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Ne w informat.ion is give n on cell para meters, density and methods of pre paration of 50 compound s 
of t.h e langbeinit.e and Tutton salt groups. The langbeinites have t.he general formula (A +),(BH),(XO.). 
a nd t.h e Tutton salts the general formul a (A +j,(B2+)(XO.,), . 6H,O, where A is K, Rb , (NH.,), TI or Cs; B is 
Mg, Ni , Cu, Co, or Zn ; and X is S or Cr. A compre hensive li s t of refere nces on the c rys t.a llography of t.he 
compounds is in cluded. 
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1. Introduction 

The crystallographic data on langbeinite AtB~+(XO" ):l 
and Tutton salt AtB2+(XO .,) ~ . 6H20 type compounds 
re ported here were obtained as part of a proj ect at the 
National Bureau of Standards! in whi ch x-ray powder 
patte rns of pure phases are prepared to extend and 
improve the Powder Diffraction File (PDF).2 Sulfates 
and chromates belonging to these groups of com­
pounds , which are not represented in the PDF by good 
x-ray powde r patte rn s, a nd whic h could be prepared 
with satisfac tory purity, were studied. A literature 
search on other pertinent material was made and is 
summarized. Completely indexed x-ray patterns, opti­
cal properti es, and a description of our methods are 
reported in the series NBS Monographs 25 3 [41, 42, 
43] 4 for each phase studied. Briefly, the x-ray work 
was done on powders using a diffractometer, with 
an internal standard (Ag or W) for calibration of the d 
spacing measurements. 

The two groups of compounds are treated separately. 
In each group, the methods of preparation of the sam­
ples are outlined briefly, and tables summarizing our 
findings and those from the literature are given. 

1.1. Langbeinite Type Compounds 

a . Structure and Preparation 

Langbeinite type compounds have the general for­
mula At B§+(S04h. The prototype is K2M~(S04h. The 

*Researcil Associates of the Joint Committee on Powder Diffraction S tandards. 
-·Chemist. National Bureau of S tanda rds . . 
1 This project is sponsored in part by the Joint Committee on Powder Diffraction 

Standards. 
2 The Powder Diffraction File is compiled under the auspices of the Join t Committee on 

Powder Diffract ion Standards. For informat ion refer to the Joint Com mittee on Powder 
Diffraction Standards. 1601 Park Lane . Swart hmore, Pa. 19081. 

3 Nat ional Bureau of Standards Monograph 25, Standard X·ray Diffraction Patterns, Sec. 
}- 8 and e ire. 539, Sec. 1- 10, have been published. They are available from the U.S. Gov­
ernment Printing Office, Washington, D.C. 20402. 

4 Figures in brackets indicate the lit erature references at the end of .this paper. 
S As is cys t omary in crys ta ll ug ra phic s tudies. the ce ll parameters are gi ven in terms of 

Angs trum (A) e qual lo 10- 10 Ill. 

s tructure of thi s compound has bee n determined by 
Zemann and Ze mann [64]. Th e basic struc ture is 
cubi c with a te tramolec ul ar unit cell and the space 
group P2t!3 (No. 198). The S04 te trahedron is regular , 
and the B2+ ion s are oc tahedrall y coordinated. The A+ 
ions are of two kinds, one of which is surrounded by 
four oxygens at varying dis tances, and th e other s ur­
rounded by three oxygens. Selenates or chromates of 
this structure have not pre vjously bee n r eported. The 
conditions for preparation of the langbe inite type com­
pounds are give n in table 1. In thi s s tudy four isos truc­
tural c hromates were prepared , a ll with B2+ = Mg2 +. No 
attempt was made to pre pare se le nates. Two com ­
pounds , K2Ca2(S04h and K2Cd2(S0 4tJ, were found to 
have orthorhombic distortions of the langbeinite 
structure. 

b. Results and Discussion 

Table 2 f!iv es unit cell size,:; dens it y, PDF card nu m­
ber if in the File and other relevant refe re nces . These 
data are f!iv e n for the various lanf!beini te compoun rl s 
from both our studies and from th e lit e ra ture. Two 
compo unds were distorted from cubic and ha ve bee n 
indexed as orthorhombic; data for these a re f!iven in 
table 3. It is of int eres t to note that Jona and P epins ky 
[20] re ported a transition in (NH,hCd~(SO,h at abou t 
87 K, doubtless to a distort ed form . It is assum ed th at 
solid solutions will occur be tween mos t or al l of these 
phases. Th e only s tudied solid solution he re was be­
tween K~Mf!ASO,):: and K"CaA SO,):: the la tt e r of whi c h 
was orthorhombi c. The compound midwa y be t wee n 
th ese end me mbers was found to be c ubi c, confirmin ~ 
the findings of Morey et al. [36]. No langbeinites could 
be pre pared with Na+ as A and onl y a limit ed numbe r 
with Cs+. Also non e we re p re pared with ca tions la rf!er 
than Ca~+ as B~ + . It is ,,{int e res t to nllt !:' that th e orde r 
of th e ce ll size with cons tan t A+ is not in th e one ge n­
era ll y acce pt ed as that of in c reasin~ radiu s of th e W + 
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TABLE 1. Preparation of langbeinite type compounds made at NBS 

Name Method of preparation 

K2Mg,(S04b 
K2Ni2(S0 4b 
K2Co,(S04b 
K2Zn2(SO. h 
K, Mn2(SO.b 
K,Ca2(SO.h 
K2Cd2(S04b 
K2MgCa(S04b 
(NH4),Mn2(S04b 
(NH.),Cd2(SO.);. 

(NH4),Ca(S04);. 

TJ,Co,(SO.b 
TI,Mn2(S0 4);. 
TI,Cd2(S04b 
Rb2Mg,(S 04);. 
Rb2Ni2(S04 );. 
Rb2Co,(S04), 
Rb., Mn2(S04);. 
Rb.,Cd2(S04);. 
Rb,Ca2(S0 4b 
CS2Ca2(S04b 
K2Mg,(Cr04b 
Rb2Mg,(Cr04b 
TI2Mg, (Cr04b 
Cs2Mg,(Cr04h 

Melting K2S04 and MgS0 4 together at about 1000 dc. The material is somewhat hygroscopi c. 
Heating a mixture of NiS04 and K2S04 at 750 °C. then regrinding and annealing at 550 °C for 11/2 hr. 
Melting a mixture of K2SO. and CoS0 4 at about 600 °C. 
Melting a mixture of K2S04 and ZnSO. and then grinding and annealing. 
Melting a mixture of K2S04 and MnS04 cooling quickly and then annealing at 500 °C for 15 h. 
Melting a mixture of K2SO. and CaSO. and annealing for 18 h at 700 °C. 
Melting a mixture of K2SO. and CdSO. followed by annealing for 18 h at 300 °C then 3 days at 150 DC. 
Melting a mixture of K2SO., MgS0 4 and CaSO. followed by annealing for 20 h at 500 °C then 17 h at 400 °C. 
Partial evaporation at 100 °C of a 1:2 aqueous solution of (NH.),SO. and MnS04. 
Partial evaporation at 90 °C of a 1:2 aqueous solution of (NH4),SO. and C dS04. The crystals were then quickly 

washed with hot water and alcohol. 
Heating near 100 °C a mixture of 2.7 percent CaS04 . 41.1 perce nt (NH'}2S0. and 56.2 percent H20 (by wt) for 5 h 

using phase study information of Hill and Yanick [1 5]. The slurry was filt ered off rapidly. 
Heating TI,S04 and CoS04 together for several hours at 500 °C. 
Slow evaporation at room temperature of a 1:2 aqueous solution of TI,SO. and MnS04. 
Heating a mixture of TI,SO. and CdS04 for 100 h at 470°; followed by regrindin g and reheating. 
Melting a mixture of Rb,S04 and MgSO. , cooling quickl y then annealing at 800 °C for 18 h. 
Heating Rb,S04 and NiS04 fogether in N, for 10 min, regrinding, and rehea tin g at 450° for 15 min. 
Heating Rb2SO, and CoSO. together in N2 at 540 °C for 10 min , then grinding and reheating for 10 min at 540 dc. 
Melting a mixture of Rb, SO, and MnSO •. 
Melting a mixture of Rb,S04 and CdS0 4, quenching, grinding, and annealing for 18 h at 700 °C. 
Melting a mixture of Rb,S04 and CaS O., quenching, grinding and annealing at 650 °C for several days. 
Melting a mixture of CS,S04 and CaSO., quenching and annealing for 18 h at 700 °C. 
Heating K2CrO. and MgCrO. together for one half hour at 510 °C in N2• 

Heating Rb2 Cr04 and MgCrO. together for 45 min at 500 °C in N,. 
Heating TI, CrO, and MgCr04 together for 1 h at 380°. 
Heating Cr,CrO. and MgCr04 together for 25 min at 440° in N,. 

TABLE 2. Langbeinite type sulfates- cubic, P2 13 (No. 198) 

Ce ll size Den sit y 
Compound g/c m :\ PDF" No. Other Ref. 

A Ref. 

KAvlg,(SO.h 9.9211 41 2.823 19-974 7,10,36, 64 
K2Ni2IS0.,l:. 9.8436 41 3.369 19-984 10 
K2C02(SO. h 9.9313 41 3.283 20- 873 10 
K2Zn,(SO.l:. 9.9247 41 3.376 20-957 10 
K2Fe2(SO.h 10.007 10 3. 168 18- 1027 
K2'Vln,(SO.h 10.1143 41 3.057 20- 909 3,10 
K2MgCa(SO.h 10.1662 42 2.723 20-866 36 

K2Cd'( SO.h (a) 
K2Ca'(SO.h (a) 

(NH.),M~2(SO.) , 9.99 22 2.248 18- 110 10 
INH,),Ni2(SO, b 9.914 22 3.011 18- 120 10 
(NH. ),Co2(SO.h 9.9.5 22 2.981 18- 85 10 
(NH. lzFe,(SO.h 10.09 22 2.819 18- 105 10 
(NH.,lz 'Vln '(SO.h 10.1892 42 2.726 20- 96 
(NH, lzCd2IS0,h 10.3511 42 3.288 21- 791 10,20 
(N H.,), Ca2I S0.h 10.5360 43 2.297 ]] - 241 10,15 

TI2<:"2(SO.,h 10.0312 43 5.361 22- 1466 
TI2Fe'(SO.h 10.108 10 5.200 
TI2]\1 n2(SO.)" 10.2236 42 5.015 20-1263 10 
T12Cd21S0.h 10.3841 43 5.467 22- 1465 10 

Rb2\1 ~,(SO., h 10.0051 42 3.367 21-1 029 10 
Rb2Ni21S0,);. 9.9217 43 3.921 22- 1284 10 
Rb2CU2IS0. h 10.0204 43 3.807 22- 1266 10 
Rb2Fe2IS0.)" 10.098 10 3.682 
Rb2\1n2(SO.h 10.2147 42 3.546 20- 1000 10 
Rb,(~ d2 I S0.h 10.3810 42 4.060 20-1022 10 
Rb,Ca,(S04)' 10.5687 42 3.034 20-1023 10 

Cs2Ca21S0.h 10.72 13 42 3.417 20- 275 10 

aOrthorhombic di storted langbeinit e type - see table 3. 
bPowd er Data fil e issued by the Joint Comm itt ee on Powder Diffrac tion Standards. 
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TABLE :-l . La ngbeinile type sulfales - orth orh ombic, P2 12121 (No. 19) 

C,· II siZto 
C tllll\J4 lUll d 

a (A) b (r\) C (r\ ) 

K,Cd, (SO ')" 10.2 12 JO.280 JO. 17l 
K,Ca, IS O ,l:: 10. :>:\ 1 10.SO I 10. 186 

ion s (M g< N i < Co < Zn < F e). The c hro ma te 
lan gbe inites are re po rted in tabl e 4 . 

1 .2 . Tutton Salts 

a . Structure 

The Tullon sa il s have Ih e ge ne ra l c ompos ilion 
A:;B~ + (X O, )~, 6 1-1 ~0 . Th ese sa ll s we re ex te ns ive ly 
s t-udi e d b y th e gon iom e tri c me thod a round th e turn of 
th e ce ntur y b y Tullon [45- 62J a nd prove d to be a n 
ea rl y exa m p ie of a la rge isos t ru c t ura l se ri es. T he s t ru e­
ture o[ on e me mbe r of th e se ri es was de te r mined b y 
Nl a rg uli s a nd T e mp le lon [ 29] a nd was found to be in 
th e s pace g roup P21!a (No. 14) with t wo mo lec ul es pe r 
ce ll. T he BH ion s a re oc ta hc dra ll y s urrounde d b y wa te r 
mo lec ul es, a nd th e A+ is bond ed to oxyge ns of th e 
s ul fa te te t ra he dron a nd wa te r oxyge ns . T he s tru c ture 
re porte d ea rli e r b y Hofm a nn [16] was found in c orrec t 
[29]. 

Tullon fo und a la rge numbe r of s imi la r se le na tes 
[57-61J a nd three c itrom a tes we re a lso re port e d in thi s 
se ri es [62]; in a ll o[ t hese B ~ + was Mg. In t he prese n t 
s tu d y on e new c h rom a te was mad e in w hi c h B ~ + was 
Ni. A se l'ies of iso s tru c tura l Auob e ryll a tes has a lso 
bee n re port e d [:·n, :-\8]. 

b. Pre paration 

!VIos t of t he m a te ri als ma de he re we re pre pare d b y 
s low e va poration a t room tc mpe ra ture of 1:1 aqueou s 
solution of A~SO 1 and B S O I. Th e phases w hi c h we re 
pre pa red d iffe re ntl y a re di sc ussed be low : 
T I~C o(SO ,h . 6H~0 , T I ~C U (SOI)~ . 61-1~0 , T I ~Mg(SO Ih 

. 6H ~0 a nd TJ~Zn(SO d~ . 6H~0 we re made by s low 
eva po ra tion a t room te mpe rature of an 1:8 aqueou s 

TABLE 4. Langbeinit e type chroma.t es, cubic P2 1:) 

(No. 198 ) 

CI Hllpou nd 

K, :VI ;!, (CrO,l:: 
Hb, .\'I ;!, (C rO ,)" 
Cs"vt ;!, (C rO , ):: 
TI" '1 ;:"(CrO ,):: 

I{efer· D" ' l1 s il y PDF " Oilie r 
e ll ce g/ em :! \1 0. re fe re nce 

·~2 :1.677 20- 86 ~ 10 
12 2.68:1 20-867 L :16. 10 

s o lutio n of TI ~SO, and th e re le va nt BS O ,. T he firs t 
c rys tal s form ed we re used . 

Cs~ Mg(C rO) ~ · 6 H ~ 0, K~ Mg(SO d~' 61-1 ~ 0, a nd 
Rb ~ Fe(SO I )~ . 6 H ~ 0 we re ma d e b y s low e va pora t io n 
at room te mpe ra ture of a 1::-\ aqu e ou s so lution lIf th e 
re le vant A~XO 1 a nd BXO I. Th e fi rs t c rys tal s form ed 
wc re use d. 

TI ~;Vln (S OI )~ ' 6 H ~ 0 was m a dc b y eva pora tin },! a t 
a bout 90 °C a 1:1 aqu eou s s olution of T I ~S O, a nd 
Mn S O I. T he c rys ta ls we re filt e red "Ff whil e hot. 
T I ~ Fe(SO I )~ . 6 H ~0 was ma d e b y s lo w eva pora tion 

at mom te mpe ra ture of a 1:1 so luti on of T I ~S O, and 
F eSO, . T he fi rs t c rys ta ls form e d we re used . 

Rb~C d(SO d~ . 6 H ~ 0 a nd Cs~C d(SO ,h . 6 H ~ 0 we re 
too un s ta bl e to s tud y, du e to loss of wa te r . Th e 
(NH., hCs(SO~h . 6H~0 a nd (NH~)~Mn(SO.l h . 6H~0 
te nd e d to lose wa te r In d ry a ir a nd required s pec ia l 
hand li ng. 

c. Resutts 

I n ta b les 5 a nd 6 a re g ive n th e ce ll pa ra m e te rs [rom 
our s tudi es [41, 42,4;) 1 or from th e indi ca te d lit e ra t ure 
to ge th e r with th e ce ll vo lum e and d e n it y. T he PDF 
numbe rs are give n whe n a va il a b le, a nd re fe re nces to 
ot he r s tudi es on th e ma te ri a ls a re indi ca ted . 

No Tullon sa lt s a re kno wn wi tll Na + as A +, or wit h 
ca ti ons la rge r th a n Ca~ + as B ~ + . As wit h th e la ng be init e 
se ri es th e vo lum e of tlt e ce ll w ith CIHl s tant A+ and with 
diffe re nt B ~ + ion s is not in th e acce p te d ord e r of th e 
ion ic radi i o[ th e B ~ + ions (Mg < N i < C o < Zn < F e). 
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T ABLE 5. Tutton salts-sulfates, monoclinic, P2,/a (No. 14 ) 

Cell size 
Cum pound Vol. Refer· 

(A3) ence 
a (A) b (A ) c (A) f3 

K,Mg(SO.), . 6H,O 9.096 12.254 6.128 104°47 ' 660.50 22 
K,Ni(SO.h . 6H,O 8.991 12. 184 6.130 105° 648.40 63 

K,Cu(SO.h . 6H,O 9.09 12.14 6.18 104°28 ' 660.35 22 
K,Co(SO.), . 6H,O 9.059 12.209 6.152 104°48 ' 657.77 8 

K,Zn(SO.), . 6H,O 9.041 12.215 6.156 104°49 ' 657.18 42 
K,Fe(SO.), ·6H,O 9.05 12.27 6.16 104°32 ' 662.14 22 

TbMg(SO.), . 6H,O 9.273 12.472 6.214 106°23' 689.49 42 
TI,Ni(SO.), ·6H2 O 9.166 12.392 6.216 106°20' 677.55 42 

TIz Cu(SO.h . 6H,O 9.268 12.364 6.216 105°33' . 686.22 42 
TI,Co(SO.h . 6H,O 9.235 12.442 6.227 106°24' 686.38 42 

TI,Zn(SO.), . 6H,O 9.219 12.433 6.2317 106°18 ' 685.58 42 
TI 2 Fe(S04),·6H2 O 9.264 12.499 6.236 106~' 693.51 43 

(NH.)zMg(S04)z . 6H,O 9.324 12.597 6.211 107°]4' 696.76 22 
(NH 4),Ni(S04h ·6H 2 O 9.19 12.47 6.24 106°46 ' 684.70 12 

(N H4),Cu(S04)z . 6H,O 9.206 12.38 6.299 106°12' 689.39 8 
(N H4),Co(SO.h . 6H,O 9.258 12.528 6.236 IOr6' 697.98 8 

(NH. ),Zn(SO.), . 6H 2 O 9.205 12.475 6.225 106°52 ' 684.08 22 
(NH.),Fe(S04h . 6H,O 9.28 12.57 6.22 106°50' 694.47 22 

(N H,hM n(SO,h' 6H,O 9.374 12.676 6.253 106°49' 7J 1.21 43 
(N H, ),Cd(S04)z . 6H,O 9.393 12.777 6.300 106°42' 724.1 7 43 

Rb,Mg(SO.h . 6H,O 9.235 12.486 6.224 105°59' 689.85 43 
Rb,Ni(SO,), ·6H2 O 9.138 12.416 6.223 106°4' 678.47 43 

Rb,C u(SO,), . 6H,O 9.267 12.366 6.228 105°19 ' 688.35 43 
Rb2 Co(SO,b . 6H,O 9.180 12.433 6.230 106°1' 683.46 14 

Rb,Zn(SO,), . 6H,O 9.185 12.450 6.242 105°55' 686 .42 42 
Rb,Fe(SO,h . 6H,O 9.218 12.497 6.256 105°45 ' 693.56 43 

Cs,Mg(SO,h . 6H,O 9.330 12.848 6.360 107° 728.97 42 
Cs,Ni(SO.h . 6H,O 9.264 12.773 6.359 106°59 ' 719.66 42 

Cs,Cu(SO,j, . 6H,O 9.439 12.762 6.310 106°11 ' 729.93 42 
Cs,Co(SO.h . 6H,O 9.316 12.824 6.365 107°7' 726.74 14 

Cs,Zn(SO,), . 6H,O 9.316 12.815 6.373 106°57' 727.83 42 
Cs 2 Fe(S04), ·6H2 O 9.355 12.893 6 .378 106°53 ' 736 .16 42 

Cs,M n(SO,), . 6H,O 9.425 12.970 6.389 IOnO' 746.27 42 

" Powde r Data File issued by the loint C Olllmitt ee 011 Powder Diffrac tion S tandards. 

Density PDF" Other 
g/c m:~ No. referen(,es 

2.051 20- 839 23, 48 
2.24 13- 193 48 

2.223 17-137 23 . 48 
2.207 21 - 632 14.23 

2.242 20- 958 23 , 48 
2. 178 17- 486 23 , 48 

3.532 2J - 1243 18,53 
3 .763 20- 1266 6 , 56 

3.740 21 - 1412 53 
3.7152 21 - 1411 53 

3.763 22- J244 54 
3.662 22-921 53 

1.718 17- 135 7, 29,30,24.47 
1.913 12- 454 12 . 24 , 32,50 

1.924 11 - 660 5, 14, 24, 34 , 50 
1.897 20- 771 13 , 14,24,50 

1.950 18- 138 24,33,47 
1. 875 17- 481 9 , 24 , 31 , 55 

1.827 11-134 7,24 , 30 
2.058 35,50 

2.385 21- 1415 48 
2.594 21- 1418 48 

2.580 21- 1321 48 
2.576 17- 303 48 

2.596 21- 1328 48 
2.523 21- 1322 48 

2.689 20- 615 48 
2.883 21 - 163 48 

2.864 21 - 846 48 
2.856 17-305 48 

2.881 20- 719 48 
2.805 20-402 48 

2.763 21 - 847 48 



TABLE 6. Tut ton salts - chromates , monoclinic, P2 ,/a (No. 14) 

Cell s ize 
Compound 

a (1\) b (f\) c (A) 

(N H I);Mg(C rO.,); . 6H,O 9.508 12.674 6.246 
Rb,Mg(C rO I); . 6H , O 9.474 12. 571 6.256 

Cs,Mg(C rO .,); . 6H , O 9.604 12.952 6.369 
(N H.I),Ni(CrO.,h . 6H,0 9.420 12.603 6.275 

~ , Powde r Da ta fil e issued b y the J uint Comm ittee on Powder Diffraction Stand a rd s_ 
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