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Crystal Structures of {P(CHj)4}2CuCly in Phases I, IT and III
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The crystal structures of {P(CHz)4}2CuCly in phase I, IT and TIT are determined by single crys-
tal X-ray diffractometry. The phase I is isomorphous to the normal phase of {N(CHs)4}2ZnCly-
type crystal, though the CuCly tetrahedron is fairly distorted from the regular tetrahedral
shape. The incommensurate phase II is refined by the use of the 4-dimensional superspace
group. The second harmonics of the modulation is comparably strong as the primary modu-
lation at 360K. The incommensurate structure is compared with the room temperature phase
IT1, where the cell dimension along the ¢ axis is tripled. The structural transition sequence is

discussed 1n connection to the size of tetrahedral monovalent cation.

KEYWORDS: phase transition, incommensurate crystal, structure analysis, {P(CHs)4}2CuCl4

§1. Introduction

Many compounds in the A; BX4 family (where A is a monovalent cation and BX} is a divalent
tetrahedral anion), the most studied example being K,S8e04,?) exist in an orthorhombic phase
(pseudo-hexagonal phase, b/a ~ V3 ) at high temperature, but undergo a transition to an in-
commensurate phase at low temperature. The modulation wave vector of the satellite reflections
varies with temperature in the incommensurate phase, but locks-into a constant value on entering
a commensurate phase at lower temperature.

Among the Ay BX4 family, those compounds with the tetramethylammonium (7'M A: N(CHs)q)
group as the monovalent cation constitute an important subfamily for which a common pressure-
temperature phase diagram has been proposed, where B is a metallic ion (Zn, Fe, Co, Ni) and
X is halogen (Cl and Br).3’4) Nevertheless, and apparently as a general rule, compounds with the
central atom of the anion tetrahedron being Cu present special features and cannot be put in such a
phase diagram. As an additional difficulty, CuX, testrahedra show a strong Jahn-Teller distortion
which probably contributes to their unusual phase-transition scheme.? )

It has been argued, from the characteristic behavior of bromide compounds as well as the ex-

perimental results for deuterated derivatives, that the size of cation relative to anion plays an
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important role in the stability range of the phases of these materials.> ) This observed variation
of phase behavior with change in the size of cation or anion prompted us to synthesize a series of
analogous compounds using the larger tetramethylphosphonium (T M P: P(CHz)4) cation.®)

This paper reports studies on the first compound in this series, (TMP)QCUC14.9) The phase
sequence of (T'M P);CuCly can be schematized as Table I, where the transition temperatures are
referred to the papers so far reported.®? The superspace group of phase II is determined in
this report. All the crystal structures of phases I, Il and IIl are determined by single crystal
X-ray diffractometry at 385, 360 and 297K. The characteristics of the structure are discussed in

comparison with related T'M A-compounds.

§2. Experimentals

Single crystals of (T'M P)2CuCly used in this study were supplied by Gesi of Iwaki Meisei Uni-
versity. Stoichiometric amounts of P(CH3)4Cl and CuCl; were mixed in 1-propanol. The resulting
yellow precipitate was filtered and recrystallized from water.?)

Intensity data collection was made on a 4-circle diffractometer(HUBER-AXC) with Mo Ka
(A=0.7107A) radiation monochromated by graphite (001). The crystal data are summarized in Ta-
ble II. The crystal structures were analyzed by the program system AXS89.19) REMOSS85 written by

A. Yamamoto was employed for the least-squares calculations of the incommensurate structure.'!)

§3. Modulation Vector and Satellite Reflection Intensity

With increasing temperature, (7'M P);CuCly transforms from the commensurate P2;/c phase
(phase III) to the incommensurate phase (phase II) at 7.=350K, and to the normal Pmecn phase
(phase I) at 7;=382K. The modulation wave vector ¢ decreases discontinuously from the lock-in
value of %cé at 7, to the incommensurate value of about 0.25¢j, and then decreases continuously
to 0.19¢§ at 1;. The temperature variation of ¢ determined from (1 3 1 —¢) is shown in Fig. 1. The
thermal hysteresis of ¢ is tiny within the incommensurate phase in contradict to the early study.?
The lock-in transition is the first order one with accompanying thermal hysteresis of a few kelvin.

Figure 2 represents the intensity of two first-order satellite reflections and one second-order one
on heating as a function of temperature. The phase I-1I transition is the second order one at
T =T;. The solid lines correspond to a function I = ¢(7; — T)w7 T < T;, with ¢ and 20 as fitting
parameters. The value of 23 is estimated as 0.57 in this experiment, but it has been predicted
on theoretical grounds, based on a three-dimensional zy model, to be 0.70.2) One of the causes of
discrepancy could be that the high-order terms increase rapidly as temperature departs from 7.
The variation of 23 on individual first-order reflections, reported by the early study,? is not found

in our experiment. The power index for the secondary satellite (0 4 1 — 2¢) is fitted to be 1.47(7).



$4. The Normal Phase Structure

Intensities were measured at 385K. Range of hkl: -11< h <0, -20< £ <19, -16< [ <16. A total
of 4690 reflections were collected, and 989 unique reflections with the criterion F' > 7o (F) were
devoted to analysis. Absorption correction for spherical specimen was carried out by Gaussian
integration.

In the split atom model,!?) each atom occupies two positions related by the mirror symmetry
{o:]|a/2} with an equal probability. Refinements with anisotropic thermal parameters for all atoms
gave an R-factor of 0.050 and an S-factor of 1.55. In the displacive model, three pairs of Cl(3) and
Cl(4), C(3) and C(4), and C(7) and C(8) are related by the mirror symmetry, and other 9 atoms
sit on the mirror plane. Refinements with anisotropic thermal parameters for all atoms gave the
R-factor of 0.080 and the S-factor of 2.24. It is clear that the crystal structure is well described by
the split atom model.

Final atomic coordinates and equivalent isotropic thermal parameters are given in Table III for
the split atom model.'® The crystal structure is plotted in Fig. 3. The ellipsoids represent the ther-
mal parameters. Bond lengths and angles are listed in Table IV. The CI-Cu-Cl bond angles range
from 94.3° to 134.9°. The CuCly adopts a flattened shape characteristic of the Jahn-Teller dis-
tortion, which also appears in the isomorphous compounds of (TMA)QCuC14,14) (TMA)QCuBr415)
and (T M P)yCuBry.'®) Each TMP tetrahedron shows a more homogeneous distribution of bond
angles, and all the C-P-C bond angles can be covered by the interval 103.3° ~ 114.7°, indicating a
geometrical distortion smaller than that of CuCly.

Rotation angles R, Ry and R, around the a, b and ¢ axes for the CuCly and T M P rigid groups in
the split atom model, from the positions in the displacive model, that is, from the mean structure,
are summarized in Table V. The CuCly and T'M P(2) testrahedra are mostly rotated around the
c-axis, while the T'M P(1) tetrahedron around the b-axis.

$5. The Incommensurate Structure

Intensities were measured at 360K. The value of wave vector was obtained as ¢ = 0.23¢{, from the
profile of scanned satellite reflections. Range of hkim: 0< h <10, 0< £ <19, -15< [ <15, -2< m <2.
A total of 3487 reflections were collected, and 3243 reflections with the criterion F' > 60 (F) were
observed (1779 unique reflections). Absorption correction for spherical specimen was carried out
by Gaussian integration. The systematic absence for collected reflections are compatible with
P(Pmen) : (ssl) superspace group. Weak 33 reflections were removed at last because of their bad
profiles in w-scan.

Modulation harmonics are considered up to the same order as the order of the measured satellites,
that is, second order. In this way, displacements for each atom are due to the constant term and

first and second harmonics. The superspace group symmetry reduces the number of amplitudes to



be refined for atoms in special positions. The final R-factors are 0.073, 0.058, 0.097 and 0.306 for
all, main(1714), first-order satellite(1409) and second-order satellite(87) reflections, respectively.'®)
Here the numbers of each kind of reflections are given in parentheses.

Final atomic coordinates and equivalent isotropic thermal parameters are given in Table VI,
where the basic positions Ry correspond to those obtained by us in the displacive model for phase
I at 385K. The structural modulation can be visualized in drawings of modulated rotations and
modulated translations of the CuCly and TM P rigid groups. For these groups, rotations R, Rp
and R. around the a, b and ¢ axes, as a function of the internal coordinate ¢, can be fitted to
Fourier series. The results are shown in Figs. 4 and 5. The double harmonic character shown in
the R, rotation and the single harmonic characters shown in the R, and R, rotations (see Fig. 4) is
attributed to the superspace group symmetry. But the associated translation motion T of the rigid
groups must show a complementary character, that is, T, is single, whereas T}, and T, are double
harmonics (see Fig. 5). For these groups, the most important rotation is R.. In (I'MA);BX4 and
(I'MP)yBX4 (where B is not Cu but Zn, Co, etc. and X is halogen), R, rotations are in phase
for the BXy and TMA(1) (or TM P(1))."” But in (T M P);CuCly, R, rotations show less-definite
phase relations. Such relation also holds in (7'M A);CuBry.'®)

§6. The Locked-in Structure

Intensities were measured at 297K. Range of hkl: -11< h <0, 0< k <19, -45< [ <45. A total
of 9783 reflections were collected, and 4423 unique reflections with the criterion F' > 7o (F) were
observed. Absorption correction for spherical specimen was carried out by Gaussian integration.
Refinements with anisotropic thermal parameters for all atoms gave the R-factor of 0.048 (0.046
for 1673 main reflections and 0.049 for 2750 satellite reflections) and the S-factor of 4.10.'%)

The atomic parameters are given in Table VII. The projection of the structure on the b — ¢ plane
is drawn in Fig. 6. The bond lengths and angles are listed in Table VIII.

For the CuCly and T'M P rigid groups, rotations R, Ry and R. around the a, b and ¢ axes and
translation motion T,, Ty and T,, as a function of the internal coordinate ¢, can be fitted to Fourier
series. The results are shown in Fig. 7 and Fig. 8. In comparison with phase II, the translations
of CuCly rigid group along the three axes increase their amplitude. The rotational modulations
of TM P(2) around the b- and c-axes change their phases relative to other modulation waves; the

phase shifts are about At ~ 0.15.

§7. Discussion

We have solved the crystal structures of all phases of (T'M P);CuCly. The crystal structure of
phase I is orthorhombic, space group Pmen, with Z=4. The structure consists of tetrahedral CuCly
ions located on the mirror planes, bonded to TM P groups located on the same planes. The crystal

structure of phase Il is the incommensurate modulation of the basic structure, with the wave vector



g = (1/3 — 8)ci. The behavior of the first-order satellite intensities follows to the critical relation
(T —T)P with 26=0.57(3). The crystal structure of phase I1I is monoclinic, space group P12;/¢l,
with Z=12. The modulation waves in phases II and III can be fitted to sinusoidal functions. The
phase relations of the modulation waves for the CuCly and T'M P rigid groups in phase III retain
some similarity to those in phase II.

A compound of the TMZ;BXy Ohere, TMZ is either TMA or TM PO type has a hexagonal
network in which BX, testrahedra and T M Z testrahedra are arranged alternately when viewed
from the ¢ axis. When metallic ion B of the compound is not Cu, the distance between adjacent
testrahedra in the hexagonal network is shortest and the network is strongly formed. As a result,
regarding the modulation function of each tetrahedron for the rotation on the ¢ axis (internal
coordinates in the IC phase), BX4 and the related T'M 7 have the same phase.

On the contrary, in (T'"M A)2CuBry4, the distance between the testrahedra which constitute the
hexagonal network , i.e. CuBry-T'MA(1), is almost the same as the distance between CuBry and
TMA(2). CuBry is largely affected by T'M A(2), and so the hexagonal network is weakly formed.
As a result, regarding the modulation function of each tetrahedron for the rotation about the ¢
axis, BX4 and the related TM Z have slightly different phases.

In (TMA),CuBry, the distance between CuBrg and TM A(1) is 0.002A shorter than the distance
between CuBry and TMA(2). In (T'MA);CuCly, the distance between CuCly and TMA(1) is
0.053A longer than the distance between CuCly and TMA(2). In (TMP)yCuBry, the distance
between CuBry and TMP(1) is 0.109A longer than the distance between CuBry and TMP(2).
In (TM P);CuCly, the distance between CuCly and TMP(1) is 0.168A longer than the distance
between CuCly and TMP(2). In (T'MA)yZnCly, the distance between ZnCly and TMA(1) is
0.197A shorter than the distance between ZnCly and TM A(2).

Therefore, in tetramethylammonium compound (7'M A; BX40 B=Mn, Fe, Co, Zn; X=Cl, BrO),
the distance between BX4 and T'M A(1) is short, and the hexagonal network consisting of three
BX4’s and three TMA(1)’s is formed strongly. Increasing the size of tetrahedron provides the
same effect as applying hydrostatic pressure. Thus the temperature-pressure phase diagram is
universal.>7)

On the other hand, in a compound of the TM Z;CuX, 0 X=Cl, BrOtype, the distance between
CuXy and TMZ(1) is same as or longer than the distance between CuXy and 7'M Z(2). Therefore,
the hexagonal network consisting of three CuXy’s and three T'M Z(1)’s is considered to be weakly
formed. In addition, the degree of weakness depends on the element used, such as N, P, Cl and Br.
Therefore, the chemical components of the TM Z;CuX,4 type do not have common characteristics
regarding to the hexagonal network. As a result, increasing the tetrahedron size does not provide
the same effect as applying hydrostatic pressure, which means that the same temperature-pressure

phase diagram is not applicable.



Although the basic structure is the hexagonal network, the CuX, regular tetrahedron is distorted
by the Jahn-Teller effect in compounds of the TM Z,CuXy O X=CIl, Br{ type. The degree of dis-
tortion depends on the element used such as N, P, Cl, and Br and the strength of the hexagonal net-
work also depends on the element used. For this reason, chemical compounds of the (T'M Z);CuXy

0 X=Cl, BrO type show various characteristics that are not shown by chemical compounds of the
(TMA);BX4 O B=Mn, Fe, Co, Zn; X=CI, Br).

Only a few crystal structures have been solved for (T'MP);CuBry, (T'MA);CuCly or
(TMA)2CuBry compounds in which the central atom of the anion is Cu; phase IV of
(T M P)3CuBry,'®) phase 1 of (T'MA);CuCly,'® phases 1, 11 and I11 of (TM A);CuBry.'®) In or-
der to understand quantitatively how Jahn-Teller distortion or the difference in the sizes of cation
or anion will influence the characters of (I'MP),;CuCly which has been found in this study, the

crystal structures of all phases of these compounds are desired to be solved.
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Fig. 1. Temperature dependence of the modulation wave number of {P(CHsz)4}2CuCly on heating (o) and on
cooling(x).

Fig. 2. Temperature dependence of the integrated intensity of two first-order satellites and one second-order satellite
of {P(CHs)4}2CuCly on cooling. The scale of the intensity is in arbitrary units. The solid curves are fitted to the

observed data by least-squares methods.

Fig. 3. Projections of the crystal structure of {P(CHs)4}2CuCly at 385K along the ¢ and a axes. The counterpart

of configuration related by the mirror symmetry is not drawn to avoid the complexity.

Fig. 4. Rotational modulations as a function of the internal coordinate ¢ in the incommensurate phase of

{P(CHzs)4}2CuCly at 360K. R., Ry and R. are rotations in degree around a, b and ¢ axes.

Fig. 5. Translational modulations as a function of the internal coordinate ¢ in the incommensurate phase of

{P(CHzs)4}2CuCly at 360K. T,, Ty and T, are translations in angstrom along a, b and ¢ axes.

Fig. 6. Projection on the b — ¢ plane of the crystal structure of {P(CHs)4}2CuCly at 297K in phase III.



Fig. 7. Rotational modulation patterns in the commensurate phase III of {P(CHas)4}2CuCly at 297K. R, Ry and

R, are rotations in degree around a, b and ¢ axes. The internal coordinate ¢ is the z parameter of atoms.

Fig. 8. Translational modulation patterns in the commensurate phase I1I of {P(CHs)4}2CuCly at 297K. Ty, Ty and

T. are translations in angstrom along a, b and ¢ axes. The internal coordinate ¢ is the z parameter of atoms.



Table 1. Phase transition sequences in {A(CHs)s}2CuXy. Here A is either N or P and X is halogen atom. INC in

space group column means incommensurate phase. ¢ and Ti; are the modulation wave vector and the transition

temperature [K], respectively.

{P(CH3)4}QCHCI4
Phase 111 11 I
Space Group P124 /cl INC Pmcn
q tek ~ ich 0
Tir 350 382
{P(CH3)4}QCU.BI“4
Phase v 111 11 I
Space Group P1125 /n P24 /b11 INC Pmcn
q 0 b} ~ 1b} 0
Tir 202 406 409
{N(CH3)4}QCHCI4
Phase v 111 11 I
Space Group P1125 /n P124 /cl INC Pmcn
q 0 %cz ~ %cz 0
Tir 247 293 299
{N(CH3)4}QCU.BI“4
Phase v 111 11 I
Space Group P124 /cl Pbc2, INC Pmcen
q 0 b} ~ 1} 0
Tir 236 240 471




Table II.

Crystal data of {P(CHs)4}2CuCly.

Phase 111 11 I
O Crystal system Monoclinic Orthorhombic Orthorhombic
Space group P124 /cl P(Pmecn) : (ss1) Pmcn
Formula unit 12 4(mean structure) 4
Lattice parameter(A)
a 9.255(2) 9.297(2) 9.298(3)
b 15.574(2) 15.652(2) 15.685(6)
c 37.594(4) 12.645(2) 12.781(7)
Monoclinic angle(® ) 3=90.27(1) 0 0
Volume(A?) 5418(1) 1840(1) 1864(1)
Measured range 26(°) 55 60 60
Index range
h -11~11 0~10 -11~ 0
0~19 0~19 -20~19
l -45~45 -15~15 -16~16
m -2~ 2
Measurement temperature(K) 297 360 385
Number of measured reflections 9783 3487 4690
Number of unique reflections 4423(F > 7a(F)) 1779(F > 60(F)) 989(F > 7a(F))
Number of parameters 407 172 137
Absorption coefficient (mm™!) 1.958 1.906 1.900
Crystal radius (mm) 0.16 0.24 0.23
Transmission factors 0.636 ~ 0.640 0.518 ~ 0.526 0.533 ~ 0.540
Final R-factor 0.048 0.073 0.050
S-factor 4.10 - 1.55
Maximum deviation (A/6)max 0.022 - 0.099
Residual electron density Ap (e/A%) —0.36 ~ 0.52 - —0.31 ~0.24
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Table III. Final atomic coordinates and equivalent isotropic thermal parameters(A2) with e.s.d.’s in parentheses

for phase I at 385K of {P(CHas)4}2CuCly. The multiplicity for all atoms is % in the split atom model.

Atom T y z Beg
Cu 2652( 2) 39918(5) 22697(6) 7.25(2)
Cl(1) 2837( 4) 3604( 2) 0590( 2) 12.2(1)
Cl(2) 3032( 3) 5240( 2) 3073( 2) 12.4(1)
Cl(3) 4550( 4) 3288( 2) 2757( 3) 14.4(1)
Cl(4) 0309( 3) 3859( 3) 2541( 3) 19.2(2)
P(1) 2436( 7) .0869( 1) 1213( 1) 7.22(5)
C(1) 2845(10) 1093( 6) 2582( 5) 11.2(4)
C(2) 2222(12) -.0252(4) 1006( 6) 9.5(3)
C(3) 3934(10) 1257( 6) 0430( 7) 9.8(3)
C(4) 0783(10) 1414( 7) 0864( 7) 10.9(3)
P(2) 2440( 8) 8414( 1) 5167( 2) 7.56(5)
C(5) 2793(12) 7590( 5) 4198( 7) 11.4(3)
C(6) 1846(15) .9334( 6) 4565(11) 19.8(6)
a(7) 4145(10) 8722( 7) 5713( 9) 12.6(4)
C(8) 1152(13) .8082( 8) .6093( 9) 15.8(5)
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Table IV. Bond lengths(A) and angles(®) of CuCly and P(CHs)4 for phase I at 385K of {P(CHs)4}2CuCly. The

e.s.d’s are given in parentheses.

Atom pair Length Atom pair Length Atom pair Length
Cu-Cl(1) 2.238( 3) P(1)-C(1) 1.824( 8) P(2)-C(5) 1.820( 9)
Cu-Cl(2) 2.238( 3) P(1)-C(2) 1.790( 7) P(2)-C(6) 1.725(11)
Cu-Cl(3) 2.173( 4) P(1)-C(3) 1.820(10) P(2)-C(7) 1.798(12)
Cu-Cl(4) 2.215( 4) P(1)-C(4) 1.815(11) P(2)-C(8) 1.762(13)
Bond pair Angle Bond pair Angle Bond pair Angle
Cl(1)-Cu-Cl1(2) 131.7( 3) C(1)-P(1)-C(2) 110.8( 8) C(5)-P(2)-C(6) 110.4(10)
C1(1)-Cu-C1(3) 94.3( 2) C(1)-P(1)-C(3) 107.7( 8) C(5)-P(2)-C(7) 107.2(10)
Cl(1)-Cu-Cl(4) 101.6( 3) C(1)-P(1)-C(4) 108.8( 9) C(5)-P(2)-C(8) 111.7(11)
Cl(2)-Cu-CI(3) 100.6( 2) C(2)-P(1)-C(3) 109.4( 9) C(6)-P(2)-C(7) 103.3(11)
Cl(2)-Cu-Cl(4) 99.5( 2) C(2)-P(1)-C(4) 109.4( 9) C(6)-P(2)-C(8) 109.2(12)
C1(3)-Cu-Cl(4) 134.9( 5) C(3)-P(1)-C(4) 110.7(10) C(7)-P(2)-C(8) 114.7(13)

Table V. Rotation angles(°) R, Ry and R. around the a, b and ¢ axes for the CuCly and T'M P rigid groups in the
split atom model, from the positions in displacive model for phase I at 385K of {P(CHzs)4}2CuCly.

Tetrahedron R, Ry R.
CuCly -0.6 -5.0 -13.2
TMP(1) 0.0 11.0 44
TMP(2) 3.6 9.0 19.9
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Positional(x 104) and thermal parameters of {P(CHs)4}2CuCly of the incommensurate structure (phase

Table VI.

IT) at 360K. Positional parameters are given as © = Ry + Ao + A1 cos(2wt) 4+ By sin(2wt) + Az cos(4nt) 4+ By sin(4rt),

where Ry is the parameter of phase I of the displacive model, and ¢ is the internal coordinate of the modulation.

Ay B Az B> Beq(A?)

Ao

Ry

Atom

6.01(1)

93( 2)

-295( 1)

2500
3994
2266
2500
3603
580
2500
5246
3086
367
3534
2662
2500
866
1214
2500
1092
2584
2500
-262
1002
4069
1326
647
2500
8412

xr

Cu

13( 4)

-43( 3)

-3(0)

Y
z

12( 4)

17( 5)

-49( 0)

9.8( 2)

303( 6)

-255( 6)

xr

cI(1)

-16( 9)
12(12)

-54(10)
-71(12)

-36( 2)
-45( 1)

Y

9.7( 2)

452( 8)

-822( 6)

xr

C1(2)

36( 6)

-16( 6)
-48( 8)
-25( 6)

-12( 1)
37( 2)
-98( 2)
31( 2)

Y
z

48( 8)

-90( 4) 21( 7) 11.9( 2)

232( 3)
-261( 3)

-120( 3)
-372( 3)

C1(3)

-129( 5)

16( 5)
39( 6)

Y
z

87( 6)

57( 3)

-41( 2)

5.4( 2)

77( 3)

0
-15( 1)
-28( 1)

xr

41(12)

-63(11)
57(15)

83(15)

z

8.3(7)

251(20) 260(21)

0
18( 7)

xr

103(33)
-260(12)

95(30)
49(36)

Y
z

“26( 7)

6.1( 9)

0 150(17) 38(17)

-18( 5)
9(7)

xr

-30(27)
293(20)
-80(22)
-87(18)
-25(23)

-109(32)
83(39)

-35(25)
21(20)
53(27)

Y
z

9.2( 5)

-177(11)

-255(12)
110( 8)
-154(11)
87( 4)

1(7)
-30( 5)
-50( 6)

xr

24( 9)
-221(11)

Y

6.1( 1)

141( 4)

0

-5(1)

xr

-13(12)
27(15)

-11(10)
56(15)

Y
z

-14( 1)

5163
2500
7582

9.0( 9)

149(21)

-402(20)

xr

-87(27)
39(42)

34(36)

175(39)

15( 6)

Y
z

-36( 8)

4211

10.9(11)

566(31) 887(27)

0
6(7)

49(12)

2500
9324

xr

-22(21)
271(30)
-164(24)

-12(23)
-94(35)
-58(23)
43(16)

Y
z

4460
4034
8466
5870

10.4( 7)

-143(14)
-255(12)
257(12)

-258(14)
-376(11)
166(12)

-43( 9)
87(7)
44( 6)

xr

-20(15)
51(20)

Y
z

23(22)
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Final atomic coordinates and equivalent isotropic thermal parameters(A2) with e.s.d.’s in parentheses

for phase I1T at 297K of {P(CHaz)4}2CuCly.

Table VII.
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Bond lengths(A) and angles(°) of CuCly and P(CHs), for phase 111 at 297K of {P(CHs)4}2CuCly.

Table VIII.
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MODULATED WAVE VECTOR (q)

Fig. 1.

INTENSITY (2 0 1-q)

Fig. 2.
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Fig. 6.
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