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AgJF . H20 is monoclinic, space group P2,, with a = 4.7206(5), b = 7.8117(8), c = 6.3747(4) A, /zl = 
93.345(9)“, Z = 2, D, = 5.35, and D, = 5.37 Mg rnm3. The structure was determined from single-crystal 
X-ray and neutron diffractometer data. X-Ray data were refined anisotropically to an R value of 0.033. 
The Ag atoms are grouped together in Agg+ pairs with very short (2.81 A) Ag-Ag distances. X-Ray 
photoelectron spectra do not reveal, however, any significant effect on the Ag electron-binding energy 
due to a possible metallic Ag-Ag interaction. The I atom has four nearest Ag neighbors (two Ag, pairs) 
describing a distorted square pyramid with the I atom in the top. These square pyramids are linked up 
to chains via shared edges. Each Ag atom has a tetrahedral anionic surrounding of 0, F, and I atoms. 
These tetrahedra share edges and comers, creating sheets which are linked by a system of comparably 
short hydrogen bonds between the 0 and F atoms. 

Introduction 

A number of materials of composition 
Ag,X,A, (n > x), with X = Cl, Br, or I and 
various oxoanions A, can be obtained as 
crystalline compounds, whereas others 
have been characterized as high-conductiv- 
ity glasses (I ). For compounds belonging to 
the first class, the crystal structure is now 
known for Ag,XNO, (X = Cl, Br, or I) 
V-41, AgJ(NWz (3, AgsUClO& . 3320 
(6), and Ag26118W4016 (7), an ionic conduc- 
tor. A mixed Ag(I)-Hg(I1) compound, 
Ag,Hg12(N0& * HzO, has also been struc- 
turally characterized (8). The fact that cat- 
ionic halide complexes Ag,X’n-“f have 
been detected in concentrated aqueous 
electrolyte solutions and molten salt sys- 
tems (9) suggests that the configuration of 
Ag around the halide X in these compounds 
might be largely determined by geometrical 

demands of coordinate bonds of such com- 
plex units. It is clear now, as the structural 
evidence has emerged, that the coordina- 
tion of Ag around X may change not only 
with the nature of X but also with the coun- 
terion A. 

In order to further explore the role of the 
anion A in the structure of compounds 
Ag,X,A, with n > x, an attempt was made 
at this laboratory to synthesize single crys- 
tals of Ag.JF. This compound has been re- 
ported by Lieser, and cell dimensions as 
well as . suggestions of probable space 
groups have been given (10). In addition a 
dihydrate, AgJF * 2Hz0, has been reported 
earlier (I I ). 

A closer investigation of the solids 
formed in the system AgI-AgF-HZ0 
showed, however, that the compound de- 
scribed by Lieser is AgJF . H,O. A very 
brief report on the structure has been given 
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(12). Another compound in this system, 
viz., AgJ,F, . 2.5H20, could also be syn- 
thesized and the structure has been solved 
(13). The existence of AgJF . 2H,O could 
not be confirmed, and it therefore seems 
probable that both “AglIF” and 
‘ ‘Ag,IF * 2Hz0” are actually AgJF * H20, 
the detailed structure of which will be de- 
scribed in this paper. 

Experimental 

A concentrated AgF solution was pre- 
pared by dissolution of Ag,O in concn HF. 
This AgF solution was saturated with AgI 
at about 323 K, and after filtration single 
crystals of Ag,IF . Hz0 crystallized on 
cooling. The crystals were colorless to soft 
yellow and had the shape of oval plates. 

The total silver content was determined 
by electroanalytical precipitation of Ag. 
Water analysis, based on coulometrically 
generated Karl Fischer reagent (14), is con- 
sistent with the composition AgJF * Hz0 
(H@calcd = 4.74%; H,O,,, = 4.70%). The 

density (D,) was determined by the dis- 
placement method in benzene. 

AgJF a HZ0 is very sensitive to moisture 
and decomposes in laboratory air to AgI 
and AgF. During the X-ray data collection 
the crystal was enclosed in a glass capil- 
lary. The surface of the crystal darkens 
when exposed to light but this had no se- 
rious effect on the X-ray intensities (see 
below). 

X-Ray d&action. Table I gives informa- 
tion concerning the crystal data, the collec- 
tion of intensities, and the refinement. The 
method employed in the data collection has 
been described elsewhere (15). Weissen- 
berg photos revealed the Laue class 2/m 
and the systematic absences OM): k = 2n + 
1, and thus two possible space groups, 
P21 or P2Jm. A single-crystal diffractome- 
ter (CAD-4) was used for data collection 
and the cell dimensions were improved by 
least-squares refinement of 60 reflections 
(16). The wavelength used for the determi- 
nation of the cell dimensions was 0.70930 
A. 

The intensities of three reflections (1 i3, 

TABLE I 

CRYSTAL DATA,~OLLECTION AND REDUCTION OF X-RAY INTENSITY DATA, 
AND THE LEAST-SQUARES REFINEMENT 

Ag,IF HzO: F.W. 379.69 p (MoKo ) (mm-l) 
Crystal system Monoclinic Range of transmission factor 
Space group P& Number of measured reflections 
a (4 4.7206(5) Number of reflections given 
b (A) 7.8117(8) zero weight 
c LQ 6.3747(9) Number of independent reflections 
P (“1 93.345(9) used in the final refinement, pn 
z 2 Number of parameters refined, n 
D* 5.37 R = HiIFoi - lFcll/ZlFol 
D, 5.35 & = [~w(lFoI - IF,b2/~~F~~211’2 
Crystal size (mm) 0.113 x 0.375 x 0.030 S = [Zw(lF,I - IF,.1)2/(m - n)]“” 
Radiation (graphite MoKa(A = 0.71073 A) a (weighting function) 

monochromated) b (weighting function) 
Take-off angle (“) 3 g x 10e4 (extinction) 
Ao (“) (0-2.9 scan) 0.70 + 0.50 tan 0 Mosaic spread (set of arc) 
A0 0 3-30 Domain size (mm) 
Minimum number of 3000 

counts in a scan 
Maximum recording time (set) 180 

14.64 
0.243-0.642 
820 
76 

744 

46 
0.033 
0.040 
1.24 
0.016 
0.4 
0.047(19) 
122 
0.34 x 10-d 
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221, 2i2), checked after every 100th mea- 
surement, showed random fluctuation 
~4%. The values of I and o,(I), where cr,(I) 
is the standard deviation based on counting 
statistics, were corrected for Lorentz, po- 
larization, and absorption effects. The ex- 
pression p = (cos22~M + c0S228)/(1 + 
cos22&), with oM = 6.08”, was used in the 
correction for polarization. The crystal 
shape was described by seven planes. 

Neutron difiaction. Single-crystal neu- 
tron diffraction data from a crystal of about 
10 mm3 in volume were collected on a 
Hilger and Watts four-circle diffractometer 
at the Swedish Atomic Energy reactor R2, 
Studsvik. The neutron wavelength was 
1.210 A, and the flux at the crystal was 
about lo6 set-’ cm+. The intensities of 706 
reflections with sin O/h < 0.6930 A-l were 
recorded at room temperature. The w-28 
step scan technique was used. Three stan- 
dard reflections (023, 221, 131) were mea- 
sured at regular intervals (every 15th mea- 
surement). The variation of the intensities 
were <9% and showed a random fluctua- 
tion. The intensities were corrected for 
Lorentz and absorption effects. The value 
for the linear absorption coefficient was de- 
termined to be 1.17 cm-l, corresponding to 
an incoherent scattering cross section for H 
of 26 b. The transmission factor varied 
within the range of 0.745-0.867. The stan- 
dard deviations, a,(I), were estimated from 
counting statistics. The morphology of the 
crystal was described by eleven planes. 

X-Ray photoelectron spectra. The XPS 
measurements were performed with an AEI 
ES 200 electron spectrometer with AlKa 
radiation. The samples were mounted on a 
Pt foil. The electron-binding energies given 
refer to E,,(Cls) = 285.0 eV from the pump 
oil contamination. 

Structure Determination and Refinement 

X-Ray Diffraction 
The atomic positions for Ag and I were 

determined by Patterson and Fourier tech- 
niques. The method of symbolic addition 
(17, 18) was used to obtain E statistics, 
which indicated the structure to be noncen- 
trosymmetric. Hence the result was inter- 
preted in space group P21. A difference syn- 
thesis revealed the positions of the 0 and F 
atoms. The hydrogen atoms could not be 
located and hence it was impossible to un- 
ambiguously distinguish between 0 and F 
in the structure. 

Full-matrix least-squares refinement, 
minimzing Zw()Fo) - ]Fc])2, was per- 
formed with weights w = ll[az/( 4Fz) + 
(aFo)2 + b]. The applied constants a and b 
were chosen to make the average values 
(w( IF01 - IF, I)“) almost equal in different 
IF,,1 and sin 8 intervals. One scale factor, 
positional and anisotropic thermal parame- 
ters, were refined (Table I). Scattering fac- 
tors were taken from International Tables 
for X-ray crystallography (19). The final 
refinement also included correction for ex- 
tinction (20) and anomalous dispersion by 
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FIG. 1. Normal probability plot of 744 6R(i) based 
on the structure factors. 
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TABLE II 

POSITIONALAND ISOTROPIC THERMALPARAMETERS 
WITH ESTIMATED STANDARD DEVIATIONS 

X-Ray 
A&U 0.04256(33) 0.28550(23) 4.06(4) 
-k(2) 0.01611(32) 0.559:5(21) 0.28428(22) 4.00(4) 
I 0.32599(10) 0.28561(24) 0.49781(9) 2.31(l) 
F -0.2814(25) 0.4472(15) 0.0075(20) 3.3(3) 
0 -0.269424) 0.1223(16) 0.0122(25) 2.8(3) 

Neutron 
Ml) 0.0416(33) 0 0.2886(17) 2.1(4) 
M2) -0.0253(36) 0.5338(32) 0.2793(77) 8(l) 
I 0.3333(23) 0.2758(28) 0.4912(25) 2.8(5) 
F -0.2801(32) 0.4501(27) -0.0084(31) 2.1(5) 

i(l) 
-0.2582(38) 0.1194(26) 0.0213(20) 3.1(6) 

0.6867(53) 0.2469(47) 0.0139(39) 4(l) 
H(2) 0.536(15) 0.0367(87) 0.0107(81) HI) 

Ag and I. No reflection had extinction cor- 
rection >4% in IF,,/. In the last cycle the 
shift in the parameters was less than 1% of 
the estimated standard deviations and the 
refinement was considered complete. A 
final difference synthesis showed peaks of 
height 1.7 e A’-3 or less in the vicinity of the 
heavy atoms, but apart from this it was 
featureless. No probable positions of the H 
atoms appeared. 

Figure 1 shows a normal probability plot 
of M?(i) = IIFO(i)l - IF,(i)ll/alF,(i)) versus 
the values expected for a normal distribu- 
tion (21). The slope and intercept of the 
least-squares line fitted to all data are 1.18 
and 0.04, respectively. The value of the 
slope indicates that a( 1~~1) is underesti- 
mated by about 20%. It is still in good 
agreement, however, with the value of the 
ESD of an observation of unit weight (S = 
1.25, Table I). Final positional and isotropic 
thermal parameters are given in Table 1I.l 

Neutron D$fraction 

The positions of atoms, other than hydro- 

1 List of structure factors, anisotropic thermal pa- 
rameters, and root-mean-square components of ther- 
mal displacement along the ellipsoid axes may be ob- 
tained by request to the authors. 

gen, were taken from the X-ray study. A 
difference synthesis was performed after 
refinement of the scale factors (R = 0.30). 
It showed the positions of the two hydrogen 
atoms, which made it possible to discrimi- 
nate between 0 and F. Full-matrix least- 
squares refinement was carried out as for 
the X-ray data. The coherent scattering am- 
plitudes were taken from Bacon (22). Iso- 
tropic extinction correction was applied 
and the extinction coefficient g (20) was 
refined to a value of 6(2) x 104, which gave 
good agreement between the I F,,[ and {F, I 
for the reflections affected by extinction. 

Reflections with intensities ZZ~CJ were 
given zero weight in the refinement. Of the 
remaining 280 reflections, 18 more were 
given zero weight because they seemed to 
be affected by multiple diffraction (23). 
These 18 reflections were checked for 
influence of multiple diffraction by calculat- 
ing the possible reflections which could 
cause the observed increase in the F, 

TABLE III 

SELECTED INTERATOMIC DISTANCES&AND 
ANGLES (~FROM THE X-RAY DATA WITH 

ESTIMATED STANDARD DEVIATIONS 

Distances 
Ag( 1)-I 2.832(2) 
Ml)-1 2.896(2) I-I 4.237( 1) 
Ml)-1 3.622(2) AgW-.M2) 2.812(2) 
Ag(l)-1 4.334(2) MlbAg(2) 3&l(2) 
.MW 2.813(2) -Ml)-k(2) 3.656(2) 
MW 2.889(2) O-H . . . F 2.5x2) 
&x(2)-1 3.766(2) O-H . F 2.54(2) 
.MW 4.192(2) O-F 2.95(2) 
A&O-F 2.27( 1) O-I 3.91(2) 
&(2)-F 2.36(l) O-I 3.94(l) 

&(1)-O 2.41(l) F-I 3.86(l) 
AN)-0 2.35( 1) F-I 3.93(l) 

AI&S 
I-A& 1)-I 120.52(05) I-A&-I 121.45(05) 
I-A& 1)-F l&5.59(31) I-Ag(2)-F 105.60(30) 
I-Ag( 1)-F 129.90(30) I-Ag(Z)-F 109.83(30) 
I-A& 1)-O U&15(30) I-Ag(2)-0 105.4q30) 
I-A& 1)-O 102.72(30) I-A&2)-0 126.96(31) 
F-A& 1)-O 77.86(45) F-Ag(2)-0 77.55(44) 
O-F-O 116.45(50) F-O-F 118.8@50) 
O-F-O 119.19(63) F-O-F 119.19(63) 
O-F-O 124.14(55) F-O-F 121.59(53) 
Ag(2)-A& I)-Ag(2) 99.35(05) A&2)-Ag( l)-Ag(2) 80.27(05) 
Ag(l)-Ag(2)-Ag( I) 99.75(05) Ag(l)-A&2)-Ag(1) 80.64(05) 
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FIG. 2. A stereoscopic pair of drawings showing the contents of the unit cell based on the X-ray data. 

The H atom positions are taken from the neutron data. Figs. 2, 5, and 6 were drawn by the program 
ORTEP II (56). 

values for weak intensities. In each case 
there was at least a combination of two 
strong reflections which might have caused 
the increase. The refinement thus based on 
262 reflections converged to an R value of 
0.09. As 65 parameters were refined, the 
ratio between the independent measure- 
ments (m) and parameters (n) was as small 
as 4.0. The relatively highR value, as com- 
pared to the X-ray investigation, might in 
part be attributed to some uncertainty in 

b 

FIG. 3. A projection of the structure along a. Large 
circles are I, then Ag, and the smallest are F and 0 
atoms. Open and solid circles denote the height along 
the projection axis. 

the position of the Ag(2) atom, exhibiting a 
large thermal vibration (B = 8(l) AZ, Table 
II). The low ratio m/n, 4.0, should also be 
considered (cf. m/n = 16 for the X-ray 
data). The constants a and b used in the 
weighting function were 0.05 and 0.02 and 

FIG. 4. A projection of the structure along c. The 
notations are according to Fig. 3. 



6 PERSSON AND HOLMBERG 

FIG. 5. The tetrahedra around Ag(1) and Ag(2), 
linked by an I-I edge. The thermal ellipsoids are 
scaled to include 50% probability in Figs. 5 and 6. 

the S value equals 0.98. These quantities 
are defined in Table I. Two scale factors, 
positional and anisotropic thermal parame- 
ters, were refined. In the last cycle the 
shifts in the parameters for most atoms 
were <2% of the estimated standard devia- 
tions. The final positional and isotropic 
thermal parameters are given in Table II.’ 

Description and Discussion of the Structure 

General Feature 

A stereoview of the unit cell is given in 
Fig. 2. Selected interatomic distances and 
angles are listed in Table III. The structure 
consists of layers in the bc plane held to- 
gether by a hydrogen bond system . . . H- 
O-H. . . F in the ab plane, very close to z 
= 0. The layers are formed by distorted 
tetrahedra of one F, two I, and one 0 atom 
coordinated to Ag. The tetrahedra share 
edges along c and corners along h (Fig. 3). 

Looking at the anions in Ag,IF . HzO, 
the structure has great resemblance to the 
structure of L&N (24), which is the antitype 
of U03 (25). The 0 and F atoms build up a 
two-dimensional network of hexagons in 
the ab plane (Fig. 4). Between these hexa- 
gons I atoms are situated and empty hexag- 
onal bipyramids, which share corners in the 
axial direction, are formed. All edges of the 
hexagon are shared with other hexagons. 

L&N also contains those polyhedra with N 
atom as central atom and Li at all corners. 
The axis of the bipyramid is long (= c = 
6.37 A) and the Ag atoms are located be- 
tween these layers of hexagons just outside 
4 of the 12 triangular faces of the hexagonal 
bipyramid. They form, together with the I 
atoms, a chain along b. 

Two tetrahedra containing Ag(1) and 
Ag(2) are joined via an I-I edge (Fig. 5). 
The tetrahedra are very distorted (Table 
III) as a consequence of the large difference 
in size of the atoms I, F, and 0. The Ag( l)- 
Ag(2) distance within such a pair of tetrahe- 
dra is remarkably short, 2.81 A. 

The Hydrogen Bond System 

The layers of Ag containing tetrahedra 
are joined by a hydrogen bond system 
which involves distances .0-H . . . F, 
which are noticeably short: 2.52 and 2.54 A 
from X-ray data. The corresponding dis- 
tances from the neutron diffraction study 
are 2.51 and 2.59 8, (Table IV), which, tak- 
ing into consideration the standard devia- 
tions in the two structure refinements, is 
not significantly different from the X-ray 
results. 

TABLE IV 

SELECTED INTERATOMIC DISTANCES (A) AND 
ANGLES (“) FROM THE NEUTRON INVESTIGATION 

WITH ESTIMATED STANDARD DEVIATIONS 

Distances 
O-H. . F 
O-H . . F 
O-F 
0-H( 1) 
O-H(2) 
F . . H(1) 
F H(2) 
WW-W) 

Angles 
H( 1)-0-H(2) 
H(1) . . . F . . . H(2) 
O-H(l) . . . F 
O-H(2). . F 

2.51(2) 
2.59(3) 
2.91(2) 
1.03(4) 
1.16(8) 
1.60(4) 
1.34(8) 
1.79(S) 

109(4) 
116(3) 
161(4) 
176(b) 
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These O-H . . . F distances are of the 
same order of magnitude as those found in 
Ag,12F, . 2.5H20 (13). Pimental and Mc- 
Clelland have given an average value of 
2.72 A for O-H . . . F bonds (26). The O- 
H . . . F distances in metal fluoride hy- 
drates have an average value of 2.682 A for 
a total of 46 hydrogen bonds and it is found 
that all known bonds of this type range from 
2.56 to 2.86 A (27). A theoretical calcula- 
tion for H,O-F- by Kistenmacher et al. 
(28), however, yielded the following dimen- 
sions: 0 . . . F = 2.52A and O-H. . . F 
= 173”. These results are consistent with 
the dimensions observed in the two struc- 
tures AgJF . Hz0 and Ag&F, . 2SH,O. 
Such short 0 . . . F distances (about 2.50 
A) have also been observed in some other 
compounds, e.g., Fe(H20)BF2 (29), HgF, * 
2Hz0 (30), Te(OH), . NaF (31), and 
Hg(OH)F (32), and even shorter dis- 
tances-e.g., 2.38 A in K[PHO,(OH)] . HF 
(33)-have been found. These structures, 
containing short (<2.6 A) 0 . . . F hydro- 
gen bonds, were studied with X-ray diffrac- 
tion and hence the H atom positions are not 
determined accurately, if at all. 

The O-H distances, determined from 
neutron data, in AgJF . Hz0 are compara- 
bly long: 1.03 and 1.16 A, respectively, the 
longest one corresponding to the shortest 
O-H. . . F distance. It is known that the 
H atom has a more symmetrical position 
between the 0 atoms in shorter O-H . . . 
0 bonds of about 2.50 A than in longer 
ones. This in turn results in an elongation of 
the O-H distance; values up to 1.1 A are 
not unusual (26). This relation might also 
be true for O-H . . . F bonds and the dif- 
ference in the O-H distances in 
Ag,IF * Hz0 can thus be looked upon as a 
manifestation of a more general effect. 
Among the compounds containing O-F hy- 
drogen bonds, which have been studied 
with neutron diffraction, there seems to be 
no example of O-F distances shorter than 
2.56 8, (in ZnFz. 4H,O (34)). In these 

longer bonds the O-H distances fall in the 
range 0.9- 1.0 A. 

The Coordination of Ag to I 

The I atom is located in a rectangular box 
of eight Ag atoms. Four of these Ag atoms 
are much closer in distance (Table III) and 
the “coordination polyhedron” can be de- 
scribed as a square pyramid containing two 
Ag, pairs in the corners of the base plane 
and the I atom at the top. Such pyramids 
share Ag-Ag edges, forming a chain along 
b, where the top iodine atom alternates 
from one side of the Ag plane to the other 
(Fig. 6). The Ag-I distances are in the same 
order of magnitude as those found in /3-AgI 
(2.814 A (35)) and the shortest Ag-I in 
Ag,I,F, * 2.5HzO (13). 

Previous studies have shown that stoi- 
chiometrically similar compounds of the 
Ag,XJ, family may have different Ag-to- 
X coordination depending on A. This is true 
for Ag,I(NO& and Ag&ClO& . 2Hz0, 
with distorted trigonal prisms AgGI (5) and 
Ag,12 units containing a bridging I-Ag-I 
segment between two terminal Ag, groups 
(6), respectively. By comparison with 
Ag,IN03 (4) with distorted trigonal Ag, 
prisms around I, the structure of 
Ag,IF . Hz0 also clearly demonstrates the 
importance of the nature of the counterion 
A for the coordination of Ag to I. Further, it 
should be noted that the variation in over- 
all stoichiometry from AgJF . Hz0 to 
Ag,12Fs * 2.5H20 also brings about changes 
in the short-range arrangement of Ag 
around I. The I atoms of the latter com- 
pound are rather unsymmetrically sur- 

FIG. 6. A part of the AgJ+ chain. 
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rounded by seven and eight Ag atoms (13). 
These observations lead to the conclusion 
that there are no strong directional de- 
mands on the Ag-I bonds in Ag,I,A, com- 
pounds, although the Ag-I distances are 
generally of an order of magnitude that 
might be classified as covalent. It seems 
rather that ion packing effectively governs 
the structure building. 

The Ag-Ag Pairs 

As mentioned above, the Ag+ ions of 
Ag,IF * Hz0 are grouped together to Ag( l)- 
Ag(2) pairs with an Ag-Ag distance of 2.81 
A, which is remarkably short as compared 
to 2.89 A in silver metal (36). This might be 
taken as an indication of an intermetallic 
interaction within the Ag, pairs. Another 
remarkably short Ag-Ag distance, occur- 
ring across a shared I-I edge of two tetrahe- 
dra around the Ag atoms, has also been 
found in SrAg& * 8H20 (37). Short Ag-Ag 
distances have previously been found in 
compounds containing silver in a formal ox- 
idation state lower than + 1, e.g., Ag,F (38) 

TABLE V 

COMPOUNDS WITH Ag(I)-Ag(1) DISTANCES dAg-Ag 5 
2.89 A, THE Ag-Ag SEPARATION IN SILVER METAL 

Compound 

da-e 
(A) Ref. 

Ad’O, 
G&W@& .2&O 
SrAg,I1 . 8HzO 
A&IF. H,O 

AgCNO(trig.) 
LiAgsOe 
BaA&O, 
&K&LO3 
~&GFdh)z~ GHs 
P-A&TdNQ)z 
AgzCOa 
-&SO& 
AgNOI NH2CH&OOH 
a-Ag4Te(NO& 
A&Si& 
&,W&HKHzSW 

2.77(l)‘= 
2.778(5), 2X34(5) 
2.78(1)b 
2.812(2) 
2.81, 2.84 
2.824(4) 
2.82 
2.84 
2.84, 2.89 
2.851(11 
2.859(3j, X893(3) 
2.86 
2.873(2) 
2.87, 2.89 
2.877(6) 
2.89(l) 
2.890 
2.891(l) 

(42) 
(57) 
(37) 
This work 
(43) 
(44) 
(45) 
(46) 
(47) 
(58) 
(48) 
(49) 
(50) 
(51) 
(52) 
(53) 
(54) 
o-5) 

a Distance between Ag sites with an occupancy factor off. 
b The Ag+-Ag+ distance is across an I--I- edge as in 

AgJF H,O . 

TABLE VI 

XPS DATA FOR AgJF H,O AND RELATED 

SUBSTANCES. ALL VALUES ARE REFERRED To 

Cls = 285.0 eV 

Electron-binding energy (eV) 

Substance &%z 134,z Fls 

Ag,IF H,O 368.0 619.1 681.8 

&I 368.4 619.2 

AS 367.5 682.0 

& 368.2 

(2.81 A), Ag,-,V,O, (39) (2.77 A), and 
Ag,Ge,,P,, (40) (2.85 A). In recent years, 
however, a number of compounds with 
Ag(I)-Ag(1) distances 52.89 A have been 
reported, and the Ag substructure in ox- 
ocompounds with short Ag(I)-Ag(1) dis- 
tances has recently been treated in a review 
by Jansen (41). A number of compounds 
known to have Ag(I)-Ag(1) distances 62.89 
A are collected in Table V. It is evident 
from the table that extremely short Ag(I)- 
Ag(1) distances occur rather frequently and 
that this phenomenon is not restricted to 
the oxocompounds treated by Jansen (41). 
The 2.81 8, distance in Ag,IF . Hz0 is one 
of the shortest Ag(1) separations observed, 
and the whole Ag substructure can effec- 
tively be described as built up of Ag$+ pairs. 

An attempt was made to trace the effects 
of a possible intermetallic orbital interac- 
tion on the electron binding energies by 
recording X-ray photoelectron spectra of 
Ag,IF * Hz0 and the parent compounds AgI 
and AgF. The results, pertaining to the 
levels Ag3dslz, 13dslz, and Fls, are given in 
Table VI, together with the value for metal- 
lic silver for comparison. No perturbation 
of the Ag3d bandshape could be detected, 
and the shifts in the Ag3d,,2 binding ener- 
gies are strikingly regular in the sequence 
AgF-Ag,IF * H20-AgI, whereas the I3d,,2 
and Fls binding energies are little 
influenced by the chemical changes. The 
data thus furnish no evidence for interme- 
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tallic interactions. Attempts at a character- 
ization of the Ag4d valence band were also 
made, but the instrument resolution did not 
permit any definite conclusion based on dif- 
ferences in bandshape. High-resolution 
methods, such as uv photoelectron spec- 
troscopy, might possibly be more informa- 
tive in detecting the extent of intermetallic 
orbital interaction in compounds with ex- 
tremely small Ag(1) separation. 
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