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A INTRODUCTION 

T~LS revrew 1s concerned with the chermstry of transitlon metal complexes of the mtrlde 

hgand, N3-. It has been wrltten to complement the author’s earher review on metal 0x0 
complexes1 , and the general arrangement of material in that article wrll be followed here. 

The complementary nature (or mtentron) of the two revrews is emphastsed because the 
hgands N3- and O*- are isoelectromc and their chenustries are m many respects quote 

suni!ar. 

In order to keep the materraI wrthm bounds we consider only those complexes whrch 

may reasonably be considered to involve discrete molecular umts, 1 e. those of the form 

I~xXylz”- (where z =G 4), so that h&-polymer and inters&al nitrides are not covered. 

Coord Chem. Rev, 8 (1972) 
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There is a fairly recent renew on the bmary nitrides of first-row transition elements*, and 

both these and other nitndes not mentioned here are adequately covered in the standard 
texts of Mellor, Gmelm and Pascal. It may be added here that for the purposes of thrs 

rewew mercury IS considered as an honorary member of the transitron metal group smce it 
has a partmularly mteresting nitride chemistry 

(r) Arrangement of materi 

Thrs follows the pattern of the 0x0 ligand revrewr . In Sect. B we survey the general 
chemrstry of mtndo complexes, the nature of the metal-nitrrde bond, and summarrse the 
princrpal physico-chenncal measurements whrch have been made on mtrides. FmalLy, m 

Sect C, we consider mdrvrdual complexes by the Penodic group to which theu metals 
belong. 

(ii) Nomenclamre 

The only term whrch seems to be consistently used m the literature for the (N3-) hgand 
is mtrrde, and its complexes are md~cnmmately referred to as “mtnde” or “mtrrdo” 
specres, we shall use the latter term. 

(ni) Reulews 

There are no other comprehensive revrews on nitrrdo complexes, the author gave a short 

account of the subject some years ago3, and it was very briefly revrewed m the course of an 
article on the actrvatlon of molecular mtrogen4 

B GENERAL SURVEY 

(2) Occurrence 

In Table 1 we summarrse the known complexes of the type FLN,XY] zn- for each 
Periodrc group, only reasonably well charactensed complexes are listed It wrll be observed 

that, as 1s the case with most tranation-metal 0x0 complexes, monomenc nitndo species 
are formed by metals in therr mgher oxidation states only, the ~9’ and d* electron 
configuratrons being the most common (hence the predominance of complexes from the 
left-band part of the Periodic Table). A strrking difference from the chermstry of 0x0 
complexes 1s that most mtrido species are formed wrth second- or thud-row elements; thts 
may be a reflectrod of the very effective high-oxidation-state stabrhsation brought about by 
mtrrde, a factor which wrll favour heavier elements smce these are more prone to formation 
of hrgh oxidation states For bmuclear mtrido complexes the & configuration IS found, 
whik for trinuclear systems where there IS a much reduced capacity on the part of the 
bridging rutnde for ndonatron, near-normal oxidatron states are found. 



TABLE 1 8 

Ginera types of mtrido complex 5 

IVa Va Via VIIa VIII Lj 

(M = TI) (M=V) (M = MO, W) (M = Re) (M = Ru, OS) (M = Ix) 

(a) [MO,N]“- do (MO,N] 3- [ReO,N]‘- IMO,Nl - i 

(b) [MNX,J ‘- do [TlNCl] ,,‘J [Vw I- [MNCI, I,, F 
P’NCI, 14 [MNCI, Ia- z 

(c) MNXx(PR,)y da RcNX, (PR, )) [ MNX, I’- Es 

ReNX, (PR, ), [MN& 0)X, l- 
! 00 [MNKN), I”- [ReN(CN), 1” 

(e) [M,NX,(H,O),la- 
;: 

[M,NX,(H,O), 13- 8 
(0 [M,NX,&O), In- d”, d” q[Ru,NX,,(H10),J7- [Ir,NX,,(H,O), I’- ii$ 
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(iz) Stereochemzstzy 

Most nitndo complexes have octahedral coordination, albeit w&h strong axial 
co_mpression brought about by the shortness of the MEN bond, the 0x0 species [MOaNIn- 

(Movl, Rem, OsVm ) are distorted tetrahedra (both 0x0 and nitrido ligands are such strong 
n-donors that it 1s unhkely that the two together could sustain octahedral coordination of a 
metal) and pentacoordinatlon occurs for a few mtrido phosphines, e g. ReNC12 (PPh,)2, 

probably for steric reasons*. Heptacoordinatron may possibly occur in MNCls(py)s (M = MO, 
W, see p. 385). 

(izz) Modes of bonding 

Most mtndo complexes mvolve a terrnmal N3- group, MsN, as mdeed most 0x0 
complexes mvolve termmal, “triple”-bonded oxrde. In (a)-(d) we illustrate the other types 
of bondmg which have been estabhshed for mtndo complexes with examples of typrcal 
bond parameters, where these are obtamable 

M-IE_NXM M x N--J-_-M 

(4 

Lznear syfnnzetrzcal, as m 

K3 [Ruz Nas (Hz 012 1, 

x= 1.720A 

(bb) 

Lznear asyrnmemc, as m 

Kzn [ReN(CN).,],,x = 1 53, 
y=2&lA 

(cl (4 

Trigonal planar, as in Tetrahedral, as in 

(NJ%)4 HrsN(S%)e(Hs @:I; [(H3 CHg)4N ] (ClO,) (no structural 

x=1 918A data avarIable) 

Comparrson of each type of bridge wrth correspondmg 0x0 systems is of mterest. For 

binuclear mtrrdes, only hnear bndges (symmetric or asymmetric as in (a) or (b)) have been 

established, whereas for 0x0 species bridges of the types 
/O\ 

M Mand$>Marequrtc 
0 

common, in addition to the linear bridge found in mtrides. It IS true that a dl-mtrido bndge 

*The halogeno complexes [MNX,] - (M = MO, Re, Ru, OS, X = Cl or Br) have recently been isolated 
(Sezt. C), and may also be pentacooxknate. 
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N 
of the M < >M type has been proposed for a seres of polymerrc complexes’, but this 

N 
structure has not been estabhshed and is III the author’s opmon unlrkely to be correct; an 

osmmm complex has been clarmed m w&h a bent M 
/NY 

M bridge was supposed to 
feature, but doubt must be cast on thrs also (se p. 392 below). There are a number of 0x0 

analogues of type (c), in wluch the M,N or MsO triangles are coplanar (there are also 
examples m 0x0 chermstry of pyrarrudal Ma0 groups, though coplanarity of all four atoms 
1s much more common), and there are 0x0 analogues for the tetrahedral type (d)* 

Only one mtrrdo cluster compound has been claimed, 3aaOsJNra (see p 392 below); 
the structure 1s not known 

frvj Simdarhes between nit&e and other hgands 

The most mrportant property of @J3-) 1s rts very strong n-donor capabrhty, and so it is 
best compared w&h other hgands which also have such properties, rt is particularly relevant 
to consider the rsoelectromc 0x0 and pseudo-rsoelectromc sulphrdo ligands. From bond- 
length data, force constants and trans-effect studies rt 1s apparent that (N3-) is by far the 
strongest n-donor &and known, rts only rrval m thrs respect bemg the 0x0 &and. The fact 
that, whereas poly-oxo specres are common, only mono-mtrrdes have been character&d IS 
aiso rn~~tlve of I& very effective rrdonor character. Cornp~l~ns between rt and other 
hgands such as F- , S*- and (0s )*- have also been made’ 

(v j Preparatton of mtrido complexes 

(a) ~eppoto~afion of alone 
This is used under aqueous solutron conditions for preparatron of [OsOsNj - from 0~0, , 

and for the formation of %nxed valence” irrdmm complexes contammg the IraN unit it is 
also possible to prepare bmuclear osmium and ruthenium mtndo specres in thrs manner 
L.iqurd ammoma or solutions of potassium or potassium amrde in liqurd ammoma have been 
used for preparation of [MOJN] 3- @4 = MO, W), [ReOaN] *-, and complexes of Group ib 
metals 

(b) Deprotonarion of hydrazme 
‘flus is potentially a very useful method, though so far it has been used for rhenium(V) 

mtndo compIexes only. 

*No examples of <d) are yet known with t.rans&on metals, although there are transitron metal 0x0 
ZldOgUfS. 

Gwrd. CFzezn. Rev, 8 (19721 





TABLE 2 

Structures data for ~ans~tlo~ metal nttrldo complexes 

dM-N Other data 
(bond lengths m A) 

Space group [Z] Ref 

K[OsO,Nl 
K, [ OsNCI, 1 

1 687 
1 603(g) 

1 720(4) a 

(NH,), [Ru,W, 0&O), I 1 725(S) a 

[MoNC& I, 

175(2) 
1614(10) 

161 
1788(10) 

1672’ 
2.143a 
153a 
244’ 
1918’ 

OS-O 1.75(2) 
as Os-Cl2,362(2) 
tram OS-Ci 2 60.5(4), L NOsCt 97 5” 
OS-O 2.07 
cts Re-CI 2 454(4), 
tram Re-Cl2 563(4) 
co Re-P 2,442(4) 
Re-S 2 381, a!. NReS 108’ 
as Re-CI 2 377~2) 
crs Re-P 2 448(2) 
Ru-Cl2 364(60), Ru-0 2 175(20) 
L ClRuN 94,J” 
Ru-Cl2 370(10), Ru-0 2,20(20), 
L ClRuN 9491’ 
MO-Cl 2 276 
f. MoNMo 167’, 178” 
Re-N2 13,C-N 1 31 

II-ON, 2 059, II-O(SO,) 
2 005 to 2 056 

14Ja 
PtfttfU 

4 
4 

74 
7 

cm 
R,lc 

&fC 
i2la 

B2lm 

p1” 

inint2 

IT3d 

4 
4 

4 

77 
15 

52n 
12 

9 

19 

48 

10 

13 
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drstance m nitrides IS considerably less than that of a “normal” o-bond. 

Complex dM-N 
<A) 

Ref 

OsWH,)Cl,(PPh,), 
K, [OsNCl, ] 
trans-[Ru(NH,),(SO,)Cl]Cl 
K, [Ru, NC& (H, 0), 1 
K,nWWCN),$ n&O 
Re(N, )CI(PMe, Ph), 
ReNCI, (PPh,), 
(NH,), Irr,N(SC,),H,O), I 

2 136(g) 6 
1614(10) 7 
2 127(6) 8 
1 725(S) = 9 
153,244= 10 
1 966(20) 11 
I 603(g) 12 
1918(2)= 13 

a M-N (bndge) distance 

Thus, in nitrrdo complexes, the metal-mtrogen bond always has some multrple bond 
character, m termmal rutndes rt is, of course, a valence requnement that the bond should 

be triple The srtuatron 1s to some extent murored m the mtrogeno complex 
Rer(N2)CI(PMe2 Ph)4, where the Re-N drstance 1s also short, but 111 tlus mstance the 

shortemng arises from the n-bond component m the metal-to-hgand sense, rather than the 
hgand-to-metal a-donation whrch is such a dommant feature m metal mtrido complexes 

(a) Bondmg m mononuclear mtndo complexes 
Although no comprehensxve bondmg scheme has yet been proposed ..:e may borrow that 

of Gray and co-workers for vanadyl and related mono-oxo complexes, m whtch there 1s 

effectrvely a metal-oxygen trrple bond (one u, two n-bonds)14. ‘Ihe osm.mm(VI), d2 
complex K2 [OsNCls] 1s taken as an example If the nitride hgand 1s placed on the vertrcal 
z Cartesran axrs wrth the equatorral hgands on the x andy axes, the metal-mtrogen orbrtal 
overlaps wrll be 

N-Mu-bond spa to 5dzl t 6s (al) 
N-M r-bond (I)- 2p, to 5d,, 
N-Mr-bond (2) 2py to 5d,,= 1 

(e) 

For the M-X bonds, CIS (four ligands) and tram (one), the overlaps would be 

X&-M CIS o-bonds p0 to 6s - Sdza (a), to 6px and 6p,, (e), to Sd,z _ ,,z (b,) 
X-M trans o-t)onds pa to 6p, (al) 

It 1s rmphcrt m this scheme that the hgand bound trans to the mtrrde group wrll be less 
strongly held to the metal atom than those CIS to rt, and although there IS some structural 
and other evrdence of such a tram weakearng effect 111 many mtrrdo complexes, rt is 

drfficult to drsentangle st_nictural from sterrc factors (see below). 

The metal-mtrogen distances m termmal nitrrdo species have been the sublect of careful 

study in rhenium(V) and osmium(V1) complexes. In the case of KZ [OsNCls ] , the chhde 
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hgand trans to the mtrlde is 2.605 A d&ant from the osmmm atom’ whde the czs chlonde 

hgands are at 2 363 A. Although this nught, on the face of it, appear to constitute good 
evidence for the sort of rrans weakenmg mffuence discussed above, the parameters may 
equally well be explamed by simple sterlc hmdrance effects. In I& [OsNCIs J the 

(cis) Cl-OS-N gl an e is not 90” as would be expected for an undistorted octahedron, 
but 97 5O - that 1s, the osrmum atom 1s shifted out of the (Cl.+) plane towards the mtride 
hgand (a simdar effect has been found m a number of mono-oxo complexes) By so 
&stortmg the octahedron the (czs) chlorine-to-nitrogen distance becomes greater than the 

sum of van der Waals radii of nitrogen and chlorme so that sterlc hmdrance 1s mmunised, 
and as a consequence the trans OS-Cl distance 1s lengthened’ (earlier, erroneous X-ray data 
on the salt had suggested that the trans cb.lorlde was closer to the metal than the CIS hgands 
-see below, p_ 391). 

Comparisons have been made between the Re-N distances 111 rheruum(V) unido 
complexes, based on very accurate X-ray studies 

Complex d,M-N 
(A) 

Ref 

I ReNCl, (PEt, Ph), 1788(10) 15 
II Re(N-PhOMe)Cl,(PEt,Ph), 1709 16 
III Re(N-PhCOMe)Cl, (PEt, Ph), 1 690 16 

IV Re(N-Me)Cl, (PPh, Et), 1685 17 
V ReNCI, (PPh,), 1 603 12 

It appears from these data that the Re-N bond lengths m the nitrides (formally a triple 
bond) and m the imides (formally a double bond) are quite close, and mdeed in the case of I 
the Re-N distance IS longer tb?an m any of the others The reasons for the differences 111 
Re-N bond lengths between I and V appear to be baslcally sterlc (m I the long metal- 

mtrogen distance IS attributed to repulsion between the nitrogen atom and the very bulky 

tnphenylphosphme groups, whereas 111 V there are only two such groups’), an alternative 
explanation based on electromc bondmg conslderatlons has been adduced16, but the sterlc 
factors are now consldered to be of overrldmg unportance’_ It IS of interest 111 tills 
connection to note that al.l attempts to make the triphenylphosphme analogue of I lead 
always to V. In the muno complexes stenc factors agam play some part m dlctatmg the 
observed metal-mtrogen distances ‘, but here electromc factors are probably more 
unportant m explammg the shortness of these lengths and their comparablhty mth those m 
the nitrldo complex, V. It has been argued by Chatt et al I8 that the nitrogen m the umdes 
has more s-orbltal character to nnpart to its Re-N u-bond, which would lead to a 
strengthemng, and hence shortemng, of that bond Spectroscopic evidence has also been 
brought forward as evidence for tlus, the Re-N stretchmg frequency m the unlde IV 1s 
higher than that m the nitrides” 

(b) Bonding m bkwc~ear nitrido-bndged speczes 

The structures of both the potassmm and ammonium salts of the [Ru2 NCla(Hz O), I”- 

Chord C%em Rev, 8 (1972) 
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H20 17 N -Ru -OH 
Lx. 

2 

943. 
\ ‘\Cl 

Cl Cl 

W-P GRIFFITH 

Fqg. 1 Structure of the [Ru,NCI,<H,G), I* Ion. 

ion have been studied by accurate X-ray analysis. The amon is centrosymmetric (D4h 

skeletal symmetry) with a metal-nitrogen distance of 1.720 A (Fig 1)’ J’ ; the shortness of 
this symmetnc bridge rs clearly mdrcatrve of considerable metal-nitrogen multiple bonding. 
The Ion is isoelectromc (after due allowance has been made for the replacement of the two 

water hgands by two chlonde ions) wrth IG [Rua OClie ] whrch slrmlarly” has Dab 
symmetry and a hnear, symmetnc M-O-M bndge (Ru-0 = 1 80 A) For the mtrido 
complex, then, we may justrfmbly use the bondmg scheme of Dumtz and Orgel’i which has 
been apphed to [Rua 0Cllo]4- The nltndo bndge uses Its sp,., orbltals to overlap wth the 

metal d,l _ ya orbltals, whrle its filed Zp, and 2p,, orbltals interact with the dx and dxy 

of the two ruthenmm(IV) atoms. These each accommodate one electron so there are under 

D4h symmetry, two sets of bondmg, two of non-bondmg and two of antlbondmg MO’s 
The e&t electrons (four from mtrogen m Its px and py orbltals, four from the metal atoms) 
fii all but the antrbondmg molecular orbitals. The remaining “metal” electrons (two per 

ruthemum atom) then pan up m the remammg tzg orbital, the d,,r, so that overall 
dramagnetrsm results 

(c) Bonding m tnnuclear complexes 
In @IYI.+)~ [IraN(S04)e(H2 O),] . 3%H2 0 there 1s a coplanar IraN unit (Ir-N = 1 918 A) 

and octahedral coordination about each metal atom from the bridging sulphate groups with 

O”2 

Fg 2. Structure of the [Ir,NtSO,),CH,O), Jc mn. 



TABLE 3 
8 

VIbratIonal spcctla and force constaut data for mtndo-oxo complexes !S 
z? 

Frequency Asstgnment Posltlon Force Value of force constant 9 
(cm-‘) constant ’ (mdyne/B) 8 

[ReO,N]” IOsW$,- [ReO,N]‘- [OsO,N]- 9 iz 

(ref. 23) a (ref 24) (ref 23) (ref, 24) r 
- z 

Vl UMN (A,) 1022 1021d kMN I 95 7.95 2 
% “MO, (A,) 818 897 kMo, 674 6 16 w 

SMO, (A,) 
i3 

V3 315 309 ‘kMO/MO 044 0.34 
Vl “MO, (@ 830 871 &MO, 0.31 0.34 

sNM0 (a i VI 380 372 Iti MO/MO 0.07 -0.007 
v!I SMO, @I 213 309 60MN 0.44 043 ;FI 

’ Infrared datn 
b Raman data 
’ k = sttetchmg force constant, 6 = deformation force constant, I = mteractlon force constant 
’ Shifts from 1023 to 992 cm-’ m the mfrared”. 
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one water molecule per metal atom coordinated trans to the nitride bndge” _ There IS 
effectively, according to the fprmula, an average oxrdatlon state of 32/~, or two mdmm(IV) 
plus one indmm(III) atom. The crystal structure suggests that, witbm the errors of the 
analyns, the three Ir-N drstances are the same, but prelmunary Mossbauer studres (see 
below) favour an mequlvalence of the lndlum atoms. A boncbng scheme for the aruon has 
been pzoposed m which the dramagnetrsm of the specres is accounted for by assuming 
equivalence of the three metal atoms and a four-centre molecular orbital encompassing the 

planar Ir3N umt22 . The 2p, fied orbital of (N3-) - assummg the z-axrs to be 
perpendrcular to the Ir3N plane - has the correct symmetry to overlap with one of the tag 
orbrtals of each metal atom, assuming a low-spm configuration, there are srxteen electrons 
m the metal r2= orbit& and these, together wrth the 2pr mtrrde pan, grve a bondmg and an 
antrbondmg molecular orbital If the latter remams unoccupred then the resulting system 
wrll be dramagnetic, as observed 22 . Reduction and oxidation of the species will then be 
possible wrthout destructron of the Ir3N entrty if electrons are put m the antibondmg level 
(m the case of reductron to a 3 X Ir” state) or d an electron is removed from the bondmg 

level (grvmg 3 X Irrv) (see below, p. 392). 

(VIII) Physical measurements on nrtrido complexes 

We have already reviewed the structural data (see above and Table 2), further reference 
to these, when approprrate, 1s made m Sect C. 

(a) V~bratronal spectra 

(I) Mononuclear specres Complete assrgnments of the vlbratronal spectra of the 

[Re03N] *- (ref 23) and [Os03N] - (ref 24) amens have been given on the basis of C3, 
symmetry (Table 3), force constants have been calculated from these data and are 
remarkably s&ar for the two species It IS of mt’erest to note that these force constants do 
support the hypothesis that the nitnde ligand is a more effective n-donor than (02-), at 

least on the basis of the greater strength of M=N bonds than M=O Thus, rn the species 

[Rew03X] n-, the Re=O stretchmg force constant for the (Re03) unit 1s 6.24 mdyne/A 
when X = N but rises23 to 7 50 when X = S and to 7.54 when X = 0, srmrlarly, in 
[Os03X] “‘, the 0.~0 stretching force constant for the (0~0~) umt rs24 6.76 mdyne/A 
for X=0. 

Partial assignments have been given” for [OsNCIS 12- (the OS-N stretching band 
1073 cm-’ shrfts to 1041 cm-r on I5 N-substrtutron, thus confirming the correctness of 

the assrgnment*‘), for [MoNCIs I’- and [WNCls 12- (ref. 27), [MoNCls 1, and [WNCls], 
(ref. 28), [vNCls]+ and [vNCl,]- (ref. 29) (Table 4) There are also a considerable 
number of data on the MEN stretching frequencies m a wide range of rhemum(V) 
phosphme nitrido complexes” g30 p31 of osrmum(VI) species”, and of a few molybdenum and 

27 tungsten(VI) complexes _ Most MEN stretches fall 111 the comparatively narrow range of 

1020-l 150 cm-’ , there 1s far less mformation on the posrtion of the deformation mode, 



TABLE 4 

Vlbratlonal spectra of mlndo-halo complexes 

K, [ OsNCI, ] WMe,), [MoWI, 1 
(ref, 25) (ref 27) 

(NMe,), [WC% 1 
(rcf 27) 

]MoNCl, 14 
(ref 28) 

WNCI, 111 
(ref. 28) 

- 
[VNCI,]+ [VNCI, ]- 
(ref. 29) (ref, 29) 

JtMN 1073a 1023 1035 1045 I 1084 1068 
1038 1208 

GCl,g 328 317 338 424 403 

c 337 

380 360 504 49s 

&Cl,, 336 C 3.55 334 

485 

324 311 364 417 423 

sNMC1 317 

&MCI11 272 273 292 

a Sbfts to 1041 cm” on ‘$N substWlotP 
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but ks 1s probably to be found in the 300-380 cm-’ range for most complexes. 

(2) Polynuclear species There are studles32 733 on the Raman and infrared spectra of 
ruthenium and osmmm bmuclear mtrido-bndged complexes of the form [M2 NXs (H2 Ok 1” 
and [hi2 N(NH,)s Y213’ (X = Cl, Br, Y = Cl, Br, NCS, N3)_ In these the asymmetnc M2 N 
stretch appears near 1050 cm -’ for the ruthemum compounds and near 1120 cm-’ for 
osmmm, the symmetrrc (Raman-active) M2 N stretching modes are near 350 cm-’ 

(ruthenium) and 280 cm-’ (osrmum)32, while the mfrared-active M2 N deformations fall33 
near 120 cm -’ In trmuclear complexes contammg Ira N umts the asymmetric ‘M3 N stretch 
1s found32 near 770 cm-’ and the symmetnc mode near 220 cm-‘, while m the only 
estabhshed complex contammg a Me N umt the mercunc complex [(Ha CHg)4 N] (CI04), 
the asymmetnc stretch 1s seen 111 the mfrared at 590 cm-’ and the symmetnc mode IS 
mferredJ4 to he near 141 cm-’ 

We may summarlse the mformation on positions of stretching and deformation modes, 
makmg comparison vvlth the correspondmg bands m analogous 0x0 complexes; despite the 
greater mass of oxygen compared with mtrogeh, it 1s clear that the M=N bonds are stronger 
than M=O, and this result IS also obtamed from force-constant data23y24732 

Comparison of the vlbratlonal spectra of mtrldo and 0x0 complexes 

[MO,Xp- X=N 
x=0 

[MXYyln- X=N 
x=0 

[MIXY,JR- X=N 
x=0 

[M,XY#- X=N 
x=0 

[M,XY#- X=N 
x=0 

- 1020 
760-980 

1000-1120 
850-1040 

1040-1130 
750-900 

- 770 
- 660 

- 600 
- 580 

- 380 
770-970 260-430 

300-370 
300-360 

240-370 - 120 
200-260 - 110 

- 220 - 130 
- 200 - 110 

- 140 
180 - 100 - 

(b) Electronrc spectra 
The electromc spectroscopy of rntndo complexes and mterpretation of the results 1s a 

Hnde-open field for mvestigatlon, no doubt one of the reasons for its neglect 1s that most of 
the complexes available for study are from the second- and third-row transltlon elements. 
The electromc spectrum of the osrmamate ion, [OsOsN] -, has been studied both in 
aqueous solution and m its solution in hquid ammonia, and tentative band assignments 
proposed3’. The spectra of a number of bmuclear ruthemum(IV) and osmium(IV) 

complexes have been recorded3* ,36 and the results quahtatlvely mterpreted on the model 
used to explam the spectra of the analogous oxo-bridged species22, on this basis it appears 
from the shifts of the mtndo complex bands to higher energies that the metal-nitride bond 
1s stronger than the metal-oxo bond 32 9x_ Finally, the spectrum of [Ir,N(S04),(Hz 0)a14- 
has been mterpreted satisfactonly on the basis of the molecular orbital bondmg model 
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outlined above (see p 378)” *37 saa. 

Systematrc studies on the dqole moments of a number of rhenium(V) nitndo phosphine 
complexes have been madea“ and suggest that the ReEN bond has approxunately the same 
moment as the Re-Cl bond (ca 1.5-2 0 debye); the results were compared and contrasted 
w&h those obtamed for rheruum0l) mudo phosphme specres”8*sa. 

Prehmmary stu&es on salts of the [IraN(SO,),(H, 0)a14- ion at 4°K suggest3’ that two 
tidium atoms are equivalent and the thrrd non-equivalent, presumably as 2 x irrv and one 
IP”. ‘l&s confhcts wrth the molecular orb& approach to this ion given above (see p 378) 
and clearly a more complete drscussron of the results would be of interest. 

C DESCRWTIVE CHEMISTRY 

The arrangement of mate& rs based on the Perrodtc group of the metal atom. 

(1) Groups IVa and VQ 

No estabhshed nitndo complexes of Group IVa are known; [TlNCl] n can be made3’ ~0 
by thermal decomposrtton of the azlde TK!la(Na), but the specres ES probably a polymer. 
No zuconium or hafnium analogues are known 

Treatment of vanadium tetrachlonde with ClN3 grves an avdo complex Cl$V(Ns) wkch 
may be thermally decomposed to ClsV=NCI This IS, in the Lewts sense, amphoteric,‘and 
wrll react wrth antrmony pentachloride to gave [VNCls]+ [SbC16]- and wtth pyridme to 
gwe [W+Cl,]- fCl(py)2]*. In the former case the bondmg has been represented as 
]ClsV=~] whrle m the latter, anionic species it is [ClsVvzN] -; the V-N stretchmg 
frequencies are at 1038 and 1208 cm-“ respectivelyz9. The X-ray crystal structures of 
these specres have not been obtamed and the iomc formulattons above are based on 
spectroscopic and analytrcal data, but the structure of the parent species, ClsV=NCl, has 
been established by X-ray methods (Fig. 3) The complex is basically dunenc with 
approxunate square-based pyramrdal coordinatron for the vanadmm atoms, these dimer 
umts are, however, hnked by weakly bound chlonde bridges (V-Cl (termmal) 2.204 BL, 
V-Cl (brxdge) 2.600 A), so that the vanadmm may be thought of as having drstorted 
octahedral coo&nation. The V=N-CI group”’ 1s linear (J+N l-642(9) A, N-Cl 1.59 A); 
the shortness of the V-N linkage 1s remarkable smce there is formally a double rather than 
a triple bond m the compound. The reason is probably stiar to that which has been 
suggested for rhenium imido complexes [see above, p. 377); one may compare this distance 
of 1.642 A for V=N wrth that42 of 1.62 w for a V=O bond m (N&h [VO(NcS)4(Hs 0)] . 

_ 

Apart from these, the only other vanadmm mtrido specres reported IS the rather rll- 
defmed K3 [cvo), N(NH), ] , obtamed from “vanadyl amxde”, VO@l&)~, and potassium 

Cl42urd C&em Rev, 8 (19721 
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Fig 3 Structure of the duner umt, (ClsVNCl), The dashed bnes mdxate the posItIons of chlonde 
bridge atoms hkmg dlmer umts 

in hqmd ammoma43, and [VON] x, made39 by heatmg VOClz (Ns) 

(IQ Group Via 

It 1s surprismg that no chrommm mtndo specres have been estabhshed or even clarmed, 
though it 1s possible that the rather &defined products of the reaction between chrormum 

trloxlde and hquid arnm~ma~ could contam such a complex_ 
The only oxo-mtndo complex estabhshed for tlus group 1s the molybdenum species 

[Moos N] 3-, of whuzh potassium, lead and sliver salts have been Isolated Anhydrous 
molybdenum trioxlde IS allowed to react with hqmd ammoma at room temperature m a 
sealed system to gwe a product which 1s either (NH4), [Mo(NH)O,] or (NH,), [MoN(OH)O,] , 

reaction of this with potassium 111 hqmd ammoma yields the very unstable potassium salt, 

K3 [MoO,N] , which IS mstantly hydrolysed by water. The lead and sliver salts may be 
prepared by metathetrcal procedures and are more stable than the potassmm salt4’ The 
action of potassmm 111 hquld ammonia on MoOz Clz 1s also said& to give K3 [Mo03N] , 

thocgh the ammoma-Moo2 Clz reactlon is said by other workers to yield a complex 

mixi ure of molybdenum(V1) armdo compounds4’. A tungsten complex, formulated= as 
WOj 3NH3 or as (N&j2 [W(NH)03], mght perhaps contam the [WO,N] 3- ion, one 

would cera&mly expect a tungsten(V1) mtrldo species to be more stable than its 
molybdenum analogue. 

Nltndo-chloro complexes of both molybdenum and tungsten are well charactensed, 

however The species [MN&], @I = MO, W) are made by thermal decomposltlon of the 
azides M(NJ)CIS (which m their turn are made by the action of chlorme avde on MoClS or 
WC&). The molybdenum complex 1s deep violet (sublimes in ycuo at 1 30°) and the 
t!ungsten species 1s ochre-coloured (sublimes m vacua at 80”)” *a_ Powder X-ray data for 
both species have been reported=. The X-ray crystal structure of [MoNC13]4 has been 
estabhshed (Fig- 4). There are tetrameric [MoNCl 3 ] .+ units which are themselves loosely 

held tcgether by weak chloro bridges (MO-Cl (terminal) 2 276 A, MO-Cl (bridge) 2 822 A) 
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Fig 4 Structure of the tetramer umt, (MoNCI,), For slmphclty, chloride hgnds are shown for only 

two of the metal atoms. Dashed lmes mdicate chIoro bridges lmkmg tetramer umts 

The tetramer umts have approximate Cgh symmetry, and each umt contams two pans of 
MO-N-MO bndges, dlffermg only in the MO-N-MO angles (178O and 167O) Each bndge IS 

asymmetric, the two MO-N distances bemg 1.67 and 2 14 A The coordination about each 
metal atom IS square based pyrarmdal or, if the weakly bndgmg chloride hgands are taken 

48 mto account, distorted octahedral The infrared and Raman spectra of both the 

molybdenum and tungsten species have been measured (Table 4)28 and a number of the 

fundamental modes assigned, it IS said that the M=N stretching force constants are some 

0 5 mdyne/A higher for the tungsten than the molybdenum complexes, and that tlus IS also 
true for the other nitrrdo-cbloro complexes of these metals described beIow*’ *28 

Reactlon of [MNC13], (M = MO, W) wth tetramethylammoruum chloride yields the 
pentachloro complexes (NMe,h [MNCls ] , and the mfrared spectra of these have been 
measured (Table 4)*’ With pyndme, [MNCls], yields the adducts MNCls 3py (M = MO, W)*’ 
which appear to be heptacoordmated on the basis of their formulae; with triphenyl- 
phosphine, MNCls yields*’ MNCls(PPhs) Infrared spectra of the pyrldine and triphenyl- 
phosphme complexes have been measured*‘*_ 

No nitndo complexes of manganese or technetmm have been estabhshed (the so-caIled4’ 

“TcNF” E almost certamly (NH,), [TcF,] ). In ylew, however, of the considerable stab&y 
of rhemum(V) mtrido complexes it 1s hkely that technetium mtrldo species could be made, 
and probably manganese complexes also. 

The oxo-nitrido salt I& [ReOjN] can be prepared by the reactlon of rhenium 
heptoxide with potassium amide in liquid ammornaso , vu. 

Rez07 + 3 KNHz 4 Kt [Re03N] + K[ReO,] + 2 NH, 

*Reactron of awde ion with MoCI, yields salts49a of [MoNCl, ] -_ 

Chord them Rev, 8 (1972) 
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It 1s the salt of a weak &baslc acid, and hke Its molybdenum analogue 1s excessively 
unstable, bemg instantly decomposed by water with the evolution of ammoma We may 

note here that the stabllltles of the three known oxo-nitndo complexes fall m the 

sequence 

[OsOsN] - >> [ReOsN] *- > [MoOsN] 3- 

The mfrared spectrum of the potdssmm salt has been measured and all the fundamentals 

asslgned on the basis of C3, s y mmetry for the amon, the frequencies and force constants 

are remarkably surular to those for [OsOsN] - (Table 3)23 
The mtndo-hahdes (Ph.&s)[ReNCI,] and Cs, [ReNCL ] have recently been made48a 

by chlormatlon of ReNClz (PPh,), The so-called “ReNF” has been shown to be 
ammomum perrhenate4’ _ 

Two mjrido-cyamde complexes of rhenium(V) are known (with the exceptlon of 
[ReOs N] 2--, [ReNCls I*_ and [ReNCL+]- all rhenium mtndo species so far Isolated 

mvolve the metal m the pentavalent state) Reactlon of a solution of potassmm cyamde m 
methanol Hrith ReNC12(PPhs)2 yields the yellow pentacyano complex Ks [ReN(CN)s] If 
the potakmm cyamde IS present m excess, if it IS not, then the polymenc species 
Kzn [ReN(CN)4]n nH2 0 IS formed Caeslum and sodium salts were also prepared, and the 
electronic and mfrared spectra measured ‘l The tetracyano complex can also be made by 
treatmg a rmxture of potassmm cyamde and potassium perrhenate with hydrazme’* The 
Infrared spectra of penta- and tetra-cyano species are quite different m the ReGN stretchmg 
repon, the stretch bemg at 1035 cm-’ 111 the former and at 980 cm-’ m the latter 
complexsl 

An X-ray crystal structure analysis of Kz,* [ReN(CN)4], ;iHz 0 shows that tIus contams 
hnear Re-N - - - Re chams, the altematmg rhemum-mtrogen distances” bemg 1 53 

and 2.44 a. 
There are many nitndo-phosphme complexes of rhenium(V), and these have been the 

subject of parkularly detded stu&es by Chatt et al l8 ,30 p31 and, m respect of their 
structures, by Ibers et al ‘*I2 *I5 The compounds fall mto two mam classes, SIX- and five- 
coordmate The octahedral species are ReNX2 (PR2 Ph)s (X = Cl, Br, R = Me, Et, Pf , Bu”), 

ReNX2 (PEt2 Ph)3 (X = Cl, Br, I) (refs 30,3 1) and ReNClz (PRPh2)3 (R = Me, Et, Pr”) 
(ref 18) They are made by the reaction of the oxocomplex ReOC13 (PR,), with 

hydrazme m the presence of ethanol, a less convement method of preparation mvolves the 
treatment of RemC13(PR3)3 with azlde followed by decomposition of the product to the 
mtnde” _ The mechamsm of formation of the complexes by the hydrazme reactlon, It has 

been suggested, mvolves the prior formation of an oxo-ethoxo-dichloro rhenmm(V) 

complex, protonatlon of the ethoxo group and its replacement by the positively charged 
hydrazimum group, N2 Hs + This h.&ly electronegative hgand mcreases the electroptic 
character of the 0x0 ligand wkch 1s removed with the encouragement of the nucleophIhc 
phosphme A rhenium(II1) complex 1s formed which then de-protonates and reduces the 
hydrazme givrng the rhenium(V) mtr~de’8 The pentacoo rdmate complexes are ReNX2 (PPhs), 
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(X = Cl, Br, I) and ReNCls (PEtPh s 
octahedral specres’* a3O*_ 

) s, and these are prepared m slmrlar fashron to the 

Dipole moments have been measured for many of these complexes and the result?’ 731 
suggest that the moment of the ReEN bond IS roughly eqmvalent to that of the Re-Cl 

bond (ca I S-2.0 A). Infrared studres on the compounds m the ReEN and Re-Cl 
stretching regions have been carned out; the former are lower than the Re=N stretches m 

lrmdo rhenium(V) analogues (see p. 377 above). There 1s some evrdence for the exrstence of 

a Crans weakening effect brought about by the mtnde group on the chlonde ligand opposrte 
rt in ReNClz(PEt2Ph)3 (Fig 5), smce the two Re-Cl Infrared stretches are so far apart” at 

285 and 217 cm-‘_ 

The crystal structures of ReNCI, (PEt, Ph), (Frg 5)” and of ReNC12 (PPh3)2 (Fig. 6)r2 

Et2PhP 

EqPh P 

Cl 

Cl 

PPh, 

Fig 5 Structure of ReNCl, (PEt, Ph), Fig 6 Structure of ReNCI,(PPh,), 

have been mentioned above (p 377 and Table 2). In the former case the rhemum has 

distorted octahedra1 coordmatton wrth the chlonde tram to the mtnde 0 01 A further from 
the metal atom than the cis chloride. In the second complex there IS approximately square- 

based pyramnlal coordmatron of the rhenium wrth the mtrrde m the axtal posrtron’*, the 
two phosphorus atoms bemg drawn out of the basal plane towards the metal atom 
(L ClReN 1 lo”, L PReN 98”) 

Rhenzum nztndo complexes as lzgands It has been showns3 that ReNXa (PEta Ph)s (X = Cl, 
Br) can functron as Lewis bases, the nitride being the donor atom, grvmg specres of the 
form (PEt2 Ph)s Cl2 Re=N+L (L = BFs , BCls, BBrs, PtC12 (PEts)), and 
(PEt2 Ph)sBr2 ReEN+L (L = BCls, BBrs) These are prepared from the acceptor and the 

nitride m benzene solution, and the adducts often contam benzene molecules m the lattrce 

The ReEN stretchmg frequency increases on such coordmatlon by some 100 cm-’ for 
boron tnhalide acceptors, although the mcrease IS only 20 cm-’ m the “heterometallic” 
rhemum mtrido platmum complex The increase has been attributed to a strengthemng of 

*The rhenmm(VI) spectes ReNCl, (PPh, ) has also been rsolated49a 

chord Chem Rev, 8 (1972) 
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the rhenmm-mtrogen bond brought about by an increase m the s-orbital contnbutlon to 
the Re-N b-bond (a similar explanation has been used to account for h@ Re-N stretchmg 
frequencies m rhemum(V) irmdo complexes, cf. p 377 above)” y53. 

It IS also of mterest to note that, whereas in ReNClz @‘Et2 I%), the two infrared Re-Cl 
stretches are well separated at 285 and 217 cm-‘, suggestmg a possible trans weakenmg 

for the chloride opposite the mtrlde (vlde supra), 111 the donor-acceptor complexes these 
two frequencxes draw closer to each other (e g 285 and 265 cm-’ m 

(PEt2Ph)sC12 ReGN+BCIs), which suggests that formatlon of the N-+L bond weakens the 
trans effect of the nitnde ligandS3 

(iv) Group VIII 

(a) Iron-cobalt-mckel tnad ’ 

Li, [FeN2] and Lt3 [Fe2N2] have been reported, but are almost certamly polymeric or 
mterstitlal compounds 54 The reaction between cobalt(II1) anude, CO(NH~)~ and 
potassium armde yield.? K3 [Co* Ns] _ 

(b) PIatmum group metals 
There IS a short review on mtrldo complexes of the platmum group metalsJ6, and the 

author’s book on four of the metals also treats the subjects6 

(1) Ruthemum-rhodmm-palladwm trxad. No mtrido complexes of rhodium or palladium 
have yet been established, and most of those so far obtained for ruthenium are polymeric 
and probably mvolve the metal 111 the tetravalent (d4) state 
Mononuclear ruthenium mtndo complexes. Few of these are known as yet, smce reduction 
to the ruthemum(IV) bmuclear species 1s very easy. Reaction of ruthenium tetroxlde with 

HX (X = Cl, Br) and azide under carefully controlled conditions leads56a to [RuNXs I’- 

and to arms-[RuN(&O)&]-*. It would be expected, by analogy with the osmum 
systems, that ruthenmm(VIII) or -(VI) complexes should be bbtamable by deprotonatmn 
of ammoxua by rutheruum tetroxlde, but such reactions lead in the first instance” to 

RuO&JI-IB) and then to a polymer formulated as a ruthemum(V1) %etramers8, 

Ru~NuOnH33. 

BmucIear ruthenium(W) complexes. Several of these are known, the typical member of the 

senes bemg K3 [Ru2 NCls (Hz 0)2 1, whch can be made by reaction of K2 [Ru(NO)Cls ] 
WA forma3dehyde32*5g or stannous chlorrde3* gsg ; it was thought to be a mtrosyl hydrides9 

or an anudo bndged species 6o by the ongmal workers Its present formulation followed 
spectroscoplc3* &I and X-ray studies9 . Other methods of preparation have been reported61-66 
using ruthemum trichloride and sulphamate or potassmm ruthenate and ammoma followed 

bjr treatment with ammonia; the mtermedlate in the latter process was thought to be an 

0x0 complex of ruthenmm(VII1) (ref. 63) or ruthenium(W) (ref. 64), but is in fact a 

*The complexes (Ph, As)[ RuNX, ] - (X = Cl, Br) ha ve recently been Isolated (see also p_ 391)66 
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soluble yellow, crystalhne K[OsOs N] Although the structure orrginally proposed for the 

complex amon was 

NO 
O=o$ _ 

0 

Werner and Dmklage showed that the mtrrdo formulatron was much more hkely’* , chiefly 

on the grounds that the salt evolved nitrogen rather than oxrdes of nitrogen when heated, 
and wrth hydrochlonc acid gave an oxygen-free product”, Ks [OsNCls ] 

Free osmranuc acid can be obtamed by the action of hqurd ammoma on osmium 
tetroxrde, a comphcated reactron whrch also yrelds” 0~0~ NH3 and, ultmately, a poly- 

nuclear specie?’ T6’ Infrared studres on the free acrd (whrch IS apparently anhydrous) 
mdrcate that the proton 1s attached to an oxygen rather than a nitrogen atom, so that rt 1s 
best formulatedZS as OsN(OH)Os . 

Although potassrum osrmamate 1s an exceedmgly useful startmg material for osrmum 

complexes and has long been known there is strll no fully adequate structural study of rt, 
though two attempts have been made The first, that of Jaeger and Zanstra, showed that 
Werner and Dmklage’s structure for the anion was correct, there bemg three 0x0 and one 
rutndo hgand about the metal atom (the tetrahedron 1s shghtly drstorted to gave a tetragonal 

bisphenord), the 0~0 and Os=lu drstances were both grven73 as 1 56 A A more recent 

study, whrle 111 agreement with the urut cell data of the earhe; workers, gave both the Os=O 
and Os=N drstances74 as l-75+0 02 A There have been X-ray powder diffraction stu&es 
on a number of heavy metal osmramates m whrch the unit cell drmensrons were measured75, 

and a careful study of the Raman spectrum of [OsOsN] - in aqueous solutron in whrch 
all the fundamental modes were assigned (Table 3) (the froquencres and force constantsz4 
are remarkably smular to those observed for [Re03Nj ‘-) There rs an infrared studyz6 on 
osrmamate sul-strtuted wrth nitrogen-1 5 and studies on the infrared spectra of a number of 
osmramates wrth factor group analyses of the results 7s *7sa It IS mterestmg to note that the 

OeN stretchmg frequency m K[Os03N], 1021 cm-‘, rs lower than that ascrrbed7’ to 
the (formally doubly bonded) Os=N stretch m Me3CN=Os03 (1184 cm-’ ), the reason rs 
presumably slmrlar to that suggested for the correspondmg phenomenon m rhenmm(V) 

lrmdo and nrtndo complexes (cf p. 377 above). The electroruc spectrum of [OsOaN] - has 
been measured m aqueous and hqurd ammonia solutrons3’ _ 

Osmramates are stable u-r the sohd state and farrly stable m aqueous solutron, they are 
slowly decomposed photochemrcally, and on heating to 200” decompositron to nitrogen, 
osrmum dioxrde and potassnrm osmate occurs Wrth acids I-IX, salts of [OsNXs I*- or 

EOsN&(H, 0)l - f orm (X = Cl, Br, CN, ?4 ox) (see below). All these are osmium(VI) 
complexes, and it 1s surpnsing that no osmmm(VII1) mtndo complexes other than [OsOsNl - 
are known. Certamly an osmmm(VII1) mtrrdo oxofluoro complex rmght be expected_ but 

reactron of hydrofluonc acid wrrh K[Os03N] 1s said to yield K[OSN(H~O)F,(OH)~] 
IWndo- halo complexes of osmmm(V1) are formed from the osrmamate ran and the 

appropriate halogen actd (binuclear osmmm(IV) mtrrdo halides are considered below, 
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p_ 391) The best known salt IS Ks [OsNCls 1, made by the action of hydrochloric acid on 

K[OsO;N] in the presence of potassmm chloride” , recrystalhsation from water yields” 

trans-K [OsN(H, O)Cl,] Both are red, crystallme sohds. The bromo complex 

trarrs-K[OsN(Hs O)Br4] IS formed by the action of hydrobromrc acid on potassmm _ 

osmramate, the pentabromo salt (NH,h [OsNBrs ] may sinularly be prepared76 _ Fmally, 
hydrofluonc acrd and potassmm osnuamate yreld= K [OsN(Hs O)Fs(OH)s ] 

There has been a very careful X-ray crystal structure analysts of Ka [OsNCIs ] (Table 2 
and p. 376)‘. It shows that the octahedron IS very drstorted, the OeN &tance bemg 
1 614 A, the OS-Cl (cis) distance bemg 2 362 A wrth the chloride trans to the mtrtde at 
2 605 A. In an earher and now drscredrted X-ray analysts of Ks [OsNCIs 1, it was suggested 
that the OssN drstance was 1 61 A, the czs OS-Cl bond length 2 40 A and the tratzs OS-G 

dtstance had the extraordmarrly short value ” of 2 16 A It now appears very hkely that the 
substance actually exammed was KfOsN(H,O)Cl,,] or an impure form of thrs’ , although 

elaborate theones mvolving b-bondmg between the metal and the trans chlonde hgand were 
put forward at the ume to explam its apparent shortness’s, a recent pubhcation also 
suggests that the complex exammed may have been the aquated tetrachloro salt79 Another 

early X-ray study, thrs ttme on K [OsN(Hs O)Br,+] , may also be of dubrous value accordrng 
to Bright and Ibers’ In thrs study, a tram configuration for the amon wrth an Os=N 

distance of 1 61 a and an OS-O drstance of 2 07 A was reported” _ 

There has been an mfrared study25 on K, [OsNC& ] and Its Is N-substituted formz6 
(Table 4), and the Os=N stretching frequencies for the bromo and fluoro complexes (and 
their deuterated forms) have been measuredss*. 
Mzscellaneous mononuclear osmzum complexes A mtrido cyanide, trans-K[OsN(H, O)(CN),] , 

can be obtamed by the action of hqurd hydrocyamc acid on potassium osnuamate, and the 
use of oxahc acrd with the latter leads to frans-K[OsN(H* 0)(0x)* ] and -K[OsN(H2 O)(OI-& ox]. 
The mfrared spectra of these species were measured=. 

The absence of osmmm(VI) mtrido-phosphmes rs puzzhng, a number of methods have 
been tried in order to prepare these compounds, but none has been produced” They are 

expected to be stable since the isoelectronic rhenium(V) species are easily made and are 
very stable 
(2) Polynuclear complexes Reactron of ammomum hexachloroosmate, (NH,), [OsCls] 

wrth chlorme at 400--500°C gives an r&defined polymertc specres wluch has been 
formulated” as Osz NCl,, where n vanes from 5 to 7, smce rt 1s dramagnetrc, [OS, NC15 In 
IS probably the best formulatlonn . Infrared spectra suggest that a lmear OS-N-OS unit IS 

32 present . Reaction of the material with hydrochlonc acrd and potassmm chlonde yields 
deep red crystals of Ks [Osz NCls(H~0)~1, the vrbrational spectrum of which suggests that 
the amon has a centrosymmetrrc structure sunrlar to that of the analogous ruthenium 
complex3* - A bromo analogue, K3 [O% NBrs (Hz O), ] , can be made by the actron of 
bromme on (NI&)s [OsBrs] at 450”, followed by treatment of the product wrth potassrum 

*Tetraphenylarsomum and tetrabutylammomum salts of [OsNX, ] - (X = Cl, Sr) have recently been 
Isolated; as yet It IS uncertain whether these have mtrrdo-brrdeed octahedral or truly pentacoordmate 
stmctureP 
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bromide and hydrobromrc acid3* 
As wrth ruthemum, bmuclear octa-ammmes with mtrido bridges can be made for 

osmmm Reactron of KS [OS, NC18 (H2 0)~ ] with ammoma yields [Oe N(NH,), Cl2 ] C13, 

and metathetrcal reactions wrth this lead to3’ [O% N(NH,), X2 I3 f (X = Br, I, NO3 , NCS, 
N,) The &ho and bromo species can also be made by the reaction of salts of [OsXe]*- 
wrth aqueous ammoma m a sealed tube81-83 _ The orrgmal workers suggested a mtrrde- 

bridged structure for the complexes”, and thrs was later confirmed by the study of the 
mfrared spectrum of the bromo complex, with its normal and nitrogen-E-enriched form? 
Studies have been made of the Raman, mfrared and electromc spectra of some osmium octa- 

ammme mtrrdo complexes, and the results are consistent with the presence of a centro- 
symmetric structure3* analogous to that estabhshed for [Ruz NCla (Hz 0)2 13- No osmmm 
species analogous to bmuclear ruthemum hexammm es, [Ruz N(NHs)6 (Hz O)Xs]*+, have 
been found3* 

The reactron between liquid ammonia and osmmm tetroxrde gives free osmrarruc acid 
and 0s04_NHJ m the first mstance ” , but prolonged reaction leads to a polymerrc species 
formulated as an osmrum(VI) complex3* @ , 0ssN7 Oa Hz1 

A nitride cluster compound, BagOs3Nre, has been made by heatmg bar-rum nitnde wrth 
osmium metal at 750” The magnetic moment 1s 1 76 B M , but the structure 1s u&nowng5 

It IS possible that the explosive black compound obtained by treatment of an ammonium 

osmiamate with ammoma under pressure contams OS, N(OH)s r2H2 0 or an ammomated 
form of this, the orrgmal workerss6 formulated rt as OSO(NH~)~ (OHX 

(13) lrzdnrm nztndo complexes 
All the rrrdmm mtrrdo species so far reported mvolve the trmuclear Ir3N unit The series 

of mtrido-sulphate complexes, made by borlmg (NH,), [IrCle] wrth sulphurrc acid, have 
long been known as Delepme’s green salts, and they were formulated long after their 

original discovery at the turn of thrs century as contarmng the [Ir3N(S04)e(Hs O)s14- ion” 
A structure was proposed m whrch there IS a coplanar IrsN umt, wrth coordmated water 
molecules tram to each of the three Ir-N bonds, the octahedral coordinatron for rrrdmm 
being made up by bndgmg sulphato hgands (Frg 2)** ,37. This predrcted structure was 
shown to be correct by a recent X-ray crystal structure study of the green ammonmm salt13, 
the Ir-N distance of 1 9 18 A 1s shorter than that expected for an rrrdium-mtrogen single 
bond and is thus consistent wrth the proposal that a delocahsed four-centre molecular 
orbital encompasses the rrrdium and mtrogen atoms’* (cf. p_ 378). The tram irrdium- 
oxygen (water) drstance and cis u-rdmm-oxygen (sulphate) distances of 2 059 and 2.005 A 
respectively are not exceptronal” _ The vrbratrona13*, Mossbauersa and electromc** y37 g38 
spectra of the ion have been measured. 

Treatment of salts of [Irs N(S04),(Ii2 0)s14- with alkali leads to a hydroxo complex 
[iraN(S04)e(OH)] ‘- and finally to an msoluble mater&, presumably IrgN(OH)s nH2 0 
Treatment of the latter with hydrochloric acid grves salts of the [IraNCllz(Hz0)s]4- rona’, 

vibrational spectra of these species were measured” _ It IS also possible to replace the three 
coordmated water molecules m [1raN(S04)6(Hz0)3]4- by pyndine, ammoma or 
&picohnes7~sa 
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Studies on the redox behavrour of [ir3N(S04)6(H,0)3]4- have been made; there is 

some evidence that there may be oxidatron to an rrrdmm(IV) species, presumably 

P~~W04)dKO)313-- It appears that the mtnde IS unhke the somewhat analogous 0x0 

system, [Ir30(S04),]ro- , which may readtly be oxidrsed or reduced3*. It 1s possrble to 
reduce the mtnde chemrcally, however, by means of zinc in sulphuric acrd or by using 

vanadmm(I1) solutions, the product 1s straw-yellow (m solution), and may be re-oxrdned to 

the orrgmal green salt wrth hydrogen peroxrde 37 This rmphes that the Ir3N system is not 
destroyed, a remarkable crrcumstance because there can be no metal-mtrogen a-bondmg to 

stabhse the presumed rrrdnrm(II1) reduction product, [Ir3N(S04)e(H30)3]6- 

(Y) Groups Ib and IIb 

(a) Copper-her-gold triad 
There has been httle systematrc mvestrgatron of the mtrrdo chermstry of these elements. 

Copper nitride, Cu3N, can be made by heatmg cupric fluorrde and ammonium fluonde in 
mtrogen”, the complexes Cu3N nNH3 and Kz [CuN(NH3),] (n = 1,2 or 3) have been 

isolated from the reaction between cupric nitrate, potassium amide and hqurd ammoniagO 

It seems possrble that K3 [CuN(NH3)3] could contain the nrtrrde hgand m a tetrahedral 

environment (p. 372). The explosive srlver mtride, Ag3N, can be obtained from srlver oxrde 

and aqueous ammoma; it IS soluble m ammoma to give complexes of unknown constrtutrongl 
The lodo complex AgNIz has also been reported * There do not appear to be any gold 

nitrides 

(b) Mercury 
Although rt IS not a transrtron metal, mercury forms mtrrdo complexes of an unusual 

nature and of a type which could well exrst for transitron metals There are two reviews on 

mercury-mtrogen complexes, one, the more recent, dealmg wrth the general chemrstryg3 

and the other with structural studres ~4. The metal has consrderable affinity for mtrogen 

and many of the complexes it forms with rt are polymerrc 

(I! Munomenc nztndo complexes The complex [(CH3Hg)4N] (C104) can be obtamed” by 

deprotonation of mercury amides (eqn. (1)) or by drsproportronatron of a mercury nnide 

(eqn. (2)) 

2 CH3 H@H + [(CH, Hg)z M-I2 I ((X04) + [(CH3 Hg)4N] (C104) i- 2 Hz 0 (I) 

2 K-Wkh~l(ClO4) * [(CH3H&NH3 I (C104) + WW-W4NI (C104) (2) 

An infrared study 34 showed that the asymmetrrc mercury-nitnde stretch is at 590 cm-’ 
and the Raman symmetric stretch, though not directly measured, was calculated to lie near 
141 cm-’ . This complex is, so far, the only example of a system in which the nitrrde 
hgand forms four bonds to metal atoms (rt is presumed that rt lies at the centre of a 

tetrahedron of mercury atoms)95. 

Chord Chem Rev. z 8 (1972) 
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Although (CXQ& N has been reported (rt 1s said to be formed by the reactron between 
mercuric chloride and ammomum chloride)g6 it appears6’ that the product IS HgCls (NHs)s . 

One mrght however expect such a trmuclear compound to exrst smce the correspondmg 

0x0 specres [(ClHg)s 0)] Cl, IS well known and very stable 

(2) PoZymeric complexes The mtride HgsNs can be made by the actron of potassrum 
amrde in hqurd ammorua on mercurrc cblonde; rt 1s soluble m ammorua to give complexes 

of unknown constitutionW. Mdlon’s base, NHg, OH.2Hs 0,rs made by the action of 
aqueous ammonia on yellow mercunc oxrde, and a number of derivatives, e.g the hahdes 
NH&X (X = Br, I) can be prepared. Mrllon’s base itself has a cubrc structure analogous to 
that of cristobalhte (nitrogen replacmg srhcon, mercury replacmg oxygen)” whrle the 
h&des have a denser hexagonal lattrce of the tndynute type% In all cases the lattrces are 

made up of tetrahedra of mercury atoms JOmed at the vertices, there bemg mtnde rons at 

the centre of each tetrahedron (Hg-N drstances he between 2 04 and 2.09 A)g4 _ Infrared 
spectral studies show that the mercury-rutrogen stretchmg frequencies in Mrllon’s base and 

its denvatrves he m the 620-700 cm-’ regronrm 
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