
This article was downloaded by: [Tomsk State University of Control
Systems and Radio]
On: 23 February 2013, At: 03:05
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number:
1072954 Registered office: Mortimer House, 37-41 Mortimer Street,
London W1T 3JH, UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Observation of Four
Crystalline Phases of the
One Dimensional Conductor
Zn0.81 [Pt(C2O4)2] . 6D2O by
Neutron Diffraction
Kim Carneiro a b , David M. Watkins c a & Allan E.
Underhill c a
a Physics Laboratory I. H. C. Orsted Institute
Universitetsparken 5, DK-2100, Copenhagen, Φ
b Physics Department, Research Establishment
Risø, DK-4000, Roskilde, Denmark
c School of Physical and Molecular Sciences,
University College of North Wales, Bangor, Wales
Version of record first published: 20 Apr 2011.

To cite this article: Kim Carneiro , David M. Watkins & Allan E. Underhill (1981):
Observation of Four Crystalline Phases of the One Dimensional Conductor Zn0.81

[Pt(C2O4)2] . 6D2O by Neutron Diffraction, Molecular Crystals and Liquid Crystals,
71:3-4, 315-322

To link to this article:  http://dx.doi.org/10.1080/00268948108072330

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/
terms-and-conditions

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948108072330
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


This article may be used for research, teaching, and private study
purposes. Any substantial or systematic reproduction, redistribution,
reselling, loan, sub-licensing, systematic supply, or distribution in any
form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make
any representation that the contents will be complete or accurate or
up to date. The accuracy of any instructions, formulae, and drug doses
should be independently verified with primary sources. The publisher
shall not be liable for any loss, actions, claims, proceedings, demand, or
costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

3:
05

 2
3 

Fe
br

ua
ry

 2
01

3 



Mol. Cryrr. Liy. Cryst.. 1981. Vol. 71. pp. 315-322 
0026-8941/R1/7104-0315/%0h.50/0 

19x1 Gordon and Breach. Science Publishers. Inc 
Printed in  the IJnited States of America 

Observation of Four Crystalline Phases 
of the One Dimensional Conductor 
Zn0.8~ [ Pt ( C204)2]  6D20 by Neutron 
Diffraction 
KIM CARNEIRO 

Physics Laboratory I, H. C. Orsted lnstitute Universitetsparken 5, DK-2100 
Copenhagen 0, and Physics Department, Research Establishment Risg, 
DK-4000 Roskilde, Denmark 

and 

DAVID M. WATKINS and ALLAN E. UNDERHILL 

School of Physical and Molecular Sciences, University College of North Wales, 
Bangor, Wales 

(Received September 12, 1980: in final form February 16, 1981) 

Four different crystalline phases of Znll 81[Pt(C204)2]  6D20 have been observed and partially 
characterized by single crystal neutron diffraction measurements. A crystal in the previously re- 
ported orthorhombic d o r m  was pulled along itsc-axis at room temperature and was found to 
transtorm to a monoclinic p-form. Two new coexisting phases, monoclinic y-Zn-OP and ortho- 
rhombic 6-Zn-OP were found when the sample was cooled to 200 K. Further crystallographic 
work is necessary in order to establish the detailed nature of the new phases. 

INTRODUCTION 

The partially oxidized bis(oxa1ato)platinate salts' form an interesting series of 
one-dimensional conductors which are in many respects complementary to 
the extensively studied tetracyanoplatinate salts, e.g. K2[ Pt(CN)d]Bro.3 * 3H20, 
KCP(Br). The bis(oxa1ato)platinate salts are cation deficient and have the 
formula M,[ Pt( C204)2]  -yH20 ,  (M-OP), where Mis a cation. For divalent ca- 
tions, e.g. Co2+, Mg", Zn2', Mn2+, Ni2' and Cu2+, 0.81 < x < 0.84 and y - 6 
whereas for monovalent cations, e.g. NHf, Rb'and K', 1.6 < x < 1.81 andy 
is between 1 and 4. One interesting aspect of thesecompounds is that thepar- 
tially filled conduction band along the Pt-atom chain gives rise to the Peierls 
instability resulting in a phase transition from a high temperature metallic 
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state to a low temperature insulatingor semiconductingstate. This results in a 
superstructure which is basically one-dimensional; but the particularly inter- 
esting aspect of the bis(oxa1ato)platinate salts is that other superstructures,’.’ 
which are basically three-dimensional and have been termed “non-Peierls” 
superstructures also occur. Such superstructures often lead to  atypical Peierls 
transitions, e.g. in  CO-OP.^ 

A serious problem in interpreting the physical measurements on bis(oxalat0)- 
platinate salts and in comparing results obtained by different groups is that 
the reported basic crystal structures for compounds of similar but not identi- 
cal chemical composition are often quite different.’ These differences may 
arise from at least three different origins, namAy: 

i) Undetected changes in chemical composition I t  is well established that by 
changing the crystal growth techniques or by varying the acidity of the growth 
solution, varying amounts ofcations and water molecules can be incorporated 
into the crystal lattice of the M-OP-~a l t s .~ -~  Therefore strictly speaking one 
should talk not about one compound, but distinguish between phases having 
different compositions, with each having its own structure and physical prop- 
erties. Moreover, since the change in composition accompanying the forma- 
tion of a different phase may be very small, variations in  x and y may be easily 
undetected in the absence of detailed chemical analysis. 
i i )  Unconrrolledparamerers during crystallization The growth of crystals of a 
particular phase may depend crucially upon parameters which are unknown 
and therefore uncontrolled during crystallization. Subtle changes in these pa- 
rameters between different groups of workers may be very difficult to identify 
and may be responsible for the preparation of different phases. 
i i i )  Physical conditions The effects of mechanical treatment and tempera- 
ture upon the crystal structures of partially oxidized complexes have been 
studied relatively little and not at  all for the bis(oxa1ato)platinate salts. If 
mechanical hysteresis is significant, the history of a sample is important 
and should be recorded. 

In order to study (iii), i.e. the effect of physical conditions on the crystallo- 
graphic properties of the partially oxidized bis(oxa1ato)platinate salts we have 
performed a neutron diffraction study on a single crystal of Zno,81[Pt(C204)] * 

6D20,  Zn-OP(D20), and we have found several crystallographic phases as 
well as hysteresis effects after both mechanical and thermal treatment. 

THE EXPERIMENT 

Zn-OP(D20) was prepared by a method similar to the one previously reported 
for Zn0,81[Pf(C204)2] * 6H20, (Zn-OP(H20))’ but using D20 as solvent. 
Zn-OP(H20) has been reported to be orthorhombic (space group Cccm) with 
unit cell dimensions a = 16.52 A, b = 14.36 di and c = 5.665 A.’ The highly 
conducting axis is alongc with the Pt-Pt distance of 2,83 A. A single crystal of 
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Zn-OP(D20) of dimensions 0.4 X 0.3 X 5 mm3 was used in order to avoid the 
large incoherent neutron scattering from protons in Zn-OP(H20). The exper- 
iment was performed at one o f the  DR3 reactor’s triple axis spectrometers op- 
erated in its zero-energy transfer mode with wavelength A = 2.387 A 
( E  = 14.35 meV). Only Bragg reflections in the (ac) plane were investigated. 
This means, of course, that we have not made a full determination of the unit 
cells in the new phases, but enough, we feel, to illuminate the issues mentioned 
above. 

First the crystal was placed with one end in wax and Figure 1 shows the 
neutron intensities for scans through the (002) and (200) reflections at room 
temperature. The upper part of Figure 1 shows the results for a “0: 20” scan 

FIGURE 1 w a n d  P-modifications of Zn-OP(D2O)at room temperature. a-phase: solid circles 
show 8 - 2 0  scans (upper part) through the (002) and (200) reflections and +scans (lower part). 
P-phase: open circles show the splitting of the (002) reflection. 
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whilst the lower part shows a "+"scan (rotating the crystal at fixed 20). The 
results give c* = 1.1 13 A-', a* = 0.3770 di-' and = 90" corresponding to an 
orthorhombic a-phase a = 16.67 A and c = 5.654 A. These values are close 
to those determined for Zn-OP(H20) at room temperature. 

In order to be able to  cool the crystal, it was transferred t o  another (closed) 
sample holder. The crystal was fastened by first fixing one end to  the mounting 
with low temperature varnish and then pulling the crystal over into the correct 
orientation for the experiment and fastening the other end in the same way. 
The strain introduced by pulling the crystal along its c-axis in this way was 
sufficient to change the character of the (002) reflection dramatically. Al- 
though the (200) reflection was unchanged, approximately 3 ofthe crystal has 
changed to  a twinned monoclinic P-phase with the crystallographic angle 
p = 89.05" as shown in the &scan on Figure 1. The crystal quality appeared 
unchanged during the a-P transformation as evidenced by the unchanged 
widths of the intensities in the figure. 

2000 - (002) (200) 
Zn-OP 
T + 2 1 O K  

0.36' 

FIGURE 2 
&-scans (lower part) through the (002) and (200) reflections. 

a-, 6- and y-phases of Zn-OP(D2O) at T =  210 K. 0 : 2 0  scans(upper part) and 
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On cooling, the crystal transformed back to pure a-phase at a temperature 
above 273 K; but at 210 K yet a totally different pattern was observed. The 
(002) reflection was unchanged except for thermal contraction, whereas a 
complicated structure was observed in the (200) direction as shown in Figure 2. 
Apart from a small portion still in the thermally contracted a-phase, most of 
the crystal appears to be in either one of two distinctly new phases, the mono- 
clinic y-phase with a* = 0.3761 A-' and P = 90.36' or the orthorhombic 6- 
phase where a* = 0.3582 A-'. Unlike to the twinned P-phase the y-phase ap- 
pears to be in one domain. 

In order to study the possible relation between the 6- and y-phases, we 
measured in more detail the intensity contours around the (200) reflection. We 
found that the 6- and y-phases are really the outer extremes of a continuous 
distribution of coexisting crystallographic phases. This is shown in Figure 3 by 
the ridge of neutron intensity between the extreme &phase (200) reflection at 
(A', Y )  = (-0.005, 1.995) and the y-phase (200) reflection at (X, Y )  = (0, 1.90). 

On warming the crystal to room temperature the diffraction pattern con- 
tained components from all four of the above phases demonstrating that hys- 
teresis occurs. At this point the crystal had lost its high crystallographic qual- 
ity and gave broad intensities, but no sign of water loss could be seen. 

SUMMARY 

Since we have determined only two independent reflections, the unit cells of 
the a, /3, y ,  and 6 phases of Zn-OP(D20) are not uniquely determined. How- 
ever, some useful insight into their nature may still be gained, and we believe 
that our conclusions below are basically correct, although they are based on 
the assumption that the symmetry of Zn-OP(D20) is always either ortho- 
rhombic or monoclinic. With this assumption our results may be used to char- 
acterize the unit cells of the four phases which are shown in Figure 4. 

The a-phase of Zn-OPappears to be isostructural with MG-OPand CO-OP 
and from our low temperature studies we get the thermal expansion coeffi- 
cients in  the a and c directions in  Zn-OP(D20) to  be 12 X K-' and 
4.5 X K-' respectively, which is close to the reported values for KCP(Br).* 

The P-phase of Zn-OP(D20) was formed by a monoclinic distortion of the 
a-phase due to a slight stretch of the crystal along the c-axis. The twinning of 
the crystal is indicated in Figure 4 by the two different orientations of the de- 
formed unit cell. 

The existence of the monoclinic y-phase of Zn-OP(D20) to which the a- 
phase transforms upon cooling might be directly related to the Peierls transi- 
tion in the same way as in TTF-SCN,9 but more measurements are needed to 
establish this. 
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COUNTS PER 
150 - 
300 --- 
450 ---- 
750 ..... . ... 
600 -.-.- 

ZnOP 
T=210K 

t 1 . 8 5  
FIGURE 3 Intensity contours around the (200) reflection at T =  210 K demonstrating the 
coexistence between the monoclinic y-phase and the orthorhombic &phase. The relevant measur- 
ing points from Figure 2 are indicated. 
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a- ZnOP 
a 

0.36' y - ZnOP 
a 

6 - ZnOP 
t c* 

a 
FIGURE 4 The schematic unit cells of a.  0. y. and &Zn-OP(DIO). 

The observation of a second orthorhombic phase in Zn-OP(DlO), the 6- 
phase, is unexpected. This phase has an a-axis which is 7.5% longer than the 
0-phase and it seems natural to explain such a large difference as stemming 
from a difference in staggering angle between adjacent Pt(C204)2 groups. The 
distribution of intermediate phases between y and S would then correspond to 
a distribution in stagger angles. This angle has been debated because of differ- 
ent theoretical predictions,""' and because of the experimental evidence that 
it varies from phase to phase.' Therefore a full structural determination of 6- 
Zn-OP(D20) would be of interest to see how the low temperature value of the 
stagger angle is related to theoretical calculations. 

The above experiment demonstrates that the basicstructure ofZn-OP(D20)' 
does depend on the mechanical and thermal history of the crystal. This may 
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322 K. CARNEIRO, D. M. WATKINS AND A. E. UNDERHILL 

well be a general property of the partially oxidized bis(oxa1ato)platinate salts, 
so that great care has to be taken not only during the preparation of crystals 
[(i) and (ii) above] but also during the subsequent handling of the crystals. 
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