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Interaction of Ag salts in anhydrous liquid hydrogen fluoride, aHF, with AgFsalts gives amorphous red-
brown diamagnetic Ad\g"'F4, which transforms exothermally to brown, paramagnetic, microcrystallifd=Ag

below 0°C. Ad'Au"'F, prepared from A and AuRz~ in aHF has a tetragonal unit cell and a KBtifpe lattice,

with a=5.788(1) A,c = 10.806(2) A, and& = 4. Blue-green AYFAsFs disproportionates in aHF (in the absence

of F~ acceptors) to colorless MysFs and a black pseudotrifluoride, (A§™)Ag" F4~AsFs~. The latter and other
(AgF),AgF4MFg salts are also generated by oxidation of AgiF AgF" salts in aHF with E or in solutions of
0O,"MF¢~ salts (M= As, Sh, Pt, Au, Ru). Single crystals of (AgRyFAsFs were grown from an AgFASF

AsFs solution in aHF standing over Agfor AgFBF;, with F, as the oxidant. They are monoclinie2/c, at 20

°C, with a = 5.6045(6) Ab = 5.2567(6) A,c = 7.8061(8) A5 = 96.594(9}, andZ = 1. The structure consists

of (AgF)."* chains (FFAg—F = 18C°, Ag—F—Ag = 153.9(11}, Ag—F = 2.003(4) A), parallel t@, that enclose

stacks of alternating AgF and Ask~, each anion making bridging contact with four Ag(ll) cations of the four
surrounding chains “caging” them. There is no registry between the ordered array in one “cage” and that in any
neighboring “cage”. The F-ligand anion bridges between the anions and, with the Ag(ll) of the chains, generates
a trifluoride-like structure. (AgRAgFsASFs [like other (AgF)"* salts] is a temperature-independent paramagnet
except for a Curie “tail” below 50 K.

Introduction fully realized (the prepared Afg"'F, having a particle size
too small for structural characterization), but the thermodynamic
instability of AgAg"' F4 has been confirmed by its exothermic
transition to AdF..

Partial disproportionation of Ag(ll) to Ag(l) and Ag(lll) has,
however, been observed in association with the solvolysis of
the salt AgFAsFs~ in aHF:

The Ag(ll) oxidation state is peculiar to fluoro-ligand systems.
Although, in its ligand-field effects, oxygen is close to fluorine,
Ag(Il) does not occur in oxidés where, typically, AgO is Ay
Ag" O,. Attempts to disproportionate AgFto prepare Agk,
by using highly basic solutions in aHF (in which Ag(l)F and
the heavier-alkali-metal AgF salts are all highly soluble) did
not succeed: AAGFASF(C) — AgASF(C) + (AGF),AgF,AsFy(c) +

2AgF,(c) (with F~ in aHF)# Ag™(solv) + AgF, (solv) " 2Ask(solv) (2)

the colorless AgAs§-(as a consequence of its lower density)
But the stability of Agk~ salts toward solvolysfsn aHF made ~ sedimenting more slowly than the black product {RgAg" Fs-

it possible to attempt the synthesis of Ag''F4 in that solvent.  AsFs (concisely: AgAsFiy).

The existenceof AgAuF, and the finding here, that this salt This paper details these findings and provides other synthetic
has the same structure as its lighter-alkali-metal AAs&lts routes to the mixed-valence A4sFi,. Syntheses are also given
(which are themselvéssostructural with their AAgF rela- for its isostructural relatives AIF;, (M = Sb, Pt, Au, Ru).
tives’), gave impetus to the notion that "' F,, with suicha  Single-crystal X-ray diffraction analysis of AfsFi, has
symmetrical lattice, could, perhaps, have sufficient kinetic provided a structural basis for all. High thermodynamic stability,
stability to be isolable in that form. This hope has not been deriving from the rather close-packed pseudotrifluoride structure,
may be responsible for the ready formation of these Ag(l1)Ag-
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E4§ Lu?.:r f'_ Jésir?n:\e'nﬂebén nlofr%nvag'B _ g?rtlettGNln%rg Chem being made from FEP tubing (CHEMPLAST, Inc., Wayne, NJ 07480)
1989'28"3467.' v o e ’ ’ ' with Teflon valves and Swagelok fittings, as previously described.
(5) Sharpe, A. GJ. Chem. Socl1949 2901. -
(6) Engelmann, U.; Miler, B. G.Z. Anorg. Allg. Chem1991, 598 103. (8) Zemva, B.; Hagiwara, R.; Casteel, W. J., Jr.; Lutar, K.; Jesih, A;;
(7) Hoppe, R.; Homann, RZ. Anorg. Allg. Chem197Q 379, 193. Bartlett, N.J. Am. ChemSoc.199Q 112, 4846.

10.1021/ic9905603 CCC: $18.00 © 1999 American Chemical Society
Published on Web 10/04/1999



(AgF")AgFs MFg~ Salts Inorganic Chemistry, Vol. 38, No. 20, 1999571

The metal vacuum and fluorine handling line was also as described Table 1. X-ray Powder Data (DebyeScherrer Method, Cu &
previously? All solid starting materials and products were transferred Radiation, Ni Filter) for AgAuk, Tetragonal Cell, witha =
and weighed within the dry argon atmosphere of a Vacuum Atmo- 5.788(1) A, c = 10.806(2) A,V/iz = 90.49(5) B

spheres Corp. DRILAB. X-ray powder diffraction photographs (XRDPs) U2 % 104 U2 % 104
were obtained as previously descrilfext were magnetic measurements _— T —
employing a SQUID. lcad g obs calc hkl lcad o obs calc hkl
Materials. Anhydrous HF (aHF; Matheson) was first dried in an b ww 199 8 ms 7736 7340 244

FEP tube containing #\iFs (Ozark-Mahoning Pennwalt, Tulsa, OK) 5 vw 345 343 002 mw 7885 7869 228
and then in one containingAsks. O,AsFs was prepared by the method 10% \\A/Ivs 59%& 59%170 111102 Tv %T?% %ﬁ%‘é 5313%
of Shamir and Binenboyrf. BF; and Ask (Ozark-Mahoning) were

- . 30 ms 1197 1194 200 w 9167 9161 1110
checked by IR spectroscopy to ensure absence of major impurities and m 1376 1370 004 W 9545 9552 440

then used as supplied. Agivas prepared by the fluorination of AgF 3
in aHF at~20 °C. AgFBF, was prepared as previously descrilSexd 2
were QPtR;,'t O,SbR,*? O,RUR;,*® AgAsFs,® AgPtR;,'* XeFRsAgFs,*
AgBF,° and KAuR.1®
Preparations. AgAuF; from KAuUF 4 and AgF. KAuF,4 (158.9 mg,
0.5092 mmol) was placed in one arm of a T-reactor and AgF (97.2
mg, 0.7662 mmol) in the other, and aHF (1.5 mL) was condensed in
each limb. The KAukdissolved to a yellow solution but left a small 1
brown residue, so this solution was decanted slowly, &t20nto the
colorless solution of the AgF to give a yellow precipitate in a colorless 3
supernatant solution (indicating total precipitation of the AYFThe 3
2
7
7

VW 10243 10257 408
npre 10511 10492 532

w 10868 10844 156
w 10941 10922 444
npr 11478 11451 248
rhr 11566 11549 1310
VW 11959 11940 620
VW 12134 12116 604
VW 12343 12332 0012
mw 13251 13232 356
m 13337 13310 264
VW 13531 13526 2012
VW 13954 13937 3310
VW 14722 14720 2212
w 15043 15033 448
ms 15280 15268 172

m 6070 6068 136 ms 15280 15268 552

8

VW 1538 1537 202

Vww 1585 1578 211
b wvww 1644
1 vww 1955 1967 114
1 vww 2242 2263 213
14 ms 2386 2388 220
28 vs 2567 2564 204
1 vww 2741 2741 222
3 ms 3692 3680 116
2 ms 3770 3758 224
VW 4357 4355 134
w 4789 4776 400
1 vww 5365 5373 330
VW 5480 5481 008
w 5723 5716 332
mw 5974 5970 420
2

colorless solution was removed by decantation, and the yellow solid
was washed (by back-distilled aHF) three times and vacuum-dried. An
XRDP of the yellow diamagnetic solid (178.4 mg, 0.4685 mmol)
showed only the pattern of AgAuFwhich was indexed on the basis
of a tetragonal unit cell wita = 5.788(1) A,c = 10.806(2) A,V =

362.0(2) K, andZ = 4 (see Table 1), and that of the solid fom the 5 w Soon o519 493 11 et 16996 16900 608
decantate (82.5 mg) showed a complex pattern containing lines of 4 mw 6689 6675 208 19 mwbr 16324 16325 1510

AgAUF; and AgF. 2 |.ac placed the atoms in the following positions of space group

1

VAR ORARRO LN ~NwW T oMM w® D

Attempts To Prepare AgAuF; and AgAgF, from AF 3 (A = Au, 14/mcm(140):
Ag) and AgF. AuF; or AgFs, each prepared from its KAFalt1® was X y z
placed in one arm of a T-reactor and a large molar excess of AgF in Ag O 0 Yy
the other. AgF dissolved in aHF was poured into the limb containing Au O Y, 0
the AR (A = Ag, Au) and the reactor agitated for more than 1 day at F 0.1688 0.1688 0.8768

~20°C. The AR (A = Ag, Au) was unchanged in appearance, as was Atom positions were obtained from synchrotron powder diffraction
the residual weight on removal of the AgF solution. An XRDP showed data (Graudejus, O.; Bartlett, No be Published ® Impurity line.

unchanged Aug in the case of Agk; there was some conversiéno ¢br: broad.
Ag3Fg.
Preparation of Ag'Ag" F,. Various other attempts were made to 8.00E-03
synthesize AAg"'Fs, all carried out in aHF: (a) AgR- KAgFy; (b) 7.00E-03 |
XeFsAgF, + AgBFs; (c) AgBFs + KAgF.. Reaction (a) gave only s [m5kG |
Ag"F; as did reaction (b). Although the insolubility of A" F, and _ 600E03 lm40 kG
the low solubility of AgBR in aHF rendered reaction (c) slow, it did E 5.00503 | B
provide AJAg"'F, essentially free of Agk The red-brown AAg" Fs E 4.00E-03 %
was on one occasion observed to transform rapidly to light-ochre- & o
colored Ad'F; (the latter established subsequently by its characteristic § 3.00E-03 2
XRDP), accompanied by vigorous boiling of the aHF, indicative of 2.00E-03 a,
the exothermicity of that change. The details that follow are for a o g
preparation which gave Agg" F,, the XRDP of which revealed only 1.00E-03 Plong g g g
AgBF, contamination and no Agr,. SQUID measurements did exhibit 0.00E+00 | ; ; B o HRopoa
a weak paramagnetism (shown in Figure 1) indicative of contamination 0 50 100 150 200 250 300
by a trace of a weakly paramagnetic impurity, but this was ndtFAg Temperature (K)

since this is revealed by its characteristic field dependémetow 163 ’ - LAl .
K. The very low values of, suggest that the bulk of the material is \':/'%l: rzglé':l\ﬁolar susceptibility o, versusT (K) for Ag'Ag™Fs admixed

(9) Casteel, W. J., Jr.; Lucier, G.; Hagiwara, R.; Borrmann, H.; Bartlett,

N. J. Solid State Chen1992 96, 84. diamagnetic. One arm of a T-reactor was loaded with KAGAR.1.3

(10) Shamir, J.; Binenboym, lhorg. Chim. Actal968 23, 101. mg, 0.499 mmol) and AgBH89.8 mg, 0.461 mmol), aHF (1.5 mL)
(11) Bartlett, N.; Lohmann, D. HJ. Chem. Soc1962 5253. was added, and the mixture was brought frer@1 to +10 °C over
(12) McKee, D. E.; Bartlett, NInorg. Chem 1973 12, 2738. ~24 h, with constant agitation. The yellow solution color (AgHaded,

(13) Edwards, A. J.; Falconer, W. E.; Griffiths, J. E.; Sunder, W. A.; Vasile, and a homogeneous red-brown insoluble solid was produced. The

(14) ‘(]3 féucdgjeu?- OSO(I:EI dlZ?ItSC)nH-I—'rELlEii?r‘lGlleg'Shen C.. Bartletinkiig supernatant solution (still pale yellow) was decanted to the other limb

Chem.1999 38, 2503-2509. and the aHF removed under vacuum. No attempt was made to wash
(15) Lucier, G.; Elder, S. H.; ChaooL.; Bartlett, N.Eur. J. Solid State the red-brown residue. The composition of the products was computed
Inorg. Chem 1996 33. on the assumption that all Ag(l) remained with the aHF-insoluble

(16) zemva, B.; Lutar, K.; Jesih, A; Casteel, W. J., Jr.; Wilkinson, P.; residue and that all Ktransferred with the decanted solution. Found,
Cox, D. E.; Von Dreele, R. B.; Borrmann, H.; Bartlett, NAm. Chem. red-brown residue (XRDP showed only a weak AgBBttern): 116.4

Soc.1091 113,4192. | res _
(17) Gruner, E.; Klemm, WNaturwissenschafteh937, 25, 59. Charpin, mg. Required: for 0.274 mmol of Agg" F,, 79.9 mg; for 0.188 mmol

P.; Diamoux, A. J.; Marquet-Ellis, H.; Nguyen-Ngiil. R. Acad. Sci. of AgBF,, 36.5 mg; total, 116.4 mg. Found, as a pale yellow solid
1967, 264, 1108. from the decanted solution (XRDP showing KAg&nhd KBF;): 86.4
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mg. Required: for 0.274 mmol of KBf34.5 mg; for 0.225 mmol of Table 2. X-ray Powder Data (DebyeScherrer Method, Cu &

KAgF4, 50.3 mg; total, 84.8 mg. Radiation, Ni Filter) for AgAsF;2
Disproportionation of AgFAsF¢ in aHF. AgFAsFs (~600 mg) in U x 10 Ud? x 10*
one limb of a T-apparatus was treated with an aliquel (mL) of —_— —
aHF, to give a blue solution (akin to that formed when AgRd Ask Mo leac Obs calc hki Mo leac Obs calc hki
in a 1:2 molar ratio dissolve in a small amount of aHF) and a black ms 53 671 665 002 w 2 6160 6161 330
solid. The blue solution was decanted from the black solid, and the S 100 692 685 110 vw 1 6245 6253 402
aHF and AsEwere removed under vacuum. A fresh aliquot of aHF, ™MS 36 1252 1243 112w 3 6358 6352 116
added to the AgFAsfretrieved from the decantate, again produced an m 468 1295 11250 = 200 “w 4 DEaS0aSS L
insoluble black solid, which by successive rinsings and decantations ms 101459 1448 020 w s 6449 6455 042
L ; - .o ms 18 1459 1456 112 vw 3 6489 6507 332
was added to the orlglnal solvolysis prot_ju.ct, the blue solution again ,,, 2 1646 1652 210 unobs 3 6565 314
separated from the mixture, and the remaining AgFAB&S recovered VW 3 1748 1743 202vw 3 6604 6609 420
as before. This was repeated several times until most of the AgFAsF vww 2 1784 1770 120 www 1 6632 6639 206
had been solvolyzed. Toward the end, it became apparent that the blackvw, br® 4 1882 1859 013 vw 3 6845 6849 422
solid was accompanied by a colorless solid which sedimented more vw,br 4 1882 1883 121w 2 6971 6972 404
slowly than the black solid in the aHF solution and so formed an upper VW 4 1927 1925 211 w 2 6971 6991 116
layer in the sediment. XRDPs of the mixed solid product revealed that ™ 14 2117 2113 022 vw 3 7070 7081 240
it contained® AgAsFs (the colorless solid) and showed a pattern akin w 8 2172 2168 202 ww 2 7116 7145 332
. . - S VW 2247 imp?  vvw 0 7313 7309 043
to that of_ a trifluoride, such a% R_qu_(thls was charactt_arlstlc of the mw 7 2669 2661 004 vw 3 7435 7434 026
black solid). It was found that oxidation of the AgFAsKith O,AsFs ms 14 2746 2738 220 vw 3 7540 7533 242
or with F, in aHF at~20 °C left the black solid uncontaminated by a m 14 3142 3133 114vw 3 7674 7700 422
second phase. It was also noted that when the black solid was exposedm 13 3202 3190 222w, br 2 7954 7916 206
to aHF containing As§ AgFs was released. That, and the preparation m 14 3267 3265 310 wor 3 7954 7959 242
of AgF, salts from the black solid with alkali-metal fluorides, —mw,br 3 3573 3526 204vw 2 8077 8087 226
suggested that the black solid contained AgFThe pseuduifluoride mw,br 7 3573 3558 114 www 2 8165 8183 334
nature of the black solid and various gravimetries for high-yield ™MW.br 8 3556723 %5680 13_3% V\klsz 1 88282 883;6 _5’16
syntheses. (see below) indif:ated thg compositiowglz. . ' mz Zs 3621 361613 2§2W’vh: % Siﬁ 81%7 313
Interaction of AgFAsF with Massive aHF. The disproportionation mw,br 7 4134 4108 024 wbr 2 8411 8451 044
of AgFAsKs to AgAsks; and AgAsFy; just described does not hold if mw,br 6 4134 4138 132wv,br 2 9346 9316 244
a large multimolar excess of aHF is added to the AgRASE., when w 6 4235 4250 312 wwr 1 9346 9363 226
the Ask concentration in the aHF from the solvolysis is very low). m,br 9 4358 4351 132 wwr 2 9346 9370 150
Under those circumstances, the solid product is largely,AgF m,br 5 4358 4377 204 vw 1 9608 9625 512
Quantitative Oxidation of AgASF¢ to AgFASFs by O,AsFs, at ~20 mw 6 4976 4973 224wv,br 1 9891 9872 406
°C. A T-reactor was loaded with AgAgK128.8 mg, 0.4340 mmol) in vw 3 5148 5162 400 wir 2 9891 9886 136
T . : P . mw 4 5300 5288 314wv,br 2 9891 9929 152
the main tubt_a anc_i wnh@st_(loo.l mg, 0.4_531 mmol) in the_sm_iearm, W 2 5409 5402 402vww,br 2 10018 10024 514
and aHF (dried first with KNiFs and then with QAsFs) was distilled m 1 5812 5790 040 wwr 2 10156 10121 424
(1.5 mL) onto each solid. The BsFs solution was poured, in several m 3 5812 5824 224 whr 2 10156 10141 152
batches, into the suspension of AgAsiE~20 °C. The mixture evolved w,br 1 6008 5087 006 vwhr 2 10156 10167 244
O, and gave an intense blue solution as the mixing proceeded, and allw,br 2 6008 134
solid AgAsks was consumed. Removal of volatiles in vacuo aThe calculated T values and intensities of reflections are based
(=103 Tor) left a blue-green solid, the XRDP of which indic&téd on the parameters obtained from the structure analysis on a perfectly

only the pattern of AgFAsE Product weight: 145.5 mg; 0.434 mmol  disordered single crystala = 5.6045(6) A,b = 5.2567(6) A,c =
AgFAsF; requires 137 mg. (Some loss of container weight, resulting 7.8061(8) A, = 96.594(9), V = 228.5(8) &, Z = 1, space group
in apparent higher product mass, often occurs whehadd F, are P2/c. ® br: broad.

used in the oxidations.)

Preparation of AgsAsFi.. This black aHF-insoluble solid was  of a primitive monoclinic cell (see Table 2). The weight of black solid
prepared in several ways: (1) by the fluorination of AgFAsFaHF; was 95 mg; that expected for 0.1584 mmol ofsAgF;, was 99.2 mg.
(2) by oxidation, using @AsFs, of (a) AgF (b) AgFAsk, or (c) Preparation of AgsPtF;, from the Interaction of O ;PtFs with
AgFBF,. The methods in (2) were used in thesMF., (M = Sb, Au, AgFBF,in aHF. The experimental arrangement was like that fog-Ag

Pt, Ru) preparations. Route 2a provided the compounghsig, in A -
. ; . sFi,, the salt AgFBE (58.3 mg, 0.2728 mmol) in the place of the
high purity and yield: Agk(69.3 mg, 0.475 mmol) and BsFs (36.8 AgFlzzand Pt 9(1100.3( " 02941 mmol) i t)he placg e

mg, 0.167 mmol) were loaded respectively into the sidearm and the 3 . . .
main tube of a prepassivated T-shaped Teflon-FEP reactor. Some aH The QPR (in ~1.5mL of aHF) partly in solution, and the remainder

(~1.5mL), dried over GAsFs in a separate FEP reactor, was transferred in the sIL_Jrried suspension,_was added in small portions.to the stirred
to the Agh and to the GAsFs. The QASFs solution was poured slowly ~ SusPension of the AgFBRin ~1.5 mL of aHF). Immediately the
into the AgF suspension. Oxygen evolution was immediately observed, Precipitation of a nearly black solid (having a dark red reflectance)
and a black solid was produced. This mixture was agitatec80 was observed. The mixture was agitated~@0 °C for 30 min, and
min. Then the supernatant solution was decanted into the main tubethe yellow supernatant solution (containing the excegBti) was
and the black solid was washed with back-distilled aHF (five times) to decanted to the other limb. The nearly black solid was washed with
the point where the black solid no longer settled quickly but remained back-distilled aHF until the washings were free of color and then
several minutes in suspension in the aHF. This was the signal thatvacuum-dried £10°2 Torr). The XRDP (see Table 3) was complex
soluble salts had been largely removed. All volatiles were removed and indicated the presence of IRfVFs as well as an AgAsF»-like
under a dynamic vacuun=(0~2 Torr). The XRDP showed only the phase. The data were indexed on a monoclinic cell akin to that g¢f Ag
pseudotrifluoride pattern which was completely indexed on the basis AsF,, for the dominant phase, the remaining lines then being largely
due to the rhombohedral c¥llof the Ad'PtVFs. The insoluble solid
(18) Kemmitt, R. D. W.; Russell, D. R.; Sharp, D. W. A. Chem. Soc. weighed 81.7 mg. Required for conversion of all Ag(ll) to equimolar
1963 4408. quantities of the two products: for 0.0682 mmol of AgRt#8.3 mg;

(19) Casteel, W. J., Jr.; Wilkinson, A. P.; Borrmann, H.; Serfass, R. E.; for 0.0682 mmol of AgPtF,, 50.8 mg; total, 79.1 mg.
Bartlett, N.Inorg. Chem.1992 31, 3124. . . e

(20) Gantar, D.; Frlec, B.; Russell, D. R.; Holloway, J.A¢ta Crystallogr., Preparation of AgsAuF i, from O.AuFs and AgF; in Acidified
Sect. C: Cryst. Struct. Commub987, C43 618. aHF. With arrangements similar to those used for the synthesis gf Ag
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Table 3. X-ray Powder Data (DebyeScherrer Method, Cu &
Radiation, Ni Filter) for AgPtF,, Monoclinic Cell witha = 5.69(1)
A b=5251)Ac=7811)A B =9771F,Z=1,V = 231(1)
A3 Possible Space GrougR/c

1/ x 10¢ 1/d? x 10¢

/o lca® obs calc hkl Ilo lca® oObs calc hkl
VW 574 ms 2267
vw 603 VW 7 2671 2673 004
S 51 668 668 002 ms 14 2714 2710 220

100 668 677 110 vwhrP 2792

w 707 vw 2928 B
w 737 ms 14 3099 3105 114
vw 784 ms 13 3099 3135 222
vww 3 1031 1031 012 ms 14 3181 3194 310
s 39 1220 1223 112vw, br? 3255 B
& 19 1272 1258 200 w 7 3503 3494 312
vw 1371 ms 8 3577 3580 130
s 12 1452 1451 020 ms 7 3577 3596 114
s 20 1452 1468 112 wvw 3805
ms, brb¢ 1564 . ms 7 4131 4125 024
ms, br 4 1680 1681 202 ms 6 4131 4125 132
vw, br 2 1858 1865 013 wvw 6 4235 4231 312
vw, br 3 1858 1871 121 ms 8 4370 4371 132
vw, br 2 1962 1911 211 wvw 4669
ms 16 2119 2120 022 vvw 4835 B
vw 8 2183 2172 202 wvvw 4 5118 5130 314

a Calculated using the Parameters from (AgfF.,AsFs single-

crystal analysis? These lines, or contributions to them, are attributable

to Ag'PtVFs (ref 14).¢br: broad.

Table 4. X-ray Powder Data (DebyeScherrer Method, Cu &
Radiation, Ni Filter) for AgAuF1,, Monoclinic Cell witha =
5.66(1) A,b =5.24(1) A,c=7.791) A, = 9751y, Z2=1,V =
229(1) A3, Possible Space Grou2/c

1/d? x 10 1/d? x 10¢

IMlo lcad obs calc hkl Mlo  lcad obs calc hkl

m 51 675 671 002 w 4 3471 3470 204
S 100 686 682 110 w 7 3533 3531 312
s 39 1233 1232 112s,brb 8 3610 3595 130
w 19 1268 1270 200 r 7 3610 3608 114
S 12 1463 1457 020 &r 7 3610 3640 22
S 20 1463 1474 112 nbyr 7 4138 4141 024
VW 4 1703 1699 202 m,br 6 4138 4145 132
VWW 2 1884 1874 013 wbr 6 4270 4257 312
VW 2 1884 1882 121 s,br 8 4398 4387 132
m 16 2126 2128 022 &r 4 4398 4439 204
VW 8 2186 2184 202 nhr 6 4927 4927 224
w 7 2684 2684 004 wvwhr 3 5056 5082 400
S 14 2720 2727 220 \vir 4 5190 5181 314
s 14 3123 3124 114w,br 3 5873 5895 224
S 13 3159 3156 222w, br 2 6126 6136 330
m 14 3224 3223 310 wvir 3 6330 6358 116

a Calculated using the

parameters from (Ag¥9F,AsFs single-

crystal analysis® br: broad.

AsFi,, AgF, (143.2 mg, 0.982 mmol) in aHF2 mL) was shaken

slowly into a solution of @QAuFs (145.8 mg, 0.425 mmol) dissolved in
aHF (~2 mL), to which BR (~0.14 mmol) had been added to aid in

the solubilization of the Agi[as AG"(BFs"),]. As the Agh made

contact with the yellow @AuFs solution, Q was evolved and a black
solid precipitated. In the washing of the Agfesidue from the sidearm
with cold back-distilled aHF containing BFthe characteristic blue

color of dissolved Ag(ll) was observed, but this rapidly dissipated on
pouring into the yellow Auf solution. The mixture was agitated for
12 h, and the excess®uFs in the supernatant solution was decanted
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AgsRuUF;; and AgsSbF:; Preparations. These were carried out in
essentially the same manner as that ot2, using AgFBR and
the appropriate @MF¢~ salt. The XRDP data for each product are
given in Tables S1 and S2, respectively (Supporting Information).

AgsMF 1, Salts with Alkali-Metal Fluorides in aHF. The salts
interact with alkali-metal fluorides (AFs) in aHF to generate a solution
of the AAgFk and AMFKs (A = Li has highest solubility, and A= Cs,
the least) and an insoluble residue of AgfFhe interaction of Ag
AsFi2 with KF is representative. A solution of KF (25.5 mg, 0.439
mmol) in aHF in the sidearm of a T-reactor was poured onto a
suspension of AgAsFi2 (111 mg, 0.177 mmol) in aHF (1.5 mL) at
~20°C. The black solid was immediately converted to a yellow solution
and a brown insoluble residue. The XRDP of the yellow solid from
the decantate showed the pattern of KAgfongly, lines characteristic
of KAsFs and KHF, also being present. The brown residue was AgF

Single-Crystal Growth of AgsAsFi.. The reaction vessels for crystal
growth were usually constructed #§ in. FEP tubing, Teflon tees, and
Teflon valves with Kel-F stems and Teflon tips. A restrictior. cm
away from the sealed end of the sidearm, was made by pinching the
FEP tubing under heat to less than half its diameter. The purpose of
this was to slow the diffusion of Fduring crystal growth. Typically,
AgFAsk; was loaded into the main arm of the FEP reactor, the other
starting material, either AgFor AgFBF; (in slight molar deficit of the
AgFAsFs), was loaded into the sidearm, and aHF2LmL) was
condensed onto the AgFAsFThis gave a blue solution and a small
amount of black solid. After the black solid had settled, the blue solution
was carefully decanted onto the solid in the sidearmwBs then
admitted into the reactor until the total pressure was about 1000 Torr.
The reactor was then left undisturbed for about 1 week for crystal
growth from this solution. During crystal growth, the blue solution
usually became much paler; meanwhile, the initial AgF AgFBF,
slowly diminished as highly reflective black crystallites grew, from
solution, on the reactor wall. At the end of the crystal growth, the
solution was carefully decanted back into the main tube, to leave the
crystals on the sidearm wall, from which they were retrieved (in the
DRILAB) after the system had been vacuum-dried ¢LUorr) for
several hours.

The multifaceted, highly reflective, jet black (AgFAsFs crystallites
were roughly cubical. They were usually very small, tended to form
aggregates, and were usually twinned. The most satisfactory batch, from
which a suitable single crystal of (AgzAsFs was obtained, was from
the reaction of AgFBE AgFAsFs;, and F, with a small amount of KB
present in the aHF.

Crystal Structure Determination of AgsAsFi.. Crystals were
manipulated under a dry argon atmosphere in the DRILAB on a
prepassivated Teflon sheet. The selected crystal was mounted in a 0.5
mm diameter quartz capillary, the narrow end of which had been further
drawn down to a long taper. Preliminary Laue and precession
photographs indicated monoclinic Laue symmetry and yielded cell
dimensions close to those derived from the X-ray powder data (see
Table 2).

The crystal used for data collection was transferred to an Enraf-
Nonius CAD-4 diffractometer. Automatic peak search and indexing
procedures yielded the same monoclinic cell as derived from the X-ray
powder diffraction data and precession photographs. Testing showed
that the cell was indeed primitive and that there was no superlattice
present. Table 5 gives the crystal data and X-ray experimental
parameters, and Table 6, the interatomic distances and angles. Positional
and thermal parameters are given in Table S3 (Supporting Information).

A total of 1463 raw intensity data were collected. Inspection of the
azimuthal scan data showed a variationlgf/lmax = 0.82 for the
average curve. An empirical correction based on the observed variation
was applied to the data as a first approximation. The structure was
solved by Patterson methods in space gr&ip Refinement and

and washed over to the sidearm. The XRDP of the black solid showed elucidation of additional atoms proceeded via standard least-squares

an AgAsFi, type pattern, which was fully indexed on a monoclinic

and Fourier techniqueéd.Examination of the triclinic model demon-

cell of that type (see Table 4), and that of the orange solid from the strated the correct monoclinic space groBpic (the apparent absence
decantate proved it to be®uFs. The observed weight of AéuF;,
was 244.7 mg; 0.327 mmol of A§uFi, requires 244.9 mg. The

observed residue of BuFs was 39.6 mg, which in excess should have

been 33.6 mg.

of hOl, | = 2n has been found), and refinement continued in that group

(21) MolEN-1990 Delft Instruments, X-ray Diffraction D.V.: Rontgenweg
1, 2624 BD Delft, The Netherlands, 1990.



4574 Inorganic Chemistry, Vol. 38, No. 20, 1999

Table 5. Crystal and Data Parameters for AgFi,

formula

fw

space group
alA

b/A
c/A

d
e

VA

T/IK

Pcalcd g cm 3
radiation,A/A

reflns measd
residuals

AggASFlz
626.5
P2/c
5.6045(6)
5.2567(6)
7.8061(8)
96.594(9)
228.5(8)
1

298
100.6

0.710 73 (Mo Ko)
+h, +k £

R =2.44;R,>=2.89

Shen et al.

scattering factor for the neutral atoms were u&eaihd all scattering
factors were corrected for both the real and imaginary components of
anomalous dispersiot.

Inspection of the residuals ordered in ranges of @R, |F.|, and
parity and values of the individual indexes showed no unusual features
or trends, other than those caused by the strong pseudotranslation of
Y,c in the structure. There was no indication of secondary extinction
in the high-intensity low-angle data.

Results and Discussion

The favored disproportionation of silver in AgO to Ag(l) and
Ag(lll) 2 contrasts with the behavior of the mixed-oxidation-
state fluoride A$Ag"'F4 prepared in these studies, which
undergoes exothermic conversion to'/&g

AR = 3 |IFol = IFcll/XIFol. ® Ry = [IW(IFol — IFc)¥3wWF7"2

Ag'Ag"F,— 2Ad"F 3
Table 6. Crystal and Data Parameters for AgF, 9AgT g ©)

As/Ag2—F2 1.80(2) AgtF1 2.003(4) It was anticipated that Agg"'Fy, like Ag()Au(lll)F 4, would
ﬁg’_p‘gf_% i%gg ﬁgll::zg 22‘2‘% have its square-planar anions arranged perpendicular to one
Ag2—F4 2:61(3) 9 ’ another and all parallel to the dxis of the KBrk type structure
F2—F3 2.51(3) F2F3 2.59(3) observed in alkali-metal AgF and AuR~ salt$-” and, as found
F2—F4 2.36(4) F2-F4 2.62(3) here, for AQAuR (see Table 1). It was hoped that this simple
F3—F4 2.38(3) F3-F4 2.60(3) symmetric structure would provide kinetic stability. With the
Ei:gg géigg Ei Eé gi’ggg synthetic approach used to obtain'Ag" F4

F1-F4 3.14(3) FL-F4 3.09(3) | . T aHF < 0°C

F2—F2 2.98(3) F2-F3 3.22(3) Ag BF,(c) + K'(solv)+ Ag"F, (solv)————

F2—F3 3.11(3) F2F4 3.26(3) Lo n _

F2—F4 3.09(3) F3-F3 3.16(4) AgAg™ F,(c) + K" (solv)+ BF, (solv) (4)

F3-F3 3.02(4) F3-F4 3.08(3)

F3-F4 3.09(4) F3-F4 3.26(3) the mixed-valence red-brown solid was always noncrystalline,
F1-Agl—F1 180 FErAgl—F2 94.4(6) probably as a consequence of the small particle size associated
F1-Agl—-F2 85.6(6) F+Agl—-F3 87.8(5) with the insolubility of the material in aHF and its rather rapid
F1-Agl-F3 92.2(5) F2Agl-F2 180 generation at low temperatures [both deliberately employed to
Eg_ﬁgi—ig 13%-4(7) Ez% ﬁg%—ig 1%-6(7) reduce the possibility of making the thermodynamically more

-l - favorable Ad¢F;).

F2—Ag2—F3 88.2(9 F2-Ag2—F3 91.8(9 . - .

Fo— Agz—F4 93.28 F2 Agz_,:4 86'858; _The thermodynamic stability of Aigr, does contrast W|th_ the
F3—-Ag2—F3 180 F3-Ag2—F4 86.7(9) failure to generate AuFfrom Au(SbF),, that product dis-
F3—Ag2—F4 93.3(9) F4Ag2-F4 180 proportionating to Au(0) and Au(lll), i.e.

F2—As—F2 180 F2-As—F3 88.2(9)

F2—As—F3 91.8(9) F2-As—F4 93.2(8) o+ aHF I m

F2—As—F4 86.8(8) F3-As—F3 180 4Au” (solv) + 8F (solv) — Au"(Au™ F,),(c) + Au(c)
F3—As—F4 86.7(9) F3-As—F4 93.3(9) )
F4—As—F4 180 Agt-F1-Agl 154(2) o . . ]

Agl—F2—As/Ag2  136.0(9) AgtF3—As/Ag2  137.2(9) and in highly basic aHF (with which AgFloes not react) Au(ll)
As—F4—Ag2 127(2) is completely converted to Au(lll) and Au(0):

with a completely disordered model for Ag2 and the As and half- 8F (solv) + 3Au" (Au" F,),(c) — 8AuF, (solv) + Au(c)
occupancy for F4 (that closest to As, alot)g (6)
After solution of the structure and assignment of the correct space

group, an empirical correctiéfwas applied to the data on the basis of This difference [represented by eq 1 contrasted with (5) and
the combined differences &% andF. following refinement of all atoms (6)] can be ascribed to a large relativistic effect at ¢f6td8

with isotropic thermal parameters (corr(max)1.32, corr(minj=0.79; which enhances the binding of the Au s electrons and simul-
no 6 dependence). Removal of systematically absent data and averagi”Qaneously (by the enhanced screening effect of the s electrons)
of redundant dataRy = 4.3% for observed data) left 670 unique data  -5se5 the d electrons to be less bound. This effect causes
in the final data set. metallic gold to be more strongly bonded than metallic silver

The final residuals for 40 variables refined against the 213 data for . . e
which F? >2.56(F?) wereR = 2.44% R, = 2.89%, and GO 1.06 and, at the same time, makes for easier oxidation of gold to
' et Thic o Au(lll) than of silver to Ag(lll).

The R value for all 670 data was 15.2%. (This very large value is in
part an artifact of the way that reflections with negative measured
intensities are treated in the calculationRyji. In part it is due to the
fact that only 15 @l and generahkl reflections withl = 2n + 1 are
“observed” in the data set.)

The quantity minimized by the least squares program Ya§F|
— |F¢|)% Thep factor, used to reduce the weight of intense reflections,
was set to 0.03 throughout the refinement. The analytical forms of the

(23) Cromer, D. T.; Waber, J. Toternational Tables for X-ray Crystal-
lography, The Kynoch Press: Birmingham, England, 1974; Vol. IV,
Table 2.2.B.

(24) Cromer, D. T.; Waber, J. Toternational Tables for X-ray Crystal-
lography, The Kynoch Press: Birmingham, England, 1974; Vol. IV,
Table 2.3.1.

(25) Elder, S. H.; Lucier, G. M.; Hollander, F. J.; Bartlett, NAm. Chem.
Soc.1997 119,1020.

(26) Pitzer, K.Acc. Chem. Red979 12, 271.

(27) Pyykkq P.; Desclaux, J.-PAcc. Chem. Red.979 12, 276.

(28) Pyykkg P.Chem. Re. 1988 88, 563.

(22) Walker, N., Stuart, DActa Crystallogr., Sect A983 A39 159 (as
used by the program DIFABS in MolEN).
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Agli(h)

Figure 2. Ordered structural unit for the structure of AgF.. The
ellipsoids are scaled to represent the 75% probability surface.

Although strongly basic aHF failed to disproportionate aHF-
insoluble Ad'F, (eq 1), it was found that dissolved Ag(ll) would
disproportionate in moderately acidic aHF. Precipitation of a
black product, insoluble in aHF, was first noted in the studies
of Zemva and co-worke?3when 1 equiv of AsEwas added
to AgFs. An insoluble black solid was also produced when
AgFAsk; was treated with fluorine in aHF or when (in an

Inorganic Chemistry, Vol. 38, No. 20, 19994575

Table 7. Comparison of Cell Dimensions for AglFi, (M = As,
Au, Pt, Sb, Ru)

Ag 3AS Fio Ag3AU Fi2 AggptFlza Ag 3Sb"—12a Ag3RU R
a(d) 5.6045(6) 5.66 5.69 5.70 5.67
b (R) 5.2567(6) 5.24 5.25 5.27 5.23
c(A) 7.8061(8) 7.79 7.81 7.83 7.80
B (deg) 96.594(9) 97.5 97.7 97.2 97.2(4)
V(A3 228.5(8) 229 231 233 230(2)

2The standard deviation being always 1 in the last digit unless
otherwise noted.
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Figure 3. Molar susceptibility,ym, versusT (K) for AgsAsFi..

1.81(2) A is compatible with the average of AF (in KAgF,)32
= 1.889(3) A and AsF (in KAsFs)3 = 1.719(3) A, which is
1.804 A. The As-F4 distance of 1.72(3) A is not significantly
different from that expected for As(MF. It should be noted
that the F-ligand bridging (including that of AsFwith AgF,~)

attempt at Berkeley to intercalate the puckered-sheet-structurefrom each anion to its four closest Ag(ll) ions gives each Ag(ll)

of) AgF, was oxidized by @ AsFs~. The black product of the
last reaction was recognized as having a pseudotrifluoride
XRDP, and the entire pattern was convincingly indexed on a
monoclinic distortion of a rhombohedral trifluoride lattié.
This, in combination with gravimetry, eventually fixed the
composition of the black solid as Af§sF;». Methods were then
worked out for the slow generation of AfysF1, from Agk, to
produce single crystals. The most effective route was the slow
fluorination of a blue solution of silver(ll) fluoroarsenate
(obtained by decantation from its solvolysis producise
below) in contact with either solid AgFor solid AgFBR. The
structure, illustrated in Figure 2, with interatomic distances and
angles in Table 6, is in its essence, the salt (AghkgFs AsFs,

the cations being chains akin to those first described by Gantar

et al? for AgFAsR; and those subsequently observed in a
variety of AgF" salts from these laboratori€8! The chain
cations, running parallel tg enclose stacks of alternating AgF

and Ask~. An ordered stacking sequence of the anions is
required, as adjacent AsFwould result in F4 ligand collision
and repulsion of the anions. This would result in significant
variation in thez parameters of the As and Ag2 atom positions,
whereas the data fix the parameters precisely. The ordered
anion stacks, however, are not in registry with one another, and

or Ag(lll) ion a distorted octahedral F-ligand environment, not
much different from that of the AgF. This brings the (Agk}
AgF4AsFs structure close to that of the trifluoride structtfre
of RhR; or the pseudotrifluorid® Pd'PdY Fe.

It was found that relatives of (AgkAgF.AsFs could be
prepared, with As§ replaced by ME~ (M = Sb, Ru, Pt, Au),
the generally useful approach being to oxidize A{golubilized
in aHF with BR), or AgFBF,, with the appropriate @MFg~
salts as oxidizers:

3AgF'(solv) + 3BF, + O,"(solv) + MF, (solv) -~
(AgF),AgF,MF¢(c) + 3BF5(g)(solv)+ O,(9) (7)

The close similarity of their XRDPs and their unit cells (see
Table 7) indicates that essentially the same pseudotrifluoride
structure occurs in all of these materials.

The magnetic behavior of (AgiAgF,AsFs (see Figure 3) is

very like that of AgFAsk and indicates that the nearly
temperature-independent paramagnetism is a property of the

chain catiorf.31 Although this is consistent with a partially filled
band for the cation obedient to Ferairac statisticS® neither

the anticipated Peierls distortion nor electrical conduction has

ever been observed in these (AgF)systems. Even contacts

this renders all of the Ag(ll) ions of the cation chains effectively ., i . :
. : gle crystals of (AghAgFsAsFs with massive gold rods
equivalent. The observed As/AGE distance (Table 6) of  tyjjeq 1o find evidence of electrical conductance along the

(29) Jesih, A,; Lutar, K.; Emva, B. Unpublished observations, 1988.
(30) The original indexing of the pattern was achieved with a pseudotriclinic
distortion of a trifluoride-like rhombohedral cell, witit2 = 0.0541,

b*2 = c*2 = 0.0529, 2*b*cos y* = 0.0386= 2a*c*cos f*, and
2b*c*cos o* = 0.0390, the equalities of which indicated the true
monoclinic nature of the lattice.

(31) Lucier, G.; Munzenberg, J.; Casteel, W. J., Jr.; Bartletinbtg. Chem.
1995 34, 2692.

(32) Lutar, K.; Milicev, S.; 2mva, B.; Miler, B. G.; Bachmann, B.; Hoppe,
R. Eur. J. Solid State Inorg. Cheri991, 28, 1335.

(33) Grafner, G.; Kruger, G. Acta Crystallogr., Sect. B974 B30, 250.

(34) Grosse, L.; Hoppe, RZ. Anorg. Allg. Chem1987, 552, 123.

(35) Tressaud, A.; Winteberger, M.; Bartlett, N.; HagenmullerCPR.
Acad. Sci., Ser. @976 282 1069.

(36) Kittel, C.Introduction to Solid State Physic#/iley: New York, 1986;
p 413.
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expected conducting path)( It must be pointed out, however,

Shen et al.

Reaction 1 may involve interaction of A¢solv) with the

that even massive gold could be surface oxidized and fluorinatedsolvated radical @(solv) rather than with & (solv), since the

by such a powerful oxidize® and this could provide an
insulating barrier.

Perhaps the most surprising aspect of (A&gFAsks is that
it is sufficiently stable thermodynamically to drive the dispro-
portionation of Ag(ll) to Ag(l) and Ag(lll), as AgFAs§is
solvolyzed by aHF:
aHF limited

4AgFAsF; AgAsFy(c) + AgsAsFy(c) +

2AsF(solv) (8)
This occurs when the amount of added aHF is small and the

resultant acidity (Ask concentration) moderately high. A
mixture of colorless AgAsgand black AgAsFi is formed.

weakness of the £ basé® and the merely moderate strength
of AsFs as a F acceptot! in the aHF solvent may mean that
the GAsFs solution is not fully ionized:

02+(solv) + AsF,a_(soIv)g O,F(solv)+ AsF(solv) (13)

Attack on Ag(solv) by G:F(solv) in the presence of AsfSolv)
could then provide the observed &gsolv):

Ag(solv) + AsF, (solv) + O,F(solv)+
AsF(solv) > Ag?* (solv) + 2AsF, (solv) + O,(g) (14)

Removal of Ask and aHF from this solution gives pure, blue-

These solids sediment at different rates, the latter being moregreen AgFAsE, but as soon as aHF is added to this, the

dense (4.55 versus 4.20 g ¢ resulting in the white solid
depositing above the black in the aHF. Addition of fluorine or
O,AsFs (see below) to this mixture converts the AgAse
AgFAsFKs:

U,F(9) + AgAsF,(c) =~ AgFASF(c) )
Thus, with these oxidizers present and the reaction of eq 8
repeated, all of the solid can be converted to;Agf1,. The
interaction of AgFAsE with a large excess of aHF (with the
consequence that the acidity in AsiB low) leads to simple
solvolysis and AgEk production:

aHF large

AgFASF, — AgF,(c) + AsF(solv) (10)
Formation of AgAsF:, appears to be a consequence of the
solvolytic disproportionation of AgFAS§ since oxidation of
the blue solutions of A% (solv) does not generate it. Certainly
the salt QAsFs does not interact with the blue solution in aHF
prepared by adding two molar aliquots of A4B one of Agh.
On the other hand, £sFs rapidly and quantitatively oxidizes
AgAsFs to such a blue solution, from which clear, blue-green
AgFAsF; solution is recovered?

AgASF(c) + O,"(solv) + AsF, (solv) = Ag?*(solv) +
2AsF; (solv)+ O,(g) (11)

The interaction of AgAsk with O,PtRs proceeds quite
differently from (11), there being no significant@volution.
Evidently the Ag(l) oxidation to Ag(ll) is brought about by the
PtFRs~, which produces the insoluble AgtVF product, QAsFs
being the aHF-soluble product:

AgAsF4(c) + O, (solv) + PtFR, (solv)— AgPtF(c) +
0, (solv) + AsFs (solv) (12)

The different outcomes of the two reactions (eqs 11 and 12)
probably stem from the anionic nature of the Ptlexidizer,
which must interact rapidly in its attractive encounter withtAg
(solv) (from the slightly soluble AgAsfy. Electron transfer to
generate the close-packed pseudotrifluoride laftimeAg? PtR2~
must occur immediately. The insolubility of this salt in aHF
contributes to the simplicity of reaction 12.

(37) It should be noted that, at80 °C (the solubility of Q in aHF then
being higher and th&@AS term for eq 11 much smaller), the reverse
reaction is essentially complete; i.e., all A¢solv) is reduced to
AgAsFs(c) by O, which then precipitates as,®sFs.

solvolytic disproportionation represented in eq 8 occurs. Neither
reaction 11 nor reaction 12, however, gives aMg1, product.
For formation of the latter, it appears to be necessary to
disproportionate the AgFMfsalt.

In the interaction of GPtRs with AgFBF;,, the main product
is the mixed-valence salt (AgiAgF4PtRs, but Ad'PtVFs is a
sizable byproduct that is easily detected in the XRDP of the
products (see Table 3). If we assume that the generation$f Ag
PtF, requires the disproportionation of AgFRtF

4AQFPIR(C) + 2BF,” — AgPtR,(c) + Ag,PtF,, +
2BF4(g) + 2PtF, (solv) (15)

analogously to eq 8, AgP$Fwhich is* Ag"PtVFe, should
represent one-quarter of the initial AQFBRAg'PtVFs, a salt

of Ag(ll) (probably as a result of its insolubility in aHF), does
not interact with the dissolved 0. The observed yields of Ag
Ptk and AgPtk are close to those expected on the basis of eq
15. This stands in contrast to the interaction of AgkB¥th
O.AuFs, where AgAuUF;, is produced free of AgAuE(see
Table 4).

The AuRs(solv) species has a very stablefitelectron
configuration. Unlike Ptg (solv), which ha¥* an electron
affinity =60 kcal mof?, AuFs(solv) is not a strong one-
electron oxidizer since its lowest lying empty orbital is of
antibondingo character. In Pt (solv) on the other hand, the
addition of an electron generates the filled-subshelf dpecies,
PtRs?~(solv). When, therefore, the disproportionation comparable
to that represented in eq 15 occurs for AgFAuie AgAuks
product*is Ag'/AuVFs. The latter salt, like ABAsFs and unlike
Ag"PtVFs, is oxidized by Q' to give soluble Ag(ll) species,
and so the conversion to AfuFi, is completed.

The Ruks~ species also has a favorable electron configuration
(high-spin dt¢®) with favorable exchange energy. It is not a
strong one-electron oxidizZ€rand, with Ag", gives AJRUVFe.

The oxidation of AgFBE by O,RuF; therefore is akin to the
oxidations involving QAsFs and QAuFs, and the product is
clean AgRuF».

Since, in strongly acidified aHF, where all Ag(ll) is Ag
(solv), there is no oxidation by £ to give the AgMF, salts
and, on the other hand, basic or neutral aHF gives only,AgF
it is clearly necessary to regulate closely the acidity of the aHF,
if the AgsMF 1, salts are to be obtained efficiently in high purity.
It appears that BF provides the appropriate buffering control.
This derives from the weak-acid nature of Bwhich has low

(38) Lucier, G. M.; Shen, C.; Elder, S. H.; Bartlett, Norg. Chem1998
37, 3829-3834.
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solubility in the aHF solvent. So, when,MF¢ acts as an
oxidizer for AgFBHR, it is the release of Bfthat keeps the
acidity essentially constant:

3AgFBF, + O,MF;, — Ag;MF,, + O,(g) + 3BF;(g) (16)

Inorganic Chemistry, Vol. 38, No. 20, 19994577

the AuR-composition sheets, as would be anticipated for the
intercalation of Auk, if it existed and were isostructural with
AgF,. Yet the oxidation of Agk has given (so far), not the
related structure but, rather, (AgPRgFsMFe. In passing, it
should be noted that in AgFRgfhe Ag(ll) coordinatiof! is
roughly square (and akin to that of Ag(ll) in AgF*®“!so the

As a consequence of the reactions expressed in eqs 8 and %ajlure to form the silver analogue of Au(AWBAU(MFg),

the action of elemental fluorine on AgFAs€onverts one-third
of the Ag(ll) to Ag(lll). The latter can be recovered as an alkali-
metal Agh~ salt by treating the black solid with alkali fluoride
in aHF:

2F (solv) + (AgF),AgF,AsF(c) — 2AgF,(c) +
AgF, (solv)+ Ask; (solv) (17)

For the heavier alkali metals (K, Rb, Cs), the AsBalts are
of low solubility in aHF, whereas the AgF salts are highly

cannot be attributed to a distinct favoring of two-coordination
by cationic Ag(ll).

Comparison of the isostructural sdf#\g?"(Sbks~), and®
AU?t(SbR7), indicates that each & (A = Ag, Au) distorts
the Sbk~ to the same extent, this despite the?Adpaving a
higher first electron affinit§® than A" (21.5 and 20.5 eV,
respectively). It therefore remains possible that the Ag@AgF
Ag(SbF), relative of the gold compound may yet be made. A
similar synthetic challenge is the preparation of a gold relative
of the silver salts (AuRAUFsMFe.

soluble. Therefore, this treatment provides for ready preparation =~ Acknowledgment. The authors gratefully acknowledge
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the action of fluorine on the salt Au(SpEin solution in aHF:

4AU*"(solv) + 8SbFR,(solv)+ F,(g) —
Au(AuF,),Au(SbF),(c) + 6SbF; (solv) (18)

The [Au(AuR),Aul?>t component of the structideis a
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