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Abstract. The origin of retgersite from the vicinity of Chelmiec is discussed
and its physical properties, X-ray and thermal data, and infra-red absorption spec-
trum are given. Author suggests that retgersite was formed by dehydration of mo-
renosite, which was a primary weathering product of gersdorffite.

Occurrence. Retgersite, a-NiSO, - 6H,0, reported till now only
from very few places (Frondel & Palache 1949, Eliseev & Smirnova 1958,
Fedotova 1967) was recently described from Chelmiec, Géry Kaczawskie
Mts., Lower Silesia (Paulo 1970). It was found among piled vein mate-
rials, the principal constituent of which is quartz with local concentra-
tions of gersdorffite, galena, sphalerite, chalcopiryte, tetrahedrite, and
other sulphides. Ore minerals usually form close intergrowths, e.g. in
gersdorffite there occur fine inclusions and veinlets of piryte, marcasite,
bismuthinite, sphalerite, chalcopiryte etc.

Gersdorffite is commonly covered with thin green efflorescences.
They were subjected to more detailed investigations. Some weight was
put upon the question of their origin and primary composition. It was
found that these efflorescences were formed by hydrated nickel sulpha-
tes — morenosite or retgersite. Owing to instability of heptahydrate in
laboratory conditions (Frondel & Palache 1949, Mellor 1961) it is diffi-
cult to establish the primary hydration stage of Ni-sulphate. Similar co-
lour of both hydrates, especially in fine-grained crusts, makes additio-
nal difficulty in their distinction in field conditions.

The thickness of sulphate efflorescences on gersdorffite grew consi-
derably when kept some years in laboratory store at temperature of
about 10°C in rather humid conditions. The presence of predominant ret-
gersite and admixture of morenosite in these efflorescences during sub-
sequent study was estabilished.

Morphology and physical properties. The majority of
the grains forming the efflorescences does not exceed 0.2 mm in diame-
ter. Well developed crystals are seldom. They have fibrous or tabular
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habit and positive elongation. Perpendicular to 001 octangles with tetra-
gonal symmetry were found.
In tufts emerald green, in thin fragments pale green, almost colour-

less, perfectly transparent. Luster vitreuos. Uniaxial negative, n =
= 1,487 4 0.001, » = 1,511 4 0.002 (measured by immersion method in

Na-light). Brittle. Perfect cleavage along 001.

X-ray characteristics. X-ray analyses were carried out by
the powder method using 114.8 diameter cameras and monochromatic
CoK , radiation. To obtain powder specimens the materials under study
were ground directly in acetylcellulose glue to prevent their dehydra-
tion. The identity of investigated substance and that of artificial
0-NiSO, - 6H,0 crystals was confirmed (Table 1). Lattice parameters, cal-
culated from 200, 400, 004 and 00.12 lines are: a;, = 6.82 A ey = 18/461A;
Qo Co — L 2.7

On powder patterns of microcrystalline material from inner part of
efflorescence weak lines 5.95; 5.49; 5.10; 4.93; 3.61 A (broad) etc. and
moderately strong ones 4.41; 4.04; 2.886 A, characteristic of morenosite
(Fig. 1), were also present.

C-NiSO, 6H0

NiSO,.7HO
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Fig. 1. A comparison of microphotometer tracings of X-ray films of nickel sulphate
hydrates

The powder data obtained (Table 1) are more com '
plete than those of

?Ianawalt et al. (1938) often used as standard ones. They differ slightly
rcm those of Eliseev & Smirnowa (1958) and Fedotova (19617), evidéntly
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Table 1

A comparison of a-NiSO, - 6H,0 X-ray powder patterns CoK
a

Artificial crystals

Retgersite from Chelmiec

No. hkl
I d (A) I d (A)
1 101 2 6.45 3 6.47
2 111, 103, 004 8 4.61 8 4.61
3 1 4.43 1 4.43
4 112 10 4.27 10 4.28
5 0,5 4.12 0.5 4.11
6 i 0.5 4.04
7 104 3 3.779 2 3.784
8 200 4 3.399 3 3.405
9 105 2 3.343 1 3.349
10 202 2 3.186 2 3.201
11 1 3.032 0.5 3.041
12 203 6 2.964 5 2.975
13 3 2.897 2 2.909
14 1 2.782 1 2.783
15 204 8 2.725 6 2.733
16 116 7 2.572 5 2.580
17 4 2.525 3 2.536
18 0.5 2.372 i
19 215 7 2.334 5 2.336
20 1 2.289 —
21 0.5 2.247 0.5 2.249
22 1 2.158 0.5 2.167
23 224, 310 8 2.124 5 2.132
24 118 3 2.087 2 2.093
25 1 2,050 —
26 313 4 2.023 3 2.027
27 2117 4 1.9764 2 1.9818
28 1 1.9379 ==
29 = 0.5 1.9503
30 226 4d 1.8899 3 1.8954
31 315 3 1.8451 2 1.8510
32 218 3 1.8206 1 1.8273
33 1 1.7918 0.5 1.7984
34 209, 316 4 1.7522 3 1.7543
35 400 4 1.7054 3 1.7083
36 3 1.6854 1 1.6868
37 228 4 1.6515 2 1.6528
38 9 1.6317 1 1.6338
39 404 3 1.5892 1 1.5896
40 1d 1.5672 —
41 00. 12 1d 1.5354 0.5d 1.5395
42 420 3 1.5196 2d 1.5203
43 2 1.5098 1 1.5120
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Table 1 (continued)

Artificial crystals Retgersite from Chelmiec
No. Rkl ; S ; e
44 1 1.4932 il
45 2 1.4710 1 1.4727
46 1 1.4369 0.5 1.4379
47 1 1.4190 0.5 1.4193
48 1 1.3954 1 1.3984
49 2 1.3873 2 1.3882
50 1 1.3777 il
51 1d 1.3562 1d 1.3589
52 1 1.3239 -
53 2 1.3090 1 1.3098
54 2 1.2968 1 1.2977
55 1d 1.2832 0.5 1.2823
56 4 1.2571 2 1.2578
57 1 1.2475 i
58 1d 1.2129 1d 1.2121
59 1 1.1996 =
60 2d 1.1837 1d 1.1857
61 1d 1.1651 i
62 2d 1.1592 0.5 1.1612
63 2d 1.1401 kS
64 1d 1.1255 o,
65 2d 1.1118 1d 1.1126
66 1d 1.0806 i
67 2d 1.0357 1d 1.0365
68 24 1.0299 el
69 (1.0106 ie
70 5 |1.0082 ol
71 (0.9922 ek
72 A |0.9872 ot
73 14 0.9479 i
74 1 0.9384 i
75 0.5 0.9355 i
76 2d 0.9245 =
71 2d 0.9178 Ly
78 1d 0.9140 —
79 1d 0.9110 =
80 2d 0.8992 =

Indices after Hanawalt et al. (1938), d — diffused line

partly due? to relatively high admixture of morenosite in retgersite sam-
ples examined by both authors.

. Chemical. properties and composition. Easily soluble
in water. Contains (semiquantitative spectral analysis): Ni — main, As —
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1—5%, Fe, Bi — in the order of 0.1%, Co, Sb — in the order of 0.01%,
traces of Mg, Zn, Pb, Cu, Mn. The presence of arsenic in examined sam-
ple is probably due to gersdorffite and/or some arsenate impurities.

Thermal characteristics. Differential thermal analyses
were performed in noncommercial apparatus with six-cavity cyllindrical
ceramic (alundum) sample holder, in which three cavities were filled
with 0.03g of investigated substance each, at the heating rate of
12°C/min. DTA curve obtained (Fig. 2) was compared with those of arti-
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Fig. 2. DTA curves of hydrated nickel sulphates
1 — retgersite from Chelmiec, 2 — NiSO, - TH,O artificial

{icial NiSO, - TH,O and NiSO, - 6H,0. The curves of the both hydrates
show similar endothermic effects at about 140, 175, and 400°C, connected
with polystadial dehydration, and a strong effect at 860°C due to decom-
position of NiSO, to NiO. The thermogram of heptahydrate_shows an
additional strong effect at 120°C connected with the expulsion of the
seventh H,O molecule. These results agree in general with those of. Bgrg
et al. (1954) and Kubas & Szatkowicz (1968) obtained for artificial
NiSO, - TH,0O. The peaks at 180, 400(?), 470, and 670°C on the curve of
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studied substance are probably due to impurities in natural material.
Weak effect at 120°C may be evoked by morenosite admixture. At this
temperature, however, also polymorphic transformation of a-NiSO, - 6H,O
to y-NiSO, - 6H,O occurs (Hideaki Chihara et al. 1953).

Infra-red characteristics. The absorption curves (Fig. 3)
were obtained on UR-10 (Zeiss) spectrophotometer using KBr discs and
Nujol mull techniques. On the absorption curve of artificial heptahy-
drate the most intensive absorption band between 1000 and 1300 cm—1,
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Fig. 3. Infra-red absorption spectra of nickel sulphate hydrates
1 — NiSO, - TH,0O (artif.), 2 — retgersite-morenosite from Chelmiec, 3 — retgersite from
Chelmiec, 4 — NiSOy4 - 6H,0 (artif.). Curves 1 — 3 obtained by KBr pellet technique, curve #
by Nujol mull technique. Asterisks (%) denote Nujol bands

connected with v; vibrations of sulphate ion, is clearly split into three
components: 1094, 1107, and 1147 cm~!. This indicates complete removal
of degeneracy. Sharp maximum at 988 cm~! was ascribed to activated v,
vibration. The v, band of SO, shows, like v;, a splitting into its compo-
nents 578, 617, and 632 cm~!. Water molecules bending vibrations bet-
ween 1550 and 1750 cm~! have a maximum frequency at 1618 cm~! with
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additional weak band at 1470 cm~!. O-H stretching vibrations of H,O
are represented by an extensive band at 2800—3700 cm~!. The distinct
band at 760 cm~! corresponds most probably to H,O librations. It may

be that the remaining bands at 416 and 432 cm~! are due to H,O wag-
ging frequencies.

On the contrary the hexahydrate curve shows in the v; and v, re-
gions only single absorption bands corresponding to degenerate S-O vi-
brations. The H-O-H bending as well as the O-H stretching vibrations
shift to higher wave numbers. The latter phenomenon should be ascribed
to weakening of H-bonds.

The splitting of v; and v4 S-O vibrations in heptahydrate is too strong
to be caused only by lowering of the space symmetry. It could be partly
evoked by the deformation of SO, tetrahedron in the crystalline field
distorted by the seventh H,0O molecule. Highly symmetrical {Ni(H.,O)s}
grouping in the hexahydrate evidently does not influence the structure
of the SO, molecule.

In the preceding work (Paulo 1970) the author suggested the No. 2
on Fig. 3 curve to be infra-red absorption spectrum of retgersite. Present
investigation led him to the conclusion that this curve represents rather
a mixture of hexa- and heptahydrates. Is was proved experimentally
that the hydration of hexahydrate may take place when the disc is pres-
sed, from not sufficiently dried KBr.

Origin. According to earlier investigations (see Mellor 1961)
NiSO, - TH,O, morenosite, forms from water solutions at ordinary tem-
peratures up to 31.5°C. In the range 31.5—53.5°C crystallizes a-NiSO, -
- 6H,0, above 53.5°C y-NiSO, - 6H,0. It was found that the hexahydrate
may form even at lower temperatures (15°C) frcm solutions containing
sufficient excess of acid. The heptahydrate when exposed to air unsa-
turated with water vapour leses water and forms hexahydrate. It was
found too that heptahydrate ground in air transforms to hexahydrate.
It may lead to some misinterpretation of X-ray powder patterns.

The question whether retgersite described from Chelmiec crystallized
directly from solution or in the process of dehydration of originally
formed morenosite is open. It is true that large crystals of both hydra-
tes differ in shade (blue-green or emerald-green respectively), the co-
lour however of fine grained materials is similar and therefore makes
difficult their distinction. It is to be expected that at laboratory and cer-
tain field conditions the more stable phase — retgersite should be found.
Paragenetic asscciation of retgersite and morenosite as well as a higher
content of the latter in the inner part of the efflorescence may lead to
the conclusion that retgersite described was formed from morenosite.
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Andrzej PAULO
ZAGADNIENIE GENEZY RETGERSYTU Z CHELMCA

Streszczenie

Opisano srodowisko wystepowania retgersytu w rejonie Chelmca
(Dolny Slask), a takze podano charakterystyke tego rzadkiego mineratu
metodami optycznymi, rentgenowskimi, termicznymi i spektrofotome-
trycznymi w podczerwieni. Autor sugeruje, ze retgersyt powstal w cyklu
wietrzeniowym: gersdorffit (hypogeniczny) — morenosyt — retgersyt.
Dehydratacja morenosytu mogla nastgpié¢ zaré6wno w warunkach natural-
nych, jak i laboratoryjnych.

OBJASNIENIA FIGUR

Fag:-1, ngtavy}ijnie mikrofotogramow filméw rentgenowskich uwodnionych siarcza-
néw niklu

Fig. 2. Krzywe DTA uwodnionych siarczanéw niklu
1 — retgersyt z Chelmca, 2 — syntetyczny NiSOy - TH,0

Fig. 3. Widma absorpcyjne w podczerwieni uwodnionych siarczanéw niklu
1 — NiSOy4 - THoO (syntetyczny), 2 — retgersyt-morenosyt z Chelmeca, 3 — retgersyt
z Chelmca, 4 — NiSOy - 6H,0 (syntetyczny). Krzywe 1 — 3 otrzymano technikg pa-
stylek z KBr, krzywa 4 — technikg zawiesinowg w oleju parafinowym. Gwiazdki :#
oznaczaja pasma absorpcyjne oleju
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Anoacers I[TAYJIO

NMPOBJIEMA TEHE3UCA PETTEPCUTA U3 XEJIMLA

Pesome

B cratbe onMcaHbl YC/I0BUS PACNPOCTPAHEHHs DETrepCcuTa B pakOHe
Xeamua (Huxusa Cunesus) n JaHa XapaKTepUCTHKA 3TOCO PEAKOro MHHe-
pana, OCHOBaHHAsl Ha aHa/JIM3aX ONTHYECKUM, PEHTTEHOBCKHMM, T€PMHYECKHM
1 HH(GPAKPaCHBIM CIIEKTPaJbHbLIM MeTOAaMU. ABTOp NpPEANoJ/araer, 4To per-
repcut o0pa3oBaJjicst B MpOLECCe BbIBETPUBAHUSA: IrepcAop@UT (THIOTEHHbIH)
—> MOPEHO3UT —> pérrepcut. [lernapaTauus MOPEHO3HTa MOTLJA MPOH30HUTH
KaK B €CTEeCTBEHHBIX, TAK H J1a60paTOPHBIX YCAOBUAX. p

OBBbJACHEHHS K ®PUTYPAM

®ur. 1. Conocrasienne MukpodororpamMm H3 geGaerpaMMOB THAPOCY/Ib()ATOB HHKe/S

®ur. 2. Kpusble ATA rugpocynbdaros HuKess
1 — pérrepcur u3 Xeamua, 2 — cHHTeTHUeckH#h NiSOy - THp0

®ur. 3. UHcppakpacHble CHEKTPBI MOIVIOUIEHHs THAPOCYIb)ATOB HHKE/ST
| — NiSOy4 *» THyO (CHHTeTHYecKu#), 2 — PDETTEPCHT-MOPEHO3HT H3 Xenmua, 3 — PpETrepcHAT H3
Xeamua, 4 — NiSOy * 6HoO (cHHTeTHuecKHH). KpuBble /—3 mnosy4eHsl METOAOM MPECcCOBAHHBIX
Tabserok ¢ KBr, kpupas 4 CHocoGoM CYCIEH3HH B MapaduHOBOM MacJe. 3Be3louKH * 0003Ha-
YalT CHEeKTPbI NOrJiolleHUuss Macja




