ARSENIC, ANTIMONY AND BISMUTH HALIDES AND OXOHALIDES

MzASO:;F; MASOzFZ

MAsOF4, M = K—Cs, anion [As,O,Fg]: 2 octahedra
with common edge [O,], As—(F,0) 1.81, As—As
2.66, / AsOAs 95 2

M,|(AsF5),0], As—(F,0) 1.72

M]|AsF5(OH)], anion: octahedron, As— (F,0) 1.76

MIAsFgl, M = M', [NF,], [AsCly], [SCL5], [SeCls],
[TeCls], [CIF4], [CIO,], [1O2], [IF¢], [XeF], [XeoF3],
[Xe-F1], [XeFs], anion: octahedron,

As—F 1.63-1.70, stab. to the act. of HO
MzASF7

M|AsClg], M = [PCly], [Et4N], cr., orange

+
Reference 3
AsOCl| AsCy,
HCI (200°)
m.p. | b.p. AH |As—Hal| pu MJAsF4], M = K -Cs, [SCl5], anion:
As,ly, cr., (g) MHal | ¥-trig. bipyr., As—F 1.72-1.88
dark red, AsFs, lig., colrl. 6 | 63 |-85822| 171 | 281 EA52F7 = K[AsFJIASFs],
m.p. 136 with dec.; | | AsCls, lig., colrl: ~16 | 130 |-336 | 2.16 | 1.97 s—F 1.73-191
+H,0 — As+ Asl;| | AsBrj, cr., colrl. 33 221 | —201 2.32 — [SCl3] " [AsFCI~
1N Asls, cr., red 146 403 | —67 2.56 — KAsCly
~— > ~—
Hz %‘82»
[AsF4] " [SbF,] AsHal; and SbHal; hyg. substs., sol. in eth., AsCl; (¢ = 13) dissolves S, P; melted
[AsCLy] * [SbCl] ™ SbHal; readily dissolves MHal,; AsHal; + H,O 2 As(OH); + HHal (rate of hyd-
rol. F > C1>Br>1); SbHal; + H,O 2 Sb(OH),Hal;_,, + HHal H—2>OSbOHall;
J/ SbCl; soly. in H;O ~80%; in struct. and g.: [:EHals] mol.: -tetrahedra,
/ /HalEHal ~ 100 (As), ~ 98 (Sb); El; — layered polymers, isostruct. to FeCls,
/ As—12.55-3.47
/
/
Ha12
SbgOst; SbOF Sb304F
\ SbOCll; Sb405Clzl; SbgO”Halz,
\ Sb405Bl’2l Hal = Cl-1
\ Sbh;04]; Sbhs041
N Struct.: y-tetrahedra, trig. bipyr. and Hal™,
N Sb—01.9-2.5%
N SbEHal, E = S—Te, Hal = Cl-1I, semiconductors
N\
N N mp. | bp. | AH |Sb-Hal MISbFJ; Na,SbFs; KSh,F; Li;Sh,Fo
(g) NaShsFio; KIF(SbF3)l; K:SbyFis
\ SbF;, cr.,colrl. 292 319, subl.| —916 | 1.88 Na;SbsFg; anion: y-trig. bipyr.
SbCL. n<3. ox SbCl;, cr., colrl. 73 233 —382 | 2.33 (disphenoid) or octahedra, Sb—F 1.96—2.06
Sh mra Tli{e-lilfe. SbBr;, cr., colrl. 97 289 —-260 | 2.49 M,SbyF 6, anion: [:SbF3F,)] ring
ma’ssg p cat. Red Sblz, cr., red, non-| 171 401 —100 | 2.72 MISbCl,]; M,[SbCls]; M3[SbClg]; CssSbCl,
exp. :d[ friction <—( <E’) — hyg MHal CSSSbCls; M3szclg; CSSszcln; M7Sb3Cl]6

d=15.8, struct. —
at. Sb, [SbCI*™,
[SbCL]™, CI™

SbHal; (Hal = F—Br) isostruct. to YF3, Sbl; isostruct.
to PI3, Sb—Hal 1.92 (F), 2.34(Cl), 2.49 (Br), 2.72 (1),
/HalSbHal 87 (F), 99 (I). SbHal; sol. in ROH, bz.,
Diox;

-nL, L = Dipy, C¢Hg, CioHg — n-complexes.

BiOF; Bi,OyFs;
BiOCl;

BiOBr;

BiOI; BisO1, struct.: [Bi;¢04]>" " columns, Bi CN 7, 8 and 9,
Bi— O 2.09-2.86.

Struct. of other oxohalides: HalBiOBiHal... layers (in BIOHal)
or [Bi;x045]° " of y-octahedra, Bi—O 2.0—2.7, Bi— Hal 3.05—

Bi304F; Bi13019F
Bi405clz; Bi304Cl; Bi120|7C12; Bi2403|C110
Bi;2015Bre; BizO4Br; Bij;017Brs; BizO3,Bryo

T1LSbsCly;, anion: octahedra, y-octahedra,
Sb—Cl24-3.2

RbSbBr4; K,Sb,Bre; M3SbBrg, anion: octahe-
dra (!), Sb—Br 2.79

K,Sbls; Cs3Sb,lo, anion: octahedra,
Sb—12.86-3.20

MSDbly, in anion: octahedra 3

MSbOF,

M,Sh,0F o

MISbFs(OH)], Sb—F 1.83-1.92 9
Na[SbF4(OH),]

HISbF_,(SO3F),l, n = 0-3

"4 + " 5 +
AsO,Cl, cr., colrl., insol. in org. solvs.
AsOF;, g., colrl.,, m.p. —68, b.p. —26
/ (AsOF3),, powder, wh., hyg.
AsOCl;, cr., colrl., dec. —25 — (As,05Cly), 32
x4
<y s
L
?;o@o/' f\%o\
//O“& AsFs, g., colrl., v. hyg_-, m.p. —80, 3b.p. —53,
~ AH = —1066, mol.: trig. bipyr. (sp°d), As—F
Z 1.67 (equ.), 1.71 (ax.); strong F acceptor
AsCLF;, m.p. =75
¢ — — & AsCls, exists in Cl, soln. at r < —=50° 19
N A o Y
& AsF3 (NO3),
____________ \N— — — ——
\ \
\ [AsF,] " [PtFq]~
[AsCL *X~, X = PCl,, AIC,, \
AuCly, AsFg, SbFg, v. hyg. \
[AsBrg "X~ \
[AsIy] "X, unstab. 2
\
\
Ha12;®
BrF
_ Mp 2+ rQeVe 1— (SbOF3),; SbO,F s
SbF, = [Sby F4]” " [Sb"F¢), ShO,Cl /
SbOCl;), /
Sby 1 Fy3 = yel. subst., hyg., insol. in /
- . solvs.;
[Sbg'F13]° “[SbVFels. Org. SOWVS-5
cation: chain of + Hy0 — Sb,05-7nH,0] /
2 completed and 3 T H.O /
[:SbF3] y-tetrahedra, 2 |4
Sb—F 1.7—1.9 (termnl.), m.p. b.p. Sb— Hal
2.06—2.2(br.)
(SbFs),, oil, colrl., vis- 8.3 149 1.82 | 2.02
cous, weakly hyg. termnl.| br.
MLISHYFll(Sh""Fa)Sb Foal | SPEChe — I
8) SbF,Cl; — — —
SboF4Cls SbFCl equ ax
bCly|, brn. soln. 4 o - : :
[SbCL]. brn. soln ShCls, lig., colrl. 3 |102/vac.| 229 | 2.34
SbBr;5 (?) — 2.31 | 243

3.20(Cl), 3.19(Br), 3.37(I), Bi—Bi 3.73 ® MBi;0,Cl,
%\ NG B?SHal, BiSeHal, Hal = Cl-1, Bi CN 8, Bi—S 2.8-3.3, LiBi,O3Cl
\ 3 Lo Bi—Cl2.7-3.5 BaBiO,Cl
. AN
=)
02 AN +
\NQ \ H'| | H0
1 \
BizyClyg (~ "BiCl") = \ 31 m.p. | b.p. | AH |Bi—Hal| | MBiF,, struct.: [BiFs] grs., Bi—F 2.19-2.86
[Bisl3 * [Bi"'Cls|3 B Clg|>, (g) K:BiFs; K;BiF; KBisF7; KBisFio
cr., brn., hyg., BiF;|, cr., grey 727 | 900 | —899 _ MBICly; M,[BiCls]; M3BiClg; Cs4B1Cl7
. 300° o p— BiCls, cr., wh., 234 | 447 | 379 | 2.48 Rb;Bi;Clo; Rb;Bi3Clyg; MBi>Clg, anion:
rl;]if(.jllé& = Bi + BiCl3; darkening in light 2 y-octahedra with common edge
Bi,4Br,s. semiconductor BiBr;, cr., yel. 219 | 461 | —260 | 2.63 M,BiBrs; M3BiBre; Cs3BizBry
Bii“ m.zg. 318 with dec. Bil3|, cr., brn.,, sol. in I, | 408 439 | —109 — M‘_t[BlzBl'w] -4H,0; Mjy|BiBrg|[Bi,Br ],
Bi7i2; Biol, S,03, AsO3 ™ presence. (subl.) %T.“O“;II ?Czt%hegrg((éfl)l//?;tage(?(rga)
. 1) o . ~ - 1—Hal 2.0—-2. s 2.1 — 2. T
Bijol3, m.p. 295 In g.: [:BiHal;] mol.: y-tetrahedra, /HalBiHal ~ 100, in ion KBil; HBI, - 4 H,0; Ma[Bil|

46

struct.: BiF; and BiCly (YF; type), Bi CN 8+1, in BiBrj
struct. (- and f3-): distort. octahedra; Bils isostruct. to FeCls,
Bi—Hal 2.23-2.50(F), 2.50-2.34(Cl), 2.66—3.32(Br),
3.07(D

BiCl;-nL, L = NO, NO,, NOCI

RbsI(I3)[Bilg], in anions: octahedra,
Bi—129-32 R

M,ShClg,

M = Rb, Cs, cr.,
blk., diamagn.;

AH SbFs5 = —439, solv. for S, Se, Te; v. strong Facceptor;
SbCls — strong chlorinating agent. In liq. (SbFs),
(n=5—10): chains of [SbF4F,;] octahedra, in struct.:
tetramers of cis-[SbF4F>)5] octahedra', in g.: [SbF3F» )5

+H,0 — M;[SbCle] + rings.
+M[SbClg] SbHals — :SbHals + Haly; + H,O — SbOHaly + 2 HHal
M,SbBrg, equ.  ax. equ. ax.

cr., blk., diamagn.,

SbCls- L, L = NOCI, POCl;, SO,, mol.: octahedra

MISbFl; M[SbyFy;], M = M', [NF,], [AsCly], [SbCL], [Oa], [Ss]/2,
[S16]/2, [SF3]. [HoF], [Cls], [HalF>], [HalFy], [KrF], Xe/n, [XeF],
[XeF;], [XeFs], [XeOF;], [Xe,F ], anions: octahedron or

2 octahedra with common vertex, Sb—F 1.8—1.9 (termnl.),
2.0-2.1(br.), /SbFSb 150

M][SbsFg], M = [PF,], [Br], anion: chain of 3 octahedra,
[SbE4F,5]-trans 16 in the centre

M,[SbF,]; H3[SbFg], Sb CN 7 and 8; [BrF4]* [Sb,Faq]~

HSbCk . 3H20, cr., grn., hyg, [H1406][SbCl6]2 . IleO
MISbClg], M = M, [SCI3], [NO], [ICL,], [PyH], Sb— Cl ~2.32
M][(SbCls),X], X = F, CN, N3

H[SbBrg| - 3H,0; M[SbBrg|, in octahedron Sb— Br 2.56
Cs[Sbl] 49

isostruct. to K,PtClg,
anions: [Sb'"Halg] and
[SbYHalg]

[SbF4] T [SO5F]~ SbF(NO3)4
[SbCly] T X, SbF;(NO3),
X = SbFg, SO,4/2, Hal
[SbBry " X",
X = Sb(OTeFs), ¥
.
N\
%\6\00 s —
2 N\ j_ B(/» —
Pt —
Co \ -
J X —

BiFs, needles, colrl., m.p. MF + F,(p); [NH,]BF,

151, b.p. 230, v. strong
fluorinating agent, in
a-UF5 struct.: chains of
trans-[BiF4F,>] octahedra,
Bi—F1.90 '

K|BiOF,4]

M|BiF¢], M = Li—Cs, Mg—Ba/2,
[BrFy], [0,], [H30], [XeF3], NF, 17,
+H20 *>02+H202+
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