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SYNTHESIS OF LEAD PYROSILICATE AND OTHER
BARYSILITE-LIKE COMPOUND S

H. W. BtttttAtor,l Mineralogisches Institut der Uniaersitiit
(TH), Karlsruhe, GermanY (BRD) '

Aesrnect

In the binary system PbO-SiOz the compound PbsSizOz was synthesized. Indexed X-

ray powder and single crystal data as well as optical and IR data show that PbaSirOz is the

Pb-analogue of the mineral barysiiite PbsMn(Siro)s. To elucidate the barysilite formula

Pb in PbsSirOz has been partially replaced by Mn, Mg, Ca, Sr and Ba' A Pb-Sr-Ba-mixed

crystai was synthesized which is isotlpic but not isomorphic to natural barysilite' This

Pb-Sr-Ba-"burysilite" probably has the formula Pbt(Pb, Sr, Ba)(Sizoz):' The ternary

compound2Pbo .Mgo .2S ioz foundbyA tgy leandHumme l ( | 965 /66 ) i n thesys tem
PbO-MgO-SiO: was shown to be a Mg-"barysilite" of the composition PbqMg(SizOz)r.

INrnooucrroN

During the investigation of the. ternary system PbO-SiOr-SOr and the

reexamination of the well known binary system PbO-SiO, the compound

PbaSizOz was synthesized, probably in two modifications' This compound

has often been searched for and has been discussed by many authors

because it should correspond to the mineral barysilite. According to the

mineral tables of Strunz (1966) barysil i te has the formula PbsSizO:

although in recent papgrs this formula has been considered as being too

idealized. Thus Glasse r (1964) suggested the f ormula Pba(Mn, etc) (sLorr),

but he failed to synthesize a barysilite of this composition. Laizerowt'cz

(1966) stated the barysil i te formula as XPbs.3(SLO'l for natural bary-

,itit" x is mainly Mn. She prepared synthetic "barysilites" with X: Be,

Mg, Ni, Co, Cu, Zn,Mn, Cd, Ca and Sr, but not a pure Pb-"barysil i te'"

In 1967 Ito and Frondel suggested the formula MnPbr(SizO7)2. Their

efiorts to get Pb3SirOz €v€n hydrothermally were unsuccessful'

In the system PbO-SiO, the compound PbaSLOz was first described

by Krakau and vakhrameev (1932), but in later investigations carried

out by the same author and reported by Eitel (1965) it was not further

mentioned. In 1939 Kordes reported the existence of PbsSi2Oz which he

had obtained as hexagonal crystals and in lg62Betezkina and Chizhikov

gave a method of preparation for PbrSizOz, and the first X-ray powder

data which are in contradiction to the results presented here and dis-

cussed below. Without mentioning any details about PbrSizOT Argyle and

Hummel (1965/66) accepted this compound in the system MgO-SiOz-

Pbo. They also described a ternary compound 2Pbo.MgO'2SiOz

1 Present address: Forschungsinstitut der Zementindustrie, 4 Diisseldorf-Nord, Ger-

many (BRD).
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rvhich, acc0rding to our investigations, is a Mg-,,barysilite" of the com-
position PbaMg(SizOz) a.

AII other authors (Geller et al., 1934; McMurdie et al., 1.939; paetsch
et al", 19 65 ; Argyle et al., 1960) investigating the system pbo- sio; doub tedth e, existen ce of pb';Sizo zrc r 

::T::r"ffi,::"r 

artoge th er'

PnnpenerroNs or Srwcrn Cnysrar,s
crystals of phase Y suitable lor X-ray single crystar techniques were prepared by the

following two methods:

1. Heating the quenched melt for several hours at about 650.C.
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perature modification of PbzSiOa. The X-ray powder pattern, however, given by Berezkina
'et 

al,. (FeK.-radiation; 70-100 hours exposure time) could not be identified either with

that of our phases X and Y or with any prepared PbSioa or Pbzsior modification (Bill-

hardt,1968).
X-nav INvBsrrcerroNs

Powder diffraction patterns of all compounds were made with an AEG-

Guinier camera using pure Si-powder as an internal standard (si,

a:5.43I A). Intensity measurements were made with a Zeiss-Jena

photometer and the cell constants were refined and computed by the use

of irrde*ed powder d,iffraction patterns. In table 4 and 5 the d-values and

intensities of phase X and Y are listed.

oscillation and precession photographs of phase Y revealed hexagonal

symmetry with the following conditions limiting possible reflexions:

hki l :

(hh2ht

(hh0r

- h + k l I : 3 n '

I  : 3 n )

h l  I  : 3 n )

a n d l , : 2 n

Talro 1. SrNcr.n Cwsrar, Dara or Bervsrr.rrn ero PbrSiOz

Barysilite, Lingban
Synthetic
PbaSi:Oz

This paper 
"a :  9 . 8 0 ( 1 )  A

c:3s.3s(s) A
z : 6

p{""r"r-6.9t *r.-t

J. Lajzerowicz
e.821(s)  A

38.38 (6) A
6

6 .84 g/cm3

pr*.*>:6.72 g/cmg

and 6.55-6.  706 g/cmi

F. P. Glasser
.  8 .46  (2 )A
38.3  (2 )A

(Winchel, 1965)
(Fl ink. 1917;

referred by Classer)

This paper
10.13+0.006 A
38.70t0.03 (A)

18
6.86a g/cm}

6.84+0.05 g/cm3

. The deviation from the cell constant o presented by Glasser (1964) is appalent'

Most probably he erroneously published the (or)-r-tnu1o", because a: (62)-t /sin ffi":9'77

A is in rather good agreement to the other values in Table 1'
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compounds is also indicated by the same optical character (negative
birefringence) and similar IR-data. But while the mica-like pratelets of
barysil i te and synthetic Mn-"barysil i te', have excellent cleavuge parallel
to (001) no characteristic cleavage of phase y was observed.

All investigations of phase y and barysilite revealed that these two
comporrnds are isctypic. According to the statement of J. Lajzerowicz
that the natural barysil i te has the formula pbsMn(SizO7)3 the newly
prepared phase Y has the composition pb8pb(Siroz)3 and is the pb_
"barysil i te" of the ideal composition pbsSLOz.

Comparing the cell dimensions of barysilite and pbaSLOz in Table 1
it is evident that the substitution of Mn2l by p[z+ causes a considerable
enlargement of the barysil i te rattice. The synthesis of mixed crystals of
Mn-"barysil i te" and pbasizOz was not possible. There were always two
phases of different "barysilites." The ionic radii of pb2+ and Mn2+ are
too different for an isomorphic replacement in this structure. Therefore
barysilite and PbaSLOz are isotypic but not isomorphic.

fNl'n,rnpl Dare
with a Beckman rnfrared spectrophotometer IR 10 infrared spectra

were recorded at liquid nitrogen temperatures, using KBr- and csBr-
pellets. The absorption bands of phase X, pbrsi2ozlnd barysil i te are
listed in Table 2. The absorption spectra of pbasizoz and Larysilite,

Tasr,E 2. IR-AssonprroN Sprcrre or.X, pb_,,Blrvs*rrn,, Awo Belvsrlrrn

Phase X Pb-"barysilite" Barysilite

258 cm-r st
328 vw
360 vw
400 vw

258 cm-r st 260 cm*l st

w
w
m
m
m
m

360
395
420
432
458
476
508
526
s36

679
822
855
882

438

47s

522

J / 6

394
418
M8
464
480

530

702
832

892
9t4
934
976

668
700
822
845

875-885

w

s t b

s t b

m
vw
w
m
s t b

m
m
m

D

m
m
w
VW
st

St
st
vw
s t b

s t b

St

st

s t b
w
s t b
vw

940
965

1062
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Frc. 2. The position of the "characteristic pyrosilicate absorption band,, of different
"barysilites" as a function of the cation-oxygen distance. smail circles represent mea-
surements of J. Lajzerowicz,large circles our own measurements.

distance. Therefore this characteristic pyrosil icate-band has been mea-
sured for all our synthesized "barysilites" and is compared with the data
oI J. LajzerowicT.in Figure 2.

This figure shows a good fitt ing of the data of the new pb-,,barysil i te',
and of the later described "barysil i tes" with large cations as sr and Ba
on the elongated line given for ,,barysilites', b1r J.Lajzerowicz.

SyNruBsrs ol Sr-Pb-Ba-,,BARysrLrrE', MrxBD Cnvsrers
After the Pb-"barysil i te" synthesis had been successful, the next step

was to find out whether it is possible to replace pb2+ by other large cations
like Sr2+ and Ba2+ in the barysilite structure of pbaSirOz.

The method of preparing these compounds was the same as described
above for PbaSizOz. However a treatment at higher temperatures was
chosen (620-72o"c). 'Besides pure pbo and sioz the metal oxides sro
and Bao were used as reagents. These were obtained by theimal decom-
position of their nitrates and carbonates under a nitrogen atmosphere
(G. Brauer) .

W
l r< \v,

..6d
Is

(sr )
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The partial replacement of Pb by Sr and Ba in the barysilite structure

Ied to the following mixed crystals:

between Pb- and Sr-"barYsil ite"
Pb- and Ba-"barysil i te"
Sr- and Ba-"bar-vsilite"

The cell dimensions of these "barysilites" are tabulated in Table 3

and compared with the data of other "barysilites" in Figure 3'

T,tnr,p 3. Cor.r- Dnrntsrolrs or Pb-Sr-Ba-"BARYSrLrrEs"

Composition' at"" A ct"* A

PbaSr(SiOz)g
Pba.aSro 5(StzOz)a
Pbu(SizOz)a
PbsSro iBao r(SizOz)r
Pbe sBao a(SirOz)a
PbsBa(SizOz)c

10.091 + 0.006
10 .110
10 .130
10. 130
10.  155
10.  166

38.72 + 0.03
3 8 . 7 1
38 .70
38.84
38.84
38 .91

* The tabulated chemical composition is that of the weighed-in material. Losses by

evaporation can be neglected. Chemical analyses are difficult because it is not certain

whether the samples were homogenous or whether there were also some small relicts of

glass.

never been found in nature up to now.

Mg-"BanvsrLITE" rN rrlr i Svsreu PbO-MgO-SiOz
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Frc. 3. cell dimensions of different "barysilites" as a function of the cation-oxygen

distance. This figure of J. Lajzerowicz was extended with the data of pb-Sr-Ba-,,bary-
silites". Because there are no dehnite values of the cation-oxygen distance in the literature,
these values are indicated as wide rectangles (compare also Fig. 2).

barysil i te and calculated the cell dimensions @hex:9.73(*0.05), q,"*
:38.24+0.1 A.

The density as measured by Argyle and Hummel is p(exp) :6.I5 g/cms.
with this value the number of formula weights in the unit cell is Z:
19.12, whereas the theoretical value of Z f.or a barysilite is 18.

To elucidate this discrepancy we tried to synthesize a Mg-,,barysilite."
In the course of these efforts we observed two types of Mg-,,barysilites":

2 R

.-j:\ au'
ftrh'; i,

,o

Be ..'
.)"
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l'eur,B 4. X-nnv Powur:n DtrrnactroN ol Prr.tsn X

t/Io d, A r/Io d, A r / r ^  I  A

10
10
20
50
30
7

30
. )J

I . )

4
40

100

8.62
4 . 9 7
4.39
4 . 3 0
3 . 7 5
3 .561
3.287
3.  250
3 . 2 2 0
J . I / J

3.068
2.896

2 . 8 5 5
2.82 i
2 . 7 4 3
2 . 5 7 9
2.483
2.292
2.257
2 . 2 3 2
2 t4i
2 .O3+
1 . 9 7 9
1  . 9 7 1

r .929
1 . 8 7 5
1 863
1 .840
1 . 8 2 0
1 . 7 8 1
| . 7 2 2
r . 7 t 7
1 . 6 7 9
1 .660

90
50
3
1
.5

30
20
35
15
10

+
10

+
3
J

10
l i

25
1 5

lesr,r 5. X-n.tv Powonn Dtlrnectron or Pb-"Benvsrr,rrn"

r / r ^  d (meas ) .  d ( comp) ,
A A

hhl
d (meas).  d (comp.r .

t l l u  i  i
5 n

hhl

15
l . )

l . )

50
40

30b
40
85b

30
40
90
70
30
6-5

100b

8 . 0 2
6.  54
6.  50
4.99
4 2 8

4.00
3 5 4
3 . 2 9
3 . 2 7

3 . 2 5
3 . 2 3
3 .05
2.926
2.903
2 8+5

2 . 7 3 6
2 . 7 2 2
2.663

7 .99
6 . 5 0
6 4 5
.5 .06
4 . 2 8
3 . 9 9
3 .98

3 . 2 8
3 . 2 7
3 . 2 7
3 . 2 5
3 . 2 3
3 .0s
2.924
2.902
2.  851
2.843
2 . 7 3 5
2 . 7 2 1
2.663

102
014
006
1 1 0
022
204
116
0 1  . 1 0
1 1 9
2 1 2
1 0 .  1 1
028
00 12
215
300
20 t0
303
r2 i
218
1 1  . 7 2
306

2.637
2.5 .33
2 . 5 1 8
2.429
2 . + 1 2
2 . 3 5 7

2 333
2.320
2.299
2 . 2 2 5
2.182
2 . 1 + r
2.t t8
2.061
2 .010
2.002
r.992
1 . 9 7 5
1 968
1.948

t . )

J

10
25
20
.5

2  637 10 .14
2.532 220
2 . 5 1 8  1 2 . 1 0
2.428 311
2 . 4 1 3  2 l . l r
2 .359 314
2.357 226
2 . 3 3 2  0 1 .  1 6
2.321 135
2 . 2 9 9  1 1 . 1 5
2.226 3r7
2 .182 229
2.t39 044
2 . 1 1 8  2 0  1 6
2.060 .31 .  10
2 010 23r
2.002 322
1 . 9 9 1  2 2 . 1 2
r . 9 7 9  1 1 . 1 8
1.969 234
1.948 325

20
10
10
.5

l . )

l 0
10
30
20
20
+0
1 0
l , )

30
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Talr,r 6. X-ney powonn DmlnecrroN oF BAxysrurE AND Mc_.(BARysrLrrE,,
Coupenno wnr,,PbzMgSizOz',

Barysilite "PbzMgSigOz"
Argyle er al. (1965/66) Mg-"barysilite"

h , AI/Iod , Aa  /  r o
d r L

15

50
20
25
60
35
50
50
60
1 J

100

50
80
80
20
20
5

15
20
25
10
20
30
10
7

25
t5
40

25
30
50
40
45
30
10
20

6 . 3 9

4 . 9 0
4 . 5 7

4 . t 4
3  .88
3 . 5 0
3 . 2 2
3 . 2 1
3 . 1 6
3 . 0 4
2 . 9 5 7

2.829
2 . 7 6 5
2 . 6 7 5
2.605
2 . 5 8 6

2 .358
2 . 3 4 7
2 .305
2 . 2 8 5
2.266
2.109
2 .083
2 . 0 7 0
2.004
1 .954
r .943

1 .901
1 .886
1 .856
1 .850
1.844
1 .834
1 . 7 8 4
r . 7 7 7

48
62
10

100
J

35
67
63
7

1 5

t l
T J

15
1 1
1 1
t . )

7

9

25

9

+2

6 .33
5.04
4 .85
4.  53

4 . 1 3
3 .85
3 .48

3 . 1 9
3 . 1 +
3 .02
2 .94
2 . 8 7
2 . 8 r
2 . 7 5
2 . 6 7
2 .60
2 . 5 7

2 . 3 5
2 .34
2 .30
2 .28
2 . 2 6
2 .09
2 .08

1 994

1.929

1 .895

r .838

1.824
1 . 7 7 4
| 768

6 . 3 9

4 . 8 7
4 . 5 6
4 . 1 7
4 . 1 2
3 . 8 7
3 . 4 6
3 . 2 L
3 . 1 9
3 . 1 5
3 . 0 3
2.947

2 . 8 1 6
2 . 7 5 7
2 . 6 7 0
2.603
2 . 5 0 5
2 . 4 5 3
2.393
2 . 3 5 3
2.339
2.305
2 . 2 7 7
2.261
2.099
2 . 0 7 6

1 .998
1 .951
1 .938

1 .898
r .877
1.849
1.842

I  .825
1 . 7 7 8
r . 7 7 0

l 6

5
54

13
66
29

006

110
1 1 3
2 0 1 ; 1 0 8
022
1 1 6 ; 2 0 4
0 1 . 1 0
1 0 . 1 1 ; 1 1 9
121; O0.12
212
124
215

300
127; 303
11.12
r0 .14
306
220; 12.10
223
309;21 . l r
3 1 1
O l  . 1 6 ; 0 2 . 1 4
2 2 6 ; 3 1 4
1 1 . 1 5
138;402
20.16 ;21 .14
OM
3 1 . 1 0
1 1 . 1 8
231;408
2 2 . 1 2
s0.  15
325
(X.10
410
2 1  . 1 7
237; 143
1 3 . 1 4
146

b

b

l 6

6
10
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cm-r for type II.

Drscussrorq or rHE Benvstr-rrn FonMur"q'
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