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1. Introduction

The development of inexpensive and resilient photocatalytic
solar cells for water splitting into H2 and O2 could offer a viable
solution to the renewable energy challenge.[1–3] In this way,
water would be used as a renewable feedstock of protons and
electrons for a self-sustaining cycle. The outstanding challenge,
however, is achieving efficient coupling of multiple one-elec-
tron, one-photon processes with the four-electron water oxida-
tion reaction [Eq. (1)]:

2 H2O! O2 þ 4 e� þ 4 Hþ ð1Þ

Nature accomplishes such coupling during photosynthesis
by rectification of photoinduced electron transfer (ET) through
a series of redox cofactors embedded in photosystem II.[4, 5]

The resulting kinetically favored ET pathway leads to long-lived
reduction of plastoquinone, which prevails over back ET (i.e.

recombination) that is thermodynamically favored. Therefore, it
is reasonable to expect that biomimetic photo-driven catalysis
of multi-electron reactions at electrode surfaces will likely re-
quire rectification of interfacial electron transfer (IET).[6–8] This
paper analyzes molecular linkers for covalent attachment of
catalysts to metal-oxide electrode surfaces,[9–12] with emphasis
on the structural features necessary to induce directionality of
IET.

Titanium dioxide (TiO2) is an attractive material for light-
driven water splitting because the valence and conduction
band edges bracket the water redox potentials,[13, 14] although
the valence band is just barely negative of H+ reduction.
Direct valence to conduction band transitions, however, re-
quire UV light, comprising <4 % of the solar spectrum.[15] To
shift the absorbance into the visible region, TiO2 nanoparticles
may be doped[16, 17] or otherwise functionalized via surface
modification by covalent attachment of molecular chromo-
phores. These adsorbates can be used as molecular linkers to
immobilize catalysts to the electrode surface.[6] Upon photooxi-
dation by IET, the linkers can activate the attached molecular
catalysts through multiple one electron, one photon, oxidative
processes. However, undesired pathways might limit the over-
all efficiency of photoconversion and catalyst activation by IET.
In particular, rapid decay of the excited state chromophore
and recombination of the injected electron by reduction of the
photooxidized sensitizer, or redox species in close contact with
the surface, are typically competitive.[18, 19] Therefore, it is essen-
tial to develop molecular linkers that induce directionality of
IET and disfavor recombination.

Molecular rectification has been extensively explored in the
field of molecular electronics,[20–22] and has been typically as-
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Mn as in a well-known water oxidation catalyst and an acetyl-
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spectroscopic measurements, as well as computational model-
ing characterizing the asymmetry of electron transfer
properties.
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sessed in terms of the asymmetry of the forward and reverse
currents upon changing the external voltage polarity applied
to a molecular junction. Aviram and Ratner[20] first introduced
the concept of unimolecular rectifiers in 1974 with a molecule
that consisted of electron donor and electron acceptor rings
bridged by s-bonds. Since then, significant progress has been
reported due to experimental breakthroughs in synthesis using
self-assembly techniques, advanced micro-fabrication,[23–26] and
electronic conductivity measurements performed by scanning
probe microscopy[27] and break junction techniques.[28] Howev-
er, applications of molecular rectifiers as linker-chromophores
in dye-sensitized and photocatalytic cells have yet to be
reported.

Extending our previous studies of molecular linkers for cova-
lently attaching Mn complexes to TiO2 surfaces,[6, 9] we now ex-
plore structure/function relations responsible for inducing rec-
tification. Comparison of our light-absorbing linkers, Mn-terpy-
L1-acac and Mn-terpy-L2-acac, which differ only in the direc-
tion of the amide bond (Figure 1), suggest that Mn-terpy-L2-

acac exhibits rectification and preferentially allows electrons to
flow from the phenyl-acac moiety towards the Mn-terpy core,
preventing long-lived photooxidation of MnII to MnIII.[29] We an-
alyze the role of the amide bridge linkage and its influence on
electronic and structural features that provide a directionality
to IET, which is essential to enhance electron injection into the
TiO2 conduction band and prevent recombination.

Our findings are supported by calculated current–voltage
(I–V) curves, based on a combination of density functional
theory (DFT) and non-equilibrium Green’s function (NEGF)
techniques.[30–32] Analysis of these calculated I–V curves sug-
gests that rectification in Mn-terpy-L2-acac results from the
asymmetric shifting of the lowest unoccupied molecular orbital
(LUMO) energy level under the influence of negative versus
positive bias voltages.[33] We find that the LUMO dominates the
overall molecular conductance since it is the state closest to

the Fermi level. It is shifted towards (or away from) the Fermi
level under negative (or positive) applied voltage bias, favoring
reverse versus forward currents. Therefore, we anticipate mo-
lecular linkers with similar structural features should also exhib-
it rectification useful for photocatalysis of multi-electron reac-
tions at metal-oxide surfaces functionalized with transition
metal catalysts.

2. Results and Discussion

Our previous work on Mn-terpy-L1-acac has demonstrated
electron injection and reversible photooxidation of MnII to MnIII

when covalently attached to TiO2 surfaces.[29, 34] The system was
specifically designed to include: 1) an acac anchoring group
for robust adsorption to semiconductor surfaces, 2) a conjugat-
ed light-absorbing unit consisting of two phenyl rings linked
by an amide bond, and 3) a terpyridine ligand for binding
a metal center such as manganese. We report here an addi-
tional terpyridine-acac analog expected to have similar
properties.

Specifically, terpy-L1-acac was synthesized according to
novel synthetic pathways using more efficient coupling reac-
tions and milder conditions than previously reported. The syn-
thesis of terpy-L2-acac benefited from the incorporation of
well-known terpyridine-phenyl-carboxylic acid (1) and was pre-
pared in sufficient purity to produce a crystal for X-ray structur-
al study, a goal not achieved with prior preparative methods
(see the Supporting Information). The absorbance spectra of
terpy-L1-acac and terpy-L2-acac on nanoparticulate TiO2 are
shown in Figure 2 a. These spectra demonstrate that the opti-
cal properties of the two compounds are very similar, consis-
tent with the very small structural difference between the two
species. In addition, the THz spectra reported in Figure 2 b,
show that both systems inject electrons into the TiO2 conduc-
tion band with approximately the same efficiency.

Figure 2 b shows the decrease in peak time-domain THz
transmission as a function of the delay between the 400 nm
pump pulse and the THz probe pulse. The transmission of THz
radiation is affected by mobile electrons in the TiO2 conduction
band; therefore, decrease in THz transmission is indicative of
an increased electron density in the TiO2 nanoparticles. When
electron injection from two different sensitizers on the same
semiconductor material is compared, the magnitude of the
change in THz amplitude is a measure of the IET efficiency.
Since IET is not strongly influenced by the direction of the
amide bond, these results indicate that the photoexcitation–in-
jection pathway originates from the phenyl-acac anchor
moiety. That is, upon photoexcitation an electron is transferred
on an ultrafast (fs) timescale from the phenyl group through
the acac anchor. Electron transfer from MnII occurs on a much
longer timescale and is, therefore, undetectable using this
method. Although the THz measurements do not give any
direct information about electron transfer through the amide
bond, they do confirm that electron injection can occur from
both L1- and L2-acac to TiO2 and suggest that this initial elec-
tron injection is not the determining factor in rectification.

Figure 1. Schematic representation of a functionalized TiO2 nanoparticle (A),
TiO2 nanoparticle functionalized with Mn-terpy-L1-acac (B), and Mn-terpy-
L2-acac (C). The key difference between L1 and L2 is the direction of the
Ph-amide-Ph bridge as indicated with rectangles.
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To compare the electron-transport properties of L1 and L2,
the I–V characteristics of Au-Mn-terpy-L1-Au and Au-Mn-
terpy-L2-Au junctions were calculated for an applied bias
ranging from �0.25 V to 0.25 V. We focus on the range of low
bias voltages, most relevant to dye-sensitized solar cells
(DSSCs) as determined by the difference between the energy
of the photoinjected carrier and the edge of the semiconduc-
tor conduction band. Rectification properties at higher bias po-
tentials are beyond the scope of our study since they are not
particularly relevant to the energy range of interest for IET in
DSSCs. Figure 3 shows that Mn-terpy-L2 exhibits significant
rectification, favoring the reverse current at low bias potentials.
In contrast, the I-V curve of Mn-terpy-L1 has only a slight
asymmetry.

As the main difference between L1 and L2 is the extent of
conjugation due to the direction of the amide bond relative to

the terpyridine ligand, we attribute the difference in transport
properties to the effect of conjugation and, therefore, electron-
ic delocalization on the level alignment relative to the Fermi
level, as discussed below in Figure 6–8. This difference makes
the more delocalized LUMO of the Mn-terpy-L2 molecule
closer to the Fermi level and, therefore, more sensitive to the
influence of the bias potential. For both Mn-terpy-L1 and Mn-
terpy-L2, the positive bias potential shifts the LUMO away
from the Fermi level while the negative bias brings the LUMO
closer to the Fermi level, favoring the reverse current over the
forward current. While this effect is only slightly noticeable in
the asymmetry of the I-V curve at low bias potentials for Mn-
terpy-L1, it is much more pronounced for Mn-terpy-L2. These
results suggest that both systems could undergo IET to TiO2

nanoparticles, but Mn-terpy-L2 will enhance recombination.
To probe the electron transport through the amide linker in

the ms timescale, we have measured the change in MnII signal
by using electron paramagnetic resonance (EPR) spectroscopy
(Figure 4). For Mn-terpy-L1-acac, the EPR signal from MnII is

Figure 2. a) Absorbance spectra of TiO2 nanoparticles functionalized with
terpy-L1-acac (black) or terpy-L2-acac (gray). Coordination of manganese
by the terpyridine functionality (solid lines) shifts absorbance to lower wave-
lengths compared to compounds in the absence of manganese (dashed
lines). Spectra were collected on TiO2 films in diffuse reflectance mode and
were normalized at 550 nm to correct for scattering. b) THz spectroscopy for
functionalized TiO2 nanoparticles with Mn-terpy-L1-acac (dashed line) and
Mn-terpy-L2-acac (dotted line) shows that upon photoexcitation both sys-
tems undergo electron injection on a sub-ps timescale into TiO2

nanoparticles.

Figure 3. Calculated low bias I–V curves for Mn-terpy-L1 (A) and Mn-terpy-
L2 (B). The vertical dashed line separates the current under positive (right)
and negative (left) bias. Mn-terpy-L2 shows significant rectification while
Mn-terpy-L1 shows only a slight asymmetry.
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detected before illumination. Upon illumination, MnII is photo-
oxidized to EPR-silent MnIII, and the signal amplitude decreases
(Figure 4 a). The signal of MnII returns to the initial intensity
when the lamp is blocked, indicated by up and down arrows
in the inset of Figure 4, and in
agreement with the previously
reported measurements.[29, 34] For
Mn-terpy-L2-acac, the EPR
signal from MnII is detected
before illumination, similar to
Mn-terpy-L1-acac. However,
a decrease of the MnII EPR signal
is not detected during steady-
state illumination (Figure 4 b). In
the time-dependent measure-
ment, some baseline drift is ob-
served due to fluctuation in tem-
perature, but the change in am-
plitude is independent of illumi-
nation (Figure 4 b, inset). Given
that the rate of injection into
TiO2 is shown by terahertz spec-
troscopy to be very similar for
Mn-terpy-L1-acac and Mn-
terpy-L2-acac, the observation
of steady-state oxidation of MnII

for Mn-terpy-L1-acac suggests
that the recombination for Mn-
terpy-L2-acac is faster than for
Mn-terpy-L1-acac, consistent
with computational predictions

of rectification behavior
(Figure 3). This indicates that the
steady-state light-induced popu-
lation of MnIII is very small for
Mn-terpy-L2-acac and, there-
fore, that recombination pro-
cesses are faster than MnIII gen-
eration processes (kb>kf).

The observed photochemical
properties of Mn-terpy-L1-acac
may be explained by a simple ki-
netic model, (Figure 5 and the
Supporting Information).[34] In
such a kinetic model, the initial
IET event is represented by a fast
pre-equilibrium between the ini-
tial state and the first electron
transfer state in which an elec-
tron is injected into the TiO2

conduction band, leaving a hole
on the phenyl-acac moiety. This
hole may be filled by electron
transfer from the terpyridine
group through the amide bond
in the critical rectification step
(k12

f and k21
b). Finally, MnII is oxi-

dized to MnIII in a third step (k23
f and k32

r). Each step in this
model is considered to be reversible, and the contributions
from direct charge separation between MnIII and TiO2 are as-
sumed to be small.

Figure 4. EPR spectroscopy of functionalized TiO2 nanoparticles with Mn-terpy-L1-acac (A) and Mn-terpy-L2-acac
(B) shows that under steady-state illumination (dotted line) a change in the oxidation state from MnII to MnIII is de-
tected for Mn-terpy-L1 and not for Mn-terpy-L2 in comparison with the signal in the dark (solid line). The insets
show time-dependent results for the light-induced change of the MnII EPR signal measured at the maximum of
the first-derivative EPR signal. Arrows denote times when the illumination started (up arrow) and ended (down
arrow).

Figure 5. Kinetics of light-induced charge separation for Mn-terpy-L1-acac bound to TiO2 as monitored by EPR.
After the initial pre-equilibrium established by ultrafast photoinduced electron injection into TiO2, the hole is
transferred to the terpyridine ligand before oxidizing MnII to MnIII.
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The EPR measurements are performed at 6 K, under low
light intensity to avoid changes in temperature that might pro-
duce thermal spectral fluctuations. Under these conditions, the
time-dependent EPR signal decays by approximately 10 %
upon photoexcitation of Mn-terpy-L1-acac. Under steady-state
illumination, the extent of the reaction is dependent on the
relative rates for forward and backward electron transfer. In
this experiment, K1 = k12/k21�5 (see the Supporting Informa-
tion), consistent with the observed asymmetry in the calculat-
ed I-V curve (Figure 3). It is, thus, expected that systems with
similar k23/k32 and kinj/krec but with k12�k21, would show
a much smaller decay of the EPR signal as for Mn-terpy-L2-
acac. A detailed description of the kinetic parameters and esti-
mates for the rate constants based on the EPR data are includ-
ed in the Supporting Information.

To investigate the origin of rectification at the molecular/
electronic level, we compare the local density of states (LDOS)
for energy channels close to the Fermi level in Mn-terpy-L1
and Mn-terpy-L2 (Figure 6). These channels provide the most
significant contributions to the transport properties at low bias
voltages, as determined by their contributions to the transmis-
sion function in the integration range close to the Fermi
level.[35] At the Fermi level, there is no significant electronic
density delocalized in the molecular junction between the left
and right leads. The closest channel to the Fermi level corre-
sponds to the LUMOs at 180 meV for Mn-terpy-L2 and
284 meV for Mn-terpy-L1 above the Fermi level. The LUMO of
Mn-terpy-L2 is more stable and, therefore, closer to the Fermi
level since it is more delocalized in the phenyl-terpyridine-

amide ligand, as determined by the conjugation of the carbon-
yl group with the aromatic electronic structure of the phenyl-
terpyridine ligand (Figure 7).

In contrast, the LDOS for Mn-terpy-L1 is about 100 mV far-
ther away from the Fermi level and more localized on the
phenyl-terpyridine region (Figure 6). For both molecules, the
LUMO is localized asymmetrically mostly on the Mn-terpyridine
half of the molecular junction. Therefore, it approaches the
Fermi level under the influence of negative bias potentials that
stabilize the phenyl-terpy half of the molecule relative to the
phenyl-acac region. Alternately, a positive bias shifts the LUMO
farther away from the Fermi level (Figures 7 and 8). Therefore,
when comparing Mn-terpy-L molecules influenced by low-
voltage potentials of the same magnitude but opposite signs
(e.g. + 250 mV vs. �250 mV), it is clear that the reverse current
must be higher that the forward current since the LUMO con-
tribution to the amplitude of the transmission function at the
Fermi level is increased by a negative potential and reduced
by a positive applied voltage.

Figure 6. Electronic density for the highest occupied molecular orbital
(HOMO) and LUMO states and energies (in eV) for Mn-terpy-L1 (left) and
Mn-terpy-L2 (right). The contour of electronic density is taken at 1 % of its
maximum value. For both molecules, the LUMO is the state closest to the
Fermi level and provides the most significant contribution to calculated cur-
rent. While for both molecules, the LUMO is localized on the left half of the
junction, for Mn-terpy-L2, the electronic density is more delocalized across
the entire device region and closer to the Fermi level.

Figure 7. Schematic representation of the LUMO state responsible for elec-
tron transport (top) and alignment relative to the Fermi level at equilibrium
(V = 0, top), positive bias (V>0, middle), and negative bias (V<0, bottom).
Due to the localization of the electronic density on the left half of the mo-
lecular junction, the LUMO becomes closer to the Fermi level for V<0 while
farther away for V>0 (as shown in Figure 8), giving rise to an asymmetric
I–V curve.
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We note that the rectification mechanism observed at low
bias potentials is determined by a single state (i.e. the LUMO)
that dominates the electron transport across the molecular
junction. Therefore, the rectification process is quite different
from mechanisms based on donor-acceptor dyads where
donor and acceptor states in the molecule participate in the
transport mechanism, as originally proposed by Ratner and co-
workers.[20]

These results show that a suitable choice in the orientation
of a single amide bond can enhance or suppress rectification,
even for molecular linkers where forward and reverse charge
transport is dominated by a single channel. Therefore, as
shown by various groups,[35–37] we observe that small structural
changes can produce remarkable differences in the molecular
transport properties.

3. Conclusions

We have reported the synthesis, spectroscopy, and electron-
transport calculations characterizing two molecular assemblies
relevant to solar-energy technology that provide fundamental
insight on the molecular origin of current rectification. Our re-
sults show that assemblies based on Mn-terpy-L1 and Mn-
terpy-L2 induce photoconversion by IET. Remarkably, the direc-
tional orientation of a single amide bond leads to dramatic dif-
ferences in the transport properties of the two assemblies.
While Mn-terpy-L1 is characterized by a nearly symmetric I-V
curve, Mn-terpy-L2 exhibits significant rectification, thereby
preventing photooxidation of the Mn center by favoring re-
verse current over forward electron transport. Our findings are
supported by NEGF-DFT calculations and measurements of
electron transfer processes probed by THz and EPR
spectroscopies.

We have found that the underlying rectification mechanism,
observed for Mn-terpy-L2 at low bias voltages, can be traced
to the distinct response of the LUMO towards positive and
negative potentials. Contrary to mechanisms based on donor–
acceptor dyads where donor and acceptor states in the mole-
cule participate in the transport mechanism, rectification in
Mn-terpy-L2 is determined by the asymmetric distribution of
charge in the LUMO giving the resulting stabilization (or desta-
bilization) relative to the Fermi level, as influenced by negative
(or positive) potentials. The elucidated rectification mechanism
thus complements other possible rectification processes, in-
cluding schemes based on donor-acceptor dyads,[20] and rectifi-
cation based on controlled molecular orientation as reported
by Tao and co-workers.[38]

The comparative analysis of Mn-terpy-L1 and Mn-terpy-L2
shows that the extent of conjugation is critical to level align-
ment and, therefore, can be exploited in the design of molecu-
lar linkers with suitable rectification properties. Ongoing work
is exploring the application of this concept to the design of
TiO2 photoanodes functionalized with oxo-manganese adsor-
bates and porphyrin dyes for light-driven water oxidation.[34, 39]

Experimental Section

Synthesis

Syntheses were performed using standard Schlenk techniques
under N2 atmosphere unless otherwise noted. Proton and carbon
NMR spectra were obtained using Bruker spectrometers operating
at 400 and 500 MHz, respectively. Chemical shifts are reported in
ppm (d) with residual solvent used as the internal reference. 4-
(4’phenyl-2,2’:6’,2“-terpyridyl)benzoic acid[40] (1), 3-(4-nitrophenyl)-1-
(pyridin-2-yl)prop-2-en-1-one[41] (2), and 4-(2-hydroxy-4-oxopent-2-
en-3-yl)benzoic acid[42] (3) were synthesized according to literature
procedures. Copper(I) iodide was purified using potassium iodide
and activated carbon.[43] Dichloromethane and tetrahydrofuran
were dried with a solvent purification system using a 1 m column
containing activated alumina. All other reagents and solvents were
commercially available and used as received.

The synthesis of 2-acetylpyridine pyridinium iodide (4) (Scheme 1)
was carried out according to published procedures.[44] Minor modi-

Figure 8. Calculated transmission functions for A) Mn-terpy-L1 and B) Mn-
terpy-L2 at zero bias (V = 0, black), positive bias (V = 250 mV, dotted line),
and negative bias (V =�250 mV, dashed line). For both systems, the LUMO
dominates the overall conductance since it is the closest state to the Fermi
level. Due to the LUMO asymmetry in charge distribution, the LUMO state
becomes closer to the Fermi level for V<0 and farther away for V>0, giving
rise to the asymmetric I–V characteristic curve.
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fications were performed as follows: 2-acetylpyridine (24.76 mmol,
3.0 g, 2.83 mL) and freshly sublimed iodine (24.76 mmol, 6.28 g)
were dissolved in 12.0 mL of pyridine and refluxed under N2 for
10 min. The solvent was then removed in vacuum and the result-
ing black solid was purified by silica flash column chromatography
using acetonitrile as an eluent. The crude product was obtained as
a cream-colored solid which was recrystallized from hot ethanol to
give 4.312 g (54 % yield) of 4 as a tan crystalline solid. 1H NMR
(400 MHz, CD3CN) d= 8.88–8.77 (m, 1 H), 8.77–8.70 (m, 2 H), 8.71–
8.59 (m, 1 H), 8.14 (t, J = 7.1 Hz, 2 H), 8.07 (ddd, J = 8.8, 4.5, 1.3 Hz,
2 H), 7.74 (ddd, J = 7.1, 4.8, 1.7 Hz, 1 H), 6.41 ppm (s, 2 H).

Nitrophenyl-terpyridine 5 (Scheme 2) was synthesized according to
a published procedure[45] with minor modifications. Pyridinium
iodide (4) (6.72 mmol, 2.193 g), 3-(4-nitrophenyl)-1-(pyridin-2-
yl)prop-2-en-1-one (2) (6.72 mmol, 1.708 g), and dry ammonium

acetate (6.0 equiv, 40.3 mmol, 3.11 g) were dissolved in methanol
(100 mL) and refluxed for 5 h during which time a white solid pre-
cipitated. The solid was collected by vacuum filtration and washed
with cold methanol to give 1.93 g (81 % yield) of 5 as a white solid.
1H NMR (400 MHz, CDCl3) d= 8.75 (s, 2 H), 8.75–8.72 (m, 2 H), 8.69
(d, J = 8.0 Hz, 2 H), 8.37 (d, J = 8.8 Hz, 2 H), 8.05 (d, J = 8.8 Hz, 2 H),
7.91 (td, J = 7.7, 1.8 Hz, 2 H), 7.39 ppm (ddd, J = 7.4, 4.8, 1.1 Hz,
2 H).[40]

Amino-phenyl-terpyridine 6 (Scheme 3) was synthesized according
to the literature procedure[46] from 5 using hydrazine hydrate (55 %
soln.) and palladium on carbon in refluxing ethanol to give a white
solid. The 1H NMR spectrum matches previously reported data.
1H NMR (400 MHz, CDCl3) d= 8.74–8.71 (m, 1 H), 8.69 (s, 1 H), 8.66
(dd, J = 8.0, 0.8 Hz, 1 H), 7.87 (td, J = 7.7, 1.8 Hz, 1 H), 7.82–7.75 (m,

1 H), 7.34 (ddd, J = 7.5, 4.8, 1.2 Hz, 1 H), 6.83–6.77 (m, 1 H), 3.87 (s,
1 H).

Although terpy-L1-acac has been previously synthesized,[29] a new
route is reported below (Scheme 4). 4-(2-hydroxy-4-oxopent-2-en-
3-yl)benzoic acid (3) (500 mg, 2.272 mmol, 1.5 eq), 1-ethyl-3-[3-di-
methylaminopropyl] carbodiimide hydrochloride (EDC-HCl, 508 mg,

2.65 mmol, 1.75 equiv), 4-dimethylaminopyridine on polystyrene
beads (loading 3.0 mmol DMAP/g, 1.77 g, 5.3 mmol, 3.5 equiv), and
dry dichloromethane (DCM, 3 mL) were loaded into a 100 mL
round bottom flask wrapped in aluminum foil and placed under N2

atmosphere. A separate flask was loaded with 4-([2,2’:6’,2“-terpyri-
din]-4’-yl)aniline (6) (491 mg, 1.515 mmol, 1.0 eq) and dry DCM
(10 mL), placed under N2, and cannulated into the first flask. After
stirring at room temperature for 20 h, the mixture was diluted with
DCM, filtered to remove the polystyrene beads, and transferred to
a separatory funnel. The organic layer was washed with distilled
water and brine, dried over sodium sulfate, and then concentrated
in vacuum to give a cream-colored solid in 50 % yield. 1H NMR
(500 MHz, CDCl3) d= 16.72 (s, 1 H), 8.77–8.73 (m, 4 H), 8.68 (d, J =
8.0 Hz, 2 H), 8.04 (s, 1 H), 7.95 (dd, J = 9.8, 8.5 Hz, 4 H), 7.89 (td, J =
7.7, 1.8 Hz, 2 H), 7.83 (d, J = 8.6 Hz, 2 H), 7.41–7.31 (m, 4 H), 1.91 (s,
6 H). Crystals suitable for X-ray analysis were grown by slow evapo-
ration of benzene (see the Supporting Information).

The synthesis of 8 (Scheme 5) was carried out in an analogous
manner to the preparation used by Jiang et al.[42] to synthesize 3-
(3-nitrophenyl)pentane-2,4-dione. A mixture of 1-iodo-4-nitroben-

zene (2.0 mmol), 2,4-pentanedione (6.0 mmol), cesium carbonate
(8.0 mmol), freshly recrystallized copper(I) iodide (0.20 mmol), and
l-proline (0.40 mmol) in dry dimethylsulfoxide (DMSO, 10 mL) was
charged in a flask wrapped in aluminum foil to protect from light
and heated at 70 8C under nitrogen atmosphere for 24 h.

The cooled solution was poured into 1 m HCl and extracted with
ethyl acetate. The organic layer was washed with brine, dried over

Scheme 1. Synthesis of 2-acetylpyridinium iodide (4).

Scheme 2. Synthesis of nitrophenyl-terpyridine (5).

Scheme 3. Synthesis of aminophenyl-terpyridine (6).

Scheme 4. Synthesis of terpy-L1-acac.

Scheme 5. Synthesis of nitrophenyl-acac (8).
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Na2SO4, and the solvent removed in vacuum. The crude residue
was purified on a flash silica gel column using a mixture of hexane-
s:ethyl acetate (7:3) as eluent to afford 292 mg (64 % yield) of 8 as
a yellow solid. The product was then recrystallized with hexanes to
give a slightly yellow crystalline solid. 1H NMR (400 MHz, CDCl3) d=

16.78 (s, 1 H), 8.27 (dd, J = 2.1, 8.9, 2 H), 7.39 (dd, J = 2.1, 8.9, 2 H),
1.90 (s, 6 H). 13C NMR (CDCl3, 500 MHz): d= 190.5, 147.3, 144.0,
132.1, 124.0, 113.6, 24.2. HRMS calcd (found) for C11H11NO4 M + :
222.076084 (222.07611).

A mixture of 8 (3.14 mmol) and Pd/C (10 wt. %, 104 mg) was stirred
in a 1:1 DCM:ethanol mixture (40 mL) and degassed thoroughly
with N2 at room temperature for 20 min (Scheme 6). Hydrogen gas

(H2) was then bubbled into the reaction vessel using a balloon and
was allowed to stir under H2 atmosphere for 2 h. The resulting so-
lution was then purged with N2, filtered through Celite, and
washed with ethanol and DCM. The solvent was then removed in
vacuo and the crude product was purified on a silica gel column
(80:20 hexanes : ethyl acetate) and recrystallized in hexanes to
give off-white needles to yield 420 mg (2.20 mmol, 70 % yield) of 9.
1H NMR (500 MHz, CDCl3) d= 16.61 (s, 1 H), 6.93 (d, J = 8.5 Hz, 2 H),
6.71 (d, J = 8.5 Hz, 2 H), 1.89 (s, 6 H). 13C NMR (CDCl3, 500 MHz): d=
190.3, 144.6, 130.9, 125.9, 125.7, 114.2, 23.1. ESI molecular ion cal-
culated for C11H11NO4H+ : 192.10, found: 192.04.

Terpy phenyl acid (1) (100 mg, 0.28 mmol) and thionyl chloride
(SOCl2, 10.0 eq, 3.5 mmol, 0.25 mL) were refluxed under nitrogen in
DCM (10 mL) for 2 h (Scheme 7). The remaining SOCl2 was re-
moved by short-path distillation and dried for 2 h. DCM (10 mL),
N,N-diisopropylethylamine (3.0 equiv, 0.75 mmol, 0.13 mL) and a so-
lution of 9 (1.1 eq) in 4 mL of DCM were added to the flask and
the mixture was refluxed under N2 for 16 h. The resulting mixture
was evaporated in vacuum and purified by flash column chroma-
tography on silica gel.

Gradient elution with 20 % to 100 % ethyl acetate in hexanes af-
forded terpy-L2-acac (50 mg, 0.10 mmol, 40 % yield) as colorless
crystals suitable for X-ray analysis (see the Supporting Information).
C33H26N4O3·H2O (calc: C 75.27; H: 4.98; N: 14.70; found: C 72.78; H
3.76; N 14.78) 1H NMR (400 MHz, [D6]DMSO) d= 16.82 (s, 1 H), 10.50
(s, 1 H), 8.79 (d, J = 2.5, 4 H), 8.72 (d, J = 7.9, 2 H), 8.16 (dd, J = 8.5,
26.8, 4 H), 8.08 (td, J = 1.7, 7.8, 2 H), 7.91–7.85 (m, 2 H), 7.63–7.52 (m,
2 H), 7.33–7.23 (m, 2 H), 1.90 (s, 6 H). 13C NMR (500 MHz, [D6]DMSO)
d= 190.83, 165.01, 155.77, 154.77, 149.32, 148.45, 140.28, 138.23,
137.25, 135.44, 131.51, 131.24, 128.72, 126.98, 124.58, 120.95,
120.44, 118.06, 114.40, 23.90 ppm.

TiO2 Functionalization with Mn-terpy-l-Acac

The samples for time-resolved EPR studies were prepared by stir-
ring Degussa P25 TiO2 nanoparticles (30 mg) with complex terpy-
L1-acac or terpy-L2-acac (3.0 mg, 0.0056 mmol) in dry DCM (2 mL)
at reflux for 2 h. The suspension was cooled and filtered, and the
light yellow solid was washed with DCM (10 mL) and vacuum-
dried. The powder was then transferred to a 5 mL round-bottom
flask containing Mn(OAc)2tetrahydrate (5 mg) and water (3 mL).
The suspension was stirred at room temperature for 12 h, filtered,
washed with excess water, and vacuum-dried. The powdered sam-
ples were then loaded into melting-point capillary tubes; mass and
sample heights were then measured to verify sample-to-sample
uniformity. The capillary tube was then flame-sealed before being
loaded into an EPR tube.

EPR Spectroscopy

Perpendicular-mode EPR data were collected on an X-band Bruker
Biospin/ELEXSYS E500 spectrometer equipped with an SHQ cavity
and an Oxford ESR-900 liquid helium cryostat. All spectra were col-
lected at 7 K on powered samples sealed in capillary tubes placed
in 5 mm o.d. (outside diameter) quartz EPR tubes containing 60/40
(V/V) toluene/acetone. This solvent mixture forms a transparent
glass for efficient illumination of the sample and allows efficient
heat transfer to prevent heating of the sample during illumination.
Samples were illuminated in the cryostat at 7 K with white light
from a Fiber-Lite Series 180 illuminator (Dolan–Jennings Industries,
Inc.) passed through 425 nm long-pass and water filters. Spectra
were recorded with the following settings: modulation ampli-
tude = 10 G, modulation frequency = 100 kHz, microwave power =
0.05 mW, and microwave frequency = 9.357 GHz.

Time-Resolved Terahertz Spectroscopy

The samples for time-resolved terahertz spectroscopy consist of
thin mesoporous films (~20 microns) of Degussa P25 TiO2 nanopar-
ticles. The nanoparticles were doctor bladed from aqueous solution
onto a glass cover slip and annealed at 360 8C for 30 min. Degussa
P25 consists of 25 nm particles that are 70 % anatase and 30 %
rutile. The TiO2 thin films are sensitized by soaking them overnight
in 2 mm solution of either terpy-L1-acac or terpy-L2-acac in di-
chloromethane and then rinsing the slide with copious amounts of
dichloromethane. An amplified Ti:Sapphire laser (Tsunami/Spitfire
from Spectra Physics) generated 800 mW of pulsed near-IR light at
a 1 kHz repetition rate. The pulse width was 150 fs, and the center
wavelength was 800 nm. Approximately two-thirds of the power
was frequency doubled to produce 40 mW of 400 nm (3.10 eV)
light for the pump beam. The remainder of the near-IR light was
used to generate THz radiation using optical rectification in
a ZnTe(110) crystal and detect it via free space electron-optic sam-
pling in an additional ZnTe(110) crystal. Terahertz data were takenScheme 7. Synthesis of terpy-L2-acac.

Scheme 6. Synthesis of aminophenyl-acac (9).
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at room temperature, and the average of two samples was taken
for each data set. More details about the THz spectroscopy appara-
tus can be found in previously published reports.[29, 47, 48]

Theoretical and Computational Methods

Geometries were optimized at the DFT B3LYP level using a combi-
nation of basis sets (6-31G(d,p) for non-metal elements and
LANL2DZ for Mn atom) as implemented in Gaussian 09.[49] Current–
voltage characteristic curves were obtained by using the NEGF-DFT
approaches implemented in the TranSIESTA computational pack-
age.[50] The molecular models were designed in the usual three-
system model (extended molecule), including the left electrode
lead, central device region, and right electrode lead. The transport
properties were calculated using an electronic structure calculation
for the leads treating them as semi-infinite periodic nanowires
which were later connected to the scattering (central) region. The
coordinates for the extended molecules as well as sample input
files for transport calculations used in this work are provided in the
Supporting Information.

The electrode leads were modeled based on the Au(1,1,1) crystal
lattice. The molecules were connected to the gold electrodes via
thiol anchoring groups. A polarized single- z basis set was used for
gold atoms and polarized double-z basis set[51] for all non-gold
atoms in all transport calculations, which is sufficient to describe
the dominant energy levels involved in electron transport. For ex-
change correlation functional, we used the generalized gradient
approximation[52] (GGA). To sample the Brillouin zone, we used
a 10 � 10 � 80 Monkhorst k-grids[53, 54] for the leads and 10 � 10 �
1 Monkhorst type k-grid for the device region. The energy cutoff
for the real space grid was 250 Ry (Rydberg).

From the DFT density 1, one can obtain the Hamiltonian and over-
lap matrices [Eq. (2)]:

Hab
JK ¼ y

ab
J

� ��Hð1Þ y
ab
K

�� �
ð2Þ

and [Eq. (3)]:

Sab
JK ¼ y

ab
J

�� y
ab
K

� �
ð3Þ

where J and K are either L, R or M, labeling the left lead, right lead
or the molecule, respectively; and a and b represent orbitals inside
the respective regions.
This information is used to obtain the Green’s function of the mol-
ecule [Eq. (4)]:

GM ¼
1

eS� H � SL � SR
ð4Þ

where e is the energy plus an infinitesimal positive imaginary part
(E + id), and the �L/R functions are the self-energy terms of the left
and right leads.
The electron density 1 is defined as [Eq. (5)]:

1
2 p

Z
G<

MðEÞdE ð5Þ

The lesser Green’s function has the expression [Eq. (6)]:

G<
MðEÞ ¼ iGþMðEÞ GLf E � mLð Þ þ GR E � mRð ÞG�MðEÞ

� �
ð6Þ

where [Eq. (7)]:

GL=R ¼ i SþL=R � S�L=R

� �
ð7Þ

and f is the Fermi distribution function based on the shifting of
chemical potential of the electrodes according to finite bias V in
the non-equilibrium regime [Eq. (8)]:

mL=R ¼ EF � V=2 ð8Þ

Self-consistency calculations are performed for the electron density
until convergence is achieved. The transmission coefficient is ob-
tained with the Fisher–Lee formula [Eq. (9)]:

T ¼ Tr GLG�MGRGþM
� �

ð9Þ

while the current is obtained by integrating the transmission
[Eq. (10)]:

I ¼ 2 e
h

Z
TðEÞ f E � mLð Þ � f E � mRð Þ½ �dE ð10Þ

To interpret the calculated current–voltage curves, we recalculated
the LDOS, that is, the electronic density distribution for the state
with energy ek, based on the electronic structure of each extended
system. The LDOS distributions were obtained by integrating the
Green’s function in real space [Eq. (11)]:

nðrÞ ¼ 1
p

Z
ekþd

ek�d

Im Gðr; eÞ½ �de ð11Þ

where ek is the energy of the state of interest and d is chosen to
cover the width of that state.
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Figure S1: 1H NMR of 2-acetylpyridine pyridinium iodide 4 
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Figure S2: 1H NMR of nitrophenyl-terpyridine (5) 
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Figure S3: 1H NMR of aminophenyl-terpyridine (6) 
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Figure S4: 1H NMR of L1-acac 
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Figure S5: 1H NMR of nitrophenyl-acac 8 
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Figure S6: 1H NMR of aminophenyl-acac 9. 
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Figure S7: 1H NMR L2-acac 
 
 



 S-9 

 
Figure S8: 13C NMR of L2-acac 
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Figure S9: ORTEP diagram of L1-acac 
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Table S1: Crystallographic parameters for L1-acac�2(C6H6) 
Empirical formula C45H38N4O3 

Fw 682.79 
Radiation, λ, (Å) MoKα, λ = 0.71073 
T(K) 90 ± 2 
Unit cell dimensions  
     a (Å) 13.9169(8) 
     b (Å) 27.9498(15) 
     c (Å) 9.7140(5) 
     α (°) 90.00 
     β (°) 102.455(2) 
     γ (°) 90.00 
     V (Å3) 3689.6(3) 
     Z 4 
Dcalc (g cm-3) 1.229 
µ(MoKα) (mm-1) 0.078 
Total, unique no. of refl. 61656, 7557 
Rint 0.1543 
No of param., restraints 472, 0 
Ra, Rw

b 0.0617, 0.1530 
G.O.F. 1.008 
Resid. Density (e Å-3) + 0.554, -0.335 
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Figure S10: ORTEP diagram of L2-acac 
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Table S2: Crystallographic parameters for L2-acac�H2O 
Color, shape Colorless, prism 
Empirical formula C33H28O4N4 
Fw 544.61 
Radiation, λ, Å CuKα (λ = 1.54187 Å) 
T(°C) -180±1 
Crystal system monoclinic 
Space group P21/C 
Unit cell dimensions  
     a (Å) 17.1790(12) 
     b (Å) 10.51148(19) 
     c (Å) 16.7461(3) 
     α (°) 90 
     β (°) 111.207(8) 
     γ (°) 90 
     V (Å3) 2819.2(2) 
     Z 4 
Dcalc (g cm-3) 1.283 
µ(CuKα) (cm-1) 6.953 
Crystal size 0.50 x 0.44 x 0.30 mm 
Total, unique no. of refl. 18706, 5011 
Rint 0.034 
No of param., restraints 387, 0 
Ra, Rw

b 0.0505, 0.1674 
G.O.F. 1.132 
Resid. Density (e Å-3) +0.27, -0.30 
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Figure S11: Scheme of the Leads used for building the extended molecule. We employed the Au 
lattice constant of 4.088 Å in an hcp lattice. The face of the leads is corresponds to a (111) 
surface.  
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Kinetic Model  

As discussed in the SI of Ref. [34], we consider photoexcitation of an adsorbate molecule 
covalently bound to a semiconductor surface, a process that promotes an electron in the adsorbate 
from the ground to the excited state. We assume that the photoexcited state is isoenergetic with 
an electronic state in the semiconductor conduction band, inducing IET (see Fig. 5 of the 
manuscript). 
 
The effective rate constant for electron injection is kinj = [p]kinj

*, where [p] is the effective 
concentration of photons as determined by the light intensity. The injection is typically ultrafast 
and is followed by forward electron transfer from terpyridine (T) to phenylacac (A), evolving the 
system from [1] to [2] with rate constant k12 and backward, from [2] to [1], with rate constant k21. 
In addition, we assume that the hole left in the terpyridine ligand oxidizes Mn2+ to Mn3+ with an 
oxidation rate constant k23 and recombination k32. Furthermore, [3] could recombine into [0] 
directly with rate constant kr. We assume k23 >> k32 to ensure a chemically sensible model, where 
Mn is rapidly oxidized by a hole localized in the phenylterpyridine ligand. 
 
2. Quantitative Analysis of the EPR Signal 
 
We find the rate constants k12 and k21 by considering the slow kinetics, monitored by EPR, after 
the initial pre-equilibrium of MnII-T-A-TiO2 and MnII-T-Ah+-TiO2

e-
 established by ultrafast 

injection and recombination: 

 
Figure S12. Schematic of the slow kinetics monitored by EPR, after the initial pre-equilibrium 
established, by ultrafast injection and recombination upon turning the light on. 
 
According to Fig. S7, the kinetics equations are: 

 
d[1]
dt

= !k12[1]+ k21[2]+ kr[3]   

 d[2]
dt

= k12[1]! k21[2]! k23[2]+ k32[3]     (3) 

d[3]
dt

= k23[2]! (k32 + kr )[3]   

 
When p(0)=[1]+[2]+[3], we obtain: 
  

d[1]
dt

= !k12[1]+ k21(p(0)! [1]! [3])+ kr[3]   

 d[3]
dt

= k23(p(0)! [1]! [3])! (k32 + kr )[3]   (4) 

with 

!
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d[1]
dt

= !k11[1]+ k13[3]+ k21p(0)   

 d[3]
dt

= !k33[3]+ k31[1]+ k23p(0)         (5) 

where k11=k21+k12, k13= kr-k21, k33=kr+k32+k23, and k31=-k23. 
 
Solving for [1], from Eq. (5), we obtain: 

 

[1] = k31
!1 d[3]

dt
+ k31

!1k33[3]! k31
!1k23p(0)

d[1]
dt

= k31
!1 d 2[3]

dt2
+ k31

!1k33
d[3]
dt

= !k11k31
!1 d[3]

dt
+ (k13 ! k11k31

!1k33)[3]+ (k21 + k11k31
!1k23)p(0)

           (6) 

 
Associating terms, we obtain: 
 

d 2[3]
dt2

+ (k33 + k11)
d[3]
dt

+ (k11k33 ! k13k31)[3]! (k31k21 + k11k23)p(0) = 0    (7) 

or 
 

d 2[3]
dt2

+ A d[3]
dt

+ B[3]!C = 0       (8) 

 
with A = k33+k11,  B=k33k11-k13 k31  and  C=(k11k23+k31k21)p(0), with solution 
 

[3] = A1e
!k(+ )t + A2e

!k(! )t + C
B

     (9) 

where 

k (±) = A ± A2 ! 4B
2

     (10) 

with A= k(-)+k(+) and B= k(-)k(+). 
We note that for the case of light OFF, kinj = 0 since [p] = 0. In addition, [MnII-T-Ah+-

TiO2
e-] = 0, since the transition from [MnII-T-Ah+-TiO2

e-] to [MnIITATiO2] is ultrafast. Therefore, 
the resulting kinetic model is analogous to the light-on model but with an effective kinetic 
constant k12 = 0: 

 
Figure S13. Schematics of the slow recombination kinetics monitored by EPR after turning the 
light off. 
 

!
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For the case of light OFF (k12=0), k(-)OFF= (42.16 s)-1 and k(+)OFF = (9.18 s)-1 , while for light ON, 
we obtain k(-)OFF= (14.1 s)-1 and k(-)OFF = (3.0 s)-1.   
Assuming that k23 >> k32≈0, we solve for kr and k23, giving: 
 

k23  = (k (!)OFF + k (+)OFF ) k21  - k2
21  - k (!)OFFk (+)OFF

k21

kr  =
k (!)OFFk (+)OFF

k21

    (11) 

For the case of light-on, we have k(-)ON=(14.11 s)-1 and k(+)ON=(3.04 s)-1, and solving for k12 and 
k21, we obtain:  
 

k12  =(k (!)ON + k (+)ON )-(k (!)OFF + k (+)OFF )

k21  =
k (!)OFF( )2

+ k (!)OFF + k (+)OFF( ) k (+)OFF ! k (+)ON ! k (!)ON( )+ k (!)ONk (+)ON

k (!)OFF + k (+)OFF ! k (!)ON ! k (+)ON

  (12) 

 
giving k12=0.272 s-1 and k21 = 0.0546 s-1 (i.e., K1≈5, as indicated in Sec. 1). Substituting these 
values into Eq. (11) we obtain, k23=0.0307 s-1 and kr = 0.0472 s-1. 
 
We obtain [3] as a function of time by using Eq. (9), with parameters given in Table 1, with A1 
and A2 obtained by making [3]=[2]=0 at t=0. We solve for [2], as a function of [3], from Eq. (3), 
and for [1] as a function of [3] from p(0)=[1]+[2]+[3]. Figure 5 of the text shows [1], [2] and [3] 
as a function of time. 
 
Table S3: Parameters of the bi-exponential fits to the experimental EPR signal, modeled as 
EPR = A1e

!k(+ )t + A2e
!k(! )t + A0   
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Figure	
  S14:	
  EPR	
  signal	
  and	
  biexponential	
  fit	
  for	
  light-­‐on	
  and	
  light-­‐off.	
  
	
  
Figure S14 shows that the relaxation dynamics upon turning the light ON/OFF can be properly 
described by a bi-exponential function, as predicted by the kinetic model with parameters listed 
in Table 1. From	
   the	
   parameters	
   of	
   the	
   biexponential	
   fit,	
   the	
   remaining	
   rate	
   constants	
  
suggested	
  by	
  the	
  model	
  shown	
  in	
  Fig.	
  1	
  may	
  be	
  calculated. 
	
  
For	
  the	
  case	
  of	
  light	
  OFF	
  (k12=0),	
  k(-­‐)OFF=	
  (42.16	
  s)-­‐1	
  and	
  k(+)OFF	
  =	
  (9.18	
  s)-­‐1	
   ,	
  while	
  for	
  light	
  
ON,	
  we	
  obtain	
  k(-­‐)OFF=	
  (14.1	
  s)-­‐1	
  and	
  k(-­‐)OFF	
  =	
  (3.0	
  s)-­‐1.	
  	
  Assuming	
  that	
  kr	
  can	
  be	
  neglected,	
  we	
  
solve	
  for	
  k23	
  and	
  k32,	
  giving:	
  
	
  

k23  = (k (!)OFF + k (+)OFF ) k21  - k2
21  - k (!)OFFk (+)OFF

k21

k32  = k
(!)OFFk (+)OFF

k21

	
   	
   	
   	
  (11)	
  

	
  
For	
  the	
  case	
  of	
  light-­‐on,	
  we	
  have	
  k(-­‐)ON=(14.11	
  s)-­‐1	
  and	
  k(+)ON=(3.04	
  s)-­‐1,	
  and	
  solving	
  for	
  k12	
  
and	
  k21,	
  we	
  obtain:	
  	
  
	
  

k12  =(k (!)ON + k (+)ON )-(k (!)OFF + k (+)OFF )

k21  =
k (!)OFF( )2

+ k (!)OFF + k (+)OFF( ) k (+)OFF ! k (+)ON ! k (!)ON( )+ k (!)ONk (+)ON

k (!)OFF + k (+)OFF ! k (!)ON ! k (+)ON

	
   	
   (12)	
  

	
  
giving	
  k12=0.272	
  s-­‐1	
  and	
  k21	
  =	
  0.0546	
  s-­‐1	
  (i.e.,	
  K1=5).	
  Substituting	
  these	
  values	
  into	
  Eq.	
  (11)	
  
we	
  obtain,	
  k23=0.0307	
  s-­‐1	
  and	
  k32	
  =	
  0.0472	
  s-­‐1.	
  

Light ON 

Light OFF 
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Coordinates for extended systems used in this study: 
 
Au-Mn-terpy-L1-Au 
 
  Au    0.00000000   -4.99573000    0.00000000 
  Au    2.88429000   -4.99573000    0.00000000 
  Au    5.76858000   -4.99573000    0.00000000 
  Au    8.65286000   -4.99573000    0.00000000 
  Au   -1.44214000   -2.49786000    0.00000000 
  Au    1.44214000   -2.49786000    0.00000000 
  Au    4.32643000   -2.49786000    0.00000000 
  Au    7.21072000   -2.49786000    0.00000000 
  Au   -2.88429000    0.00000000    0.00000000 
  Au    0.00000000    0.00000000    0.00000000 
  Au    2.88428000    0.00000000    0.00000000 
  Au    5.76858000    0.00001000    0.00000000 
  Au   -4.32644000    2.49786000    0.00000000 
  Au   -1.44215000    2.49786000    0.00000000 
  Au    1.44214000    2.49786000    0.00000000 
  Au    4.32643000    2.49787000    0.00000000 
  Au   -0.00001000   -3.33049000    2.35502000 
  Au    2.88429000   -3.33049000    2.35502000 
  Au    5.76857000   -3.33049000    2.35502000 
  Au    8.65287000   -3.33048000    2.35502000 
  Au   -1.44215000   -0.83262000    2.35502000 
  Au    1.44214000   -0.83262000    2.35502000 
  Au    4.32643000   -0.83262000    2.35502000 
  Au    7.21072000   -0.83262000    2.35502000 
  Au   -2.88429000    1.66524000    2.35502000 
  Au   -0.00001000    1.66524000    2.35502000 
  Au    2.88429000    1.66525000    2.35502000 
  Au    5.76857000    1.66525000    2.35502000 
  Au   -4.32645000    4.16311000    2.35502000 
  Au   -1.44215000    4.16311000    2.35502000 
  Au    1.44213000    4.16311000    2.35502000 
  Au    4.32643000    4.16312000    2.35502000 
  Au   -1.44214000   -4.16312000    4.71004000 
  Au    1.44214000   -4.16312000    4.71004000 
  Au    4.32643000   -4.16310000    4.71004000 
  Au    7.21072000   -4.16310000    4.71004000 
  Au   -2.88429000   -1.66525000    4.71004000 
  Au    0.00000000   -1.66525000    4.71004000 
  Au    2.88429000   -1.66524000    4.71004000 
  Au    5.76857000   -1.66524000    4.71004000 
  Au   -4.32644000    0.83262000    4.71004000 
  Au   -1.44215000    0.83262000    4.71004000 
  Au    1.44214000    0.83263000    4.71004000 
  Au    4.32643000    0.83263000    4.71004000 
  Au   -5.76858000    3.33048000    4.71004000 
  Au   -2.88429000    3.33049000    4.71004000 
  Au   -0.00001000    3.33050000    4.71004000 
  Au    2.88428000    3.33050000    4.71004000 
  Au    0.00000000   -4.99573000    7.06505000 
  Au    2.88429000   -4.99573000    7.06505000 
  Au    5.76858000   -4.99573000    7.06505000 
  Au    8.65286000   -4.99573000    7.06505000 
  Au   -1.44214000   -2.49786000    7.06505000 
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  Au    1.44214000   -2.49786000    7.06505000 
  Au    4.32643000   -2.49786000    7.06505000 
  Au    7.21072000   -2.49786000    7.06505000 
  Au   -2.88429000    0.00000000    7.06505000 
  Au    0.00000000    0.00000000    7.06505000 
  Au    2.88428000    0.00000000    7.06505000 
  Au    5.76858000    0.00001000    7.06505000 
  Au   -4.32644000    2.49786000    7.06505000 
  Au   -1.44215000    2.49786000    7.06505000 
  Au    1.44214000    2.49786000    7.06505000 
  Au    4.32643000    2.49787000    7.06505000 
  Au   -0.00001000   -3.33049000    9.42006000 
  Au    2.88429000   -3.33049000    9.42006000 
  Au    5.76857000   -3.33049000    9.42006000 
  Au    8.65287000   -3.33048000    9.42006000 
  Au   -1.44215000   -0.83262000    9.42006000 
  Au    1.44214000   -0.83262000    9.42006000 
  Au    4.32643000   -0.83262000    9.42006000 
  Au    7.21072000   -0.83262000    9.42006000 
  Au   -2.88429000    1.66524000    9.42006000 
  Au   -0.00001000    1.66524000    9.42006000 
  Au    2.88429000    1.66525000    9.42006000 
  Au    5.76857000    1.66525000    9.42006000 
  Au   -4.32645000    4.16311000    9.42006000 
  Au   -1.44215000    4.16311000    9.42006000 
  Au    1.44213000    4.16311000    9.42006000 
  Au    4.32643000    4.16312000    9.42006000 
  Au   -1.44214000   -4.16312000   11.77507000 
  Au    1.44214000   -4.16312000   11.77507000 
  Au    4.32643000   -4.16310000   11.77507000 
  Au    7.21072000   -4.16310000   11.77507000 
  Au   -2.88429000   -1.66525000   11.77507000 
  Au    0.00000000   -1.66525000   11.77507000 
  Au    2.88429000   -1.66524000   11.77507000 
  Au    5.76857000   -1.66524000   11.77507000 
  Au   -4.32644000    0.83262000   11.77507000 
  Au   -1.44215000    0.83262000   11.77507000 
  Au    1.44214000    0.83263000   11.77507000 
  Au    4.32643000    0.83263000   11.77507000 
  Au   -5.76858000    3.33048000   11.77507000 
  Au   -2.88429000    3.33049000   11.77507000 
  Au   -0.00001000    3.33050000   11.77507000 
  Au    2.88428000    3.33050000   11.77507000 
  Au    0.00000000    0.00000000   14.13008000 
  Au   -1.44215000    2.49786000   14.13008000 
  Au    1.44214000    2.49786000   14.13008000 
  S     0.00284399   -1.88530461   15.48212233 
  H     2.64416995   -3.38431680   16.27177722 
  H    -2.40415828   -0.14095483   16.54282704 
  O     1.42900999    0.21584230   16.78704089 
  H     2.39500799    0.28109205   16.81482011 
  H     1.09518082    1.12223862   16.85978664 
  H     4.74075818   -4.55701004   16.94355415 
  C     2.97885795   -3.37351213   17.30558258 
  H    -4.29248000    1.22187034   17.43546506 
  C    -2.45469884    0.11203463   17.59848394 
  O    -0.97045798   -3.54049940   17.59875926 
  Mn    0.29283574   -1.60012343   17.66769299 
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  C     4.14876409   -4.02751189   17.68182636 
  H    -0.59803136   -4.41022607   17.80609396 
  H    -1.89252442   -3.56406504   17.89442521 
  C    -3.50827779    0.87264652   18.09801371 
  N     2.20251586   -2.69953785   18.17530710 
  N    -1.45276306   -0.35047313   18.37046803 
  C     4.52704715   -3.97724285   19.02433000 
  H     5.43211728   -4.47183623   19.36266147 
  C    -3.51878312    1.16518430   19.46263974 
  C     2.56365717   -2.64721102   19.48580598 
  C    -1.45523027   -0.06840933   19.70131164 
  N     0.58029299   -1.33386458   19.77826363 
  H    -4.32074823    1.75449659   19.89599200 
  C     3.72799916   -3.28233081   19.93217583 
  C    -2.48414900    0.69129238   20.26920417 
  C     1.65163415   -1.88432183   20.38928407 
  C    -0.31074204   -0.61180136   20.49172506 
  H     4.01585227   -3.23934152   20.97520926 
  H    -2.48663715    0.91519468   21.32871132 
  C     1.86646211   -1.72349800   21.75325806 
  C    -0.15188451   -0.41667553   21.85840136 
  H     2.74714210   -2.14237522   22.22126263 
  H    -0.89126452    0.13638531   22.42149688 
  C     0.95863598   -0.97274720   22.53874217 
  C     1.15409998   -0.77767957   23.97319520 
  H     0.08420813    1.10899671   24.07958014 
  H     2.29015875   -2.60491627   24.30344881 
  C     0.61717136    0.34677008   24.63969341 
  C     1.88573300   -1.70328583   24.75309850 
  C     0.78938444    0.55509365   25.99843478 
  C     2.05448033   -1.51841441   26.11316993 
  H     0.37819761    1.42983200   26.48118650 
  H     2.59979893   -2.26114595   26.68923381 
  C     1.51351724   -0.38572915   26.76695406 
  N     1.73557973   -0.25615310   28.12765383 
  H     2.27369613   -0.99695980   28.55669990 
  O     0.44125671    1.57324385   28.62658464 
  C     1.23438644    0.72222822   29.00421738 
  H     3.57607369   -0.45028934   30.03406330 
  C     1.72099125    0.62877313   30.41133080 
  C     2.91760671   -0.01186162   30.77979028 
  H     0.02553574    1.75410035   31.10317673 
  C     0.93773442    1.24781123   31.39996554 
  C     3.31349945   -0.04394983   32.11731624 
  H     4.24521745   -0.52800907   32.39300929 
  C     1.33204445    1.20569637   32.73584086 
  C     2.51833011    0.55816659   33.09717326 
  H     0.71708650    1.67872319   33.49506109 
  S     3.02425236    0.51110683   34.80311231 
  Au    1.44214000   -4.16312000   35.56499000 
  Au    4.32643000   -4.16312000   35.56499000 
  Au    2.88428000   -1.66525000   35.56499000 
  Au    0.00000000   -4.99574000   37.92000000 
  Au    2.88429000   -4.99574000   37.92000000 
  Au    5.76858000   -4.99574000   37.92000000 
  Au    8.65287000   -4.99574000   37.92000000 
  Au   -1.44215000   -2.49788000   37.92000000 
  Au    1.44214000   -2.49788000   37.92000000 
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  Au    4.32643000   -2.49788000   37.92000000 
  Au    7.21072000   -2.49788000   37.92000000 
  Au   -2.88429000   -0.00001000   37.92000000 
  Au    0.00000000   -0.00001000   37.92000000 
  Au    2.88429000   -0.00001000   37.92000000 
  Au    5.76858000   -0.00001000   37.92000000 
  Au   -4.32644000    2.49786000   37.92000000 
  Au   -1.44215000    2.49786000   37.92000000 
  Au    1.44214000    2.49786000   37.92000000 
  Au    4.32643000    2.49786000   37.92000000 
  Au    0.00000000   -3.33050000   40.27501000 
  Au    2.88429000   -3.33050000   40.27501000 
  Au    5.76857000   -3.33050000   40.27501000 
  Au    8.65286000   -3.33050000   40.27501000 
  Au   -1.44214000   -0.83263000   40.27501000 
  Au    1.44215000   -0.83263000   40.27501000 
  Au    4.32644000   -0.83263000   40.27501000 
  Au    7.21071000   -0.83263000   40.27501000 
  Au   -2.88429000    1.66523000   40.27501000 
  Au    0.00000000    1.66523000   40.27501000 
  Au    2.88429000    1.66523000   40.27501000 
  Au    5.76858000    1.66523000   40.27501000 
  Au   -4.32644000    4.16310000   40.27501000 
  Au   -1.44215000    4.16310000   40.27501000 
  Au    1.44214000    4.16310000   40.27501000 
  Au    4.32643000    4.16310000   40.27501000 
  Au   -1.44215000   -4.16312000   42.63002000 
  Au    1.44214000   -4.16312000   42.63002000 
  Au    4.32643000   -4.16312000   42.63002000 
  Au    7.21072000   -4.16312000   42.63002000 
  Au   -2.88428000   -1.66526000   42.63002000 
  Au   -0.00001000   -1.66525000   42.63002000 
  Au    2.88428000   -1.66525000   42.63002000 
  Au    5.76857000   -1.66525000   42.63002000 
  Au   -4.32643000    0.83261000   42.63002000 
  Au   -1.44214000    0.83261000   42.63002000 
  Au    1.44214000    0.83262000   42.63002000 
  Au    4.32643000    0.83262000   42.63002000 
  Au   -5.76858000    3.33048000   42.63002000 
  Au   -2.88429000    3.33048000   42.63002000 
  Au    0.00000000    3.33048000   42.63002000 
  Au    2.88428000    3.33048000   42.63002000 
  Au    0.00000000   -4.99574000   44.98504000 
  Au    2.88429000   -4.99574000   44.98504000 
  Au    5.76858000   -4.99574000   44.98504000 
  Au    8.65287000   -4.99574000   44.98504000 
  Au   -1.44215000   -2.49788000   44.98504000 
  Au    1.44214000   -2.49788000   44.98504000 
  Au    4.32643000   -2.49788000   44.98504000 
  Au    7.21072000   -2.49788000   44.98504000 
  Au   -2.88429000   -0.00001000   44.98504000 
  Au    0.00000000   -0.00001000   44.98504000 
  Au    2.88429000   -0.00001000   44.98504000 
  Au    5.76858000   -0.00001000   44.98504000 
  Au   -4.32644000    2.49786000   44.98504000 
  Au   -1.44215000    2.49786000   44.98504000 
  Au    1.44214000    2.49786000   44.98504000 
  Au    4.32643000    2.49786000   44.98504000 
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  Au    0.00000000   -3.33050000   47.34005000 
  Au    2.88429000   -3.33050000   47.34005000 
  Au    5.76857000   -3.33050000   47.34005000 
  Au    8.65286000   -3.33050000   47.34005000 
  Au   -1.44214000   -0.83263000   47.34005000 
  Au    1.44215000   -0.83263000   47.34005000 
  Au    4.32644000   -0.83263000   47.34005000 
  Au    7.21071000   -0.83263000   47.34005000 
  Au   -2.88429000    1.66523000   47.34005000 
  Au    0.00000000    1.66523000   47.34005000 
  Au    2.88429000    1.66523000   47.34005000 
  Au    5.76858000    1.66523000   47.34005000 
  Au   -4.32644000    4.16310000   47.34005000 
  Au   -1.44215000    4.16310000   47.34005000 
  Au    1.44214000    4.16310000   47.34005000 
  Au    4.32643000    4.16310000   47.34005000 
  Au   -1.44215000   -4.16312000   49.69506000 
  Au    1.44214000   -4.16312000   49.69506000 
  Au    4.32643000   -4.16312000   49.69506000 
  Au    7.21072000   -4.16312000   49.69506000 
  Au   -2.88428000   -1.66526000   49.69506000 
  Au   -0.00001000   -1.66525000   49.69506000 
  Au    2.88428000   -1.66525000   49.69506000 
  Au    5.76857000   -1.66525000   49.69506000 
  Au   -4.32643000    0.83261000   49.69506000 
  Au   -1.44214000    0.83261000   49.69506000 
  Au    1.44214000    0.83262000   49.69506000 
  Au    4.32643000    0.83262000   49.69506000 
  Au   -5.76858000    3.33048000   49.69506000 
  Au   -2.88429000    3.33048000   49.69506000 
  Au    0.00000000    3.33048000   49.69506000 
  Au    2.88428000    3.33048000   49.69506000 
 
Au-Mn-terpy-L2-Au 
 
Au   0.00000000  -4.99573000   0.00000000 
Au   2.88429000  -4.99573000   0.00000000 
Au   5.76858000  -4.99573000   0.00000000 
Au   8.65286000  -4.99573000   0.00000000 
Au  -1.44214000  -2.49786000   0.00000000 
Au   1.44214000  -2.49786000   0.00000000 
Au   4.32643000  -2.49786000   0.00000000 
Au   7.21072000  -2.49786000   0.00000000 
Au  -2.88429000   0.00000000   0.00000000 
Au   0.00000000   0.00000000   0.00000000 
Au   2.88428000   0.00000000   0.00000000 
Au   5.76858000   0.00001000   0.00000000 
Au  -4.32644000   2.49786000   0.00000000 
Au  -1.44215000   2.49786000   0.00000000 
Au   1.44214000   2.49786000   0.00000000 
Au   4.32643000   2.49787000   0.00000000 
Au  -0.00001000  -3.33049000   2.35502000 
Au   2.88429000  -3.33049000   2.35502000 
Au   5.76857000  -3.33049000   2.35502000 
Au   8.65287000  -3.33048000   2.35502000 
Au  -1.44215000  -0.83262000   2.35502000 
Au   1.44214000  -0.83262000   2.35502000 
Au   4.32643000  -0.83262000   2.35502000 
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Au   7.21072000  -0.83262000   2.35502000 
Au  -2.88429000   1.66524000   2.35502000 
Au  -0.00001000   1.66524000   2.35502000 
Au   2.88429000   1.66525000   2.35502000 
Au   5.76857000   1.66525000   2.35502000 
Au  -4.32645000   4.16311000   2.35502000 
Au  -1.44215000   4.16311000   2.35502000 
Au   1.44213000   4.16311000   2.35502000 
Au   4.32643000   4.16312000   2.35502000 
Au  -1.44214000  -4.16312000   4.71004000 
Au   1.44214000  -4.16312000   4.71004000 
Au   4.32643000  -4.16310000   4.71004000 
Au   7.21072000  -4.16310000   4.71004000 
Au  -2.88429000  -1.66525000   4.71004000 
Au   0.00000000  -1.66525000   4.71004000 
Au   2.88429000  -1.66524000   4.71004000 
Au   5.76857000  -1.66524000   4.71004000 
Au  -4.32644000   0.83262000   4.71004000 
Au  -1.44215000   0.83262000   4.71004000 
Au   1.44214000   0.83263000   4.71004000 
Au   4.32643000   0.83263000   4.71004000 
Au  -5.76858000   3.33048000   4.71004000 
Au  -2.88429000   3.33049000   4.71004000 
Au  -0.00001000   3.33050000   4.71004000 
Au   2.88428000   3.33050000   4.71004000 
Au   0.00000000  -4.99573000   7.06505000 
Au   2.88429000  -4.99573000   7.06505000 
Au   5.76858000  -4.99573000   7.06505000 
Au   8.65286000  -4.99573000   7.06505000 
Au  -1.44214000  -2.49786000   7.06505000 
Au   1.44214000  -2.49786000   7.06505000 
Au   4.32643000  -2.49786000   7.06505000 
Au   7.21072000  -2.49786000   7.06505000 
Au  -2.88429000   0.00000000   7.06505000 
Au   0.00000000   0.00000000   7.06505000 
Au   2.88428000   0.00000000   7.06505000 
Au   5.76858000   0.00001000   7.06505000 
Au  -4.32644000   2.49786000   7.06505000 
Au  -1.44215000   2.49786000   7.06505000 
Au   1.44214000   2.49786000   7.06505000 
Au   4.32643000   2.49787000   7.06505000 
Au  -0.00001000  -3.33049000   9.42006000 
Au   2.88429000  -3.33049000   9.42006000 
Au   5.76857000  -3.33049000   9.42006000 
Au   8.65287000  -3.33048000   9.42006000 
Au  -1.44215000  -0.83262000   9.42006000 
Au   1.44214000  -0.83262000   9.42006000 
Au   4.32643000  -0.83262000   9.42006000 
Au   7.21072000  -0.83262000   9.42006000 
Au  -2.88429000   1.66524000   9.42006000 
Au  -0.00001000   1.66524000   9.42006000 
Au   2.88429000   1.66525000   9.42006000 
Au   5.76857000   1.66525000   9.42006000 
Au  -4.32645000   4.16311000   9.42006000 
Au  -1.44215000   4.16311000   9.42006000 
Au   1.44213000   4.16311000   9.42006000 
Au   4.32643000   4.16312000   9.42006000 
Au  -1.44214000  -4.16312000  11.77507000 
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Au   1.44214000  -4.16312000  11.77507000 
Au   4.32643000  -4.16310000  11.77507000 
Au   7.21072000  -4.16310000  11.77507000 
Au  -2.88429000  -1.66525000  11.77507000 
Au   0.00000000  -1.66525000  11.77507000 
Au   2.88429000  -1.66524000  11.77507000 
Au   5.76857000  -1.66524000  11.77507000 
Au  -4.32644000   0.83262000  11.77507000 
Au  -1.44215000   0.83262000  11.77507000 
Au   1.44214000   0.83263000  11.77507000 
Au   4.32643000   0.83263000  11.77507000 
Au  -5.76858000   3.33048000  11.77507000 
Au  -2.88429000   3.33049000  11.77507000 
Au  -0.00001000   3.33050000  11.77507000 
Au   2.88428000   3.33050000  11.77507000 
Au   0.00000000   0.00000000  14.13008000 
Au  -1.44215000   2.49786000  14.13008000 
Au   1.44214000   2.49786000  14.13008000 
S    0.00706955  -1.96323379  15.36622849 
H   -2.19287477  -0.28949822  16.16504125 
H    2.94766834  -3.38113120  16.42563428 
H    1.22420660   1.10524056  16.65087401 
O    1.59234851   0.20928204  16.65969546 
H    2.55320563   0.31234323  16.72611925 
H   -4.17470491   1.06348106  16.84449429 
C   -2.32308185   0.02238584  17.19777958 
H    5.02696806  -4.43992546  17.30527477 
C    3.20888818  -3.29876536  17.47723139 
O   -0.75651267  -3.56625373  17.51187353 
Mn   0.45649857  -1.59762889  17.54743998 
C   -3.42937927   0.77787975  17.57856760 
H   -1.69933270  -3.59942955  17.73168311 
H   -0.38715453  -4.42212253  17.77528352 
C    4.36992602  -3.88968273  17.96971793 
N   -1.36497230  -0.36289212  18.06189341 
N    2.35462419  -2.60286419  18.25108682 
C   -3.54329956   1.14817467  18.91894386 
H   -4.38942852   1.73583080  19.26096776 
C    4.65353461  -3.74997583  19.32862652 
C   -1.46886624  -0.00385145  19.36998875 
C    2.62417502  -2.46340710  19.57725730 
N    0.58968147  -1.19814472  19.66539731 
H    5.54772621  -4.19299010  19.75568072 
C   -2.55457623   0.75392309  19.82122076 
C    3.77291094  -3.03140073  20.13802726 
C   -0.36813052  -0.46433826  20.26756034 
C    1.63211146  -1.67996287  20.37232475 
H   -2.63804185   1.03745128  20.86309973 
H    3.98749779  -2.91903165  21.19354418 
C   -0.30655658  -0.18448968  21.63041901 
C    1.74809332  -1.43434068  21.73898073 
H   -1.09192218   0.38022868  22.11511141 
H    2.60113076  -1.79882786  22.29634152 
C    0.76802625  -0.66929844  22.40537685 
H   -0.04172461   1.58787212  23.70723485 
C    0.85622384  -0.38431285  23.84744764 
C    0.36327066   0.82944072  24.37081845 
H    1.75477246  -2.28691211  24.37782572 
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C    1.41448281  -1.32072802  24.73879049 
C    0.42685193   1.09319023  25.73238826 
C    1.47270796  -1.05455492  26.10524061 
H    0.03979939   2.02050606  26.14098650 
C    0.98829150   0.15909189  26.61805381 
H    1.85696836  -1.82410226  26.76803296 
C    0.95328619   0.51885589  28.08779152 
H    2.60295926  -0.62993617  28.38821342 
O    0.10533772   1.30926324  28.49289947 
N    1.90149055  -0.08248494  28.86686946 
H    3.89585872  -1.18267983  30.13509538 
C    2.11213840   0.03806834  30.26558543 
H    0.39956731   1.27450537  30.70871820 
C    3.23424874  -0.62271677  30.79340393 
C    1.25990371   0.76146686  31.11393356 
C    3.50491732  -0.56430323  32.15826856 
C    1.54607238   0.80915307  32.48078086 
H    4.37509371  -1.07863248  32.55433430 
C    2.65972300   0.15372976  33.01074415 
H    0.88488602   1.36940778  33.13492452 
S    3.00252486   0.23109514  34.75570876 
Au   1.44214000  -4.16312000  36.01499000 
Au   4.32643000  -4.16312000  36.01499000 
Au   2.88428000  -1.66525000  36.01499000 
Au   0.00000000  -4.99574000  38.37000000 
Au   2.88429000  -4.99574000  38.37000000 
Au   5.76858000  -4.99574000  38.37000000 
Au   8.65287000  -4.99574000  38.37000000 
Au  -1.44215000  -2.49788000  38.37000000 
Au   1.44214000  -2.49788000  38.37000000 
Au   4.32643000  -2.49788000  38.37000000 
Au   7.21072000  -2.49788000  38.37000000 
Au  -2.88429000  -0.00001000  38.37000000 
Au   0.00000000  -0.00001000  38.37000000 
Au   2.88429000  -0.00001000  38.37000000 
Au   5.76858000  -0.00001000  38.37000000 
Au  -4.32644000   2.49786000  38.37000000 
Au  -1.44215000   2.49786000  38.37000000 
Au   1.44214000   2.49786000  38.37000000 
Au   4.32643000   2.49786000  38.37000000 
Au   0.00000000  -3.33050000  40.72501000 
Au   2.88429000  -3.33050000  40.72501000 
Au   5.76857000  -3.33050000  40.72501000 
Au   8.65286000  -3.33050000  40.72501000 
Au  -1.44214000  -0.83263000  40.72501000 
Au   1.44215000  -0.83263000  40.72501000 
Au   4.32644000  -0.83263000  40.72501000 
Au   7.21071000  -0.83263000  40.72501000 
Au  -2.88429000   1.66523000  40.72501000 
Au   0.00000000   1.66523000  40.72501000 
Au   2.88429000   1.66523000  40.72501000 
Au   5.76858000   1.66523000  40.72501000 
Au  -4.32644000   4.16310000  40.72501000 
Au  -1.44215000   4.16310000  40.72501000 
Au   1.44214000   4.16310000  40.72501000 
Au   4.32643000   4.16310000  40.72501000 
Au  -1.44215000  -4.16312000  43.08002000 
Au   1.44214000  -4.16312000  43.08002000 
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Au   4.32643000  -4.16312000  43.08002000 
Au   7.21072000  -4.16312000  43.08002000 
Au  -2.88428000  -1.66526000  43.08002000 
Au  -0.00001000  -1.66525000  43.08002000 
Au   2.88428000  -1.66525000  43.08002000 
Au   5.76857000  -1.66525000  43.08002000 
Au  -4.32643000   0.83261000  43.08002000 
Au  -1.44214000   0.83261000  43.08002000 
Au   1.44214000   0.83262000  43.08002000 
Au   4.32643000   0.83262000  43.08002000 
Au  -5.76858000   3.33048000  43.08002000 
Au  -2.88429000   3.33048000  43.08002000 
Au   0.00000000   3.33048000  43.08002000 
Au   2.88428000   3.33048000  43.08002000 
Au   0.00000000  -4.99574000  45.43504000 
Au   2.88429000  -4.99574000  45.43504000 
Au   5.76858000  -4.99574000  45.43504000 
Au   8.65287000  -4.99574000  45.43504000 
Au  -1.44215000  -2.49788000  45.43504000 
Au   1.44214000  -2.49788000  45.43504000 
Au   4.32643000  -2.49788000  45.43504000 
Au   7.21072000  -2.49788000  45.43504000 
Au  -2.88429000  -0.00001000  45.43504000 
Au   0.00000000  -0.00001000  45.43504000 
Au   2.88429000  -0.00001000  45.43504000 
Au   5.76858000  -0.00001000  45.43504000 
Au  -4.32644000   2.49786000  45.43504000 
Au  -1.44215000   2.49786000  45.43504000 
Au   1.44214000   2.49786000  45.43504000 
Au   4.32643000   2.49786000  45.43504000 
Au   0.00000000  -3.33050000  47.79005000 
Au   2.88429000  -3.33050000  47.79005000 
Au   5.76857000  -3.33050000  47.79005000 
Au   8.65286000  -3.33050000  47.79005000 
Au  -1.44214000  -0.83263000  47.79005000 
Au   1.44215000  -0.83263000  47.79005000 
Au   4.32644000  -0.83263000  47.79005000 
Au   7.21071000  -0.83263000  47.79005000 
Au  -2.88429000   1.66523000  47.79005000 
Au   0.00000000   1.66523000  47.79005000 
Au   2.88429000   1.66523000  47.79005000 
Au   5.76858000   1.66523000  47.79005000 
Au  -4.32644000   4.16310000  47.79005000 
Au  -1.44215000   4.16310000  47.79005000 
Au   1.44214000   4.16310000  47.79005000 
Au   4.32643000   4.16310000  47.79005000 
Au  -1.44215000  -4.16312000  50.14506000 
Au   1.44214000  -4.16312000  50.14506000 
Au   4.32643000  -4.16312000  50.14506000 
Au   7.21072000  -4.16312000  50.14506000 
Au  -2.88428000  -1.66526000  50.14506000 
Au  -0.00001000  -1.66525000  50.14506000 
Au   2.88428000  -1.66525000  50.14506000 
Au   5.76857000  -1.66525000  50.14506000 
Au  -4.32643000   0.83261000  50.14506000 
Au  -1.44214000   0.83261000  50.14506000 
Au   1.44214000   0.83262000  50.14506000 
Au   4.32643000   0.83262000  50.14506000 
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Au  -5.76858000   3.33048000  50.14506000 
Au  -2.88429000   3.33048000  50.14506000 
Au   0.00000000   3.33048000  50.14506000 
Au   2.88428000   3.33048000  50.14506000 
 
 
Sample input for TranSIESTA calculation: 
0V calculation for Au-Mn-terpy-L1-Au 
 
 
# Calcualtion Method 
 
 SolutionMethod                  transiesta 
 
# SPECIES AND BASIS 
 
 NumberOfAtoms          259 
 NumberOfSpecies           7 
 
 LatticeConstant         1.0000 Ang 
 %block LatticeVectors 
    11.53716000    0.000    0.00000 
    -5.76858000   9.99147365    0.00000 
    0.00000    0.00000  52.05007 
 %endblock LatticeVectors 
 
 #--BASIS SET 
 
 PAO.BasisType split 
 PAO.SplitNorm 0.15 
 %block    PAO.BasisSizes 
     Au  SZP 
     S   DZP 
     H   DZP 
     O   DZP 
     C   DZP 
     Mn  DZP 
     N   DZP 
 %endblock  PAO.BasisSizes 
 PAO.EnergyShift 0.01 eV 
 
 # K-POINTS 
 
 %block kgrid_Monkhorst_Pack 
    10   0   0    0.0 
     0  10   0    0.0 
     0   0   1    0.0 
 %endblock kgrid_Monkhorst_Pack 
 BandLinesScale          ReciprocalLatticeVectors 
 
 # GENERAL VARIABLES 
 
 #--Exchange-correlation functionals 
 XC.functional         GGA  
 XC.authors            PBE  
 MeshCutoff  250.0 Ry 
 
# SCF OPTIONS 



 S-29 

 
 ElectronicTemperature           300 K 
 MaxSCFIterations                30000 
 DM.MixingWeight                 0.02 
 DM.NumberPulay                  4          # Pulay convergency accelerator 
 #DM.MixSCF1                      T 
 #DM.MixH                         T 
 #DM.PulayOnFile                  F       # Store in memory (F) or in files (T) 
 DM.Tolerance                    1.0D-5 
 DM.UseSaveDM                    T 
 
 # TRANSPORT VARIABLES 
 
 #-- ELECTRODES 
 TS.HSFileLeft   AuLeads.TSHS 
TS.NumUsedAtomsLeft    48 
 TS.HSFileRight  AuLeads.TSHS 
 TS.NumUsedAtomsRight   48 
 
 #--TRANSPORT BLOCK 
 TS.TBT.NPoints        1000 
 TS.TBT.Emin           -1.0 eV 
 TS.TBT.Emax             1.0 eV 
 TS.TBT.OutputRegionData False 
 TS.BiasContour.NumPoints 100 
 TS.ComplexContour.Emin  -20.0 Ry 
 TS.ComplexContour.NumCircle 100 
 TS.ComplexContour.NumLine  20 
 TS.ComplexContour.NumPoles 10 
 TS.BiasContour.Eta 10D-4  Ry 
 TS.Voltage 0.000  eV 
 
 # SYSTEM 
 
 %block ChemicalSpeciesLabel 
           1          79 Au    # Species index, atomic number, species label 
           2          16 S     # Species index, atomic number, species label 
           3           1 H     # Species index, atomic number, species label 
           4           8 O     # Species index, atomic number, species label 
           5           6 C     # Species index, atomic number, species label 
           6          25 Mn    # Species index, atomic number, species label 
           7           7 N     # Species index, atomic number, species label 
 %endblock ChemicalSpeciesLabel 
 
 AtomicCoordinatesFormat  Ang 
 %block AtomicCoordinatesAndAtomicSpecies 
    0.00000000   -4.99573000    0.00000000   1  Au   1 
    2.88429000   -4.99573000    0.00000000   1  Au   2 
    5.76858000   -4.99573000    0.00000000   1  Au   3 
    8.65286000   -4.99573000    0.00000000   1  Au   4 
   -1.44214000   -2.49786000    0.00000000   1  Au   5 
    1.44214000   -2.49786000    0.00000000   1  Au   6 
    4.32643000   -2.49786000    0.00000000   1  Au   7 
    7.21072000   -2.49786000    0.00000000   1  Au   8 
   -2.88429000    0.00000000    0.00000000   1  Au   9 
    0.00000000    0.00000000    0.00000000   1  Au  10 
    2.88428000    0.00000000    0.00000000   1  Au  11 
    5.76858000    0.00001000    0.00000000   1  Au  12 
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   -4.32644000    2.49786000    0.00000000   1  Au  13 
   -1.44215000    2.49786000    0.00000000   1  Au  14 
    1.44214000    2.49786000    0.00000000   1  Au  15 
    4.32643000    2.49787000    0.00000000   1  Au  16 
   -0.00001000   -3.33049000    2.35502000   1  Au  17 
    2.88429000   -3.33049000    2.35502000   1  Au  18 
    5.76857000   -3.33049000    2.35502000   1  Au  19 
    8.65287000   -3.33048000    2.35502000   1  Au  20 
   -1.44215000   -0.83262000    2.35502000   1  Au  21 
    1.44214000   -0.83262000    2.35502000   1  Au  22 
    4.32643000   -0.83262000    2.35502000   1  Au  23 
    7.21072000   -0.83262000    2.35502000   1  Au  24 
   -2.88429000    1.66524000    2.35502000   1  Au  25 
   -0.00001000    1.66524000    2.35502000   1  Au  26 
    2.88429000    1.66525000    2.35502000   1  Au  27 
    5.76857000    1.66525000    2.35502000   1  Au  28 
   -4.32645000    4.16311000    2.35502000   1  Au  29 
   -1.44215000    4.16311000    2.35502000   1  Au  30 
    1.44213000    4.16311000    2.35502000   1  Au  31 
    4.32643000    4.16312000    2.35502000   1  Au  32 
   -1.44214000   -4.16312000    4.71004000   1  Au  33 
    1.44214000   -4.16312000    4.71004000   1  Au  34 
    4.32643000   -4.16310000    4.71004000   1  Au  35 
    7.21072000   -4.16310000    4.71004000   1  Au  36 
   -2.88429000   -1.66525000    4.71004000   1  Au  37 
    0.00000000   -1.66525000    4.71004000   1  Au  38 
    2.88429000   -1.66524000    4.71004000   1  Au  39 
    5.76857000   -1.66524000    4.71004000   1  Au  40 
   -4.32644000    0.83262000    4.71004000   1  Au  41 
   -1.44215000    0.83262000    4.71004000   1  Au  42 
    1.44214000    0.83263000    4.71004000   1  Au  43 
    4.32643000    0.83263000    4.71004000   1  Au  44 
   -5.76858000    3.33048000    4.71004000   1  Au  45 
   -2.88429000    3.33049000    4.71004000   1  Au  46 
   -0.00001000    3.33050000    4.71004000   1  Au  47 
    2.88428000    3.33050000    4.71004000   1  Au  48 
    0.00000000   -4.99573000    7.06505000   1  Au  49 
    2.88429000   -4.99573000    7.06505000   1  Au  50 
    5.76858000   -4.99573000    7.06505000   1  Au  51 
    8.65286000   -4.99573000    7.06505000   1  Au  52 
   -1.44214000   -2.49786000    7.06505000   1  Au  53 
    1.44214000   -2.49786000    7.06505000   1  Au  54 
    4.32643000   -2.49786000    7.06505000   1  Au  55 
    7.21072000   -2.49786000    7.06505000   1  Au  56 
   -2.88429000    0.00000000    7.06505000   1  Au  57 
    0.00000000    0.00000000    7.06505000   1  Au  58 
    2.88428000    0.00000000    7.06505000   1  Au  59 
    5.76858000    0.00001000    7.06505000   1  Au  60 
   -4.32644000    2.49786000    7.06505000   1  Au  61 
   -1.44215000    2.49786000    7.06505000   1  Au  62 
    1.44214000    2.49786000    7.06505000   1  Au  63 
    4.32643000    2.49787000    7.06505000   1  Au  64 
   -0.00001000   -3.33049000    9.42006000   1  Au  65 
    2.88429000   -3.33049000    9.42006000   1  Au  66 
    5.76857000   -3.33049000    9.42006000   1  Au  67 
    8.65287000   -3.33048000    9.42006000   1  Au  68 
   -1.44215000   -0.83262000    9.42006000   1  Au  69 
    1.44214000   -0.83262000    9.42006000   1  Au  70 
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    4.32643000   -0.83262000    9.42006000   1  Au  71 
    7.21072000   -0.83262000    9.42006000   1  Au  72 
   -2.88429000    1.66524000    9.42006000   1  Au  73 
   -0.00001000    1.66524000    9.42006000   1  Au  74 
    2.88429000    1.66525000    9.42006000   1  Au  75 
    5.76857000    1.66525000    9.42006000   1  Au  76 
   -4.32645000    4.16311000    9.42006000   1  Au  77 
   -1.44215000    4.16311000    9.42006000   1  Au  78 
    1.44213000    4.16311000    9.42006000   1  Au  79 
    4.32643000    4.16312000    9.42006000   1  Au  80 
   -1.44214000   -4.16312000   11.77507000   1  Au  81 
    1.44214000   -4.16312000   11.77507000   1  Au  82 
    4.32643000   -4.16310000   11.77507000   1  Au  83 
    7.21072000   -4.16310000   11.77507000   1  Au  84 
   -2.88429000   -1.66525000   11.77507000   1  Au  85 
    0.00000000   -1.66525000   11.77507000   1  Au  86 
    2.88429000   -1.66524000   11.77507000   1  Au  87 
    5.76857000   -1.66524000   11.77507000   1  Au  88 
   -4.32644000    0.83262000   11.77507000   1  Au  89 
   -1.44215000    0.83262000   11.77507000   1  Au  90 
    1.44214000    0.83263000   11.77507000   1  Au  91 
    4.32643000    0.83263000   11.77507000   1  Au  92 
   -5.76858000    3.33048000   11.77507000   1  Au  93 
   -2.88429000    3.33049000   11.77507000   1  Au  94 
   -0.00001000    3.33050000   11.77507000   1  Au  95 
    2.88428000    3.33050000   11.77507000   1  Au  96 
    0.00000000    0.00000000   14.13008000   1  Au  97 
   -1.44215000    2.49786000   14.13008000   1  Au  98 
    1.44214000    2.49786000   14.13008000   1  Au  99 
    0.00284399   -1.88530461   15.48212233   2  S  100 
    2.64416995   -3.38431680   16.27177722   3  H  101 
   -2.40415828   -0.14095483   16.54282704   3  H  102 
    1.42900999    0.21584230   16.78704089   4  O  103 
    2.39500799    0.28109205   16.81482011   3  H  104 
    1.09518082    1.12223862   16.85978664   3  H  105 
    4.74075818   -4.55701004   16.94355415   3  H  106 
    2.97885795   -3.37351213   17.30558258   5  C  107 
   -4.29248000    1.22187034   17.43546506   3  H  108 
   -2.45469884    0.11203463   17.59848394   5  C  109 
   -0.97045798   -3.54049940   17.59875926   4  O  110 
    0.29283574   -1.60012343   17.66769299   6  Mn 111 
    4.14876409   -4.02751189   17.68182636   5  C  112 
   -0.59803136   -4.41022607   17.80609396   3  H  113 
   -1.89252442   -3.56406504   17.89442521   3  H  114 
   -3.50827779    0.87264652   18.09801371   5  C  115 
    2.20251586   -2.69953785   18.17530710   7  N  116 
   -1.45276306   -0.35047313   18.37046803   7  N  117 
    4.52704715   -3.97724285   19.02433000   5  C  118 
    5.43211728   -4.47183623   19.36266147   3  H  119 
   -3.51878312    1.16518430   19.46263974   5  C  120 
    2.56365717   -2.64721102   19.48580598   5  C  121 
   -1.45523027   -0.06840933   19.70131164   5  C  122 
    0.58029299   -1.33386458   19.77826363   7  N  123 
   -4.32074823    1.75449659   19.89599200   3  H  124 
    3.72799916   -3.28233081   19.93217583   5  C  125 
   -2.48414900    0.69129238   20.26920417   5  C  126 
    1.65163415   -1.88432183   20.38928407   5  C  127 
   -0.31074204   -0.61180136   20.49172506   5  C  128 
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    4.01585227   -3.23934152   20.97520926   3  H  129 
   -2.48663715    0.91519468   21.32871132   3  H  130 
    1.86646211   -1.72349800   21.75325806   5  C  131 
   -0.15188451   -0.41667553   21.85840136   5  C  132 
    2.74714210   -2.14237522   22.22126263   3  H  133 
   -0.89126452    0.13638531   22.42149688   3  H  134 
    0.95863598   -0.97274720   22.53874217   5  C  135 
    1.15409998   -0.77767957   23.97319520   5  C  136 
    0.08420813    1.10899671   24.07958014   3  H  137 
    2.29015875   -2.60491627   24.30344881   3  H  138 
    0.61717136    0.34677008   24.63969341   5  C  139 
    1.88573300   -1.70328583   24.75309850   5  C  140 
    0.78938444    0.55509365   25.99843478   5  C  141 
    2.05448033   -1.51841441   26.11316993   5  C  142 
    0.37819761    1.42983200   26.48118650   3  H  143 
    2.59979893   -2.26114595   26.68923381   3  H  144 
    1.51351724   -0.38572915   26.76695406   5  C  145 
    1.73557973   -0.25615310   28.12765383   7  N  146 
    2.27369613   -0.99695980   28.55669990   3  H  147 
    0.44125671    1.57324385   28.62658464   4  O  148 
    1.23438644    0.72222822   29.00421738   5  C  149 
    3.57607369   -0.45028934   30.03406330   3  H  150 
    1.72099125    0.62877313   30.41133080   5  C  151 
    2.91760671   -0.01186162   30.77979028   5  C  152 
    0.02553574    1.75410035   31.10317673   3  H  153 
    0.93773442    1.24781123   31.39996554   5  C  154 
    3.31349945   -0.04394983   32.11731624   5  C  155 
    4.24521745   -0.52800907   32.39300929   3  H  156 
    1.33204445    1.20569637   32.73584086   5  C  157 
    2.51833011    0.55816659   33.09717326   5  C  158 
    0.71708650    1.67872319   33.49506109   3  H  159 
    3.02425236    0.51110683   34.80311231   2  S  160 
    1.44214000   -4.16312000   35.56499000   1  Au 161 
    4.32643000   -4.16312000   35.56499000   1  Au 162 
    2.88428000   -1.66525000   35.56499000   1  Au 163 
    0.00000000   -4.99574000   37.92000000   1  Au 164 
    2.88429000   -4.99574000   37.92000000   1  Au 165 
    5.76858000   -4.99574000   37.92000000   1  Au 166 
    8.65287000   -4.99574000   37.92000000   1  Au 167 
   -1.44215000   -2.49788000   37.92000000   1  Au 168 
    1.44214000   -2.49788000   37.92000000   1  Au 169 
    4.32643000   -2.49788000   37.92000000   1  Au 170 
    7.21072000   -2.49788000   37.92000000   1  Au 171 
   -2.88429000   -0.00001000   37.92000000   1  Au 172 
    0.00000000   -0.00001000   37.92000000   1  Au 173 
    2.88429000   -0.00001000   37.92000000   1  Au 174 
    5.76858000   -0.00001000   37.92000000   1  Au 175 
   -4.32644000    2.49786000   37.92000000   1  Au 176 
   -1.44215000    2.49786000   37.92000000   1  Au 177 
    1.44214000    2.49786000   37.92000000   1  Au 178 
    4.32643000    2.49786000   37.92000000   1  Au 179 
    0.00000000   -3.33050000   40.27501000   1  Au 180 
    2.88429000   -3.33050000   40.27501000   1  Au 181 
    5.76857000   -3.33050000   40.27501000   1  Au 182 
    8.65286000   -3.33050000   40.27501000   1  Au 183 
   -1.44214000   -0.83263000   40.27501000   1  Au 184 
    1.44215000   -0.83263000   40.27501000   1  Au 185 
    4.32644000   -0.83263000   40.27501000   1  Au 186 
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    7.21071000   -0.83263000   40.27501000   1  Au 187 
   -2.88429000    1.66523000   40.27501000   1  Au 188 
    0.00000000    1.66523000   40.27501000   1  Au 189 
    2.88429000    1.66523000   40.27501000   1  Au 190 
    5.76858000    1.66523000   40.27501000   1  Au 191 
   -4.32644000    4.16310000   40.27501000   1  Au 192 
   -1.44215000    4.16310000   40.27501000   1  Au 193 
    1.44214000    4.16310000   40.27501000   1  Au 194 
    4.32643000    4.16310000   40.27501000   1  Au 195 
   -1.44215000   -4.16312000   42.63002000   1  Au 196 
    1.44214000   -4.16312000   42.63002000   1  Au 197 
    4.32643000   -4.16312000   42.63002000   1  Au 198 
    7.21072000   -4.16312000   42.63002000   1  Au 199 
   -2.88428000   -1.66526000   42.63002000   1  Au 200 
   -0.00001000   -1.66525000   42.63002000   1  Au 201 
    2.88428000   -1.66525000   42.63002000   1  Au 202 
    5.76857000   -1.66525000   42.63002000   1  Au 203 
   -4.32643000    0.83261000   42.63002000   1  Au 204 
   -1.44214000    0.83261000   42.63002000   1  Au 205 
    1.44214000    0.83262000   42.63002000   1  Au 206 
    4.32643000    0.83262000   42.63002000   1  Au 207 
   -5.76858000    3.33048000   42.63002000   1  Au 208 
   -2.88429000    3.33048000   42.63002000   1  Au 209 
    0.00000000    3.33048000   42.63002000   1  Au 210 
    2.88428000    3.33048000   42.63002000   1  Au 211 
    0.00000000   -4.99574000   44.98504000   1  Au 212 
    2.88429000   -4.99574000   44.98504000   1  Au 213 
    5.76858000   -4.99574000   44.98504000   1  Au 214 
    8.65287000   -4.99574000   44.98504000   1  Au 215 
   -1.44215000   -2.49788000   44.98504000   1  Au 216 
    1.44214000   -2.49788000   44.98504000   1  Au 217 
    4.32643000   -2.49788000   44.98504000   1  Au 218 
    7.21072000   -2.49788000   44.98504000   1  Au 219 
   -2.88429000   -0.00001000   44.98504000   1  Au 220 
    0.00000000   -0.00001000   44.98504000   1  Au 221 
    2.88429000   -0.00001000   44.98504000   1  Au 222 
    5.76858000   -0.00001000   44.98504000   1  Au 223 
   -4.32644000    2.49786000   44.98504000   1  Au 224 
   -1.44215000    2.49786000   44.98504000   1  Au 225 
    1.44214000    2.49786000   44.98504000   1  Au 226 
    4.32643000    2.49786000   44.98504000   1  Au 227 
    0.00000000   -3.33050000   47.34005000   1  Au 228 
    2.88429000   -3.33050000   47.34005000   1  Au 229 
    5.76857000   -3.33050000   47.34005000   1  Au 230 
    8.65286000   -3.33050000   47.34005000   1  Au 231 
   -1.44214000   -0.83263000   47.34005000   1  Au 232 
    1.44215000   -0.83263000   47.34005000   1  Au 233 
    4.32644000   -0.83263000   47.34005000   1  Au 234 
    7.21071000   -0.83263000   47.34005000   1  Au 235 
   -2.88429000    1.66523000   47.34005000   1  Au 236 
    0.00000000    1.66523000   47.34005000   1  Au 237 
    2.88429000    1.66523000   47.34005000   1  Au 238 
    5.76858000    1.66523000   47.34005000   1  Au 239 
   -4.32644000    4.16310000   47.34005000   1  Au 240 
   -1.44215000    4.16310000   47.34005000   1  Au 241 
    1.44214000    4.16310000   47.34005000   1  Au 242 
    4.32643000    4.16310000   47.34005000   1  Au 243 
   -1.44215000   -4.16312000   49.69506000   1  Au 244 
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    1.44214000   -4.16312000   49.69506000   1  Au 245 
    4.32643000   -4.16312000   49.69506000   1  Au 246 
    7.21072000   -4.16312000   49.69506000   1  Au 247 
   -2.88428000   -1.66526000   49.69506000   1  Au 248 
   -0.00001000   -1.66525000   49.69506000   1  Au 249 
    2.88428000   -1.66525000   49.69506000   1  Au 250 
    5.76857000   -1.66525000   49.69506000   1  Au 251 
   -4.32643000    0.83261000   49.69506000   1  Au 252 
   -1.44214000    0.83261000   49.69506000   1  Au 253 
    1.44214000    0.83262000   49.69506000   1  Au 254 
    4.32643000    0.83262000   49.69506000   1  Au 255 
   -5.76858000    3.33048000   49.69506000   1  Au 256 
   -2.88429000    3.33048000   49.69506000   1  Au 257 
    0.00000000    3.33048000   49.69506000   1  Au 258 
    2.88428000    3.33048000   49.69506000   1  Au 259 
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