This article was downloaded by:

On: 23 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Coordination Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455674

COORDINATION
CHEMISTRY

PROTONATION CONSTANTS AND SOLVENT DEPENDENT SPIN-

i e | CROSSOVER BEHAVIOUR OF IRON(II)-2-(2'-
% .. s.1.. |PYRIDYL)BENZIMIDAZOLE COMPLEXES
., g, 'y M. Enamullah®; M. N. Uddin? D. Hossain® M. Kabir®; A. Awwal; W. Linert*
3 ;, a’ "’ a @ Department of Chemistry, Jahangirnagar University, Dhaka, Bangladesh " Institute of Inorganic
ey e Chemistry, Heidelberg, Germany ° Institute of Inorganic Chemistry, Technical University of Vienna,
. L ¢ Cee i oo E Vienna, Austria
L3

To cite this Article Enamullah, M. , Uddin, M. N. , Hossain, D. , Kabir, M. , Awwal, A. and Linert, W.(2000)
'PROTONATION CONSTANTS AND SOLVENT DEPENDENT SPIN-CROSSOVER BEHAVIOUR OF IRON(II)-2-(2'-
PYRIDYL)BENZIMIDAZOLE COMPLEXES', Journal of Coordination Chemistry, 49: 3, 171 — 180

To link to this Article: DOI: 10.1080/00958970008022569
URL: http://dx.doi.org/10.1080/00958970008022569

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with prinary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958970008022569
http://www.informaworld.com/terms-and-conditions-of-access.pdf

14:35 23 January 2011

Downl oaded At:

J. Coord. Chem., 2000, Vol. 49, pp. 171-180 © 2000 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under
Photocopying permitted by license only the Gordon and Breach Science
Publishers imprint.

Printed in Malaysia.

PROTONATION CONSTANTS
AND SOLVENT DEPENDENT
SPIN-CROSSOVER BEHAVIOUR OF
IRON(I)-2-2’-PYRIDYL)BENZIMIDAZOLE
COMPLEXES
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M. KABIR?, A. AWWAL®? and W. LINERT®*

2 Department of Chemistry, Jahangirnagar University, Dhaka, Bangladesh;
bInstitute of Inorganic Chemistry, Im Neunheimer Feld-270, D-69120 Heidelberg,
Germany; Institute of Inorganic Chemistry, Technical University of Vienna,
Getreidemarkt 9, A-1060 Vienna, Austria

Dedicated to Prof. Viktor Gutmann
{ Received 10 September 1998)

2-(2'-Pyridyl)benzimidazole (pybzim = LH) coordinates to iron(1l) as a bidentate and forms the
tris-ligated complex, [Fe(pybzim)sJ** as isolated in the solid. Titration of [Fe(pybzim);]** with
base demonstrates the successive deprotonation of the imino hydrogens of the coordinated
ligands. Protonation constants for the free ligand, pybzim (log,o K =11.33) and the complex,
[Fe(pybzim);* (log, K& = 9.58, log,, K = 8.13 and log,q K} = 6.97) were measured in 30%
(v/v) H,O/EtOH. Results show that coordination to iron(II) increases the acidity of the imino
hydrogen of the ligand. Spin-crossover behaviour of the complex were studied in different solv-
ents ME, AC, AN, NM, NB, DMF, DMSO and ANL. The complex shows strong spin-cross-
over behaviour which is solvent dependent. Values of the spin-equilibrium constant (K;) and
the associated thermodynamic parameters (AH,=18.1-21.3kJmol™! and AS, =69.6-
84.4JK " 'mol™") were calculated. An increase of the enthalpy is observed with increasing
donor number (DN) of the solvent.

Keywords: 2-(2'-Pyridyl)benzimidazole { pybzim); [Fe(pybzim);}**; protonation constants;
spin-crossover; non-aqueous solvents; donor number

* Corresponding author.
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INTRODUCTION

Studies of spin-crossover phenomena of transition metal ions of d*~d” elec-
tronic configuration with diimine and triimine ligands have been shown to
be of considerable importance for understanding electron transfer, dissocia-
tion and intersystem crossing in complex compounds' and some biologically
important compounds.” The two electronic isomers, low-spin (LS) and high-
spin (HS), of differing multiplicity, are nearly equi-energetic and become
comparable to the thermal energies (k7') in certain temperature ranges. This
is called the spin-crossover equilibrium between the two spin states.’™®
Spin-crossover behaviour of tris-complexes of the diimine ligands such
as 2-(aminomethyl)pyridine,® 2-(2’-pyridyl)imidazole® and 2-(2’-pyridyl)-
benzimidazole®® with iron(II) have been studied in detail. Bis-complexes of
triimine ligands, 4-X-2,6-bis(benzimidazole-2’-yl)pyridine (X=H, Cl and
OH) with iron(IT) show strong spin-crossover behaviour both in solution
and the solid state.'!®”'* The ligands, 2-2'-bipyridine,'* 2-(2’-pyridyl)-
imidazole,'® 4-(2’-pyridyl)imidazole'® and 2-(2’-pyridyl)benzimidazole®® act
as bidentates with transition metal(Il) ions and their stability constants
are known. Accordingly, the stability constants of triimine-complexes,
Fe(II)/4-X-2,6-bis(benzimidazole-2’-yl)pyridine (X= H, Cl and OH) are
reported.”> Coordination to metal ions increases the acidity of the imino
hydrogen atoms of these ligands.'*~'*2!*2 Furthermore, cationic complexes
with divalent transition metal ions can be deprotonated by titration with
alkalj. 15:17-18:20-22

The present paper describes protonation and spin-crossover behaviour
of the Fe(I1)-2-(2’-pyridyl)benzimidazole system in non-aqueous solvents.
We have attempted a correlation between the observed spin-crossover
behaviour and the donor number (DN) of the solvent.?

EXPERIMENTAL

Chemicals

The following chemicals were used as received: FeCl,-4H,0 (Riedel-de-
Haen), NaCiO4-H,O (Fluka), NaOH (Riedel-de-Haen), KCl (Merck),
P,O; (Riedel-de-Haen), CaSQO4-0.5H,0 (Merck), B,O; (Merck) and CaO
(tech.). Buffer solutions of pH =2.0 and 9.0 (Merck) were used. Commercial
grade methanol (ME) (Riedel-de-Haen) was refluxed over CaO for 24 h and
fractionally distilled. Commercial grade acetone (AC) (Riedel-de-Haen) was
distilled twice from CaSO,4 and once from B,0;. Acetonitrile (AN) (Loba)
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was distilled once from NaOH and twice from P,Os. Nitromethane (NM)
(Riedel-de-Haen, 99% GC), nitrobenzene (NB) (Riedel-de-Haen, 99% GC)
and N, N-dimethylformamide (DMF) (Merck, tech.) were used as received.
Dimethylsuifoxide (DMSQO) (Merck) was dried with molecular sieve 4 A and
subsequently distilled under reduced pressure. Absolute ethano! (EtOH)
(Riedel-de-Haen, 99%) was used as received.

Synthesis

The ligand 2-(2'-pyridyl)benzimidazole (pybzim =LH) and the complex
[Fe(pybzim);](ClO4), - H,O were synthesized according to the literature>® as
follows: a solution of Fe(ClO,),-6H,0 (6.0 mmol) in ethanol (30 cm?) was
added to 2-(2’-pyridyl)benzimidazole (18.0mmol) dissolved in ethanol
(200 cm®). The complex precipitated after a few minutes, then it was fil-
tered off and washed with ethanol. The product was dried in vacuo to give
reddish-brown crystals (yield 85-90%). Found: C: 50.20; H: 3.53 and
N: 14.8%:; Calc. for C34H,9Cl,FeNgQg: C: 50.37; H: 3.41 and N: 14.68%.

Potentiometric Titrations

Potentiometric titrations were carried out using a WTW PH 537 (Weilheim)
potentiometer. Titrations of the free ligand LH (1.34 x 107*M) and the
complex, [Fe(LH);** (5.34 x 107> M) with and without excess ligand ([LH]/
[Fe(LH);]** =7.0) were performed in 30% (v/v) H;O/EtOH with an ionic
strength of 0.2M in KCl and at 29.3+0.5°C. A uniform titration and
homogeneous temperature distribution within the titration cells was ensured
by using a magnetic stirrer. Nitrogen gas was passed continuously through
the titration cell during the experiment. Before titrations the pH-meter was
standardized with buffer solutions of pH =2.0 and 9.0.

Spectrophotometric Measurements

Electronic absorption spectra were run on a Shimadzu UV-1601 PC spectro-
photometer, equipped with a thermoelectrically temperature controlled
(Shimadzu TCC-240A) cell holder for the range 7-60+0.1°C, using a
quartz sample cell (1.0cm). The actual temperature within the sample cell
was measured with a copper—constantan thermocouple. Variable tempera-
ture spectra of [Fe(pybzim);]** (6.0—8.0 x 107> M) without and with excess
ligand (i.e., [LH]/[Fe(LH);]** = 5.0-7.0) were recorded out in ME, AC, AN,
NM, NB, DMF, DMSO and aniline (ANL) over an extended temperature
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range of §8-5540.1°C. Below room temperature (< 25°C) dry nitrogen gas
was passed through the cell compartment. Values of observed molar absorp-
tivities (obs/M ' cm™") were corrected for changes in solvent density with
temperature, thus changing the concentration of the solute.>>**

RESULTS AND DISCUSSION

Protonation Constants

The potentiometric titration curve (pH vs NaOH/ml) for the free ligand and
the complex with excess ligand ((LH]/[Fe(LH);]*" =7.0) in 30% (v/v) H,O/
EtOH at 29.3 £0.5°C is shown in Figure 1. Titrations of the complex with
and without excess ligand demonstrate that no hydroxyl association,
hydrolysis and/or ligand dissociation occurs in case of the complex with
excess ligand, even in the high pH region (> 6.5).!%'"2' A three step,
successive deprotonation reaction of the imino hydrogen of the complex is
suggested,'*?® shown in Scheme I. Values of the protonation constants
(logy, KH) for the free ligand and the complex with excess ligand are

12

1

10

pH

LILINN LA B S B B S [

NaOH/mi

FIGURE 1 Titration curves of the free ligand, LH (1.34 x 107*M) and the complex,
[Fe(LH);]** (5.33 x 107> M) with excess ligand ([LH]/[Fe(LHgg]“:TO) in 30% (v/v) HyO/
EtOH at I =0.2M and 29.3 +0.5°C; titrant NaOH (2.06 x 107> M).
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TABLE 1 Values of protonation constants of LH (1.34 x 10~*M) and [Fe(HL):]** (5.33 x
107> M) with excess ligand ([LH)/[Fe(LH);}** =7.0) in 30% (v/v) H,O/EtOH at I=0.2M and
29.3+0.5°C; titrant NaOH (2.06 x 107> M)

Species logyo K logyo K3 logyo K¥'
[LH] 11.33 _ _
[Fe(HL),P** 9.58 8.13 6.97

All log values are +0.05; [LH] = pybzim =2 — (2’-pyridyl)benzimidazole.

calculated using the method described by Martell and Motekaitis>” and the
values are listed in Table I. Coordination to the metal ion decreases the
electron density on the imino nitrogen atom of the coordinated ligand via
hyperconjugation, thereby increasing the acidity of the imino hydrogen as a
function of complex stability.'*~2! Therefore, the complex shows relatively
low values of protonation constants compared to the free ligand (Table I).
Similar results are found for the protonation of Fe(II)-4-X-2,6-bis(benzimi-
dazole-2/-yl)pyridine.?!

2 K"'-l 2
Fe[L:H, ,]%™"* 4+ nH* 2 Fe|(LH),*"

SCHEME

Spin-Equilibria

Variable temperature electronic spectra of the complex with and without
excess ligand were obtained in solvents ME, AC, AN, NM, NB, ANL,
DMSO and DMF in the temperature range 8—55 £ 0.1°C and data are listed
in Table II. A typical spectrum in AN (Figure 2) shows the marked spin-
crossover behaviour of the complex.*"!*> A strong metal-to-ligand charge
transfer band (7, — 7*: mict) is observed from 400 to 600 nm, as shown for
similar Fe(Il)-diimine and -triimine complexes.>®* 1%?526 The mict band
becomes less intense (i.e., the molar absorptivity decreases) and the
absorption maximum (Ayax/nm) shifts to shorter wavelengths with increas-
ing temperature (Table II). These results are in good agreement with
observed spin-crossover behaviour of Fe(IT)-imine complexes.* !? Values of
the molar absorptivities (€500 am/M ™' cm ™! for the complex with and without
excess ligand decrease by 46% in ME and 42% in AN with temperature,
indicating the absence of complexation equilibria in the observed spin-
crossover equilibria.”® However, complex dissociation is very likely to occur
in the strong donor solvent DMSO (DNDMSO=28.8)29 which favours the
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TABLE II Variable temperature spectroscopic data for [Fe(LH);)** with excess ligand
([LH)/[Fe(LH):}*" = 5.0-7.0) in different solvents

T (K) Amax (NM) €500 nm K. T(K) Amax (nm) €500 nm K.
M Tem™! “Tem™
ME DMF
280.7 503.5 2425 3.32 2814 507.5 1675 1.71
284.4 504.0 2275 3.72 287.0 503.5 1488 2.02
288.3 501.0 2127 4.18 293.0 492.5 1322 245
262.7 501.5 1985 4.76 298.5 495.5 1203 2.88
297.4 497.5 1848 5.45 303.2 491.5 1095 3.29
302.5 497.0 1718 6.27 308.0 490.0 1000 3.75
307.2 495.0 1610 7.11 3i24 487.5 923 4.22
3129 493.0 1503 8.24 318.1 482.5 821 4.89
316.1 490.5 1434 8.93 322.6 481.5 748 5.48
3221 490.0 1345 10.34
AC NB
283.0 500.0 2416 5.20 285.3 501.5 2208 4.71
289.4 498.0 2189 6.27 290.4 500.5 2054 5.42
293.4 497.0 2042 7.01 295.2 499.5 1920 6.14
298.0 496.0 1916 7.96 299.7 498.5 1799 6.89
303.4 494.5 1795 9.18 304.9 495.5 1694 7.83
307.5 492.5 1683 10.21 309.7 493.5 1604 8.77
313.1 490.0 1593 11.72 3149 493.0 1517 9.91
319.8 491.5 1441 11.06
3249 489.0 1373 12.35
DMSO NM
295.3 488.0 409 2.27 283.8 499.0 2254 3.96
301.4 488.0 378 2.67 288.4 497.5 2097 4.48
306.7 487.5 352 3.08 2938 496.0 1922 5.17
312.0 485.5 328 3.53 298.4 495.0 1800 5.82
316.9 485.0 308 3.98 303.0 494.6 1689 6.53
321.8 483.0 291 448 307.8 493.0 1579 7.34
327.0 483.0 275 5.04 313.0 450.8 1484 8.28
3315 482.5 260 5.60 3179 490.2 1396 9.26
3229 4872 1322 10.32
AN ANL
283.0 498.5 2443 3.35 284.8 524.0 2065 4.66
289.1 497.5 2203 4.00 290.7 5235 1951 5.41
294.0 495.5 2056 4.59 294.1 521.5 1871 5.90
298.6 493.5 1918 5.20 298.6 517.0 1794 6.58
303.6 491.0 1792 5.92 303.8 515.0 1718 7.44
308.5 490.0 1684 6.71 309.0 513.0 1641 8.37
313.4 488.0 1587 7.58 314.1 510.5 1577 9.36
318.1 487.5 1498 8.46 318.5 508.0 1533 10.29
3234 484.5 1411 9.58 323.7 506.5 1488 11.46

Methanol (ME), acetone (AC), acetonitrile (AN), nitromethane (NM), nitrobenzene (NB), N, N-dimethyl-

formamide (DMF), dimethylsulfoxide (DMSO) and aniline (ANL).

mono-complex (HS-state}, as shown from the relatively low values of molar
absorptivities (i.e., €500 nm = 260-409 M ' cm™!) and the absorption maxima
(i.e., Amax =482-488 nm) as compared to the other solvents (Table II and
Figure 3). Contrary to this finding, the complex is quite stable in aniline
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FIGURE 2 Typical electronic absorption spectra of [Fe(pybzim);]>* (1.8271 x 107> M) with
excess ligand ({LHJ/[Fe(LH);]** =6.5.) in acetonitrile at different temperatures: (a) 283.0K,
(b) 289.1K, (c) 294.0K, (d) 298.6K, (e) 303.5K, (f) 308.5K, (g) 313.4K, (h) 318.1K and (i)
3234K.

2
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FIGURE 3 Changes of molar absorptivities with temperatures (sponm/M ™~ cm™lvs 7/K)
of the complex with excess ligand ([LH}/[Fe(LH),J** =5.0-7.0) in different solvents;
experimental points are joined by theoretical lines.
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(DNanL = 33.3)% and shows strong molar absorptivities (£500 nm = 1488
2065M ' cm™') with absorption maxima of Amax = 506—524nm (Table II
and Figure 3).

The observed molar absorptivities at a given wavelength and temperature
result from a combination of contributions from both the HS and LS
isomers of the complex in solution.'®"'22!2% Hence, the values of &g/
M~ em™! (molar absorptivities for HS isomers) and £,5/M ' em ™ (for LS
isomers) are estimated by means of a least-squares fitting procedure to (1)
with the experimental data'®~'22"?8 and are listed in Table 111. The super-
imposition of the theoretical curve of €599 nm/M ™' cm™" vs T/K on the experi-
mental data is shown in Figure 3. Accordingly, values of enthalpic and
entropic parameters (AH,. = 18.1-21.3kJmol™! and AS,.=69.6-844JK !
mol™") for the spin-equilibria are calculated and listed in (Table III). Values
of the spin-equilibrium constant (K,.) are found to increase with increasing
temperature (Table II) as the HS-state is increasingly populated and vice
versa. The present values of thermodynamic parameters (Table III) are
comparable with those found from magnetic measurements (AH,. = 19.7—
21.3kIJmol ' and AS,. =77.8-92.0J K ' mol™"), reported earlier.®

Ky = Xnus/XLs = (€obs — €Ls)/(EHs — Eobs),
€obs = {€Ls + ens - eXp(AS/R — AH/RT))/(1 + exp(AS/R — AH/RT)).
(1)
The present values of thermodynamic parameters (Table III and Figure 4)

reflect similar features of the spin-crossover phenomena of these types of
complexes regarding solvent influences.* '>?"*® The results show a good

TABLE III Values of molar absorptivities of the HS- and LS-isomers and thermodynamic
parameters for the spin-crossover equlibria of [Fe(pybzim);]*" with excess ligand ([LH]/
[Fe(LH);]** = 5.0-7.0) in different solvents

Solvents ens' eLs' AH, AS,

sC sC
M Tem™" M em! (kJmol™") (K 'mol™)
ME 682+ 17 8229 + 495 20.6£0.5 83.54+1.2
DMF 100 + 10 4372 +320 21.3+0.7 802+ 1.6
AC 794 £ 35 11037 £ 1774 19.94+ 1.0 84.0+2.1
AN 695+ 35 8392 £ 1045 19.8+1.0 79.9+2.3
NM 596 + 34 8816+ 141 18.7£0.1 77.340.2
NB 750 + 34 9312 + 1807 18.7+1.1 78.642.0
DMSO 93+ 5 1241 £ 96 18.14+0.7 69.6+1.5
ANL 995+ 13 7107 £703 17.84+0.6 751+1.0
AC* 19.7+0.4 77.8+2.1
AN (20%)/ME* 213+ 1.7 92.0+7.1

*From magnetic measurements, Ref. [8).
teHs and g, g values are estimated at A = 500 nm.
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FIGURE 4 Changes of enthalpy (AH/kJ mol™') with DN of solvents for the spin-crossover
equilibria of [Fe(pybzim)s]** in different solvents.

correlation between the observed spin-crossover behaviour and the DN? of
the solvent. Indeed, in some solvents, due to hydrogen-bonding interactions
between the imino hydrogen atoms and the lone pair electrons of solvent,
metal-ligand o-interactions are stronger and increase in turn the 10Dg
values, thus favouring the LS-state. Accordingly, decreasing temperature
leads to a change to the LS-state. Therefore, an increase in enthalpy is
observed with the DN of the solvents as shown in Figure 4.
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