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ABRBS TRACT

STUDIES IN TIE SOLID STATHE

some hexadentate, pentadentate and tetradentate ligand complexee aof Cofll),
Ni(II}, Culll} apd Cd{fi} have been synthesized by the condensation of (i)
ethylenediamine and triethylenetetraamine with formaldehyde (ii} 2.6-diacetyl
pyridine and triethylene tetraamine (i) 2.6-diacetyl pyridine and diethylene

triamme in the presence of metal ion DY template reaclions.

The products have been characterized by elemental analysis, gpectral studies,
conductivity measurement, thermogravimetric analysis and X-ray difraction

analysis.

On the basis of the above analysis the complexes have been lormulated as

[HitA M KCID..EIIE'. (A = CH, N}

IR
[Cutat {CID,'};; (A = ClEHENﬁ}
tCo(as] tCID{};. 4{H:D}'. {A = CHHENE}
INi{AY] (PF,),. E(Hioll: ta = CIEHE:IHE-}
[CuafAal] LFFﬁlli. 5(H=O)1 (n = CHIHHHs}
{Hitadl {PFEJ'E‘ 4{H10}‘. (A = ':13]']13“4:'
ICulall {PFEJ:. 4{1110;1; (A = CnHli‘Ni]

[Cdtiall {F'F,s):. E(H:,.O}: -{A = CHHHH*J



STUDIES 1IN THIE SOLUTION STATID

The stabiliw_ constants of the ternary complexes |tuAaLl, where A refers 1o
oxalic acid (0X) and 2.6-pyridinedicarboaylic acid {DPA} and L refers to glycine
tgly), a—alanine {a-ala), phenylalanine {ph-ala) and tryptophyan (Tryp} have
been determined potentiometrically using the SCOGS computer program and the
order of I1:1'19 stability of the mixed Ligand complexes i& l[Cu—oX-L) » lCu=-DPA-L).
The "."a].LIIE of AlogK is positive or less negative when A iz Oxalic acid. Probable
reason for positive or less negative AlogK values and the order of stabilization
15 due to John. Teller effects. The tndentate ligand DPA pccupies three
equatorial position and the bidentate ligands {amino acids) have 1¢ occupy one
equatorial and one axial position. So bidentate ligand ig strained in ocCuping
one equatorial and one axial positien. But in case of Cu-0X-L| system both
ligands are bidentate, therefore no strain is observed,

Again ICu-DPA-Ph.ala.l and {Cu-DPA-Trypl complexes are lﬁore etable than |Cu—
DPA—giyl and [Cu-DPA—a.alal complexes. This may be duc to the intramolecular

interligand interaction. The non co—ordinating side group of phenyl alamne and

tryptophan come over the pyridyl ring of DPA and thus the noncovalent

interaction may cause extra stability.



STUDY IN THE S0OLI1ID S5STATES
1.0 INTRODUCTION

Macrocyclic ligands may be defined as a cyclic compound with nine or more
member of hetercatoms and with three or more donar atoms. Metal complexes of

macrocyelic ligands ooccupy a large s=ignificant arca in modern co—ordination

chemistry,

Macrocyelic compounds have a great biclogical significance such as the Vitamine

tE-l,]l. which is 1nvolved in redox reaction of methionine and 1n the metabolism

of methane producing bacteria. A large number of Macrocyelic higands alveady

have been synthesisedm by wvariougs workers. The synthetic macrocyelic lhigands
show other properties which make them suitable for modelling enzymes contaitning
metal 1on at the active site, an example is the active site in carbonic
anhydrase, the enzymes which catalyses the hydration of carbondioxide.

3

The distortion of the geometry of co-ordinmion compounds™ of copper is

reported to reduce the activation for electron transfer reactions and to enhance
1
| . .
the redox potential. The tendency for a macrocyclic complex to be more stable
with respect to ligand dissociation than a comparable gpen chain multidentate

ligand system, over and above the chelate effect, is well do-’:umentedm. This

J

ith

phenomenon has been termed as the Macrocyclic Effect™. Dysch and C-::n.nur::n"]-uarLE

have proved the ephanced stabilities exhibited 1n the "Macrocyelic Effect®. An

enhanced of Macrocyelic Effect has been observed for the Macrocyclic ligand
H .

comples by Lehn and Coworkers', The stability 1z partially due to the ligand

rgidity and strong bond energy between metal and donor atoms in macroryclic

complexes
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The solvation enthalpies and entroples also play important roles in determining
the kinetic stabiliwm, A possible route for che formation of the macrocyelic
complexes have been shownh in Figure{l}! which are indicated that the reactions
between formaldehyde with ethylenediamine through the coordinated metal ion.
Then the amine becomes uncoordinated and triethyienetetramine in octahedral
faghiong reacts with {ormaldehyde to yield a tertuaryamine. The resulting
macrocyelic ligands contain six nitrogen atoms of which twe secondary nitrogen

are co—-ordinated to the metal mnw.

/
r

IE;. 1. ] it L b} 1 ¥ . .

[ ]
mplate reaction



The redox properties of macroeyclic compounds are of particular interest. because
eleciron transfer may be at either the ligand or the metal sites. E.S.R. studies
on the Hi{lly complex of hgand L.l and L, in figure {2} show the electron transfer

. . . . f
reaciions, where redox processes are essentially localized on the llgand'gj,

Thus the macrocyelle compounds are not only of use as models for the naturally
occuring compounds but alse are of commercial vahie {(e.g. Fhthalocyamine dyes
siich as monastrol blue), practical application {e.g. synthesis of new compounds}

and theoretical interest hecause of structural peculiarities,

i H
/"N\\ .

N NH
N

NH
]\\73“/ L1

Me Me

Me

Figure 2.



1.1 TEMPLATE EFFECT IN MACROCYCLIC SYNTHESIS:

There are two kinds of template effect described by BUSCHlbh.

fal Kinetic template effect, where the directive influence of metal ion controls

the stepwise reaclions.

(b Thermodynamic template effect, where the metal ion perturbs an existing
eguilibrium in an organic system and the required product iz formed, often

in high vield, as its metal compleX.

1.1.1 Template Synthesis

Metal template synthesis sometime provide selective routes toward products that
are Tot casily obtainable in the absence of metal 1ons. It has been shown that
template reactions involving formaldehyde and amines facilitate 1he preparation
ol saturated polyaza multidentate, macrocyclic, and macro-polycychie comp]exesu'
Y The reactions are simple, straight forward and producing high yields of the
products. Previously the symnthesis of Nit{ll) complexes were carried by the

template condensation reactions as described in equations 1-4 e
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For the KWIiill} complexes of ligands shown in fjgure €3} N-N bite distances

involving retraazableyclononane were unusi.m]ly short and the complexes exhibit

4

Ty Py

1INTeresting EDE(_:TTOEQ(JDIC prop EI'tlEEl

NH

G D )
) L)

Lsg

Filg.4

W allempe;tl to synthesize complexes with ligands shown in figure (4} from the

reaction of tetraamine, formaldehyde, and ethylenedimmine in presence of Ni¢lD)

or Culll) jon to see how the spectroscopic properties and structures of the
|

complexes are influenced by having an ethylene moiely subsiituted for a

methylene meiery linking two uwheoordinated mitrogens. The pozsible reactions are

shown below.

a NN

NIt HN NH NI, + CH,0 ~————= INi{L,}/': {2

itl i \,

+ HN NH NH, + CHO =N (L1 14]

However the reaction yielded complexes of ligand shown in figure (5) hy .

Muttan et al léH instead of ligands shown in figure {4),



17.2 Mon Tamplate Synthesis:

In nen iemplate syntheeiz, where free macraocyclie ligand is prepared first and then
reacted with mefal sajt to produce a macrocyelic complex. The temmlate ion can not
be easily removed from t1he macroeyclic ring without destruction of the ]igami{m,
Non lemplate synthesis of the organic macrocyolic Hgand often results in low yield
of the desired product. To increase the vield of the macrocycle and reducing
polymerization reaction, the step wise eynilliesis often carried out under high
dilution condition. The advantage of this approach js that t{he macrocyclic ligand
may be isolated purified and characterized befors the synthesis of metal romplax,
Often low yield and difficulties jn synthesis of the ligands ete are normally

ahserved,

(C Hz}
H /" Hj

C. X,

NG, L
{CH» }n . 5

Fig & Structure of Ligand.
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1.1- PLAN OF THE PRESENT WORK

The present work was undertaksp with the objective of eynihesizing some {(a)
hexadentate, {h) penterdentate and {c} tetradentate ligand complexes of Co{ll},
NI(ITY andl Co(Ify by the convlensation of (a) ethylene diamine ane {riethylene
fetraamine with formaidehyde, (1) interaction of 2, B~diacetyl pyridine and
triethylene tetraamine, (s} 2-g diacetyl pyridine and diethylene triamine in the
pressence of metal Lic:-n by templete reaction. Sometime _mineral acid was used to

calalyae cyelisation.

The reactions appear to he interesting and significant in view of close simijarity
of  these macroeyelie complexes to  certain biclogical macracyclio system“m,
Furthermore, these investigations report reveal, that the size of the small ring
mojeties fused to the macrocyclic ligand significantly affects the metal donors
distances as well ag indicated hz;r the specirogcopic and electrochemical properties
of the complexes. The wark also shows (hat equilibris between square planner ane
oclahedral specias- of Ni(in complexes in aquecus solutions are aleo greathy
influenced by the gsmalj ring moieties fosed to the macrocyclic ligand. Some
marrocyelic Ni(TI) eomplexes are known 10 exigt in waler as emmilibrium mixtgres

of yvellow diamagnetin sguare planney INHL}II*E and biue {or voile) paramagnetic

ortahedral INi{L} {Ilif,‘r.‘l‘,riJr1 Epeciesm' :[r-HI}_

m
L e e BN g gy
s '{F L -k:r_u##“-’ﬂgﬁ% _-;

f

-



EXPERIMENTAL

1:34 MATERIAL AND METHODS:

The chemicals and solvents used during the preparative and analytical work were
standard reagent grade procured from E. Merck of Germany, BDH of England and

Aldrich Chemical Company Ltd.

LiC]D! used in the reaction was prepared in the lahoratory by the reaction of LiCD3

with HCJD; adopting the usual: precautions,

Micra-analytical data for C, H and N were ohtained from the Tokyo Institute of
Technology, Japan by using Yanagimoto CHN autocorder Type MT-2 and Yazawa

Halogen Analveer.

The infrared gpectra of the compounds were recorded using JASCO IR &I0

spectrophotomer by uysing KBr Pellets.

The uv-Visible spectra of the compaunds were recorded by uv-visible recording

gpectrophotometer model yv—180 A shimatzu.

Thermogravimetric analysis was done with Rigaku Thermzl Analysis Station TAS 100

with Rigaku TG hasic unjt TG 5110,

X-ray powder dilfraction patterns were recarded by using JDX-8F JEOL Ltd, Tokyo.
Japan diffra’ction recorder.

Melting point war determined Fisher John's melting point apparatus.



SYNTHESIS OF THE COMPLEXES:

1.3.2 INi{A}) ICID;JI: (A = CIIHHHE}'

2% trethylenetetraamine (4 ml, | m moled, 36% agqueous Tormaldehyde (8 mld
were added fo a selution of nickel chlomde (6 gm, 1 m meolel in methanal (50
mi}. Then ethylenediamine (2 ml, 1 m mele) was added to the mixture which was
then refluxed for 12 hrs. A dark orange solution was obtained. The solution was
filtered to remove insoluble materials and the filtrate was cooled to room
remperature, A saturated soluuiop of LiClo, (4 mi} was added to the Tiltrate. It
was then allowed to stand in a refrigerator overnight. Orange crystalline
praducts were formed. The crystals were separated by filtration using a sintered
glass crucible No. 3 and washed with methanol. The product ﬁfa& crystalhized
from hot water, dried over silica gel and weighed, 70% vield with respect to the
metal waz obtained. The melting point recorded was 200°C. The L.R. gpectra of

INitC]EHEHﬁJI 'IrClCr‘}'1 is thown in Figure (6}

.33 Iata)) {CIO¢JI: {A = C]ZHIEHE}'

Thiz compound was prepared by a method similar to that for INi(All DCICI{}1

cull,. “H,O was uzed as a metal source. The wolution mixture was refluzed for
12 hrz. The cotour changed to dark viclet from blue. 1t was filtered and a
saturated LICIO, (4 ml) solution was added to the filtrate, The solution was left
In a refrigerator until the crystals were formed {1 day}. Yield was 65% having

m.p. 213*C, The LR, spectra of ICU(C:JEHHNI:}] U:ltill!,‘r1 is shown in Figure (87,
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1.3.4 {ColAM (CIO2 -i[HiOI: A = Cj:”:ﬁ”ﬁj

Iniz compound was prepared by a method similar to that for 1N1m}l((.‘10*‘1,.

i

Call, GHEO was used as a melal spurce. The colour of the sojution mixture was
changed fram violet to dark brown. Yield; 65% yield m.p. 212%. The LR. spectra

of 1(:0(*:1:1-115}@5}! 1’.{31{1&4}E 4(&1101 15 shown in Figure {(&).
1.3.5 INi{Ad {PFE}z: ﬁ{H!CI}: (A = CHH”}«IEJ

Triethylene tetramine (0,15 mi, ¥ m mol) and Nickel acetate (1.15 g 1m mol}
were separately—dissolved in 25 ml of .0 Water. In ancther beaker, 2.06-
dmcet:ﬁ'l pyridine (0.16 g 1 ml) was diesolved in 50 mil of methanel. This
solution was taken in a round bottle flask and Nickel seolution wae added to it
foilowed by 2-3 drops of acetic acid, The mixture was refluxed for 30 minutes
then triethylenetetraamine solution was added to i1, The colour immediately
changed from green to reddish Lrown. The solution was further refluxed for 12
hours, 'The solution was filtered and concentrated.  Then ammonium
hexafluorophosphate was added to it. The cryetal product was collected by
filtration and dried over silicagel in a desiccator and weighed, Yield 60%.
Melting point 150°C. The LR, spectra of lNi{CﬁHﬂNEH (PF ), 6{H,Q) is given 1n

Figure (7).



15

100.0 100.0 -
20.0 800
60.0 1600

o

=

Ty

Ll

T

=

A 40.0F 1400

20.0f 4200
00 L 1 L | 1 Q.0
40000 30000 20000 15000 1000.0 5000  4007QY

.I._m -
,um._ ———a=— WAVE NQOscm)
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1.3.6 ICUlAPFp,. 5(H0): A = CHoN,

This compound was prepared by a method similar to that for IHi{A}HFFallf&{H:O}_
The ropper acelate was used a® a metal source. The colour of the solution
mixtie was changed from ereen to blue. AmInornium hexafluorophosphate was
nidded 1o it The crystar was collected by filtrayson and dried in desiccator,
Yield, 53%. Melting point 215°C. The LR. spectra of lCu{CJSHEHNEJI (PFEil 5“120} 15

Fven in Figare (/).
1.3.7 INilAl {P'FE:I1 4{1110}: A= Cl:”]i“i

= boalacety] pyridine (0.3384g, 2 momol) was dizsolved in 75 ml of methanol.
Nickel acerate 0.5 g, 2 momot) was cdizzolyed 1n ¢d m] of D.D water. These two
solutions were taken in o round bortom flask and 2-—23 drops of acetic acid was
added to i1, Then it was refluxed for hall an  hour. A solulion  of
diethylenetriamine (U 202 g, 2 m mol) 10 50 mi of D.D. water was addad to the
round npottom flask. Then it was refluxed for further 12 hrs. The colour chianged
from blue to reddisn brown. Then the eoloured solution was concenlrated and
some amount of ammonium hexaflorophosphate was acjclprl o it. A deep brown
powder proaduct was obtained. [{ was filtlered and dricd 1 desiccator. Yield 33%.,

melting point 299¢C. The IR, spectra of INH(‘”H]EN*JI {FFEZI1 4EH;O} iz shown n

Figure (4],
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135 [Cutall U’F'E}: 4{]{10}l A = CIIHIE'Hl

Tiis compound was prepared by a mwethod simidar 1o that for lNi{MIH‘FﬁJEMH:DJ
Copper acelale was died as o metal souwrce and the solutions were refluxed for
|+ hy: The ecolour chhanged from prussian blue 10 navy blue, A green powder
product was obtained alter adding ammoruum hexalluerophosphate. The product
war colleeted. Yield 65%. melting point 260°C. The 1.7, spectra of lCutCJB}ilBNJ}I

H’E,I}. FEH.0) iz zhown m Figure [(L0),

1.2.9 iCdial H‘b'ﬁ}z. MO A = Gl N,

This compound was prepared by a method similar 1o that for INimH{Pl*“ﬁ}E-HH,O}
The cadmiun acefate was used as a metal source, The solution was refluxed for
15 hrs. 4 colourless soluwtion turned to light orange. after adding of ammanium

hexafluprophosphate, crange product was obtained. The produet was collected by

fritration and dried 1n deziccator. Yield 0%, The LR, spectra of lud{CmHHN*}!

I{H-tJ1 .'H'HiE}J 12 =hown 1 Figure §11)}

18
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CHARACTERIZATION AND PROPERTIES
1,[,11 MELTING PQINT:
e

Melting point indicates an unique property of a suhstance, The range of melting
temperature indicate whether the compound ig ionir or nonionic. Generally ionic
compound mwelt at high temperature and nonionic compound melt at low temperature,
The purity of the compound is indicated by the sharp m.p. by using Fizher John's
melting point apparatus, the melting point of samples were recorded upto 300°C.

The rasults are shown in Teble {1).



Table (1). Melting Points of the Complexes.

Compounds Melting Coloyr Change
Pointa (°0)
Lefore Altar
Melting Melting
[mitc H N JCio), 209.00 Dark AshTt
. crange
[ente grncioh 2130 Violet Black
I_Cn[C]EHZEHﬁ]I}ElD{]z 4(H,0) 212.80 Brown Brown
[Ni{C H NJEPF), 8(H,0) 150,00 R@ddish Ash: T
Brown
[onte 1, N JIPF), S(H,0) 215,00 Blue Black
[Ni{C HNJKPE), 4(H,0) 299,00 BTOW Black
[CumlﬂHlﬂN;}}PFﬁjE 4(H,0) 26040 Green Black
{E:d{CHI-I]IHl}T_[PFE}E 3{H,0) 186.00 Brown Red

From the Table (1} the complexes were found to melt accompanied by decomposition

together with colour changes.

23
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1 :l".ﬁ SOLUBILITY:

The solubility test was done on qualitative basis which indicates whege. the
compound is iopie or covalent. Most of the compounds prepared are easily soluhle
in organic solvents. Thir indicated that ‘the compourid has covalent character. This
test is the excellent agreement with the melting point of the completes. The

solubility data are given in Table (2.
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Table (2): Solubility of the Compound. {Qualitative Observations}

Compound

INILC, Hy X JHCI0 ),
CU, JLN HICTO ),

ECO{C”HHNS}HCIO*J: -HH:O}
[NHCC N IPF,), 6(H,0)
ICULC, HNJIPF,), 3{H0)
|NiELJJ.EHHI‘F"H{Pl*'E}j 4“[:(}}

tL‘u1’.'Ifl,h|!r1:ﬁb~[gllHl—“F'yII2 (1.0}

(CA{C,H NPDIPF,), 3UL0)

Sohzble 1n

methanol and
chioroform

mmethanal and
chioroform

niethanal and
chloroform

Acetone,
methanaol and
DMFEF

ACEIGHE.
methanoi and
bEMF

J"'LC'E’E'DI!E,
methanaol ane
DMF

Acetone,
methanol and
DAMF

Acetone,
methane] and
DMF

Sparingly
soluble in

Hot water
and DML.0

oy water
and DMS0

Hot water
and DMSO

Hot water

Hot water

Hov water
and DMSO

Hot water
and DMSD

IIor woter
and DMSO

Insodubie in

ethanal, water and
diathylether.

etitanol. water and
diethylether.

etharniol, water and
diethylether,

chloroform, ethanaol
and water

chloroform, ethanol
and water

chitoreform, ethanod,
waler and (:clJr

chioroform, ethanol,
water and C«ClIF

chloroform, ethanol,
water and CCI,{
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1.1?.3 FLEMENTAL ANALYSIS:

This is a unique technique for the characterization of any chemical compound.
Elemental analysis for carbon, hydrogen and nitrogen of seme of the complexes were
obtained from the Tokyo Institute of Tachnology, Japan by using Yanagimoto CHN
Autocorder Type MT-2. Now a days, computerized instrument is usually used for
determination of elemental analysiz, The results of the elemental anaiysis are

summarised in Table (3}



Tahle (3} Microanalytical Data of the Complexes.

Sample

INILC JE N H STy,

ICule JLN I (Cl0),

lCo(C, H NP (C10,1, 4(H,0)

INL(C H N {PF), 6UTO

i d
oy

ICutCHHHNHI EHHO}

% C

Found

27.58

14.65

]
-y
o
| g

24,99

Cal.

27 86

24.65

24.66

% I

Found

0.07

4.67

4.54

4.45

Cal,

RN |

% N

Found

16.32

16.33

14.44

- 539

9,00

27

Cal.

1647

16.21

14,43

9.7H
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1.@,.4 CONDUCTIVITY MEASUREMENT:

Conductance is an additive proparty of solution and it is indicate whether 2
compound Is jonic or covalent. Under the infhuence of an electric field, solution of

electrolytes conduct an electrie current by the migration of ions.

The specific conductance of solution decreases with increasing dilutien, sc the
gpecific conductance of the complexes were measured, uging very dilute solution
(0.00001 M}. Acetone was used as a solvent and TOA conductometer of maodel No.

CM—55 was used. The molar conductance datg was given in Teble (4}

The specific conductance of the complexes were measured by the follawing

relation Shipf s

Molar Conductanne = Specific Conductance x Volume in which 1 mele ig

fligssolved,



Table {4 } malar conductance data for some cnmp]exes.“"a.""'n T

Compounid Goncentra_tic-n Moelar gond!mtﬂqfe I:Iu. of

of Solution{m) cohm cm” mol ions.

[ Ni(C H N (CI0), 0.00001 282 3

[culc HyNJj(clo,), 4.00001 240 3

[ ColC, H, N (C10,}, 4(H,0) 0.00001 261 3

[Ri(C, H NI UPFY, 6(H,0) . 0.00001 260 3

[Culc, N, 1] 6H,0) 0,00001 250 3

[ NI(CyH N }] 4(H,0) 0.00001 225 3

[C0{Cy 1, N )] 4(H,0) 0.00001 200 3

(Cd{C,H; N, ] 3(H,0) 0.00001 - 150 2
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1.4.5 1. R-SPECTRA

1. R. spectroscopy iz a valuable technique for characterization of macrocyelic

complexes.

The jnfra-red spectra of the complexes were recorded on a JASCO IR 810

specirophotomer hy using KBr Pellets,

The tentative hand argignment have been made on the hasis of estandard.

Literaturems‘“.

The infrared absorption peaks of the complexes synthesized during this research

are summarised in Table (5} and identification of the absorptions are indicated.



Table (5) 1 R spectra bands of complexes.

3]

anpornd IHE'EI KR £ [CH,] (7r,] {HN] fclo,]
Ni EEIEHEE.HE.} ff:ll}ilz J650 Hﬂzglﬂu I#10 %;;ﬂ - i s
LU 1C, Ha ) [CH0, ], 3250 120 1440 1619 410 Bl
Bip . 2030
Cole bt ielo gt | 3450 VAR IR T : T 140
RE (€l (FF L, 41H.0) e e I |5 850 -
I RCATIIRIETE N U L n 588 H -
ML, B PRE, 4100 | bast | 126 1% 550 it -
AT, b 1P, ), 411,01 i o | s | s i
T P I O oo e s | -




I ‘]'ﬁ ELECTRONIC SPECTRA:

Ultraviolet spectra can give qualitative knowledge of electronic properties. The
energy absorbed _jn the u.v. region produced transition. The transition consiste of
usually non beonding p or bonding orbital to the next higher enrergy orbital i.e,
(antibonding 1'1t or o Drbita]}ﬁ. For recording the u.v. spectra of the macrocyclic
complexes, a double beam u.v. visible spectrophotometer of model No. wv 160 A
Shimatzu, Japan was used. The absorption bands of the complexer in the uy region
resuits from the d—dt. n-u and n-n electronic transitions. The pattern of the
maxima in longer wave length which is due to the metal to ligand charge transfer
transition. The u.v.-visible spactra of the samples are shown in Fig, {19-1%). The
relatively weak absorption band in the region 300—-700 usually indicates n-m

trangition and bards to high intensity {240-250 nm) are possible due to n-—n'

trangition. The ahsorptiou peaks are presented in Table (8).
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—=ABS

+2.50A : - 1 - ; - ; -
D-500F
- o ———
«0.00A } i 1 1 1 1 I 1 NM
200 L.~ £00-0 1100.0

PR 1100.0NM 0540 A
WAVE LENGTH{rnm)

Fig.it®: u.v. Spectra of the Conplex Mi[(Cy2HagNg}] (ClOg)2.

" w5k PEAK-PICK %4
——- PEAK --—- —— VALLEY ---
ABS ABS
§61.0 0.503 655.0 0.403
309.0 2,106 303.0 1.993
296.0 2,224 268. 0 2.035
254, 0 2.066
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+2 504
0.500
N
m
AH -
._.G_D_Gb_r 1 i ! I ] } ! ! nm
200 400 a0 BOG 1100.0
— = WAVE LENGTH(nm)
5 Fig.1%:  u.v. Spectra of the Con plex Cul (CyzH35Ng] ) ﬂﬁ:ﬂ.p.,u,
YA PEAK-PICK 724
--- PEAK --- --- VALLEY —--
ABS ABS
672.0 0.423 - 10700 0,418
361,10 .951 553.0 0,404
243.0 2,441 ERYLMT 2.902



35

- ABS

rmﬁﬂh T T T T T

T

0500

+0.00A |
200 400

A
500 800 00O

—= WAVE LENGTH{nm)

B Fig.14:. u.v. Spectra of the Conplex Col{CyyHzgNgl] (CI0y); 4{H,0) .
wHk PEAK-PICK ***

ME A - --= WALLEY ---
ABS ABRS
d41.0 1,228 56,0 0.587
209 1.4544 328.0 T. 160

2810 1,857 2017 1 1,430
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2.00

1.80 +-

1.80

1.40F

120

T

1.00

0804

0 60F

0.50 L
200.0 2

I L 1 " I 1 §

L00.0 600.0 800.0 1100.0
WﬁVELENGTH[nm}

Fig.15: u.wv, Spectra of the T:‘iethyienetetraniﬂe.

TR OPEAK-PICK ##+

“— PEAK --- -== VALLEY ---

ABS . ABS
443, o 0.576 377.90 0.542
357.0 0.3&0 50,0 O.547
344, 0. 640 $15.0 0.603
2400 1. 023



Table (6) uy-visibie spectral data ol some macrocyclic complexes.

37

Compounds Maximum {nm)

Ni{cuHmNﬁ} ::cm;}i 861.00 a0e.0p 296.00 254.00
Cul.’CHHIﬁNE} fcmh 672.00 341.00 243.00 -
Cof{CpHuNy (G0}, 4 HO -- 341.00 | 296.00 243.00
Ni{CmHBN&} tPFE}i 6.H,0 458.00 449.50 285.00 238.00
Cu(C]ﬁHHNE} f.’F'Fﬁ:I2 5.H,0 - 280,00 - 236.00
(mtc”HHN*} {F'FﬁllE 4sz0:| —— — 221,50 -
cutclﬁwﬂg {F'Fiﬁ}lE EEHID! 280,00 221.00 -—
Triaethyleng fetramine 443.00 357.00 344,00 240 00
diethylene triamine -—— - - 235 50 ——
2. 6—diacetyl pyridine —— 274.00 PRE.OO 220,00
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J.tr'r THERMAL ANALYSIS:

Thermal anﬁ.]ysis gives an idea ahout the bond strength of a compound and
provides information ahout honding nature, In thermogravimetry (TG), a change in
the weight of a substance ig recorded as a Munction of temperature with respect
to time. Changes in the weight are the result ¢of the hreaking or formation of
various chemical bondes at evaluated temperature. From this analysis it is also
known whether the reaction take place is endotherifhgor exotherywx-Weight losg at
lower temperature iz due to ieitice compoment or loss of weakly coordinated

component which are attached with central metal atom in cocordinared complexes,

The thermogramimetric results depend upon the particle size, weight, heating rate,
atmosphere of furnace etc. Thermograms of the compminds are taken hy RIGAKU
thermal analysis station TAS 100 with basic TG unit thermofiux TG 8110 from the
HBRT lahoratory, Dhaka. The heating rate contralled by the temperature programer

panel 15°C/min.



14.7.] THERMAL ANALYSIS OF Ni{C\H)N(CIOJ, & CulCHyN(CIO),

The thermogravimetric analysis indicated that the Ni(C”HiﬁNE{ClD‘}z changed
composition at 290°C with violent exothermic explosion which is comprehensible due
to the presence of parchlorate ion. From the TG of Cuicnﬂzﬁﬂﬁ{qu it was observed
that the compound changed composition at 270°C with violent exathermic explosion,
which ig comprehensible due to the presence of perchlorate ion. The weight loss
could not be computed to any chemiecal cha;Jg'e, The thermogragimetric analysis is

given in Fig. {lﬁ},
1.'{(.'?.2 THERMAL ANALYSIS OF H]'{C]:H”N*HPF‘]: 4{H!D} & Cd{C”H"N;}{PFE]: 3{H10}:

In the case of Ni camplex the TG curve shows that the weight loss start at 40°C
and continues upto 120°C. But in the Cd complex the weight loss start from 1006°C
and continue upto 150°C. These weight loss are probahbly due to the removal of
water molecule, The weight loss at 200°C to 325°C and 200° to 400°C corresponding
to the EID]GEiDn“Df two molecule of hexafluorophosphate. Third step weight lass is
possibly due to the removed of 2.6 diacetylpyridine and final step weight loss is
due to metal and diethylene triamine for both cases. The TG curve are shown in

Fig. ¢3-18).



WEIGHT [N mg
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F|g.'Ib'.'lhcrn'mgmvi:m:hiﬂ: analysis of e compleses
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OF WEIGHT LOSS

s

TGA
DTA

L] 1 1 I

1 ] 1

1 1
100 100 200 300 400 500 600 700 BOC S00

a
. TEMPERATURE(C }
Fig.ﬁf@. The TG anerT Gurve of the Complex [Ni{Cy3lijgh4)] {P}-‘ﬁjp-iﬂ]g()}.
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*» OF WEIGHT LOSS
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Fig.48. The TG snd DT Curve of the Complex [Cd(CmngNq}](PFE}E 3(HyO}.
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1.!".?.3 Thermal Analysis of Ni{('!HHL.‘IWI!.]‘r(PFEI!I ﬁ{Hp] & {31.1iI(':]E.I-IﬂNEIHIP'Fl}1 5(H=D}:

In the case of Ni complex the TG curve shows that weight loss start at 50°C and
continues upto 250°C. This weight loss is due to removal of water melecules, But
in the €u complex the weight loss start from near 100°C and continue 500°C. The
weight loss from 280°C to near 700°C corresponding 1o the explosion of two
molecttle of hexafluorophosphate. Third step weight loss within Tﬁe temperature rang
70G°C to 900°C is probably due to removal of 2, 6 diacetylpyridine. The TG curve

are zhown in Fig. uq-zm.
1,1“’.3 X-Ray DIFFRACTROMETRIC ANALYSIS

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

Tokyo, Japan diffraction recorder.

For X-ray dilfractrogram, Cu-K, radiation and Ni [ilter wes recorded with a
scanning speed of 2¢/min, chart speed 20 mm/min. Scanning range §5—52° fC‘ll—Kﬂ =
1.54184). Only the powder diffractrograms are represented in Fig. {24). The

complete x-ray diffraction of single crysfal products are under investigation.
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OF WEIGHT LOSS
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The TG and DT Curve of the Complex [Ni{ClEHﬂNE}][PFﬁ}? 6(H30).
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Fig. 2 The 1'G and DT Curve of the Complex [CutCysHygNg)] (PFgY 5(1150).
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RELATIVE IHNTEMSITY
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Fg, g1:Comparison of X-ray dillracaogram of the compleses



43

1.6 DISCUSSIONS

In the present work several metal complexes of hexadentate (C,HyN;}, pentadentate
{CJSHE:IN.‘:} and tetradentate {CJ.‘rHJHHI} maerocyelic ligand were synthesized h:_,f using
ethylenediamine and triethylene—tetraamine with formaldehyde, E.Eijdiacétylpyride
with triethylene tetrasamine or diethylenetriamine and metfat salts. Aqueous or
agueous—methanal was used as a reaction media. Lithium perchlorate or amonium
hexafluorcphosphate were used as a counter ion for the formation and precipitation
of solid crystalline complexes. For a good yield [irst row transition metal were

used. The formula of complexezs are given helow:

INI (C NI} (C100,

[Cu (C)HuNT (C10y),

{Co (CHuN1 (CIO,

INi {C,H,NJI (PF), 8(H,0}

[Cu {CyHyN (PFg, 5{H0)

[NI {C,H N3] {PF, 4{H,0)

{Cu (CH N (PFy), 4(H,0)

[Ca (CH N1 {(PFg, 3{H,Q}

In this reaction a metel] ion coordinates a tetraamine and an ethylenpdiamiﬁe in
octahedral fashion. Formaldehyde combines with two cis coordinated amine moieties
for the cyclization, yieiding methylenediamine linkag'esﬁ'ﬂ. Uneccordinated secondary
amines -invnlvinz methylenediamine ]ilnkages react further with formaldehyde to
become tertiaryamine. The resulting macroeyele ligands contain six nitrogen atoms,
of which four nitrogen are tertiary, either coordinated or uncoordinated, while the

remajning two gre secondsrv and ronrdinated ta the metsl irm
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Micrpanalytical results of complexes for €, H and N for some ¢omplexes are in good
agreement with the calrulated values corresponding to the marrocyelic complex
formations. CompleXes have sharp m.p. indicating the purity of the complexes, The
ready esolubility of the compiexes also sugmgest that the desired macrocyelization

proposed has taken place leading to the formation of the macrocyclic complexes.

The LR, spectra of the complexes are discusged together with the characteristica
bands, The peaks of various vibration modes are listed in Tahle (53 for
comparative study. The » € = N- hands appear at 161[!- em” for the i::n.mp]exes
indicating the macrocycle formation. The N-H of NH, and >C = groups generally
vibrate at 3350-3150 and 1850-1700 cm, respectively. Since the Schiff base
condensation reaction iakes place bhetween a diamine and a dicarbozxyl, the
absorption due to the free N—~H and >C = O group disappear. The peaks at around
4000 em’ may be an indication of the prezence of those of » N-H group. The

absorption hands at around 3800 cm'l

are due to the presence of lattice water, The
invariation appear at around 00 cm’ is due to the M—N band, The identity of the
infrared spectra of the co;plexes ajzo sugeest that these complex posgess
complicated struetures. The compleXxes show a number of intense absorption bands
in the u.v. region. From the shape, position and intensity, these hands are within
the assigned nm-n transitions. Conduyctivity measurement of some complexes are
carried outr using acetone as solvent. It is show that except for the Cd complex the

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

type is 2:1.
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The results of the thermogravimetric analysis of Ni and Cu complexes in Fig. (18
indicate the explosive nature of the complexes. From Fig. (24-25), it is observed
that the complexes siudied start weight loss at low temperature indicating the
removal of water meolecule. Macrocyclic compleX to be more stabie with respect to
ligand dissociation than open chain miat possess multidentate ligand site system.
X-ray diffractogram of the complexes Ni(CHHENE} (CIO ), Cu{CJIHEﬁHﬁII {CIOi}: and
ColCyH,N,) {0104}3. 4(H,0} are shown in Fig. {(21) for the purpogse of comparison only.

However, further work for the determination of the complete structure vaing single

crystal x-ray diffractometer iz in progress.
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ST UM IN "TTHIE SOLIITTION STATID a4
2.0 INTROQDUGTION

I o complex, where Two or more hgands of he same tvpe are bonded with o
metal inn @ called a banary Tierand comples and i1 GifTerent types of Jigands are

preszent, then the complex iz zaid to oe ternary compley or mixed hcand comples.

in oo iving t=sue awd {loud, strone co—ordinatineg transition metal 1ons  and
potential co—ordinnling s1tes of organic molecules are rezponsible for plochemical

. 11 - N
reactions . I such cazses ke mwixed lheand complex formation s (o0 be

i

, . . . . 1{-3; ,
OOrFeTy o0l In a nochemeal syvstem the Termary 'IZ‘OI'J.’]IJIE‘.‘&E.‘E-* FRI]ECTE'Cl 10 pe

formed. Taking everyihing together one is not cwrprized any more about Wood:z!
B I , _ , .

conclusion™, "I vou think that biochemistry is the orcanic chemistry of living

s¥&lem. wou are misled; bochemistry 1z the co-ordiation chemistry of living

tvolem”  ihe blochemical reasciions are nothing but models of ternary complex

1

vl

. B - . . . -
Torming' syztemsz, Uhe synthetic 1enpary complexes are formed when metal ion

. - : Eud-le sia

bonded with vwo differont carrer hrands and subsirate L4253 . The =tabilities
: - . ERAEE RIS

of 1he ternary comple<es and associnted binary compleges™' ' have heen

reported.

Ihe formation of ternary complex can be expresszed i three different WAVE A%

follows

Mo+ oA+ L ——hiAlL, e = IMALIAMIATIL l1]
MA + L~ blal, Few, = IMALIAIMAIIL] |2
ML+ A —————pNal. - KZa = IMALIIMLIIAL 12



Hence

log K
log  Ka

log P - Log K {4]

log P, - Log Kp {5]

It

There are two common methods to express, on a quantitative basis the stability of

(5,28,39)

ternary complexes . Firstly it can he expresaed[m in terms of

AlogX = log Kaw - log K = log Kpa - log Ky [5]

i.a. the diNerence in the tendency of a ligand (4 or LY to bind with free metal ion
and with the metal ion already bound to anather ligand (L or A). Tt is evident that
from the relationship eq. (6} that the influence of both ligand is mutual and both
ligands are either stabilized or des‘ribiiizer‘l in their ro—ordination te the metal ion

-

equally.

AlogK must be a conatant hecayse it ig the result from substraction of two constant
logk is & constant corresponding to the equilibrium constant of the reaction

indicated in equation [Tl

MA + ML MAL + M i71
_ IMAL] [M]
Ichvlogm [sl

From statistical consideration AlogK is expected to be negative. This is begause
whon the first ligand (A} combines with a given multivalent (hydrated} metal ion,

it has more co-ordination position available for bonding than when it comhines



with meta)l already hound te another ligand {(L}. Hence, the order log e

Log Kﬁ usually halds and one expects to observe negative values for AlogK.

The stabilization factor gnverning AlogK depends on the coordination number of the

metal ion and the denticity of the ligand.

The difference, {logﬁ:u - lngl’,ﬂ is generally about -0.5 to -0.8 log units for

{iy

menodentate ligands and about -1 to —2 log unit for bhidentate ligands™. In the

case where A and L are hidentate ligands, there are twelve edges of a regular

aetahedrnnm"

available for the First entering ligand, but only cne Ffive for the
secc-ndum i.e. the statistical factor is 5/12 and aceordingly — Alog K, = =0.4. For
square plane {(sp)} a factor of 1/4, i.e. ﬁlagKﬁP = —0.8 iz obtained. However for the
distorted octahedren (do) of cu® the statistical value is more difficult to assess.

ﬂ]]_ there are eight {or aven

Considering the John-Teller inversion to be rapid
twelve) equivalent attacking positions for the first ligand while the valve for the
seccnd ligand can vary Irom cne te four {or never five) depending on the relative

rates of inversion. Henre, the statistical value is between 1/8 for 1/12} and 4/8

56’

snd Alog Hdu = -0,9 {for — 1.1) to =0.2. In case of Cu” and the ligands that

introduce a strong ligand feld, the statistical expression Alop Hm.m = —0.9 ig

considered 1o be most appropriate onem

. Hénce an experimentally cetermined value
of Alog¥, more or less negative them -0.92, indicates that in equation (7}, the

tennary complex is faveured less or more, respectively. So the value of Alogk is



affected hy the nonstatistical factors depending on the natures of the ligands A
(%)

v

and L and structure of the metal ion in some caszes

The other approach 1o express the stability of tennary complex on a qoantitative

hasis iz based on the "disproporticnation constant" K as defined hy the following

CETO
equation.
LN
Mr‘k; + MLE\_ ZMAL
- [MAr]?
X =2t
Toprop” A ] (ML ol

10gK, perp=210gByac - (1oapi +1ogpL)

From statistical consideration the value of Kreprup is expected to be 4. Under purely
statistical considerations the mixed ligand complex MAL is formed by two path ways
{eqs. 2 and 3), whereas Ma, and ML, are formed by one path way each, Hence there
iz a pt:-ssibi]ity of 50% formation of [MALL, while hinary complexes MAa, and ML, are
fermed to the extent of 25% each, Hence the value of Kﬁ!ﬂﬂﬁ should be equal to 4

a2z shown below.

N :ELP — E—U? = 4
TORrSR [ MA ] {ML,] 25 x 25
or, log K = (.6

TEprTp

53
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Hence log Kl'eifi'ﬂll will he 0.6 if omly statistical factors were responsible for the
formation constant. If for elertrostatical reasons the stability of MA, or I'I'IL3 complex

is less, more of MAL is formed and the value of logxrm is higher than 4.6,

Thus the stabjlity of the ternary complexes can be evaluated either based on the
values of AlogK or Iog'}{m, Each of the ahove two methods has its own merit and

(7.28)

demerits end preference to either appreoach has to depend on the kind of study.

The main advantage of consideration of log 'HJ'EIIH'P ig in irs firm statistical basis. It
does not depend on the co-ordination number of the metal ion or the denticity of
the ligand. This advantage iz lost while using AlogK formulation, since the
atatistical value depends upon the co—ordination numherl of the metal ion and the

denticity of the ligand. Log K does not indicate abszolute stability of the

iyl
complex, but its relative stability with respect to the complexes MA; and MLE. In
a mized ligand complex containing a neutral ligand A or a negatively charged
ligand L. AlogK is not affected by the electrostatic or entrapy factor. Dut sterir
hindrance between the two ligands in a Mﬁi or MLE complex results in the

distortions from a tetragonal g'enmetryﬂm].

In the present chapter the formation constant of termary complexes [MALl where
M = Cu{lll, A = oxalic {(0X} acid or 2, g-pyridinedicarboxylic acid (DPA), L =
Glyeine, or a.alaling, or phenylelanine or tryptophan have hbean determined and the
values of AlogK have been calculated, The protonation constents and formation

{34, 35, )

constants for binary complexes have been reported earlier , and present work

has used those of previous constant.
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EXPERIMENTAIL -
7%:4.1 APPARATUS

Al glasswares used were of pyrex glass. The microburette was calihrated to 0.01
ml by the method described by vnge]m"'. The measuring flask of various rapacities,

pipettes ete. were calibrated by using a standard burette,
Chemicalg:

All reagents are AR grade and their standard soluticons were prepared by directly
dissolving the weighed guantity of them, in known volume of aguecus soplution.
Copper perchlerate was prepared [rom analytical pure copper cerbonate by treatment
with 70% perchloric acid {(AR). The resulting solids were washed with ethanal till
free FProm excess acid and recrystallized several times from ethanol. Copper
perchlorate are partially soluble In alcohol. Steck solution of copper perchlnraté,
perchicric acid, sodiuvm hydroxide snd sodium perchlorate were all preﬁar‘ed in
carhonate {ree double distilled deionized water. Copper perchlorate solution was

alen standardized by ilodometric titratiﬂnm],

Carbonate free godium hydroxide
solution was prepared according to the literature methndﬂg} standardized by standard
oxalic arid solution. Standard perchlenic acid selution was prepared [rom AR 70%

acid by proper dilution and titrate with standard alkali.



60

2.1.2 POTENTIOMETRIC DETERMINATION OF STABILITY CONSTANT

. . T .
Irving Rossotti titration techmque'*"'”] has been used to determine the formation
constants of 1he ternary complexes using "S000S  (stability constants af

Generalized species) computer pruﬂTﬂmme““gl,

The activity coefficient of H+ under experimental condition has been considered
to be equal to 0.7% and the value of the ionic product of water 14.167 hasg been

used.

For the «etermivavion of formation constants all solutions were titrated
potentiometrically against standard (¢.02M} gadium hydroxide solution. In all 1he
cases acid concentration was kept 2.00 % 10 °M and the total ionic strength (1)

of the selution was mamtained at 0.2M.

For the determination of the formation constants of the ternery complexes {MALJ,

1 I
the following solutwon (530 cm’d having M:A:L 1o the ratio 1:1:1 were prepared.

1. AR HC]DP { a2M o netal perchlorate, 0.002M licand {(ag. 000236 Haand
(L) and 0.1748 NaClO, this sel waz utrated apainst standard alkali. All
the titrations were carried out in aguecus medium and the temperature
was mainiained at 30°C z 1°C during the progress of titration. Tiration
were carried out by using TOA pH-METER HM- 205, having an accuracy of
£ Q.01 pH unit. The glass electrode was ealibrated? uging buffer zelution
of pH 4.01 and #&.56 Hence the stability constants calculated are

wor e .
slochimetrie constants™. The caledlavion were carried out by computer,

EPSON, PCA XAS/I200 .



A model input data required for the caleculation of formation copstant in the

ternary system requires the foliowing details.

L]

14.

11.

1%,

No. of jobg to be caiculated,

No. of experiments in the get of experiments'umler study.

No. of ligands (fwo}, no. of matals {(one) and the no. of complex species
formed {including protonated forma of ligand, hydrolyzed metal species ato.),
Composition of each apecies haz to be described along with its approximate
formation constants as the logarithm to base 10,

No. of displaceable protoms on ligand {1) and ligand f2}.

Title of the experiment,

initial concentrations of the metal, Jigands, mineral acid {Hcmg. ritrant hase
and total initial volume concentrations are expressed in melesAit and volume
in mi.

For each titration reading bearing values of titre of base, of pH and INDEX
{a quantity which is zero for all but the last reading of experiment when
INDEX = 1}. '

Then retumn to item 6 to read data for nmeXxt eaperiment and repeat until
data for zl1 the experiments, as indicated by item {2), have been read.
Logarithm to hase 10 of the ionic product of water, and the coeffirient of
hydrogen ion under the condition of experiment, {e.g. at 30°C and I = 0.2
The no, of constant to he refined and no. of calculaticn cycles to he
repeated to get convergency in the formation gonstant values,

The particular constant to be varied, given with serial no. ag in {4) and the
logarithm increment or decrement to be applied to the formation congstant in

the numerical differentiation.

&9
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The repﬂrtedm':ﬁ'ﬂﬁj protonation Eons;tant and formation constant were used as
lixed parameters for the refinement of the formation constants of the ternary
complexes. ‘The porton ligand formation constant of binary rcomplexes are
shown in Tabie (1). The species ronsidered for the calculation of formation )
constants of the temary complexes were A, AH, AHT L, LHE' MA. MaA, ML,
MLE, The values of formation conatant for the ternary complexes, AlogK have
hean presented in Table (2} p", Titration curve have been presented in Fig.
1.1 to 1.8 for the ternary complexes. (MAL-system} are shown in Fig. 1.9 to
1.10. Representative species disltrihu‘rion curves as a Munction of pH in the

solution containing M, A and L have heen presented in Fig. 1.11 1o 1.18.
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Fig 1.9: {MAL-System ) where M=Metal , A=Oxalic Acid and
L =gtycine or Tryptophan.
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(M-DPA-Ph.ala.) System.
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0 (M-0X-Ph.ala) System.

Fig.1.10:(MAL System) where M=Metal ,

A=2 6-Pyridinedicarboxlic acid
or Oxalic acid and L =Pheny lalanine.
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of the metal as tlhe function of pH. ‘.
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showing the formation percentages relative lo total concentration of
the metal as the function of pH,
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2.9 DISCIUSSION

The analysis of the species digtribution curves shows that in the pH

range 3.5 to
6.00, MA and MAL are the major species. The percentage of all other species 1s less
than 1% in case of (M(DPA} (L)} system. This is hecause DPA forms stable binary
complex M-DPA(MA) at low pH and 1. combines with MA to form MAL ternary

compleXes.

it is cbeerverd thal in general J.!.}c:gh: for the MAL complex studied is negative, as
expected from the statistical consideration. It is interesting to observe that Alogk
iz more negative in case of {Cu(DPAMNL)] compare to [Cu{oX){L}] compiexes. This is
due to the tridentate ligand DPA occcupy the three pruatorial pesition arcund the
metsl jon. Hence in the formatinn of ternary complex. the hidentate igand {L} hes
to occupy one cquatorial and the one axXial position. Due to John Teller effect in
cage of [Cu (a) (L)) complexes the ligand is strained ip occuping 1he axia) position

and hence its tendency to co-ordinate with the MA is much less than in The hinary

complex, where hidentate ligand occupied two equatorial position. Hence log Kﬂ is

much less than log K,ﬁ and AlogK is more hegative, In the absence of John Teller

distortion in [Cu{OX)(L}} complexes, two bidentate ligands oceupy four aquatorial

positions. 1t does not feel any strain in oceupying two eguational positions.

It is ohserved that for the complexes [Cu(DPA)L)], where L = Fhenyl alanine or

tryptophan, AlogK is less negative than the complexes were L=glycine or a—alaline,

&



gL

This is because of intramolecular ipter ligand interaction. Phenyl alaline and
tryptophan are bidentate ligand hence occupy one equatorial and cne axial position
as in the case of glycine and a-—alaline. The naon m-ordinat?d gifle group. FPhenyl
of phenylalanine and indel ring of tryptophan respectively come over the pyridyl
ring of DPA and hence noncovalent hydrophohic interactipn ig possible. This
intramolecyiar inter Mgand interaction etabilized the ternary complex, leading to
less negative AlogK value, This may be because of the tridentate ligand occupying
Tworequatorial. one axial position. The bidentate amino arcid occupies two equatorial
position and the nonco-ordinated side group occupies a position in the axial

direction c¢loser to the peutral Cu{DPA) which is less hydrophobie.



Table—{1.1}); ¥roton ligand fonpation constant of the' ligands, formation
constanls of Cu-binary complexes in agqueous medium with 1 =

0.2 M {NaClOp) at 30°C L t*C.

Ligands A ’ . o
Logkl Lc:lgﬂ’; roagk h Logk “u
%, 1V 3 A,
Ox 3.82 1.20 4.82 5,44
_DPA 4.35 2.04 1. &.89 16.28
Ligand L I H U Tu
Lagk, Logky rLogk LogK
w17 oui
Gly 9.62 | =240 6.98 14.35
(1.4la, 9.6% 2.11 7.4 14.76
_Ph.ala. L 1.91 871 1412
| Tryn. 9.42 1.92 G.35 15.35




Table—{1.2): Stability constants of mixed ligand complexes, Alogi and lo

in aqueous medium, | = 0.2 M {Nacl{)‘] at 30°C + 1*C.

. Icu-0X-L) System ___|Cu=-DPA-L] System

ligand L A
logK AlogK
Logkss, LogkSi.

| Gtycine . ll.35 -0.45 15.82 ~0.97
a—alanine 11.64 —0.32 | _ 156.00 ~0.78
_Ph.alanine 12 00 +0.47 16.12 —0.22
Tr¥piophan 12,17 +]1.02 16.50 -0.14
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Template Condensation Reactions of Formaldehyde with Tetramine ard
Diamines: Synthesis, Structure and Properties of Co(IT}, Ni(ll) and cCu{iD

Complexes of Hexara Macroyclic Ligands Containing Perchlorate Aniom.
Journal of Bangladesh Academy of Science. Vol 18, No. 1, 99-103, 1994,

Some hexadentate macrocyclic ligand complexes of Colli), Ni{fl} and Cu{II)
have been synthesized by the interactioms of ethylenediamine and
triethylenetetramine with formaldehyde in the presence of metal ion in
aquecus—method oz reaction medium. The producte have been characterized
by elemental analysis, spectral studies, thermogravimetric analysis and X-ray

diffraction analysis.
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