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Electrospray Tandem Mass Spectrometry of Nitrido and Imido Complexes

Tai-Chu Lau* and Zhibiao Wu

Department of Biology and Chemistry, City University of Hong Kong, Tat Chee Avenue, Kowloon Tong, Hong Kong

Jiangyao Wang! K. W. Michael Siu,* and Roger Guevremont

Institute for Environmental Research and Technology, National Research Council of Canada, Montreal Road,
Ottawa, Ontario, Canada K1A OR6

Receied July 7, 1995

The chemistry of transition metal complexes containing oxo, Table 1. Electrospray Mass Spectral Data for Nitrido and Imido
nitrido, imido, alkylidene, and alkylidyne ligands, in which there Complexe$

are metat-ligand multiple bonds, is under intense scrutiiy/e compound ionifvz)
demons.trated recently that hlghly ox[dlzmg metako ions can K[OSON]"* [OSON]- (254)

be readily extracted from solution with minimal fragmentation  [(n-C,Hg):NJ[OSNCLy]P¢ [OsNCL]~ (348)

using the electrospray technigtieln this communication, we [OsN(terpy)CHCIOSf [OsN(terpy)CH]* (509)

report results of a similar study with some ionic nitrido and [OSN(NH;)4CI]CI2® Egsmmﬁgéxgﬁi (1:%5() 1-6)
imi I . We al Its of limi S AI XD (X = 1
imido complexes e also report results of a preliminary [(n-CaHe)NJ[RUNCI® [RUNCI]- (258)

fexamination of the relative intrinsic mef_allgand bond strengths _ trans[ReN(dppe)ClICIOS  [ReN(dppe)Cl]+ (1033)
in these complexes as revealed by their gas-phase fragmentationy(pphy),J[Cr(NBu)(mnt)]>*  [Cr(NBu)(mnt)]~ (403)

via collision-induced dissociation (CID) conducted in a triple-  [Cr(NBUY)(bpy)](PFs)=" [Cr(NBu)(bpy)]?* (253)
quadrupole mass spectrometer. The ionic complexes were [Cr(NBW)(bpy)]?" (217.5)
delivered to the gas phase by means of electrospraying milli-  a gg1utions were ca. 1 mmol drfi b Spectrum collected in the

molar solutions of the complexes in water, methanol, acetone, negative-ion mode Spectrum collected in the positive-ion mode.
acetonitrile, or mixtures of these solvents. The following ionic 9 Spectrum obtained in 50/50 water/acetoh8pectrum obtained in

complexes were examined in this work: K[O$0,2 [(n- acetonitrile.” Spectrum obtained in acetorfeSpectrum obtained in 50/
C4Ho)4N][OSNCL],* [OsN(terpy)ChCIO, (terpy= 2,2:6',2"- 50 water/methanol.
terpyridine)? [OsN(NHg)4CI|Cl5,8 [(n-C4Ho)4NJJRUNCIy),* trans

100.

[ReN(dppe)CIICIO, (dppe= 1,2-bis(diphenylphosphino)etharie),
[N(PPh)ZJ[Cr(NBuY)(mnt)] (mnt = maleonitriledithiolato} and
[Cr(NBU)x(bpy)](PFe)2 (bpy = 2,2-bipyridine)? Their elec-
trospray mass spectral data are shown in Table 1. Experiments
were performed on a SCIEX TAGA Model 6000E triple
quadrupole mass spectrometer, which has an upper limitof

~ 1400. Details of the setup and procedures are described
elsewheré? The m/z values listed are those of the most
abundant peaks within the ions’ respective isotopic distributions.
In all cases, the complex ions were the most abundant ions in =
the electrospray mass spectra of solutions of these complexes,
and the agreement between the experimental and calculated u
isotopic distribution patterns was excellent (Figure 1). Frag- ; \
mentation under our conventional lens setting (¥O ~ 10 ” ps

V) was negligible except in the case of [Cr(NB(bpy)](PFs)2,
where the ion [Cr(NBU(bpy),]?" was observed in addition to ’W o
the expected complex ion [Cr(NBp(bpy)]?t. When the

potential difference in the lens region (6RRO) was reduced
to 1V, the relative intensity of the former to the latter ion
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Table 2. Fragment lons of Nitrido and Imido iofs 100
fragment ions Ecn/
precursor ionifvz)® (m/z, rel abund/%) evVe
[Os(O)xN]~ (254) [OsQN]~ (238. 0.2), [0Os@~ 5.4
(224,1)
[OsNCL]~ (348) [OsNCH~ (311, 4.7) 4.1 5320
[OsN(terpy)CH ™ (509) [OsN(terpy)CIi (474, 9.4) 2.9 75 )
[OsN(terpy)] (439, 0.5)
[OSN(NHs)4CI]?T (154.5)  [OsN(NH)sCIJ%* (146, 9) 8.2

[OsN(NHs)4]%" (137, 7)
[OsN(NHs)s]2+ (128, 5)

[Cr(NBu)(bpy)]?* (253)  [Cr(NBu)(bpy)]2* (218,70) 5.5
[Cr(bpy)]?* (183, 55Y

a Ar was used as the collision g&s100% abundancé.The collision
energyE.nm is calculated using the equati@,n = Eiap x mass of Ar/
(mass of ion+ mass of Ar) whereE s, is the collision energy in the
laboratory framed Only the two most abundant fragment ions are
reported.

[RUNClL]~ (258) [RUNCHE]~ (223, 25) 5.7 _
[RUNCI;]~ (188, 1) <

[ReN(dppe)Cl]* (1033) [ReN(dppe)Cf] (633, 3) 15 i

[Cr(NBu)(mnt),] ~ (403) [Cr(mnt}]~ (332, 80) 3.6 _:3. %0

25,

in the sample. The spectrum of [OsN(MLCI|CI, in water/
methanol exhibits hydrates of [OsN(N}CI]?*; hydrates are
a common feature in the electrospray mass spectra of aqueous
metal salt solution&?

Table 2 lists the fragment ions of selected metatrido and Mot Y A " "ema o
metal-imido ions after CID. The fragmentations of [Os¢N)~ mz
yielded [Os(O)N]~, arising from the loss of an oxygen atom, Figure 2. Collision-induced dissociation of [Cr(NB@mnt),]~ (m/z
as well as [Osg] -, arising from formally the loss of NO. The  403). The fragment ion atVz 332 is [Cr(mnt)]~, arising from the
absence of the ion [Os>, which would have arisen from the  loss of (NBU).
loss of a nitrogen atom from the precursor ion, suggests thatstrated for an osmiuth and a chromium imido compléXin
the Os=N bond is stronger than the 6© bond. Under  solution. On the other hand, although nitrido complexes also
comparable collision conditions, the extent of fragmentation of react with phosphine’$,complete cleavage of the metatitrido
[Os(OXxN]~, in comparison to that of other osmiumitrido bond does not occur.
species, was much lower; this is consistent with the fact that  |n conclusion, electrospray mass spectra of high-valent ionic
all the bonds in this ion are either double or triple in nature. metaknitrido and—imido Comp|exes can be read”y obtained

The CID of [OsNCI]~, [OsN(terpy)Ci]*, and [RuNCI]"~ with apparently little or no sign of degradation. ESMS is thus
showed fragment ions due to the loss of chlorine atoms. More a potentially valuable technique for characterizing and studying
extensive fragmentation was evident in [RubJClthan in the reactivities of these species in solution. Systematic studies

[OsNCLl] ™, in apparent agreement with the expected stronger of tandem MS of complexes containing various metajand
metal-ligand bonds of third-row transition metals compared multiple bonds are also in progress to probe the relative strengths
to that of their lighter congeners. For [ReN(dpg&]*, the of various metatligand bonds and to correlate with their atom-
loss of the chelating ligand dppe occurs preferentially to that transfer reactivities in solution.

of chlorine; this result is surprising, especially since the chlorine i .
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