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The crystals of diguanidinium tetrachlorostann@(e(NHZ)S]Q’-SnCI;z, were studied by single-crystal
x-ray diffraction at various temperatures and by calorimetric and dielectric measurements at ambient and high
hydrostatic pressures. At room temperature the crystal structure is orthorhombic, spacePgeapand
consists of infinite staggered (Sq@)n chains built of square pyramids sharing corners and of two crystallo-
graphically different guanidinium cations(1) andG(2), located in two kinds of voids between the chains.
The polyanionic chains are tied into double sheets byGit&) cations. At ambient pressure the crystals
undergo two first-order phase transitions at 354.8 and 395.4 K. The former, between two orthorhombic phases
(Pbca—Cmca), is characterized by antiphase displacement of the double sheets aldndithetion of the
low-temperature unit cell which is coupled to dynamical disorderinG () and transformation of its hydro-
gen bonding scheme. At elevated pressures the coupling between the displacive and order-disorder contribu-
tions is modified and its breaking near a triple point at 180 MPa and 270 K results in a pressure-induced phase
observed betweeRbcaandCmcaphases.

[. INTRODUCTION been characterized by calorimetric and dielectric measure-
ments at ambient and high hydrostatic pressures as well as
Among the compounds based on organic cations and hdy x-ray diffraction at various temperatures. The structure

logenometallate anions an interesting group of crystals arand its temperature evolution is described with reference to
those of the general formula,M X,, whereA is an organic  the microscopic mechanism of the phase transitions observed
monocationM a divalent metaL anﬂahak)gen_ Their stud- in this material. We also |nd|Cate and diSFUSS an unusual
ies have been stimulated by a variety of structural phasé&ffect of pressure on the transition mechanism.
transitions associated with ferroelectric, ferroelastic, mag-
netic and other properti¢sOf particular interest are the Il. EXPERIMENT
structures with the low-dimensional anionic sublattice pat-

terns. Such crystals usually exhibit a strong anisotropy of The crystals were grown by slow evaporation from the
) y y 9 PY Oaturated aqueous solution of guanidinium chloride and stan-

prop_erties and are relatively highly susceptible _to thermOdyhous chloride. An excess of guanidinium chloride had to be
namic factors. Temperature or pressure can disturb the baljyeq to the stoichiometric solution because otherwise the
ance b_etween the ions and Iaygrs Iez_idlng to structural tran C(NHy)3]*-SnCE compound was formed, as a rule. The
formations. The phase transitions in the most abundang gnc| “crystals crystallized in the form of needlelike
halogenometallates containing chainlike cations can i seudohexagonal or triangular prisms, very often twinned
most cases be ascribed to conformational or configurationglnq pent.

disordering of the cationgsee, for example, Ref. 2, and  cajorimetric measurements were performed by differen-
references cited thergin or rotational distortions of tigl thermal analysigDTA) in the temperature range from
anionic  sublattice3? Recently we synthesized new 120 to 420 K. The polycrystalline samples of about 50 mg
halogenometallatés’ with guanidinium catiofC(NH,)3]*,  were heated/cooled at a temperature rate ranging from 1 to 5
which is an essentially planar unit in solids. The studies of/min. Pure indium was used for calibration of the calorim-
guanidinium halogenoplumbates revealed a series of eter. The transition enthalpies and entropies were determined
transformable crystals including the crystal belongingwith an accuracy of 10% as mean values of several DTA
to the A;MX, family, diguanidinium tetraiodoplumbate measurements. The transition temperatures were obtained on
[C(NH,)3]5 - Pbl; 2. The latter is especially noteworthy ow- the basis of several runs at different temperature rates and
ing to the unique behavior under hydrostatic pressure includthen by extrapolation to 0 K/min.

ing a pressure-induced disordering of the cations and the The influence of high pressure on theSBCl, crystal
critical point ending the line of isostructural phase structure was studied by the high-pressure D{Ref. 10
transitions’ A further extension of these materials are guani-and dielectric methods. The measurements were performed
dinium halogenostannates. In this paper we describe thender pressures from 0.1 to 700 MPa in the temperature
structure and properties of diguanidinium tetrachlorostannateange between 120 and 380 K. A beryllium-copper cell with
[C(NHz)g];SnCI;2 (hereafter GSnCl,). The crystal has helium or nitrogen gas as a pressure transmitting medium
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TABLE I. Data collection, data reduction and refinement information fe8&C|, at 293 K and 360 K.

TemperaturdK) 2932) 360(1)
Crystal dimensior{mm) 0.4%x0.02x0.01 0.5¢0.1x0.07
Chemical formula [C(NH,)3]5 - SnCE~
z 8
Space group Pbca Cmca
Unit cell a (A) 10.15182) 8.0492)

b (A) 8.09711) 30.8456)

c (A) 31.20362) 10.2472)

V (A3 2565.41) 2544.q9)
Density (gem °) 1.97 1.99
Abs. coeff. (mn?1) 2.80 2.82
Wavelength (A) 0.71073
No. of reflections
collected/uniqué/>20, 24997/3790/2010 2100/593/322
Rine (%) 10 20
No. of parameters/restrains 178/14 78/0
Maximum sin®/x (A1) 0.723 0.596
R(F), alll >20, (%) 16.2/7.4 13.5/5.6
WR(F?), alll >20, (%) 9.9/8.4 17.7/13.3
GOF 1.25 1.06

was placed in a thermal bath of controlled temperature. Predransitions. The high-temperature phase will be referred to as
sure was measured by a manganium gauge with an accuraphase |, the intermediate phase as phase Il, and the low-
of =2 MPa and the temperature of the sample was contemperature phase as phase Ill. Both the shape of the anoma-
trolled inside the cell by a copper-constantan thermocoupldies and their temperature hystereses indicate the first-order
Measurements of dielectric permittivity were made with acharacter of both transitions. The enthalpy of the phase tran-
HP 4192A impedance analyzer at the electric field frequencition between phases Ill and bhH;=1.41 kJ mol %, cor-
of 100 kHz. Samples were prepared in the form of pressedesponds to the entropy changeS;=3.97 JmoltK™ 1.
pellets with golden electrodes deposited on the large surfhe magnitude ofAS; can be compared t&®RInN,/Nj,
faces. The transition temperatures at various pressures weyghereR is a gas constant anld,, N5 are the numbers of
determined on heating the sample as the onset of thermal @onfigurations in phases Il and Ill, respectively. This com-
dielectric anomaly. parison yieldsAS;=RIn 1.6 indicating that some kind of

The room temperature x-ray diffraction data set was coldisordering can be expected in the phase II. A similar proce-
lected on a Bruker SMART CCD diffractometer with a de- dure applied to the anomaly at, was difficult due to the
tector to crystal distance of 60 mm. The data set was coleverlapping of two signals arising from solid-solid and solid-
lected with 0.3 slices and 40 s data accumulation perliquid phase transitions as seen in Fig. 1. The estimated value
frame. Integration, polarization, and Lorentz correctionsof the transition enthalpyH,=2.77 kJ mol ! gives the en-
were performed irsAINT (Siemens Analytical Instrumenta-
tion, 1996, and absorption correction BapABS.!! The unit 0.6 -
cell dimensions were determined from 6571 reflections.

The high-temperature data set was collected on a
KUMA-4 diffractometer. The ®-0 scan technique was ap- 0.4 1
plied at a variable scan speed ranging from 0.6 to 9 °rhin
The crystal was fixed in a glass capillary and heated with a
hot air stream. The temperature was stabilized within
+0.5K. The unit cell dimensions were determined from 40
automatically centered reflections. Additional information
regarding data collection and reduction is given in Table I.

(mV)

0.2 m

DTA signal

Ill. RESULTS 0.2 -

A. DTA measurements —r 7
320 340 360 380 400 420

Calorimetric measurements revealed three thermal

anomalies in the 5nCl, crystals as shown in Fig. 1. The
largest anomaly observed on heating the sampler at

Temperature (K)

FIG. 1. DTA runs recorded on heating and cooling th&@Cl,

=403 K is related to the melting. Two others a4  sample at a temperature rate of 1 K min The Roman numbers
=354.8 andl,=395.4 K correspond to the structural phaseindicate the phases.
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poor internal agreement factors for the 360 K data set several
attempts were made to solve this structure in a space group
lower thanCmca However, neither of these attempts im-
proved the refinements. As systematic extinctions clearly
Re pointed toCmca, this space group was finally chosen. The
higher symmetry will also better average out spurious effects
for example caused by sublimation during data collection.
Both structures were solved and refined using the conven-
tional settings. By a transformation of tiiamcacell to the
correspondingPbca cell, the former will transform into
Abma Further, simply by adding aA centering+(0, 1/2,
.+ b 1/2), to thePbcasymmetry operations one will arrive at the
. sC space groupAbma Both structures were refined with aniso-
tropic thermal parameters for nonhydrogen atoms. Hydrogen
positions in the 293 K structure were located in difference
electron density maps. These positions were refined with a
restrained N-H distance of 0.9 A, while the occupancy fac-
tors and thermal parameters were kept constant. In the 360 K
structure it was not possible to locate hydrogen positions. In
both structures the second guanidinium id(2), N(21),
etc] was found disordered. The occupancy factors of the
.a split N positions were initially refined, but as they did not
b deviate significantly from 50/50 occupancy, they were finally
s — fixed with that ratio in both structures. More information on
300 320 340 360 380 the refmem_ents is found in Table I. The_ final atomic param-
Temperature (K) eters are given in Table Il and some interatomic distances
and angles are shown in Table IIl.
FIG. 2. Temperature dependence of lattice parameters of
G,SnCl, crystal in the phases Il and IIl. D. Crystal structure description

tropy changeAS,=7.0 Jmol 1K1, which is close to The c_:rystal structure of ﬁ_nCL} is puilt.from (SnC} ),
RIn2.3. This large transition entropy can be explained onlychains tied together by guanidinium io(fsigs. 3 and 4 Sn

by the order-disorder character of the phase transitioh,at S coordinated by five chlorides in a square pyramid. Includ-
The disordered phase | exists in a narrow temperature randed the Sn lone pair, the coordination may be described as
betweenT, and the melting point and is difficult for study Octahedral. Each square pyramid is connected through two

Pbca . Cmca

— 2560 *

2540 +
31.20

31.00

30.80 -

10.20 .

10.10

Lattice parameters (A)

8.107'

8.07

8.04

because of sublimation and a slow crystal decay. neighboring corners forming infinite staggered chains. The
pyramid tops are always pointing away from the chain, while
B. Temperature dependence of lattice parameters the Sn lone pairs are pointing towards the chain center line.

The unit-cell dimensions were measured in the temperal '€ré are two crystallographically different guanidinium
ture range from 290 to 370 K, i.e., in the vicinity of the 1ONS in the structureG(l),. which is well o.rd.ered at both
transition between phases Il and II. The structural transforif€mperatures, an®(2) which shows a splitting of two of
mation atT, strongly affects the quality of the crystals, the nitrogen positions in a similar way at both temperatures.
which often become twinned after passing to the phase 1iThe (SnCJ %), chains and the guanidinium ions are tied to-
This was observed as broadening and splitting of reflectionggether by electrostatic forces due to their charges, and in
Several attempts have been made to obtain a single crystal addition, by several N-H—CI hydrogen bonds cross linking
phase Il of satisfactory quality. The unit cells of both phaseghe chains into a three-dimensional structure. Analyzing the
were chosen conventionally and as a result they do nog93 K structure, possible H-Cl hydrogen bonding distances
match. The unit cell of phase Ill can be transformed to theare found in a relatively narrow range of 2.4-2.7 A, al-
corresponding unit cell of phase Il (1) =c(Il), b(lll) though with large uncertainties. The corresponding N-ClI dis-
=a(ll), and c(lll) =b(ll). As is seen in Fig. 2 the lattice tances are found in a likewise narrow range 3.2—-3.5 A. The
parameters change abruptly Bf, which is consistent with latter range was then applied as a criterion for hydrogen
the first-order character of the transition, but the crystal prebonding in the 360 K structure. The proposed hydrogen
serves the symmetry of the orthorhombic system. The mosgfonds are given in Table IV and are indicated in the structure
profound changes are observed toand b, which contract drawings as open bonds. On the basis of these hydrogen
significantly when the crystal passes through A slight  bonds it is seen tha(1) connects the (Sngf), chains on
elongation ofa does not compensate for these contractionghe pyramid top side forming infinite sheets perpendicular to
and in a consequence a negative change of the crystal vahe long axis. This arrangement, including the hydrogen
ume is observed. bonding scheme is the same at both temperat@ég) on
the other hand connects the (Sg‘\@)ln chains on the lone
pair side, and its orientation and hydrogen bonding scheme

The crystal structures at 293 and 360 K were both solvediffers in low- and high-temperature phases as shown in
and refined in thesHELXTLS packagée? Due to relatively  Figs. 3 and 4.

C. Crystal structure solution and refinements



8790 MAREK SZAFRANSKI AND KENNY STAHL PRB 62

TABLE Il. Fractional coordinates, isotropic temperature factor ~ TABLE lIl. Bonding distances (A) and angles (°) in,&6nCl,
coefficients and occupancy factors fosShCl, at(a) 293 K and(b) at 293 and 360 K.

360 K.
293 K 360 K
xla y/b zlc Us (A2 g
Sn(1)-Cl(1) 2.5742) 2.5558)
(@) 293 K Sn(1)-Cl(2) 2.7622) 2.750(6] X 2]
Snl) 0.826074) 0.189576) 0.371741) 0.03431) 1.0  Sn1)-CI(3) 2.891(2) 2.912(6] % 2]
Cl(1) 1.04572) 0.19073) 0.33081) 0.04974) 1.0  Sn1)-CI(3) 2.9202)
Cl(2) 0.94122) 0.438Q@3) 0.41941) 0.05445 1.0  Sn(1)-Cl(4) 2.7452)
Cl(3) 0.75022) —0.058G3) 0.30971) 0.050%4) 1.0  C(1)-N(11) 1.3388) 1.248)
Cl(4) 0.94092) —0.05673) 0.41931) 0.05125 1.0  C(1)-N(12) 1.30212) 1.41(4Y % 2]
c(1) 0.41696) 0.192911) 0.30032) 0.0372) 1.0  C(1)-N(13) 1.31911)
N(11)  0.46196) 0.193310) 0.34062) 0.0492) 1.0  N(11)-C(1)-N(12) 120.18) 124(2) % 2]
N(12)  0.39638) 0.331710) 0.28042) 0.0592) 1.0  N(11-C(1)-N(13) 119.08)
N(13)  0.39367) 0.050110) 0.28142) 0.0532) 1.0  N(12-C(1)-N(13) 121.96) 1124)
C(2) 0.24899) 0.167112) 0.46392) 0.0502) 1.0  C(2)-N(21) 1.33510) 1.367)
N(21)  0.24787) 0.207814) 0.42242) 0.0732) 1.0 C(2-N(22 1.44718) 1.32(5] % 2]
N(22) 0.368615 0.223123) 0.48445) 0.0574) 0.5  C(2)-N(23) 1.17721) 1.32(6] % 2]
N(23)  0.329G20) 0.095725 0.48396) 0.0745 0.5  C(2)-N(24) 1.18222)
N(24)  0.165720) 0.091725 0.48176) 0.0745 0.5  C(2)-N(25) 1.42629)
N(25  0.134317) 0.228226) 0.485@5) 0.0707) 0.5  N(21)-C(2)-N(22) 111(1) 121(4) % 2]
H(111)  0.4658) 0.0884) 0.3503) 0.08 1.0 N(21)-C(2)-N(23) 130(1) 126(4) % 2]
H(112  0.4878) 0.291(5) 0.3522) 008 1.0 N(21)-C(2)-N(24) 1251)
H(121) 0.4158) 0.4236) 0.2962) 008 1.0 N(21)-C(2)-N(25) 111(1)
H(122 0.3908) 0.33911)  0.2541) 008 1.0 N(22-C(2)-N(23 49(1) 113(5) % 2]
H(13) 0.36Q7) 0.05411) 0.2551) 0.08 1.0 N(22-C(2)-N(24) 124(1)
H(132 0.4248 —0.0466) 0.2923) 0.08 1.0 N(22-C(2)-N(25) 1121)
H(211)  0.3146) 0.1529) 0.4102) 0.08 1.0  N(23-C(2)-N(24) 89(1)
H(212 0.1704) 0.18312  0.4142) 008 1.0  N(23-C(2)-N(25 1191)
H(221)  0.3669) 0.1479) 0.5052) 0.08 1.0  N(24)-C(2)-N(25) 51(1)

H(2220 0.41215) 0.30615) 0.4715) 0.08 0.5
H(231) 0.38813 0.026198) 0.4725) 0.08 0.5
H(241) 0.12911) 0.17510) 0.4973) 0.08 1.0 pendence ofT, was not investigated. According to the
H(242 0.15518) 0.04422)  0.5083) 0.08 05 Clausius-Clapeyron relation valid for first-order phase tran-

H(251) 0.07913 0.28819)  0.4694) 0.08 05 sitions

(b) 360 K
SWl) 05000  0.372@) 0.17262) 0.0502) 0.5 dT_ TeAV @
cl(y) 0.5000  0.33241) —0.046%6) 0.0744) 0.5 dp AH '’

Cl(2) 0.25187) 0.42122) 0.061@5) 0.0795 1.0

where T, is the transition temperature at ambient pressure,
CI(3) 0.7500 0.309®) 0.2500 0.0660) 0.5

AV is the change in specific volume &, andAH is the
C(D) 0.5000 0.303@1) 0.575829  0.043) 05 g qnqjtion enthalpy. The transition @ is associated with a
N(11) 0.5000 0.341@6) 0.535231)  0.082) 0.5 reduction of the crystal volume, which implies a negative
N(12)  0.645220) 0.27947) 0602816 0.071) 1.0 pressure coefficiend T/dp. Having determinedAH,; from

c2 0.5000 ~ 0.46488 0.750@33  0.013) 05  pTA measurements and\V,=—1.53x10 6 m®mol !
N1~ 0.5000  0.420814) 0.749640) 0.113) 05  from x-ray dilatometric studies we calculatedT,/dp
N(22)  0.443859) 0486415 0851225 0.102) 05 =-0.385 KMPa’. This value is in good agreement with

N(23  0.552299) 0.490Q17) 0.655128 0.154) 0.5  the pressure coefficient 6f 0.393 K MPa* obtained from
the low-pressured<<100 MPa) experimental data shown in

During the phase transition th&(1) connected double Fig. 5. The boundary be_tween phases Il and Il is n_o_nllnegr
sheets slip by approximately 1/5 of the original parambter and the absolute magnitude of the pressure coefficient in-
The high-temperature phase is of higher symmetry as it addgeases with increasing pressure. As can be deduced from
an A centering(referring to thePbca cell) to the original  EQ. (1) a deviation from linearity of thé';(p) dependence
symmetry elements. The phase transition causes a changedan originate in the diminution of the transition enthalpy, in
the hydrogen bonding scheme abdBif2), butleaves the the increase oAV, or in the changes of both these quanti-

G(1) bonding unaltered. ties induced by pressure. At elevated pressures the DTA
_ anomaly broadens and becomes hardly detectable around
E. p-T phase diagram of GSnCl, 180 MPa, and finally, at higher pressures, two peaks were

Because of the crystal decomposition, the high-pressurebserved in the heating runs, as illustrated in Fig. 6. It was
measurements were limited to 380 K, thus the pressure deharacteristic that, in the studied pressure range, only one
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Qi O TABLE IV. Possible hydrogen bondslistances iA), angles
?";‘5 g » ) in (°)]in G,SNCl, at (a) 293 K and(b) 360 K.
oy & :"3&9%‘3!’ Cl-H CI-N CI-H-N
o%'g’é\/. (a) 293 K
&‘§9£1\E # ‘ CI(1)-H(121)-N(12) 2.466) 3.3558) 1736)
s ¢ ‘\\‘; 2 Cl(1)-H(132)-N(13) 2.476) 3.3499) 166(7)
é“.{, Cl(2)-H(111)-N(11) 2.677) 3.36Q7) 134(6)
Cl(2)-H(221)-N(22) 2.567) 3.352) 148(7)
Cl(2)-H(231)-N(23) 2.4915) 3.242) 157(13)
Cl(2)-H(251)-N(25) 2.4014) 3.302) 17512
CI(3)-H(131)-N(13) 2.47(5) 3.3117) 156(8)
CI(3)-H(122)-N(12) 2.536) 3.3039) 14577)
Cl(4)-H(112)-N(11) 2.557) 3.331(7) 146(6)
Cl(4)-H(222)-N(22) 2.4715) 3.322) 158(11)
Cl(4)-H(242)-N(24) 2.557) 3.232) 148(15)
(b) 360 K

Cl(1)-N(12) 3.342)

Cl(1)-N(21) 3.434)

Cl(2)-N(11) 3.344)

Cl(2)-N(22) 3.334)

Cl(2)-N(22) 3.375)

(b) Cl(2)-N(23) 3.326)

Cl(2)-N(23) 3.465)

CI(3)-N(12) 3.242)

FIG. 3. The crystal structure of /SnCl, at 293 K viewed(a)
along thea axis and(b) the b axis. Sn is in the square pyramids
having grey chlorides at the corners. Guanidinium ions are shown
with white carbon and black nitrogen atoms, the hydrogen atoms triple point situated near 180 MPa and 270 K. Calorimetric
are omitted for clarity. Hydrogen bonds are drawn open. results were corroborated by dielectric studies. At ambient

pressure the anomaly of dielectric permittivityee Fig. 7
peak was observed on cooling the sample. The occurrence shows a steplike behavior, which is typical of first-order
an additional thermal anomaly indicates that the crystal unphase transition. The transition was observed on heating and
dergoes a pressure-induced phase transition. A new intermeeoling the sample with a temperature hysteresis of about 8
diate phase IV occurs between phases Il and Il starting froniK. At elevated pressures the temperature hysteresis increases
by almost a factor of 2 and above 180 MPa two steplike

(O—CO) g == anomalies occur in the’(T) dependence. In the pressure
0 {‘.e‘ < s — 0 }‘:"% b range up to 700 MPa these two anomalies occurred in the
Pt feh 13N
4T3 tags oY by
iS4
A b ST [N SR 350 4
NGV N S Wi

Temperature (K)
N
[$1
o

200 -

150 -
(b) 0 200 400 600 800
Pressure (MPa)

FIG. 4. The crystal structure of SnCl, at 360 K viewed(a)
along thec axis and(b) the a axis. FIG. 5. p-T phase diagram of £&5nCl,.
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IV. DISCUSSION
0.12 - The magnitude of the transition entropy indicates an
. order-disorder contribution to the phase transitio atThe
total entropy gaimS;=RIn 1.6 is lower than that expected
150 MPa | for a two-positional disorderRIn 2), but it should be noted
0.08 - that AS; contains essentially two main components, i.e., a
< ’ configurational entropy chang&S; and a volume-related
3 entropy chang@d S; . Formally this can be expressed as the
sum
§ _T"__-—-———-/\/\_‘_
5 0047 235MPa _ AS; =AS[+AS], ¥l
fl: T but owing to an interdependence between the configurational
0o and volume contributions, EQ) can only be regarded as an
0004 — approximation. The \golume term can be estimated from the
335 MPa following expressiort:
AV = a
ASj~—AV,, (©)
0.04 L— : : : k
150 200 250 300 where « is the volume thermal expansion coefficietthe
Temperature (K) compressibility, and\V; is the volume change at,. Taking

into account that in our caskV;<0 anda>0 (see Fig. 2,

H%e volume-related entropy change has to be negative. Thus
AS; is higher thalAS; and actually can be close ®In2.

On the other hand, the 10% jumpwise change of the real part
. . . . . of dielectric constant al'; (see Fig. 7 indicates that the
heating runs while on cooling the sample, only one jumpwisé,g|arizability of the cation-anion system is higher in phase
change was observed. This is due to different temperaturg \which can be connected to the dynamic disordering of
hystereses of the transitions between phases Il and IV ang(z) in two sites abovd ;. This is consistent with the re-
between phases IV and II. So, the pressure-induced phase Bhement of the crystal structure at 360 K. The splitting of
can exist only when the crystal is heated from the low-G(2) was also found at room temperature, in phase I, but
temperature phase lII. from the lack of any phase transition down to 80 K we can
conclude that this is a static rather than dynamic distribution
of the guanidinium cations. It is possible tHaf2) assumes
randomly one of two sites, however, in that case it is difficult
to explain the entropy changeS,. Most likely the splitting

of G(2) in phase lll can be described as an ordering in
8.5 - 0.1 MPa alternating sites. This should result in a lowering of symme-

FIG. 6. DTA runs measured on heating and cooling th8I&C],
sample, as indicated by the arrows, under several pressures. T
temperature was changed at a rate of 3 KMin

y— try or a doubling of the unit cell. However, because the
180 ¢ ; guanidinium cations are weak x-ray scatterers in comparison
— ‘e to more strongly scattering heavy atoms constituting the
:T G,SnCl, structure, the arrangement @f(2) in alternating
8.0 * . sites can produce very weak extra reflections which are

4_690 hardly detectable.

°T Dynamical disordering of the N(22)Hand N(23)H
groups induces changes in the charge distribution and modi-
. fies the electrostatic interactions between @) cations
and polyanionic chains. It is important that this disordering is
coupled to the displacement of the doulB{1) linked
sheets along and to the transformation of the hydrogen
bonding pattern formed b§(2) (compare Figs. 3 and 4As
a result the voids occupied y(2) cations collapse, which
7% 0t is clearly seen as a shortening of the unit cell parameter
150 200 250 300 350 (Fig. 2. Thg complex transitign mechanism is very similar to
Temperature (K) that occurring betwegn the disordered hexagonal and ordered
monoclinic phases in the crystals of (gH&NMNCl; and
FIG. 7. Temperature dependence of the real part of dielectrid CHz)4NCdClL whose anionic sublattices consist of the
constant of polycrystalline £5nCl, sample measured at ambient chains of the octahedrd-® These similarities concern the
pressure, close to the triple point at 180 MPa and above the tripleéoupling between the order-disorder process due to the or-
point at 690 MPa. The arrows indicate heating/cooling runs. ganic cations and the displacive contribution coming from

\

seeey o,

Permittivity

>y

N
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the antiparallel displacements of the polyanionic units. How-in the Cmcaphase is stabilized by dynamical disordering of
ever, it should be stressed that in the case ¢br&l, the  the G(2) cations and their hydrogen bonds. On the other
transformations of the polyanionic sublattice are very pro-hand, when thé®bca phase is heated the onset of disorder-
found. The transition requires a simultaneous antiphase disng is not sufficient to provoke a rearrangement of the low-
placement of the neighboring couples of sheets by aboutmperature polyanionic substructure. These suggestions re-
1.6 A which imposes a cooperative behavior of the chaingjuire, however, further studies under pressure. An interesting
of pyramids in the double sheets. problem is also the broadening of the transition anomalies
The voids occupied b (2) cations seem to be the most observed both in the calorimetric and dielectric studies at the
pressure-susceptible elements of theS@Cl, structure. At  pressures above the triple point. The triangular shape of ther-
elevated pressures they are compressed, which reduces timal anomaliegsee Fig.  can suggest a significant role of
distance between the double sheets and changes the potentatical fluctuations in the crystal at elevated pressures.
determining theG(2) site. This facilitates the transition,
which is observed as a decreaseTgfwith increasing pres- V. CONCLUSIONS
sure. It is plausible that at high pressures, around 180 MPa,
the coupling between the order-disorder and displacive fac- The characteristic feature of the,&nCl, crystals is the
tors weakens and finally two phase transitions occur. As ilone-dimensional polyanionic sublattice. The (SIG),
lustrated in Fig. 7, for pressures above the triple point, theehains built of square pyramids sharing corners form two
first dielectric anomaly observed on heating the sample i&inds of voids occupied by guanidinium cations involved in
pronounced and occurs with a small temperature hysteresiwo different patterns of hydrogen bonds. This differentiates
while the second one is much smaller and exhibits a vergyhe cations, their interplay with the polyanionic sublattice
large hysteresis. Moreover, the total change of the dielectriand their behavior at varied thermodynamic conditions.
constant related to both these transitions is approximately th8tructural peculiarities are prominent in the mechanism of
same as that observed at the one-step anomaly below tliee phase transitions observed at ambient and high pressures.
triple point. Taking into account, additionally, the differ- The transition between phases IIl and Il is markedly related
ences in the magnitude of the thermal anomalies above th® two coupled parameters arising from the displacive and
triple point, it is reasonable to assume that the transitiororder-disorder contributions. It is apparent that relatively low
between phases IIl and IV is mostly related to the disorderhydrostatic pressures induce profound changes modifying
ing of the guanidinium cations while the transition betweenthis coupling and leading to the pressure-induced phase IV.
phases IV and Il essentially has a displacive nature. It seemEhe effect of pressure is strictly related to the anisotropy of
that at elevated pressures the arrangement of the polyaniotfse G,SnCl, structure.
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