2
NIOBIUM, TANTALUM AND PROTACTINIUM 3+ (@Y
Nb; H; (7)
e —
Reference L 0 —— =2
NbO,,, n = 0.94—1.04, cr., grey, PaO, film at the met. surface, 2.5+ 32 NbO,, cr., blue-blk., m.p. 2080, — '(%O'o)_ T
E.N with met. lustre and conductivity, NacCl type struct., Nb4Os, struct.: AH = —808, oxidised in air, dia-
4d Ss Sp Sd ot m.p. 1945, AH=-406, NaCl type |Pa—O 2.48 [NbO4] squares magn., semiconductor, sol. in conc.
lwb0 . | | | | | | | 1.2 struct., [Nbg] octahedral cluster, alk. (), distort. rutile struct., cluster
Nb— Nb 2.80 and 3.20 ~
5d 6 6 6d d O
Ta® [T T n 7 M T 13 /" Nby;Ss; NbS;_ 4 TagS; Ta,S; NbsSy, | NbN, m.p. 2300; Nb,N, m.p. a0l g W
. y phases with met. conductivity and | 2420; Nb3N4; NbsNs; NbsNg; + H0 A HzaT /«\@0
6d 5f s M —M bonds NbyNs; TaN, m.p. 3090; Ta,N; o
PaO DT T T O T T 111 117 M 1« S3; MS,; MySes; MSey; MTe, Y, | TazNs; PaN,, metal-like phases, - ~.
/ powders, blk., insol. in ac. and alk.; | acid-resistant, v. hard and 4 Sa
or 5£26d'7s? / CdCl, or CdI, type struct. thermally stable; 3.5+
/ BaTaS;, semiconductor, + O, (1) — M,05 3 _ NaNb;s0,5 2 MNbO,, M = Li, Na, | NaNb;(Og, struct.:
Nb, Ta and Pa ions in aq. soln., see p. 52 ,.éﬁ o | Ta—Ta 2.87 MP, MP,, darkgrey, sol. in cr., blue-blk., struct. | [NbgO,,] clusters and
Q”>/ o 7 conc. H,SO,, HNO; analogue of MoSz,ls) [NbYOg] octahedra '®
/ v/ MC, cr., grey, with met. lustre, Nb—O 2.12
/ & //\ subl. >3000, m.p. 3500 (Nb),
/ @hé@@' 3900 (Ta), NaCl type struct.,
Y @,Q /& oxidised > 800°
/S N L - . " - -
> RN bH;_,, x =0-0.3; TaHyo, interstitial solid | Solid. solns. of the
KéN¥S§ 3 :,g béoS’ // _néb/ /QQ/ solns., metal-like substs., insol. in aq. reg., limiting composition
2 7 ) N <V // 'ﬁ°° dec. >600°, sphalerite type struct. PaH;, cr., blk., cub.,
Cag) <4 / QY /. ;2‘“ UHj; type struct.
Re; / Y = 37+
Nb Ta Pa ~ K4[H502][Nb302(504)6(H20)3] -5H,O0,
~ - [Nb;] cluster — tr1ar21 le, Nb—O ~2.13,
met., grey, hard, ductile | met., lustrous, ductile, _ Nb—Nb 2.88 )
LH and tensile, paramagn. tarnishing in air \50603 ~ \‘lp OH
TR 86 | 166 154 S N N D
-l : : : Lo N2 NaNb;OsF 2
m.p. 2468 3010 ~ 1570 Pacl ~ -
bp. 4927 | 5425 4500 - A0 + NbCl
sol. in (HF + HNOs) |sol. in ac., N S HCI (800°) ~ ~ / s >
D N P e A e RN ‘
<000- : ) , —
MC; Car> 2 Yac). insol. in ac.-Ox and aq. | gyryct.: tetrag. body-centred P N ~ NbOCl,, isostruct. to MoOCl,
25 SIO’ Za T€Z., cub. (a-Fe type) (different from other M) - 5 AN ~ ~ NbOIL,, cr., blk., dec. 500, diamagn.,
q a = 329 3.29 a=392,¢=324,Pa—Pa [~ ya ~N struct.: chains of octahedra, Nb—Nb
% M—M 2.92 2.92 |3.12(8 at.) and 3.24(2 at.) ) N7, N\ > 3.16, Nb—O 1.8-2.1, Nb—1 ~2.8 *
/lé NG ("cub. Pa" — oxonitride) ? O | \63). AN ~
o Q% ' Ta R ~
AN S50 | N8N ~_
RIS : : NN ~
/I/\é’ l ~ A
NN -
) \Si Ferroniobium, 23 —75% Nb and Ta; s 1 LN AN subl.p. M"NbFs, perr=1.15
% _ 0 1. 70 1. 70, . 0 . 0 [t .
10-11.5% Si 9% Ti 7% AL 015% P 233+ ] [ 267+ NbE, 9 |TaFyl. ReO; type NbE,, cr., bik. —
Na;[Ta(CO)s] <0.5% 5; 0.12% C; Fe base subtrac- MgHaly = NbFs = Nb3Cls, cr., blk-grn., cr., blue-blk., struct. + H,0 — NbO,F;
M|Ta(CO)s(NH3)| ;1;’3 TSZIF‘S S;’i‘;flr E'ﬁ)‘?ég‘é‘; dlgzof = [M¢Hal,oHaly;JHal;, = [NbgF 12]Fs, insol. in ac., sol. in HF and |TaCly,. cr.. gm., 552° — NbFs + Nb,Fs; K3NbF7, m.p. 840,
M'[M(CO)¢l, M = Nb, Ta, 3 M = Nb, Ta, ReOs type AH = —582 alk. melt, ReO; |sol. in H>O, strong distort. struct. of perovskite, isostruct. to K3NbOFg,
M' = Na- Cs. [PhsSn] Fe systems Hal = CI-Lcr, struct., . ?bg}l}[r% cr.,bll)lk., dec. type struct. Red agent, Nb—F 1.85, 2.09 anion: pentag, bipyr.
H3M(CsHs), dark brn., stab. in air; (INbgF "™ = 200, Sipuedot 10 vac. NbFsi3 | AH=-544, >440°— NbCly, needles, blk.-viol., hyg., | 275 M,NbClg, M = Na-Cs,
TaH(CO[(R,P — CH,— )yl 5 ~ M + MHal,, =Re, F'=0) | |0 Tangie, | | Nb2Cle-nL, | > TaCls + TagClis AH = —694; unstab. 16)
CN Ta 7 (single-cap octahed: O(d ) [MgHal,2]X; - 8H,O, Ta,Hals |, NbiNb Qggf forms L = Me,S, PR3, | TaBr3, , cr., >300°
i NbBr: X = Hal (cr., grn.) Hal = CI, Br : e wl Nb— Nb 2.70 rey-grm ——— NbCl; + NbCls;
ron with H at. over face . . 2 al {cr., grm.), > Bh solid solns. with : grey-grn.
NbD 1 A + H,O — bl. soln. (Red) .
CCl’ltI‘C), Ta—P 2.51, 1py3, Cr., viol NbI, OH (blk), stab. in air, cr., blk. NbHd14 up to compo- NbI3, cr., blk. TaI3 NbBr,. cr.. brn 502 MHaL‘, dlarnagILq struct.:
Ta—C 1.87 and 2.15 12 blk. diamagn. sition NbHalj ;3; 1}1)b3ls; Y NbIL 4c’zr ‘arey 264 [M;] clusters
~ TaBr, g3 /D AN 4 CT grey . - —  —  — . — . J—
1.83+ N .@@ . In NbHal, struct.: chains of Nb Q‘?‘\PD.
Nbgly; = [Nbglg]ls ~\ .6@ \ distort. octahedra, cr. dia- \/Qﬂ '/66 g B\
3 p 7
cr., blk, — / N __ |/magn. 31 VT o
5 5 2 30
[Nbgls]* — octahedral t (~Nbls) PRV
Nbg] clust losed . >
stl formatiog ]in radioactizxﬁ decay . Lvith()]a Ccﬁts):ro’f %mi (;sti‘ Ta-Cl A OH(H.ON - 10H.0 M,TaCls, / 4 .KX/QD
U ,— %Th _3'2;1153 T BIAC — struct. ana}ogue of TasCliz(OH){(H;0)s] - z ?gd: K-Gs, /' [R4NINb(OR)Cls],
<ot years [MogHalg]* " 33 . cr., pink or orange
BU ,—%0Th o —— %P U — /
118 min (2.33-2.67)+ 11 (-2py) Vs
and 6.75 h (2 isomers) K, [(NbgHal;»)Halg], 7 2, 3, 4, Nb—Nb [MHal,Py,|, Hal = CI-1, cr., grn. MyINb(CN)g] - n H,O,
Pa synthesis: 2.97-3.02 or red (2 forms), paramagn. - M = Na-Cs, cr.,
20Th(n, 7)30Th |, — %P2 — ... M|(TaCl)(H,0)Hal, ¥ NboCL(OMe), - Ly, L = MeOH, MeCN orange, stab., paramagn.
b (MeygN),[TagCli;(OH)g - 21H,0 ¥ Nb,Cls(OEt)3(Dipy)s, cr., grn. (1 unpaired e),
isostruct. to K4[Mo(CN)g]
M(CsHs),, cr., bl. (Nb), viol. (Ta); in mol.: hz H;0, anioln: dodeca-
a s ich. ¢ edron, in soln. — anti-
[NbsCly2]" ", octahedral [Nbg] cluster enclosed 2 CsH;s gr. form_d sandwich, and 2 other gr. . Nh 6,22)
with cubooctahedron of 12 Cl at., M—M 2.85(Nb), form o-bonds with M prism, Nb—C 2.22
2.88(Ta), M— Cl 2.41 (Nb), 2.44(Ta)
Nb(CsHs),, exists in soln., Nb(CsH5),Cl, KsINb(CN)gl, o . . __ heNis. _/

50

monomer, paramagn. (d3) P

cr., diamagn.

anion: dodecahedron 22
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