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Abstract 

The crystal structures of low-temperature forms of argyrodite-type ionic conductors, namely AgTTaS~ I! (between approx. 
280 and 170 K) and AgTNbS. Ii (between approx. 280 and 140 K), have been analyzed and compared to each other using 
powder X-ray diffraction data. The crystal structure of AgTTaSt, !! could be described ¢m the basis of a space group Pc with 
the lattice constants a .~ 7.453 A, b ~ 7.403 A, c = 12.806 A and /3 = 124.62 °. in the Rietveld analysis of AgTNbS,, !1, a 
commensurately, modulated structure approach was adopted to obtain a smooth convergence. The crystal data are expressed 

A, tr=(().25, 0, 0), _~= 124.28 m a four-dtmenstonal formalism with a as I~' ~ 7.!68 X, a, ~ 14.770 /~, a~ ~-12.768 ° o .  . . 
superspace-group Pc(a, 1/2, ~,), tliat is A= 29.47 A, B--14.770 A, C= 12.768 ,A, /:t~ 124.280 in a three-dimensional 
formalism with a space group C,;. in AgTTaS,, !!, three-sevenths of Ag ions are in the distorted S-S tetrahedrons and the 
residual four-sevenths are in the triangles shared by two te|rahedrons. On the other hand in the model of AgTNbS~, II, most of 
it half of 28 independent Ag ions are ill distorted tetrahcdrons and nlosl of lhc other half of Ag ions are in triangular faces 
shared by two tetrahedrons. ~ Iqt}7 Elsevier Science S.A~ 

Kevwonl, s: Ionic condn¢lors; AgTlaS.; Ag~NbS.; Cl~slal Sll'uclnrcs 

I .  Introduction 

Ternary sulfides AgTTaS, and AgTNbS, were syn- 
thesized and their Ag ion conductivities at ambient 
temperatures were found [1,2]. They were identified 
as cubic phases of the argyrodite-hmily [3,4] with the 
space group F,/,3m, Z ~ 4  and a ~ 10.514 ,~ for 
AgTTaS, or a ~ 10.500 ,~ for AgTNbS,. Silver ions are 
distributed statistically over many sites in the frame° 
work TaS, or NbS, composed of a tetrahedrally 
closed-packed S sublattice and group V transition 
elements [I,2]. Silver ions are considered to be dis- 
ordered but correlated to each other in the room° 
temperature phases I, as suggested by diffuse scatter- 
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ing observed in each powder Xoray diffraction pattern 
of AgTTaS. 1 and AgTNbS, l [2]. 

The low.temperature powder Xoray diffraction eXo 
periments revealed the respective two Iowotemperao 
ture phases, namely AgTTaS, II (between approx. 280 
and 170 K), AgTTaSh Ill (below approx. 170 KL 
Ag7NbSc, II (between approx. 280 and 140 K) and 
AgTNbS~, Ill (below approx. 140 K)[5,6]. About the 
intermediate phase II of Ag7TaS,, the Rietveld analy° 
sis was successfully performed and the crystal struc- 
ture could be described on the basis of a monoclinic 
system of aospace group Pn with the lattice constants 
A ~ 7.453 A, B ~ 7.403 /~. C ~ 10.540 A and /3~ 
90.069 ° which is equivalent to a space group Pc with 
the lattice constants A ~ 7.453 A, B ~ 7.403 A, C 
12.916 ,g, and //o~ 125.31 ° or A = 7.453 ~, B ~ 7A03 
A, C =  12.806 A, ~q= 124.62 ° [7]. The pattern of 
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T~+I+I¢ 1 
ClS+~tal data  and t11¢ atom(t,: coordi l la lcs of the phase I! of Ag~TaS. at 253 K 

C~'sl i l t  dala [mono¢linit:, spat:¢ grOtlp Pc (lit). 7}1 

A ~ 7 453 :X. B ,  = "t.4()3 7~. (' ~ ~ 2.st)t,:x. ~3 + i,_4.+,." 
Ct~)idinal¢.,, of  equivah:nt positions: x. v. ~: x. - y. 1/<2 + z 

Atom x v z Atom x v z 

Ag |  U.hT9 (S) tl,02~ IS) 0.400 (7) Ta 0.0 (I.254 (4) 0.0 
Ag2 0°482 (9) 1).1)74 (7) 0.601 (7) SI 0.377 (13) 0.25 (2) 0.134 (12) 
Ag3 - 41.147 (9) 0,353 (S) 0.f~52 (7) $2 0.817 (12) 0.25 (2) 0.I01 (12) 
A,g4 0°474 (9) O.4~9 (S) 0.765 (6) $3 0.81 (2) - 0.002 (12) 0,1466 ( ! ! ) 
A ~  il 0,211 (10) 0,119 (fi) 1).292 ((')) S4 0.87 (3) 0.407 (13) 0 . ~ 7  (13) 
Ag~ 0.377 (9) 0,433 (+~) 0,050 (t)) S.4 0,24 (2) 0.24 (2) 0.77 (2) 
Ag7 1),(t7.4 (li) 0,2t) 1 (7) 1),52 t) (l)) Sf) 0.47 (2) 0.26(2) 0,51 (3) 

Nol¢,~: The ~land:a~d d~viations are IisitCd in parentheses. 
The vM'll¢,~ li'~led have been (,h, rived from t11o,~¢ iri Table 1 of  Onoda el al. [7]. 

T~Ibl¢ 2, 
A lomi¢  p~r~mlet¢!~ of Ag+NI~S. II defer(bed in the lourodimeno 
~ioflal fotmMi~sm SI Fundamcnla l  0.38 

. . . . . . .  A,, 0.004 (7) 
x y ~ A~ (i.(H) ( ! ) 
. . . . . . . . . .  11 n It.Ill ( I ) 

A~I Ftfflditftt¢|ll;l[ (tNO Oil? 0,57 A,  O.O! (2) 
A .  I),(11() (~) 11,(1()7 (1) (l,I)13 (3) 
A~ = l l,(l~t)(7) q),()l 2 (2) (I,Clll7 (49 $2 Fundamental  (1.8~ 
130 - ( )02~  (~)  () ,( l l2 (2)  ~,~ l),l)41,,l (3 )  ;~P O.(U (1 )  
A :  t),tl~)6 (S) ( I ,1 i l7 (1)  ,- l l . ( l l7  (3 )  Aj ~ 0 . 0 7 ( ! )  

B~ 0,Ol (2) 
Ag~ | : tmd~ ]¢ l l lM  i),43 (Hl l  11,78 A,  It,It3 ( I ) 

~p (),()l++ (+) (I,(XIP~ ( [ ) It,(X)? ( j )  

l ! i  t),i~)l (~t) OOJ4 (2) t),|lJ~ (~) A,, ,1),(1(17 (7) 
A! () ! ! ( 2 )  gli177(?) (III~ ( I )  Ai l l | l l  ( I )  

|It II,(XI ( 2 ) 
Ag} hl l ld i l l I l~ l l l i l I  fl irt) IL l4 11,74 A,~ 11,(I(I ( | I 

/~,. (HM)7 (~) (I IF(IJ ( l )  ..... II IXI~ ( j )  
A i ()AI~I~I (~) (l ll2.J 121 111)~,~ 1~1 S4 l lmhlamc++lal (LP~,7 
!t8 t l l l l ]  14) ()()~'(l (2) (t (llll~ 13) A,, (HI2tt (,g!l 
;%) =)~) '~) i l ( l l t  1~) A, ...... 11(17(1! I I I1~  IJll I t lHbl l l~ 

It, IHi l  ( i l 
~04 tgtlldsttl,c'tllitl It,O~ II  17 ii,7h .&~ (I,(I,g (St 

A~ li q i ] l  (~t It, i t% ( } )  .... it,I l l 2 (3) S,g l :u i ldamenla l  (),]$ 
it~ IL l l lh  ( l )  It,li2~ (2)  ( ) , ( l ~  (J) ~ ,  .... I),1)0,g t I i t )  
A~ ( H I l l  (7) II,tltt3 (3) (t,(t2,q (,it Ai : l),(lt~ (~) 

11~ -(I,1)3 ( I ) 
ATD Igtltd,ltill¢illal I I , j7 if, l? (),27 A,  - l U l l  (2) 

; ~  (HH)? ($) - IH I (M( l )  li,IXh~ (J) 
A~ ...... i i  l i l t  (.t l (1,112(1 (2) IH1¢12 ( j )  Sh Fuiidai<ll(:lltal 0 3 0  
It~ 1i,117($) ..... t),(l(~,g (2) ,+= (I,(Llh (,It ;%, (HLI ( l )  
A~ It,tll)-I (7 )  .il,it22 13) It, 1414 (,q) A 0 ...... I t , l iT( I t  

A~ <lh I:ti l ldii lt iClllai It(if') It, ")~) I t  i 11,117 ( ! ) 
+" II't)f'i I t ,  ~+ (t+(l~l ( I ) 

i t ,  t i,(t i2 IS) ...... (k(ll)2 I l l  O,(I(M (2) .... ......... ......................... < .................................................................................................................. 

A~ (I , I ]4(,~) ...... iH)I i~(2) 11042 (.lt ,,1,++ a~ld IIm arc lhc ;intl~tilud¢,,, of  lh¢ ¢o,~ii1¢ ((lid ,q~le Iernls wi th 
!1~ l ! , t ! j ? l$ i  ..... i iO l i i ( 2 i  iLIII( '~(Ji wave vi:Clol t n t  ~+m~i'~/,t ill Ihc di~phicive n loduhl l ion filni2tion 
A: tt, 122 (~tt O l t t t  (4) |1,1)31 (~t ext~it:~,cd a,h il | : l l l l f ic l  sc|iCs Ii! i + 7 ,Ifl~, i i ,  .- l.l ??(t, it: -~ l ~,7('18~ 

o4,=,t'4 ), i : l t l , d  t J  ~ | =1 ~) 

A+~ t),tttIG i4) I),(~1~ ( 1 ) ~ i),(ltt.l (2) 
A~ i),1)~4 (4 )  = (i,it~ I (.+) (i,(t12 (3 )  
I++ l)Jl(~4(.~ ()J)~l(2) ~ui22(3) Ag~NbS,, i l ,  nol so similar to that of Ag?TaS~, I I ,  
A+ tl,i)29(~o = ()jil~I(S) ()+(~t)(3) (could be indexed oil the basis of  a mono¢liuic super. 

structure m o d e l  o f  t h e ,  " + , ,- i l r g y t o d ! l e - ! ~ p e ,  "dnd t h e  lat i ice Nh iUI il~ I 3 IUi 
, t ,  (I,l) - l l , ( i l ~ t l )  I!+1t constants are A = 4 × 7,308 A,  B - 2 × 7,389 A, 
A, +- () t)~r~ (+,) -(urn4(3) -o+mr,(,+) C ~ 12.98 ~, and B "  124.28°[61. 
ti+ n+)n+(++ t)e))12lS) +~l,+tlg(4t In this study,  R ie lve ld  analys is  of A g ? N b S ~  II has  
A: o.(:~n(~t o~a~o(S! -(Um2(4) b e e n  a t t e m p t e d  based  on  the p o w d e r  X-ray diffrac-  

Table . "~ (Contd.)  

0.13 0.13 
- 0,0 IS (31 -0 . (120 (5)  

0.008 (6) 0.006 (6) 
0.013 (7) -0 .001 (14) 

- O.1|. il ( I ) - 0.06 ( ! ) 

0.13 0.13 
= 0.023 (4) O.018 (7) 

O.(|22 (7 )  - (1 .027  (8 )  
- (Hl23 (3) ~ 0.1)1 ( I )  
~-(),(W)') t4)  O.(X)~ (7 )  

O,(Xt 0,~7 
-+- 11,(11313) II,IHt9 {4) 
~, (ll,(Mto~ (6 )  ~, (I,IX)4 { 7) 

(I,tHI#~ (4 )  .... (|,IHI4 (R) 
l lJ lOj (4 )  .... It,tHIS ( l l )  

iL2rl lI,~7 
(I,(MLg ( j l  IIII2N (4l  
(IJHII (~l (I,IHI~) (~I 
III,OIM (f~} tl,lhlN 17) 
(I,(lll~ (,~) It,lilt% (,'i) 

0,13 0,7~ 
If . I l l2 (3) ~ It,I l lS (~) 
I I . IHII ( i l l  II,I111 (~)) 
II,(ilt9 ff~l) ILIl l  ( ] ) 
(I,(1[ol (7) ~ (|,(111[ (7) 

(1,13 0,~II 
~ 11,(12lI (4) (I.1121 (0) 

11,|129 (0 )  ~ (1.(12~} (qi)) 
(t,(l(lill ((,l) ~ (l.(l] ( I )  
( tJt l? (~) -~ (L(!i[ ! (?) 
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Table 3 
Selected interatomic distances (A) in AgTNbS~, !1 

Agl. -$2, 2.7 -$5, 2.4 
-$3~ 2.4 A g 3 ~  -$2, 22 
-$5 t 2.5 -$4, 3.0 
- S ~  2.7 -$53 2,{} 

Agl t -S2t 2.7 -$6, 2.9 
-S3t 2.3 AgA~ -$3, 2.3 

_8 -$4 o 2.6 -$4 t "~ 
-SSt 2.3 -S61~ 2.8 

Agi., -$2, 2.7 Ag4~ -SI i 2.2 
-$32 3.0 -$3~ 2.9 
-$53 2.6 -$4~ 2.2 

. . 8  -$6, 2.3 Ag4 2 -$3., "~ ~ 
Agl3 -$3, 3.0 -$4., 2.2 

-S5a 2.4 -$5., 2.8 
-$6, 2.3 -$6, 2.6 

Ag~, -$3 o 2.9 A g 4 ~  -$3~ 2.(~ 
-SY, 2.6 -$4~ 2.3 
-$6o 2.3 -$53 2.9 

Ag2 t -$3 t 2.3 -$63 2.8 
-$5~ 2.3 AgS. -S l .  2.2 
-S6t 2.8 -$2_ t 2.2 

Ag22 -S! 2 2.3 -$5. 3.1 
-S2t 2.6 Ag5t -S! t 2.3 
-$3., 3.0 -$2, 2.7 
-$52 2.4 ~Sf h 2,S 

Ag2~ -SI~ 2.4 A g S ~  -oSI: 2.3 
-$3.~ 3,0 -$32 
-SSa 2,4 -$42 
~St h 2.8 AgS~  -oS5~ 

Ag3, "$2 ~ 2.7 ~-$6~ 
~$4~ 2.6 Agth~ ~$2. 
""$5. 2.3 ~$4, 

Ag3~ "$2 ~ 2,2 "-$5. 
"$4~ 2 t} , S0 0 

S5~ 23 A#h -$2~ 
Ag3: .... $2~ 2,h --.$4~ 

..... S4~ 2,, i  Agt~: $ 2 :  

Ag63 

Ag7o 

Ag71 

Ag7, 

Ag73 

Nbo 

Nbl 
3.1 
2.2 
2.5 
2.q Nb, 
2.8 
2.5 
2.6 
2.4 Nb~ 
2.6 
23 
23 

-$4, 2.3 
-$5, 3.(} 
-$6,  2.8 
-$23 2.4 
-$43 2.4 
-$53 2.6 
-$4_ t 2.2 
-$5o 2.2 
-$6 o 2.5 
-SI  I 2.5 
-s4o 2.5 
-S5t 2.3 
-$6 t 3.1 
-SI ,  2.7 
-$41 2.4 
-$5, 2.3 
-$6, 3.1 
-S13 2.5 
-$4, 2.7 
-$53 2.3 
-$6.~ 2.9 
-Slo 2.4 
-$2_ I 2.4 
-$3_ i 2.3 
~$4 I 2.4 
-SI I 2.4 
-S~j 2.3 
~$3. 2.3 
~$4o 2.3 
~Si, 2.4 
°S2t 2.3 
~*S3t 2.3 
-$4 t 2.3 
-SI~ 2.4 
~$2~ 2.a 
~$3: 2.4 
$ 4 ,  2.4 

SIdllx¢~. I. o, I. 2 and 3, iepresem uniloccll ttan~httions along 111c 
a l axis. rcspcctivdy. 

tion data. It is difficult to obtain a smooth conver- 
gence in an ordinary Rietveld analysis in the case of a 
superstructure, because of overlap of many reflec- 
tions. However, an application of the superspace- 
group theory often lead to a smooth convergence in 
the crystal structure refinement, and a superstructure 
can be regarded as a modulated structure with a 
commensurate wave vector, in addition, a setting of 
the starting parameter is expected to become simple 
by adopting the multi.dimensional formalism. Then 
we have used the computer program PREMOS for 
the Rietveld analysis based on the superspace-group 
approach [81. 

2. Experimental 

The details of the preparation processes and the 
process of low-temperature X-ray diffractometry was 
similar to that used previously [5,7]. Diffraction data 
were collected with a step-scan procedure using CuK,, 

radiation with a graphite-monochromator at 245 K for 
AgTNbSf, II. No electron diffraction pattern was ob- 
tained because of unstableness of the specimen under 
the electron radiation. 

3. Symmetry consideration and structure refinement 

As discussed in the previous paper [6], a large part 
of the strong reflections of the phase lI of AgTNbS,6 
can be indexed from a monoclinic cell (a' = 7.368 A, 
b' = 7.389 ,~, c' = 12.77 ,~, and /3 = 124.28°). The cell 
is based on the axes a' ---(a + b)/2 ,  b' --- ( - a  + b ) / 2  
and c' ---- e - (a + b)/2 ,  when the basic axes a, b and 
c are used for the cubic phase AgTNbS6 I. The other 
peaks of AgTNbS6 It are assumed to be superstruc- 
ture reflections, and all peaks could be indexed from 
the monoclinic lattice based on A ~ 2(a + b), B 
( - a  + b) and C .=- ¢ - (a + b ) /2 ,  with the lattice con- 

o o 
stants A = 4 × 7.368 A, B = 2 x 7.389 A, C - 12,77 ,~ 
and /3 = 124.28 ° and the reflection conditions H + K 
= 2 n  for HKL and L - - 2 n  for HOL. The three- 
dimensional space group of Ag7NbS6 II is considered 
to be Cc (no. 9). In order to apply the four-dimen- 
sional formalism, adoption of the basic cell with the 
axes  a I ~ a '  " = (a + b)/2, a2 ~ 2b' ~ a + b and 
a ~ - c '  ~ c - ( a + b ) / 2  and the monoclinic angle 
/3--124.28 ° is feasible to understand. The primary 
modulation wave vector is given by k ~a~f/4 to de- 
scribe the structure of AgTNbS, II as ~ commensu- 
rate modulated structure. Each reflection is expres~d 
by q - ha~ ~ + ka~ + la~ + mk ~ t4h + mXaT /4)  • ~ 
+ la~ ~ HA* + KB* + LC* by using four integers, h, 

k, I and m, where a~, a~ and a~ are the reciprocal 
vectors ,c°rresp°nding to a~, a~ and q~. The cell 
constants are a I ~ 7,308/~, a~ ~ 14,770 ~,  a:~ - 12,77 
/~, ~r~ (0,25, 0, 0) and /3 ~ 124.28 °, The systematic 
reflection condition, k + m ~ 2n for hkM, and I ~ 2n 
t'or holm, was observed. As the condition for the main 
reflections is k ~ 2n for hkl and I~  2n for hOi, the 
possible space group of the ftmdamental structure is 
considered to be Pc with a duplicated axis a~. The 
centering translation of (0, 1/2, 0, I /2)  in a four-di- 
mensional formalism is implied by k + m ~ 2n for 
hklm, and then the superspace group derived is ex- 
pressed as Pc(u, 1/2, 7) which is equivalent to Pb( a, 
/3, I /2 )  of the literature [9]. 

The starting parameters of the basic structure of 
AgTNbSc, II have been derived from the structure of 
Ag~,TaSf, 11. The atomic parameters of AgTTaS~, It, is 
based on B ~ 124.62° and Pc, are derived as listed in 
Table 1 from the parameters, based on /3 ~ 90,069 ° 
and the space group Pn, reported in the previous 
paper, [7] and the values arc used to set the starting 
model of the AgTNbS,, II. 

Refinement was attempted based on the superspace 
group Pc(a, 1/2, y) through a Rietveid analysis pro- 



. . . .  z O z - ~  . U ~ 7 )  3 9 - 4 4  

(a) 

" . .~ . . . . . . . . .  :~ . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . i . . . . . . . .  . . . . . . .  

(b) (c) 

0 

0 (P~  

0 

,0 0 0 " - 0  

(d) c * (o) 

0 

0 

C a 

uni:l ¢~11 (~ + %453 +~, b + 7,~1.3 ~ ,  c ~ I Z ~  ~ ~m,d ~ + 124,f~2' )-. The  h ~ u n , ~ d  ar,cas tk~ ( b : c )  at"e, t e s l ~ c t i v d y  q[h) : tt.Za < x < 0o77, (¢] 
¢~,77 < ~: < i , ?L  ( d ) :  t),¢~5 < x := 2y < i),~5 and (¢) iLa5 < ~. ~ 2~ ~ < lJ,5~ l~ rg¢  o p e n  a n d  ha l ched  t i l d e s ,  m e d i u m  ~ l i d  circles and ~mall s~lkl 

~ n l  PREMOS [8] using the ~wder X~ray diffraction 
data ~a:sured at 245 K. The Fourier amplitudes of 
the ~_~ine A,,, aM sine B,,, terms with the suffixes m 
representing the wave vectors mk ~ma~/4 in the 

displacive m~ulation functions were adopted as 
structure parameters by considering the structural 
degree of freedom. To suppress the excessive parame- 
ter shihs, the penalty functions included in the pro- 
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gram P R E M O S  have been used for the interatomic 
distances. The agreement  was fairly good with 166 
structural parameters;  R,,p = 0.094. The final parame- 
ters are listed in Table 2. 

4. Discussion 

The structure models of AgTTaS~ II and AgTNbS6 

A 
(b) (G 1 .~0. ~, ~+0.~ 

VO t io ,++" 

0 

0 

0 

(d) ~ ,  p , c o  o (e) o 

o o 

° 

a3 o a~ 
2. Projcc|kms,. of flle+sa'ucture ,+,;,,de, of A++NI,S,.+ II al,mg~+ (a)It!. I. 11]. (1,.c) 1- 3. 0. = 11. (d.+)[2. (~. + t] ,m the !,,+i, ,,f the mom,:limc 

Fir.unit cell of  the fundamental structure (a I 7:368 ~ ,  a+ 14.7711 ~,  a; ~ 12.708 ~ and /:J +-+ 124.21~+). The bounded areas for (b=c) arc. 
respectively (b) = (I.2.t < x  < (t.77, (e) (1.77 < x  < 1.77, (d) + 1|.(+5 < x  = 2:. < 0.35 and (e)0.35 < x  = 2 ;  < 1.35. Large open and I mlched circle. ++. 

medium solid circles and small solid circles represent S. Nb and Ag, respectively. 
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!! were illustrated in Fig, 1 and Fig. 2. The selected 
interatomic distances of AgTNbS, 11 are shown in 
Table 3. In the model of AgTNbS, II, tour indepen- 
dent Nb positions are present, and they are tetrahe- 
dral sites coordinated by S I. $2, $3 and $4 listed in 
Table 2. As shown in Fig. 2 and Table 3, 28 kinds of 
Ag sites are independent. Almost a half of Ag ions 
are in dislo~ed S-S tetrahedrons formed by $5, $6 
and two of S1, S2, $3 and $4~ Most of the other half of 
Ag ions are in S-S triangular faces shared by two 
distorted tetrahedrons. ~ e  interatomic distances of 
AgTTaS~ II listed in the previous paper [8] show that 
three of inde~ndent Ag ions are in the distorted S-S 
tetrahedrons and the residual four of Ag ions are in 
the triangles shared by two tetrahedrons. 

In the approximate structure models [1,2] of the 
room-tem~rature phases AgTTaS~, ! and AgTNbS . I, 
mobile Ag ions are expressed as statistical distribu- 
tion in many distorted S-S tetrahedrons and triangu- 
lar faces shared by two distorted tetrahedrons. On 
cooling through approx. 2 ~  K. the r~m-temperature 
pha~s are converted into low-temperature forms in 
which Ag ions stop into ordered arrangements. The 
ordered arrangement in AgTTaS, I! is de~ribed in 
the monoclinic system with a space group Pc and a 
laltic¢', cons t an t s  a ~ 7.453 ,~, b ~ 7,4i13 ,~, c ~ 12,~Ot, 
,~ and ~---= 124,62 °, and the Ag ion sites are three 
kind~ of distorted tetrahedral sites and four kinds of 
triangular sites shared by two tetrahedrons, ill the 
case of Ag~NbS, II, the ocdcred ar.mgement is de. 
scribed in t~ large lattice with the mont~linie symmco 
fly, that is A ~ 29,47 A, B ~ 14,77(1/~, C ~ 12,70~ A0 
/J + 124,28 <+ with ~ space Stoup C¢, The structure can 
be regarded as It commensurately and displacively 
m~lulated structur~ and the ¢,y~!~l~ ! daoat' are eXo 
pr~.~ed as a~ ~ %308 A, a~ ~ 14,77!) A, aa ~- 12,708/~, 
@-:-- (0.25, 0, 1)), B ~ 124280 in a fourodimensional 
torm~dism with a superspaceogroup Pc(~, 1,/2, 7). 
~ e  Ag ion sites in Ag~NbS. II are distorted tetrahe- 

dral and triangular sites and their characters seem to 
be substantially similar to those of Ag7TaS 6 II, al- 
though standard deviations listed in Table 2 are large 
due to the unfavorable data-to-parameter ratio. 

In both AgTTaS6 II and Ag7NbS~, I1, Agions are 
coordinated by some others (Ag-Ag < 3.4 A). They 
seem to folm Ag clusters like deformed Ag-Ag net- 
works. The Ag-Ag networks in Ag7TaS6 II seem to 
be parallel along 2a + c as shown in Fig. la,d,e and 
show a little anisotropic character, while the Ag-Ag 
networks in Ag7NbS~, II seem to have a more three- 
dimensional and deformed character {Fig. 2a-e). 
Symmetry lowering under approx. 280 K may be con- 
sidered to arise by transferring of Ag ions from statis- 
tical distribution over many distorted S-S tetrahe- 
drons and triangles shared by two tetrahedrons into a 
network-like arrangement described in the monoclinic 
system for AgTTaS¢, II or described in the monoclinic 
superstructure for Ag7NbS . I!. 
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