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We report synthesis and characterization of heteroleptic terpyridyl complexes of d6 transition metal ions with Fe2+, Ru2+ (1-3). 

Furthermore, we study the effect of substitution either electron donating group (-NH2) or electron withdrawing group (-NO2) at the 4’-

position in the ligands by means of UV-vis and cyclic voltammetry, and differential pulse voltammetry measurements. Experimentally 

observed photophysical characteristics of the transition-metal based terypyridyl complexes are explained and supported by quantum 

chemical calculations in details. 10 

Introduction 

With the discovery of coordination complexes by Alfred Werner, 

who in 1913 was awarded the Nobel Prize, since then transition 

metal complexes have found their relevance both in academia and 

industry, thereby bringing them on common fundamental 15 

standpoint. In this context, polypyridyl complexes, which exhibit 

robust and tuneable photophysical,1 electrochemical properties2 

and find applications in areas ranging from molecular 

electronics,3 catalyst,4 sensors,5 drug delivery,6 and 

photosensitizers for dye-sensitized solar cells (DSSCs)7 and to 20 

name a few, have become the focal point in extending this 

relevance. Of all the polypyridyl complexes extensively studied, 

the 2,2’:6’,2”-terpyridyl and its derivatives offer several synthetic 

and structural advantages owing to their excellent structure-

properties correlations. This is linked to their achiral nature and 25 

higher symmetry (D2d) which affords suitability for constructing 

linear arrays.8 For instance, the octahedral terpyridyl complexes 

with free pendant groups are considered as ideal molecular 

building blocks for the construction of rod like isomer-free 

networks.9 Current research interest in the coordination as well as 30 

supramolecular chemistry of 2,2’:6’,2”-terpyridyl derivatives 

increases enormously after first report on synthesis of terpyridyls 

by Morgan et al back in 1931.10 The divergent arrangements of 

donors of the terpyridyls allow the assembly of 1D, 2D or 3D 

networks. In recent years, Balzani et al., Schubert et al., 35 

Constable et al. and others have developed several strategies to 

synthesize the terpyridyls derivatives and its complexes with 

transition metal ions mainly for bulk studies.11 Indeed, redox-

active terpyridyl complexes employed onto different substrates 

(Au, SiO×) to prepare monolayers, dyads, triads, multilayers and 40 

various applications have been investigated by our group,12 

Nishihara et al.,13 Haga et al.,14 and others.15 Functionalized 

2,2’:6’,2”-terpyridyl complexes offer several advantages, to 

include (i) robustness due to strong metal-to-ligand back bonding 

[dπ(M)-pπ(L)], (ii) optically rich and redox active, (iii) reversible 45 

redox properties which can be tuned either chemically or electro-

chemically, and (iv) switchable metal-to-ligand charge-transfer 

(MLCT) band in the entire visible region.9,11a Owing to its 

synthetic ease, much of the research have been dedicated on 

homoleptic complexes, in particular with Ru(II), Os(II) centres. 50 

Although there are a number of Ir and Ru heteroleptic terpyridyl 

complexes have been reported but, heteroleptic systems, with 

Fe(II) are virtually unexplored.16 Of the same triad, iron 

complexes have so many advantages, thanks to its abundance and 

low toxicity over ruthenium and osmium complexes. In this 55 

report, we synthesize heteroleptic terpyridyl complexes of Fe(II), 

Ru(II) and make an attempt to study their optical and 

electrochemical properties. The heteroleptic complexes have been 

characterized by complementary analysis techniques such as 

NMR, mass spectra, FTIR and their optical and electrochemical 60 

properties are studies using UV-vis and electrochemical 

measurements. Detailed computational study was performed to 

calculate energy band gap between highest occupied molecular 

orbital (HOMO) and lowest unoccupied molecular orbital 

(LUMO).    65 

Experimental sections 

Preparation of complexes (1-3). Preparation and 
characterization data of the ligands are given in Supporting 
Information (Scheme S1-S3, Fig. S1-S4).  

Complex 1. A solution of 4’-pyridyl terpyridyl (4’-pytpy) (31 70 

mg, 0.1 mmol) in hot ethanol (8 mL) was added a solution of 

FeCl2 (12.6 mg, 0.1 mmol) in ethanol (10 mL) and the reaction 

mixture was stirred for 10 min. 4’-phenyl-terpyridiyl (4’-phtpy) 

(31 mg, 0.1 mmol) in ethanol was added drop wise with constant 

stirring. Subsequently the reaction mixture was refluxed under 75 

argon for 8 h (Scheme 1). After cooling the reaction mixture, it 

was filtered to remove any unreacted materials and then NH4PF6 

solution (50 mg in 1 mL ethanol) was added slowly to precipitate 

out. The content was filtered through celite and washed with 

ample amount of deionized water and diethyl ether. The solid 80 

product obtained was recrystallized with acetonitrile-acetone 

(1:2, v/v) to get the micro-crystalline solid. 1H NMR (CD3CN) 

δ/ppm: 9.22 (d, 2H, J = 3.37 Hz, H3’), 9.19 (d, 2H, J = 3.82 Hz, 

H3’a), 9.02 (m, 2H, J = 7.5 Hz, Hm), 8.62 (m, 4H, H3+H3a), 8.32 
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Scheme 1: Schematic presentation for preparation heteroleptic 

terpyridyl complexes with Fe(II) (1 & 2) and Ru(II) (3).  

(d, 2H, J = 8.2 Hz, Ho), 8.23 (t, 2H, J = 7.6 Hz, Hma), 7.94 (m, 

4H, H4+H4a), 7.81 (t, 2H, J = 7.86 Hz, Hoa), 7.73 (m, 1H, Hp), 

7.19 (dt, 4H, J = 7.8, 4.6 & 1.6 Hz, H6+H6a), 7.09 (dt, 4H, J = 7.2, 

5.0 and 1.8 Hz, H5+H5a). UV-vis (CH3CN) λmax/nm (ε/103 dm3 

mol-1 cm-1): 567 (25.9). FTIR (KBr): 1608 (w), 1410 (w), 838 5 

(vs) cm-1. 

Complex 2. A solution of 4’-aminophenyl terpyridyl (4’-

NH2phtpy) (65 mg, 0.20 mmol) was added dropwise to the 

solution of FeCl2 (26 mg, 0.20 mmol, in 15 mL ethanol) at room 

temperature with constant stirring in 30 min span time. 10 

Subsequently, 4’-nitrophenyl terpyridyl (4’-NO2phtpy) (71 mg, 

0.20 mmol, in 15 mL hot ethanol) in 15 mL hot ethanol was 

added drop-wise to the reaction mixture (Scheme 1). The reaction 

mixture was refluxed overnight under constant stirring at 75oC. 

After cooling to room temperature, the mixture was filtered to 15 

remove the unreacted materials and then aqueous solution of 

NH4PF6 (50 mg in 5 mL distilled water) was added slowly to the 

filtrate. A deep purple colour precipitate was obtained which was 

filtered and washed with ample of water, ethanol and diethyl 

ether, and recrystallized in a mixture of acetonitrile-toluene (1:1, 20 

v/v). 1H NMR (CD3CN) δ/ppm: 9.21 (s, 2H, H3’a), 9.01 (d, 4H, J 

= 8.64 Hz, H3’+Hma), 8.63 (m, 4H, H3a+Hoa), 8.50 (t, 2H, J = 8.5 

Hz, H4a), 8.12 (dd, 2H, J = 6.4 Hz, H5a), 7.90 (m, 4H, Ho+H3), 

7.18 (m, 4H, H6a+Hm), 7.09 (m, 4H, Hz, H4+H6), 6.99 (dd, 2H, J 

= 8.26 Hz, H5), 4.83 (s, 2H,-NH2). UV-vis (CH3CN) λmax/nm 25 

(ε/103 dm3 mol-1 cm-1): 579 (33.30), ESI-MS: m/z: 367 

[M−2PF6]
2+. FTIR (KBr): 3402 (w), 1600 (m), 1346 (w), 840 

(vs), 558 (m) cm-1. 

 

Complex 3: Preparation of 3 was carried out in two steps: (i) 30 

synthesis of Ru(pytpy)Cl3
17 followed by reaction with 4’-

aminophenyl terpyridyl in equimolar ratio. In brief, a suspension 

of RuCl3.3H2O (78 mg, 0.323 mmol) and 4’-pyridyl-terpyridyl 

(100 mg, 0.323 mmol) in 20 mL ethanol was refluxed for 6 h. A 

dark brown precipitate was formed which was filtered and 35 

washed with plenty of water followed by diethyl ether and then 

dried in vacuum to yield Ru(pytpy)Cl3. (ii) Ru(pytpy)Cl3.3H2O 

(54.8 mg, 0.1 mmol) and 4’-aminophenyl terpyridine (4’-

NH2phtpy) (33 mg, 0.1 mmol) were suspended in 20 mL ethylene 

glycol then 2-3 drops of N-ethyl morpholine were added and the 40 

reaction mixture was refluxed for 24 h under argon at 150oC with 

constant stirring and with exclusion of light (Scheme 1). The 

resulting red solution was cooled to room temperature and treated 

with NH4PF6 solution (50 mg in 1 mL ethanol) and the precipitate 

was allowed to settle. The product was collected over celite, 45 

washed with plenty of deionized water and subsequently with 

diethyl ether. Thereafter, it was dried under vacuum which 

purified by silica column chromatography using acetonitrile and 

toluene (1:1, v/v) as eluent. Recrystallization from a solvent 

mixture of acetonitrile and acetone gives red microcrystalline 50 

solid. 1H NMR (CD3CN) δ/ppm: 9.01 (s, 4H, H3’a+H3’), 8.62 (m, 

4H, H3a+Hma), 8.19 (d, 2H, J = 7.8 Hz, Hoa), 7.92 (m, 4H, 

Ho+H3), 7.74 (t, 2H, J = 7.8 Hz, H4a), 7.67 (m, 2H, H5a), 7.58 (m, 

2H, H5), 7.4 (m, 4H, H4+H6a), 7.14 (m, 4H, H6+Hm), 5.41 (br, s, 

2H, -NH2). UV-vis (CH3CN) λmax/nm (ε/103 dm3 mol-1 cm-1): 501 55 

(39.18), ESI-MS: m/z: 368 [M−2PF6]
2+. FTIR (KBr): 3402 (w), 

1600 (vs), 1410 (m), 788 (m) cm-1.  

 

 

 60 

 

Results and discussion 

Synthetic procedure. The terpyridyl derivatives were 

synthesized according to Kröhnke methodology18 which relies on 

condensation of the corresponding aromatic aldehyde with two 65 

equivalent of 2-acetyl pyridine in the presence of strong base 

such as tBuOK in anhydrous THF or NaOH/KOH in 

MeOH/EtOH. The intermediate, 1,5-diketone obtained is then 

reacted with liq. NH3 or solid NH4OAc under refluxing 

conditions to afford desired terpyridyl derivative in yields ranging 70 

from 60 to 80%. Plausible mechanism of preparation of terpyridyl 

derivatives is given in Scheme S4 in Supporting Information. 

Preparation of heteroleptic complexes follow a simple procedure 

where the appropriate metal salt, such as RuCl3.3H2O, or FeCl2 

was reacted with 4’-functionalized terpyridine in proper molar 75 

ratio. For example, a 1:1 mole ratio of metal salt/ligand followed 

by the addition of second ligand. The exchange of counter anion 

(Cl¯) with hexafluorophosphate (PF6¯) results in precipitation of 

the desired product. The complexes are light sensitive, therefore, 

all the process including the reaction, washing, purification, 80 

recrystallization, were carried out under dark and the final 

compounds was stored in desiccator under N2. 

The NMR spectra of the complexes show a considerable shift as 

compared to the free ligands, which firmly indicates strong metal-

ligand interactions in the resulting complexes. The more up field 85 

shifts of the proton may be traced to more shielding due to the 

presence of the electron rich metal ions. 1 reveals all expected 

peaks in its 1H NMR spectrum (Fig. 1a). It shows a doublet at δ = 

9.22 ppm with J = 3.37 Hz, assigned as H3’. The H3’a proton 
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appears as doublet at δ = 9.19 ppm and the weak magnetic 

interaction was found at J = 3.82 Hz. On the other hand, the 

higher δ of H3’ than H3’a observed, due to presence of pyridyl 

group which is a weak electron withdrawing group. The proton, 

Hm appears at δ = 9.02 ppm, show multiplet and J = 7.5 Hz. Both 5 

the protons, H3 and H3a merge at δ = 8.62 ppm. The expected 

ortho coupling (J = 8.2 Hz) is observed for Ho and appeared at δ 

= 8.32 ppm as doublet (d). Further, 1H-1H COSY spectra show 

excellent correlation between neighbouring protons of 1 (see Fig. 

S5). 2 show a broad peak at δ = 4.83 ppm which assigned as –10 

NH2 peak (Fig. 1b, inset). The H3’a appears as singlet at δ = 9.2 

ppm. The two protons, Hma+H3’ appear at δ = 9.01 ppm, while 

H3a + Hoa appear at δ = 8.63 ppm as multiplet (m). The H4a appear 

at δ = 8.63 ppm which was splitted by the adjacent protons, as a 

result it shows multiplet (m), while Hm + H5 appear as multiplet 15 

at δ = 7.09 ppm. The protons H4 and H5a show double doublet 

(dd) and appear at δ = 6.99 and 8.12 ppm, respectively. The other 

protons H3+H6a and Ho + H6 appear as multiplet at δ = 7.9 and 

7.18 ppm, respectively. 3 show a broad peak at δ = 5.42 ppm 

assigned as –NH2 group and appears as singlet. The peaks at δ = 20 

9.01 ppm is assigned as H3’+H3’a, whereas H3a + Hma come at δ = 

8.62 ppm (see Fig. S6). On the other hand, the proton Hoa gives 

signal at δ = 8.19 ppm as doublet (d) with J = 7.8 Hz. The 

protons, Ho+H3 show peak at δ = 7.92 ppm (m), while H4a, H5a 

and H5 come at δ = 7.74 (at J = 6.8 Hz), 7.67 (m) and 7.58 ppm 25 

respectively. The peaks observe at more up field for H4+H6a and 

H6+Hm and appear at δ = 7.4 and 7.14 ppm respectively. A total 

number of 30 protons are estimated from the peak integration 

which is also expected from the molecular structure of 3.  

FTIR spectra analysis are made by comparison with those 30 

reported for 2,2’:6’,2”-terpyridyl derivatives.19 In all cases, a 

strong stretching frequency is observed in the range of ν = 836-

840 cm-1, assigned as P-F vibration indicating the presence of 

PF6‾ counter anion in the complexes. The stretching frequency 

for C=C and C=N is observed at higher value for complexes as 35 

compared to free terpyridyls. For example, 1 exhibits two 

moderate peaks at ν = 1608 and 1410 cm-1 attributed as C=C and 

C=N, respectively. In addition, an intense peak observed at ν = 

838 cm-1 assigned as P-F stretching. 2 shows strong peaks at ν = 

1608 and 838 cm-1 assigned as C=C and P-F stretching 40 

frequency. The compound containing both electron donating 

group (-NH2) as well as electron withdrawing group (-NO2) i.e., 2 

shows stretching frequencies at ν = 3402 and 1346 cm-1 which 

confirms the presence of both -NH2 and -NO2 group in the 

complex. 3 displays a weak signal at ν = 3402 cm-1 ascribed as N-45 

H stretching frequency and a strong frequency at ν = 3402 cm-1 

assigned as C=C vibration. 

2 exhibits molecular ion peak with maximum intensity and 

appeared at m/z = 367.09 ascribed as (M-2PF6)
2+ as depicted in 

Figure S7, while 3 displayed intense molecular ion peak at m/z = 50 

368.08 assigned as (M-2PF6)
2+ (Fig. S8).  

Optical properties. The terpyridyl based ligands show LC 

transitions in the range of λmax  = 278-289 nm and λmax = 229-257 

nm which are attributed to n    π* and π    π* transitions, 

respectively. In addition, strong absorption bands at λmax = 310-55 

375 nm also appeared which is assigned as intra-ligand charge-

transfer (ILCT) transition. Metal complexes show intense metal-

to-ligand charge-transfer (MLCT) transitions in visible region. 

For example, 1 shows an intense MLCT band at λmax = 567 nm (ε 

= 26,000 M-1 cm-1) in CH3CN as (Fig. 2a). A blue shift by 2 nm 60 

as compared to Fe(pytpy)2 confirms the formation of heteroleptic 

compound, since phtpy group is a weak electron donor than 

pytpy.20 2 containing both electron donating (-NH2) and electron 

withdrawing (-NO2) group displays a red shift by 9 nm nm) with 

high extinction coefficient (ε = 33,300 M-1 cm-1) as compared to 65 

1. The compound exhibits an intense MLCT transition at λmax = 

576 nm (Fig.  1b). The ligands causes a large destabilisation of 

the dπ of metal HOMO than the π* (tpy) LUMO, as a result the 

HOMO-LUMO energy gap decrease and the red shift of MLCT 

spectra occurs.21 A similar observations were made with the 70 

MLCT band of 3 which exhibits a sharp MLCT transition at λmax 

= 501 nm (ε = 39,200 M-1 cm-1) (Fig.  1c). In this case, a red shift 

by 11 nm was observed as compared to the spectrum of 

homoleptic Ru(pytpy)2.
12d   

Electrochemical properties. Electrochemical properties of all 75 

the complexes were studied by cyclic voltammetry and 

differential pulse voltammetry measurements. 1 reveals a single 

Fig 1: Schematic presentation for preparation heteroleptic 

terpyridyl complexes with Fe(II) (1 & 2) and Ru(II) (3).  

Fig 2: UV-Vis spectra in dry CH3CN (1 × 10-5 M) of (a) 1, (b) 2, and (c) 

3, respectively.  
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Fig 4: (a) Cyclic voltammograms of 2 (1 mM solution, 0.1 M TBAPF6) 
in dry CH3CN recorded at 100-1000 mV s-1, and (b) differential pulse 

voltammograms.  

electron oxidation peak at +1.19 V (vs Ag/AgCl), attributed to the 

Fe2+/3+ couple (Fig. 3a). A cathodic shift of the peak potential (∆E 

= -30 mV) observed in case of 1 as compared to Fe(pytp)2 

confirms the formation of heteroleptic compound. The more 

cathodic shift of the peak potential indicated that phenyl group 5 

acts as a weak electron donor.17 DPV studies exhibits single 

oxidation process at +1.15 V and reduction peak at +1.13 V 

which further rules out the possibility of any homoleptic 

counterpart formation (Fig. 3b). Half-wave redox potential, E1/2 

was estimated at +1.15 V (vs Ag/AgCl) and it is found to be 10 

constant over the scan rate ranging from 100-1000 mV s-1 (see 

Table S1 in the Supporting Information). A linear dependence (R2 

= 0.98) of the peak current density as a function of square root of 

scan rate was observed (Fig. 3c), indicating diffusion controlled 

process at the molecule-electrode interface. The reversible 15 

electrochemical behaviour of the complex was further confirmed 

from the peak-to-peak separation values, ΔEp (70-94 mV) and the 

plot of ratio of anodic peak current density to cathodic peak 

current density (Ipa/Ipc) as a function of scan rate, which is almost 

unit throughout the scan rates (Fig. 3d). The full-width at half-20 

maxima (FWHM) values was found in the range of +160-195 

mV, as calculated from the anodic peak current. The higher value 

arises might be effect of interaction between the electro-active 

species.22 2 reveals two oxidation peaks and single reduction peak 

in the voltamogramm. The peak at lower potential i.e., +1.03 V vs 25 

Ag/AgCl assigned as ligand cantered (-NH2) oxidation, while the 

peak at higher value i.e., +1.21 V, due to the Fe2+/3+ couple (Fig. 

4a). An increase of oxidation potential by 20 mV than 1, confirms 

the incorporation of 4’-nitrophenyl-terpyridyl into 2. The 

electrochemical waves also exhibit a single reduction peak at 30 

+1.12 V (vs Ag/AgCl). DPV studies further prove the existence 

of –NH2 group in the complex.23  

Remarkably, totally different voltammograms were obtained for 

3. From the shape of the electrochemical waves (see Fig. S9), it is 

confirmed that the electrochemical phenomenon is diffusionless 35 

rather than the diffusion controlled. The cyclic voltammograms 

show the metal centre based oxidation at +1.41 V (vs Ag/AgCl). 

Furthermore, it exhibits almost constant E1/2 at +1.4 V (vs 

Ag/AgCl) during the electrochemical measurements. The lower 

peak-to-peak separation values (ΔEp = 10-20 mV) over the scan 40 

rates which unequivocally indicates adsorption of the complex on 

glassy carbon electrode was used as working electrode. In this 

case the ligand cantered oxidation peak was not observed, that 

further demonstrates the adsorption of the complex through –NH2 

group. Additionally, a linear behaviour (R2 = 0.99) of the 45 

cathodic and anodic current density as a function of the scan rates 

(Fig. S10) unequivocally reveals the attachment of the complex 

over the glassy carbon electrode.  

 

 50 

 

DFT calculations 
 To gain a microscopic understanding of the observed 

photophysical properties, we have performed theoretical 

calculations based on density functional theory (DFT) and time-55 

dependent DFT (TDDFT). Geometries of three metal terpyridyl 

complexes (1, 2 and 3) in their +2 charged state are fully 

optimized considering different spin states and without imposing 

any symmetry constraint by using unrestricted DFT method 

employing range-separated hybrid exchange and correlation 60 

B97XD functional that was developed to accounts for long-

range charge transfer and dispersion interactions,24 with 6-31G(d) 

basis set25,26 for light elements (H, C, N, O) and LANL2DZ basis 

set27 augmented with an effective core potential (ECP) for metal 

atoms (Fe and Ru). Solvent effects are considered by means of an 65 

implicit solvent model, polarizable continuum model (PCM)28,29 

using acetonitrile dielectrics representing polar solvent used in 

experimental measurements. Normal modes analysis were 

performed in order to confirm minimum energy structures on the 

ground state potential energy surface at the same calculation level 70 

employed for the geometry optimization. Excited state 

calculations, solving for 30 low-lying singlet excited states were 

implemented by using TDDFT method employing 6-31+G(d,p) 

basis set for light atoms and LANL2DZ for the metals with an 

ECP for representing core electrons potential. TDDFT 75 

calculations were carried out in acetonitrile using the PCM non-

equilibrium version30 at the solvent affected ground state 

geometry. For the sake of completeness we have also performed 

excited states calculations by using two other DFT exchange 

correlation functional: long-range corrected Coulomb attenuated 80 

CAM-B3LYP31 and semi-empirical B3LYP32 hybrids. All 

calculations were carried out by using Gaussian 09 DFT software 

package.33 

Calculations predict broken symmetry singlet as the minimum 

Fig 3: Cyclic voltammograms of 1 (1 mM solution, 0.1 M TBAPF6) in 

dry CH3CN recorded at 100-1000 mV s-1, (b) differential pulse 

voltammograms, (c) the plots of cathodic and anodic current density as a 

function of square root of the scan rates (ν), and (d) the plot of the ratio 

of anodic to cathodic current (Ipa/Ipc) as a function of scan rates.  
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Fig 6: Left panel: Structures of three metal (M) complexes optimized in 

acetonitrile modelled by PCM using DFT method employing wB97XD 

functional (important M-N bond lengths are indicated in Å). Right 

panel: HOMO and LUMO frontier orbitals isosurfaces and their 

energies and the gap values are depicted. Energies are in eV unit. H and 

L stand for HOMO and LUMO, respectively. 

Fig 5: Left panel: Structures of three metal (M) complexes optimized in 

acetonitrile modelled by PCM using DFT method employing B97XD 

functional (important M-N bond lengths are indicated in Å). Right 

panel: HOMO and LUMO frontier orbitals isosurfaces and their 

energies and the gap values are depicted. Energies are in eV unit. H and 

L stand for HOMO and LUMO, respectively. 

energy spin state for all three complexes. Optimized structures 

and frontier molecular orbitals (HOMO: highest occupied 

molecular orbital and LUMO: lowest unoccupied molecular 

orbital) energies and isosurfaces calculated using B97XD 

functional for three complexes are shown in Fig. 5. It is found 5 

from the relaxed structures that two tpy ligands connected via 

central metal (M = Fe, Ru) are aligned nearly perpendicularly. M-

N bonds along the long molecular axis are slightly smaller (0.1 

Å) than the other four M-N bonds present in the complexes (see 

the numbers listed in Figure 5). HOMO-LUMO gaps calculated 10 

using B97XD functional are 7.61, 6.36 and 6.59 eV, for the 

complex 1, 2 and 3, respectively. We find nearly similar gap 

values predicted by CAM-B3LYP functional; whereas B3LYP 

functional largely underestimates the gaps (see Table S2 in 

Supporting Information). It is worth to mention that range-15 

separated density functional (B97XD and CAM-B3LYP) 

provide more accurate gaps by mitigating self-interactions errors 

and restoring missing derivative discontinuity in exchange-

correlation potential. Also as shown in Fig. 5, the HOMO and 

LUMO orbitals are primarily distributed on either tpy groups in 20 

the complex, reflecting a charge transfer (CT) character 

associated with HOMO to LUMO electronic promotion. 

Next we discuss the optical absorption characteristics of these 

complexes as calculated by using TDDFT and shown in Fig. 6 

and Table S3. We provide a few low-lying excited states energies 25 

and associated primary orbitals that are involved in electronic 

excitations. Calculations show that the first two low-lying excited 

states found at 470 nm for complex 1 and 475 nm for complex 2 

as predicted by B97XD functional are associated with vanishing 

oscillator strengths exhibiting weak ligand-to-metal charge 30 

transfer (LMCT) as characterized by the frontier orbitals analysis 

(see Fig. 6, and Table S3 in the supporting Information). 

Furthermore, metal-to-ligand charge transfer (MLCT) absorption 

occurs at around 360 nm, with substantially strong absorption 

peaks (indicated by large oscillator strength) appeared at 334 and 35 

340 nm, respectively for complex 1 and 2, and these are 

characterized as ligand-to-ligand CT (LLCT). On the other hand,  

the complex 3 only exhibits low-lying MLCT transitions and the 

first peak appeared at 404 nm. Differences between the calculated 

and experimentally measured low-lying peak positions are 40 

estimated to be about 0.4-0.6 eV. This deviation can be attributed 

to an anticipated large electrostatic stabilization of CT excited 

states in the polar environment present by acetonitrile dielectrics, 

which is not captured quantitatively by the TDDFT method 

employing non-equilibrium PCM solvation model, as 45 

implemented in Gaussian09. We also note that apparently better 

agreement of the B3LYP prediction with the experimental MLCT 

energy for the complex 3 is mainly due to a large underestimation 

of the HOMO-LUMO gap (see Table S2 and Table S3). Our 

computational results are in general good agreement with the 50 

observed experimental photophysical properties. 

Conclusions 

Heteroleptic complexes of 4’-functionalized terpyridyl with Fe2+, 

Ru2+ have been prepared and fully characterized.  The electron 

donating group increased the position of the wavelength of the 55 

metal to ligand charge-transfer band and also increased molecular 

extinction co-efficient. Shifting in wavelength of the metal to 

ligand charge-transfer bands and redox potentials of the 

complexes have been observed with variation of functional 

groups at 4’-position in the terpyridyl ligands. Further, 60 

electrochemical deposition of the complexes through -NH2 group 

has also been detected during the electrochemical study which 

was further confirmed from the linear behaviour of faradic 

current with scan rates. Both the DFT and TDDFT calculations 

provide microscopic understanding of the measured 65 

photophysical properties of the complexes investigated. 
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