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tn　　　　　1，3－prOpanediamine

β－Hala　β－alanine
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H2mida N一methyliminodiacetic acid CH3N（CH2COOH）2

trien triethylenetetramine NH2（CH2）2NH（CH2）2NH（CH2）2NH2

tren tris（2－aminoethyl）amine N（CH2CH2NH2）3

“2edda ethylenediamine‾N，N．．diacetic昌呂諾cH2NH（CH2）2NHCH2COOH

H2aeida N－（2嶋aminoethyl）iminodiacetic acid

NH2（CH2）2N、cH2COOH

Haet　　　　2－aminoethanethioI

Haese aminoethanesulfenic acid

laesi aminoethanesulfinic acid

nea　　　　2－（methylthio）ethylamine

）L－H2aSP DL－aSPartic acid

．－Hsmc S－methyl－L－CySteine

．－Hmet L一methionine

NH2CH2CH2SH

NH2CH2CH2SOH

NH2CH2CH2SO2H

NH2CH2CH2SCH3

日00ccH2eH（NH2）COOH

CH3SCH2eH（NH2）COOH

CH3S（CH2）2eH（NH2）COOH



ChapterI．Ⅰntroductory Remarks

トA．　General Features of Raman Spectroscopy．

In recent years，the applicable areas for chemical

analysis of Raman spectroscopy became dramatically wide by

the use of photomultiplier andlasers．　The utilization of

Photomultiplier as a detector madeit feasible to directly

record Raman spectra，and that oflasers removed the

restriction on sample of the Raman spectral measurements．In

COntraSt With the Raman spectral measuremeIltS by using the

merCury arC aS an eXCitation sourcein early studies，a hig■h

POWer and a selectivity of excitationline of thelaser

afforded us to facilitate the Raman spectral measurements of

CO10red materials such as transition metal complexes，Which

have d－d absorptionin the vi－5ible region．

Raman andinfrared spectroscopies are regarded as

COmPlementary methods forinvestigation of molecular

Vibrations．　The vibration which causes a change of the

dipole moment of the moleculeisinfrared active，While the

Vibration which causes a change of the polarizability of the

moleculeis Raman active．It may be seen from the group

theoretical consideration thatin the character table a

totally symmetric vibrationis Raman activein any point

groups and theinfrared and RamaIl aCtive vibrations always

be10ng tO u and＿g tyPeS，reSPe止i＿Veiy，混血en th＿e POi＿nt grOuP

has a center of symmetry，thereby holding the Hmutual

exclusion rule日．　Therefore，Raman spectral studies are

absolutely necessary andimportaIlt for a full assignment of
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the normal vibrations of the molecule．

Furthermore，Raman spectroscopy has the following

Characteristic features compared withinfrared spectroscopy：

（1）The Raman spectra of an aqueous solution can be easily

mesured．　Accordingly，the vibration spectra can be

Obtained that have nolattice vibrations and no coupling

betweenintramolecular andlattice vibrations．　Moreover，in

thelow frequency region，SOlute moleculein the aqueous

SOlution does not give any overlapped Ramarl SPeCtrum With

that of soIvent（Water）because water molecule exhibit no

Raman bandsin that region；the Raman spectra of the aqueous

SOlution are not complicated compared with those of solid

State becauseitis thought that the solute moleculein the

aqueous solution generally have higher symmetry property

OWing to relaxation of the restrictionin molecular

StruCtureS．　These spectral features makeit easy to assign

the observed Raman bands．（2）The polarization measurement5

0f the Ramanlinesinliquids and solutions give an

indication of the symmetry property of the normal vibration；

Raman bands due to totally symmetric vibrations appear as

POlarized bands（0　≦　p　く　3／4，P：depolarization ratio）

and bands due to nontotally symmetric vibrations appear as

depolarized bands（P　＝　3／4）．（3）Localized vibrations of

the molecule appear as strong bandsin theinfrared spectra．

This featureis widely used for qualitative analysis．　On

the other hand，Vibrations as a whole molecule appear as

StrOng bandsin the Raman spectra．　This suggests that the
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molecular symmetry will be reflected more definitely on the

Raman spectra than on theinfrared spectra．　Especially，it

SeemS that the Raman spectra of octahedral complexesin the

Skeletal vibration region，Which appearin thelou frequency

region，COnSiderably reflect their structural

Characteristics and are suitable for the vibrational study

Of geometricalisomers of the complexes．　And，（4）

COmbination bands and overtones are scarcely observedin

normal Ramarl SPeCtra Of the octahedral complexes．

Ⅰ－B．　Purpose of This Uork．

This work was undertaken for the following purposes：

（a）　To assign the Raman spectra of the cobalt（ⅠⅠⅠ）

COmPlexesin the skeletal vibration region．

（b）　To elucidate the Raman spectral features for

differentiating the coordinated atoms andligands of the

CObalt（IIH complexes．

（C）　Toinvestigate theinfluence on the Raman spectra of

the size of chelate rings and the number oflink of chelate

rin95．

（d）　To find any vibrational criteria for differentiating

the geometricalisomers of the cobalt日日）complexes．

（e）　To apply the vibrational criteria for newisomeric

Pairs preparedin this work．

（f）　To o＿bta＿i＿n a tranSferahle se＿t O＿f for＿Ce CQn5tJantS t＿O

reproduce the vibrational frequencies of a series of

CObalt（日Ⅰ）Complexes．
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ChapterII．　General Backg・rOund

ⅠトA．　Stereochemistry of Cobalt（日日　Complexes．

ⅠトA－1．　Cobalt（ⅠⅠⅠ）Complexes with Bidentate Ligands

Containing N and O Donor Atoms．

Three geometricalisomers are possible for each of

［Co（gly）2（en）］・，［Co（β－ala）2（en）］＋，and［Co（β－ala）2（tn）］＋

and theirisomers are denoted by Cl－Cis（0），C2－Cis（0），and

tra‡1S（0）With respect to the arrangements of the chelate

ring■S and the coordinated oxygen atoms（Fig・．1）．

Likewise・［Co（glyl・つ（OX）］　may be expected to have three

geOmetricalisomers and theirisomers are denoted by Cl－

Cis（N），Cり－Cis（N），and trans（N）With respect to the

arrangements of the chelate rings and the coordinated

nitrogen atoms（Fig．日．

On the contrary，tWO geOmetricalisomers ar、e POSSible

for each of［Co（gly）3］，［Coβ－ala）3］，and［Co（glyj（OXHen）］

and theirisomers are der10ted by fac（N）and mer（N）with

respect to the arrangement of the coordinated nitrogen atoms

（Fig．lj．

II－A－2．　Cobalt（Ⅰ日）Complexes with Linear Terdentate

Ligands Containing N and O DollOr Atoms．

Three geometricalisomers are possible for each of

［Co（dien）2］3＋，［Co（ida，（dien）］＋，and［Co（ida）2］andtheir

isomers are designated as sym－fac，unSym－fac，and mer with

respect to the arrangement of the chelate riIlgS（Fig．2）．

There are four possibie geometricalisomers for
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［Co（edma日dien）］2＋（Fig．3）and for［Co（edmaHida）］（Fig．

4）・The fourisomers of［Co（edmaHdien）］2＋are designated

aS Sym－fac，unSym－fac－fac（Nt），unSym－fac一mer（Nt），and mer

With respect to the arrangements of the chelate rings and

the coordinated terrninal nitrogen atoms（Where Nt staIlds for

the termi王1al nitrogerl atOm）．　The fourisomers of

［Co（edmaHida）］are analogously designated as sym－fac，

unsym－fac－mer（N），unSym－fac－fac（N），and mer with respect to

the arrangemerltS Of the chelate rings and the coordinated

［Co（edma）2］＋hassixpoSSiblegeometricalisomers and

theirisomers are denoted by sym－fac－tranS（Nt），Sym－fac－

Cis〔Nt）ナunSym－fac－Cis（Nt）trans（0）・unSym－fac－Cis（Nt）cis（0），

unSym－fac－tranS（Nt）・and mer with respect to t1－e

arrangements of the chelate rings arld the coordinated atoms，

Nt and O（Fig・5）・

ⅠトA－3．［Co（quadridentate）（bidentate）］－Type Complexes．

Two geometricalisomers are possible for each of the

［Co（trien）（bidentate）］－tyPe and［Co（edda日bidentate）］－tyPe

COmplexes and theirisomers are denoted by cis一α　and cis－β

With respect to the arrangement of the quadridentateligands

（Fi9．6）．

Likewise，tWO geOmetricalisomers are possible for

［Co（aeida）（en）］＋and theirisomers are denoted by trans（0）

and cis（0）with respect to the arraIlgement Of the

COOrdinated oxygen atoms（Fig．6）．
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On the contrary，POSSible geometricalisomer of the

［Co（trenHbidentate）］－tyPe COmPlexesis only one（Fig．6）．

ⅠトA－4．　Cobalt（日日　Complexes with Sulfur－Contailli‡1g

Bidentate Ligands．

For all the5e tyPeS Of complexes，Which belong to the

［Co（N－SHen）2］－Or［Co（S一〇日en）2トtype・the possible geometrical

isomeris restricted to only oIle，aS SIlOWnin Fig．7．

＝－A－5・［Co（DL－aSP）（dien）］＋and［Co（branchedterdentate，2ト

Type Complexes．

Three geometricalisomers are possible for［Co（DL－

aspHdien）］＋and theirisomers are designated as sym－Cis，

unsyml－Cis，and un5ym一一Cis as depictedin Fig．8．

［Co（DL－aSP）・）］has five geometricalisomers

and theirisomers are designated as trans・tranS・tranS，

trans（N），Cis（N）trans（05）・Cis・Cis・Cis・and

Cis（N）trans（06）With respect to the arrangement Of the

COOrdinated atoms・N，0（hihere O5and O6Stand for oxygen

atomsin five－　and six一membered chelate rings，reSPeCtiveiy）

（Fi9．9）．

Three geometricalisomers are possible for each of

［Co（L－SmC）？］＋and［Co（L一met）2］＋andtheirisomer5－are

denoted by trans（N），tranS（0）．arld trans（S）With respect to

the arrangement Of the coordinated atoms，N，S，aIld O（Figs．

10　andll）．
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Figurei・ThreegeometricalisomersoflCo（glY）2（en）】＋′

lCo（β－aia）2（en）】＋′：lCo（β－ala）2（tn）］＋（a），and

lCo（giY）（○Ⅹ）2］（b）・Tvo geometricaiisomers of

lCo（gly）3］・lCo（β－aia）3］（C）and［Co（gly）（○Ⅹ）（en）】（d）・
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二三　二三　二三
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Figure5・SixgeometricaiisomersoflCo（edma）2］＋・

ー　10　－



（b－2）

Figure6・Structures oflCo（quadridentate）（bidentate）］－tYPe

COmPiexes．　cis－α（a－1）and cis－β（a－2）isomers of

the complexes with trien（Ⅹ＝N）and edda（Ⅹ＝0），

trans（0）（b－1）and＿Cis（0）（b－2）isomers of

lCo（aeida）（en）］＋，and the complexes with tren（C）．
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日－B．　Theory of Normal Vibration．

日－B－1．　Kinetic and Potential Energies．

Frequency of the normal vibration can be determined by

the kinetic and the potential energies of the system．　Since

Classical mechanics yields a solution of the problem of

Small vibrations whichis easier・tO Visualize than the

quantum mechanical solution，it will be employed first．

The kinetic energyis given by

2T＝晶ma［（d△Xa／dt）2・（d△yα／dt）2・

（d△Zα／dt）2】
（1－1）

If g■eneralized coordinates，SuCh as

ql＝√ml△Xl，q2＝√ml△yl，q3＝√m2△x2，etC（1－2）

are used，the kinetic energyis simply written as Eq．1－3．

2T＝討　　　　　　　　　　（ト3）
The potential energy will be some function of the

displacements and therefore of the q．S．　For small values of

the displacements，the potential energy V may be expI、eSSed

as a power・Seriesin the displacement qi：

2V＝2V。・2∑（aV／aq）qi欄∂2V／aqiaqj）qiqj・
3N

i＝1

bigher terms

3N　　　　　　3N

2Vo＋2畠fiqi＋
∑f
Lj＝1

ijqiqj＋higher terms　（卜4）

If the potential energy at qi＝0，the equilibrium position，

is taken，Vo may be eliminated・Furthermore，When all the

q，s are zero，the atoms are allin their equilibrium

POSitions sp that the energy must be a minimum for qi＝0（i

（aV／aqi）＝fi＝O i＝1，2・・・・，3N

For sufficiently small amplitudes of vibration．the higher
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terms（Cubic，quadratic，etC．，irl the q’S）can be neglected，

50　that Eq．1－5　are derived from Eq．1－4．

2V＝訃jqiqj
Where the fij．S are COnStantS given by Eq・1－6

fij＝（∂2V／∂qi∂qj）0

（1－5）

（1－6）

Witb fij＝fji・

Newton，s equation of motion can be writtenin the form

d／dtaT／aqj＋aV／aqj＝O j＝1，2，・・・，3N　（1－7）

From Eqs．1－3，1－5，and1－6，Eq．1－7is written as Eq．ト8

qj＋喜，fijqi＝O j＝1，2，●●●・3N

Thisis a set of　3N simultaneous second一〇rderlinear

differential equations．　Orle POSSible solutionis

qi＝AiCOS（入小1／2t＋e）

Where Ai，入，and e are properly chosen constants・

日－8）

（1－9）

ⅠⅠ－B－2．　Normal Coordinates．

In order to carry out quantum mechanical treatment of

the molecular vibrations，itis necessary tOintroduce a new

Set Of coordinates Qk，k＝1，2，・・・，3N，Called normal

coordinates．It will be shown that thereis one normal

coordinate associated with each normal mode of mDtiQn，and

vICe VerSa．　The normal coordinates are definedin terms of

the mass－Weighted cartesiarldisplacement coordinates qi by

thelinear equations，

Qk＝翫iqi k＝1，2・・・・，3N　　　　｛2－1）
Where the coefficientsl蓑i have been chosen so thatin
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terms of the new coordinates the kinetic and potential

energies have the form5　givenin Eq．2－2．

2T＝芸Q2　2V＝∑入長Q…　　　　　（2－2）

In other words，the potential energyin terms of the normal

COOrdinatesinvoIves no cross products but only squares of

Q●S，While the kinetic energy retainsits original form．

Uhen Eq．2－2is combined with Newton’s Eq．1－7，the equaヒions

Of motion become as fo110WS，and

a／ataT／aQk＋av／aQk＝Qk・入長Qk＝O

k　＝1，2，・・・，3N　　（2－3）

the solutions of which are givenin Eq．2－4，

Qk＝Kkcos（入長1／2t・長）k＝1，2，・・・，3N（2－4）

Where Kk and ek are arbitrary constants・

II－B－3．　Group Theoretical Treatment of Normal Coordinates．

The method of applyirlg grOuP theory to vibrational

PrOblems depends upon the fact that the normal coordinates

and normal modes of vibration of symmetrical molecules have

Certain special symmetry properties．If the transformations

Which represent the effect of the symmetry operations upon

the whole set of normal coordinates of the molecule are

examined，it will be found that they form a representation

Of the symmetry groupin the same sense that the

transformations of the displacement coordinates Ei form a

representation．　This statemeIlt is true whether the norr）1al

COOrdinates of translation and rotation areincluded or

not．　rn case a representation cannot be simplified aIly

further，itis called anirreducible representatioIl．　Uhen

－　17　－



the representation r（R）Occurs ai timesin the completely

reduced form of the original representation，Character of

Original（reduced）repre5entation，X（R），Can be given for

eaCh operation Rin the form of Eq・3－1，Xi（R）being the

X（R）＝alXl（R）＋a2X2（R）＋・・・＝∑aiXi（R）（3－1）

Character of theirreducible representation r（R）．Itis

pOSSible to show aiin relation to x（R）and xi（R）as

expessedin Eq．3－2，

ai＝1／9∑ズ（R）Xi（R）　　　　　　　　　　　（3－2）R

Where gis the number of operationsin the symmetry g・rOup

and the sumis over all the operatioIIS．　This forrnulais

Written more conveniently as givenin Eq．3－3．

ai＝1／9∑nX（R）ズi（R）
（3－3）

As has been stated before，gis the number of operationsin

the group，X（R）refers to tlle reducible’representation，

Xi（R）to theirTeducible representation，and nis the

number of times theirTeducible representation r（R）appears

in the reduced representation・Thus ai Can be calculated on

the basis of the group theoretical consideration．

II－B－4．　Number of Normal Vibrations for Each Species．

It has already been stated hou the number of norrnal

modes of motion of each possible symmetry can be obtained．

This section will treat the problem more thoroughly．　The

transformation of the displacement coordinates吉i Of the

atoms of the molecule form a reducible representation of the

Symmetry POint group of the molecule．It follows directly
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from this fact that the　3N normal coordinates（including

translation and r・Otation）also form a basis of a

rePreSentation of the group，Since the normal coordinates Qk

arelinear combinations of the displacement coordinates gi・

This normal coordinate representationis atleast partially，

and usually completely，reduced，in that the transformations

do not mix normal coordinates corresponding to different

frequencies．Ifitis desired to find the number of

Vibrational normal coordinates with each symmetry，the

Symmetry Of the translational and rotational coordinates may

be’Obtained and the proper numbers subtracted from the total

Values of ai・

Ⅰn general，if the symmetry operation Ris applied to

all the displacernent coordinates，it can be wfitteIl aS

RX　＝　UX　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　（4－1）

Where Uis transformation matrix．　The character of the

matrix Uis given by Eq．4－2，

X（R）＝±NR（1＋2coS∂）
（4－2）

Where NRis the number of nuclei unchanged by the5ymmetry

OPeration R，eis the rotational angle for the symmetry

OPeration，and the　＋　and　－　Signs are for proper andimproper

rotations，reSPeCtively．　Pure rotation andidentity are

Called proper rotation．　On the other hand，OPeratiorl SuCh

aS q，i・and Sn are calledimproper rotation・The

Characters for the translational motion of the complexin

thex，y，andz direction5（denoted by Tx，Ty，and Tz）are

aS follows；

Xt（R）＝±日　十2co58）
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Where the　＋　and　－　Signs are for the proper andimproper

rotations，reSPeCtively．　The characters for the rotations

around the x，y，and z axes（denoted by Rx，Ry，and RZ）are

given by

Xr（R）＝十日＋2coS∂）

for both proper andimproper rotations．

（4－4）

To determine the number of normal vibrations belonging

to each species，the characters corresporlding to the

translational（Xt（R））and rotational（Xr（R日motions of

the complex must be substracted from x（R）．　Therefore，the

Character for the vibrationis obtained from Eq．4－5．

Xv（R）＝ズ（Rl・Xt（R）－Xr（R）　　　　　　（4－5）

ⅠⅠ－B－5．　Use of Internal Coordinates．

Ue have now no difficultyin carrying out such an

analysis for any molecule using the methods described above．

Thereis，however，an alternative approach with certain

advantages．　This approach usesiIlternal coordinates，SuCh

as a suitable set of changesin bondlengths and bond

angles，instead of cartesian displacement．　Firstly，We

assume that　3N－6（3N－5　forlinear cases）independerlt

internal coordinate5　have beerl Chosen．　The transformations

Of these coordinates form a representation of the point

group of the molecule，Whichis reducible，and can be

reduced by the construction of suitablelinear combinations

Ofinternal coordinates．　SiIICe forinfinitesimal

displacements theinternal coordinates arelinearly related
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to the cartesian displacements and to the normal

COOrdinates，and since they do notinvoIve translation or

rotation，the structure of the representation formed by the

3N－6independentinternal coordinates must be the same as

that from the　3N－6　normal coordinates．　Theinternal

COOrdinateS Can therefore be used as the basis of an

alternative method of finding the structure of the normal

COOrdinate representation．

The procedureis，aS before，tO find the characters for

the reducible representation and then to substitute themin

the basic Eq・3－3for ai・Itisimmediately seen that the

internal coordinates can be chosen so that they divideinto

a number of setsin such a way that the members of each set

transform only－among themselves．If a giveninternal

COOrdinate Stis transformedinto some other member

St・（t●≠t）of the same set under an operation R，St will

COntribute nothing to the character xR，Since Rttis equal

to zero．　only those coordinates which are transformedinto

themselves（SOmetimes with reversal of sign）will

COntribute．　The process of determining the character thus

COnSists，for each equivalent set of coordinates，Of

Selecting one operation R from each classin the group，

COunting the number ofinternal coordinates of the set which

are not permutedinto others by R，and multiplying by　－lif

R reverses the sign of these unpermuted coordinates．　Each

Set Of equivalent coordinates forms a representation which

can be reduced separately，and the structure Of the normal

COOrdinate representation caIl be found by summing up the

－　21　－



COntributions from the different set5．

0ne advantage of this approach arises from the fact

that the normal frequencies are determined by the type of

internal coordinate whichis most stronglyinvoIvedin the

given mode．　Anotherimportant advantage will appear when

the factoring of the secular equationis treated．

ⅠⅠ－B－6．　Principle of GF Matrix Method．

GF matrixl）makes the kinetic energy and the potential

One eXPreSSin the sameinternal coordinates．It has beerl

Shown that the kinetic energy of vibration can be writterlin

terms of theinternal coordinatesin the form of Eq．6－1，

2T＝＝（G－1）tt・StSt・　　　　　　　　（6－1）

where G－1is the matrix reciprocal to G，and G matrix depends

On the geometry and masses of the molecule．If the

POtential energyis expressedin the sameinternal

COOrdirlateS SO that Eq．6－2　satisfies，

2V＝許tt・StSt・
（6－2）

Where Ftt・is the force constant5，the vibrationalproblem

leads to a secular

Fll－（G－1）11人

F21－（G－1）21人

Fnl－（G－1）nl入

Here　入is equal to

F12－（G－1）12九・・・Fln－（G－1）1n入

F22－（G－1）22人・・・F2n－（G－1）2n入

Fn2－（G－1）n2人・・・Fnn一（G－1）nn入

＝　0（6－3）

47t2リ2as usual and nis the number oi

internal coordinates，3N－6（Or　3N－5　for thelinear　CaSe）．

Symbolicallyit carl also be written as Eq．6－4．
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け－G－1人t　＝0 （6－4）

This form of the secular equation has the advantage of

uSing the force constants Ftt・Of direct physical significance

（i．e．，in terms of bond distances and angle5，0rinteratomic

distances）．　The5e force constants also appear directlyin

the elements of the equation and thus do not need any

Preliminary algebraic treatment before use．　On the other

hand，itis ofteninconvenient to have the unknown　入　appear

besides the principal diagonal（especially when numerical

SOlutionis employed）and the job ofinverting the G matrix

to get G－lis somewhat tedious．

Another form of the secular equation can be obtained

from the above by multiplyingit through by the determinant

Of G

l Gl

Gll G12・・・Gln

G21G22・・・G2n

●●●　　　　　　●●●　　　　　　●●●　　　●●●

Gnl Gn2・・・Gnn

（6－5）

On the basis of the known rules for the multiplication of

determinants．　This yields the equation Eq．6－6，

∑GltFtl一入　∑GltFt2　・・・　∑GltFtn

∑G2tFtl　∑G2tFt2－人・・・　∑G2tFtn

∑ntFtl　　∑GntFt2　・・・∑GntFtn一入

Or Symbolically，Eq．6－7

1GF　－　E入l　＝　0

＝　0　　　（6－6）

（6－7）

Where Eis the unit matrix．

In what follows frequent use will be made of the set of
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quantities Gtt・defined by Eq・6－8，

Gtt・＝喜，1／miBtiBt・i t，t●＝1・2，●●●，3N‾6（6‾8）

Where miis the mass of the atom to which the subscripti

refers・The coefficients Btiis defined as Eq・6－9，

St：急Btiぞi t＝1，2，●●●，3N‾6　　　　（6‾9）

Where St and gi are COlumn matrix whose componentS are the

internal and cartesian di5Placement c00rdinates，

respectively．

If the molecule has some symmetry pr・Operty，the orders

Of the G and F matrices are reduced by a proper similarity

transformation．　This resultsin reduction of the order of

the secular equation toJbe soIved．The symmetry

COOrdinates・Sk，are emP10yed for this purpose・Let the

Symmetry COOrdinates be given by Eq．6－10．

Sk＝∑UktSt
（6－10）

A proper Ukt matrix can be constructed from symmetry

COIISideration．

lGkk・Fkk・－E入暮　＝lGF－E入］
（6－11）

Here，Gkk・＝計ktU＊k・t・Gtt・andFkk・＝計ktU＊k・t・Ftt・

ⅠⅠ－B－7．　Potential Fields and Force Constants．

The potential energy can be writtenin the form of

2V＝Ef写（△ri）2十三fαjkrjrk（△αjk）2＋

∑f当主△ri△rj｝＋∑fαjkαlm rjrkrlrm●

（△αjk△α1m）＋∑f雪αjkJ『（△ri△αjk）
（7－1）
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This type of potential fieldis called a generalized valence

force field（GVFF）．It consists of stretching and bending

force constants，aS Well as theinteraction force constants

between them・ThesymboIs△riand△ajk are the changein

the bondlerlgths andin the bond angles，reSPeCtively．

Furthermore，ris the value of theinteratomic distance at

the equilibrium position andisinserted to make the force

COnStantS dimensionally similar．　ThiS methodis

Satisfactory，however，Only for simple molecules（e．g．，hig■h

Symmetrical metal complex）．In order to reduce the number

Ofinteraction force constants，a pOtential field，in which

SOme Of theinteraction force constants are neglected or the

Values of the analog■OuS force constants are set to equal，is

SOmetimes useful．　A potential field consisting of

StretChing and bendiIlg force constants onlyis called a

Simple valence force field（SVFF）．

Ⅰn another approach，Shimanouchi2）introduced the Urey－

Bradley force field（UBFF），Which consists of stretching and

bending force constants，aS Uell as repulsive force

COnStantS between nonbonded atoms．　The general forrn of the

POtenti、al fieldis given by Eq．7－2．

2V＝EKi（△r・）2十三Hjkrjrk（△αjk）2十

三Fjk（△qjk）2＋linearterm
（7－2）

Here△ri，△αjk・and△qjk are the changesin the bond

lengths，bond angles，and distances between nonbonded atoms；

the symboIs Ki，Hjk，and Fjk rePreSent the stretching，

bending，and repulsive force constants，reSpeCtively．
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Furthermore，ris the values of the distance5　at the

equilibrium position．　The number of force constantsin the

UBFFis，in general，muCh smaller tharl thatin the GVFF．In

addition，the UBFF has the advantages that（1）the force

COnStantS have clearer physical meanings than those of the

GVFF，and（2）they are often transferable from molecule to

molecule・　HoweverI the UBFF sometimes can not give a

Satisfactory agreemerlt betweerl the observed and the

Calculated frequencies because of theignorance of the

interactions between non－neighboring stretching vibrations

and between bending vibrations．Itis possible toimprove

the re5ults byintroducing more force constants（a modified

Urey－Bradley force field：MUBFF），but anincrease of the

number of the force con5tantS reduces the advantage of this

field．　Therefore，this field seems generally not to

5uitable for the normal coordinate analysis of metal

Thenormalvibrationsofthe【Co（NH3）6】3＋complexwill

be taken as an example．　Since theligand and skeletal

Vibrations are very weakly coupled，One may COnSider the NH3

1igands as point masses．3）shimanouchi，Nakagawa，2）and

Yeranos4）have calculated the UBFF force constants for the

CoX6SkeletonoflCo（NH3）6］3＋，－makingthisa5SumPtionand

using onlyIR vibrational frequencies．　The skeletal

Vibrations are classified according to the species：

r（Oh）＝Alg（R）＋Eg（R）＋2Tlu（ir）＋T2g（R）＋T2uト）

Since the‾Raman active frequencies calculated from the

above一mentioned UBFF do not agree well with the measured
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Values，SOme Of the force constants may be unreliable．

On the other hand，Schmidt and Muller have carried out

thenormalc00rdinateaI－alysisof［Co（NH3）6】3＋byusingboth

theIR and Raman spectral data on the basis of GVFF and they

have obtained the values of force conatants which can be

assumed to be more reliable than previously reported values，

which have obtained on the basis of UBFF．2，5）

Fll（Alg）＝fr＋4frr＋f．rr＝2・45

F22（Eg）＝fr－2frr＋f－rr＝1・96

F33fTlu）＝fr－f．rr＝1・78

F34（Tlu）＝2rfrα＝0・55

F44（Tlu）＝r2（fα＋2fαα）＝0・43

F55（T29）＝r2（fα－2f・αα）＝0・26

fr＝1・95　frr・＝0・17　frr＝0・08

frα＝0・28　fα＝0・35　fαα＝f●αα＝0・04

Here，theunitislO2Nm－1；thevaluesof fα＝fαα

WaS eValuated by assuming fαα＝f．aα・

By the use of this result，three very weak bands at

498，477，and449cm－lintheIRspectrumof［Co（NH3）6］3＋

have been considered split of band due to the王R active Tlu

Co－N stretching mode because oflowering of symmetryin the

crystalline state．　According・ly，We Will use the GVFF which

is simplified by some adequate assumptions on the

interaction force constants（Chapter VI）．

日－B－8．　Depolarization of Raman Bands．

Experimentally，POlarization of Raman bands provides
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Valuableinformation about the symmetry of normal

Vibrations．　Here，We COnSider the polarization properties

Of Raman bandsinliquids and solutionsin which molecules

Orions take completely r・andom orientation5．

Suppose that weirradiate plane polarizedlight（e．g．，

laser beam），Withits electric vectorin the z direction，

from the positive y direction on a molecule fixed at the

Origin of a space－fixed coordinate system and observe the

Raman scatteringin the x directioIl aS Shownin Fig．12．

0ne component Ezgivesinduceddipolemoments，Px・Py，and

Pz・However，Only Py and Pz contribute to thescattering

along the x axis，Since an oscillating dipole cannot radiate

inits own direction．

Z

y　←hv

／ F土9ure12．

Then，from the relation，P　＝　αE（ais called the

POlarizability），We have Eqs．8－1and　8－2．

Py＝αyzEz

Pz＝αZZEZ

（8－1）

（8－2）

Theintensity of the scatteredlightis proportional to the

Sum Of squares of theindividualαijEj termS・Thus，the

ratio of theintensitiesin the y and z directions，Iy and
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Ⅰ乙，is given by Eq・8－3，

Pl＝Iy／Iz＝α…zE…／α三zE…

Where pli5Called the depolarization ratio for the

（8－3）

POlarizedlight．Irl SOlution，the complexes are randomly

Oriented，and we must consider the polarizability components

averaged over al10rientations．　The results are expressed

in terms of two quantities：　房（mean value）and　γ

房＝1／3（αxx＋αyy＋αzz）　　　　　　　（8－4）

γ2＝1／2［（αxx－ayy）2＋（αyy－αzz）2＋（αzz

αxx）－＋6（αxy2＋αyz2＋αzx一日　　（8－5）

These two quantities areiIIVariant to aIly COOrdinate

transformation．It can be shown that t王1e aVerage Value5　0f

the squares ofαij are givenin Eqs・8－6and8－7・

（α）2
xx）2＝（αyy）2＝（αzz）2＝1／45［45信）2＋4γ2】（8－6）

（αxy）2＝（αyz）2＝亘汗＝1／15γ2　　　（8－7）
Equation　8－3　can be written as Eq．8－8．

β1＝Iy／Iz＝3r2／（45（扇）ん＋4r2）　　　（8－8）

The totalinterlSity，Il，is given by Eq・8－9・

Il＝Iy＋Iz＝COnSt［1／45｛45（房）2＋7γ2｝］Eム（8－9）

The symmetry property of the normal vibration can be

determined by measuring the depolarizatiorl ratio．　From an

inspection of character tables，itis obvious that　房is

nonzero only for the totally symmetric vibrations．　Then Eq．

8－8gives O≦plく3／4，and the Raman bands are said to be

POlarized．　For all the nontotally s＿ymmetric vibrations，房

is zero，and pl＝3／4・Then the Raman bands are said to be
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depolarized．

For example，COnSider the［MX6］－tyPe（Oh）and cis－

［MX4Y2］－tyPe（C2V）Complexes・The only vibration mode

belonging to Alg SpeCies for the【MX6］－tyPe COmPlex plays

the tota11y symmetric vibration．　Accordingly，the

depolariZation ratio，Pl，Of the vibration of Alg SPeCies

Will show O≦plく3／4・On the contrary・the

depolarization ratio，Pl，Of another vibrations（Eg and

T2g）Willshow pl＝3′4・The vibrations belonging to AI

SPeCies for the cis－lMX4Y2］－tyPe COmPlex play the totally

Symmetric vibrations．　Accordingly，the depolarization

ratio・Pl，Of the vibrations of AISPeCies wi11show O≦

Plく3／4・On the contrary，the depolarization ratio，Pl，

Of other vibrations（A2，・Bl・，and B2▲）Will show pl＝3／4・

Ue can consider the depolarization ratio，Pl，Of other

COmPlexes like these examples．
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ChapterIH．　Experimental

ⅠⅠトA．　Preparation of Complexes．

ⅠⅠトA－1．　Tris（bidentate）cobaltHH）Complexes with Six－

and／Or FiveqMembered Chelate Rings．

（1）　Bis（1，2－ethanediamineH1，3－prOPanediamine）cbbalttⅠⅠⅠ）

Bromide：［Co（en）2（tn）］Br3and（1・2－

Ethanediamine）bis日，3－PrOPanediamine）cobalt（日日

Bromide：［Co（en）（tI一）2］Br3・

These Complexes were prepared by the method of H．Ogino

andJ・Fujita・6）AmixtureoflCo（en）2（tn）］Br3and

［Co（en）（tn）2］Br3WaS PrePared by the direct synt1－eSis method

using cobalt（ⅠH chlOride hexahydrate，1，2－ethanediamine，

andl，3－PrOPa王1ediamine a王1d the desけed complexeS LVere

Obtained by the fractional crysta11izatiorl．

（2）　Tris（1，3－PrOPanediamiIle）cobalt日日）

Ch10ride：［Co（tn）3］C13・

This complex was prepared by the direct synthesis

method using cobalt（ⅠⅠ）ch10ride hexahydrate，1．3－

PrOPanediamine．andl，3－PrOPanediamine dihydrochloride by

air oxidation．7）

（3）（Glycinatojbis（1，3－PrOPanediamine）cobalt日日）Iodide：

【Co（91yHtn）2］Ⅰ2・

This complex was prepared by derivation from trans－

［CoC12（tn）2］Clandglycine・8）

（4）（β－Alaninato）bis（1，2－ethanediamine）cobalt日日）

Ch10ride：［Co（β－ala日en）っコC12and Trans（0卜bis（β－

alaninato）（1，2－ethaIlediamine）cobalt日日）Chloride：
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trans（O）－lCo（β－ala）2（en）］Cl・

The5e COmPlexes were prepared by the method of M．Ogawa et・

al．9）with slight modifications as described below・The

filtrate，Which was obtained from trans－［CoC12（en）2］Cl and

β－alanine，WaS POured onto a column of SP－Sephadex C－25

（Na＋　form）and the adsorbed band was eluted with a O．05mol

dm－3aqueous NaCI solution．The fastest moving band

COntained trans（0）－［Co（β－ala）2（en）］Cl and the sixth moving

Orange band contained［Co（β－alaHen）2】C12・

（5）　Bis（β－alaninato）日，3－PrOPanediamine）cobalt（日日

Chloride：［Co（β－ala）2（tn）］Cl・

This complex was prepared by a procedure similar to

thatusedfor【Co（gly）2（en）］Cl・10）Asolutioncontaining

l．7cm30fl，3－PrOPanediamine and3．6g ofβ一alaninein15

cm30f water was added to a solution containing5g of

cobalt日日ch10ride hexahydrateinlO cm30f water・The

solution was oxidized over a steam bath by gradually adding

lO g oflead dioxide forl h．　Afterit had been cooled to

room temperature，the mixture was filtered．　The fitrate was

poured onto a column of SP－Sephadex C－25（Na＋form，3・5cm x

60　cm）．　After the column had been swept with water，the

adsorbed band wa5eluted with a O．05mol dm－3aqueous NaCI

solution．　Three colored bands，Violet（A一日，pink（A－2），and

red－Violet（A－3），Were elutedin this order；they were

presentin a ratio of aboutl．6：1．4：3．5（A－1：A－2：A－

3）．　Each eluate was concentrated to a small volume by the

use of a rotary evaporator be10W　30　℃，and the deposited
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NaCI was filtered off．　The filtrate was passed thrOugh a

COlumn of Sephadex G－10（3　cm x　50　cm）to remove remaining

NaCl by means of elution with water．　A small amount of

ethaIlOI was added to the eluate afterits concentration．

The precipitate which appeared was co11ected by filtration・

（6）Fac（N）－tris（β－alaninato）cobalt（日日：　fac（N）－［Co（β－

ala）3］・

This complex was prepared by a modified method of M・B・

eelap et．al．11）T。a S。1uti。n COntaining4．6g of

［Co（NH3）6］C13in17cm30fwaterwa5added4・6gofβ－

alaninein3mol dm－3aqueous KCI s01ution・The mixture was

heated on a steam bath for　9　h．　The solution was poured

onto a coiumn of Dowex50tJ－X8（Na＋form）and the adsorbed

band was eluted with water．　The fourth purple baIld

COntained the desired complex．

（7）Fb11er（Nトtris（β－alani‡atO）cobalt（Ⅰ日）：mer（N卜［Co（β一

ala）3］・

This complex was prepared by the derivation from

Na3［Co（CO3）3］andβ－alanine・

11）

日トA－2．　Cobalt（日日　Complexes with Linear Terdentate

Ligands Containing N and O Donor Atoms．

（8）　Bis（3－aZaPentaIle－1，5－diamine）cobaltHⅠⅠ）Bromide：

［Co（dien）っ］Br3・

This complex was prepared by the direct synthesis

method using cobalt（日）chloride hexahydrate・3－aZaPentane－

1，5－diamine，and3－aZaPentane－1，5－diamine trihydrochloride

byairoxidation12，13）orderivationfrom［CoCl（NH3）5］Cl■つ12）▲■■
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or［Co（CO3）3］3＋and3－aZaPentane－1，5－diamine・This

PrOCedure was based on the so－Called

tris（Carbonato）cobaltate（Ⅰ日）method．13）

（9）（3－Azapentane－1，5－diamine）（ethylenediamine－N－

acetato）cobalt日日）Chloride：［Co（edma）（dien日C12・

This complex was prepared by thelead dioxide oxidation

method using ethylenediamine－N－aCetic acid dihydrochloride

dihydrate and　3－aZaPentane－1，5－diamine．
14）

（10）（3－Azapentane－1，5－diamine）（iminodiacetato）cobalt日日）

Perchlorate：［Co（ida）（dien）］ClO4・

ThiscomplexwassynthesizedfromlCo（H20）3（dien）］3＋

andiminodiacetic acid，the former of which was obtained

from［CoC13（dien）］・15）

日日　Bis（ethylenediamine－N－aCetatO）cobalt（日日Ion：

［Co（edma）2］＋・

This complex was prepared by the direct synthesis

method using cobalt日Ⅰ）chloride hexahydrate and

ethylenediamine－N－aCetic aciddihydroch10ridedihydrate・16）

Sym－fac－tranS（Nt），un5ym－fac－Cis（Nt）trarlS（0），unSym－fac－

Cis（Nt）cis（0）・arld unsym－fac－tranS（Nt）isomers were Obtained

as chloride and sym－fac－Cis【Nt）and merisomers as bromide・

日2）（Ethylenediamine－N－aCetatO）〔iminodiacetato）cobalt（日日：

［Co（ida）（edma）］．

This complex was obtained by thelead dioxide

OXidation method usingiminodiacetic acid and

ethylenediamine－N－aCetic aciddihydroch10ridedihydrate・17）

（13）Potassium Bis（iminodiacetato）cobaltate（日日：K［Co（ida）2］
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This complex was prepared by the method of J．Hidaka

et．al．18）

（14）Triammine（3－aZaPentane－1，5－diamine）cobalt（ⅠⅠⅠ）

Ch10ride：［Co（NH3）3（dien）］C13・

Twogramsof［CoC13（dien）］weredissoIvedin50cm30f

28　％　aqueous ammonia，and the solution was evaporated to

dryness Pn a Steam bath．The precipitate was then dissoIved

in a small amouIlt Of water and poured onto a column（4　cm x

60　cm）containing strong acid cation eごくChange resin（SP－

Sephadex，C－25，Na＋form）．Having been swept with water，

the band adsorbed on the c01umII WaS eluted with a O．3　moi

dln－3 aqueous NaCI solution．　A yel10W band of the desired

COmPlex was then eiuted and fractionated．Ⅰt was found，

from the absorption spectra of the fractions，that the

middleeluatecontained［Co（NH3）3（dien）］3十・Thel－the

middle fractions were COmbined and concentrated to a small

VOlume．　The concentrated solution was purified by using a

Sephadex G－10　C01umn．　To the solution was added a small

amount of ethan01and the resulting solution　もaS keptin a

refrigerator for several days．　The crystais were collected

by filtration．　However，they could not be recrystalliZed

further because of theirlow yield．

（15）Cis（0トtriammine（iminodiacetato）cobalt（IⅠH

Perchiorate：cis（0）－［Co（ida）（NH3）3］ClO4・

This complex was prepared by the method of K．Okamoto

et．al．19）

ⅠⅠⅠ－A－3．　Cobalt（Ⅰ日）Complexes with Terdentate Ligands
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Containing N－Methyl Group．

（16）（Ethylenediamine－N－aCetatO）（3－methy1－3－aZaPentane－1，5－

diamine）cobalt（日日Ion：lCo（edma日mdien）］2＋．

This complex was prepared by the direct synthesis

method using cobalt（ⅠⅠ）chloride hexahydrate，

ethylenediamine－N－aCetic acid dihydrochloride dihydrate and

3－methy1－3－aZapentane－1，5－diamine trihydrochloride bylead

dioxideoxidation・14）sym－fac，unSym－fac－mer（Nt），andmer

isomers were obtained as sulfate and unsym－fac－fac（Nt）as

bromide．

日7）（Ⅰminodiacetato）（3－methy1－3－aZaPentane－1，5－

diamine）cobalt日日）Ch10ride：　［Co（ida）（mdien）］Cl．

This complex was prepared by the direct synthesi5

method using cobal七日Ⅰ）sulfate hexahydrate，iminodiacetic

acid，and　3－methy1－3－aZaPentane－1，5－diamine

trihydrochloride．20）

日8）（Ethylenediamine－N－aCetatOHN一

methyliminodiacetato）cobalt日日）：　［Co（mida日edma）］．

This complex was prepared by thelead dioxide oxidation

method using cobalt（ⅠⅠ）chloride hexahydrate，N一

methyliminodiacetic acid，and ethylenediamne－N－aCetit acid

dihydrochloride dihydrate．2日

（19）Sodium Sym－fac－（iminodiacetato）（N一

methyliminodiacetato）cobaltate（ⅠII）：　Sym－fac－

Na［Co（ida日midaH．

This complex was obtained by theisomerization reaction

of unsym－facisomer．22）
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（20）Potassium Unsym－fac－（iminodiacetatoHN－

methylimir10diacetato）cobaltate日日）：　urlSy汀－fac－

K［Co（idaHmida）］．

This complex was prepared by the method of T．Yasui

et．al．22）

（21）Potassium Mer－（iminodiacetato日刊一

methyliminodiacetato）cobaltate日ⅠⅠ）：　mer－K［Co（idaHmida）］．

This complex was obtained by theisomerization of

unsym－fac－［Co（ida）（mida）］in weakly basic aqueou5

501ution．23）

（22）（3－Methy1－3－aZaPentane－1，5－diamine）（N一

methyliminodiacetato）cobalt（日日　Chloride：

［Co（mida）（mdien）］Cl．

This complex was prepared by the direct synthesis

method using cobalt（ⅠⅠ）sulfate hexahydrate，N一

methyliminodiacetic acid，and　3－methy1－3－aZaPentane－1，5－

diamine trihydroch10ride bylead dioxide oxidatio‡1．
20）

（23）Potassium Bis（N一methyliminodiacetato）cobaltate（ⅠⅠⅠ）：

K［Co（mida）2］・

This complex was prepared by using the procedure giveri

by T．Ama et．al．24）

HI－A－4．　Cobalt（日日　Complexes with Quadridentate Ligands．

（24）Cis－α一日，2－ethanediamine）（3，6－diazapentane－1，8－

diaminejcobaitHⅠⅠHodide：cis－α一［Co（en）（trienHⅠ3・

This complex was prepared by derivation from cis－

α一［CoC12（triel一）］Clandl，2－ethanediamine・25）

（25）Cis－β－（1，2－ethanediamine日3，6－diazapentane－1，8－
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diamine）cobalt日日）Chloride：　cis－β－

［Co（en日trien）］C13・

This complex wa5　SeParated from cis－αisomer using SP－

Sephadex column chromatography．25・26）

（26）（Oxalato）【3，6－diazapeIltane－1，8－diamine）cobalt（日日

Chloride：［Co（OXHtrien）］Cl．

Cis－α一　arld cis－β－［Co（OX）（trien）］Ⅰ，Which were

preparedin the same way as has beeIlrePOrted，27）were

COnVerted to the chloride by passing the solution through a

COlumn of Dowex　トX8　anion exchange resinin the chloride

form．

（27）日，2－Ethanediamine）（tris（2－aminoethyl）amine）cobalt（日日

Chloride：［Co（en）（tren）］C13・

This complex was prepared by a procedure alternative to

that usedin theliteratures．28）To a solution of

［CoClっ（tren）］Cl（3・3g）in20cm30f water on a steam bath

WaS addedl，2－ethanediamiIle（0．6　g）．　Heating was continued

for30min・After cooling，［Co（eI一日tren）］C13WaSisolated

by the column chromatographic method using SP－Sephadex Cq25

（Na＋form，4cm x20cm）and O．2mol dm－3aqueous NaCI

SOlution as arl eluting soIvent．

（28）（Oxalato）（tris（2－aminoethyHamine）cobalt日ⅠⅠ）Chloride：

［Co（0XHtren）］Cl．

This complex was prepared by a procedure similar to

that used for［Co（0Ⅹ）（trien）］＋．A solution containing

［CoC12（tren）］Cl（0・5g）andoxalicacid（0・4g）inlOcm30f

Water WaS Warmed on a steam bath for　30　mirl．　After cooling，
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the resulting red solution was passed through a column of

sp－SephadexC－25（Na＋form，3cmx40cm）with O．05moldm－3

aqueous NaCI solution for elution．　The red eluate wa5

COnCentrated and then cooledin anice bathin order to

Obtain［Co（OX）ttren）］Cl．

（29）（1，2－Ethanediamine日ethylenediamine－N，N●－

diacetato）cobalt（日Ⅰ）Perchlorate：［Co（edda）（en）］ClO4・

This complex was prepared by the direct synthesis

method using cobalt（ⅠⅠ）carbonate，ethylenediamine－N，N●－

diacetic acid，andl，2－ethanediamine．29）

（30）（Ethylenediamine－N，N●－diacetatoH1，3－

PrOpanediamine）cobalt（日日　Perch10rate：

［Co（eddaHtn）］ClO4・

The preparation procedure wasidentical with that of

［Co（edda）（en）］＋，eXCePt thatl，3－PrOPanediamine was used

instead ofl，2－ethanediamine．　A reaction mixture was poured

onto a column of Dowex50W－X8（200－400mesh，Na＋’form，3

cm X　60　cm）and three main red barlds were eluted．It was

found that the second eluate was cis－α－lCo（edda）（tn）］＋and

the third one uas cis－β－［Co（eddaHtn）］＋．

（3日　Cis－a－diammine（ethylenediamine－N，N一一

diacetato）cobalt（ⅠⅠⅠ）Nitrate：　CIS－α一

［Co（edda）（NH3）2］NO3・

This complex was prepared by the direct synthesis

method using cobalt日Ⅰ）carbonate，ethylenediamine－N，N●－

diacetic acid，and ammonia water．29）

（32）Cis－α一（ethylenediamine－N，N●－

diacetato）（glycinato）cobalt日日）：Cis－a－
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［Co（edda）（gly）］．

This complex was prepared by using the procedure given

byJ．Ⅰ．Legg et．al．30）

（33）Cis－α－（β－alaninatoHethylenediamine－N．NI－

diacetato）cobalt（日日：　cis－α－［Co（eddaHβ－ala）］．

This complex has been prepared by H．Nakazawa et．

a1．．31）but the5ynthesisin the present work was carried

Out aCCOrding to the procedure of the complex with the

glycinateligand，30j except thatit was carried out using

β一alaninein place of glycine．

（34）Sodium（Ethylenediamine－N，N●－

acetato日OXalato）cobaltate日日）：　Na［Co（edda日OX）］．

This complex was prepared by usirlg the procedure given

by P．F．Coleman．32）

（35）（N－（2－Ami‡10ethyl）iminodiacetato日1，2－

ethanediamine）cobaltt日日　Chloride：［Co（aeidaHen）］Cl．

This complex was prepared by derivation from

Na［Co（aeida）（NO2）2］andl†2－ethanediamine・Twoisomers were

separated by an SP－Sephadex C－25　coiumn chromatography using

arlaqueOuS NaCI solutionin place of that of NaC104aS an

eluent giveniIl theliterature．
33）

日トA－5．　Cobalt（日日　Complexes with Sulfur－COntaining

Ligands．

（36）（2－Aminoethanethiolato）bis日，2－

ethanediamine）cobalt（日日　Nitrate：

［Co（aet）（en）っ］（NO3）2・▲一
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This complex was prepared from Co（NO3）2・6HっO and

（NH2CH2CH2Sq）っ・2HCl・34・35）

（37）（2－Mercaptoacetato）bis（1，2－ethanediamine）cobalt（日日

Iodide：［Co（SCH2COOj（en）っ］Ⅰ・

This complex was prepared by derivation from trans－

［CoClっ（en）っ］Cland2－merCaPtOaCeticacid・36）

（38）（2－Aminoethanesulfenato）bis日、2－

ethanediamine）cobalt（ⅠII）Nitrate：

［Co（aese）【en）・7］（NO3）2・

This complex was prepared from the oxidation of

［Co（aet）（en）Ll］2＋by addition of a calculated amount ofl％
▲－

aqueous H202・

34，37）

（39）（2－Aminoetha王1eSulfiIlatO）biS（1，2－

ethanediamine）cobalt（ⅠII）Nitrate：

［Co（aesi）（en）っ］（NO3）2・

This complex was prepared by addition of aque〈〕uS

Hっ0っtotheaqueoussolutionof［Co〔aet）（en）？］2＋34・38）
●

（40）（2－Methylthioethylamine）bis（1，2－

ethanediamine）cobalt日日）Nitr・ate：［Co（meaHen）っ］（NO3）：3・

This complex was prepared by addition of dimethyl

Sulfate to the aqueOuS SOlution of ［Cotaet）（en）っ］2＋34，39）
●

ム

HI－A－6．　Cobalt（ⅠⅠⅠ）Complexes wit士1Branched Terdentate

Li9andS．

（41）（DL－Aspartatoj（3－aZapentane－1，5－diamine）cobait（日日

Chloride：［Co（DL－aSP）（dien）］Cl．

This complex was prepared by derivation from

［CoC13（dien）］andDL－aSParticacid・4O）
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（42）Sodium Bis（DL－aSpartatO）cobalt（Ⅰ日）：Na［Co（DL－aSP）2］・

This complex was prepared by a procedure similar to

that used for Na［Co（L－aSP）っ］・41），uSingDL－aSpartic acid

instead of L－aSPartic acid．

（43）Bis（S一methyl－L－CySteinato）cobaltHIⅠ）Ch10ride：［Co（L－

SmC）2］Cl・

Threeisomers were prepared from cobalt（II）ch10ride

hexahydrate and S－methyl－L－CySteine and separated by a DotdeX

50U－X8　column chromatog■raPhy using an aqueous NaCI solution

in place of that of NaClO4aS an eluel－tin the

literature．42）

（44）Bis（L－methioninato）cobaltHH）Bromide：　［Co（L一

met）2］Br・

This complex was prepared by the direct synthesis

method using cobal七日目　ch10ride hexahydrate and L－methioIlille

bylead dioxide oxidation．43）

ⅠⅠⅠ－B．　Measurements．

Raman spectra were recorded on aJASCO Laser Raman

SPeCtrOmeter equipped with a data processor，mOdel DP－500．

This spectrometer was specially designed and was arTang■ed by

theJapan Spectroscopic Co．，Ltd．，Tokyo，for the

measurements of the Raman spectra of the complexesin

aqueous solution；it consists of grating double

monochromator，mOdel CT－25ND（f：250　mm．F／4．3）．　The

resoIving poweris comparatively high andits maximal value

is1cm－l at632．8nm．The photomultiplierI mOdel HTV R－475
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Of Hamamatsu Photonics K．K．，Ltd．，WaS uSed for the

detection of the Raman band5．　The source of excitation

radiation was an NEC He－Nelaser，mOdel GLG－8500（）50　mW），

at　632．811m．

The Rarnan spectra of the complexes were measured at room

temperaturein O．3cm3cylindrical quartz cellin aqueous

SOlution．　All the sample solutions were preparedin ca．

0・001－0．05m01dm－3to avoid the self－absorption．The

S01ution was filtered through a micropore filter to remove

anyinsoluble substances，Which areliable to cause

unfavorable elastic scattering．　The Raman spectral signals

Were repeatly accumulated on the data processorin order to

improve the S／N ratio of tIle SPeCtra．　After the Ramarl

SpeCtral measurementS，the absorption spectra　はere recorded

for the solution・in order to confirm no decompositioIl Of the

COmplexes by the excitation radiation．　The observed

frequencies were calibrated by the533．8cm－l balld of

indene・The depolarization degree，Pl，WaS Calculated as

the ratio of the depolarizationintensities日⊥／Ⅰ〝）by

using a polarizatioIl attaChment．　The Raman spectra of the

N－deuterated complexes were also measuredin order to make

assignments of the Raman bands．　N－deuterated complexes were

prepared by dissoIving the complexin99・8％D20and

Standing for O．5　－　24　h at room temperature．

Electronic absorption spectra were measured with a

JASCO UVIDEC－1and　－610　5pectrophotometers．

lH and13C NMR spectra were recordedin deuterium oxide

On aJEOLJNM－FX－100　NMR spectrometer at the probe
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temperature．

ⅠⅠⅠ－C．　Calculation．

Numerical calculations for the normal coordinate

analysis were carried out using the computer system FACOM

230－45S of Toyama University，by means of a computer prOgram

（BGLZ and LSMB）reported by Shimanouchi．44）

日Ⅰ－D．　Elemental Analytical Data．

Elemerltal analytical data of the complexes are

Summarizedin Tablel．　The complexes，Which are not given

in Tablel，Were Characterized according to the absorptiorl

spectra and／Or thelH and13c Nt服SPeCtra．

III－E．　Absorption Spectra．

Table　2　shows t士le absorption data of the cobalt（日日

COmPlexes which were prepared for the first time．

Table　2．　Absorption Data of the CobaltHH）Complexes

Cl－Cis（0）－［Co（β－ala）2（tn）］＋

C2－Cis（0）－［Co（β－ala）2（tn）］＋

trans（0）－［Co（β一ala）2（tn）］＋

［Co（OXHtrenH十

cis－α－［Co（edda）（tn）］＋

cis－β－【Co（edda）ttn）］＋

First band

19．3（2．17）

19．9（2．07）

18．1（2．17）

21．5　日．885h）

20．12（2．13）

18．59（2．00）

21．69日．73sh）

19．92（2．14）

－　44　－

Second band

27．4　日．99）

27．6　日．95）

27．3（2．12）

28．17（2．16）

27．55（2．18）

27．86（2．23）
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Chapter VI．　Normal Coordinate Analysis of

［Co（tn）3］3＋

［Co（en）3］3＋and

VI－A．　Ⅰntroduction．

The assignment of the normal vibration5　0f metal

complexeS have been mainly made on the basis of theinfrared

（IR）spectra．　However，there are the continuing controversy

OVer the assignment of theIR－aCtive meta1－1igand

Vibrations．　Therefore，in order to discuss the vibrational

SPeCtrain detail，the Raman spectra of several complexes

have been measuredin recent years and the assigrlment Of the

IR bands of the complexes have been reexamiIled on the basis

Of the Raman spectra．

Alarge amount of data have also been collected on the

Vibrational spectra of metal chelate complexes of en and trl・

Especially，Vibrational spectra of bis（ethylenediamine）－tyPe

metal complexes have been discussed by several authors．
45）

Moreover，for the tris（ethylenediamine）－type metal

COmPlexes，theIR and Raman spectra have already beerl

reported．　However，interpretation of these resultsis still

Very unSatisfactory and baIld a5Signments andinterpretations

have almost been made without any assistance from the normal

COOrdinate calculations except for some examples．
46）

Accordingly，the main purpose of this chapteris to make

Sure the assignments of the skeletal vibratio－nS Of

［Co（en）3］3＋and［Co（tn）3］3＋whicharethefundamentaland

the representative examples of the cobalt【ⅠⅠⅠ）complexes・

Attempts to give detailed assignments of theIR and Raman
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SpeCtra based upon the complete normal coordinate

Calculation will be pre5entedin this chapter．

VI－B．　Results

VI－B－1．　Normal Coordinate Analysis of
［Co（en）3］3＋

Treatmentofaframeworkof［Co（en）3］3＋underthepoint

group D3reduces the33normal modes of vibration to the

irreducible representation

r＝6Al（R）＋5A2日R）＋llE（R，IR）

Where（R）and HR）indicate the Raman andinfrared active

modes，reSPeCtively．

The normal coordinate analysis was performed as a13－

body problem using the Wilso11●s GF matrix method（Chapter

II）．　The potential function emp10yed here was of the

generalized valence force field（GVFF）type．　Theirlternal

COOrdinates are givenin Figs．13　and14．　The symmetry

COOrdinateslistedin Table　3　were derived making use of the

D3Symmetry Of the complex・The force constantSin terms of

the GVFF are selected as giverlin Table　4　and are based on

valuesfortrans－［Co（CN）2（en）2］＋47）（Table5）・Thevalues

used for theinteratomic distances and bond angles are as

fo110WS；r（Co－N）＝1．978　A，r（C－N）＝1．478　A，r（C－C）＝1．520

A，N－Co－N　＝　90．00，Co－N－C　＝　99．60，and C－C－N　＝103・40・　A

Calculation procedureis schematically shown as follows：

St＝iSBti吉i（t＝1，2，’’’，3N‾6）（ChapterII，Eq・6‾8）

t

Bti

1
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G：BM－1吉川‾lis a diag。nal matrix whose components

器etHd鳥霊慧鵠el…＿諾ea；≡完三号rOCal

S

G
↓
G
　
↓
入
　
↓
－
リ

Gs＝UGU

IGF－E入I＝　暮GsFs－E入］＝0（Chapter H，Eq・6－10）

ソ　＝1302．83V入

The calculated frequencies are givenin Table　6，Which

alsoincludes an approximate description of the vibrational

modes based upon the PED（POtential energy distribution）of

each vibration among the symmetry coordinates．

IV－B－2．　Normal Coordinate Analysis of
［Co（tn）3］3＋

IrreduciblerepresentationoflCo（tn）3］3＋basedonthe

pOint group D3is

r＝7Al（R）＋7Aっ（IR）＋14E（R，IR）

Where（R）and（IR）indicate the Raman andinfrared active

modes，reSPeCtively．　The calculation methodis the same as

thatoflCo（en）3］3＋
The values used for theinteratomic

distances and bond angles are as follows；r（Co－N）＝1．985　A，

r（C－N）＝1．498　A，r（C－C）＝1．468　A，N－Co－N　＝　90．00，Co－N－C

＝120．60，C－C－N　＝113．90，and C－C－C　＝　93．70．　Table5　7

and　8　5how the calculated values of force constantS and the

frequencies，reSpeCtively．
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Table3・SymmetryC00rdinate5forlCo（en）3］3＋

Species A1

51＝

52＝

53＝

54＝

1／√訊rl，2＋rl，3＋rl，6＋rl，7＋rl，10十rl，11）

1／√甘（r2，4＋r3，5＋r6，8＋r7，9十rlO，12十rll，13）

1／√罰r4，5＋r8，9＋r12，13）

1／√訊α1，3＋α2，4＋α6，8＋α7，9＋α11，13＋

α12，14）

55＝1／√す（α3，5＋α4，5＋α8，10＋α9，10＋α13．15＋

α14．15）

56＝1／√す（α1，2＋α6，7十α11，12＋α7，11＋α1，12＋

α2，6）

57＝1／√す（α1，2＋α6，7＋α11，12－α7，11－α1，12

α2，6）

58＝1／√首（α1，6＋α2，7＋α6，11＋α7，12＋α1，11＋

α2，12）

Species A2

51＝1／√訊rl，2－rl，3＋rl，6－rl，7＋rl，10－rl，11）

52＝1／√訊r2，4－r3，5＋r6，8－r7，9＋rlO，12－rll．13）

53＝1／√訊α1，3－α2，4＋α6，8－α7，9＋α11，13

α12，14）

54＝1／vIRα3，5－α4，5＋α8，10－α9，10＋α13，15

α14，15）

55＝1／√罰α1，6－α2，7＋α6，11一α7，12＋α1．11

α2，12）

51＝1／√巧（2rl，2＋2rl，3－rl，6－rl，7－rl，10

rl．11）
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52＝1／√巧く2r2，4＋2r3，5－r6，8－r7，9－rlO，12

rll，13）

53＝1／√訂2r4，5－r8，9－r12，13）

54＝1／√TF（2α1，3十2α2，4－α6，8－α7，9－α11，13

α12，14）

55＝1／√巧（2α3，5＋2α4，5－α8，10－α9，10一α13，15

α14，15）

56＝1／√丁訳2α1，2－α6，7－α11，12＋2α7，11－α1，12

α2，6）

57＝1／√T訳一α1，6十2α2，7－α6，11－α7，12＋2α1，11

α2，12）
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Table4・ForceConstantsFkk・forlCo（en）3］3＋

AI Species

Fll

F22

F33

F44

F55

F66

f（Co－N）＋　4f（Co－N，Co－N）＋　f（Co－N，Co－N●）

1　　　　　　　　　2

f（C－N）

4

f（C－C）

rco－NrC－Nf（Co－N－C）

rc－NrC－Cf（C－C－N）

1／2rg。＿Nf（N－Co－N）・l／2rg。＿Nf（N－Co－N）・2rさ。＿N
8　　　　　　　　　　　　　　　　8

f（N－Co－N，N－Co－N●）

9

F77＝1／2rさ。＿Nf（N－Co－N）・1／2r呂。＿Nf（N－Co－N）－2rさ。＿N
8　　　　　　　　　　　　　　　　8

f（N－Co－N，N－Co－N●）

F88＝rさ。＿Nf（N一誓0－N）・2rき。＿Nf（N－Co－NニN－Co－N・）

F12＝f（Co－N・C－N）

F14　rCo－NrC－Nf（C0－1，fO－N‾C）

F16＝rco－Nf（Co－N・N－Co－N）

F17＝rco－Nf（Co‾T昌N‾Co‾N）

F18：2rco－Nf（CoてらN‾Co‾N）

F23＝√訴（C‾㌍‾C）

＋rco－Nf（Co－N，N－Co－N）

－rco－Nf（Co－N，N－Co－N）
12

F24　rCo－NrC－Nf（C‾1，fO‾N‾C）
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rc－NrC－Cf（C－N，C－C－N）

rc－NrC－Cf（C－C，C－C－N）

rさ。＿Nf（N－Co－N，N－Co－N・）
〈　　　　　　　　9

＋rE。＿Nf（N‾Co‾N，N．Co‾N●）■　′■丁

・rさ。＿Nf（N－Co－N，N－Co－N・）
17

・r呂。＿Nf（N－Co－N，N－Co－N・）

A2Species

Fll＝f（Co；N）‾f（Co．N昌Co－N’）

F22

F33

F44

F55

F12

F13

F15

F23

F24

E Species

Fll

F22

F33

f（C－N）

rco－NrC－Nf（Co－N－C）

rc－NrC－Cf（C－C－N）
7

rさ。＿Nf
（N－Co－N）＋

8
2r呂。＿Nf

f（Co－N，C－N）

偏手前（Co－N・Co－N－C）

2rco－Nf（Co－N，N－Co－N）
12

Vrco－NrC－Nf
（C－N，Co－N－C）

14

囁二手（C－N，C－C－N）
15

（N－Co－N，N－Co－N’）

9

f（Co－N）一1／2f（Co－N，Co－N）一l／2f（Co－N，Co－N●）

1　　　　　　　　　　　2　　　　　　　　　　　　　　3

f（C－N）

4

f（C－C）

5
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rco－NrC－Nf（Co－N－C）

rc－NrC－Cf（C－C－N）

1／2r呂。＿Nf（N－Co－N）・1／2rさ。＿Nf（N－Co－N）－rg。＿Nf（N－
8　　　　　　　　　　　　　　　　8

Co－N，N－Co－N●）

9

F77＝rさ。－Nf（N一言0－N）－r呂。－Nf（N－Co－N昌N－Co－N’）

F12＝f（Co‾？aC‾N）

F14　rCo－NrC－Nf（Co昔Co－N－C）

F16＝rco－Nf（Co－N，N－Co－N）－1／2rco－Nf（Co－N，N－Co－N）

F17：1／2rco－Nf（Co‾T主N．Co‾N）

F23＝√罰（C‾1，才‾C）

F24＝√下品青石訂（C鵠Co‾N‾C）

F25＝vrc－NrC－Cf

F35＝vrc－NrC－Cf

F67＝r呂。＿Nf

rさ。＿Nf

（C－N，C－C－N）

15

（C－C，C－C－N）

16

（N－Co－N，N－Co－N●）

17

（N－Co－N，N－Co－N’）

17

－rco－Nf（N－Co－N・N－Co－N●）＋

－rco－NfiN－Co－N，N－Co－N●）

9
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Table5・ValenceForceConstantsforlCo（en）3］3＋

Force

Type

Stretch

Stretch－

StretCh

Bend

Stretch－

bend

Bend－

bend

AtomS

InvoIved

l Co－N

4　C－N

5　C－C

2　Co－N，Co－N

3　Co－N，Co－N’

10　Co－N，C－N

13　C－N，C－C

6　Co－N－C

7　C－C－N

8　N－Co－N

ll Co－N，Co－N－C

12　Co－N，N－Co－N

14　C－N．Co－N－C

15　C－N，C－C－N

16　C－C，C－C－N

9　N－Co－N，N－Co－N●

Value

Fina1

2．033－8

4．6664

3．8919

0．2500

－0．0870

0．0000

0．0815

0．0985

0．2213

0．5125

0．1831

－0．1620

0．0410

0．1670

0．1670

－0．0150

Initiala）

1．593

3．385

2．802

0．054

0．059

0．117

0．383

0．989

1．531

0．093

0．110

0．086

0．257

0．259

17　N－Co－N，N－Co－N’　　0．1328

a）R。f．47．F。rCe C。nStantSin units。f mdyn・Å．1（StretCh，

stretch－StretCh），mdyn・Å・rad‾2（bend，bend－bend），and

mdyn・rad－1（StretCh－bend）．
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Table6・Calculated（ycalc・cm－1）andObserved

（ソobs，cm－1）FrequenciesandMainPotentialEnergy

Distribution（PED，％）for［Co（en）3］3＋froma17－Parameter

GVFF Based Upon the Spectra of

Species　　レcalcリobsa）

1091　　1066

894　　　　897

535　　　　525

366　　　　338

263　　　　283

168　　　　207

1013　　　1009

576　　　　580

449　　　　442

209　　　　200

1100　　　1127

900　　　　897

427　　　　440

367　　　　378

229　　　　200

158　　　　163

［Co（en）3］3十

PED

y（CN）（73），ソ（CCH26）

ソ（cc日79），リ（CN）（23）

リ（MNH72）

∂（NMN）（80），∂（CCN）（22）

∂（NMNH156）

∂（CCNH49）

リ（CN）（97）

8（NMN）（88）

ソ（MN）（79）

8（MNC）（77）

レ（CN日74）

ソ（CCH83），リ（CNH19）

リ（MN）（109）

8（NMN）（48）

古【NMN）（143）

8（NMNH59）

a）Freshly measured soIvent and solid data and data of refs・

49　and　50　were used．
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Table7・ValenceForceConstantsfor［Co（tn）3］3＋

Force

Type

Stretch

Stretch－

StretCh

Bend

Stretch－

bend

BeIld－

bend

AtomS

InvoIved

Co－N

C－N

C一c

c0－N，Co－N

Co－N，Co－N●

Co－N，C－N

C－N，C一c

c－C，C－C

Co－N一c

c－C－N

N－Co－N

C－C一c

c〇一N，Co－N一c

c0－N，N－Co－N

C－N，Co－N一c

c－N，C－C－N

C－C，C－C－N

C－C，C－C－C

N－Co－N，N－Co－N●

N－Co－N，N－Co－N●

a）The vaiues of

Value
Final

a）

1．7246

4．6660

3．8920

0．2500

－0．0870

0．0000

0．0820

0．0820

0．1529

0．2666

0．5441

0．0992

0．0828

－0．1620

0．0410

0．1670

0．1670

0．1670

－0．0150

0．1680

［Co（en）3－］3＋
W＿ere uS＿ed vasi＿nitial varlu＿eS．

F。rCe C。nStantSin units。f mdyn．左．1（StretCh，StretCh－

stretch），mdyn・A・rad－2（bend，bend－bend），mdyn・rad－1

（StretCh－bend）．
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Table8・Calculated（ソcalc・cm－1）andObserved

（Vobs，cm－1）FrequenciesandMainPotentialEnergy

Distribution（PED，％）for［Co（tn）3］3十froma20－Parameter

GVFF Based Upon the Spectra of

Species

Al

［Co（tnj3］3＋

リCalc yobsaj

1087　　　1072

794　　　　818

521　　　　530

441　　　　451

317　　　　304

259　　　　250

216　　　　213

201　　　168

80　　100b）

814　　　　819

759　　　　763

420　　　　422

334　　　　360

123　　　　111

56　　　50b）

1042　　　1033

511　　　　490

470　　　　472

359　　　　352

257　　　　258

215　　　　216

81　　　　　84
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PED

ソ（CNH83），リ（CCj（15）

レ（CCH91），リ（CNH11）

ソ（紅・1N）（39）

8（CCN）（58），V（MN）（13J

a（NMNH142）

8（N捏】N）（80）

∂（NMN日109）

8（M削CH40），古（CCN）（26日古日賦削‖32〕

古（北削C）（37），古（N闇N日35）

リ（C廿日60），6（N棚引（射日

吉（N鉛■削日56），ン（CNH26）

リ（MN日61），∂（CCNH30）

ソ（cc）（67）膏（MNC日151

古川ⅢC）（37）

8（CCNH49），古川】NCH41）

ソ（CCH5日，リ（CN）（46）

古（CCN）（42）

ソ（CCH28），リ（CNH23）

ソ（良一N）（30j

a（CCNH41），∂→（NMN）（29）

a tNMN）（243）

∂（MNCH45）



78　　　70b）古川NC）（33）

a）Freshly measured soIvent and solid data and data of ref．

50　were used．

b）Arbitrary values．
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VI－C．　Discussion

Itis obvious from Tables　6　and　8　that the calculated

frequencies（レcalc）give the fit with the observed

frequencies（ソobs）・The value of the Co－N stretching force

COnStarlt WaS found to decrea5e from　2．0338　mdyn／Ain

［Co（en）3］3＋tol・7246mdyn／Åin［Co（tn）3］3十・Thistrend

reflects a weaker bond strength（Co－N）in thelatter complex

as compared with the former one and may also be correlated

to the absorption spectra of the
lT19←lA19（Oh）

electronic transition energy；21．30　x
103cm－1【Co（en）3］3＋＞

20・49xlO3cm－1［Co（tn）3］3＋・

The Raman bands at525，440，and378cm－10f

［Co（en）3コ3＋inaqueoussolutionhavebeenas5ignedtothe

totally symmetric stretching vibration，リts（Co－N），the non－

totally symmetric stretching vibration，リ（Co－N），arld the

bending deformation，8（N－Co－N），reSPeCtively（V－B一日．　This

Calculation confirms the assignmeIlt Of these Raman bands；

U（MNH72）for the band at525cm－1，リ（MN日109）for that at

440cm－1，and S（NMNH48）for that at378cm－1．The Raman

band at283cm－l has been assigned to the chelate ring

deformation．48）but this calculationindicates that the

Raman band at283cm－l consist mainly of N－Co－N deformation

characteristic，8（NMN日156）．　Accordingly，the band at　283

cm－1may be considered to the chelate ring deformation which

is mainlyinfluenced by the N－Co－N d＿eforma上iorl．

FromPEDoflCo（tn）3］3＋，theRamanbandat530cm－10f

［Co（tn）3］3＋canbeassignedtoソts（Co－NHTable8）andthis

resultis consistent with the assignment based on the Raman
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SpeCtra Of［Co（en）n（tn）3－n］－tyPe COmPlexes（V－B－1）・However・

the Raman bands at352and451cm－l can be assigned to

ソ（Co－N）and　6（CCN）＋　ソ（Co－N），reSPeCtively，by the normal

COOrdinate analysis and these assignments disagree with

those givenin V－B－1．In view of the degree of confideIICe Of

PED and the Raman spectra of［Co（en）n（tn）3－n］－tyPe

complexes，the Raman bands at352and451cm－1may be

attributed to N－Co－N deformation and Co－N stretching，

respectively．
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Chapter V．　Raman Spectral Characteristic5　0f CobaltUHI）

Complexes

V－A．Ⅰntroduction．

It has gerlerally been accepted that vibrational spectra

are one of the most useful means for examination on the

COnfigurations of transition metal complexes．　Especially，

the skeletal vibrations of the complexes，Which appearin

lower frequency region，reflect well their structural

Characteristics．

Differentiation between the geometricalisomers of the

CObalt（日日　complexes has mainly been made by the electronic

absorption，the nuclear magnetic resonance，and the circular

dichroism spectral and the X－ray StruCture analysis methods．

The X－ray StruCtural methodis one of the most definite

method for the differentiation among the geometricalisomers

but this techniqueis g・enerally applied to crystal structure

Whichis strictly different from the structurein solution．

Moreover，a method using radial distribution function for

the structurein solutionis difficult to refer to as the

direct method．　The NMR spectral methodis too complicated

for the cobalt日日）complexes．　The usefulness of the

electronic absorption spectral methodislimited to those

CaSeS Where theligand field strengths of theligands are

different each other，being enough to cause a　5Plittingin

the first d－d absorption band．

The RamarlSPeCtral criteria51）in the skeletal

Vibration region have recently been eStabli5hed for

differentiating the geometricalisomers of the several
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CObalt（日日　complexes：the Raman spectrain the skeletal

VibratioI－regionof［Co（aHb）（en）っ］，52）［Co（a）（b）（NH3）4］，53）

［Co（a＝b）（tn）・つ］・54）［Co（a）・つ（NH3）2（en）］・55）and［Co（CN）2（L－▲－　　　　　　　　　　　　　　　　　　　　　　　　　▲■

ala）2］・56）wherea and b stand for unidentatelig■ands，have

been measuredin order to find the vibrational criteria．

Furthermore．the nitro－ammine series of the cobaltHIIl

COmplexes have been studiedin order to establish the

assignments of the Raman bands57）and the solution structure

Of the Cr（ⅠⅠⅠ）－edta compie：く　aS a function of pH have also

been studied by the Raman spectroscopy．58）

The purpose of theiIIVe5tigationsin this chapteris to

deduce general Raman spectral characteristics of several

CObalt（HI）complexes and to obtain the definite criteria

for differentiating their geometricalisomers．

V－B．　Resuit5　and Discussion．

V－B－1．Raman Spectra of Cobalt日日j Compiexes with Bidentate

Ligands ContainiIlg N and／Or O Donor Atoms．

Raman spectraldata of the［Co（gly）x（OX）y（enリ∠＿

（3－X一

2y）＋ComplexesaresummarizedinTable9・59）［Co（en）3］3＋

and［Co（OX）3］3－
give the same spectral cIlaraCteristics；a

polarized barldin the520－610cm－l region（depolarization

ratio：ca．0），tWO depolarized bandsin the400－520cm－l

and300－400cm－l regions，and a polarized onein the200－

300cm－1region（depolarized ratio：0．12－0．16）．Both

［Co（en）3］3＋and［Co（OX）3］3－havethesameeffectivesymmetry

（Videinfra）of Oll・Furthermorelitis clear that the Raman
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bandsof［Co（en）3］3＋
Carl Well be correlated to those of

【Co（NH3）6］3＋havinganOhSymmetry，eXCePtthepolarizedone

in the200－300cm－l region，Which relates to the en

chelate ring59）（Fig．15）．Henceit may be expected that，SO

far as the skeletal vibrations of the octahedral

tris（bidentate）cobalt（日日　complexes with five一membered

Chelate rings are concerned，the Ramarl SPeCtra are treated

in terms of the effective symmetry，59）whichis mainly

SpeCified by arrangement of coordiIlated atoms around the

Central metal atom．　This simplified treatment can also be

SuPpOrtedbytheRamanspectraof trans（0）－［Co（gly）2（en）］＋

and trans（N）－［Co（gly）っ（OX）］having the effective symmetry

Of D4h（Fig・15）・Accordingly，by ana10gy tO

［CofNH3）6］3＋59）thepolarizedbandsinthe520－610cm－l

region．the depolarized bandsin the400－520cm－l region，

the depolarized bandsin the300－400cm－l region，and the

polarized bandsin the200－300cm－l region can be assigned

to a totally symmetric stretching vibration mode，a

StretChing vibration mode excluding the totally symmetric

One（i．e．，nOn－tOtally symmetric one），a Skeletal bending

deformation mode，and a chelate ring deformation mode，59）

respectively．

Itisinteresting to note that the coordinated gly，OX，

and enligands have characteristic bandsin t王le regions　584

－608，564－570，and521－542cm－1，reSpeCtiveiy．These

results demonstrate that the coordinated bidentateligands

behave as a unit owing to restrictions by the chelate rings

（Table　9）．　Furthermore，it can be seen from Table　9　that
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600　　　　400

wavenumber／Cmrl
200

Figure工5・RamanspectraoflCo（NH3）6］3＋plCo（en）3］3＋p

lCe（○Ⅹ）3］3－1tranS（0）一【Co（giY）2（en）］＋，andtrans（N）－

lCo（glY）2（○Ⅹ）】・Numbersin parentheses correspond

to those in Tabie　9．
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the Raman bandsin the stretching vibration mode excluding

the totally symmetric one show some unique aspects．　The Co－

N stretching modelies as a general rulein the region below

460cm－l and the C0－0stretching mode above470cm－1．

The Raman spectral datain the skeletal vibration

region of the tris（bidentate）cobalt（Ⅰ日）complexes

COntaining the six－membered tn and／Or　β－ala chelate rirlg

are summarizedin TablelO．　Thereis a significant

distinctionin the Raman spectral characteristics；On gOing

from the cobalt日日）complexes with five－membered chelate

rings to those containing six一membered ones，the number of

the Raman bandsisincreased，and the bands are shifted to

lower frequencies．　Forinstance，the Raman spectrum of

［Co（en）3］3＋exhibitsfourmajor10Wfrequencylines・Which

Were aSSigned to the stretchiIlg and bending deformation

mOdes（Alg＋Eg＋T2g With the effective symmetry of Oh）and

to the chelate ring deformation mode on the basis of a

COmParison with the skeletal vibrations of

［Co（NH3）6］3＋48，59㌦hereasthespectrumof［Co（tn）3］3＋

exhibits eight Raman bands．　Theincreasein the number of

Raman bands reflects the difference between tn and en

Chelate rings，anditis expected that the Raman bands of

［Co（tn）3］3＋Canbetreatedintermsofamolecularsymmetry

Slightlylouer than the true one，D3（3Al＋5E），Whichis

determined by the configuration of the chelate rings．　Above

all，the451cm－l band（StrOng and polarized）and the431

cm－lband（Shoulderanddepolarized）canbeassignedtoAl
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（totally symmetric stretching mode）arld E（StretChing

Vibration mode excluding the totally symmetric one），

respectively．　An X－ray StruCture analysis and model

COnSiderationoflCo（tn）3】3＋showthatthesix一membered

rings are more flexible than the five一membered ones and that

the distortion of the octahedral coordination60）make the

former more conformationallylabile than thelatter．In

fact，theCDspectrumof△一（＋）589一［Co（tn）3］3＋indicatesa

COnformational equilibriumin solution between the tris

skew－boat and tris chair forms．61）Accordingly，it may be

inferredthattheRamanspectrumof［Co（tn）3］3＋reflectsthe

COnformational complexity of the six－membered chelate ring．

Here，We Should refer to the Raman spectra of the

［Co（a）（b）（tn）・2トtype comple準S，Where aJand b denote

unidentateligands，eXhibiting aIso some Raman bandsin the

region of400－550cm－1．54）The very strong band at ca．

450cm－l and the bandsin the region of480－550cm－1have

been assigned54）to theCo－N（tn）5tretChingmode，リ（Co－

N（tn日，and the deformation vibration of the chelate ring，

8（CCN），reSpeCtively，by considering the Raman spectra of

the［Co（a）（b）（en）2］－typeCOmPlexesandthe［M（en）2］2＋（M＝

Cu，Pd，and Pt）Complexes based on the normal coordinate

analysis・However，inthecaseofthe［Co（tn）3］3＋complex，

it seems reasonable to consider that the bandsin the region

of450－530cm－l can be assigned to the totally symmetric

StretChing vibration mode，because the bands at　451and　530

cm－10日Co（tn）3］3＋areshiftedtolowerfrequencies（Ca・15

cm－1） upon a deuteration of the amino protons of thel，3－

－　74　－



PrOpanediaminelig■and，aSis to be expected for the bands

due to the Co－N stretching vibration．　The differencein the

region of each vibration mode between the cobalt（HH

COmPlexes containing the six一membered chelate rirlgS and

those with five一membered ringsis not so much，aSis shown

in Tables　9　andlO，andit should be noted that the Raman

SPeCtra Of cobalt日日）complexes with bidentateligands can

be generally treatedin terms of the effective symmetry，

irrespective of the chelate ring size（five－　and six－

membered one5）．　According・ly，the Raman spectra of the

CObalt日日）complexes containing the six一membered chelate

ring can also be classifiedinto four vibration modes，1ike

those with the five－membered chelate rings：　The totally

symmetric stretching vibration mode（440－640cm－1），the

StretChing vibration mode excluding the totally symmetric

one（i・e・I nOn－tOtally symmetric oneH380－480cm－1），the

skeletal bending deformation mode（260－400cm－1），and the

chelate ring deformation mode（220－290cm－1）from the

higher frequency region．

A comparison of the Ramarl SPeCtrain the skeletal

Vibrationregionofthefour［Co（en）n（tn）3－n］3＋（n＝0－3）

COmPlexes（Fig．16　and TablelO）clearly demonstrates that

the number of the Raman bandsincrease with the substitution

Of the enligand by the tn oIle and that the Raman bands of

the chelate ring deformation mode are shifted tolouer

frequencies・Furthermore，［Co（en）2（tn）］3＋and

lCo（en）（tn）2］3＋exhibit
equally the bands due to the Co－
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N（en）and Co－N（tn）totally symmetric stretching vibration

mOde；the bands due to yts（Co－N（en日and yts（Co－N（tn日are

observedin the region above500cm－l and ca．450cm－1，

reSpeCtively・The shift of the Raman barlds due toソts（Co－

N（en））・525，517，and506cm－lforthe［Co（en）n（tn）3－n］－tyPe

COmplexes may be attributed to theincreased relaxation of

the C0－N（en）bonds by stepwise substitution of the tnligand

for the en one．　Thatis，thereis no appreciable vibration

COupling betweenレts（Co－N（tn日and vts（Co－N（en））・In

addition，theintensities of the bands，yt5（Co－N（tn））and

yts（Co－N（en日，Of the mixedligand complexes are

PrOPOrtional to the number of the enligand and the tn one．

Here・itis worthy to note that the vts（Co－N）Raman shifts

of［Co（NH3）6］3＋，［Co（en）3］3十・andlCo（tn）3］3＋decreasein

the following order；リts（Co－N（en））〉ソts（Co－N（NH3日〉

Vts（Co－N（tn））・This decreasing orderisinline with that

forthelTlg←lAlg（Oh）electronictransitionenergyofthe

［Co（N）6】chromophore；21・30Ⅹ103cm－1【［Co（en）3］3＋）62）〉

20・96xlO3cm－1（［Co（NH3）6］3＋）63）〉20・49xlO3cm－1

（［Co（tn）3］3＋）・7）Thespectralbehaviorcausedbythe

Substitution of the enligand by the tn oneis also observed

forthe［Co（gly）（en）2］2＋andlCo（gly）（tn）2］2＋Complexes・

Thatis・［Co（gly）（tn）2】2＋showsmoreRamanbandsthandoes

lCo（gly）（en）2］2＋，aS
is to be expected from the results for

the［Co（en）rl（tn）3－n］－tyPe COmPlexes（Fig・17）・The Raman

band due to the chelate ring deformation mode of

［Co（射y）（－tn）2］2＋
is also shifted to alower frequency．

Furthermore，a COmparison of the Raman bandsin the totally
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Symmetric　5tretChing vibration region of
［Co（tn｝3コ3十（Fig・

16）and【Co（gly）（tn）2］2＋suggeststhatthebandat482cm－1

0日Co（gly）（tn）2】2＋is the characteristic band of the

COOrdinated glyligand，Similar to the spectral relation

between［Co（en）3］3㌦nd［Co（gly）（en）2］2＋59）

TheRamanspectraoflCo（β－ala）（en）2］2＋and

［Co（en）3］3＋reveal
that the replacement of the enligarldin

［Co（en）3］3＋bytheβ－alaonecausesnochangesinthe

iIltrisic5PeCtral features；the four bands of［Co（β一

ala）（en）2］2＋canbecorrelatedtothoseof［Co（en）3］3＋（Fig・

18）．　This spectral behaviorisin quite contrast to that

resulting from the replacement of the enligand by the gly

one．59）The good correlation of the Raman spectral features

between［Co（β一ala）（en）2］2＋and［Co（en）3］3十mayresultfrom

the fact that the skeletal vibration behavior of the former

is determined by the two en chelate rings because of the

COnformational restriction due to the five－membered chelate

ring and because of the proximity of the reduced mass of the

donoratoms・TheRamanspectraoflCo（β一ala）（en）2］2㌦nd

trans（0）－［Co（β一ala）2（en）］＋showthat theRamanspectral

features are nolong■er retained upon a structural change

from the former to thelatter（Fig．18），Uhereas a

COmParisonofthespectraof【Co（gly）（en）2］2＋andtrans（0）－

［（gly）2（en）］＋reveals that thespectralfeatures arewell

retained even after the structural change．59，）This Raman

SpeCtral evidence clearly demonstrates that the six一membered

β－ala chelate ringis more flexible than the five－membered
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gly chelate ring，aSin the case of the tIl and eII Chelate

rings（Vide supra）．

Finally，it should be pointed out that the

Characteristic feature of the Raman spectrum of Cl－Cis（0）－

［Co（β一ala）っ（tn）］＋is con5idered to be an overlapping one

Withthoseoffac（N）一［Co（β－ala）3］and［Coitn，3］3＋asIS

Shownin Fig・19．　Thatis，We Can State that the strong and

POlarizedbandat454cm－10fCl－Cis（0）－［Co（β－ala）っ（tn）］＋

COrreSPOnds to the totally symrnetric stretching vibration

mOde，レts（Co－N（tnH，and also that the polariZed bandsin

the region above490cm－1are principally related to theβ－

alaligaヱ1d．　This feature corresponds to the results that

Raman bandsill the tota11y s Tmmetric stretching vibratioil

mOde of thelCo（gly）x（OX）y（en〕Z］－tyPe COmPlexes can be

5eParatedinto three groups according to the coordinated en．

CX，and glyligands．59）Incidentaliy．the complexes

COntaining more than one　β－alaligand exhibit their highest

frequency polarized bands around630cm一㌦SOmeWhat higher

than those for the compiexes containing the glyligand．It

is not certain at present what has brought abOut this

interesting feature，but we caninfer thatit reflects the

Skeletal vibrational characteristics of the cobalt（日日

COmPlexes with six一membered aminocarboxylate chelate rings．

V－B－2．　Raman Spectral Characteristics of the Geometl、icai

Isomers of Cobalt（ⅠⅠⅠ）Complexes with Five－　aIld Six－membered

Chelate Rings．

The numbers of the Raman bandsin t壬1e StretChing

－　78　－



（
d
p
）
き
　
N
や
M

（
d
p
）
き
↓
卜
〔

（
d
）
∈
　
卜
○
寸

（
d
p
）
‘
S
 
u
u
や

■、払■－、
PJ、一　弘

言巨芯
r「tr u〇
m　〔（：ロ
ulrl　や

＋
＝
U
と
N
（
書
£
言
＝
○
〉
票
U
I
N
U
 
m
N

（
d
p
）
≧
5
　
0
m
m

（
⊥
芦
P
 
N
O
寸

乱（　一・一■・、
、・′　⊂L；ゝ（ゝ

巨言言芯
00　寸　CO　寸
N fYl　ロ＼lJl

l．Dl∫1寸　寸

＋
…
ご
N
（
書
£
〉
O
U
＝
○
｝
s
I
U
L
U
　
や
N

（
d
）
き
　
N
の
M

（
d
）
き
　
u
m
N
　
（
d
p
）
b
g
r
 
O
冨

（
d
p
）
き
A
　
↓
N
寸

（
⊥
≧
r
 
n
M
寸

′、　　■・、■－、Ⅰ

a a a、一
、－′　、一ヽ－′ぷ

∈　　き　∈　∽

M　　寸⊂〉　M
N N　→　ロ＼

ln lplrl　寸

＋
＝
u
む
｝
N
｛
竃
I
等
O
U
＝
○
盲
葺

＋
N
【
N
盲
＝
竃
圭
O
U
】

N M
N N

（
d
）
き
　
↓
N
N
　
　
（
d
p
）
き
　
N
寸
M

（
d
p
二
g
．
票
岩

で
1
）
≧
r
　
卜
〇
m

（
d
）
∈
　
N
N
N
　
　
（
d
p
）
∈
　
N
S
M

（
d
p
）
∈
　
○
胃

′一、1′－、■・－

l　｝　a h

言巨言芯
⊂）寸N　⊂）
8ヽ　fTI OD Ln

ln Ln　勺l寸

＋
N
【
N
吉
＝
意
｝
O
U
】

（
d
p
）
‘
∽
　
↓
〔
寸

（
d
p
）
篭
S
r
 
t
卜
N

（
d
）
き
　
り
N
N
　
　
（
d
p
）
き
　
S
m
M

（
d
p
）
‘
S
 
M
N
寸

（
d
）
∈
　
寸
S
N
　
　
（
d
p
）
∈
　
寸
害

（
d
p
）
E
 
M
N
寸

（
d
）
の
　
T
等

T
）
E
r
 
N
O
S

（
d
）
き
　
O
M
S

（
d
）
s
 
n
寸
寸

（
d
）
∽
　
u
O
m

T
）
き
A
　
寸
M
S

（
d
）
己
　
等
寸

（
⊥
丘
的
　
N
O
の

（
d
）
Ⅵ
　
卜
↓
い

＋
㌦
言
）
。
U
】

－　79　－

＋
M
【
N
垂
｛
u
苫
U
】

＋
M
＝
卓
N
盲
｝
O
U
】

（
d
 
T
I
E
U
＼
h
U
u
U
n
b
U
h
u
 
u
巾
∈
再
出

∽
lむ
欄
む
↓
d
E
O
U

S
か
u
一
∝
　
む
刃
d
l
む
J
U
 
p
出
自
U
q
∈
山
王
丁
元
一
S
　
占
一
一
き
S
む
H
q
T
払
E
O
U

（
H
H
H
）
刃
↓
再
q
O
U
（
q
串
再
串
u
q
p
T
q
）
∽
T
h
か
　
叫
O
 
d
一
夕
口
．
コ
巳
£
b
由
d
s
 
u
再
∈
内
房
。
O
T
U
↓
q
何
日



．
∽
U
粥
q
↓
d
∈
O
U
血
ヱ
一
↓
↓
由
　
か
u
O
∈
巾
　
m
p
u
巾
q
 
u
再
∈
再
出

U
J
一
コ
再
　
叫
0
1
1
0
∽
T
J
d
d
∈
O
U
一
N
 
h
q
 
p
q
一
叫
↓
∽
∽
再
↓
U
　
む
h
d
　
（
‘
∽
　
p
u
巾
、
E
r
、
き
、
己
、
S
）
　
s
q
T
一
丁
∽
u
q
■
u
一
p
u
巾
q
 
u
嘩
∈
再
出

遥
か
・
U
p
O
∈
u
O
可
｝
嘩
E
h
O
中
心
p
ぎ
T
h
β
書
U
竜
、
p
h
U
q
芯
p
O
∈
u
O
丁
零
E
J
O
葛
p
か
u
T
p
u
ぶ
て
雲
書
心
霊
、
p
q
S
℃

こ
じ
一
U
巾
h
巾
‘
U
か
u
両
月
U
一
心
h
一
S
 
U
T
h
■
心
音
－
h
s
 
h
コ
巾
刃
O
J
　
空
室
も
u
T
p
n
T
U
肖
り
　
q
p
O
E
 
u
O
T
■
再
h
q
可
A
か
u
T
J
U
■
巴
コ
切
、
フ
“
諒
p
O
∈

u
O
↓
零
点
零
か
u
雲
U
忘
占
S
雲
上
む
巨
訂
h
コ
β
〇
一
・
5
㌔
ぶ
。
N
T
岩
T
O
d
名
・
d
p
ぶ
り
N
玉
書
O
d
、
d
ご
名
↓
n
O
雲
M
 
J
忘

へ
月
内
む
き
h
h
U
A
、
g
r
　
ご
【
再
む
き
、
き
　
言
n
T
p
U
E
、
∈
　
蒜
u
O
H
一
S
、
S
　
‥
p
U
∽
n
q
H
灯
s
u
O
T
｝
d
可
A
む
h
q
q
d
　
か
u
T
き
O
T
T
O
叫
　
些
吉
■
　
言

＝
里
。
U
〉
p
j
＝
干
。
U
i
。
。
㌔

（
J
－
O
U
）
フ

コ
T
O
U
）
5
㌔

（
巾
室
賀
U
か
ー
Ⅵ
S
d

一　80　－

T
こ
き
A
　
↓
∞
M

T
）
声
P
 
n
O
寸

l　′－ヽ．■■ヽ．■■■ヽ

、′l l l

g言言言
ぐq t寸l O＼Ln

r「　M　⊂つ　く：ロ

＼D Ln L∩　寸

【
M
（
再
T
字
巴
O
U
】
⊥
三
冠
∈
　
∞
N

T
ナ
E
r
　
竺
器

（
d
）
き
　
∞
卜
M

（
d
）
き
　
S
O
寸

●；：，≒▲

払′、ノ、
、一　丸丸

吉言言
u⊃l－1rり
r」　〔　⊂〉

t．DIJI Ln

【
ご
官
主
O
U
T
き
じ
遥
　
卜
N

（
d
p
）
‘
S
　
訊
卜
可

′一ヽ　′■ヽ′■、

DJ PJ nl
ヽ－　ヽ■■■ll′　ヽ－■′

き　∈≡　の

可　F、Ln
M　⊂）t．P
u）Ln　寸

＋
…
ご
N
（
書
£
〉
O
U
＝
○
盲
眉
　
荒



∴
∵
廿
J

600　　　　　400

WaVenumberJCm」

Figure16・Ramanspectraoflで0（en）n（tn）3－n】3＋

（n＿＝　0，1．2，and3）．Numbersin parentheses

COrreSPOnd to thosein Tabies　9　andiO．
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．（21）

（3）

認e。U。be票詔　20Q
Figure17・RamanspectraoflCo（giY）（tn）2］2＋and

lCo（gly）（en）2］2＋・Numbersinparenthes－eSCOrreSPOnd

to those in Tabies　9　and iO．
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闇
■

600　　　　400　．
WaVenumber／CnTl

Figure18・Raman spqptriof血er（N）－lCo（β－aia）3］，

trans（0）－lCo（β－aia）2（en）］’，lCo（β－aia）（en）2］子＋，

andlCo－（eh）3］3＋・Numbersinparenthesescorrespond

to those in Tabies　9　and10．
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（27）

（24）

（20）

篭ve。umbよヲ！TTr7　200▼
Figure19・Raman spectraof・fac（N）－lCo（β－aia）3］・

Cl－Cis（0）－【Co（β－ala）2（tn）］＋，and【Co（tn）3］3＋L

Numbersin parentheses correspond to thosein Table10．
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Vibration mode excluding the totally symmetric one（i．e．，

the non－tOtally symmetric one）are characteriStic of the

geOmetry Of the［Co（N）4（0）っ］－，［Co（N）2（0）4］－，and

［Co（N）3（0）3］－type COmPlexes with five一membered chelate

rings；C2－Cis（0）andC2－Cis（N）isomersof【Co（gly）2（en）］＋

and［Co（gly）2（0Ⅹ）］give doublets while Cl－Cis（0）and Cl－

Cis（N）isomers quartets・The facisomers of［Co（gly）3］and

［Co（gly）（OX）（en）］With thehigher effectivesymmetry・C3V，

give doublets uhile the merisomers with the10Wer One，C2V，

triplets．　These features carl be used for the

differentiation of the fac and merisomers of tIlelatter and

OftheCっ－CisandCl－Cisisomersofformer・59）Especially，

the differentiation of the C2－Cis and Cl－Cisisomersis

COnSidered to be of practicalimportance becauseitis hard

to distinguish between theseisomers by absorption

SPeCtrOSCOpy OWing to cis－［Co（N）4（0）2］chromophore or cis－

【Co（N）2（0）4］one・

The Raman spectral differences among the geometrical

isomers of the cobalt日Ⅰ日　complexes with five一membered

Chelate rings are noticedin the stretching vibration mode

excluding the totally symmetric stretching oIle While those

Of the complexes with the six一membered chelate rings appear

in the totally symmetric stretching vibration mode．　For

example，aSis shownin Fig．20，a COnSPicuous difference

between fac（N）一and mer（N）－［Co（β一ala）3】is foundin the

tota11y symmetric stretching vibration mode；the mer（N）

isomer exhibits a more complicated Raman spectrum than does

－　85　－



the fac（N）one．

The Raman spectral features of the three geometrical

isomers，tranS（0）一・Cっ－CiS（0ト，aI－d Cl－Cis（0）－［Co（針

ala）2（tn）］＋are，inafirst approximation，Similar toeach

Other，aSin the case of the geometricalisomers，tranS（0）．

Cっ－Cis（0）－andCl－Cis〔0）－［Co（gly）っ（en）］＋59）（Fig・21）・Ona

C10Serinspectio王1，however，We Can find some differences

among the Raman spectral features of the three geonetrical

i50merS Of［Coβ－ala）っ（tn）］＋・Firstly，the difference

between the trans（0）isomer and t士le tWO Cis（0）ones can be

Observedin the skeletal bending deformatioIl regioIl；the

trans（0）isomer has no Raman band，but the cis（0）isomers

have a few Raman bands．Ⅰncidentally，the trans（0）isomer

exhibits the strong and polarized band（465cm－lj at a

Slightlylower frequency than the depolarized one（479

cm－1）．Secondly，a differerlCe between the two cis（01

isomers of［Co（β－ala）っ（tn）］＋can be observedin the tota11y

Symmetric stretching vibration mode regionin contrast to

the stretching vibration mode region exciudillg tlle tOtally

Syrnmetric one for a difference between the two cis（0j

isomersof［Co（gly）2（en）］＋；theCっ－Cis（0）－［Co（針ala）2（tn）］＋

isomer with a higher symmetry exhibits three Raman bands，

but the corresponding Raman bands of the Cl－Cis（0ト［Co（β－

ala）2（tn）］十・
lSOmer Splitsinto a quartetirl the totally

Symmetric stretching vibration　汀】Ode regiori．

V－B－3．　Raman Spectra of CobaltHII）Comple：くeS Witll Linear

Terdentate Ligands Containing N and O Donor Atoms．
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．ト、∵二、．
600　　　　　400

WaVenUmber／⊂わー1

Figure　20．Raman spectra of mer（N）and fac（N）

isomers oflCo（giY）3］and【Co（β－aia）3］・Numbers

in parentheses correspond to thosein Tables　9　andlO．
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（26）

（25）

（24）

600　　　　　400

WaVenumber／⊂汀rl

Figure　21・Ra血an spectra of three geometricalisomers

oflCo（β一aia）2（tn）］＋：Numbersinparentheses

COrreSPOnd to thosein Table10．
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General Aspects．

Raman spectral data of the cobalt日日）complexes with

thelinear terdentateligands，dien，edma，andida，are

Summarizedin Tablell．　Figure　22　shows the Raman spectra

Ofunsym－fac－［Co（dien）2］3＋，［Co（en）3］3＋，and［Co（NH3）6］3＋as

rePreSentatives for the general spectral consideration．

These t王lree COmPlexes have the same effective symmetry of

Oh・Unsym－fac－【Co（dien）2］3＋showstheRamanspectral

Charactristicssimilarto［Co（en）3］3＋and［Co（NH3）6］3＋

except for a polarized band at409cm－1．Thatis，the Ramarl

bands at546，434－485，and321cm－10f the unsym－fac

isomer correspond to those at525，440，and378cm－10f

［Co（en）3］3＋andtothoseat495，440，and320cm－10f

［Co（NH3）6］3十・Further，theRamanbandat255cm－10fthe

unsym－fac－［Co（dien）2］3＋correspondstothatat283cm－10f

［Co（en）3］3十
Similar spectral characteristic5　Can also be

Observed for the cobalt（日日　complexes with edma orida

ligand：The Raman spectra of unsym－fac－［Co（idaHdien）］＋，

unsym－fac－tranS（Nt）－［Co（edma）2］＋，andC2－Cis（0）－

lCo（gly）2（en）】＋，Whichbelongtocis（0）－［Co（N）4（0）2］一tyPe

and have the same effective symmetry of C2V，are givenirl

Fig．23．　The Raman bands at　546　－　610，453　－　504，301，and

235cm－10f unsym－fac－［Co（idaHdien）］＋and those at552－

638，470－526，294・and245cm－10funsym－fac－tranS（Nt）－

lCo（edma）2］＋（eventhoughtheRamanbandat526cm－10f

unsym－fac－tranS（Nt）－［Co（edma）2］＋ispolarized）correspondto

thoseat538－598，433－486，360and276cm－10fC2－
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Cis（0ト［Co（gly）2（en）］＋，reSPeCtively・Moreover・aS5hownin

Fig．24，a Similar relation can also be foundin the Raman

SPeCtra Of unsym－fac－［Co（ida）2］，C2－Cis（N）－［Co（gly）2（OX）］，

and［Co（0Ⅹ）2（en）］which belong to cis（N）一［Co（N）2（0）4トtype

and have the same effective symmetry of C2V・Hence we may

expect that the Ramarl SPeCtra Of the cobalt（日日　complexes

Withlinked five－membered chelateligands can be treated as

a first approximation orl the basis of the effective

Symmetry，Which mainly determined by the arrangement of the

COOrdinated atoms around the ceIltral metal atom，aSin the

CaSe Of the tris（bidentate）cobalt日日）complexes with the

five一membered chelate rings．

On the basis of the above discussion and the Raman

SpeCtral characteristics summarizedin Tablell，the Raman

SPeCtra Of the cobalt（ⅠⅠⅠ）complexes hlith thelinear

terdentateligarlds containing N and O donor atoms caIl be

Classifiedinto five categories；POlarized bandsin the　510

－650cm－l region，depolarized onesin the430－540cm－1

region，POlarized onesin the370－490cm－1reglOrl，

depolarized onesin the290－420cm－1region，and polarized

onesin the220－270cm－1．compari50n With the assignments

Of the cobalt（ⅠⅠⅠ）complexes with bidentateligands，these

categoriesI eXCept POlarized bandsin the370－490cm－l

region，Can be assigned to the totally symmetric stretching

vibration mode（510－650cm－1），the stretching vibration

mode excluding the totally symmetric one（i．e．，nOn－tOtally

symmetric one日430－540cm－1），the skeletal bending

deformation mode（270－420cm－1），and the chelate ring
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deformation mode（220－270cm－1）．Furthermore，the

polarized bandsin the370－490cm－1region can be regarded

as the characteristic Raman bands of the cobalt（日日

COmplexes with thelinear terdentateligands，because we

COuld r10t find the corresponding band5in the Raman spectra

Ofthe［Co（NO2jn（NH3）6－nトtype，57）andtris（bidentate）－type

COmPlexes．　On the basis of the Raman frequency and

POlarization characteristics，these RaLman bands are

tentatively assigned to the breathing mode，Which

COrreSPOnds to the symmetric vibratio‡10f the overall

StruCture Of the complex，i．e．，the coupled vibration of the

totally symmetric metaトIigand stretching ai1d the chelate

rin9　deformatio王1．

Itis obvious that the Raman spectrum of

［Co（NH3）3（dien）】3＋
Can be better correlated to those of sym－

fac－andunsym－fac－［Co（dien）っ］3＋than to that of
▲■－

［Co（NH3）6］3＋（Fig・
25　and Tablell）．　Further，Fig．26　and

Tablell demonstrate that the Raman spectral characteristics

Of fac－［Co（ida）（NH3）3］＋canbecorrelatedtothoseof sym－

fac－and unsym－fac－［Co（idaHdien）了．Thatis，the charaCter

Of thelinked chelate rings appears similarlyin the spectra

Of the mono（terdentate）cobalt（ⅠⅠⅠトtype complexes．

Consequently，the Raman bands at　547，454　－　486，and　422

cmqlof［Co（NH3）3【dien）］3＋andat514－614・457－505，and

403－417cm－10日Co（ida）（NH3）3］＋canbeassignedtothe

totally symmetric stretching vihration mode，the stretching

Vibration mode excluding the totally symmetric one，and the
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Skeletal breathing vibration mode，reSpeCtively，and the

Ramanbandat339cm－10ffac－［Co（ida）（NH3）3］＋canbe

assigned to the skeletal berldiIlg deformation mode．　However，

both［Co（NH3）3（dien）］3＋andfac－［Co（ida）（NH3）3］haveI一〇

Raman baIlds corresponding to the chelate ring deformation

mode．

Itisinteresting to point out that the polarized bands

in the chelate ring deformation mode regioIl Of the

bis（terdentate）cobalt（HH complexes，eXCePt for unsym－fac－

Cis（Nt）trans（0）－［Co（edma）2］＋・aPPear ata10Werfrequency

than those of the tris（bidentate）cobalt（ⅠⅠⅠ）complexes

Finally・it shouldbenoted that sym－fac一［Co（die虹っ］3＋

has more Raman bands than those expected from C2h Symmetry

（4A　＋2Bg）because of the splitting of the cheiate ri昭9

deformation mode．In crystalHne state．sym－fac－

［Co（dien）2］Br3has been reported to have an‖approximateH

C2h Symmetry aS a reSult of X－ray CryStal structure

analysis・13，64J This Raman spectral evidenceimplies that

the sym－facisomeris somewhat distorted structurally from

C2h mOlecular symmetryin an aqueous solution so far as the

Skeletal vibration characteristics are concerned．

Raman Spectral Characteristics of the Geometrical

Isomers of Cobalt日ⅠⅠ）Complexes with LiIlear Terdentate

TheRamanspectraoftheisomersof［Co（dien）2］3＋1

［Co（edma）（dien）］2＋，［Co（ida）（dien）］＋，［Co（edma）っ］＋，
上＿
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600　　　　　400．　　200
Wavenumber／cm

Figure22・RamanspectraofunsYm－fac－［Co（dien）2］3＋・

［Co（en）3］3＋′and【Co（NE3）6］3＋・Numbersinparentheses

COrreSPOnd to thosein Tables　9　andil．
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（37）

（6）

600　　　　　400．　　　200
Wavenumber／C汀「l

Figure23・Raman spectra of unsYm－fac一［Co（ida）（dien）］＋，

unsYm－fac－tranS（Nt）－【Co（edma）2］＋，andC2－Cis（0）－

lCo（gly）2（en）］＋・Nurnbersinparentheses correspond

to those in Tabies　9　and i1．
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（48）

（13）

（15）

篭ve。umbe書乳」　200
Figure24・Rarnan spectra of unsym－fac一【Co（ida）2］・

C2－Cis（N）－［Co（giY）2（0Ⅹ）】′and【Co（0Ⅹ）2（en）］・

Numbersin parentheses correspond to thosein

Tabies　9　and ii．
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（30）

（1）

篭ve。umbeだ‰　200
Figure25・RamanspectraofunsYm－fac－lCo（dien）2］3＋・

lCo（NH3）3（dien）・］3＋・and［Co（NH3）6］3＋・Numbersin

Parentheses correspond to thosein Tabies　9　andil・
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（50）

（36）

（37）

（温en。mbe盈」　2ee
Figure26・Ramanspectraoffac－【Co（ida－）（NH3）3］＋・

sym－fac－lCo（ida）（dien）］＋′and unsYm－fac－lCo（ida）（dien）］＋．

Numbersin parentheses correspond to thosein Tableii．
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［Co（ida日edma）］，and［Co（ida）2］are shownin Figs・27－32，

respectively．Itis obvious from Fig．27　and Tablell that

themerisomerof［Co（dien）っ］3＋ofthe［Co（N）6］－tyPeShows

Raman spectral characteristics quite different from those of

the fac ones．　Such striking differencein the fac and mer

isomers for the chelate ring arrangement can also be

Observedin［Co（edma）（dien）］2＋ofthe［Co（N）5（0）］－tyPeand

［Co（ida）（dien）］＋and［Co（edma）2］＋ofthe［Co（N｝4（0）2］－tyPe

（Fig5．28　－　30）．　Furthermore，the Raman　5PeCtra Of the mer

isomers have many resemblances to each other and the

Similarity of the Raman spectra among the sameisomers of

［Co（dien）2］3＋・［Co（edma）（dien）］2＋，［Co（ida｝（dien）］＋，and

［Co（edma）2］＋
Can also be observedin the Raman spectra of

the facisomers．　Thatis，merisomers，eXCePt mer－

［Co（edma）2］＋（Videinfra），eXhibitseveralpolarizedbands，

but no depolarized bands，in the390－640cm－l region，

While those of the facisomers exhibit both polarized and

depolarized barldsin this region；in the skeletal breathing

Vibration mode，the merisomers exhibit the sharp Raman

bands at the higher frequency than the fac ones；the Raman

bands due to the skeletal bending deformation of the mer

isomers also appear at the higher fr・equenCy；and the mer

isomers have no bandsin the chelate ring deformation mode

regionexcept［Co（dien）？］3十・Thesefeatures canbeascribed

to the difference of the strain energyin vibrational motion

between theligand of the meridional arrangement and that of

the facial one；in fact，the merisomer of
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distorted from the regular octahedral structure，for the Co－

N（imino nitrogen）bondin the merisomeris appreciably

stronger than the other．13・65）Thus，the Raman SPeCtral

Characteristics as described above can be used as the

Vibrational criteria for the differentiation of the fac and

merlSOmerS．In view of the above discussion，the Raman

SPeCtralcharacteristicsof［Co（NH3）3（dien）］3㌦anbe

COrrelated to those of the facisomers
of［Co（dien）2］3＋

rather than to those of the merisomer．　Hence，We Can

expectthatthedienin［Co（NH3）3（dien）］3＋takesthefacial

COOrdination．　On the other hand，C10Seinspection of the

Raman frequencies，intensities．and depolarization ratios of

mer－［Co（edma）っ］＋having two asymmetricallinear terdentate

ligand5　reVeal not the retention of the polarized character

of the other merisomersin the390－640cm－l region any

longer：　Or more precisely，this polarized characteris

foundtobeobscuredinmer－［Co（edma）2］＋・Reliable

estimation of the Raman bands at470and461crn－1to the

polarized ones was unsuccessful because they were too weak

to measure their depolarizatioIl ratios precisely；rather．

they were tentatively classifiedinto the depolarized ones

based on the profiles of the polarized and depolarized Raman

SpeCtrain this region．　The obscurity of the polarized

Characterin mer－［Co（edma）っ］十mayin part be attributed to

disturbance of overa11ha王、mOnic stretching vibratioIlal

motion by different terminal donor atoms and force

COnStantS．　However，aS Shownin Fig．33，itis thoughL that

the Raman bands at ca．520and ca．440cm－1are
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Characteristic ones for the mer isomers．

The difference between the sym－fac and unsym－fac

isomers for the chelate ring arrangement Can be observedin

the skeletal bending deformation mode（Figs．27　－　32　and

Tablell）：　Each unsym－facisomer has a depolariZed band

while fac ones have none．　The RamaII SPeCtra reflect the

Chelate ring structure andit can be said that the

combination of the chelate rings changes the meta1－1igand

skeletal beIlding deformation characteristics．　This result

is quite unlike to that for the［Co（gly）x（OX）y（en）Zトtype

complexes，eaCh of which gives a Raman band，irrespective of

the chelate ring structure，eXCePt for the［Co（OX）y（en）Z］－

type complexes，Which have a major band accompanied by a

very weak one．　This factindicates that the Raman bandsin

the skeletal bending・deformation mode region can be used as

one of the criteria for the differerltiation of the sym－fac

and unsym－facisomers of the bis（terdentate）cobaltHIH

IntheRamanspectraof theisomersof［Co（edma）2］＋，

Sym－fac－tranS｛Nt）and unsym－fac－Cis（Nt）cis（0）isomers having

10Wer Symmetries・Ci and Cl，reSPeCtively・give doubletin

the skeletal breathing mode region，Whereas sym－fac－Cis（Nt），

unsym－fac－Cis（Nt）trans（0），and unsym－fac－tranS（Nt）isomers

having higher symmetry，C2，give only one Raman bandin this

reglOn．　Furthermore．the Raman spectral difference between

Sym－fac－tranS（Nt）and unsym－fac－Cis（Nt）trans（0）isomers

belonging to the trans（0）－［Co（N）4（0）2トtype and sym－fac－
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（29）

（30）

（31）

隠enumbej監→　200
Figure　27・Raman spectra of three geometricaiisomers

oflCo（dien）2］3＋・Numbersinparenthesei

COrreSPOnd to thosein Tableii．
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（33）

600　　　　　400

WaVenumber／cm

Figure　28・Raman spectra of four geometricaiisomers of

lCo（edma）（dien）12＋．Numbersinparentheses correspond

to those in Table ii．
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（36）

（37）

、
、
∴
二
篭ve。umbe謝　200

Figure　29．Raman spectra of three geometricalisomers

oflCo（ida）（dien）］＋．Numbersin parentheses

COrreSPOnd to thosein Tableli．
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（40）

（41）

（42）

（44）

i。■′■∵
600　　　　400

W如enumber／cm」
200

Figure　30・Raman spectra of six geometricaiisomers

oflCo（edma）2］＋・Numbersinparenthesescorrespond

to those in Table li．
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（45）

篭ve。。mbej監」　200
Figure　31・Raman spectra of tvo geometricaiisomers

OflCo（ida）（ddma）］．　Numbersin parentheses

COrreSPOnd to thosein Tableii．
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（47）

篭ve。umbef％1　200
Figure　32・Raman spectra of tw〇・geOmetricai・isomers

OflCo（ida）2］‾・Numbersinparentheses correspond

to those in Table ll．
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㍉
∵
十
＼

認ve。um一禁。灯1200
Figure33・Ramanspectraofmerisomersofl－Co（dien）－2］3＋，

lCo（edma）（dien）】2＋，lCo（ida）（dien）］＋，and

lCo（edma）2］＋・Numbersinparenthesescorrespondto

those in Table ii．
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Cis（Nt），unSym－fac－Cis（Nt）cis（0）・and unsym－fac－tranS（Nt）

isomers belongiI”tO the cis（0）－【Co（N）4（0）2］－tyPeis of no

intrinsicirnportance．

On the basis of the above discussion，SO far as

bis（terdentate）cobaltHH）Complexes having the same numbers

Of the coordinated nitrogen and oxygen donor atoms are

COnCerned，the Raman spectral characteristics depend mainly

On the arrang■ement of the chelate ring around the central

metal atom．　Accordingly，Raman SpeCtrOSOPy Can be applied

to the differentiation of the geometricalisomers of the

CObalt日日）complexes with thelinear terdentateligands．

Influence of Coordinated Atoms and Lig■ands on Raman

Spectral Characteristics of Cobalt日．ⅠⅠ）Complexes－with

Linear Terdentate Ligands．

Figures　34　and　35　shou the Raman SpeCtra Of the sym－

fac and unsym－facisomers having different numbers of

COOrdinated nitrogen and oxygen atoms
of［Co（dien）2］3十，

【Co（edmaHdien）］2＋，［Co（ida）fdien）］＋，［Co（ida）（edma）］，and

［Co（ida）2］・Theintensities of the Raman bands above600

cm－1 Of the sym－fac and unsym－facisomers areintensified

With theincreasing numbers of the coordinated oxygen atoms，

whereas those at ca．550and460cTh－l become weaker with

the decreased numbers of the coordirlated nitrogen atoms．

Furthermore，the polarized bands at ca．550cm－10f the fac

isomersof［Co（ida）（dien）］＋and［Co（dien）213＋exhibita

shift（about20cm－1）tolower frequency upon the

deuteration of the amino nitrogen protons．　Accordingly，the
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Raman bands above600cm－l havelargely C0－0stretching

character aIld those at ca．460and550cm－1co－N stretching

Character．　This fact can be correlated to the Raman　5PeCtra

Of the tris（bidentate）cobalt日日）Complexes，Which have the

bands due to the gly and oxligands at564－608cm－l and

those due to the enligand at521－542cm－1（V－B一日．That

is，itis considered that the Raman bands due to Co－N

StretChing appear atlower frequency region than those due

to C0－0　Stretching．

Itis observed that the numbers of the Raman bands

in the skeletal breathing mode regionincrease with

increasing the numbers of the coordinated oxygen atoms；

［Co（dien）2］3＋and［Co（edma）（dien）］2＋exhibitonlyoneRaman

bandin this region uhile［Co（idaHdien）］＋，［Co（ida日edma）］，

and［Co（ida）2］two Raman bands・This fact may suggest that

the complexes，Which have close numbers of the coordinated

OXygen and nitrogen atoms each other，havelower symmetry

for skeletal vibration compared with the complexes，Which

have the predominant numbers of the coordinated nitrog・en

atomS．

The Raman spectra of theisomers of［Co（idaHdien）］＋

Can be regarded as a superposision of those of
lCo（dien）2】3＋

and［Co（ida）2］（Figs・27，29，and32）・Moreover，aS Shoun

in Fig．36，the Raman spectra of theisomers of
［Co（edma）2］＋

can also be correlated to those of［Co（ida）（dien）］＋．That

is，the Raman spectral patterns of sym－fac一［Co（ida）（dien）］＋

andsym－fac－Cis（Nt）－［Co（edma）2］＋andthoseofunsym－fac一
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て＿29）

（32）

－
∴
∵
′
一
∵

600　　　　400 200

WaVenumber／⊂汀rt

Figure　34．Raman spectra of sYm－facisomers of

lCo（dien）2］3＋，lCo（edma）（dien）］2＋・lCo（ida）（dien）］＋・

lCo（ida）（edma）］・and［Co（ida）2］・Numbersin parentheses

COrreSPOnd to thosein Tabie11．
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600　　　　400

waVenumber／CmJ
200

Figure　35・Raman spectra of unsYm－facisomers of

lCo（dien）2］3＋・［Co（edma）（dien＝2＋・lCo（ida）（dien＝＋′

lCo（ida）（edrna）］・and【Co（ida）2］・Numbersin

Parentheses correspond to thosein Tabieii・
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（40）

．－．■一∴二／
600　　　　　400

1
200

Wa／enUmber／⊂汀ri

Figure36・Raman spectra of sym－fac一【Co（ida）（dien）］＋，

sym－fac－Cis（Nt）－lCo（edma）2］＋・unSYm－fac－【Co（ida）（dien）］＋，

andunsym－fac－Cis（Nt）cis（0）－【Co（edma）2］＋・Nurnbers

in parentheses correspond to thosein Tabieii・
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［Co（ida一（dien）］＋andunsym－fac－Cis（Ntjcis（0）－［Co（edma）1］＋

are similar to each other on tIle Whole spectral regioll

eXCePt for a somewhat high frequepcy shiftin the Raman

bands of［Co（edma）・）］＋in comparison with those of

［Co（idaHdien）］＋and the differencein the degree of

depolarization ratios of Raman bands at ca．500－530cm－1．

工tis not surprising that［Co（edma）？］＋can be considered to
▲■■

have both of the spectral features of the correspondillg

isomersof［Co（dien）2］3＋and［Co（ida）2］，becau5etheRaman

SPeCtral characteristics of the bislterdentate）cobalt日ⅠⅠ）

COmPlexes having the same numbers of the coordinated

nitrogen and oxygen atoms depend mainly orl the arrangement

Of the cheiate ring around the central metai atom．　王n other

WOrds，the Raman spectra of the cobalt（ⅠⅠⅠ）complexes haviIlg

the same coordinated atoms are not so muchinfluenced by the

Variety ofliga‡lds．

on the contrary，tlle Raman bands above600cm－1．

Which havelarg■eiy C0－0　stretching character（Vide supra），

appear at ca．615cm－l for theida complexes and at ca．640

cm－i for the edma compiexes．　This feature can be used as

0Ile Of the vibrational criteria for differentiating

COmplexes containing eitllerida or edma，eXCePt for

［Co（ida）（edma〕］which shows the characteristic RamaIl band at

618cm－l for sym－facisomer and at645cm－i for unsym－fac－

mer（N）one owing tointerlSification of tlle One at the

SaCrifice of the other．

V－B－4．　Raman Spectra of CobalHHIj Compiexes with
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Terdentate Ligands ContainiIlg N－Methyl Group．

The Raman spectra of【Co（edma日mdien）］2＋，

［Co（idaHmdien）］＋，［Co（midaHedma）コ，［Co（ida）（mida）］，

［Co（mida）（mdien）］＋，and［Co（mida）2］aresho刷ninFigs・37－

42，reSPeCtively，and the Raman spectral numerical data of

these complexes are summarizedin Table12．　The Raman bands

in the skeletal bending deformatiorl mOde region，Which are

observed on the unsym－facisomer50f［Co（edma）（dien）】2＋，

［Co（ida）（dien）］＋I and［Co（ida）（edma）］（Figs．28，29，and

3日，are nOlonger presentin the Raman spectra of unsym－

fac－mer（Nt）－［Co（edma）（mdien）］2＋，unSym－fac一

［Co（ida日mdien）］＋，and unsym－fac－fac（Nト［Co（mida）（edma）］

（Fig■S．37　－　39）．　By contrast，tWO Raman ballds are observed

in the skeletal bending deformation mode region for the

unsym－fac－fac（Nt）isomerof［Co（edma）（mdien）］2＋・These

eViderlCeS may be related to changein the O－Co－Nc angles

OWing to a stericinteraction between the methyl group of

the mdienligand and the methylene group of the edmaligand．

Uith all t土1eSe differences，the cobalt（日日　complexes with

terdentateligands．mdien and mida，eXhibit the Raman

SPeCtral feature corresponding to that of the cobalt（HH

COmplexe5　With terdentateligand5，dien，edma，andida．

Accordingly，the Raman bands of the cobalt日日）complexes

COntaining N－methyl group can also be classifiedirltO the

five vibrational modes；POlarized ba‡ldsin the　520　－　650

cm－lregion due to the totally symmetricstretching

vibration mode，depolarized bandsin the410－520cm－1
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regiorl due to the stretching vibration mode excluding the

totally symmetric one，POlarized bandsin the360－450cm－1

region due to the skeletal breathing vibration mode，

depolarized bandsin the270－38O cm－l region due to the

Skeletal bending deformation mode，aIld polarized bandsin

the220－290cm－l region due to the chelate ring

deformation mode．

The Raman spectra of the cobalt日日）complexes

COrltaining N一methyl group also show some characteristic

behaviors．　FirSt，the strongest Raman bands due to the

totally symmetric stretching vibrationin the Raman spectra

Of cobalt（ⅠⅠⅠ）complexes containirlg N一methyl group，eXCePt

mer－［Co（idaHmdien）］＋and mer－［Co（midaHmdien）］＋．appear at

the10Wer frequency region compared with the Ra）7）an SpeCtra

Of／the corresponding cobalt（日日　complexes containing no N－

methyl group．　This fact suggests the existence of the ma5S

effectin the totally symmetric stretchirlg Vibration mode

OWing to the replacement of a hydrogen atom on theimino

nitrogen by a methyl group，Similar to theisotope shifts，

and／Or the differencein the central metal－donor atom bond

Strength which can be related to theligand field strength．

In fact，the first and the second absorption maxima shift to

thelower energy side when the methyl groupisintroduced on

the central donor atom of the terdentateligands（Table131．

ⅠIICidentally．because of specificity of merisomers for

Skeletal vibration，it may be considered that mer－

［Co（idaHmdien）］＋and mer一［Co（mida日mdien）］＋do not exhibit

Similar behavior to the other complexes．　Thus，the Raman
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bandsin the totally symmetric stretching・Vibration mode may

be regarded as the most serlSitive bands for the mass effect

and／Or the central metal－donor atom bond strength．　However，

SuCh a distinct relation could not be found on other

Vibrational modes．　The coordinated mida and mdienligands

are characteristicirl that their conformations are　50meWhat

restricted by the methyl group onimino nitrogeIl；the

repiacement of hydrogen atom on theimino nitrogen by a

methyl group causes a marked changein the Raman spectral

Characteristics rather than the spectral shift anticipated

in the case of the deuteration of the amiIlO PrOtOnS．

Second，the merisomers of the cobaltHH〕comple：くeS

COntaining N一methyl group also exhibit a spectral feature

appreciably different from that of the facisomers．　That

is，the Raman spectra of the merisomers have the sharp

Raman bands at the higher frequency regionin the skeletal

breathing vibration mode and have no Raman bandsiIl tlle

Chelate ring deformation mode region，eXCePt mer－

［Co（mida）2］andmer－［Co（mida）（mdien）］＋containing two

terdentatelig■ands having N一methyl group．　Furthermore，the

Raman bands above600cm－l region appear at ca．615cm－l for

theida complexes and at ca．640cm－1for the edma

COmplexes．　The cobalt日日）complexes containing midaligand

（［Co（mida）（mdien）］＋．［Co（mida）（edma）］，and［Co（idaHmida）］）

exhibit several Raman bandsin the skeletal breathing

Vibration mode region．　This fact may be correlated to

increase of the numbers of the coordinated oxygeIl atOmS．
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These features areinline with the general characteristic

Of the Raman spectra of the cobalt（日日　complexes containing

no N－methyl group．　However，the Raman spectrain the

StretChing vibration region of the merisomers for

［Co（edma）（mdien）］2＋I【Co（ida）（mdien）］＋，［Co（ida日mida）］，

［Co（mida）（mdien）］＋，and［Co（mida）2］exhibitdepolarized

bands．　These spectral characteristics differ somewhat from

the Rarnan spectra of t士le merisomers for the cobalt（日日

COmplexes containing no N一methyl group，Uhich give only

pOlarized bands except mer－［Co（edma）2］・These findings

SuggeSt that the skeletal vibration characteristics of the

merisomers for the mida or mdien cobalt日日）Complexes are

mainly regulated by thelinked chelate rillgS，Wllich are

folded by the restrictionimposed by the．methyl group on

imin⊃nitrogen．Furthermore，mer－［Co（mida）（mdien）］＋and

mer－［Co（mida）2］with two terdentateligands containing N一

methyl g■rOuP eXhibit the Raman bandsin the chelate ring

deformation mode and sym－fac－［Co（midaHmdien）］＋and fac－

［Co（mida）っ］do not exhibit the Raman bands above600cm－1．

It seems that these facts suggest new vibrational

Characteristic appearance owing to two methyl groups．

Specifically，the fact that mer－［Co（mida）っ］and mer－

lCo（mida）（mdien）］＋have the Raman bandsin the chelate ring

deformation mode，may have a relation with high stability of

these complexes；for example・mer－［Co（mida）2］has been

found stable evenin a weakly basic aqueous solution

compared to mer－［Co（ida）（mida）】一23，24）．
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Figure　37．　Raman spectra of four geometricaiisomers

of［Co（edma）（mdien）］2＋．Nunbersin parentheses

COrreSPOnd to thosein Tabie12．
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Figure　38・Raman spectra of three geometricaiisomers

oflCo（ida）（mdien）】＋．Numbersin parentheses

COrreSPOnd to thosein Tabie12．
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600　　　　　400　　　　　200◆

W如enumber／cm－1

Figure　39．　Raman spectra of two geometricaiisomers

Of［Co（mida）（edma）］．　Numbersin parentheses

COrreSPOnd to thosein Table12．
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（62）

温e。Umb謡‰　208
Figure　40・Raman spectra of three geometricaiisomers

OflCo（ida）（mida）］．　Numbersin parentheses

COrreSPOnd to thos－ein Tabie12．
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篭ve。umbe譜軒1　200
Figure　41・Raman spectra of two geometricaiisomers

oflCo（mida）（mdien）］＋．Numbersin parentheses

COrreSPOnd to thosein Table12．
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温e。。mbeチ？gJ　200
Figure　42・　Raman spectra of three geometricalisomers

Of［Co（mida）2］・Nurnbersin parentheses correspond

to those in Tabie12．
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V－B－5．　Raman Spectral Characteristics of Cobalt日日）

Complexes with Quadridentate Ligands．

GeIleral Aspects．

The Raman spectral datain the skeletal vibration

region of cobalt（日日　complexes with quadridentateligands，

SuCh as trien，tren，edda，and aeida．are summarizedin

Table14．

Figure　43　shows the Raman spectrum of cis－α－

［Co（en）（trien）］3＋as a typical example of the cobalt（ⅠⅠⅠ）

COmPlexes with the quadrideIltateligand，tOgether with those

Ofunsym－fac－［Co（dien）2］3＋，［Co（en）3］3＋，and［Co（NH3）6］3＋

（Tables　9，11，and14　for numerical data）．　These complexes

equally possess an Oh Symmetry With respect to coordinated

atoms．　From their Raman frequencies andintensities，it

SeemS that the Raman bands at　555，421－　498，354，and　282

cm－10f cis－α－［Co（en）（trien）］3＋correspond to those at546，

434－485，321，and255cm－10funsym－fac一［Co（dien）2］3＋and

tothoseat525，440，378・and283cm－10f［Co（en）3］3＋，

respectively．　However，the depolarization ratio of the

Raman band at498cm－10f cis－α－［Co（en日trien）］3＋is

different from that of the corresponding Raman bands of

unsym－fac－lCo（dien）2］3＋（485cm－1），［Co（en）3］3＋（440cm－1），

and［Co（NH3）6］3＋（440cm－1日Tables9，11，and14）；theband

at498cm－10f cis－α－［Co（en）（trien）］3＋is polarized，While

thebandat485cm－10funsym－fac－［Co（dien）2］3＋andthe

bandsat440cm－10flCo（en）3】3＋and［Co（NH3）6］3＋are

depolarized．　This spectral featureis unique for the
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CObalt日日）complexes with the quadridentateligands：　The

polarized Raman bands at400－510cm－l are regarded as

Characteristic of the cobalt（日日　complexes with the

quadridentateligands，because they were not observed for

the tris（bidentate）cobaltHH）complexe5　and the

bis（terdentate）cobalt（III）ones except［Co（edma）2］＋（Vide

SuPra）．　On the contrary，the polarized Raman bands around

400cm－1，Characteristic for the cobalt（日日complexes with

the terdentateligands，COuld not be observed for the

CObalt（日日　complexes with the quadridentateligands．

Ⅰtis evident from Fig．43　aIld Table14　that the Raman

spectral characteristic of cis－α－［Co（en日trien）］3＋is

similartothatof［Co（en）3コ3＋ratherthanthatofunsym－

fac－［Co（dien）2］3＋
Accordingly，the Raman　5PeCtrum Of cis－

α－lCo（enHtrien）］3＋can be assigned on the basis of the

Ramanspectrumof［Co（en）3］3＋excepttheRamanbandat498

cm－1．This deductionis supported by comparison of the

Raman spectra of cis－a－［Co（eddaHen）］＋and trans（0ト

［Co（gly）2（en）】＋havingaD4hSymmetryWithrespecttothe

COOrdinated atoms（Fig．44）．　Thatis，the Raman bands at

525－617，421－461，349，and262cm－10f cis－α－

［Co（edda）（en）］＋correspond to those at523－596，458－504†

368，and275cm－10f trans（0）－［Co（gly）っ（en）］＋，eXCePt for

the differencein the depolarization ratio betweeIl the Raman

band at461cm－10f the former and that at504cm－10f the

latter（Tables　9　and14）．　Furthermore，taking the Raman

frequency and the depolariZation ratiointo account、itis

considered that the polarized band at498cm－10f cis－α－
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6（〕0　　　　400
W三VenUmber／⊂汀β

280

Figure43・Raman spectraof cis－α－【Co（en）（trien）］3＋′

unsYm－fac－【Co（dien）2］3＋，lCo（en）3］3＋・and【Co（NH3）6］3＋

Numbersin parentheses correspond to tho岳ein

Tables　9．11，and14．
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（7）

篭ve。。mbe誉3㌔　200
Figure44・Raman spectraof cis一α－【Co（edda）（en）］＋and

trans（0）一【Co（glY）2（en）］＋・Numbersinparentheses

COrreSPOnd to thosein Tabies　9　and14．

一　137　一



［Co（gn）（trien）］3＋and that at461cm－10f cis－α－

［Co（eddaHen）］＋can be assigned to the totally symmetric

StretChing vibration mode．

On the basis of these observations and the Raman

SPeCtral characteristics summarizedin Table14，it can be

COnCluded that the Raman spectra of cobalt日日）complexes

With quadridentateligands are classifiedilltO four

CategOries similar to those of tris（bidentate）cobalt日日）

COmplexes．　Accordingly，the polarized bandsin the　420　－

670cm－1region．the depolarized onesin the390－450cm－1

region，the depolarized onesin the300－420cm－1region，

and the polarized onesin the240－290cm－1region can be

assigned to the totally Symmetric stretching vibration mode，

the stretching vibration mode excluding the totally

Symmetric one，the skeletal bending deformation mode．and

the chelate ring deformation mode．respectively．

Raman Spectra of［Co（trien日bidentate）］一　and

［Co（tren）（bidentate）］－Type Complexes．

Figure　45　5hows the Raman spectra of the two

geometricalisomers of［Co（en）（trien）］3＋，tOgether with that

oflCo（en日tren）］3＋．It can be seen from Fig．45and Table

14that cis－α－and cis一β－［Co（en）（trien）］3＋Show different

Raman spectral featurein each skeletal vibration region．

Further，the Raman spectrum of cis一β－［Co（en）（trien）］3＋is

similar to that of［Co（en日tren日3＋rather than that of the

CIS一αlSOmer．　The significant aspectin structures of cis－
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β－［Co（en）（trien）］3＋and［Co（en）（tren）］3＋is that the

COOrdinated N－N－N portion of the quadridentateligands

（trien and tren）have equally meridional configuration

toward the central metal atom．Itis not sLIrprising that

this meridional config・uration greatlyinfluences normal

Vibration modesin the skeletal vibration regioIl Of the

Raman spectra of cis一β－［Co（en）（trien）］3＋and

lCo（en）（tren）］3＋，Since the merisomers of the

bis（terdentate）cobalt（日日　complexes have shown the Raman

SPeCtral feature quite different from that of the fac

ISOmerS．　This sort of Ramarl SPeCtral feature can also be

Observed for the two geometricalisomers of［Co（OXHtrien）］＋

and［Co（OX日tren）］＋：the Raman spectrum of cis－β－

［Co（OXHtrien）］＋Can not be correlated to that of cis－α

isomer，but，that of ECo（OXHtrerl）］＋（Fig．46）．

As sho刷nin Figs．45　and　46，the cobaitHH）complexes

with the quadridentateligands．cis－β－［Co（en）（trien）］3＋，

cis－β－［Co（OX日trien）］＋，［Co（enHtren）］3＋，and

［Co（OX日tren）］＋I Which have equally meridional configuration

With respect to the coordirlated N－N－N portionin the

quadridentateligands，eXhibit multiple polarized baIldsin

the stretching vibration region，Whichis characteristic for

the merisomers of bis（terdentate）cobalt（ⅠⅠⅠ）complexes．

These findings suggest that their RamaII SPeCtra are mainly

regulated by the normal vibrational modes of meridional

COnfiguration of the quadridentatelig・ands．　Especially，the

polarized Raman bands around450cm－l are regarded as

Characteristic for cis一βisomers of the

－　139　－



（69）

（68）

600　　　　　400

W己VenUmber／cm－1

Figure　45．Raman spectra of cis－α－　and cis一β一

lCo（en）（trien）］3＋and【Co（en）（trenH3＋．Numbersin

Parentheses correspond to thosein Tabie14．
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雪駄e。Umbeき監－1　20Q
Figure　46．Raman spectra of cis－α－　and cis一β－

lCo（OX）（trien）］＋andlCo（OXHtren）］＋．Nurnbersin

parentheses correspond to thosein Table14・
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［Co（trien日bidentate）］－　and【Co（tren）（bide‡1tate）］－type

COmPlexes since the corresponding bands could not be

Observedin the spectra of the tris（bidentate）cobalt日日）

COmplexes and the facisomers of the

bi5（terdentateJcobalt＝II）Complexes．　Further，the Raman

bands at ca．530and ca．450cm－10f these complexes can be

COrrelated with the characteristic RamaIl bands（Ca．520　and

ca．440cm－1）for the merisomers of the

bis（terdentate）cobalt日日）Complexes．

Hence，in the cobalt日日）complexes with trien aIld tren

ligands，SO far as skeletal vibrations are concerned，the

Raman spectra of the cis－αisomers can be correlated with

those of the tris（bidentate）cobaltHIⅠ）complexes，aIld those

Of the cis－βisomers and t士le COmplexes with the tripodlike

quadridentateligands can be correlated with those of the

merisomers of the bis（terdentate）cobalt（日日　Complexes，

respectively．　Accordingly，the Raman spectra can be used

for the differenciation of the cis一α　and cis一βisomers of

the［Cottrien）（bidentate）］－tyPe COmPlexes．

Raman Spectra of［Co（eddaHbidentate）］－Type and

［Co（aeidaHen）］＋Complexes．

Figure　47　shows the Raman spectra of cis－α　aLnd cis－β

isomers of［Co（eddaHen）］＋and［Co（edda）（tn）］＋．In view of

the Raman spectra of the tris（bidentate）cobalt日日）and

bis（ter－dentate）cobaltHH）Complexes，the Raman barld at　617

cm－10f the cis－αisomer of［Co（edda）（en）］＋and that at660
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cm－10f the cis－βisomer are clo5ely associated with

C00rdinated oxygen atom．　Furthermore，the shift of these

band5is most prominent for the Raman spectra of cis－α－　and

cis－β－［Co（eddaHen）］＋　andis useful for the

differentiation of the ci5－α　and cis－βisomers．　A similar

featureis also observed for the Raman spectra of the cis－α

and ci5－βisomeric pairs of［Co（eddaHtn）］＋　fFig．47）and

［Co（edda）（OX）］（Fig．48）．

The Raman spectra of trans（0）－　and cis（0）一

［Co（aeida）（ell〕］＋exhibit unique differences around400cm－1

from the Raman spectrum of cis－β－［Co（edda）（en）］＋With the

different chelate ring structure（Figs．47　and　491；the

trans（0）arid cis（0）isomers of［Co（aeidaHell）］＋show

polarized bands at400and409cm－1，reSPeCtively，but the

cis－βisomer of［Co（eddA）（en）］＋sllOWS nO POlarized bandin

the corresponding region．　These polarized bands around　400

cmql can be assigned to the skeletal breathing mode on the

basis of the Raman spectral characteristics of the mer

isomers of the bi5（terdentate）cobalt（ⅠⅠⅠ）Complexes（Tables

11、12．and14）．　The skeletal breathing mode of the

CObalt（日日　complexes with tripodlike quadridentateligand，

［CotenHtren）］3＋and［Co（OX）（tren）］＋，are also detectable at

442and453cm－l by comparison with the merisomers of the

bis（terdentate）cobalt（ⅠⅠⅠ）Complexes（Figs．45　and　46　and

Tablesll，12，and14）．

Role of Bidentat．e Ligands．

It can be seen by comparison of Figs．45　and　46　that
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cis－α－［Co（en）（trien）］3＋and［Co（en）（tren）］3＋exhibit Raman

SpeCtral characteristics quite similar to cis－α－

［Co（OX日trien）］＋and［Co（OX＝tren）］＋，reSPeCtively．

Furthermore，the Raman spectral behaviors of tbe Same

geometricalisomers of the cobalt（日日　complexes with edda

ligandsin the higher frequency region resemble each other

as sho粧nin Figs．48　and　5O．　Thatis，all the cis－α

isomers exhibit characteristic polariZed Raman bands around

615cm－1，Whichshift to around655cm－1in the cis－β

lSOmer．　These baIlds can be used for differentiation of the

Cis－α　from the cis一β　onesin the cobalt日IH complexes

WitIl the eddaligands．　Hence．itis evident that the Ramarl

SPeCtra Of the［Co〔quadridentateHbidentate）］一tyPe COmPlexes

depend mainly on the coIlfiguration of the quadridentate

ligands and the role of the bidentateligandsis of minor

importance・　However．cl0Ser eXamination of Fig．50

disc105eS the minor role of the bidentateligandsin the　445

－465cm－1region；eachofthecomplexescontainingNLl3・tn，

and en has polarized RamaIlbands（at452cn1－1for NH′1，448

cm－lfor tn，and461cm－lfor en）．which does not appear for

t王le SPeCtra Of the complexes containing gly．β－ala，and ox．

This fact may reflect that the difference of the coordinated

atoms（OXygen and nitrogen）in the bidentateligands

influences tile Raman bandsin this region．

V－Bq6．　Ramarl Spectra of the Cobalt（ⅠⅠⅠ）Complexes with

Sulfur－Containing Ligands．
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篭ve。um諾。詔200
Figure　47．Raman spectra of cis－αand cis－βisomers

oflCo（edda）（en）］＋and oflCo（edda）（tn）］＋．Numbers

in parentheses correspond to thosein Tabie14．
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（82）

（81）

篭ve。umbeヱ‰　206
Figure　48．　Raman spectra of two geometricaiisomers of

lCo（edda）（○Ⅹ）】●．Numbersin parentheses correspond

to those in Tabie14．
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6温e。umbe熟　286
Figure　49・Raman spectra of tWO geOmetricaiisomers

oflCo（aeida）（en）］＋．Numbersin parentheses

COrreSPOnd to thosein Table14．
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wavenumber／cm－1
200

Figure　50・　Raman spectra of cis－αisomers of

lCo（edda）（0Ⅹ日．［Co（edda）（giY）］，lCo（edda）（β－ala）］，

lCo（edda）（en）］＋・lCo（edda）（tn）］＋・and【Co（edda）（NH3）2］＋・

Numbersin parentheses correspond to thosein Tabie14・
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Figure　5l shows the Raman spectra of the bis（1，2－

ethanediamine）cobaltHH）complexes containing a thiolato

ligand，2－aminoethanethiolato or　2－merCaPtOaCetatO，

（［Co（aet〕（en）2］2＋or［Co（SCH2COO）（en）2］＋）togetherwiththat

oHCo（en）3］3＋
Their Raman frequencies，intensitie5，and

depolarization ratios（Table15）indicate that

［Co（aet＝en）2］2＋and［Co（SCH2COO）（en）2］＋havethesame

spectralcharacteristicSaS［Co（en）3］3＋；theRamanbandsat

510，450・and384cm－10日Co（aet＝en）っ］2＋and those at514，

465，and381cm－10f［Co（SCH2COO一（en）っ］十correspondtotho5e

at525，440，and378cm－10日Co（en）3］3十・reSpeCtively・

Hence，the Raman spectra of the cobaltHH）Complexes，in

Which either of the N and O donor atomis substituted by

Sulfur，Can also be treated asiIl the case of the

tris（bidentate）cobalt（ⅠⅠⅠ）complexes with the N and／Or O

donoratoms・TheRamanbandsof［Co（aet）（en）2］2＋and

［Co（SCH2COO）（en）2］＋canbeassignedtothetotallysymmetric

StretChing vibration mode，the stretching vibration mode

excluding the totally symmetric one，the skeletal bending

deformation mode，and the chelate rirlg deformation mode from

the higher frequency region．　However，the RamaIl bandsin

the totally symmetric stretching vibration mode region of

［Co（aet）（en）2］2＋and［Co（SCH2COO）（en）っ］＋appearatthelower

frequencycompareduiththatof［Co（en）3］3十・Thisfact

SuggeStS the existence of the mass effect owing to

distinction between nitrogen and sulfur donor atoms and／Or

the differencein the central metal－donor atom bond

Strength．　Thisis supported by the Raman spectrum of
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［Cotaet）3］；this complex exhibits three mainlines（Ca・420・

360．and350cm－1）anditis thought that the Raman bands at

420and360cm－l correspond to the totally symmetric

stretching vibration mode．66j

The frequencies．intensities，and depolariZation ratios

Of tlle Raman bandsin the totally symmetric stretching

vibrationmoderegion of［Co（aet）（enリ2＋，

［Co（aese）（en）2］2＋，［Co（aesiHen）2］2＋，and［Co（meaHen）2］3＋

are similar to one another（Fig．52）．　Furthermore，the number

of Raman bands of［Co（aet）（enリ2＋is fewer than thoseof

the other complexes．　This factindicates that

［Co（aet）（en）っ］2＋have a higher symmetry for skeletal

vibration because of no substituent grouPS On the suifur

donor atom．　On the other hand．the distinct differeIICe

between［Co（aese）（en）・7］2＋and［Co（aesi）（en）っ］2＋is observed

at400－500cm－1and that between［Cotaesi）（en）っ］2十and

［Co（meaHen）2］3十atca・650cm－1・TheRamanbandat653

cm－10f［Co（mea）（en）2】3十maybecorrelatedtothenatureof

the sulfur donor atom：the thi01at0．Sulfe王atO．and

sulfinatoligands have a formal negative charge，While the

thioether oneis electrically neutral and the structure Of

the tllioether complexis devoid of a significant stl、uCtural

trans effect．39）Moreover，Since the baIld at653cm－1

exhibitlittle spectral shift upon deuteration・this band

may originate from　ソ（Co－SMe）．　The shift to the higher

frequency of the Raman band due to　ソ（Co－SMe）may be

concerned with theincrease of the valLIe Of force constant
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6‰en。mb三浪，T，1200
Figure51・RamanspectraoflCo（en）3］3＋・lCo（aet）（en）2】2＋・

andlCo（SCH2COO）（en）2］＋・Numbersinparentheses

COrreSPOnd to thosein Tabies　9　and15．
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Figure52・RamanspectraoflCo（aet）（en）2］2＋

lCo（aese）（en）2］2＋，lCo（aesi）（en）2］2＋・and

lCo（mea）（en）2］3＋・Numbersinparentheses

COrreSPOnd to thosein Tabie15．
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by an electrorii．c donative methyl group．

V－B－7．　Raman Spectra of the CobaltHII）Complexes with

BraIlChed Terdentate Ligands．

Figures　53　and　54　show the Raman spectra of［Co（DL－

asp一（dienj］＋and［Co（DL－aSP）っ］・reSpeCtively・Most serious

difference between the cobalt日日）complexes with the

branched terdentateligands and those with thelinear

terdentateligands（V－2－C）in their Raman SPeCtrais that

the complexes with the branched terderitateligallds have n0

Raman bands due to the skeletal breathing vibration mode

（Tablesll and16）．　Furthermore，it can be seen from Flg．

55　that the Raman spectrai characteristic of［CoくDLdaSP）っ］

is distinct from that of［Co（ida）っ］　having the same donor

atoms evenin the stretching vibration region．It seems

that the cobaltlIIH compiexes with the branched terdentate

ligands．when considered with these resLIlts．have a

Character for the skeletal vibration c105e tO the

CObalt（ⅠⅠIj cornplexes with the bidentateligands rather than

those with thelinear terdentateligands．　Accordingly，the

CObalt（ⅠⅠⅠ）complexes with the branched terdentateligands

are regarded as quite different species from those with the

linear terdentateligands for the skeletal vibration．

However，On t士Ie basis of frequencies．intensities、and

depolarizatiorlratios，the Ramallballds at509－627cm－10f

［Co（DL－aSP）（dien）］＋and those at525－637cm－10f［Co（DL－

asp）っ］can be assigned to the totally symmetric stretchirlg

Vibration mode．
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Three geometricalisomers of［Co〔DL－aSP）（dien）］－　and of

［Co（DL－aSP）っコ　exhibit the Raman spectral characteristics

Similar to each ot士ler．　The difference of chelate ring

arrangement have no markedinfluence on the Raman spectra of

［Co（DL－aSP）（dien）］＋and［Co（DL－aSP）っ］・Especially・three

isomers of［Co（DL－aSp）．、］　exhibit threelines，Which have
′

Simiiar frequencies andintensities each otIler，at higher

frequency side152u－640cm－1）．Moreover．these bands

reveal similar spectral shift upon deuteration；the Rarnan

bands at625－637cm－1and525－553cm－1are shifted10W

frequency side by ca．30cm－1，While the bands at562－575

cm－1by ca．10cm－1．Accordin9ly．the Raman bands at625－

637and525－553cm－l may be mainly correiated with the Co－

N totally symmetric stretching vibrationlTlOde．

The cobalt（ⅠⅠH compiexes with the branched terderltate

iigands coIltaini1－9Sulfur dol－Or atOmS（［Co（L－SmCl・7］＋and

［Co（L－met）1］＋）also do not exhibit the Raman bands due to

the skeletal breathing vibration mode（Figs．56　and　57）．

The skeletal breathiilg VibI、atioIl mOdeis considered a

Characteristic one for the Raman spectra of cobalt（日日）

COmple：くeS With thelirear terdentateligands．

Ⅰn view of frequencies，intensities，and depolarization

ratios，theRamanbaI－dsat434－655cm－10日Co（L－SmC）2了

and those at525－663cm－10flCo（L一met）・）］十can be assigned

to the tota11y symmetric stretching vibration mode．

Furthermore，the Raman bands at ca．615and510cm－10f

［Co（L－SmC）っ］＋and at ca・600and530cm－10flCo（L一met）・？］＋
▲－　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　▲＿
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exhibit alarge spectral shift（about25cm－1）upon

deuteration and the Raman bands at ca．650cm－10f［Co（L－

smc）っ］＋and［Co（L一met）っ］＋exhibit alittle shift（about5

cm－1）．Accordihgly，the bands at598－618cm－1and at505

－537cm‾lmaybemainlycorrelatedwithyts（Co朴and
ソts（Coこ望））・reSPeCtively，COmParedfromtheRamanspectra

Of tris（bidentate）cobalt（ⅠⅠⅠ）（V－B－1）and the cobalt（日H

COmPlexes with sulfur－COntainiIlgligands（V－B－6）．　The bands

at ca．650cm－1may be correlated withレ（Co－SMe）in

comparison with the Raman spectrumof［Co（mea）（en）っ］3＋and

the origin of these bandsis different from that of the

Ramanbandsat630cm－10f［Co（DL－aSP）2】・

The Raman spectra among the geometricalisomers of

lCo（L－SmC）っ］＋and of［Co（L－met）1］＋do not exhibit a marked

difference，like the geometricalisomers of［Co（DL－aSP〕2］・

OnJthe other hand．some differe王1CeS between the Raman

SPeCtraOf［Co（L－SmC）2］＋and［Co（L－met）っ］＋areobserved，aS

is shownin Fig．58．　Thatis，the Raman bands of［Co（L－

smc）っ］＋appear at ca・615and510cm－1，but thoseof［Co（L一

met）2］＋appearatca・600and530cm－1・Moreover，［Co（L－

smc）2］＋has theRamanbandsatca・440cm－1，but［Co（L一

met）っ］＋has those at ca．490cm－1・Thus，absorption spectra

do notindicate a regular difference between the

corre5POnding geometricalisomers of［Co（L－SmC）へ］＋and
／

［Co（L一met）2］＋，42・43）buttheRamanspectracanbeusedto

distinguishtlearlybetween［Co（L－SmC）2］＋andlCo（L一met）2］＋・
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箪e。umbe温」　200
Figure　53・Raman spectra of three geometricaiisomers

oflCo（DL－aSP）（dien）了．Numbersin parentheses

COrreSPOnd to thosein Table16．
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600　　　　　400．　　　20◎
Wavenumber／cm

Figure　54・Raman spectra of three geometricaiisomers

OflCo（DL－aSP）2］・Nunbersin parentheses correspond

to those in Table16．
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（36）

（93）

（47）

篭ve。umbeチ‰1　200
Figure55・Raman spectra of sym－Cis一【Co（DL－aSP）（dien）］＋，

sYm－fac－【Co（ida）（dien）］十・tranS（N）－lCo（DL－aSP）2］，

and sym－fac－【Co（ida）2］・Numbersin parentheses

COrreSPOnd to thosein Tablesii and16．
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（97）

（98）

6温e。Umbeチ思」　200
Figure56・Raman spectra of three geometricaiisomers

oflCo（L－SmC）2］＋・Numbersinparentheses

COrreSPOnd to thosein Table16．
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温e。umbeチ‰」　200
Figure　57・Raman spectra of three geometricaiisomers

OflCo（L－met）2］＋・Nu血ersinparentheses

COrreSPOnd to thosein Table16．

－　163　－



（97）

（98）

雪駄e。umbej‰　200
Figure　58．Raman spectra of trans（N），tranS（0）．and

trans（S）isomerso－flCo（LTSmC）2］＋and－［CoLLTmet）2］＋・

Numbersin parentheses correspond to thosein Tabie16．
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Chapter VI．　Concludirlg Remarks

The ob、ject of this MOrkis to deduce a general rule on

the reiation between the c00rdi王1aticn stereochemistry aIld

the Raman spectrai characteristics．　For this purpose，the

CObalt日日）Complexes．which have various structures，Were

prepared by theliterature procedures，by the mOdified

methods of theliteratures．andin this work for the first

tilT）e．and SyStematicinvestigations were carried out by

COmParison of the Raman spectra of these compleXeS．　The

generai rule t王1uS Obtained can be summarized as shown belo毎1．

日）　The octahedral tris（bidentatejcobalt＝日日

COmPiexes with five一membered cheiate rings shou

Characteristic Ramarl baIldsin the skeletai vibratioll regioIl

and these Raman spectra can be mainly treatedin ter汀lS Of

the effective symmetry of the complexes．　Their Rama王1bailds

Can be classifiedi三ItO four vibraて．ion modes：totaily

symmetric stretching vibration mode（520－610cm－1）．

StretChing vibration mode eこくCluding the totaily symmetric

one日．e‥n。n－t。taily s諭metri。。ne日射30－520cm－1），

skeletal bending deformatio王1mOde（30O－400cn了1），a王1d

chelate rirlg deformation mode（200－300cm－1）．The Rarnan

baIlds of t王1e tris（bidentate）cobait（日日　cc）mPlexes corltairling

SiX一membered cllelate rings can also be classifiedinto foしげ

Cate901、ieS．　HoかeVer．thereiS a Si9王′iifiCa王it diコti：iCtioヱミ

between the Raman spectral characteristics of the

CObalt日HJ compiexes containing the six一membered cheiate

rings and those with the five一membered chelate rings：On
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going from thelatter to the former．the number of the RamaIl

bandsisincreased，and the bands are shifted to10Wer

frequencies．　This Raman spectl、al evidence demollStrateS that

the six－1甘embered chelate rirlgS are mOre flexible tha王1the

five一membered chelate rings．

（2j Raman spectral characteristics of the geく〕metricai

isomers of the tris（bidentate〕cobalt日日‖　compiexes with the

five一membered chelate rings are noticedin the stretching

Vibration mode e：くCiudirlg the totally symmetric one．while

those of the complexes with the six一membered cheiate ri王1gS

appeariIl the totally symmetric stretching vibratiorl mGde．

For example．the depolarized bands caused by tile StretChiヱ1g

Vibration can be used for the differentiatio‡10f the

Cl－Cis and C2－Cisisomers of［Co（giy）っ（ell廿　and

［Co（gly）2（OX）］・The C了Cis（0j and C2－Cis（0）isomers of

［Co（β一ala｝っ（tnj］十
－

Can be differeritiated on the basis of a

COmparison of the Raman bandsin the totally symmetric

StretChing vibration mode．

（33　Raman bands of the cobait（Hl）compiexes with the

linear terdentateligands call be classifiedinto five

Vibration modes：totaliy symmetric stretching vibration mode

（510－650cm－1），StretChing vibration mode excluding the

totaily symmetric olle（i．e．，nOIl－tOtally symmetric onej

（430－540cm－1）．skeletal breathirM Vibration mode〔37u－

490cm－1），Skeletal bending deformation mode（290q420

cm－1），and chelate ring deformation mode（220－270

cm－1）．Especially，the skeletal breathing Vibration
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is regarded as characteristic of the mono and

bis（ter－dentate）cobalt（日H complexes．

（4）　Animportant Raman spectral characteristic for the

geometricaiisomers of the cobaltHH）Complexes　録ith the

linear terdentateligandsliesin the fact that the mer

isomer of each complex gives Raman spectra clearly different

from those of the facisomersin the stretching vibration

reglOn．　This Raman spectral characteristic can be used for

the differentiation of the fac and merisomers．　This

feature can be ascribed to t主1e difference of the stTain

energyill the skeletal vibrationai motion between theligalld

Of the meridional arrangement and that of the facia10ne．

Further．the differences for chelate rillg arrangemeilt

between t王1e Raman spectra of sym－fac and unsym－facisomers

are observedin the skeletai bending defonTLation mode．　On

the other hand．the RamaII SPeCtra Cf the cobaitrIH＝

COmPlexes having the same coordinated atoms are not so much

influenced by the variety of theligands．　HerlCe，it can be

COnSidered that．so far as the bis（terdentate）cobalt（Ⅰ王Ⅰ）

COmplexes having the same numbers of the c00rdiヱlated

nitroge‡l and oxygen donor atoms are concerned，the Rarnan

SPeCtral characteristics deperld mainly on the arrangemerlt Of

the chelate ring around the central metal atom．

（5）　Raman bands of the cobalt（ⅠⅠⅠ）complexes with the

terdentateligands containing an N－111eヒhyi grOuP CaIl als（〕be

Classifiedinto five vibration modes，like those of the

CObalt（日日　complexes with the terdentateligands containing

no N一methyl group．　One of the most significant
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Characteristicsin the Raman spectra of tlle CObalt（ⅠⅠⅠ）

COmplexes contairling an N一methyl groupis thaLt the strongest

RamaIl bands attributable to the totally symmetric stretching

Vibration appear at alower frequency region compared with

the Raman spectra of the correspondiIlg CObalt日日Ⅰ）complexes

COntaining no N－methyl group．　This fact suggests the

existence of a mass effectin the totally symmetric

StretChing vibration mode as a result of the replacement of

a hydrogen atom on theimino nitrogen by a methyl group

and／Or the differencein the central metal－donor atom bond

Strength．　Houever，SuCh a distinct relatioII Call nOt be

found on other vibratioIlal modes．　Hence，the replacement of

hydrogeIl atOm OIl theimiIlO nitrogen by a methyl group causes

a marked changein the Raman spectral characteristics raヒher

thall the spectrai silift anticipatedin the case of the

deuteration of the amino protons．

（6）　Ramarl baIlds of the cobalt（日Ⅰ）compiexes with the

quadridentateligands are ciassifiedinto four categories

5imilar to

COmpleXeS：

（420　－　670

the totally

（390　－　450

420cm－1）、

cm－1）．The

t王10Se Of the tris（bidentate）cobalt日日Ⅰ）

totaliy symmetric stretching vibration mode

cm－1），StretChing vibration mode excluding

Symmetric oIle（i．e．，nOn－tOtally symmetric one．1

cm－1），Skeletal bending deformation mode（300－

and chelate ring deformation mode（240　－　290

polarized Raman bands at400－510cm－1are

regarded as characteristic of the cobalt（日日　complexes with

the quadriderltateligands．because they are not observed for
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the tris（bidentate）cobalt日日）complexes and the

bis（terdentate）conbalt日日j ones．

（7）　The cis－α　and cis－βisomers of the

［Co（trienl（bidentatej］－tyPe COmPlexes shou different Raman

SPeCtral featurein each skeletal vibration regioIl and the

Raman spectra of the cis－βisomers are similar to those of

the［Co（tren日bidentate）］－tyPe COmPlexes．　This fact

SuggeStS that the Raman spectra of the cis－βisomers of the

［Co（trie汀Hbidentate）］－tyPe COmPlexes and those of the

［Co（tren日bidentatel］－tyPe COmPiexes are mainly reguiated by

the normal vibrational modes of meridional configuration of

the quadridentateligands．　On the other　王1and．the Raman

SPeCtra Of the cis－αisomers of the［Co（trienHbideIltate）ト

type complexes are similar to each other．　Moreover．the

Cis－αisomers of the［Co〔eddaHbidentate）］－type COmPiexes

also exhibit the Raman spectral characteristics　5imilar tく〕

each other．　He‡1Ce，We Can State that the Rama王15PeCtra Of

the［Co（quadridentateHbidentate）］－type COmPlexes depend

mainly on the configuration of the quadrideIltateligands．

（8）　The Raman spectra of the bis日，2－

ethanediaminelcobalt（ⅠHI complexes containing suifur donor

atoms can be treated asin the case of the

tris（bidentate）cobaltけⅠⅠ）complexes witll the N and／Or O

donor atoms．　Their Raman bands can be assigned to the

totally symmetric stretching vibration mode．the stretchi王lg

Vibration mode excluding the totally symmetric one（i．e．，

IlOll－tOtally syrnmetric one），the skeletal bending deformation

mode，and the chelate ring deformation mode from the higher
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frequency region・The Raman bandsin the totally symmetric

StretChing vibration mode region appear at the10Wer

frequerlCy COmPared with t王1at Of［Co（en）．1］3＋．This fact

SLiggeStS the existence of the mass effect owing to

distinction between nitrogen and sulfur donor atoms and／Or

the differencein the ceIltral metal－don0r atOm bond

Strength．

（9）　The cobaltHIIl complexes with the branched

terdentateiigands have　王10　Raman bands caused by t王1e

Skeletal breathing vibration mode which are regarded as

Characteristic bands for the cobalt日日）complexes with the

linear terdentateligands．Ⅰt seems that the cobait日日）

COmpiexes with the brallChed terdentateligands have a

Character for the skeietal vibration ciose to the

CObalt（III）complexes with the bidentateliga王1ds rather than

those with thelinear terdentateiigands．　The three

geometricalisomers for each of［Co（DL－aSPHdien）］＋，［Co（DL－

asp）2］・［Co（L－SmC）・7］十aI－d［Co（L－met）Ll］＋exhibit theRaman

SPeCtral characteristics similar to one another．　The

difference of the chelate ring arrangement have no marked

influence on the Raman spectra of tlle CObalt（ⅠⅠⅠ）complexes

With the branched terdentateligands．

In conclusion，Raman spectroscopyis collSidered very

useful spectroscopic method for theinvestigation of

StereOChemistry and differentiation between the geometrical

isomers of cobaltHH）Complexes．
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