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Abstract. An attempt of obtaining (potassium) jarosite and natrojarosite of
theoretical composition using Fey(SO,), - aq and alkali sulphates or hydroxides at
temperatures ranging from about 95 to 210°C failed, in spite of using a fourfold
excess of alkalies. Instead a series of hydronium-alkali jarosites with iron defi-
ciency and excess of water resulted. The presence of excess (,,additional”) water
is responsible for the contraction of the unit cell in K,H;O-jarosites (or expansion
in Na,H,O-jarosites, respectively). The highest alkali (Nat+ or Kt) content obtained
was only 67 to 75 per cent of lattice positions available and that of trivalent cation
(Fe3t) 98 to 83 per cent, indicating some kind of intercrystalline chemical equili-
brium. These values approach those found in some natural minerals formed in
weathering conditions. It was put forward that the lacking Fe3+ charge is balanced
by H,O for OH— substitutions in FeOy(OH,H;0), octahedra, and the iron vacancies
being perhaps occupied by groupings of H,O molecules, both accounting for the
excess water. Thus the general chemical formula of minerals investigated should

have the form:

A;—x (HyO)x Feg_y [(OH)s—sy (HzO0)sy (SO4)-]

INTRODUCTION

Investigations of about 40 jarosite samples formed in low temperature
and low pressure conditions (e.g. Kubisz 1958, 1960, 1962, 1964) showed
an almost constant deficiency in alkali and sometimes iron content, and
excess of water. Their average composition being:

Ags (H30)0.25 Fezo—2.6 [(OH)s (SO, A KN Nat.
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Deposits, Cracow (Krakéw). : 5. )
1 The author proposes to use the name ,jarosite” as a general term like

,leldspar” or ,pyroxene”. If used in conformity with its present meaning, for K-fex:-
ric sulphate, names like e.g. natrojarosite should consequently denote a Na, K-ferric

sulphate.
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This interesting phenomenon induced the author to make an attempt qf
establishing the chemical conditions required for the formation of jarosi-
tes with theoretical composition (Kubisz 1961, preliminary report). The
procedure as given by Fairchild (1933) was followed at first. As no
stoichiometric alkali jarosites resulted, the temperature, concentration
of solutions, and molar ratios of starting substances were varied. A series
of jarosites was obtained with various iron deficiency and alkali to
hydronium ratio. On the basis of about 50 tests parameters of synthesis
were settled leading to the best yield and high alkali content in the
products.

The chemical constitution, X-ray data and conditions of alkali-hydro-
nium jarosites formation in comparison with Brophy and Sheridan’s
(1965), results is discussed in the present paper. Thermal transformations
and infrared absorption analysis are the subjects of papers to follow.
Mossbauer investigations have been published earlier (Hrynkiewicz et al.
1964).

EXPERIMENTAL WORK

Synthesis. The syntheses were performed in open glass flasks
placed in an autoclave partly filled with water, in order to prevent
evaporation of solutions. Temperature was varied between 100 and
210°C, 140—150°C was found to be the optimum one. Steam-bath syn-
theses (o 95°C) yielded always high hydronium products. The equilibri-
um state of the reaction is reached after some 4 hours. Prolongation of
the synthesis to 30 hours failed to increase its yield. Fe, (SOy)s - 9H,0,
Alz (SO4)3‘18H20, KzSO4, Nast4’10H20, KOH and NaOH p.a. were
used as reagents. Composition of starting solutions is given in Table 1.
Only syntheses below 150—160°C yielded X-ray pure material. It must
be mentioned, however, that a slight admixture of Fe,O, and Fe(OH)SO;
in the samples obtained is possible. These water insoluble substances are
formed besides jarosite in considerable amounts at temperatures above
160—170°C.

The synthesized jarosite samples were thoroughly washed with desti-
led water and dried at 150°C before being investigated.

Chemical analysis. Alkalies were determined photometrically
with a Zeiss photometer, iron by precipitation with ammonia, sulphur
as BaSO,. Total water was computed by difference. All analyses were

recalculated assuming SO; molecular equivalent to be 4.00 (Tabs. 2, 3,
and 4).

X-ray analysis. All samples were analysed with Cr filtered
radiation using both film and diffractometer powder techniques. The
diffractometer was calibrated with a silicon standard. All X-ray patterns
were indexed on hexagonal axes using preliminary cy (= 9des) and
ao (= 4d,,,) values, and the accurate unit cell constant evaluated by
successive approximation with a mean error of -+ 0.004 A (Tab. 2). The

strongest lines of Fe(OH)SO, are: 3.257 (10), 3.203 (10), 1.587 (8), 1.553 (9),
1.282 A (10).
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Table 1
Data on the synthesis of alkali-hydronium jarosites and hydronium alunite
Concentration M i
olecular equivalents
No. mol/100 ml H,0 (simplified)
K,SO, Fey(SOy), + 9 H,O K,O0 : SO, : Fe,0,
Z:z.z 0.00046 0.043 1:280:93
5 0.003f1 0.043 ¥: 38-124
S- 0.0092 0.021 Lo 85 23
=27 0.037 0.029 L 3.3 08
KOH
| S-29 0.12 0.04 D 2
1 1 502 0T
Na,SO, - 10 H,O Fe,(SOy); - 9 H,O N2a,0 : SO, : Fe,0,
’{ S-10 0.0019 0.021 1 34 TR
| S-23 0.022 0.043 ) gty (s
| S-26 0.030 0.21 ki 300 F
| NaOH
\
\ S-28 0.12 0.04 Yol 20
| S-30 92 0.04 T 19 04
1 Z-;é-zz FeySOy, - 9 Hy0 0.025—0.05 mol/100 m1 H,O
= . pH = 0.55
’ S-11 AL(SO,); - 18H,0 | 0.03 mol/100 m1 H,O

DISCUSSION OF RESULTS

; Using K,SO,, Na,SO, and Fe,(SO,); as starting substances it is impcs-
sible to settle freely the proper proportions of K,0(Na,O) : SOj;: Fe,O;.
It is seen from Table 1 that although the molar ratio of K,O : Fez(j;
(or Na,O : Fe,O,) added as sulphates was varied form 1:0.8 to 1:93 (or
1:0.7 to 1:11 respectively) the ratio of SOj: Fe,O; was always about
3:1, instead of stoichiometric 4 : 3. None of the authors preparing syn-
thetic jarosites paid any attention to this important fact. Further increase
of alkali content, introduced into the starting soluticns as sulphates,
would diminish the relative amunt of SO?~ ions and the Fe,O;:SO;
ratio (compare the molar ratios in S-25, S-27, Tab. 1). This explains
why it was impossible to obtain stoichiometric alkali jarcsites in the
described conditions. The same is perhaps true for natural weathering
environment where Fe3* and SO}~ ions are supplied by oxidation of iron
sulphides:

+ 0,, H,O
FeS, ———— > FeSO; + H,SO,
(molar ratio SO;: Fe,O3 = 4: 1, similar as in discussed syntheses).

Mineralogia — 4
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%
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Chemical analyses of synthetic Na, H,O-jarosites and H;O-alunite
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%
1=l

48.87
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15.66
| 100.00

Chemical analyses of synthetic K,

0.19
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4.00
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3.08
4.00
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Mole-
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%
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| 100.00 |
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* Computed by difference
* Computed by difference

Fe, O3
SOg
O
Total
| SO;
| H20 *

Na,O
| Fe,O

|

| Total

‘ It is true that introduction of alkalies in the form of hydroxides
improves the sulphate to iron ratio, but it increases pH of the environ-
ment leading to the formation of goethite (S-30, Tab. 1). :

Addition of sulphuric acid as practiced by many authors (e.g. Brophy

et al. 1962 and others) retards the synthesis, because a considerable
amount of free acid is liberated in the reaction e.g.:

K,SO; + 3Fey(SOy); + 12H,0 Z 2KFe; [(SO4); (OH)s] + 6H,SO,

Low relative concentration of Fe?* ions in the starting solutions
(Tab. 1) resulted in deficiency of iron in synthesized jarosites (Tabs. 2
and 3). Increasing amount of Fe?* vacancies is accompanied by increased
incorporation of water in the jarosite crystal lattice (Tab. 4), called
,additional water” throughout this work. The charge balance in the
lattice is most probably maintained by joining of additional protons, lea-
ding to partial conversion of OH- to H,O. Groupings of H,O molecules
may perhaps occupy the vacant Fe?t sites too. It is interesting to note
that iron deficiency and additional water content is greater in K-, than
Na-jarosites with similar alkali to hydronium ratio (Tab. 4, e.g. S-4 and
S-26). Perhaps it is because the higher hydrated K+ ions introduce more
water in the jarosite frame-work.

Tiaib.legiad
Structural formulae and unit-cell constants of alkali-hydronium jarosites
Co Qg
No. Structural formulae i it c/a
(A) | (A)
S-28 Nag.g7(H30)0.35F€2.83 [(OH)5.49(H:0)0.51(SO4)e] 16.645| 7.34) | 2.26;
S-26 Nag.¢7(H30)0.35F€s.51 [(OH)5.43(H:0)0.57(SO4)s] 16.65,| 7.335 2.27
S-23 Nag 55(H:0)p.40F€2.75 [(OH)5.25(H20)0.75(SO4)z] 16.71,| 7.33; | 2.21g
S-10 Nago5(HsO)o.724F€2.0¢ [(OH)s5.70(H20)0.30(SO4)s] 16.91, 7.35” 2.304
S-17 H;O Fe;y[(OH)(SOy)s] 17.005) 7.355| 2.31,
S-25 Ko.10(H30).s1F€s.08 [(OH)s5.06(H20)0.04(SOy)e] 17.04y! 7.345 | 2.32;
S-24 Ko.56(Hs0)0.44F€2.63 [(OH)1.80(H0)1.11(SOy)2] 17-1241 7.32y | 2.33
S-4 K.6s(H30)0.00F€0.73 [(OH)5.19(H20)0.51(SO4)e] 17.15;) 7.315 | 2.34;
S-21 Ko.11(H30)0.09F €251 [(OH)4.55(H:0);.47(SO4)s] 17.155| 7.32; | 2.34;
S-29 Ko.75(H30)o.25F €49 [(OH)4.47(F20)1.53(SO4)e] 171591 7.31; | 2.34;

The preference of K over Na and H;O in the incorporation into 'the
jarosite crystal lattice (Kubisz 1961) explains the rarity of natrojarosites
and hydronium jarosites in nature (Kubisz 1964). Compare e.g. the molar
ratios Fe,O;: A,0 in the starting soluticns and the products for S-24
(A = Rit) tand iS-231(A = Nat)iior 5-10 and S-25 (Tabs. 1, 2, and 3).
These observations were confirmed by Brophy and Sheridan’s (1965)
investigations.

It was found experimentally that dilution of starting solutions used
‘in this work leads to a higher hydronium content in resulting jarosites.
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The true dependence of unit cell dimensions of the investigated jaro-
sites on cation substitutions is difficult to find because of several inde-
termined factors. Such factors in this case are: influence of iron vacan-
cies and of ,,additional water’”’. After removal of this ,,additional water”,
on heating the samples in DTA apparatus to the end of the first endo-
thermic reaction, the unit cell of K, H;O-jarosites expands (that of Na,
H,O-jarosites contracts) in ¢, and contracts in @, direction e.g. for 'S-29

Ac, — 0106, AT HRIA Hor 5228 ey = =000, Aa, = — 0.004 A

(compare Brophy et al. 1962, and Parker 1962). A plot of ¢, and co/ay
variations with H;O+ for K+ or Na* substitutions, presented on Figs. I
and 2 respectively, shows apparent relations only. In fact ¢, variaticn in
jarosites investigated is a complex function of molar precentages of al-
kalies, H;O ions, and of ,,additional water” molecules, and perhaps indi-
rectly of iron vacancies t0o. The same is valid for jarcsites described by
Brophy and Sheridan (1965). The non-linearity of ¢ variations with
Na -~ K for H;O substitutions noticed by these authors should probably
by ascribed partly to the presence of ,,additicnal water” in these jarosi-
tes. There is, however, another phenomenon observed by the present
writer in ,,three—monovalent—caticns" K, Na, H;O-jarosites. If the formula
for ¢, variations

co— 170108 =051 0N, (A) (1)

(ng, nNy, — molar equivalents of K,O and Na,O respectively in relation
to n so, taken as = 4.00), derived from the plot (Fig. 1) for ,,two-cations”

Eg CO
lga=05 tgp=02

1722

1720
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7700 ﬂ T
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Fig. 1. Dependence of ¢, parameter on K/H;O and Na/H;O ratio in jarosites
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jarosites (K — H;O and Na— H30), is applied to K, Na, H;O-jarosites
(e.g. S—8), a marked discrepancy between measured and calculated ¢y
values is observed (Kubisz 1964). Formula (1) was deduced taking
17.22 A, 17.01 A and 16.50 A as c¢, values (extrapolated values resulting
f?om the plot, Fig. 1) for 100 per cent K-, H;O- and Na-jarosites respec-
tively. These values are near Brophy and Sheridan’s (1965) experimen-
tal ones, for. coresponding jarosites (17.19, 16.98 and 16.62 A respectively).
The nonvalidity of formula (1) for ,three-cations” jarosites is probably
dpe to the different influence of ,,additional water” on unit cell dimen-
sions and of different , water-introducing” abilities of K+, Na*® and H,O*
ions.

At it is seen from the plot (Fig. 1) ¢, varies linearly with H;O for K
or Na substitutions in the described two-cations synthetic jarosites in con-
tradiction to the three-cations ones described by Brophy and Sheridan
(1965). The variation of ¢, is 2.5 times greater in the case of Na than K
for H,O substitution (tg @ = 0.5). This is partly due to the ionic radii
differences:

A (ra,0 —INa) ~ 3 A (tx —T'ey0)

(the. = 090, bt = 133, taio =122 A 2), and partly to the different ,, wa-
ter-introducing” abilities of these ions. The amount of ,,additional water”
(and at the same instance the deficiency of Fe’*) which is approximately
proportional to the molar percentages of alkalies increases more rapidly
in K — H,0 than in Na — H;O-jarosites (Tabs. 2 and 3). The contracting
(or expanding) influence of this water on unit cell height counteracts
the expanding (or contracting) action of K (or Na, respectively) for H;O
substitutions.

The influence of ,,additional water” is less marked on the cy/a, ratio.
Considering that @, parameter depends on the dimensions of FeO,(OH),
coordination polyhedron (Brophy et al. 1962) it should be expected that
Fe3+ vacancies (accompanied by the increase of water content i.e. pro-
tons) will diminish this parameter. These vacancies which are greater in
K-, than Na-jarosites thus influence the a, parameter of the latter in
a lesser degree. It may explain why co/a, function is almost identical
(tg a ~ tg B) in both jarosite solid solution series (Fig. 2).

The change of unit cell dimensions of synthetic jarosites after heating
to 300°C has been noticed first by Brophy et al. (1962) and Parker (1962).
These authors, however, ascribe this change mainly to the loss of H;OT,
and apparently to the formation of hydronium devoided alkali minerals
with stoichiometric composition whereas in the present author’s opinion

2 The effective ionic radius of H;Ot+ in alunite type structures was calculated
on the ground of Pauling’s values for K+ and Nat ions and ¢, values of pure K,
Na-—, and H,O-jarosites, taken from Fig. 1 (Kubisz 1964). The r o value 0.99 A
derived apparently from O—H distances in HyOt ion (Parker 1962) is much too
Jow. In all hydrogen-oxygen complexes protons are drawn inside the electronic
cloud of oxygen. Thus their effective radii are greater than it appears from the
O—H distances (Kubisz 1967).
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it is caused by the removal of additional water. Removal of monovalent
cations would rather cause general shrinking (collapse) cf the unit cell,
if not connected with the simultaneous loss of corresponding amount of
SO2~ tetrahedra which form the basic skeleton of the crystal lattice. On
the other hand from differences in ¢, (Acg, Tab. 5) between pure hydro-

' cla
ZJ0U

lga=06 {g6-05 [

2330 Lt
c/

2320 P2

D it

2370
2300 Ml
2290 A

2280
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2250,

I )

OOE D 20 30 40 S0 60 70 80 80 W07 0 80 70 60 50 40 2
A N 20 0 %
Na 100730 80 70 60 S50 40 30 20 M 0% 1 20 S0 40 50 & v 8 9[2 lﬂél[/{]/g]

Fig. 2. Dependence of c/a on K/H;O and Na/H3zO ratio in jarosites

Table 5

Differences in unit cell parameters between jarosites and alunites with wvarious
monovalent cations

Difference A d :
i w0 Alunite Jarosite
it : = (17.22—17.01 =) 0.21 A
Acy (K — H;0) = okl G il [l
o 3 ( ) | =(17.19—16.98 =)0.21 A
o = (17.01 — 16.50 =) 0.51 A
Aco (H;0 — Na) — (17.18—1670 —y048A | =
s ) | = (16.98—16.62 =) 0.36 A
. = (7.36— 7.31 =)0.05 A
Ady (H,0 —K) — (1.01 — 6.98 =) 0.03 A { . ?
3 ) = (1.36— 7.20 =) 0.07 A
i = (1.36— 17.34=)0.02 A
Ady (HyO — Nay = 7.01 — 6.98 =) 0.0 .
| ¢ ( o = (1.36— 731 =)0.05 A

(lgsgombined data of the present author, Parker (1962) and Brophy & Sheridan
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nium and alkali minerals follows that the change of this parameter after
heating, if caused by removal of only several (10—20) molar per cent of
H;0* ions, should be by for smaller in K, H;O (Ac, = + 0.02 A for 10%
of H;0) and greater in Na, H;O minerals (Ac, = 0.05 A for 10% of H,0).
Similarly the change of a, should be much smaller (Aa, = 0.003 A for 10%
of H;O) than follows from results of Parker’s (1962) investigations of
synthetic K, Na, H;O-alunites.

CONCLUSIONS

An attempt of synthesizing stoichiometric alkali jarosites from iron
and alkali sulphate or hydroxide solutions with as great as fourfold
molar excess of K,0O over Fe,O; failed both in low and elevated tempe-
ratures. The highest achieved occupancy of monovalent cation position
with alkali ions being only 67 per cent in natrojarosite and 75 per
cent in potassium jarosite, and the occupancy of Me?+ positions with
ferric ions only 83—97 per cent. These results seem to be partly confir-
med by Brophy & Sheridan’s (1965) investigations of mixed-cation K,
Na-jarosites.

Comparison of the chemical composition of natural jarosites formed
in weathering conditions with that of synthetic ones (Kubisz 1964,
Brophy & Sheridan 1965) leads to the conclusion that alkali and perhaps
iron deficiency, and consequent excess of , water” (= hydronium ions
plus ,,additional water””) should be regarded as their constitutional pro-
perty.

It seems impossible to obtain stoichiometric pure alkali jarosites and
alunites from sulphate reagents used up to now, as proposed first by
Mitscherlich (1861), because of constant excess of sulphate ions. A proper
molar ratio of Fe,O; to SO; can not be settled in this case, and the
progressing acidifying of solutions in the course of the synthesis increases
the relative amount of H;O* ions. Thus the resultant products are iron
deficient and always contain hydronium in monovalent cation positions.
Most probably natural chemical environment in the weathering zone
provides similar conditions for the jarosite formation. Iron and sulphur
are commonly supplied by decomposing pyrite (marcasite) in which
Fe : S ratio is much lower than in jarosite. The lacking positive charge
is balanced by incorporation of protons which most probably join the
OH groups situated around trivalent Me3+ ions forming H,O molecules.
The influence of these (additional) water molecules on unit cell dimen-
sions makes it impossible to establish the true dependence of its para-
meters on alkali for hydronium substitutions. Namely it has been found
that the ¢, parameter decreases considerably in potassium minerals and
remains unchanged (or increases) in sodium minerals with increasing
conversion of OH into H,O in FeO, (OH, H,0)4 octahedra.

The presumption of the location of additional H,O molecules in
FeO,(OH, H,0), groupings, which control the a, values, is supported by
remarkable decrease of this parameter in heated minerals. The ¢y
contracting ability of additional water in K minerals (expanding in Na
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minerals) may be connected either with the number of protons (H-bonds),
or with the different relationship between unit cell height in jarosite-
-alunite series and A+t—Me3+ ions content. Namely the ¢, parameter
is very sensitive to Me®* ions substitutions when large K+ ions are
present: in natural alunite (Me3+ = A3+, A = K+) ¢, = 1734 A, and in
jarosite (Me** = Fe3t, A = K+) ¢ = 17.19.A (Acy = 0.15 A). In Na mine-
rals c, varies far less on Me 3*exchange: in natural natroalunite ¢, = 16.69
and in natrojarosite ¢, = 16.62 A (Ac, = 0,07 A). Most probably the di-
mensions of monovalent cation cavities between sulphur tetrahedra and
Me?** octahedra sheets of the framework are greater than the radius of
Na* ions. Thus in natroalunite and natrojarosite the manner of fitting
of MeO,(OH, H,0), octahedra does not affect considerably the ¢, para-
meter.

It is worth mentioning how remarkably similar results to thcse di-
scussed in the present paper were obtained for alunites by Parker (1962);
the Na, K-alunites synthetized by him show almost the same, as jarosi-
tes, iron and alkali deficiency — the average composition of these pro-
ducts can be expressed by the following formula:

H300_14(Na, K)0.86A12.72[(SO4)2(OH)6]

The considerable shrinkage of a, after heating to 300°C (Aa, = 0.03 A)
shows that some change in the size of AlO,(OH), octahedra has taken
place, which can not be ascribed to the removal of 0.14 molar per cent
of H;O+ ions only (Aay, between pure K,Na-alunites and H;0-alunite is
of the same size, Tab. 5). The differences in a, after heating seem to de-
pend rather on Al than on alkali deficiency, and that in ¢, on the kind
of alkali ion present and not on H,O content (co increases by about
0.15 A in synthetic K,H;O-alunites and decreases by 0.02 A in Na,H,O-
-alunites obtained by this author).

Intercrystalline equilibrium in the jarosite structure controls the pro-
ton distribution between three coexisting hydrogen-oxygen complexes:
OH-, H,0 and H;0+. Because of periodic inhomogeneity of the electric
crystal field this equilibrium is not a simple function of ionic cocncentra-
tion. It depends on polarization state and site symmetry of different
oxygens (Kubisz 1967) in the structure. There are four different kinds
of oxygens in jarosites:

1) hydroxyl (or water) oxygens coordinated to Fe3+ ions (O,),
2) sulphate oxygens ccordinated simultaneously to Fe3+ ions (Oqy),
3) sulphate oxygens on C; axes (Oy),

;1) oxXygens in monovalent cation positions (= hydronium oxygens)
Op).

The Oy and O, oxygens should display strongest acidic, and O, stron-
gest basic character. Statistical distribution of protons corresponds most
probably to the scheme represented by chemical formulae as proposed
in Table 4. It is however possible that for a given period of time some
other proton-oxygen configuration exists in the jarosite crystal lattice.
Of course the threefold site symmetry of O, will favorize its triangular
coordination i.e. formation of H,0+ complex.
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After completing of the work here presented there appeared a paper
(J. B. Brown, Canad. Mineral., 1970, 10, 696—703) on low temperature
Jarosite synthesis. This paper estabilishes the important role of Fe2+ (Eh)
in jarosite formation and their alkali (hydronium composition. The lack
of correlation between cell-edge and K/H30 content points, however, to
some kind of anomaly of their chemical composition — prechbably iron de-
ficiency due to low Fe : SO, ratio in the strating solutions (full chemical
analyses are needed to confirm this presumption). This leaves the pro-
blem of obtaining stoichiometric jarosites from sulphate reagents still
unsolved.

Manuscript received September 30, 1970
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Jan KUBISZ

BADANIA SYNTETYCZNYCH JAROSYTOW ALKALICZNO-
-HYDRONIOWYCH. I. SYNTEZA JAROSYTU POTASOWEGO
I SODOWEGO

Streszczenie

i j b j tosci

Proby uzyskania syntetycznych jarosytow o teor?tycznej zawar
sodu ]ubypotZsu z roztwordw Fe,(SOy); - aq i1 smrcza?ow }ub wo_dorotle.n-
kow alkaliow w zakresie temperatur od 95 do 210°C nie powiodly sie.
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Nawet w przypadku uzycia czterokrotnego nadmiaru jonéw Na* lub K+
otrzymano jarosyty z niedoborem alkaliow, zamiast ktérych zostaje
wprowadzony w wiezbe krystaliczng jon bydromo\yy H;O*. Jarosyty te
charakteryzuja sie rowniez deficytem jonow Fe3+ i podwy_zszonq zawar-
toscia wody. Obecnos¢ dodatkowych drqblq wody powodpJe w przypad-
ku jarosytow K, H;O zmniejszenie komorki elementarnej, a w przypad-
ku jarosytéw Na, H;O jej zwigkszenie. .

Najwyzsza ilos¢ jednowartosciowych jonéw (Na* lub K+,)’ jaka .gdz'alo
sie wprowadzi¢ w wiezbe jarosytéow, nie przekracza 67f—75‘3‘o pozycji sie-
ciowych, a w przypadku jonéw Fe®* 98—83%. Wskazuje to na utworze-
nie pewnego rodzaju wewnatrzkrystalicznej rownowagi. Podobne zawar-
tosci alkaliéw i Fed* charakteryzuja wiekszo$¢ jarosytow tworz.acych sie
w naturalnym srodowisku wietrzennym. Na tej podstawie p.rzy]eto wiec,
iz deficyt alkaliéow i Fe?* stanowi konstytucjonalna ceche. niskotempera-
turowych i niskoci$nieniowych jarosytow. Wysunieto ta}«:zg przypuszcze-
nie, ze brakujacy (wskutek deficytu Fe®*) ladunek sieci krystal}czr}ej
jest rownowazony przez podstawienie w tetraedrach FeO,(OH),; jonow
OH- przez drobiny H,0, a puste pozycje sieciowe po jonach Fe3* obsa-
dzone sa przypuszczalnie przez ugrupowania dalszych drobin wody._Oba
zjawiska tlumacza podwyzszong zawartos¢ H,O w analizowanych jaro-
sytach. Opierajac sie¢ na uzyskanych rezultatach badan zaproponowano
dla jarosytéw nastepujacy ogoélny wzor konstytucyjny:

A, _(H;0)Fes_ | (OH)s _3\,(HZO)3\,(SO4)2]

OBJASNIENIA FIGUR

Fig. 1. Zalezno§¢ parametru ¢, od stosunku K/HzO i Na/HsO w jarosytach
Fig. 2. Zalezno$¢ c/a od stosunku K/H3O i Na/H;O w jarosytach

An KYBHILI

UCCIEJOBAHUE CUHTETHYECKHX WEJIOYHO-THAPOKCOHHE-
BbIX SPO3UTOB. I. CHHTE3 KAJIMEBOIO U HATPUEBOIO
APO3HUTOB

Pesowme

[TonbITKH MOJy4YeHHs] CUHTETHUECKHX SIPO3HTOB C TEOpeTHUeCKHM Cojep-
JKaHHeM KaJiusi W/JIH HaTpusi U3 pacTBopoB Fe,(SO4); - aq u cyabdaToB HIH
I'HAPOOKHC/IOB 1IeJOYHBIX MeTaJqJoB, B Temnepatypax ot 95° no 210°C, ue
yBeHyaJauch ycrnexoM. Jlaxe B yCJOBHAX YeTbIpeXKPATHOTO H30bITKA HOHOB
Nat uau K+ Oblin mosiyueHbl spO3HTHL ¢ HEJOCTATKOM 3THX 3JIEMEHTOB, a HX
MECTO B KPHCTA/JIMYECKOH pelleTKe 3aHHMaJs THAPOKCOHHeBbl HoH Hz;O*.
Kpome Toro, Takue spo3uTbl OTJIMYAIOTCS HEJOCTATKOM HOHOB Fed* W MoBbl-
LIEHHBIM COAepKaHueM BoAbl. [lonosHUTe/NbHbIe MOJIEKYJ/Ibl BOAbl BbI3bIBAIOT
ymeHnbluenne snementaproit sueiiku y K, H;O- aposura u yBennuenue sueiiku
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y Na, H;0- siposnra. Camoe Goabiioe uncso oanoBasentheix nonos (Nat Hiau
Ka&) KaKoe y/1a/noch BBECTH B PEIIETKY SPO3HTOB, He mpeBbilnaer 67—75%
NO3HUHH PeUeTKH, a B OTHOWIEeHHH HOHOB Fed* 98—83%. 310 rosoput o Bo3-
HUKAaHHH CBOETrO Poja BHYTPHKPHCTA/IIHUECKOrO paBHOBeCHS. Takoro mopsii-
Ka coJepxKaHus IIeJouHbIX MeTannoB u Fedt nabmaogaerca y GosamnHCTBA
SIPO3HTOB, 00PA30BaHHbLIX B €CTECTBEHHOM cpejie 30Hbl BhiBeTpusanns. Mcexona
M3 3TOro ObIJIO NPHHSATO, UTO Ae(DHLHT LLEJOUHBIX 3JeMeHTOB H Fe3+ spasercs
KOHCTHTYUHOHHDBIH MPHU3HAK SIPO3UTOB, 00PA3YIOLLIHXCS PH HH3KHX Temrepa-
Type M JaBJeHHH. BLIABHHYTO TakkKe NpeanosokeHue, 4To HeA0CTAIOULUIT
(BciencrBue neduunra Fedt) 3apsi KPHCTAMIHUECKOH peLIeTKH ypaBHOBe-
lIMBaeTcs MoJACTaHOBKOH B TeTpasapax FeO,(OH), smecto nornos OH- mo-
nexyn H,O, a nycreie mMecra peretky nocjie Fed* 3aHsATbl, N0-BepPOATHOCTH,
NaJbHeHIIHMH TPYNIHPOBKAMH MOJIEKYJ BOAbL DTH sIBJEHHS OODBICHSIOT MO-
BbiieHHoe coaepxkanne H,O B uccnenoBanubix siposurax. Mexons us moay-

YeHHDBIX 3KCMePHMEHTAJbHBIX JAHHBIX Mpedjaaraercs c/jeayroulas obuas (I)()[)'
MyJ1a SIpO3HTOB!

A (H30), Fes~y [(OH)sfsy (Hzo)sy (504)2]

OBbACHEHHSA K ®PHTYPAM

®nr. 1. 3aBucumoctb napamerpa ¢, ot othowenist K/HgO n Na/HzO B siposutax.
®ur. 2. 3aBucumoctb ¢/a ot otHowenns K/HgO n Na/HgO B sipo3uTax.




