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Electric-field-gradient (EFG) tensors at the zinc nuclear site were calculated using quantum mechanical methods
for a series of zinc(II) coordination complexes. The accuracy of the calculated67Zn EFG results at restricted
Hartree-Fock (RHF) and density functional theory (DFT) levels was evaluated by comparing them with
experimental solid-state67Zn NMR data. Theoretical67Zn EFG results at the B3LYP level using medium
basis sets of 6-31G(f) for Zn and 6-31G(d) for ligand atoms were in good agreement with experimental67Zn
NMR data.

1. Introduction

Zinc is required as an integral constituent in a large number
of enzymes.1,2 To study the catalytic or structural role of zinc
ions in these biological systems, it is desirable to have a
technique that can probe the chemical environment at the zinc
site. In the absence of X-ray crystallographic data, direct
detection of the Zn(II) ions bound to a biological macromolecule
is a difficult task because routine analytical techniques such as
UV/vis, electron spin resonance (ESR), and solution NMR
spectroscopy are not suitable for studying diamagnetic d10 Zn(II)
ions. As a result, spectroscopic studies of metal binding sites
in zinc-containing proteins have essentially relied on the utility
of surrogate metal probes (e.g., Mn, Co, and Cd).3-5

Recently, solid-state67Zn NMR spectroscopy has emerged
as a viable method for detecting Zn(II) ions even in large
molecular systems.6-14 During these67Zn NMR studies, it has
become increasingly apparent that a better understanding of the
67Zn NMR properties is needed. One fundamental question is
how the67Zn NMR tensors, both the chemical shift tensor and
the electric-field-gradient (EFG) tensor, are related to the
chemical environment and molecular structure. One way to
decipher this NMR property/structure relationship is to use
quantum-mechanical calculations. To the best of our knowledge,
quantum-mechanical67Zn EFG calculations have been attempted
only for simple ionic solids such as ZnO,15 ZnAl2O4, and
ZnFe2O4;16 no theoretical study has been reported for the67Zn
EFG tensors in Zn(II) coordination complexes. The fact that a
reasonable amount of reliable67Zn EFG data has been ac-
cumulated in the past several years from experimental solid-
state NMR studies makes the theoretical examination of67Zn
EFG tensors timely and possible. In this paper, we report a
systematic quantum-mechanical investigation for the67Zn EFG
tensors in six Zn(II) coordination complexes: zinc acetate
dihydrate (1), bis(acetato)bis(imidazole)zinc (2), tetrakis(imi-
dazole)zinc perchlorate (3), tetrakis(thiourea)zinc nitrate (4), zinc
formate dihydrate (5), and bis(acetato)bis(urea)zinc (6). These
Zn(II) coordination complexes were chosen because both reliable
X-ray crystallographic and solid-state67Zn NMR data are
available in the literature. Furthermore, single-crystal67Zn NMR

studies have been reported for compounds1 and5 so that not
only the magnitude but also the orientation of the67Zn EFG
tensor is known in the molecular frame of reference. This precise
information is useful in determining the accuracy of the
computed EFG results. The primary objective of the present
study is to evaluate the applicability of current computational
methods for calculating67Zn EFG tensors in molecular com-
plexes. In this study, we use a general molecular cluster
approach to model the Zn(II) site in the crystal lattice. For Zn(II)
coordination complexes examined in this study, the Zn(II) center
is generally surrounded by ligand molecules such as imidadole
and acetate groups. This is somewhat different from the ionic
network solids such as ZnO and ZnAl2O4, for which it is
important to take into consideration the lattice periodicity. For
this reason, we usually include ligand molecules only from the
first coordination sphere, with only one exception.

2. Computational Details

All molecular cluster models were constructed using experi-
mental geometries obtained from X-ray diffraction experiments.
In cases where hydrogen atom positions were not reported in
the X-ray studies, standard bond lengths (C-H: 1.100 Å;
N-H: 1.020 Å) were used to generate hydrogen atom positions.
Detailed descriptions for each molecular cluster model will be
given in the next section.

All EFG calculations were performed using the Gaussian 98
suite of programs17 on a SunFire 6800 symmetric multiprocessor
system (24× 900-MHz processors and 24 GB of memory).
Three all-electron basis sets were used for Zn: (1) fully
optimized uncontracted basis set of Wachters,18 (2) first-order
polarized basis set of Kello¨ and Sadlej,19 and (3) 6-31G(f) basis
set of Rassolov et al.20 The Wachters uncontracted basis set
consists of 14s, 9p, and 4d Gaussian primitives. The basis set
of Kellö and Sadlej (denoted as the KS basis set in this study)
employs a contraction scheme of (16s12p6d4f)f [9s7p3d2f].
The 6-31G(f) basis set has a contraction scheme of (22s14p4d)
f [5s4p2d] with a single set of f-type polarization functions
(exponent 0.8). Standard basis sets of 6-31G(d) and 6-311++G-
(3df,3pd) were used for ligand atoms. Calculations were carried
out at both the restricted Hartree-Fock (RHF) level and the
density functional theory (DFT) level. The B3LYP hybrid
functional21 was used in the DFT calculations. For a 37-atom
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cluster (371 basis functions and 793 primitives), the CPU time
of a typical B3LYP EFG calculation was approximately 26 min
with 8 processors and 256 MB of memory. The largest cluster
model attempted in this study contains 189 atoms (2244 basis
functions and 4536 primitives). For this large cluster, 12
processors with 768 MB of memory were allocated, and the
CPU time was 27 h at the B3LYP/6-31G(f)/6-31G(d) level.

In solid-state67Zn NMR experiments, the measurable quad-
rupole parameters are the nuclear quadrupole coupling constant
(CQ) and the asymmetry parameter (ηQ). These two parameters
are related to the principal components of the corresponding
EFG tensor (VXX, VYY, VZZ) in the following fashion:

where where|VZZ| g |VYY| g |VXX| andVZZ + VYY + VXX ) 0.
The coefficient in eq 1 is obtained using the67Zn quadrupole
moment value recommended by Pyykko¨,22 Q(67Zn) ) 15.0×
10-30 m2. The computed EFG tensor components are reported
in atomic units (1 au) 9.717365× 1021 V m-2). In this study,
experimental quadrupole parameters (CQ andηQ) are converted
to EFG tensor components for comparison. However, because
the sign ofVZZ is not available in solid-state67Zn NMR studies,
we assume the same sign for the observed and calculatedVZZ

components.

3. Results and Discussion

The molecular cluster models used for the67Zn EFG
calculations are shown in Figure 1. In each of these models,
only ligands from the first coordination sphere around the Zn(II)
ion were considered at this stage (vide infra). Because the crystal
structure of Zn(acetate)2‚2H2O (1) reported in an early X-ray
diffraction study23 was inaccurate, the most recent X-ray report
for this compound was used.24 Unfortunately, the authors of
this recent study also made a mistake regarding the geometry
of the water molecules of hydration. In particular, the H-O-H
angle was assumedincorrectly to be 120°.24 Furthermore, the
orientation of the water molecules in the crystal lattice is
somewhat unusual in that one of the O-H‚‚‚O hydrogen bond
angles is 121°, clearly far from the usually preferred linear
arrangement. For these reasons, we decided to perform a
geometry optimization to determine the precise geometry and
orientation of the two water molecules of hydration in compound
1. The molecular model for partial geometry optimization

consists of all of the first coordination sphere ligands as shown
in Figure 1 and four neighboring acetate groups (not shown)
that serve as hydrogen bond acceptors.24 After partial geometry
optimization at the B3LYP/6-31G(f)/6-31G(d) level, both the
geometry and the orientation of the water molecules are
reasonable (O-H: 1.010, 1.022 Å;∠H-O-H: 105.47°; ∠O-
H‚‚‚O: 173.2°, 175.8°). This model was used in the67Zn EFG
calculations for compound1. As seen from Figure 1, the Zn(II)
ion in 1 is coordinated by two bidentate acetate ligands and
two water molecules in a very distorted octahedral fashion. The
Zn-OW distance, 1.987 Å, is significantly shorter than the two
Zn-Oacetatebonds, 2.179 and 2.189 Å. The Zn(II) ion is located
on the crystallographic 2-fold axis, which bisects the OW-Zn-
OW angle.

The Zn(II) ion in bis(acetato)bis(imidazole)zinc (2) is tetra-
hedrally coordinated by two imidazole molecules and two
acetate ligands.25 The two independent Zn-N bond distances
are very similar, 1.996 and 2.003 Å, whereas the two Zn-O
distances are somewhat different, 1.965 and 1.991 Å. Each
imidazole molecule is hydrogen bonded to an acetate group from
the neighboring molecule. The Zn(II) ion in [Zn(imidazole)4]-
(ClO4)2 (3) is coordinated by four imidazole ligands.26 The
Zn(II) ion also lies on a crystallographic 2-fold axis. The two
Zn-N distances, 1.997 and 2.001 Å, are essentially identical
to those found in2. The N-Zn-N angles are all within 4.1° of
a perfect tetrahedral geometry. The imidazole molecules in3
are involved in hydrogen bonding to the anions. The hydrogen
bond distances are 2.95 and 3.06 Å between the imidazole
“pyrrole” N and the perchlorate O atoms. Because the perchlo-
rate anions are quite far from the Zn(II) center (6.27-7.61 Å),
they were not included in the cluster model. Similarly, the Zn(II)
ion in [Zn(thiourea)4](NO3)2 (4) is also in a tetrahedral environ-
ment, coordinating to four thiourea molecules.27 The S-Zn-S
angles are between 100.0 and 120.5°, suggesting a larger
deviation from a perfect tetrahedral geometry than for the Zn(II)
ion in compound3. The Zn-S bonds, 2.324 and 2.361 Å, are
much longer than all of the Zn-O bonds mentioned above. The
thiourea molecules are hydrogen bonded to the nitrate groups.
Again, because the nitrate groups are far from the Zn(II) center
(5.71-7.67 Å), they were not included in the model shown in
Figure 1. Compound5, Zn(formate)2‚2H2O, crystallizes in a
monoclinic form with space groupP21/c.13,28 There are two
crystallographically distinct Zn sites in the asymmetric unit. One
Zn site is coordinated by six formate groups, and the other, by
four water molecules and two formate groups. The Zn-O
distances are very similar at both Zn sites, 2.052-2.166 Å. Both
sites have a slightly distorted octahedral arrangement. Finally,
the Zn(II) ion in bis(acetato)bis(urea)Zn (6) is also four-

Figure 1. Molecular cluster models for compounds1-6.
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coordinate.29 Although the four Zn-O distances are similar,
1.970-1.997 Å, the O-Zn-O angles deviate significantly from
a perfect tetrahedral geometry, 89.5-126.8°. Therefore, a large
CQ value is expected for the Zn site in compound6.

Experimental solid-state67Zn NMR data for compounds1-6
are summarized in Table 1. Compounds1-6 constitute a good
test set for the following reasons. First, these Zn(II) coordination
complexes have recently been studied by solid-state67Zn NMR
and, in two cases, by single-crystal67Zn NMR. Second, these
complexes exhibit very differentCQ(67Zn) values (over a range
of ca. 10 MHz). Third, they represent a variety of coordination
environments, including both tetrahedral and octahedral coor-
dination arrangements and containing common ligand atoms
such as O, N, and S. Fourth, reliable single-crystal X-ray
diffraction data are available for these Zn complexes.

Table 2 shows the computed67Zn EFG tensors for compounds
1-6. Comparisons between the calculated and observed results
at various levels of theory are shown in Figure 2. For a given
basis set, the calculations at the B3LYP level show consistently
better agreement with the experimental data than the corre-

sponding calculations at the RHF level. It is also apparent that
the uncontracted basis set of Wachters for Zn cannot generate
useful67Zn EFG data. The KS basis set (16s12p6d4f/9s7p3d2f)
is perhaps the minimal basis set for67Zn EFG calculations.
Although the 6-31G(f) basis set (22s14p4d1f/5s4p2d1f) is
similar in size to the KS basis set, improvement of 6-31G(f)
over KS is noticeable from the calculated results. This may be
attributed to the fact that 6-31G(f) is a fully optimized basis set
because both the contraction coefficients and the exponents were
simultaneously optimized.20 In contrast, the KS basis set is not
fully optimized. As seen from Figure 2, the best calculated
results for the67Zn EFG tensor components exhibit a standard
error of 0.03 au (1 au corresponds to 35.244 MHz for67Zn).
Because the signs of the EFG tensor components were not
available from solid-state NMR experiments, we assumed that
the experimental EFG tensor components have the same signs
as those calculated at the B3LYP/6-31G(f) level. The fact that
the calculations at the RHF and B3LYP levels show similar
results may indicate that electron correlation is not important
in the present Zn systems. This is consistent with the theoretical

TABLE 1: Experimental Solid-State 67Zn NMR Data for the Zinc(II) Complexes Examined in This Study

compound
Zn

coordination δiso(ppm) CQ (MHz) ηQ ref

(1) Zn(acetate)2‚2H2O ZnO6 0 5.20( 0.03 0.898( 0.017 9
(2) Zn(imidazole)2(acetate)2 ZnN2O2 155 8.2( 0.2 0.6( 0.1 10
(3) Zn(imidazole)4(ClO4)2 ZnN4 291 2.80( 0.05 0.4( 0.1 8
(4) Zn(thiourea)4(NO3)2 ZnS4 350 3.15( 0.05 1.00( 0.05 8
(5) Zn(formate)2‚2H2O site 1 ZnO6 -24 6.34( 0.05 0.98( 0.01 13

site 2 ZnO6 -26 9.63( 0.06 0.45( 0.02 13
(6) Zn(urea)2(acetate)2 ZnO4 200 12.85( 0.05 0.85( 0.05 30

TABLE 2: Calculated 67Zn EFG Tensor Components Using the 6-31G(d) Basis Set for Ligand Atomsa,b

RHF B3LYP

compound Zn basis set VZZ VYY VXX VZZ VYY VXX

1 Wachters -0.0605 0.0483 0.0373 0.0518 -0.0416 -0.0102
KS -0.0768 0.0395 0.0373 -0.1263 0.1026 0.0236
6-31G(f) -0.0836 0.0456 0.0380 -0.1308 0.0909 0.0399
exptl -0.1475 0.1400 0.0075

2 Wachters -0.3774 0.2100 0.1674 -0.2916 0.1773 0.1143
KS -0.3033 0.1904 0.1128 -0.2310 0.1786 0.0524
6-31G(f) -0.2127 0.1551 0.0576 -0.1910 0.1757 0.0153
exptl -0.2327 0.1884 0.0442

3 Wachters -0.1491 0.0856 0.0635 -0.1164 0.0618 0.0546
KS -0.1231 0.0644 0.0587 -0.0927 0.0565 0.0362
6-31G(f) -0.1056 0.0703 0.0353 -0.0911 0.0848 0.0063
exptl -0.0794 0.0556 0.0238

4 Wachters 0.0776 -0.0429 -0.0347 0.0367 -0.0335 -0.0032
KS -0.0304 0.0295 0.0009 -0.0392 0.0328 0.0064
6-31G(f) -0.0362 0.0350 0.0011 -0.1291 0.0807 0.0484
exptl -0.0894 0.0894 0.0000

5 (site 1) Wachters -0.2593 0.2437 0.0156 -0.2111 0.2007 0.0105
KS -0.2326 0.2240 0.0085 -0.1855 0.1763 0.0091
6-31G(f) -0.1838 0.1724 0.0114 -0.1568 0.1383 0.0184
exptl -0.1799 0.1781 0.0018

5 (site 2) Wachters -0.0828 0.0563 0.0265 -0.0843 0.0689 0.0154
KS -0.1287 0.1316 -0.0029 -0.1523 0.1618 -0.0095
6-31G(f) -0.0992 0.1096 -0.0104 -0.1464 0.1494 -0.0030
exptl -0.2732 0.1981 0.0751

6 Wachters -0.7552 0.6725 0.0827 -0.6087 0.5320 0.0767
KS -0.6449 0.6206 0.0243 -0.4951 0.4876 0.0075
6-31G(f) -0.4422 0.4211 0.0211 -0.3407 0.3328 0.0079
exptl -0.3646 0.3374 0.0272

a EFG tensor componentsVXX, VYY, andVZZ are reported in atomic units (1 au) 9.717365× 1021 V m-2). b Underlined data represent situations
where a switch betweenVZZ and VYY components occurs because of the fact that these two components are essentially the same. See text for
discussions.
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EFG results of Hemmingsen and Ryde for cadmium(II) com-
plexes.31 Because both correlation and relativistic effects are
expected to be small for Zn(II) coordination complexes, it may
not be surprising that our nonrelativistic calculations have
produced reasonably good67Zn EFG results.

To evaluate the dependence of the67Zn EFG tensors on the
basis set used for ligand atoms, we also performed B3LYP
calculations using 6-31G(f) for Zn and a larger basis set,
6-311++G(3df,3pd), for ligand atoms. The computed EFG
results are presented in Table 3. In general, the quality of the
calculated EFG results at the 6-311++G(3df,3pd) level (slope
) 0.840,R2 ) 0.9079) is similar to that computed at the 6-31G-
(d) level (slope) 0.848,R2 ) 0.9421). This suggests that the
quality of the computed67Zn EFG data is determined primarily
by the quality of the basis set used for the Zn atom.

Careful examination of the data presented in Tables 2 and 3
indicates that the tensor components for the hydrated Zn site

of zinc formate dihydrate (site 2 of5) exhibit an unusually large
deviation from the experimental data. Furthermore, as indicated
in Tables 2 and 3, the calculations using the KS and 6-31G(f)
basis sets yielded positiveVZZ components for site 2 of5, which
is opposite to the sign ofVZZ for other sites. The unique
structural feature of this Zn site is the presence of four water
molecules in the first coordination sphere. More importantly,
these water molecules are involved in strong hydrogen bonding
to the neighboring formate groups. The large discrepancy
observed between the experimental and calculated results may
suggest that the ligands from the second coordination sphere
are also important in this case. In addition to the strong
H-bonding interactions, water molecules are much smaller in
size than other ligand molecules such as acetate and imidazole
groups. Consequently, ligands from the second coordination
sphere are also quite close to the Zn center for site 2 of5,
making it possible to have an electrostatic effect from nearby
ligands. To further evaluate the influence of hydrogen-bonded
ligands from the second coordination sphere, we constructed a
larger molecular cluster model for site 2 of5, which includes
four additional formate groups, as shown in Figure 3. For this
new model, the calculated67Zn EFG results at the B3LYP/6-
31G(f)/6-31G(d) level areVZZ ) -0.2029,VYY ) 0.1428, and
VXX ) 0.060. Indeed these results are in better agreement with
the experimental data (VZZ ) -0.2732,VYY ) 0.1981, andVXX

) 0.0751) than the results presented in Tables 2 and 3. In
addition, the sign forVZZ is now negative, consistent with that
for other Zn(II) sites. As seen from Figure 4, when these new
data are used for site 2 of5, a much better correlation is observed
between the calculated and experimental data (slope) 0.880
andR2 ) 0.9685). Further examination of the calculated results
reveals the reason for such a sign reversal. As seen from Tables
2 and 3, the calculated EFG tensors have close to axial symmetry
for site 2 of5. Therefore, a small variation in the magnitude of
VZZ andVYY would result in a switch of the two components,
leading to a sign reversal ofVZZ. For this reason, the observed
sign reversal mentioned above is not as drastic a change as it
may appear to be at first sight. The negative sign ofVZZ in this
particular situation is further confirmed by considering an even

Figure 2. Comparison between experimental and calculated67Zn EFG
tensor components for compounds1-6. The basis sets used for Zn are
(A) Wachters, (B) KS, and (C) 6-31G(f).

TABLE 3: Calculated 67Zn EFG Tensor Components at the
B3LYP/6-31G(f)/6-311++G(3df,3pd) Level a,b

compound VZZ VYY VXX

1 -0.0851 0.0671 0.0180
2 -0.1746 0.1219 0.0526
3 -0.0866 0.0658 0.0208
4 -0.0716 0.0714 0.0002
5 (site 1) -0.1685 0.1602 0.0083
5 (site 2) -0.1173 0.1190 -0.0017
6 -0.3977 0.3695 0.0282

a EFG tensor componentsVXX, VYY, andVZZ are reported in atomic
units (1 au) 9.717365× 1021 V m-2). b Underlined data represent
situations where a switch betweenVZZ and VYY components occurs
because of the fact that these two components are essentially the same.
See text for discussion.

Figure 3. Molecular cluster model containing four additional formate
groups from the second coordination sphere for site 2 of compound5.
Hydrogen bonds are indicated by the dashed lines.
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larger cluster to model the crystal lattice around the Zn(II) site
(site 2 of 5). This cluster contains 9 Zn atoms, 12 water
molecules, and 36 formate groups (a total of 189 atoms) where
the target Zn atom is at the center of the cluster. We also found
that it is important to maintain the symmetry of the cluster so
that long-range electrostatic effects can be minimized.

EFG Tensor Orientations. It is clear from the above
discussion that quantum-mechanical calculations at the B3LYP/
6-31G(f) level can reproduce the experimental EFG tensor
components within a reasonable degree of accuracy. To make
a full assessment of the accuracy of any second-rank tensor, it
is important to evaluate not only the magnitude of the tensor
components but also their orientations in the molecular frame.
In this regard, two recent single-crystal67Zn NMR studies9,13

make it possible for us to examine further the calculated67Zn
EFG tensor orientations for compounds1 and5.

Figure 5 shows the calculated orientations of the67Zn EFG
tensors for compounds1 and5. For compound1, VZZ is found
to lie in the crystallographicac plane. The angle betweenVZZ

and the shorter Zn-Oacetatebond (2.179 Å) is 58.4°. This is
approximately 33° off the direction of VZZ as reported by
Vosegaard et al.9 We found thatVXX is along the crystallographic
b axis. This is also the direction that bisects the OW-Zn-OW

angle as well as the crystallographic 2-fold axis as mentioned
earlier. Vosegaard et al.9 also reported thatVXX is along this
direction. However, these authors usually use a slightly different
definition for EFG tensor components. That is, theirVXX

component corresponds to ourVYY. Therefore, there exists an
apparent discrepancy between the tensor orientation shown in
Figure 5 and that reported by Vosegaard et al.9 The reason for
this discrepancy is unclear at this time.

For the anhydrous Zn site in zinc formate dihydrate (site 1
of 5), we found thatVZZ is 8.1° off the longest Zn-Oformyl bond
(2.150 Å) and thatVYY is 5.8° off the shortest Zn-Oformyl bond
(2.071 Å). At first glance, the above tensor orientation is very
different from that reported by Lipton et al.13 from a single-
crystal67Zn NMR study. However, because the EFG tensor at
this Zn site is essentially axially symmetric (ηQ ) 0.98( 0.01),
there is little difference betweenVZZ andVYY, i.e.,|VZZ| ∼ |VYY|.
It should also be noted that the so-called “second largest tensor
element” in the study of Lipton et al.13 corresponds to theVYY

component in this study. After considering these factors, we
find that our EFG tensor orientation is indeed in excellent
agreement with the single-crystal NMR result. For the hydrated
Zn site in zinc formate dihydrate (site 2 of5), we found that
VZZ is 11.2° off the Zn-Oformyl bond. BothVXX and VYY are
located approximately in the plane formed by four water
molecules with theVYY component making an angle of 18.7°
with respect to the shortest Zn-OW bond (2.052 Å). In

comparison, Lipton et al.13 observed that the second largest
component (VYY in our notation) is 30° from the shortest Zn-
OW bond. Therefore, the calculated67Zn EFG tensor orientations
are in agreement with the single-crystal NMR data for compound
5.

4. Conclusions

We have presented a theoretical examination of the67Zn EFG
tensors in several zinc(II) coordination complexes. We have been
able to evaluate the accuracy of the current computational
methods by comparing our calculated results with experimental
solid-state NMR data. This work demonstrates that quantum-
mechanical calculations at the B3LYP level with medium-size
basis sets, 6-31G(f) for Zn and 6-31G(d) for other atoms, can
yield reliable67Zn EFG tensors for Zn(II) coordination com-
plexes. The present work represents the first attempt to
investigate the67Zn EFG tensors in Zn(II) coordination com-
plexes systematically by quantum-mechanical computations. We
have discovered that it is often sufficient to consider only ligands
from the first coordination sphere around the zinc atom. The

Figure 4. Comparison between experimental and calculated67Zn EFG
tensor components using the cluster models shown in Figures 1 and 3.
The calculations are at the B3LYP/6-31G(f)/6-31G(d) level.

Figure 5. Orientations of the calculated67Zn EFG tensors in (A)
compound1 and (B, C) compound5. The calculations are at the
B3LYP/6-31G(f)/6-31G(d) level.
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only exception to this general statement is that, if the Zn center
of interest is bound to water molecules and the water molecules
are involved in extensive H-bonding, ligands from the second
coordination sphere must be included in the cluster model. This
finding is important because water molecules often participate
in Zn(II) ion binding in zinc-containing proteins. The implication
of the present study is that it is possible to predict67Zn EFG
tensors for the Zn(II) sites in proteins. Although we have focused
on EFG tensors, it should also be possible to examine the67Zn
magnetic (or chemical) shielding tensors using quantum-
mechanical computations. Very little is known in this latter area;
however, it is hoped that the present study will encourage further
quantum-mechanical studies of these fundamental67Zn NMR
tensors.
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