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The voltammetric behavior of bis complexes of 2,6- 
bis(2-pyridyl)pyridine (terpyridine) and 2,6-bis(2- 
pyridyl)-4-phenylpyridine (terosine) with manganese- 
(II) and chromium(III) have been studied in aceto- 
nitrile using D.C. and A.C. polarography and cyclic 
voltammetry. The bis complexes of chromium(III) 
each undergo four one-electron reductions to the +2, 
+I, 0 and -I formal oxidation states, respectively. The 
divalent manganese complexes each are reduced in two 
steps to the +1 and zero formal oxidation states and 
also each exhibit a one-electron oxidation to Mn(L)23’. 
Spectroscopic and magnetic data are also given. 

Introduction 

The electrochemistry of aromatic tridentate imine 
ligand complexes of manganese and chromium has 
received little attention when compared to similar com- 
plexes of iron and cobalt. The voltammetric behavior 
of the bis(terpyridine)chromium(III) cation has been 
studied in aqueous media where it was shown to under- 
go a two-step reduction to Cr(terpy),*+ and Cr 
(terpy)z+, respectively.2,3 In acetonitrile, however, 
Cr(terpy),3+ exhibits four one-electron reductions to 
the +2, +l, 0 and -1 formal oxidation states.4 Since 
the redox behavior of the corresponding bis(ter- 
pyridine)manganese(II) complex has not been studied 
in either aqueous or non-aqueous medium, the present 
work was undertaken to study, for the first time, the 
electroanalytical behavior of the tridentate imine li- 
gands, 2,2’,2”-terpyridine and 4’-phenylterpyridine 
(terosine) complexed with manganese(I1) and to ex- 
tend the work on similar complexes of chromium(III).’ 

Experimental 

2,2’,2”-terpyridine was purchased from the G. Fred- 
erick Smith Chemical Company and used as received. 
Terosine was synthesized by the method outlined by 
Frank and Reiner6 and recrystallized six times from 
spectra nitromethane with the use of activated charcoal 

to a constant melting point of 206°C. Anal. Calcd. for 
terosine, CZ1, HIS, N3: C, 81.5; H, 4.89; N, 13.6. 
Found: C, 81.3;H, 5.05;N, 13.8%. 

Electrometric grade tetraethylammonium fluoborate 
(TEABF,) was obtained from Southwestern Analytical 
Chemical Company, and spectra grade acetonitrile was 
purchased from Eastman Organic Chemicals. High 
purity nitrogen was washed with acetonitrile before 
use. All other chemicals were reagent grade and were 
used as received. 

The compounds Mn(tero)z(C104)2 and Mn(terpy)* 
(C104)* were prepared by mixing 1.2 millimol of the 
ligand dissolved in 25 ml of hot absolute ethanol with 
0.5 millimol of MnC12.4H20 dissolved in 10 ml of 
triply distilled water. The complexes were precipitated 
with NaC104, washed with 50% ethanol-water and 
purified with absolute ethanol. The crystalline products 
were dried at 80°C in vacua over P,OJ for 6 hours. 
Anal. Calcd. for Mn(tero),(C104)2 (dark yellow): 
C, 57.8; H, 3.46; N, 9.63. Found: C, 57.4; H, 3.60; 
N, 9.65%. Calcd. for Mn(terpy),(C104)2 (light yel- 
low): C, 50.0; H, 3.08; N, 11.7. Found: C, 50.0; H, 
3.10;N, 11.7%. 

Cr(terpy)2(C104)3 and Cr(tero),(ClO,), were pre- 
pared in like manner as the chromium(I1) compounds 
from anhydrous CrC12. This preparation was carried 
out under nitrogen atmosphere using nitrogen deaerat- 
ed solvents. The Cr(II1) compounds were formed by 
bubbling chlorine gas into the Cr(I1) precipitate-sol- 
vent suspension. The oxidized solution was then filtered 
and recrystallized five times from 50% ethanol-water. 
The hydrated products were dried at 80°C in vacua 
over PZ05 for 16 hours. The absence of water of 
hydration was confirmed by infrared spectroscopy. 
Anal. Calcd. for Cr(terpy),(C104)3. 2H20: C, 42.3; 
H, 3.05; N, 9.85. Found: C, 42.4; H, 2.97; N, 9.87%. 

Electronic absorption spectra were taken on a Cary 
Model 14 spectrophotometer and first derivative spec- 
tra were taken on a Cary Model 118 spectrophotometer. 
Magnetic susceptibilities were determined at room 
temperature by the Faraday method and elemental 
analyses were performed by Instranal Laboratories, 
Renssalear, New York and Galbraith Laboratories, 
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Knoxville, Tennessee. Voltametric measurements were 
carried out in the same manner as described pre- 
viously.’ 

Results and Discussion 

Visible and UV Spectra 

Visible spectral data for Cr(terpy),(C104)3, Cr 

(tero),(ClO&, Mn(terpy),(C104), and Mn(tero), 
(ClO4)2 are summarized in Table 1. The individual 
molar extinction coefficients were determined at dif- 
ferent concentrations (<SmM) of the perchlorate 
salt of the respective compound in spectra acetonitrile 
solution. The shoulders in the spectra of the manganese- 
(II) complexes were confirmed by the use of first 
derivative spectra. Values for the wavelength at the 
peak of the first derivative curves are also given in 
Table 1. Ultraviolet spectral data for the ligand, tero- 
sine, and the complexes are summarized in Table II. 
These spectra are characterized by huge molar ab- 
sorptivities resulting from charge-transfer and ligand 
bands. UV molar absorptivities for the complexes were 
determined at the concentration indicated; E values 
for terosine were determined at different concentra- 
tions with the average value given in the table. 

Magnetic Susceptibilities 

Room temperature magnetic moments of 6.08 and 
6.02 B.M. were found for Mn(terpy),(C104)z and 
Mn(tero),(ClO,), respectively. These values cor- 

TABLE I. Visible Spectral Information for the Chromium 

and Manganese Complexes.” 

First 

Derivative 
Peak (nm) 

i (nm) 

Cr(terpy),3+ - 472 1470 f 20 
_ 442 2390 f 20 
- 418 2220 * 20 

Cr(ter0)Z3+ - 
_ 

Mn(terpy),‘* 475 456 (sh) 53.6+ .4 
436 427 (sh) 90.7* 3 

408 400 (sh) 191f 3 

384 377 (sh) 435+ 5 

435 
407 
383 

563 260+ 10 

467 (sh) 1540 f 20 

438 (sh) 2860 f 50 

397 (sh) 4750 f 50 

426 (sh) 
399 (sh) 
374 (sh) 

130f 2 
274+ 2 
691+ 5 

e 

aSolvent = Spectra acetonitrile. 
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TABLE II. Ultra-violet Spectral Data for Terosine and the 

Manganese and Chromium Complexes.” 

Terosine 308 (sh) 
274 
251 

247 (sh) 
224 (sh) 

8,090 + 100 
32,100 f 200 
35,500 + 200 
33,500 f 200 
21,100*200 

Mn(terpy)2(C10& 
6.68 x 10-“M 

331 16,800 

314 (sh) 23,100 
302 23,100 
280 37,100 

275 (sh) 36,500 

267 (sh) 29,500 

249 (sh) 28,900 

239 (sh) 41,300 
232 46,600 

Mn(tero),(ClO& 
1.15 x 1WM 

334 (sh) 15,900 

321 (sh) 2 1,800 

283 66,100 

278 (sh) 65,500 
271 (sh) 56,600 

251 52,300 
247 (sh) 49,800 

Cr(terpy),(CI04)3 
2.99 x lO-‘M 

364 21,900 

349 (sh) 18,000 

347 18,200 

335 (sh) 13,500 
325 12,800 

3 15 (sh) 11,100 

285 (sh) 20,100 

277 (sh) 23,800 

266 (sh) 31,900 

264 32,400 

233 (sh) 47,200 

222 63,000 

Cr(tero),(ClO,), 
2.08 x 10-‘M 

361 (sh) 36,300 
346 45,600 

341 (sh) 44,200 

288 (sh) 44,000 
285 44,100 
278 (sh) 41,700 
269 (sh) 34,800 
232 (sh) 51,600 
217 (sh) 69,000 

aSolvent = Spectra acetonitrile. 

respond to a high spin d5 octahedral configuration.’ 
Measured diamagnetic corrections (X lo6 cgs) of 223 
and 298 were taken for terpyridine and terosine, 
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respectively, and 32 was taken for the perchlorate 
anion correction. 

I ’ I I I I 1 

Voltammetry 
The voltammetric study of the free ligands has been 

reported in a previous communication.7 The first re- 
duction wave for terpyridine and terosine occurs at 
-2.07 and -1.98 volts vs. Ag/AgCl sat. NaCl, with 
limiting current to concentration ratio of 4.74 and 
4.36 ,uAlmM, respectively. Both of these waves were 
found to be irreversible. 

Table III summarizes the voltammetric data observed 
for the bis complexes. Both Cr(terpy)23+ and Cr 
(tero)23+ each exhibit four diffusion controlled re- 
duction waves, i.e., idh l” is constant at various mer- 
cury column heights. For both complexes plots of Ed.c. 
vs. log[i/(id-i)] gave straight lines with slopes close 
to 59.2 mV for all four waves. Figure 1 shows a typical 
cyclic voltammogram of the four reduction waves for 
the bis(terosine)chromium(III) complex. Cyclic vol- 
tammetric data for the Cr(IJ1) terosine and Cr(II1) 
terpyridine complexes show peak splittings and current 
heights expected for reversible one-electron charge 

4- 

4 
zl 

;2- 
ff 
z 
” 

O- 

t 
I I I I I I I 

0 -1.0 - 2.0 
V “S aq. Ag/AgCI. sat. NoCl 

Figure 1. Cyclic voltammogram on Hg of 0.351 mM Cr(tero)* 
(C104)s in spectra acetonitrile and O.lM TEABF4. Scan 
rate = 110 mV/sec. 

TABLE III. Voltammetric Data for the Complexes. 

Complex 
Couple 

D.C. Polarography Cyclic Voltammetry A.C. Polarography’ 

Slope id/h */2 d Scan Rate AEp EP (V) 

(mV) (mV) 

Mn(terpy)z 
II + IW 

II+1 

I+0 

+1.278 - 
-1.115 2.85 
-1.455 2.79 

Mn(tero)2 
II + IIIC 

II+1 
I+0 

Wterpy)2 
III+11 
1141 
I+0 
0+-I 

Cr(tero), 
III-? II 

II+1 
I+0 
0-t-I 

+1.223 - 
-1.071 2.79 
-1.344 2.85 

-0.118 3.15a 
-0.519 3.408 
-1.027 3.35” 
-1.950 3.10a 

-0.120 2.77 -59 0.12 + .oo 
-0.487 2.95 -60 0.12 & .oo 
-1.001 2.91 -57 0.11 f .oo 
-1.912 2.86 -58 0.11+.00 

+60 _ 
-62 0.25 f .Ol 

-62 0.26 f .Ol 

+61 - 

-62 0.19 + .oo 
-58 0.19 * .oo 

-59 0.23 f .OO 
-58 0.24 + .OO 
-59 0.22 + .oo 
-58 0.21+ .oo 

30 Pt 70 
40 Hg 80 

50 Hg 72 

+ 1.298 (Pt) - 104 
-1.115 1.01 108 
-1.455 1.48 120 

45 Pt 68 

90 Hg 72 
90 Hg 68 

+1.230 (Pt) - 104 
- 1.069 1.80 100 
- 1.349 1.93 100 

100 Hg 60 

100 Hg 60 

100 Hg 60 

100 Hg 70 

-0.120 3.30b 95 
-0.525 3.40b 95 
-1.035 3.30b 92 
-1.95 2.20b 92 

90 Hg 60 -0.121 2.49 95 

90 Hg 60 -0.484 2.55 93 

35 Hg 65 -0.990 2.24 96 

110 Hg 70 -1.896 1.63 98 

All voltages vs. aq. Ag/AgCl sat. NaCl 
Solvent = spectra acetonitrile 
Background electrolyte = 0.1 M TEABF, 

All currents measured at the midpoint except Cr(terpy)*. 

aTime average currents. ‘Peak currents. ‘Done at the rotating platinum electrode D.C. and A.C. dData taken at four 
different column heights. ‘Applied frequency = 23 HZ; applied potential = 5 mV; IR compensation = 225 ohms. 
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cording to Swain and Lupton” a para phenyl group 
should act as a very weak electron donor (up = 
-0.010). Our results indicate this to be true; however, 
comparison of the II-I, I-0 and O-(-I) couples shows 
that this substituent can also, when forced to, act as a 
weak electron acceptor which is not unreasonable 
considering the closeness of the sigma parameter to 
zero. In making this conclusion on the basis of our 
electrochemical data we assume that the free energy 
of formation of M(tero), ‘+ is equal to or more negative 
than the corresponding value for M(terpy)22+. The 
validity of this assumption is supported by reported 
values for log/?, of 21.3 and 21.8 for Fe(phenanthro- 
line)32+ and Fe(4,7-diphenylphenanthroline)sz’, re- 
spectively.” The four and seven positions of l,lO- 
phenanthroline are symmetrically para to the central 
metal atom just as in the terosine complexes. This 
data indicates that the para phenyl groups stabilize the 
+2 formal oxidation states and, from the electrochemical 
data presented here, also the +3, fl, zero and in the 
case of the chromium complexes the -1 formal oxida- 
tion states. At this time we are continuing our in- 
vestigation with other para substituted imine ligand 
complexes. 
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