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Analyses of the electrode behaviour with regard to half-wave potential 'E 1 •, formal 
lJ 

rate constant 'K1 ', activation energy of rearrangement Qe and activation energy of 
diffusion, QD vis-a-vis spectral behaviour of mixed-ligand complexes of Cu(ll) with 
2,2'-bipyridyl and l,Io-phenanthroline as primary ligands and some aliphatic, aromatic, 
amino acids and phenols as secondary ligands have been made. In aqueous potassium 
nitrate solution, the complexes containing bipyridyl as primary ligand give two-electron, 
single-step reduction wave while the complexes containing phenanthroline as primary 
ligand give two step electro-reduction wave at dme. AJI the systems are observed to be 
diffusion controlled and irreversible. A correlation of electrode behaviour with the 
spectral parameters has been attempted. It has been observed that the half-wave poten­
tial shifts towards more negative side as the ligand field shifts towards higher energy side. 
The rate constant shows a decreasing trend in conformity 'll'ith this. A possible mecha­
nism of electron transfer has been suggested on the basis of orientation of orbitals 
towards the electrode. The activation energy of diffusion shows a direct relationship 
with the energy difference between binary and ternary complexes in a particular series. 

I T is being increasingly realized that transition 
metal complexes behave characteristically at the 
dropping mercury electrode yielding information 
~bout the lowest vacant orbital. Considering that 
Infofl!lation about the highest occupied orbitalmay 
~e gamed from spectral behaviour· of such a system, 
It should be possible to correlate redox properties 
of coo~dination compounds with their spectral 
properties. Following tbis idea, attempts 1 - 8 have 
been made in the last decade to seek correlation of 
the spectral characteristics vis-a-vis electrode 
behaviour of coordination compounds with some 
~uccess. Work on mixed-ligand complexes, however, 
Is very scanty. 

_In the work embodied in the present communi­
cation, such a correlation bas been attempted by 
studying electrode behaviour of some mixed-ligand 
complexes of a biologically important transition 
metal like copper and important ligands such as 
2, 2'-bipyridyl (C8 H,N) 11 and 1, 10-pbena~tbro~ine 
(CuH8 N 11 ) as primary ligands and aliphatic acids, 
aromatic acids, amino acids and phenols as 
secon~ary ligands. Such mixed-ligand complexes 
are hkely to be important as models for metallo­
enzyme substrate complexes and also as C?mp~men~s 
of the multi-metal-multi-ligand systems m biOlogi­
cal :fluids. The complexes studied are [Cu(bip)LJ 
and [Cu(pben)L] in 1 : 1 : 1 and 1 : 2 : 1 ratio, 
Where hip stands for 2, 2' -bipyridyl, pben _stan~s 
fo~ 1,10-phenantbroline and L stands. for aliphatic 
acids [formic acid HCOOH · oxalic acid, (COOH)s; 
tartaric acid, (CH OHCOOH)s ; citric acid, 
( CH 2 COOH ) 2 C ( OH )COOH ; succinic acid, 
(C:fisCOOH)8 abbreviated as (For), (Ox), (Tar), 
(C~t), (Sue) respectively], aromatic acids [benzotc 
ac1_d, (C8 H.,COOH); pb~alic acid, CeH.,(C~OH).s; 
lalicyli~ acid, C,H.,OH.COOH; mandelic ac1d, 

CeH.,CH(OH).COOH; gallic acid, C 8 H 11 (0H) -
COOH abbreviated as (Hen), (Ph), {SaJ), (Man) 
(Gal) respectively], amino acids iglycine, (NH 2 CH ~ 
cqOH) ; valine, ( CHa ) 11CiiCH( NH 2 )COOH; 
serme HOCH2 CH(NH 11 )COOH ; leucine (CH8 ) 

CHCH 11CH(NH 11)COOH. abbreviated as (Gly). 
(Val), (Ser), (Leu) respectively], and phenols [resorci­
nol, C 8 H.,(OH) 2 and catechol, C 8 H .. (OH)11 abbre­
viatc:d as (Res) and (Cat) respectively]. Spectral 
stud1es~o-u. on these complexes reveal that they 
are bavmg distorted octahedral stereo-chemistry in 
water. A probable mechanism of electron transfer 
from the electrode to the complex depolarizer, based 
on the above correlation, bas been attempted for 
these series of complexes. · 

Studies in uv region of these ternary complexes 
have also been made wi~b a view to observe metal­
ligand and ligand-ligand interaction. The polaro­
graphic behaviour has been compared with the 
charge transfer transitions. · · 

Experimental 
Spectra of these complexes have been recorded 

on a Beckmann double beam with auto recording 
spectrophotometer Model 26, in the range of 400 to 
~00 nm for visible and 200 to 400 nm for uv 
regions. 

Polarographic measurements have been made 
with a manual polarographic circuit recommended 
by Koltboff and Lingane having Leeds and 
Northrup potentiometer and galvanometer assembly. 
All the potentials are measured against a Hume and 
Harris saturated calomel electrode (SCE). For ~be 
polarograpbic study, potassium nitrate of AnalaR 
grade bas been used as a supporting elec~rolyte. 
oxygen is removed from the solution wi~b a stream 
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?f oxygen-free nitrogen. Resistance of the system 
ts !Deasured by an ac wheatstone bridge. The 
reststan~ was between ?00-&00!l. The characteristic 
of dme m aqueous medmm (open circuit) has been 
determ~ed. for at least three heights. Result of 
one set lS gtven below: 

h=40 em, m=2.43 mgs- 1 , t=3.23 sec ms'aH/e 
=2.19& mg218 sec-119 • ' 

All solutions are prepared in aqueous medium 
20 ml of total solution has been taken in th~ 
polarographic cell in each case. 

Q for these 
The values of E112, K1, Q» and 8 

systems are given in Tables 1, 2, 3 and 4. al 
All the mixed ligand complexes give o~~ s~:tras 

band with Pma.: in the range of 600-7 of t)le 
shown in Tables 1-4, for both the complexeb w the 
type [Cu(bip)L] and [Cu(phen)L]. Data 8 0ernsrY 
energy difference of the binary(! : l) and tile t taJce 
(1 : l : l) and (l : 2 : l) complexes. Changes rdinS 
place in the energy of ternary complexes 1 ac1 data 
to their ligand-field strength. Perusa 0• )OX], 
shows that in this series, complexex [CU( ~%ox] 
[ Cu(bip)Ben ], [ Cu(bip)Val ] and [CuP) e 'l'hiS 
give maximum absorption value ( '"'"" ·li ands 

The polarographic characteristics of the systems leads to the conclusion that these secondarY g vert 
studied here are described in detail elsewhereu. In (oxalic acid, benzoic acid and valine) h~ve ~se of 
O.SM aq.ueou~ KN0 9 as supporting electrolyte, all strong ligand-field strength. Howeve!• tn c aried 
these mtxed-hgand complexes of bipyridyl produce complexes of the type (1 : 2 : 1), there IS no ~d the 
single well-defined polarographic waves except the energy difference in the binary (1 : 2) a lues of 
complexes [Cu(bip)Gal], [Cu(bip)Leu] a'nd [Cu(bip)- ternary (l : 2 : 1) complexes. The 'mao: va n)O~) 
Cat] where double waves are observed. In the mixed ternary complexes [Cu(bip)Ox] and. [Cu(phearison 
ligand c<;>mpl~xes of phenanthroline, double waves (l : 2 : 1) have high energy values 1n comgnciude 
are obtamed m every case. The nature of double to the other ternary complexes. ~ne max c olllpa· 
wave can be explained on the basis of adsorption that oxalic acid is a very strong Itgan4 tn c aifee! 
All these electrode processes are found to b~ rison to the other ligands used have wh~ch.~thers, 
diffusion-controlled. The value of n, the number of the energy of the complex ( 1 : 2 : 1) whtle tn condar1 
electrons transferred, thus obtained from the Ilkovic energy is not affected by the addition of 8jtic and 
equation was nearly equal to two for each of the ligand. Comparison of the polarograp 
bipyridy1 mixed-ligand complexes except for the spectral data (visible) are given in Tables 1·4· 

Results 

above three complexes as also the phenanthroline !exes of 
complexes where the value of n is lower. All the Spectral data of mixed ligand. co~P 'fables 
complexe~ are observed to wtdergo irreversible elec- copper( II) . in th~ uv range are . gtven Ill mple¢ 
troreductton under the present experimental condi-5 [Cua(nbdt"p)6] amncdlud[Cmug)phdeant)a] t"nonl .· blm~ oCO priJ!lllrY 
tions. Oldham and Parry's equationu has been used 
to calculate t~e formal rate constant K, and ligands alone. b" yridYI 
transfer coeffic~ent. value. The activation energy Two bands are obtained in the case ~f . 1PbinatY 
Qe and the actm~tton energy ~f diffusion QD have and phenanthroline which further spht tn 
been calculated usmg the equation given by Vllleku. d t 1 
--------------------------------------a_n ___ em __ a_ry __ co_m_p __ ex_e_s_. -~ 

TABLE 1-A CoRRELATION OF SPECTRAL AND REDOX PROPERTIES OF CoPPER: BIPYRIDYL WirH SECONDAR\" LtOANI'S 1:1:1 

Complex Formal Rate Acti'l'll~ioll 
ConstaDt enefSle5 

Cu : Bipyridyl 
Cu : bip : Formic acid 
Cu : bip : Oxalic acid 
Cu : hip : Tartaric acid 
Cu : bip : Citric acid 
Cu : bip : Succinic acid 
Cu : bip : Benzoic acid 
Cu : bip : Phthalic acid 
Cu : bip : Salicylic acid 
Cu : hip : Mandelic acid 
Cu : bip : Gallic acid 

Cu : bip : Glycine 
Cu : bip : Valine 
Cu : bip : Serine 
Cu : bip : Leucine 

Cu : bip : Resorcinol 
Cu : bip : Catechol 

-0.1065 
-0.0980 
-0.1100 
-0.0970 
-0.0920 
-0.0920 
-0.1100 
-0.1000 
-0.0880 
-0.0900 
-0.0530} 
-0.2800 
-0.1070 
-0.1490 
-0.1150 
-0.0105} 
-0.3150 
-0.0975 
-0.0880} 
-0.3880 

"Kl" 
1 x 1o-• em sec-• 

1.557 X 1o-• 
1.642 
1.562 
1.672 
1.795 
1.748 
1.403 
1.516 
1.646 
1.566 
1.118 } 
2.630 xto-• 
1.416 
1.010 
1.453 
1.182 l 
4.786x to-• 
1.995 
1.058 } 
2.270x to-• 

••a.: 
(cm-1) 

14285 
14285 
15625 
14925 
14600 
14184 
14700 
14390 
14490 
14600 
14285 

15640 
15837 
15790 
15267 

14285 
14184 

6• 0• 
(em-•) QD J(~ .. , 

KDGI 

3.25 
6.12 

0 s.sz 
0 2.32 sJZ 

-1340 3.82 6.21 
- 640 1.84 s.S6 
- 315 1.74 s.ss 
+ 101 ).52 7.12 
-600 3.23 6.1Z 
- 105 2.14 ·s.1o 
- 205 1.52 5.71 
- 315 1.82 s.sz 

0 2.32 

-1355 6.8 
9.79 
9.88 

-1505 7.8 to.23 
-1552 8.5 s.62 
- 982 6.65 

0 2.10 
s.73 

+ 101 

~ 
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TABLI! 2-A CoRRELATION OF SPECTRAL AND REDOX PROPERTIES OF COPPER: BIPYRIDYL WITH SECONDARY LIGANDS 1:2:1 

Complex Fonnal Rate Activation 
Constant energies 

E, "K!" Vmaa: t:::.v 
h t· 1 x to-• em sec-• em-• QD 

Vvs,SCB 
em-• Q/) 

Koal KDal 

gu : BiPYridyl 
u. b' -0.2000 0-5679 13927 0 7.83 10.21 

Cu: b!P: Formic acid -0.1420 J.S030 13927 0 7.00 9.21 

Cu :. !P : Oxalic acid -0.2000 1.0920 15625 -1698 6.80 8.00 

Cu : ~!P : Tartaric acid -0.1730 t.0310 13927 0 7.32 10.12 

Cu : !P : Citric acid -0.1600 }.1530 13927 0 6.56 7.87 

Cu : ~!P : Succinic acid -0.1620 1.3850 13927 0 6.12 7.77 

Cu : !P : Benzoic acid -0.2000 0.7162 13700 + 227 9.52 11.23 

C • h!P : Phthalic acid -0.1600 1.3730 13800 + 127 9.20 10.71 

C:: ; t!P : Salicylic acid -0.1360 1.5730 13700 + 227 8.72 10.21 

Cu · b~p : Mandelic acid -0.1440 4.5900 13940 - 13 8.51 9.23 

Cu : b !P : Gallic acid -0.2120 1.0350 13800 + 127 6.23 9.02 

Cu: b!P: Glycine -0.2570 1.1140 13927 0 9.20 12.28 

: 1p: Valine -0.2650 }.2620 13927 0 9.70 12.56 

gu : hjp : Serine -0.2600 1.1680 13927 0 9.80 13.26 

u : h!P : Leucine -0.2420 1.1690 13927 0 8.50 11.26 

g:: : ~!P : Resorcinol -0.1840 1.5320 13927 0 6.92 10.30 

• 1p : Catechol -0.11001 0.9298 J 13927 0 7.82 10.87 

-0.4050 0.3710 

TABLB 3-A CoRRELATION OF SPECTRAL AND REDOX PROPERTIES OF CoPPER: PHENANTHROLINE WITH 
SECONDARY LIGANDS 1:1:1 

Complex Formal Rate Activation 
Constant energies 

El- "K!'' v.,.a:c !:::.11 QD Qe 

Vv~SCE 1 x to-• em sec-• em-• em-• Kcal Koa I 

Cu: Phenanthroline +0.0120 0.7925 13927 0 4.20 7.65 

Cu : Phen : Formic acid 
-0.3100 0.4298 14490 
+0.0020 1.0640 - 563 3.72 7.23 

Cu : Phen : Oxalic acid 
-0.1960 1.9630 

15625 
+0.0100 1.1550 -1698 5.32 9.12 

Cu : Phen : Tartaric acid 
-0.1670 1.2910 

15433 -1506 
-o.oo5o 0.9183 4.60 8.83 

Cu : Phen : Citric acid 
-0.1918 1.3740 

14925 
-0.0015 1.2290 - 998 4.12 8.78 

Cu : Phen : Succinic acid 
-0-2085 1.0730 

15151 o.oooo 0.9629 -1224 3i29 8.12 

Cu : Phen : Benzoic acid 
-0.1960 1.2210 

15625 
+0.0105 1.0750 -1698 5.05 9.25 

Cu : Phen. : Phthalic acid 
-0.1800 1.9630 

14285 
-0.0100 1.1790 - 358 5.24 9.92 

Cu : Phen : Salicylic acid 
-0.1930 1.6900 

14285 
0.0000 1.2170 - 358 5.13 10.56 

Cu : Phen : Mandelic acid 
-0.1930 1.2170 

14285 
-o.ooso 1.1030 - 358 5.31 10.23 

Cu : Phen : Gallic acid 
-0.2050 2.1020 13927 
-0.0900 1.7020 0 6.23 10.56 

Cu : Phen : Glycine 
-0.3400 0.2520 

16130 
-0.0015 3.8230 -2203 9.20 11.50 

Cu: Phen: Valine 
-0.2050 0.7982 16390 
-o.oo8o 2.3790 -2463 9.85 12.67 

Cu : Phen : Serine 
-0.1900 0.4410 16390 
-0.0045 3.6040 -2463 9.56 11.82 

Cu : Phen : Leucine 
-0.2090 4.1820 16130 
-0.0020 2.8790 -2203 9.12 12.32 

Cu : phen : Resorcinol 
-0.2100 0.4808 

15870 
+0.0035 1.3320 -1943 7.12 13.21 

Cu : phen : Catechol 
-0.1680 1.2210 

16130 
+0.0090 1.3030 -2203 7.84 14.04 

-0.1850 1.0250 

499 
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TABLE 4-A CoRRELATION OP SPECTRAL AND R.I!DOX PROPERTIES OP CoPPER : PftENANTHR.OLINE WITJl 
SECONDARY LIGANDS 1:2:1 

Complex Formal Rate 
Activa~on 

Constant 
QD 

enerllles Q• 

El "KI" ~'maz A• J{••' . 
VvsSCE 1 x to-• em sec-• em-• em-• Koal 

6.80 
10.90 

Cu : Phenanthroline +0.0180 2.1510 13927 0 
-0.3080 0.0755 5.72 

9.99 
Cu : phen : Fonnic acid +0.006$ 1.8320 13927 0 

-0.3650 0.3850 
6.21 

10.97 
Cu : phen : Oxalic acid +0.0015 1.9370 15151 -1224 

-o.37SO 0.2061 
5.94 

1o.67 . 
Cu : pben : Tartaric acid +0·0045 1-9369 13927 0 

-o.4200 0.3109 
5.50 

9.:!3 
Cu : pben : Citric acid +o-005o 1.9560 13927 0 

-o-4360 0.3543 
5.50 

9.45 
Cu : pben : Succinic acid 0·0000 1.9560 13927 0 

-0-4300 0.2291 
6.23 

9.n 
Cu : phen : Benzoic acid -0.0030 1.7970 13927 0 

-0·3600 0.2368 
7.88 

to.S4 
Cu : pben : Phthalic acid -0.()060 1.9110 13927 0 

-0.4680 0.4133 
7.77 

1o.74 
eu : phen : Salicylw acid -0.0020 1.9350 13927 0 

10~47 -0-3600 0.4360 
7.99 Cu : pben : Mandelic acid ~0.0120 1.7860 13927 0 

-0-4650 0.3038 
8.47 

11.23 
Cu : phen : Gallic acid -0.0560 2.5840 13927 0 

-o.4905 0.1141 
1i.04 

18·~ 
Cu : phen : Glycine -0.0040 1.8660 13927 0 

19.56 -0.4500 0.4560 
Cu : phen : Valine -0.0015 3.4100 13927 0 11.47 

-0.3880 0.8511 
10.25 

JS.23 
Cu : phen : Serine +0-0030 2.6000 13927 0 

17.14 -0.3915 0.6621 
11.23 Cu : phen : Leucine -0.0030 3.0140 14660 - 733 

-0.3630 0.1035 t6.2l 
Cu : phen : Resorcinol -0.0010 1.9190 13927 0 8.20 

18·40 -0.3900 0.1480 
Cu : phen : Catechol -0.0()40 2.3090 13927 0 9.20 

-0.4500 0.2528 

TABLE 5-Si>ECl"RAL DATA OF MIXED LIGAND CoMPLJ!XES OP Cu(Il) WITH BJPYRIDYL IN ULTRAVIOLET REGION 

1:1:1 1:2:1 

Secondary Complex Ama'ai(nm) AmruD(niD) 2nd ~ 
ligands 1st Peak 2nd Peak 1st Peak 

Bipyridyl 176 276 
228 

228 zts 
Cu: bip 296,306 216 294,306 228 
Cu : bip : Formic acid 294,304 234 (sh) 290,- -Aliphatic acids Cu : bip : Oxalic acid 294,304 244 292,- 230 
Cu ·: hip·: Tartaric acid 294,304 240 (sh) 292,304 (sh) ~(sb) Cu : hip : Citric acid 294,304 238 280,304 (sh) 
Cu : hip : Succinic acid 294,304 294,304 23o ~sb) Cu ·: bip·: B:nzoic acid 294,304 218 (sh) 293,304 
Cu : bip·: ·Phthalic acid 294,304 200 293,304 236 sb~ 

Aromatic acids Cu : bip : Salicylic acid 294,304 200 293,304 (sh) 236 (sb 
Cu: bip :-Mandelic acid 294,304 200 293,304 zzo 
Cu:: bip :.=Gallic acid 294,304 200 --Cu: bip-: Glycine 294,304 234 294,304 

Amino acids Cu : bi:Pf': Valine 294,304 236 294,304 
Cu : bip : Serine 294,304 233 294,304 
Cu: bip-: Leucine 294,304 234 294,304 

Phenols Cu : hip :!Resorcinol 294,304 210 268-
Cu : bip : Catechol 294,304 214 276 -

500 
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TABLE 6-SPECTRAL DATA OF MIXED LIGAND COMPLEXES OF Cu(II) WITH PHENANTHROLINE IN ULTRA• VIOLET REGION 
~econdary 
hglnds Complex -'mao:(nm) I :1:1 .\mao:(nm) 1:2:1 

Aliphatic acids 

Aronutic acid~ 

Amino acids 

Phenols 

1ICS-to 

· 1st Peak 2nd Peak 1st Peak 2nd Peak 

Phenanthroline 
Cu: phen 
Cu : phen : Formic acid 
Cu : phen : Oxalic acid 
Cu : phen : Tartaric acid 
Cu : phen : Citric acid 
Cu : phen : Succinic acid 

Cu : phen : Benzoic acid 
CU : phen : Phthalic acid 
Cu : phen : Salicylic acid 
Cu : phen : Mandelic acid 
Cu : phen : Gallic acid 

Cu : phen : Glycine 
Cu: phen: Valine 
Cu : phen : Serine 
Cu : phen : Leucine 

Cu : phen : Resorcinol 
Cu : phen : Catechol 

258 
268 
266 
266 
266 
266 
266 

266 
266 
266 
266 
266 

266 
266 
266 
266 

266 
266 

220,- - --
218,198 264 219,197,-
218,- 266 218,197,-
218,184 265 218,198,-
218,196 264 218 (sh), 182 
210,183 265 218,194,183 

. 210,196,184 265 218,194,183 

218,188 263 218,190 
218,190 263 218,-
218,198 263 218,-
218,196,184 262 218,194,184 
218,200 261 218,194 

216,198,- 265 218,197 
218,198,183 266 218,197 
218,196,182 265 218,197 
218,198,- 265 218,197 

-,190 266 216(sh~,190 
- ,192 266 218(sh ,-

difference between the non-bonding T u orbitals 
and the antibonding E0 • and A10• orbitals and 
hence the ease of the reduction of the depolarizer 
may be correlated with the ligand field strength. · 

E119 and""'""' : For the sake of correlation of 
the redox properties of these complexes with their 
spectral behaviour,. the polarographic characteristics 

• 0 OJ 

•0 005 ... 
u .. 
r •• , 
~ 
w 

• 0·005 

-0·01 

0·15 

... 
" .. 
t 
~ 

~ 0·05 ... 

• 500 0 

' I 
I 
I 
I 

+ I 
I 
I 
I 

~ 
I 

[cu !P•o•llJ 

i 

~: 
·500 •1000 •ISOO 

6)1 ·•' 

1000 uoo 

Fig. I. Plot of Eva vs spectral shift of absorption band 
for Cu(U) complexes of the type [Cu(bip)L) and 
[Cu(p:~en)L]; L=-aliphatic acids,-·--· aromatic 

. acids, -·-·-·-·-amino acids. 

50~ 
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}'gand an 

compared to that of the bipyridyl as a fitted )lletal 
hence flow of electron den.sity f~om thrl,itals of th~ 
orbitals into the n* anttbondmg 0 fne is !llUC 
aromatic ring system of phenanthro 1 

(E1111 and K 1) have been tabulated along with the 
ligand field band of the complexes concerned in 
Tables 1-4. It will be seen that in the ternary 
complexes involving aliphatic acids, aromatic acids 
and phenols with the exception of those involving 
oxalic and benzoic acid, the half-wave potential 
shifts towards comparatively more positive values 
and the rate constant increases. This means that 
the ease of reduction increases. In case of ternary 
complexes involving amino acids, the E 1 , 11 shifts 
towards more negative values while the value of rate 
constant decreases or the rate of electron tran'lfer 
decreases. A further observation is that the ease 
of reduction as evidenced by E 1 , 11 values also 
decreases with increasing ligand field-strength. A 
plot of half-wave potentials against the difference 
of the energy of the ternary complex and the parent 
binary complex gives a straight line (Fig. 1) for this 
series of complexes lending support to the above 
statement. Vh:ek1 made similar observations in case 
of Fe(phen)sX 8 , Fe(phen) 11 X 11 series, NiL;, NiL:­
series and for cobalt and chromium complexes. 

Reduction is regarded as comprising the accept­
ance of an electron into the lowest unoccupied, or 
singly occupied orbital of the depolarizer111 ·11°. For 
reduction process, the rate and mechanism of the 
overall process will be dictated by the localization 
and energy of the lowest orbital. If the orbital in 
question has a high electron affinity, it may be 
possible for depolarizer particle to react directly 
with the electrode with only slight changes in 
configuration. A rearrangement will be necessary 
if the orbital has a low electron affinity since direct 
reduction in this instance will require a very large 
negative applied potential. The complexes of these 
series of the type [Cu(bip)L] and [Cu(phen)L] have 
confirmed essential correctness of the foregoing 
arguments. In such complexes, the lowest un­
occupied orbital is an antibonding e: orbital of 
very low electron affinity (much lower than that of 
the T u orbitals) so that direct reaction with the 
electrode is impossible. A configuration change, to 
give a structure capable of direct reaction with the 
electrode, must therefore take place whose energy 
may be regarded as a function of the difference 
between the ground and excited states i.e. the 
energy of the transition state depends on the ligand 
field strength of the complex. 

A perusal of data on Cu(II) phenanthroline series 
(Tables 3 and 4) of mixed ligand complexes shows 
that it does not confirm fully to the conclusion 
arrived at for the corresponding bipyridyl series of 
mixed-ligand complexes of Cu(II). In fact, the 
ease of reduction seems to be a composite of 
several structure and non-structural factors111 • At 
least one factor which may cause this difference in 
behavioural pattern is prominently the delicate 
balance between two opposing forces of a and n 
donation character of the ligands. The back bond­
ing may reduce the electron density on the metal 
ion and thus facilitate the electron transfer and 
hence easier reduction of the depolarizer. The 
%-bond character of phenanthroline is much greater 

502 

more facile. 'fon govern· 
Q and , • An important condt 'the frank· 

o 111ax • f om fer ing all electrode processes follows r 1 tron trans 
Condon principle which states that e ~dty than co; 
process takes place much more rap~r maY thus. i· 
figurational changes. ~lectr~m trans~ with negll\e 
regarded as occuring adtabattcall~ all ws tnat 1 d 
ble activation energY1111 • It 0 0(electrode aner 
electronic states of the reactants tron transti 
depolarizer) must be equal before e\e: abstract 0~; 
takes place, i.e. the energy nec~~sary ust be exac 'ts 
electron from its initia~ postt.101~\~s bound in :he 
supplied by the energy wtth .whtc 1 thiS 0ccurs •. 01 
final position in the depolartzer.. If. changed ~r!on 
electronic energy of the depola~tzer 1f. the transttl nt 
to reduction and the formatton ° (rearrangeJ!lebe 
state requires considerable energy part of \ 
activation energy) which forms a largse as a wb.0 ~: 
total activation energy fo.r the pro.c~t line relatl~e· 
Estimated values of QD gtve a ~tratg h above sta.tb 
ship with b. v (Fig. 2) s~p~ortmg ~ :rvations ;!t, 
ment. Vlc'Sek made smular 0 . s Co(Nll8)5 11+ 
following series of complexes · Rh(Nll,)5){ nd 
Co(CN)11X"-, CoOX,.(am)~. COX (arn)~ a 
Co(NH8 \ 4X~+, Cr(NH 8 ) 5 X"+, r ,. . 
Rh(en 11)X;+. transiu~JIS 

UV spectra :In the uv region ~w~e indicatl~ 
are observed for primary Iigan~s a ~0 Robert.d i 
:~rn• an~ n1r* transitions accordt~tions, b~pyrt t~e 
McAlpme28 • In the present con indicating ,.,. 
absorbs at 228 nm and 276 n~ 1 'fhC ,.,. 
transition ""* and n1r•, respecttve fhan the .11 ed 
transition seems to be stronger been obtal~11• 
transition. A similar spe_ctra hive ule i,e. phell nJil 
in the case of phenanthrohne mo ec Ill and 25~ 1 . 
throline molecule absorbs at 22.0. n respectt'\'e ~e 
indicating the :~r11* and nrr* transt.t~ons, seeJllS to 
But in this case the "'"* transttton . 
stronger than the me* transition. [Cu(biPlJ 

f b. omplexes, . "" In the spectra o mary c . shift tn nJll) 
1 : l and 1 : 2, there is 3: b~thochromtc and 30~ . itY 
transition and also sphttmg (296 n~be posst~1~rn 
is observed on complexa~ion due to donatio~ t d·. 
of metal-ligan~ interactwn. Bac\ ing antt~bO~ifl 
metal fi.lled-orbttals to vacant tow- Y ctu'OJ11lc.s ('j 
ing n* orbitals of bipyridyl cause hYP~0 the btn:all 
in 11:Jr* (218 nm) transition. But tn tronger t Jll" 
complex, n.11* transition seems to be :hroJine c~bO" 
nn* transition. In c~se o~ phenanl ion bll- jc 
plexes, on complexation wtth rne~ hYPsocllf)0~re 
chromic shift in nA* (267 nm) an 197 nrn 111'• 
shift and splitting in 3t'J&* (218 .Uf• colllPte:x.d r js 
observed. In the case of 1 · a shoul e tit 
transition is not split properly ?'t collll'leJtdsP Bt 
observed at 218 nm. In the 1 · the ball 
band at 218 nm is stronger than 
197 _ _.ill 

nm. . 'ft 's obsel'V~ dS 
A very small bathochromic sht 1 dll'Y !igall 

.,.,• transition on addition of secon 
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Fig. 2. Dependence of activation energy of the electrode process upon the absorPtion band shift of 
complexes [Cui.bip)LJ and [Cu(phen)L]. 

in I : I . 1 . d I' . h . serits · mtxe tgand complexes. In ahp atic 
(Cu(b' P)~k of xx• is obtained only in the case of 
Shout~p _x] a~d _[Cu(bip)Cit] complexes. A 
no 7I'Jt*er .1s o?tamed m (Cu(bip)Tar] complexes and 
compi band Is observed in the case of [Cu(bip)Suc] 
hand .ex. In amino acid series, shoulder of n.1t• 
the 18 observed. Further observation shows that 
e.g ~r:sence of secondary ligands possessing a ring 
nn~ b·edis cause further hypsochromic shift in 
[Cuwan · A shoulder is obtained in the case of 
arom 1f)BenJ complex. But in other complexes of 
band a(l acxd series, a hypsochromic shift in x1r• 
Possib' . OO n~) is observed perhaps, due to the 
case 1}11Y ?f hgand-ligand interaction. But in the 
no 0 . ~l~phatic acids and amino acids, there is 
Of li~SSibdtty of :~t.7t• interaction due to the absence 
of [C g .. In the case of 1 : 2 : 1 ternary complexes 
306 n U()b~p)L] the splitting of n.7t• band (296 nm and 
'~"Jt• : Is observed in each complex but there is no 
(hi ) .nd exc~pt in the case of [Cu(bip)Tar], [Cu· 
nt&: <f.111 an~ [Cu(bip)Gal]. In the case of phena­
the 0 me mtxed-ligand complexes 1 : 1: 1 and 1 :2: 1, 
cal.l.~re;ence of secondary ligands . (posse~sin~ ri~g) 
liganJ 1 :'Jl'ther hypsochromic shift m xn"' mdtcatmg 
alipha- _Igand interaction, while in the case of 
&how· he an~ amino acids there is no further ~plit 
llos .1b~~ theu inability for ligand-ligand interaction. 

81 Ibty of metal-metal interaction is not indicated. 
bi ~ comparing the data on the complexes of 

PYI'ld)'l and phenanthroline with Cu(II), opposite 

results are observed. In bipyridyl, splitting is obta­
ined in nn• while in the case of phenanthroline "'n• 
splitting is observed. This behaviour can be 
explained on the basis of the structure of these 
ligands. The nature of phenanthroline can be 
attributed to the hindered rotation along the fused 
axis while in the case of bipyridyl, due to the free 
rotation along joining axis, the splitting of me• 
transition is observed. In the case of the mixed­
ligand complexes of phenanthroline, the effect of 
secondary ligand is appreciable indicating that the 
phenanthroline is a better ligand than bipyridyl 
which is also confirmed by the polarographic studies 
of these complexes. 

The results obtained on comparing the spectral 
characteristics with the polarographic behaviour are 
not very revealing. Plots of E1 vs , are given in 

'9' 
Fig. 3. A linear relationship is obtained only for 
the complexes [Cu(bip) aliphatic acids]. [Cu(bip)· 
aromatic acids] and [Cu(phen) aromatic acids]. 
This relationship is not very surprising. A linear 
relationship between E1 and , shall be obtained 

'9' 
only when the complexes in the series fulfil a number 
of important conditions like (i) the interatomic 
distaJlces in the reduced and oxidised forms do not 
differ much, (ii) the donor or acceptor part of the 
molecule remains almost the same throughout the 
series, (iii) the change of solvation energy accom­
panying the redox transition and the change of 

$>3. 
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(Ck: BipJ 1 : 1 With aliphatic acids (A) and aromatic acids (B) 
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Fig. 3. Dependence of half wave potential on spectral 
studies (charge transfer spectra). 

entropy for the redox couple remain constant 
throughout the series1 • 
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