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PREFACE 

The work presented in this thesis enti tied "STUDIES 0_~ THE 
CHEMISTRY OF RUTHENIUM WITH SCHIFF-BASE AND RELATED 
LIGANDS" 1 originated from an attempt to develop the 
Chemistry of Ruthenium with e<, e<' -di imine 1 igand 
N-arylpyridine-2-carboxaldimine (L). 

This thesis consists of seven chapters. A brief 
survey of known coordination chemistry of Q,a'-diimine 
ligand along with the purpose of the present work is 
outlined in Gha.pter L In Chapter ll, the synthesis and 
characterization of the dihalo-bisligated complexes of 
Ruthenium( II) are described. The reactivity of t.he complexes 
toward oxidant is described in Chapter ill.. Chapter: lY. deals 
ld th the transformation of the coordinated azomethine to 
amide function and characterization of the trivalent 
species. Chaoter Y.. outl inea the synthesis and 
characterization of the tetracoordinated silver(I) complexes 
of L. Chapter IT describes the use of Ag-L complexes in 
synthesis of tria chelated complexes of Ruthenium(II) with 
L. The concluding Chapter ~ describes the transformation 
of coordinated piconaldimine to picolinamide and picolinate 
and their characterization. 

The present work was initiated in July,1992 in the 
Department of Chemistry, North Eastern Hill University, 
Shillong, under the supervision of Dr.S.Goswami. 

In keeping with the general practice of reporting 
scientific observations, due acknowledgements have been made 
whenever"the work described as based on the findings of other 
investigators. I must take the responsibility of any 
unintentional oversights and errors which might have crept in 
inspite of all precautions. 

~/Jru:zk ~tl77~'[;1· 
SUBRATA CHOUDHURY 
Department of Chemistry 
North-Eastern Hill University 
Shillong 793003. 
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STUDIES ON THE CHEMISTRY OF RUTHENIUM WITH SCHIFF-BASE AND 

RELATED LIGANDS· 

ABSTRACT 

The present thesis primarily deals with the Chemjstry of a 

a.a"- djimine lig.:md. N-c:trylpyddine-2-c:adJol:aldjmJ.ne <L.1) 

involvinq rut-henium. It i.nvolvee synthesis of net-J c:omple::es 

.and their t-.horouqh characterization. In t~J.Jo c.:1ses. 

structures have been determined by using single crystal 

diffraction techniques. Studies of chemical and 

the synthesi~ed compounds form an 

Jntegral part of the present work· The redol·: reac '(-. i CH'lS 

have been studied by using model·n elect-l-ochemical 

techniques such as Cyclic Voltammetry CCV>. Differential 

PLtlse Vol tammetl-y <DPV) and Cons t.ant Potential 

Coulomet.ry. The subject. matten- of the whole thesis h.:ils 

been distributed over seven chapters. 

i 



Chapter I briefly describes the s~lient aspects of 

known cool·dination diimines. The scope of 

li<FHIUo 

c. c:Jc.:n·d j nat. ion chemistTy 

N--a 1-y 1 pyl- i d i ne·-2-c~l-bo:: a 1 d imi 11e ( L) • 

5 6 

4-Q'\N-
3 ..,...,c=N~ H13 B 

12/f ~ 9 
- 10 

11 R 

R L 

H : ~ 
CH 3: L2 

Cl : L3 

of t.he 

has been 

Chapter II describes the isolation and characterization of 

a q roup of· ru t.hen i um c.omp 1 e:: es of 

wlllch aJ-e synthesized <Cl~Br> 

Wlt-h t-he ligand, L. in et.hanol. 

OWlrllJ t.o t--he unsymmet-1 1c.al n~t.Ltl e of th~? bidentate 

five different qeometri~al isomeric forms are 

of them are isolated by the use of 

1 i 



chromatographic technique. These are characterised with the 

help of spectroscopic data. 

One of the isomers is green which shows a single 

sharp band for v- indi.cating a linear trans grouping for 
Ru-Cl 

Ruc1
2 

moiety. Rest two isomers are bluish green and violet. 

Each of them shows a doubl•t vRu-Cl in the range 310 to 290 

-1 
em 

The geometries ·of the isomeric complexes are 

mainly assessed by an examination of high resolution 
1

HNMR 

spectra of the complexes. Fortunately all the isomers of 

RuX
2

L
2 

dis~lay highly_ resolved 1HNMR spectra which have 

been completely as~igned· Using the 
1

HNMR data and with 

the consideration of the models of different isomers it has 

been possible to assess the geometries of the different 

The solution electronic spectra of the isomeric 

the multiple charge transfer 

transition in the visible region which are assigned to MLCT 

(metal to ligand charge transfer> 

transitions. Multiple transitions originate from lower 

symmetry splitting of metal level~ the presence of 

different accept~r orbitals and from the mixing of singlet 

and triplet configurations in the exited state through 

iii 



sp1n-orb1t coupllnq. Trans1t1ons 1n the UV reg1on are clue 

1ntra l1gand * ;It <n-- n • n---n > or 

transfer trans1t1ons 1nvolv1ng h1qher en&ray levels wh1ch ~re 

Ln energJes than th& l1gand LUMO· 

All the comple~:es d1splay thl-ee one-elec tl-on 

n&arlv revers1ble to Jrrev~rs1ble responses on the posltJve of 

SCE. The f1rst quas1-n:?vers1ble OH1dat1on occurs 1n the l-ange 

0-25-0-50 V Js asslqn&d to the Ru<Jil)IRu<II> couple. 

The formal 

R ttiX L + e 
Ll 2 2 

potent1als for Ru<I!l)/RuCll) couple of the 

C:'Ls-lsomel-s 1s hlgher than that of the tl-ans lsomel-s· Th1s 1s 

the c1s-geometr1es· 

The formal potent1al value of Ru<III>/RuCII> couple also 

d~p&nds on the n.ture of the substJtuent(R) 1n the J1gand. 

1he value decre.:tses w1th lhe e!ectl-on-l-eleas::Jnq power of the 

subs'lli"W?nts. The 1n·evers1ble electi-on lr~nsfer processes 

h1gh pos1t1ve potent1als c·t.BV> are clu~ to l1gand 

' 
1,1 .. 

ln th<:> Chap tel- I I I 

c t r --qds .as 
1:! 

of I" he 

an Ol: 1 dAn t 

and 1Sol..::~t1on of the cor1·espund1ng lSOITlel-lC tr1valent 

comple::e::-s of ruthen1um. [RuCJ 2 L,.JC10, • .are desc,·lbed. Eac.h 
.~ t~ 

of the tl-Lvalent salts 1s found to ,-egenerate quant1tat1vely 

lV 



its corresponding bivalent chemical and 

electrochemical reductions :indic::r.:tt-ing the conversion~ 

F' II C 1 L ---8-~' ,u .... 2 2 T",---
+e 

steraoratantiva-

is n:-ve·.-s i b 1 e ;and 

The yellowish micro crystalline salts 

of [RuC1 2L2 JCl04 ~ obtained almost in quantitative yields, 

highly soluble in redox inert polar organic solvents and 

behave as 1:1 electrolytes-

The solution electronic spectra of the complexes 

are characterised by multiple intense absorptions in the 

visible range due to allowed transitions involving metal 

and ligand orbitals· A low en~rgy weak absorptions in the 

range 1625-1450 nm. This low energy transition is due 

to d-d transition originated splitting of t.he 

t,::> -orbitals 
C;.. 

because of low symmetry and spin-orbit 

coupling. The energy of the ligand field band is in good 

agreement with the calculated transition energies using the 

observed g-values from the respective EPR spectrum. 

The magnetic moments of the complexes correspond to 

l13W sp ir-. 
5 

d 
t::" 

configurations (idealised t:
9 

, s = 1 
2 

) . 
of the isomers possesses rotational symmetry greater 

two fold. Their EPR spectna in 

None 

than 

frozen 

acetonitrile-toluene C77K) are accordingly rhombic. The two 

v 



been computed using the observed g- values. The AE2 

transition in each of the c omp 1 en·: es is observed in t.he 

n:mge 6800--6155 
-1. 

em wl1i le .6.E1 t.t-ansi tion could not be 

observed due to solvent cut off. 

Each of ·t.he isomers of displays 

a reversible, one electron cyclic voltammogram in the 

potential range 0·3-0·7 v. Under identical conditions 

the voltammograms <initial scan cathodic) is superimposable 

on that of the corresponding isomer (init:ial 

scan anodic) indicating the process under consideration 

is reversible and stereo retentive. The formal potential of 

Ru<III>IRuCIIl couple follow the order: ttt-<cct-<ctc-. Thus 

the trivalent complex in etc-geometry is the strongest 

oxidant. The reduction of the trivalent complex with hydrazine 

hydrate was examined spectrophotometrically and found to be 

instantaneous and almost quantitative. In acetonitrile~ 

+ 
RuC1

2
L

2 
complexes act as mild oxidants. 

In Chapt.er IV we describe an int.erest.ing 

ruthenium mediated oxidation of aldimine to amide which is 

otherwise not obtainable 

Conversion of an aldehyde function <-CHO) to an amide function 

C-CONHR> follows the route, 

-CHO -COOH 
RNH 

2 .. --.. :· -CONHR~ 

vi 



ln the present work the conversion <equation 1> follows 

the J-evt.~rse sequence~ • , 

RNH2 [OJ .. 
-CHU --> -CHNR --,;· -CONHR ~ 

A family of isomeric ruthenium amide comp le>tes 

have been isolated in excellent yields by oxidising the 

isomeric bivalent diimine complexes, 

<also aqueous ce4+). 

The comple:·:es of t.\-ivalent l-uthenium are of the type 

[RuCLO>CLH>Cl
2

J formed with retention of parental isomeric 

structure, where LO is N-bonded arylamide bonded to Ru<III> 

in anionic deprot.onat.ed fcll-m~ LO-, while the di imine LH is 

vii 



LO= 0. -
l-Nh 

One of the isomers. 

OQ 
R :: H : L1 0 

R=CH 3 :L20 

R 

1 1 
trans-[Ru<L O><L H>Cl

2
J is 

structurally characterised by the use ot X-ray diffraction 

h:>r:hnique lrl collabol-at.ion. lhe suitable crystals fol- the 

other two isomers could not be developed so far. However~ 

the1r q8ometr1es could be assessed from the1r spectral data. 

All of t.hem d1splayed 

-L 
assigned t.o which is at em VC=O 

that of at. ca-1612ll2l 
-1 

A VC=N em . 
band the region 3(2)(2)-3(2)5 

-1 
ln em 

t.nans-amJ do isomer assignable 

suggests a l1near or nearly linear 

a shal-p band at ca. 16312) 

hi ghel- energy compared to 

single, strong and shar-p 

has been displayed by- the 

to v Ru-Cl which strongly 

t.rans for 

l:<:ur:J,J moJPty. A doiiUlf?t hc\S br.>en obFa-elved at the l-ange 
1... 

-1 
290-310 em for other two cis-amldo Isomers. 

Vlii 



lhe solution electronic spectra of all the 

compleHeS <M.re dominated by an int.ense absorption at c:a-500 ntn• 

Other then ~h1s more absorpttons are observed 1n the range 

280-360 nm. The or1gin of these absm-pt.ic•ns may be due to 

LMCT < 1 igRnd-to-metR 1 chal-qe transfer). A low intens1 ty bcmd 

occul-s fo1· all am1do comple>:es in t.he neal- IR req1on at 

~a-1460 nm. which is ass1gned t.o ligand field trans1t1on 

w1th 1n the t
2 

shell 

ligand field· 

spl1t by the rhombtc naLure of the 

The EPR spectra of the three 1somer1c Ru(IIl> 

ami do comp le>:es at. in 

acetonitrile-toluene. Both the predicted and observed enerqies 

of the band follow the order: trans-,cis-. wh1ch is also 

crms is t.en t w 1 t.h 1 iq.:md filed description of t.2 splitt1ng 

and this Inequality is of d1agnost1c value for rhomb!c 

structure ass1anment. 

The magnet.tc 111Pment ml:"asurement suggests the 

~ 5 
comple>:es al-e of low-spln dw configw-ation C1dealised t

2
;: S = 

g 
1 - ) . 
2 

In CH8cN. the trans- as wel J as c1.s-amido 

1some1-s of RuC1
2

<LO> CLH> display two nearly 1-eve1·sible one 

electl-on cvcl1c volt.ammeh·Jc 1-esponses at. ca. -0.15V and at 

ca-1.25V due to stereo retentive RuCIII)/Ru<II> and 

RuCIV>!RuCIII> 1-edo>: l·espectiveJy. The muc:h lower value of 

RuCIIIl/RuC [I) couple in am1de comple>:es. 

ix 



III trans-/cis-Ru <LO><LH>Cl 2 + e 

than in original diimine complex,<at ca·0·35V>, signifies 

the strong stabilization of the higher oxidation state by the 

amide 1 ig.:md • 

It has been shown that the 

t.o t.he con-espond ing 

+ 
ERuCLO>CLH>Cl 2 J proceeds via the formation of CRuCLH> 2cl 2 J • 

The wet solution of 
+ ERuCLH>

2
cl

2
J 

quantitatively disproportionate as 

spontaneously and 

+ 
3 t.\-ans-/cis-Ru<LH>

2
cl

2 
+ H

2
o --> trans-/cis-Ru<LO> <LH>CJ. 2 

+ 2 trans-/cis-Ru<LH> 2Cl~ + 3H+ 
- c: 

It is proposed that the water molecule adds to the 

azomethine function~· t.o· produce ot-hydl-o:·:y amine function 

which is then rapidly oxidised to form the final product. 

A preliminary report on the photo induced oxidation 

by moleculal- oxygen to the 

corresponding trans-ERu<LO><LH>Cl
2

J has been also described· 

The chem is t.J-y of silver comp le>:es of 

N-arylpyridine-2- carboxaldimine ligand, L < 1> is t.he 

subject. mat. t.el- of Chapter V· The silver complexes of 

N,N-donors have been shown t.o be useful synthons fol- the 

controlled synthesis of transition metal complexes from their 

halide salts. 



Silver n1trate reacts with boiling ethanolic 

solution of L<1> jn the molar ratio of 1:2 to yield cationic 

+ [AgL
2

J <e>. wh1ch has b~en isolat.ed as a cl-yst.all J.ne 

per chlorate salt 

The complex of general type [AgL
2

JC10
4 

has been formulated by 

element.al analyses. It. may be noted hel·e that. emamples of 
o, 

bis ligated silver(!) complexes are scanty. lhe complex 

behaves as a 1:1 electrolyte in methanol. This shows 

characteristic absorptionsq vC=N(pyridlne) and 

for coordinated liqand w1th sh1fts to lower frequenc1es 

comp•red to free ligand, which suggest that the ligand L 

IS coordinated to silver(}). The h1gh resolut.ion 1HNNR 

spectl·a of the comple:: wit.h different substituted 

ligands are reported and completely assigned· 

1 shown from the HNMR data that two ligands in 

It. has been 

t.he 

s1lver complex are magnetically equivalent at least in NMR 

time scale. Based on NMR and IR data it has been proposed 

+ that the structure of [AgL
2

J is ~etrahedral. 

l"he solut.jon eJectl-onJc spectrum of the compJeJ: 

is dominated by intense absorptions 1n the UV reoion wh1ch 

may be due to intra Jiqdnd tr~nsit1ons. 

The stab1lity of the silver compound lit 

chloroform. methanol 

Beer's Law. These are qu1 te stable Jn methanol and chloroform 

}{ J 



2 

rhe CF?F.ICi"lVJ tlPS nf 

:-.2+ 
I·IL:J <1"1 - rE',Co.l~1 > 

1·1C I Q • ,t.,l I, 1 D + 2r')g I-.~, 
LM (_ ,_ 

Chapte>r VI 

2-1 
I"IL:::J 

i ow a 1 rJ <; 

of the 

1- 3()qCl '31_ 

I 2t~)qC] I L 

~~Yilth~ll<: 

ni'P.Y 

iypC? 

( ump I f-' l r·' Sf?l If?~"' pf t ~-I 0~- L Ill? l ,-\ t (-'d ( Ulllfl L ('"f.><=," [ r..:uL ( Llpy 1 ,_
1 II .:. - ll 

(ll:::: llt-<3J 

;:i. i 



The direct reac~1on of hydrated RuCl 3 w1th L 

2+ 
tn solut1on fa1led to afford isoJable I:RuL 3 J species· Then 

the sllver(!)-asslsted synthetic .-f.)Ut.e was e;:plol-ed ·for th~? 
I 

•ynthesis of tr1schela~es· 1he reactions of chlor1de salts of 

smoothly Jn ethanol to y1eld tris-cheldted spec1es. which 

were 1solated as the1r perchlorat& salts 

+ 

+ 

EtOH 2+ ----> 1: RuL3 J 

2+ CRuL
3

J 

+ 3AgC1 + 3L 

+ 2AgC1 + 3L 

2+ I:RuLCbpy>
2

J + 2AgCl+3L 

The composition of the new compounds. purifled 

by column chromatography. were formulated by elemen \".al 

6 analyses. These are dlamaqn<?"l.!c (t.2 > and J :2 electl-olyt.es 1n 

and show c:harac t.er1st1c absorpt1ons 

coord1nated L and bpy. 1n thell- Ik spectna. 

2+ The geometry of the complex tRuL3 J was determined 

by 1HNMR spectroscopy. The methyl s1gnal of = 
N-p-tol ypyl-id lne-2-carbo::aldimine) was obsel-ved wit-h the 

intensit1es 1:2 at 2·18 and 2-086 respect1vely which is 

characteristic for a meridonal geometry. 

The solut1on elect.ron!c spectra of the comple>:es 

Hii'l 



are very similar 
2+ to that of [Ru<bpy> 3 J in intensity 

profile except for the 1 owest. energy t.ransi t.ion 

[R I ] 2+ 
't..t -a which appears at lower energy (480 nm) 

and 

for 

to 

t.ha t. (454 nm). E:·: c i tat. ion of ethanol ic 

solutions of the compl~xes at 430 nm at 77K resulted in 

multiple band emission spectra. 

In acetonitrile solution at room 

four successive reversible to quasi reversible one electron 

1 . 1 t t . b :1 f [F..;'LIL~J 2+ 1· ,-. r.:yc 1c vo ··.amme··.rJ.c ~-esponses al-e o sel-vec o·,- , ,;:) , 

the range +1.8 to -2.0 V versus the SCE at platirlum 

electrode. The response at the positive of SCE is a metal 

centred process, RuCIII)/Ru(ll)· Other three cathodic couples 

represent successive reductions of the three coordinated 

ligands. 

+e 

-e 

-e 

FOl- the cationic 

-e 

[ -=IlL ([.") .. J+ .. r:u -2 

-e 

comple>: 2+ ERuL3 J , si>t 

successive reductions in principle could occur- Five responses 

were observed in the experimentally accessible range by 

employing glassy carbon as a working electrode. 

:·dV 
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In the process of synthesizing mixed ligand chelat:ed 

ruthenium complexes of LH( 1) and 2-(m-tolylazo>pyridine 

<La,e> some interesting products were obtained along 

with the expected products which are elaborated below 

<Schemes I-III>: 

c i s-RuC 12 < LH) 2 ------...._ 

AqLieOLIS 
EtOH 

1 
Aqueous 
Et.Ot;! 
+Ag 

. 2+ 
Ru<LH>

3 

Scheme I 

4 

3 

The bluish green cis-RuC1
2

<LH> 2 reacted with two moles of 

in 1:1 aqueous ethanol to produce a pink 

in addition to the expected brown tris-chelate, 

compound 

2+ Ru<LH> 3 

<3>· Interestingly, an aqueous ethanolic solution of pure 

R 2+ '1 .. 1 <LH) 
3 

in the . presence of d i 1 Lite aqueous 

quantitatively produced the pink compound. The pink 

compound is analysed 

<pic= 2-picolinate anion). The compound 4 is diamagnetic 

and displayed a moderately strong band at :1.650 
-1 

em 

indicating the presence of carboxylic function along with the 

characteristic features of coordinated LH and ionic Cl0
4

• The 

compound 4 <LH = L
1H> is structurally characterised by the use 

of diffraction technique. 
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2 + 
2Ag<L H) 2 

c i s-RuC 12 < m-tap > 2-----·...._ 

/ 

2 2+ 
Ru<L H><m-t.ap)2 

1 
Aqueous 
Et.OH 

+ +Ag 

+ u<pic) <m-tap> 2 , 

~ PicH/EtDH 

2+ 
cis-Ru<OH> 2 <m-tap> 2 

Sc:hrtme II 

The reaction of cis-RuC1 2 <m-tap> 2 with two moles of 

6 

in aqueous ethanol resulted the formation of a mixture of a 

brown and a violet products. The violet product may be 

generated by boiling the brown product in aqueous ethanol in 

the presence of dil AgN0
3 

solution. the 

of cis-RuCOH2 > 2 <m-t.ap)~+ with PicH in ethanol 

instantaneously produces the violet product in a high yield· 

The is analysed and 

characterised as vJher·eas 

t-he violet. one is charactel-ised as 

( 5) • The 1:ompound 5 is 

1:1 electrolyte and displays a moderately strong absorption 

at 1660 

which 

-1 
em charact.eristic for carbm: yl i c 

is conspicuously absent ·in compound 6· 

function 



+ 
2Ag < m-t.ap) 

2 
_ 

c i s-RuC 1
2 

( LH) 
2
------"-

Aqueous 
EtOH 

+ 
Ru<m-taplCLH><LO> 

2+ 
Ru ( m-tap > ( LH) 

2 

7 

8 

Sc::heme III 

A mi'>:tul-e of a pink and a brown prrJclucts WE'l-e l-esul t.ed 

2 + 
c i s-RLtC 1 ':;) ( L H) 

2 
~-eacted with t:wo moles of Ag ( m- l-ap ) 

2 r-

aqueous et.hanol. The pink compound was an.:\ lysed 

when 

1n 

as 

-mlde) ( 7) • lhe compound 7 1s 1:1 electrolyte and 

dlsplayed a moderately band at. 

character1sed by spectral clat&. 

L620 
-1 

em 

l"he compounds are 

The met.& 1 o:: 1da t.ion as well as l1gand ~-educt ions 

fol- t.he above complel:es have been stLtdied volt.ammet.\-jcally in 

act-:>ton1 l . .- lle us.ing pJatjnum as the workJnq ti=ilecl-.rode. It. has 

been obs~rved that o:: 1da t.ion of !:.he 

comple::es. vl.~ .. 

+ 
[Ru<LH) <LO> (La)J occur at lowel- pot.enl-ial as compared t.o 

2+ 
[F<u<LH> (La>

3 
J comple::es. All the comple>:es n -n 

vislble range .:\nd absorption enerqies l1nearlv correlate with 

~:viii 



the differences between the metal oxidation 

ligand reduction potentials. 

and the f i l-s t. 

Part of the results of the studies described in 

Chapters II to VII have been published as noted below and rest 

are under communication. 

Chapt.el- II: E.91..Y.b..§.!.tr::.on..1.. 1992~ 11, 3183. 

Chapte!-s 1 I I: E'..9.lYl1.edrg_o_ . .'L 1995, in Pl-ess 

Ch a p t. EH" s I V : ~!...!.. ~]l!Eln..!.. g.Q_t;~-!1.. ~ Dfllill..'-:.\.!J •• ~. , 1 99 4 ~ 57 • 

Chap tel- V: E:olyh~.!.tL.9.1l.!!.. 199£• ~ 1:3, 1063. 

Chaptel- VI, J ·- Chem~Q..~.- Da.!..t-ort Trans.'· 199Lt, 1305. 

Chapters VII: Communicated. 
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CHAPTER I 

BCCPE AND TH~ PURPUS~ OF THcr PRESENT tNVE~T!GATlON 

br1efly enume~ated zn the chapter. 

r.t Preamble 

Molecules w1th carbon n1trogen double bond. 

~nd 1n pcirtlcular the a. a· - d11m1nes hAve attracted much 

tntPrest for thm use as l1gands 1n m~taJ comp J e:: es" 

e>: •'=Imp I e" (bpy) molecule 

belongs to the: above cJass and Jts comple:: w1th Fe(JI). 

~~-~-
F~Cbpy)3 has a grea1 analyt1cal value. Its homoloque 

~nd 

r~uthenJUrn(1J) 1S l-enownecJ fOl- fol-mlng very tner t 

bonds wtth 1m1ne n1trogen 
-17 

cen1.n~s and the l.tgand et-donol-

strength. as est1mated by pro !-on at .ton cons t~n t. 

18. 19 
n~ 8H+" pJays a cruc1aJ role 1n determlnlng the energy of 

ocrup1~d melal d-levels ~nd th& potentJaJ for dJSSOClal1Dn• 

On the otherhand. the access1b111ty of a redo': -act 1 ve 

1 



mt?tal-'l.o-ltQc:!nd chal-ge trans:-fet· (I"ILCf) e,:c1ted stat<? at low 

levels ln 

~tab1l1~at1on of f1lled metal d-orbltal~ and lhe J a ttel-

<?ffecr leads to a stab1l L~at1on of l1q~nd centred LUMO"s 

ava1Jabls for ch~rge Strateg1es to sh1ft the 

~n 1mport~nt are~ ot research 1n connect ton to 

fnr effe~t1ve photocat~ly&ts 1n the lonq w~v<?length reqJon of 

of nt'.:~\1 c ornpounds. 1Jgands that 

W 1 th the bac~ g ,-oLmd d L sr.:ussed 1 n th<? Liast sect 1 on 

rhe synlheSlS and propertJeS Of 

n-1 l hen J Lim c omp l <?): es dPrtved nP.Litt-al Schlff-bM.SC? 
':)'':> ':) 6 

I d
,_,;.~-, • 

1 gan • VI;:" Out-

Tht.~ llgr.ad ., L belongs to a. ct ·- d llOHne c la~s and t t d1 ffel-s 

1n two maJOr respects from bpy. been 

* estabJ1~hed that 1rs lowest n ts at a lower enerqy and dS a 

resuJi" rr -- be~cl' bondtng to L 1s strongen- rhe~n bpy. Th1s, has 

of the rurhentum( ll) 

~ ,_ 



-N=C-C=N-

~ ,r:A/- Diimine Chromophore 

Q---0 
2, 2~ Bipyri dine 

~/H 
'=N' c~N-Ar 

N ..... Aryl- 2- pyridyl 

Carboxaldiimine ( L) 

The ground state 
conformation of L 



I· han !"he CO\Te<spond 1ng comp le;:es of bpy. 1-'lm-eovel-. the l1gand 

L 1s more iJe:nbJe .:md c.::m coordJnC<te HI dlffen~mt. way<:>· 

D1fferent modes of coord1nat1on modes of L have been best 

3t-3lt 
P>:PmplltJed 1n the on]anometc:"tlJJc compJC?>:es nf L· Two 

se 1 ec t 1 VI"" e-;: amp J es of the J 1 ganciE'l a l-1? 

3L~ 3o::. 
I .and II·w 

3!:i q 3b 
shown Scheme 

Outs1de organometallic chemtstrv. there have bee?n 

un 1 y e;;t n:\y n::>pol- t s on the ~-ut·hen 1um comp l P.>: C?S ot L. In l9'78. 

Dose an~ W1Json f11st reported th~ svnthi?Sls oi 

fl·om ~ r,LRuClc::-(1·10 0) J • 
~ '-' 1.-

Subsequen"lJy, Zelews~y 

38 
descrLbed the synthes1s ~nd propert1es o1 a mn:ed 

b1valent ,-uthenliJffi compound· [n both the cr..Jmple::es thE" ll<,.,tc::md 

L lnnds a<::- a t:)Jdent.:-1le N.N-dono;-. Thl? sc,mty repo,·ts 1n i.h1s 

area 1s probably due to the lac~ of su1table synt'he?tlc 

methc<clolog1es fen- t·he synthes1s of above compleH<-:...,!!::.• The wod-

clesc ,- t t:"=~ 1 n '1.1 ;e succeed 1 ng chap 1· e n::. ( l I-V I I) 1ndeed shows 

that thP. coordtnatton chem1stry of ruthen1um tnvolv1ng L as 

potenll.::tllv e_.::tensJve wl"lh many noveJ Eff 1c 1 en t" 

new C~ntJ dtn=c:t synthet1c: routes fol- the synt.hestS> of above 

t·he compJe>:es h.:ive been made based m;:tln1y on photochc..:.m1c:al 

dala. S<::>me of lhes:e propl?i"lles .-in~ not only unusual but also 

has dtrect relevances to the des1gn ~ncl prob~ble synthes1s of 

efflLLwnt redox cataJvsts. Two novel chl?mJc:aJ 

these complexes have be•n followed by the determ1nat1on of 

lhree dlamens=tonal X-ray structures C1n collaboration) of the 

pr·oduc: ts" 

3 



~~N-R 

R
1
=H 

SCHEME I : Reaction Scheme for Ru
3 

(CO) 
12 

and L 



t-Bu t-Bu 

I Et I 

6
N'-.... / ao·c l6~z E - c-c coupled dimer Zn --i:=-;-;:..___ • .n- t -

/ " Cs~ N/ A N Et 

SCHEME II 

((141~ 
c ( 13) 

A 



Structure of Ru
3

(C0)
4 

t-Bu-Pyca)(HC-CR)
2

(CO) 



-rhe pl-lfl\.:tl-v .:um oi th1s ~<"JUd' 1T1ay be de<:::.CTlbC-'d 1r1 

br1ef by thm follow1ng po1nts: 

( l ) Dynthr.?SlS uf camp 1 e>:: es of n-1then J um usJnq 

N-drvl-pyl Jdlne-2-alrltmJne. L as the l1gand· 

(lJ) Ch.:u-.::\cte,-J.~allon C.11- rile compJe::es L!SJ.nq 5>-J.)P.C.ll OSC:C!p.l.C 

te>chn1ques-

( 1 1 J >Study of ttsrng 

(lV) Study of r~act1vlt1~s of the> c:omp I P.l:P-s !-\II th sp~t.1 aJ 
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CHAPTER II 

ISOI"''ERIC CIJI'1F'L.E.XE~3 OF f~U n·H~NIIJI"' ( [ [) WI"rH N •• ARYLF'YRlDJ.NE 

2 - CARBO X AL lH M t NF.:S • H L ~H ki'E80LI I'T l ON F-'r<Cll ON Rtii:Sl1NANC~t:r Sf""El.C l RA 

rHE!R PHYSICAL PRUPE.RTI~a• 

ZT1 bo.zl.znQ 

t ,ri.-OH a(·fot·d_r:: datf, <..ty.=-talr:: ot Ru>..-.L ..... 
.... -..J ...... r!. 

!> 
mult.zple ~~---• rr CL) trah$lt.z~ni zn the ~zs.zble r~qzon. kach 

!'he .... omple-' ,e:s 

re3pon:sP due tn su RuclllJ!Rut]JJ couple .zn 

0.25-@.50 V ~s. ~CE at d pfdtrnum wor~rnq Plectrode. The 

·to1·mal p<>i·ent.zai . .:: of tlu-.:: t.::ouple obey th1'? 1-lammett ll1H?iiH" 

IE 
A pe:~1·t nf th1s wo1 ~ l1e:~s .:-..ppt?arecl 1n Polyhr:::'dr· .. ;n. J992, 1 1 " 

3188. 

8 



II·1 INTRODUCTION 

ltH.;;> c:tH:?mistJ y of n_lthelllLllll c..ompleNt:s of unsat.Lll".at.ed 

1-3 
n1troqenous l1gands is qu1te eNtenslve. However~ the 

Sc:ld f i LJc:\se c:omple::es of l-uthenium in qE!nen:\1. and bivalent 

in 
{.~-112) 

l-ep 1-esen t l-e 1 at.i vel y 

t 1 1 
14- 18 f . 1. d . th . d f me a c:omp e>:es o o1-qan1c 1gan s w1 . val-ylnq egl-ee o 

o-basic:lt.y and n-acidlt.y led us to e:-:plol-e the 1-ut.henium 

chem1st.1y of Schiff base 1 igand system. 

5 6 

*0 R L 
H L1 

3 C=N 
/ CH3: L2 H13 1209 Cl • L3 . 

- 10 
11 R 

L,l 

The l1qand L has an a.a'-diimine fragment and it may be noted 

that most. of 

genP.rallv show charge-tl-ansfel- emission-- a pl-operty that. 

I d t . 19-21 
,e!ps 111 me la 1nq 1mportanL photo-lnduced reactions. 



22-24 In recent years only a few reports of ruthenium 

complexes of L or related liqands have appeared in the 

In this chapter we describe the successful 

synthesis and charcaterization of isomet-ic bischelated 

ruthenium<II> complexes of the general type RuX
2

L
2 

CX=Cl~Br). 

Stereochemical assessments of the complexes are made on the 

b~sis ot their spectral data. 

II-2 Results and discussion 

A. Synthesis and Formulation 

<i> LiQci'ArldS!I 

The pyt-i d ine-1.~-·c:e:"\ rbm: al d i mines ( L ~ 1) , 

differing with respect to the substitution on the aryl ring, 

used in the present work, are abbreviated 

were th . d24 syn ·. es1se in high yields by 

as These 

the 1·-eac t. ion of 

2-pic:onaldehyde with primary aromatic amines in boiling 

llll 

Et OH .... 



FLnal pu1-1f1cat1on 1n each case was pel-fonned on a sJllca gel 

column. 

< i i ) Cwop 1 ~H ~s 

I·-;:LtC1
3 

Jn 2~1 mr.::.lc:if rat1o u-1 the-? prE?sence> f.)f el:cess of LtCl 

( 5 t l mr,._.c;;) l n A.t·,c:,c.lJ u t E' e> t·hC:Irto 1 at ,- e f ILl>: to v 1 e l d an 1 somel-11.: 

ml~:tln-e of RuCl.)., and some other LtnldentJfled pn:1ducts. I he 
{_ r..~ 

svnthP.tlc reactJon may be described as follows (pqu~tJon 2l: 

EtOH 
----- RuCJ ,..,L~-1- t1ther pnJduc:ts C' ,_ 2 

the ~dd1t1~n of JJg~nd~ ptoduces the c:nrrPspondtnq d!brnmo 

compountJs. 

c:hlor1de 

,-educ.t·lnn. fhe> stage at wh1c:h thP. l"educ.i"ttm of Ru<III) 

Rtt ( IT) nc·c.u1· h.::\s nnt l1een eluc 1.da~ E>d. me1.ciil 

pJ RUS!b I.e path fen- tile 1 onnat1on of thy above compleX@S• 

column ~hrnmatoqr~phy (see below). 

also 

3 

11 



1s ncteworhty Jn that Evans et al· found that complet~ 

subst1tul1on of Me
0

SO 
'-

by neutral l1oand ltke 

2,2·-b1pyr1~1ne '~py)does not occur generaJlv 1n a solvent. 

We conclude that L must be i£1 bette1· tnans-lablllSLnc...t 11 q.:ant:l 

to pI" OCCt~d to complet1cn dt the 

tempari'itl.we of 1·etJw:1ng EtOH· 

(iii) Formu\~tion 

lhe clth<.1lo comple::es mn~ so]t!bJe 1n l"elalJvelv 

non-polar solvents 11~~ CHC1
3

• Cll':lCl 0 etc. 
c. c: 

EtOH. l"leOH etc. The 

25 
formulatJnn of thP compounds w~re made b•sed on elemental 

6 dnalyses (Table TI-t). These are ~1amagnet1c <t
2

> 

solut1ons are non electrolytlC· All these data collect1vely 

conform to the formulat1on of !he ruthenium comple::es ao;; 

Thf:> bJsc-helated F~uX 2L~ coni-aJn1ng 1he ttnetymmetl-lcal 
i::! 

- 6) • Out of thc~se t~t-m vi:t:• and 3 have trans-RuX':l 
c. 

ol-Jentatlon where>as l-est tt-n·ee, 4-6. h•ve cJs-RuX,':) gn-:>ttrnng. 
1.:. 

Constdertng the coord1nated ~toms in 1-hre>e pa1rs. Vl~· X. X; 

(tee>. 3; Cl5 

( c t c ) • 4; c 1 5. c J s. t 1- .:m t ( c c t ) • 5; and c 15. c 1 s. r: 1 s (CCC) • 

12 



X 

) 

etc ' c2 
4 

X 

- c: 

X 

) 

c c t 7 c 2 

5 

I 
o N (pyridine ) 

X 

X 
t cc , c2 v 

3 

X 



<Z and 8. trans ~tth resppct to twa XJ arB expected to be 

t.:>ptlC:C'-\lly lne:\c..tlvl? unless umtsuaJ 

Out of the f1ve poss1ble q~ometl 1c:al lsomers. thlee 

hC'-\ve be~n 1solatpd sa far. The1r structur~s have been proven 

by spec: I n-.sr.:oplc: lechnH"fLIPS• TIH?s:;.<? c:1re tti.., etc: and c:cr. T1ll 

date no Pvld<?nce e~1sts for the oc:c:ur~nce of other two 

Lsom8rs from our react1on condJttons. 

The crude p 1·orluc: t • the 

l-eact 1on mu: tul-<? showed 'I hn:fle ma JDr spots on a s.t l1ca gel TLC 

column. 

d<?poslled 111 thm reac:tLon vessel on cool1ng. It WclS collected 

lee-cold 

ethanol· The f.tltrate and wash1ngs evaporated to dryness and 

mov1ng areen ban~. was sJmllar to that obtatned dtrectly as 

waE followed by two 

ethel- lllr'\JOl- f1-a1::ttons --one wcas blulsh--gn=en and the olher 

13 



was v1olet. Then":! W<'?re m .. 1ny overlapp!ng m1no1- b.:tnds. wh1ch 

rema lrle>d at the> 

lop of column. 

D· Ch&racterisation 

lnf l-an?d spec tn:• 1 data were col J ected .::\S VB1- d J E":>cs 

-J 
111 the ranne 4~00-250 em • Selected qrnup frequ~nc1es are 

pl-esen led lll "I ab 1 e . 1 [ • 2 • AU thP. eomp Le'tPs show 

~har~cterLstJc absorpt1ons for cnnrd!nated L 1n 

spectra. in free L v<C=N> 
26 

1s observed at ca-1625 

il-equeney 1s lowe.-ed 1n the comple·:es. 1600 

-1 
em fhe lree l1gancl. L. does not 

the>l .- TR 

-j 
em . 

-1 
em 

show 

1he 

rhe 

r.Rny 

-1 
ab<Sorp t 1 on be-l ow 350 em • A J J t lle d 1 ch J oro c:c:omp 1 f:!;: P.s e:: h LI-nt 

a moden=t tel v bancl(s) at ca-300 
-1 

em Whlc:h 

Jn 

lS 

the 

2'7 
IR s.pec:lrum of RuC1

2
L

2 
!s due to the v<Ru-Cl) s l n::l tch lll!J 

mode. WP. could not 1ndent1fV v<Ru-Br) wh1c:h probably lJes 

nu--Cl si n:!"tt:hlnq mode:- 1n gree>n l<Some,- of 1-<uCl.L~ appeal-s .-~s a 
c:!. ~ 

lwo-band stn.tc:'l.Lt•·e ( 1 abJ e. I 1.2.F 1 I.:JUl"f::1 

J I .1). The s1nqlet nat'url':! of v(f\u-Cl) stn:mgJy 

a llne;:u- -1:'1-i::ins groLtplnQ c::d the RuC1 0 mou?ty and ,_ 

14 

2'1-29 
Sltqqests 

the doublet 
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r 

f~ (j61J G (j J 

v( r.:;:u- [ J ) lS 

two C 1 '=> 21nd the othe1· 1 some•1·s llave a 

c 1 s·-HuC J 
2 

q<?cHne l1 y. Thf-.J d 1 b' omn .:ma 1 oquF?s 

Jelen l"l ca 1 lR sppr l1-.:l J n th<? ,-anqe 4000-350 
-1 

em 

v1 .-tua 11 y 

1nd1catJnq 

the two 1 som<?n=, c:"sf F:uB.- 0 L ::J c:11·e 
'- L. 

<:::JIT•lla.· l·o thosE.• Df RuCL'=lL~..>· 
,_ 1-

I able L I . ::3. 

Cii) 1HNMR SpecLra 

lh~ q~om~tr1es of !he lSDITit>r1C. dlhaiD Ru ( I J I 

I snmer J c. l-=<uC1 ,.,L
2 r. . 

1 3 
<L~L -L J w~re ~hos<?n tor th1s purpDs~. All of them d1splayed 

1·11 qh 1 y 1 li:!SC.d ved spec tJ-et 1r1 CDC L ~=~. Th n...,•E.• 

Jn FJ(;IL\1(-:? 

II·2 and clr\ta a1·c• CDlJP.c"\"p<.J Jn 1c:\b)&! JI.LJ. 

The srectrum of bluJsh green 

c.ons1shs oi 51': dl"f.:liTic"l! JC resonc:mces Jn tu 

!PJh I Lh 

1 L":: ·-· 

< I 

' \• 

' ' 
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f1el~s· The s1gnal 

LoJncldEm!- dot.tbJets of 8-H and J2-H. f>lmllr-ll-LY~ ll H:? doub Jet 

s1cna1 a~ 6.7L6 dum to co1nc1dent doublet SJqnals of 9-H And 

Jl-H· Th1s Lsomer also dl~p1ays ~ sharp s1nq!et at 8-~86 

MSSlgnable lo 13-H and the s1nglei resonance at 2-286 JS 

') 

1 he v! tJ J F.> t 3 some,- of RuC 1 '=lL~ d 1 sp Lays .:' spE·c tl-um 
'- ·-

lt alsocons1sts of 

and twn trlp1el resonances. the arma of a~ch corrasponds to 

•!qnaLs arP assLqned to pyr1dy1 pro~ons 

Tl -~l. rwo more doubly lntense rcGonance~ were ohservad at 

htqher magnmt1c f1elds at 6-856 and 6-726· ~hese have bPen 

9-H. 11-H resrectJveJy. lhe resonsnLe for l3-H appeared cl~ 

2-216 1s ~ssLcne~ to mm~hv1 resonan~e-

The spt~C tra 1 PAt tenl of the g r(;?t,>n J S:Otnf:?l- of r-{LtCJ ')Li.:-'2: ,_ 

1 s n::;.mp L E1 te 1 y d 1 f f e ,-en t f ,-o,n t h<::? o l hel- ~we• 1 som1=2rs. A n:Hna t- 1 c 

tt<I/O at 7.::32 and ?.686 art,> hHce as Lntense as the other four 

s1gnals. These two s1gnals are clu€:? to l"tHncldant dm.tbJets 

t 1-H .and 8-H. 

16 



1 f.!--1-1" 1 <-i>spec t 1 v <? J v. sharp <-EJnqlei 

L ht~ 

!he: 

t sol a 1"12d compounds 

1~0mer1caJ ly rure ~nd h11o chelate 1·1nqs 

marlr,ettc.allv equtvalent. at least on a f\11"11-< tunc:-sc.:!le. ln 

prRctiCC? 1tve geometrtcal 27.28 bl !Somers are possi e (k z de 

1Dr lhe F~uC1 2L,_ moLei·y. Ot i.he: five poss:JbJe 
c ISOmel"S, 

one cis:(c~c> does not conta1n any symmetry aAlS· Thus.the tw<:J 

ltqiancJs ,,, ccc (.:Jeomell-y should be magnehc.ally 

.:md c:,hottlc.l Jn f.)l-.lnclple. s.,how tt-JeJvc arom.c\l1r and i.w<::J methyl 

fonnat Ion of onc: Di the 

2'7 
cn•~"dJnq of the 'lwli C:JS r!l-yl rinqs. Thel·e-fDn=·. ll1e 

E>:amJ na l Jon of the 

p1·o·h::ms Jll the q1 c•t":?n JSOI1•~~(-s are shJelded In genera]. and 6-H 

anrJ 5-H In pal-ttcular. cl::>mp.::\l·ed l·o th<..1se tn the blutsh green 

c=tnd VIO](;?t ISOmcl-s (f-IQlll e 11-2>. This strc:mqly Slltlqests that 

tht":? g ,-eell 1 sr..'lmel 1 s the mos i. =ymm!? t r1 ca I t t t 1 somc:r • In thiS 

(model ttt) to thr,~ <Rl-yl ,-Inq of the second l1qand and 6-H 

J7 



...... -



Cl 

cct-



etc-



b-1-1 wou 1 tl be? sh 1 el ded by the c:u-y J r1nq current and would 

resr.:matP i:\t a tnghe1· held (7.(36 6) • [t 1s also 

l·o r,o t<-:? l hr.:t t· 1 n the.> b 1 u1 sli g n:?en and v 1 ole l L St.}men; t1'1e h-·11 

.espectlvPly. ThJs re~ult the c 1s 

cDnf1gurat1on (WJ th 1esne~l to two chlor1des) wherP eacl1 6-H 

1s clos<? e1 the1· l·o a chlol·tde (ctc.J or an 

(cct). ln 'lheEH~ qeometl-J<?S neg11gJble shJeldJnq ol- evpn 

tlesh1eld1nq of 6-H wc.•Lild be e;;.:per.teiJ. 1hp,-efol-e, em the ba<:.ns 

ui vtolYt 1som~r the pa11 of prolnns 8-H. 12-H 1esonate Dl 

r:1s-·blLnsh <;.1ree11 1SOfiH;;)l- (7.(.:19 6). Cons1denng Lhe models of 

cct an~ etc, 1t may be heen that 111 etc qeometry the .:u·yl 

l-lrlq of one lJClc:111d Js tn clos&> pro):lml tv and pel-p8nd1Clllar to 

thP- P"Y•"1dyJ plcr~nP and thP 8-H. 12--1-1 pall- should bP !:'hl<?lrled 

11 11anc1 r-m< I lhP rc:,Jr oi· R-1{. jP-H n·?son.,,lp c:;,t Low<-:?J" f112ld as 

cltJS<? lu ihe pllf::>llYl r1nq t"Jf othe1· J 1qand- l t lS 

log1cally assumed that the 6-H of 

j 
chlorides- Th<?refore. based on HNMR data we propose that the 

18 



etc- [RuC1
2

L 2 
2

) 

cct- [RuC1
2

L 2
2

] 

ttt- [RuC12L 2
2l 

etc- [RuC1 2L\l 

cct- [RuC1
2

L 1
2

] 

ttt- [RuC1 2L 1
2 ] 

(9,11)1. 12) 4 5 3 
~s, I I I 

I .... I ' \ 
..... ' 

' I ' \ ,..... ...... '\ // 

/ 
/ 

6 
) 

I \ I ' ' 13 
I '\ 2) 15 41 

(9,11ll,, li~·~--- /~' -----
........ - -..... / , --_,....._ .. <........ ..... ... n ,,-

/ 

___ 16 
---

' I ) 4 3 6 
5 ( 

9
•
11 L(s ,12 l 

(8,12)-----, 
(9,11)J.lo 4 53 

I II I I I 
I 'I -.., I \ 

' ... ' 1 I \ ' 1 \ 
I I , j', \ 
I I ' I ........ ', 
1 I ' , 

(9,11)1 .... 1JOl_{8,12)_15 4113 
............... , ......_ ,....,. / I 

'-.:::-.. _....._. ..._ /" I 
..- ,. -......::::..:::,.~ ...... ' ~ I.- - - -

,-- I (6fif3 
5 (9,10,11)4 t 

.___ --(g' 12) 

/ 
/ 

- ________ f6 

6 
I 

/ 
/ 

/ 

G.o 7.0 g.o g.o 1 o.o 

c)(ppm) 
1
HNMR CORRELATION DIAGRAM 



q~:>omeh-y of the> blLnsh--qn:.pn 1some·· l<:s cc:t .and that of v1olet 

JSC.lme.- 1s etc. 

( 1 i i > Elf~c:t.ronic: Spectra 

Th<= elctl-ornc sp+?ctl-.:1 of the synthesJsetl comple::es 

w+?re l-ecm·ded Jn the ranqe 800-25(1) nm Ma1or bands of 

c:omple>:8s an;? collected 111 Table II-5 and the spec:ti-.::t of 

1n F1gure JJ-3. Fn!?e 

N-p-tolyL pyrtdlne 2 cal·br.:n:.::tldlmlnf? l1qand dLsplay'E: 

c:\bSOl-ptlun bands at 330 nm (e 3240) and 270 nm (e 59j Ill>. 

fhese c.an be l-espec t 1 vel y ass1gned to * n-'rr .and '"* rr- n 

fhe c:0lour of th~ ttt-RuX 0 L0 and the cct-RuX~L~ lS 
~ ~ c ~ 

LS v1olet. The C<..implel:es d1splay mul t1plr=• b<Rnds and shouldF>l-s 

(Tab l e. I 1 • 5) 

700-550 nm reg1on are ass1gne~ to metal·-llgant:l c: 11 a n;~ e 

t·hP. .ot. a' -- dum1ne <:hromc.'lphore. 1r<Rnslt.Luns ot thJs type are 

d i. d 22.23.38 
oc:.umen e for Ru ( J 1 ) COfllp 1 e>>: es 

Th<::.o transtt1on unde1· 

1s evJdently due i.o lll~?i c:'d -llqand 

675 nm and h20 

675 nm and 605 nm: ~85 flfil• 

Eat"l-1 oi lhem 1s asso~1atad w1th 

In the p ,-esenl <-omp 1 P.l: <:>S mul t l p J e cha l-gp t1-ansfe1· 

J9 
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splll"tlllt) of me>"\i:'\] level. lhe Jln?sence <.11 tll.ffes-ent ecc.eptm-

and tnpJet 

1. ani HW n:1t .1. ons Jr1 the e>n ted state throuqh sp 111 

Some l.n(C?l·estJnq lrends Hl I'ILCT ene.-qu'?s llc::~ve aiso 

been noted here. "!he h11,;1her ene>rg; tra1ns1t.t.on 

1rom a Lrrms to"" c:J.s cont.t.qun:d:Jon. but lh<=:· ene.-qy of lhe 

Lhe othen- !sand. on chang1nq Cl i.o B.- Hl '"I g1ven pa.t.l- of 

J n l n;d J g,;md 

<t-
(n- rr and 

-<E­
rr- rr ) tl-ansl t J t •ns ch.:n gr£> 

trans1t1.ons 1nvolv1ng eneryy levels wh.t.ch are hlgher 1n 

en~.,npes i.han th<=..> J1gand LUt10. Th1s m~y be due ro the 

E· EJ~ctron Transfer Prop~rtie~ 

One maJOr ObJeCtLve of the present stud1es .t.S to 

t-ransfer behaviour of 

complexes syntheslEed by us and ro c:ompc::~re the results wtth 

lhnse of ~nown systf::.'ms. To ach1ev·e> thJs nbJeC..i.Jve we ll.?'!ve 

e>:tenstvely used <-=:lectn.Khe/Tllc.al t·echn1ques such as cyc.l1c 

48.49 ~0.51 
vol tammetry. dl.ffe:>n·?lll""li:ll pulse volt·ametry <DPV) and 

cons1•nt potentJ.al coulometrv· fhe eler_trochem.t.cal symbols 

20 



used·throughout the thesis are collected below along with 

their meaning· 

<a> Symbols Used 

(l) General 

E =applied de potential. 

E~98 = formal electrode potential at 298 f(. 

F - Faraday - 96,500 coulombs. 

i = current 

i - peak current 
p 

n = number of electron transferred· 

v - de scan rate. 

(ii) Cyclic Voltammetry 

E - anodic peak potential pa 

E - cathodic peak potential pc 

6E = E - E = peak-to-peak separation p pa pc 

i - anodic J3eak current pa 

i = cathodic peak current pc 

(iii> Differential Pulse Voltammetry 

E = peak potential 
p 

6 = modulation amplitude 

The RuX
0

L
0 

complexes are electro active at a 
c ~ 

platinum working electrode and display three responses, 

21 



on thP posJ LJve sJde of 1he 

whereas thosP at very h1gh pas1t1v~ 

11 qand be:"! sed. 11 JS coven1ent to d1scuss th• detaJls 

separately. 

(~) Th~ Ru<III) - Ru<II> couple 

The re!:..,.nlts of the cyclJc voltammetr1c e):per1m•nts 

Are pn?sentecl ll"l Tab J e. I J • 6. Repn=!'s•ntat J ve vol ti'lmH.ograms <.:\l-e 

cl1~;;playec.l 1n FJgure rr.LJ. 

responsu •t ca. 0-30V· At slow stan rates (v 
-J 

10'~ n.Vs ) And 

1n •c:et<:mJt.-JlP 

characterJsed by 

lhe .-t~'sponse 1s revcs>rsJ b J e. Th1c::. 

l 
f:lC 

= L " L!iE = 80 -- 100 mV and J /v'1/Z 
pi'l' p pc: 

when the f:lOtent H:d J s kept f l):ecl on the pos1t1ve of 

1S 

lS 

the 

'"nL1ciJr: pee:\1 Llur at potent1als Jess than the c:athocl1c: pPi'lk C:\ 

1n lower oxJdat1on ~ti'lte An~ undergo oxJcl~tlon. 

Constant potentJi'll c:oulometrv was carr1ed out at a 

not-ent1Al 200 mV more f:lOSltlve th~n E <Table li-6) 
pi'! 

for 

l <~p~-e~entc"!tlve <:.:tses. The r.oulomb count c:o.·,·esponds to the 

22 



lransfer of one electron per ruthPnlum atom 1n each case-

The cycl1c vol{~mmetrJc response nPar (2).8 V 1s thus 

1-
dlle to thf:l l-evelsJble cottpJ<?(equai.Lon Lt). Lrr wh1ch the F:uX 2L2 

the 

LOllple !!::> 

------lio 

-,--

+ electrorh<?mlcally reversLble. RuX~LQ and RuXQLQ are JJk<?Jy to 
t 1.... L... l-

havP V<?ry s1m1l~r gross structur<?S• 

r ab 1 <? I J • 6 

On 1ncreas1ng scan rare 

l"~r"\r{-lcltlr\l-ly on chang1nq the 

v > 

solvent to 

potent1aLs. 

-1 mVs ) ancJ 

reversJb1J1ty 1n 

chloroform may be cJue to the low dlelectr!c constdnt of tins 

solvent (4.8) c.umpat-ed tc1 that oi aceton1 trJ Je (36.(2)). Chal-ge 

1s lnw. 

polar solvents. Tlrus a pos1l1ve sh!-Ft of E~98 1s e::pected Hl 

qo1nq f1om aceton1tr1le to chloroform. 

<::u-e summ<?t-lsed 111 Tdble It-6. Thc,., qeneral behav1our of 
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E ( V) vs S C E 

FIGURE II.4b CYCLIC VOLTAMMOGRAM OF ttt-[RuC12L1
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0 the ~298 valu~s are consistently sl1ghtly hJgher than the 

ccrrespond1ng tlans-analogue. Thls has been 

27 89-L~3 
observed • 1n several other csses snd th1s effect ls 

much men:;. p i-onounced 1n the comp Le~:es of stl-onq 1 y 

rr-J n t~rac'l1nq l1qands· ~.Je note here a col-respondence betwec=>n 

t=~98 anrl I'ILCT ener qy. H J ghel- the I"IL CT ener qy L;;q-qe:q- 1 s 
() 

1::.298" 

cc t etc appllPS to both MLCTCmetal to 

l1g~nd charge transferl E_o 
-:.298" Th1s lS 

Ltndel-standable s1nce the <~lecb-on 1s ti-ansfen-ed fi-om the t~1 r.:.. 

level whose stab1l1ty Jncreasee due to surer1or metal-llgmnd 

n-IJacl, bc•nd 1 ng ! n the c J s-- J s<::>me ,- • The enerqy of the MLCT band 

1s also controlled by th~ strenqth of th1s bond1ng. It may be 

Cl 
11oted that the E.

298 
of F:u<JIU/Ru(ll) 

comparable to thai Jn RuX_(bpy)
2

. Th1s 
i:! -

that the l1gand electrnchem1cal 44 
parameter EL of L 1s 

comparable to that of bpy. 

(iii> Ligand Oxidation 

In acid1t1on to the Ru ( I 1 I ) -F<u ( J 1 ) 

couple. 

respons~s at very h1gh pos111ve potenttals (.1.8 V). J I may 

2 
L • i:ll so shows 

two 1rr~vYrs1ble ox1datJv~ respon~es al 1.54 and j • 98V. ] t 

Js. thsn-efore. probable that the two success1ve o~:1dat1ve 

c:o::tdatJon. The o>:tdat1on of c:ooi-dJnated 1m1ne lln~ages has 
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38 her,?n ch~;;.r_ussed by other~ Jn;;:. relatf.?cJ lUtl!erllum(l]l syst(=)m. 

the formal potent1al data cilso 

ll (.") f 1·eve.:• l t·ha t · 1e E'.:l<~s o 
·- J" \ 

cCluples 

Cl 
the s11bs t 1 tuen l-s. The p 1 ol o-1' r::,:~~s vs • c. ... ~~c 

H O:HlliTH? t t 

substll"UPnt JS 

Fu,-the r·mor e. the formal potent1als of RuX.L2 show ~n 1ncrease 
1::' -

on cho:mgu1g X fl-om CJ toEfl·· Dual1tat1veJy th1s lG attr1bu!-ed 

iDa stab!l1~c-d-11.:>n of F<tt(lT) by !ncrl'?ased rr-bDndlng !II I he 

d 1 b 1·omo r:omp 1 e:: es. 

~XPERIMRNTAL SECTION 

(a) lnfr~r~d Specbra 

lnfrarf.?d specl-r;::. were cbta1n~d ~s l Br dlscsueJnq a 

-- l 
~-:.·t-0d 1n--El11,el- IR-9f-l3 (L~00!ll-200 em ) spech-ophctcmei.er. 

AoJut10n Electron1c spectra were 

chloroform w1th a solute concentrcltlon of ca 
--:.:1 

L0 mnl 

length ] Lm was used. 

<c> 1HNMR Spectr~ 

Bruker Fl-NMR Spectropholnmeter. us1ng 11"18 as an 

slanuard. 

2 1::" 
;::.) 

Ln 

-3 
dm 



Cd> Magnet1c Measurements 

VJbrat1nQ sample maqnptometer 

WalJer Sct8ntJfJr Magnet (Model 

<Model 

?:i FBAL) • 

ltEl-51 
<c> Electrochem1cal Measur~ments 

f I ti"r::?d W1 th 21 

The symboJs UFerl 111 ~lectrochem1cal techn1ques 

system 1n FilL 

<""lPct,-cH:henncaJ measu,-em<?nts. All measu,·emenl·s wen~ done 1n 

298±11 by 

us1nq a pn:r.:lsJon thermostat. All potent1als .:u-e Llllcorl-ecled 

fcq- ,!llrl<.tlon poteni.Jc·lls ar,c.l al-e l"f-'fen:;.nced versus satLu-.:ded 

colome] Elect,·odC:i' <SCE>· 

Cycl1c Volt~mmet1y 

Cyr:lJc voltammell-lC data !flJel-e collP.ctec.l t!s1ng a r-·r.:,F~ 

1"1-l '74A f-ll.::cl a l-og )"c:\ph l c r:ina I yser q '"' l '7!:i un 1 VPn:.a J p rorp-.:.mmel- rmd 

Fl PAR F<Uil0'7lt XV rec<.n-<.Jf-1,-. Thn:;.e eleclrocle <-ell system wluc:h 

tncludes A plar1c:\\ B<:?dman model 39273 pl.:d·1num Jr1lay wt.n-k.trl<.J 

a nJat1num Wlre aUXll tary e]ectro<.Jf-' and a 

Satur~ted Calom~l Reference Electrode (SCE) was used 1 J1 DL11-

study. retrabutyLammonlUITI Perchlorate <TBAP> was used as 

SL!ppor I 1119 electrolytes. ln eve1·y case c:a,-e ~\IF.1S tak<?n to 

obt.:iHl <1 fJat C!tn-ent voJtage base l1ne ovel- the ~-equtl-ed 

vo1ta0a range 1n lhe absence of tha electroact1ve species. 

26 



PAR M-173 po'le••tlost.at. F'AR M-1'79 

C(.)Ldometel" and F'AF< 3'77A c:<?ll system we'l-e used 1n c:oulometl-'lC: 

m<?asul-ements. lhe ceJ 1 sy!::ltem 3nc1ucle>s a p1anal- w1n:? gauge> 

p 1 .at 1 num wc)rl· 1 ng G 1 e>c t rode. p 1 at 1 num coun l·el- e 1 ec. l .-r.Jd8 and 

c:drrJed out at a c:onetant potentJa1 

Elec:tl-ol ys1s 

r·egul a ted by 

was 

the 

pn ten "l J os t a i· and c-oLd omb counts wen-? ob 'l a 1 ned from d 1 g 1 t.:ll 

dtsp1ay .and 1.-JE'l"e avel-AIJes of at1east 

mectSui-emf:!nts. 

th1·ee 1ndependr.mt 

B· Formula~ion of Compound~ 

1 h 1 s was done by C. 1-1. N m J c: ~-oe:me:l l yse>s us 1 nq an 

Elemental Andlyser. Haraous CHN-0-RAPID. 

(.;. Sol Vfi!n t.m 

A·R· G1·.;:..cJe Ben~ene. Ch 1 orof onrs • 

.;:..ce>ton1tr1le were used .as supp11ed. Bes1dee. d 1 J 

solvents used for prepc:tnattve ar,<J analyt1CAJ wed 

1·e.agent IJl-acle and used w11"hout fui-ther pu.-1fJcc:\t1on. Fol­

r~leci-.-1=>1-IH~m1c:al wurl • drH.?d ac:c~ton1 tl-1le and c:hloi-c)fo,-m W<?re 

used- The1r pur11!c:atton from c:ommerc:1ally available sources • 

•. :~re g 1 v<-?n bel ow. 



(a) Aceton1tr1le 

2 lltr&s of commerc1alJy ~va1labiG acetonttr1le was 

t.:t~en 1.r1 ~Lil-y bottle w1th a guc:\,-d tLtbe <conta1n1q fused 

c~JcJLtm c.hlortde> f1.ttec:l to 1t. 10 gms of calclLtm hydl-lde was 

.:tdded to tt. After 2~h. the solvent was dec.:tnted and was 

heated to reflu~ nver 5g of F' 0 fcq- o-5 h 
l+ 1 (2) 

ThE> c:IJs:.hlled ac8tonttl"lle was G heated to 

all al1.ne pe1·m~nganate ( 10r;;t <Jf ~,r1n0t+ and 117lu of L1 2 co3 > -rr:n- 15 

m1n pr1or to rapJd d1st1LJatlon- Ftnally 1t was red1sl1lled 

th8 protPss a dry Lond1t1on w.:ts 

50(2) ml oi the- solvenl ~"as I ept over anhycJJ-ous CaCJ~ 
.... 

fOJ- l(l)h. The tl<7~c . .:mted IICJU'l.d wAs then th1;:~roughly Wc:\ShC?d ~nth 

j(l)•;. aq110~ous NaHC0
3 

so1Ltl1on. Ftn2'111y 1i. was dJSillled over 

soJtrl NaHCD~ (5ql. The voltagE> wtndaw al plat1num eleclrode 
.:5 

we:\s +J -5V I"C) • j .::;v. DJst1lled solvet•l· 1-'Jas sto.-ecl Ln dad. tn 

<a> Chemicals 

The chem1caJs and ~heJr sources are as follow~. 

was ob t.atned 
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SchucdhanJt t. F-'ho!Ephoruspcmto,: lde. S1lJt:~ gel(60 120 meshJ 

for column chr0matographv. Br1L1sh Drug Hous<?. JndJa. 

F:uthen1um was obt~ H1f:?d from 

ltH th 

!:onc:!:?nt.-~~ed hycll·ochlorH: ac1d as gtven bC?lrJW• 

.ava1Jable 

d 1 ssrJ 1 ve:-cl 

!:.:'\'epon:t tetl l·o cll-ynE:'ss ( Ci=ILI t 3 on I 

V<..'\pOLII lllay JearJ Lo ~n Jmpure productl. The p .-ocesc.:; was 

··epeated l.hnce .. The rf·.:>~·ldue obldJnC?d ~\12\S F<uC1
3

.8H0 D 
~ ·-

(c) T~trA ethyl ~mmonlum p~rchlor~b~ <TRAP> 

I~ was use0 as a support1nq 1n 

ulctrochemJcal expertmen~s and p1epared as follows~ 

210Q ni tetraethyl ammon1um bromJde was dJssolved 1n 200 ml 

of ltJ<:tt!:?l"• ro the r.lea1- solutJc•r•• a solut1on of 100 ml HClDLJ 

ln 20 ml water wAs added dropwtse wtth constant s~Jrr1ng. A 

whJtE:' SC.!lld Jmm<?dJately p1·ecJpJ lr-tted oui·. lt ~tJas ftlten,?!l and 

f.-om 

Th<-0 VJ~a 
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Ani 1 ine. p-Toluidine and 

p-Chloroaniltne were requjred for th~ synthesis of the 

lioands L 1-L3 resp~ctiveJ.y. These were qenerally cbhained in 

situ by the condensation of pyridlne-2-carboxaldehvde w1th 

the e:tppl-opl·late .:H-omat.ic prim.:\l-y amine in el.hanol· The l1gancl 

2 L was J:n-epared as descr1bed in the lit.er.:\'\..ure. f-1 mi·:tw-e oi 

ml of t,>"\..hi:J.nol was refJu,:P.d en wate'l- bat.h tor t!t5 minut.es. The 

solutjon was thP.n poured in 200 mJ of cold w~ter wjth 

constant stirring. A yellowish white solid ligand was 

ob~ained. which was filLe>red and dried. (Yield ca. 90%). 

The synt.heses ot comple·:es of t.he t.ype F<uX
2

L
2 

(X = 
Cl, Bl-) wer-e aclneved ttslng genenal methocJs. Yield<::> v.:H-led in 

70-75%- Specific det.t~ils are given fc,-

Ci) ttt-~~ct-~cte-Dichlorobi~ <N-phenylpyridine-2-c~rboHal­

-dimin~> ruthenium(!!) 

e (2m mol) of RuC1
3

.3HQO and excess of 
i_ 

LtC1<2g) were dissolved in 20ml c1 ethanol and the mixture 

was reflw:ed for 15 minut.es. To Lhis l-ed--bl-own solutiotl a 

0-56g (6 m mol) of aniline in 25ml of ethanol. which was 

ref 1 u:-: ed sepal-at.e 1 y fOl- 31l1 minu t.P.s. was/'.( added. Immed 1ate l y. 
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<"'tlianol dnd then erhe1·· On lLC th 1 s compound si .owed three 

spots. 1nd1c<:'ltlnC1 the p.-<""<::--<::?nCE" n1 i·tt-<gre8n.maJC:ll" ll"c1CL10IJ), 

1somers of 
I r.:uc 1

2 
< L l '"J .. ,_ 

on a SJI!c.a gel column• Fll-st c'\ qn:en band was eluted w1th a 

1:: 1 ({) CH::::PN- CHC J 
3 

m 1:: tun?· A second ban< I" blu1sh green 1n 

tt-nl-d v1olPt band was elul·ed t,oJl th a 3:112) CH
3

CN-CI·ICl
3 

mD:tun~. 

These compounds were recrystall1sed from a 1:1 CHCl
3
-c

6
H

14 

~nother fracl1on of 

obta 1ned ·r rom the v1olet f1lrrate. 

F<LtC 1
2 

( L 
1 

) 
2 

f 1 J b-i:lte 

WC\S 

8Vaporaled to dryness anrl washpd thoroughly Wlth Wi:'\ter. rhe 

d ,-1ecJ rPs 1 dur~ wac:. i·hen e:: t l-ac t<::?d w 1 til CHC 1
3 

( 250 ml ) • On 

Addttlon of C
6

H
14 

to the concentrat-ed CHCl
8 

solut1on (25m!) a 

dad p.-<21:1p1tatE.- WC\S obtatned. ~\lh1ch was <;;ubJected to column 

blu1sh green ancJ v1ole"l ' 1 Rue J _ < L ) ,_ • c r. 

YLeld: Green :35% 

Blu1sh green j t?% 
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Cil) tt~-qcct-Dlbromobts<N-ph~nylpyridine-2-carboxaldimine) 

l-LI t.hen i 1.1m ( I I ) 

These !niP.-£:! prepc:\n~d sJm.tJ.:,rly Wllh the e::c<?ptJon 

that 1nslead of LtCl. LJRr C2g) was adderl to the solut1nn of 

Fo:uL~l'::l·31·1"D pl-Jol· to th~ adciJi"lon Df c:"ln etltF~noltc sDlutJon of 
,_, {._ 

Ye 1 1 c1: 

(iii> Preparation of isomeric D1chlorobis CN-p-tulylpyrine-

2 2-carbo::aldimjne) ruthenium<II> from Ruc1
3 

and p!·efo!-med L 

c-:•:c~ess LtCJ (2g) 11"1 2tztmJ of ethc:\nol was l-ei lw:ed Fm- 15mJr1· To 

th 1 s a sol u l"l on (::l't 0 • ::J9g (3m. mol ) of I. 
2 

1r1 <?thane 1 was a cider.! 

procedure ts ~1milar to 1hat clescr.tbeci previously. 

Blu1sh green 16% 

VHJ}et 19% 
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TABLE II -1 

Analytical Data of ttt-.cct- and ctc-ERuX
2

L
2

J CX - Cl. Brl 

Compound 

1 
t t. t-·(RuC1

2
L

2 
J 

ttt-lRuC1 2L.~J 

t.t. t.-l:RuC1 2L~J 

cct-(RuCl L 
3

J 
2 2 

Formula 
XC XH Y.N 

Calcd Found Calcd Found Calcd FoL111d 

3-7 3-9 10-4 10-4 

3.7 3-8 10-4 10-5 

3-7 

4-3 9.9 

9.8 

3 .J. 

3.1 

9-2 9.1 

3-2 8.9 

3-2 8.9 

3-7 3.8 

3-8 8.6 8.6 

-------~-------------------------------------------------------------



TABLI! I I ·2 

-------------------------------------------------------------------,_) <cm-·l) 
rna)~ 

Compound 
C=N C=N C-·H out ot C-+1 Out of 

C1m1ne> <py) plane bendtng plane bendtnq 

1 
l tt -rr<uCl,...,L

2
J 

c:! -

<:ci"-[f":!IIC t 2L~J 
c:.tc:-fHuC1 2L~J 

<::) 

1· tt-[RuCl 2L~J 
'".l 

rc:-l-[HI..ICl~:)-~1 ... ,_ 
!::> 

ctc:-rRuC1 2L~J 

l·t l-CRuC1 2L~J 1-

cc:-l-LRIIC12L~l 

c:tc-rF:uC1 2L~:t 
l· t 'l- CF-<uBr 2L~ "I 
cc: t-1 F:uBl-2L;J 

i_ 

r) 

ttt·-L I"<LIBl-2L~:l 
rj 

c:c:. 'l"-rt::.:uBr 2L~ 1 

162[1 1 6vl5 

1620 1605 

161 ::_, 1600 

16l5 L600 

1620 L605 

1615 1600 

1620 1605 

1615 j 600 

1615 1600 

1625 1610 

1620 1605 

162~i 1610 

1620 1605 

a -1 Jn tBr dtsr. 4000-200c:.m. 

Lll pyl-tdtn£? 111 phenyl 
\ J ng 

'77(11 

69(71 

765 700 

'780 7QJ0 

'775 '700 

7'70 700 

'7'75 690 

7'75 700 

'780 

7'70 690 

765 700 

780 700 

775 7([10 

Ru-Cl 

302 

305.?90 

305 

300 

310,29(11 



TABLE II·3 

-1 Ru-Cl stretch1ng Mod8(cm ) for a few reported 

F~u<II> .:md Ru([Jl) chloro comp]e;:as. 

Compound 1\ef a ran cc::>s 

cls-RuCl
2

<bpy) 2 338.319 52 

cls-RuCJ 2 CMaQS0), 
- ..... '-1 

33(('). 325 58 

t.-ans-RuCL 2 <Et41~~aN4 >+a 321 5lt 

c.ls-HuC1 •::.<NH3 > l 
1:. t 

31fll. 285 54 

c 1 s-RuC I . .) < HA) ~ 863.,331 c::-c:: 
o .. !w 

1... c:. 

c 
trans-RuCl~<HB><B> 358 56 c:. 

tr•ns-[kuC1 2 Can) 2 JCl.~H2od 325 57 

C1S-[RuCJ.
2

Cen)
2

JCJ..H
2
o 322.311 58 

-------------------------------------------------------------

cl an - Elhylaned1am1na. 



TABLE II·4 

a 
6 (ppm)b 

(J,Hz) 
Compound 

3-H 4-H 5-H 6-H 8-H 9-H 10-H 11-H 12-H 13-H 10Me 

ttt-ERuC1 2L~J 7-84 7-64 6-92 7-77 7.80 7-56- 7-56- 7-56- 7-80 8-92e 

(7.50J(7.609(6.689(5.65J(7.60J 7.50 7-50 7-50 (7.60~ 

cct-[RuC12L~J 7·96 7-90 7.59· 9.37 7.20 6-90 7·03 6.90 7.20 8-809 

(7-40J(7.609(6.309(5.00J(7.50J(7.409(7.209<7-409(7.50J 

ctc-ERuCl~L!J 7-12 7.31 7·61 9.70 6.95 6.92 7.05 6.92 6.95 8-60e 

._ ._ < 7 • 70J < 4 • 909 ( 7 • 609 < 5. 50J ( 8. 30J ( 8. 209 < 7. 209 ( 8. 209 i 8. 3!ZtT 

ttt-[RuC12L~J 7.93 7-63 6.93 7.86 7.68 7.32 

(7.45J(7.209(6.679(5.60J(8.15J(8.00J 

2 cct-[RuC1 2L2 J 7.95 7.89 7-58 9.36 7-09 6-71 

(7.50J(7.509(6.209(5.30J(7.70J(7.80J 

~ 

ctc-ERuC1 2L~J 7-71 7.30 7-60 9·69 6-85 6·72 

(7.70J(4.909(7.609(5.50J(8.30J(8.20J 

3 ttt-ERuCI 2L2 J 7-88 7-70 7.05 7-87 7.51 7.76 

(7.90J(7.609(6.609(5.90J(8.55J(8.40J 

cct-ERuC1 2L~J 7.99 .7.93 7-63 9.35 7-16 6-98 

(7.60J(7.609(6.509(5.50J(8.50J(8.40J 

7-32 7-68 8·908 2.49 

(8.00~(8-15~ 

6.71 7·09 8-78e 2.28 

(7.80J(7.70J 

6-72 6.85 8-58e 2.21 

< 8. a~~< 8. 30J 

7-76 7-51 8-91e 

(8.40J(8.55J 

6-98 7-16 8-79e 

(8.40J(8.50J 

------------------------------------------------------------------------------
aTetramethylsilane is the internal standard 

bs · · 1· . p1n-sp1n coup 1ng amongst nearest neighbour protons only. 

cDoublet. 

eSinglet.. 



TABLE 11·15 
a Solutlon Electl-omc Spect.-al Data of Comple>:e: at 298V 

------------------------------------------------------------------------------
Compound 

V1s/UV 
-----------------------------------------1 -1 

A <nm><e.M em ) 
ma>: 

------------------------------------------------------------------------------
ttt-[RuCl L 1J 675(82!1l0),620C10050),570'; 425<3725),390: 290(13250),270(13325) 

2 2 

345(10240>.280(15540) 

285(25755) 

ttt-[RuC1 2L~J 675(6960),620(8900), 570'; 425(3340).390'; 310<10670).270<12050) 

360(10200),282(15210) 

285<24950) 

280( 14610) 

cct-CRuC1 2L~J 680(5620>.608(9500>. 560: 425(2550).345<10950), 285( 17370) 

286(23970) 

ttt-[RuBr 2L~ J 665 < 7360) • 618 ( 10100 > • 570'; 425 ( 3550 > • 385: 300<11970 > • 270 ( 12925 > 

cct-ERuB.-2L~J 665(5320) .605( 1fll820l ,560: 42fll(2925>. 365(8150). 28fll( 13300) 

ttt-[RuBr2L~J 670(610fll),618(10530l,570: 425\3210), 390: 305<11550) 

cct-CRuBl-2L~J 670C3951ZP .610(9300} ,560'; 435(3110). 365(8800). 285( 12300) 

cShoul de.-. 
2 

Compound L shows absorptwn at 330\3240) and 270nm(5910) 



TAEIL.rZ. I ;[ • 6 

Cycll<: Volt.:\mm<->i.l"JC Dat·a'"' for RttX
2

L
2 

at a plal1num electrode al 

th~ Pos1t1v• Slde of s.c.E. 
~:~;::~~~-------------~:~~~~~---;~~~~~~~;:!T!~;:!:r;------~:~~~C~--- --
_________________ .. ---------------- ----------------- _ .... --------- .. ______ .... -
t t r-£.F\uC1

2
L ~Jb CH:3CN 0-31 J00 

CHC1 3 
0.t.r9 Lr 00 

- -. J h cct-lhuC1
2

L
2

J CH':)CN 0-33 90 ,-, 
CHC1

3 
0-5J ::> flt0 

ctc-tnucl 2L~J CH~-ICN (Z).L):J 1({)0 

t·tt--£.nucl 2L~J CH3CN 0-29 120 

CHC1
3 

0. L~7 810 
'.:) 

t:ct-tFi:uCI~L~J CH CN 0-30 100 c (_ 3 
CHC1 3 0 -lt7 190 

ctc-tnuCl ~-L~J CH CN 0-42 CJ!Z) 
c ~ 3 

tt t·-£.RuC1 2L2J CH':!CN 0-36 90 
,_ 

CHC1 3 0-55 380 

cc t:- t Hue 1 0L~ J CH CN 0-36 90 
.::: i:! ::-3 

CHC1 3 
0 L'l:"C 190 

II ,_J '-' 
~,:) 

ctc-tF\uC1 2 L;;;J CH:JCI\1 0-44 J00 

ttt-CI\uBr 2L~J CH3CN 0-40 JIZJQ) 

CHCl 0-51 390 
1 3 

cc t-Lr-<uBr 
2

L2 J CH:3CN 0-40 100 

CHCJ 8 0-51 170 
'.:) 

ttt-£.1"\uBl-2L~J CH3CN 0-34 120 

CHC1 3 0-48 360 

cct-1:1\uBI-
0
L; 1 CH,_pN 0-3b J(j:10 

!.;;; c. ·-
CHC1

3 0. '+8 J70 

vJf1(,!l"t:' 0· JS the Lalrulated coulomb CC)Lini for tl1e tl-ansfel- of one 

c:lec"\"n)n C\ncl 0 lS the obse,-vec.l coL1lomb count aftel- e~:h<aL1st rve 

elec..'\ rolysnsv o>ndat1on 1n each case was perfon11ed C\t {().50 V vs, 



TABLE ll. "'l 

l.1gancl Based Ch:1dat1ona t1f the CompJe;:r=-!:.~ a'l a F'JatLI"ILim elecllotle 

Compound 

tti --CRuCl .. ,L.~1 
c:. .-::. 

cc '1.- [ F<uBr
2
L; J ·-

1. 8B" 2. 10 

1. 84 q 2. 10 

1. 83" 2. j 0 

b 

1 • B4 • 2 • 20 

1 -82" 2-20 

J • 88. 2. 30 

1. 86" 2. 30 

1. 86" 2 ·20 

b 

1 • 81 q 2 • 21ZJ 

-----------------------------------------------------------------
cl 1 n CH

3
CN 

bSolub1l1ly 1s ~ery low. scanned up to +l-50V· 
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CHAPTER III 

ISOMERIC RUTHENIUMCIII) COMPLEXES OF N~·~"'HENYL-2-PYR I DINE 

CAkBOXALDIMJNE SYNTHESIS, 

TRANSFER PROPERTIES* 

Abstract: 

CHARACTERIZATION 

N-phenyl-~-pyYJdzne carbn\RldlmzneJ 

t)\JdatJ~1n or 

o·f sodzum 7he 

AND ELECTRON 

< L .::: 

1 .:: o l a ted b y 

130/TKJr"l<: 

Ct1mple \es a"r·e by addltlOT/ 

p a.,. a mag 11 e t r c. l
!i 

<J.o?<J _:-pln c • S =- 1 I;:: ) and d 1 s p 1 a y .,. h o mb 1 .::: Ef'R 

The a.,.nal 

< z n the v. 
and r"/i() mb 1 r:: 

-1 
em > an;::-

Th<? 51f}1t change_:: c~1r·r·e_::pc•nd to e11er·gy zrn•e,·_::zort ot" .::pi 1 t o·f 

::_ .. :vrtlfh'rn:::nt_::~ {he f::'}e.:::~'loruc tl·anzJtrort ene,·gze:: have b1:::er' 
"" 

.:\)mpl.Ite<"/ u.::zny the ob_::en.-ed g-r.--Al!les, TNo pl·edl·:::t~ed opt1cal 

tran3zt7ou_:: Nlthzn the ~Yammer"_:: doublet$ a~e e\perzmentally 

JndzcAted 1n the neaY-IY reg1nn 
-1 

Cttt- 6330, ~/80; 

2810: etc- o140. ~780 em J. lu addltlOTI to 

all the_::e comple~e_:: al5o 

r·educ t z ~· e 

~-e.=.pol,se due to an Ru<lll>lRu<Jl> .:::oupl.;:,· JTt the ~-artC/fi:' el.::f 

0.5 V 1 ~ SCE at a plat1num electrode. Chemz.:::ar reduct1on~ nf 

<.::ompl P \e 5. l>y hyr:h··azlne, 

the b1~alent ruthen1um c.omple\e_::. In 

aceton1tr·11e. 
.... 

RuCl,L, cnmple\e_:: act a_:: m1ld 0\1dant. 
.i!. •• 
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INTRODUCTION 

In the preceedinq chapter we reported 

un t.lre bivalent. complel:es of ruthenium with L<l>· 

qeometric isomers of RuC1
2

L
2 

were isolated and characterised• 

lhe redox stabilities 

--- ( 

L J 1 

uf all RuC1
2

L
2 

isomers are e~idenced by the moderate positive 

fonn.::d. potentials of the ruthenium<III>-ruthenium<II> 

abi:Jve comp 1 e>: es, isolation and characterization of the 

L:l-:ivalent. cogeners. The 1-eversibility and relatively easy 

~cc:essj b l e poten t.i a 1 s for the r·utl1en ium (I I I) ~-ut.henium< I I) 

cou~les in isomeric RuCL
2

L
2 

led us to explore the possibility 

CJf syn"\".l·resi:::ing the con-esponding tl-ivalent compounds in the 

pu1·~ s:,t.at.e. It. may be noted in the pl-esent. conte>tt that. tl'le 
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<?>:ample~ of 1solai:JJe ] s C) Ill(;? l- 1 c: tr1valent ruthPntum 

7.8 d c:ompJe>:<-"S c:u-e;; sc<:\rcf::'• In "1-hJa w:1dc:~t1on stale mE:.-lai-J1ur.m 

1ns1gntf1c:ant and the geometry 

these complexes arE? totally cnntrolled by 

s l P-i tr.: 1 n terac 1 1 ons. Hen? 1-\te a 1 so e:: p 1 on;,> the po~:>sll.:o t 1 L t 1es 

of us 1 n<,_J t-1"1€? above compr_lunds as m1 lcJ o': J d.:mts spec 1all y 1n 

non-aque>ous solvents. 

CA> GynthDMi~ ~nd G~ometry 

3 
In the l~st chapter WP reported that Jn the d1rect 

reactJon of ruthen1um(lJI) c h J or 1 de w L t h L • the met a J 10n 

undergo~s reduct1on w1th concom1tant ch l on. de 

sullst 1 i. u t 1 on i."Cl y 1 el rJ u 1 v.,.11 <-::mt l·uth<:m 1. um comp 1 e,a"'s. RuCl
2

L
2

• 

to get an dccess tn the tr1valent comple~es. 

pl-efol·mr?d Ru 
11 c1

2
L

2 
1-\tas ,, chosen fnl- chens1cal 

o>:1dat1on- Accord1ngly. an ac:etonJt,-!Je soJut1on of RuC1
2

L
2 

was e::posed to CL
2

(g) tc:Jllowecl by acld1.t1on of aqueous I\IC~Cl04 
led to the synthes1s of 

aqueous NaC10
4 

was to br1ng about prec1p1tat1on of the 

product as a perchlorate> salt. 

Thm start1ng complex. far been 

3 9 
obtatne>d " 111 three> 1some>rtc: to1ms : qreE?n trans-trans-~rans 

(ttt. 1?>. b lu1 sh-g n;Jen c: 1 s -r. J s-t ,-ans (cct. 3) and blue 

cJs-tr,:.ms-c1s <etc. 4) • On 0':1tl~t1on. ec:\ch of them affoi-cli?d c=t 

sa It. Jnterest1ngLy. 

38 



Cl l n cl l n ~ ln r;t•+-j c·+;l (/0 ;l 
o I • 0 I • • { 0 

Cl 0) .) 

n=O 2 3 4 

n = + 1 5 6 7 

chem1caJ as well as electroch~mical of each 

nnP ot the ~rivalent complexes (t:J-7) quant-i tat.i vel y 

rhus. the redo>: 

invol VE-~tl lhe above 1n~erconversion 

is and 

sten?Of(;~tentive. Stel-ecll-etentivtty of the above reaction 

+ 
~llows isolation of isomer1c RuC1 2 L2 in three geometries. lhe 

axampJ~w of such isomer1c trtvalerlt ruthenium complexes are 

scani..y in the 7.8 lttel-ature • We note here that 1somer 

pn:fenance 1n the ~rivalent ~tate is primarily 

c: 01 , t r o I 1 eLl • in many cases. oxidations of 

1someric bivalent complexes 1 ead t.o 1 some~- i z a t1 on 1 
(2)' 

12 to 

yield only the trans tsomer. 
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CB) Characterization 

of the 1solated producis <Table III-1>· All thE·se comp J e): e>s 

LlehavP .~1s :1:1 electl-olyles 1n aC"f.:::otonJtrlJe <Tabl8 lJI.L). 

<A> OpticaJ Sp~ctra 

IR sp~ctral data were collected a~ I Br d1sc Jn ihe 

.~50 
-l 

em 

presented 1n Tclble III·1· 

SeJe>cled qroup 

Jn free L two absorpt1on bands Appear at 

:1630 
-- l 

em due to and 

respe~tJvely. The most SlQnlfJcant obs~1vat1on 
I 

16\Zl&'l and 

J n tiH:> IR 

spectra 1s thP cons1st~nt appearance of two strong bands ln 

-1 
the n:>tJlon l~"i9(1 - 16L0 c:m • Thc: band <:ilt lower energy has 

13 14 ltgand L 1s co0rd1nated to Ru(Ilt). ' 

Th<-:'? c omp 1 el: ~5 shC"•we<-1 ii:\ s 1 nq J e, 

to lower 

the> 

band rit 320 cm- 1 <TabJe JfJ.1). Thts 1s compared w1th th~ JR 

~:.pee h"Lirll oi f ref'? L 1n thr-? rC<n!JE• 400 - 2:5vJ em - 1 • Free L c.loes 

-1 
not shnw any clb~;orptJon be1m,.,t 400 em • Thus, thIS b~ttd ln 

the spec t1 11m of r:omp 1 E'): 5 lS <:!5-,Sl gned tc .. v(f-<u-Cl) 

stretchu1g mclcJe. The singlet nature DT v(Ru-Cl) 
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RuCl::J mc:uety. 1n othe,· words formatnJn of 
c.. 

l:n va1en I" eongen<?l-. 

the 

ln COiltJ·ast. 8ar.:h of th!£' othe1· lwo eomple>>:es 6 and 

7 d 1 sp 1 avs a doub 1 e t 1 n the l-eg u.m 290 to 310 
-J 

em (fable 

Ttt.l) whJch 15 
16-18 

c:ha 1·ac ter 1st 1 c 

..... 

of a c: 1 s·-RttC I 
2 

Ru-Cl freqLienc. Les 

1n the lr1valent eomple~es <5-7> are systemat1cally h1gher 

than t·hose 111 the b 1 valent comp le>::es <e-4> 1nd1cat1.ng 

bonds 111 [RuCl~L2 JCl04 .1-1~1D compJe::es. 
r. - c:: 

All three tr1VRlent complexes cons1stently d1splay 

-1 -1 
bands Rr 1100 em and 620 em • The struetureless broad band 

-1 
at 1L0~ em 1s assJgned to v<Cl!J) winch suggests the l""d 

4 
4 

ot SLQillfLcant perchlorate coord1nat1on-

The eJectrontc spectra of the synthe~1s~d tr1vale>nt 

250 nm. 

bands of rr.:;;ucl
2

1.
2

JC10 .H!::P c:wnple>:es an= p1·esenterJ 
- - l.J ..... 

TJl·2 and 

dtsplayed III· I· The eomp J <:?:: es hav<? a 

500 nm. The llans Ru(IJI) 

complex dtsplaye>d a band at 390 nm whereas 1n the cases of 

othEn h\lo a shoulde:n· l!:!- obseJ-vf.?cl at tile s.:\Jd req1on. These 

7 
allowed trans1t1ons are due to 1nvolvement of metal and 
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FIGURE III.l ELECTRONIC SPECTRUM OF ttt-[RuC1 2L2]Cl04 IN CH3 CN 



ThJs band lS .nsc:..tqned 'lo lu:tand fJP.ld trar1sJt1on w.tlhtn !he 

~-
2 

Dl-Lll 1· iii l s sp lt t l1 n<;_~ becAuse of l ot-·J Sy'ln1T1e t ,-v and sp 1 n-c.1r b 1 t 

<..oupltnq. Jnte,·estlnqJy. !hE:' enP.,-gy of II1G' JlgC:tnd fJelcl band 

<B> M~gn~tic Moments and RPR Spwc~ra u 

The m<::lgnetu: moments of the comple::es .are collected 

5 
1n Tab 1 e I I I. 3 wh 1 ch cc.~n-espond to J <:lw--sp tn d conf 1 gLtr at .ton 

(1d<.:z.iiilJsed 
1:::" 

C •-! S:::: 1 / 2 ) n 

2q" 

greater ~han Lwo fold- Thetr EPR spect1a of thr~ <.:omple::es 

( 77~ ) • The 

Ru<lil> LII1Lformly d u:;p 1 a yed ,-esonnr,Les 

( F J gLI re T II • ;? ) • The 

. 
c.:on·espc.md1ng q c-ompont:.r,ts are> dc:;.>stqnP.d ii'IS g:l. g

2 
and q

3 
1n 

order C.if decreasnnq miiiqi,Jtudes. 

The ttleo,-y of EF'R spec:tra of dlstol-tP.cl-oc. tahed,·al 

5 19-2~ 
Jow SfJJI'I d comple,:e::. al-e documented _,.. 1n the l1te1-ature. 



DPPH 
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joPPH ' (b) 

loP PH 
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2200 2800 3400 4000 
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FIGURE III. 2 X-BAND EPR SPECTRA IN AN ACETONITRILE-TOLUENE (1: 1) 

GLASS (77K) OF (a) ttt- (b) cct- and 
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Only the essential features of relevance to this work are 

stated below. The net distortion of pseudo octahedral species 

can be expressed as the sum of axial <A> and rhombic ( \l) 

components. The t
2 

orbitals consist of the components 

t 0 (or b)· 2 , , 
+ t. and 
2 

t 
2 

The 

appropriately considered as tetragonal, 

degeneracy, placing t~ <or,b> above .._ 
+ 

t.2 and 

The rhombic distortion(\.') splits t2 

par·t.l y 

disto·.--sion, 

r·emoves t.,::> 
c::. 

t2 (or 1,e) by 

and + 
t2 in to 

j t t Th t ·r0 T+ J 1· f t 1 noncegenel-a·.e c:omponen··.s. e componen·.s 
2

, 
2 

ancJ 
2 

o· ·.1e 

T'.:) term .._ ( sp 3. n mLiltiplicit.y is not shr.:rwn) 

. . 22 corresponding spl1tt1ngs • Under the influence of spin orbit 

coupling <A> the components mix, affording three Krammer& 

doublets represented by two identical 3 X 3 matrices as 

shown. 

p--> 
2 I~> IT+ .... 

'.::!'' ,_ 

,. 
-~-- jl.o,,. IT~> IT2> o·· r::. 

ITe> 
-+ 

IT2> A./2 0 v /!:'J 

~ ·-· 

1=-ro> IT~> 0 -b. -A./21/2 
2' 1-

.+ .. IT'::)> t'o 
11·::/ V/2 -'A./2' ! ·- --A./ E.! 

r.:.. ·-·· 

States of ~ spin are identified by putting a bar on the top. 

In the ground Krammers doublets Equations<1,2) 

where the _coefficients p, q and r are real and dependant on 

6., \l and A,. 

+ ql~> rjT~> 'I'· = p ,,.2 > + + 
1 

1 
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2 

equatton o.~ and 5q where 1s the ol-l.n tal reduct1on factor 

~ssumed lo be lsotroplC· 

2C-i?r .-
2 01/21 q(p+i-)J 3 g~~ == q - c. 

2L2p>-
2 01/2~ ' J 4 qy ::::: - q -- r.:.. ,cpp··>-

2 2 2 Cl 2 2[ -~ (p .... o::.· 
g~ == -p +q -~- -~- ) J ,.J 

'j 2 2 ,_ 
1 u p + q -1 ~- ::::: 

FF'l~ empetJment affords L1n1y the magrutucle of "!·he g values but 

not thelr s1gns. TheJ ,- cnn-esponds t·o g .g and g 
>~ y z 1s also 

values ~i'ot p.q.r and ~. t1ean1ngful solut1ons: can be sol-t!::!d 

out by pL1tt1ng l1m1ts t-:>n c:tcceptablB I values such CIS IZI I' J.5 

a.v and the energtes of the g1·ound rammers doublet. c:"lnd 

mat 1· J l: two fJeld 

tl-ansl t LOllS AE l and AE
2 

lhe avci\l]ablllty of 

col-rect solut1ons th1·ough compal-Lson w1th computed 
22 

val Lle<::l. 

The correspond1nq values of A,V ~nd as well as of p.q ancl r 

g
3 

are presented on slots of and hf'IVlng fu:ed 

Slgns• 

lhe 

geome t 1-1ca 1 
7,2Lt-26 

1somers hclVF b~en observed 1n the near IR 
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reg1on 1n ac9ton1tr1le· Jn th9 tlt comple~ a low JntensLtY 

-1 
tl-ansllton occurs at 6800 em • Br:t~A~een othe1· two t:ls 1somen,, 

j 1 t t t 66~rn -· I d l ·-"'- t 6 J o:::,-J- 1?\ the cc. t ! 1SI'J ays a ·rans1 ·1or,s a '\(J em an t: <: ~· ""' 

-1 
em All these are aestgned AE . 

2 
could nol l:H:? 

observed s1nce th9 band ma•:1mum falls 1n the IR rmg1on and 

Jn v'tew of apr-•rm:Im.:\t!ons o·l ihe 

JII-3) 1~ qu1te sat1sfactory. 

l'he low molecul.:.u- symmei.l"V of 

enough to ma~e th9 two l1gand f1eld 

<Tcthle 

the cDmp J eJ: es J s 

(..6E 
l 

21nd 

ru::~>> among thl'? th,·ee l n:tmmel-'s dclLibJei.s Dbsel-vc:d"d!'? 111 lht> 
c.. 

neal- JR rt>~pon. The av.:nl21bJl1ty of AE
1 

and .t£
2 

vAlL!es l9cl to 

quant1tatton of A and V w1th the help of 0hservpd g valu~s. 

values. c-"1 fliF.o'asu,·e of co--valency. arf:.! sl1ghtly 

WIth 
5 t 
2 

c. un f 1 g u 1· •• , t J on • 

The electron transfer !JrDpertles of 

ac8tDnJtr1Je at a pJal!num electrode 

4
,,. 
d 

tetrabutyJ 



c::11THliOnJLlll• perchltwate as sunpo,-tlng elect,-o]yte. F'otentiAl 

dale ere collect~rl 111 Tdble IIt-2 and seqmented voltammogr6ms 

~rw d1spJayed 1n F1qure 1JJ.3. ~JJ potentJ6ls are refelGnt:Pd 

to sa i·u na ted ca 1 a me 1 e 1 ec t 1·ode ( SCE) • lhe complexws showed 

l1gand bas~d muJt1ple reduc~1ve responses wh1ch ar~ 1dent1ral 

1 "3 lo lhe l"PSponses occLWJn<J 1n th<? corn:>sponrllng bt valG.:nt 

comple>::es.~Je dor.ot cc)nstdel- these any ·ft.u-thel-· Each 1somer oi 

- • -1 
[~uCJ 2L2 J displays a r&verslble. one elec t·ron 

cycl1c voJammog1·am 1n lhl? poteni·Jal rangr:> 0. 3-0. ?V. 

Jdent1cal cor.dttlons. voltammogram s1·an 

cal·hodJt-) 1s supe>l"lmposable on that of the correspondJng 

RuCl....,L
2 r.:!. 

(1n1tlal scan anodic). Thls clea,-ly 

revers1ble and ~tereo1etent1ve. ExhaustJve constanl potent1al 

coulomb couni.. J n Pach c.:•st=> con·es:-ponds lo one-GlPctron and 

the absorpt1on spectrum ot sell u t 1 on of 

bival<·:mt· comp I e>: m;:ttl_hws (lLtant1tat tvely W1lh the 

con-espnndlng JSDtoer of RuCl,.:>Lo· The fol·H,al porent1als o1 the 
i- c::: 

n.tthen1um<IIU I l"LttheniLtm<lt) couplet follot"'' the order t·tt 

c:ct etc. Th11s. lhe tTJvalent comple:: Jli ci..c geomet,-y ( 7) 

1s the slronge=:L O):ldlslng agent 1n thl!s se.-les. Th1s may be 

8 
rattonalJsed tn terms ot strong~st drr-prr lnteractJons 1n thQ 

corresponding b1valent complex. 4· 

together w1th lh8 reduction polenttals suggesl th;.\ t tlley 
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m1ght ac:t <.\S model·.:,te one-elec:tl-on OHldants. Ac:c:ol-d!ngly. t·wo 

redox l~clct1ons were pFrformed whJc:h 1ndeed shoHPd thai: the 

tr1valent c:ompJel:es suc:c:es::stully tale p;;.H·t 1n the n:nlm: 

l"eac t 1 cn1r.;. 

Add1tJon of a few drops of hydn:\.C:lne hyul-ate to the 

hrown solut1on of 1somer1~ 5-7 1n &cel:onJ lrtle brtngs about 

an 1nstC\nraneous colour change to the c:on-espondln<J <.:olULil" of 

e-4· Th!S reacllon was followed spectrophotometr!cally. Whlch 

shn~ed almost qu~ntJtatJvF l"PdLIC t l on 0 f 

to detect the 

ox1dal1nn produc:l(s) 

equ1moJii-\r solutJons of Ferr<Cc:H,.,-1
2 ,_c ,_, 

and Jl"l 

Acetonttrtle were m1xed roqethel Qnd the resultant s::olt1r1on 

was e~amJned cycJ1c vollammetr1cally. Immed1ately there was a 

_ J I I + 
generat1on of ~e <C~Hu> 2 ev!dently due 

d ..., -
to 

EXPERIMENTAL SECTION 

Mol~r conduct1v1ty. Infrared SpectrE\. ElectronJc Spectra 

~nd Eleclrochem1caJ Measurements. All descr1bed 1n chapter 

I J " 
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a. Formula~lon uf Cumpound 

Th1s was dont:> by C.H.N mlcroctn~lyses• The 

rhe tin E'l~ 1SOmerr-:; o·f D!clllOl"ObJS (1\1-phenyJpyl-ldJrl(~-

the 

me !·hods dt-sc 1·1 bed J.ll I 1 • 

<TEAP). f-'Ltl-!fJCc:'\i.lon of ac:eton1 t1·11e was done as \J<;?SCl"lbe>d 1n 

r:hap"l er I J. D 11, J t l-og en qC:ts !A.IctS pu ~- J. f 1 ed by success 1 VI~ 1 y 

bubb l1ng L t through the a 1k All ne aquous so 1 u hon of sod L unr 

d1 th1 on 1 te conc:entl-ated c:\CJ\J. 

PotassJumperm<?'tnganC:t~e. ac1d, 

gr-ade cl!mme1·c1aJ 

o. Soclium Perchlorate, NctC104 

(CatttJonl All p!?r-c.hloralc salts o"f metal are potentJRlly 

tal en whJlP- handlJng 

p<:.:orchl 01 ai.es). 

camp 1 <::: SC:i 1 t. 

all 



goes 1n to solut1on ~nd evolut1on of carbon dlOXlde g~s 

ceases. The pH oi the s:,olutJon was ma1nt.:nned at ca·7· lh<-:? 

solut1on w~s c:onc:entn:1te>d and left fcH· c,·ystcRIJlsatlcn· 

c.-vstals of NaCJ0,
1 

thus obt.:uned wCils f1ltt'"'n:d and drlC?d 111 

ot Wt>le 

1somers JS g1ven below. 

t. t. t.-o 1 c::h lor·ob :1. r.& ( N-phenylpyd. d i nf"-2-c:a\·box a 1 d i min f.~) rut.hen l 1.\ffi 

CI\I) perc::hlorat~· 

A soJut1on oi Jfll0mg of the ttt-fRt..tC1 2L,::>J 1n 25 ml 
·-

acetorJttrlle was prepared. To the freshly prepared solut1ons 

Cl
2

(gi!ils) tAlc-Is bubbled 1111 th<""' c-oloLw of t11e solutH.m chanq~.,d 

to J1qhl -yellow. The soJut1on Wi!il~ then f1lteted 1o remove <Rny 

1nsoluble mi!ilterlaJ. lo 1t 5 ml of saturated solut1on ot 

so~11.1m perchlorate was Qdde~ i!ilnd the m~l~ure was left 1n the 

p n'":)C" J p 1 l nl: e. tllU!E' form<-:?d. wc:<s. f1lte1-ed and washed 1-\llth 

lee-cold Wi!ilter. The sol1d mas!E' was then ~r1ed 1n vaccum over 

Y u: l rl : 80% 



Compound 

ttt-LRuCl
2

L
2

JCl0
4

.H
2

D 

cct-ERuC1 2L~JClfJ, ·1-10 0 
L. '-t '-

ctc-[RuCI
2

L
2

JCI0
4

.H
2

0 

TABLE 1 I I -1 

Analytical, ConductiVIty and IR datB 

Elemental AnaJysls\~)a 

c H 

lf4·9 3-0 8-9 

( 4::'J' 3) ( 3 ·1 ) (8.8) 

457;2 3-2 9.0 

( l~5. 3) (3.1) (8-8) 

45-1 3·1 8-9 

(45-3) ( 3. 1) (8.8) 

-1 ~ -1 
(ohm cm'-mol ) 

135 

140 

140 

aCalculated values are 1n parentheslS• 

bin CH
3

CN at 29(11 

cln I'Flr d1sc-

-3 w1th a solute concentration of ca. 10 M· 

c -1 
lF: (em ) 

1ofZJ2 320 

16[15 325.310 

1605 320,300 



TABLE I II •e 

Electrochem1cal and Electronic spectral data 

---------------------------------------------------iii ___ ii _______ b _____ _ 
Electronic spectraa Ru -Ru couple 

Compound 
-1 -1 

A. (nm) <e. t·1 em ) 
ma~~ 

470(2665)~400(38951 

cct-[RuCI
2

L
2

JCI0
4

.H
2

0 1500(40>.500d. 

457(2760)~390d.340(8170) 
ctc-ERuC1 2L

2
JCl0

4
.H2D 1625(45>. 490d. 

450(2880), 325(8500) 

llE <mV> 
p 

70 

65 

7!ZI 

c 
n 

0.98 

1· 01 

aln CH
3

CN at 298~. bCond1tions : solvent, CH
3

CN: supporting electrolyte, 

ENBut~J[CJD4 J C10- 1M); working electrode. platinum; reference electrode. 

SCE; solute concentrat1on, Ca. 10-3 M. Cyclic voltammetr1c data: 

0.5(E + E >. where E and pa pc pa E are anod1c and cathodic peak 
pc 

potential: respectively; hE= E -Epc; scan 
P pa 

t c:-rn 'J - j r a .e, ~·ILl IT!\ s c n ::.: Q/Q'; 

where Q' is the ~alculated coulomb ~ount for the transfer ot one electron 

and Q is the observed coulomb count after exhaustive electrolysis; 

oddatlon in each r.=tse lrJas pedol-med al. 0. W V vs. SCE in CH3CN (It)., 1 1"1 

[NBut
4

JrCl0
4
J.) dShoulder. 



TABLE III.3 

Magnetic moments, EPR g values and derived energy para~eters. 

----------------------------------------------------------------------------------------------------------------------------------

a 
Colilpound II {B/1) 

eff 

ttt-[RuCl L ]ClO 1.82 
2 2 4 

cct-(RuCl L ]ClO 1.89 
2 2 4 

ctc-[RuCl L ]ClO 1.85 
2 2 4 

g 

g 
X 

values 

g 
y 

b 

-2.8018 -2.2491 

-2.8009 -2.2350 

-2.8120 -2.2632 

g a b c 
z 

1.7309 0.2048 0.9762 0.0719 

1.7436 0.1994 0.9772 0.0735 

1.722(1 0.2082 0.9755 0.0707 

-1 3+ 
)\ ~ 1000 em for Ru 

k 

1.0958 

1.1039 

1.1043 

~ 

}\ 

4.3353 

4.5249 

4.2258 

v -)\ 

-3.4978 

-3.8199 

-3.3140 

Derived Energy 
-1 

para@eters (em ) 

E 
1 

2.7833 

E 
2 

6.3324 

(3593nm) {1579nm) 
2.8135 6.6690 

(3554nm) (1499nm) 
2. 7767 6.1377 

{3601nm) {1629nm) 

------------------------------------------------------------------------------------------------------------------------------

a 
In the solid state at 29BK. 

b 
In acetonitrile-toluene (1:1) glass at 77K 
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CHAPTER IV 

OXIDATION OF COORDINATED IMINE TO AMlD~· SYNTHETIC AND 

STRUCTURAL STUDIES ON ISOMERIC II 
F<u (LH>

2
C1

2 
CLH 

N-ARYLPYRIDINE-2-CARBOXALDIMINEJ* 

Abstract. The rele~an£ N.N'-coorJ1natz~g 

UL ~pee 1·r j.: 
.. , 

and L'H -r,..,.,- R an.::l p-tolvl. 

1 20>~ D-.:1t'iat1ort (11- it·an.:- L"J.rt•l .:z.:.-Ruii (Li/) ,CJ, by H...,O, c and ,._ 

zn e\cellent yzeld~ amrde 

parenlal 1 some-r-·1.: and ma.;;r1 e ~· 1 ,.:; 

iii 
Ru cLO>cLI-I>Cl.., .. J"he 

Ru (Lf-1> ..,Cl.., 
.<. 

__ , 
Ru (LO> cLI-I>Cl? 

..:. 
occur·_=: 

d2omethJne funct1o~ to produ~e a-hydro\y am1ne funct1on NhJch 

-~ 
Ru < LH > ..,Cl -,---- 'Ru < L If .• ,Cl.., -1 e 

..:. .J ..... .... 

A cruc1al react1on cond1t1on appear~ to be 
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RulLH>~CI~ by mvl~cufay o\yqen. ... ,,. 

""'" r-, pc:trt of i.h1s wor-1 has dppeai ed 1n ~7. Chem. 
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INTRODUCTION 

Metal ~ediated oxidation of organic compounds is a 

reaction class of fundamental importance in chemistry.. The 

work in this chapter is concerned with a reaction of equation 

1 2 
< 1) ~ whel··e the functional tt-ansformation aldimine-->amide 

occurs. Our objectives of the present work to search for the 

reactive systems and to scrutinize the scope and nature of 

the interesting but little known reaction. The development of 

the chemistry is accidental~ which was observed recently 

while studying the reactivities of bivalent Ruthenium species 

2 
of the type [RuC1 2 <LH> 2 J towards oxidants. 

The conversion of common aldehydes to amides follow 

t.he n::Jutc-:? as 

CHD 
I.:UJ ---.>- COOH RI\IH2> - CONHR 2 

In the present work we describe the above convet··s ion 



( eqLI;;,t.i on 1) 1nvol v 1nq a l-eveJ-se sequence. 

RNH2 [UJ 
- CHO --.;·- CHNR -->- CUNHR 3 

A family of isomeric: ruthenium am1do compounds have 

been isolated and fully characterised. The three dimensional 

plausslb.lt~ react.1on seqLience has been pl-oposed. 

Rmsults and Discussion 

ln the p1eceed1nq chapt~r <II> we described the 

synthes1s~ 1solation and charac:ter1sation of the isomeric 

II 8 
blvalent ruthenium complexes of the type [ku <LH> 2.CL~J (LH 

- c: 

= a-dlimine. N-arylpyridine-2-carboxaldiimine. The two R 

1.:1 (-oups pl1eny 1 
1 <LH = L H and p- t.c.ll y 1 <LH = and t.he 

trivalent complexes of the type 

N-arylpyrldine-2-carboxyldimine. The two R groups phenyl <LH 
1 ~.:~ 

- L J-1) and p-t.olyl <LH = Lc:H>J 

Q 
C=Nh 

H/ Q 
R 

55 
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f)· THE' REACT I ON 

U>: tdc-\1. .1.on uf l h f.? 1 SOillf-' l" 1 C rut lll.'rl 1111n b 1 vc:dent 

dum1ne complel:es. LRu
11

<LH>
2

cJ
2

J. w1th aqueous H
2

o
2 

(.also 

{~ + 
Ce ) affol-d. 1n e;:cellent. y1elds. the dad( coloul-ed .am1do 

comp le;:P.s ot tr1va lent ruthenlLIIll 13f thP. type lRu<LD> <LH>Cl 2 J 

LLCI = N phenyl p1col1nam1de an1on w1th retent1on of 

par er• t<:~ J 1 sc~tner 1 c st ,-uc ture. 

Wh t lt' L H 1s nellt l-al • the .am1de llqand LU 1s N bonded to 

ruthentum<IIJ) 1n an1on1c deprotonated form. LO • Spec1f1c 

1 
LU 's An~ L 0 <R=H> and L2

U <R = p-tolyl)· Even when e>:cess 

of llydnJqen peq-o;:lde lS used only CJrlP 1m1ne 1unct.ion of one 

of tl,e C~.- d1lm1ne l1qands ts o>:1d1sed to am1de, the second 

d1Ht1lrle l1qand ~-em.:uns unaffec.t~.=>d· Thus Ru<LD> <LH>Cl
2 

1s the 

only product of ox1dat1on-
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B· Char~ct&rization 

<i> Elemental Anrulyse~ 

Elemental <C. H. N) an.:~lyt1c:aJ data <Table IV-1> 

C11) Opttcdl Spectra 

J.n. spectral data were LoJlecled as ~Br ~1sc 1n the 

1·anr;~e L~(l!L~(l)--1:~50 Lm- 1 • Beler.ted (]roup fi-equenc.Jes are p1·esenled 

1n Table [V.2 and .:~ r~pr~sent•t1ve spectra 1s d1splayed 1n 

1- J qu 1-e l V. 1 • 

AJJ lhe three 1somerJc am1do complexes d1~played a 

three band structure 1n 
-l 

the 1·eg 1 on 1 o90-16L' 0 em • The 

band at h1gher energy than vC=N (pyr1dlne) F2 • 3 1s due to 

C1m1n1e) 1s compal·atlvely le?SS 1ntense2 than VC-=N 

•::. 
t I I(- t 

~~nergy J.::u-,c 1 s ass1 gne< o vC=!i"J • 

A s:JngJC? stn:mg and shaq:> band 1s obse1 ved lll the 

casE> of --1 
trans am!do compound 1n the reg1on 300-305 em (fable 

IV-2) wh1ch 1s ~hsent Jn rhe J.fo:. 

1.~ 
C~!dently. 1t 1s due to vRu-Cl stretc:hJng mode. The s1nglet 

~.5 
natLn-e of vRu-Cl st1·ongly sugg<:?<:st the lu1ea1- ol- neal-ly 



1800 1600 1400 1200' 

Wavenumber ( cm- 1 ) 

FIGURE IV.l IR SPECTRUM OF ttt-[Ru(L10) (L1H)Cl2) IN KBr 



llnea.- t ,-ans group1ng for the RuC1
2 

mo1ety and 1t lndLcates 

that "ll,e [RilJII(L0)(UOC1
2

J has been obta1ned v1a 

t r.:ms-- ERu (LI-D :;:,Cl (::). Othe'l- two 
c: ..... 

c1s- 1.some1-s of am1do compl<?Hes d!spl.ay .:-t doublet 1n the 

-j ~.6 
regJon 290-310 em • as expected. 

Ci1l) X-r~y ~rywt~l mtru~bur~ 

The Lmlne-- am1de o:ndat1on pl-ocess has been 

authent1cated by structure determ!natJon. We tr1ed 

s!ngle cl-vstal::;. tor aJ 1 the thl-ee 1 s:omel-J c c:1m1clc.1 comple::e-·s· 

llnio.-tun.:-ttely. hll dab:. ~'le C:\re unable to develop X-1-ay 

qu.:-tl1ty crystals for lhe c1s- compounds. 

however. sJngJe crystal~ could 

ltt-amJdo compound by slow dJffus1on of 1ts chlon1·fcJrm 

the D<-:!par tment· of 

Jnon;lcHl1 c ChemJ sb-y of Tht=." tl-n-ee 

d.-a!<'J Lngs:;. of the wo,-1 ed out struc tun?~ 1s dJ spliiyecJ 

rv.e. Crystal ~at~ and s~lected bond dlstances Rnd anqles are 

l1sted (Table rv.3; Table JV.t.~) 

The c omp cJun cl c..l-ysta] l1ses OLit as 

1 1 
f Ru <L. 1-1> ( L 0 > CJ ,.,JF'hl"le. 

i-
The ~oorcll.n~tJon sphen: !nvoJves 

F<uN
4

c1
2

• th<= ttA.•o py,·1d1ne I\Jlt,-oyen C.-ttoms .?•S well as tf1e two 

chlDl"lne atoms lie t,·anE to eacll rJthel-· ll1e chelat1ng llgc:\nds 

cllsplay an lnten-est!ng du:;ordel-· Even 1f the complel: cc:m be 

cente1· ot lnve.-slon. Thus the molecules are pacl'ed lll two 
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ClO 

C2 

01a 

FIGURE IV.2 ORTEP PLOT AND ATOM L~BELLING SCHEME FOR 
j• 

ttt- [Ru (L10) (L1H) Cl 2 ] IN [Ru (L10) (L1H) Cl 2 ] • C6H5CH3 



equivalent but opposite orientations such that carbon ~nd 

nitrogen atoms of the two bidentate ligands are nearly or 

completely superimposed. 

(iv> Electronic Spectra 

The electronic spectra of the isomeric trivalent 

amide complexes of ruthenium were recorded in the range 

2200-250 nm. Major bands are presented in Table IV-5 and the 

spectra of a representative case is displayed in Figure IV-3. 

The complexes have a~intense band near 515 nm. The trans 

amide complex also displyed another peak at 300 nm t.oget:her 

with a shoulder at 350 nm. Whereas in the cases of other two 

cis-isomets,an intense transition near 500 nm and a shoulder 

at· the uv-region were observed. The origin of the visible 

range absorption may be due to LMCTCligand-to-metal-charge 

7 
transfer) exitation~ 

Moreover, a low intensity band occurs in all the 

complexe~ in near l·R· regi~1 at ca-1460 nm· This band is 

assigned to ligand field transition within the t 2 shell split 

by the rhombic nature of the ligand field. 

<v> Magnetic Moment and EPR Spectra 

The magnetic moment has been found to lie in the range 

1-82 to 1-89 ~B for all the three isomeric amide complexes 

and all of them are of 

(idealised t~2' ; S- 1/2) 
g 

isomeric: Ru<III) amide 

c:· 

1 ~-· low spin, c c:onf i gLn-a ti on 

The EPR spectra of the three 

complexes CTe:lble 
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FIGURE IV.3 ELECTRONIC SPECTRUM OF ttt-[Ru(L10} (L1H}Cl2 ] 

IN CH3CN 
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FIGURE IV.4 X-BAND EPR SPECTRUM OF ttt-[Ru{L10) {L1H)Cl2 ] IN AN 

ACETONITRILE-TOLUENE {1:1) GLASS {77K) 



f ro::en RC::t? (·on 1 t ,. 1 1 e>-1 c•l uene 

The spc:.?c::tl-a havr.::. beF.Jn analysed 
8 

WJth help of 

the>ol-y 
9-L2 

of low 
5 

1.: l-ys t a J fl<~ld g- tenSDI- Sl!lrl d 

CCJIIflOLllatlDII• Thej 1 mpw- !·an!· result lS tht=~t for each CJf "the 

w1 I h 1 n "\I\(;:> t 
2 

she 1 1" sp 1 J t by J ow !Fymme tJ-y compom::on ts. 

IAJeJl Wl(h (·he eneJ-qy of the obsPl-v<?d neal- T·R· bane! <T.:d:lle 

IV· 6) • r- o ,- 1 St1m<=> .- 1 c RLI ( LO) ( LH > C l 
0 

f 1 el d iJr.:~s,cl-1 pt J nn of i" 
2 

L... 

13-15 
:.plJtttnq. 

c <::lmp 1 e>: es bc:)th 

The c 1 c:; 

•.!Rlue to,· lsomel-l<- stn1c!11n;~ 

<:IS': 1 C111m<:'.H1 [- • 

-3 
In CH

3
CN(0.:1 mol tim !n the TBr4F'. F't-elec:tn:.Hie) 

the b-ans<::"!!::> well as cJs:-amltlo ~.:nmplel:es rl1spl""-Y t·wo nea1·ly 

1evers1ble one eleci.ron c:yclLc voltamlllel-1<: l"!=?Sponses:~ at 

J • 25 V dw~ to ro:u < I I T ) -r...:u < I I ) and 

Ru<IV)-Ru<III) l"e:-dw: couples. respect1veJy <Table IV-7.F1gun? 

dJ 1 mule> c.omple,:es dlspli.'ly \he 

Ru<IJl)--Ru<JI) !!=!do:>: couple 
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fhe muc.h lowe\- value of Hu<III>-F<u<l!) 

tr<Rns-/c 1 s-Rt.t [I l (L(J) <LH>Cl':l-~ e ~ Rui I (LQ) <LI-OC l~. 
,_ ~ c 

2.16 
h1gher Cl':1dat1on stAte hv !"he.> hanJ amldt":) ligand. 

The el~clrorhPmlc.al data are ltsled 111 f~ble 1V.7. 

17 + 
T n wet so 1 u t 1 on. RLt ( LH) 0 CL,::> n~ar. tE> c.n-. hec:\ l 1 n~,;1 

1.. i-

spon t ane.:-\ous 1 y a1,cJ quan t 1 r a t.J ve 1 y as. 

A Rt::~i'lc::: t:. 3. on Mode 1 

rt'IOJ<?ty 

t ,·ans-/c l E:-Ru ( LO) ( LH )Cl ,..
1 c:. 

CC=N C<OH)-1\li-IJ lS 

clocumc:ml·ec1 pathway fr.J,- the Sctuffbas:e hvclrc.Jlysls <to C=O 6\nrJ 

for the 

tr<Rnsformatlcm 1s the close 6\Ssoc.latlr:m betw<-:>~n Rtt(J ll) 

equat1on 

' H I 0 Ru ~ L ) ,.. C 1 •::> + 1-1
2 
--c c:. -

reqLtl,-ement 1s l·he add11ct A must 

rap tel o:: l clc"\t Jon the pClSSlble 
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hyclrolvsls--l-elated compl Jcat1ons c<:.luld s<=t 11'1• T~'\ID electrons 

1llustrai~cl ~s follows~ 

1- + 
Fi. r I II ) C' L _. A 1::.. I ~I-I 1- t:.• f I II ) C'] -~Ll , _- 0 

.., 
0 

-,- -- " ••. - nU ' • -
2 

p 

B --

A 

r. •-· -

+ C I· 1-1 

0>:1dat1ve l"F1d1cal ionnc::•llon 

B C Intt>rnal n-Jdo): and pl"Cjton I oE>S• 

C -- D 

The> tr1.vaJe-nt LnmpleH. 
+ 

Ru<LH>
2

Cin aci.<s as~ 
- t..: 

an 

e>>:ternB.l O):l.dant. In the> 1-'n-e>sencP of aqueous 1-1
0

0
0 

or Ce( JV) 

F:u(LH>~)Clr) + 
c:. ... 

+ ~ 4+ 
Ru<LHi Cl + H 0 + ~Ce 2 2 2 

+ 
Hu<LH>

2
Cl

2 
+ H'::lO ·I Ho!J -~ 

LC ;:_ LC 

+ 
Je Fi:u<LH>

2
cl

2 
I· 1-1.:!00 

1- ,_ 

+ 
Fi:u<LH),_Cl :::> r >...; 

1- .. _ 

3+ + 
F\u(LO> (LI-l)Cl

2 
+ 2Ce + 31-1 

+ 
2Fiu ( LH) r/:; 1 

2 
+ 2fJH 

~-:.:u < LU) < Ll-1 i C 1
0 

+ 201-1 + 31-1 + 
1." 

Ru ( I_O ) ( LI-P C 1
0 

+ 
+ 1-1

2
0 + 1-1 

.:.. 

"Based on !·hr:? fr:lllotHng d1s<:.uss1ons 1.t may be concJud<~d i.hat 

the fQI Low1ng gmn~ral pnJnts app~B.r to bo cruc1al for the 

1-l-an:fonn.::ltlon. r:ool-dlnai"ed atdJmine --· am1.de 
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HO 

A 8 

5:~ \n/ 
Ru 

0 N/\"'-. 
l 
Ph 

""-luv 
Ru 

0 N/ \ "'-. 
\ . 

Ph 

c D 



(a) The coordLnated metal atnm shottld have two Piasrly 

E1+ 3+ 
ac.cess1hl~ o::Jc.lal1on stat.<~s <Rt.t • Ru' ) • 

suft 1c 1en t. 

pol.:trlsJng e·ffect on lhe ald1m1ne funct1on to make carbon 

s1te elf?ctl-ophtJlc enouqh i.o pl·omD"l"e wate1· bJndlrlQ• 

(c) The wa ~e1· adduct shou 1 c.1 have the ab 1 l! ty to uncJe1-go 1·ar.:1 J rJ 

scope of the aldlm!ne -- am1de react1on to newel- system• 

Photo Induced Oxidation of ERu<LH)~Cl~J by Molecular Oxygen. 
c:. c: 

A preliminary report. 

Ln th1s sect1on we desc.l"l be photo lndLtc.ed 

transformation of one of the coordinated 1m1ne funct1ons 1n 

F:u [ I T ( LO ) < LH ) C 1 
2 

1 
The green soJutton of trans - Ru<L H) 0CL~ 1n CHC1

3 c. ,_ 

medium-pressure mercury lamp for a h 1n aJr. The solutLon 

became rmd brown. It was evaporated and crystallised from 

<y1eld 85%). The 

1 ts spec h"c\l and electn1d1enncal propel-ties correspond to an 

aulhent1c 
2 III :1 :1 sample of tl·ans:--[F<u (L 0) (L I-J)Cl

2
J j..)n:pan:~d by 

trans-[Rui
1

<LLH>Cl
2

J w1"l"h H
2
o

2
• The startJng materJal. 
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Jn 

was also 

observable 1n sunl Lght but the rate 1s v8ry slow (ca. 100 h). 

The above rBac~Jon p1oceeds smoothly the 

presPn~R of atr· 1 t 1S 

ron,-d!nwtJon of molecule:\!- n::ygen ii-\t the metal oc:cul-s as the 

step. Recently. 1 t shown that 

20 • 21 t tl ~ 1 t r.c.1on:.llnat1cln to l"UthenlL!mCII) occurs a 1e 1ntcl<i'\ sage 

111 i.hr-" o>: tcJat1on of c:oC'!rdJn,;:..ted pheno::az1nylate rad1caJ. 1t 

I"'Jghlv c:_,net:li 11: <Rnd orc1.•rs otll\1 1n til"" tl-'"'n<= Rt•{LII) Cl 
I T .~ ' .:::! <::\ I:::>- ' ' " 2 2 • 

Ne1ther of the other two geometrJ~aJ 

22 
1"10l- the 'lrJs chelated c:-omple:: • 

1somers C'!f Ru<LH>~Cl~ 
i" .... 

under tden'l!cal c:-ond1t1ons. ThJs 1w probably due to s ter lC: 

demand ft11 1he o~:vgen Flt~<'-lcl at the cerltl-al metaL Jon. I he 

Ru<LH>~ motety of 
c.: 

1::::u ( Ll-1), ,Cl,-> c. ,_ 

The b1valent ruthen1um 

cJ 1 o>: ygen c-omp 1 e>:. thus fcJrmed. Lmde ,-goes 1nnP1" sphere 

~lectron transfer to produce 
I 11 ..:. 

R1.1 ~-- wh1ch c..J 
lS 

fo1lm-Jed by o:: 1dc:\ t Lon C'!f c:ool-dlnC~ted !mtne Ln the pl-esence of 

uv 1Jqht Js to act1vate the 1mJne 

tunctlCll1• The succeedJnq 5teps 1r1 m:ygen .alom l·ean-angemr-.ml 

1 = ne-d: yet cleal- to us. 

In l e r t.~s l 1 n g 1 i . lhe mJ ~:eel l1gand Ru(lJI>-amlde. 

2 ts qu1le stablE.• and cJoes not undergo any ful-th<~,- change 



long tune 5 h) n 

obsen-va t Jon. does supporl our propos1t1on 

f cn-ma t 1 on of d 1 o>: ygen r.:omp 1 el: at 

Th1S, 

of 

The 

fOl" 1nten:u:t1on W1th 0
2 

c:mrJ 

pror.:eeJ any further. 

thus the rear.:t1on does not 

Jt may be st~ted that the above 

react1on 1s one of ! he rt'u·e r~': .:unp 1 es o1· met a L med1ated 

f"lhCJloc..hPtllJC:al ("l):Jt1atJon r<'?aCtJOI'lS lo\ll!"h tiiOI<:?C.Ll1C:\l- o,:ygen• lhe 

roac"tJOfl lS JepPndant em thE' geomeh·y as t•\•e>ll as lhP 

P J ec h-on J c- st n.tc tttl-e of 1 hM' compound. On go L nq s I ucl1 es 1 nc l ucle 

deta1lecl mecharns!·1c pl-oi.JJI19 ot the~ processes 1nvolved .:mel to 

Jes19n other systems to qpneralt~e 1he abnve reactJon. 

&Xr~RIM~NTAL SECTION 

A· Physical Measurements 

l"lolar ccmcluct1vl ty. 1 nf l a l-ed and E1ec t·J·onlc 

Spe>ctral Measurements hav~ done as described 1n Chapter li· 

E1ecLl·or.:hemJca1 measun:ments t-Jel·e done c."'S clescr1bed Jn 

B· Formulation of c~mpound~ 

ThJs w~s don~ by c. N m1croanalyses- lhe 

1nstrument used was same as descrlb~d 1n Chapter ll· 

b5 



c. EF'R Spec.:tra 

f1tterl wLth a quart~ D&war for meAsurements ~t 7'l~ (lJqt.!ld 

(g ::::. 

P n (l1V)37 ) • 

2 -c.:n-bOl: a 1 d J m 1 ne) WPl"e pn~pan,?d usJ ng th€~ 

me t·hocls desc r 1 b~d 111 Chap te1· Tetl-abuty I ammon J ttm 

PE'i"Ch 1 Ol"Cil e ( I"EI(-)F') ttJas pl epar·c?rl usJ.ng the same mPtliod 

ammon 1 Ltm perc. h l c.lJ" a i e 

<TEAF'). Pttl"1-FJr.cil"J<:m c::;f r.\cetcmli r1l1? ancJ t:hlol-ofonn wel-e clom:-' 

•\ 
surC::1SSlVP.lV bubb1 1ng it 

\.../ 

1J. DJn1lruQen gas was purJ1lecl hy 

l"hl-oUgh <7111 a1~ ~1 !II~ ~qeus solttl LOn 

Sod1um 

perchlorAie(NAClO.) .., was prepared us1nq the same method 

-(N -phenvlpy·r-lC':IJ.ne-2--CC~rl>c:n:aldJ mtne) 

The 

am 1 docomp 1 C,?'( es" 

1 s g 1 vc:m bet 01-\1 n 

1 some1·1 r. 

r ,::;:,, < u1 > < 1.1-1 ) c 1 ~ 1 • 
c!. 
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ro a su<spens1on ot tr.:ms-[RuCL
1

1·P
2
cl

2
J C 100 mg) Jn 

~hloroform (30 ml> was added 30% aquous H2 o
2 

<30 mll and then 
.._....--

n:dd1s bl-own chltJrofurm e:: b-act WAS 'lhen sepc:\l·ate>d us1nq c:~ ---S8par.tlng funneL. The redd1sh blown resrdued oblatned afler 

solvenl removaJ 1-'Jas purJfleLI by column ch.-omat:otJl-aphy em 

Sl L1c• QL'l (60-l2(() ffiG?Sh) LIS1ng C'l-1 CN-CHC 1 
3 3 

(1:1(2)). F tna 11 y 

'held : 75% 

J t 1s perfol-me>d s1mply by boLlJno Llle <soltd"lon of 

+ 
rF~u<U·o 2cl 2 J 1n waten- C:~nd a spec1f1c case> Js descrJbed below. 

A solut1on o1 [RuCL
1

H>
2

CJ
0

J+ <50 mg) 1n wate.- (25 
- c.: 

mJ) was bo1led on walyr-bath for 1 hr. A dar~ b ,-own 

obt"1nerJ after solvent· 1·emoval t->Jas !::>UbJect-etl to ccJlumn 

(60-120 m~sh). The 

f1rst mov1ng t!l"een band eJuled W1 ttl CH
3

CN-CHC1
3 

(1:10) t->,1as 

chal-act<£-l"tsed to be the l::nvalent st.:tl-tlng matel-l.:tl. tl-ans 

I"Rtt<L
1

H>
2

CJ
2

1. Tl1e second n:.•dd1sh bl-own fl-at.tlon eJutYd wJth 

con· espond 'l o att then t 1 c. samp 1 e of 

tl-.:·ms-[Ru(L 
1 o> CL

1
H>Cl 0 J" 

L-
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S1nglc ot the c.ompos1 t !Oil 

t.lli fus1un of loluene Jnh::> sol Lll 1on (.jf 

1 j 
trans-rRu<L O)tL H>Cl

2
J. Til~ un1t LelJ d1m8ns1ons are l1sted 

1n Tabl8 Iv.s. "lhe siructure v.•a1s solved by the Patte.son 

03 2L 
t ,_ :1 ..._ • I me "110C • r-Lnal cycles of he.::1 vy -a "I om 

lhE> strurture an~ contaLned Jn Table IV-9. 

WF.Jl ( T -=3001 ) s:olutJon ot 

tl-ans--[Ru(I_
1

H>
2

C1
2

J lrJF-1S eHposed to a Hq-va1pour Jr'l.mp (100W) 

for I h. The soJ u t 1on wac.. then P.Vclpona l<=->11 tn d1·yness c:1nd 

crystalJ1sed frnm chloroform-toluene. 

h8 



TABLE IVal 

%C %H Y,l\l 

Compound Fo,-mul a ----------------------------------------
Calcd Found Cc:dcd Found Calcd Found 

------~------------------------------------------------------------------------

ttt-[RuCL 1 0>CL~HlCI 2 J C,_ltH 19N, OCJ '=>Ru 
(! '+ ,_ 

52u27 51-86 3-44 '-1-·09 10-16 9.86 

cct-rRuCL 101CL 1H)Cl_1 c
24

11 19t·1
4 

DC 1
2

Ru 52~a27 51.01 3' lfLI 3.91 1QJ.J6 9.C)j 
c 

ctc-rRu<L 1 0l(L 1 H>Cl~J c24H1 qN4uCll:u 52-27 51-67 3u44 3-'78 10-16 9.93 
'-' 

2 2 
C- , 1-1 2'=~N 4 DC l _ F:u tlt-IRu(L Ol(L H1Cl 2J 53.88 52.65 3.97 4-06 9.6? 9.13 

r:!b """ r:: 

2 2 cct-LRu(L D><L H>CI
2

J c2 ~.H,_ 3N, fJCll:u 
-CI (! !f 

53-88 52-93 3- 0 7 4-17 9-67 8-98 

2 2 
C 2 , H~:=ll, DC 12Ru 53-88 53-19 ;:3.97 4 • 2j 9.67 q -17 ctc-LRu(L Q)(L HlCl~J 

c: .b '-'-" '+ 



TABLE IV·2 

Intr~red Spectral Data of Lhe complexes [Ru(LQ)(LH>Cl2J 

------------------------------------------------------------------------. 
_, -l,a,b 
-., 1 em } 

rna': 

C=N ( 1m1nel C=NCpyddwe) C=0 RtJ-Cl 

ttt-[RuCL 1 0>CL 1 HlCJ~J ,_ 1605 1595 1630 320 

cct-ERu<L 10)CL 1H>CJ
2

J 1600 1590 1625 325.310 

ctc-[RuCL 1DICL 1HlC1
2

J 1605 1595 1630 320,3llm 

ttt-[RuCL2D>CL2HJC1
2

J 1605 1595 1630 315 

cct-[RuCL20JCL2H>Cl 0 J ,_ 1605 15f;'l5 1630 320.305 

2 2 ctc-ERu(L OI!L HJC1 0 1 
'-

1605 1590 162::-i 315.29::-i 

-----------------------------------------------------------------------

a Spectra were recorded 1n ~Br d1sc \4000- 250 ~m-l) 

b All bands are eharp and stronq unless otherw1se stated· 



Hu-·1\1( 1) p. 08':>' ( 3) 

F<u··N < 2) Ru Cl ( l (-',) 

r~u-N<if',) F:tt -1\1 ( 2?-!) 

1\1(1)-C(l! 

j\j(?J-['('7) 

U ( 1 J -L < 6 l l • E.>95 ( I I l 

C( 1 )-·C(6J j "Lt '/ 1 ( 4) 1 • 3'/:::1 ~ j l..t ) 

c c:n -L"' U+ > I • 3D J ( 6) 

I n 363 ( CJ) 

c ( s) -c < '.:t > c < ':.? ) -c < :1 (lJ ) l • :-:.(5~ I ( 6 ) 

I~ ( I 0 ) -(, ( l 1 ) c < 1 J } --c < 1 :.2 ) J • 381 ( u) 



Cl ( 1 ) - Hu t-1~1) 90. 1 ( 1 ) C 1 ( I ) ·F·:u -1~ •: 2) 89.5 ( 1 ) 

N < l > --r~u-1\1 < .? > 77.8 ( 1 ) C l ( I I · 1-:;;u - C l ( I A ) l8fli " V.l ( 1 ) 

1\1 < I > --r;:u -Cl < J c::1) 89.9(1) f\H 2) -l"(u-C l ( H~) 90" 5 ( J ) 

Cl•: t) -·F:u- 1\1( I(-)) fJ9. 9 ( 1 ) hh J ) - nLl-- N < u.:i 1 18fll • Ill ( 1 ) 

1\1 ( P ) - F<u-r·l ( I A ) I ~~2. 2 ( l ) CJ ( 1f...i) -F·:u-1\1 ( 1A) 90. 1 ( J ) 

C l ( l ) -RLI- N ( ~.:y-'1 l 90.5 ( 1 ) N\1J-nu-N<2AI 102-2(1) 

1\!(i::,?)- F•:u-1\1(2AI 18(2'1. 0 ( j ) C 1 ( J p,) -J.:u--N ( 2(:,) 89.5 ( 1 ) 

1\1 ( 1 f-1) --Ru -1\1 ( ,:.1{'::..) 77.8 ( J l F{u -1\1 < 1 > --c < 1 ) 114-2(3) 

nu- H ~ J > - c \ t• > J 28. 'J ( 2) c < 1 ) -·N < 1 > -c < !:.J 1 11'7.j(:j) 

Ru- N ( 2 I --C' ( <:d 116-2(4) F<u-N < 2) -C' ( 7 > l28-3(2) 

CU>I -N ( u > -c < '7) 1 i ~~ . t.r ( ~~ ) N < 1 > -c < 1 ) --c < P > j2:_:l.1(6) 

r-1 < 1 > --c < 1 1 --c < 6 1 IJ5.8('31 c < 2 1 - c < J 1 -c U:d J2l-J(5) 

C< l >-C\2)-CL?:J> J J8.6((;i L < 2 > - c c:n -c < t.r > I J E.l.,.;.l(~,) 

c < ,J > -c ( t.t 1 -c < f.i > lJ9.9•,7) N ( i 1 -c < '5 1 -c < tr > l2}~.'/(~:·l 

I' I u) > -c < h > -i '< 1 ) 125 .. 1 u:n j\1(2) -c ( 6 > -c ( J 1 1l5-7(Lr) 

o < 1 1 -c < 6 > -c < t > 11'7.2((.-.) f\H 1:.! I -·C < 7) -L ( R) 12(ll. 0 CJ) 

NU 1 J -t:Cn -C( 12) l ?i'l • ::H 3) ("(fl) C ('/' > --L \ 12 J j 19. '/ ( t.r ) 

c < '"/) -c <B) --c < ? ) I t9.3(3) c < 8 > --c < S') -c < 10) 120-8(4) 

r:; < (n -c < 10 > --r: ( 1 J ) 119-4(5) G ( 1 (l) ) -C ( 1 J ) - C ( H.! ) I 20 • 8 ( Lr l 

c ('n --c < 12 1 -c < 1 l ) lJ':,.'.!?>(Lt) 



Flolu! torr tlr-:>1 (-,clnJI: SpL'ct-lal 1>r-tl-i ut t:Ru(L0)(LH)C'I 2 J 

.. .. - ~--- --- _, - -- .... -.. ---- - .... __ ,. ___ .......... ___ .,_ .. ----- ........... _ .. ___ .. _ _. .... --- ___ .. _ ......... - ------- --- .... --

C C:lfiiJ-' CllJ n d s 

L 1 l- -1 1:;:u ( ;_ 
1 n 1 a 1

1 1 > c 1 '.:l J ,_ 

L; ::; 

L c t --I l-:11 ( L L.TI) ( i I "I-ll c... l "1 I 
;_ 

;;") '") 

c- b. r nu ( L' D) < L' -i·l > c 1 ~~ 1 ·-

I • ''h 1 _, ,l IOU ... (d?l " 

3 -1 -1 c-i,l:• 
IHn ( e 1 I rn mel I r. 111 > 

'-,1 (!j 1~ :~~t~>C!j) n '"'o: 0h ' 3' •r=t I) n 2R8 ( • I J'-,!1) ) 
~ 

,'j I 1 t 1 I 1 • 

;:.:; I fit ( ;-1 I SW! n ~'""rJI i ( , '"?D(('i) ~ ~.,::>9(~1 ( El I ::=<~~ > ,, 'I.. I i-J: \.J .. 

~.J@Zi ( 1:2975 I 
~ 

J , ... h ( ~" I ~ '-1 _, ~~,_1 1 :1 1, I) ~ 29!2J ( '/lJQ(tl) 

·-· 5;::({J ( L~925 ) " ~1b51- ( '38~.:WI I 'I 300 ( '7;·~;:10 I 
" 

!:I I !lJ o, ::.1'37(1)! " ':J~0b ( ,:r.=l':il/1 l ;; ;29(ZJ ( i3 I b(ZJ l 

~_j 1 PJ ( :-i 1 50 ) " '1 ~b ' ' I. (!~ u 3(!)(i') ( riq;:~0) • - <·•it '· '+ 1~...; ·, ) 9 



TABLE IV.6 

Compound!: a 
fJeff iBt1) 

h 
g_ values 

t t l"- [.Rut L 
1 

0> i L 
11-n U,... J 1 • 86 

c 2.6036 2-2174 1-8079 

2-60027 2-2033 1-8106 

ctc-[RuiL 10l(L 1HIClQJ 1.89 
..... 

2-6138 2-2365 1.7990 

~ -In sol1d state at 298 ~. 

b ' ln nc.~?torntnle-toluene d:ll glass .:~t '77~. 

De:.:-r J ved E.rterg!
1 

prtl"ametet·s( em l 

& 
J 

3270 

i 3058 nntl ( 1460 nm) 

325frl '7074 

(3076 nm) ( 1413 nm) 

3250 6536 

13076 nm) ( 1529 nm) 



TABLE: IV•7 

a 
Cycl!c voltammetnc data at a pl~t.jnwn ~·mr~1ng elecrrode fOl- the r.omple::P-s 

Compounds 

ttt-LRu(L 1 0>(L 1 HlCl~l ..._ 

2 2 cct-[Ru!L Q)(L HlC1 0 J 
c 

ct c ·- [ ~:u ( L 20 ; ( L 2H \ C l ,.) 
c 

[ RLt ( LO l I LH) C 1
2 

J 

R IV 1R III 
Ll u R III 1R II 

Ll Ll 

1-29 -0.14 

1-14 -0.23 

1. 31 

1 -28 -0.18 

1 -13 -0.22 

1. 30 -0.13 

e Def1n1t1ons of the symbols used are as 1n the text. dll E values are quoted 



CryE,t::dl(\gl,~,pluc l!,:d·a H.1r Ll·t--[F:u(II!J>(I.IH>CI,;) 
L 

t,hf':!m fo.-mula 

r 1"1 c! J n l!'' 

SpriC"(=' (jl Oltp 

0 

c\ II A r; • lt54 ( '~) 

., 
h. (-4 

0 

r:: " A 

Colq CIL~iJ 

(5. <Jeq 

~ ... 'l <.1!-:!f! lJE...96(3) 

v. 0 1 f.),_ 

z 

r :::l 
!J c i:'.'l 1 1 

• g m La: 

-! 
J..l• rm 7" ::.4h 



F:u 

CJ ( 1) 

NU> 

N\2! 

0 ( l) 

C\ I ) 

c u:.::) 

CCJ) 

c. ~ t~ ) 

C\31 

CUJ) 

C\ ·n 

C<8> 

r u·.n 

[(i(lt) 

f:( 11) 

[( l2) 

c ( 13) 

C< I L~) 

~ ""' fl L ( J ,~) 

C<161b 

C ( I 'J) b 

rr:~r::tLF r v. ~1 
Selech?rl .~tomtc p-aramr:rf='r!:.:; fo1· I t-t--[f\u~L 1 UI(L 1 HII.'l 0 J 

c::. 

X y l. U(eq) 

(t) 0 0 31 ( 1 ) 

-·2349 ( 1 ) 2366 ( J ) -121+(1) ~"i j ( 1 ) 

-H.l:.C3 < 3) - l2L~5 ( 3) 1331(3> LJ0 ( 1) 

~6LJ CJ) LJjf-f(8) :l669 CJ) 39(11 

79 ( 12) 12L{(12! 4l26(6) 123(71 

-'t~Ti' ( 5 > -J0f3::..(6) 30'76 (tj) l'!.>r~ < 21 

-- l ::.88 ( 9) --1 '789 ( 9) 44~?)'7 ( ~j ) t!ll9(5! 

- 2~146 ( 8) -278~(0) LJ LJ 55 (:5) I (7)6 ( L1 ) 

- 2 1~1 :51 ( 6) --2'7 l b ( 6) ~-320 J ( :s ) ?6C3) 

-l'/<10(5) - f? 162 ( !=:.· ) i 9(117 ( L1 ) ::"elf ( 2 ) 

-:::18<6> -1 ~~9 ( 6) 2965 ( /1 I 66(2) 

1 I-J89 ( 4) 1~96\LJ) 1576 ( ::,l) 38(11 

73 7 ( lj) 2928(5) 15:-12 ( .::, ) 53(21 

1 \~!:,~~ ( 5 ) 3'782("5) J37~..''.!(:j) 6LJ(2 1 

::J26'?' ( 5) ::3~131 ( 5) 126::.-d 5) 63(2) 

3998(5) J LJ06 ( 6) i361t1U.> I '/(.!) ( 2) 

:·HJ:=J\5) 533 ( ::.) l513(3l ~iR < 2) 

60lt6 ( 8) 3964(9) 5700( I QP 9i"i ( LJ ) 

: 191:1:.> ( l6 ) ~3P.37 ( l '7) 33'3L~ \ 18) I '7:3 ( l0) 

b'i'LJ9( I en '::t? j 6 ( J (J) L~?RJ;.:t ( ;1(71) 108(9) 

Ljf_,'i'LJ ( ::_12) :-•26 I ( :-1,;;) :;._lcLifrJ ( 1~n 1L;;j(18) 

51l·dJ( ILJ ' LJ 708 ( L'->) Ll2'7 j ( 16) l\7(f::l) 

ar:::qu1v21Jent 1Sotl-op1c- U defJnf..)d 21~ CH1t"' i.hJl"d ui" Lhe l"lC:\c<= ot lhl? 

orthoQonall~P.~ U tensor. 
- I 1 

LlSlh"' Dc.cupr:d-lun F~tt lor 0.:::;. 
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Chapter V 



SYNTHESIS. CHARACTERISATION AND HieH 

RESONANCE SPECTRA OF CAqL 2 JClD4 (L 

CARBOXALDIMINE> AND THEIR REACTIVITIES~ 

CHAPTER V 
PROTON 

N-ARYLPYRIDINE-e-

stab]@ zn methanol anrl chloroform. but d1s~ocrate 1n 

aceton1trzle. The h1gh 
1 

l e3~lut1on HNMR spectra 

comple\es Nlfh d1tferent ~ubst1tuted 

the ~heCate r1n93 1n + llg L •. 
• 

r.:n-·e magnet J. t:: i3 f fy 

metal e\change reactions ta~e place to yzeld 

z 
CL -

NL ;;..,. fN 
3 

<:11""@ 

and 

<]jJ). 

:::: 11 on 

cJJ), cobaltc]JJ. nJcAelcJJJJ. The redo\ pr~pert1es ~f the 

* rh1s wor• has appeared tn Polyhedron. 1994. 13. J063. 
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INTRODUCTION 

We have> recem t.1 v ird t1a t.ed an invest.iuat:.ion int:o 

\:.he synl:.h<?sis of silvel- <I> comple::es of neutl-al N, N-donors 

jrr onlel- t..CJ use them 1-.o synt.hesise othel- tl-ansition metal 

complexes from easily accessible metal chlorides. 

. . t . 1 ·~ l . t . 1 • 2 h d . b d t'- f 1 1n1 ·1a pLtu lCc:l .1ons we ave escl-l e .Jle success u Ltse 

+ "' ot AgB
2 

LB = 2,2 - bipyrid1ne or 1~1(2) phenanthroline or 

2-arvla=opyridineJ
3

-
5 

in the synthesis of some important 

ruthenium and rhodium complexes. This h~s encouraged us to 

j n J t j d !.f..• n?.ser.:n-ch on s i 1 vel-< J ) t:omp l ~.?>: (.)f a neu t ra 1 Schiff 

base> l .t f:Ji:\tltj system. N-aJ-y 1 pyl- i d i ne.>-2-caJ-bn>: yl d imine ( L, 1). 

2 

Jn the main.part of this chapter, we describe the 

1solc:1tj on and characterisation monomeric 

6 
co--cn·rJl n~t.ed silver( I> comple::es of L. Assessment of 

st.n.tci".un,:J and the so.lut.ion stab11 i ties of the complexes have 
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been mad~ on th~ bRsts of spectrQl data. We also descrtbe 

here th<~ use of "\.h(,':)S~ <.:omple::es fnl- Lhe synthes1s c.d SC!ITH? o'f 

the lnm•m compounds of .uon (Jl). n1ckel(![) and cobalt(t[). 

Results ~nd Discussion 

7 
The three llgdnds used for th~ present worl 

Ln I ~ L moLar 

(~gl\!03 n-?r\C. ts SIYIOO \"I\ 1 V I•Jl rh r\n P. !·1\ancJJ 1 C sol u \ 1 Pn 

of L( 1) RL a LK•11HILI iempr'll"<"'tun::> 1n th<? mc.1Jcu- 1-RtJu 1:2 \c1 

svnrhel-1~ rnut~ Ls shown hy the e4uat1on L. 

1 

RecrvsralJ1satJon of the perchlorate s~J rs from L:l 

m1 ;: tun? y1eldecl htqhJy crystal1Jn~ 

r·ompouncl. The y J P 1 ds of t I H? cc:Jmp] e;: es a 1-e ClLI L te h 1 gh ( '75%) • 

Tt may be noted here thar lhP co1 respondJng b1s 
Ll 

comp 1 e:: of 

1· 
EAgCphen>

2
J respect1vely w~re 

<::~b"lalned only 111 low YH"IrJs. 

The sJ lver-L compJe,:es are hlQhly solubl8 1n cnmrnnn 



ned ar Ol CJ<:il11 c soJ veni s lJ.~ E' ace?b.JilJ tl"J.le. chloruform et~ •• 

moderately solublY 1n water and 1nsoluble 111 nonpolar ben:e>ne 

a. Char~cterisahtnn 

lhe SJJvel (J) t:Dmple::t:'S:- of L(i) 

h1qhly crystall1ne l1ghh v~Jlow needles and can be stored tor 

t 1 me. Tll~y a1 e fonnulaled by element.,"! I 

<C.H,N) anci by t:>st·lmai.tnn trl SlJV~,- (TablE' V.1). rhe n-?sults 

+ 
uf est J matt 1 on ALl • as ~.>Je I I <-1 s L • H • 1\1 analyses concJustvPJV 

<:>uggest Lhal th<'? numbe1· nf lto.::md~, (LJ per s1lve1- 1<:m !S lt-m. 

measun.:~men l. 

compotlncl::; .::n-e chc:\magne'\ 1c The moJar 

conc.lttc l:anc.e of LAgL
0

JC10£ ( 2) 1n me Lh;:mol ,_ ~ 

--1 2 -J 
between 105 and lJ0 ohm c.m mol • 

10 
sugoest1ng a 1:1 type 

of P1er1rolytJc naturo ut lhP compounds. rhese l-estll l s 

collecttvely confurm to the formulatton of compunc.l as 

IAqL2 JClOl.J. 

c. Bonding and Assessment of Structure 

(i) Infrarwd Spmcbra. 

Infra1~d spe~i.ral dai.a o1 EAgL,::~.1Cl04 t-Jen:· culle1:ted 
;_ 

as ~Br d1scs Jn the range 4000-600 cm-l. ~haracter1st1c group 

f nilquenr.l es e:\ n,.. p l-esen ted 1 n T .?\b 1 P. V. ~-3. Soule ot these-• b.:-mrJs 

J I 
a.-e f<JUild to be us<=1iLtl 1n 1denl1f1cat1on of tile oeomP l ,-y 



.:mcJ bond J nu of tht'? comp 1 e:: <:s and a ,-e cons 1 de red he,-e • I he 

b l-oad s true t.LI .-e less 
12 

b.:mcl , vc1o:­
"~ 

at ca. 1 L00 
-J 

CHI 

s:uqgests the Jac:l of sJgn1f1cant pe.-chlol-.:.'lte coord1.nat1on 1n 

l"h<? 

IR specl~• of E 1s the c:ons1stenl ~ppearance of lwo slrnng 

bands at a ca. J625 21nd ca. Jbllllll 
--1 

em WhlC:h have 

2 1 1 F.-ee 11oand. L. d1splavs abso1pllon dne to 

and vC=NC1m1nel each at a ca. l600 and 

vC.:::NCpyr1d1ne) 

-- j 
ca. l631Zl c:m 

respect1Va]y. The shlfts of VC=Nto lower frequencieS suag~sts 

that the? l1oand~ L 1s conn:llnated to sllve.-(I). 
- I 

Cit> El~ctronic Sp~cbr~ 

8o1Lil1nn electn::JlllC: spc->ctra o1 l·he Sl]VE"'i- compl<i">:es 

ll"l thn:>e dJfferent solvP.nts. V1;'•1Tlethanol. 

21ssess 1"hm1r solut1on s:t~b1l1t1es. The data are presented 111 

Tabl<:-> V.L •• The electron1c 5peclrA oi S are dominAted by 

ca. 220 nm. Thf.;.>sp 1ntensf? b·ansttlons may be 
13 asstgned 

I"WO 

to 

"* JntrAllqAnd rr - rr trans1t1ons. An 111 def1ned shoulder at 

The stab1l1.ty of <::JlVPl- r::omr.llP>~Ps Jll chlnrofol-m 

meth.nol snd aceton1trJle have been ver1f1ed by Bepr"s l~w. 

lhP. Jntenslty of the b~nd at ca. 300 nm does not change wtth 

dJlut1on and a plot of absorbance. A. versus conc:entrat1on. 
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FIGURE V.l ELECTRONIC SPECTRUM OF [AgL2
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FIGURE V.2 VERIFICATION OF BEER'S LAW IN CASE OF [Ag(L1 ) 2]Cl04 : 

(a) IN CH30H AT 302 nm 

(b) IN CHC1 3 AT 302 nm 



·IE<lue of moJa1- +:..,::tJnc:tlnn c:oefftc:Jent • .e F1qure V.i.!). 

+ 
Henc:e. Bl?el·'s l.nl-\1 1s verti ted anc1 [(-iqL'->J ts stable 1n 

c=. 

the solut1ons ot 

Lr1W 11"1 c\LE>tonli·,-J]e 

Ciil) jHNMR Spectra 

spec:tra 1n CDCl~ at 400 MH~- Che>m J c:.::1 J sh 1 f ts a11C.I c:c:H.tp I J nq 

rl J sp I .::wed 1r1 F lglln? V. :3. (:ljss 1 qnmen t oi 

spin-spJn structure, substttutton Jnduc:ed effec:t And ~lso by 

l-uthenlLiffi c:omplPHes 

The s1gnaJs due to 

tndlvJdttal al-yJ rn-otons r.u e also .ass1gned on a s11ntla1- bas1s 

us1ng '->ttbstltuent 1nduc:ed c:hi'!nge 1n splllttng pi'!tten1s and 

chenuc.c:d sl"lJ f ts us i-tddl t1onal 1nd1c.ators• 

and 12-H s1ynals appear as c:o1nc.tdent doublets 1n call the 
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t ~- 1 p J e'l !:'> 1 n i he rt"Jmp 1 e;: o1 L 
1 

" whe ,-~""as. 1 n l he con•p l P>: 1:::'!6 C1t 

0 '3 
lr:::. and I_'" those ... 1ppea\· as cOHIC.1dent doublets c:IS e:•;:p<::?cted-

J + 
rh!? Slqnal ciUI? tc) J0-~l Jl'l l?kj(L > •. >J compJ~H app<::?al-s C'IS •""~ ,_ 

11 1plet. Further ~h~ sh1ft of thm 9-H s1gnal to hJgher f1r>lrf 

J.n gotng from L
1 ttJ con-espondlng L

2 
ccomple;: 1 n ace or d.:·mr.:e 

w1th the electron rele~s1ng charac~er of the methyl 

methyl sJ.gnal at 2-27ppm. 

The overall exam1nat1on of 
1

HNMR data reveals the 

follot-Hngg 

(A) lhe pyrJ.dyJ" aryl as well as: Jmlne prnl·on 

the l1g~nd L sh1ft on coordlncltlon. The 

c.oord1nat1on 1nduced shJfts
18 

+ 
coord1nat1on of L to Ag ; 

1n clue to 

(b) In i.he pres=f:nt gl-oup of c.ompJe~:es eAch k1nd ot 

p\-oton WlVes l-J.s<? to one stgnal (<.Hnqlet m· multLplet). It 

&J.ngle 1somer and the two chelate r1ngs 1n 2 are magnetLcally 

equ1vaJent at lP-ast 1n the NI"IR t1me scale. A tlf\lo fold a;:1s of 

The 
1 ~1NI"'IR da!·a, p!-esented above~ 1s thus consJ.stent 
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D· Chemica! React!vi~ies 

ln lhJs sect1on wm rep~rt the react1ons of lhe 

-1-
chlorJdes of Fe<Ill), Nt<II)and CI<II) w1th AgL

2
<2). 

C'lntlc.lpatPd that the 1nteracl·1on c>f metal ch!orldP.s w1th 2 

mtght le•d to metal-L compounds. Accord1ngly. 1n L1 ne w L th 

the were 

+ t")·l-
3AgC.! 3L FeCI 3 .6Hi.:P + 3AgL

0 
FeL· + + 

t::. 3 
2 

C'oC 1 ~-. 6HPO 
~ 1- 21 

2AqCl L I· 2AgLr:l CoL::J + + 
c-' ..:. 

-1- 2+ 
N 1 C 1 ,.j. bH,. 0 + 2AgLrJ --- b! 1 ~-:J + 2A!Jl' l + L 

L: C' .:::: 
4 

All thm reactlons,(2-4>. mentJoned above. pl·oc.<=>ed 

smoothly 1n mmthanol lc v1eld dll-ectly 

cat1on1c tr1s chelate~ have been 

11L2 + 
3 

and 

!SO!C'Ited 

AgC I. The:• 

as the1r 

J nm i he 

1-educ1"1cm of 11-on(ll[)-- 11·on(JJ) occu.-s 1n the react1on 

Lnfra) ot thl<s ccmph?): 1s no dQUbt one of the contl-olllng 

factors for the reduct1on. 

E. Ch~ra~ter1sation of thP Products CRe~ctions 2-4) 

( a ) For rm.1l at i on 

The J•C>n(Il> c:umple): Is blue Vlolet when=~as beotl, 

cabal t<II > and n1e:kel (I[) complc.,:.)n::>s •n:;• C.ll·ange. F.ach of them 
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etc. They were formulated by elemental analyses <C. ~~. Nl ~nd 

est1mat1on of 1ron. cob~lt and nJcl el ( r ab 1 e v. 6 > • The 

n:)slllts of est1m.at1ort ot the n:specrlve> metal and C.l-l.l'-.1 

rer metal 1on Js t~ree. E~~h of ~he compound Js assoc1ated 

WJ th cme moleculf'i! of wrd.P1- of crystal llscttlon. 

<Tctble v.7J between and -1 2 -l 
<:Jilm em mol 

10 
sugge~t1nn a 1:2 type of electrolyt1c nalure of the 

Th~se results collectively confonn to the 

<c) InfrRred Spectra 

-1 
1n th8 ranne 4000 t0 600 em . Selected nroup fraquenc1PS .are 

1.n Tc:1blE" v.?. All 

vC=N < pyn.d 1ne) 

u abs<::)tp t 1 ens 

tn the range 1650 

the sh<:Jw tile 

vC=N<1m1ne) anrl 

-J 
em "fhe banrJ Fi l 

h 1 ~.;!hE·r ~::?nenJ y 1 <:: due tr.J '-'c=N C 1 m1 ne) and the 1 owe1- enr:>l-gy bnntl 

J 11 the re>spec t J ve cc.)mpound. 

12 
bl-oo-1d stnu:turelr·.,!S""- ba11d -. PClOZ al ca. l l (711ZJ 

-J 
em 

the> lad of SlWlLtH: . .ant perchlorAte coorcl.tnAtJon .. 
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So J u L 1 011 81 &•c t n:m 1 c spec '1. r 21 r.•f the comp If:'): es ~·Jen? 

studl ed 1 n Etcetcm1 h-lle ll\ the uv--v1s reg Lon· 

.,.. 
rr-n lrRns1t1ons-

cEts,e of 1 ,-on ct:Jmp 1 e;: twD other abst ... rp t 1 Dns at 570 nm and a 

•sht•ltJ cler at 530 nm .-an·? <:Jhserved wh tch may be asslL)nPLI tr.) MLC"I 

(met <:1 l- tn -11 qand c. he:\ ,-q<=:o t ,-ans fer) 
4 c r 

2
-- rr < L > J tri:'IIISJ tlOI/Sn 

o ,_ 1 I t f t cl 111 1 " I 9 • 20 wpec•~l·a <:a "2\ or ·he c:ompoun s agl-ee wP. 

W1lh 'l.hP l"E?PC:.ll"t<->d data. l"hus 1-'Je c:rmcJude lhc:~t the compounds, 

The redo;: p1·op~H t tes of 

stud1~d voltammmtr1c:ally on th8 po•:s1t1,lP of S.C.E. The 

<:r•mp J P.i: ~s uf 1 r or• and L nba J 1· ;:., n~"' e J ec l- r oac L J ve .:md shnw 

r\lld n:.:>f.)l"<?Sentc:"!flVP. volt.:tmmog.-c<mb a.-e d!sp]ay•ed Jli F1QLI.-!i'i• \).6. 

For compar1son, M
111

;M
11 

couple for Fe(bpyJ~+ 
2+ 21 

Co(bpy)~ (bpy = 2.2'-b1~yr1d1ne) occur at ] .03- and 0.03 
,.{ 

c:"lncl 

re~pP.ct1vely. No attempt has been mad<? to 1aolate ferr1c or 

cobaltLr: compounds 1n lh~~ solH.I ~..,.t.:tte. 
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FIGURE V.Ga CYCLIC VOLTAMMOGRAM OF [Fe(L2) 3] (C104) 2 IN CH3CN 
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F. Conc:lusi.on 

I t JS 

towards s1lverC I). Slallle. 

comp 1 e::es of the type 

demons l ,-a ted 

+ [AgL'.::lJ ,_ nre 

b J scheJ C:\! ud 

1 so I <"' tecJ 

We w1~h lo note h~le that ~he exftmples oi stablE'., 

Y.Jh 1 ch I 1 Ptlc Ls ~'J1 Lh 

1--JnaJ ly 1t may be conclur.if:d 

the syn~hE's1s of M-L compleAes from E'ASlly 

n1 then J um ( r J) • wl11 d1 .are desc r J b<:?cl 1n two 

chapt<?rs. 

~XPERIMENTAL SECTION 

Melt1ng polnt measurements. ConcJuc:LlvJ'ly. 

Jnfr.ared Spectra. Electron1c: Spectra. 

All desc:rJb~~ 1n chapter II and [JT. 

the <= o J u t 1 on s of 
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LAg<L 1 )
0

JC10. hAle been mAdP spertrophotomPtrlcaJly usJng the 
·- '4 

va.-Jous c:oncentr<:ttlons(C) i:\S q1ven mo 1 <:\ r 

-~ -~ 
( J) CH

3
DI-I : 3-06 X 10 .s(3.~··(111). 5.,~0 X 10 U:"J·17t.)" 

'7.20 X 10-
5 (8.235l, 9-01 X 10-5 <10-305) mol-dm-

3 at~ 802 nm 
n)a}t 

( 1 1 ) CI-IC 1 :::! : 4 • £~ X 

( 0. ((j8l ) q 
-5 -3 

I I .02 X 10 Cll-~~5) moJ -dm at~ 802 nm. 
rnaH 

B· FormuJ~tion of Compounds 

~nd also by chPmtcaJ analysJs ot sJJver. SJlvPr ~a~ PStJmaled 

d8taJ J8d prucerJu. t-1 JS q1ve11 belDW• 

I"Agl~ 1 JC1U~. A I not,.m wenght <0-400 m-mol) cJt the compound WC'\S 
1:'* + 

LAI en !n a ~00 ml· rontc:AI fJas~ and 1t w~s dtgested thrJ~e 

10 mJ ) • The ~olou1·less n":!bldue l·hus obt.:unerJ \Alas crJolecl and 

t!ll tile pl-er.:Jp!lAtlon oi t~qCJ L•::. r.clmp1etf-:!CI· The pn~c:lj')Jl"At!;'• 

tl"l• ough t.'H? L qhed 0-4 s 1 n tel C?d <;.It ass f unnP l • 

lhn:H.tql11V t'nlh rl1stJJlc"-'d t"•.::d·e.- unl1J frPc,? from chlof Lde. lhC? 
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1 t !Alas cooled J n .a desJ ct:.:1tor and we1gtled as AgCl to a 

t.onsl·ant we1ght. 

were est1mated by the 

l!sJnq I,'.:)Cl-'-p
7 

as a r:n 1marv st<Rndan.l. n1ch·'l and cobalt were 
•- r:. 

est1mated grav1metr1cally .as NJ.-DMG and Co-a- n 1 t roso -(3 · 

naphthol con,pounds ,-especi" 1 vel y • 

Commerc1al ethanol 1\le\S dJ<:tJlJed and used tor 

me>thanol ~ere used for spectral and molar condL1ctance 

1eferred J.n Chapter II· 

u. Prop~r~tion of Compoundn 

The chew,Jcals: and thell' soul-ces are as follows: 

we,·e of LISPr:l WJ.thoul 

p ul- l f 1 c a t J on • 

83 



(b) Sodium Perchlorate, NaCl04 

As dJcussed 1n chapter II· 

The ll~and(L) WAS qenerallv obta1ned Jn s1tu by 

prJmary amJne Jn ethanol. The melhod of 

':J 

1\1-p-tolvlpy.·Jd Lne?-2- C:<="ll·bo>:ald 1m1n~<L '--> lS 111 

Chap t<;?r J J • 

( cl > Comp h?x es 

(i) Bls-CN-phenylpyridin~-e-carboxaldlmineJ silver<I> perch-

1 
··lol-c\t.e~ [Ag<L >,~1CH.J, c: .. ,. 

A soJutLon con~Jst1ng of fre&hly dJstJlJed an1l1ne 

Tc.1 th1~:; v<-:>lloiA.t solut1on. a solutton of At;.!hi0
3

< L-00g. 0.0(()6mol) 

111 ethAnol (20 ml) was added and agaJn heated to reflu.c for 2 

hn:. lh<""' solutJun w.,.'\s then coolPd c-1nd f1ltered 

1nsolutbl<== pc=ti-1-Jc:le- To lhC? cool f1lb-ate an aquous soJulJon 

n-r N.::.ctCltlt
1 

(r.a.?0cJ tn 10 mJ of li'Ml<?•) was c=tdclod and ]<?ft to 

crystal I tse 1n thP dar~ overnJqht· A hJghly crystalllne 

CJl-een 1 sh ye 11 ow compound lo\tas ob l.:nned. It was 'f 1 l te ,-ed ,:tnd 

80~'.. 
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( i U Bis [ N -p·-t.o 1 y J pyr· i d i rHi!··2·mc &\ rnox y 1 d :l.m i ne :1 m 3 ! ve~r ( I ) 

E 
lAq<L~ )t:~.lClO, and bis-CN-p-c:lilOl-ophenyl 

r:::. '"I 

~yridtn•-8-cdrboxyldimin~J 

L: A~ < L :EI ) r~ J C H') ~ • 

rn l ven- < t ) 

• + 

pr1marv arcmat1c: Amlnes. Y1eld: 75 % 

+ 
1: Ag ( L) ·=>J 

c. 

SpE'Clflc: 

FeCl
3

.6H
2

o (1.0~ g. 0-004 mol) was dJssolved 1n 

I:Pathnol (25 ml) and to 1t I:Ag(L£-.!)[-'JCJDLt (6.6~"5 g. ~!l-0lJ mnU 

stntered glass funnel to remove 1nsoJuble AgCl· Th& flltartP 

1 ts 1r11 t J .~ l volume when c\ 

v1oJel m~ss depos1!ed· [twas fJltere>d and washed wtth water 

c oJ Ltmn r.h1 umC\ togr<:1phy on c:"! sJ l1ca gel ( 6(7J- I 20 m<:sh ) c: o lumn 

us:Jng rlr·fiE•rent mJ>:tun2!:'.> o·l CH~CN-CI-ICJ 3 clS eluen{-. The fu-s!· 
,::) ~ 

I.J<Rnd ~vr.~s e.>Juied w1th 1~5 CH
3

CN-CHC1
8 

mr::tt.t,-e '"'nd 11· tNc::'\S 

r.:olleri<-;;>LI· Upon CC)IIrlens<::\'1-lon of the bJLte vlnlt?t s:.olutrun., a 



compound. was 

Y1eld 

70%. 

r.:lut iollm"\lll'iQ a fJPneral procedun:> g1ven below. 

I"IC l 
0

• 6H~)CJ ( M .:::: Co" 1\1 L ) ( (l.J. 00Lt mn 1 ) w.::1.s d 1 sso 1 ved L n 
,_ c: 

T r1 t h J s s:: D 1 u l 1 c1n • a so 1 u t 1 on of 

ethanc.1l ( 15 ml I 11-,1.:\S adr:lP.d slowly and lht> ~-eactlf.:ln ~\1.::1.5 .::1.llc.w,1ed 

va<:IIC.J• Y1c?Jd: 85% .. 
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of l·laCJO, 
'-1 

1n 10mJ C)f 

compc)und. 

the nL<.:kP.l 



Compound 

1 
[Ag(L 

[Ag(L 

[Ag(L 

--. ... 

-· -. 

,.., ·-

,.., ·-

,.., 
~ 

]ClO 
4 

]ClD 
4 

]CJD 
4 

TABLE. V.1 

Analyttcal Data o~ [AgL ]ClO 
,.., 4 

Fol-mula "/.[ "I.H %N %Ag 

Calcd Found Calcd FoLtnd Cc:llc.d Found Calcd Found 

C H ClN 0 Ag 
~4 20 4 4 

C H CJN 0 Ag 
26 ~4 4 4 

C 1-1 C:l N D Aq 
:::24 18 3 4 4 

50.4 

5:2. () 

45.0 

50. l 

52. j 

44.B 

..... c.­.. • ....... 

4.0 

::.E:i 

-· -i _,a.,_ 

4. 1 

:::..7 

9.8 

9.:; 

B.7 

9.6 18.0 :17.8 

9.0 18.0 17.9 

8.7 :16.8 16.7 



"fABLE V. 2 

~-=lo Jut 1 on l~lr.::d ar Cc.mduc t J v J i. y Da l .:/' c.Jf Comp 1 el: (es L P1qL a J C 1 Dt. 
'· I 

Al'1 

Compound 
-j 2 -1 

ohrn em mol 

LAg < L t ) ,.., I C 10, 
c. '-t 

106 

'-:! 

L A~1 ( L 1
-) 

2
JC1 0

4 
108 

3 
I Ag ( L ) 

2 
J C 1 0 t.~ 110 

a -3 -3 
The solvent used was methanol. Concentr~t1ons are ca.l0 mol dm 



TABLE V.S 

Infl~ared Spectral Dat.a of the Comple:mes EAgL ;iJClO 4 

( -1)a.b v em · 
rna~"' 

Compound 

C=N< imine) C=N<pyddin~:) 

1 
CAg<L >2 JC104 1630 1590 780 675 

EAg ( L 2 ) 
2

JC10
4 1625 1585 780 675 

3 
[Ag<L >2 JC104 1620 1585 780 675 

bAll bands are sharp and strong unless otherwise stated~ 

d Out-of-plane bedning in pyridine ring 

eOut-of-plane bending in phenyl ring. 



TABLE V·4 

Solution Electronic Spectral Dataa of EAgL2 JCl0
4 

Compound 
'3 -j -1 

nm<e dm' mol ·em ) 

C Ag < L 
1 

) r,:> J C 1 0, 
c::. ... ~ 

380b~ 302(24450)~ 225(23695) 

~ 

[ Ag ( L '··· ) 
2 

] C 1 0 
4 380b, 315(24475), 233(24270) 

J::AqCL
3 >

2
JClO, 

•. '"I· 
380b, 300(20590), 230(23685) 

ai,-1 -3 -3 methanol· Solution concentration ca-10 mol dm 

bill-defined shoulder 



TABLE IJ.5 

1HNMRa Spectral Data of free l and the Complexes. 

Compound HI 5-H HI J-H 12-H 11-H 10-H 9-H 8-H 10-Ne lJ-H 

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ll b 8.73 (8.0) 7.65c:{7.9) 

[Ag(L1J2JCI04 
b 8.66 (8.0) 7.6bc{7.B) 

l2 b 8.70 (7.8) 7 .34c:(7 .B) 

[Ag!L2J2JC104 
b B.b4 (7.9) 7 .65c:(7 .B) 

l3 b 8.71 (7.8) 7 .46c(7. 7) 

[Ag(L3J2JC104 
b 8.66 ( 7 .8) 7 .65c(7. 7l 

aln CDCI3 using SiMe4 as an internal standard 

bDoublet 

c:Triplet 

dsinglet 

7.95c(7.1) b 8.25 (8.0) 

8.10c:(7.0) B.13b(B.O) 

7.771:{7.1) b 8.18 (8.0) 

8.091:(7 .0) b 8.12 (9.1) 

7. 79c(7 .0) B.2bb(B.O) 

8.08c(7.0) b 8.12 (8.0) 

<-------------------------------7.17-7.33--------------------------------> a.bbd 

b 7.45 (8.1) 7.351::(8.1) 7.261::(7.9) 7.351::(8.1) 7.45b(8.1) 9.ood 

7.20-7.26 7.20-7.26 7.20-7.26 7.20-7.26 2.35 8.62d 

b 7.41 (7.9) b 7.15 (8.0) b 7.15 (B.O) b 7.41 (7.9) 2.27 9.04d 

7.19-7.36 7.19-7.36 7.19-7.36 7.19-7.36 8.59d 

b 7.37 (7.9) b 7.25 (8.0) 7.25b(8.0) b 7.37 {7.9) 9.ood 



TI~BLE ~.;. 6 

Analytical Data oF [ML~](Cl04 ) 2 .H~O (M=Fe,Co.Nt) 

i'aL: 'I.H %N %t1 ( IVf:::::F t?. Co. N 1 ) 

Compo,_md Fot·mula 
CaJ c:d Fcrund C~Jcd Found Calcd Found C ctl c d F C<l-lrl d 

[1-e(Ll >:) (Cl04 )'2.1-1'20 C:-. 6 ~-1-.,...,CJ ...,Nt o9 Fe 
... -''- ..._ 0 

5:..: a 7 ~~;~a 8 :
11 

a 9 4 . j 10.::': j (l • .tJ 6.B j • (I 

~ ... 
[FecL·) 3 J(Cl04 )~.H~O c 39!-l-:;sC J 2 N6 09Fe ~·LI II " .. "'• 54 a L1 4.4 ~~ • 5 a.o 9.9 c. Q ej 6.7 

., 
[Fe ( L ·' ) 3 ] ( C 1 0 4 ) ~ • H~ 0 C~6H~9CJr:::N6 D9Fe 46.8 47.0 =·. 1 

.. ., ,. .. , 9. 1 9. !) 6. j 6 -~ 
.. • a .z. . -· _, ...... ..J 

[Co(L 1 ) 3 JCCJ04 )~.H2D c36~-IT:C: J ~N6o9co 
t=:.-. t: 
-..J.:.. ".__, 52.6 :~. ts 9 4. •) 1 0. ::· 10.0 7.2. 7,::; 

~. 

[Co c L ·-) -::;) ( C 104 ) 2 • H-:0 C :;';;>H:;sC J '2N6 o9 cc:' 54 .. :~· ~:~4 q ~:- 4.4 4a5 9.7 c;·. El 6.B 6.9 
--

[Co ( L ·') 3 J ( C J o4 ) '2. H~O C~ 6 H,...,9 C 1 .... N,.~ o,7Cc:• 
-· t- ...J 0 

46.7 46.8 :--, n 1 :. • C) 9. 1 ,... ,..., 
'1. ~ t. It LJ 6.6 

[Nl(L 1 ) 3 J(Cl04 )~.H~O C:;6H-:;~CJ~N609Nl 5~.6 c~ r::: 
~--~ ~.9 4.0 10.~ 10.::': /,j 7.0 

~ 

[Nl(L·) 3 J(ClD4 J~.H~O C~9H38Cl~N6o9NJ 54.~ 54~~~ 4.4 4.6 n ~ 
~ • I 9.8 o.B 6.8 

-[NlCL~):;](Cl04 )'2.H'20 c 36H~9cl 5N609NJ 46.7 ~6.B ::':.1 ~.1 9.1 9.~ o.~ 6.5 



TPIBLE v. 7 

E>olut1on 11oleit" Conduc:tJvJtya .;;md Jnf-J"C'H"f.:>d SpE·cttaJb Dat<'i o-f i.he CcHTlple:es 

(ML~]CCl04 )~.H~O (M:Fe.Co.N1) 

-----------------------------------------------------------------~-----------------

Compound L\ t1 
~' -- j 'YmR: Cc:m ) 

ohm- 1 c:m 2 mol-- 1 C==-N c J !11 J ne) 

[Fe(LJ )~](Cl04 )~.H~O :~5() 1615 
~~ 

[FelL-)~](Cl04 )~.H~O :25i) 16'20 .. 
[FeCL-')::)(Cl04 );_~.H;;O ."2LI8 16."25 

\ 

[CoCL 1 )~](CJ04 )::.H20 :·.£1(1 J 61 ~· 
~~ 

[Co ( L ~ ) :) ( C 10 4 ) ;_::. H-;;0 ""')-r'C' 
.,_ .. •-c-J. t 6'2t) 

. , . 
[Co(~~)~](Cl04 )~.H~O 2"38 16~5 

[ N J ( L 1 ) :. ] ( C J 0 4 ) :;::: • H::;:: 0 .:.·.c.t5 16:.o 
~, 

[Nl(L.):,](Cl04 )~.H~O ::42 16."25 
~ 

[Nl(L~) 3 ](Cl04 )~.H~O ."245 l6~5 

ain methanol. 

bspectt·a wet·e t·ecoJ·ded 1r1 ~,Br· d1sc (Ll(h)t) - 6(H) cm- 1 ) 

cBt·oad. 

C=N(pyt"JdHle) 

151 ~j 

15iJ() 

1570 

1600 

1600 

l6(l5 

:!600 

1605 

16t)5 

-l 
['1()4 

l 1 ooc. 6'20 

11 i)\)c: q 6'2•) 

11oor=. t)~~o 

11 ooc: q 6.21) 

11 t)r)C: • 620 

l lt)Oc:. 6~X> 

1 1 t)(1c • 6~0 

110t)c:. 6'2•) 

11 r)Oc. 6.:~0 



·rAl3LE v.s 

~.) 

of ri'·H L '-' > :J J ( C 1 0, ) <::J. H-oD nvi=-Fe" Cc.• ,,I'll > 
W ~ L. 1-

C c:;.nq::HJ llll d 

r; 

fC\l(L t.:.)
3

J (CJOL >~ ·H;;::,l1 
I c: ,__ 

3 -1 -l 
~ nm<e dm mol em l 

l11d. .. ~ 

570(5000). 530b(3570> 

320b<23120>. 280c(~7500> 

235(25640) 

;:~:::15 ( 27'-i j ;_. ) 



Cyci!c 'v1oltarumet.-Jc Dataa o-f Ci1LaJ(C1CJ,~l 2 .. H2
o (f"1=Fe,Col 

Compound 

EF~(LL> 3 J<ClU4 > 2 .H2o 
';:) 

LFe<L~> 3 J<Cl04 > 2 -H2o 

~-3 £Fe(L >3 J<Cl04 >2 .H2o 

I:Co(LJ )~-3J(ClC\::~) 2 .H2o 

r Co ( L e > 3 J ( C L 0, ) ~ · H2D 
'+ '-

'-\ 
L Cu ( L ~- l ~ 1 ( (~ 10, ) 

2 
• H

2
0 

d ,., -

l -27 

1 -20 

1 u 32 

0-66 

0-61 

(tJ. '7'/ 

( ({) • 1 ltH:;) l 
-3 

dm ) 

~E <mV) 
p 

1l.~IZ) 

130 

J20 

120 

l80 

130 

the> suppor ll ng 

electroly~e. The v~lues are versus s.c.~ .. lhe reported da~a 

-1 
correspond to the sc~n rate v = 50 mVs 
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CHAPTER VI 

SYNTHESIS ELECTROCHEI"'J CAl- AND OP'TICAL SPECTRAL 

PROPERTIES OF MONO-NUCLEAR TRIS CH~LAT~D COMPLEXES OF 

RUTHENIUMCII) CONTAINING N-ARYLPYR1DINE-2-CARBOXALDIM£N~ AND 

2,2'-BIPYRIDINE LIGANDS* 

Abstract: The synth~;Js of the tr1~-chelated ~ompl~\e2. 

fRuL (bpy 1
3 

7 (C10_
1 

1 
1

-fl .. Jl FL=N-a~·ylpy~·lo'77te--';.·- car·ho \ald1mzne, 
Tl -11 ..,. ·- ·-

.:: yC. 

fRuL
3

J • the geomet1·y 

'* Thls wor~ hdS 8ppear~d Jn J. Chem. s~~ •• DRlton 7ran~ •• 

1994 q 1305 n 
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I Nl I"<CJDUCT I UN 

tll<-:.-r:hPJMII!?d COillpL~'NE-.'5 of 

1 11 \ 11 ( ·111 um ( J J ) del"LVI::!d f l 0111 

N-~\1 ylpVl"ILillle-2-c.al bo>:al<.ilmtne Sch1f base L 1 qcmlis • L. OUI" 

1 ll I e 1 f..:s I 
1-14 

1n ttns a1 c.:.q al-osf.~ due to thf? tolJowu1q n;?asons. 

L 
1 R-=H, L 
2 

R:: CH3 ,L 

1 ::::J 
CCWij!lE>):L>S ~·Jllh 111"\ll!:?fllUm(ll) c'lf1lJ 

>"RU 

R 

they torm stable 

flr1dlly. 

2+ 16-18 
(.ornpJc~):l::!s. lf-eL

3
1 absorbs c:\t '"' Jowe1 ene1·qy than doe! 

'>+ 
Lf-e(bpy), _ _IL • 

.:_( 

Ln n~cen t 

Lhe 

only 

l1 Lt=l alu1 f..:· 

t:l9 

two 0 

In 1<;1'78. Dose 



r~ 

ERui.:.)J (F'FL ), . .> from 1.., C) I 

I _rRuClr<H_O)J. It se~ms. how~var. th~~ the compound was not 
t:= .::s c 

correspond to the prop~rt1es oi tsomertcally pure compound. 

sythestsecl by us. A genel-alJSC-:!d syl"lthet!c route USlnCJ 

2-~ 
[RuL (bpy>

3 
1 <n=0-3l. The three spec1f1c lJgands usmd 1n n , -n 

thl& ~hapter are abbrev1ated l 2 as L • L and bpy. 

Rmwults and DLscuswion 

The dJrect n:,)act1on r..-.1 hydl-ated RuC1::1 \l\l1th I_ \L 1 o,-

2 " - 2+ L) Jn solutJon t~J]ed to .;.;ffr:n-d Jsolable EHuL:
3

J spc?c-Jeb· 

Ruthen!llm tl-ll:hlol-lde undel-wenl- p;;:i,-tlal substJ tut1on ot Cl 

and ;an J some• !C" m1 ::tun:> oi" 11-<LIC t
2

L
2

1 l-eeul ted. 1--Je i.hen 

21--23 
e::plored the s!lver<T>-c':\sslsted svthetJc ~-oute fo1· the 

syth~s1s of lha trJs-chPlata&· lhe reactton of chlor1de salts 

of rulhenlL\m ~1nd the sdvel- bls-compJF.•::es [{-)qL
2

1ClOLJ <L=L 
1 o1· 

2 23 q 2L• L > proceeded smoothly Jn Pthc':\nol to y1eld trls-chelated 

complexe~. wh1ch were 1solated from the solut1ons as the1r 

nerchlorate sdlts. Th& svthei.tc route& mAY be descr!bed by 

equc-\ l1 c.•ns 1 -- 1..• 

-1 
RuClr•8H 0 + 3EAgL 0_J 

.::.1 2 ·-

EtOH 

90 

1 

2+ CRuL
3

J 1 2AgC1 + 3L 



ned 

2 l­
I:F<uL < l:lpy) 

2
J 

+ 2AgCl + 3L 

2+ [RuL
2

<bpy)J 

-1- i-2AgCJ + 3bpy 

The reacttons 3 and 4 are part1cularly useful 

19 oL•1.c:tJnablr=. Chroma toq rapl11. c. 

3 

fol- the 

of !he comp]e):es t-Jas n.:?quu-ed and t.-Jas pet-formed em c:t 

sect1on). of 

propert1es of 1somer1r 

compounds o1 RuCl,Ln correspond very well w1th the authent1c 
C. I. 

The comple~es are ol:lta1ned as h1ghJy cryst~ll1ne, 

stable da1·1 solldS· The composJtJons of ne~·J compounc.h-::. arP. 

formulated by elemental analyees <C.H.N). The magnet1c 

suscept1l:lll1ty measu i"eme:-r-. t n""vealed I· hat the complemes cit-e 

dlAmagnetlr: ·6 natun?• The molar conductance ( 1v
2

) lll Jli 

aceton1trl!P lli:?S bt::>l:ween :320 and . 335 ohm 
-1 2 -1 

em mol • 

91 



'.:)!!:" 

suggest1ng a I ~2 type of eJectrolyt!c nature~0 of the 

ctlmpot.mr.Js. TIIJS \-esuJts coJlect1vely confol-m to the 

C Bonding and Assessm~nt of Structures 

Ci) Infr~red ~p~ctra 

spectral data of 

tnuL _ (bpy)
3 

1 <C10, )r.:>(n=0-3) wen:· collected c."!S: ~ B,- dtst.s 1n 
'' -n •-1 c.;. 

- l t·hP. l-rmge '-!17lllJ0-b00 em • Al J of th~m shc:•w c:hc:il-act&r! st 1 c 

16 
abscll"pt!ons fo,- cpon:lHlE:ltecl L and bpy 111 the.=> IF< spectra. 

- I 
bl-oad stl-uctun~ less bond~ vClO~ at ca.l100 em 

J ac:l' C\l SlQII tt Lcant pel-chlol-ate t:oon:llnatJ on • 

( ii) 
L HNMR Spectra and Geometry 

suggests the 

Til<'? tr1s chela !·ed 
2+ 

tRuL~::lJ cont.:nnJnq an 

LmsymmelTlCC!l bJdeni"C~t& lJgand L, can e'-:l.st as mer or fac 

26.2? 
J somPl-s • 1 he fac fonn 1 s s ymm& t ~- J c a J • 

lhtDe lJgcmds would be magnet!<:ally ~qulvEdl:)nt vJhen;:c:iS the!' 

p 
llllc:'lnd. I.-. to tal t::- aclvC~n tt"'gP. of lhP. methyl 1-esnnance. to 

1HNMR spectrum of [F- I 2.12-1 
• <LL 

3
. 1n CDCl':) shows i. wc.1 m<? t·hy l 

~~ 



J J 
mer- foe-

Cl 
~ 

--(/ + (; 
o--~ 

) ) 
mer mer 

Cl 0~ 

) ) 
etc mer mer 



3 2 1 0 



ppm resp~ct1veJy <Frgure VI.ll. Mer1d1onal tr1s chelatPs of 

unsymmelr1c~l b1denta~~ l1gands are well 
26 2t~ 

dOCLll1lPf1 ted- • t C:.l 

!:one- J tu:lr-:? that 

2+ l '::l 
!.:JeDmPll y' of EnuL

3
J (I_..::.L m- L'") 1s IIISI"ldlonal. The c:c:Jmple): 

pattern of th• spec~rum Jn th8 rnaae 5.608- 9.008 

Th1s 

n..:->sult 1s not Jnc.:c:>mfH'ItlblP w1th our •>q:>P.ctc:ltJon s1nce thf~ fcac: 

~nd th~refore lE most JJ~C:-'ly to be thermodynamlc:.ally 

woul c:l th• m1n1mum poss1ble non bondtng 

Cli1) Electronic: Spectra 

2 2+ [RuL-(bpv>_ J (n=0-3) 
n d-n 

The abeo1·p lu::m spectra ot 

cnrrq:d e·: es cH"<....., shclwn 1r1 F 1 g. V l. 2 c:\nd ric:~ t a ~ r€.' r:o] 1 ec b."'d 1 n 

sp~Lil-a w1th absoqJtton tntens1t1es fo1- the loweet eneq-gy 

Lt 3 --1 -j 
band r:a. J0 dm mol c:m • The lotAJ c.::.nergv trc:"\nr.:ntH:ms. vJhli:-h 

tn 

1nlense c:.t. 

nm 15 
ass1gned 

l r ans1 l"l ons. 

t-o 

The 

wJth the 

band 1 s a sl1ouJ del- at h 1 qhel- ene,·gy. The 
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A. /nm 
FIGURE VI.2 VISIBLE ABSORPTION SPECTRRA OF 

(a) [RuL\1 2 + (-) 

{b) [RuL2
2 {bpy)] 2 + (----) 

(c) [RuL2 (bpy} 2 12 + ( -•- •-} and 

(d) [Ru(bpy) 3] 2 + ( •••• ) IN CH3CN 



29 . 
fl n_._.>sellt:(-' Cli c:ll f f e n;;Hl t aC:CI.?p tOl" 

30-3:3 
1 easons the 

oc c.. u ,-s 

The comp 1 e;: 

lowest 

2 2+ [RLIL (bpy),_] ,. 
dJsplays two c..omponents 1n 1ts absorpt1on spectrum 111 the 

<470 nm) 

I? 
lS aS!::>Ot:latec:l ~\)lth <£l d(l::::u)-,Ff (L) trans1t1un whert.?as the 

band r\t 430 nm 1s attr1but<:cl trJ the 
J~ 

d ( Ru) -- rr C bpy J 

l•Je 2\] S!:J p 1 est.?n t SOIYH'? p l"(i" J I m J na \" y e;:per ltnPntal 

the Cib<;)Ve 

'::!+ 
compounds. UnJ 11 e ERu(bpy)

3
1'- • ac<?tonlti-lle solu'l1ons of 

2+ t 2 m1::ecl lrgend r.t:Jmplt.?::es and tRuL
3
J· <L=L o,- L) cJo n<.J~ em1t 

?'71 n?sL<l Leu 1n mult1ple hand 

ln ~cetonJ lr1le solut1on at rnom temparature. 

+t.B lo -2.0 V vs. the saturated calomel electrode <SCE) at 

a ~latJnum electrode. Ont=-- of 

potent1al wh1le the other three occur at negatJve polent1als 

( fable-V£.5.).The uncoord1nated l1qand 

sucesslVI.? stepw1se r~ductJons At -1.42 ancl -1.H8 V And two 



I .93 V 

vs. SCE. S1nce lhe oH 1clat 1. ve response for CRuL;:1 2-~ occun;; at 

a less pos1t1.ve potentJal than that of free l1gand L 2 • 

1s l!ttle doLtbl· that the n:?sportse ai· <.:n• 1.4L~ V fo1· 

(Ftqur·e lS metal centred p1·ocess. 

rlJ u 3+ II 0 0 + 
rRu L'3J -Cntt LiJr.: • S1m1L:n- c:ons1d~l-at1on als<:~ apply for 

the Ru-L
1 

system. 

34.35 
We b~J1eve that the three cRthod1c couples at 

the neg.:\ t 1 ve of SCE c:we th<::.> sttccE:!ss 1 v<:? r edLtc. t ttms of the th n::>e 

( 1 ab J e. V T • ::'1. F J qu n:- V J • l.f ) • 

l r::. [!JL J81-.r,u 
3 

·-e 

-e 

. r 1 2-1 
LRu L,_ J 

,:j 

--e 

-e 

II/L "}· -CRu C/ J :; 

]'{- m.;:..y be noted here 'lh<?"~t 

I· 
I 

by 

6 

pr•t<:•nttal of the ccl-clrchn.::.tec.l l1gand occLtn:. at a mLt<::h lP.SS 

trE''qr.:'illV<'? pob:•nt1c:tl th.;:..n i.llat iol- unc.t':lt.::ll-c.lln<:df-:.ld L· ThJc:: 1 G 

qu J tP t l 
26 q ::Jl~ "36-> "3? 

ccms: 1 •• ·en - 1"--J 1.11 ihe 

rhE· ) u t·herr1llffi ( r T (} --ruthe?n 3 tulr ( J t) 

comp J f'>;: t.?S. 
':."i 1-

[.RuL (hpy)~, J•· ., nccun; Jn n ,,- n 

w1~h 6E ~ 70-80 mv. 
n 

95 

c:oupte Jtr the 
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T 
20pA 

1 

1.0 1.4 1.8 

E IV vs. SCE 

FIGURE VI.3 CYCLIC VOLTAMMOGRAMS OF [RuL2
3 ] 2+ AT DIFFERENT SCAN RJ 

AT POTENTIALS POSITIVE TO SCE: (i) 20 (ii) 50 (iii) 

and (iv) 200 mvs-1 



1 
50pA 

i 

-1.7 -1.1 -0.5 

E/V vs SCE 

FIGURE VI.4 CYCLIC VOLTAMMOGRAM OF [RuL1
3] 2+ AT POTENTIAL NEGATIVE 

SCE AT A PLATINUM WORKING ELECTRODE 
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the' t (:-•) f:?C \i-CH_I<?nt' t"c.\ Pd 

1n 

n <HIS- I r:::uCloi.(L ) J (I_ 
L. 

comp 1£'-•', he<s 

h!?en 

fTICll <;; t u r P 

~m 
Sf )(.)I!JI 1 

-t (J t"l1t 

L L 1-1 .. HC ( (J) F'y) • tl.if.' inl )((?<I-] lqartd r1111 I do 
f..l '~\ 

pr1nc.1pl<e" c.ou1d I,.Jc.\ 
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f I ,-,, {· 



3 2 1 

FIGURE VI.S DIFFERENTIAL PULSE VOLTAMMOGRAM OF mer-[RuL1
3J (Cl04) 2 

A GLASSY CARBON ELECTRODE 



[Ru(bpy )
3
] (C l Ci)z H20 

[Ru(@)(bpy)
2
](Cl0

4 
~-H20 

. 2 
[Ru(bpy)( ~ )2](Clq)z H2o 

I I I J [Ru(I\J(Cl04 )2" H2 0 

L f /;' I I I I I I 
+1·60 + 1·2 0 lf - 0·80 -1·20 -1-60 - 2·00 - 2·40 - 2·80 

0 

E298 (V) 

FIGURE VI.6 E0
298 CORRELATION DIAGRAM OF [RuLn(bpy) 3_n] 2 + (n = 0-3) 
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..... . 
~1 

OL-------~--------~--------~ 
0 1 2 3 

llE/eV 

FIGURE VI. 7 LINEAR CORRELATION BETWEEN Y c. t and A ox/red FOR 

1. [RuL2 (bpy) 2] (Cl04 ) 2 .H20 

2. [RuL1
3] (Cl04 } 2 .H2 0 

3. [RuL2
2 (bpy)] (Cl04 } 2 .H2 0 

4. [RuL2
3] (Cl04 ) 2 .H20 

5. cct-[RuC1 2L2
2J 



t t . 1 f r R·· L 2 ( b ) J 2 + . I . t . tl po·~en .J. a or ,_ u · py 
2 

1 s mLIC 1 mon:_::. pos1 :1 ve . -;an 

2+ for ERu(bpy)
3

J • Out of the six possible reduction for the 

mixed comple>:es five are observed for CRuL~<bpylJ 2+. whereas 
c:! . 

for 2 2+ CRuL (bpy)
2

J in t-Jhich the reductions are shifted 

cathodically <Table VI.6, Figure VI-6) only four are observed 

in the accessible in the voltage window. 

It is interesting for comp le>:es 

fRuL (bpy>
3 

J
2

+ and [f Cl L J n -n '<u 2 2" that the M-L·C-T.absorption 

energies·follow a linear correlation with <Table 

VI-7), where 6Eox/red refers to the difference of the formal 

potentials of the . Ill II f<Ll -Ru coup 1 e and 1 igand 

reduction couple-The M·L·C·T· transition for these complexes 

* involves excitation to then orbital of L while the first 

ligand reductions in these complexes also involve the same 

orbital, as discussed above. A least-squares fit of v 
c. i.. 

against. M:: <Figun? VI -6) leads to equation 7 

v - 0-866E + 0.55 7 

It may also be noted that other examples of 

ruthenium complexes with similar ligands e.g. 

• . . . 4·0 "lJ·1 26. lt2 2·-·bJ.pyrldJ.ne · and 2-(arylazo)pyl-idine system~ · also 

show similar relationships. 

Conr.:l1.1sion 

The synthesis of isomericallv pure tris-chelated 

ruthenium<II) complexes of ~, a"-diimino Schiff-base ligands 

has been achieved by a general synthetic procedure using the 
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correspond1ng s1lverC [) complo~es of L· The spectral as well 

as ihe redoN p1-opert1es of the c:omple;:es 1nd1cate L tc) l1ave 

lower energy n* levels compared to bpy. Th1s 1s 1n agreement 

35 w1th the conclus1on mAde recently by Dom!ney et a/ ba•ed on 

slmtlar J1gands- S t w:ll e>s of these 

c:omplex~s. p~rt1cularly towards ox1dants. are underway. 

~XPERIMENTAL SECTION 

A· Phys1cal Measurement& 

conduct1v1ty. lnf1 ared <'lnd EJ ec t1·on!c 

Il Clectro~hem1cal Measurements wh1ch 1nc..luded c-ycl1c: 

voltamme'll-y And dlff~le>nttal pulse voltamnH~'ll-y we1·e d1.>n1-:t as 

descrJbed 1n Chapter Il· 1
HNI'IH spectral measurements have 

been done <CDCJ
3

) Jn Chapter li· Solut1on 

emm!sslon spectl-a recOI-ded Wl th a Ped' 1n Elmen- i"IF'F-44A 

fluorescence spectrophotometer and the data were obta1ned 

a. Formulation of Compounds 

Cor11ple>:es wen:: formuJ.:\ted by C.H.N mlcro-analyses 

as descr1bed 1n Chapter II. 

C SolvP.nts 
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< a ) Chemic: a lm~ 

Per~hlorate et~. and oth•r chemJcals requtred for preparation 

(b) Cnmplr?>tes 

descl-lbed tn Chapte1· v. The cornplP,: [(~q ( bpy) ,...lJClOt was 
(_;, ~ 

t d b 
~ 23.2~ 

svn·hes1se. dS e,ore • 

9 

- 15 21 (tl) Th• compl<?l:es. r-t~;:.-[RuC1 2L2 J. cu;;.[RLrCl
2

<bpv>
2

J dnd 

EF<u<bpy) 3 JCH.J4 .H2o~
3 ~>'Jere pn.-:.p.:!l-ed by pubJJsl·,ecl procedures. 

C111) Tris CN-arylpyridine-2-carbox~ldimineJRuCit> 

-orate monohydrate. ERuL3 J<Cl04 >2 .H2o <L = LJ 

The compounds eynthes1sed 

genPral procedures q1ven belo~. 

ethc:m<::ll (21ZJ ml) ~~s added A c:olui.1ur• ot 

L\Slng a 

(8m-mnl) 

Sll"• te1·ed g 1 c:~ss f unnP.l l o r emovP. 1 nscd ub 1 e AgCl • The 1 L l h-ste 

9'-i 



mass was extracted with boiling water (4 x 25 mu. To this 

water extract an aquous solution of NaC104 
(ca. lg j,n ml 

water) was added. The reddish brown precipitate thus obtained 

was filtered and dried in vacuo over P
4
o

10
• This was then 

subjected to column chromatography on a silica gel ( 60-·1.20 

mesh) column eluting with different mixtures of CHC1 3-cH3cN. 

A ~-eddish bn;::.wn band h•as f.?lut:ec:l wit.h CHC1
3

-cH
3

CN (3:2). This 

was collected and evaporated· Finally it was recrystallised 

from CHC1
3
-c

6
H

14
<1:1) 

Yield ll- ERuL~J(Cl04 > 2 
[RuL 1:.:

3
'J] <ClOt.. > ,..

1 . .,. r.:.. 

:40% 

~ 4!:i% 

Civ) Trisa[N-arylpyridine-2-carboxaldimineJ Ru<II> 

perchlorate monohydrate, tRuL3 JCCl04 >2 .H2o CL~L 1 or L2 > from 

cis-Dichlorobis EN-arylpyridine-2-carboaldimineJ Ru < I I ) , 

j 0 
cisERuC1 2L2 J <L=L· or Lc). The systheses were performed by 

using a general procedure given below-

To a suspension o·f' cis--ERuC1
2

L
2

J ( 1 .m.mol) in ethanc.1l <20 ml) 

was added a solution of EAgL
2

JCI04 C2 ~-mol) in ethanol C20 

ml) and the mixture was heated to reflux for 2 hrs. The rest 

of the procedure was the same as that described in (iii). 

Yield~- ERuL~J <Cl04 >2 50% 

2 
ERuL~J CC104 ) 2 52% 

The analytical and spectral data of the complexes 

thus obtained corresponded exactly to those of samples 

prepared by method <iii). 
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2 
To a <:::.11spens1on of cJs··[RLtC1,2L,..,~J ( 1 m.n.ol) 111 e>tl"lanol <20 ml) 

(_ 

was .adtJed tAo<bpv>
2

JClDt. (2m-mol) Hl 
- + 

.,, so lu t 1 on of 

(2!lt ml) and lhC? relu1"1ng ml;:lw-e w.:=ts h<s-Ated lo refiLl>: 

hP:>· Ji was lhen fJ lten::?d tl"n-ough G-4 Slnten'i:'<i glass funnel 

to remove 1nsoluble f.'1QCl· Isolc1t1on anrl pur.LfH:atu-:m r:d the 

cc;mpc.>Lind 'fl"om the i J l'l·r ... •b:.' was clone S1fll!larJv .01s de>sc:l-jbed 111 

( 1 1 J ) • Y 1 e 1 d ~!'50% • 

Cv1) Bis-(2~!~-bipyridine)[N-p-tolylpyrldine-2-carboxaldimlneJ 

Ruthenlum<II>perchlor~te monohydrat~ 

To a <suspension c;f c:ls-rRu<bpy)~Cl,..,J < l 
I:! c:!_ 

- 2 (20 ml) was added a <solutlon of EAgL
2

J 

tha~ described 111 (y). YJeld~50X. 

m. moJ ) 1n ethanol 

m. me 1 ) 111 

(vn) Reaction oi RuC1
3

.3Hfp w1th EAgL
2

:t C10
14

<L==LJ o,- L 2 ) 111 

1:1 ratiO· The react1ons were performed by follnw1ng a 

The salt l:t:uCI
3

.8H
2

o ( 1 m.mol) wa<;; dissolved 1r1 

eth.:=tnol (20 ml) and heated to n:flLt•: fol- 10 m1n. over .a 

water bath. To th1s red ~rown eoJut1on was added an 

ethanol1c solut1on of 
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v1olet ~olut1on resulted whtch was 

further heated for 1 hr over a water bath· After cool1ng the 

ftlllli!?l" ineoluble whtte AgCl along w1th d.:H-k crystals of 

I:.RL•C 1 PL
2

J we>r <::? sepa' .:;, ted f ,-om the ua d f 1 l t ,-ate. The 1·s. 1 due 

was tlle>n ewtl-ac. ted w1 th ch J ol-of orm. On slow evc:tpol-at J. on of 

on C'l s1l1ca gel colL<mn (60-120 mesh) as desc,-lbed 1n chap tel-

IT • (vJde f.): pen-1 men t.:. 1 Sect1on D-e·l·)· 

Y1eJd:- tlt.[RuC1
2

L
2

J \L ::::: Llq 40Y.~ L2; 45};) 

cct. [F<uC1
2

L
2

J <L ::::: Ll. 15%. L2; 20%) 

L 1 • 2 
c tr.. [F<uCl~L0 1 <L ::::: 19%~ L ; 21%) 

"'-' '-'-' 
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TABLE VIol 

Analyt1cal Data of the Comple·:es [RuL (bpy),., J(C1D4 > 2 ·H~O n ~-n ~ 

%C %H KN 

Compc,und Formula Calc:d Found Calcd Found Calr_d Found 

[RuL~J(Cl04 J 2 .H2D c36H321\ o9c 1 21~u 50.00 50-15 3-70 3-85 9.70 '7.80 

1 
[RuL~Ibpy)J(ClO, >2 -HaD C32H28N6 09C li<u 47.30 lt?. 41 3-45 3 .. 51 10-34 10.42 c ~ ~ 

ERuL
1

<bpy) 2J<Cl0ql 2 .H
2

0 t28H~LN600CJ 2Ru '14 .et 44-34 
L. J - I 

3-16 3-21 10-05 10-21 

':I 

rRuL;J<CID4 12 .H20 c39H38N6o9ci 2F:u :..1.65 52. tZHZJ 4-2G~ 4 ·1(il 9-25 9.30 

2 [RuL
2

Cbpy)JCClD
4

>
2

-H
2
o c34H

32
N609Cl

2
Ru l.9. 90 50-10 3a~l?5 4.00 9-70 9-85 

[RuL2
(bpy, 2J(ClD

4
>
2

.H
2
0 c29H26N6o9ci 2Ru it '7 • 95 48 • 05 3-65 3-75 lfll· 15 10-25 



[l~uL (l•py),_ l(CJDL >, •• ll.::lO 
n 3-n 1 .-~ £-

~·I 
Cc:unpounci 

-1 2 -1 ohm em mol 

38Ql 

:::l:.:H/.1 

320 

'.::l 
LRuL'-<bpv) _.,J <CJOI.. >

2 
.• H,.:>O 

1:::. I _ r::. 32'5 

------ .... _.- -- __ .... __ - - -- ------ ... - - ---- .... - ------ __ ...... __ .. _____ .... _. --- -- - .... -.... ___ ,._ --



lnfrar~~ Spectral Oclta ol 

Compounti 
·- l C=N( Lmlne> t.::...::l\l(oyl·li.IJnC?) ClO, 

' '-1-

f r.:IJL~l J ( C I 0 4 ) 2 • H2{ I 1620 158::=! 1 iL?.Wr.::' ~f<· c! ,, <.::1•- <'I 

n\uL~ ( bpy > J < CJ Ot. ) rj ·1-10 0 1625 
1.. '-! I t... 

J5'i'0 1 1 0f{J I; 620 

[ F-:ul_ I (bpy)
2

JCCl0
4

>
2

.H
2

0 lt.2:5 1 59~?1 
c 

i I 00" b;:!f::) 

0 

I (()(/\~ 620 I:RuL~J(C!O ) • 1-L- Cl 161:! l580 J 
~ •+ L"' 

~ c 
I:RuL':;(bpy)JtCJn, >.::.·H

2
D J6212) 1 ~,8':-i J 10(/1 ;t--20 

~ '-1- ~ -

2 
1: F<uL- \ l..!p y) 0 J ( C l\J ) ~ .110 0 

1- '-1 C I 
1620 J585 11 (ll(lJc; 020 

:i! --1 
"'Spr:.>r: I 1 <'! wc:>1 e n~r:Ol"tle>d 1 n 1-,Br rl1 sc ( 4000 - 600 r:m ) 

cL t r J ' d uu···o1·p anc: t!e>n 1nq 

?t.JirJ 67t.~ 

73({) f17"3 

?,it{) (';,?~, 

78FJ t.:-"75 

'780 675 

78Vl 675 



Ua 1 u l J on 

(_ompound 

TABU! VJ .4 

Electl LH\lc Data of 

ERuL (bpy)
3

_ I (Cl0 1 • )~)·1-1,-=>0 n _ n '""~ ,_ ,__ 

a 
___ 6~§~IEl~~~-----------

"4 -1 -J 
~ nm(e dm-mol em l 

Inc'\;~ 

~l5<27~8~).270C2~J20) 

l.J82(11520),445(!0060), 

8lSLCI7040l,280(82400) 

CF:uL;;_,(bpy), J(C10, )
2

.H,..,O Lf70(98(l)(tJ) ,LJ30(86.f>0). 
r.:!. l.J .. .-::.1 

,-\ [ n CH, ,L'N 
-- ~ --8 

10 - filO I dm ' 
~) 

L ::>Hr.:.f1H R t 
,_ ..J 

c-
"5hmt1 d~r-

IJ 
Enr J ss J on 

>·. !llll 
E!fir 

::.35,""i80 

771 " 



TABLE VI.5 

* Cycl1c voltammetr1c data at a plal1num ~or~1nq electrod~ for the 

comple;{es [RuL \bpy>
3 

J (C10,, i
2

.H
2
o 

r, -n -t 

t1et a 1-c en t l-ed Ligand-based 

o~: 1dat 1on n:duct 1ons 

Compound 3+12+ 2+/1+ i+/0 0/1-

CRuL~J(ClD4 > 2 .H2D 1-43(75) 0-93(90) 1-16(100) 1-49<110) 

2 LRuL
3

J<Cl04 >
2

.H
2

0 1 • 4Lt ( '70) IZ).91Z)(90) 1-19(110) 1. 52< 1 H')) 

0 

CRuL~(bpy)J(Cl04 > 2 .H2D 1-40(80i 0-95(90} 1-24(100) 1· 70( 1 HJ) 

[RuL2 Cbpy) 2 JCC10~) 2 .H20 1-34(75) 1 • 04 < H~l!ll > 1. 52 ( 110) 1-85( 110) 

[RuL(bpy) 3JCC10~) 2 .H20 1-32(70) 1.30(90) 1-~9(100) 1· 73( 110) 

""cycl1c voltammetnc e}:perlmenls were C.i:ll7Jed out 1n CH':lCN at 298 ~, us1nq t~.l ...., 

-3 mol dm NBu
4

CJO. as support1ng eletrolyte. The reported data correspond to 
'-~ 

-1 
~can rate v = 50 mVs • 



rABLE Vl·6 

D1fferent1al pulee voltammetr1c data for ERuL (bpvJ~ J(Cl0~1 2 .H2o at a 
n ,:;-n '"t 

glaesy-carbon electrode ~t potent1ale pos1t1ve to SCE as 298 K 

, E ,a,b L1gand reduc~1ons, - !~ 
p 

Compound 2+/1+ 1+/0 0/1- 1-/2-

1-22 1-57 

1-59 2-08 

0.96 1-24 1· 70 1-83 

1.::.!8 1-88 2-44 

a -3 
'In CH~CN us1nq 0.1 mol·dm NBu

4
ClO, a5 suppo1 tJng electrolyte. 

~ ~ 

b -1 Scan rate = 5 mVs , modulat1on ampll htde (.~E l = 10 mV. 
p 

2-/3-

2-'70 

2. bill 

2-27 

c 



TABLE VI .7 

Spec troelect rochenucal con·elat 1011 dat.::t for the comp le>:es 

E0 f\' E~98/V -1 
2!:?8 " v /em c. t. 

!•!etal F1n:t f1E
0 /V ---------------

Compound 
0:: 1dat 1on l1gand 0>: /Red Obs Calc. 

reduct 1011 

1· r!t3 -0.93 2-36 20833 20807 

1.44 -0.90 2·34 20833 20668 

-0.95 20746 2Q'I737 

2 
1-34 [RL~ lbpy) 2J(C10 >-·H~O -1.04 2-38 21276 20!:?45 

Lf c c. 

- 2 cJs-ERuCJ
2

L2 J fZ).3!ll -1.18 1-48 14814 J4702 
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CHAPTER VII 

A FAMILY OF MIXED LIGAND COMPLEXES OF ll F<1.1 ··LH CLH ::::. 

N-ARYL-PYRIDINE-2-ALDIMJNEJ, THEIR REACTIONS~ ISOLATION AND 

CHARACTERIZATION* 

SyntheEIE the t1-·1 s-.::.he 1 a ted c-.'>mple \es 

on _:;: 1 1 ~- e ~- ( J > a_:;:_.::Jsted 

trans-metallalJon Eynthetic route. ha5 been described. The 

comple\e_:;:. and [/~u ( LI-J > (La> ...,1:::+ a'ft"or·a' 

RuCI~cLH>, waE reacted w1th tNo 
,(.. 

compie .... lOTI 

The >.-ray 

-R ) L 1 'I ) - ~ l '') 'U ~1 L U ( p J .::. ( r; ~-· J (. • t 4 ~ (. n -, (. , 1 -:;: The metal 0\IdatJOTI 

Etud1erl ~oltammetr1calfy 1n acet~nztr1le using plat1num as 

+ 
~- 1..:: ~ [ Rll (pIc> ( L 1-1 > ,-J • 

at 

potentJals as c~mpar~d to thei~ parent 
,+ 

fRu<LH> Ua>.r J~ 
n -..} -n 
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c 0 mp r e >. P. _:;: N A l l 

enP.r"f]:t.es lJnPar·fy con··(~l~te N:t.lh the drt-fer·ence:::. bPt~</<2€-'Ti thP. 

metc:;l O\Tdd't7,1Ti and thf:' "t-Jt·_:.:t f:t.gand 1 i~da.::t:t.~171 poterrtz,;dN 

* Th1s wor~ has been commun1cated· 
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Int I'Ot:luct ion 

lrllf~l ~;!E?t 1n the 

i·uthC?n1Lin• d11m1ne complG!::es- "fillS clC\<EE> of compounds a1~e 

1-B 
Jmpol-lc;~Jd. cJttP to ihE?il i"lt:h 1-edoN and OIJtlCc:"tl 

Tn i"hJ s n~spec t. 
9-lj 

we have been wod 1nq 

I P.r.:\<". t LV l ( 1 f"'S 

on t.he svnthes1s 

of 

N--al-y l--pyrHhnP-2-aldlmHle ( 1. LI-D. These 
c;>-1 ::=} 

c omp l e>: es 

Q 
C==N 

I 
H 

R H : L1 H 

R- Me : L2 H 

1 

Q 
N==N 

Me 

La 

2 

IIHtl L1ple f:.•Jectron tr •. Htsfer e:\nd most tmpo1 ta11tJy. thP.se show 

1nterest1nq pattern of chem1cal as well clS photochemlcal 

n=·.-=tc I '11 t 1 t'S· 

llll8 



f'\N -
"=-<e-N 

/; 
0 I 



I r. th 1 s chap te:q- tl1e syn thesu:, and 

character1zat1on of Lhe t1 1s ch~Jated lUthenJum compleAes 

1nvolv1n1.;1 Ul cmd La. Th<?Sf: may be conven1ently synl·hesl.'e>cl 

c:Jf sllVel-(1) ass1st"ed trans metallr:tt1on rf:act1on l-oute. "fhe 

ll H-? abovE'.! comp J !?)( c:>s 

lype 

All the relevanl spec1es have ~een iully 

LH 1s dtGcussed on th~ bc:1.s1s of piesent f1nd1ngs r:tnd uthe:q-

Rehults •nd Discussaon 

A· ThP ~ynth~tic R~Actions 

dlf:l c"t ted comp I e):es of Ll-1 and 

the e):pect<?d r:n-uducts. wh1ch 

may be represPnied as follows: 

L :::: LH. Lc"i 

~ 

I ::.-:: LH. La 

1(2)9 



+ (a) Ci) React1on of cis-RuC1~<LH)~ and ~wo moles of Ag<LH) 0 c: (::; (,;; 

The b J u 1 sh g n'?en c 1 s 

n::>acted ~·nth i.wo molec;; of sllvel· 

aqueous ethano I • Jn .::tdd i tJ on 

nr 

17 
comple;: • 

to the> 

RuC1 2 ( LH) 2 w.;:.s 

+ 
AgtLHl~· 1n l:J 

I. 

9 
e>:pec:ted 

2+ 
Ll-1 s-r::h& 1 ate" Ru ( LH) 

3 
( 3 > ~ c:\ p 1 n~ compound was a 1 so for merJ. 

2-1 
JnteJ·estln(,:J1y. dl"l aqu~ous ethanol1c solutJon of pul-l? Ru<LHl

3 

1n the presence of d1l11te aqut-)ous f:.)gl\!0
3 

qLtantl tat1vely 

pl·oduces the p1r1~ compound. The p.tn~ pl-odur.t ~>-Jc:ts pu,-1f1e>d on 

suI lee:\ qE.!I c.olumn elut tnq ~-nth 1 :~:. C"H,~CN-·CH2Clr, m1-: tu,-e. The 
,.;) c. 

The brown compound tden t 1 t 1ed 

rJ1 s:c:uss8d 111 ChapteJ- Vl. The pHl~ compound a n <"\ 1 vsed .::ts 

(ll1C ::::. i2··plcoJ tnatean1on). 

lhe compottnd 4 1s ch.::tmagne>rlc:. 1~1 electrolyt1c: Jn CH:-:PI·~· Thf~ 

lR epec:trum ehowed all charcater1stlc 

coord1nale>d LH and 1on1c ClD4 ln te1·ec:, t 1ng l y. 

1650 
-1 

em 

I h<-· ca,-bo;:yl 1c i unc t 1 r.:m. 

bP grown as solvates 

lH1 

of 

J t a 1 SD 

lnr:llc:al.tnt"J 

Selec l·ed 



succ8ssfuJly solved rrvstallogra~hlcallv· MclerLtlar v1ews of 

c-ounler .anJon. Cl(J4 JS shnl<'m Jn Fl!Jlll-P vrr.j. f;)pJ <:ci ell bcmd 

dls"la11Ces and bond <::\nt!les an~ <:nllected trl labJe Vll·2· l"he 

stl·uc tun:. sol L.t t 1on uf 4 uneqL.tlvor.:aJ ly conf 1 nns the 

+ 
compr.>!:.lllc.m uf 4 as Fht(plc) <LH>

2
. l"he qt-wmetry of tl1e RtdLH>

2 

fr-:~gment 1n 4 1s tl-ans., c1s [t,·c::~ns ~rni.h l"espec!· to two N
1

(py) 

2 
an<..l t:Js l•\llth 1n theN- (1m1ne pau-)J. The t:adJoHyllc funcl1on 

geometl-Y· 

stereoretent1ve. 

9 
e~: 1s ts .11'1 

the transformat1on S 

F<t.t-N ( 5) lenqth 

4 lS 

we>J l WJ 'lh i·he> Ru-N Jenyths 1n RL•(plc)
2

(PF'h
3

)
2

• lnten-"Ed 1nqly. 

the> iour Ru-N lenqths 1n the Ru<LHJ
2 

fl-agment !3f 4 an~ not 

equ.::~J. The Ru-1\J(L~) tenqth 1s notai'JJ l s:hot-ten- than othet three 

F<u-N lengths. Thts must bw due lo stronger dn pn 

J3 * 1ntet-act1ons be>tween Rtdl1J and n of the un1ne ·funct1on 

con t a Hll ng hi ( r:.1) " "''h u:ll to the strong 0'·- Lion or 

cadJO):yl1c ac:1d funct1.on· Non::.>ovet-. the aven-aqe Ru-1\1( un1neu 

11 0 
lenqtlt 1n 4 JS shc:n-tel- by ca-0-03 A compan·::-cl to ln 

liJ 
tl-.::ms-F<u <LH) (J_(J)CJ,::>(LO = N--anl]-2-plcoJ 1namJcle). Th1.s m<:1y 

c:. 

be al·h-,buted to the> superlol- bacl -bo11dJnq 1r1 n.tthen 1 urn ( l I) 

compleHes. 

J J 1 



C23 

ClO 

Cll 
C27 

02 
FIGURE VII.l ORTEP PLOT AND ATOM LABELLING SCHEME FOR [Ru(pic) (L1H) 2 ]+ 

IN [Ru (pic) (L1H) ?.] Cl04 • CH?Cl? 



F1nally. Jt may bG nolmd that thG n?ac 1· .ton of 

hyLil·ated F~uc1 8 and (-ig<LH); 1r1 1:3 mole l-atlo also 1·esullc::d 111 

fol-mc:1t Lon ot m1>1 tLn-e <.Jf :3 and 4· 1he y1eJd of 4 1ncn:Jases 

ThP react1ons. descr1bed above. are schemal1cally 

presented 111 Scheme I· 

c 1 s-f':LtC] 
2 

( Ll-l) 'l ______ " 
{. 

AqLH?.C.lL!S 
EtOH 

1 
Aqueous 
Ei"OH 
+-Aq 

I 

2+ 
Ru ( LH\i " 

Sc:hemt?. I 

3 

SlmJla,- tD the pl-.tor n2act1on. th1s n;ac.t1on also 

resulted 1n the formatJon of two ma1or products. OnG of wh1ch 

1s vtoJet anci the ol·he,- one 1s b;-own 1r1 coloLtl"• The cumpoLtnds 

wen"£' pLn-lt Lf.:!d on a sJ J 1ca oel c.olwnn by elLtt 1no w1 th solvt"i'nt 

m 1 ): I" Lil-es of d L f f en?n t po l.a 1-1 t 1 es. The v 1 o 1 at t:ompound may be 

tht-~ pl-esancc:> of d1lutE' AgNO::.~ solutton. Int~re:tJngly, the> 

.tnstantaneously produces the VJolet product Jll s hJqh y.teld. 

(ij) ~harac:terization 

ln th1s rase WP h~ve used only methyl suhsl1tute>d 

] d L
2

1-l 1qan-. the auvantage of 

112 



resonances Jn the less crowded reg1on oi 
1 

the HNMR spectrum. 

Tl1e fll-st mDvJng vJolet producl t<\JC\S eluted !~'.11th 2:5 

and l t anc:'\ I ysecJ CIS 

whJch 

~~s eluted W11h 1d analyseLI CIS 

r1 

[Ru(I_'-H> (m-lc"'p)
2

J (CJ0
1
: ),.::1 ·~LJO. (6) • The compoullcJ 5 1s fl 1:1 
l ·-· ;_ 

eleci"l olyte ~->Jhe>rec;.s the compound 6 1.s 1:2 elertl-olyl1c 1n 

CH CN. 
3 

The cnmpounrl 5 d1sp1Ryf:?d 

absorptlDn at 
-1 

1600 nn 1n the> TR 

modetc;.l e.·l y s tnmq 

Th1s 15 

conspJcuously c~bscml Jlr the II\ spectn.tm o·f t'J• F.vldG>ntly., the 

1600 
-1 

em ."::tbsoq.Jt Jon 1nd1cates lhe 
18,19 

p1·esence ot C\ 

c,:u-bo':'lll!c fttnc-t1on HI 5 <TablE" VIT.lc>· 

ThE" 
1

HNMR spec-tra of th~ compounds 5,6 

concent1·aterJ on J y 

011 th8 methyl l"f:?SOn~I"ICPS (Tab 1 c:> "/1 I • J • b ) • The compound 5 

dtspLRyed two equally 1ntense resonancPs at 2-1~ and 2-058-

The 1nh~·ns1. tJes of two n~sonances con·espond Lo 51': pn)tons. 

fh(? c tlmj.lOI md 6 a 1 sn r..l J •-,r; J av<=.>d 1 !1',10 fflf:? l hy 1 resont'\ra:es r"'. t 2. 21 

and .-?... 128, bLI t the> r~tJo of stgnal Lntensl t1.es IS 1:2· 

l"lol-eDv'el-, the total ar(·?a coven:-?d by th<? two methyl s1gn.nls ot 

6 r::olTespond ln nJnF.' prc)tons. Th<=.>lefun"'~. Jt may L)e ron(·luLied 

that 1he two E>qualJy ~rl"l·ense mt)thyJ 1esonanceJE> Jn t3 1s duE" to 

the p1esence of l"ti\lo m-tap l1g.:=tnds· In the speclTum of 6 lhere 

al-e thtee methyl resonances - two o·F wh1ch an-.:' ove1·lc:q::lp1nq 

22 
wh!ch are attr1buted lo methyl gn:.ntps o-r m- tap .:mrl t-he 
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9 second sJgnal ts due to the p-tolyl group of 2 L H· The 

data. presented above. cJe•rJy demonstr~te the 

tile fnrmat1on (')f 5· 

JS descrJbed Jn sectJon a• 

c1s-RuLl <m-tapJ 2 2 

'-'> + 
2A H '-H) g 2 

E tfJH/H,::P 
r:: 

1 
Aqueous 
EtO~J 
+?)g 

+ Ru ( p J c ) ( m-t ap) ~ 
L. 

F'1cH/EtOH 

Se:hllfll!® II 

5 

( c: ) < i ) Reac: t. ion o'f c: 1 w-RI.t(~ J 
2 

< L. eH > 
2 

and t.wo mo 1 ec;~ 

In lh1s ,-eel( tJc:m bluJsh gn;?en cJs 1somP.l 

of 

of 

onP JS brown. UnlJ~~ othPr t!AIO pn?VlOUSJ y desc- ,-1 bed 

~olumn ~hromatographv techn1que· 
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WC:iS &~ J L! h::d L'\1 1 th 

solvent m.J.::tur!? .:1nd c:m.:1lysed as 

CH,.Cl,j 
c.!. f._ 

(L 
2 o ':::: N-p·-1 c•l yl--2-·pJ rol1namJ de)., 

pror:lur.t IAlt-iS l·hc:>n eJub~cl wJth l~1 C.H,
3

1..:N·CH0 Cl 0 m1 ~turt.'• 
... t-.:. ,_ 

on Lhc~ elemEH1l a I anaJ vsr:::os the rc,mpnsl t 3 nn w.:<s a~,c.e\- taJ nt--d as 

1-es-,pe<:i.lvely. Jn ac.elc.lf'lll:l-.!.le· Unl1~e mrJiiOplrolJnates. the 

16~-rn -1 
c:!.l!.l c..m 1.n the Jr.: !:=pee t nrm of 7 ccmf J nos the 

J J. • 2 t 
p!·esc?nce 

of .:1n .:1m1de function. Fortunately. thts com~oundC7) dJsnl~yed 

h 1 gh 1 y n?so L vt--1.1 
1 

HNI·1r: spec.. l n tm 

ccnven1ently used tor 1~s characterJsatJon. The spertrum 

,eveals 

Sttch 

doub 1 e t•:, of 

p-substttuteLi phenyl gnxtps. Thn;; lmmedtc:ltely c..cmt1nns the 

pres,enct-" C.if twn p- tel vl 1.:-Jrnups J n th 1 s crw,pc:Jund .. Rest o"f the 

spectrum 1~ ccmpJex due to cvel·lapplnO· Th~ 1
HNMR spect1um ot 

E3 1s as e~~pE•cted cor1SJ si 1ng of l wn methyl 1·eson.:\nr es. one? oi 

data 
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the p1·oposed cclmpos! t tt:ms of tile abovr-:.~ compounds .. 

ThP n~ac'!-1on. descr!bed above. may 

summerJsed below 1n Scheme ll[ 

c 1 s-RuC J 2 ( LH) 2--------' 
(-)queot.u::. E tOH 

Sc:heme III 

i 
2+ Ru<m-tap)CLH)
0 

• 8 
c. 

lhen 

We would lt~• to note th~l a tr1s chelated compound w1th 

2£1 
three d!ffe~ent b1dentste l1g~nds ciS 1n 7 1s extremely r~re. 

El· ThP. Qrj.q!n of Transfomation 

The react1ons desLrlbed above may be bl"Dadly 

class1f1ed ln twD categor1es: type (1) LH--p1c [ ,-eac '1. J ens 

LH- LO [ l-eac t 1 on ( c ) ] • 

cons1der the react1on (b) of type (1)· Jn th1s reactJon the 

start1ng ruthenium compound does not conta1n LH· 

the tonnat1on of Cf-\Lt(r>Jc) (La): could. Jn p1-1nc1ple. occlll- 1n ·-
two w~ys. One• the coord1nated chlor1des ~re prec1p1tated as 

Insoluble AgCl. the soJut1on m1xtur• then conta!ns d1solvento 

2+ 
t-omp 1 e): • RuS

2 
(La) 

2 
( S= sol ven l·) and f oLtl- mo J es o·f f n?<'? LH. 

2+ 
Ru ( Lll) ( l.a) 

2 

of 

( 6) • 

LH 
2+ Ru(La),., 
c:. 1.-JOLtld p ,-oduce 

J nu ne 

function 1n .-1 hyd!-o):yJ 1c solvf:.>nt !S a common phenomenon. 
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Thus. hyd,-olysJs of free LH followed by m:Jdat1on o·f the 

aldehyde functton would produce P1cH 1n solutLon wh1ch may 

then react w1th the lab1le t11~olvento spPcJes to form 

monop1col1nate. 5· Th~ second poss1~1l1ty 1s the s<F~me 

tt-.:u-.stolmatton of LH orcur1ng af!·el cc.•orcl1naL1on 

to 5 and the electroplllllcLty of LH sLn-e.ly tnc.:l·easE:-s upon 

p.-opose that LH-- p1c IJ-anstorm.:ltJon pnasumably occu,·s v1a 

COOl-dJnFitJOil of Ll-1• ThLs p.uposal 

rt"?ac t J t111 (a ) • 

The other type of tr<F~nsform.:ti"lon. LH---LO (type~ 

L J) musl occ.tn· t<'JJ th I h!i' cnol-dlni'lted LH s1nce both LH a1·e 

Th1s type of 

ve1y rec.:ently. 111 two other ruthen1um systems. 

111Llral 

coo.-rJHli"ded LH .:tnd suhseqttent o::Ldat1on of Lhe.hy'dl-olyse-•cl LH 

of rPaLtlon c 1s necess~ry for furth~r cl1scuss1nn-

22 
that L.:t !S a vel-y st.-oflg rr-acr:eptol-· Consequent-ly. 

At 

should be a strong oxldRnt. the uxtdallnn of 

:l17 



11ZJ 
c'1.s-RuC1

2
<LH>

2 
may be eas1ly ac:lneved <E

112
:1ZJ.32'.,,l). In l"he 

+ 
l-eactHm (cJ, tn1t1al o·:1datJon of HuClr.:><LH)~ by Ag(La)~ 1s. 

~ ~ ~ 

thel-efon:. most- plaus1ble onea The OHld.ntJon of tl1e !lt!?tal lOn 

then J eads 1dent1cal s1tuat1on 1-\thel-e coord1n .. -.ted 

o>:Jclai.l<.Jn of 1.-hff' metal Cf'lnlre. In contl-ast to the pl-evJously 

1J q 2J 
l-epor l"ed e>:amples. 1n1 tu:d u~:tciALJIHt of the mel"aJ Hill 1n 

reaction (c) Ls not n:~flec"l.ed 111 the O'{tdatl.on <;:..tate o1 the> 

sam8 111 Jn th<:;) p resenl· case ( 7) 

bestdesbeJng coord1nated to LO. ruthen1u1n 1s also bound to a 

envtronment of LO. LH and LA 1·uth<?n1um 1s 

stabtln:ed 1n the b1Vc:'\lelll staiP <E
112

: RLt
111

/RulJ 1.1ZJV Vlde 

Jl1fl-,a). 

It mav. therefore. be conclu~ed. from the forego1ng 

dlSCUSSlOI1. by od 1 ·:at 1 on of 

o,: t lla { J nn of the compound followed by hydrolys1s ~ould 

c. ElNctrochPmica! Prop~rtie~ and RE?dox-Spectra Correl~tion 

Elec-trochemJc:al propert1es of the compounds 8-8 

rBAP as werm stud1e>d cycl1c voltammetr1calJy 111 CH3 CN us1ng 

suppcn-ttng elecl:Tolyts and plat1num as a wod'li1Q elecll-ocle. 

electroacttve, the electlochemlcal data ars present~d 1n 
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Fll.JLllP \JlJ'£.3. 

We f1rst cons1der the three psrent chaJates VIZ· 3, 

'-l 
6 and 8· Cyc11c vo1tammogram of the rernrted compound 3 !S 

dLte to Ru ( l 1 ) __ , Fo:u < 1 I I ) m: 1dat 1on. 111ed La led 

potent 1.::11 s <R n'? very 111 gh o:mu cc:.cnsequen t l y 

t d t I 1 t I 1 f t O ·f r.:-\'LI I li -LLI reac·1nn succee 1ng ·1a ~ ec·roc1em1ca erma 1on ~ n 

absenl Jn the voltammoqrams ot 6 and 8· Both 

also d1sp1ay reversJble. multJple electron trsnsfel· reduct!ve 

the reduct1ons of the coord1n~Led 

the melal ox1dat1on 

~rend wa~ observed for the 1Jgand reducllon. lh~ above t· r<E•nd 

l I 1s as f£>)~peci.ed. s1nc:<:? La stab11Jses Rtt bettel- lh<:tn LH does 

due to enhanc:P dn-pn bac:l bond1ng clnd also unden.:Joes 

reduct ton more pas1ly due to presenc:~ of lowel 

o·~ 1 da 1·1 •./e ancl n;:duc- t 1 ve l-esponE:>es on both pos1 ~ 1 v& <Rnd 

llE!Q<::ttJVe of SCE· The1r metal 

I l9 



syslr~mc:"ILJcallt Lowen- 'lhan those for the 

compounds· The p1col1nate 1on l& a hard l1gand, 
18 

stabJJ1ses 

potent1al 1s observed· Moreov~r. on movtng from 4 to ~ thP 

- Ill li E 
112 

nf Ru /0:~t coup 1 e sh 1 f ts by c:1bnu t- 0. 56 v p ,-esumab 1 y 

due to the hetler stab1lJsat1on of lower valent state by La 

as noted b~fore. the s1m1lar reason; 

than that The cycl1c 

vo J '1. Ammog nam of the monoptcol1nam1de, 7 c.onsJsts rl'f a 

to 

1 J I I I 
Ru /Ru c:nup J I? and two l-educ. t 1 ve c.oup l es on !·he neua t 1 ve 

of sc~ due to the llgand reduc:tJons. 

e1ther 1rreversJble or quasJreverslble. 

th(? latter Qll.)Up of <.:omple::es are rlue to metc:"ll c"ISS1St<?d LH 

o::1dat1on reAct1on. Insp1te ot the fact that bot-h t.~ r.:\11d 6 

cont.;uns LH as c.L.>11Qc:1nd theu- metal 

that p.::u· h a 11 y 

scale. 

Tha solut1on absorpt1on spectra of the cc.mp l e': es 

Repl·esenta 1·1 ve :pee: l rc:~ the 

c:omplt:::.::es ai·e dJspJayed 1n F1gu;·e VJJ ·4 ancl 

coLLected 1n Table VII-4· AlthOl..lgll the comple::es \"etau; 
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FIGURE VII.3 CYCLIC VOLTAMMOGRAM OF 

[Ru (pic) (La) 21 Cl04 • CH2Cl2 (--) IN CH3 CN 
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l-ey 'fealure lS lhe tn'I-~=>Jlse 1owPl" erH?\"t"IY h-ansl"llons occ.un-Jng 

1n the v1s1ble regton <520-480 nm) 
q 

as<Elgned to 

* Ru(drc)-- llgand(rc > I"'LCT trC~ns1i.1on=:- "I hese trans1t1on 

and 

<:3-8) q show 21 

1 t 9 tl AE" L I AE F.- 'F"' IJl;t:• Tl) COl_!_!? i~"IDfl ~'JJ "l .u- lo\llere • .u::. :::: _
112

,"\LI r'\1.1 

( l1gancl 0/-1 > l [Table Th1s con-ela t 1<::m., 1n 

the comple~:es. 

n. Con<:. l1.11S i fJIIill 

ThP ma1n f J nchnt;:!S of i.h 1 s wor~ rl C:)W be 

summar1~ed- The s1lver<I> i:IS!::1Stecl l1ans-metallat1on route 

for the synthes1s ot aJl 

poss1ble comb1nat1on of 

~+ 
EF~u(LI-1) (La)

3 
J'-

n - --n 
( n = 0-3) a 

complel:es fo1·mula. 

The of the 

t:oonilnated LH 111 the above comple;-:es show an 1nten:.>stlng 

tr!:?nd: (1) Ollldabon of mete1l 1on pr1or to hydn:>lysLs oi 

lt<;_lar,d resLtli.s 1r1 LH-- LU t1-ansfonn.:~t1on. ( 1 1 ) Jn the 

coon:IJnated LH hyd!-olvses and subsequent ol:ldatlon produces 

the .;:-..fon£-mtenllc.mec.l transfonnc.1t1ons 

ocr.t.t\" "1-o only one o·l lhe coonJ1.natec:l dllffiHles. 
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F1naiJy we w1sh to ment1on here th~t prel1m1nary 

lum1nJs1 enc..e s:tudy on "lhe above C..<.-.mpleN!i'S reveals that the 

p1coJJnates or the amtrles have much stronger emJsston 

the1r pcirent d1Jm1nes 1n lhe VlStble reg1on. Our wor~ Ln 1hls 

a,-r:-<R ts r:ont1nu1ng. 

EXP~RIMfNTAL SFCTtON 

c..ontl•1c t·J v l ty ,, I n'f l a n:d <RncJ E 1 PI: t rf.)l) l c 

have b~en done as ln 

JI. Electl-ochemlc.al 1nc J Lldes 

eye l JC v8ltammetr} anrl d1fferent1aJ pulse volt~mmetry were 

ll· Solutton elecrrJcal 

condu<.:: t 1 v1 tv measuremE-nts \<\te,-e pt'?l-fonned at an El1co CI'I82T 

condLw"lJ VJ ty l·n-!dqe. 

a. F (.)r mu1 a ti c::m of c::om~:HJI.Inds 

Compounds wer8 formulated by c. H. N mJcroancllyses 

as d~scr1bed Jn Chapter I 

and Elec.trochemtcal r::Jbta!ned as 

ln preVJ8US chapters. 
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o. MAt.erial& 

<a> Chem1c:als 

Ruthen1.um 

Sod 1 wn Perchlorate. NaCL0
4 

etc end other· 

( b ) CC.')ffip 1 ~X tS)ffi 

( 1 ) The Comp l el: es. [ Att ( LH) ,~ J C J OL ( U 1 
- C:. I 

::: L
1

H 

( 1 J ) Tf·le comp 1 e:>H es. 

were prepRred by reportad proce~ures. 

<ca> f(f~ar.tlon of c:us-RuCl 2 <LH> 2 <LH == L
1

H c.'\nd 

and tAg<LH>
2

JCl04 

chemLcal:: 

Ol" 
~ 

Lc::I-J) 

To a sample of Lll111Sh green c1s 1some1- of 

F<uC 1 '':l ( LH)-;:) ( 0. 5 mmo 1 > suspende:~d 1 n ethano 1-~.Jc:t t<::~r 
'- ,_ m L>: tu,-e 

(5g I) was adrled a solutJon of l.n 

ethanol 

h· Tho solutJon WRS cooled and tJltered through a G-4 

s1ntered glRss tunnel. rhe f1ltrate WRS evapo1·a ted to 

dryness· The crude maes was then dlssolved 

subJe~ted to column chromatog,aphy on a s1l1ca gel column 

band 
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nf 
1-

[.Ru(plr.)(LH)n] w.,.,~.::. eJui.~d w1tll 
r... 

( 5 ~ J ) 

f ll j b b b d f [RL•(L~J),?J2+ o owec y a rown an· o , r ~ c:lute<l Wlth 

CHaCJ 2 -CH~CN C::l:2). The<Se Here evapor·atecl and cl·vstalll.;::ed ,_ ~ 

so J v' a! e<;;;. 

Y1eld:- rRu(plcl(L
1

H>
2

JCl04 35% 

j 
[Ru(L H> 3 J<Cl0

4
>2 2~% 

[Ru<rJc)<L2
Hl

2
JCl0

4 
37% 

2 
[RttiL 1-l)':ll(CJO, )

2 
26~-:. 

'"' "+ 

Cb> Conversion of CRu<L 1H> 3 JCCl04 >2 to [Ru<pic>CL1H> 2 J 

CCIO,~). 

1n ethanol-water mJ•:ture (5gl) was ad~ed an dqueous solutton 

of AqNO':l (j mmol 1n 5 ml· of water) ~nd the m1xturF was 
,::,. 

heateci Lo ,-eflu·: fol- 2 ~~· to 

a 

s111cc:1 qel cnJumn e-•lullf'lQ w 1 th 

CH'J C 1 '".) -CH~\ CN 
•- r '-

Jl1 se<·t Jon (d) • Yu~ld:-

[ F:u < p 1 c ) ( L J H) r' 1 ( C l 0 t. ) • C~ laC l r:> 
r... ~ 1.. r_ 

76% 

[Ru<L 
1

H>
3

J <Cl0c:.~> 2 -H20 l9% 

Thts:. rea~l1on w~s SlmJl~rly performed a~ the 

reactJon desrrJbed 1n sect1nn (<-•) start1nq from 



Yl!:dd:- [Ru(plc)(m-tapl~JCJO 
,_ LJ. 

'.:) 

[ F~11 ( L '-'H) C m·· "I" ap 1 
2 

J ( C I 0 t. ) , 
- -~ 1::! 

20X 

rhlS W~S SlmlJarly performed as descr 1bed 1n 

Yteld: · [Ru(pJc)(m-tap>
2

JCCJ0
4

>-CH
2

Cl
2 

f.:) 

rRuCLLJ-I)(m-tap)
2

JCC10
4

)
2

.H
2

0 

Ce> RPActicn uf 

performed as d~scr1bed beform. 

'") 

(f) React1on of cls-·RuC1
2

<Lt.;,H>.l and 
C-

9% 

e.\ncl PicH 

Gf=lC t 1 C.!l"r 

Tha cibove re~ctJon was also bLmllar Jy ~erformed 

'::> 
as descrtbed 1n sect1on (a) st~rt1ng t1·om cJs-RuC1 2 CL~H>~ ~nd 
CAg<m-tap>

2
JClo

4
• 

Yl&Jd:- CRu(L2 0>CL
2

H>Cm-tap)JC10
4 

'.:) 

LRu<m-tapl(L~H> 2 J<Cl04 > 2 

F. Crystallography 

SJngL~ crystals of 

we,-& g1·own at 2981, t.1y' slow d1ffus1 on ot he·:ane 1nto 

dlthlorom~thane solution of the compound. n 1 f f ,- ac l Jon 

aut oma t·~cJ tour -c 1 rc J e dJifl·ar:tomet~r. The urnt cell was 

determ1ned an~ reftnPd us1nq sett1ng angles 

1-efler:t·1ons. w1th 2a .:mgles 1n the 11-60 

t25 

to 

of 25 

0 
20-82 .. 



The Urll l ce 1 l dlmensJon are J1sted Jrl Table 

Data were cotl~cted by e-2e •cans w1th1n the angular range 

3-45°. All datr.:i n::>c.ll.lct:t.on and st.-ucl·Lil-e n~f1nement wel-e 

performRd us1ng the NRCC-SDP-VAX pac~ages. 

was solved by the ~atterson method. 

:::: 0-0'!:J~5 <Rnd n w 

tel,. selected 

atom post Llor.s" 

:::: 

atotus of the 

The 

F1naJ cyr:les of 

F J nc:d pos1 t J <.:mal 

hvdrogRn 

materraJ. 

atom Jor:at1ons are ava1l•ble as ~upplementarv 
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TABLE VII.l.a. 

AnalytJcal Dala o~ the Comple:es 

%C %H "I.N 
Compound Fot-mula 

CaJcd Found Calcd Found Calcd r:ound 

[Ru(pJc)(L 1H) 2 JCJD4 .cH2 CJ 2 c 31 N5 H::6 o6 CJ:::;F<'tt 48.2:1 4 8 a:~:: -:-;. :"1.7 :. a 4: 9.07 9. j 5 

[Ru(L 1 H)~]CClD4 ) 2 .H::O C~6N6H .... ~.09C lr-.PLI _.. ..•.t... '"" 
49.99 5(} a:~ 1 :. ZJ :7() ~.74 9.72 9.61 

~, 

[F<'u(plc)(L-H) 2 JCJ04 .cH~CJ~ C-.-.Nr::-H~t-1 0.-;C 1 ~r.·u 4C.1 o:::-r-. If 9. -.:'.~ :~ D 7~1 :. • "?';~ 8.75 8.9-::': .I b .._}_,_ 

... _. w -· .. - -· 

r-, 
lRu(L-H) 3 J(CJ04 J::.H2D C-:,9 N6 H-:;8 o9 c 1~Pu 51.64 5j a 5~ 4. :19 4 • :·.:j 9.27 9.-::':0 

lPu(plc)(m-tap) 2 JCJD4 .CH::CJ~ C-::;l hl7 H::8 o6 c 1-:::;f''u 46.41 46.::.5 : .• 49 -::':.47 j::u:-2~ j ~. 19 

..... 
[Ru(L-H)(m-tap) 2 JCCJ04 J2 .H::O c37N8 1-l-:,6 09 CJ ::f,·u 48.89 49.01 :"':a C1C:; -:.u9~ 1~,::-::: j~a·~.C) 

--. r-. 

[Ru(L-O)(L-H)(m-tap)]CJ04 .cH2C1 2 C 39N7H~6 o5 c 1 :~F<'u 5.:: .. 61 c:~ .. "\ ..... 
...J.:.... -•.to- 4. (15 4.04 j j • 02 j 1. ~1 

-. 
[Pu(m-tap)(L-H) 2 J(CJ04 )~.H~D C:;8N7H~ 7 09CJ ::G'u 5(la5~ 5t). 5.2 4.08 4.06 10.80 j t). 9:. 
-------------------------------------------------------------------------------------------------------



TABLE VII.1b 

S (~ d t· ·· [lta,b .elution Molar ~on uc·1v1~y .a:a · o~ the Complexes 

Compound 

,.., 
[Ru(pic)(L~H) 2 JC104 
[Ru(L2 H) 3 J(Cl04 ) 2 .H2 0 

[Ru(pic)(La)
2

JClD
4

.cH2Cl 2 
r•, 

[Ru(L~H)(La) 2 J(Cl04 ) 2 .H2D 
[Ru(La)(L2 H)(LO)]Cl04 .cH2 Cl 2 

...... 
[Ru(La)(L~H) 2 J(Cl04 ) 2 .H20 

-j ,., --·1 
ohm ·em""- mol ·· 

210 

:1.20 

21.9 

1.26 

221 

105 

aSolvent ace:•ton itt" j_ 1 e 

bSolute concentration -""3 
:1.0 mol dm-3 

c I ~r r~ J · c:' · ( M ) t 1 • t 1 t d d n CJ-. 3 us1ng ol. e, 4 as -,e 1n erna san ar . 



TABLE VII de 

Infn:rred Spectn: .. l Data of the Comple>:es 

Compound 

1 ERuiL Hl 3JICI04 >2 -H20 

ERuCpic)IL1H>
2

JCl0
4

.cH
2

Cl
2 

ERuiL2Hl 3JICl04 J2 .H2o 

ERuCpic)IL2H>
2

JCl0
4

.cH
2

Cl
2 

ERu<L2Hl(Lal
2

J(Cl0
4

J2 .H20 

ERulpicllla)
2

lCl0
4

.cH
2
cl

2 

ERuCLaliL2H> 2JIC104 )2 .H20 
0 

[Rulla)(L~H>CLO)JICl04 > 2CH2Cl 2 

-1 
IF: (em } 

vC=Oicarboxylic acid) vC=O<amide> 

1650 

1650 

1660 

1620 

1610 

1610 

1610 

161(l) 

161ll(l)' 1610 

161(l) 

1595,1610 

'1595 



'fABLE Vll·t? 

Sel~:-cted bone! r.iJstanc:es ()1.) Rnd .:tngJe>s (deg) <:~nd '1-hPL•" est Lmclted 

standcird JevtAttons fol· [RuCplc)(LJH)nJClO .• CH
2

C1
2 1.:. '-1 -

nu-1\ll 2-0lJ6(5) N2-·C6 1 • .:30 J ( 8) 

RLI- N2 2. 0't::i (::.) NlJ-C18 1.a16<8> 

F<u -1\13 2 • (()4fH 5) Ol-C30 1. 28~5 ( 8) 

F<lt-NL~ 2.(7122(5) 02·-C30 1 • ;;125 ( 8) 

l·<tt- N:'.i 2-079(5) N2-C7 1. LJ35 ( 8) 

Ru-·0 1 2·0'13(l.J) Nt4-C19 1 • LJ 3S < 8) 

l'-l J ··Ru-1~2 78 • ::.l4 U:? l ) 1'.12-Ru-01 R7. 2tr < 18 > 

1\11 Fo:u-1\13 176. LS < 20) 1\1~:3-Ru-1\14 78.91(21) 

N l·-Hu -1\14 99. ('')3 (/;~(;')) N3-Ru-l~~~ 90.37(20> 

N1-nu-N5 9~:3. 2<1 ( 20) N8 ··Ru-0 1 9~:3. f33 ( l 9) 

Nl Hu-01 87.92 ( 19) Ntt-l=::u-1\15 95. 6[2}( 20 ) 

N l··Ru-N::l 98-83(21) NLJ -RL•·-0 l 17 t • 2'7 ( L 9) 

N2··F<L1-NLl 98. 48 ( 2!Z)) N5-Ru-Ol '79. 47 ( 18) 

N2-F<u-N5 1 61.~ • 63 ( 20 ) 



Compound 

r) 

[ R u ( L ·- 1-l ) :; J ( C l 0 
4 

) 
2 

• ~ 1
2 

0 

") 

[Ru(L-H)(La) 2J(Cl04)
2

.H20 

r) 

[Ru(La)(L"H) 2 J(Cl0 4 ) 2 .H~O 

'1 

TAI~LE V!I.~~ 

~"\ Cycltc voltammetrtc data 

Metal-centred ~ 1dat1on Ltg~nd-based reduct1ons 

-E1 ,1 /Vt.AE /mV) 
I~ p 

0. 9-~. ( 90) q j • j 6 (j 00) .l . 4 9 ( j 1 0) 

:1.00(75) 1.1 ~j (1 00) q J • 4 8 ( 90) 

1.44(?0) 0.90(90) .1 ,j9(1:l0) .1 .52(1 10) 

1.00(8(!) 1.16(100).1 .48(100) 

O.l5(90).0.65(100).1.56(170) 

J.56(:'0) 

0.40(90).1.05(100).1.57(120) 

[~u(La)CL~H)tLO)JCJ04 .rH2rJ 2 0.98(70) 0.92(100).1.27(100) 

a Lvcl1c voltammetr1c ~ per1ments were cBrr1ed out 1n rH_CN ac 298K us1ng 0.1 
_, 

-· 
mol dm--' I'Wu

4
rJ0

4 
as supportJng elertroJytE" and platlflum as wmrklng E?)!-"Ctrode. 

The report~d data correspond to scan rate v = 50 mvs:1 

b lrrevers1ble response. thP polentJal corresponds to E 
pa 



Ceompound 

'1 

[Ru(L-H)
3

J(CID
4

)
2

.H
2

0 

-, 
[Ru(ptc)(L-H)

2
JCI0

4
.cH

2
Cl

2 

'1 
[f<u(La) (L •. H) (1.0) ]Cl0

4 
.CH

2
Cl ~ 

a In CH..,.CN. 
-· 

b Shoulder. 

c lll defJnPd shoulder 

TABL.E V1I.4 

UV/vts spectral data 

a Ab<:orp t teon' 

-· -1 -1 
A. /nm (e/dm ·'mol em ) ma; 

5l5(l0950),470b(7300).315(23400),270(190~0) 

5l5(11100).470b(7t80),310(23 660).265(1911~) 

515(7~00).490~:70(17270),320(15790).270(15800) 

5~5(11980),360(18620),310(21250),250b(18200) 

500(8700),3~0(22960),265(23540) 

~,0(8°~0) -·or -t~c,-7,0) J.&.. W'l-1 rt .. •b q .. • d .&.. - 1 ,_ 



Compound 

TADL.E VH.~5 

Redm -Spectra correlation 

Ell'-llJ 
I-

HPt<:d 

o, 1dat1on 

-E 
1 

,,jV ll.E/V 
l~ 

11.gand 

recluctHm 

V ~ /CifJ c. - . 
- j 

-----------------------------------------------------------------------------
[Ru(L1H) 3J(CID4 )2 .H20 1.43 0.9-::: 2a-:.6 208-:; .. :. 

[~u(pJc)(L 1 H) 2 JCl04 .rH2CJ 2 1 .. 00 1.15 2a 15 j 94 J? 

r} 

[Ru(L.H)
3

]tCI0
4

l
2

.H
2

D 1.<!4 o. ~·o 2~~:.4 :~os-:.-::. 

'1 

[l-.:u(pJc)(L .... li),)CJCJ .CH,CJ"> 
- 4 ... .... 

L00 L1o 2. j 6 J 9417 

r) 

[Ru(L-H)(La)
2

J(C1D
4

)
2

.H
2

0 2.00 0.15 ~.15 19417 

[Ru(pJc)lLct) 2]rJ04 .CH
2
rJ 2 L50 0.28 L84 1 s-:.4 B 

"> 
[F(u(La)(L'-H)

2
J(CJCI

4
)
2

.H
2

Cl L81 0.4(1 :2a:21 20000 

rl 

[fht (La) ( L .... H) (L(I) ]CJ 0
4

• CH
2

CI
2 

o. 9(l 0. St~! 1.90 J 9230 



Chem formula 

fw 

space group 

0 

,;::.. . A 

.. 
b. t=4 

0 

c. A 

01.. deg 

(1. rle-·q 

y. deg 

v. ~.3 
H 

z 

Deale" gm 
-1 

-·3 
em 

J..-1• Cllt 

crvst sJ:;::E.>. 

GOF 

:J 
ff\ill 

TAI~LI:E: V l .[ •I.:> 

• 

Ruc
3

J 1-1
2

, N,::..CJ ,.0, _o ,.J ,:J o 

772. [I{{) 

Tr1c.l1rnc 

P-1 

11-373tJ23) 

12-52?(3) 

J 62LJ • l 

2 

1 • '579 

7.(2)28 

1-61 



F<u 

Nl 

N2 

1\1~1 

Nll 

N5 

01 

(l2 

C6 

Cl8 

c~~~!) 

I ABLE:' VI :t: .7 

Selected ~tom1~ parameters an~ R for 
eq 

y 

0 .. ~:J j 889 ( 6) 0 • 3 l ·~·28 ( 5 ) 0-2LtJ5!:.J(5) 

0·4101 C':•) Ill. 2~::)'77 ( l.~ ) 0. l09!:J ( l.z ) 

((). ~J055 ( !'.j ) Ill. 3Lt76 ( l.t ) 0a18'7Y ( l.t ) 

f2J • f~:::JCjl1 ( 5) 0 .. ~t~12";' ( 4) 0.3?54 ( l.z ) 

0 .. ::-Jct.t 2 ( 5) 0-HJJl.~ ( l.t ) (L). ~-3''?25 ( l.t ) 

v') n l :3'~~] ( 5) 0. :::HZI68 ( l.~ ) IZJ • 25t:!l2l (4) 

!Zia 2874 ( l.~ ) ll).t.,tAl (4) (ll. 12l.t9 ( l.t ) 

(1). 1463 ( ~:;) 0. ~-·o50 ( 4) 0. 0l.t19 ( l.j ) 

flj. 5!:.~ 10 ( 6) fZI. 3Plt0 (6) ll}.Q)<;IIlJ3 ( 5) 

0·2609 ( 6) 12),.2lt.'}19 ( 6) 0. Lt/l.Jl ( 5) 

f/.).1803 (6) 0.L~EH5 ( 6) 0· H.!)72 ( 6) 

G 
eq 

a 

2-71(3) 

::3 • !Zl ( 3) 

3-3 ( 3) 

3-2 ( 3) 

:::J.!Zl C:J) 

3. l ( 3) 

3-5 ( 3) 

5-6 ( 3) 

3-Lt ( ~-! ) 

3n5 ( l.J ) 

3-8 ( 4) 

-------------------------------------------------·-----------
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