
ABSTRACC 

A combinakm of diflcrcntial thcmvtl anaIy&s and X-ray methods WIS used to 
invcstigakz lhc formatian of double hdidcs from alkali halides, AX, and manprtncsc 
halides. RlnXr (X = Cl, Br. I). Incomplicatcd s>%cms liks: NaCI~MnCI,. RbBr_Wnflrl 
and CsBr/‘MnBr2_ phase diagrams could only bc clucidatcd by detcrminin~ the cryal 
druaurcs aC the main compesundc- The blniz systems were inwx@twd for the lirsl 
?inrc 

In order TV find gcncral rules for the formation of double halides A,t\lX,,i 2a by 
a combinarisn of A# (alkali ~hloridc, bromide or iodide) and %4X2- V.-C have clucidat- 

cd scwral phar d&rams of such systems by DTA, and have also dctcrmincd the 
structure of the ewktin~ compounds by X-ray methods. It ~3s one result of our 
prcviow work that the question regarding the number of tcmaty compounds in a 
special sy~tcm cannot bc ~~parared from rhc question rcgwding lhcir swucfurcs. 

X-Ray ~%allo_gaphy_ howzwrv can aiso bc a wry powzrful invcstigatiw tool 
for elucidating phar diagams, allowing. Tar instance. a rhcck of the results of DTA 
by taking X-ray powder patterns of the solidified m&r or the composition of com- 
pounds to be elucidated by wucture detrrmination- Both aspects arcto bcdcmonnrat- 
cd by wing some syztcms AXj%lnX,_ Rcsulfs on the q-skms of MnC12 and MnRr2 
have been published clsewhcrc’ and will bc cowrcd only insohr 3s is required by the 

particuktr subjccr ofthis paper_ Complete rcsuks on the sycms of Mnf, arc prescntcd_ 

The mcKt important Fkaturc of’ the DTA cell4 is the quartz sample holder_ The 

ample, apprw5imatcly 0_5-I s is hemqenized after scaling the ampoulcs in vacua 



by melting in a ,w JJamc and shaliins A&x z&difiiIion b; rapid coolin_c_ it is 

suff’i~ly homqcncous for ~hc dcwrminaGon of hcarins curves and for anncalin_o 

cxpcrimw~ (As a ruk c&in,, b CZII~~ wcrc dctcrmfncd. but in some casts undrr- 
CoQling was too ,gcat 10 _rycl rcliabk rcsulU)_ 

A rcinwzsligalion of Ihcsc system5 yicldcd ccwccfiorrs in thnrc czwcs 

Herr HZ had found” the fwo congrwntly mcltin~ compwnds RbBlnBrl and 
Rb@nBr,, ~hc Jartcr 6th a transi’rion poinr at 230 ‘Cc AddiIionally, IWO compounds 
wrist w--h-kh arc formed By slid ~atc rcactionss Rb,MnBr, is +tabk only lxlok BWC 

and Rb$JnBri in tk ~cmpcrah~rc nngc from 249 to 402”C_ TJw rcspcctive thermal 
cJkcfs muld be mcasurcd only by tatins healing curx= of zmncakd sampkr Again. 
we got the indication of the cGstcnrr of these compounds by analyzing pawhx 
pattmy of solidifii melts and. in the cast of Rb,MnSr+ by hish rcmpcraturr: 
pattcms_ The compositions wxc eonfirmcd by dctcrminin~ the crystal struccurcs?_ 

Tk kfii Jigurc sho\\r the SnrcrprctaGon aecordin_r to our lirst mcasurcmcn~ in 

19696, 141 th& time_ we urrr not able to index any of rhe powder patrerns_ J_a(er_ 
van Lwn and JjdQ” dctcrmincd the struc~urc of #hc two compounds Na&lnCI, and 
Na,Mn,CI,- Our rrinwwtigatian of IJE qwtern wirh BTA” rcwltcd in the correct 
phase diagam- The compound NaMnCl, is stable only above 360°C but can bc 





abIained m&stably by quenchins Another high fcmpcraturrcompound is MaMn,Ci,, 
the cryshi structure of which could not 3%~ be dc~ermincd- 

THE EswrE~ Aijhflll~ 

The phase diagrams arc show-n in Fi* 4-8: the characteristic data arc compikd 
in Table 1, 

In fhc qstems with CsI and Rbi, only ccwgvuently melting compounds e&t_ 
Rb,MnU, has a rnnsition point at ZO’C_ With ll1, two compounds exist, one 
melting incongruently_ ?hc one K compound, K&W,, exists abow 172°C only. 
After anneaiing a sampk for some days at ISOT, a p=dcr pallem showed the 
reficctions of both binary idides When hcatcd in Ihe Guinicr camera at -OsO’C, 
new refkctions appeared u-h& coukJ be indcxcd in analog to those of rhc low 
tcinjwaw-c Rb&lnl,. 

The s_crt(mn Nai/Mnll is purdy cutcck The oystcm LiIjMnIz is atso cutectic 
but trith an arca of misibili~y on the Lil-rich side which cxlcnds to -30 mok T+$ 
Mn& at 429 ‘Cc 

Isrbk 1 &es a surwy of all compounds ‘Then: is now a simpk ruk about a 
relationship between the kind of aIL;aii or halide ions and rthc number of coining 
compounds in the singk systcmx The rcas~n for that is rclatcd to the special crystal 
WUCtUnrs- 
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TABLE 3 

11 It: C’RI’STAL SlRC’CTbWS 

in Table 3, the lattice panmctcrs of the iodine compounds arc compiled- With 

one csccption, CsblnJ, (rcf_ 5;). thq- wcrc unknown_ For CsMnJ3 a compfctc structure 
clc~crmination wts done by sin$c crystal methods- -4 small cry%11 was se&d into a 
thin-\\Mcd glass cqiilary under argon. DC Jong43ounmn (layx OkI) and prmion 
phomgaphs (layers h k 0 and Ir k I ) Icd to the qxvx groupls P6~‘~~rrw, P6Zc or PGzwc 
(/I/I/ only with I = >r)_ 3%~ ccnlroymmctric P~&~IR~Ic tic the best agrccnrcnt with 

the mcasurcd intensities_ They wcrc collcctcd with the twwzirclc goniomctcr (a = 
5an, SO0 acp; to 0_01” in O-5 sfx: 2* I 0 ,( ZS ‘I_ SZO rcflcxcs of the layers /ki 

(h = O-5) wcrc mcarurcd, 155 of them wcrc s\-mmcrrically indcpcndcnt. After 
elimination of the strongest 17 rclkxcs. the rcfincmcnt considcrins anisotropic 
tcmJ3craturc factors ,~avc a R 8aluc of O-071- 

Results: Space poup No_ 194. Pb,Prrrrrrr - D,; 

ZCS in (d) Ii3 2;3 3a4 
2Xln in (a) 0 0 0 

GJ in (h) x 3 I[4 with _I,_ = O-1647 
Diskmccs [Ai: Mn-I 2912 

I-I I.050 Cs-I 4.0% (in one layer I C) 

I-I 4191 Cs-I 1.223 (in difkrcnt hycrs) 
A sun-cy of all crystal structures is compiled on Table J_ The compounds 

A2,MnX, contain isolated hlnX, octahcdn- The coordination number (C-N,) of the 
;rlkali ions is 6 and 8- Such compounds arc not formed with the large Cs atom. 

TJw compounds A,B?n&,. bcttcr written A,[hJnX,]X, arc built up from 
MnXA-JctrahcdraP The same is true for many of the 2: J compounds: in Ihc K,SO, 
t>pf rlw C_N_ of the alJ& ions is 9 and 14 in the Sr,GcS, type (6 + 29- 

In L-Cs&lnCJ, and in Rb+lnCl,, the Mn” ion is octahcdrally coordinated 
by the chloride: ions; Jhc cxzfahcdn arc connccM by sharing the four coplanar 
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