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# 6. Formation of Metal Carbonyl Nitrosyls or Metal Nitrosyls

The metal carbony] complexes react with nitrosyl ligand to form either metal carbony] nitrosyls or
metal mitrosyl complexes, For example:
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The displacement of carbonvl by the nitrosyl cation may be achieved wusing [WNO][BF4] i.c nitrosy]
tefrafluoroborate. On applving 1o the hexacarbonyls of mnegsten and molvbdenum, the MO binds (o the metal.
Some indircet methods invelve the use of NO group from some other specics, usually accompanied by
oxidation and reduction processes. For instance, the brown ring test in which the nitric oxide ligand is actually
supplied by the nitrate ion,

# 7. Dispropoertionation Reactions
Many metal carbonyls show disproportionation reactions when exposed to some other coordinating

ligands. For instance, Fe{C()); reacts with amines to produce hexaaminoiron{ll) tetracarbonylferrated—11); or
Cox(C0)s reacts with aminge oo form Hexaamminecobalt(T1} bis-tetracarbonyloahaltate{—1) as:

2Fe(C0Y; + 6NHy = [Fe{NH; )] [Fe(C0),] + 6C0
Co,(CO)g + 6NH; — [ColNH, ), ][Ca(CO),];

The driving foree for the above two reactions can be understood in (ermes of the ease of fommation of the
carbonylate ions and the favourable coordination number for iron(Il) involved. The dispropertionation in both
the cases gencrates a positive metal centre and a metal centre with a negative exidation state. The carbony]
ligand, being a soft base, prefers to bind to the softer acids i.c.metal centre with negative charge; on the other
hand, the ligands with nitrogen as donor site are hard Lewis bases, and therefore, prefer to bind to the harder
acid 1.e. metal centre with more positive charge on it

A variety of carbanylate complexes can be svnthesized via these disproportiohation reactions which
makes this type quite imporiant as far as the practical applications are concerned. For example, the [Nif{CO k|
anton and [Co{CNR):]JCofCOs] can be synthesized by the following reactions.;

INi(CO), + 3phen — [Ni{phen);][Ni,(C0),] + 6CO
Co,(CO)g + 6NH, = [Co{CNR);1[Co(COY,] + 4CO

It is alzo worthy to note that the ranpe of coordinating apents that will cause disproportionation is rather wide.
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% Preparation, Bonding, Structure and Important Reactions of Transition
Metal Nitrosyl, Dinitrogen and Dioxygen Complexes

Besides carbon monoxide, there are many other important ligands which form g-complexes with
tranxition metal contre; some of them are NO, Wi and O moelecules, The mothods of preparations, nature of
bonding, structure and their important reactions are discussed in detail below.

# I Metal Nitros)d Complexes

Metal nitrosyls are the complexes that contain mitric oxide (NO) bonded to a metal centre (usually
transition clement). There are vanious kinds of nitrosyl complexes known so far, which vary in respeet of
coligand, structure and nature of bonding. Metal complexes having nitrosyl ligands only are labelled as
isoleptic nitrosyls. They are very rare, one of the special member this class Ci{NO)s. On one hand,
polycarbonyl complexes are very much common, even trinitrosyl complexes are rare on the other.

I'reparation: i) Metal nitrosy] complexes can be prepared via many routes, bur direct formation from nitric
oxide gas is much more comrmon. For example:

Co,(CO)y + 2N0 = 2[Col(CO)3NO] + 2CO0
Ni{Ph; P}, (CO); + ZNO = Ni(Ph;P};(NO}; + 2C0
Cr{C0O)s + 4NO — Cr{NO}, + 6CO
[(n®- CsH:)Fe(C0)z]z + ZNO — [(1°- CsH;)Fa(C0)2{NO)]; + 4CO
11} From nitrosonium salts:
[Ir(COY(PPhy),Cl] + (NO)BF, = [Ir{CO)(NO)(PPh4),;Cl[BF,
111} From nitrosy] halides:

Et,N[HB(3,5- Me,- pz)sMo(CO},] + CINO
—+ [HB(3,5- Me, - pz) ;Ma(CO),(NO)] + CO + [Et,N]C]

v} From MN-milrosamides;
HMn(CO)s + p- tolylS0,N(Me) (NO) — Mn(€0),(NO) + CO + p- tolyl50,NHMe
v) From nilrite salts:
Na|Co(CO),| + Na(NO;) + 2ZHOAc = [Co(CO);(NO}] + CO + 2NaOAc + H,0
vi) From nitronium {(NO:") salks:

(n°- CsHg)Re(CO); + [NO,]PE, — [(n°- CsHs)Re(CO),(NOJ]PF, 4 CO,
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Bonding: Most of the metal nitrosyl complexes can be viewed as derivatives of the nitrosy] cation (NC7) or

anion (W07}, The nitrosyl cation (with a bond order of’ 3) is isoelectronic with carbon monoxide, thus the
bonding between a nitrosyl higand and a metal follows the same principles as the bonding in carbonyl
complexes. However, the bond order of neutral nitrosy] and anion are 2.5 and zero, respectively; and therefore,

in order to rationalize the nature of the bonding between metal centre and the nitrosyl ligand, we must
understand molecular orbital diagram for the nitrosy| ligand first.

—— DALAL INSTITUTE
Fa T Main Market, Sector-14, Rohtak, Haryana
el T www. dalalinstiute.com, +91-9802825820
A . %% NETJRFIT-GATE, IT-JAM & M.Sc Entrance
T It B I {Chemistry)
o= ,' .11 1"..
"I:__ § I;I" Y
zﬂ_"lq 24”_1 1,2"?_11 :I':-."t JJ 'lI "‘I"_"III.
L
T T . VoLt A 2py 2p:
‘{ 1I. : i: 51:[ "'.,_' “E‘ :r :' ¥ X
¥ |.II ) X 'I - ‘I..r JJ
L) : II..|. III." l Ir .14 : :‘:
1l i 5 JL{ k)
1?: “‘i I:||. :"-. ':Ilu II:
~"~~ ~'. _r' 3 H-
Ih‘l:'| |1 "’,..-—“' % 253
o
Mitrogen MY

Cheygen
Figure 15. The molecular orbital diagram of nitric oxide (NCY).

Afer looking at the molecular orbital diagram lor NO), one can immediately recognize the diflerence
from the carbonyl ligand that there is one extra electron in the 7 -orbital. This suggests that NO figand can be
vme, two of three electron doner, depending wpon the type of orbital used in bonding. If the electron present

" -orhital resides on NO i.e. not transferred to metal centre, nitrosyl ligand would behave as a two electran
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donor, and the nature of metal complex should be paramagnetic. There are some nitrosyl complexes of iron
and cobalt such as [Fe(NOR(CO);] and [Co{NONCO})], which were thought to be derived from neutral NO
lizgand but these compounds are diamagnetic in nature; and therefore do not contain unpaired electrons. This
sugpests that the nitrosyl ligand is not neutral in these complexes. This assumption is also supported by the
fact that the displacement of a previously attached ligand by any other neutral ligand in metal carbony] nitrosyl
complexes is always accompanied by the release of CO group. Moreover, there are also many complexes like
[CHNOWCNY and [MaiNOWCN)s]*, which are actually paramagnetic and were also thought to be having
neuiral nitrosyl ligand. However, in the laler years, il was [ound thai the unpaired electron of mitrosyl group is
actually transferred to the metal centre making MO a5 NOY ligand. Thus, we can say that the coordination
neutral nitrosyl is highly enlikely.
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Figure 16. The nature of o and = overlap in metal nitrosyl complexces.

i) Complexes containing NO": Nitric oxide molecule can easily release the odd electron from its antibonding
mofecular orbital to form a stable nitrosonium 1on {NOV ). This also very obvious from the comparson of
infrared absorption wavenumbers of free NO (1880 em ™'y with the nitrosonium salts (2200 - 2300 em ') and
can be explained n lerms of increased bond order (rom 2.5 1o 3, and consequently the lorce constant value,
Actually, most of the metal nitrosyls exis! with nitrosyl ligand as three electron donor, For instance, the
cffective atomic numbers {(EAN) for [Mn{CO)NO);] and [Fe{NO):(CO):] complexes are 36 for cach, which
15 possible only if the NO ligand act as NO' i.e. three electron donor.

M4+ND — M HINSS0: ——b M oeN==() <0k M N=0
bonding
In the initial step, the a° electron of the NO transfers to metal centre, reducing M to M and itself forming NO'
won. Then NO' donates a lone pair of electron via N just like the carbon in metal carbonyls. However, total
number of electron donated by N0 in this case would be three while carbonyl can donate only two. The back
donation of electron charge from filled d-orbital of metal to x’-orbital of NO would result a considerable
decrease in the nitrogen-oxygen bond order. The infrared absorption peak of NO™ in metal nitrosonium
complexes lies in the range of 1900—1600 cm™ which is far less than what has been observed in nitrosonium
onic salts. Morcover, the magnitude of decrease in carbonyl stretching frequency is less than the magnitude
of decrease in nitrosonium stretching frequency as we go from their corresponding free unit to metal-
conrdinated unit. This, therefore, confirms the better s-acceptor strength of NO7 ligand; which is further
increased by an accumulation of negative charge on nitrosonium complexes,
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it Complexes containing NO™: Nitric oxide molecule can also accept an electron from metal centre to its
antihonding modecular orbital forming a NO™ jon. The metal centre in this process would get oxidized from
M" 1o M™ jon, Then the NO™ ion donates a lone pair of electron via N just like the carbon in metal
carbonyls. However, total number of electron donated by MO in this case would be one while the carbony] can
donate only two. The infrared absorption wavenumbers of WO~ in metal nitrosy]l complexes is found in the
range of 1100-1200 cm ' {much lower than NO), which can be explained in terms of complete transfer of one
electron fromm d-m orbital of metal centre to antibonding molecular orhital on nitrosy] ligand. For example,
during the formation ol [CofCN}(NO) " and [CofNHa)s(NO} complexes (passing NO through amine and
evanide salts of Co™), the Co(Il} gets converted into low spin CoflIl} with £2," configuration. Both of these
complexes, in respect of charge and magnetic moment, resemble to [Co(CN)sBr]* and [Co(NH:)=CIJ*,
respectively.

In nitrosyl complexes, the M-N-0 unit is generally linear, or no more than 13° from linear,
However, in some complexes, especially where back-bonding 15 not that much important, the M—N—-0 angle
can largely deviate from [80°. The linear and bent NO lizands can be differentiated using mfrared
spectroscopy. The linear M—MN-0 groups absorb in the range 1650 1900 cm™' {close to metal coordinared
NO“Y; whereas the bent nitrosyls absorb in the range 1525 1690 cm ' (close to metal coordinated NO). The
difference of vibrational frequencies reflects the difference in N—0 bond orders for linear {iriple bond) and
bent WO {double bond), The bent NO ligand 15 somelimes described as the anion, NO©. Prolotypes for such
compounds are the organic nitroso compounds, such as nitrosobenzene. A complex with a bent NO ligand is
trans-[Colen)ANO)Cl)". The adoption of linear vs bent bonding can be analyscd with the Enemark-Feltham
notation. In their framework, the factor that determines the bent vs linear X0 figands is the sum of electrons
of f-symmetry.
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Complexes with "i-electrons” in excess of 6 tend to have bent NO ligands. Thus, |[Cofen)z( WO, with seven
elecirons of a-symmetry (six in f, orbitals and one on NO), adopis a bent NO ligand, whereas
[Fe{CN}(NOY]", with six electrons of pi-symmetry, adopts a linear nitrosyl. In a further illustration, the
M-N—-0 d-electron count of the [Cr(CN)<NO]* anion is shown, In this example, the cyanide higands are
“innocent”, i.e., they have a charge of —1 each. —5 total. To balance the fragment's overall charge, the charge
on Cr—MN—0 is thus +2 (-3 = =5 + 2). Using the neuwtral electron counting scheme, Cr has & d-electrons and
MN( has one odd electron for a total of 7. Two electrons are subtracted to take into account that fragment's
overall charge of +2, to give 5 Written in the Enemark-Feltham notation, the d-glectron count in Cr—MN-() unit

15 five, The results are the same if the nitresy] ligand were considered NOT or MOy
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