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STUDI.ES IN TH.E

,

SOme llexadentate, t'entl!-dentate and tetradentate lill:and comt'le)les of Co(lI),

Ni(]O, cuUJ) and Cd(j]) have been synthesized by the condensation of (il

eth,;!enedlamine and triethyienetetraamine w)th formaldehyde (ii) 2.6-diacetyl

pyridine and trieth,'lene tetraamine (iill Z,e-diaeetyl pyridine and diethylene

triamUle in the Dresen,e of metal iOIl by template reactions.

The products have been characterized by elemental analysl~, spectral studies,

conductlvity measurernO?nt, thermogravimetric analysis and x-ray difraction

analysis.

011 ttl<' basis of the above anal~'sis the complexes have been formulated as

[Ni(A)! (C1O!l~:
"

" Ci2Hj6N,)

[CuIAH (ClOl)~: 'A " CIIHlON6)

ICO(A)! (ClOh 4(H.O): (A " C1fl:oN6)

INi(A)! IPF,)!" 6(H:O): 'A " C1,H,lN5)

[Cu(A)! IPFl)" 5tHlOl: 'A " Cj5H:3N,)

tNit.'1)1 lPF6J'I' 4tH:Ol: (A " CllH1!Nj)

ICU(All (PF(lr 4(H:O): 'A • CUIlJiN!)

[CdIAJI (PF,)l' 3mpl: (A " C131l1BNI)



,

STUDIES IN THE SOLUTION STATE

The stability constamS of the ternary comDlexe~ [CUALi,where A refers to

oxalic acid (OX)and Z,5-pyridinedICarboxy]ic acid (DP,\) and L refers to ~lycme

(glyJ, a-alanine (a-ala), phenyialanllle (ph-ala) and tryptophyan (Tryp) have

been determm~d potentiometrica.ll}" u~in~ the SCOGScomputer program and the

order Qf the 5tability of the mixed lJg~nd complexes is ICu-OX-LJ ) [Cu-DPA-L).
,

The value of .6.\ueKis po~itiye or less n€'~ative when A i~Oxalic acid. Probable

reJ~0n for positive or les~ negative AlogK values and the Qrder of stabiilzation

15 due to John, Teller effects, The tridentate ligand DPA occupies three

eljlJatorltl.l positlon and the bidentate ligands (amino acids) have to occupy one

equatorial and one axial position. So bidenHlte ligand is strained in occuping

one equatorial and one axial position, But in case of iCu-OX-LI system both

ligands are bidentate, therefore no strain is o\}served.

Again IClJ-DPA-Ph.ala,1 and \Cu-DPA-Trypl complexes are mOfe stable than iCu-

DP,\-~jyl and iCu-DP,\-u.alal complexes. This rna,' be cluc to the llltramolecular

in1<'rligand interaction. 'Phc non co-ordinatllll;:: side gnHlp of phenyl alalllIle and

tryptophan come over the pyridyJ ring of DPA and thus the noncovaJ€'nt

interaction may causc exIra ~tabiJit)',



have

phenQmenon has bef'n termed a~ the
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STUDY IN THE SOLID STATES

1,0 INTRODUCTION

Macrocyclic ligands may be defined as a cyclic compound with nine or more

member of heteroatoms and with three or more donar atoms. Metal complexes of

macroc:,clic lig"allds occupy a larorc significant area in modern co-ordination

chemistry.

,\lacrocyclic compounds have a great biolog1cal significance such as the Vitamiue

tB];J. \Oihkh is mv()\veu in redox r~actlOn of methlOnine and III the metabolism

of methane producing bactenalli, A large number of Macrocyelle llgands already

'"been synthesised' by various workers. The synthetic macracyelie iJgands

show at/wr properti"s whIch make them suitable for mollellmg enzymes contallllDg

metal lon at the actlve site, An e:o;ample is the active sIte In carbonic

anhydrase, the enzymes whith ('iltalYl.'e8 the hydratIOn of carbondioxide,

The dinonion of tlie geometry of co-ordinali\lIl compound81l1of ,-,opper ]8

reported to reduce the activation for eiectron transfer reaCllOJlS and to enhance
, .

the rf'dQ)I;pQtenllal. The tendency for a macr(Jcycli~ complfx tQ be more nabie

with respect to ligand dissociation than a comparable open ('hain multidentate

ligand 8ynrm, over and abQve the chelate effect, is weil documf'nted,ll, This

", !)MacfQ('yciic Effect'.', Dusch and Coworkerl

llilve prQved tile f'nhancrd stabilities exhibited III the "MacrOCIJclicEfffct", An

enhanced Qf Macrocyclic Effect has been obsened for the MacfQcyc]ic ligand

complex b.' Lehn and C()workersl1!,Th~ stability 1$ parllaily dll" to the lii<l\Jld

ngidity awl strong bQnd energo- between metal and donQr atQillS in macro~yclJc

comlJlexes
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The ~olvatlCln enthalpie~ iUJdentr<.lpleS also play important roles in determinmg

Ihe kinetic n~bililylii.A possible route for [he formation of the macrocyclic

fomplexeB have lwen ,,!lown in Figure(l) which are indieat~d that the reactlOns

betw~€n formaldehyde wIth ethylenedlaffillle through the coordinated metal ion,

Then the amme become~ uncoordlllated and trjelhyJenetelramine III octahedral

fastJiolJs reacts with formaldehyde to yield a tE'rtlaryamme. The resulting-

macrocyelic li~ands contain six nitrogen atoms 01'which 'two secondary nitr()~n

are co-ordinated 10 the metal lOlll)!I,

2 Cf~O-- - 2H,O

rorlilaliOIJ by 1~1':I:d (l""I"."'" •'" ,,~r"~Il'ti{)1l



Th" redo;>;propertles of macroc\!clic compoundg are of partlcular interest. because

electron transfer may be at eIther the ligand or the metal sll"S, E.S.R. studies

Oil Ihe t,I(J]) ~omjJle~ of llgand L: nnd LJ in fi,fure (c) show the electron transfE'r

f"il(',iOlE, where redox processes are essentially loca]iz{.d on the ligand!ll.

Thus the macroCl'cllC compounds are HOLonly of use as models fcr the naturally

occuring compounds but also are of commercial vahw (e.g, Phthalocyamine dye6

ouch a6 monastrol bllle), l,ractical appilcalion (c.g, 6ynthesis of new compounds)

and theoretical interest because of structural pecu1Jarities,

r7='~\
C

.N NH )N NH
~~J L1

L2
Figure 2.
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1.1 TElIIPLATE EFt'Eel' IN MACROCYCWCSYNTHESIS:

TJler~ are two kinds of ternj:l]ate effect d~~crjbed by BUSCHIOi.

(a) l;:inelic template effect, where the directive influence of metal ion controls

the stepwIse reactIOnS,

(b) Thermodynamic template effect, where the metal ion perturbs an e}(istinlO

equilibrium in an organic s~'stem and the required product is formed. often

ill high yield, as its metal complex.

1.1.1 Template Synthesis

Metal template 5~'nthesis sometime provide selective routes towan! products that

are m)t easily obtainable in the absence of metal IOns, It has been shown that

template reactions invoJvin>:: formaldehyde and amines facilitate tlw preparation

(d' ~aturaled Ilolyaza multidentate. JII(\crocyclic, and macro-polycycllc compl€X€SIJ-

t: The reactions are simple, straight forward and producing high yields of the

product~, Previousl,' Ib" s~lIl1hesis or Ni(JJ) complexes were farried by the

template condensatIon reactions as describ~d in equations J~4 [jj,]I!

•



'J /';1 ,+ ]j,,~, . \ "-~---- ••-11>i(L," 'Nil + Cll,O + KIJ3J ,

,

III

I ~I

I \A" HI \AH2N

"
>C~>)() /

HC-N
3 LN

HN2\ IV \ IV
L3 L4

Fig. 3
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For the Ni(ll) cOffiDlexes of li~ands shown in f'iRUre (3) N-N bite distances

in\'oJvlll~ letraazaDlcyclononane were lUH18ually short and the complexes exhibit

mterestmg speetroscOplc propertlesl~:

LS
Fig.4

We altemped to syntlwsize comple,;eB with IJgands shown III flgure (4) [rom th~

reactiolJ of tetra amine, formaldehyde, and ethylcneuHimme in presence of Ni(]l)

or Cu(II) ion to ser how the spectroscopic properties and structures of the

complexes are influenced by havmg an ethylene moiHy subsiHl.lled for a

melhylene rnoiely linkilll< two uncoordinated njtrQg~ns, The pos~i1.>Jereactions art'

shown below.

''I

I\rl
H,l\ 'NH NlI.. , '"

However the reaction yielded complexes of Jigand shown m figure (5) l)y 1'.

:,IUt1all et al1H6 instead of Jig-ands shown in fji'-!re j41.
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.1.1.2 Non Templltte SynthesiE;:

In non template "ynthef'is, where free mncrocyrJk ligand is prepfltt'd firsl 'lJIel then

rea"red with metal snit to pro<illce f\ JnflcrocycliP complex. The template ion rail not

be easily removf'd from lbe matrocy~]k ring without destrud,io]] of the JigandHlI,

Non lempl~te synthesis of the organic mn{,focyclic ligand often resHlts in low yield

of th~ rlesired product. Tn incr"ase tilE' ylf'ld of HIe macrocycle and reducing

polymerization rea~lion. the step wise synliJel'is often carried 011t un<ler high

dilufioll r.ollrlitjoll. The fuivAntagf' of this approach is that. iJw ma(~ro('y~ljcligand

rn~y be isolated purified anrl ch"rncteJ'jzec1 before the synthesis of metal romplex,

OfteIl low yiel0 linn difficultil's ,in synthesis of t.he lignmis etc nre norrnaJ1y

ohsPrv~d.

Fig,'S Structure of Ligand.
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1.2. rLAN OF THE PRESBNTWORK

The presl'l)t work was Undf'ftakfln wHJj the ohject.iw of syn1.JJesizing some (a)

h"xadl'ntate, (Il) penterdl'nta1.1' and (e) letradentate Jig-ami complexes of Coill),

NiOJ) mHI enOl) by the conrlensation of (a) Hhylenf' rliamine find Iri~thyJI'De

Iplnw.mine with formaldehYde, (lJ) inleracljol) of 2. 6-dia"l"tyJ pyridine al)(I

tnet.hyll'ne tetra amine, (e) 2-6 diacetyl pyridine and diet.hyJenf' triamine in the

pressence of mHal ion hy tempJete feaction, Soml'timf> mineral add was lJ,sed to

calnl"s" ryr.]lsation.

TJlE'n>nclions ":ppear to lw intl'ff!sting anel significant ill view of close similarit.y

of these' macnwyclir complexes to certain hio]ogicaJ mllcfocycJic li81system .

Furthermore, th~Be invl'stigMiolls relJort r"wal, that. the ~ize of tJJ", sm[[ll ring

m()jetj~~ fll~f'rl 10 the ma(:ro~ycJic Jjg~nd ~ignificilnt)y ilffpctl' fhp mHaJ donor~

rlj~tanc"'R RSwell a& indkilt.f'rJ by the Rp{'('lroRcopk and ~lectroGlJemic,,1 properties

of lh{' GomplexPR,Th~work also l'how~ UJat A'llli1Hwjabf'tween square plnnller and

oclnherlraJ sped",&- of NiOJ) complexes in [['1\1{)OllSsoJlItions are also gTNIt.hy

influenced by tho? Eronn rlng moi(>lje~ fll~ed tn tho? roncrocycJic ligand. Some

merrorycJk Nj(]J) crJmpJexps are known 10 exigt in waler aB e[JlliJibrillm mixtures

of \'eJJow rliamagn",li~ sqllnr~ planner lNHL))iJ and bh]e (or voilet) par>lmagnetic

od,~herlraJ [Ni(L) (J1{»)/1 ~pecieslJl.lfr-)jJ.



EXPERIMENTAL

1:34. MATERJAL AND METHODS:

The chemical" and solvents used dUf,ing the preparative and analytical work were

standard r€'agent grarlf' procured from E. Merck of Germany, BOH nf England and

Aldrich Chemica) CompilllYLtd.

UCIOl used in the rcartion WIISprepllJ'ed in the laboratory by the reaction of LieDl
with HelOj adopting the usual: precautions.

Micro-analytical data for C, H and N were obtainerl from the Tokyo Instit\]te of

Technology, Japan by using Yanagillloto eRN autocorner TypE' MT-;) and Ya7.a:.'a.

Halogen Analyser.

The infrared spectra of the compounds were rerord"d elsing" .1ASeO IR 810

spectrophotomer by lIsing KBr P"Uets.

Th•• elv-visible spectra of the compounds were recorded b.' uv-visible recording

spectrophotometer model \lV-HO A shimat.Zll.

Tht'rmogravimetric analysis was done with Rigakll ThernJal Analysis Station TAS 100

with Higakll TO hasic unit TO 8110,

X-ray powdf'f diffraction patterns were recorded by using JDX-8P ,IEOLLtd, Tokyo.

,!apan diffra '"ctlon rerorder.

Melting point waf' r!<?termint'rlFisher .Tolm's m!'lting point apparatus.

11

•
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SYNTm;SlS Of' THE COMPLEXES:

82% tnethylenetetraamine (4 mJ. 1 ill mole), 38% aqueous formaldehyde (8 ml)

were added to a solution of nickel ehlonde (5 gm, 1 ill mole) in methanol (,~O

ml). Then etj}ylenediamllle (2 m], 1 ill mole) wa~ ,\deled to the mixture which was

then refluxed for 12 hrs. A dark orange solution wns otHlllned. The solution wa~

filt~red to remove ll1so1uble materials and the filtrate was cooled to room

tempernture. A saturated solution of LiCIOj (4 m]) WIlSadded to the filtrate. It

WIIS tnen allowed to nand in a refngHator overnight. Orange crystalline

]lfod\lClS were formed. The crystals werE' separaTed by fi)tratlOTI using II sintered

gja5~ crucible No, 3 [lod wa~hecl,,-ith methanol. The prOd\lct wa~ crystalllzed

from hot water, dried over sHiea gel aml weIghed, 70% yidd witl, reSl,e(:T to {h~

metnl was obtained, The melting point recorded was 20\/C. Tilt' UL ope~tra of

INi(C];!1M>lfiJI(CIOI)j is shown in Fi~r~ (6),

Tbis eo,opound was pr~parcd lJy n m~thod simllar to ttmt for INi(AiI (CIO')l

CuC]". ::H,Owns used as a metal sour~e, 1'he ~olullOn mixture was refluxed for

12 hrs, The colour chano:ed to dark violet frolll blue, Jt was filtered and a

Futurnted LiC10l (4 ml) solutlon was added to the filtrate, The solutIOn wa" left

III a refrigerator until thi' ct),stals were formed (l day). Yield was 65% h"villg

m.p. 213'C. Tile LR, spectra of jCU(CJlH26N~)1(C104): is shown in Fi~re (B),
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1':.1" ('OmpO'LlHi was pr~p~rpd by a mcllwd flffillur to that for IN1(,~)I(ClO~)!.

CoCLGH,O '~'a5 u~ed a~ a mel~l SO\lrCC, The colour of the ~ohltion mixture was

changed from vlolet to dark brown, Yield: 65% yield m.p. ~12GC.The ).R, 5p~ctrn

TrieIhylene tctrarnine (0.15 mL 1 ill mol) and Nickel (lCNate (1.15 I!. 1m mol)

,,"'ere 5~parately-di5so1ved III 2~ m] of D.D Wate!'. In another b~itker. 2.6-
,dlacet:;'l pHidine (0,16 g. 1 illll \'Ins dJ8so1wd in 5() ml of methanoL This

solution wa~ taken in a round bottle flask [lnd Nickel solutJo)l was fldded to it

followed by 2-3 dropE of acetic add. The miHUf<.' was refluxed for 30 mLllut~~

then triethylenE'tHraamine sollltion was added to it, The colour immediately

~hanged from ~een to reddish brown. The solu1ion wa~ further rufluxeu for 12

hours. The s()lution waS flller"d and c()J)cE'ntrateu, Then ammonium

hexafl\l0rophosphal<e was added t() iI, The crystal l)roduct was ('olkcted by

filtratlon and driE'd over sllicagel in a dE'siC'calOr and wE'ighed. YiE'ld 60%,

Meltin~ point 150"C. The !.it sl-wctra of INi(CI5H~3Ns)1 (Pfl)2 6(H10) is giv~1l 1ll

Figur~ (7).
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Tilis compound was tJr~par~d by a metJiC)d Slmilar 10 that for INi(A)J(PF.J,6(jj.O).,. ,
J metal source, Th" colour of l1Je soluTion

ml,t\l]"(' wa~ cham;cd ff"om g"l'Nill 10 \llue. AmrnGlllUffihexMjllorophosphal~ was

..,dd~d 10 11 The crYStal was coJlecled lJ,- filtralwil and dri~d in desiccawr.

\'I~ld, 5~,"" Melling pamt c1""(:, The l.R, "p",etra of IC\I(CJ5Hll,\l)1 (Pf'fj): 50lP) IS

1<1\ en in f'jgure (B).

D (11Jcptyl pyridmc (u.:1c64l;:. 2 ill moll was liissol\'ed in 7" []II of methallol.

,\jckc'! a'-~TG1C 10.5 1;. ~ ill,mol) wns ciiss(,j-,pd III 2~ m], of D.D \fal~r. Thes<, 1'.1'0

50iutlODS were taken I[l n round bottom fJask and 2-,~ drops of acetic aCHj was

added to it, TII~n 11 was refhlxpej for half ~Il hour. A ~o]uli()n of

diethyj~ll€triamine «(I "U2 g. ~ ill mol), In 51) m! of D.D. walPr was addf'd to the

rounu t>ottom fla,,};. Then il was renux~ct for f\Jrther 12 lin. Thr colour chanl;~(1

from blue to rrddi~n brown. Then the colourCii solution was concentrated and

some nm0\1I1t or ammonium !If'xafJorophosphate wa~ adr!pQ 10 it. 1\ dp(,p brown

i'o\(d~r pl'odu~t waB obtaineu. It WilB r;l!(or~d and dried III Q('siccatnr, YiE'ld 55%.

melling pOlm 29\)0<;;. The J.R. 4(H.O), is ~JJOwn liI
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Thio compQund "n~ pr~p,,!"~dill! iI Illerlwd simllar 10 that for INi(j\)IO'f.J,4(HpJ

"('I\)J"" ,wel<ue \"tS lii-pd JS a metJl source and tlw "Ol\llj()ll~ \o,'('rc rl'jjux~d for

Ie 11;'. Till' colour ~iJanored from prUI"Slan blue \(1 navy lJ1UQ, A o:reen powder

product .••a~ OlJlilllWd afTrr adding ammomUill hexafJllorophosphat€'. The product

Wit;. collected. I]~ld: 55%. m"llmg: point 2GO'C. The l.R, ~pectril of ICu(C1}JaNl)1

II','.), ~(H"O) i~~hown III j'lgtlre 1101.

ThIS compound was pr~pared by a method similar to that for INj(A)j(J'fjl!4mpl

The cudmJUn acetate lI'a~ us~i:l as a metal sour~c, The 80h111011was refluxed for

1" hrs. A c(}\our1e"s 5011llion turned to light orange. ,o,fler u<i<liru;of ammOnium

hrxafluorophosphale, OfJnge pradurt wa5 obtain~(j. TJle I-'rod\l(" ",as coll€'<'tNj b)1

illt,atlOTI and dried m de5i~cator. Yipld 50%, Thr I.R, spreTr~ oi lCd(CllllliNlli

(1'1.,.\ :HHPj ]8 shown In I'Jj;\Jre (I J)
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CHARACTERIZATION AND PROPERTIES

l!t:t MELTINGPOINT:

"
Melting point indicate£' an unique property of a s11hstancl', The range of melting

telJJp"rature indicatl' wh~ther thl' compound is ionir or nonionic. G"neraJ!y ionic

compo\lnd melt at high temperatllre and nonionic compound m~Jt at low temperature,

'['he purity of the compound is jndicat~d by the sharp m.p_by using Fisher .Iohn's

melting point apparatus, the melting point of samples Wf!re recorded upto ,'lOO'C.

The results are shown in Table (1).
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Table (1). Melting Points of the Complexes.

Compounds Melting Colour Change
Points ('C)

Defore After
Melting Melting

[Ni( Cli'l~,i}:: CJO,)! 209.00 D~k Ash,P,
orange

"1Su{ Clfl20N6~ Cia,} I 213;00 Violet Black

l.Co{ClfIW<6~C10I)1 4(H1O) 212-00 Brown Brown
-

l}lj(CI5H13N!~PFI)J 6(HP) 150,00 Reddish Asb.$
Brown

!P\l(Cl.\H:fI~PF")lSmp) 21fi.OO Blue Black

[Nj(CllHJ~j1/:PF!)l 4tH:O) 299,00 Brown Black

!5:u(C13HllN,l}PF,)j 4(H:O) 260,1,)0 Green Black

lCd(CltIJr'l.~PFG)1 ~(H1O) .186.00 Brown Red

From the Table (l) the complexes were fOlmd to meH accompanied by decomposit.ion

together with coJOllf changes.

'.

,"
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1:~.2 SOLUBILITY;

The solubility teM was clone on qualitative basis which indicates wh~_ the

compound is ionic or covalent, Most of the compounds prepared are E'!Isilysahlble

in organic solvents. This indicated thnt th~ compound has covalent. ehiITacter. This

lest is the excellent agreement with the melting point of thp complexfs. The

solubility data are given in Table (2).



Table (2): Solubilily of the CompoUJld. (Qualitative Observations)

COTnDQ\md S()lubl~ In Spari[)g"iy
30JullJe in

InsoJlllJJe in

INi (C;!Jg\) l(elO l)i metlHUlol anil eo, water ethanol. wat!'r lind
chJorof()rm and DM",J diathyJether.

1(:1.I(C,:]1,6)','6)1((,104)1 rnelhan()J and JIm water ethanol. \\~ter and
chloroform "od DMSO diel1lY iet her.

ICO(CI:Hl.5N5)I(CiO;)~4(H:O) Jilethan()l ~lJ(1 j lot water ethanol. Water and
chloroform and DMSO die thyletll er,

INi(CI~H1~NS)I(PF')l B(H,O) Acetone, !JOt Water chloroform. ethanol
methanol and and water

DM'

ICll(C,:J!,l' 5)I(PF6), 5(H,O) Acetone, Hot wnter chi()roform, ethanol
metharwJ "nd Mid water

DMF

INi',l::)HB!'i4)I(I'Y(): 4(f1,O) A<:etone. Hot water dJloroform, ethalw!.
methJ.[)()i and and DMSO witter ami CCi4DM'

leu(C~JH:BN~)j(P~'.), 401,0) ACetone, 1101 water ehlorof()rm, f'thanoI.methanol and and D.'I1S0 water ilild cell
D!lIF

ICd(C;:1J11BNI)HPF~.J,3(JjP) Acetone, llot water chloroform, ethanol.methanol and and DMSO watn and cell
DMF
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l.q.3 ELEMENTAL ANALYSIS:

This is a lmique technique for the characterization of any chemical compound,

Elemental analysis for carhon, hydrogen ami nitrogen of some of the complexes were

obtained from the Tokyo InSTitute of Technology, Japan by tlsing Yanagimoto eRN

AUTocorder Type MT-2. Nowadays, computer:i7,ed instrument is usually Uf'ed for

determination of elementlil analysis. The results of t.he "Jement.o.] analysis are

summariseo in Table (3).

•

-
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Tab.le (3): Microa:na)ytical Data of the Complexes.

27

Samplf'

Found
'"

Cal. found Cal.

%N

Found Cal.

28,12

27.88

24.55

28,12 5.112

27.86 5.01

24.65 4.57

5.11 16.32

5,06 16,33

4.48 14.44

](\.47

16.31

14.43

6U1,0), 4.84 4.83 ,9.39 9,59

BOLO), 24.99 2S.J 2 4.45 4,60 9,00 9.78
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L~.4 CONDUCTIVITYMEASURF.MENT:

Conductance is an addit.ive properly of solution and it. is indicate whether II

rompound is ionic or covalent. Under the infiuence of an e]€'ctric [jaliJ, solution of

electrolytes condllct an elect.ril' CUfTent by the migration of ions.

The specific conductance .of solution derrellses with increasing dilution, so thl!

sppcific conductance of the compleltes were measured, using very dilute solut.ion

(0.00001 M). Acetone was used as 11solvent and TOA conduclameleT of model No,

CM-~S was 118e(1.The molar conductance data was given in Table (4).

The specific ('onductance of the complexes \I'ere meaSllred by the following

relntjonshiPllll'

Molar Conductance = Sperific Condw:tanre ;;; Volume in which 1 mole is

dissolved.



Table {4 } molar conductance data for some comple.xeB'8..-.' "~'

ComprlUncl Gonr.entration Molar ~ondpctaf!.fe No. of
of SOlution(M) ohm em mol ions.

[Ni(CllHwNl)}(CIO,ll. O,OOOOJ 282 ,
[ Cui CJlHlRN,lJ (CIO j): 0,00001 240 3

[co(CJllnN,)] (C10,)1 4(HIO) 0,000(11 261

[NHCJIHZlNSlj(PF,Jl 6(HlO) 0.00001 260 3

[eu(CI5HZlN5l] lHH1O) 0,00001 250

[!'Ii(CUH1SN,)]4mpl 0,00001 225

[C\l(C13H1IN,G 4(HP) 0.00001 290 .3

[Cd (CllHJf!ll] ~(H1O) a,OOO(ll 150 2

29
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L R. spectroscopy is a valuable technique for characterization of macroCliclic

complexes.

The infra-I'M spectra of the complex€,s were recorded on e JASCO IR 810

spectrophotomer by using KBr Pellets.

The tentativf' hand assignment have been made on the basis of standlil'd.

Liter!lturelt3~ll.

The infrared absorption peaks of the complexes synthesiz€'ct during this research

are 8ummar,is",din Table (5) and identification of the absorptions are indicated.



Table (5) 1 R speetra bands of complexes.

CampDuno ',' "" " ICftJI ilf 61 I~JI ICIO,I

ni IC1t! 1,NoJ1m lh 3m lm 1m m~ - '" '",so m~
{:IICltJ26~ol ICIO4Iz m~ 11l~ lHD 1m 110 '",so 1m
CoIClt! l,N,J IC10II Ii 1n1OJ 3m 3000 lm Jm - '" ,so'" m~
Hi IClsH2JJS1 iPf ,J 211ft 201 36\1 3j!i~ 1W H55 m l50 -

W5 mo 105~ mo
C~jCl5H2591PF612 51H201 l.10 3500 1m 1m 560 '" -H10 1590 Jm
Ni IC1o'fle"l.1 IIf,J 2 lln10l H5fr m~ 1m 1m "' l50 -

15\0 110G 1110
Cijj CllH lal1,lIPF 012 4IH2OI 1m W5 1m 1J15 560 '" -

HOO 1590 mo HOG
CdiCIlKlgN.1 IIF!I 2 llK1VI Jm 3m .tIJO m~ '" '" -

1m 1m 1090 m~



1.~'.6 ELECTRONICSPECTRA;

Ultraviolet spect.ra can give qualitative knowledge of electronic properties, The

energy absorbed in t.he II.v. l"e-gionprOdlll'E'dtransition. The transition consists of

usually non honding p or honding orbital to the next higher eDHgy orbital i.€'.

(antihonding IT' or (1 orbitalll5. For recording the n,v. spectra of tile macrocyclic

compJelles, a double beam U.V. visible spectrophotometer of roodel No. \IV 160 A

Shimatzll, Japan was li8ed. The absorption bands of the {'ompie)(l's in the uv region

-,

results , "from the d-d. n-lJ and J]-n electronic tran~ilion6. The patt.ern of the

maxima in longer wave length which is due to the metal to ligand charg€' transfer

transition. The u.v.-vlsible spectra of the samples MOO'shown in Fig. (.1'1..-15). The

l"E'Jatlvely weak absorption ,
band in the TPgion 300-100 usually indir.ates n-II

trans,ition and bands to high intensity (240-280 nm) are possible rille to

t.ransition. Tbe absorption p<caks are presented in Table (6).
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Table (6) uv-visible spectral data or some mncrocycJiccomplexes.

Com ounds Maximum (nm)

NHC1r'W"li)(CJO')j 861.00 309.00 296.00 254.00

CU(Cd-Jlf,) (CIO')l 672.00 341.00 243.00 --

CO(C1illIN,) (CJO')l 4.Hp -- 341.00 299.00 243.00

NHCj,\HzIIl) (PF,)j 6.HlO 458.00 449.50 285.00 236.00

CU(Cl~HJ9 (PF6)15.Hp -- 280.00 -- 236.00

NHCllH1f',) [PF,)l 4mp) 763.00 280.00 -- 225.00

Cu(Cd-J1aN,) [PFj)l 4rHP) -- -- 221.50 --

CU[CgH1aN,)(PFI)l 3(HP) 290.00 221.00 --

Triethvlene tetramine 443.00 357,00 344.00 - 240.00

diethYlene triamine -- -- 238,50 --

2,6-diacetyl pyridine -- 274.00 236.00 220.00
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1.tr7 THERMAL ANALYSIS:

ThermaJ analysis gives an inca about the bona strength of a compound and

provides information about !Jooding nature, In thermogravimetry (TG), a change in

the weigjlt of 11sllllManc€' is recorded as a function of temperature with respect

to tjme. Changes in the weight are the result. of the hrMking or formation of

various chemical bonds al. evaluated temperatnre. From this analysis it is also

known wh€'ther the reaction take place is endothc.dhltor exotheJ1l'ii.Weigi1t loss at

lower Temperature is due to illtriee component or loss of weakly coordinated

component which aj'e attached with central metal atom in coordinlltell complex€,s.

The thermograll:imetric results depend llpon t.he particle size, weight, heating rate,

atmosphere of furnace etc. Thermograms of the compounds are taken by RlGAKlJ

thermal analysis station TAS 100 with basic Ta unit thermoflux TG 1\110 from the

HBRTlaboratory. Dhaka. The heating rate ('olltroJIN! hy the temperat.ure programer

panel 15.C/min.



1/{ 7.J

The thermogravimetric analysis indicat.ed that the NHC1!iW"6(CIOlllchanged

c()mposition at 290'C with violent "'.Kothermicexplosion which is compr",hensible due

to the presence of perchlorate ion. From tile 'l'G of CU(CJlH16N6(ClOj)1it was obs"'rved

that the compound changed composition at. 270'C with violent e.Kothermic eJ>pJosion,

whirh is comprehensibie dlle to the presence of perchlorate ion, The weight ioss

could not be computed to any chemical change. The thermogral,/imetric analysis is

g:iwn in Fig. (~).

In t.he case of Ni complex the TG curve shows that the weight loss start. at 40'C

and continues upto J20'C. But in the Cd compleJ>the weight Joss start from JOO'C

and ~olltillue 'lpto l~O'C. These weight loss are probably due to the removal of

water IDolecule, The weight loss at 200'C to 325'C and 200' to 400'C corresponding

to the explosion of two molecule of he.KafJ\lorophosphate. Thirrl step weight loss is

possibly due to the removed of 2.6 diacetyJpyridine and final step weight loss is

due t.o ,met.a] Imd diethyi,me triamine for lloth cases. The TG r.urve are sJlOwn in

Fig. uJ-18).
,,:.



------_._----

40

" I [CU(CI1H26N6IJlClOjI2

11[NI (C'2HI6N6IJ (CIO~)2,

" IOTA•,
< nOTA,
c
< II TG2
w, ,

'"

,

100 200
TE MPERATURE 'C



1

10

20

41

30
~
~
0 40~
~
~
~ 50
w
~
~ 60
0

~ 70

80 TGA
90 OTA

100 100 200 300 400 500 600 700 BOO 900
) "TEMPERATURE(C)

l'ig.1lJ. The TO and DT Gul've of the Complex [Ni(C13I1lSN4J]
<



42

10

20
~
~
0 30~
~ DTAI
CO 40w
3
~ 50co
~

60

TGA
70

80

90.0 100 200 300 .loaD 500 600 700 BOO 900

TEMPERATURE(CO)

Fig.18~ The TG lind DT Curve of the Complex ICd(C13H1SN4l](PF6}2 3(H20}.



In the case of Ni complex tile TG curve shows that weight loss start at 50.C and

continues upto 250'C. This weight loss is due to removal of water moleculE's. 8m.

in the Cn complex the weight loss start from near 100.C and continue 500.C. The

weighl Joss from 250.C to near 700'C corresponding to the explosion of two

molE'cn]E'of hexafluorophosphate. Third step weight. Joss within the temperature rang

700'C to 900.C is probably one to removal of 2. 6 diacetylpyridine. The TG curvE'

ar" shown in Fig. aq-201.

1f4.8 X-Ray DIFFRACTROMETRJCANAJ,YSIS

The X-ray powder diffraction patterns were recorded by using JDX-8P JOEL Ltd..

Tokyo. Japan diffraction recorder.

For X-ray diffractrograrn, CU-Ka radiation and Ni filter was recorded with a

scanning speE'd of 2'/min, chart speed 20 mm/min. Scanning raTIW 5-52' (CU-Ka =

1.5418Al. Only the powder diffra('t:rograms a:re represented in Fig. {21,}. The

complete x-ray diffraction of single crystal produds are under investigation.
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1.~ DISCUSSIONS

In the present work several metal compl('xes of hexadentate (el1Hl6N,),pentadentate

(CJ,H:fI,) find tetradentate (CJf!J6N,l macrocycJic ligand were synthocsizect by 'Ising

ethylenediamine and triethylene-tetraamine with !ormaJdehy<if', 2,6-;-diacetylpyride

with triet.hylene tetrallmine or diethy]~netriamine and mP.tnl salts. Aqueous or

aqueous-methanol was used as a reaction meoia, Lithium perchlorate or amonhlill

hexafluorophosphate WHe \l8Ni as a countf'f jon for the formation and precipitation

of solid crystaJljn~ complexes. For fI geM yield first row transition IDPtaJ wt're

used. The formula of complpxes are given below:

!Ni (C,f'lIiNB)](elO,ll

(eu (Cl!H~!)] (CICj)j

{Co (C1fi2,N,1l (CIO,}l

INi (elsAl?,,)) (PF6)j 6(H:O)

(Cu (CJ5Hl3N5ll (PFI)l 5IHP)

iNi (C1illsNl)1 (PYa)l 4(HP)

ICu (CII'I(lj)] (PFa)1 4(HP)

(Cd (CII'J5Nj)] iPF!)! 3m10)

In this reaction a m~taJ ion coordinates a tetraamine and an ~thylenediamjne in

octahedral fashion. Formaldehyde combines witl1 two cis coordinated amine moieties

for the cyclization. yi~lding rnethy]enediamine iinkages(HiI. Uncoordinated se~ondary

amines invo]vin~ methylenediamine linkages react further with fOI1Jlaldehyrle to

become tertiaryllmine. The resulting macrocjicle ligands contain six nitro!l"t'n atoms.

of which four nitrogen are tertjary, either coordinat~d or un~oordinated. while the

r€'J1I1!.it.J)ll$ twC' iJf" s~~gNililrvanri ,y"w(linMp(l t" thf' 'l'ptol inn



Microanalytical results of complexes for C, H and N for some compJ••xe~ are in good

agreement witiJ the calrulated vahles corresponding to the ma('focyrJir complex

rorflJation~, Compl••xf's havf' sharp m.ll. indicating the purity of the comp1e:ltBB,The

ready golubility of the complexes also suggest that the desired macrocycjization

proposed has taken place leading to the formation of th •• macrocyclic complexes,

Th •• LR, ."p••ctra of till" complE'xl"s are digcu."BedtOgethBf with thl" characteristics

hand~, The peaks of various vibration modes arp listed in Table C5;:> for

comparative Mudy. The> C '" N~ bands appear at 1610 cm-J for the comp1e.>:BS

indicating the m~crocycle formation. The N-H of NHj and >C = grOUPBgenerally

vibrate at .1350~.n50 and 1850-1100 em-I. respe~t.ively. Sin~e the Schiff base

condensation reaction takE's plnce between a diamine and a dicarbo:l;yl, th~

ahsorption du~ to the free N-H and >C = 0 group disapp~ar, The peaks at IIr01.md

4000 cm-l may be an indication of t.he presencB of those of > N-H group. The

absorption bands at. arOllnd 3600 cm-1arf' dw" to rhe presence of lattice wMer, The

invari~tion nppear at nr<ll.lnd500 cm-I is rlue to the M~Nband. The identity of tJw

infrared spectra of the complexes ~ll'o S\)ggf'~t t.hat these complex posses/;

complica.ted structures. The complexes ~how a number of intenBe ~bsorption bands

in the II.V. region. ,Fromlhe shape, position and intensity, these handl' nre within
,

the assigned IT-IT transitions. Condliclivity measurement of BOrnecomplexes are

c~rriBd out ul'ing aCE'toneas solvent.. It is show th~t except for thE' Cd complex the

number of ion is 3. For t.he Cd complex, the no, of ion is 2 and the electrolyte

lype is 2:1.



,

The results of the thennogravimetMc anaJysis of Ni and eu complexes in Fig. (1$)

indicate the explosive nature of tJw complexes. From Fig, (24-2.5), it is observed

that thp complexes studiE'o STart weight loss at low temperature indicating thE'

removal of water molecule. Macrocyclic complex to be more stable with respect t.o

1Jgand dissociation than open chain must possess ffiultidentate ligand site system.

X-ray diffractogram of the complexes Ni(Crl'uN,) (CIDI)1 CU(CJlHJ,N,J iCIOj>, and

CO(Crf'l16N6)(ewj)l' 4(HIO) ar" shown ill Fig. (21) for the p'Jrpose of comparison only.

However, further work for the determination of the complete structure 116iDI:single

crystal x-ray diffractometer is in progres/;o

•

•••
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STUDJE;S .IN THJ~ SC)LUTJON STATE 54

2.0 JNTRODIJCTION

meTal iOIl IS railed a hm,lI", li~al)(1 cOJlJple.\nnd iT d,rr~!'PTlI 1,1"'(- uf ji,.ands iU'~

pr~sel1l" 1hen 1h(' C'()mple;;is O'llidto De ternary romple~ or mi.\ell Jl£,~nd comple-'l.

in ,1 iT\'in.-::li'3ue ami fl<lui. (-TrOJH,('o-or(jm~tJTl" transilion mn"l lOllS ~lld

P()H'1l(liol ('0-0 rd j!lill j1IJ.ST1es of or.-::aniemolec\lll'~ nre l'~~pOliSil,Ie for f,wrtJemical

. '"n'JCllOTlS'. In ,u(.I, ,:L"es lhp ml.\€d In;une! complpx formaTlC>rJI~ 10 be

iormed, Taking ",vPl"ytlJinJ>to~elher one is nor &t11"pr;;pdan,- more about \\'o()d~'

, "('OJldU5iuJI'". "If vou thinK trlat b'UdJemlSU,- is thp organic rh",mlslry Qi llving

~YSI~m. ,QU arc misled: IJJodlfJlllS1fl-' lS thr C'o-Qrdiati(ln chemistry (If liviD>:

S)'0Ipm" !he hlOchrmlcal rf'n('liollS arc mnhing ben models of temary cQmplex

"""",;,,,,".'-::" , pC ~' ',' J' , .""'"'''' ~Y~d'ms. ulr SYlH"PllC 1E'nUlLry~omplr;;cs al'e ,ormer ",,,en meta, lOTI

The stabiJili~~

(,j' llie lernary comjllp,~, and ns,"oci,ltPd binary l:()JIIpJ~xe~I~,W-lt~)':'Jha\"e been

r~pQrt~d.

,
l'hp iQrnhtll()[) "r t~rJlary complf'x can b~ ~:<llre~,,~e!ill' Ihref' diifcrem ••n~"" as

10110'.',

, ~I/\L, p" IMhLl/I"TII A II LI
" ,-

'" ;\LIL. r." 0 IMALI/IMAII!.1 1:;1','<.'.1.

V M.-IL. ,.~
0 IMALI/IML11/\1 131.~

.\[->-,"~L .~

~]..\ + L~-- __



Hence

log ~ • log p::.c
log ~ • log P::"

Log x:...
Log x:..

,"
'0[

,55

There are two common methods to ""press, on ~ quantitative basis the stability of

ternary complexesl~1lI,l91.Firstly it can be expressed1lil in terms of

AlogK = log x:::.. - log x:" = log K%J:,. - log x:... '",
i.e. the difference in the tendency of 1\ ligand (A or Ll to bind WiThfree metal Ion

and with the meta] ion already bound to another ligand (L or Al. It is evident that

from the rf!lationshill eq. (6) that the influence of both ligand is mutua! and both

ligands are ellh"r stabilized or destibilized in their ro-ordination to the metal ion

equally.

410gK must bf>a ponstant. heCilllSe it is the result from Sllhstraction of two conHlUlt

log!( is a constant corresponding to the equilibrium constant of the reaction

indicated in €'qlllnioll In

MA + ML ---_MAL + M '"
logK"log [MAL] 1M]

[MA] [ML]
181

From ~t.aT.iBticalconsideration AJogK is exppcted to be npgative. This is because

when the first ligand (A) combines with a given multivalent. (hydrated) meta] ion,

it has more co~or(ljnat.jon posit.ion available for bonding than when it combines



with metal alrf'a<iy bound to another ligann (L). Hence, the order Log x:. >

Log x::t. usually hoMs and one expects to observe negative values for .6.logK.

The stabllization factor governing .6.logKMpends on the Coor(1inationnllmber of the

metal ion and t.he denticity of Hw ligand.

The (lifference, Uog~ - log~ is generally about -0.5 to -0,8 log units for

mOTIodentateligands and abou1 -1 to -2 log lmit for bidentate ligands(3JI.In the

case where A and L are hidental.e ligands, thrre are twt'Jve edges of a reg"ular

oetahedron11lh1available for the first entering ligand. hut only one fiv{' for the

secondllOIi.e. the BtatiMical factor ls 5/12 and accordingly - .6.1010K!IIl= -0.4. For

square plane (sp) a factor of 1/4. i.e . .6.1ogKI~= -0.5 is obtained. However for the

distorted octahedron (<io)of cull the statistical value is more difficult t.o assess,

ConsidPring the John-Ti'ller inversion to be rapidllil. there are eight. (or even

twelve) equivalent attacking posit.ions for the first ligand while the value for the

second liganrl call vllrY from one to four (or never five) ni'pending on the relative

rates of inv~rsion, Henre. t.he stat.istiral value is between 1/8 (or 1/12) and 4/8

and .6.log Koo= -0.9 (or - 1.1) to -0.3. In case of Cutl and the liganns that

introduce a strong ligand field, the st.atistical expr€'ssion .6.log KdlVal= -0.9 is

considered to be most appropriate oneill. Hence an experimentally rletermined value

of .6.logK, mort' or Jess negative them -0,9, indicates that in equation (7), the

tennary complex is favoured less or more. respectively. So t.he value of .6.logk is



affect~d by the nonBtati~ticaJ factors dp.pp.nrJingon t.hE' natures of the Jigrmds A

and L and structure of tbe metal ion in some casesll11.

The otbn approach to ~xpress the stability of tennary complex on a quantitntive

basis is based on the "disproportionation constant" K!e~ as defined by the following

equation.

5't .'.

{MAL] ,
[HA,] I~J 19'

From statistical consideration the vaJue of ~rI'C\lis exppcted to be 4. Under purely

statistical con~iderations tbe mixed liganrl compJ~x,MALis f()rm~dby two path ways

(eqB. 2 lind 3), wh~r~as MAlamI MLlare formed by one path way ~acb, Hence t.here

is a possibility of 50% formation of [MAL],whil~ binan' complrxes MAland ML:are

fOITlledto thp extent of 25% ~ach, Hence the value of KrIII'ClIshould be equal to 4

as sbown below.

[mI.]'
[.m,l{~l

50'
25 x 25

.,



Hence log I~ wiJl be 0.6 if only statistical factors were responsible for th£'

formation constant. Jf for eleptrostatical reasons the stability of MA2or M1!complex

is less, more of MALis formed and the vaiue of 10gKre]lli\l is higher than OJ>'

Thus the stability of the t€'rnary complex£'s can be evaluated either baseo on the

vaJuE's of .dlogK or JOg~. EacJi of the above two methods has its own merit and

dementsi1,lBiaml preference to f'ither approach has to depend on the jtino of study.

Thf' main advantage of consideration of Jog ,KlfPrlJIl.is in irs f.irm statistical basis. It

does not depend on the co-ordination number of the met.al ion or the denticity of

the ligand. This advantage is lost while llsing AlogK formulation, since the

statistical value dependS lJpOn the co-ordination !lumber of the metal ion and the

denticity of the ligand. Log KrIjII"ljl,Io€'s not indicate absolute stability of the

('ompl€'x, but its relative stability with respect to the complexes MA)and ML2,In

a mixed ligand complex containing a neutral ligand A or a negatively ~harged

ligand L, AlogK 15 not affeded by the electrostatic or ent.ropy factor. But stene

hindran~e between the two ligands in a lIlAI or ML) complex results in rhe

dist.ort.ions from a Utragonal geometryf3WI.

]n the present chapter the formation constant of ternary complexes [MALI.wher£'

111 = Cu(JJl, A = oxalk (OX) acid or 2, B-pyridine<!icarhoxyJic !l('id (DPA), L =
Glycine, or o..~laline, or phenylelanine or tryptoph~n have heen determined and the

values of .dlogK have been calculated, The protonation constants and formation

constants for binary complexes have been reported earlier!3i,l', 161, and present work

has IISNI those of pr£'vious constant.



sq

,EXPERIM,EN'T' AI..

A]] glasswares used were of pyrex glass. ThE' microburette was calihrated t.o 0,01

ml by t.Iw method described by voge1lln The mMsur:ing flask of various ~apacjtjes,

pipettes et~. were calibrateo by using a standard burette.

Chemicals:

All reagents are AR grade !Inri their standnrd solutions were prlJpared by dlrect.ly

dissolving the w€'igl'led quantit.y of them, in known volume of aqueous solution.

Copper perchlf'rate was prepared from analytical pure copper carbonate by treatment

with 70% perchJoric acio (ARl. The resulting solids were washed with et.hanol till

free from excess acid and recrystallized several times from ethanoL Copper

penhloTal", lire partially snluble in aJ~ohoL Sto~k so111tion of copper perchlorate,

perchJoric add. sodium hydroxide and sodium perchlorate were all prepared in

rarhonate free dOllblp distilled deionized water, Copper perchlorate solution was

also standardizeo 0:1' iodometric titrationl)!l. Carbonate free Milium hy<:!rol;:]o",

sohlt.ion was prepared according to the literature methodll~lstandardizeo by stll.ndaro

oxalic arid solution. Standard perch]onic acid solution was prepand from AR 70%

acid by propt'r dilution arid titrate ",'jth stannard alkali.



2.1.2 POTJ.;NTIOMETRIC DETERMINATJON Oi" STABILITY CONS1'ANT

Irving Rossotti tltr~tion te~lmiq\le!lO,iIlh~s LJe<?llused to cletermine the formatIOn

conS1ilTlt, of Ille lernary complexes usin~ 'SCOGS (stability ("onstants of

GelwralizpcI ~pecies) ("oTnputerpr(ll:T~mmellWI.

The ~ctivilY coefficlent of HI Ulider experim<?ntal conditIOn !laE'been considered

to be equal to 0,7S and the value of th", ionic' producl of water 14.167 ha~ b",,,,n

for t!le <I<?u'rmillation of formation constants all solutions w~re titrated

cases acid concentration WM kf'pt Z.OOx lO-'M and the total lonic strength (1)

of the 30lutioll was maintained at O.ZM.

For thp dHHmin"tio)l of the formation constaots of tho t~nlery cO)npJexes IMALI.
,

followmg sol\jllo0 (SO em') havmg M:..\:L In Ihe ratio 1:1:1 were prf'pare<i,

I. O.O~MHU01. (I (102Mif]!>l"JporchJorat<:,. 0.002M lig~nd (Al. O.OO~Mligand

(I.) anu 0,17411 NaClO, this 5Pt Wag Illratrd against standard alkah. All

the titrations w~re <:ar,i~tl out ill aqu~ous medium and tlle temperature

w,,~ mainlained at 30'C :!: l°e during the profrl'CSSof titratlOn, Titratioll

were can-led out b~' uSlI1gTOA pll-Mt;TER HM-20S. havlllg a.ll aCC\Jracyof

:!: 0.01 pH uni1. Tllf' g:las~ electrode was c"librll1ed ll~lllg bllffer sohltlOll

ot" pH 4.01 and 6.86, Hence th~ st'lbiIi1y constantg calculated are

slodl1metrJ~
~.""

~on31 ant s'.'.". T!l~ 1;fl.kulilljC\rl were carried out b). compU1~r.

EP::'ON. PCA X:1S/~0.



A model imnlt data required for the calculation of formation con~tant in the

ternary "'yBtem requires the following details.

1. No. of job/; \0 be calc\llatf'd,

2, No. of expnimf'uts in the Bet of experimentr; ullrler study.

3. No, of ligands [two), no. of metals (one) and the no. of complex species

formed (including protonated foI'JIlsof ligand. hydrolyzed rnHfll species etc.),

4. Composition of earh ~pecies has to he described along with its approximate

formation constants as the logarithm to bllse 10,

5. No. of displaceabJe protons on ligand (1) and ligand (2).

6. Title of the t'xperilllent,

7. Initial concentrations of the metaL ligands, minflfal acid (HelO
j
), tjtrant ba~e

and total initiaJ volume concentrations Mil expres~ed in moleR/lit and volume

in roL

For each titration reading bearing values of titre of base, of pH and INDEX

(a quanthy which is 1,1'1'0for all but th€' laBl reading of exp",riment when

INrJEX •• 1).

9. Then retlim to h"m 6 t.o read data far n",xt experiment an(j repeat until

oata for all the experiments. as indica led b~' item (2), have be••n read.

10, Lagarithm t.o baee 10 of the ionic product of wat€'r. and th" coeffi~jent of

hyorag<'n ion unoer the condition of €'xperiment. (e.g'. at 30"C antI I = 0.2L

11. The no. of <'onstant to be refined and no, of calculation c~'cles to be

repN\l.ed to g<'t conver~ncy in the formation constant values,

12. The parti~ular constant t.o bf' varied, given wiUI serial no. aE in (4) and thf'

logarithm increment or decrement to bf' applied to the format jon conMan! in

the numerical differ€'ntiation,

61



The reportedI1!)5,30)protonation ~ons~ant and formation constant were used as

fiXNi parameters for the refinement of the f()rlllation constants of the teffifl1"Y

complexE's. The parton ligand formation constant of binary rompleJtes are

shown in Table (1). The species ~onsidered for the calculation of formation

constants of th~ ternary compleJtes WHe A, AH, AHI, L, LHI,MA, MAl' ML.

MLr TlJe values of formation conManl for the ternary compleJtes. AlogK hllve

heen presented in Table U(}, pU,T,itration curve have heen prE'Sf'nted in Fig.

1.1 to 1.8 for the ternar;' r,omplexes. (MAL-s.'stem) are sbown in Fig. 1.9 to

LID, Representat.ive spf'cies distrihlltion curves as a Ilmction of pMin the

solution containing M, A anrl L have been presented in Fig. 1.11 TO1.18.
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(M-OX-GLV) System.

!
C- 0 --C

M

C 0

\o
/o

(M-OX- Tryp) System.

Fig 1.9 : (MAL-System) where M" Metal, A =OJtalic Acid and

L=glycine or Tryptophan.
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(M-DP.A,-Ph.ala.) System.

.---Co
o

(M-OX- Ph.ala) System.

Fig,l.lO:(MAL System) where M::Metal,
A::2,6-Pyridinedicarboxlic acid
or Oxalic acid and L= Pheny {alanine.
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Fig. 1.11: Species distribution diagram for thel[Cu~OX- Tryp]Ternary system
showing the formation percentagEs relative to total concentration
of the metal as the function of pH.
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Fig.1.12: Species distribution diagram for the [Cu-OX-tt-alaJTernary system

showing the formation percentages relative to total concentration
of the metal as the function of pH.



6.005.004.003.00
___ ••• pH

2.00'.00

100

G)

I. Co AL;80
>- Co A,. Co L• " . Co (II)-0-

I60

n
0

'"- 40
~
0,
••u

(f)
.t.2O
n

Fig. 1.13, Species disldbution di~gram for therCu-OX-Ph-ala)Ternary system
showing the formation percentages relative to total concentration
of the rn",tal as the function of pH.
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showing the formation percentages relative to total concentration of
the metal as the funclion of pH.
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Fig. 1.15: Species distribution diag ram for the [Cu-DPA~oc;-alalTernary system
showing the formation percentages relative to tolal concentration of
the metal as the function of pH.
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Fig. 1. 16: Species distribution diagram for the [Cu-DPA-Gly] Ternary system
showing the formation percentages relative to total concentration
of the metal as the function of pH.



/ ",
BO <- Co I A' I c'

L Co A,. Co "". Cu C
;. Co "70 ;. Co ( II )

ClJ

<6J

@

55 6.0 651,.5 5.0___ ._pH4035o

,
60

t 50•-0-
n
0
U
~ 40-0 (j)
0~

"•• 30u
~

"'

Fig. 1. 17; Species distribution diagr~m for the [Cu-DPA- Tryp] Ternary system
showing the formation percentage relative to total concentration of
the metal as the functmll of pH.
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Fig. 1.16: Species distribution diagram for the [1::u-DPA-p'h-alaJTernary System
showing the formation percentages relative to t'otal concentration 01
the metal as the function of pH.



~.2. DISCUSSION

1'he analysis of the slw~ies distribution ~urvl\s shows that in the pHrange 3.5 to

6.00. MAlind MALare Ihe major species. The percentage of all other species is less

than 1% in cIIse of (M(DPA)(Ll] system. This is because DPA forms stahle binary

romple..:: M-DPA(MA) at low pH and L combines with MA to form MAL ternary

compJe..::es.

It is observer! thaI. in general AJogK for tlle MALcomplex studied is nf!gative, as

e..::pected from the statistical consideration. It is interesting to obs"rve thaT .6.10gK

is more negative in case of {CIl(DPA}(Lllcompare to [Cu(OX)(L}]complexf's. This is

due to the tridentate Jigand DPA occupy the three ('quatorial positjon around t.he

metal ion. Hencr in the formation of ternary complex, th" bidentate .ligand (j,) has

to occupy one cqml10rial and the one axial position. Due to John Tellrr effect in

case of rCll (A) (L}l complexes the ligand is strained in occuping Ihe axiaJ position

and henl'e its tendency to co-ordinate with t.he MAis much .Jess than in the binary

complrx, wbere bidentate ligand occupied t.wo equat.orial position. Hence iog x:::.. is

much less t.han log K//z. and ..6.JogKig morr negativr. In the ab~f!nce of ,fohn TelJPr

distortion in ((:u(OX)(L)) complexes, two bidentate ligflIlds OCCUpyfour Bquatorial

positions. J1 does noT.feel flny strain in o~cupying t.wo equational positions.

It is ohserved that for the complexes ICu(DPA)(Lll. where L = Phenyl alanine or

tryptophan, ..6.logKis less negfltive than the complexes werf>L''"glycine or a-alaline.



This is because of intramolecular inter ligand inh'raction. Phenyl alaJine ilml

tryptophan are bidentate ligand hence occupy one equatorial and on" axial position

ilS in the case of glydne and u-aiaJine. The non ~o-ordinaled sid" group. Phenyl

of phenylalanin" and indol ring of tryptophan re~pectively come over t.he pyridyl

ring of DPA and hence noncovalent. hydrophobic interaction if' po~sible. This

intramo1eClilar inter ligand interaction Btabilized the ternary complex. leading to

less negative b.JogKvalue, This may be because of the t.ridentate ligand occupying

two equat.orial, on" axial po~ition. The bidentate amino acid occupiE's two e(IIJatoriaJ

position and the nonco-ordinated side group occupies il position in t.he axial

direction 1"loser to the neutral Cu(DPA) which is Jess h.'drophohic.



Table-(I.ll:
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l'rotan ligand fonnation constant of the' ligands. Cannation
conSTaJltBof eu-binary complexes in aqueous medium with I '"
0.2 M (NaCI04) at 30De :t tOC.

r
--- ------- ------ ---

Lig:and", A
LagK,H LogK; c"" ~

r,cgK LogIC
e= ,=,

--- - - --- .-,- ---- ------
I_OX 3, S" 1.20 4,82 8.44---- - - -
DPA 4.35 2.04 8.S9 ~~..:.~~-------- -
-- -

-r:<JK,H 1=Ligand L
LogK,H ," ~

r..cgK :"'ogK
>< "'"

-- ----,- ----- --
I 01, - 1'" 2.40 6.98 14,35 --
iI.ala. ____ 9.~S 2.11 7,14 14.76-
J:'J:1.1!IQ,- _9.20___ 1.91 ------ '" 14,12 -----

r Tryp. r 9.43 1.92 6.35 15.35

,



Table-(1.2):
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Stability constants of mixed lig'3.nd complexes, b.JogK and lo~
in aqueous medium. 1 = 0.2 M (NaCI01J at 30'C :t I'C. ,

----- ------- -
ICu-OX-LJ Sys1em ICu-DPA-L) System-.- ..__ . -

LlI,and C

Logl('-"
Alog-K ~ tJ. JOl;K,= LogKcWll•

-_.
01,.:sjn~____ 11,35 -0.45 15.82 -0.97-.._._---
(l-,l!amne 11,64 -0.32 16.00 -0.79-_ .•._---- ----- .- -
ph. alanine - I 2 00 +0,47 1 O. 1 C -0.22- ------ --'--' -- -----
Try)1tophan 12.11 + 1,02 16.50 -0.14
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,'Z'--'I, Template Condensation Reactions of Formaldehyde with Tetramine and

Diamines; Synthesis, Strurture and Properties of coon, NHTI) and cunT)

Complexes of Hexfl7.a .Mar-roycJic l.:igancts Conta:ining Perchlorate Anion.

Journal of Bangladesh Aradenlj' of SriflDce, Vol. IS, No. J. 99-103, l[194.

Some hexadentate macrocyclic ligand complexes of coOD, Nj(jJ) and Cum)

have been synthesized by the interactions of ethylenediamine and

triethylenetetramine with formaldehyde in the prf!sence of mel,a] ion in

aqueous-method as reaction mE'rlhlm.The products have been characterized

by f']emental analysis. spectral studies. thermogravimet.ric analysis lind X-ray

diffraction analysis.
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