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ABSTRACT 

CIRCULAR DICHROISM STUDIES OF SOME DISSYMMETRIC COORDINATION 

COMPOUNDS 

The Pfeiffer effect is a change in optical rotation of a 

chiral organic compound or complex ion (the environment subs 

tanco) in solution upon the addition of certain racemic metal 

complexes. The Pfeiffer effect was investigated in a series of 

racemic complexes in presence of various chiral environment 

substances. A number of mixed ligand complexes 

[Cr(phen)2 CI 2 J+, 

[Cr(b;::>Y)2 9Iy ]2+ 

+ [Cr(phen)2 0x ] , 

and 

such as cis-

[M(EDTA)]- , 

[I'!(DT'PA) ] 

Cis-[Cr(bpY)2(H20)]3+ 

1M = Cr 3 +, v 3+), [Co(BPA) 3]2+, 2+ [Cu(2-ampY)2] and 

[Nci(EDTA)] show the Pfeiffer effect in presence of (+)-

cinchonine HCl (-)-cinchonidine HCl, (+)-tartaric acid, (+)-

<lscorbie acid, (+) -a-methylbenzylamine HCl, (-) -ephedrine HCl 

and/or (-) -brucine Hel. Most of t.hese complexes show a positive 

Pfeiffer effect in presence of various environment substances. 

However (+) -cinchonine HCI and (-) -cinchonidine HCI induced a 

ive Pfeiffer effect In mixed ligand complexes of 

chromium(III), Na[V(EDTA)] and Na 2 [V(DTPA)]. A few new environ

mon~ substances like (+)-a-methylbenzylamine HCI, (-)-ephedrine 

HCI, (-)-cinchonidine HCI and (+)-ascorbic acid have been found 

to induce the Pfeiffer effect in some of these complexes. 



-ii-

CD spectra of the Pfeiffer systems in aqueous solutions 

were lTIeasured. The mixed ligands chromium(III) complexes show 

1-2 cott.on bands in visible region. The band I is observed 

between 16,666-16949 -1 cm and a higher energy band I I between 

19,607-20,000 
-1 em These bands are assigned to electronic 

transition to Al and B1 upper states respectively. The CD spec-

tra of [Cr(EDTA)H
2
0] ion in presence of (+)-tartaric acid and 

b b -1 h'l (+)-ascorbic acis has a road and at 17,857 em w 1 e that in 

presence of (+)-cinchonine HCl and (-)-cinchonidine HCI consist 

of an additional weak Cotton band of "opposite sign at 20,408 

-1 [Cr(DTPA) ]2- shows stronger positive Cotton band at (;1\1 a 

19,230 -1 and weaker negative CD band at 23,809 -1 in em a em 

presence of (+)-tartaric acid and (+)-a-methylbenzylamine HCl. 

In presence of (+)-ascorbic acid a mirror image spectrum is 

obtai.ned. I'hese tVIO Cotton bands are assigned to electroni.c 

CD spectra of [V(EDTA)] in presence of (-) -cinchonidine 

Hel! (+)-a-methylbenzylamine HCl, (-)-brucine HCl and (+)-

tartaric acid has a positive Cotton band ~t 19,607 cm- 1 and a 

weaker band at 23,255 cm-~ [V(DTPA)]2 shows Cotton 

at 15,873 -1 
and at 21,276 -1 wn'fi;h em em are assigned to 

---4 
3A (3 T1g (P) and 3A 3B 3 

2 1 ------'> 1 (T Ig(P» transition 

ly. CD spectra of [CO(BPA) 3]2+ in presence of 

(+) -a-bromoeamphorsulph"bnate and (-) -1 O-camphorsulph-

"ollie acid has a couplet or~ . t 1 . d b opposJ. e y slgne Cotton ands 



ce:lt:ered at 18,348 em 1 and 21,505 cm- 1 These are assigned to 

4A d 4A 4E ~ . j . 1 an 2 ---"-) '1 c..ranS.l :.lon respectively. 

[Nd(EDTA) ] shows a negative CD band at 17,871 
--1 

em in 

presence of (+)-tartaric acid and (-)-cinchonidine HCl which is 

due to f --, f transition. The binuclear complexes of Vanadium 

(III) like [V (llA) (J.1-0H) )+4 (AA ~ phen or bpy) exhibited 
2 4 '1. 

strong charge transfer CD bands in presence of (+) -tartaric 

acid. These two binuclear species were precipitated out as 

perchlorate salts. The elemental analysis and IR spectra of the 

solid perchlorate complexes indicated that tartarate ion has 

been coordinated to Vanadium (III) replacing hydroxo bridges. 

+4 The complex ions [V2 (phen)4(J.1-(+)-tart)] and 

[V2 (bPY)4(J.1-0H)(J.1-(+)-tart))3+ slowly oxidized to a green mono

nuclear species which could also be precipitated as perchlorate 

salts. Elemental analysis of this green compound fits well in 

cis-[VO(bpY)2Cl)(Cl04). It is indicated from these studies that 

anasymmetric synthesis of has been 

achieved during oxidation of its binuclear analog. 

The absolute configuration of ligands around the metal 

ions in these complexes have been assigned on the basis of the 

sign of Pfeiffer effect in presence of various environment 

substanceS and CD spectra of the Pfeiffer systems. The l0\!lO 

• hi 
enantloers of the complexes cis-[Cr(phen)2C12)+' 

2+ 3+ 
[Cr(bpY)291y) cis-[Cr(bpY)2(H20)2] and 

ct~ enantiomer of + [Cr(phen)20x] are assigned "6" absolute 



configuration. Similarly (+)-Na(Cr(EDTA)H
2
0], (+)-Na

2
[Cr(DTPA) j 

2+ 
and (·-)-Na(V(EDTA) j, (--)Na 2 [V(DTPA)] and (+)--[CO(BPA)3] have 

also been assigned If IJ. H absolute configuration. The binucleaI~ 

complexes and (+)-

[V
2

(bpY)4(!l-OH) (Il-(+)-tart) J (Cl04 )3 are assigned "/:;" absolute 

configuration while the mononuclear (+)-cis-[VO(bPY)2CljCl04 is 

assigned "At' absolute configuration. 
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INTRODUCTION 

The Pfeiffer effect is a change in the optical rotation of 

a chiral organic compound in presence of certain racemic metal 

complexes. This effect was first noticed by P .Pfeiffer in 

1--3 1931 , who reported a decrease in optical rotation of d 10-

camphorsulphonic acid ln presence of 
2+ 

[Zn(phen)3] . It was also 

observed that optical rotation of d-(+)-bromocamphor-rr-

sulphonate ion lS increased in f h 
2+. 

presence 0 [Zn(p en)3] lon. 

Later this anomalous change in optical rotation was named after 

its discoverer as the Pfeiffer effect. The shift in optical 

rotation can go in either direction. If the optical activity of 

the chiral compound (called the environment substance) is 

increased in presence of the racemic complex, it is termed as a 

positive Pfeiffer effect and if decreased then it is known as 

negative Pfeiffer effect. Later studies showed that a number of 

tris 2+ .2+ 
Co , Nl and complexes of '3d' ions such metal as 

Cu2+ with 1,10-phen and 2,2-bipy show this effect in presence 

of chiral compounds like (-)-lO-camphor sulphonic acid, 

(+)-a-bromocamphor-rr-sulphonate, (+) and (-)-tartaric acid, (+) 

and (-)-malic acid and and (+)-cinchonine HCl. It was also 

observed 4 that the magnitude of this effect is dependent upon 

the conecntration of the complex and environment substance 

wavelength of light and temperature of the system. It is gene-



ral ace ed t~bat origin of the Pfeiffer effect lies in t:.he 

dissymmet:ric metal complex. At present there exist tv,;O theories 

about the origin and mechanism of this effect. 

1. Equillibrium Displacement theory (also called as configu-

rational activity): This theory is based upon the concept that 

an asymmetric electric field caused by the stable optically 

active species, contributes to the activity coefficients of the 

'd' and 'l'metal complex antipodes. This leads to a displace-

ment in the racemic equillibrium (i. e; 50: 50), producing a 

change in the optical rotation of the system. 

2. Hydrophobic bonding theory: 

According to this theory when a species stable with respect to 

racemization (i.e; environment compound) is added to a solution 

cOlltaining an optically labile species (i.e; racemic complex), 

an association takes place between the two. This association 

between the racemic complex and the environment is termed as 

"hydrophobic bonding. "This can be represented by an equilli-

brium equation as 

d,l 2+ [Zn(phen) 3] +d-IX-BCS ~ 

(I-X) 
d[Zn(phen)3](d-IX-BCS)+ 

(X) 
+1[Zn(phen)3](d-a-BCS) 

Hhere I X f is the fraction distribution. vlhenever x is greater 

or less than 0.5, a change in rotation will be observed. Dwyer 

5 and coworkers have reported a number of experiments .. s"trongly 

supporting the concept of equillibrium shift which results in 



cont rational ac From ttese ions it '.'laS 

found that environmental variables such as ligand, active 

species, solvent and oxidation s'ca-te of t..'he H;etal ion have a 

profound effect upon the optical rotation of the system. Later 

st,udies by Kirschner et.a1
6 

also supported the equillibrium 

displacement theory. 

The hydrophobic bonding theory was proposed and supported 

by a number of experiments by Brasted and 
7 

coworkers . These 

workers plotted optical rotation (,,) or refractive index (n) 

of a series of systems containing differ en· t mole fractions of 

2+ 
[Zn(phen)3 1 and ammonium-- (+) -cz-bromocamphorsu Iphonate or 

(-) -strychnine sulphate and concluded that some association 

between the racemic complex and active environment existed. On 

the basis of conductivity measurements of varying concentra-

tion8 of [Zn(phen)3J(BCS)2and [Zn(en)3 J (BCS)2,they termed these 

complexes as weak electrolytes, suggesting a partial dis socia-

tion of the complex in aqueous solution. It was found by a 

cryoscopic method that nearly 50 % of the complex 

[Zn(phen)31(BCS)2.H20 was dissociated in aqueous solution. 

Both of these theories agree that the origin of Pfeiffer 

effect lies in dissymetric complexes. The difference In these 

theories is that equilibrium displacement theory suggests a 

slight shift 1.n racemic d = 1 equillibrium towards left or 

right under the influence of the environment substance, whereas 

the second theory presumes an association between the racemic 



complex and ttle chiral envi.ronment substance. In Pfeiffer 

systems one enantiomer of tile complex favours the bond forma-

tion (association) with chiral compound, which ultimately leads 

to a shift in equillibrj_urn towards the favourable enantiomer of 

the complex i.e. either 'd' or '1' side. 

It was observed by Kirschner et.al. S that optical rotatory 

dispersion and circular dichroism spectra of the Pfeiffer 

(M Col III), Cr( III)) were 

similar to those of their resolved enantiomers. From the 

optical rotatory dispersion and circular dichroism spectral 

studies these workel~s concluded that dissymmetric complexes 

were responsible for the Pfeiffer effect. 9 These workers have 

used the Pfeiffer effect for partial resolution of complex ion 

such as 

well. They allowed the Pfeiffer effect to develope in the ini-

tially racemic tris phenanthroline and 2,2-dipyridyl.uickel(II) 

ions in presence of (-)-malic acid and then succeeded in free-

zing out the non equimolar mi.xt.ure of enantiomers from the 

system by precipitation of the enantiorneters as insoluble per-

chlorate salts. These insoluble perchlorate salts were 

redissolved as chloride by Amberlit:e-IRlI.-"400 anion exchange 

resin, and optical rotation of the solutions containing 

partially resolved complexc. ion were measured. In addition 

they also found that the rate of racemization of the complex 

resolved by tile Pfeiffer effect was similar to that resolved by 



conventional resa ueion tee n es. ~ addition to parcial 

resloutioD, Pfeiffer effec·t studies are also helpful in deter 

mining the absolute configuration of the metel complexes and/or 

the chiral environment substances Kirschner et.al~O proposed a 

good method for the prediction of absolute configuration of 

dissymetric metal complexes and dissymetric carboxylic acids 

based upon their Pfeiffer activit:y. For this purpose several 

carboxylic acids were utilized to displace the equilibricm in 

Pfeiffer systems. It was noted that organic environment subs-

tances with "S" absolute conf iguration gave negative eff ect, 

while those with "R" absolute configuration gave a positive 

2+ ~+ 
effect in [Co(phen)3 l and [Ni(phen)3l~ systems. 

Most of the previous work has been done on racemic metal 

complexes of l,lO-phen, 2,2-bipy, oxalate or hexafloro 

acetylacetone ligands. Although optical rotatory dispersion and 

circular dichroism studies of the Pfeiffer active systems is a 

useful technique, it has not been thoroughly explored. In fact 

the Pfeiffer effect is not adequately explai~ed by the concept 

of an equilibrium shift or configurational activity. There is 

strong evidance in favour of the interaction between the 

racemic metal complex and the chiral environment by a bonding 
<'Z~ 

force i. e. hydrophobic bonding. There seems to be an appre-

ciable contribution from ion pair formation and differential 

association to the Pfeiffer- activity. The relationship between 

the metal ion and the Pfeiffer effect is not very clear. It was 



11 
:cved 

f 

that ude 

2+ 
[Cd(phen)3 J and 

2+ 2+ l' , >Cd >Zn lJJ1J.cn 

of t:he ,p,r:eiffer effect 

is reverse order of st.ability-> 

FUI~I:.her only small group of structurally similar ligands 

(l.e; l,lO--phen or 2,2""- bipy) sholfT this effect. "f;. number of 

lalJi_l.c dissymrnet:ric complexes of saturated polyamine ligand.s 

(en, pl1, (lien, trien) do not show the Pfeiffer effect, while 

inert cornplexes of oxalate ion like 

are Pfeiffer active. The influence of structure of the ligand 

on Pfeiffer effect is also not clearly understood. Complexes of 

Ll18 saDIe nletal ion with different ligands of similar structure 

behdve differenlCly 1. r: Pfeiffer effect studies, For example 

compl.exes of 1,lO-phen Qi1e. 2,2-bipy show stroflg 

Pfeiffer effect in pI'eseuce of various chiral environment subs-

t2\nCeS ,-,!hile complexes of 2,(2-pyridyl)-imidazoline and 

),(2-pyridyl)-benzimi~azoline show very weak Pfeiffer activity 

and those of 2, 2-dipyridyl amine and 2, '2, "2-terpyridyl do not 

show any Pfeiffer activity at all. 

There .is no uniform structural relationship between the 

environment compound alld the Pfeiffer activity, Certain chiral 

enuironment compounds which are structurally very similar, have 

very different behaviour towards Pfeiffer activity, For 

instance (+)-cinchonine and (-)-quinine have very similar 

molecular structures (quinine has an extra -OCH group attached 
3 

to a symmetrical part of cinchonine molecule) but only (+)_ 



cinchonine induces t soxalate compl~xeG. 

J.S clear from the prec scuBsion that, f r-ther investi 

iODS nto the Pfeiffer effect n racemic metal complexes ar~ 

necessary. New Pfeiffer act~ive systems containing (JissYlnetr ic 

complexes of new ligands in presence of new chiral environment 

substances should be explored. 

The present work was undertaken to study some new Pfeiffer 

active systems, and to develope some relationship between 

structure of the chiral environment I racemic metal complexes 

and their Pfeiffer ectivity. In the present studies a number of 

mixed ligand complexes of the type n+ 
[Cr(AA)2x2J where P.P.~ 

l,lO-phenthroline, 2,2-bipyridine, X Cl, H
2
0, X

2
= glycinate 

or oxalate ion were prepared and studied for the Pfeiffer act i-

vity, in presence of optically active environment substances, 

like (+)-a-methylbenzylamine hydrochloride (a-MBA.HCL), (+)-

cinchonine HCI, (-)-cinchonidine HCI, (-)-lO-camphorsulphonic 

ac.id, ammoium(+)-bromocamphor-rr-sulphonate, (-)-malic acid, 

(+)-tartaric acid, (+)-ascorbic acid, (-)-quinine HCI, (+)-

brucine HCI, and (+) -arabinose etc. These complexes exhibited 

Pfeiffer effect in presence of (-)-cinchonidine HC1, ( + )-

cinchonine HCI and (+) tartaric acid only. CD spectra of these 

Pfeiffer systems were recorded and the bands were assigned to 

various electronic transitions. 

The Pfeiffer effect in Cr(III) complexes like 

3- - 2-
[Cr(malon)3 J , [Cr(EDTA)H 20J and [Cr(DTPA) J in presence of all 



o 
~',J. 

t::..118 above Inent. (fried environment compounds was st_udied~ 'I'Les8 

complexes exhibited Pfeiffer effect with various chiral enviro-

nmenc substances, including the ne",! environment compound 

(+)-a-MBA HCl. CD spectra of these systems were recorded in the 

visible region. The CD spectrum of tris(malonato) chromate(III) 

ion "ias compared and found similar to that. of the resolved levo 

enantiomer. 

F. number of complexes of the type [11(BPA)3 1(CI0
4

)2(where 

BPA ~ 2,2-bipyridylamine and N = C 2+ o , 
.2+ 

Nl , cu 2 +) were also 

s,tudied in presence of various chiral environment substances. 

2+ Only [CO(BPA)3 1 showed Pfeiffer effect in presence of (-)-10-

carnphorsulphonic acid and NH
4

-oc-BCS. 'l'he CD spectra of these 

systerc.s is also reported. The complexes [V(phen)2C12]Cl and 

[V(bipY)ql~l in presence of (f)-T.II. showed Vlell defined CD 

bands in d-d transition region. In aqueous solutions these 

complexes exist as dimeric ions of the formula 

dimeric complex ions were partially resolved by precipitating 

as insoluble perchlorate salts. ORD and CD spectra of these 

partially resolved complexes were recorded. The rates of race-

mization of these species were also measured. In solution the 

complex ions 

oxavanadium species which have strong CD bands in the visible 

region. The rate of oxidation in these systems were also 

measured. Two new complexes [V(EDTA)] and [V(DTPA)]2-exhibited 



pfei fer ef:Eec't in pI:'esence of (+)-o>~HBA.;-{Cl/(-)"""cinchonidin~ 

HCI, (-) -ephedrine HCI, (-)-brucine HCI and (+), (-)-tartac.ic:: 

acid. The Pfeiffer CD of these systems were recorded and band~ 

were assigned to various electronic transitj_ons. 

CD spectra of [Pr(EDTA)] and [Nd(EDTA)] in pres enee of 

(-)-cinchonidine HCI and (+)-tartaric acid at various pH values 

were studied. Another complex [Cu(2-picolyamine)2 1(Cl04 )2 also 

exhibited Pfeiffer effect in presence of (-)-10-

Camphorsulphonic acid and (+)-a-BCS. 

systems are reported. 

CD spectra of these 

These studies indicate that equillibrium displacement 

mechanism is operative in most of the Pfeiffer systelTIS, 

Presence of pi(H) bonding character in the ligand of metal 

chelates is necessary for Pfeiffer activity. The Circular 

Dichroism spectra of Pfeiffer systems may be used for assigning 

absolute configuration and electronic transitions. 



II 

NOMENCLATURE AND SYMBOLS 

'1'he following abbreviations will be used to simplify the 

formulas of the coordinat,ion compounds and environment subs Lances . 

11'11e observed Pfeiffer rotation is represented by PI\. where '1\ ( 

represent the wavelength at which ·the effect is measured. Tbe 

following equation is used for the calculation of the Pfeiffer 

effect. 

P ~ ±(a - a ' A e+c e) 

where a e +c Observed rotatio~ of the environment plus the complex 

a
e 

; Observed rotation of the environment only 

Molar Pfeiffer rotation [PMJ~ 1S calculated using the relation 

[ c 1 x [ e 1 >:d 

[cl Molar concentration of the complex ion, 

[eJ ~ Molar concentration of the environment substance, 

d Length of the sample cell in meters. 

The ligands ( solvents and environment substances 81:e abbreviated 

as follows: 

acac ~ acetylacetonate ion 

ampy 2-aminomethyl pyridine 

(+)-a-BCS ammonium-a-bromocamphor-rr-sulphonate 



1 ~ 

SBMI -bis imine 

2,2-b r 1 

BPA 2,2-bipyridylamine 

(-)-CS = (-)-lO-camphorsulphonic acid 

Cin.HCI cinchonine hydrochloride 

Cinchd.HCl cinchonidine hydrochloride 

DMF N,N'-dimethylformamide 

DTPA diethylenetriaminepentaaoetate anion 

EDTA ethylenediaminetetraacetate anion 

en ethylenediamine 

Ephed.HCI ephedrine hydrochloride 

hfa 

malon 

a-MBA 

ox 

phen 

pyim 

tart 

rs Jt 
l M A 

hexafluoroacetyl acetonate anion 

~ malonate anion 

(+)-a-methylbenzylamine 

oxalate anion 

l,10-phenanthroline 

2-(2-pyridyl)-amidazoline 

= (+)-tartrate anion 

= c - c = difference in molar extinction coeffi-
L R 

cients of the left and right~handed circularly 

polarized light, respectively 

molar elliptioity in deg.l.mol-1.om- l 



In 1931 Pfeiffer 
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CHAPTER ill 

and 

HISTORICAL 

1-3 Quehl discovered the Pfeiffer 

effect v!hen they were 'trying to resolve dissymrnetirc complexes 

of zinc(ll) ion with bidentate ligands, using d-10-Camppbor 

sulphonic acid. These workers observed that rotation of a solu-

tion of zinc camphorsulphonate Zn(CS)2.6H20 was decreased upon 

the addition of three moles of l,lO-phenanthroline. Vlhen 

ammonium-ex-bromocamphor- TI-sulphonate(BCS) Vias used instead of 

camphorsulphonate in this system, an appreciable increase in 

optical rotation was observed. It had long been recognized that 

these two resolving agents give opposite enantiorners when used 

in the resolution of complexes. When the complex was precipi-

tated as bromide salt from a system containing 

[Zn(phen)3 1(CS)2,it was IOClOd optically inactive, showing that 

resolution of the complez did not take place. These authors 

repor-ted tha't a solution of zinc sulphate, NH
4

BCS and 1,10-

pnenanthroline in molar racio 1:2:3 gave the same optical rota-

tion as a solution containing the same concentration of the 

complex 2 3 Pfeiffer and co-worker"s' extended 

their work to other chiral species (mainly resolving agents). 

These workers found that optical rotations of (+)-cinchonine-

hydrochloride, (-)-strychninesulphate, (+)-l-quinicacid, ( + ) -

cinchoninemonochlorobromomethylate and (-)-nicotine were marke-



cl a1 t,erecl in presence of cercarn racernc complexes, These 

workers observed this effect ollly j.n metal complexes of 

bidentate ligands, 1,1 O-phenantroline and 2,2 bipyridine. On 

h 1 h d h 2+ C .2+ N' 2+ t e ot ler Han a number of metal ions suc as Zn, d, oJ., 

2+ 2+ 
Co" and t1n displayed t.his effect ,,,hen complexed with these 

1 igancls . 

Davies 13 and Dwyer observed this effect in 

an" [C"u (bl' py) 3 J 2+ l' ons . e f . urn d b~omo .U In presenc o' arnrnonl - -a- ~ -

camphorsulphonate. These workers observed that the rotation was 

increased with an increase in the concentration of the ligand 

to a limit of 1:3 metal to ligand ratio. These workers also 

found that optical rotation of d-tris(ethylenediamine) Co(111) 

ion is effected in the presence of racemic [Zn(phen) 3 J2: This 

is the first recorded report of optically stable metal complex 

used to induce the Pfeiffer effect 1,.Jl racemic complexes. Later 

studies revealved that tris bidentate complexes of Co(III) and 

Fe(III) with 2,2-bipyridine and 1,lO-phenanthroline also showed 

~l . ff 14,15 h 8' . l' 16 d hId' . ~11S e _ eet wereas -amlDoqulDo lne an et y ene larnlne-

. t .. d 2 4 ce raacetlcaCl were found to be effective ligands for this 

purpose. The observed change in rotation with .2, 2-dipyridyl 

complex was very small as compared to that of 1,10-

phenanthroline. Pfeiffer postulated that rotational changes of 

the stable optical species in presence of metal complexes were 

due to a displacement of equillibrium of a racemic complex. 

This was later confirmed by Kirschner et.al~7 



In 1942, effect: 2nd argued that-

asymmetirc induction could be expla:1"nec1 in t.e.rrnf3 of some SOy"t 

of bonding between the metal complex and the active environment 

substance. His work proved that there is some association bet-

W$en the racemic complex and chiral environment compound. 

Brasted also found that tris l,10-phenanthroline Co(III) ion is 

capable of exhibiting this effect. Brasted on the basis of his 

observation proved that distortion of asymmetric centre due to 

association was the principal cause of this arnomalous effect. 

The term " Pfeiffer effect" was used for this anomalous change 

in optical rotation by Dvvyer and Brasted in their di.scusf>ion 

during a symposium in 1954. 

18 19 • 
Dwyer and coworkers ' ~tudied this effect and explained 

it on the basis of an asymmetr"ic electric field from the stable 

optically active antipode, exerted on the labile ~etal complex, 

thereby contributing differentially to the acL.vities of the 

dact'1Q and 1.01:)Q metal complex ions. According to this theory an 

equillibrium shift is subsequently required for the initially 

racemic complex lon inorder' to restore the balanced chemical 

potential. This is termed as "Configurational activity". A 

number of observations suctl as differential increase in solubi-

in presence of 

(+)-o:-BCS or (+)-tartrate ion supported this theory. It was 

observed t.llat (-)-[Ru(phen)3 J (CI04 )3 in presence of (+)-o:-BCS 

was slightly more soluble in water than its dextro enantionmer. 



Sil';;j laxly fNi( recrystallizat ion 

presence of ammonicm-d-a-br01TIaCdlnphor-n-su 
20 

and s were able to isolate a partially resolved sample of 

[Co(acac)3] which was allowed to stand in contoact with (+)

[CO (en) 3 1 13 in an aqueous alcoholic solution. The rates of 

racemization of dextrw and t0~.Q enantioners of [Ni (bpy) 3] C1 2 

and [Ni(phen) 3] 12 in presence of chiral envir'onment substance 

were found to be different in aqueous solution, while nO such 

differences were observed in the presence of 

These studies were later questioned by 

H . 21 h . d arrlS W 0 pOlnte out that the reac"tions stndied terminate 

in an equillibrium which did) not have the composition of 

racemic mixture so that the measured velocity coefficient would 

be expected to be equal if the equillibrium rotation were taken 

as the end point. 

Craddock and 
2°) 

..Jones .... studied the hydrolysis of optically 

acti ve arsenic (V) -catechol complex, H [As (C
6

H4 0) 2] H
2

0 in pre

sence of added asymmetric species. Their results indicated that 

within the limits of experimental error, added asymmetric 

species showed no differential effect on the rates of hydro-

lysis of two enantiomers. These workers repeated the earlier 

work of Dwyer and cO'V'lorkers on the rates of racemization of 

dextro and levo . h ] 2+ [Nl(P en)3 ions in presence of 

ammonium-d-a-bromocamphor-n-sulphonate and their results cont-

radicted the previous work. 



and 

racemization 

23 Dutt 1 ed a 81 

of tris~biguanidine 

di.ffl.'.;:;rence in of 

CobaIt.(III) Chloride 

tartrate and the resolved complex, but later -this ,dark V-las 

because of changes in t:he rate caused by 

temperature. 

Kirschner 24 reported the observation of a weak Pfeiffer 

effect in 2-[Cu(EDTA)] complex wit.h L-quinine hydrobromide. On 

the basis of rotatory dispersion measurements he proved that 

the Coper(ll) ion was six coodinated in this complex. 

d · 16 Lan lS "Vras unable to observe this effect '.'li th 

2-[Zn(EDTA)] in presence of NH
4

-a-BCS. However he observed that 

zinc complex of 8-aminoquinoline exbibited this effect in pre-

sence of the NH -a-8CS as environment substance. In this case 
4 

the active species was not. an octahedral tris complex, but a 

bis(8-aminoquinoline) 2inc(ll) ion which was optically active 

due to its tetrahedral configuration. He studied a number of 

other metal complexes of Zn(II) with the ligands 0·-

phenylenediamine, 1,3-diaminopropanol, dimethylglyoxime, hydro-

xyquinoline, thioglycolic acid, o-aminobenzoic acid 2-hydroxy 

pyridine, ~-napthoquinoline, acetyl aceta nate etc, and found 

that they were unable to induce this effect. Landis 16also found 

that Ag(II) and Al(lll) when present in solution with both 

1,lO-phenanthroline and chiral environment substance did not. 

show any change in rotation. In addition the 2,2-bipyridyl and 

8-aminoquinoline complexes of 1'.1(111) were also found to be 



Pfeiffer inactive. He a so studied the Pfeiffer effect in water 

containing methanol in various molar ratios and found that the 

effect vias quenched with increasing propotions of methanol. 

Thl s was in accordance with the 1 . ear _.ler results reported by 

25 
D'wyer , Landis also found that addit,ion of aro.monia to some 

Pfeiffer active systems caused a rapid decrease in the effect 

dur ing the initial addition of ammonia, a gradual decreas e in 

effect thereafter 

. d 16 lncrease . 

as the concent~ration of ammonia waS 

Kuhajek4 in 1962 extensively studied the Zn(II) 1,10-

phenanthroline system in presence of a number of chiral enviro-

nment compounds. He found that temperature concentration of all 

constituents of the solution and the presence of added salts 

markedly effect the magnitude of the Pfeiffer effect. He tried 

to develope optical rotatory dispersion plots for this system 

using Drude equation, and considering the metal complex as a 

source of the Pfeiffer effect.. He was unable to observe the 

effect in a solution containing pyridine-2-aldoxime, zinc sul-

phate and ammoniuln- d-a-bromo-camphor-n-sulphonate(in 4:1:2 

molar ratios). 

N d 
. 26 or qUlst studied the Pfeiffer effect in 

with d-a-BCS and d-cinchonine HCl and found that it was appre-

ciably decreased with lowering pH, regardless of the chiral 

environment compound. The Pfeiffer rotation was also decreased 

with increasing the temperature of these systems. He attributed 
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the decreased effect due to ic bo He Iur-thex 

noticed tllat Pfei.ffer effect was appreciabJy decreased in pre-

senee of J.arge amounts of urea. He also studied the effect of 

isopropanol in these systems, and verified the earlier reports 

that presence of alcohols quenched the effect. 

. h r]11 Klrsc ner e_.a. studied the effect on a more quantita-

tive basis and establislled some numerical expressions to define 

the the effect. They coined the tenns "Pfeiffer rotation" and 

"Molar Pfeiffer rotation", and reported that these expressions 

were valid over a wide range of concentrations of environment 

Sllbstance and metal complexes. These expressions are 

where 

P = observed Pfeiffer rotation 
:\ 

( I ) 

( II ) 

observed rotation of the environment:. plus the complex 

observed rotation of the environment only 

Molar Pfeiffer rotation 

[Cj = Molar concentration of the complex 

[e J = Molar concentration of the environment 

d Length of the polarimeter cell in meters 

These workers for the first time studied the Pfeiffer effect in 

non aqueous solvents like DMF and glacial acetic acid. 



Doror: et>d 27 , stud,ied, the Pfeiffer effect some racerrnc 

ITl8t£J complexes of tJle (I1'~' Sn,'Ti) US.i,lH] (+)-

tartaric acid as environment substance. proposed that the 

Pfeiffer effect was the result of hydrogen bonding of the OH 

group of tartrate to the halide attached to metal. These 

workers d · d28 stu le the Pfeiffer effect In some SYITLlTIetr ic 

group(IV) metal halide of the type [MX 4 ] (where M= Sn, T i 
~ , Zr) 

In presence of d-malic acid and d-tartaric acid in DMF 

solution. On the basis of CD spectra they concluded that inner-

sphere coordination of the environment was not responsible for 

the induced optical activity in these systems. 

Kan and Brewer29 studied the Pfeiffer effect in tris 

oxalato complexes of AI, Ferer,Co and Ir. These workers conc-

luded that source of the Pfeiffer effect in all these systems 

may be attributed either to an association between complex ion 

and optically active environment alone( as in case of Ir 

complex) or to a combination of the association and an equilli-

brium shift between the two enantiomers in solution. 

In 1974 Kirschner et.al 3 0studied the Pfeiffer effect in 

racemic complex [CO(phen)3 13 + using d-malic acid and d-tartaric 

acid as environment substances. They proposed the enrichment of 

one enantiomer of the racemic complex due to hydrogen bonding 

between the environment compound and IT-electrons of the 

aromatic ring system of the ligand. These workers also proposed 

that hydrogen bonding in optically stable dissymmmetric comp-



J..exes occ\.1J~ed through. 10' at~om of the env,,'l..ronment COJTl,pound and 

proton attached to nitrogen in amine ligand. 

Ogino and Kumagai 31 studi.ed the Pfej_ffer effect in aqueous 

solution of (M(phen)3 J2 + where 2+ .2+ 
Zn , Nl. ) i,n presence of 

Vari01J,S aJ.kaJ.oids. Tlley interpreted their results from the 

viewpoint of stereos elective association and resulting equilli 

brium shift and also suggested that the IT-IT interaction between 

the complex and the alkaloid conjugate systems contributed to 

the stereos elective association and hence the Pfeiffer effect. 

These workers also studied the effect of added electrolyte on 

Pfeiffer rotation and observed that both sodium chloride and 

calcium chloride have considerable enhancing effect on Pfeiffer 

rotation. They assigned A abso).u-te configuration to these comp-

lexes on the basis of their Pfeiffer rotation. 

Kane-Macguire 32 et.al; used the Pfeiffer effect to 

3+ 
determine the absolute configuration of D-(+)-[Co(phen)3 1 . The 

results obtained strongly supported the .original 'A' assignment 

3+ to (+)-[Co(phen)"l by Ma son et.al. 
~ 

Miyoshi and coworkers 33 studied the influence of added 

salts and lOVler alcohals on the Pfeiffer effect. Most of the 

systems showed a linear change in the effect by the add e (,1;::2"". 

inorganic salts and alcohols 1 ike methanol, ethanol and 

propanol. The added anion reduced the electrostatic repulsion 

between the complex and the chiral envir.onment compound thereby 

enhancing the Pfeiffer effect. The added alcohol molecules 



into t.he aggrega<::.8s compoBecl of complex and chiral 

cati.on thereby di.mi_nisllirlg the Pfeiffer effect. It was proposed 

that the complex must come into direct contact with the enviro-

nment compound inorder teo exhibit t.he Pfeiffer effect. In 

another study34 these workers observed that the Pfeiffer effect 

linearly decreased Ivitl! the molar concentration of the added 

alcohol and the logarithm of rate of the decrease lD the 

Pfeiffer rotation is a linear fuction of the CH 2 -groups In the 

added alcohol. This is due to the fact that the added alcohol 

adheres to the metal complex ion, thereby preventing the chiral 

acid from coming in direct contact with it. 

Hiyoshi 

effect 

and 3" 36 coworkers -/ also 

h 2+ h . [Zn(p en)3] -stryc nlne 

observed that Pfeiffer 

system in water was 

increased by addition of NH
4

Br or Me
4
N+Br-. Addition of R

4
N+Br 

(R= Ethyl, propyl or butyl) did not increase the Pfieffer rota-

tion. These workers also studied inversion in the direction of 

a chiral equillibrium shift in the Pfeiffer effect of some 

mixed ligand Crt III) complexes at the ligand field excited 

state. Racemic complexes of + 
[Cr(ox) )phen)2] and 

[Cr(ox)2(phen)] were laser irridiated at the ligand field 

transition region in presence of (+)cinchonine or (~) cinchoni-

dine hydrochloride. These 'Harkers observed that a relatively 

rapid shift in chiral equilibrium in opposite direction occured 

between these enantiomers and that induced by the usual 

Pfeiffer effect of the corresponding system in dark. This was 



in contrast to the observation, that direction of equillibriurn 

shift induced for homochelates 

unal tered whether they were photo irridiated or not. ~rhis was 

interpret.ed in terms of anisotropic expansion of these mixed 

ligands Cr(III) complexes at the ligand field excited state and 

the accompanying perturbation in their stereoselective interac-

tion with optically active cinchonine or cinchonidine. 

Miyoshi and coworkers 37 found a linear relationship between 

Pfeiffer rotation and concentration of the complex both in H20 

and D20 and showed that the magnitude of the Pfeiffer rotation 

was slightly greater in D20 than in H20 This was considered as 

an evidence for hydrophobic bonding. 

Hemes 38 studied the mechanism of the Pfeiffer effect in 

[Zn(phen)n](CS)2 system by ultrasonic absorption and indicated 

that there were quick processes in [Zn(phen)n](CS)2 systems 

which did not occur for the aquo ion. 

Halliday39studied the Pfeiffer effect in heterochelates 

like [Cr(ox)2L] + or [Cr(ox)L21 where L= l,lO-phen or 2,2-bpy. 

They observed that rate of appearance of Pfeiffer activity 

closely paralleled the rate of racemization. The absolute con-

figuration of the complexes were determined from the relation-

ship between absolute configuration and Pfeiffer effect. 

Kirschner et.a1 40 studied this effect in tetrahedral comp-

lexes with negatively charged complex ions. These workers used 

racemic mixtures of and 8-



inoline-5-sulphate) in pre el'lce of 

an environment substallce. 

(+)-[Co(en) j:!i 
3 as 

, . <}l . r' ff Brlttaln and coworkers - lnvestigated the Pfeifrer e ect 

in tris(pyridine2,6-dicarboxylato)terbate(III) ion using opti-

cally active phenylalkylamine, phenylalkylaminoalcohols and 

phenylalkylaminoacids as environments and concluded that rota-

tional changes were due t.o outersphere complexation. They 

further studied this effect in complexes of Ta(II), Eu(II) and 

Ho(III) with the same ligand in presence of L-(+)-tartaric acid 

as environment substance and attributed the rotational changes 

to outersphere 

Kirschner 

complexation42 . 

43 
et. al: determined the effect of isotopes in 

optically labile coordination compounds. Their study provides 

an evidence in support of eguillibrium displacement mechanism 

for the Pfeiffer effect, and hydrogen bonding mechanism to 

explain the proposed eguillibrium displacement. In particular 

the effect of replacement of 'H' of the active environment by 

deuterium iostope. On the Pfeiffer effect is in a manner con-

sistant with the proposed hydrogen bonding between the labile 

proton of the environment substance and the IT-electron cloud of 

optically labile racemic complexes. These workers also proposed 

oJi1Z'::' ...... 

a method for the determination of the absolute configuration of 

chiral organic acids. 

Nomiya and 
4t1. 

coworkers"observed the Pfeiffer effect in a 

non resolvable enneamolybdomagnate (IV) heteropolyanion 



in presence of i-brucine sulphate sol 

vents like acetonitrile and DNF', 'They s'tudied CD E3pect~ra of 

these systems and assigned Cotton effect bands to various 

eJ_ectronic transitions. 

Brittain 45 studied -the Pfeiffer effect J_n tris (pyridine, 

2,6 -dicarboxylato) terbate (I I I) ion in presence of monosaccha-

ride aldose sugars. He also measuI"ed circularly polarized 

luminescence spectra of these systems and assigned absolute 

configuration to the complex. He further studied46 this complex 

in presence of L-histidine and concluded that hydrogen bonding, 

hydrophobic and electrostatic effects all contribute to a 

stronger Pfeiffer effect. 

Hiyoshi and 47 coworkers steudied the Pfeiffer effect in 

[Cr(ox)2phen ] and [Cr(ox)2bpy] compl ex ions in presence of 

optically active alkaloids such as (-)-cinchonidine, (-)-quinine 

and (-)-quinidine. They found that the Pfeiffer effect in these 

systems was primarily dependent on the configuration around the 

C-8 and lor C-9 atom of the chiral alkaloid, and their N-l, Me 

and 9-acetoxy derivatives. They observed that introduct_ion of 

MeO group at C-6 position on the quinoline ring of each 

alkaloid lead to a substantial increase in the Pfeiffer effect. 

While methylation at N-l diminished the effect. It was further 

noticed that acetylation of OH group at the C-9 atom shifted 

the equillibrium greatly 1n the opposite direction. They 

obtained the CD and DCD spectra of these systems. Cortes and 



the eLi scr imina ting interaction in the 

Pfeiffer effect in [Zn(Phen)3]2+using I-cystine monohydrochlo-

ride as chiral environment substance in aqueous solution. 

Hilmes and coworkers 49 studied the quantitative aspects of 

Pfeiffer effect in dysporium ( I II) complexes 

pyridinedicarboxylic acid in aqueous solution, They measured 

the CD spectra corresponding ·to certain f~f transi"'c.ions in 

solutions containing 3-[Dy(DPA)3 J and L-histidine as chiral 

environment compound. These workers Ellso compared the circu-

larly polarized luminescence spectra before and after the addi-

tion of chiral environment compound. Their results supported 

the equillibrium displacement theory. Similar studies ~ere made 

by these 50 workers for 

tartrate as clliral environment substance. 

using (+) -di:Tiethyl-L-

Recently Ahmad and coworkers 51 studied the CD spectra of a 

number of Pfeiffer effect systems. These workers measured CD 

spectra of aqueous solutions containing [11(AA)2BC]n+ (·:.'here AA 

is 1,10-phen or bpy and BC is glycinate or pyridine 2-

b 1 . d' 2+ .2+ d . car oxy ate lon an M lS Co or Nl ) an varlOUS chi:::al envi~ 

ronments substances and assigned CD bands to different elec-

tronic transitions. 



CH;\PTEF: IV 

EXPEF:IMENT AL 

1. ttlaterials: 

All reagents and solvents "Ii/ere analytical reagent grade 

and were used without further purification. (+)-a-methylbenzyl-

amine (-) cinchonidine, NdCI 3 .6H 20, Pr(N03)3.5H20, (+)-tartaric 

acid, disodiumethylenediaminetetraacetate and diethylenetri-

aminepentaacetic acid were purchased from Fluka Chemica 

Switzerland. (+)-cinchonine and 1, lO-phenanthroline were 

obtained from BDH Chemicals, England, while Ammonium 

(+)-a-Bromocamphorsulphonate and(-)-lO-camphorsulphonic acid 

were purchased from Aldrich Chemical Company Germany. 2,2-

bipyridine was obtained from E. Merk Germany. 

2. Preparation of Complexes: 

a) [Cr(phen)2C12]CI and [Cr(phen)2ox]Cl were prepared by 

literature methods5~ Similarly reported methods were used 

b) 

55 for the preparation of K3 [Cr (malon) 3] , 

[CO(BPA)3](CI04)256and [Ni(BPA)3](CI04 )2
5? 

v128 prepared by 

54 Na 2 [Cr(DTPA)] , 

the method of 

Broomhead52with slight modification as given below. 

In a round bottom flask 0.01 mole of CrCI 3 .6H 20 was 

dissolved in 50 ml of methanol with stirring. A single 
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of mossy zinc was ced in the f l.ask" 'Then t.~Vi() 

solutions one containing 0.02 mole of 2,2-bipy in methanal 

and the other containing 0.01 mole of sodium glycinate in 

water were added to the reaction solution. The reaction 

mixture was slowly brought to reflux and kept as such for 

one hour. During refluxing colour of the reaction mixture 

vIas changed to red b:COWD. FThe reaction mixture was then 

concentrated on a water bath and kept over night at room 

temperature. The crystals were filtered through a glass 

frit of medium porosi"ty, was11ed with methanol and air 

dried. The crystalline product was analyzed 

Calclllated: C 51. 87 H 3.93 N 13.17 Cr 10.21', 

Found: C 52.13 H 3.82 N 12.83 Cr 9.88% 

Sysnthesis of was attempted by 

mixing appropriate amounts of CrCI 3 . 6H
2
0, 2, 2-bipyridine 

and pyridine 2-carboxyli.c acid in methanol and refluxing 

as given above. However analysis of the crystalized comp-

Calculated: C 46.57 H 4.07 N 20.62 Cr 10.08% 

Found: C 46.46 H 3:59 N 20.10 Cr 10.20% 



d) Preparati.on of Na[Cr(EDTA)H 20] 

. ~h d 53 ThlS complex was prepared by literature me_ 0, . 

product obtained was in the form of viscous liquid. 

However the complex was crystallized out from the viscous 

liquid by slowly adding excess of absolute ethanol with 

vigorous stirring. The complex is hygroscopic and must be 

stored in a vacuum dessicator. 

e) Preparation of [Cu(2-picolylamine)2](Cl04 )2 

It was prepared by mixing hot methanol solutions of appro-

priate amounts of Copper(II) perchlorate hexahydrate (0.01 

mole) and 2-picolylamine (0.03 mole) in a round bottom 

flask. The complex crystallized out as violet needles upon 

cooling the reaction mix.ture. The complex was filtered 

through a glass frit and washed wit.h methanol inorder to 

remove the excess ligand. 

Calculated: C 30.10 H 3.37 N 11.70 Cu 13.27% 

Found: C 30.29 H 3.30 N 11.74 Cu 13.15% 

These were prepared in methanol under inert atmosphere as 

folIo-I,'!: 

In a two neck round bottom flask 0.01 mole of VCL, was 
Co 

dissolved in 50 ml of methanol. The flask was flushed with 

dry nitrogen gas to remove air. Then methanol solution of 
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0,03 mole of 2(2 / 1,10 phen were added to the metal 

ion solu"tion. The reaction mixt-:.ure was brought. to re:L-Lux 

and stirred under a continuous flow of N2" The colour of 

the reaction mixture immediately turned t,o dark purple, 

After about 15 minutes the reaction mixture was cooled in 

ice, when dark purple crystalline complexes separated out, 

The complexes were filtered and washed wi,th methanol, It 

has been reported that these complexes formed dimeric 

4+ 
hydroxo bridged species like [(AA)2V(!-L-OH)2V(AA)2] (whece 

AA= 2,2-bipy or 1, lO-phen) upon dissolution in 59 water . 

The absorption spectra of aqueous solution of these comp

lexes are similar to those reported in the literatureS? 

g) Preparation of NH 4 [Nd(EDTA)] and NH
4

[Pr(EDTA)] 

Thes e compi exes were prepared by a reported method 6 Ow i th 

slight modification as given below, 

0,2 moles of neodymium chloride hexahydrate were dissolved 

in 50 ml of water, Another solution containing ·the same 

molar quantity of (NH
4

) 2H2EDTA was prepared by ti tr'a ting 

the free acid with NH 4 0H until pH of the solution Feached 

to 8. The two solutions were mixed and stirred for 10-15 

minu·tes. The reaction mixture was concentrated on ,,:l±tilter 

bath and then cooled, The cooled reaction mixture was 

added drop by drop to an excess of ethanol with vigorous 

stirring. The solid complexes were seperated out. These 

complexes were filtered on a glass frit, washed with water 

and then dried in oven at 110 o C. 



3. Preparation of solutions for CD studies: 

a) Stock solutions of optically active environment substances 

like (-)-malic acid (+)-tartaric acid, (+)-a,scorbic acid 

were prepared by dissolving appropriate amounts ( 0 ,04 

mole) in small volumes of doubly distilled water and 

diluting to 100 ['.1 in volumetric flasks. The solutions 

were thoroughly mixed and kept in dark. 

b) The optically active environment compounds (+)-cinchonine, 

(-)-cinchonidine, (+)-a-metllylbenzylamine, (-)-quinine and 

(-) -brucine are insoluble in 'Nater. Therefore these COill-

pounds were converted into their hydrochlorides as given 

below. 

Accurately weighed quantities of the environment compound 

were dissolved in minimum amount of dil Hel. The solutions 

v/ere concentrated on a water bath. ~lhe solutions v,'ere 

cooled in an ice bath when hydrochloride salts of the 

environment compol_:nds ':Jere sepa.rated as fine crystalline 

material. The crystals were filtered, v'lashed with water 

and then dried. Calculated amounts of crystalline hydro-

chloride salts of these chiral environment substances were 

C:r:::A dissolved in water and diluted to mark in volumetric 

flasks. These solutions were thoroughly mixed and kept in 

dark. 
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c) In certain cases stock solutions of the insoluble environ-

roent compounds were prepared dissolving calculated 

amounts of the solid subtances in minimum volume of dil 

HCI and diluting with distilled water to 100 ml in volume

tric flasks. The solutions were thoroughly mixed and kept 

in dark. 

d) Preparation of solutions for the Pfeiffer effect studies: 

Calculated amounts of the metal complexes were dissolved 

in a small volume of the stock solution of the environment 

substance and then transfered to a 25 ml volumetric flask. 

These were diluted to the mark with the stock solution of 

the environment substances. The contents were thoroughly 

mixed and kept in dark for 1-2 hours before measuring 

their CD spectra. 

e) Preparation of solutions of complexes in perchlorate form: 

The water .insoluble complexes like [Co (BPA) 3] (ClO 4) 2' 

[Cu (ampy) 2] (ClO 4) 2' [( ph en ) 2 V (/i-OH) 2 V (ph en) 2] (CIO 4) 4 were 

converted to soluble chloride form before their use in the 

Pfeiffer effect studies. Aqueous solutions of these comp

lexes were obtained as given below. 

0.001 mole of each complex was moistened with water and 

brought in contact with 5-10 grams of strongly acidic 

anion exchange resin (Amberlite IRA-400) in chloride form. 

The mixture was stirred for a few minutes untill aelear 

solution of the complex was obtained. The resin was then 
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g) 
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filtered off. To the fil'tera-tE~ calculat(;d ElrnOUJ.1'ts of t.be 

solid environment substances were added and diluted to the 

mark in volumetric flasks. These solutions were thorougly 

mixed and kept in 

their CD spectra. 

dark I Lor 1-2 hours before recording 

Preparation of [V(EDTA) '] and [V(DTPA) ]2- for Pfeiffer CD 

Aqeous solutions (0.111) of these complexes were prepared 

by dissolving celculated amount vel" (12.01 
j 

moles) in 

about 50 ml of water and adding 0.01 mole of EDTA or DTPA 

disodium salt with stirring. The resulting brown solutions 

were diluted to 100 ml i~ volumetric flasks and thoroughly 

mixed. rrhen calCtllated arnount of the solid environment 

substances were clissol ved in abotn: 20 ml of the complex 

ion solution and transferred to 25 ml volumetric flasks. 

The solutions were diluted to the mark with complex ion 

solution and thoroughly mixed. The final concentrations of 

Lhe complex and environment substances were maintained at 

O.lM an~ O.3M respectively. 

Preparation of solutions of [Nd(EDTA) J for CD studies, 

0.21>1 solution of NH
4

[Nd(EDTA)] was prepared in a 25 ml 

volumetric flask. To each of five volumetric flasks of 10 

ml capacity \'[ere added 5 ml of the metal complex ion 

solution. Calculated amount of (+)-T.A was added to each 
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flask and determined its which was found as 2.The pH of 

these solutions \'Tere adjust,ed at 2, 6, 8, 10 with 

dilute solution of NaOH. The volume of each flask was then 

adjusted to the mark with distilled water. 

4. Instrumentation: 

Elemental analysis were obtained from :Midwest Microlab, 

Indianapolis, U.S.A. Melting points were determined on Thomas 

Hoover unimel t apparatus obtained from Arther Thomas Company 

Philadelphia, P. A, U. S. A. Metal contents of these complexes 

VTere determined on Shimadzo Hodel 670AA, atomic absorption 

spectrophotometer. 'rhe I. R spectra of the solid complexes in 

KBr disc were recorded on Hitachi Model 250-70 spectrophoto-

meter. 

The absorption spectra of solutions of these complexes in 

400-700 nm range were recorded on Hitachi Hodel 220S 

recording spectrophotometer. A matched pair of quartz cells of 

10 mm thickness Viere used for these measurements and 

-2 -3 
lxlO -10 M concentations of complexes were used. pH measure-

ments of these solutions were carried out on a digital pH meter 

Horiba model F-8 equipped with a glass and calomel reference 

electrode. 

The CD spectra of aqueous solutions of these Pfeiffer 

systems in the wavelength range 400-700nm were recorded on 

JASCO-20A spectropolarimeter. '1'his instrument uses Xenon Arc 



t source alld is equ cial 

::c;c.rair: free: quart.';:::: cel.l.s of J. lOmm -::bjckncss \,!er-c:~ ·,,1-:::~ecl. eonS 

solutions of the chiral environment copmounds were used to 

record base line of these spectra as the environment compounds 

are colourless and have no CD bands in visible region of the 

spectra. 
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(a) H!VESTIGATION OF NEN PFEIFFE!'( ACTIVE SYSTEHS: 

Pfeiffer effect was studied in a number of racemic cornp-

lexes in presence of some new environment compounds. Examina-

tioD of previous studies on the Pfeiffer effect indicate that 

only octahedral complexes of l,lO-phenanthroline, 2,2-bipyridyl 

and oxalate ion are capable of showing this effect. To dat,e 

there has been only one tetrahedral complex i.e. bis(B-

aminoquinoline) Zn(II) ion which shows this effect. Further a 

limited number of chiral environment substances such as 

NH
4

-Ci-BCS, d-lO-camphorsulphonic acid, d and 1 enantiomers of 

tartaric acid and malic acid may be used for inducing this 

effect. However a few complexes of other ligands such as-

2- 2+ 
[Cu(EDTA)] ,[Zn(8-amq)2] [Zn(pyim)3 L [Al(hfa)3] and 

[Ni(BBHI)3]2+ in presence of certain common chiral environment 

substances also show this effect. 

There are two features common in most of the Pfeiffer 

active systems, i.e. the metal ions belong to the labile group 

of metals and the ligands in these complexes have appreciable 

pi bonding. There have been reports that metal complexes of 

saturated ligands such as 
. ,2+ 

Nl(en)3 J and 

2+ 
[Co(en) 3] donot show the Pfeiffer effect in presence of any 

chiral environment compound. In order to subs-tantiate this 

observation a large number of complexes of other ligands with 



~36-

appreciable pi bonding have been synthesized for the Pfeif£e~ 

effect studies. In particular cOITl.plexes of ligdnds such. as 

picolinic acid (pyca), bipyr idylall";i ne (BPA) and 2 -" 

aminomethylpyridine which have nitrogen donor atoD1S in pyridine 

rings at appropriate positions for bidentate che12tion ';:.J8I"e 

studied for the Pfeiffer effect in presence of various chi="al 

environment substances. A number of complexes like [Cr(pyca)~l, 
.0 • 

prepared by literature methods. Attempts were made to syntlle-

sise tris complexes of 
2+ Co , 2+ ell, with 2-

(aminomethyl)pyridine (another bidentate ligand of pyridine 

origin) for the Pfeiffer effect studies. However only bis comp-

lexes of 2- (aminomethyl) pyridine with these metal ions were 

the orily products isolated from the reaction mixture. The 

Pfeiffer effect was not induced In solutions of 
?+ 

[Co (ampy) 2 j -

and 2+ 
[Ni(ampY)2 1 in presence of various environment SUDS-

tances. However 2+ 
[cu(ampY)2 J showed small changes in optical 

rotation in presence of NH
4

-(+)-a-BCS and NH
4

(-)-lO-CSA. Since 

this type of bis complexes in square planar environment should 

be symmetrical, they are not expected to show the Pefiffer 

effect. It may be assumed that 
2+ 

the complex [Cu(2-ampY)2 J ion 

has either' a distorted tetrahedral environment around the metal 

ion or two solvent molcules have occupied cis position in the 

coordination sphere of the metal ion, forming dissymmetric cis-

2+ 
[Cu(ampY)2(H 20)2 J The later possibility seems more probable 



due to appearance of CD bands 1D visible region of the 

spectrurn" 

A series of cOIllplex ions like 
2+ 

[Co(BPA)"J , 
" 

and [CU{BPI"!')3 J2 + v}e:ce investigs"ted for the pfeiffer effect In 

presence of various environment substances. The Pfeiffer effect 

was induced only LIl 
?+ 

[CO(BPA)3]- in presence of (-)-10-

camphorsulphonic acid and ammonium +)-a-bromocamphor-rr-

sulphonate. The optical rotation changes were very small i.n 

these syst.ems(Table I). It is commonly observed that specific 

rotations of tris type complexes of different metal ions with 

bipyridyl ligands are relatively smaller as compared to those 

of 1,lO-phenanthroline ligands e.g; 2+ 
[Fe(phen)"l , 

" 
2+ 

[Fe(bpY)3 1 
. 2+ 

[Nl(bpY)3] . Similarly values of Pfeiffer 

rotations in [Ni(Phen)3 12 + in presence of 

(+) -aT0--tuoniurn-a::-bromocamphorsu Iphonate and other environments 

are very large as compared to those in [Ni(bPY)3 J2 + ion. The 

rnagnitude of molar Pfeiffer rotation seems to depend upon the 

structure of the ligand i.e; l,lO-phenanthroline being a three 

six membered fused ring system induce larger rotations as 

compared to bipridyl consisting of only two relatively free 

rotating pyridine rings. If this argument is acceptable then 

bipyridylamine is rather more flexible mo].ecule, and its comp-

lexes shold have lower specific and molar Pfeiffer rotations. 

This is demonstrated by analogous complexes 2+ of Nn, 2+ Co , 

It is also evident from the fact that 



The Pfeiffer Effect in Cobalt(II) and Copper(II) 

Complex Ions in Presence of Various Chiral Environ--

ment Substances in Aqueous Solution . 

complex Ion 

(0.031'1) 

[CO(BPA)"12+ 
J 

[CO(BP]c)"J 2 + 
;) 

?.,.I.
[Cu(ampY)oJ~' 

L 

2+ 
[Cu(ampY)2 J 

. --~-...• ----~ 

Environment Compound 

(-)-10-Camphorsulphonic Acid 

NII.-a-Bromocamphorsu],phonate 
q -

(-)-lO-Camphorsulphonic Acid 

NH
4

-a-Bromocamphorsulphonate 

0.006 

0.02 

0.02 

0.02 

[ P ,25 
H J 589 

166.6 

555,5 

555.5 

555.5 



[Co )~malic acid has molar 

Pfeiffer rot.ation of :2575 degrc,cs ':lhiJ. in pre--

senee of this environment substance has only 167 degrees. 

2-[Cn (EDTA) ] is t.he only example of sexadentate 
L1-

EDTl\' ' 

ligand showing this effect in preseIlce of l-qui~ine hydrobro-

mide. In this complex pi bonding in acetate group 'd:lich is a 

part of the chelate, may be responsible for inducing tl1c 

Pfeiffer effect. A TH:nber of complexes of and another: 

polycarboxylate ion for exploring their 

Pfeiffer activity. The Pfeiffer effect was studied ill complexes 

of the metal ions Fe 3 , Ni2~'f Cu 2 + 3+ , 3+ Cr ana V in presence of 

reported and new chiral environment substances. is apparant 

fraln Table II that very little or no changes in rotation were 

observed in most of t~ese systems. However a few complexes like 

[ C ( T),'P") 1 2-r . - ~~ J , 

small rotational chc:-.ges in presence of various environment 

compounds. The molar Pfeiffer rotation for" these sys"tems are 

given in Table III. A posi~ive Pfeiffer effect was observed in 

complexes [Cr(EDT1\)H
2
0j ar,d [Cr: (DTP1\) ]2- In pr:esence of all 

the enviornment compounds while [V(EDTA)]-showed a negative 

Pfeiffer effect in presence of (+)-cinchonine HCl, ( - ) -

cinchonidine HCl, (-)-brucine HCl (+) tar:tar:ic acid and (-)-

tartaric acid. This complex exllibited a positive Pfeiffer 

effect in presence of (+) -a-methylbenzylamine HCI and (--)

ephedrine Hel. [V(DTPA)]2- showed positive Pfeiffer: effect in 



Table-II Complex Ions and Environment Substances Which do not 

Show the Pfeiffer Effect. 

Complex 

[Cr(EDTA)H2 0J 

[Cr(EDTA)H 20] 

[Cr (EDTl'~) H20] 

[Cr (EDTl'.) H
2

0 J 

7-
[ C r ( DTP l'~) J-

[Cr(DTPA) J2-

2-[Cr(DTPA) ] 

[Cr (DTPA) J 2-

[Cr(D'EPA) J2-

[Cr (DTPA) J 2-

[Cr(phen)2CI 2 J+ 

[Cr(phen)2 CI 2]+ 

[Cr(phen)2 C1 2 J + 

[Cr(phen)2Cl 2 J + 

+ 
[Cr(phen)2 Cl 2 J 

[Cr(phen)2 C1 2]+ 

2+ 
[Cr(bpY)2 9Iy ] 

[Cr(bpY)2 9Iy ]2+ 

[Cr(bpY)2 91y ]2+ 

2+ 
[Cr(bpY)2 9Iy ] 

2+ 
[Cr(bpy)?glYJ 

~ 

Environment Compound 

(-) - Brucine.HCl 

(-) - Quinine.HCl 

(+) - Arabinos e 

(+) a-Methylbenzylamine.HCl 

(+) - Cinchonine.HCl 

(-) - Cinchonidine.HCl 

(-) - Quinine.HCI 

(-) - Brucine.HCI 

(+) - Arabinose 

(+) - a-Methylbenzylamine.HCI 

(-) - Quinine.HCI 

(-) - Brucine.HCl 

(+) - Arabinose 

(+) - Ascorbic Acid 

(+) - a-Methylbenzylamine.HCl 

NH4 - (+) - a-BCS 

NH4 - (+) - a-BCS 

(-) - lO-Camphorsulphonic Acid 

(-) - Brucine.HCl 

(-) - Quinine.HCI 

(+) - a-Methylbenzylamine.HCl . 

Contd. 
---- --_ .•. _------



Complex 

I 2+ 
[Cr(bpy) 29 y] 

3+ 
Cis-[Cr(bpY)2(H 20)2 J 

Cis [Cr(bpY)2(H20)2 J3 + 

· 3+ Cls-[Cr(bpY)2(H 20)2] 

· 3+ 
Cls-[Cr(bpY)2(H 20)2] 

· b 3+ Cls-[Cr( PY)2(H 20)2] 

· b 3+ Cls-[Cr( PY)2(H 20)2] 

[Co(EDTA) ] 

[Co(EDTA) ] 

[Co(EDTA) ] 

[Co(EDTA) ] 

[CO(BPA)3]2+ 

[CO(BPA)3]2+ 

[CO(BPA)3]2+ 

[CO(BPA)3]2+ 

[CO(BPA)3]2+ 

[Nl(EDTA)]2-

. 2-[NJ.(EDTA) ] 

[Ni(EDTA) ]2-

. 2-
[Nl(EDTA) J 

[Ni(EDTA) J2-

OJ· 
[Ni(BPA)3 J-' 

[Ni(BPA)3 J2 + 

Environment Compound 

(+) - I~rabinose 

NH4 - (+) - a-BCS 

(-) - lO-Camphorsulphonic Acid 

(-) - Brucine.HCI 

(-) - Quinine.HCI 

(+) - a-Methylbenzylamine.HCl 

(+) - Arabinose 

(+) - Cinchonine.HCI 

(-) - Quinine.HCI 

(+) - T2rtaric Acid 

(+) - a-Methylbenzylamine.HCl 

(+) - Cinchonine.HCI 

(-) - Cinchonidine.HCI 

(+) - Tartaric Acid 

(+) - Pantothenic Acid 

(+) - Ascorbic Acid 

(+) - Cinchonine.HCI 

(-) - Cinchonidine.HCI 

(+ ) - Tartaric Acid 

(+) - Pantothenic Acid 

(+) - Ascorbic Acid 

(+) - Cinchonine.HCI 

(-) - Cinchonidine.HCI 

Contd. 



Complex 

[Ni(BPA)3 12 + 

. 2+ 
[NL(BPA)3 l 

[Ni(BPl'·)3 l2 + 

[CU(BPA)3 l2 + 

[CU(BPA)3 l2 + 

7+ 
[CU(BPA)3 l -

2+ 
[CU(BPA)3 l 

[CU(BPA)3 l2 + 

[CU(BPA)3 l2 + 

2+ [Cu(phen)3 l " 

[Cu(phen) 3]2+ 

2+ 
[Cu(phen) 3 l 

2+ 
[Cu(phen)3 l 

2+ 
[Cu(phen)3 l 

2+ 
[Cu(phen)3 l 

2~ 
[Cu(bPY)3 l . 

2+ 
[Cu(bPY)3 l 

2+ 
[Cu(bPY)3 l 

2+ 
[Cu(bPY)3 l 

[Cu(bPY)3 l2 + 
2+ 

[ Cu (bpy) " 1 
~ 

2+ 
[Cu(ampY)2] 

[cu(ampY)2 J2 + 

It'" 
-'+L~ 

Environment Compound 

(+) - Tartaric Acid 

(+) - Pantothenic Acid 

(+) Ascorbic Acid 

( +) - Tartaric Acid 

( +) - Cinchonine.HCl 

(- ) - Cinchonidine.BCl 

( - ) - Quinine.BCl 

( - ) - Brucine.HCl 

(+ ) - Arabinose 

( + ) - Tartaric Acid 

( +) - Cinchonine.HCl 

( - ) - Cinchonidine.HCl 

( - ) - Quinine.HCl 

(- ) - Brucine.BCl 

(+ ) - Arabinose 

( +) - Tartaric Acid 

( +) - Cinchonine.HCl 

( - ) - Cinchonidine.BCl 

( - ) - Quinine.BCl 

( - ) - Brucine.BCl 

( +) - Arabinose 

( +) - Cinchonine.BCl 

( - ) - Cinchonidine.HCl 

Contd. 



Complex 

2+ 
[Cn(ampY)2 J 

2+ 
[Cu(ampY)2 J ' 

.2+ 
[Cu(ampY)2 J 

[Pr(ED'rA) J 

[Pr(EDTl\) J 

[Pr(EDTA) J 

[Pr(EDTA)J 

[Nd(ED'l'A) J 
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Environment Compound 
------------_ .. _-------_._------

( - ) - Quinine.HCl 

( +) - Tartaric Acid 

( +) - Ascorbic Acid 

( +) - Tartaric l\cid 

(-) - Cinchonidine.HCl 

(+) - Cinchonine.HCl 

(-) - Histidine 

(-) - Histidine 

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



presence of (+) -"'ct·~m8thylbenzylarnine Hel and negat>iv8 Pfeiffer 

effect in presence of (-) cinchonidine Eel and (+.) cinchonine 

HCI. The results are given in Table IV. 

As stated earlier, most of the Pfeiffer effect. studies 

have been carried out on complexes of labile metal ions. 

HO'V1J8Ver tris oxalato complexes of tVlO inert metal ions like 

co 3+ and Cr 3+ also sho", ~Lhl's _ • effect in presence of (+ )-

cinchonine HCl. The resolved complex K3 [Cr(ox)3 1 rapidly race-

mizes in solution. A number of mixed 
3·' ligand complexes of Cr ' 

with 2,2-bipy and 1,lO-phen have been reported in the past. The 

ambidentate, anion or VTater in complexes like 

(When AA=2,2-bipy or 1,lO-phen and X = Cl , Br-, H20) commonly 

assume a cis position and exist as 'd' and '1' enantiomers. The 

enantiomeric forms of these complexes are expected to racemize 

at a faster rate. Therefore a series of mixed ligand 

chromium( III) complexes like alongwith 

K3 [Cr(malon)3 1 were prepared and investigated for the Pfeiffer 

effect in presence of various environment compounds. The 

results are reported in Table V. It is apparant from the table 

that all these complexes show a negative Pfeiffer effect in 

presence of (+) -cinchonine HCl and (-) -cinchonidine HCl. Two 

other complexes [Cr(bpY)2 C1 2 ]Cl and [Cr(bpY)291y]Cl2 show a 

positive Pfeiffer effect in presence of (+)-tartaric acid, 

indicating that dextro enantiomers of these complexes are 

enriched. [Cr(bpY)20X]Cl Shm-1S a negative Pfeiffer effect in 



-45-

Table III Molar P.'f:eiffer Ro-tations of -the Pfeiffer Systems 

Containing tIle Chromium(I!I) Complexes of polyamine 

Carboxylic Acids and Various Environment Substances 

in Aqueous Solution. 

--,~,.-------"~,,,---,-.---.-~-,~"------------'-

Complex( 0.02511) Environment Compound(O.lH) P 
25 

o b 5 [ PM] 589 
--_. .._--_. 

Na[Cr(EDTA)H 2O] ( +) Cinchonine.Hel 0.04 1600 

Na[Cr(EDTA)H 2O] ( - ) - Cinchonidine.HCl 0.04 1600 

Na[Cr(EDTA)H 2O] ( +) - Ascorbic Acid 0.001 40 

Na[Cr(EDTA)H 2O] (+ ) - Tartaric Acid 0.001 40 

Na[Cr(EDTA)H 2O] ( - ) .. Tartaric Acid 0.001 ~,O 

Na 2 [Cr(DTPA) ] (+ ) - o:-HEA.Hel 0.001 40 

Na 2 [Cr(DTPA) ] ( + ) - Tartaric Acid 0.006 240 

Na 2 [Cr(DTPA) ] (+ ) - Ascorbic Acid 0.002 80 



Table-IV Pfeiffer ffeee in [V(EDTA) 1 and [V ( DTPA) 1 2 ~Ul 

Presence of Various Chiral Environment Substances in 

Aqueous Solution. 

Complex [ Cone. 1 Environment [Cone. 1 P abs [P M],89 
--,------

[V(EDTA) ] 0.1 (-)-Cinehonidine.HCl o . 3 -0.4 ··1333 

[V(EDTA)] 0.1 (+)-cx-MBA.HCl 0.3 0.05 166.6 

[V(EDTF.) ] 0.1 (+)-Tartaric Acid 0.3 0.06 200 

[V(EDTA) ] 0.1 (-)-Tartaric Acid 0.3 0.06 200 

[V(EDTA) 1 0.05 (-) .. Brucine.HCl 0.075 -0.2 -5333 

[V(EDTA) ] 0.04 (-)-Ephedrine.HCl 0.12 0.01 208.3 

[V(DTPA) ]2- 0.1 (-)-Cinchonidine.HCl 0.3 -0.06 -200 

[V(DTPA) ]2- 0.1 (+)-cx-MBA.HCI o . 3 0.54 180.6 
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Table--V Pfeiffer Effect in Mixed nd J .. exes of C::-( III) i 

Presence of Va.rlorts Chira.1 EnvironiTent. Subst.ances in 

Water Solutions. 

Complex 

[Cr(phen)2 C1 2]C1 

(0.025M) 

[Cr(bpY)2 C1 2]C1 

(0.025M) 

[Cr(bpY)2(H 20)2 lC1 3 

(0.04M) 

[Cr(bpY)2 91y ]C1 2 
(0.025M) 

[Cr(phen)2ox ]C1 

(0.025M) 

Environment 
Substance 

(+)-Cinch.HC1 

(0.15M) 

(-)-Cinchcl.HCl 

(0.1511) 

(+)-Cinch.HCl 

(0.7511) 

(-)-Cinchcl.HC1 

(0.7511) 

(+)--T.A. 

(0.111) 

(+)-Cinch.HC1 

(0.1211) 

(-)-Cinchcl.HC1 

(0.1211) 

(+)-Cinch.HC1 

(0.2011) 

(-)-Cinchcl.HC1 

(0.2011) 

(+)-T.A. 

(0.20M) 

(+)-Cinch.HC1 

(0.08M) 

(-)-Cinchcl.HC1 

(0.08M) 

-0.015 -400 

-0.015 -400 

-0.015 -800 

-0.015 -800 

+0.006 +240 

-0.019 -400 

-0.019 -400 

-0.06 -1200 

-0.06 -1200 

+0.093 +1875 

-0.004 -240 

<~-"-

-0.004 ~240 



presence of (+) c honine Hel and (-) cinchonidine Hel ia 

aqueous solution. 

In aqueous solutions K3 [Cr(malon)3 1 whows a positive 

Pfeiffer effect in presence of (-)-cinchonidine HCl, (+)-ct-

methylbenzylamine HCl and (-) -ephedrine HCl, while a negative 

Pfeiffer effect is observed in presence of (-)-quinine Hel. It 

is revealed that t0cQQ enantiomer of [Cr (malon) 3 J 3- is enriched 

in presence of (-)-cinchonidine Hel, (-) -ephedrine Hel and 

(-)-brucine Hel while den)",,, enantiomer is enriched in presence 

of (+)-ct-methylbenzylamine Hel and (-)-quinine Hel. The induced 

Pfeiffer effect decrease in the order (-·)-·brucine Hel ) (-)-

cinchonidine Hel > (-)-ephedrinein Hel > (+)-a-methylbenzyl-

amine Hel > (-)-quinine Hel in these systems (Table VI). 

The Pfeiffer effect in complexes of lanthanide metal ions 

such as have been reported 

recently~9,50 However further studies on complexes of f-block 

elements are needed. Therefore complexes of IT.etal ions like 

Nd 3+ and Pr 3 + with polycarboxylate anions such as 
4-EDT]\. and 

5 --
DTPA were prepared in solution as well as in solid form by 

literature methods. These complexes were investigated for their 

Pfeiffer effect in presence of various environment compounds. 

Only (Nd(EDTA) 1 ion showed a small increase in rotation of 

(-) -cinchonidine HCl and a small decrease in rotation of (+)-

tartaric acid. The change in rotation is dependent upon cone en-

tration of the components and also depends upon pH of the 
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Table-VI The Pfeiffer Effect in [Cr(malon)3 J (O.03H) in 

Presence of various Environment Substances in 

Aqueous Solution. 

2"-
Environment Compound [Cone. J P [Pl1J5~9 obs 

. ----~----,-"'""-~---- .. - .. -~"""'~ 

(+)-<x-I1BA.HCl 0.24 0.008 111.1 

(-)-Cinehonidine.HCl 0.12 0.05 1388 

(-)-Brueine.HCl 0.12 0.75 2083 

( - ) - Quinine.HCl 0.10 -0.01 -333.3 

(-)-Ephedrine.HCl 0.12 0.005 138.8 



system, At lovler values; the Pfeiffer effect is quenched. 

The Pfeiffer effect in K3 [V(C 20 4 ),J in presence of +) 

cinchonine HCl was reported in 1969 62 . Although a number of 

octahederal vanadium ( II I) complexes such as 

(AA=2,2-bipy or 1,10-phen X=Br Cl--) have been reported in the 

literature, Pfeiffer effect st:udies on such complexes have 

never been carried out. When aqueous solutions of V (I I I) and 

the ligands (bipy or phen) in 1:3 molar ratios were mixed under 

N2 atmosphere, deep purple complex ions were formed. These 

complexes have been assigned a dimeric 

l ' k 77 ear ler wor ers. 'I'he sulphate 

and perchlorate salts of this deep purple complex are sparingly 

soluble in water and quite stable in air, However aqueous solu-

tions of these complexes are slov,ly oxidized to tetravalent 

vanadyl complexes. A purple crystalline product [V(phen)2CI2lCI 

may be obtained by reacting appropriate amounts of metal 

chlorid and ligands from non aqueous solvents such as methanol 

or by fusion of VCl 3 with solid 1,10-phenanthroline, which is 

easily hydrolyzed to hydroxo complex in aqueous solution. Later 

worker 

these 

confirmed binuclear structure with hydroxobridges for 

59 61 complexes' The two complex ions 

studied for their Pfeiffer activity in presence of a number of 

environment substances like (-)-malic acid, (~)-tartaric acid, 

(+) -as corbic acid, (-) -cinchonidine HCI and (+) -a-me thy Iben zy 1-
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ami.ne Hel, These complexes (3ho\/] small ieal ro"tational 

changes in presence of (+) -ascorbic acid. However large rota-

tional changes were observed in presence of (-)-malic acid, (+) 

and (-)-tartaric acid, indicating that some interaction between 

the complex and environment substance had occured. Examination 

of Circular Dichroism spectra of these complexes in presence of 

various environment compounds indicated an asymmentric synthe-

sis of binuclear species in solution. 

(b) INVESTIGATION OF NEW ENVIRONMENT SUBSTANCES: 

Todate only a limited number of chiral environment 

compounds have been effectively used for inducing the Pfeiffer 

effect in racemic complexes. In the present work efforts were 

made to explore new chiral environment substances which may 

induce the Pfeiffer effect. For this purpose a number of new 

optically active organic compounds like (+)-a-methylbenzyl-

amine HCI, (-)-quinine HCI, (-)-brucine HCI, (+)--ascorbic acid, 

(+)-arabinose, (+)-usnic acid, (-)-thiazolidine carboxylic 

acid, (+)-sodiumpantothenate and (-)-cinchonidine HCI were 

studied in presence of a number of dissymmetric complexes inc-

luding the above mentioned Pfeiffer active complexes. It was 

found that only (+) -ex-methy lbenzylamine Hel, and (-) -cincho

nidine HCl induced Pfeiffer activity in complexes [Cr(DTPA)]2-, 

3- - 2-[Cr(malon)3 J ,[V(EDTA)J and [V(DTPA»)" in aqueous solutions. 

(-)-Ephedrine HCI and (-)-brucine HCI were found as effective 

environment substances for 3- -
[Cr(malon)3] ,[V(EDTA)] complex 



ions '''hile (-) 

[Cr(mslon)3 l3 -

nine He] showed Pfeiffer effect 

It is interesting to pointout that two alkaloid bases like 

(-)-cinchonine and (-)-quinine have very similar molecular 

structure, accept that quinine has a methoxy substituent at '7' 

position in quinoline ring. However (-)-cinchonidine and 

(+) -cinchonine are very effective environment substances for 

inducing the Pfeiffer effect in a number of racemic complexes, 

while (-) -quinine and its enantiomer (+) -quinidine does not 

induce this effect in most. of the complexes studied. This 

difference in activity of these two environment substances 

seems to arise from effective shielding of propel lor of 

asymmetric carbon atom in these chiral environments, 

restricting an effective and preferred interaction with the 

dissymmetric complexes. 
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CIRCULAR DICHROISM STUDIES OF PFEIFFER EFFECT SYSTEMS 

The racemic metal complexes and chiral environment subs

tances in the Pfeiffer systems normally absorb in different 

spectral regions. The environment substances and the ligands 

involved in these chelates commonly absorb in ultraviolet 

region, while metal complexes have absorption bands in visible 

as well as in ultraviolet region of the spectrum. The absorp

tion bands in UV region are due to allowed electronic transi

tions and therefore are very intense (i. e extinction coeffi

cients of such bands are very high). Absorption bands due to 

d-d transitions are observed in visible region of the spectrum 

and are associated with lower values of extinction coefficient. 

It has been demonstrated by earlier workers that the Pfeiffer 

effect systems show CD bands in visible region where neither 

ligands nor chiral environment compounds have any absorption. 

This was presented as an evidence in favour of "displacement in 

equillibrium' concept of the Pfeiffer effect. Therefore CD 

spectra of all those complexes showing the Pfeiffer effect were 

studied. 

This technique has certain limitations that CD bands due 

to charge transfer transitions of complexes cannot be observed 

because of very strong bands of the environment substances 

present in high concentrations in these systems. However CD 



bands of these systems in visible may be interpreted in 

terms of electronic transitions within d orbitals, and absolute 

configuration of the ligands around the metal ion may be deter 

mined 

a) Study of Mixed Ligand Complexes of Chromium (III): 

The absorption spectra of these complexes in presence of 

various environment substances were indentical to those taken 

for the aqueous solutions of these complexes. This indicated 

that no appreciable interaction between the complexes and the 

environment substances occured. The band positions and molar 

extinction coefficients of these complexes are reported in 

table Vl] The absorption spectra of these complexes invariably 

consist of a single band between 18,867 
-1 

cm to 20,202 

-1 _1 
with extinction coefficient values between 42-112 M cm-. 

-1 cm 

+ + CD sepctra of cis-lCr(phen)2CI2] , cis-lCr(bpY)2CI2] , 

, 3+ 2+ + 
cls-[Cr(bpY)2(H20)2] , lCr(bpY)291y] and [Cr(phen)2ox] in 

presence of (+)-cinchonine HCl, (-)-cinchonidine HCl and (+)-

trataric acid were measured between 700-400 nm, The band posi-

tions alongwith their molar el'lipticity values are reported in 

Table V I p, and CD spectra of these systems are reproduced in 

figures 1-4, 

CD spectra of these systems consist of two Cotton effect 

bands of opposite sign, The CD spectra of cis-lCr(phen)2C12]+' 

, + " , 3+ b 1 2+, 
ClS [Cr(bpY)2C12] , cls-[Cr(bpY)2(H20)2] , [Cr( PY)2 g - y ] In 

presence of (+) -cinchonine Hel have a negative band (band-I) 
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Table-VII Physical Data, Metal Analysis and Absorption Spectra of MiKed 

Ligant Complexes of Chromium(III). 

-"'-"------" .------~"'-""'.-,----

Complex Colour Decomp. Percentage 
~ °c of Cr .temp. 

Calcd. Found 

[Cr(phen)2C121Cl.3H20 Orange Red 145 9.08 8.8 19,0291 77 ) 

[Cr(bpY)2C121Cl.2H20 Bright Red 200 10.25 10.01 19,146(42) 

[Cr(bpY)2(H2O)2 1C1 3 Greyish Red 170 10.08 10.2 18,867(64) 

[Cr(bpY)291Y1C12 Bright Red 180 10.21 9.8 19, 230( 112) 

[Cr(phen)2oxlCl.4H20 Orange Red 230 8.55 8.1 20,202(62) 
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Table--VIII CD Band Positions snd Holar ElLiptic values of Mi.xed, 

of Cr(III) in Presence of Chiral Enviro

nment Substances in Water Solutions. 

Complex 

[Cr(phen)2 Cl2]Cl 

(0.025M) 

[Cr (bpy) 2Cl2] C1 

(0.025M) 

[Cr(bpY)2(H 2O)2 1C1 3 

(0.0411) 

[Cr(bpY)2 g1y ]Cl 2 
(0.025N) 

[Cr(phen)2oxlCl 

(0.025M) 

Environment 
Substances 

(+)-Cinch.HCl 

(0.15M) 

(-)-Cinchd.HCl 

(0.15H) 

(+)-Cinch.HCl 

(0.7511) 

(-)-Cinchd.HCl 

(0.7511) 

(+)-T.A. 

(0.111) 

(+)-Cinch.HCl 

(0.12N) 

(-)-Cinchd.HCl 

(0.12N) 

(+)-Cinch.HCl 

(0.2011) 

(-)-Cinchd.HCl 

(0.2011) 

(+)-T.A. 

(0.20N) 

(+)-Cinch.HCl 

(O.OSM) 

(-)-Cinchd.HCl 

(O.OSN) 

Bands 

16,806 -8.0 19,607 +6.0 

16,806 +11.9 19,607 -5.0 

16,667 -2.50 19,230 +10.0 

16,667 +2.50 19,230 -10.0 

16,667 -0.50 19,230 +7.0 

16,949 -6.25 19,607 +S.2 

16,949 +6.25 19,607 -7.0 

16,667 -2.00 19,230 +5.0 

16,667 +2.00 19,230 -5.0 

16,667 -0.50 20,000 +5.0 

------ ----- 20,000 -1.2 
"'-;:;;..~ 

------ ----- 20,000 +1. 6 
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between 16,666 \pJith. molar ell ity 0.50--· 

-J _ .. 1 
11.9 deg 1 mole em· and a higher energy positive band (band 

II) between 19,607-20,000 

deg I -1 -1 mole em . The CD 

-1 cm with molar elipt.icity 1.25-10 

of these complexes in presence of 

(-)-cinchonidine HCI has a mirror image relationship with those 

obtained in presence of (+)-cinchonine HCI. All these complexes 

show a negative Pfeiffer effect in presence of both (+)-

cinchonine HCl and (-) -cinchonidine HCI. Therefore it may be 

assumed that CD spectra of these complexes in presence of (+)-

cinchnine HCl are due to ~o enantiomer, while those obtained 

in presence of (-)-cinchonidine HCl arise from the dextro 

rotatery enantiomer two complexes and 

[Cr(bipY)2gly]2+ also showed CD bands in presence of (+)

tartaric acid. The CD spectra of these complexes in presence of 

(+)-tartaric acid is similar to those obtained in presence of 

(-)-chinchonidine HCl. The CD spectrum of " +. [Cr(p.,en)2ox] lon in 

presence of (+)-cinchonine HCI consists of a single negative 

band centred at 20,000 cm- 1 while that obtained in presence of 

(-)-cinchonidine HCI and (+)-tartaric acid consist of a posi-

tive band at the same position. The two spectra are mirror 

image of each other. 

Chromium < II I) is a system and has a nondegenerate 

quartet A2gas ground state in a perfectly octahedral environ-

ment. There are three other d 4 4 
states 'T 2g , T1g(F) and Tlg(P) of 

the same spin multiplicity to which electronic excitations may 



accur, rrhe 

Cr(III) 

'" 1 
cm 

have been reported, 

and 

have 

of a number of 

and bands 

between 

between 

assigned. 

1)115770-17700 

20840-25000 

32,400-37700 

If symme"try of 

,1 
cm 

-1 em 

the 

comlex is reduced, these degenerate excited states will further 

split and larger number of bands are expected in the absorption 

spectra. However instead of split bands, considerable broade-

ning of bands is observed in lower symmetry complexes. 

All of the above mentioned complexes are dissymmetric and 

belong to C2 or C1 symmetry. The triply degenerate excited 

states in these complexes should further split to give A1 , A2 

and B2 states. Excitation of electrons to these non-degenerate 

levels give rise to larger number of bands. The absorption 

spectra of these complexes consist of only one broad band 

-1 between 18,867-20,202 cm which seems to arise from excitation 

of electrons to T 2g upper level in octahedral symmetry. 

Obviously excitation of electrons to non-degenarate upper 

states has not resulted in seperate bands but only broadening 

has occured. 
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CD bei.ng very sensB,tive t e should give seperate bands 

due to excitation of electrons to non-degenrate levels. Since 

A2 is the ground state in these systems, excitation of 

electrons to Al and B2 non-degenerate levels are dichroic while 

transition to A2will be forbidden and should not be observed. 

The couplet of CD bands observed inthese systems are very 

close and cannot be assigned to either of the two spin allowed 

transitionsi.e; or of octahedral field. It seems that 

these two Cotton bands belong to the same electronic transition 

i.e; 4T2g ) of an octahedral system, arising from 

excitation of electrons to split levels of T state 2g of 

octahedral symmetry. Therefore band I may arise from excitation 

of electrons to Al upper state while band II may be assigned to 

transition to Bl upper state. The only CD band observed for 

+ [Cr(phen)20xl may be assigned to A2 ---) B2 transition, while 

weaker band (band I) observed in other complexes of this series 

is not observed in this complex. 

Absolute Configuration: 

The absolute configuration of ligands around the metal 

ion in these complexes may be correlated with standard comp-

lexes on the basis of their pfeiffer rotation and CD spectra. 

The complexes 

Cl 2 lCI, 

(-)-cis-[ (Cr(bpY)2-

(-)-[Cr(bpY)29ly ]C1 2 

should have the same absolute configuration around the metal 



1.on as that of 3[CO OX)3 since all of 

t,hese enant.iomers B:c"e enriched in presence of +) --CinCf'lOnine 

HCl. The complexes (+)K 3 [Cr(ox)3 1, (-l-K
3

[CO(OX)3 1 and (+)

[co(en)31Cl3 have been assigned n configuration around the 

metal ion therefore teA>o enantiomers of cis-[Cr(phen)2Cl2]Cl, 

gly]Cl 2 may be assigned n absolute configuration around the 

metal ion. lOhe teA>o rotarory enantiomer of 
+. 

[Cr(phen)20x] lOn 

was enriched in presence of (+) -cinchonine HCl and shows a 

negative CD band at 20,000 cm-l which is opposi.te in sign to 

those in other complexes of the series. Therefore ( - )-

+ [Cr(phen)20x1 must have an opposite absolute configuration 

i.e. A of ligands around the metal ion. 

3-
(b) Pfeiffer CD of [Cr(malon)3 1 : 

Pfeiffer CD of 3-
[Cr(malon)3 1 in presence of (-)-

cinchonidineHCI I (+) -ex-methylbenzylamine HCl I (-) -qUinine HCl I 

(-)-brucine HCl and (-)-ephedrine HCl were measured in aqueous 

solution. The CD band position alongwith their molar ellipti-

city values of this complex ion are given in Table-IX The CD 

spectra in presence of various environment substances are 

reproduced in figure 5. The Pfeiffer CD of the complex ion in 

presence of (+)-ex-methylbenzylamine HCI and (-)-quinine HCl are 

representative of dewlO. enantiomers I while those in presence 

of (-)-cinchonidine HCl, (-)-brucine HCl and (··)-ephedrine HCl 



-65-

Table-IX CD 1 Data of [Cr(.malon~] in Presence of Var~ous c, 
Environment Substances in Solution. 

Complex 

K3 [Cr(malon)3 l 

(O.03N) 

Environment 
Substances 

(+)-a-MBA.HCl 

(0.12M) 

(-)-Cinchd.HCl 

(0.12M) 

(-)-Quinine.HCl 

(0.12M) 

(-)-Ephed.HCl 

(O.12M) 

(-)-Bruc.HC1 

CD 

17,543 +19.8 

17,543 -19.8 

18,181 +13 .2 

17,543 -19.8 

17,543 -7.5 

23,255 -3.3 

23,255 +3.3 

24,390 -10.0 

23,255 +3.3 

23,255 +5.0 
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are enr~i'rive of fet~.Q. enant~iomers > The CD spec-cra of this 

cornplex ion consist of two bands, band I, centred at 17,543-

18,181 cm- 1 with molar ellipticity 13.2-19.8 deg 1 -1-1. mole em 

and band II btween 23,255-24,390 -1 em wi th molar elliptici 

-1 3.3-10 deg 1 mole -1 cm The CD spectra of the dCiXthQ and teuG 

enantiomer are mirror image of each other. 

The CD spectrum of 3-(-)-[Cr(malon)3 1 has already been 

63 reported . It consists of two bands of oposite sign centred at 

18,018 cm- I and 23,094 em-I. The position of the observed bands 

in the Pfeiffer effect system containing racemic [Cr(malOn)3 13 -

and the environment substances are very close to those already 

reported. These CD bands have been assigned to various transi

tions. The band at 18,018 cm- 1 is assigned to the transition to 

A2 state and that observed at 23,094 -1 em is assigned to exci-

tat ion of electrons to Eb upper level. Therefore band I 

observed at 17,543 -1 cm may be assigned to transition to A2 

-1 level and band II at 23,255 em may be due to trans at ion to Eb 

level. The small variation in band position of the Pfeiffer 

systems are mainly due to the instrument. The instrument can 

only record ellipticity values upto a certain lower limit. The 

displacement in dl equillibrium in these systems is only 1-2 % 
~ 

reSUlting in a very small enrichment of one enantiomer. The CD 

bands are shifted in very dilute solutions, which is observed 

in these systems. Some sort of association between the chiral 

environment substance and racemic complexes may also be respon-



sible for sl shi in Co'tton band posi't~ions of these 

cornplexefi. 

(e) Pfeiffer CD Spectra of Polyamine Carhnvulic Acid Comploxes: 

The Pfeiffer effect in metal complexes of sexadentate 

polyamine carboxylate ions like EDTA 4- and DTPA 5- have been 

investigated ·to a lesser extent. In fact this effect was 

2-reported only in [Cu(EDTA)] in presence of (-)-quinine HBr in 

1956 24 . Complexes of this type i.e; [M(EDTA) ]n- are dissymme-

tric and exist as enantiomeric pair. Only K[Co(EDTA)] has been 

resolved and its 64 CD spectrum reported by Dwyer et. al. 

analogous chromium (I II) complex formulated 

The 

as 

[Cr(EDTA)H
2
0]-have never been resolved, which is surprising 

since chromium (I I I) complexes have comparable inertness and 

stability to those of Cobalt(III). Similarly 2-. [Cr(DTPA)] 1.S a 

stable six coordinated complex and should be dissymmetric. 

The complexes Na[Cr(EDTA)H
2
0] and Na

2
[Cr(DTPA)] are dark 

purple crystalline compounds which dissolve in water to give 

dark purple solution. The absorption spectra of aqueous solu-

tions of these two complexes consist of bands between 17,699-

-1 1 18,181 em and 21975-25,000 cm- with extinction coefficients 

-1 -1 between 200-225 M em . These two bands may be assigned to vI 

and spin allowed transitions to triply degenerate upper 

states in actahedral field. A number of workers have studied 

absorption spectra of Chromium (I I I) complexes and assigned 



bands between 17 ,400 21;850 em .Lt~o and 24,600 -,- 213 f 450 

These two CLllllllHexes sho\;'1 PQsitive Pfeiffer ef:fect in 

presence of (-) -cinchonidine Hel, (+) -a-methylbenzylamine HCl 

(+) and (-)-tartaric acids while a negative Pfeiffer effect was 

observed in presence of (+)-ascorbic acid. The rotational 

changes are very small mainly due to low concentration of the 

complexes used. The CD spectrum of [Cr(EDTA)H
2
0] was recorded 

in presence of (+) --cinchonine Hel, (-) -cinchonidine Hel, (+)-

ascorbic acid, (+)-tartaric acid and (-)-tartaric acid. Due to 

high colour intensity of the complexes concentrations of the 

complexes and environment substances were maintained at 0.025M 

and O. 1M respectively. The dea--tllo enantiomers of [Cr (EDTA) H20] 

ion is enriched in presence of (+) -cinchonine HCl and (+)-

tartaric acid while (-)-cinchonidine HCl, (-)-tartaric acid and 

(+) -ascorbic acid enriched the f€A,o enantiomers. CD spectra of 

this complex is represented in Figure 6 and CD data is given in 

table -x. The CD spectrum of [Cr(EDTA)H
2
0] in presence of (+)-

cinchonine HCI consists of two bands of opposite sign a 

positive band (band I) at 17,857 -1 cm arid a relatively weaker 

negative band (band II) at 20,408 cm-I. In presence of (-)-
",:::;-,,-,';;;.. 

cinchonidine HCI a mirror image spectrum was obtained. The CD 

spectrum of this ion in presence of (+) and (-)-tartaric acid 

and (+) ascorbic acid consists of a broader CD band centered at 

-1 h. 17857 cm ,w lle the weaker CD band was lost in the noise of 
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Table- X CD Spectral Data of and lexes of 

Cr(llI) in Presence of Chiral Environment Substances 1n 

Aqueous Solution. 

Complex 

Na[Cr(EDTA)H 2O] 

(0.025M) 

Na 2 [Cr(DTPA) ] 

(0.03M) 

Environment 
Substances 

(+)-Cinch.HCl 

( 0 . 1M) 

(-)-Cinchd.HCl 

( 0 . 1M) 

(+)-T.A. 

( 0 . 1M) 

(-)-T.A. 

( 0 . 1M) 

(+)-A.A. 

( 0 . 1M) 

(+)-T.A. 

(0.12M) 

(+)-a-MBA.HCL 

(0.12M) 

(+)-A.A. 

CD Bands 

17 ,857 +14.0 20,408 -4.0 

17,857 -14.0 20,408 +4.0 

17,857 +12.0 ------

17,857 -12.0 ------

17,857 -20.0 ------

19,230 +16.0 23,809 -1.65 

19,230 +9.9 23,809 -1.65 

19,230 -1l.5 23,809 +3.3 
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the instrument, 

'rhe CD spectrum of [Cr(D'1'PA) J2- in presence of L(+)--

tartaric acid and (+)-a-methylbenzylamine HCL is representative 

of cLea::truo enantiomer, while that obtained in presence of (+)-

ascorbic acid is due to ~ enantiomer. CD spectra are 

reproduced in Figure 7 and CD spectral data is given in table

-1 
X. A stronger positive band centerd at 19,230 ern and a weaker 

negative band centred at 23,809 
-1 cm were observed in presence 

of (+) -tartaric acid and (+) -cx-methylbenzylamine HCl whi le a 

mirror image spectrum was obtained in presence of (+)-ascorbic 

acid. A comparison of absorption and CD spectra of these two 

complex ions revealed that couplet of bands in CD are closer to 

the lower energy absorption band assigned to v 1 in these 

systems while the second spin allowed treansition v
2 

is 

observed at a much higher energy. The couplet of CD bands seem 

to arise from excitation of electrElns to undimensional compo-

nents of 4T 
2g 

upper state. 

4 4 transition A2 ---» Al and 

Therefore band I may be 

4 4 h'l 4 A2 ' B2 w l e A2 

assigned to 

4 
---» A2 is 

not observed because it is forbidden by selection rules. 

Absa],' ".ro. C' .~'lf igura tion: 

The absolute configuration of complex ions 

3- 2 [Cr(malon)3] ,[Cr(EDTA)H20J- and [Cr(DTPA)] - may be assigned 

by comparing their signs of Pfeiffer effect and CD bands to 

those of the standard complexes. Since 3-
(+)-[Cr(malon)3 J and 
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(+) -- [ Cr (EDTA) H are enriched in pl~esence of f .. ,' \ 
\ Y j cinchonine 

HCl and have similar CD f therefore they should have the 

same absolute conf These two complex ions may be 

assigned a 6 absolute configuration. Further (+)-[Cr(EDTA)H 20J 

and (+)-[Cr(DTPA) J2- ions are enriched in presence of (+)-

tartaric acid. They have also similar CD spectral bands in 

presence of this environment compound. Therefore these comp-

lexes may be assigned A absolute configuration around the metal 

ion. 

It may be concluded that enantiomers of 

3-[Cr(malon)3] , [Cr(EDTA)H
2
0J and [Cr(DTPA) ]2- all have the 

same (:, absolute configuration, while their feuo enantiomers may 

be assigned a A absolute configuration arround the metal ion. 

- 2-(d) Pfeiffer CD of [V(EDTA)J and [V(DTPA)] : 

The CD spectrum of [V (EDTA) J ion in presence of (-)-

cinchonidine HCI, (+) -ex-methylbenzylamine HCI, (-) -brucine HCI 

and (-) -tartaric acid are similar and arise from the aea:.Vw 

enantiomer, while that obtained in presence of (+) -tartaric 

acid and (-)-ephedrine HCI are similar and representative of 

W\3Q enantiomer. The CD spectrum of this ion in presence of 

former group-,cWm environment substances is a mirror image of 

that obtained in presence of the later two environments. At low 

concentration of the complex ion (O.035M) and environment subs-

tances (O.lM) a broad, weak CD band was observed. However two 
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,;yell defined CD bands in presence of 3-4 fold 

concentrat,ions bot~h the comp.lex and env j,.ronrnen t 

compounds. The band positions and molar e1 i.t~y values arB 

given In table-XI CD spectra of these Pfeiffer systems are 

reproduced in Fig 8. 

The CD spectrum of [V(EDTA)] complex ion in presence of 

(-)-cinchonidine HCl, (+)-a-methylbenzylamine HC1, (-)- brucine 

HCl and (+)-tartaric acid consists of a positive Cotton band I 

at 19,607 cm- 1 with molar ellipticity values 2-8 deg 1 

-1 -1 -1 mole cm and a negative weaker band II at 23,255cm with 

molar ellipticity values between 1-2 deg 1 mole-1cm~1 In order 

to explore any interaction between v3+ ion and the chiral 

environment compounds, CD spectra of aqueous solutions contai-

ning Vanadium(III) chloride and chiral environents (1:3 mole 

ratio) were studied. These spectra had no bands in the visible 

region (400-650nm) where crystal field bands are commonly 

expected, thus ruling out any interaction between the chiral 

environment substances and the metal ion. However CD spectrum 

of 

at 

aqueous VC1 3 
-1 18,350cm 

in presence of 

and -1 29,411cm , 

(+)-tartaric acid has two bands 

which are similar to those 

already reported for vo- (+) -tartrate 66 system It seems that 

V3+ ion is instantaneously oxidized to oxovanadium (IV) ion in 

presence of (+)-tartaric acid. 

It was observed during this study that colour of the 

solution containing [V(EDTA) ] and (-)-cinchonidine HCl 



ScecT.L"a,l Data of Na[V(gDTA) and [ "if ( DTPA)] 1 n 

Presence of Various Environment Substances in Aqueous 

Solnt.ion. 

Complex 

Na[V(EDTA) 1 

( 0 . 1M) 

Na 2 [V(DTPA) 1 

(O.lM) 

Environment, 
Substances 

(+)-a-MBA.HCl 

(0.3M) 

(-)-Cinchd.HCl 

(0.3M) 

(-)-Ephed.HCl 

(0.12M) 

(+)-T.A. 

( 0 . 3M) 

(-)-Brucn.HCl 

(0.12M) 

(-)-Cinchd.HCl 

(0.3M) 

(+)-a-MBA.HCl 

( 0 . 3M) 

CD Bands 

19,607 +6.4 23,255 -2.0 

19,607 +8.4 23,255 -1. 0 

19,607 -4. 8 23,255 +1.2 

19,607 +2.4 23,255 -1.0 

19,607 +4.4 23,255 -1.5 

16,229 -2.2 21,276 +9.0 

16,229 -1.2 21,276 +5.0 
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1 Afi,:.er about tvvo weaks time! the dark broi/Iel 

colour of [V(EDTA») ion was completely to blue, The CD 

spectrum of this blue solution (as reported in Fig 9), consis~s 

of a negative band at 17857 cm- 1 and there is indication of a 

positive band in lower frequency region. 

2-The complex [VO(EDTA») was prepared by mixing equimolar 

quantities of VO(CH 3COO)2 and Na2 EDTA in aqueous solution. The 

CD spectrum of a solution containing [VO(EDTA)]2-- and (-)-

cinchonidine HCl (O.1M and O.3M respectively) was recorded and 

compared with that obtained for a two weeks old solution 

containing [V (EDTA) ] and (-)-cinchonidine HCl (O.IM O.3M). 

These two CD sepectra match in all details, thus confirrr,ing 

that oxidation of v3+ ion into Vo 2+ in pre~sence of (-)

cinchonidine HCl had occu!d. The CD spectrum of [V(EDTA)] in 

presence of (+)-tartaric acid was essentially similar to that 

obtained in presence of (-)-cinchonidine HCl. However CD 

spectrum of this system rapidly changed to that of VO-tartrate 

ion, indicating that v 3+ ion was oxidized to Vo2 + ion in pre-

sence of tartrate ion and at the same time (+) -tartrate ion 

1 
4-. rep aced EDTA Ilgand. This is sutprising because EDTA4- is a 

much stronger ligand as compared to (+)-tartrate ion. It seems 

that the equillibrium, 

2 2 ====== 4-[VO(EDTA)] - +(+)-tart - (VO( I+)-tart) 1 + EDTA 

was shifted towards right hand side, due to higher concen 
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tration of (+) tartrate ion in the 

The CD spect.rum of [V(DTPli)]2-" ion In presence of (-)-

cinchonidine HCI and (+)-a-methylbenzylamine HCI also consists 

of a couplet of bands, a positive band (band II) at 20,408 cm- 1 

and a weak~r negative -1 (band I) at 15,873 cm . The CD spectral 

data is given in table 10 and the CD spectra are reproduced in 

Fig 10. The CD of [V(DTPA)]2- ion in presence of (+)-tartaric 

acid was similar to that of vo- (+) tartrate system indicating 

oxidation 3+ 5-of V ion and replacement of DTPA by tartrate ion 

in the coordination sphere of the 

h 3+. b' d 2 T e V lon elng system 

complex ion. 

3 has T1g as ground state and 

3 3 A2gand T1g (P) as excited sta"tes in a perfectly octa-

hedral environment. The crystal field spectra of V ( I I I) comp-

lexes is expected to show three bands due to spin allowed tran-

sitions to these excited states. The absorption spectra of a 

number of six coordinated complexes of this ion have been 

reported which usually consist of two main absorption bands 

-1 between 12,200-18,640 cm and 22,100-28,600 -1 65,67,68 em. 

These bands have been assigned to 3T Ig 

respectively. 

3 
---c' T2g (v 1 ) 

The excitation 

and 

of 3T19 (P) 

3 electrons to A2g upper level is co~nonly not observed in octa-

hedral complexes of v 3+ion. 

The absorption spectrum of [V(EDTA) J 

bands centred at 12,500 -1 em and 22,600 

consists of two 

cm -1 which may be 

assigned to VI and v3 respectively. However a shoulder band at 
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19,400 1 
for this has also been cm 

may be arising from splitt.ing of triply degenerate 3TI (P) 
.g 

upper level due to lower symmetry of the compl ex or due to a 

spin forbidden transition. 

The two Cotton bands in CD spectrum of [V (EDTA) J In 

presence of chiral environment substances are relatively closer 

and cannot be assigned to v
l 

and v3 transitions of octahedral 

species. These two bands seem ·to arise from excitation of 

electrons to nondegenerate components of 3T19 (P) state of octa

hedral symmetry. In this low symmetry complex ion (C 2 ) the 

ground state as well as excited states are nondegenerate and so 

a larger number of bands are expected. However the major spin 

allowed bands seem to arise from A 1---) and 

A 
3 . . 

1---> B1 ( T1g(P)) transltlons. 

3
T B 

3p 1 / 1 
A 

2 
A 

1 

3
A 

2 
A2 

3
T - B 

3p 2g 1 
~--- A 

2 
A 

1 , , 
3

T 
, , B 

--~~.--'''-- 1 
A 

2 
A 

1 

''P'"Th 
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The lower ener"gy band I at~ 
. r ""', , .- 1 Ig,oO/em may be assj transitiori. 

A I ------) A 2 ( 3'I"lg(P)') "J j' h b d wal ,e 1lg. er energy an II may be 

possible electronic transitions such as A1-----~ Al 

as they are not dichroic. The band II in CD spectrum of 

[V(DTPA)]2- ion is similar in sign and intensity to band I of 

[V(EDTA) ] 

transition. The lower energy band I of this complex ion may be 

assigned to A1-~ B1 (3 T29 ) transition. 

The absorption spectrum of [VO(EDTA) ]2- ion cons its of 

-1 -1 only two bands at 12,800cm and 17,200 cm These two bands 

arise from excitation of electrons to split levels of 

degenerate states. The v 4+ being a d 1 system is expected to 

show only one absorption band in an octahedral field. However 

due to lower symmetry of the complexes like [VO(EDTA) ]2- ion, 

splitting of higher energy degenerate states occur and two 

absorption bands are co~~only observed. The absorption spectra 

of six coordinated vanadyl complexes usually consist of three 

bands as I 
·-1 10,225-14,400cm II 11,600-18,345 -1 cm and I II 

-1 70 15,500-21,383 cm. These bands have been assigned to exci-

tation of electrons to E, B1 and A1 upper states respectively. 

The CD spectrum of [VO(EDTA) ]2- in presence of (-)-

cinchonidine HCI consists of a broad band at 17,857 
-1 cm and 

presence of second positive Cotton band is indicated in lower 



I 
I 
I 
I 
I 
i 
i 

f:requency . The 

ption band at 17,200 -1 cm 

ive 1:J2nd is comparable t.o the absoT 

and may be assigned to A -----~> B 

1 . transition in a lower symmetry d system. 

Absolute Configuration of [V(EDTA)]- AND [V(DTPA)]2-: 

The absolute configuration of these complex ions may be 

assigned by comparing their Pfeiffer effect and CD spectra with 

those of standard compounds like L'I- [CO (phen) 3] C1
2 

. The CD 

spectrum of the Pfeiffer system (+)-[V(EDTA)] in presence of 

(-)-cinchonidine HCI (+)-a-methylbenzylamine HCI and (-)-

brucine HCI is similar and has positive Cotton bands at lower 

frequency, which may be compared with positive Cotton bands of 

2+ (+)-[Co(phen)3] in presence of (+)--tartaric acid and (+)-

malic acid. The CD bands of (+)-[V(EDTA)] have the same sign 

2+ 
as those of (+)-[Co(phen)3] ion, so (+)-[V(EDTA) 1 should 

have the same absolute configuration as that of 

C h 
2+. 

(+)-[ o(p en)3] lon. The absolute configuration of (+) -

h 2+. h [Co(p en)3] lon as already been assigned L'I by comparing its 

CD spectrum with L'I- [co(en)3]C12~2 

It is, therefore, proposed that ~-[V(EDTA)J is enriched 

in presence of (-)-cinchonidine HCl, (+)-a-methylbenzylamine 

HCl and (-)-brucine HCl or (+)-tartaric acid whereas 

1\- [V(EDTA) J is enriched by (-)-ephedrine HCl and (-)-tartaric 

acid as environment substances. Similarly positive Cotton band 

at -1 20,408cm in in presence of (-)-cinchomidine 



Hel and (+)-a-met arrline; Hel :'L, s 1e with_ that: of 

2+ 
to-[Co(phen)3] ion and (+ ) - [V(DTPA) 2- should have 6 so ] abso-" 

lute configuration. 'l'herefore it may be assumed that 

to-[V(DTPA) ]2- ion is enriched in presence of (-)-cinchonidine 

HCI and (+) -£x-methylbenzylamine HCI. 

(e) CD Studies in Complexes [Nd(EDTAI] and [Pr(EDTAI] : 

The CD spectra of [Nd(EDTA) I [Nd(DTPA) ]2-, 

[Pr (EDTA) ]-and [Pr (DTPA) ] 2 ions were studied in presence of 

(-)-cinchonidine HCI, (+)-tartaric acid, (+)-£x-methylbenzyl-

amine HCI and (+) -histidine as chiral environment compounds. 

- 2-[Pr(EDTA)] and [Pr(DTPA)] - did not show CD bands in presence 

of any of these environment compounds while the anionic 

[Pr(EDTA] in presence of (+)-tartaric acid exhibited a number 

of Cotton bands which were representative of already reported 

CD spectrum of [Pr(+ 3-
-tart)3] I 71. c- t-camp exes, In lea lng that 

4-EDTA was replaced by (+) --tartr'ate ion. The anionic complex 

[Nd(EDTA) I ion in presence of (+)-tartaric acid and (-)-

cinchonidine HCl exhibited the Pfeiffer effect. At lower con-

centration of the complex and (+)-tartaric acid (0.OS-O.2M). CD 

bands were not observed in this system however, at higher coo-

centration of the complSx and/or environment substance (0_6-2.0 

M) 
-1 

a negative sharp Cotton band at 17,182 cm was developed. 

'rhe solution absorption spectrum of this complex ion also 

cosists of a strong sharp band at this wavelength (Fig.ll)_ The 
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intensi of the CD band was increased by increasing COllcentra 

tions of both the components in the system. V111en pH of \".:11(:: 

system was gradually increased, the Pfeiffer CD band positions 

remained unaffected up to pH 10. The intensity of CD band was 

slightly increased with increasing pH (Fig 12). Above pH 10, CD 

spectrum of this system was essentially that of Nd-(+)-tartrate 

complex Fig.13. 

CD of this complex ion [Nd(ED'I'A) 1 in presence of (-)-

cinchonidine HCI also consists of a sharp weak negative band at 

-1 17,391 em ,which is comprable to that obtained in presence of 

(+) -tartaric acid (Fig 11) The chiral environment substance 

(+)-a-methylbenzylamine HCl and (+)-histidine failed to induce 

Pfeiffer CD in [Nd(EDTA) 1 [Pr(EDTA) ] or [Pr(DTPA) ]2- ions. 

-1 The observed Cotton band at 17,391 em in this system may be 

ass igned to excitation of. electron from a 

orbital to a higher energy f x30rbital. 

(f) CD Studies On [CO(BPA)3 lZ +: 

lower energy f xyz 

In aqueous solution [CO(BPA)3 l2 + ion in presence of ammo

nium-(+)-a-bromocamphorsulphonate' and ammonium-(-)-10-camphor 

sulphonate showed small changes in rotation and so a weak 

Pfeiffer effect. The CD spectrum of this lon lD presence of 

NH 4-(+)-a-BCS consists of a weak positive Cotton band at 18,348 

-J -1 em . and a relatively stronger negative band at 21,505 em . A 

mirror image spectrum for this complex ion was obtained in 
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presence of indicat 

enantiomer:" t~he complex waa enriched in presence of 

this environment. The CD spectrum of this complex ion is 

2+ typical of dissymmetric octahedral Co complexes. The reported 

CD spectrum of 
2+. 72 

(+) - [Co (phen) 3] l.on in presence of various 

environment compounds consists of two weak positive Cotton 

bands at vI 18,609 
-1 

cm 20,200 
··1 

em and a third stronger 

-·1 
negative band at v3 22,320 cm The couplet of bands in CD 

spectrum of [Co (BPA) 3]2+ are comparable in sign and magnitude 

to v 2 and v3 of (+)-[CO(phen)3]2+ 

This complex ion has D3 symmetry and triply degenerate 

levels of octahedral symmetry will split to give 

states to which electronic excitations may occur. A number of 

workers 73 ,74 have studied single crystal absorption spectra of 

complexes of this symmetry and assigned 4A2 4(T
19

) as the ground 

state. These worker have detected considerable trigonal spli-

tting in absorption bands due to low symmetry and assigned 

bands at 18,380 -1 4 4E transition and 19,000 
-1 

cm to A 2 -------') cm 

4A 4 
transition. in to ) . Al The couplet of bands 

2 
2+ 

[Co (BPA) 3] may arise from excitation of electrons and 

4Al upper state of 4T19 (P) level in octahedral synunetry. The 

lower energy Cotton band 1 may 

trans i tion, while higher energy 

4E . ---------7 transltlon. Further the 

be assigned to 

band I I may be 

(+)-[CO(BPA)3 J2 + 

due to 

ion enriched 

in presence of NH
4

-(+)-cx-BCS should have f::. absolute confi-
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2+ . 
) 3 lS enciched J .. ,S presence f t.he 

same environment. It is observed that CD bands in [CO(PBA)}J 2 + 

may be induced in presence of other chiral environment Bub-

stances such as (+) tartaric acid, ) -malic acid and (+)-

ascorbic acid. These bands are slightly shifted tm'lards lower 

frequency. The Pfeiffer effect was not induced in this complex 

ion in presence of (+) --tartaric acid when the two components 

were present in 1: 4 molar ratio. However gradually increasing 

the concentration of (+) -tartaric acid in the system induced 

two Cotton bands, a negative band at 18,691 cm-land a positive 

band at 21,978 -1 em These bands may be due to outer sphere 

complexation of the environment substance as observed in 

3+ 10 
[Co(en)3] -(+)T.A systems. In this 

case outer sphere complexation seems unlikely because nitrogen 

atoms coordinated to metal ion are part of pyrdine ring and 

cannot participate in hydrogen bending with (+)-tartrate ion, 

commonly accepted as the mechanism of outer sphere complexa

tion. The Pfeiffer effect studies in [CO(BPA
3

)]2+ ion in pre

sence of lithium -(+)-tartrate revealed that increased concen-

trat'ion of the environment in the system decreased the molar 

ellipticity of the CD bands. The CD spectrum of a system con

taini;;g'''' [.CO(BPA)3 l2 + and excess of Li
2
(+l-tart) consists of 

3- . 
several Cotton bands similar to that of [Co( (+)tart)3] lon. 

2+ 
When (-)-malic acid was used as an environment in [CO(BPA)3 l 

system, no Cotton bands were observed immediately after mixing 



the components, However very s well defined couplet of 

bands were developed after 24 hours. The CD rum of 

[CO(BPA)3]2+ ion in presence of (-)-malic acid consists of a 

negative Cotton band at 17,636 cm- 1 and a positive band at 

20,000 cm- 1 . The magnitude of molar ellipticity and band posi-

tions are markedly affected upon increasing concentration of 

(-) -malic acid in the system. The CD spectrum of this ion in 

presence of (+)-ascorbic acid also consists of a strong 

positive Cotton band 

Cotton band at 21,978 

at 18,018 crn- 1 and 

-1 cm The magnitude 

a second negative 

of ellipticity in 

this system suggests that (+)-ascorbic acid has partially 

displaced the BPA ligand in the complex. 

It is apparant from the preceding discussion that 

[CO(BPA)3]2+ ion is kinetically very labile and bipyridylamine 

is rapidly displaced by relatively weaker ligands such as (+)-

tartrate, (-) -malate and (+) -ascorbate ions, forming complexes 

of variable compositions such as n+ 
[CO(BPA)3_n(L)] (n=1-3) in 

these solution systems. The interaction of chiral environment 

substances with the [CO(BPA)3]2+ ion is indicated by appearance 

of strong CD bands. 

(g) CD Studies on [cu(ampy)zlZ+: 

The CD spectrum of aqueous solution of 2+ 
[ Cu ( ampy) 2 ] in 

presence of NH4- (+) -tX-BCS consists of a weak broad positive 

Cotton band at 17,857 -1 cm while that in presence of 
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~- (- ) -CS has a mirror 1.5). The compl.ex 

1.:::-i a low ry (C 2 ) distorted species, 'dhieh has unidimen

sional energy states. The extreme distortion of octahedron 

leads to square planar, four coordinated complexes. The broad 

positive Cotton band observed in presence of NH 4 -(+)-a-BCS may 

be assigned to excitation of electrons to B upper state (d or xz 

d -------7 d 2). yz z 

A number of workers have reported absorption spectra of 

low symmetry copper (II) complexes and assigned a band 17,100-

17,800 cm- 1 to a similar transition?5,76 It may be assumed that 

enriched in presence of 

has absolute configuration, while levo 

enantiomer of this ion enriched in presence of NH 4-(-)-CS has A 

absolute configuration around the metal ion. 

These studies reveal that CD spectra of Pfeiffer systems 

containing racemic metal complexes and chiral environment com-

pounds may be utilized for assigning electronic transitions and 

absolute configurations of ligands around metal ions. 

2 '. 
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co STUDIES OF VANADIUM (III) COMPLEXES 

The Pfeiffer effect studies In [V(AA) 3 J3+ (F~!l.=phen or 

bpy) have never been reported. Therefore attempts were made to 

synthesise tris complexes of vanadium(III) 1,10-

phenanthroline and 2,2-bipyridyl. When solid ligands were mixed 

with aqueous solutions of vanadium(I!I) chloride and s~irred, a 

deep purple coloured complex was formed in solution. Dwyer and 

coworkers 77 suggested the empirical formula as 

2+ 
[V (OH) (phen ) 2 ) 1 to the purple complex and proposed a dimeric 

structure. The sulphate and perchlorate salts of this complex 

are sparingly soluble in water and stable in air. HO'."ever in 

aqueous solutions they are slowly oxidized to a tetravalent 

oxovanadium complex cation. The same purple complex may be 

obtained in crystalline form by reacting the components in non 

aqueous solvents such as methanol or DMF, or by fusion of the 

solid metal salt with the ligand In appropriate proportions. 

However these complexes are easily hydrolyzed in water. 

59 Recently Shah et al. reported that the purple complex 

4+ 
is dimeric as [(phen)2V(J.1-c;),i,hl2V(phen)21 vlith absorption 

-1 '-1 maxima at 15,625 em and 19,047 em Similar dimeric comp-

lexes of vanadium (III) with 2,2-bipridyl have also been repor-

ted by these workers. 61 Stephen et al. obtained the bipyridyl 

complexes of V(III) in crystalline form and suggested a binuc-



lear structure teO i:his complex ~tn B id state, It \r]as revealed 

from X-ray diffraction method that the two octahedra are joined 

through oxygen bridges and crystals of this complex has r a '-'2 

axis passing through the bridging oxygen. The solution of this 

complex ion consist of very intense charge transfer absorption 

-1 -1 bands at 16,025 cm and 18,939 cm . 

The binuclear vanadium(III) complexes with phen and bipy 

ligands were synthesised by mixing methanol solutions of vana-

dium(III) chloride and the ligand under nitrogen atmosphere, or 

by mixing aqueous solution of vanadium( II I) choloride and the 

ligands, and by Stephen's method. The complexes prepared by 

all of these methods showed same absorption spectra in aqueous 

solution. The CD spectra of these complex ions in presence of 

various chiral environment substances were also similar. 

Therefore it was assumed that the same dimeric complex ion i.e. 

4+ 
[(AA)2V(fl-OH)2V(AA)2] (where AA=l,lO-phenanthroline or 2,2-

bipyridyl) was present, when complexes prepared by any of these 

methods were dissolved in aqeous solution. When these complexes 

were dissolved in solutions of various environment substances 

large changes in optical rotation of the environment substances 

were observed in certain cases. The Chiral environment subs-

tances like NH 4-(+)-a-bromocamphorsulphonate and (-)-cincho

nidine. HCl did not induce the Pfeiffer effect in these comp-

lexes. However a small change in optical rotation of (+)-

ascorbic acid was observed in presence of either of the two 
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exes. As concentration of (+)-ascorbic acid was increased 

in t:hese system:?, appr-eciable S In rota-tions 

obsorved. 

The CD spectra of these two complex ions in presence of 

(+)-ascorbic acid (as shown in Fig. 16) revealed a broad posi-

, -1 tlve Cotton band at 18,868 cm very close to the second absor-

ption band of these complexes.Since these complexes have dark 

colours due to charge transfer bands in visible region, cone en-

tration of these complexes could not be increased above certain 

limits and small changes in molar ellipticity values were 

obtained. 

The CD spectra of both of these complex ions in presence 

of (+)-tartaric acid consist of a couplet of oppositely signed 

Cotton bands. The first positive Cotton band is present in the 

-1 region 16,949-17,544 em ,whereas the second negative band is 

-1 observed between 20,408-21,052 em . The CD spectra of both the 

complex ions are similar to each other in every detail with a 

slight difference in the wavelength of maxium absorption (Fig. 

17,18). The CD spectrum of [V2(bPY)4(~-OH)2J4+ ion in presence 

of (-)-malic acid also consist of couplet of bands, a negative 

-1 -1 band at 20,618 em and second possitive band at 17,391 em 

The ellipticity of these Cotton bands is relatively smaller 

than that observed in presence of (+)-tartaric acid. 
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(a) Effect of of Concentration of Chiral Environment: 

VJhen concent.rat.ion of (+)~tar·taric acid ",flas gradually 

increased in the system keeping that of complexes constant, the 

Cotton band intensity was gradually decreased. This is contrary 

to the expected increase in band intensity. When excess of 

(+)-tartaric acid was present in the system the colour changed 

to light brown indicating the replacement of ph en or bpy 

ligands by (+)-tartaric acid. This solution was changed to dark 

green upon keeping it for several days, perhaps due to oxida

tion of V(III) to vo 2 + ion. CD of this oxidized solution was 

similar to that of a solution containing V02 +, phen and (+)-T.A 

In 1: 3: 2 molar ratio respectively. The effect of increasing 

concentration of (+) -T. A is shown in Fig 19 and data is given 

in Table X/I . 

It is revealed from these studies that (+) -tartrate ion 

has gradually replaced the stronger phen or bpy ligands. This 

metal ion is labile and its complexes in solution exist in 

equillibrium as 

4+ 
[V2 (AA)4(OH)2] 

2,2-bpy) 

" 4+ ;====~ [V2 (AA)4_n(OH)2] +nAA (AA=1,10-phen or 

( I ) 

4+ n+ 
[V2 (AA) 4-n (OH)2 J +n(+)-tartrate~[V2 (AA) 4-n (tart)n(OH)2 J (II) 

The second equillibrium may be shifted towards right s'ide by 

increasing concentration of (+)-tartrate ion, ultimately giving 



Table 11(a) Effect of Concentration of 

j. 

z.. 

3. 

~. 

:;-

1:10 ar E 1. ic (f.l. (+)---tart::,)]3 

[Complex] 
. ~'l 

mol. cm 

0.02 0.02 1700 

0.02 0.04 1150 

0.02 0.06 1000 

0.02 0.08 850 

0.02 0.10 750 

Table XII (b) Effect of Increasing Concentration of (+) -T. A. on 
4+ 

of [V2 (phen)4(M-(+)-tart)] . the Molar Ellipticity 

[ComplexJ 
--~--""--"-

2S -1 
[(+)-T.h. J [8J" deg.l.mol.cm 

_____ . ___________ 575 __ ~~ _____ ~_ 

0.02 0.02 1225 

0.02 0.04 1000 

0.02 0.06 825 

0.02 0.08 725 

0.02 0.10 675 
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brown soluti.on due to a mixed ligand comp1ex 

n+ 
[V2 (phen)4_n(tart)n J which is slowly oxidized to that of 

tetravalent V0 2 + ion. 

(bl Effect of Increasing Concentration of the Ligand: 

Since purple solution of the complex ion is formed upon 

mixing the metal ion with the ligand, which gives a distinct CD 

spectra In presence of (+) -'tartaric acid. it was considered 

appropriate to investigate the effect of increasing concentra-

tion of the ligand in these systems. A series of solutions of 

varying concentrations of l,lO-phenanthroline and constant 

concentration of V(III) ion and (+)-tartaric acid were prepared 

and their CD spectra were recorded. The data is given in Table 

YI}j. The intensity of both Cotton band gradually increases with 

increasing conentration of the ligands. The Cotton band inten-

sity is maximum at 1:9 metal to ligand ratio. Further increase 

in concentration of the ligand caused slight decrease in the 

band intensity. A linear plot was obtained when the ligand 

ratio was plotted against ellipticity at the band maxima (Fig. 

20) . 

It may be inferred from these studies that the complex 

[V2(AA)4(~-OH)2J4+ ion in solution is in equillibrium with its 

components as given earlier (I). When ratio of the ligand is 

increased in the system, the equillibrium is shifted towards 

left and the concentration of the undissociated dissymmetric 



Table XIII Effect of Concentration of l,10-Phenanthroline on the 

Molar Ellipticity of [V2(phen)4(~-(+)-tart)14+(O,025M)' 

No. Concentration of 1, IO-phen 
---_._--------_. --_. 

1 O.025M 

2 O.05M 

3 0.075M 

4 0.10M 

5 0.125M 

6 0.150M 

7 0.175M 

8 0.20M 

9 0.225M 

10 0.250M 

1 [8]deg.l.mol. em 

406 

933 

2029 

3653 

4465 

6088 

7712 

8929 

10147 

9984 
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ex 15 increased, thus increas t:he ell at the 

band maxima. In presence of excess of the l-L''cJcu1u (1:9), concen--

tration of undissociated binuclear es is maximum (99,9 %). 

Further increase in concentration of the ligands in the system 

has no profound effect upon Cotton band ellipticity. 

(c) Isolation of the Solid Perchlorate Complexes: 

It was possible to isolate solid optically active purple 

species from the system containing [V2(AA)4(f.l-OH)2]4+ and (+)

tartaric acid, by adding sodium perchlorate solution. A purple 

complex was precipitated out in each case in presence of excess 

of perchlorate ion and separated. Elemental analyses of these 

complexes as perchlorate salts were obtained and probable stoi

chiometry was determined. The elemental analysis fits well in 

binuclear formula as [(phen)2V(f.l-(+)-tart)V(phen:l!] (Cl04 )4 and 

[ (bpY)2 V(f.l-OH )(f.l-(+)-tart)V(bpY)2] (CI0 4 )3 

Calculated: C= 45.62 

Found: C= 45.47 

Calculated: C = 44.4 H 

Found: C 43.85 H 

H = 2.63 

H 3.06 

3.13 

2.86 

N 8.19 

N = 8.18 

N = 9.41 

N 9.59 

Cl=10.37%. 

Cl = 9.17 % . 

Cl 

Cl 

8.94 % 

10.44 % 

These elemental analysis of precipitated perchlorate complexes 

indicate that (+) -tartrate ion has entered the coordination 
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of V(III) ion the br ng In 

(V2(phen)4(~-OH)2J4+ both hydroxide ions have been replaced by 

one (+)-tartrate ligand, while in [V2(biPY)4(~-OR)2J4+ only one 

OR has been replaced by (+)-tartrate ion. The presence of tar-

trate ion in these complexes is also indicated! by appearance 

-- 1 
of a reasonably strong band at 1734-1740 cm due to uncoordi-

nated carbonyl stretching vibration in their infrared spectra. 

The precipitated perchlorate salts of these complexes 

were converted into water soluble chloride through anion ex-

change resin (Amberlite-IRA-400). The CD spectra of these solu-

tions were similar in every detail to those obtained in pre-

sence of (+)-tartaric acid for these complex ions. The Cotton 

band ellipticity of these systems decreased with time and ulti-

mately the purple solutions were changed to dark green, indica

ting oxidation of v 3+ ion to V02+ ion. The CD spectra of these 

oxidized complexes are different from that of 

system as reproduced in Fig. 21. 

2-(VO( ,,)-tart)2 J 

The loss of optical activity in these purple complexes 

was taken from the rate of decrease in ellipticity of Cotton 

band with time. Therefore CD spectra of these system were 

measured after regular intervals of time (Fig. 22). A plot of 
,,;;;:r');:,.. 

molar ellipticity at band maxima as a function- of time was 

prepared as shown in Fig. 23. This plot is a stright line and 

is quite different from the regular racemization plots of 1st 

order kinetics. The loss of optical acti vi ty in these systems 
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annot be sale y from racem,1..zation, It seems t,hat: oxiclation Of 

V3+ complex into that of 2+ VO followed by conversion into 

monomeric cis-[VO(Phen)2Cl]+ may be responsible for these Cir-

2+ 
cular Dichroism changes. Formation of [VO(phen)20H2] is indi-

cated with gradual appearance of a negative Cotton band at 

-1 16,393 em in the system. The half life of this process in 

4+ 
case of [V2(phen)4(~L-OH)2] is 3.5 hours, while for 

[V2(bPY)4(~-OH)2]4+ it is 1.5 hours. 

(d) Effect of time on Band Ellipticity: 

The ellipticity of Cotton bands in solution containing 

4+ 
[V2(AA)4(~-OH)2] and (+)-tartaric acid was gradually dec-

reased with time. The purple colour of the complex was slowly 

3+ of V changed to brown and then green I indicating oxidation 

complex to that of Vo 2 + ion. The purple colour of aqueous 801u-

4+ tions containing [V2(bpY)4(~-OH)2] and (+)-tartaric acid was 

oxidized to green vanadyl complex ion at a faster rate while 

oxidation of 4+ 
[V2(phen)4(~-OH)2] occured at relatively slower 

rate under similar conditions. CD spectrum of the green solu-

tion (as shown in Fig.21) consist of a strong negative Cotton 

-1 -1 band at 16393 em with molar ellipticity of 84.56 deg cm 1 

-1 mole . This CD spectrum is different from that of simp'I'?' 

2+ 2+ VO -tartrate and vo -phen-tartrate systems. The green complex 

ion formed in 4+ 
[V2(bpY)4(~-OH)2] and (+)-tartaric acid solu-

tion was separated as perchlorate and analyzed. ""The elemental 

analysis of this green complex fits well in a monomeric complex 
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synthesized this emarald green 

vanadyl complex of composition [VO(bpY)2Cll (C104 ) and deter

mined its structure by X-ray diffraction method. These workers 

have assigned a cis arrangement of oxo and Chloro ligands 

around the metal ion which is dissymmetric and should exist as 

ciea:.tJu1 and to"" eantiomers. 

The emerald green perchlorate complex was again converted 

into a water soluble chloride form. CD spectrum of the green 

solution consists of a broad negative band at 16,393 
-- 1 em . The 

Cotton band ellipticity of this solution increased with time 

and became constant after 5-6 hours. After this time the green 

solution is stable for indefinite period and no further changes 

either in CD or colour were observed over several weeks. These 

changes in ellipticity of Cotton band may be attributed to a 

hydrolysis of coordinated chloride ion to form an aquo complex 

which is completed in 5-6 hours. After this time no further 

change in composition of the comp<~,;:;,x or oxidation of the metal 

ion was possible. 

It was also observed that the solid 

[V2 (AA)4({1-(+)-tart) 1 (CI04 )4 changed to a green moiety in 

sample bottles after 1-2 months. These green perchlorate salts 
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when converted to water soluble chloride have CD spectra simi 

lar to those of oxidized V02 + complexes as shown in Fig. 21. 

It may be inferred from the preceding observations that 

the optically active binuclear complex is slowly oxidized in 

solution as well as in solid state into a mononuclear species. 

In this process (+)-tartrate ion is released and an optically 

+ active menonuclear specias such as cis-[VO(AA)2Cl] ion is 

formed. The chiral (-)-Cis-[VO(AA)2CI]+ is completely hydro

lyzed to form (-)-[VO(AA)20H2]2+ in aqueous solution in 5-6 

hours. 'l'he mechanism of formation of the mononuclear complex is 

given in Fig. 24. 

It is clearly demonstrated from this sequence of reac-

tions that in solutions (+) -tartrate ion is coordinated as a 

bridge in these binuclear vanadium (III) complexes, which may 

be separated as [V
2

(phen)4(/i-tart)](CI04 )4 and 

[V 2 (bpy) 4 (/i-OH) (fl- tart ) ] (CIO 4) 3' In solution these complexes 

oxidize to a green mononuclear form of vanadyl species which 

may be seperated as (+)-cis-[VO(bpY)2CI](Cl04) and (+)-cis

[VO(phen)2Cl]Cl04. In aqueous solutions these complex ions are 

hydrolyzed to form (+)-cis-[VO(AA)2(OH 2 )]2+ ions. 

The CD spectra of 

3+ [V2 (bpY)4(/i-OH) (fl-(+)-tart)] 

-1 17,391-17,543 em ~ith 

and 

consist of a positive band I at 

molar ellipticity 830-1100 

-1 -1 -1 
deg.l.mol.cm and negative band II at 20,408-20,833 ern with 

-1 -1 molar ellipticity 500-600 deg.l.mol.cm . The absorption spectra 



N N",\ "..+ 

r N (+J;tJTt /' ~ N 1 : /"" "I, !" ..- " .,./! "..- " , 'v 'v' I 

1'1 fI , 
_J 

air' 
oxiclation 

green 

- + 

2-+ (+)-ta;,t 

-
-C10

4 
~-.-------~-

+C1-

Flg. 2Lf 0 Nechanism of Formation of the 

Complexes. 

I "'~ 
N IV 11\ /1 ~,-tdlt, , ': 

"\ 9 1,,/ 
N 11 

-, 
I 

I 
--' 

(C1O,] 
~ 

3-' 

S 1 0\'1 u i r 
oXidation(1-2 months) 

/1'1 0 
N"/I// 

~N 

Mononuclear Vanadium 



-117 -

of these t\'lO l;C)JUiJi8X ions also consist of two very intense 

bands bet\'leen 16,000-16,129 -1 em and 19047"-19230 -1 em These 

two bands are associated with very high values of extinction 

coefficient and molar ellipticity, indicating -that they arise 

from charge transfer transitions. The molecular orbital energy 

level diagram of these system consist of low lying empty anti-

bonding pi erbitals from unsaturated phen or bipy ligands apart 

from other sigma and pi bonding orbitals. Since these complexes 

have low symmetry (C
2

), all energy levels are unidimensional. 

The higher energy negative Cotton band II in these system may 

* be assigned to d(A) ----) (IT) ,MLCT transition, while the lower 

energy positive Cotton band I may be assigned to IT "---, d(A) 

LMCT transition. A number of workers have studied absorption 

spectra of bipyr idyl complexes of bivalent Fe, Ru, Os and 

assigned bands between 18,052-22,300 -1 * cm to d ----) TI, and 

14,790-19,570 -1 em to IT --, t
2

g LMCT transition. The two 

Cotton bands in these complexes are in agreement with the 

reported absorption band assignments. 

The CD of green mononuclear complex ion i.e. (+)-cis 

[VO(bpY)2Clj+ consists of a negative Cotton band at 16,393 cm 1 

wi th molar ellipticity of 250 deg. 1. mole. cm:-,\lIIV1The band posi-

tion and its molar ellipticity values suggest that it arises 

from excitation of electrons within d orbitals and not from 

charge transfer transitions as for the binuclear V(III) 

complexes. 
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r'al. Data 0:E BJ"fluclear and f1onol1uclear Vanadi,um 

lex Ions. 

Complex Ion 

d+ 
[(phen)2V(~-(+)-tart)V(phen)2]' 16,949 +1100 20,408 -600 

[(bpY)2V(M-OH)(~-(+)-tart)V(bpY)2] 
3+ 

17 , 544 +830 21,052 -500 

+ (+)-[VO(phen)2 C1 ] 16,393 -250 ------

(+)-[VO(bPY)2 C1 ]+ 16,393 -250 ------
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ion ra of a number of exes have 

been reported and assigned to various electronic transitions 

within d orbitals. Ballhausen et. al ? 8 studied and interpreted 

d <d22<d2 yz x-y z 

d-orbitals in this 

suggesting the d < xy 

(b
2 

< e < b
1 

< a 1 ) as energy order of 

system. These workers assigned three 

observed bands to electronic transitions as 

-k 

(2B2 ,2 E ) -1 
I b 2 

, e 10,300-14,820 em 

* ( 2B2 2 -1 
II b 2 b 1 ' B 1) 11,909-17,360 em 

III b 2 
(2B 2 15,500-25,000 -1 , a 1 ' AI) em 

2 

Later workers used this electronic excitation pattern for 

assigning absorption bands in various low symmetry vanadyl 

complexes. Presently three absorption bands (observed in a 

variety of vanadyl complexes) have been assigned to these tran

sition as indicated above?9 The negative Cotton band at 16,393 

cm- 1 in (+)-ciS-[VO(bPY)2Clj+ and its hydrolyzed product is in 

the frequency region of aborption band I I of other vanadyl 

complexes. This transition in low symmetry complexes should be 

dichroic as it is allowed by magnetic dipole selection rules. 

Therefore this Cotton band may be eaSily assigned to excitation 

of electrons from d to d 2 2 obri tals (i. e 28
2 

----'J 2B1 ). xy x-y _ 
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It is possible to correlate the absolute coni ra-'cion of 

ligands around metal ion from these studies. Mason 80 {81 has 

studied CD spectra of a number of metal complexes with 1,10-

phenanthroline and 2, 2-bipyridyl ligands using symmetry and 

exci'ton theory. He has correlated sign of Cotton band with 

absolute configuration, particularly in complexes of iron group 

(i.e. Fe 2 +, Ru 2 + and os2+) elements. These complexes are asso-

ciated with deep red colour due to charge transfer absorption 

bands in visible region of the spectrum. 

The present series of binuclear complexes of vanadium 

(III) have also charge transfer bands in visible region. 

Therefore CD spectra of these complexes may be compared with CD 

of dissymmetric complexes of Fe(II), Ru(II) and Os(II) with 

phen or bpy ligands. Further A absolute configuration of (-)-

2+ [Fe(phen)3] has already been determined by X-ray diffraction 

methods~2 

Bosnich 83 has investigated absorption and CD spectra of 

(-)-cis-[RU(phen)2(PY)2](Cl04 )2 and correlated its absolute 

configuration as 'A' on the basis of sign of Cotton bands 

arising from :tong axis polarized transitions of 0-

phenanthroli.ne. The CD spectra of ttv'~~ binuclear complexes may 

be compared with that of 
, 2+ 

(-)-[Fe(bpY)3] and (-)-cis 

2+ 
[RU(phen)2(pY)2] ions. The later two complexes have a mirror 

image CD spectra in thevi.sible region of the spectrum to that 

of present series of complexes. Therefore both (+)-[V2 (phen)4-



and ) 4 (11-0H) (/1- (+)-t;art) j--

(CI0 4 )3 should have '6' absolute configuration of ligands 

around vanadium (III) ions. 

The CD spectra of oxidized mononuclear species (+) 

[VO(bpY)2CllClO4 and its hydrolyzed product (+)-cis 

2+ ion has broad [VO(bpY)20H2] a negative CD band and may be 

assigned a 'A' absolute configuration. It is likely that an 

inversion has taken place during oxidation of V(III) into V(IV) 

and subsequently its conversion into a cis mononuclear species. 

It is a unique example of stable dissymmetric vanadyl complex 

which has been achieved through coordinated (+)-tartrate ion in 

a binuclear species. 
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These studi.es were undertaken to investigate the Pfeiffer 

effect in new complexes of ligands closely related with 1,10-

h th l ' d 2 2 b' 'd 1 A number of c0 2 +, N,2+ d P enan ro lne an , ,- lpyrl y , , l an 

2+ Cu complexes of ligands like 2-aminomethylpyridine, pyridine-

2 -carboxylic acid and 2, 2-bipyridylamine were sYlrthesized and 

their Pfeiffer effect studies were carried out in presence of 

chiral environment substances like (+)-a-methylbenzylamine.HCl, 

(-)cinchonidine.HCl, NH 4 -a-BCS, NH 4-10-CS and (+)ascorbic acid, 

Unfortunately these complexes are very labile and environment 

substances readily displace these ligands in aqueous systems, 

Only two complexes [CO(BPA)3 J2 + and [CU(2-ampY)2 J2 + were stable 

enough to show this effect in presence of NH4 (+)-O:-BCS and 

The Pfeiffer effect studies in a series of mixed ligand 

Chromium (III) complexes such as (where AA ~ 

1,lO-phenanthroline or 2,2-bipyridyl and X
2 

~ anions like Cl-, 

oxalate, glycinate or water) were carried out in presence of 

(+)-cinchonine.HCl, (-)cinchonidine HCl or (+)-tartaric acid, 

Commonly Chromium (III) is an inert ion and substitution reac-

tions in chromium (III) complexes under room temperature are 

extremely slow. Optically active complexes like 

(+)-[cr(en)31C13 and (+)~[Cr(phen)3JC13 do not racemize under 

room temperature conditions. Further a number of such mixed 

ligands complexes have already been resolved. These complexes 
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also show the Pefiffer effect: .l1'1 presence of (+) --cinchonine 

HCI, (--)--cinchonidine HCI and (+)-tartaric acid. 

The Pfeiffer effect was studied in a series of complexes 

of polyamine carboxylic acids (e. g. H 4 EDTA and H5DTPA). A 

number of 
- - 2-

complexes like[Cr(EDTA)H 20], [Cr(DTPA)], 

[ V ( DTPA) ] 2 - , _ [Fe(EDTA)] , [Fe(DTPA)]2-,[Ni(EDTA)]-, 

[Ni(DTPA) ]2- [Nd(EDTA) (-, [Pr(EDTA)] were investigated. Only 

Cr 3+ and v3+ complexes of these two ligands show the Pfeiffer 

effect in presence of (+) -cinchonine HCI, (-) -cinchonidine Hel, 

(+) -tartaric acid, (+) -cx-methylbenzylamine Hel, (+) ascorbic 

acid and (-)-brucine HCI. [Nd(EDTA) 1 shows the Pfeiffer effect 

in presence of (+)-tartaric acid and (-)-cinchonidine HCI which 

is dependent upon pH of the system. 
d_ 

In basic medium EDTA- ion 

is partially replaced by the environment substance. The 

Pfeiffer effect is induced in a number of complexes in presence 

of new chiral ~nvironment substances such as (~) -cinchonidine 

HCl (+)-cx-methylbenzylamine HCI, (-)-ephedrine HCI, (-)-brucine 

HCl and (+)-ascorbic acid. It is concluded from these studies 

that (-) -cinchonidine HCI and (+) -ascorbic acid induced the 

Pfeiffer effect in many complexes while (-)-ephedrine Hel, 

(-)-brucine Hel and (-)-quinine HCl induced this effect in only 

one or two complexes. 

CD spectra of these Pfeiffer active systems were measured 

and Cotton bands were assigned to various electronic transi-

tions after comparing them with their obsorption spectra. In 



rnany cases number 0:[ cot"ton band were observed due to 

splitting of degenerate energy levels in lower symmetry mole-

cules. This is a unique application of CD spectra of the 

Pfeiffer active complexes. Of course the CD spectra of the 

Pfeiffer systems may be measured only in visible region C i. e. 

450-700 nm) where chiral environment substances have no bands. 

CD studies in high frequency uv region 450-200 nm cannot be 

carried out because very strong Cotton bands of the chiral 

environment substances are commonly present in this region. CD 

studeies and sign of Pfeiffer effect in these systems have been 

utilized in ascertaining the absolute configuration of ligands 

around metal ions. The mixed ligands Cr C I I I) complexes like 

cis-[CrCAA)2X2Jn+ generally show a negative Pfeiffer effect in 

presence of (+) -cinchonine HCl indicating the enrichment of 

their W\'JQ rotatory enantiomers. The CD spectra of these 

systems when compared with that of K3 [Cr (ox) 3 J in presence of 

(+) cinchonine Hcl were found to have Cotton bands of same 

sign. Therefore t0ua enantiomers of complexes like cis-

[Cr (phen) 2Cl 2 J CII cis- [Cr(bpy) 2Cl2) C11 cis- [Cr (bpy) 2 (H 20) 2)

Cl 31 [Cr(bpY)29Iy)CI2 and (+)-[Cr(phen)2(ox) lCI have been 

assigned the same /:; absolute conITlfuration as that of 

(+)-K 3 [Cr(ox)3 l . Furhter decrffi.a enantiomers of K[Cr(EDTA)H 20l I 

is assigned /:; absolute configuration. 

It is concluded from CD studies of binuclear complexes of 

V(IIl) like [V2(AA)4(il-OH)2)4+ (AA = ph en or bpy) in presence 
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of (+)-tartaric acid that in solution (+)-tartrate ion is coor-

dinated with the metal ion displacing hydroxy bridge, thereby 

exhibiting strong Cotton bands. The insoluble lorate salts 

of these complexes were readily separated. Redissolution of 

these complexes as chlorides indicated that Cotton bands inten

si ty was decreased with time and purple V (I I I) complex was 

oxidized into a green coloured moiety which could be isolated 

as [VO(bipY)2CI] (C10 4 ). 

The effect of ligand concentration on the CD spectra of 

aqueous solutions containing binuclear complex and (+)-T.A was 

studied. Cotton band intensity is linearly increased with inc

reasing ip concentration of the ligand indicating that amount 

of undissociated dissymmetric binuclear complex increases with 

increasing concentration of the ligand. The solution CD spectra 

of binuclear complexes [V2(AA)4(1l-0H)2]4+ in presence of (+)

tartaric acid was thoroughly investigated and sequence of reac

tions explained. In these systems synthesis of and asymmetric 

vanadyl complex i.e. (+)-cis-[VO(AA)2Cl](CI04) was achieved. 

CD studies of these systems have been utilized to assign 

absolute configuration around the binuclear species, 

and 

(Il- tart ] (CI0 4 ) 3 and '1\' configuration around 

(+)-cis[VO(AA)2CI](CI04) complex. 
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