 5
. Others’ '

596 sh, 440 sh, 413.w,. 39k w, 367 w, 358 sh 350 w,
342 w, 338 w, 330 w, 318 m, 303 m, 193'm, 270 w, 268w

W 675V 45w 295w 486 v.w  558°m
. L eM0w : .
s"og m #
- Others < = ; 'y .

- 590 V., 580 v.w, 546 sh, 511 sh, .501 sh, 416 VoW,
-393° sh 372 sh, 369 W, 356 v.w, 352 v.w, 330 v.w,
321 v.w, 254 Viw

191



TABLE XVII, continued

Far infra-red (cn™l) KB(".

Eomp;yund

Co(T1D) (Cghg-N-5a1)3(Cr(C0)3) 7Hy0

Co(I1)(salen)Cr(COY,2H,0 -

Ni(!l)(salen)cr(co)azuzb

5 8C0r-C-0 v Cr-0. wCr-ring v M0 ' v.M-N

672 v.w - 472 vow 292 w 496 v.w - 556 m
680w I .
611 w
(!thers
594 v.w, 530 V Wy 522 v.W, 408, 417 sh, 397 si, 365 w, |
356 v.w, 338 V., 315, 300 v.w .
675 v,w 483w . . 292 w
gom - B
-Others -
593 sh, 582 sh, 560 sh, 546 w, 472 W 433 W 410 sh,
348 sh, 333 sh, 317 sh

671 sh 490 w 288 w
656 sh . i, et % ’
2 R T
615 sh i
Others T - ¥

588 w, 545 w, 471 w; 416 sh, 363 w, 353 sh, 336°sh; 312 sh

[:] S
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: TRICARBONVLCHROMIUM COMPLEXES OF METAL PHTHALOCYANINESM

Phtha’locyamnes are a very widely studied gruup of compnunds be=~-°
cause. of ‘their peculiar structure and high thermal and chemical stabﬂ’lty.‘
. Most o% the metal phthalocyanines can be sublimed unchanged at 400"(:/](!'6
. Hg' C’opper phthalocyanine -is stable at 900°C in vacuo. .These compounds
“.are usually insoluble in common so'lvents but are sllght’ly so'luble in. h]gher
boiling aromatic solvents such as quino'Hne, chlorobenzene and
.. chloronapthalene. C .
The cunjugated system of meta1 izhthalocyamne n\akes it a very suit- °
able ligand. to study the metal-metal interu_ﬂn,n occurring through the ligand, :
'-(th‘carbor\y'lch’rmni‘un{‘complex '-’f. metal phthaiocyanine)‘ and chanjés >nf
'éTéqtron~distr1butian by varying the’central metal. The electron dénslty
of the highly conjugéted metal ph’thalzcyanine' is expected ‘to’change by
varying the central metal if there is signifxcant w-back bonding from the
“central metal to phthalocyamne The changes of Electrun density can be ,‘
‘:tuched by making Cricarbonylchmmum complexes and studymg the i.r. 'in(
the CO stretching region. The tricarhonylchromium complexes of
;‘:,htha'locyanine and a few metal phthalocyan'lnes ‘have been prepared by vﬂ1e 3
reacéion of,'hexacarbo_rw]chromium with ﬁeta] pﬁtha'locjan‘lnes‘. Pquicathn ‘

of these cognp‘l”exes was not achieved.

General

nethiods aF reparation of phthaloc anine'and mefai hthalocyanines
There are many methods of preparing these compounds . ‘Some of the

Taboratory methnds are given helow-(134). ) . .e : N B
. NH . : . » ¥ :

. . ‘. e 0

1. A(:):,::NH | o Formamide " pet, 47 aMH, .
! il I
o . y B.Pt o * :




6 o . *300°C L
- % 4 7. - +Mcn‘M2(2 —_ . PcM -.
;9" dry or solvent °~ .- ¢
. - CONH, . 300°C Co.
4. 4 ¢ + Mor MX, ———  PcM + 4H,0 R
en C— < 2
- A i ry .5 3
<. . . ¥ solvent (e.g. formamide) . =
5. 4 L + MKy ey Pl + ANHg
: of L £8Pt . | Y

_Cr(_CO)ycnmplex was used. Dioxane was tried first as a solvent -for this

reacti
. 4

solvent (e.g. quvino'line) 3 £ ot A
2. PcHy, + MX,  ——————————————y  PcM + 2HX 2y
b BEE R s T BIPE L, S .

"

NH o Y g

NH s o
= 3
s sqlven ) B
PeLi, + MX2 —_— PCM +2uix o L
i L o : ) N .
. Experimental C | L . o . o
T B g” . L \
Phthalocyanine #

\-

..

The samé method ised for the preparation of Zn(II) (CHy-N-sal),

because of the greater so]ublhty of Pc in it, but no carbunyl
compiex was formed F-ma’lly, di-n-| buty] ether was. used as a su}lvent and a 5 (
trtcarbony'lchrumum nomplex was fomed The i.rof the dr1ed product showed
-

weak CO stretching vibrations as camp_ared to other bamjs, 1ndicat{ng that ~




> sat]sfactory resu'lts

i 4 ’ &0 T

-the greater -portion of ghe product was starting material (phthalocyanine). )

The reactiqr? was repeated thrée times, prolonging the duration of reaction
each ‘tine (6h,;12h“§5d 48h) in an attempt to ‘increase the yield, hui’_‘there
was:no significant increase. ' ) .

The reaction product was. sublimed -in vacuo. The complex

¥ décomposed at 200°C. “No sub\imatiori occui‘\ced' The other techniques of \

punhcatmn snch as chromatograph,y and crystanlzatmn did not give

Pezn(1r) fe ¥a oo ‘,

’ The third method” outlmsd above was used to prepare ‘this, cempcund
The pun‘ty of -the compound was checked by compan ng the U.V/visible spectra
'of> the prepared compound gith the Htera‘tu‘re (1‘35). = Py : B
 Spectrum recorded. (pyridine) = 673 nm, (1gg ¢ = 5.44), 647 tm

) (Tog ¢ = 4. 55), 608 mn (mg e = 4.58)\347 mn (Tog ¢ = 481)
therature value = 672 nm- (log € 5 45) 646 nm ,‘(logbs =‘4.56) )
" 607 m (Tog s‘» 4. 59), 347 mm (log ®=4.81).

Tr!carbonzlchrommm comglex uf PcanH 5\

[ -;e‘ . The same method used for the Pc[:r'((‘,O)3 complex was. used: for the
p%arahon The i.r. of the dried prnduct showed :two CO stretchmg
v1br¢tmns, mdmatmg the fomation of tn:arbony1:hrom1um complex.

1 ATl attempts to pur\fy this complex usmg subhmatmn,

crystaN'lsatmn and chmmatngraphw techriiques were unsuccessful C D.'

PeCu(I1 ] %
A similar met{;nd used fur PcZn(II) was used for' the . preparatmn

The pu fty of 1 b

e compound was nhecked by comparmg the U‘V/vwsubnle spe_ctra




o the prepared compuund with that of the ‘hterature (136):

: Spéctrum, recorded =793 i w(_mg € = 5. 395), 701 nm (1og & —.A 49),
441’ (log ¢ = 4.28Y, 305'nm (10§ ¢ =*4.73), 292 mm
(log ‘e = 4.59) and 225 m (Tog.c'=4.84) - - .
L‘iteraﬁurg,va]de-792 o (1dg‘c = 5.39), 700 nm - (1og :.= 4.49),
4}10‘nm (’109 e

4.28), 305 nm (It}g e =4, 72) 291 nm

- (10g ¢ * 4.58) and 224 nm (Tog & = 4. 83)
-'svagnt, sulphuric acid (13.6°M) I T
Tmcarhon[lchromlum complex of Pccu H
3 “The same method used for the Pclr(C0)4 complex was used for. the ~

“preparation. The i.r. of the dr}ed‘prcduct ‘showed two weak CO stre'tchmg

v1brat|ons, indicating the formation uf tr1carbony1chrommm comp‘lex The

-pumhcatlon of. thxs compound was not, ach1eved

E P_htha’lonitrﬂe

Phthalonitrile wasobtained commercially from J. T. B'ake'r jChemi'ca]

CP-. o ' .
; Lo . K ~
Tr1cﬂrhony'lch um1 um complex of Pccr(II) . 8

Phtha]nnitrﬂe was reacted, dlrecﬂy with hexacarbonylchmmmm in

,reﬂuxmq di-i -n- huty] etbrer in an atmosphere of niﬁrogen for six hours in

urder to gbtain PcCr(II) and its tv1carbony1chrum|um derivatxve " The ,l.r'.

) of the dr1ed pruduct showed strung co stretch(ng vibrations.

= "' THE reaction, product was. separated into the. fo'('luwmg fractions . | "'

usmg dlfferent sn'lvents m a Snxh'let extractor




_“Reaction product
Extract.with benzene ‘urider nitrogen

Y . - . ¢

1. “Extract . I ’,d 7,7 Insoluble portion ** ,
’ “L.R._(nujol mul1) no ."CO 'ExtrT:t wifl} chloroform _ ¢
I.R. and U.V.similar to - under nitrogén: "
phtha]_onitrﬂgi i I )
o 2. Extract: ' i *‘ ) v ) " 3 Ip_snlulﬂe portion
; - K LR (nujol mal) strong vy L |t -, LR (nuol mitt)
¢ ’ V151ble spectirum, 693 nm and 635'nm ’ 2 two strong Yoo
’ uv. spectrum similar to. phtha‘lcnitrﬂe o

The presence of bands in the vis1b1e reg1{"}of fraction 2 1ndvcates & &
the formation of phthalocyanine (phthl\omtrﬂe has no’ absorption m the . .
vls\b]e regmn) The different v1s1hle spectrum of fraction 2 than v
phtha]ocyanine (702 nm and 662 nm) suggests the formation of PeCr(11).
Fractions 2,and 3 ®u1ld be 2 mixture of Pccr(ll) and Pe€r(ll) Cr(Cl))3
c'or’npl‘exes A yeHow cumpound was uhtamed by sublimation of fraction 2

(the unsumeed cmnpnund shuwed co stretching v1brat1ons) This yellow Fiama

compound had- two very strung co s{retchmg vibratidns,; and 1ts u. V spectrum .

‘v i was s1mi'|ar to phthalonitrﬂe Th1s yellow compound was |gnored because

the authar was on'ly 1nterested ln}solatmg the tncarbanylchrmvum lexes -

of Pc M(II). Further purxficatwn of fractmns 2 ;nd 3 was unsuccessﬂﬂ. .

. Discussian L - b Lo Ay e, L2 N o B M
s . € o
o |

Due to dlfflcu'lties 1nvulved in pur'fylng these complexes no i ®

further attenpt was made to make more complexes Thc cnmp]exes prepared !
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. were not ‘isolated in, pure form, therefore the'lr- i.r and U. V/V1S]b|e spectra

may . not be relub'le and therefore wﬂI nut be discussed




7

,-extension of "this work,

¢ e g = 176
T

Further sco’pg of work B .
The preparation and study of t'rlcarbony'lchmh’:m complexes “of

b1s (thiosalicylaldiminato)M(II) (137)~(F|g. 53) will be an_interesting

K3 L J g ot
Sulfur is knowh to. form strong covalent bonds and tnis Should

- brmg s|gniﬁ:ant changes of electmn density on the hgand nith different

transltion metals at the centre M). Such cmnges wﬂl be reﬂectéq hy
changes in Voo~ A disldvantage in pursuing tht& prob’lun could be the

Apr-edicted Tow soluM’th of, these culplexes Lack of so1ub1|ity prevents »

n.m.r. and molecular weight: determmatimls and p«rificahons also become

dEfflcult B - @ 4 a@ L e




G . i can
\A\/XII 2y % sv ; . )

L o g B

_ REFERENCES i R

1. E. 0. Fischer and K. ﬁfe1e, Angew. Che’.,-ﬁ_g‘(!957) 7155 Chem.- Ber.,

e 90 (1957) 2532. TN
J <. 2. A. Nicholls and M. J. whiting, J. ‘Chem, Soc (1959) 551. e .
// 3. E O F1szf‘her, K. Ofele, H Essler, W. Fv‘nthh Wy P Mnrtensun,

and W. Selrm'linger, Chem. ‘Ber., 91 (1958) 2763
Natta, R. Erco]n and F: Ca'lderazzo Chem. e lnd 140 (1958) 287. "

. D. Rausch Pure App. Chem., 30 -(1972), 523. .
, 6. H. Zeiss, "Urganometa'l”c Chem_stry Reinhold. Publishing Curp_., i )
New York, 1960, p. 399. P PSS T =

75 L:N Z\e1ss,>P J. Wheatly, and H. J. S. w1nk1er, “Benzenoid Metal -

Comp'lexes",anna'(d Press Co., New York, 1966, p. 51..

'( 8. G. R. Dobson, W. SLo'Iz, and R. K, Shehne, Adv. Inorg. Radmchem- 5.
T I S N e
5% \E\.\O, Fischer ang H. P. Fritzs Adv. ,a:inorg": Ra’dmchem:, 1 (19’5_9),, »
102 n L . E
it 8 10: - E. 0. F‘lscher and A. Maasbu'l, Angew. Chem > % (1964) 545 ) . v'r

1. M. D Rausch G. A Moser, ‘E. T.. Zaiko, andA L. Lipman, Jr s

J. Organometal. Chem., 23 (1970) 185, . o B
12. E. 0 Fischer and K. Ofele, Chem. Ber , 93-(1960) 1156.
/' 13. E. 0. Fischer and K. dfele, F‘ 0rganometa1 Chen., 8 (1967) 5 )
L 14, -T. A, Enm\anue'l, 1541 Staﬁford, and’ F."G. A. Stone, J. Am. Chem. Soc¥

T g % . . ~
x ah o 08 83 (1961’) 359] e il :

15, sop LGubln and V 8 Khindkomva 2 Organametﬂ. Chem v 22 (1970)




178 -
1

N.J. Gogan and C. S. davigs, J. Organometal. Chem., 39 (1972) 129.

K. J. Coleman, C. S. Davies, and M. 3, Gogan, Chen. Comiun.  (1976) -
1414, f ’ ; )
T 18. N J Gogan and K‘ C. Chu, 56th C.I.C. Cnnference, Montrea‘l

Canada, June 1973,
©719.. R. V. Emanuel and E. w Randa'll, J. Chem Soc A (1969) 3002.‘
20. M. L H. Green, "Organometa'lhc Compounds ", Methuen & Co o Ltd,

London 1968, p 181. . i §
21.. §. Klopman and K. toack, Inorg chem. , 7 (1968).579.
22 D. A. Brown and F. J Hughes, Jd. Chem. Soc.” A (1968) 1519

23. 0 L Carter, A. J McPhail, and A. T sinn; J Chem. Soc. A

e T (asse) ez, ’ - LT
aon 24. 0. L. Carter, A..J. Mci?hav"l,van‘d F,, Ts éijnn, J. Cheni. 'ch.'A e
: (1967) 228, . A N T
; <25, 0. L. Carter, A, J. MePhail,ard A.-T. Sinn; J. Chem. Soc. A 5y
\ CL s een) IE\ i . ' o

. 26. J. T Price aRd T. S Sorenson, Can.‘ 3 Chem ;46 (1955) 515,
T 27.. M.4 (1965) 1314
S 28. NI 9. Gugan and Z. U. Siddiqui, Chem. Cmmvun (1970) 284,

Baﬂey and L. F Dah1. Innrg CI\em » &

29.0 N J. Gogan and Z. U. Siddiquih Cah. J. Chem., 50. (o78) 720.7 -

30. Z..U. Siddiqui, " .5c. Thesis, Meforial Umversity oy‘Newfoundland,
1970.. 2

‘. B. Fleischer, C. K. Mﬂbrand)and L/E Webb, J. Am. Chem. Soc.s’..
N
86 (1964) 2342, /

A ‘1c%st,tﬁing! A%(mo) 201, .
33, B Schiff, Anncy 150 (1869) 193,




38.

39.

40.
a1
4%

43,

49;

-

R. H. Holm andk Swannnathan Xnorg Chem i '(1.953) 181.

e . : ‘. : '
i De'lep'ine, Bull. Soc. Chim, France, 21 (1899) 943 t‘ -
. Pfeiffer, £ Buchbu'(z, and 0. Bauer, J. Prakt. Chem., 129 (1931)

163. ] - z

o

‘P, Pfeiffer, E. Brith, E. Lubbe,and T. Tsumaki, Ann., 84 (1933)-503.

S

: Pfeiffer, W. Offerman, and Y. WErﬁer._J'. Prakt. (Ihem..:.lg‘-i_g (1942)
TE C '

J. V. Dubskyfnd A. Sokol ;. Collection Czech. Chem. Commun..,” 3 (1931) .

548. 3 E
R‘.._H Ho]m G. W. Everett, and-A. Chakravorty, Prug Inorg. Chem.,:7

\(1966) 83.

R. H. Ho1m and M. G. O‘Canor, Prog norg. Chem , 14 €r971) ‘241,

o

<L Uriu'H M DWaira, andL Saccom,chem Cergnun (1965) 103.

-

5 Saccam, M. Cvampahm, ki Magg‘lo, and F. P Cavasmo, J. Am. Chem.

« Soc., 84°(1962) 3246. . . 2

..A. Cotton, P. M. L. Goodgame, and M. Gnodgame, 3. Am Chem Soc.,, g
83 (1961) 4590 v e g el !

B. 0 West, J. Chem SDE (1962) 1374- ki ’- ) ’

P.L. orioli, L. Saccam, andM D(Va'lra Chem Conmun (1965) 1.

™

. Frassan, C. Tamattoni, ahd Lo Saccom, 0 Phys Chem. 63 (1959)
1988, . . . R k P Skl
L Saccvm, P. Pan'leth, and G. Delre, J. Am.. Chem Suc . 85 (1963)
411, ] . A
[ = o D LA -
1 Sacconi, P. ‘L On‘o'li, P, Paoletti and M. piampan&,Jr.uc. ‘Chem. ~
. (1962), 255. 1




180 .-

50. E: & Lingafelter, G. L. Simmons, B. Morisin, C.‘Sher'ing'er, a}|d
C.{‘Freil{urger.kcta. Cryst., 14 (1961) 1222, i
51. L. Sacconi and M.- Ciampolini, J. Chem. Soc. (1964) 276.

oy
N
I

. Ferguson, J. Chem. Phys., 34 (1961) 611,

o
W,
-

. Furlani andG Murpurgn Theor . Clnm Acta., 1 (1963) 102
- 0. Hest, J. Chem Soc. (1960) am. S

o
2
@

& . Chakrpvorty and R. H. Holm. Inorg. Chem., 3 (1964) 1521, a -
. Nishikawa and S. Yamada 3 Bull. Chem. Soc. Japan., 37 (1964) 1154,

Lon oo
-
-o=

‘Saccom, M. Ciampolini, F. Maggio, and F. P. Cavésmu J. Am.

Chem. Soc., 84 (1962) 3246.
58

—

e .WEi, R. M Stogsdﬂ‘l and E. C. Lingafelter‘, Acta. Cryst., 17
5 . (1964) 108,
59, M. Dob]er, Hely: Chim. Acta . 45 (1962) 1628.

60. L. Sacconi and M. Clampn'hm, J. Am. Chem 5uc > 85 (1963) 1750 “

= - =

. H. Holm- and K. Swamnatham Inorg. Chem., 1-(1962) 599A
62.
B3.

.m

. Frasson and C. Pamattonf, Z. Kristallog., 116 (1961)..154.
. E. Percy andﬁ A. Thornton, J. Inurg hucl Chem.,-wz) 3357.

- ' 64. R. D. Hancock and D. A. Thornton, J.S. Af. Chem ln‘st.. 2_3(1970) 71.

® ™ o

65. ,E“'Percy and D A. Thorm:un, . Inorg..Nucl. Chem. >, 34 (1972) 3369.
6635 H. Nishikawa and S. Yamada; BuH Chem., Soc. Japan‘ 37, (1964) 8.

67. S.. Yamada, Cpqrd “Chein, Re‘}\ ,'1 (1966) 415,

68 1. Manassen,’ Tnorg. Chem. o 9:01670) 8667 .. 0 e

69. M. Neiqnld andB oz West _J. Chem.’ Soc A (1967) 1310‘

. 70, B. N. Fifyis and R. S. Nyhu]m, J. Chem. Soc. (1959)-338%

71. A, 'Earnshaw, |t _Howlett, E. A King, and L F Lﬂrkw&rthy, Ji Chem

Soc. A (1968) 241,

£




87.~

+ RG. Chaﬂes,\! Org. Chen., 22 (1957) 677.

‘181

- M. Calvin and C.H. Barkelaw, J. ‘Am. Chem: Sot., SB (1945) 2267.

B. Bosnldl J. Am. Chem. Soc,,QO (1968) -627.

? R.S. Downing and F;L. Urbach, J. Am. Chem. Soc., 92 (1870) 5861. &

H.C. Clark and A.L. Odell, J. Chem. Soc. (1956) 520. i .

0. Hall and T.N. Waters, J. Chem. Soc. (1960) 2644 and 2639.

R. De_’!sas|.- Sk Ho‘R, and B. Post, Inorg. Chem., }Q (1971) 1498.
EN. Baker, D. Hall, and T.N. Maters, J. Chen. Sog. A (1970) 406. "
D. Hall, A.D. Rae and T.H. Maters J. Chen. Soc. (1963) 5897.

J. Lew*ls and R.A. Walton, J Chem. Soc A, (1966) 1559. 4

M Stewart and E. C Lingafelter, Acta Crystanogr 5 12 (1959) 842
R.S. Downing and F.L. Urbach, J. Am Chem Soc.y 19 (m&e) 5977

D. 'Hall and F H. l'oore J. Cha!l Scc ‘A, (1966)- 1822. \'

D. Hall and F.M. lbore,. Proc. Chem. Soc. (1960) 256.

' D. Smith and ‘C.M. Harris, Coord: Chem. Rev., 4 -(1969) 391

R.B. Co'les, C.M. Harris, and E. Sinn, fust. J. Chem., 33 (1970) 243,
M.D. Hobday andT D ; Smith, J Chem Soc. A, (1971) 1453.
M.D. Hobday and T.D. Smithy J.' Chem. Soc. A, (1971) 3424.

RH. Lee, E. GrisWold, and T. Kleinberg, Inorg: Chem., 3 (1964) 1278 -

J. Loliger and R: Schefford, J. Chem. Ed., 49°(1972) 646.

) Saccom, M Ciampo”ni, andT Speron1 J. Am.- Chem. Soc 67 (1965)

3103 ) X % .

C A chakravorty and R H. Holm, !norg. Chenm. , 3 (1964) 1521,

B.0. 'Hest J, Snc. (1960) 4944

2

7




182

. o w5 “ e o o
9?. C. E. Percy and D. A. Thornton, J. Inorg. Nucl. Chem., 34 (1972) 3357.

98. R. H, Bailes and.M. Calvin, J. Am. Chem. Soc., 69 (1947) 1886."
99. B. 0. West, J, Cheﬂu Soc.' (1954) 395.
100. T. Tsumakx, Bu'l'l Chem. Soc Japan 5 13 (1938) 252 J :
101. . D. HaH and F. H. Moore, J Chem ‘Soc. A (1956) 1822.
e o Collec. Czec. Chem. Comm. 3" (1931) 548-9;
1102, d. V. Dubsky and A. Sokol /Chem. Abst. 26 (1932) 1! 5
103%; F.

. A. Cotton, "Chemical‘l\pphcaharsof Group Theory . Interscience,

) New, York, 1966. ik "y PR g

_‘164. A‘. B.'P. Lever, "Inorgani Electronic Spectroscopy". E]sener Pulﬂ'{,shmg
: Company, London New ork 1968 i

fos 105. T. M. Dunn, D.-S. Mcp]ur , and R. G." Pearson, "Some.Aspects of.Crystal
' Field Theory", Harpgr and Row Pu‘bHs‘;\ers New Yérk; 19‘6‘55

-
=3
3
<

P Fack'ler, Jr., "Symmetry in Coordmatmn Chemlstry ' Acadenic h

Press, New York-London, 1971.

" 107, L.A,E Orgel, J. Chem Soc. (1952) 4756. -
108. Y. Tanabe and S. Sugano, J. Phys Soc. J;pan, 9 (1964) 766+
109, A. B P. Lever, J. Chem. Ed. v 45 (1968) 711 i L
v 110. A'._Earnshaw, "Introduct1on to Magnetochemistry", Academic Press, 8

," London-| New Vork 1968.
".111. J. Lewis and R G. Wﬂk‘lns. “Modern Cucr‘dination Chemistry“, Inter—-
o . sc1ence-Pubi1sher5, New York, 1964. o © R,

112.- S. F. A, Ketﬂe, "Cuurdmatmn Compounds 4 Appleton Qentur} Croft§,

2 New York, 1969. o oy ) )
. ‘,’113. . Fe Cctton and G. Nﬂkmk, "Advanced Xnurganic Chanistry > !nter‘—
. : » “science Publishers, New Vor\ki.ir:don—/sxdney, 3rd- ed., 1972 i
SR [ M. Everet? Jr. ,and “R. H. Holm, J. An..Chem. Séc. , .14 (19§5_)_ 5266.




118,
116:

f117.

118.

119,

120,
121.
122,

123

1125,

124,

126..

127,

128,

. 129,

“130.

131.

:132.
133, -

134,

135,

135,

2137,

138.

JG. R, Dobs

ie oo 183

Ercoli: and A. Mangam, Ric. Sc' wr 28 (1958) 2135 Chem. Abs . ,75323(1959)109479.
H. Yamada, T. Nakamura, and R. Tsuchida, Bull. ,_Chem. Soc. Japanl 30
(1960) 481,
R. T. Lundquist and M. Cals, J Org Chem s 27.-(1962) 1167
3| 1. W Stoh and R. K. SheHne, Advances in Inorganic

Chemistry and Radiuchem{stry, ' (1966) 1.

D Stee'le. Quart. . Rev.; 18 (1964) zx g
W.”Beck, A Me1n1koff, and R. Stahl Chem Ber., 99 (1966) 3721

F. A cm:ton and C S. Kraihanzel, J.. Am. Chem. Spc. 8_4(1962) miz. .
;A Cotton, Tnorg: Chem., 3 (1964) 702, B or

« M. Jones,"J. Chen. Phys., 36 ‘(1962). 2376, CSSE
. Kloman and.K. Noick, Inovg. Chen., 7 (1968) 579: )

. Hass and R. K. Sheline, J. Chem. Phys. (1967 2996.

. Brown arid F. J. Hughes, J. Cheq\.'_ Soc. (1968) 1519.
. Adams and A.. Squife:, J. Chen. Soc. A, (1970) 814.,

z
L
G
H
n.
b
H. P.Fritz and J. Manchot, Spectrachim. Acta., 18 (1962) 171.
D

- Brown and J. R. RaJu,J Chml Soc.-A,. (1566) 1617.
5 Bruwn, J. Inorg. Nucl. Chem., 13 (1960)" 212.

«.» » B =T.>

B Buttery, G.-Keeling, S. F. A. Kety'le, 5 Fﬁlﬂ, and P.'S..étamperp

J. Chem. Soc. A, (1969) Z077. E b TR |
(1966 1389, : :
(1965) 2822
‘A, B P Lever, Adv Inory. Radvochem (1965)28. )

S. Fi A, Kettle, Spectrochim Acta,, 22

D. A. Br'own and L. CarroTy J Chem Soc.,

M. .J uhaﬁey,a Chem, Soc. (1961) 866.
Izv. Vysshikh Uchebn. Zaredenii - Khim. i Khim. Tekhno'l. g
B. D. Berez*ln,,\chem Abst. 55 (1961) 17205h .

.- Hoyer'and B. Lofenz, Z. Chem. , 8 (1968)’ 2& E B 5 C

S, d. Gruber, oM. Harris aud E. Sinn, lnorg chan a5 1 (1958) 268. .




*See page 41 “

The structure)proposed by Hobday\andsmth is doubtfu} in view of the “CO

values obtained for’ d|g1yme Mo(CO):i (lowest "co 1823 cm™)-wheré” there are

)

'} or the band at l 665 o™ cou]d easﬂy be due to'v C=N. ‘The’ e1emen

three ,oxygen atoms donating to the Mo and there is.no back bonding from, Mo
to oygen. As a ‘result of:the m-back donation from Mo to-3 CO s 1ncre1ases
and the co bond nr‘der is reduced and the "co frequency s decreased.

In the case of Ni(I]) (sa1en) Cr(CO)a there are only two oxygen
atoms iﬁwﬂved As a result“the r-back ‘donation’from Mo to co's is . 5
distributed to 4 CO's,.as comnared to 3°C0's 1n the case of dvg'(yme Mo(C0)5,

-1

therefare the lowest vpq value should be abave 1,823 cm™ .in- the furmer
v

* ¢gmplex.. In fact, the lowest Yo va]ue obtained: by Hohday and Smith-is

s S : = o
.1,665 cm 3 which does not seem reagpnable. The alternative possible *

structure could be M (I1) (salen) Cr(CO); H,0 where two i.r. bands are

expected and the- bands around 1,665 and 1,695 cin'l could be due to impyrity




o ) T

¢ In view of the fact that mere are 3 more pnssfble cannn{cal .'

| foms in addit‘lan to those shown 1r| Hg 49 ﬁage 147) the argment is ) . "

rev1sed The. 3 more camnical forms are shown belou

’Q}w Q_m

: C The . negat‘lve charge is 1ess erly to spend time nn the r'lng wlth o
5 prutons than nn the ring with 4 protnns due to electronegahwty reasons;
" as a result the electron densny vh'l] be s1ightly higher at’ the ring with
. 4 protons. Therefore, it is 1|ke1y that the cr(co)3 graup will prefer the
: N ring- wtth 4 protons 5 i
There “are mmplexes obuined with or:: pr(l:l)):i group"ln the
', case-of Co(II) and Cu(II) (CG"S'" saT)z uith tﬁe different number of water
2 % 1 m]ecules ~Phere are two possibihtus (1’) Eithgrtot_h the complexes s
’ have. the sam_e structx_n‘_e (Cr(C0)3 group attached ,’tg nge ring with"e%.prdtm;si..
© o (2) the c‘unpl’e‘xes have‘d(vfiei"evttt structures; one where the Cr(C0); group. .

“{s attached to the ring Mth 4 prntons and the other where. the Cr(C0)3 group

:!\ -5 attached to the Hng wH:h Sprotons, E # . v e
Jf " Tnere is a pnssibility of. th:’latter case heh?e of ngﬁny y %
d‘Ifferent-}nd positions in the near 1nffared and-U, V /vlsib'le r‘egion’and ‘\ ' ]
o \n‘lfferent € valugs for d\ese complexes The g V values -are sm\Hur for . O :
both. cwlplexes. ,}It is. hard suggest definitely any structure 1n the ] i '_
‘l _7 absence nf any concr;gte proo for this group of. cwplexes, g a3 ﬁ; .‘."3 %y .
"l | \,_ L
5 G , > | o %
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