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3.! Introduction to the literature on the synthesis
of ternary complexes and' solid state studies.

The isolation' qf cqmplex compounds in solid state enables the study of 

various spectral- and magnetic properties. These can provide evidence for the 

formation of particular species m solution under the conditions of isolation and 

the studies in solution.' ahd solid state can prove to be complementary to each 

other. Also the synthesis of complexes becomes necessary while looking for their 

applications m the fields like catalysis [ij and medicine [2, 3J . They provide 

important paths for the synthesis of drugs with specific activity[4], macromolecules 

and also some important organic compounds like unsymmetrical Schiff bases [5], 

Nucleophilic substitution reactions like nitration , brominatton can be carried out 

with greater ease on the coordinated ligands (5) . It is well known that amine

exchange over coordinated imines and Schiff base formation of coordinated aldehydes 

are facilitated and hence this provides easier method to, synthesize various Schiff 

bases. As will be discussed later, these reactions can be carried out with still 

greater ease with some ternary complexes.

Ternary complexes with a variety of ligands have been synthesized and 

characterized by various workers [6-11]. Ternary complexes of copper (TI) nickel 

(II) and oxovanadium (IV) containing 2-hydroxy aromatic aldehydes or ketones 

have been synthesized [12-22] and their reactions with various mono-and diamines 

have been carried out to get complexes of bi - or tetradentate Schiff base ligands 

[12-22] . Also the complexes containing 2-hydroxy aromatic aldehydes or ketones 

as one ligand and ^-dlketones like acetyl acetone, benzoyl acetone, dibenzoyl 

methide or /3-naphthoyl acetone have been prepared and the products of their 

reactions with various amines have been isolated and characterized [ 23-25]. 

Electrophilic substitution reactions like miration and bromination have also been 

carried out over some of these complexes [20, 21, 25-28], Mixed ligand

complexes of copper (II) containing N-alkylated ethylene diamine and pseudohahde 

anions have been synthesized and the effect of anion has been studied [29].
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However, the survey of literature reveals that prime importance has been 

given to the ternary complexes containing tertiary dnmmes like 2,2'-bipyridyl, 

The compounds of the complex cations [ Co L (bipy) ]+ or [ Co L (phen)] +, 

where L = dimethyl glyoxime were isolated L3Q], Mixed ligand complexes 
containing Co *** , paludnne and bipy or phen have been described by Gheorghiu 

and coworkers [30 a]. Preparation and characterization of the mixed ligand 
complexes of Cu** phthalimide with bipy of phen was reported by Narain l^i]. 

Synthesis and characterization of l MAL (HgO^ I SO^ where M is bivalent

ion of Ni, Cu, Zn or Cd, A = bipy or phen and L = en or pn have been reported

[32J. Dutta and coworkers observed that the reaction of cis-diamine cobalt (II) 

sulphate with en and bipy or phen results m the formation of mixed ligand complex, 

Co (en) (bipy) or Co (en) (phen) [33]. They have synthesized several heteroche­

lates of oxovanadium (IV) [34] like [VO {C2O4) (bipy)] [35] and of cobalt (II)

and copper (II) with bipy or phen and biguanide [36, 37] , They have also synthe­

sized a number of mixed ligand chelates of the type [ Cu (AA) (XY)] Z, where 

XY = glycine or oc - (DL) -alanine, AA = bipy, phen or N-phen and 

Z = Cl", Br" , I~ [38],

There have been several studies of mixed-ligand copper (II) bipy complexes 

with carboxylic or amino acids [39-43]. The mixed ligand complexes of the , 
type l M bipy L ] where , M = Cu** , Ni** and L = higher homologue 

of glycine have been reported by Chidambaram and Bhattacharya [ 'il>> 45], Ternary 

complexes of UO^* with bipy, phen and o-, m- and p-aminobenzoic acid were 

studied by Ripen and Saceben [46]. The mixed ligand complexes of the oxalate 

anion and bipy with copper (II) have been prepared by a number of groups [47-49]. 

Solid state reactivity has indicated polymorphism in this complex' [50],
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Reactions' of b}s Scetylacetonate - or bis ethylacetoacetate copper (II)

with apliphatic diamines or tertiary dumines like bipy or phen resulted m six
coordinate Cu11 complexes [5j). Octahedral complexes of Co11 bis ethylace­

toacetate with aromatic heteroc} die amine such as bipy or phen have been 
synthesized [52j. The Fluorescent properties ot various Eu^ chelates of dibenzoyl 

methide, benzoylacetone, p - naphthoyl acetonute were observed to be .enhanced 
on coordination with bipy or phen [53], Mixed ligand chelates of Cr^[54] and

various tare earth metal 10ns(55] with acetylacetone and bipv or phen have

been isolated and studied. Ternary copper (II) complexes with bipy or phen and

acetylacetone, benzoylacetone or dibenzoyl methane have been isolated with nitrate 

[56] , perchlorate [57] and sulphate [58] as outer ions. Electronic, IR, ESR arid

photoacoustic spectral studies of a series of mixed ligand copper complexes of

the form [ Cu A (B)n j X, n = 1 or 2 , A = acetylacetonate , B = morpholine,

piperidine, bipy or phen , X = NO^ or CIO^ have indicated five coordinate

structure with oxygen of CIO^ or NC^ at the fifth position [59],

Synthesis and redox and spectral properties of the complexes [ (trpy) 

(bipy) M - OH2 ] ( M = Ru , Os ; trpy = 2,2',2” - terpyridine) has

been reported by Meyer et al [60]. The compounds of the type [ Ru (phen) g en ]

I2 and [ Ru (enjg Phen ] lg were synthesized and characterized by analysis,

visible spectral and PMR studies [61 J. Synthesis and electrochemical properties
of l Ru (bipylg L ] n+ ( n =2, L = 2 - ( o - hydroxy phenyl ) benzimi­

dazole have been described (62, 63] and the oxidation potentials have been rationa­

lized in terms of the donor property of Lf631. Ruthenium (II) trischelate complexes 

containing bipy and 2,2' - bnsoquinoline have been prepared and their spectroelectro- 

chemical properties have been investigated (64). Also the spectroelectrochemical 
properties of | Ru (bpz) ^ (bipy) ^ x J ^_n U - 1-3, n = 0-3 , bpz = 2,2'-



bipyrazine } have been studied recently [ps]. Preparation and electron transfer 
reactions of Ru^ tnschelate complexes containing bip> arm 2,‘>' nipvricHnr* 

4,4' - disulphonic acid or 2,2' - bipyridine - 4,4' dioarboxyhc acid have been 

reported [66].

Mixed ligand complexes [ Pi (bipy) L | , where 1. - phthahe acid, 

salicylic acid, thiosahcyhc aud, catechol,4 - tert - butvicatechol, 3, 4 - dlmercap-o 

toluene were prepared and characterized by various spectral methods fb7j. Later 

four complexes have been shown to behave as potential phouasensi sizers. Ternary 

complexes of oxovanadium (IV) with bipy and pyrocatecboi oi .3, 5 dt-terr - butyl 

catechol have been isolated [6g], Earlier reports include preparation and charact­
erization of t M bipy catechol ] where M - Cu'1, Mi'*, Zn^’ and Cd^ (69], 

Recently, preparation of [ Cu N-phen L ] complexes where L - cat'echol, 2,3- 

dihydroxy naphthalene and biologically important ligands like dopamine, phenylalanine, 

tyrosine and L - dopa has been reported from our laboratory [Vuj. Among the 

other studies involving biologically important ligands are the crystal structure 

determination of [ Cu Inosine - 5* - monophosphate imidazole! i Z1 J,f copper '4’)" 

2,2’ - bipyridyi - pvridovic acid] 172, 73] ,[ copper 2,2' bipyridvl p’widoxc 

acid - Y- lactone] (72-73]4Chloro (2,2' - bipyridyi) (pyndoxineS cooper (H) pci chlo­

rate hydrate [74] and (pyridoxinato) bis (2,2* - hiuyridyb cnr..d> 'III; notch >or<.v.i.- 

[74] Crystal structure and physicochemical properties nf the corripl' xes formed 

between ATP, dpa and bivalent metal ions Ca, Mg, Si, Mn, Co, Cu and Zn have 

been described by Cim et al [75]. Thermal and specnat properties and cry a d

and molecular structure of (N-tosylglycinato) (2,2' - bipyruhne! copper (I!) na/c 

been reported by Antolini and Menabue [76],
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Synthesis and characterisation of some ternary complexes with the 0-0 

coordinating ligands of the present interest have also been reported. Mixed ligand 

complexes [ Cu A L] +, where A = bipy or phen and L = sal, naph or acph 

have been isolated with perchlorate [77] or tetrafluoroborate [78] as counter ions. 

Syamal and Ghanekar [79-81] have reported the synthesis of mixed ligand cobalt 

(III) complexes with tetradentate Schiff base ligands and acetoacetanihde or other 

bidentate ligands. Ternary complexes of oxovanadium (IV) with bipy or phen and 

ft -diketones., p -ketoesters or /S'-ketoamitdes have been synthesized [82]. The 
complexes [ Cu A L ] CIO^ with A = bipy, phen or 2-(2'pyridyl) benzimidazole 

and L = derivatives of sahcylamide or ft -ketoanthdes have been reported from 
our laboratory [ 83-85 ].

In the present study an attempt is made to isolate the ternary complexes 

which have been studied, potentiometrically, in solutions (Ch. 2), in order to support 

their formation in solutions. The complexes [ Cu A L J CIO^ , where A = 
dpa or N - phen and L « ii - have been isolated from aqueous alcohol

solutions. The complexes have been characterized by analyses, conductivity and 

magnetic susceptibility measurements and electronic and 1R spectral studies.
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3.2 Methods of preparation and characterization.

Chemicals • All chemicals used were as mentioned earlier. Solvents were 

purified by distillation before use.

*
General preparation of the ternary complexes [ Cu A L ] CIO^ :

A warm solution containing equimolar amounts o 1 the ligands A (5.0 mmol) 

and L (5.0 mmol) in 40 ml alcohol was added to a warm solution of 5.0 mmol 

copper acetate monohydrate in 20-30 ml water. The resulting solution was refluxed 

on water bath for about 10-15 mms. To this was added dropwise a concentrated 

solution of sodium perchlorate in water till the precipitation was complete. The 

resulting solid was filtered, washed with water-alcohol mixtute followed by pure 

alcohol and dried m air.

The complexes were analysed for copper by acid decomposition, followed 

by lodometric tiLiation and by eomplexometric titration with EDTA using pyro- 

catechol violet as indicator. N and C, H analyses were carried out in the micro 

analytical laboratory of the Universit).

Conductivity measurements were carried out using one millimolar solutions 

of the complexes m methanol on a Toshniwal conductivity bridge Type CL01/01 A.

Warning ' Although the perchlotate salts reported here seem to be stable to 

shock and heat, and we have worked with these compounds without 

incident, the unpredictable behaviour of perchlorate salts necessitates 

extreme caution m their handling.



83

Room temperature magnetic measurements were made by Gouy method 

using Hg [ Co {CNS)^ ] as cahbrant. Magnetic moments per atom were

calculated using the formula.

( ^eff)2 = 3kTXM/N(32

Where, = molar magnetic susceptibility per copper atom and the other

terms have their usual meanings. The temperature independant paramagnetism, 

N ^ , was considered to be 60 ppm per copper atom. Pascal corrections for 

the ligands and the counter ion (perchlorate) have been incorporated.

Electronic spectra were recorded m ethanohc or methanolic solutions or 

in dioxane - water mixtures (1:1 v/v) on a Carl - Zeass SPECORD UV-VIS spectro­

photometer or on shimadzu UV 240. Diffuse reflectance spectra (d.r.s), with 

barium sulphate as reference, were also recorded on shimadzu UV 240- equipped 

with an integrating sphere assembly. IR spectra of the complexes in the range 
250 to 4000 cm * were recorded in KBr phase on a Perkin-Elmer IR spectrophoto­

meter model no. 567 or on a shimadzu IR spectrophotometer.

The results of analyses and the spectral data are recorded in Table

3.2.1 to 3.2.3.
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Table 3.2.1 : Elemental analyses,. Magnetic moment and molar conductivity
data of the complexes t Cu AL]. Cl

Complex Analyses JU A
-3% Cu % C % H % N B.M. 10 M,

1. [ Cu A1 L1 J. C1C>4 14.15 43.74 2.86 9.12 1.75 105

(13.96) (44.03) (3.07) (9.23)

2. [ Cu a2l* j. cic>4
12.59 44.71 2.35 8.93 1.65 96

(12.48) (44.77) (2.36) (8.32)

3.
[ Cu A1 L2 ]. ClP4 11.84 38.70 2.63 8.09 1.71 110

(11.90) (38.21) (2.44) (7.87)

4. | Cu A2 L2 j. C104 10.82 38.33 2.04 6.67 1.82 91

(10.81) (38.78) (2.04) (7.14)

5. 1 Cu A1 L3 ]. C104 12.53 40.33 2.74 10.84 1.78 94

(12.70) (40.79) (2.56) (11.18)

6. [ Cu A2 L3 ]. Cl^ 11.41 40.73 2.41 9.99 1.77 110

(11.46) (41.15) (1.98) (10.11)

7. [ Cu A1 L4 ]. C104 12.66 50.02 3.02 8.16 1.79 100

(12.58) (49.88) (3.16) (8.31)

8, [ Cu A2 L4 J. CA04 11.50 48.92 2.55 7.37 1.72 92

(11.36) (49.35) (2.50) (7.51)

9. [ Cu A1 L5 J. Ciq, 13.07 45.77 3.88 8.77 1.70 110

(13.57) (46.15) (3.42) (8.97)

10. 1 Cu A2 L5 1. Cl<^ 12.12 45.81 2.41 1.57 1.84 97

(12.15) (45.88) (2.87) (8.03)
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Table 3.2.1 Conti

Complex Analyses h A

% Cu % C % H % N B.M. io"3

11. [ Cu A1 L6 j. C104 12.34 46.70 3.45 10.64 1.81 110

(12.461 (47.05) (3.72) (10.98)

2
12. [ Cu A

L6 ]. Cl 11.09 46.39 3.39 10.58 1.80 102

(11.25) (46.68) (3.01) * (9.93)

13. [ Cu A1 L7 1. CI04 12.12 47.67 3.71 9.98 1.75 101

(12.12) (48.09) (3.82) (10.69)

2
14. [ Cu A

L? ]. Clq 10.64 47.93 3.54 9.91 1.68 - 102

(10.97) (47.75) (3.29) (9.69)

15. [ Cu A1 8
L j. Cb04 11.72 46.42 4.02 10.74 1.88 102

(11.77) (46.66) (3.89) (10.37)

16. [ Cu A2 L8 J. C104 10.57 46.53 , 3.54 8.97 1.72 104

(10.68) (46.38) (3.19) (9.41)

17. [ Cu A1 L9 ]. C104 ‘
10.95 52.19 3.72 9.54 1.78 101

(11.11) (52.44) (3.67) (9.79)

18. [ Cu A2 L9 J. C104 10.26 51.46 2.60 8.55 1.73 111

(10.13) (51.67) (3.03) (8.93)

19. [ Cu A1 L10J. C104 13.29 43.00 3.65 11.75 1.75 88

(13.52) ' (43.40) (3.19) (11.91)

20. [ Cu A2 L10]- C!04 12.33 43.80 2.60 10.68 1.87 84

(12.10) (43.43) (2.48) (10.67)

21. [ Cu A1 L11]. C104
12.06 50.10 3.25 9.98 1.78 102

(11.64) (50.54) (3.48) (10.26)
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Table 3.2.1 Contd.

Complex Analyses. M -A.

% Cu % C % H % N B.M. -310 M.

22.
2 11[ Cu AZ L J . C104 10.57 48.79 3.31 9.25 1.8,7 100

(10.55) (49.83) (2.82) (9.31)

23.
r 1 12,[ Cu A L ]. C104 11.46 37.70 2.76 10.70 1.79 100

(11.60) (37.23) (2.55) (10.22)

24. [ Cu A2 L12]. C104 10.39 38.10 2.19 9.35 1.81 92

(10.52) (37.70) (1,99) (9.29)

a) Equivalent conductances measured for 10 M methanolic.
, ^ -1 2 -1 

solutions are reported m .n. cm mol

b) The values in parentheses are those calculated for the 

formula [ CuAIj. C1C>4 .
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Table 3.2.2 : Infrared absorption frequencies of the complexes [ Cu AL J . CIO^

Complex 1R frequencies V in cm

1. [Cu A1 L1 j. ClQj 3320 fm), 3210 (m), 3140 fm), 3110 (w), 3040 (w)

1628 (s), 1600 (s), 1578 (s), 1550 (w), 1510 (s), 1470 (s),

1450 fm), 1425 fs), 1390 (s), 1320 (w), 1300 (s),

1260 (m), 1220 (s), 1200 (m), 1182 (m), 1155 (s),

1135 fs), 1115 (s), 1080 (s), 1050 (s), 1015 (m),
1000 (s), 985 (m), 915 (m), 900 (m), 890 (m), 850 (m),

825 (m), 775 (s), 755 (s), 725 (m), 655 fm), 640 (m),

610 (s), 580 (m), 535 (w), 510 (m), 445 fw), 425 (m-w),

410 fm), 390 (w), 370 (w), 335 (w), 315 fw), 295 (m-w).

2. [Cu A2 lA C104 3080 fm), 3000 (m), 2880 (w),

1615 (s), 1572 fm), 1535 fm), 1510 fs), 1505 (s),

1455 fw), 1425 (s), 1388 (m), 1360 (m), 1340 (s),

1325 fm), 1300 (w), 1210 (m), 1190 (s), 1150 fs),

1130 fs), 1110 (s), 1095 (s), 1070 (s), 970 (w), 905 (m),

875 fw), 840 (s), 815 fs), 795 (w), 780 fw), 770 fw)

760 fs), 740 (m), 720 fs), 700 (w), 665 fm), 625 fs),

605 (w), 550 (w), 535 (w), 450 (m), 435 (m),

410 fm), 350 (w).

3. [Cu A1 L2 J- Cl04 3310 (m), 3240 fm), 3200 fm), 3140 fm),

1630 fs), 1605 fs), 1580 (s), 1510 (s), 1500 fs), 1470 fs),

1438 fm), 1425 (m), 1410 (w), 1370 (s), 1320 (w),

1290 (s), 1260 (w), 1235 fm), 1222 (s), 1170 fs), 1160 fs),

1120 (s) 1090 fs), 1070 (s), 1050 (s) 4010 fm), 990 (w),

955 (w), 902 (rn), 880 (w), 860 (w), 828 (s), 770 (s),

725 (w), 710 (s), 690 (w), 640 (m), 615 (s), 540 (w),

525 (m), 445 fm), 420 (m), 400 fw), 380 (m),

350 (w),330 fm), 300 (w).
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4. [ Cu A2 L2 j. C104 3070 (m), 2990 (w),

1615 (s), 1585 (m), 1530 (w), 1510 (w), 1440 (m),

1420 (m), 1380 (m), 1355 (w), 1340 , 1315 , 1240 (w),

1205 (w), 1180 (m), 1160 (m-s), 1140 (m), 1110 (s),

1090 (s), 1060 (s), 925 (w), 910 (w), 850 (s), 820 (m),

785 (m), 755 (m), 735 (m), 720 (s), 695 (w), 670 (w),

660 (w), 640 (m), 625 (m), 550 (w), 450 (w).

5. [ Cu A1 L3]. C104 3350 (w), 3050 (w),

1630 (s), 1600 (m), 1590 <s), 1545 (s), 1545 (s), 1530 (s), 

1450 (m), 1440 (s), 1410 (s-m), 1375 (m), 1310 (s), 

1250 (mj, 1235 (s-m), 1200 (w), 1180 (m), 1165 (m), 

1140 (w), 1090 (s), 1060 (s), 1020 (w), 940 (w), 905 (w), 

865 (w), 840 (m), 770 (s), 720 (s), 690 (w), 650 (m).

6. [ Cu A2 L3]. C104 3500 (w), 3050 (w),

1610 (s), 1600 (s), 1570 (m), 1530 (m), 1525 Sm),

1500 (m), 1480 (m), 1430 (m), 1410 (m), 1390 (m),

1330 (w), 1315 (s), 1300 (s), 1230 (w), ;1190 (w),

1170 (m), 1120 (m), 1100 (s), 1080 (s), 1050 (m),

925 1[m), 900 (w), 840 (w), 830 (m), 8101 (w), 770 (w),

745 (in), 725 (m), 710 (s), 690 (w), 645 (w), 615 (m), 

510 (w), 460 (w), 430 (w), 400 (w), 370 (w).

7. [ Cu A1 L4 ]• ClC 3420 (w), 3340 (w), 3200 (w),

1640 (s), 1618 (s), 1605 (s), 1587 (s), 1530 (s), 1487 (s), 

1432 (s), 1425 (s), 1390 (s), 1380 (s), 1340 (m), 1310 (w), 

1280 (m), 1255 (w), 1240 (m), 1200 (s), 1180 (m),

1170 (in), 1145 (s), 1100 (s), 1070 (s), 1060 (s), 1020 (m), 

990 (m), 940 (w), 930 (w), 910 (w), 865 (w), 840 (s),
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780 (s), 750 (s), 700 (w), 660 (m), 625 (s), 560 (w),

525 (m), 490 (w), 465 (m), 445 (w), 420 (m), 405 (w),

370 (m), 350 (w), 310 (w).

8. t Cu A2 L4 ]. C104 3230 (w), 3060 (m),

1620 (s), 1610 (s), 1595 (s), 1575 (s), 1525 (s), 1510 (s),

1415 (s), 1380 (s), 1360 (s), 1335 (s), 1295 (w},1250 (w),

1210 (w), 1200 (w), 1185 (m), 1160 (w), 1140 (m),

1100 (s), 1085 (s), 1055 (s), 970 (m), 835 (s), 810 (m),

760 (m), 750 (m), 725 (w), 715 (s), 650 (w), 620 (m),

565 (w), 460 (m).

9. f Cu A1 L5 ]. CIO.
4

3340 (w),

1630 (s), 1593 (s), 1575 (s), 1512 (s), 1470 (s), 1420 (s),

1365 (m), 1323 (m), 1260 (w), 1245 (w), 1228 {s},

1155 (m), 1130 (s), 1105 (s), 1080 (s), 1055 (s), 1010 (m),

962 (w), 925 (w), 900 (w), 850 (m), 760 (s), 735 (w),

715 (w), 690 (w), 675 (w), 630 (m), 615 <s), 550 (w),

515 (m), 480 (w), 450 (w), 410 (m), 390 (w),

360 (w), 340 (w).

10. [Cu A2 lA CKJ 3300-3600 (w,b), 3070 (w),

1620 (w), 1600 (s), 1580 (s), 1540 (w), 1510 (s),

1500 (s), 1450 (m), 1415 (b), 1365 (ml, 1330 (s),

1295 (w), 1250 (w), 1225 (s), 1200 (w), 1175 (w),

1150 (m-s), 1135 (m-s), 1100 (s), 1065 (s), 1015 (w),

970 (w), 925 (w), 905 (w), 865 (w), 855 (w), 830 (s),

810 (m), 750 (s), 735 (m), 710 (&), 650 (w), 615 (s),

560 (w), 515 (w), 445 (w), 430 (m), 420 (w).
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11. [ Cu A1 L6 ]. C30^ 3360 (m), 3300 (m), 3200 (w), 3100 (w),

1635 (s), 1620 (s), 1585 (s), 1540 (s), 1500 (m),

1480 (s), 1440 (s), 1420 (m), 1370 (w), 1320 (s),

1300 (m), 1260 (rn-s), 1235 (m-s), 1200 (w),

1180 (w), 1160 (w), 1100 (s), 1070 (s), 1020 (w),

975 (s-m), 900 (w), 870 (w), 850 (w), 760 ;(s),

690 (m), 650 (m).

12. L Cu A2 L6 ]. C104 3500 (w), 3000 (w),

1630 (m), 1610 (m), 1590 (s), 1540 (s), 1520 (s),

1490 (s), 1440 (s), 1425 (m), 1345 (m), 1320 (s),

1305 (m), 1260 (m), 1240 (m), 1200 (m), 1180 (m-w), 

1160 (w), 1100 (s), 1060 (s), 975 (s), 930 (very w), 

910 (w), 840 (i), 825 (w), 810 (w), 780 (m), 760 (s), 

720 (s-m), 695 (m), 655 (vv).

13. [Cu A1 L7]. C!C| 3350 (m),

1635 (s), 1610 (s), 1590 (s), 1580 (s), 1530-1550 (s,b), 

1500 (s), 1480 (s), 1455 (s), 1440 (s), 1415 (s), 1370 (w), 

1295 (m), 1265 ($), 1240 (s), 1185 (m) 1165 (m),

1160 (s-m), 1100-1080 (s,b), 1025 (m), 1015 (m),

975 (s), 950 (w), 905 (w), 860 (w), 845 (w), 760 (s), 

740 (rn), 680 (w).

14. [Cu A2 L7]. C104 3350 (w), 3000 (w),

1610 (s), 1585 (s), 1530 (s), 1480 (m), 1450 (s-m)

1425 (m), 1390 (w), 1350 (m), 1335 (s), 1300 (s),

1260 (s), 1190 (m), 1150 (w), 1080 (s), 1000 (w),

970 (m-s), 930 (w), 910 (w), 870 (w), 840 (s),

815 (m-w), 780 (m), 755 (s), 720 (s), 660 W.
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15. [Cua‘l8]. CIXJ
3360 (s), 3300 (in), 3250 (w), 3200 (w),

1635 (s), 1610 (s), 1585 (s), 1530-1550 (s,b),

1480 (s), 1450 (s), 1430 (s), 1370 (m), 1340 (m-s),

1330 (m-s), 1290 (s), 1260 (s), 1250 (s), 1235 (m-s),

1220 (m), 1190 (w), 1180 (m), 1165 (m),

1110-1095 (s, b), 1070 (s), 1060 (s). 1025 (s),

970 (s), 930 (w), 905 (w), 875 (w), 850 (w), 770 (s),

750 (s), 650 (m).

16. ‘ [Cu A2 L8 ]. CIO.
4

3300 (m), 3050 (w),

1600 (s), 1580 (s), 1540 (s), 1520 (s), 1480 (s),

1460 (s), 1420 (s), 1330 (s), 1290 (s), 1250 (s),

1220 (m), 1180 (w), 1160 (w), 1150 (w), 1090 (s),

1020 (m), 960 (m), 910 (w), 840 (m-s), 820 (m),

800 (m), 760 (s), 720 (m-s), 650 (w).

I Q
17. [Cu A L ]• C1G4 3000-3350 (m,b),

1635 (s), 1615 (s), 1585 (s), 1575 (w), 1540 (s,b),

1500 (m-s), 1480 (s), 1440 (s), 1370 (w), 1320 (s),

1300 (m), 1270 (w), 1240 (s), 1205 (m), 1165 (m),

1160 (m), 1125 (s), 1090 (s), 1060 (s), 1010 (s-m),

905 (m), 845 (w), 770 (s), 740 (m), 690 (m).

2 9
18. [ Cu A L J. Cl 3300 (w), 3050 (w),

1620 (m-s), 1590 (s), 1575 (w), 1550 (s), 1520 (s),

1505 (s), 1485 (s), 1440 (s), 1430 (m), 1350 (m-s),

1325 (s), 1300 (w), 1240 (m), 1220 (m), 1180 (w),

1150 (w), 1100 (s), 1070 (s), 1010 (m), 910 (m),

840 (m), 810 (w), 775 (m), 755 (s), 720 (m), 695 (m).



19. tCu A1 L10]. CAO 3470 (m), 3350 (m), 3200 (w), 3020 (m),

1655 (m), 1635 (s), 1600 (s), 1594 (tn-s). 1570 (m),

1540 (s), 1485 (s), 1435 (m), 1315 (m), 1260 (m), 

1235 (m), 1160 (m), 1145 (m), 1110 (s). 1100 (s),

1065 (s), 1010 (w), 905 (w), 860 (m), 760 (s),

715 (w), 650 (w).

20. f Cu A2 L10]. Cl.O^ 3450 (m), 3350 (m),

1640 (s), 1600 (s), 1585 (w), 1570 (s),1535 (s),1520 (s). 

1470 (s), 1450 (m), 1425 (m), 1390 (w), 1335 (s),

1250 (s), 1210 (w), 1180 (w), 1140 (m), 1100 (s),

910 (w), 870 (m), 840 (s), 820 (m), 755 (s),

720 (s), 660 (w).

2, [ Cu A1 LU ] C1°4 3500 (W)’ 3300 (m)’ 3200 (w)* 3100 (w)>

1635 (s), 1610 (s), 1580 (s), 1540 (s), 1475 (s),

1450 (m), 1440 (s-m), 1370 (w), 1350 (m), 1320 (m).

1295 (w), 1270 (TO), 1235 (m), 1165 (m), 1135 (s),

1100 (s), 1015 (m), 930 (w), 905 (w), 865 (w),

840 (w), 805 (w), 755 (s), 695 (m), 660 (w).

22. f Cu aV ]. C104 3350 (m), 3050 (w),

1610 (s), 1580 (s), 1530 (s), 1495 (m-s), 1450 (s), 

1435 (m), 1425 (m), 1345 (s), 1330 (s), 1270 (m),

1240 (m), 1220 (w), 1180 (w), 1140 (s), 1100 (s),

910 (w), 870 (m), 840 (s-m), 820 (m), 755 (s),

720 (m), 695 (m), 660 (w).
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23. [ Cu A1 L12 ]. C104 3450 (rn), 3350 (m), 3200 (w), 3100 (w),

1640 (s), 1595 (s), 1585 (s), 1570 (m), 1530 (s),

1480 (&), 1435 (s), 1390 (w), 1315 (m), 1250 (m),

1230 (m), 1165 (m), 1120 (s), 1100 (s), 1080 (s),

1070 (s), 1020 (m), 905 (w). 830 (m), 770 (s),

670 (w), 650 (w).

24. [Cu A2 L12 ]. Cl04 3430 (m), 3330 (m), 3220 (m), 3050 (w),

1640 (s), 1600 (s), 1560 (s), 1540 (s), 1520 (s),

1455 (s), 1440 (m), 1425 (m-s), 1390 (m), 1330 (s).

1250 (m-s), 1210 (w), 1180 (m), 1140 (m), 1100 (s),

930 (w), 910 (w), 880 (w), 840 (s), 815 (m),

775 (m), 755 (m), 720 (s), 680 (w), 650 (w).
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Table 3.2.3 : Electronic spectra of the ternary complexes [ Cu AL]. ClQ^

-1. r.

Compound

i . 1

v (cm ).
In methanol

V (cm ). 
d.r.s.

1. [ Cu A L ]. C104 45360,40880, 39000 (sh), 15S70

36320, 33200, 31520,

25440,15680.

„ 2 1 Cu A L C104 45400, 41960, 36300, 34000(sh)

32000 (sh), 25680, 21000 (sh)

, 15950.

16080

1 . 2Cu A L ]. CIO 44800, 40400, 36320, 33280, 16450, 14080

[ Cu A2 L2 ]. CIO

31520, 24720, 15920.

44850, 41600, 36360, 34000 (sh) 

32000 (sh), 24800, 15880.

16180

I . 3Cu A L ]. C104 45200, 39840, 30880, 33200 (sh) , 16750, 14500

26320 (sh), 15360. t

6.

7.

[ Cu A2 L3 ]. C104 45400, 42650, 36480, 34000 (sh), 16890

30500, 21500 (sh), 15920.

[ Cu A1 L4 ]. Cl04

2 4[ Cu A L ], C104

44000, 40160, 39000 (sh), 

37680 (sh), 33040, 31200, 

25600, 24800, 15520.

16390

1667044000, 42000 (sh), 38880 (sh) 

37520 (sh), 36080, 31200, 25600, 

24720, 15950.



Table 3.2.3 Contd.

9

Compound v (cm *). V(cm *).

9. [ Cu c-
ui o o

4»
.

in methanol

45520, 40160, 36640, 33200,

d.r.s.

16450, 14080

10.
2

f Cu A
,5
L]. CIO.

4

31440, 25920, 15760.

45360, 42400, 36370, 32150(sh), 18030, 15620fsh)

11.
[ Cu A* L6 ]. C104

26400, 18800(sh), 16160.

48300, 39900, 33250, 25280, 22250, 16550

12. [ Cu A2 p
L ]>C104

15700.

49500, 41670, 35210, 32790. 16950

13.
1

f Cu A Li CIO1- 4

20830, 15950.

47650, 40150, 34200, 16840

14.
r 2
[ Cu A

L7J. CIO.

4

31600(sh), 25600, 15800.

48540, 42920, 35340, 29410 17090

15.
1

[Cu A
L8]. C104

19610, 16080.

47900, 40000, 33100 22730, 17210

16. . 21 Cu A
L8]. CIO.

4

25500, 15750.

49020, 40980, 35210, 16920

17.
[ Cu A1 L9]. CIO.

4

32700, 15970.

48200, 40300, 31700, 16950

18. [ Cu A2 L9], CIO

28700(sh), 22000(sh), 15700.

49260, 42500, 35090, 31000, 20830, 17240

21700, 15720.



Table 3.2.3 Contd,

Compound , v (cm ^). (cm *).

In methanol d.r.&.

19. ( Cu A1 L10]. C104 47700, 45800, 40150, 33000, 23580, 15500

31700, 24200, I5600.

20. [Cu 2
A LI0].C,°4 47620, 36360, 29410, 23800, 16835

15720.

21. [ Cu A1 L11 J. C104 47680, 45700, 39850, 33150, 31680, 22990, 16150

23650, 15500.

22. [Cu A2 11,

1. |. cio4 48540, 45800, 35340. 29410 22220, 16660

23700, 15670.

23. [ Cu A1 12,
L ]. C104 47520, 45200, 39900, 33200 23260, 16180

31550, 23800, 1535C.

24. [ Cu A2 L12]. CIO. 46700, 34970, 29450, 23000, 22220, 16610

15650.



3.3 Characterisation of the complexes and the spectral properties.

The species distribution curves (plots of concentration of different species

versus pH) (Fig. 2.2.13 to 2.2.36 ) indicate that between the pH range ^6.0

to 7.5 only the ternary complex [ Cu A L ] exists ; concentration of the binary

species CuA reduces to an insignificant level and the formation of another binary

species CuL does not start at ail. Hence, this is the ideal pH range for the

isolation of the ternary complexes. Natural pH of the solution obtained by

mixing equimolar amounts of copper acetate monohydrate, and the two ligands

in alcohol-water mixture lies in thjs pH range and hence assures the formation
J +of only [ Cu A L ] , which can be obtained in solid form by the addition

of a neutral salt of suitable anion like sodium perchlorate.

The analyses of the complexes (Table 3.2.1 ) correspond to the

general formula [ Cu A L ]• ClO^ which can be shown, structurally, as

in Fig. 3.3.1 to 3.3.3. Molar conductance values of the 1 milhmolar solutions 

of the complexes in methanol are typical of 1:1 electrolytes indicating the ionic 

nature of the perchlorate binding.

Room temperature magnetic susceptibility measurements correspond to 

one unpaired electron except in some cases where a slight lowering m magnetic 

moment indicates a possibility of weak intermolecular spin-spin interaction between 
the copper (II) centres in the dimers, possibly formed by the linking of Cu1 * of

one molecule with O of the secondary ligand of the adjacent molecule in the 

solid state. According to a recent report (86] , crystal structure of (di-2-pyridyI- 

amine) salicylaldehydato copper (11) perchlorate exists as a dimeric unit with two 

large apical Cu — O distances , one towards the O of the CIO4 anion and 

the other one, linking two monomeric units, towards the 0 of the nearest sahcylal- 

dehyde molecule .



9 P

Fig. 3.3.1 R = H . X=H,Br, NG2 . Y=H ; R=H ,X Ys-(CH)jr,R=CH3 ,X=Y = H

Fig.3.3.2 R-H. Br . R = H , R = H:R = C6H5

R = C , R = CgH^ . o-Me CgH^ , o-Me 0 C5H4 , R =. R = CgHg .

<?

Fig. 3-3-3
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1R spectra.

IR spectra of the complexes in KBr phase exhibit the bands at frequencies 

characteristic oi the primary ligand and the aromatic part of the secondary ligands 
in the region between 600 cm * to 1700 cm5 . A strong absorption band at 

ca. 1100 cm 1 is observed corresponding to the asymmetric ^ Cl —O t!ie

perchlorate. This band and the absence of any absorption at 920 cm * , corres­

ponding to the symmetric ^ ci-0 ’ suPPort t*lat t*ie perchlorate anion is having

symmetry and is not coordinated with the metal ion [87].

Free o-hydroxy aromatic aldehydes, ketones and salicylamide ligands exhibit 
V £_q at 1695 - 1715 cm 1 , 1680 - 1700 cm * and 1670 - 1680 cm'* ,

respectively. The -ketoanilides exhibit two bands one corresponding to ^c-0

of the ketone and the other corresponding to the stretching ot the amide >C-C

However , in ternary complexes containing salicylaldehyde and salicylamide deriva­
tives } Vc_o 1S found to occur between 1600 and 1640 cm * . The shift

towards the lower energy region is due to the coordination of oxygen with the 

metal ion. One of the two bands m p -ketoanilides corresponding to > C=0
stretch disappears on complexation indicating enohzation of the keto group.

In addition to the above bands, complexes involving dpa exhibit a band 
at ca. 3200 cm ^corresponding to the fsj-H ' besides this, all the complexes

with bidenate amides or anilides or as secondary ligands exhibit v of theiN-ri

-1 ~1 r ~ 1amide group at ~ 3350 cm and ~3200 cm and 6^ ^ at ->1590 cm . These are

almost at the same place as in the free ligands, thus supporting the fact that 

these ligands coordinate through bidentate 0-0 sites.



1 )0

Electronic Spectr a

Electronic spectra of the complexes in 50% h7v) aqueous dio^iane tor 

methanol) and the diffuse reflectance speetia arc almost uleot i<hc convl^ .<■ 

[ Cu A L ] . ClOj exhibit a low intensity f Emax " 100] broad band befw-r:

590 and 640 nm. This can be assigned to the three nossiMe transitions, A. «— B.

B B, and E ■*— B. m octahedral complexes with u d nr ml2g lg 'g lg

centre. These are very close in energy and hence result in a broad band.

However, in the complexes with A = N-phen and L ~ L - L unci A - dna
u 12or N-phen and L - L' L , an additional lev/ intensity eanci appears in

the region between 420 to 550 nm. In these complexes be.cause of the. metro 

—+ ligand tt bonding , the d and d to 1 orbitals of the me tel
7X ./'7 g

ion are lowered down, where as d (b,. ) ornno.1 rais.?d m energy. Thisxy 4g -

results in the shift in the E -— B. tiansition t.. higbei mieri'v and the othcig ig

two tansitions B„ <—B, and A, *— B, remain merged r.ru'Lmsr m a broad2g lg lg lg

band at r-i 620 nm. The latter can be considered to correspond, rough!v to

10 Dq, and is slightly shifted towards higher energy t 590-600 nm) in the d.rc. 

indicating very tveak intei molecular interaction in the axia! direction. The enerjjie 

of the bands also indicate slight distortion from planarity ;>• cue geometry' amv-J 

the metal ion.

The positionsof the bands are recorded in labic 9.2,5. Bands in Be EO-' 

region correspond to the transitions within the two ligand molecules. /V d'severnd 

earlier in Ch. 2 the d-d transitions in all the complexes in methanol oc.nu 

almost at the same positions as in 50% aq. dioxane. They r.re at h.ghei < >fr‘g\ 

than the positions estimateo from the average, of the energies of rjif - »’rrespondinr, 

binary complex. (Table 2.3.1 ) , supporting the staoihzation oj the 1nor*

complexes compared to their binary analogues.



Tables [2,3,1] and [3.2.3] also reveal that the separation of E *---- B,

transition , from the oLher two transitions , takes place only in the case of 

2-hydroxy acetophenone and the amide ligands , i.e. the ligands with electron 

releasing groups at the cc carbon atom. The increase in electron density at 

the coordinating sites of the secondary ligand results in a stronger M-L <r interac­

tion which simultaneously favours greater M —> A tt interaction. This supports 

the observation made earlier on the basis of solution studies, that the substituents 

over the secondary ligands , which increase the basicity or electron density at 

the coordination sites , result in greater stabilization of the ternary complexes 

involving tt - bonding tertiary diimines as a primary iigand.
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