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The crystal structure of hohmannite,
Fe2(H20)4[(S04hO] .4H20 and its relationship to

amarantite, Fe2(H20)4[(S04hO]. 3H20

F. SCORDARI

Istituto di Mineralogia e Petrografia dell'Universita di Bari, Italy

HOHMANNITE is a hydrated sulphate of ferric
iron with the formula Fez(S04h(OH)z. 7HzO
(Palache, Berman, and Frondel, 1951).

Figs. I and 2 illustrate the structure of hohman-
nite. The first shows a complex chain of Fe(O,
HZO)6 octahedra and S04 tetrahedra, which runs
along the c axis; the second visualizes the water
molecules and an hypothetical hydrogen-bonds
system obtained on the basis of electrostatic and
geometrical considerations.

Except for the hydroxyl groups, the structure
results agree with the composition mentioned
above. In fact, according to the hydrogen bonds
system shown in fig. 2, no hydroxyl group exists,
consequently the chemical formula Fez(HzO)4
[(S04)z0].4HzO seems more reliable.

In hohmannite there are two Fe(O, HZO)6
octahedra, two S04 tetrahedra, four coordinating
and four structural waters crystallographically
independent. Both Fe(I) and Fe(2) exibite a distor-
ted octahedral coordination with cation-anion
distances ranging from 1'93 to 2'06 A and 1'87 to
2'W A respectively. Fe(I) is surrounded by five
oxygens and one water molecule, Fe(2) by three
oxygens and three waters. The two S04 groups
have both three longer and one shorter distances.
Two centro symmetrical pairs of Fe(O, HZO)6
octahedra and S04 tetrahedra are linked together
to form a group of composition [Fe4(HzO)40S
(S04)4J1Z-. These groups polymerize via 0(8) to
form chains of Fe-O-S linkages along C. Co-
ordinating and structural water molecules pro-
vide the hydrogen bond system to connect
these chains.

Taking into account the linkages between
Fe3 +(0, OH, HZO)6 octahedra and S04 tetrahedra
Susse (1971) gives a crystal-chemical classification
of some natural ferrisulphates. According to this
classification hohmannite, like amarantite, belongs

to the second type of the three quoted, i.e. infinite
chains of Fe-O-S linkages.

Hohmannite, Fez(HzO)4[(S04)z0].4HzO, is in
effect a higher hydrate of amarantite, Fez(HzO)4
[(S04)z0].3HzO, and has been obtained from
amarantite by a partial dehydration followed by a
successive rehydration (Cesbron, 1964). The solu-
tion of the structure of hohmannite permits a use-
ful comparison with the structure of amarantite
(Susse, 1968; Giacovazzo and Menchetti, 1969).
Both these minerals have the same PI space group,
comparable reticular parameters, and differ
chemically only by the water content. This last dif-
ference affects the orientation of the chains' repeat
unit [Fe4(HzO)40S(S04)4J1Z- and the hydrogen
bond system. In fact owing to the greater number
of water molecules in hohmannite, these units
under-go some modification, of which the more
important is a rotation of about 50°. The conse-
quence of this is the breakage of the hydrogen
bond system of amarantite and the building of
a new one in hohmannite.

Scharizer (1927) and Cesbron (1964) give for
hohmannite and amarantite comparable TGA
curves, in agreement with the structural results.
The only difference in these curves is that hohman-
nite starts dehydration at normal temperature,
amarantite from 60°C onwards. The structural
explanation is that 0(I7)w forms the weaker
hydrogen bonds and, of course, has the higher
temperature factor. So this water seems to be the
first to be lost by hohmannite in the reaction
amaran tite + 1Hz0 :;::=h0hmanni te.

The structure of hohmannite accounts for some
physical properties, as a higher refractive index
compared with amarantite, the elongation on the
[OOIJ direction and cleavage on {ow}, {no}, and
{I IO}quoted in Dana's System of Mineralogy and
on {IOO}(not quoted).
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FIG. I. Chain of Fe-O-S linkages running along the c-axis. Next to each atom is given its x coordinate.
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FIG. 2. The crystal structure ofhohmannite showing the water molecules and the probable hydrogen-bond system. Next
to each atom is given its z coordinate.

REFERENCES Scharizer (R.), 1927. Z. Kristallogr. 65, 335.
Siisse (P.), 1968. Ibid. 127, 261.
-1971. Fortschr. Mineral. 49,119.

[Manuscript received 25 February 1977;
revised 2 June 1977J

Full text in the Miniprint section, pp. M9- I I.

rg Copyright the Mineralogical Society

Cesbron (F.), 1964. Bull. Soc. fro Mineral. Cristallogr.87,
125.

Giacovazzo (C.) and Menchetti (S.), 1969. Rend. Soc. Ital.
Mineral. Petrol. 25, 399.

Pal ache (C.), Berman (H.), and Frondel (C.), 1951. Dana's
System of Mineralogy, 7th edn., 2, 456. Wiley, New
York.



"-
:L

J'" f" J'" 5':, 5':, J" BH

Fe(1) 0.4022(1) 0.4571(1) 0.3384(1) 4.8(1) 2.2(1) 2.8(1) 0.3(1) 0.5(1) -0.7(1) 0.9
Fe(2) 0.6693(1) 0.7607(1) 0.3044(l} 5.5(1) 2.3(1) 2.9(2) 0.0(1) 0.9(1) ~0.4{ 1)

S(1) 0.1399(2) 0.1742(1) 0.)089(2} 5.6(2) 2.7(1) 4.0(3) 0.1(1) 0.4(2) -0.9( 1)

8(2) 0.5915(2) 0.3543(1) 0.0194(2) 5.2(2) 2.5(1) 3.0(J) 0.9(1) 0.9(2} -0.5(1) 0.9

0(1) 0.1645(5) 0.1685(4) 0.5126(6) 7.3(7) 5.5(4) 3.7(9) -0.9(4) -0.1(6) 0.0(5) 1.8
0(2) -0.0193(5) 0.1574(4) 0.2700(6) 6.)(7) 5.2(5) 10.9(10) 0.4(4) -0.1(6) -1.4(5) 1.5
oU) 0,2334(5) 0.3017(4) 0.2431(6} 8.0(6) 3.6(4) 4.2(9) -0.1(4) 1.1(6) -0.2(5) 1.5
0(4) 0.1929(5) 0.0750(4) 0.2173(6} 1).0(7) 3.3(5) 8.4(10) 2.4(5) 2.9(6) -1.7(5} 1.8
0(5) 0.3531(5) 0.5279(4) 0.0900(6} 7.9(6) 4.2(4) 5.5(9) -0.8(4) -0.8(6) 0.9(5)

0(6) 0.5523(5) 0.7270(4) 0.0634(6} 8.5(6) 3.7(4) 4.4(9) -0.8(4) 0.0(6) -0.2(5) 1.6
0(7) 0.7045(5) 0.2876(4) 0.0300(6) 11.6(7) 6.7(5) 6.5(10) 5.6(4) 1.1(6) -0.7(5) 1.9
0(8) 0.5600(5) 0.3901(4) 0.2093(6) 7.7(6) 5.5(4) 2.6(9) 2.7(4) 1.1(6) -1.6(5) 1.5
0(9) 0.5568(4) 0.6123(4) 0.4259(5) 5.2(5) 2.)(4) 2.8(8) 0.0(4} 0.4(5) -0.6(4)

0.'
0(10)w 0.7442(7; 0.2428(6) 0.4473(8) 13.8(9) 7.4(6) 23.0(13} 3.2(6) 6.4(9) -0.8(7) 2.5
0(11)w 0.7797(5) 0.9303(4) 0.1632(6) 11.6(6) 4.2(4) 3.)(9) -1.1(4) 1.3(6) 0.1(5) 2.0
O( 12)w 0.5379(5) 0.8648(4) 0.4061(6) 10.4(7) 4.2(5) 10.1 (10) 3.2(5) ).5(6) 0.1(5) 1.6
O(13)w 0.4877(6) 0.0406(5) 0.1892(8) 15.)(9) 8.0(6) 14.4(12) 6.1(6) ).4(8) 2.5(7) 2.5
0(14)w 0.2234(5) 0.5126(4) 0.4426(6) 5.7(7) 5.8(5) 12.1(9) 2.4(4) 1.4(6) -2.4(5) 1.4
0(15)w 0.1128(6) 0.8051(5) 0.2167(7) 9.7(8) 6.4(6) 19.3(12) 2.6(5) ).6(8) ';'2.1(1i)

1.'
0(16)w 0.8182(5) 0.6790(4) 0.1751(6) 8.5(7) 5.9(5) 9.9(10) 2.)(5) 1.6(6) -2.8(5) 1.7

O(17)w 0.9839(8) 0.4732(7) 0.2052( 10) 12.){12) 13.5(9) 32.1(18) 3.0(8) -4.4(12) -1.0(10) ,.,

SolutioTl2i...!:.!:!!:.$tructure~refiT)ern_ent. Thp Brace f1
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hohc;dnnite

i1'1i tially cho~en
"cd

later confirl'led

"

;he crvsta] str1Jcture

Somf! prelhinary con~Ueration8 were useful: liohcra'lr.ite and amariintite

""'

two closely related 1inf>rals. aco
2.n2(4)A 2.u'f2(6)Acr.e'!1ic..l fOn'lulaf>, latticf> c,,,,stants, ?e(1)-O()) 'e(2)-C(H;)w 2.0fifi(5)A 2.06'J(fi)A

seemed

"

indicate t~at t".e st,.uClural -C(5) 2.04')(,,) 2.('''-5U;)

present

'"

amarantite were pro'.:ably also o;resf!nt

'"

hornannit"'. Thp -(('1) 2.CH(4) 2.(',,5(fi) :;(1)-((1) 1.4[j1(S) 1.,,9(\(6)

positions of two crystallographicall"
'ao

sul;Lur
-0(9) 1 .'J~

l(,,) 1.023(fi) -('(2) 1.4%(5) 1,4')F:(fi)

..to:r.6 wpre detprTr.inpd
",'it" till' aid of

1.'1)S(4) 1.'1,,'1(<;) -c()) 1.4P3(4) 1.49'j(fi)

syntheses. $l.Jtselj1Jent structul'f'-factor
-c.(1+)..' 2.G"1(6) ~('(4) 1 ,~';?(S) 1.4S><:(fi)

synt".esps led
'0

the deterl".i'lation of the ~e(2)-('
( 1) 1.''1(7(4) 1.'JR(,(fi) :0(2)-0(')) 1.47(,(S) 1.439(6)

nQn-r':rdrOlCpn ato01S. -0";) 1.'1'<,(4) 2.02R(r;) -('((,) 1.46(.(4)

The I"f'.tinwlle"t of He rarar1"ters
a"'

carried _('('I) 1.'-'7c.(4) ":('(7) 1...Y5(S) 1.43'J{G)
least-squares n~tho,l -C'( 11)w ?1OC(5) 2.U7~U:) -["('I) 1..Q3(4) 1.4R'J(f)
(1%2).

'i'''e
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"

FetrOi"'afia :1,,11
'u~iv"l;'si ta di jj~ri. It;;}y.

EO"'T.arnit" is a 'hydrated sulphate of ironwith the i'ornul"
to }~laGh", .'Tonde} (1']51)

'.;'t,,, CO"II,osition of the:-nineral has
by several authors, who "ive co~par"ble analyses. It found
;associated witt. other secondary sulpr,atl's in tlesprt

a1'';>''5.
Eoh~larmite

""<os "'i5t«k''''1
for ""1a1'ant1t,, ':)'f Frenzel, wto :

described it 11'
18137, according to

showed to

of refrac'cion very
0"<11' to those ri'.en 1"te1' by the same author

hohmannite (Bandy, 1'J3R). Cesbro!"! (1')64) fO'1nd hohmnnl1lte to
triclinic, with a 9.05(2), ~ 18.r<8(2). c 7.17(2) ?, a 9Co')., [> 9003'0',

't 106°58', and '1.-:'2. det~rTI'ination of the erystalstructu["p o~
hoh'T."1111ite .}10\l0'3 a useful c07.pari<>oll to te ')lade with the structure

af

;.rr.arantite, alreart}'
[,y

c;tlsse (101)(1)
a1'1~ ::;L,,~;w..~~o and

~~e1'1ch€!tti (1')(,9). small differc1'1"€! \;€!tween the :otruGtures accounts

for some physical "1'1al0-':i85 tr.at c1,arctcterL~e these two

."

Esperime1'1tal. The crystaJ eT"\'Ployed i1'1 this study is from a
"a'~f'le

from Sierra Garda, Cril", kindly supplied by Dr Cesbron. Pefore starti1'1f

to rl"asure the intensities it was lacc,uerl"d to prl"vellt de'hvdr",tion as

much as passibl". A sl'1all pris"latic crystal was investig<lted
Weissenberg photography to verify the s,'.r:11",etry. According to Cesbron
(1964) it is triclinic, and !;oth 1:1 and £1 Wf!re pop.sible; however, a
pie~oelectric test showed 11 to

h'
:rore reliable.

The lattice parClllf>ters of nohmannitp Wprf> refined
squares method applied to 22 accur..tely inden,r[ rf>f1ections

X-r..y powder pattern. data ..re: a h 10.922(1), c
7.183(3) 1!., ox -

J.,..o-Ka 25.1 ~'!l-~
ftRmax. 0.6, y. 684.9 ,

calc. 2.250 fT.cm-

Int€!1'1sities were
.,y Cleans of a n~i11ip8 PW 1100

four-circle autom..tic diffractomf!tf!r (CeTltro di Cristallo!,"rafi..

Strutturale del C.N.It., Pavi.., Italy) with ~10 radiatioTl employing

"'-2'
scan technique. scan rate was 0.040jsec and the 6can riinge 2°.

Within a 2# range of .. total of 2411 reflect~oTl!; were collected,

of wh cn 1807 w'Lth I> 30(1) were used in t1'>e refinempnt. The ir:te"sities ~. 1. Chain of Fe-O-S linkages running along the.£ axis. Next to
were corrected for Lorentz effect and polarization hut not for tne each atom is given its x coordinate.

absorption effect.

TABLE 1. Fractional atomic coordinates, anisotropic temperature factors (x103), and equivalent temperature factors according to Hamilton (1959).
Standard deviations are in parentheses.



Atoms involved A.'1g1es Angles
Atoms involved A.'1g1es(this study) (Sl1sse) (Uns study)

O(])-Fe(l)-O(S) 80.6(2)0 84.9(2)° O(9)-Fe(2)-O{16)w 96.1(2)°O(])-Fe( 1)~0(8) 89.7(2) 89.8(2) O(9)-Fe(2)-O(1) 100.8(2)
0(J)-Fe(1)-0(9) 176.7(2} 169.8(2)

0(' 1)w-Fe(2}_O( 12}w 84.0(2)
O()-Fe( 1)_O(14)w 8}.9(2) 80.5(2) O(11)w_Fe(2)_0( 16)w 87.1(2)
O())-Fe(1)-O(9) 98.2(2) 95.2(2) 0(11)w_Fe(2)_0( 1) 82.)(2)
0(S)-Fe(1)-0(S) 89.S(2} 82.8(2) O( 12 )w-Fe( 2)~O( 16) w 171.1(2)
0(S)-Fe(1)_0(9) 97.1(2) 9.7.5(2) O( 12)w-Fe{2)_0(1) 9}-3(2)
0(S)-Fe(1)_O(14)w 86.0(2) 89.8(2) O(16}w-r'e(2)-0( 1) 86.4(2)
0(S}-Fe{1)-0(9) 178.S(2) 172. '(2)
0(8}-Fe(1}_0(9) 92.7(2) '00.}(2) O(I)-S(1}_O(2) 109.S(j)
0(8)-Fe(1)_0(14)w 172.6(2) 168.}(2) 0(1)-5(1)_0(}) 108.}(J)
0(8)-Fe(1)_0(9) 91.4(2) 89.}(2) 0(1)-5(1)_0(4) ,08.9(j)
0(9)-Fe(1 )-0(14)w 9}.6(2) 89.6(.:?) O(2)-S(1}_0()}
0(9)-Fe(')_0(g)

109.8(j}
84.0(2) 8).7(2) 0(2)-S{1)_0(4) 111.7(j)

0(14)w-Fe(1 )-0(9) 9).0(2) 98.0(2) O(})-5(1)-0{4) 108.6(3)
0(6)-Fe(2)_0(9) 97.2(2) 94.4(2) OP)-S(2)-0(B} 108.7(j)
O(6)-Fe(2)_0(11)w 80.1(2) 3:>.6(2) 0(1)-S{:?)-0(5) 111.0(3)
0(6)-Fe(2)_0(12)w 92.S.r2) 84.}(2) 0('/)-5(2)_0(6) 1".j(j}
0(6)-Fe(2)_0(16)w 85.1(2) 96.5(2) O(8)-S(2)-O(5} 1011.4(3)O(6)_Fe(2)_O(1 }

160.8(2) 164.0(2) 0(8)-3(2)-0(6) 108.1(;:»
O(9)-",e(2)-0(11)w 175.6(2) 169.4(2) 0(5)-S(2)-0(6) 109.)(2)
0(9}-Fe(2)-0(12)w 92.7(2) 91.1:J(2}

Mi0
~""alYSi",.Scr."C'aticandparti l :Jf l'e structure

110h-"""101-+.",dre 111 iiI's. 1 and 2. The first re~T,-"'''T]t': '. "tr-uctul';>']
unit "trLat i",

t~I'" ",k",l"ton of th'" st>-"cture, whil" UI"
secoT1d '�i(Ju~li"..~

th~ "at~r "101ecules ami th..ir functiol1 11'1 conI1Pctil,., ~i'!1il"r Un! ts

lik.. that illustr;l.tedin fip:.1. I<'or ea of cOl'1pariIJon. tr" "k"tch..!O
anQ (!e~ipIHtl;ion" "Cc:~pt"d for hoIL'N.nolte oonfo= with those U",,,,d

"v
:..:tJ"'b!1

(1~t}iJ) for ."'J..ranti te.

'il.c two cry:;t..llogr<!~'''ically il1d""end~nt
ii'"

cctahedrall,y t,y

lor fuller detail.:; see '-"abIes II and III, in which t]-,pre is d

system;otic co,"parison of the distances and aogles of equiv;J;lent

polyhedra in t,,,,,
tl"O "'I'1,,ra13.

In hohmanni te there are two groups s.'fm'!H?trically unrelat1)(1.

However, both have three lonRer one shorter di.sta"ce, whereas in

ar:Jarantite the ~(1) ';etrarerlron ':alO two two shorter distancpg

{'rable II}. These differences Cdl1 be partly explained all the ba~is of
the proposed hydrogel1-bol1d syr.te'1l for hohm..n"jte (f1p.2). III fact,
0(4) appears to be 1il1ked by hydrogel1 hOl1ds to three water ",olecules

in hohmannite, ill <I:narantite 011]y tv two (f,o:.r). Anotk.' ":'ifr"rence
betw..en tne structure"

"t
the two minerals conc"rn~ the <1T'I1"1,,~and trLe

c.tion~anion distances as a whole; the 'TlodificationG involvilf!' "n.gles

and dietances a"e directly con","ct!:'d. witH the two ...dditional w..ter

'!Iole~l.ile8 in th",uoit cell 01' honr"Bn"ite. As reg",rds the anp.leb we
;;Jay

not", that t!Joi;e related to
F"

..to"L6 a!.e ;;Iore ...ffcct"'d 'tI-.an ciJO~e "el"t",c.
to S atoms (Tau1.. III). 'rhe weighted '7lean v...lues of the
distances,~2.007(4),:>eP)-C1.9C)7(5},~1.46n(ri),and

~ 1.462(5} in hohmannite, are all chort"r than the

distances in amarantHe, ~ 2.021)(6), Fe(2)-D 2.0111(1';),

and m;:o 1.47"-(6) 5l. This 8~all but significal1t dif:'erence (with the

excepti.on of S(1)-C oWing to the S( 1)-O(4)

to the higher density hoh:nannite (2.25 cO'Tlparect with Hat of

~t'J~r«nti te (2.14 Also an analysis 0;: thp ato'~ic dpnsity c;;;rrierl

out ar ound .Fe and S polyhedra shows a "reatpr crowding of first

neighbour oxygen atoms in hohmanni te.

As ill ilmarantite two ceDtrosymmetrical paies of octahedra and

tetrahedra are connected to form a grou!, of composition

Fe4(H20)40S(S04)4 1i.S shown in fig.3. Such groups s~3rjng O(~J) polymeriz..

to form chai118 of 7e-0-S linkages alol1f; .£. T1", connpcti~ns between H.ese

chains form .. complex syste:n. of hydrogen bonr1_. ','his syst..m coulu not De

:resolved dire"tlv by a di fi'''rance iourier ","nthesis out only by th..

agre"ment of the electrostatic val-ncy aalance and geometric criteriOl.

(Tabl"8 IV, V, and VI); mor"over, th.. scheme illustt"...tell in fig.4
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water ,"Glecules

atom is {!iven itl1

Sketches of two possible types '1f
m01eonle6 (dounl" circles) linked to

a triv;\leDt cation hOdifiAd from ~vans,
19~4). In the strudure of 'lnh.llanni te only

the A-type is pres"nt, as in the structure

of <I.!'Jarantit,e. The unhroken arrows iD'Hcatf'
the Fe-C bonds, thp broken one" the If-O tonds.

agrees with the behavious of the hyrlrogen-l'ol1d
(fig.S)

- i.e. the w...tel' li101ecules linked
t()

are only of iv..~s's
A-ty..e (:O:v""s, 1~<;'I-).Promfi".4onecan se"thatO(17)-O{17) ,IDd
0(13)-0(13) are two pai.rs of waterr.lOlecules linked to each at.:'ler

double hydrogeIl bond. This is oeca\J[)efrom t.he [-0
less tahl1 3.20 1\ (Tar,le IV), coupled to the electl'o\>t.at',c requtre-1"nts

(Table VI), 0111y two of the four possibile pairs r;eem a.vaila!;l" for

~ C-S~O and C-Fe-C hond dnrles with standa.rd

are cm.,pared wi th dif a"laranti tf'
(,SIjG~f'. 1,,{<1).

inhohllannite.

~ n rarent he
81'S.

Angle"
(Silsse)

86.)(2}O

98.9(2)

92.4(2)

88.5(2)

85.9(2)

175.)(2)

85.2(2)

9).J(2)

110.?(})

107.5(})

109.2(})

109.2(J)

112.7(3)

107.)(3)

111.0(J)

110.8(3)

11:).1U)

109.,(3)

1m.,(])



Atom ...H ...H S=.
0(1) 0.54T 1.45.1: 1.99 0(10)w 0.83 0.20 2.08

1.61t 0.16 0.84 0.21
0(2)

0.21 O(11)w 0.38T 0.79 1.98
0(3) 0.46" 1.44t 0.14 2.04 0.81

0.19 0(12)101 0.47T 0.80 2.03
0(4) 1.50t 0.18 2.05 0.76

0.18 O(13)w 0.82 0.24 2.06
0(5) 0.46. 1.46511 - 1.925 0.83 0.17
0(6) 0.50T 1.46511 - 1.965 0(14)'91 0.43. 0.19 2.000.78
0(7) 1.6011 0.18 1.93 0.82 0.230.15 0(15)w

0.82 0.17 2.04
0(8)

0.46" 1.4711 1.93 0.86
0.61*

O( 16)'91 0.77 2.04
0(9) 0.58T 1.89 0.85 0.220.70T 0(17)w

0.85 0.15 2.07

12.00 6.00 13.02 2.98 34.00

0(10)w-O(2)

-0(7)

-0(8)

_0(12)w

-0(14)w

-o( 15)....

0(11) 0"(2)

-O(6)

-0(1)

-0(4)

0(12) -0{6)

-0"(1.3)....

-0(1-3)....

-0(1)

TABLE IV.Ow- 0 distwlCes less than 3.20A related to oxygen atoms

not belonging to the same polyhedron. Tilt! ..sterisk
indicates atOIllB.1n a different unit cell.

2.905(8) l
3.074(8)

3.149(7)

2.725(7)

2.711(7)

2.853(8)

2.710(7)

2.637(6)

2.677(7)

2.750(6)

2.904(6)

2.619(7)

3.116{7}

2.904(6}

0(U)w-O{4) 2.841(7) l
-00) ).069(7)

-O(r3)"" 2.887(11)

0(14)w-0*(17)w 2.687(9)

O(15) 0"{4) 2.817(7)

-0"(16) 2.647(7)

-0(7) 2.8)4(7)

0{16)_O(17)w 3.070(9)

-0(1} 2.762(7)

-O(]) J.052(6;

-0(5") 2.991(7)

0(17)w-O{7) 3.003(9)

-O{17)w 3.010( 14)

a hydrogen bond: C(17)-O(17) and 0(17-0(7). If we BUprose that tnere ic;

also centrosymmetry for ULe hydrogen nonds, 8.Qouble ~ydrogen rond

between 0(17) ;;l.TIdo( 17) is the result. From this we derive that C(13)

is illso st..bilized by a double hydrogen hond. The elect.rostat.ic valency

bal.nce was comp\Jted takinp: into account the individ\Jal bond-strengU,

bond-leTIgth parameters gi veTI by Brown <l.nd Shannon (1gT3).
1'1'.e

bOTId-streTIgths of O-H...O bonds are derived from the curve of oOl1d

val~'T}ces proposed by Bro\<m and Shannon and further discussed by IJOTl11ay

and IJonnay (1973).

The other two str;.:ctural water mole,..,le~
-

O{10)... anu 0(1,)101
-

are

surrounded tetrahedra'ly by four oxygen" wi th bond an"les ranl':i ng
fro'n

840to 138° and 0-0 di~tanceE from 2.65 to 2.90 It Accordil1g to thE'
system of hydrogen bonds illustrated in fig.;:>, no hydroxyl I"roU'ps exist

il1 the struct\Jre. ITI ..greemeTIt with the chemical composition, th"
structure suggests eight water molecules, 0(10) to O( 17), and TIine oxygen
a<toms, 0(1) to 0(9). 111 this case the fOrllula

usually quoted for hohmannite seems incorrect,

str\Jcture determination Fe2(H20)4[(S04)20j.4P.20 _ust ue pre1'err~d.

~hi~.£!.~_~~!!!!.!r~a~~~.
Hohmal1l1ite repreaeTlt5 .. higher hydrate of 8'"1ar..ntite, .n(l has been

obtained bv a tlartial dehydratioTI and successive reilydr..tion af

am..raTItite (CeRuron, 19fi..).
~'hf'

aolution of the crystal strljcture of

hohmannite shnWR tha ada'Ot"Dilitv of the network of a.uarantJ.te to the

arlmission of t...o eytr.. w..ter mOlecules. 'tnesa 't!ineral~ are hoth triclinic

with space grO\Jp F1; this is because hath structures are based on the

polymeriz..tion of cel1troaym:Tletrical groups wi th comrosi tiol1

Fe4(H20)408(S04)4 (fig.3). From a comp..rison of fil's. 2 anil 6 OTIe can

locate the two new structural water molecules in the networK of hOManni te

when =arantite hydrates. In f..ct, in spite of some modificatioTIs

occurring 111 the rearrangement of the srystal structun it is still

possible to recogrJiz;e iTI 0(17) the structural w..ter involved in the

reactioTI =arantite + hOMannite. The el1tr<l.nce of water into the

atruct\Jre of amaral1tite two main effects: the first involves the

Fe4(H20)40e(S04)4 group and the second the hydro!'(en-bol1d syste:Jl.

The groups just mentiol1E'd are forced il1 hoh.'I1anni te to ailopt changes
in configuratiOTI, of wLich themore important is

'"

rotation of tne
polymerized groups by about 500. 'rhe components of thi", rotation ar-

..bout 20o",nd ';'50 in the crystallographic pla!1O'!c (10U) al1d (001)

respectively (compare figs. 1 and 5, also 2 imd 6). Of courae the

reorientation of the groups 'based on Fe-O-S linkages involves the
disruptioTI of the old hydrogen-boTId system aTId the building of Iii more

suitable one (figs. 2 and 6). The cryst..l structures of amarantite ..nd

hohmannite account for the similar dehydratiol1 curves found by Scharizer
(1927) aTId by Cesbrol1 (1964). Hohmanl1ite st.arts dehydratil1g at a lo~r

temper.ture than amarantite; the longer 0-0 di~tances found for c{n)w
aTId thehigher temperature factor for these watel" molecules (Tanle J)
agree with this result.

Hig. 5. Chain of octahedra and tetrahedra parallel to the
.£ axis in

arnarantite. Next to each atom is given its x coordin..te.

Table V. ATIgles il1Volving the ligandwateroxy
_ M 11

:ro~on-<lonors/proton_accPtors scheme proposed :n;l;~ 2 ~g;:=m:::e;~~:
the

1nd1cates atoms 1n a dJ.fferent unit cell.

C(14)W-0( 10)w-O('1"2)...
=

97.0(2)0

0(14)1'1_0(10)1'1_0(2)
=

124.8(2)

0(14)w_O{10)w_0(15)w
=

91.1(2)

0(;2)W-0(10)w-0(2)
=

137.8(2)

0(i"2)W-C(10)w-0("1"5)w
=

90.6(2)

0("1"5)w-0(10)w-0(2)
=

8).7(2)

0*(2)-0(11)1'1_0(4)
=

104.2(2)

0*(13)w_0(12)w_0(1O)w= 101.8(2)

0(13)W-0(13) 0(4)
=

106.5(3)

0-(12)w-0{1J)w-O(4)
=

115.){2)

0(10)w-0(14)W-0*(17)w
=

100.3(2)0

O(?)-O( 15)w-O(1O)w

'"

96.5(2)

0(7)-0(15)w-0*(16)w
=

111.7(2)

0(7)-0(15)""-0"(4)

'"

111.8(2)

0(lO}w-0(15)w-0"{16)
=

115.9(2)

0(;o) 0(15)w-0"(4)
=

102.0(2)

0*(4)-0( 15)w-0-{16)w
=

116.7(2)

0*(15)w-0(16) 0(3)
=

102.3(2)

0"(14)w-0(17)w-0(17)w
=

123.5{4)
0(17Jw-0(17) 0(7) 75.5(3)

Table VI. Electrostatic valeTIcy balance in hohrnaTInite.

. Fe(1); T Fe(2); t S(1); II S(2). The hydrogen atoms are, or course,

:JIelllbers of 0(10)'91 to O(17)w.

HohmaTInite loses its structural water below 1000C (as does

amaraTItite). According to Cesbron, iTI the rSnge 95 to 143°C the TG.k
C1urve dlf hohmanTIi te shows a plateau that C1orresponds to metahohmaTInf)te,

Fe2(so4)2(OH)2.3H20. ITI agreement ith this result it seems reasonable

to suppose thst in hohma.nnite too there is a group of composition
Fe4(H20)408(S04)4. Conseq\JeTItly meta110hmannite should represeTIt the lower
boul1dary of the series hohrnannite-amarantite-lIIeta.hohmannite, in which

all the structural water is lost.

The cyrstal structure of hOhmannite a.CCO\Jl1ts for the elongation 1n

the [001] direction, fo!' the cleavage (010), (110), and (110) quoted in

Dana's System (Falache, Berman, and prondel, 1951), and for (100) 110t
quoted. It accounts too for the higher refractive il1dices tha.11 those

of aroatal1tite.
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atom ia given its z coordinate.
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