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Abstract 49Ti chemical shifts for a total of 20 titanium
complexes are reported, and several levels of theory are
evaluated in order to identify a reliable approach for the
calculation of titanium NMR data. The popular B3LYP/6–
31G(d)//B3LYP/6–31G(d) proves to give very good agree-
ment with experimental data over a range from 1,400 to
−1,300 ppm. The MP2/6–31G(d)//MP2/6–31G(d) level
computes even smaller average deviations but fails for TiI4.
This behavior together with its huge demand for computa-
tional resources requires careful handling of this theoretical
level. In addition, NMR data for five titanium fulvene (or
related) complexes are given.

Keywords NMR chemical shifts . Density functional
calculations . 49Ti NMR

Introduction

Nuclear magnetic resonance spectroscopy has always been
an invaluable tool for obtaining information on geometries
and electronic structures of mainly “organic" molecules [1].
In recent years, NMR spectroscopy of transition metal
complexes has developed to a fully validated method that
also allows examination of transition metal nuclei [2, 3].
Paralleling this development, many theoretical calculations
have been carried out to assist the spectroscopist in analyzing
and understanding the spectra obtained, and as the ultimate
goal, to predict them [4–6]. Considerable methodological
effort has been made in order to improve the treatment of
transition metal elements, in particular the heavier third-row

nuclei, where relativistic effects are a requirement for correct
description of NMR chemical shifts and spin-spin coupling
constants [7–9]. First-row and most of the second-row
elements can be treated at a non-relativistic level, and there
are numerous computational studies demonstrating the
applicability of density functional theory, [10–15] mainly
by Michael Bühl. This is also true for 49Ti, where two
theoretical studies have been published: the first shows good
agreement between theory (IGLO, individual gauge for
localized orbitals) and experiment for δ (49Ti) for the
TiClnMe4−n set of molecules [16]. However, deficiencies in
the derivation of chemical shifts for later transition metals
with the Hartree–Fock level of theory, [15, 17] which was
used in this work, require a more robust testing of additional
levels of theory. The second thorough study deals mainly
with DFT-based approaches and gives reasonably good
agreement for a somewhat larger but still limited test set [18].
It also suggests that line widths, which can become an issue
for the NMR-active 47Ti and 49Ti, cannot be reproduced
using B3LYP-based electric field gradients.

Due to the still small number of molecules included in
the evaluation of theoretical approaches and the neglect of
perturbation theory in the calculation of chemical shifts, we
set out to extend the existing theoretical knowledge to a
broader foundation, using both a larger test set and more
levels of theory.

Materials and methods

All geometries were fully optimized at different levels of
theory with the Gaussian 03 program package [19]. The first
employs the hybrid functional by Becke and Lee, Yang and
Parr (denoted B3LYP) [20, 21] together with the standard 6–
31G(d) basis set [22, 23] for all atoms with the exception of
iodine and additional calculations for bromine, where the
Stuttgart–Dresden effective-core potentials (SDD) were
used. The second level differs only in the use of second
order perturbation theory (MP2) [24, 25] instead of B3LYP,
while the third again uses B3LYP in connection with a larger
6–311G(3df,2p) basis set. The nature of all local minimum
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structures found was confirmed by the lack of an imaginary
harmonic vibrational frequency. Absolute magnetic shield-
ings were determined with the GIAO (gauge—including
atomic orbital) method [26–28] at the HF, [29] B3LYP and
MP2 levels of theory as implemented in Gaussian 03. The
shielding tensors obtained were referenced against titanium
tetrachloride to yield relative chemical shifts. Basis sets used
herein range from the relatively small 6–31G(d) to the more
demanding 6–311G(3df,2pd). It also includes the IGLO II
[30] basis set, which was used for all atoms except Ti where
6–31G(d) and 6–311G(2df) were employed. For details on
method/basis set combinations, see Table 1. Calculations
including solvent effects used the polarized continuum

model (PCM) [31–33] and dichloromethane as solvent
(ɛ=8.93).

Results and discussion

In order to obtain reliable relative chemical shifts, it is
important to verify that the geometry of a molecule under
investigation is in agreement with experimental results.
Table 2 therefore lists important geometrical parameters of
the optimized molecules studied herein, together with
experimental data if available.

All three levels of theory present reliable results for the
molecules studied. The structures derived from the DFT

Table 1 Selected structural data
for titanium complexes (bond
lengths in Å, angles in °)

ax is the centre of the cyclopen-
tadienyl ring
b[40]
c[41]
d[42]
e[43]
f[44] and [45]
g[46]
h[47] and [48]
i[49]
j[50]

Compound Variable Experiment B3LYP/
6–31G(d)

B3LYP/
6–311G(3df,2p)

MP2/
6–31G(d)

TiCl4
b Ti–Cl 2.170 2.178 2.177 2.172

MeTiCl3
c Ti–Cl 2.185 2.193 2.193 2.178

– Ti–C 2.047 2.029 2.039 2.054
– Cl–Ti–C 105.6 104.8 105.1 104.4
Me2TiCl2

d Ti–Cl 2.196 2.212 2.211 2.197
– Ti–C 2.058 2.043 2.051 2.054
– Cl–Ti–Cl 117.3 118.7 118.1 120.5
– C–Ti–C 102.8 103.8 104.4 101.9
Me3TiCl Ti–Cl – 2.231 2.229 2.220
– Ti–C – 2.058 2.066 2.065
Me4Ti Ti–C – 2.076 2.082 2.080
CpTiCl3

e Ti–Cl 2.224 2.233 2.232 2.219
– Ti–xa 2.010 2.051 2.052 2.043
Cp2TiCl2

f Ti–Cl 2.364 2.349 2.344 2.334
– Ti–xa 2.058 2.099 2.103 2.069
– x–Ti–xa 130.9 131.6 131.5 130.6
– Cl–Ti–Cl 94.4 96.3 96.6 98.8
TiBr4

g Ti–Br 2.339 2.319 – 2.326
TiBr4 (Br=SDD) Ti–Br 2.339 2.346 – –
TiI4 (I=SDD)

g Ti–I 2.546 2.560 – 2.571
MeTiBr3 Ti–Br – 2.332 – 2.327
– Ti–C – 2.032 – 2.058
Cp2TiBr2

h Ti–Br 2.490 2.495 – 2.499
– Ti–xa 2.050 2.101 – 2.071
– x–Ti–xa 131.2 131.7 – 131.0
– Br–Ti–Br 94.7 96.4 – 98.3
Cp2TiBr2 (Br=SDD) Ti–Br 2.490 2.565 – –
– Ti–xa 2.050 2.085 – –
– x–Ti–xa 131.2 132.1 – –
– Br–Ti–Br 94.7 95.4 – –
Cp2TiF2 Ti–F – 1.802 – 1.825
– Ti–xa – 2.125 – 2.081
– x–Ti–xa – 132.1 – 131.5
– F–Ti–F – 98.5 – 99.8
Cp*TiCl3

i Ti–Cl 2.245 2.247 – 2.231
– Ti–x*a 2.021 2.053 – 2.046
Ti(CO)6

2 j Ti–C 2.038 2.051 – 2.038
Ti(NMe2)4 Ti–N – 1.918 – 1.916
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optimization are largely unaffected by the basis set: the much
larger triple-ζ basis does not give better results compared to
the standard 6–31G(d) basis set. The calculations using an
SDD ECP for bromine also do not lead to significant

improvement. The only minor difficulties in reproducing the
experimental data are encountered for titanium cyclopenta-
dienyl complexes: some of the DFT-calculated Ti-centroid
distances tend to be too long by about 3–5 ppm. MP2 ge-

Table 2 Experimental and calculated relative chemical shifts δ (in ppm), errors and unsigned averaged deviations for a test set of titanium
compounds

Experimental B3LYP/6–31G(d)//
B3LYP/6–31G(d)

Deviation B3LYP/6–311G(3df,2pd)//
B3LYP/6–31G(d)

Deviation HF/6–31+G(d,p)//
B3LYP/6–31G(d)

Deviation

TiCl4
d 0 0.0 0.0 0.0 0.0 0.0 0.0

MeTiCl3
d 613 456.0 157.0 452.1 160.9 488.0 125.0

Me2TiCl2
d 907 815.6 91.4 815.3 91.7 718.8 188.3

Me3TiCl
d 1,188 1,098.8 89.2 1,105.8 82.2 884.9 303.1

Me4Ti
d 1,325 1,320.5 4.5 1,334.7 −9.7 1,029.5 295.5

CpTiCl3
e −390 −385.8 −4.2 −457.8 67.8 −536.1 146.1

Cp2TiCl2
f −773 −785.8 12.8 −898.5 125.5 −983.6 210.6

Average
deviation

– – 59.9 – 89.6 – 211.4

– MP2/6–31G(d)//
B3LYP/6–31G(d)

Deviation B3LYP/6–311G(3df,2p)//
B3LYP/6–311G(3df,2p)

Deviation MP2/6–31G(d)//
MP2/6–31G(d)

Deviation

TiCl4 0 0.0 0.0 0.0 0.0 0.0 0.0
MeTiCl3 613 430.2 182.8 465.4 147.6 438.8 174.2
Me2TiCl2 907 885.8 21.2 836.8 70.2 917.8 −10.8
Me3TiCl 1,188 1,192.8 −4.8 1,133.9 54.1 1,237.1 −49.1
Me4Ti 1,325 –1,411.2 −86.2 1,371.1 −46.1 1,450.7 −125.7
CpTiCl3 −390 −328.7 −61.3 −461.6 71.6 −363.0 −27.0
Cp2TiCl2 −773 −722.6 −50.4 −904.6 131.6 −766.9 −6.1
Average
deviation

– – 67.8 – 86.9 – 65.5

– Experimental B3LYP/IGLOIIa//
MP2/6–31G(d)

Deviation B3LYP/IGLOIIb//
MP2/6–31G(d)

Deviation B3LYP/6–31+G(d,p)//
MP2/6–31G(d)

Deviation

TiCl4 0 0.0 0.0 0.0 0.0 0.0 0.0
MeTiCl3 613 431.3 181.7 423.9 189.1 435.0 178.0
Me2TiCl2 907 794.8 112.2 790.2 116.8 799.8 107.2
Me3TiCl 1,188 1,076.2 111.8 1,088.6 99.4 1,077.9 110.1
Me4Ti 1,325 1,286.6 38.4 1,326.8 −1.8 1,287.6 37.4
CpTiCl3 −390 −448.8 58.8 −505.7 115.7 −435.2 45.2
Cp2TiCl2 −773 −874.8 101.8 −967.6 194.6 −833.8 60.8
Average
deviation

– – 100.8 – 119.6 – 89.8

– HF/II′c//BP86/AE1 Deviation BPW91/II′c//BP86/AE1 Deviation B3LYP/II′c//BP86/
AE1

Deviation

TiCl4 0 0 0 0 0 0 0
MeTiCl3 613 512 101 431 182 443 170
Me2TiCl2 907 776 131 800 107 796 111
Me3TiCl 1,188 978 210 1,103 85 1,077 111
Me4Ti 1,325 1,163 162 1,369 −44 1,317 8
CpTiCl3 −390 −512 122 −424 34 −454 64
Cp2TiCl2 −773 −951 178 −864 91 −892 119
Average
deviation

– – 150.7 – 90.5 – 97.2

a6–31G(d) basis set for Ti
b6–311G(2df) basis set for Ti
cII′ denotes an augmented Wachters basis for Ti, IGLO II for all other atoms except H (double-zeta basis). For details see [18]
d[16]
e[38]
f[39]
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ometries are slightly better in this respect but are not generally
superior. All in all, the three different levels produce reliable
geometrical data that can be used for subsequent determina-
tion of chemical shieldings.

With a solid foundation of reliable geometries, chemical
shift calculations with several combinations for NMR
single point//geometry levels of theory were performed.
Table 1 gives an overview of nine different approaches for a
set of seven titanium complexes. For comparison, we have
included Bühl’s data based on BP86/AE1 geometries [18].

It can be clearly seen that, regardless of the geometry
employed, large basis sets do not improve the description of
chemical shifts, a behavior encountered before [34–36].
Also, the Hartree–Fock-based calculations fail dramati-
cally. Interestingly, calculations with the recommended
IGLO II basis set [18] for all atoms except for Ti where
either a 6–31G(d) or a 6–311G(2df) is used, give chemical
shifts significantly inferior to the best data obtained. The
same is true for the data presented by Bühl, where a very
similar basis was used. The combination of B3LYP/6–
31+G(d,p) GIAO calculation based on a MP2/6–31G(d)
geometry, which has previously been successful for organic
molecules, does not reproduce the experimental data
accurately. According to the results in Table 1, the method
of choice appears to be the very popular B3LYP/6–31G(d)//
B3LYP/6–31G(d) level of theory with an average deviation
of only 60 ppm for the test set, possibly GIAO–MP2/6–31G
(d) with the same DFT geometries (68 ppm) and MP2/6–
31G(d)//MP2/6–31G(d) (66 ppm).

One note on the experimental result for MeTiCl3: all
methods have enormous difficulties reproducing this value,
averaging at an error of around 150 ppm to a higher field!
In particular the GIAO–MP2 calculations, which generally
tend to give low-field shifted results, stand out with the
largest deviations. Although there are two experimental
reports of 613 and 618 ppm (although from the same
group) and the signal has been measured as a sharp line,
one has at least to question the influence of solvent
(possible adduct formation) and reaction conditions on the
relative shifts [36]. We therefore ran a series of NMR
calculations in a simulated solvent environment (Polarized

Continuum Model; CH2Cl2 as solvent) comparing its
influence on the optimization, the GIAO NMR calculations
and both optimization and NMR calculations (Table 3).

As expected, the absolute shifts for the Td-symmetric
and hence dipole moment-free TiCl4 (serving as reference)
and TiMe4 are almost unaffected. In all other cases, the
determination of relative chemical shifts using a gas phase
geometry and PCM GIAO NMR calculations leads to a
low-field shift of about 25 to 45 ppm. The alternative
approach, using simulated solvent geometries and gas
phase shifts leads to not so obvious results: while some
molecules, the less polar di- and trimethylchlorotitanium
are not strongly influenced (9 and 2 ppm, respectively), the
others again show a pronounced low-field shift of around
30 to 40 ppm.

These two effects are almost exactly composite as shown
for the solvent geometry/solvent NMR calculations. For
the above mentioned MeTiCl3, which cannot be accurately
reproduced by any methods, the error is reduced by more
than 70 ppm from 157 to now 83 ppm! In general, the
inclusion of a solvation environment for the chemical shift
calculations reduces the overall error to only 45 ppm,
mainly due to the general high-field shift of the chosen
level of theory.

Although the first results are very promising, this test set
is not very thorough, so that we decided to evaluate the best
of the above levels of theory further, i.e. the B3LYP/and
MP2/6–31G(d) NMR calculations based on the B3LYP/6–
31G(d) structures and the MP2/6–31G(d)//MP2/6–31G(d)
level of theory. These data are summarized in Table 4,
again together with experimental and Bühl’s values.

Even with this extended test set, the ever-popular
B3LYP/6–31G(d) level proves to give the best results over
a range from +1,400 to −1,300 ppm: the average unsigned
error is slightly increased to 68 ppm, clearly ahead of the best
of Bühl’s methods (at 104 ppm), and the relative chemical
shifts are typically shifted to a higher field. MP2/6–31G(d)
NMR investigation also yields good agreement with the
experimental data, with the exception of TiI4. Both
calculations, based on different geometries, fail dramatically,
giving relative chemical shifts which are high-field shifted

Table 3 Influence of solvent effects (PCM; CH2Cl2 as solvent) on calculated relative chemical shifts δ (B3LYP/6–31G(d)//B3LYP/6–31G
(d)) in ppm, errors and unsigned averaged deviations for the test set from Table 1

Experimental Optimization Deviation Optimization Deviation Optimization
solvent

Deviation Optimization
solvent

Deviation

NMR NMR solvent NMR NMR solvent

TiCl4 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MeTiCl3 613 456.0 157.0 489.1 123.9 495.5 117.5 529.6 83.4
Me2TiCl2 907 815.6 91.4 862.3 44.7 824.7 82.3 872.0 35.0
Me3TiCl 1,188 1,098.8 89.2 1,133.3 54.7 1,101.0 87.0 1135.7 52.3
Me4Ti 1,325 1,320.5 4.5 1,319.8 5.2 1,313.4 11.6 1312.6 12.4
CpTiCl3 −390 −385.8 −4.2 −358.4 −31.6 −353.6 −36.4 −325.1 −64.9
Cp2TiCl2 −773 −785.8 12.8 −762.8 −10.2 −751.5 −21.5 −730.0 −43.0
Average
deviation

– – 59.9 – 45.1 – 59.4 – 48.5
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Table 4 Experimental and calculated relative chemical shifts δ (in ppm), errors and unsigned averaged deviations for the extended test set

Experimental B3LYP/6–31G(d)//
B3LYP/6–31G(d)

Deviation MP2/6–31G(d)//
B3LYP/6–31G(d)

Deviation MP2/6–31G(d)//
MP2/6–31G(d)

Deviation

TiBr4
b 483 418.0 65.0 290.8 192.2 322.5 160.5

Cp2TiBr2
b −668 −679.1 11.1 −642.3 −25.7 −665.6 −2.4

Cp2TiF2
c −1051 −1,177.1 126.1 −1,132.4 95.4 −1,115.9 64.9

Ti(CO)6
2 d −1,389 −1,510.4 121.4 −1,405.8 16.8 −1,399.8 10.8

MeTiBr3
e 825 752.0 73.0 697.0 128.0 731.9 93.1

Cp*TiCl3
f −85 −170.3 85.3 −71.3 −13.7 −115.3 30.3

Ti(NMe2)4
e −231 −276.0 45.0 −213.4 −17.6 −207.9 −23.1

TiI4
b 1,278 1,231.7h 46.3 −473.2h 1,751.2 −525.1h 1,803.1

CpTi(6-methyl-fulvene)
Cl

– −414.2 – – – – –

CpTi(6-tert.butyl-
fulvene)Cl

– −405.7 – – – – –

CpTi(1-neopentyl-Cp)
ClOH

– −943.4 – – – – –

Cp2Ti(H2C=C=NH) – 85.0 – – – – –
Cp2Ti(H2C=C=NH)
xHCN

– 60.7 – – – – –

Average deviation first
seven moleculesi

– – 75.6 – 69.9 – 55.0

Average deviation all
eight molecules

– – 71.6 – 280.1 – 273.5

Total average deviationi, j – – 68.1 – 68.9 – 59.8
– – HF/II′a//BP86/AE1 Deviation BPW91/II′a// – – –
BP86/AE1 Deviation B3LYP/II′a//BP86/

AE1
Deviation – – – –

TiBr4
b 483 499.0 −16.0 394.0 89.0 480.0 3.0

Cp2TiBr2
b −668 −845.0 177.0 −720.0 52.0 −742.0 74.0

Cp2TiF2
c −1,051 −1,223.0 172.0 −1,161.0 110.0 −1,245.0 194.0

Ti(CO)6
2 d −1,389 −1,202.0 −187.0 −1,620.0 231.0 −1,646.0 257.0

MeTiBr3
e 825 – – – – – –

Cp*TiCl3
f −85 – – – – – –

Ti(NMe2)4
e −231 – – – – – –

TiI4
b 1,278 1,617.0 −339.0 1,024.0 254.0 1,307.0 −29.0

Average deviation first
seven moleculesi

– – – – – – –

Average deviation all
eight molecules

– – 178.2 – 147.2 – 111.4

Total average deviationi, j – – 163.2 – 111.3 – 103.6
aII′ denotes an augmented Wachters basis for Ti, IGLO II for all other atoms except H (double-zeta basis). For details see [18]
b[51]
c[39]
d[52]
e[53]
f[16]
gNot feasible
hThe SDD basis set/ECP is used for iodine
iExcluding the TiI4 deviation
jTotal unsigned average deviation (from Tables 1 and 4)
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by about 1,800 ppm, although the corresponding DFT data
are very reasonable. Interestingly, HF-based calculations
predict the Ti signal 1,000 ppm at a lower field compared to
the experimental data! From our results one can clearly see
that perturbation theory cannot handle the NMR determina-
tion of iodine-containing systems, in contrast to DFT
approaches. Without inclusion of these deficiencies, both
MP2 NMR calculations are at least as good as the DFT
results, in the case of underlying MP2 geometries, there is a
reduction of the total average error to 60 ppm! Although the
deviation is somewhat smaller, due to its very demanding
need for computational resources, the general use ofMP2/6–
31G(d)//MP2/6–31G(d) is only recommended for smaller
systems, thus allowing more economic studies with
B3LYP/6–31G(d)//B3LYP/6–31G(d). Figure 1 shows a
plot of the experimental versus calculated values for the
large dataset at B3LYP/6–31G(d)//B3LYP/6–31G(d) with
remarkable agreement (R2=0.9967) and an almost ideal
slope of the regression line of 1.002.

As can be seen from Table 2, additional optimizations of
several compounds with halogen atoms have been per-
formed employing the SDD basis set/ECP for the halogen
atoms. Subsequent NMR calculations with SDD on halogen
do not, however, lead to better results. As one might expect,
the data for TiBr4, Cp2TiBr2, and Cp2TiF2 are of equal
quality compared to the B3LYP/6–31G(d).

Due to the quadrupole moment of the NMR-active
titanium nuclei, line widths are considered as important.
Although the use of electric field gradients for estimating
line widths has proven successful for many other nuclei, it
had been shown that this concept does not work in the case of
titanium [18].

We extended the investigation to a series of fulvene
systems and related complexes (an example is shown in
Fig. 2) which have been synthesized [37] in the Beckhaus
group in our institute. The DFT results, included in Table 4,
indicate a variation of the 49Ti signal from −950 to
100 ppm. Unfortunately, the experimentalists have not
been able to obtain a clear 49Ti signal for those complexes,
most likely due to very wide signals, so that a comparison
with experimental data is not possible.

Conclusions

The use of an extended reference set of molecules and the
extension of tested levels of theory for the evaluation of 49Ti
chemical shifts results in significant improvements over the
present “best” choice [18] (B3LYP/II′//BP86/AE1). The av-
erage error is reduced from 107 to 68 ppmwith the relatively
inexpensive B3LYP/6–31G(d)//B3LYP/6–31G(d). Even
better results can be obtained using the MP2/6–31G(d)//
MP2/6–31G(d) level of theory. However, it fails dramati-
cally when investigating TiI4, so the approach has to be
handled with care. Furthermore, its huge demand for
computational resources limits its general applicability.
The excellent performance of the relatively small basis sets
used herein and in other studies has to be treated with caution
and cannot be generalized. Apparently due to error
cancellation, these theoretical approaches give better results
than larger basis sets, which are systematically better. The
demonstrated influence of a simulated solvent environment
on the chemical shifts leaves the question open for a general
solvation inclusion for these calculations.
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Fig. 1 Experimental and calculated 49Ti chemical shifts δ obtained
from Tables 1 and 4 at B3LYP/6–31G(d)//B3LYP/6–31G(d)

Fig. 2 Calculated structure of CpTi(6-tert.butyl-fulvene)Cl at
B3LYP/6–31G(d)//B3LYP/6–31G(d)

728



References

1. Claridge TDW (1999) High-resolution NMR techniques in
organic chemistry. In: Baldwin JE, Williams M (eds) Tetra-
hedron organic chemistry series, vol 19. Pergamon, Amsterdam

2. Benn R, Rufinska A (1986) Angew Chem 98:851–871
3. von Philipsborn W (1999) Chem Soc Rev 28:95–105
4. Bühl M (2004) In: Kaupp M, Bühl M, Malkin VG (eds)

Calculation of NMR and EPR parameters. Theory and applica-
tions. Wiley, Weinheim

5. Bühl M, Kaupp M, Malkin VG, Malkina OL (1999) J Comput
Chem 20:91–105

6. Schreckenbach G, Ziegler T (1998) Theor Chem Acc 99:71–82
7. Autschbach J (2004) In: Kaupp M, Bühl M, Malkin VG (eds)

Calculation of NMR and EPR parameters. Theory and
applications. Wiley, Weinheim

8. Autschbach J, Ziegler T (2000) J Chem Phys 113:936–947
9. Wolff SK, Ziegler T, van Lenthe E, Baerends EJ (1999) J Chem

Phys 110:7689–7698
10. Bühl M (1997) Chem Phys Lett 267:251–257
11. Bühl M, Hamprecht FA (1998) J Comput Chem 119:113–122
12. BühlM, Gaemers S, Elsevier CJ (2000) Chem Eur J 6:3272–3280
13. Bühl M (2002) Theor Chem Acc 107:336–342
14. Godbout N, Oldfield E (1997) J Am Chem Soc 119:8065–8069
15. Bühl M (1999) Chem Eur J 5:3514–3522
16. Berger S, Bock W, Frenking G, Jonas V, Müller V (1995) J Am

Chem Soc 117:3820–3829
17. Bühl M (1997) Organometallics 16:261–267
18. Bühl M, Mauschick FT (2004) Magn Res Chem 42:737–744
19. Frisch MJ, Trucks GW, Schlegel HB, Scuseria GE, Robb MA,

Cheeseman JR,Montgomery JA Jr, Vreven T, Kudin KN, Burant
JC, Millam JM, Iyengar SS, Tomasi J, Barone V, Mennucci B,
Cossi M, Scalmani G, Rega N, Petersson GA, Nakatsuji H, Hada
M, Ehara M, Toyota K, Fukuda R, Hasegawa J, Ishida M,
Nakajima T, Honda Y, Kitao O, Nakai H, Klene M, Li X, Knox
JE, Hratchian HP, Cross JB, Bakken V, Adamo C, Jaramillo J,
Gomperts R, Stratmann RE, Yazyev O, Austin AJ, Cammi R,
Pomelli C, Ochterski JW, Ayala PY, Morokuma K, Voth GA,
Salvador P, Dannenberg JJ, Zakrzewski VG, Dapprich S,
Daniels AD, Strain MC, Farkas O, Malick DK, Rabuck AD,
Raghavachari K, Foresman JB, Ortiz JV, Cui Q, Baboul AG,
Clifford S, Cioslowski J, Stefanov BB, Liu G, Liashenko A,
Piskorz P, Komaromi I, Martin RL, Fox DJ, Keith T, Al-Laham
MA, Peng CY, Nanayakkara A, Challacombe M, Gill PMW,
Johnson B, Chen W, Wong MW, Gonzalez C, Pople JA (2004)
Gaussian 03, revision C02. Gaussian Inc, Wallingford, Connecticut

20. Becke AD (1988) Phys Rev A 38:3098–3100
21. Lee C, Yang W, Parr RG (1988) Phys Rev B 37:785–789
22. Hehre WJ, Ditchfield R, Pople JA (1972) J Chem Phys

56:2257–2261
23. Hariharan PC, Pople JA (1973) Theor Chim Acta 28:213–222

24. Møller C, Plesset MS (1934) Phys Rev 46:618–622
25. Head-Gordon M, Pople JA, Frisch MJ (1988) Chem Phys Lett

153:503–509
26. Ditchfield R (1974) Mol Phys 27:789–807
27. Wolinski K, Hinton JF, Pulay P (1990) J Am Chem Soc

112:8251–8260
28. Cheeseman JR, Frisch MJ, Devlin FJ, Stephens PJ (2000) J Phys

Chem A 104:1039–1046
29. For a text book see: Jensen F (1999) Introduction to

computational chemistry. Wiley, Chichester
30. Fleischer U (1992) Ph D Thesis. Bochum
31. Cancès MT, Mennucci B, Tomasi J (1997) J Chem Phys

107:3032–3041
32. Mennucci B, Tomasi J (1997) J Chem Phys 106:5151–5158
33. Cossi M, Barone V, Mennucci B, Tomasi J (1998) Chem Phys

Lett 286:253–260
34. Koch R, Wiedel B, Wentrup C (1997) J Chem Soc, Perkin II

1851–1859
35. Koch R, Bruhn T, Veedu RN, Wentrup C (2004) J Mol Struct

(THEOCHEM) 686:31–36
36. van EikemaHommesNJR, Clark T (2005) JMolMod 11:175–185
37. Beckhaus R, Lützen A, Haase D, Saak W, Stroot J, Becke S,

Heinrichs J (2001) Angew Chem 113:2112–2115 and unpub-
lished results

38. Hafner A, Okuda J (1993) Organometallics 12:949–950
39. Gassmann PG, Campbell WH, Macomber DW (1984)

Organometallics 3:385–387
40. Morino Y, Uehara U (1966) J Chem Phys 45:4543–4550
41. Briant P, Green J, Haaland A, Mollendal A, Rypdal K, Tremmel

J (1989) J Am Chem Soc 111:3434–3436
42. McGrady GS, Downs AJ, McKean DC, Haaland A, Schere W,

Verne HP, Volden MV (1996) Inorg Chem 35:4713–4718
43. Engelhardt LM, Papasergio RI, Raston CL, White AH (1984)

Organometallics 3:18–20
44. Tkachev VV, Atovmyan L (1972) Zh Strukt Khim 134:287–290
45. Clearfield A, Warner DK, Saldarriaga-Molina CH, Ropal R,

Bernal I (1975) Can J Chem 53:1622–1629
46. Callomon JH, Hirota E, Iijima K, Kuchitsu K, Lafferty WJ

(1987) In: Hellwege KH, Hellwege AM (eds) Landolt–
Börnstein new series supplement II/15. Springer, Berlin

47. Klouras N, Nastopoulos V, Demakopoulos I, Leban I (1993) Z
Anorg Allg Chem 619:1927–1930

48. Jones P, Kienitz C, Thone CZ (1994) Z Kristallogr 209:85–86
49. Pevec A (2003) Acta Chim Slov 50:199–206
50. Ellis J, Chi KM (1990) J Am Chem Soc 112:6022–6025
51. Hao N, Sayer BG, Denes G, Bickley DG, Detellier C,

McGlinchey MJ (1982) J Magn Reson 50:50–63
52. Pregosin PS (ed) Transition metal nuclear magnetic resonance.

Elsevier, Amsterdam
53. Berger S, Bock W, Marth CF, Raguse B, Reetz MT (1990)

Magn Res Chem 28:559–560

729


	Theoretical 49Ti NMR chemical shifts
	Abstract
	Introduction
	Materials and methods
	Results and discussion
	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


