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ABSTRACT. - The cryml habit of NH,tCl,Br) solid
solutions from Vulcano island (Italy) consists of
normal and skeJcllIl crystals of simple cubic forms
({ lOO). { 110} and { III }l. and dendrite!. According
to the habit of laboratory grown cryslals, the
occurring nalUral forms and dendritic orientations
are rdated 10 lhe: IVOwth conditions (vapour or
aqueow solutions at different SUpersaluralion values).

RIASSUNTO. - L'abito cristallino di soluzioni so
lide NH,(CI,Br) rinvenutc nell'isola di Vulcano
(halia) consiste di crista1li normali e «skeletal_
costituiti da forme semplici cubiche ({ lOO), {1l0}
e (Ill}) e di dendrili. A110 scopo di oonoscere le
condizioni di cresdla dei crislaJli nalUrali, i loro
abiti cristallini e morfologie sono confronllli con
quelli di nislaJli .sintelizuli in diffel"C'lui condizioni
chimico-fisiehe (vapo~ 0 5OIuzioni a divcrsa sovra·
ulurazione).

Introduction

Many crystal habits of NHtCl were
obtained by crystallization at different
physico-chemical conditions (d. e.g. GAU
BERT. 1915; KERN, 1952; TWOMEY, 1959;
KAHLWEIT, 1970; CHAN et al., 1976. 1978).
The same compound occurs as a mineral
(salammoniac. salmiak) by crystallization of
gaseous products of volcanic fumaroles
(PALACHE et al., 1963): specifically in Vul
cano island (Italy) dendrites and single
crystals of NH~(CI.Br) have been found

recently with a Br content whose amount
was between 2 and 21 % (BERTOLlNt and
CoRAOOSSI. 1981): furthermore crystals
with low Br COnte.nt (mean value 2.1870)
have been previously mentioned (CoRAOOSSI
and MALECI, 1972).

The aim of this work is to relate the dif
ferent crystal habits of natural NH~(CI,Br)

solid solutions both 10 the gtowth kinetic
conditions and to the different structures in
which such halides are stable.

Crystal data

In order to approach the problems above
proposed, a double series of resuhs con
cerning NH~C1 and NH4Br are to be taken
into account: 1) crystal structure data and
2) chemical data.

As concerns to point 1) it is well known
that both the halides are polymorphs: the
phase transitic-ns and the related crystal
structures were studied in detail (LEVY and
PETERSON, 1952 a, b; FRASER and KENNEDY,
1972, 1974). also by neutron diffraction
(SEYMOUR and PRYOR. 1970; KURKI-SUONIO
et aI., 1976). Cell constants and space group
of lhe different phases are summarized in
table I.
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Fig. 1. Cell constant of NH~a.Br) solid 50-
lutioru in relation to d'IC: Br coment.

Fig.}. - NH~a.....Br....J {1I0} + {lOO} cryuab.

laboratory experiments concerning growth
either from vapour (TWOMEY, 1959) or so
lutions (PAPAPETROU, 1935; KERN, 1952;
KAHLWEIT, 1969, 1970 a, bi CHAN et a.! .•
1976, 1978); 2) theories on the growth
mechanisms rdaled to the morphological
stability (normal polyhedra) and to the
instability (dendrites) which both occur in

FiR. 2. - NH.(C!".,Br"",) {IIO} crystals.
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Sample habit and growth relationships

Simple crystals, skeletal and dendrites of
NH~(CI,Br) have been collected in Vulcano
island, appearing macroscopically as white
crusts or aggregates. SEM micrographs allow
[0 recognize the following morphologies and
habits: simple crystal (norma.! polyhedra)
{ lIO) .nd {110)+ (100 }(fig. 2. 3); ,keletal
crystals {IIO} (fig. 4, 5); dendriles {IOO}+
{ 111} and {llO} (fig. 6, 7) with different
orientations.

In order to investigate whelher Ihe col
lected samples have grown from vapour phase:
or solulions, and what lhennal cycles they
have undergone, il is necessary to take into
account the following data: I) results of

Point 2) the possibility of growth of
natural NH~(CI,Br) solid solurions from
fumarolic products was described recently
by CoRADOSSI and MALECI (1972): ne
vertheless up to now specific data on the
composition limits are not known. On the
contrary synthetic mixed crystals were
obtained from aqueous solutions at room
temperature, showing a complete solubility
(ANSELMO :lnd SMITH, 1959): according
to these authors the lattice constant does
nOt follow strictly the Vegard law. A better
agreement with rhe Vegard law gets out
from our experimental results on natural
products (low molar fractions), as shown in
fig. 1.
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Fig. 4. - NH.(Cl....Br...l {HO} $kdctal crystal. Fig. S. - NH.(Oe.-ooRr.,,) (HO) $ke1clal cryslal.

Fig. 6. - NH,(Cl....Bt....) ( Ill) + 1100} dendritc,
<100> otientation.

NH.(C1,Br) crystallization (see e.g. HILL£
et al., 1958; PAPAPETROU, 1935; KERN,
1968).

When growth occurs from vapour phase,
the stability of the crystal surfaces is directly

Fig. 7. - NH.(CL."'Br....I (IIO) dcDdritc, <100>
oricntation.

related to the surface structure, the inter·
action with the growth medium being almost
nil. The surfaces whose dectrical field is
finite in every lattice point will be the unique
to be stable.
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TABLE 1
Crystallographic data 0/ NH~Cl and NH1Br

(synthetic crystals)
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(l) ASTM; (2) NBS t. "9 (19"); t') BUTLE'IT
and UNGMUIJ. (1921); (4) BoNILU et al. (19701:
(:l) BUSET and SouSTELLE (1969).

This is the case of {llO} and {lOO}
forms in CsCI and NaCI lattice-type respecti
vely, which show the outermost layer buih
up by ions of opposite sign and equal density.
These surfaces are stable when crystals grow
borh from vapour and low supersaturated
pure aqueous solurions.

KERN (1953, 1968) showed that even
those forms having the outermost layers
built up by alternating positive and negative
charges can become stable if the solution
supersaturntion is high.

This holds for {lOO} and {Ill} forms
in structures CsCl-type and for {Ill} form
for structures NaCl·type respectively (table
2), These forms in a ideal crystal should

TABLE 2
Stable forms of crystals with CsCI and

NaCl structure

1___ ..... ll'oW S___ If....'

- 1,__ -
_. ,,_._- ~,

""" .."..
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s........ n l ....i._1 I It' s....... n ...-t1I 1J"l '"

(*) This scqueocc is rdatcd to the increasing growth
supersaturation (Ill. (l) HAlTMAN (19'9); (2) KERN
(19'3).

TABLE 3
Dendrite orientation! in crystals with NaG

and CsCI structure
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Fig. 8. _ NH.(CIo...Br....) {11O} dendrite, <100>
orienlalion with initial < Ill> protrusion.

show an infinite electrostatic field at every
sire of the surface lattice: owing to this
difficulty, a model of a surface re-arrangement
has been proposed (BIENFAIT et al., 1965),

in which some charges are removed from
the outermost layer in agreement with the
local symmetry (6g. 9). In this way the
resulting dipole moment at these surfaces
vanishes: therefore the corresponding faces
can assume morphological stability according
to the supersaturation values.
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The other problem arising from NlL(CI,Br)
crystal growth deals with the orientation
of dendrites, which can be related to the
growth conditions (PAPAPETROU, 1935;
HILLE et al., 1958), chiefly to the super
saturation values as it has been pointed out
by CHAN et a1. (1978) for dendrites grown
from pure aqueous solutions.

In table 3 the observed dendrite
orientations, related to Pvalues and crystals
sizes, are given following the HILLE et al.
(1958) determination. PI and {Jz stay for
the supersaturation values at which the
transitions occur; these critical {J values are
not known for NH~ halides: approximative
determinations were made only for KCI,
where {J critical for dendrites transition
<110> ........ <100> is 1.124, for <111>
<110> is 1.051.

In the light of the data given in tables 2
and 3, and with reference to the Br content
determined by chemical methods (BEHNE,
1953) some considerations can be made on
the crystals sampled in Vulcano island.

Rare simple crystals with Br content equal
to 3.511"0 show only {110} (6g. 2) and
{110} +{lOO} morphology with a Br
content equal to 3.38 % (fig. 3). This is
consistent with CsCI-type crystals grown
from solutions at mean {J values. In some of
these crystals {lOO} faces do not occur; this
could be related either to the competition
with {110} which is more stable, or to an
anisotropic solution flux. Crystals showing
{ Ill} form dominant with respect to { lOO}
(6g. 6) can be interpreted as grown at higher
{J values. All the above described samples
were collected in the years 1978·1980. In the
same place, samples crystallized and collected
after this period (specifically in 1982) show
preferably a skelelill and/or dendritic habit.
The occurring form is always {110}, the
unique consistent with CsCI lattice·type
crystals growing at low {J values, both from
vapour and solution.

Some crystals with Br content ranging
from 2.16 to 5.40 show a typical < 100>
skeletal orientation with size> 10 lJ. (6g. 7).
According to CHAN et al. experiments (1978),
we have observed in this case a secondary
dendritic orientation <Ill> (6g. 8); this
could be related to the growth of an initial

o
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Fig. 9. - Re-llrt1Ingcrnent of the (Ill) outermost
layers in NaO structure type. unicc sites filled
at 2': 9b (outermost layer), ,:0 9b (second l.yer)
and 100 9b (third layer).

quasi-spherical crystal (produced by previous
partial dissolution of crystals or aggregates).

ConclUlliODll

Conclusions from observational data on
NH~(CI,Br) crystals from Vulcano are
consistent with the crystallization from both
vapour and solutions. This is likely when
we take into account that we are dealing
with very soluble salts: even if they were
grown from fumarolic gaseous products,
mainly as cubic or rhombododecahedral
crystals, a successive dissolution by atmo
spheric agents leads to the recrystallizarion
from very concentrated solutions: therefore
crystal habits proper of high morphological
instability (skeletal and dendrites) can ori
ginate.

About the rel9tions hetwec=n chemical
composition of solid solutions and crystal
habit, at present it is not possible to draw
some statements. Experiences are in program
in order to study this problem and to know,
through the crystal morphology of ammonium
halides, both the genesis conditions and the
chemical composition.
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