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In 9tu FTIRS Sudiesof the Hectrochemicaly Induced
Coupling of Osmium Nitrido Speciesin Acetcnitrie

Chen Shengpe ©  Sun Shigang
( State Key L avoratory for Physical Chemistry of Solid Surfaces, Department of
Chemistry, Institute of Physical Chemistry, Xiamen University, Xiamen 361005)
Wong Kwokyin
( Department of Applied Biology and Chemical Technology,
The Hong Kong Polytechnic University, Hunghom, Kowloon, Hong Kong)

The search for inorganic systems that can cleave N =N triple bond under mild conditionsis
an important subject. It iswell known that the meta nitrido (M =N) complexes are possble in-
termediatesin nitrogen fixation!*! and in the reduction of nitrite to ammonia?*!. Recently , these
complexes have recelved condderable attentiont* ®!for their intriguing photochemica and eectro-
chemical properties. Among different high valence meta nitrido complexes, some osmium(V I)
nitrido gecies are stable enough to be iwlated* ° | demonstrating that the study on this classof
complexes becomes feasble. Meyer and co-workers*! have reported the electrochemica intercon-
verson between [Os’' (N) (terpy) d2]* and [0S (NHs) (terpy) O] (terpy =2,2" :6' , 2"-ter-
pyriding) . Recently, Che et a. have reported the islation of an osmium(V 1) nitrido complex
[0s”'(N) (NHs) 4C112* through oxidation of [Os" (NHsz)sC]?"!8. Photolyssof an acetonitrile
olution of [0s’'(N) (NHs) 4] (CF3S03) 3in the presence of an organic electron donor resulted in
the formation of the dinitrogenbridged osmium (11, I111) dimer {[ Os (NHs)4 (CHsCN) ]
(N2)}°* 17811t has been found that the one-dectron reduced Os’ =N reacts with the starting
0s’' =N to yield thep -dinitrogen Os'-N = N-0s'"' complex with a second order rate constant of
(3.75+0.30) x 10° dm® mol ~*s™ in acetonitrile at room temperature!® . Recently, Taube and
co-workers™ reported that the eectrochemical reduction of [0s”' (N) (NHs)4]3* in acetonitrile
resulted a in smilar N-N coupling reaction.

To our knowledge there is no report , up to now , concerning the in stu FTIR gectrosoopic
studiesof direct coupling of nitrogen atomsof meta nitrido compounds. Inthe present study , the
potentia cycling was used to induce the formation of aJ - dinitrogen complex through e ectrochem-
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ica reduction of [Os’' (N) (NHs)4] (CF3S0s3) 3 in acetonitrile (donor). The intermediates and
productsof the reaction on Pt electrode was investigate by means of in stu FTIRS and UV/ Vis
ectrosoopy .

1 Experimenta

The UV/ Vis gectra were obtained on a Shimadzu UV-240 gecirophotometer. Hectro-
chemical measurements were performed by usng aBAS model 100w potentiostat system. A conr
ventiona electrochemical cell of three-electrodes was used. The working electrode used was either
aplane platinum electrode (Pt) or a glassy carbon eectrode (GC). The exposed apparent area
was approximately 0.502 cm™ ?for the Pt eectrode and 0. 283 cm’™ *for the GC dectrode. A pla-
tinized platinum electrode was used as the auxiliary electrode. A Ag/ AgNO3z (0.1 mol/L in ace
tonitrile) eectrode served as the reference eectrode, and al potentia s reported in thispaper were
referred to this Ag/ AgNOs dectrode scale. The potential sweep rate was at 100 mV/ sfor al ex-
periments. The experiments were carried out at room temperature.

Before measurements, Pt or GC electrode waspolished sequentialy with 1.0, 0.3 and 0. 05
M ma-alumina (Linde)/ water durries on a microcloth until a shiny, mirror-like finish was ob-
tained. The eectrode was then sonicated for 2 min in Millipore water supplied from a Mili-Q Lab
system. Findly, the electrode was washed with acetone and acetonitrile repectively.

The experimentsof in dtu FTIR gectroscopy were carried out on a Nicolet 750 FTIR gopa
ratus equipped with a Spectratech reflection accesories. The gectrum was defined as

AR/ R=[R(Es) - R(Er) ]/ R(Er) (1)

where R(Es) and R(Er) represent the single beam gectraof IR reflection at Esand Er, repec-
tivdly. TheA R/ R represents the resulting spectrum , in which the negative going bands indicate
that more IR energy is aborbed at Esthan at Eg due to the formation of intermediate or product
gecies, while the podtive going bands denote a greater IR abrption at Eg than that at Escorre-
soonding to the consumption of reactant or other gecies.

2 Results and Discusson
2.1 Cyclic voltammetric (CV) propertiesof eectrochemicaly induced coupling of osmium nitri-
do compounds at a GC dectrode
Fig. 1 showsthe typica cyclic voltammogramsof GC electrode in a slution containing about
2mM [0s’' (N) (NHs)4] (CFsS03) 5 in acetonitrile with 0. 1 mol tetrabutylammonium hex-
aouorophogphate (TBAH) as supporting electrolyte. The measurement started at 0.4V , and the
eectrode potentia was cycled between 0.4 and - 1.0 V. It can observefrom Fig. 1 that , at the
first cycle, the reduction current is started to gopear near - 0.45 V in the negatively going poten-
tia sweep (NGPS) , andisincreasng dlong with the decrease of potential. One reduction current
peak near - 0.62 V (peak 1) isobserved, which can be asigned to the reduction of Os(V 1) to
Os(V) 1, Upon the reverse of potentia scan, i.e. in the postively going potential sweegp (PG
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PS) , one oxidation current peak (peak I1) at
around 0. 15 V is gppeared. Worthy of mention is 400 1 I
that thereisagreat difference condsting not only in =
the current measured in the potential range be
tween 0.4 and - 0.4V for thefirst and the second
cycle, but a0 in the gopearance of a new reduction °
current peak (peak I11) at about 0.05 V in the
N GPS. Following theincrease of the number of po-
tentia cycling, the current of peak | is decreased
quickly , while the current of both peak Il and peak
Il isincreased progressvely. The potential separa 04 0.0 04 08
tion between peak Il and 111 isabout 100 mV , that E/V (vs. Ag/AgNO;)

is close to the theoretica val ue expected for a quas-
reversible redox process. We attribute the behavior  Fg 1 cydic voltammograms of ca. 2m mol

to the formation of a dinitrogen-bridged secies, L [0 (N) (NHs) 4] (CF380s) 3 in
because the Eysisidentica to that reported in the CHsCN with 0.1 mol L" ! TBAH as
literaturel ), supporting eectrolyte. Working elec

Suggesting that the coupling is much more &f- trode: gassy carbon (GC). Scan rate:
ficient when Os(V1) is reduced, the first product 100 mvs'!

of the reduction ispresumably Os(V). The above resultsillusrated that the reduction process as
sociated to peak | isirreversble, because the oxidation wave of the Os(V 1)/ Os(V) couple cannot
be observed. It appears a that the chemica reaction following the reduction of [0s’' (N)
(NHs)4]®" isavery fast reaction, snce the amplitude of the reduction peak at - 0.62V dimin-
ished quickly , due to the N-N coupling of two osmium nitrido ecies, i.e. , the eectrochemically
generated Os’ =N ecies reacts with the starting Os’' =N to givel - dinitrogen Osmium ecies,
which lead to the decrease of the [0s’'(N) (N H3)4]3+. Most importantly , M -dinitrogen mixed
valence osmium ecies deposted on the GC dectrode surface block the active stesof the GC sur-
face and inhibit the further reduction of [Os’' (N) (NHs)4]3" oecies. There is a distinctive
change in the GC dectrode surface before and ater the potentia cycling, for that a surface comr
plex of dark blue-green color wasobserved on the GC electrode & ter potentia cycling between 0.
4 and - 1.0V for along time (about 0.5 hr). Moreover , with a change in color of the solution
from yellow to green was a0 observed.

The resulting UV-vishble pectrum shows an absorption maximum at ca 720 nm. The UV-
visble gectrum resembles those of W -dinitrogen osmium (111, 11) complexes!®: 2141
with the 720 nm band assgnable to d-d trangtion within molecular orbitals delocalized over both
metal centers. Thus, it islikely confirmed that the N-N coupling hasoccurred and af - dinitrogen
mi xed valence osmium ecies hasformed. Smilar cyclic voltammetric results were obtained on a

,i.e,
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Pt electrode. Though the current dendty on a Pt is much higher than that on a GC dectrode,
there is no new current peaks appearing in the potentia range. The above results demonstrated
that the eectrochemically induced coupling of osmium nitrido pecieson Pt and GC electrodes may
undergo the same reaction mechanism.
2.2 Sudiesof the role of U - dinitrogen mixed valence corsiexeson Pt surface udngin stu FTIR

goectrosoopy

In order to investigate further the eectrochemicaly induced coupling of osmium nitrido
goeciesin acetonitrile on Pt electrode, the surface of Pt electrode was cleaned by potentia cycling
between 1.0 and - 1.0 V in acetonitrile olution until a stable voltammogram was recorded. The
electrode was then taken out from the cell , and tranderred to the IR cel. Repetitive potentia
scanning between 0.4 and - 1.0 V wasthen carried out in acetonitrile olution contai ning about 2
mM [0s’'(N) (NHs) 4] (CF3S03) 5 until another stable voltammogram was recorded. It isinter-
esting to note that a dark blue-green complex was a < produced on the surface of Pt electrode.
Thein stu FTIR gectra between 1 800 and 2 200 cm™ ! shown in Fig. 2a were obtained on the
Pt eectrode in lution containing 2 mmol/L [0s’'(N) (NHs) 4] (CF3S03) 5, with Erat 0.4 V
and Esvaryingfrom0.0to - 1.0 V. When Es<0.2 V , we can observe a postive going band
around 2 019 cm™ *(Fig. 2a) , which can be assgned to vibration ofu (N =N) mode of thel - dini-
trogen moiety in this dark blue-green complex. The IR features are Smilar to those of U -dinitro-
gen mixed-valence osmium ecies [ 111, 117 complex. Richardson and co-workers have report-

(a) ®)

AR/R =2<10"

Q1
0.

200 2100 2000 1900 o0 1300 Y 1200 100
afem™ on

Fig.2 MSFTIR sectrafor ca. 2 mmol L™ *[0s’'(N) (NHs)4] (CF3S03) 5 in CH3CN with 0.1
mol L ™! TBAH. Working dectrode: platinum (Pt) . Erat 0.4V , and Esisindicated for
each ectrum. The wavenumber range is between 2 200 and 1 800 cm™ ! (a) , and be-
tween 1 000 and 1 400 cm’ *(b)
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ed!*?! that the particular peculiar stability of theosmium [ 111, 11] stateisreflected d inthefre
guency of N =N stretching vibrational mode, which was registered as lower than that of the (11,
I1) stage (1990 and 2 010 cm” *, respectively ; both in aqueous lution) . The intendty of this
band increased with the decrease of Esin thispotential range. When Es=0.0V , a new negative
going band at about 1 971 cm” * began to appear , indicating the production of U - di nitrogen osmi-
um [ 11, 1] complex. The intensty of the band around 2 019 cm™ * decreased while that of the
band at about 1970 cm” *increased. Moreover , another new positive going band near 2 075 cm™*

starts to gppear when the potential Eswasbelow - 0.2 V , which may indicate the presence of os

mium [ 11, I11] gtate unit. Onfurther decrease of the Esvaues, the intendty of IR bands corre-
goonding to osmium [ 11, 1] and [ 111,111] gecies decreased while that of [ 11, 1] eciesin-
creased, [11112:13.15.]

The above resultsindicates that there are probably three typesof M - dinitrogen mixed-valence
osmium gpecies [ OSNNOs] unit such as [ [11,111], [I1I,11] and [I1,I1], co-existed at the Pt
surface under these conditions.

Fig.2 (b) shows the spectrain the wavenumber range between 1 000 and 1 400 cm™*. Five
strong bands appeared at around 1 063, 1 094 , 1 130, 1 317 and 1 352 cm™ *, which could be as-
sgned resectively to the stretching vibration of Os=N groups, the stretching vibration of CFs
groups, the dretching vibration of S = O groups and the sretching vibration of NH;
groupst*' °*21 |t can be seen that the intensty of the positive-going band at 1 063 cm™ *(0s’' =
N) isincreasng with the decrease of Esin this potentiad range, while that the negative going
band at 1 094 cm™ *(Os’ =N) decreases at first and then reaches a constant value, which may in-
dicate the facts that the Os’' =N is consumed continuody and the intermediate Os’ =N is main-
tained at a stationary concentration during the process.

3 Conclusons

In this communication, the electrochemica cyclic voltammetry , UV/Visand in stu FTIR
sectrosoopy were used to study the electrochemically induced coupling of osmium nitrido gecies
on GC and Pt electrode in a lution containing about 2 mmol-L ~*[0s’'(N) (NHs) 4] (CF3S03) 3
in acetonitrile. The results demonstrated that the N-N coupling can occur between [0s’' (N)
(NHs)4]®" and [0s’ (N) (NHs)4]%* secies generated at the eectrode. It isinteresting to note
that the surface of Pt eectrode have produced a dark blue green complex. AsOs’ =N isa highly
reactive pecies, trace quantity of protonsin the solution would compete effectively with the Os”'
=N and suppress the dimerization reaction. This can probably explain the formation of small
amount of U -dinitrogen secies. It has reveded for the first time, by usng in stu FTIR gec
troscopy , that the IR absorption of the (N =N) mode of thep -dinitrogen osmium [ 111, 11] and
[11, 11] complex yields postive-going band at around 2 019 cm™ ! and negative going band near
1971 cm’ ', repectively. The results provided new insghtsin understanding the mechanism of
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the coupling reaction [0s’ =N] +[0s’'=N] €0s"-N =N-0s"].

Key words  In stu FTIR gectrosoopy , N-N coupling, Osmium nitrido complex ,

Qassy carbon, Pt eectrode
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