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116 _Zeromski Street, 90–924 Lódź, Poland
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The crystal and molecular structure of [Re(NO)2.09Br1.91(PPh3)2] and DFT studies of
[Re(NO)2Br2(PPh3)2] are reported. The linearly bonded nitrosyl ligands adopt cis geometry,
and two bulky triphenylphosphine molecules occupy axial positions of a distorted octahedral
coordination sphere. The cis-nitrosyl grouping with respect to PPh3 molecules (�-acid ligands)
is the result of the electronic influence of the multiply bonded ligand, which forces the metal
nonbonding d electrons to lie in the plane perpendicular to the M–NO bond axis.
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1. Introduction

For many years attention has been focussed on the synthesis and study of transition
metal nitrosyl complexes. These have been at the centre of interest of scientists engaged
both in basic research and trying to employ these complexes in catalysis, production of
organonitrogen compounds and pollutant control (reduction of NO in exhaust fumes).
The recent discovery of the key role of nitric oxide in human cardiovascular and
nervous systems, and in immune response to pathogen invasion, has resulted in added
interest in nitrosyl complexes [1–16].

One of the most important aspects of t research on nitrosyl complexes is the
determination of the bonding nature of NO to the metal centre. The NO molecule can
bind to a metal centre via N or O atoms to give nitrosyl (M–NO) or isonitrosyl (M–ON)
species, respectively. In practice, the bonding of NO involves attachment of the N atom
to the metal centre, and M–N–O angles may be essentially linear or bent, up to ca 120�.

Historically, the bonding of the M–NO unit has been described by assigning formal
oxidation states to the metal centre and the nitrosyl ligand. In such an assignment,
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a linear M–NO unit is deemed to possess a bound NOþ ligand, and conversely, a bent

M–NO core is deemed to possess a bound NO� ligand. In the Enemark-Feltham

formalism nitrosyl-containing species are described as {MNO}n (regardless of

co-ligands), where n stands for the number of electrons associated with the metal d

and �*(NO) orbitals. The extension of Walsh’s concepts to the {MNO}n group can be

used to predict the bond angle of the {MNO}n unit on the basis of n. In a molecular

orbital approach, the bonding of NO to a metal is considered to be made up of two

components. The first donation of electron density from a �-type orbital of NO onto

the metal, and the second involves back donation from the metal d orbitals to �*
orbitals of NO [1–16].

Previously, we investigated the reactivity of [ReOX3L2] compounds (X¼Cl

and Br, L¼PPh3 and AsPh3) towards gaseous nitric oxide and various products

were isolated, depending on reaction conditions, including [ReX3(NO)(OPPh3)2],

[ReX2(NO)2(PPh3)2], [ReBr3(NO)(MeCN)(PPh3)], [ReCl3(NO)(PPh3)(OPPh3)],

[ReCl4(PPh3)2], [ReX3(NO)(OAsPh3)2], [ReCl4(OAsPh3)2] and [ReCl3(NO)(AsPh3)2]

[ReCl4(AsPh3)2] [17–23]. All complexes were characterised spectroscopically. X-Ray

structures, however, were determined only for the mononitrosyl compounds. Here, we

present the crystal andmolecular structure of [Re(NO)2.09Br1.91(PPh3)2] andDFT studies

of [Re(NO)2Br2(PPh3)2]. Currently, density functional theory (DFT) is commonly used

to examine the electronic structure of transition metal complexes. It meets with the

requirements of being accurate, easy to use and fast enough to allow the study of

relatively large transition metal complexes [24–28]. Additional information concerning

binding in the {Re(NO)2}
7 unit of [Re(NO)2Br2(PPh3)2] was obtained by NBO analysis.

2. Experimental

[Re(NO)2.09Br1.91(PPh3)2] was prepared according to a literature method [17].

2.1. Crystal structure

X-ray intensities were collected on a KM-4-CCD automatic diffractometer equipped

with a CCD detector. A 20 second exposure time was used and reflections were

collected up to �¼ 25�. Unit cell parameters were determined from least-squares

refinement of the setting angles of 5463 strongest reflections. Details concerning crystal

data and refinement are given in table 1. Lorentz, polarization and numerical

absorption corrections [29] were applied. The structure was solved by the Patterson

method and subsequently completed by difference Fourier cycles. All non-hydrogen

atoms were refined anisotropically using full-matrix, least-squares techniques.

Hydrogen atoms bonded to the aromatic atoms were treated as riding on their

parent carbon atoms and assigned isotropic temperature factors equal to 1.2 times the

value of equivalent isotropic temperature factor of the parent atom. SHELXS97 [30],

SHELXL97 [31] and SHELXTL [32] programs were used for all calculations. Atomic

scattering factors were those incorporated in the computer programs.
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2.2. Computational details

The Gaussian03 program [33] was used in the calculations. Geometry optimisation of
[Re(NO)2Br2(PPh3)2] was carried out with the DFT method using the B3LYP function
[34, 35]. The calculations were performed using the ECP basis set for the rhenium atom,
the standard 6-31 g* basis for bromine, oxygen, phosphorous, nitrogen, carbon and the
6-31G basis for hydrogen atoms. Xe core electrons of Re were replaced by an effective
core potential and the DZ quality Hay and Wadt Los Alamos ECP basis set
(LANL2DZ) [36] was used for valence electrons. Additional d with exponent �¼ 0.3811
and f with exponent �¼ 2.033 functions were added to the rhenium atom. Natural
bond orbital (NBO) calculations were performed with the NBO code [37] included
in Gaussian03.

3. Results and discussion

3.1. Structure

The complex isolated in the reaction of [ReOBr3(PPh3)2] with gaseous nitric oxide [17]
was formulated as [Re(NO)2Br2(PPh3)2]. The X-ray studies, however, show nitrosyl/
bromine compositional disorder in the structure of the dinitrosyl complex. As a result
of the disorder the formula is [Re(NO)2.09Br1.91(PPh3)2]. The amount of nitrosyl
substituent is slightly larger than 2 and it can be supposed that this difference originates

Table 1. Crystal data and structure refinement details for [Re(NO)2.09Br1.91(PPh3)2].

Empirical formula C36H30Br1.91N2.09O2.09P2Re
Formula weight 926.21
Temperature (k) 291(2)

Wavelength (Å) 0.71073
Crystal system Monoclinic
Space group C2/c
Unit cell dimensions (Å, �) a¼ 24.668(3)

b¼ 9.5648(8) �¼ 115.837(9)
c¼ 16.2681(19)

Volume (Å3) 3454.7(6)
Z 4
Density (calculated) (Mgm�3) 1.781
Absorption coefficient (mm�1) 5.857
F(000) 1797
Crystal size (mm3) 0.22� 0.19� 0.18
� range for data collection (�) 3.27 to 25.11
Index ranges �29� h� 29, �11� k� 11, �19� l� 17
Reflections collected 17847
Independent reflections 3090 (Rint¼ 0.0443)
Completeness to 2� 46.9%
Data/restraints/parameters 3090/0/220
Goodness-of-fit on F2 1.190
Final R indices [I>2�(I)] R1¼ 0.0270

wR2¼ 0.0517
R indices (all data) R1¼ 0.0306

wR2¼ 0.0528
Largest diff. peak and hole (e Å–3) 0.571 and �0.788
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from experimental errors. To verify this hypothesis X-ray data were refined with a fixed

[Re(NO)2Br2(PPh3)2] formula. Displacement ellipsoids of the disordered bromine ions

were abnormally large, and displacement ellipsoids of disordered NO groups unusually

small, and thus it is concluded that [Re(NO)2.09Br1.91(PPh3)2] is the correct formula for

the crystals investigated.
[Re(NO)2.09Br1.91(PPh3)2] complex crystallises in the monoclinic space group C2/c

with Re and ordered Br and NO substituents lying on a crystallographic two-fold

rotation axis. Refinement of the structure in non-centrosymmetric space groups C2 and

Cc did not change the disordered atom composition and the Flack parameter was equal

to 0.5 in both cases; thus space group C2/c was selected as the correct one. The complex

is isomorphous with [ReX3(NO)(PPh3)2] (X¼Cl and Br) [22, 23], [ReOCl3(PPh3)2] [38]

and several similar ruthenium nitrosyl compounds [39, 40]. The packing of the two

bulky triphenylphosphine ligands, which lie trans to each other, seems to govern

the solid state structure. The atom numbering scheme of the disordered

[Re(NO)2.09Br1.91(PPh3)2] complex is shown in figure 1. The trans arrangement of the

two bulky triphenylphosphine molecules causes the cis location of the nitrosyl groups

with respect to PPh3 (�-acid ligands). This is due to the electronic influence of the

Figure 1. Thermal ellipsoid plot of [Re(NO)2.09Br1.91(PPh3)2] showing the atom numbering scheme (50%
probability ellipsoids).
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multiply bonded ligand, which forces the metal nonbonding d electrons to lie in the
plane perpendicular to the M–NO bond axis. The linear M–NO groups adopt a cis
geometry. A trans arrangement of nitrosyl groups was confirmed only for the
[Re(NO)2(pc)]

� anion [41]. In all the other structurally characterised mononuclear
dinitrosyl rhenium complexes NO ligands adopt a bent structure [42–45]. Two
intramolecular hydrogen bonds [46, 47] linking N(12)–H(12) � � �N(2) (D � � �A distance
3.330(14) Å and D–H � � �A angle 135.7�) and C(18)–H(18) � � �Br(1) (D � � �A distance
3.718(5) Å and D–H � � �A angle 148.1�) provide additional stabilisation of the structure.
Except for these, no other short contacts were evident. Significant bond lengths and
angles for [Re(NO)2.09Br1.91(PPh3)2] are reported in table 2. The Re–NO and N–O
bond lengths compare well with values found for the other {Re(NO)2}

7 complexes
[42]. Significant differences in Re–NO and N–O for the two nitrosyl groups of
[Re(NO)2.09Br1.91(PPh3)2] result from nitrosyl/bromine compositional disorder.
Similarly, due to the disorder differences are observed for Re–Br(1) and Re–Br(2)
bonds.

3.2. Optimized geometry

The geometry of [Re(NO)2Br2(PPh3)2] was optimised in a doublet state by the DFT
method with the B3LYP function. The doublet state agrees well with the experimental
value of the effective magnetic moment (1.76BM) for [Re(NO)2Br2(PPh3)2]. Optimized
geometrical parameters for the complex are given in table 2. In general, predicted bond
lengths and angles are in good agreement with values based upon the X-ray crystal
structure. It is noted, however, that optimised Re–N distances for the two nitrosyl
groups differ only by �0.01 Å, while in the crystal structure this difference is about
0.1 Å. The differences result from nitrosyl/bromine disorder.

Table 2. Bond lengths (Å) and angles (�) for [Re(NO)2.09Br1.91(PPh3)2] and optimised bond lengths (Å)
and angles (�) for [Re(NO)2.Br2(PPh3)2].

Bond lengths Bond angles

Experimental Optimized Experimental Optimized

Re(1)–N(1) 1.866(5) 1.814 N(1)–Re(1)–N(2) 89.9(4) 97.9
Re(1)–N(2) 1.966(14) 1.821 N(1)–Re(1)–P(1) 90.45(2) 92.7
Re(1)–P(1) 2.5092(9) 2.568 N(2)–Re(1)–P(1) 92.5(4) 92.7
Re(1)–P(1) 2.5092(9) 2.568 N(1)–Re(1)–Br(2) 86.36(7) 83.0
Re(1)–Br(1) 2.5917(6) 2.679 P(1)–Re(1)–Br(2) 92.29(6) 87.4
Re(1)–Br(2) 2.539(2) 2.662 N(1)–Re(1)–Br(1) 180.0 174.3
N(1)–O(1) 1.166(6) 1.184 N(2)–Re(1)–Br(1) 90.1(4) 87.7
N(2)–O(2) 1.09(2) 1.183 P(1)–Re(1)–Br(1) 89.55(2) 87.0

Br(2)–Re(1)–Br(1) 93.64(7) 91.4
P(1)–Re(1)–Br(2)#1 87.77(6) 87.4
N(2)–Re(1)–P(1)#1 87.5(4) 92.5
N(2)–Re(1)–Br(2)#1 176.2(4) 179.1
P(1)#1–Re(1)–P(1) 179.09(4) 172.0
P(1)#1–Re(1)–Br(1) 89.55(2) 87.1
O(1)–N(1)–Re(1) 180.0 179.1
O(2)–N(2)–Re(1) 178.3(16) 175.3

Equivalent position #1 at �x, y, �zþ 1/2.
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3.3. Charge distribution

Table 3 lists atomic charges from a Natural Population Analysis (NPA) for
[Re(NO)2Br2(PPh3)2]. In the Enemark-Feltham notation the metal-nitrosyl unit of the
complex under investigation should be {Re(NO)2}

7. The charges on the nitrogen atoms
of the nitrosyl groups are positive, whereas the oxygen atoms are negatively charged.
Total charges on NO groups of [Re(NO)2Br2(PPh3)2] are equal to �0.09 and �0.095,
and they are far from the expected value þ1 for a linearly bonded nitrosyl ligand.
Consequently, the calculated charge on the rhenium atom of [Re(NO)2Br2(PPh3)2]
is larger than the formal charge 0. In comparison with previously examined {Re(NO)}5

mononitrosyls [48–50], the nitrosyl groups of [Re(NO)2Br2(PPh3)2] are more negatively
polarized. This indicates the stronger electron acceptor ability of NO ligands in the
dinitrosyl complex.

3.4. Electronic structure

The energies and characters of several highest occupied and lowest unoccupied
molecular orbitals of [Re(NO)2Br2(PPh3)2] are presented in tables 4 and 5, respectively.
For the molecular orbitals of more complicated character, the percent participations of
atomic orbitals are given in round brackets. Figure 2 illustrates selected HOMO and
LUMO orbitals of the dinitrosyl complex with � spin. The Br(1)–Re–N(1) linkage was
defined as the z axis; x and y axes correspond to Br–Re–N directions.

As mentioned above, the Re–NO bond consists of two components, donation of
electron density from a �-type orbital on NO onto the metal orbital and donation
of electron density from the occupied metal d-orbitals into the �* antibonding orbitals
of NO. The occupied dxy, dyz and dxz rhenium orbitals participate in back-donation.
The dxy/dyz/dxz and ��

NO orbitals are distributed among several MOs of
[Re(NO)2Br2(PPh3)2] to give contributions to some HOMO (H-21, H-18, H-17, H-5,
H-4 and H-2 with � spin and H-18, H-17, H-16, H-9, H-4, H-2 and H-1 with � spin) and
LUMO orbitals (L, Lþ 1, Lþ 3 with � spin and Lþ 1, Lþ 3, Lþ 6, Lþ 7, Lþ 8, Lþ 12
with � spin). The largest contribution of the bonding �Re–NO interaction is visible in
H-21, H-18, H-17 with � spin and H-18, H-17, H-16 with � spin. The orbitals H-5, H-4
and H-2 with � spin and H-9, H-4, H-2 and H-1 with � spin are mainly localised on the
bromine or phenyl ring orbitals. L, Lþ 1, Lþ 3 with � spin and Lþ 1, Lþ 3 and Lþ 8
with � spin are mainly of the ��

Re�NO character. Bonding �Re–NO orbitals with � and �

Table 3. Atomic charges from the Natural
Population Analysis (NPA) of [Re(NO)2Br2(PPh3)2].

Atom Atomic charge

Re(1) 0.139
Br(1) �0.443
Br(2) �0.450
P(1) 1.400
P(2) 1.400
N(1) 0.143
O(1) �0.233
N(2) 0.145
O(2) �0.240
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Table 4. The energy and character of selected occupied molecular orbitals with � and � spin for [Re(NO)2Br2(PPh3)2]. The percent participation of the atomic orbitals
is given in round brackets.

� MO � MO

E (eV) Character E (eV) Character

HOMO–21 �8.162 dxy(38.9)þ��
NO(49.1); �Br(10.5) �8.493 n(P)(35.7), �Ph(45.4), �Br(7.7)

HOMO–20 �7.942 �/�Br(60.0); dx2�y2 (19.0); �
�
NO (14.4) �7.993 �/�Br(50.4); dx2�y2 (30.1); �

�
NO(13.5)

HOMO–19 �7.882 �/�Br(62.5); dx2�y2 (18.0); �
�
NO (11.6) �7.813 �/�Br(61.0); dx2�y2 (20.1); �

�
NO(16.5)

HOMO–18 �7.682 dyz(37.4)þ��
NO(19.4); �Ph(22.7); �Br(19.1) �7.712 dyz(41.7)þ��

NO(16.5); �Br(18.6)
HOMO–17 �7.462 dxz(33.9)þ��

NO(18.5); �Ph(34.9); �Br(10.1) �7.611 dxy(34.2)þ��
NO(30.3); �Br(30.1)

HOMO–16 �7.251 �Ph �7.490 dxz(39.1)þ��
NO(16.1); �Ph(32.2); �Br(9.0)

HOMO–15 �7.183 �Ph �7.247 �Ph

HOMO–14 �7.063 �Ph �7.196 �Ph

HOMO–13 �7.021 �Ph �7.064 �Ph

HOMO–12 �7.001 �Ph �7.020 �Ph

HOMO–11 �6.925 �Ph �7.004 �Ph

HOMO–10 �6.903 �Ph �6.925 �Ph

HOMO–9 �6.897 �Ph �6.906 �Ph(73.1); dyz(17.1)þ��
NO(7.2)

HOMO–8 �6.871 �Ph �6.897 �Ph

HOMO–7 �6.741 �Ph �6.866 �Ph

HOMO–6 �6.733 �Ph �6.741 �Ph

HOMO–5 �6.571 �Ph(58.1); dxz(18.5)þ��
NO(11.9) �6.732 �Ph

HOMO–4 �6.277 �Br(64.5), dxy(6.2)þ��
NO(17.5) �6.539 �Ph(57.3); dyz(20.9)þ��

NO(9.7)
HOMO–3 �6.191 �Br �6.171 �Br

HOMO–2 �6.018 �Br(60.7), dxz(10.9)þ��
NO(13.8); �Ph(14.4) �6.059 �Br(61.5), dxy(20.2)þ��

NO(12.6)
HOMO–1 �5.883 �Br(52.1); nP(19.5); �Ph(15.9) �6.002 �Br(61.6), dxz(13.6)þ��

NO(10.4)
HOMO �4.773 ��

NO �5.892 �Br(54.3); nP(18.1)
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spin are localised mainly on the rhenium d orbitals, whereas the ��
Re�NO orbitals have

prevalent NO character. The HOMO with � spin and LUMO with �-spin are localised
on the �-antibonding orbitals of the NO groups. The d2z rhenium orbital makes
contribution into the LUMOþ 2 orbitals with � and � spin. Both molecular orbitals
have admixture of the �-antibonding orbitals of the NO ligands.

In some of the lowest unoccupied molecular orbitals of ��
Ph character, the

contribution of the phosphorous orbitals is visible. In classical concepts empty
phosphorous 3d orbitals are used in �-back bonding between the metal centre and the
phosphine ligand. Now it is generally recognised that the d orbitals are very high in
energy and play only a minor role in the �M–PR3 bond formation. In �-back bonding
between the metal centre and phosphine, the �*(P–C) orbitals are involved [51].

3.5. NBO analysis

Table 6 presents the occupancies and hybridization of the calculated natural bond
orbitals (NBOs) in the {Re(NO)2}

7 unit. In accordance with the simple bond orbital
picture each bonding NBO orbital can be written in terms of two directed valence
hybrids, hA, hB, on atoms A and B, with corresponding polarization coefficients cA, cB,
�AB¼ cAhAþ cBhB. Each valence bonding NBO is paired with a corresponding valence
antibonding NBO, � �

AB ¼ cBhA� cAhB, to complete the span of the valence space. As in
open-shell systems the density operator separates into distinct components for � and �
spin, some differences between NBOs with with � and � spins [52] can be noticed.
Table 6 also shows the occupancies and atomic orbital compositions of the lone pair
(LP) orbitals detected on N and O atoms of the nitrosyl ligands.

Two natural bond orbitals (one with � spin and one with � spin) were detected for the
Re(1)–N(1) bond, four NBOs (two with � spin and two with � spin) for the Re(1)–N(2)
bond, three orbitals (one with �-spin and two with �-spin) for the N(1)–O(1) bond and

Table 5. The energy and character of the selected unoccupied molecular orbitals with � and � spin for
Re(NO)2Br2(PPh3)2]. The percent participation of the atomic orbitals is given in round brackets.

� MO � MO

E (eV) Character E (eV) Character

LUMO �0.061 ��
NO(45.9) – dyz(34.6) �1.786 ��

NO
LUMOþ 1 �0.050 ��

NO(57.9) – dxz(24.7) �1.431 ��
NO(47.5) – dyz(32.7)

LUMOþ 2 �0.048 dz2 (38.4)� �P� �Br; �
�
NO(6.1) �1.301 d2z (35.8)��P� �Br; �

�
NO(3.6); �

�
Ph(26.2)

LUMOþ 3 �0.035 ��
NO(27.0) – dxy(38.8); �

�
Ph(21.8) �1.097 ��

NO (55.3) – dxz(17.5)
LUMOþ 4 �0.029 ��

Ph(78.5); P(12.5) �0.811 ��
Ph(78.5); P(13.8)

LUMOþ 5 �0.026 ��
Ph(86.5); P(7.7) �0.687 ��

Ph(77.4); P(16.2)
LUMOþ 6 �0.025 ��

Ph(75.0); P(18.0) �0.675 ��
Ph(82.1); P(6.9); �

�
NO(7.5) – dyz(3.3)

LUMOþ 7 �0.022 ��
Ph(80.0); P(11.3) �0.599 ��

Ph(76.8); P(10.8); �
�
NO(4.7) – dxz(7.6)

LUMOþ 8 �0.014 ��
Ph(79.1); P(9.1); dxz(9.7) �0.409 ��

Ph(47.5); �
�
NO(15.2) – dxy(23.2)

LUMOþ 9 �0.012 ��
Ph �0.388 ��

Ph(78.7); P(9.3); dxz(9.2)
LUMOþ 10 �0.010 ��

Ph �0.323 ��
Ph

LUMOþ 11 �0.008 ��
Ph(67.8); dz2 (15.2) �0.266 ��

Ph
LUMOþ 12 �0.001 ��

Ph �0.073 ��
Ph(69.9); �

�
NO(13.5) – dxy(11.9)

LUMOþ 13 0.003 dx2�y2 (40.0)� �P� �Br; �
�
Ph(22.1) �0.042 ��

Ph
LUMOþ 14 0.003 ��

Ph(75.2); dx2�y2 (11.8) �0.095 ��
Ph

LUMOþ 15 0.004 ��
Ph 0.117 ��

Ph
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two NBOs (one with � spin and one with � spin) for the N(2)–O(2) bond. Re(1)–N(1)
bond orbitals with � and � spins are mainly polarized towards the metal atom, and the
p nitrogen orbitals and d rhenium orbitals take part in Re–N bond formation. The
atomic orbital compositions of the Re(1)–N(1) bond orbitals indicate their � character.
Undetected �Re(1)–N(1) and �Re(1)–N(2) bond orbitals have predominantly Coulomb-type
interaction character between the central ion and the ligand. Three lone pair (LP) NBOs
(two with �-spin and one with �-spin) were detected on the N(1) atom, and two LP
orbitals (one with �-spin and one with �-spin) on the N(2) atom. The Re(1)–N(1) bond
can be considered as being a double bond and the Re(1)–N(2) bond is a triple bond.

HOMO-21 HOMO-18 HOMO-17

HOMO-9 HOMO LUMO

LUMO+1 LUMO+3 LUMO+13

Figure 2. Selected HOMO and LUMO orbitals with �-spin for [Re(NO)2Br2(PPh3)2].
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The �N(1)–O(1) and �N(2)–O(2) bond orbitals with �- and �-spin are slightly polarized
towards the oxygen end, and the s and p nitrogen orbitals and s and p oxygen orbitals
take part in N–O bond formation. Five lone pair (LP) NBOs (three with �-spin and two
with �-spin) were detected on the O1(1) atom, and six LP orbitals (three with �-spin and
three with �-spin) on the O(2) atom. The N(1)–O(1) bond can be treated as a double
bond, whereas the N(2)–O(2) bond is a single bond.

In the valence-bond treatment a linear bonding mode of the nitrosyl group may be
represented by the resonance forms shown below [11].

N OM- M N O M N O

A B C

M- N O-

D

The results of the NBO analysis indicate that the resonance structure D seems to be the
best representation of the bonding in the Re(1)–N(2)–O(2) unit of [Re(NO)2Br2(PPh3)2],
whereas the resonance structure B makes a significant contribution to the Re(1)–
N(1)–O(1) moiety.

Supplementary data

Supplementary data for C36H30Br1.91N2.09O2.09P2Re are available from the CCDC, 12
Union Road, Cambridge CB2 1EZ, UK on request, quoting deposition number 283882.
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Table 6. Occupancies and hybridization of calculated natural bond orbitals (NBOs) in {Re(NO)2}
7 for

[Re(NO)2Br2(PPh3)2].

Occupancy Hybridization of NBO Occupancy Hybridization of NBO

BD � spin �-spin
Re(1)–N(1) 0.983(0.260) 0.779(d)Reþ 0.628(p)N 0.981(0.287) 0.828(d)Reþ 0.561(p)N
N(1)–O(1) 0.998 (0.006) 0.669(sp2.01)Nþ 0.743(sp2.30)O 0.998 (0.008) 0.668(sp1.97)Nþ 0.744(sp2.25)O

0.996 (0.138) 0.610(p)Nþ 0.793(p)O
Re(1)–N(2) 0.987 (0.349) 0.550(d)Reþ 0.835(p)N 0.982 (0.284) 0.825(d)Reþ 0.565(p)N

0.984 (0.256) 0.776(d)Reþ 0.631(p)N 0.882 (0.311) 0.857(d)Reþ 0.516(p)N
N(2)–O(2) 0.998 (0.006) 0.669(sp2.03)Nþ 0.743(sp2.31)O 0.998 (0.008) 0.668(sp1.92)Nþ 0.744(sp2.24)O
LP
N(1) 0.818 sp1.01 0.801 sp0.52

0.800 p
O(1) 0.990 sp0.43 0.990 sp0.45

0.934 p 0.743 p
0.779 p

N(2) 0.812 sp0.50 0.800 sp0.52

O(2) 0.990 sp0.43 0.990 sp0.45

0.930 p 0.746 p
0.782 p 0.685 p

BD denotes 2-centre bond; LP denotes lone pair.
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