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Abstract

We computationally investigate the nature of chemical bonding from linear to bent structures of N-heterocyclic
carbene-analogues of silver complexes (called tetrylene) AgCI-NHEy. (Ag-NHE) with E = C — Pb using quantum
chemical calculations at the BP86 level with the various basis sets def2-SVP, def2-TZVPP, and TZ2P+. The geometry
calculations find that the equilibrium structures of Ag-NHE system show major differences in the bonded orientation of
NHPb ligand in Ag-NHPb compared with NHE ligands the slighter homologues Ag-NHE (E = C - Sn). The bond
dissociation energy results show that the Ag-carbene bond in Ag-NHC is a strong bond and decreases from the slighter
to the heavier homologues. The EDA-NOCYV results indicate that the ligand NHE in complexes is strong o-donors and
very weak ©t donor. The NOCYV pairs of the bonding show small n-back donation from the Ag to the NHE,,, ligands.

Keywords. N-heterocyclic tetrylene, bond dissociation energy, quantum chemical calculations, bonding analysis.

1. INTRODUCTION

The first stable transition metal carbene complex
was investigated in 1964 [1]; then the metal-ligand
bonding in complexes of mixed carbene-halogen
complexes (NHC-TMX with TM = Cu, Ag, Au and
X = F — 1) was published for using a charge
decomposition analysis that was noticed for the first
time by Frenking et al [2]. The chemical bonding
between NHCs and group 11 metals has been
investigated theoretically in the recent past [3].
Moreover, NHCs ligands can be stabilized by two
nitrogen atoms and form stable complexes with
transition metals (Ag, Au) and with main-group
elements [2]. The fact was that silver-NHCs
complexes have been investigated in the recent past
to behave as efficient catalysts in transesterification
reactions [4]. Furthermore, silver-NHCs compounds
are the most popular complexes used for NHCs
transfer [5]. The development of NHCs complexes
of silver has come about by the discovery of the
transmetalation from silver-NHCs to other metal
NHCs system. Unlike copper- and gold-NHCs

systems, silver-NHCs can be synthesized without the
need for anaerobic conditions [6] that has been
shown in many biomedical applications within the
last ten years. For example, in 2007 Youngs et al. [7]
reviewed the synthesis, characterization, and
applications of silver(I)-NHCs complexes for
antibiotics applications. We especially pay attention
to the use of metal-NHCs complexes as precursors
for the synthesis of nanocrystals in which very few
reports refer to syntheses and stabilization of metal
nanocrystals through gold- and silver-NHCs
complexes [8,9]. It has been known that the steric
bulk of the NHC and the strength of the reducing
agent were found to have an interesting influence on
nanocrystals size, size contribution, and shape of the
metal-NHCs adducts [10]. The formation of silver
nanoparticles from the reduction of silver-NHCs
complexes with the C,H,n.; groups connected to
nitrogen atoms in NHC ring that was also observed
by NaBHj, in biphasic conditions (CH,CI./H,0) [11].
Recent reports suggested that the characterization
and the bonding situation in transition metal
complexes with NHCs ligands [12] and related
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systems [13] are not limited to carbon as a central
atom, but that is can be extended to the heavier
group 14 homologues that have been extensively
investigated in the recent past [2,14,15].

Our interest lies in having a thorough insight into
the structures and bonding situation of silver-NHCy.
and analogues [AgCI-{NHEw.}] (Ag-NHE)
complexes with E = C — Pb. In this regard, we have
recently reported and also have employed in a
variety of a series of [AuCI-{NHEy.}] complexes
[15]. During the course of the investigation of the
silver complexes that carry tetrylene we became
interested in looking for the existence of silver(l)-
NHC,;,. complexes that have been previously used as
precursors for the synthesis of nanocrystals [11]. To
the best of our knowledge, the present work is the
first detailed study of the structures and bonding
situation of the complexes Ag-NHE (Scheme 1). We
investigated the bonding in complexes Ag-NHE and
the electronic structure of the molecules was
analyzed with charge- and energy decomposition
methods. A schematic representation of the bonding
in AgCl«<—NHEy,. with c-donors and m-donors of
interactions is suggested. We hope that the
information of bonding in complexes Ag-NHE is
suitable targets for synthesis.
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Scheme 1: Overview of the compounds investigated
in the present work: a) Complexes [AgCI-{NHE.}]
(Ag-NHE) and b) Ligand NHEy, (NHE) withE=C
—Pb

2. COMPUTATIONAL METHODS

Geometry optimizations of the molecules were
carried out without symmetry constraints using
Gaussian 09 optimizer together with Turbomole 7.0
energies and gradients at the BP86/def2-SVP level
of theory. Single point calculations with the same
functional but the larger def2-TZVPP basis set and
effective core potentials (ECPs) were examined to
represent the innermost electrons of Ag atom as well
as the electrons core of the heavier group-14 atoms
Sn and Pb on the structures derived on BP86/SVP
level of theory. The natural bond orbital (NBO)
analysis was carried out with the internal module of
Gaussian 09 at the BP86/def2-TZVPP//BP86/def2-
SVP level of theory. For bonding analysis in term of
energy decomposition analysis, the geometries of the
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molecules were re- optimized with the program
package ADF 2013.01 with BP86 in conjunction
with a triple-zeta-quality  basis set using
uncontracted Slater-type orbitals (STOs) augmented
by two sets of polarization function, with a frozen-
core approximation for the core electrons. An
auxiliary set of s, p, d, fand g STOs were used to fit
the molecular densities and to represent the
Coulomb and exchange potentials accurately in each
SCF cycle. Scalar relativistic effects were
incorporated by applying the zeroth-order regular
approximation (ZORA). The calculations have been
carried out at the BP86/TZ2P+ level of theory that
was used for the bonding analyses in term of the
EDA — NOCV method.

3. RESULTS AND DISCUSSION
3.1. Structures and energies

Figure 1 shows the optimized geometries of the
parent compounds Ag-NHC-Ag-NHPb at the
BP86/SVP level together with the most important
bond lengths, bending angles, and bond dissociation
energies (BDEs). There are no experimental values
available for the complexes Ag-NHC to Ag-NHPb.
The theoretically predicted Ag-E bond length of Ag-
NHE complexes increased from 2.058 to 2.773 A.
The fact was that the related complexes of N-
heterocyclic ~ carbene and  slightly  heavier
homologues (NHEy. and NHE, with E = C, Si, Ge)
such as gold(l) chloride AuCl and copper(l) chloride
CuCl were theoretically investigated in the recent
past [15, 16]. The results showed that the
theoretically predicted Au-E bond lengths of
complexes AuCI-NHEy, with E = C — Pb as AuCl-
NHCy, = 1.997 to AuCI-NHPby,. = 2.708 A) [15];
the bond lengths Au-E of complexes AuCI-NHE
with E = C — Ge as AuCI-NHCy = 1.976 to AuCl-
NHGe,, = 2.349 A) [16] and the bond lengths Cu-E
of complexes CuCI-NHE with E = C - Ge as CuCl-
NHC,, =1.848 to CuCI-NHGe, = 2.250 A) reported
in the previous study [16] are slightly shorter than
the bond lengths Ag-E of Ag-NHE complexes in
this study. Moreover, we want to compare the
theoretically predicted Ag-E bond lengths of the
tetrylene complexes Ag-NHC to Ag-NHGe with
some experimental results of the related complexes.
In general, the theoretically predicted Ag-E bond
lengths of Ag-NHE in this study are shorter than the
experimental results measured Ag-E bonds of
carbene-analogues complexes [17-20]. For example,
the carbene complex NHC-AgCI has C-Ag lengths
in the range 2.061 A [17], which is longer than the
C-Ag bond length in the carbene complex Ag-NHC
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(2.058 A). The silylene complex (R™,Si),Ag with R
=1,1,4 4-tetrakis(trimethylsilyl)butane-1,4-diyl [18],
as a bicyclic silylene ligand, has Ag-Si bond length
of 2.401 A whereas the Ag-Si bond in the silylene
complex Ag-NHSi has a length of 2.317 A. The
{LGe[C(SiMe3)N,]AgCeFs} (L = HC[C(Me)N-2,6-
iPr,Ce¢Hs],) [19] has an experimental Ag-Ge bond
length of 2.448 A, which is also longer than the Ag-
Ge bond in Ag-NHGe (2.404 A). However, the bond
length Ag-Sn of complex [(Ag(SCN){Sn(CHRy).}-
(OC4Hg),], is 2.598 A [20] shorter than the
stannylene adduct Ag-NHSn has Ag-Sn = 2.602 A.
Figure 1 also shows that the examination of the
equilibrium geometries of Ag-NHC-Ag-NHPb
shows tetrylene ligands NHE are bonded end-on
way to AgCl in the complexes Ag-NHE (E = C —
Sn) which is the bending angle, «, which is 180.0°,
while the ligand plumbylene in Ag-NHPb is bonded
in a side-on fashion, which is the bending angle, «,
is 85.0°. Figure 1 gives the theoretically predicted
BDEs for Ag-E bonds of Ag-NHC-Ag-NHPD,
which exhibit an interesting trend. The calculated
bond energies suggest that the Ag-tetrylene ligands
bond strength decrease from Ag-NHC (D, = 57.3
kcal/mol) to Ag-NHSi (D, = 45.2 kcal/mol). There is
a continuous strengthening of the BDEs for the

Ag-NHC
= 180.0° D, = 57.3

Ag-NHSi

a=180.0° D

_1.378 /‘

Ag-NHGe
=452 0=180.0°%D,=351 o=180.0°%D,=27.6
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heavier ligands from Ag-NHSi (D, = 45.2 kcal/mol)
to Ag-NHPb (D, = 28.6 kcal/mol). The trend of the
theoretically predicted AgCl-tetrylenes BDES in this
study is significantly lower than the calculated
values for the gold(l) chloride AuCl complexes that
carry tetrylene ligands (AuCI-NHCy.— AuCl-
NHPby,) with the BDEs change from D, = 79.2 to
42.7 kcal/mol [15]; and for the gold(l) chloride AuCl
complexes that carry the less bulky slighter tetrylene
ligands (AuCI-NHC,—~AuCI-NHGey) with the BDEs
change from D, = 82.8 to 49.4 kcal/mol [16]; and
with the copper(l) chloride CuCl complexes that
carry the less bulky slighter tetrylene ligands (CuCl-
NHCy, — CuCI-NHGey), the BDEs decrease from D,
= 67.4 to 35.1 kcal/mol [16]. The bond length Ag-E
of the complexes Ag-NHE was longer than the bond
Au-E and Cu-E of the complexes gold-tetrylene
[15,16] and copper-tetrylene [16]. This is quite
suitable because the metal-NHEy, interactions of
NHEw.-AgCl have small NHEw.<«AgCl n-back-
donation in complexes. From this, it follows that the
silver donor-acceptor complexes with carbene,
silylene, and germylene ligands can have very strong
bonds and the appearance of a small contribution in
free ligands<—AgCl n-back-donation in complexes
which will be further explained in bonding analysis.
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Figure 1: Optimized geometries of complexes Ag-NHC—Ag-NHPb at the BP86/def2-SVP level. Bond
lengths are given in A; angles in degrees. Calculated bond dissociation energy, D, (kcal/mol), for the ligand-
AgCl bonds in complexes at the BP86/def2-TZVPP//BP86/def2-SVP level. The bendmg angles a, are the

angles X-E-Ag where X is the midpoint between the N-N distances: | v/”Tl re—

3.2. BONDING ANALYSIS

Table 1 gives results of the NBO calculations for
parent compounds Ag-NHC-Ag-NHPb. The
calculated partial charges show that the AgCI
fragment in the complexes always carries a negative
charge, which increases from Ag-NHC (-0.28 ¢) to
Ag-NHPb (-0.37 e), except the value of Ag-NHSi is
-0.37 e. The Wiberg bond orders for the Ag-E bond
in Ag-NHE increases from Ag-NHC (0.59) to Ag-
NHSi (0.77), but then decreases from Ag-NHSi to

Ag-NHPDb (0.44). We would like to comment on the
partial atomic charges of the donor atoms E and the
acceptor atom Ag in the complexes Ag-NHE. The
silver atom always carries a positive charge between
0.21 e (E=Si)and 0.31 e (E = C). The carbon donor
atom in Ag-NHC has a small positive charge of 0.11
e while the heavier atoms have a large positive
charge between 0.75 e (E = Pb) and 1.08 e (E = Si).
The unusually smallest Wiberg bond order value of
Ag-C bond in complex Ag-NHC can be explained
by the shortest bond length and possibly due to the
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shortest Ag-C bond length with the more bulky
substituent CH; groups in the NHE,,. moieties of the
tetrylene ligands. Note that the partial charge value
of AgClI in complex Ag-NHSi also exhibits the large
negatively charge (-0.37 €). We realize that the trend
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of the partial charges does not support the
suggestion that there is a change from ligand
donation [Ag]—>NHEy. for the head-on bonded
lighter homologues to metal donation [Ag]—>NHE.
for the side-on bonded adduct.

Table 1: NBO results with Wiberg bond indices (WBI) and natural population analysis (NPA) at the
BP86/def2-TZVPP//BP86/def2-SVP level for complexes Ag-NHC-Ag-NHPb. The partial charges, g, are
given in electrons [e]

Molecule Bond WBI q[AgCl] Atom NPA (q)
Ag-NHC Ag-C 0.59 -0.28 Ag 0.31
C-N1 1.27 C 0.11
C-N2 1.27 N -0.31
Ag-Cl 0.65 Cl -0.59
Ag-NHSi Ag-Si 0.77 -0.37 Ag 0.21
Si-N1 0.83 Si 1.08
Si-N2 0.83 N -0.70
Ag-Cl 0.65 Cl -0.58
Ag-NHGe Ag-Ge 0.63 -0.30 Ag 0.27
Ge-N1 0.80 Ge 0.99
Ge-N2 0.80 N -0.68
Ag-Cl 0.66 Cl -0.57
Ag-NHSn Ag-Sn 0.57 -0.31 Ag 0.26
Sn -N1 0.73 Sn 1.01
Sn -N2 0.73 N -0.66
Ag-Cl 0.67 Cl -0.57
Ag-NHPb Ag-Pb 0.44 -0.37 Ag 0.23
Pb-N1 0.57 Pb 0.75
Pb-N2 0.57 N -0.54
Ag-Cl 0.60 Cl -0.61

As pointed out in the computational details, the
molecules have C1 symmetry with no genuine ¢ and
n orbitals since there is no mirror plane in the
molecular structure. We consider the strength of the
n donation NHEy.—AgCl which may be expected
from the o- and m lone-pair orbital of the ligand
NHEy. into the second vacant coordination side of
metal fragment AgCI, we have to keep visually the
shapes of Ag-NHPD in one plane to identify o- and
n-type molecular orbitals. Figure 2 shows two
occupied molecular orbitals and orbital energies of
o-type and m-type MOs from Ag-NHC-Ag-NHPb
at the BP86/TZVPP level. The energy level of the -
type donor orbital of Ag-NHSi—Ag-NHPb is higher
lying than the o-type donor orbital whereas the
energy level of the n-type donor orbital from Ag-
NHC is lower lying than the o-type donor orbital.
Note that the shape of the - and =-orbitals (HOMO-
11 and HOMO-10) of complex Ag-NHPb is
significantly different from the shapes of the slighter
homologues Ag-NHE (E = C — Sn). This can be
explained by a detailed insight into the bonding
situation of the side-on bonded plumbylene Ag-

NHPb where the bending angle o is bonded in the
strongest side-on mode (o = 85.0°). Especially, the
shape of the molecular orbitals indicates that
NHEw.—AgCI not only has significant ¢ donation
but also exhibits a bit © donation in complexes. We
can explain that the m donation in complexes is due
to the strong N—E m donation at the ring of the
NHE. ligands.

We want to point out that the orbitals at the Ag
side carry a little NHEy«—AuCl back-donation and
mainly exhibit NHEy.—AuCl o-donation. We
suggest the Scheme 2 with the Scheme 2 (d) firstly
shows an orbital diagram of N-heterocyclic carbenes
and analogues and bonds of NHE to Ag center. We
realize that the nitrogen in the ring NHEy, can act as
ligands which indicate N—E donation and the
NHEy. ligands have the resonance form for
molecules which exhibits the orbital overlap
between the n-type lone pair and the N-E n*-orbitals
which exhibits in more electron density at E atom
which is shown in Scheme 2 (a) and Scheme 2 (b).
Furthermore, Scheme 3 also shows that N-
heterocyclic tetrylene NHE,,. in which the central E
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atom can have two lone pairs may show the
characteristics of an E(0) compounds with E = C, Si,
Ge, Sn, Pb (Scheme 2 (b)). The resonance form may
be ignored due to the n-type lone pair is delocalized;

L PY “ 5 3
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this leads to the loss of aromaticity. Moreover,
Schemes 2 (b, ¢, d) also exhibit a back-donation
from metal fragment to E atom of ligand tetrylene.

0g0

Ag-NHC (1)  Ag-NHSi(r) Ag-NHGe(r) Ag-NHSn(m)  Ag-NHPb (x)
HOMO-9 HOMO-2 HOMO-2 HOMO-2 HOMO-10
7.946 (8V) 5878 (eV)  -5.850 (eV) -5.878 (eV) -8.109 (eV)

é i '

Ag-NHC(c)  Ag-NHSi(c) Ag-NHGe(c) Ag-NHSn(c)  Ag-NHPb (o)
HOMO-4 HOMO-4 HOMO-5 HOMO-5 HOMO-11
-6.830 (8V)  -7.265(eV)  -7.483 (eV) -7.565 (eV) -8.436 (eV)

Figure 2: Molecular orbitals and orbital energies of o-type and n-type in Ag-NHC-Ag-NHPb at the
BP86/def2-TZVPP level. Orbital energies are given in eV
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Scheme 2: Suggested schematic representation of NHEy. showing: a) Divalent element E(Il) character
(tetrylenes); b) Divalent element E(0) character with the 2 lone pairs at E atom; b) and c¢) Correspondent
possible resonance forms of element E(1l) and element E(0) ligands showing the divalent element E(I1) and
the divalent element E(O) characters with E = C — Pb; d) Bonding of NHE, ligand to metal fragment AgCI

In order to give a detailed insight into the
bonding situation of complexes, we analyzed the
nature of the donor-acceptor interactions in Ag-
NHE with the EDA in conjunction with the NOCV
method. Table 2 gives the numerical results of the
Ag-NHE interactions at the BP86/TZ2P+ level. The
trend of the bond dissociations energies (BDEs), 4E
(= -De) [kcal/mol], for the Ag-E bond in Ag-NHE
system decrease from the lighter to the heavier
homologues (Ag-NHC: -D, = -55.0 kcal/mol; Ag-
NHPb: -D, = -27.5 kcal/mol). The decrease of the
BDEs from the lighter to heavier adduct is
determined by the intrinsic strength of the metal-
ligand bonds A4E;, in which the intrinsic energy AE;y

values decreases from -55.7 kcal/mol (Ag-NHC) to -
29.5 kcal/mol (Ag-NHPb) of the system. The
preparation energy AEg., of complexes changes
from 0.7 in Ag-NHC to 2.0 kcal/mol in Ag-NHPb.
The three main terms Pauli repulsion AEpay;,
electrostatic  interaction AEqg., and orbital
interaction AE,y are considered to inspect their
contribution to the intrinsic energy A4E; of the
complexes. Inspection of the three main terms
indicated that the Pauli repulsion AEpy,; has the
largest value of 132.7 kcal/mol for Ag-NHC and
gets smaller from E = C to E = Pb (48.0 kcal/mol).
We realized that the decrease of the BDEs from the
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lighter to heavier adduct is determined by the
electrostatic strength of the metal-ligand bonds
AEgsia. The electrostatic strength AEg s 0f Ag-NHE
decreases from Ag-NHC (-146.2 kcal/mol) to Ag-
NHSi (-119.9 kcal/mol), then Ag-NHGe (-79.2
kcal/mol), Ag-NHSn (-59.7 kcal/mol), and then Ag-
NHC (-45.3 kcal/mol). Table 2 also shows that the
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contribution of 4E, to AE, was rather large for all
complexes where the values were between 65.5 —
85.5 %. Thus, the EDA-NOCV calculations show
that the Ag-E bonding in the complexes Ag-NHC-
Ag-NHPDb has a small contribution which may come
from NHE\.—AgCl n-donation and NHEy.«AgCl
n-back-donation.

Table 2: EDA-NOCYV results with interaction energy (AE;.) and their components (AEpay;i, AEeistat, AEor) at

the BP86/TZ2P+ level for compound Ag-NHC — Ag-NHPb using the moieties [AgCI] and [NHE ] as
interacting fragments. The complexes are analyzed with C1 symmetry. All values in kcal/mol

Compound Ag-NHC Ag-NHSI Ag-NHGe Ag-NHSn Ag-NHPb
Fragment AgCl Ag(_:l AgCl AgCl AgClI
NHCye NHSiye NHGewe NHSNye NHPbye
AEiny -55.7 -44.6 -34.0 -28.4 -29.5
AEpaui 132.7 117.7 79.8 61.8 48.0
AEgistal™ -146.2 (77.6 %) | -119.9 (73.9 %) | -79.2 (69.6 %) | -59.7 (66.2 %) | -45.3 (58.4 %)
AE g™ -42.2 (22.4 %) | -42.4(26.1%) | -34.6(304%) | -30.5(33.8%) | -32.3(41.6 %)
AE,M -29.6 (70.1 %) | -27.8 (65.5%) | -24.2 (70.0%) | -22.6 (74.1%) | -27.6 (85.5 %)
AE,M -10.4 (24.6 %) | -13.3(31.3%) | -9.3(26.8 %) 6.7 (22.1 %) -3.1 (9.5 %)
AE ™ -2.2 (5.3 %) -1.3 (3.2 %) -1.1 (3.2 %) -1.2 (3.8 %) -1.6 (5.0 %)
AEprep 0.7 1.3 1.1 1.0 2.0
AE (=-D¢) @ | 55.0 (-57.3)! | -43.3(-45.2)) | -32.9(-35.1) | -27.4(-27.6)) | -27.5(-28.6 )"

@ The relative percentage contributions to the total attractive interaction AEgga+ AEqm
I The relative percentage contributions to the total orbital interaction AE,, are given in parentheses
[ The values in parentheses give the dissociation energy at the BP86/def2-TZ\/PP//BP86/def2-SVP level.

We continue determining the charge transfer
between the donor and acceptor fragments by
plotting of the pairs of orbitals, the associated
deformation densities, and stabilization energies.
The AE,, term was examined of the EDA-NOCV
results further in order to obtain more detailed
information on the nature of the bonding in Ag-
NHC-Ag-NHPb. The plots of the pairs of orbitals
V./¥ that yield the NOCVs providing the largest
contributions to the o- and w-orbital terms AE, and
AE, in Ag-NHE (E = C, Pb) and the associated
deformation densities Ap and stabilization energies
are shown in Figure 3. The shape of orbital pairs in
Ag-NHE (E = Si — Sn) exhibits the head-on mode
between NHE,,. and AgCl, exhibit similar shapes to
those of adduct Ag-NHC and therefore, they are not
shown in Figure 3. Note that the yellow/blue colors
in the figures for ¥,/%¥ indicate the sign of the
orbitals, and the red/white colors in the deformation
density Ap designate charge depletion and the white
areas point to charge accumulation. The charge flow
Ap occurs in the direction from red to white. Figures
3 (a) and 3 (c) give the NOCV pairs of c-orbitals for
Ag-NHC. The EDA-NOCYV results give the effort to
understand the nature of chemical bonding in

tetrylene with the nitrogen atoms in NHE,,. ring has
effects to donor moieties. Figure 3 (a) and 3 (c)
shows that the o- type interaction is clearly from the
donating NHCy,. fragment to the accepting AgCl
fragment. The shapes of the NOCV pairs ¥.,/%, and
the deformation density Ap, in Figure 3 (b) show
that stabilization of -6.5 kcal/mol can be assigned to
CIAg—NHCy m-donation while the stabilization of
also comes from the relaxation of the acceptor
fragment AgCl in Ag-NHC. Figures 3-(d, e, f) show
significantly different EDA-NOCV results for Ag-
NHPb because of the surprising structure of the
plumbylene ligand NHPb, which is bonded through
its m-electron density. Note that the structures and
orbitals pairs of the lighter homologues Ag-NHE
with E = C — Sn have head-on modes between the
ligands and AgCI, whereas the heavier species Ag-
NHPb exhibit a side-on bonded ligands to the AgCl
fragment. Figure 3 (d) clearly shows that the c-type
interaction has the direction of the charge flow of
CIAg<«—NHPby,. The deformation density Ap;
exhibits an area of charge donation (red area) at the
NHPby. moiety associated with the deformation
density Ap, and stabilization energy is -24.9
kcal/mol. Figures 3 (f) shows that the very weak -
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type orbital interactions in Ag-NHPb come from
typical m-back-donation CIAg—>NHPby, with the
charge flow ¥.,/%; indicates stabilization of -1.5
kcal/mol. Thus, the bonding in the tetrylene
complexes Ag-NHE. exhibits the typical feature
regarding strong o-donation and weak m-back-
donation. From the above results, it can be asserted
that the weaker bonds of the heavier complexes
[AgCI-{NHE;.}] result from a strong decrease in

T et

Ag-NHC (o)
¥, (-0.43) ¥, (0.43)  Ap;(AE =-22.8) (a)
) } \g >§'
«
Ag-NHC (n)
¥, (-0.27) ¥, (0.27)  Ap2(AE =-6.5) (b)

& & %

Ag-NHC (o)

¥4 (-0.17) ¥, (0.17)

Aps (AE =-6.1) (c)
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the electrostatic component of the W-E bonds. The
n-interactions in [AgCI-{NHEy.}] are due to very
weak m-back-donation and are also irrelevant for the
bond strength. The ligand<—Ag =-back-donation in
the complexes is very small and the Ag-ligand bonds
have a strong ionic character which comes the
electrostatic  attraction between the positively
charged Ag atom and the c-electron pair of the E
donor atom.

®
Ag-NHPb (o)
¥, (0.60)

[

¥,(-0.60) Api(AE = -24.9) (d)

Ag-NHPb ()
¥, (-0.17) ¥, (0.17) Ap(AE =-2.8) (e)
W }%r‘_(
oo
Ag-NHPb ()
Y3 (-0.16) ¥, (0.16) Aps(AE =-1.5) (f)

Figure 3: Most important NOCV pairs of orbitals ¥, ¥, with their eigenvalues -vy;, vi given in parentheses,
and the associated deformation densities Apy and orbital stabilization energies AE for the complexes Ag-
NHC and Ag-NHPb. The charge flow in the deformation densities is from the red—white region. (a),
(¢) 0-NOCVs of Ag-NHC; (b) i-NOCV of Ag-NHC; (d), (e) o-NOCVs Ag-NHPb; (f) n-NOCV of
Ag-NHPDb. Energy values in kcal/mol

4. CONCLUSIONS

DFT calculations find that the equilibrium structures
of the Ag-NHE show major differences in the
bonded orientation of NHPb ligand in Ag-NHPb
compared with NHE ligands the slighter
homologues Ag-NHE (E= C-Sn). The BDE results
show that the Ag-carbene bond in Ag-NHC is very
strong bond and decreases from the slighter to the
heavier homologues with the order is Ag-NHC >
Ag-NHSi > Ag-NHGe > Ag-NHSn =~ Ag-NHPb.
Bonding analysis shows that ligands NHE exhibit
donor-acceptor bonds with the o lone pair electrons
of NHE donated into the vacant orbital of the metal
fragment AgCI and the ligands NHE are strong o-

donors and very weak m donor and the NOCV pairs
of the bonding show small n-back donation from the
Ag to the NHE ligands. A comprehensive study in
the above complexes is needed to give important
information to experimentalists about stabilities and
properties of as-yet detailed unsynthesized heavier
adducts (Ag-NHSi—Ag-NHPb).
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