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The crystal structure of bis-trimethylbenzylammonium tetrachlorocuprate (II) was 
determined. The structure for the [CuClt] 2- ion proposed in the spectroscopic work, i.e. a 
flattened tetrahedron of D2g symmetry, was confirmed. I t  was shown, further, that  the four 
St axes of the four [CuClt] 2- ions in the unit cell are practically parallel, because they lie 
almost parallel to the glide planes of symmetry. This fact proved to be of great importance for 
further collection and elaboration of spectral data. The unit cell has dimensions a = 9.584, 
b = 9.104, c = 28.434 A, # = 92~ ', space group P2x/n, and contains 4 molecules. R = 0.077 
(computed on the 2861 observed independent reflections only). 

La structure cristalline du tetrachlorocuprate (II) de bis-trimethylbenzylammonium a 
6t6 d6termin6e. La structure de l'ion [CuClt] ~- propos6e darts l '6tudc spectroscopique, c.a. d 'un 
t6tra~dre plat de sym6trie D2~, a 6t6 COlffirm6e. On a montr6, de plus, que les quatre axes S t 
des quatre ions [CuClt] 2- darts la maille 616mentairc sont pratiquement parall~les, car ils sont 
presque parallbles aux plans de sym6trie de glissement, fair qui s'avbre de grande importance 
pour l 'accumulation et la raise au point des donn6es spectrales. La maille 616mentaire a pour 
dimensions a = 9.584, b = 9.104, c = 28.434 A, fi = 92~ ', groupe d'espace P2~/n, et contient 
quatre mol6cules. B = 0.077 (calcul6 & l'aide seulement de 2861 r6flexions ind6pendantes 
observ6es). 

Die Kristallstruktur yon [C6HsCH2N(CI{a)3]2CuCI 4 wird bestimmt, wobei die aus spek- 
troskopischen Studien vorgeschlagene Struktur des Ions [CuC14] ~- best~tigt wird (gestauchtes 
Tetraeder der Symmetric D~).  Ferner wird gezeigt, dab die S a Achsen der vier [CuClt] ~-- 
Ionen in der Einheitszelle praktisch parallel sind; dicse Tatsache erwies sieh als sehr wichtig 
bei der Messung und Auswertung des Spektrmns. Die Einheitszelle hat  die Dimcnsionen 
a = 9.584, b = 9.t04, c = 28.434 A, fl = 92~ ', Raumgruppe P21/n , und enth~lt vier Molekiile. 
R = 0.077 (nur mit Hilfe der 2861 unabh~ngigcn Reflexionen berechnet). 

T h e  p rope r t i e s  a n d  e lec t ron ic  s t r u c t u r e  o f  some  t e t r a h a l o g e n o c u p r a t e  ( I I )  
c o m p l e x e s  w i t h  " o n i u m "  ca t ions ,  i nc lud ing  b i s - t r i m e t h y l b e n z y l a m m o n i u m  
t e t r a c h ] o r o e u p r a t e  (II) ,  h a v e  been  desc r ibed  b y  FU~LANI a n d  MoRPu~Go [6], w h o  

m e a s u r e d  a n d  i n t e r p r e t e d  t h e  a b s o r p t i o n  spec t r a  o f  seve ra l  o f  t hese  c o m p l e x e s  in  

so lu t ion .  T h e y  also m e a s u r e d  t h e  spec t ra  in  t h e  sol id s t a t e  (as re f lec t ion  spec t ra  o f  

t h e  p o w d e r e d  c rys ta l s ,  a n d  in  s o m e  cases also in  nu jo l  or  h e x a e h l o r o b u t a d i e n e  
mulls) .  FU~LA~I a n d  M o ~ r v R r  p r o p o s e d  for  t h e  [CuX4] 2- ion  (X = C1, Br)  a 
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distorted tetrahedral  structure, namely, a flattened tetrahedron of symmetry  D2e. 
Such a distorted tetraheclron would retain one of the three $4 symmetry  axes of 
the regular tetrahedron. FU~LA~I and MORrV~GO also showed tha t  their spec- 
troscopic results could be interpreted, in the case of the [CuCla] 2- ion, on the basis 
of a point charge model, assuming a CI-Cu-C1 angle (smaller value) of about  
t0t~ '. 

This interpretation of the spectra was consistent with the geometry of the 
[CuX4] ~- ion which had resulted from the X-ray  analysis of the structure of 
Cs~CuCI 4 [8, 11] and Cs~CuBra [10], and which, in the ease of Cs2CuC14, had also 
been explained theoretically [3]. Further  support  for this has come more recently 
from the spectroscopic evidence tha t  the structure of the [CuC14] ~- ion in solution 
is close to tha t  found in the crystal of CsgCuCla [4]. 

However,  the crystal structure of bis-tr imethylbenzylammonium tetra- 
ehlorocuprate (II), [C6HsCI-I2N(CI-Ia)a]2CuCla, was investigated and is described in 
this paper  because : (1) direct proof was lacking tha t  the structure of the [CuC14] 2- 
ion in the salts R~CuX 4 (R = an "onium" cation) is the same as tha t  found in 
Cs CuCl  (except for the preliminary evidence given for [(Ctt.),N]~CuCI~ [11]); 
(2) planar, almost square [CuCla] 2- ions had been found by  WrLL~TT [15] in the 
very similar "light yellow" compounds (NH4)2CuC14, (CHaNHa)~CuC1 ~ and 
(C~H~NI-Ia)~CnCIa; (3) it seemed expedient to provide the structural information 
tha t  would make it possible to measure and interpre~ the crystal spectrum of one 
of the compounds of FU~LA~ and Mo~rv~Go under polarized light; and (4) an 
accurate, three-dimensional analysis of the structure of at  least one tetrahMogeno- 
cuprate (II) complex was still lacking. 

Results 

There is a monoelinic and an orthorombic modification of bis-trimethylbenzyl- 
ammonium tetrachlorocuprate (II) [(TMBA)2CuC1 a henceforth]. In  both cases 
the small crystals suitable for X-ray  analysis are yellow. They grow from aceto- 
nitrile, in the first case, and from absolute ethanol, in the second. The ~ (mono- 
clinic) form was examined in this work*. Detailed morphological and opticM data 
can be found in the work of FV~LANI et al. on the crystal spectrum of (TMBA)~CuC14 
[5]. The goniometrie values of the axial ratios, (a:b:c)gon = t.053i9:1:3.12459, 
and of the ~ angle, 92~ ', are in very good agreement with the values found from 
the X-ray  analysis and reported below. Crystals as large as those used for the 
optical studies are obviously of a deeper colour, even to the extent of being 
orange-red. 

Crystal data. C20H3~N2CuC14. M = 505.86. Monoclinic prismatic, a = 9.584 + 
+ 0.0t0, b = 9.i04 _+ 0.005, c = 28.434 + 0 .0 i0A;  (a:b:c) = 1.053:t :3. i24;  

fi = 92~ U = 2477.9 Aa; Dm= 1.4 (by flotation); Z = 4; Dc = i.356 gcm-3; 
F(000) = 1052; # = 53 cm -1. Space group P21/n (C~h, No. 14) from systematic 
absences. Cu-K~ radiation (~ taken as 1.5418 ~), unit cell dimensions determined 
by  a modified, improved version of Christ's method [9] from zero-layer Weissen- 
berg photographs about  the a and b axes. 

* The mMn crys~M data for the orthorombic modification ~re: a = 9.54, b = 9A 8, c = 28.52A; 
space group P212121 (D~, No. 19) from systematic absences. 
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Structure analysis. The crystal data require the asymmetric unit to comprise 
one molecule. From a three-dimensional Patterson function, computed by using 
the full set of 286~ independent terms observed with intensity above film back- 
ground, approximate co-ordinates for the copper and chlorine atoms were found. 
A Fourier synthesis phased on the contribution of the five atoms located from the 
Patterson gave the positions of all other ~toms, except for the hydrogens. At this 
stage the reliability index R was 0.32, where 

R - -  

the summations being over all the observed independent reflections. 

~5 

r 
~  
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Table 2. Anisotropic thermal parameters o/the heavy atoms (with e.s.d.s)* 

b n b~ b~a b~ b~a baa 

Cu t13 (1) 42 (2) --5.7 (0.6) t06 (1) 0.3 (0.6) 1t.9 (0A) 
c](1) 204 (3) - 2  (6) 2s (2) ~s7 (3) --~7 0 )  20.6 (o.3) 
c1(2) 135 (2) 32 (4) - 3  (1) 154 (2) 21 (t) 14.8 (0.2) 
Cl(3) 132 (2) t t 8  (4) - 1 1  (1) t50 (2) ~ (t) 23.4 (0.3) 
c1(4) t36 (2) - 1 7  (4) - 8  (t) 140 (2) t (1) 16.3 (0.2) 
N(l)  t21 (6) 3 03) --1 (4) 117 (7) 2 (4) 13.7 (0.6) 
N(2) 133 (7) 7 (14) 1 (4) 130 (7) - 4  (4) t2.0 (0.6) 
C(I) 129 (8) --86 (19) --26 (6) 150 (10) --9 (6) 24.3 (t.3) 
C(2) 107 (8) --56 (22) --1 (6) 279 (16) --25 (8) 22.0 (1.3) 
c(a) 121 (8) --91 (19) --1 (5) 228 (13) --5 (6) t4.4 (0.9) 
C(4) 10S (7) - 4 5  (~5) 2 (4) ~2S (S) --2 (4) 12.0 (0.7) 
C(5) 133 (8) t6  (20) --15 (5) 197 (12) --1 (6) 14.9 (0.9) 
C(6) t64 (10) 25 (24) --22 (5) 232 (15) 11 (7) 16.7 (1.0) 
C(7) 139 (8) 4 (t6) --13 (5) 122 (8) 2 (5) t5.4 (0.9) 
C(8) 120 (7) --23 08) t0  (5) 171 (10) --31 (5) 15A (0.9) 
C(9) 90 (7) 2 (17) --8 (5) 163 ( t l )  --5 (6) 22.9 (t.2) 
C(i0) 177 (9) --31 (20) --4 (5) t28 (9) 15 (5) t5.6 (0.9) 
C(I1) 193 ( t l )  110 (21) --7 (6) t64 (10) 6 (5) 14.5 (0.9) 
C(12) ~43 (8) t32 (20) --18 (5) 240 (15) 22 (6) t6.4 (0.9) 
C(~3) ~33 (8) 24 (20) --22 (5) t83 (11) 2 (6) 15.7 (0.9) 
C(f4) t33 (7) 73 (16) 8 (4) t43 (8) I0 (4) 9.6 (0.6) 
C(15) t~3 (7) - - I  (16) 6 (4) 140 (9) 7 (5) 16.3 (0.9) 
C(~6) 149 (9) 69 (18) 5 (5) t39 (9) 21 (5) t6.9 (t.0) 
C(17) 153 (9) 37 (t7) t3  (5) 127 (8) 8 (4) t3.5 (0.8) 
C(t8) t94 (12) 61 (25) 50 (6) 242 (t6) 10 (8) 19.0 (1.2) 
C(19) 227 (12) 60 (22) 7 (7) t12 (8) 8 (5) 18.6 (I.1) 
C(20) 289 (16) --71 (25) --36 (7) 136 (10) 4 (6) 16.0 (1.0) 

* The b~j coefficients as given here are defined by:  T = exp{-- t0-4(bnh 2 +b12hk + 
+ biahl + b~k 2 + b~3kl + b~312)}, T being the function by  which the atomic scattering factors 

must be multiplied in order to take the anisotropie thermal motion of the heavy atoms into 
account in the calculation of the structure factors. For  the hydrogen atoms the isotropie 
temperature factor B = 6 ~2 was used. Hence the general SF formula used is: F(hkl) = 

z~ / sin20\ M 

1 \ i~ / 1 

where the first summation is over all the heavy atoms in the unit  cell and the second summa- 
tion over all the hydrogen atoms. 

T h e  space  a n d  t h e r m a l  p a r a m e t e r s  of  a l l  t h e  27 h e a v y  a t o m s  were  t h e n  re f ined  
b y  F o u r i e r  a n d  l e a s t - s q u a r e s  m e t h o d s ,  a s s u m i n g  f i rs t  i so t rop i e  a n d  t h e n  aniso-  
t r o p i c  t h e r m a l  m o t i o n ,  to  a se t  of  va lue s  e o r r e s p o n d i n g  to  R = 0.095. The  i n t ro -  
d u c t i o n  of  a p p r o x i m a t e  pos i t i ons  a n d  of  a n  a v e r a g e  i so t rop i c  t e m p e r a t u r e  f a c t o r  
B = 6 A s, for  t h e  32 h y d r o g e n  a t o m s  in  t h e  a s y m m e t r i c  uni~, d e d u c e d  w i t h o u t  
a m b i g u i t y  f r o m  a t h r e e - d i m e n s i o n a l  d i f ference  s y n t h e s i s  c o m p u t e d  a t  t h i s  s tage ,  
w h e n  t h e  v a l u e  of  a(~0) was  0.2 e A  -3, a n d  f r o m  t h e  g e o m e t r y  of  t h e  molecu le ,  
b r o u g h t  t h e  R i n d e x  to  0.084. T h e  space  c o - o r d i n a t e s  o f  a l l  t he  59 a t o m s  of  t h e  
m o l e c u l e  a n d  the  a n i s o t r o p i c  t e m p e r a t u r e  p a r a m e t e r s  of  t h e  27 h e a v y  a t o m s  were  
f u r t h e r  r e f ined  b y  l e a s t - s q u a r e s  to  t h e  f inal  va lue s  g iven  in  Tabs .  f a n d  2*. T h e y  

* }'or a key to the numbering of atoms see Fig. 1. Hydrogen atoms are numbered by  
reference to their respective carbon atoms. 
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Fig. 1. Projection of one unit of (TMBA)2CuCIa, as seen down the b axis 

correspond to R = 0.077 (calculated on the 2861 observed independent  reflections 
only) and represent the final stage of  refinement consistent with the qual i ty  of  
experimental  data,  the residual shifts being, on average, smaller than  the corre- 
sponding e.s.d.s. A final difference Fourier synthesis (~(~0) = 0.2 e/~ -a) gave a very  
smooth residual electron density, oscillating around a null value with maxima and 
minima of  absolute value 0.2--0.3 eA -~ in the general field (rising to 0 .4--0.5 eA -a 
in the region of  the [CuCI4] 2- ion only)*. 

Discussion 

A projection of  one unit  of  (TMBA)~CuC14, as seen down the b axis, is repre- 
sented in Fig. I. The crystallographic numbering of  a toms is included in Fig. t ,  
except for the hydrogen atoms, which are not  represented in Fig. ~ and are 
numbered  by  reference to their respective carbon atoms. Bond lengths and angles 
(not including hydrogen atoms**) with their e.s.d.s [2], are listed in Tab. 3. There 
are no relevant interaction and contact  distances either between the three ions 
represented in Fig. i or between any  one of  them and the other units of  (TMBA)~ 

* A table containing the calculated structure factors based on the parameters in Tabs. 1 
and 2, and the observed structure amplitudes for the 286i observed independent reflections 
has been deposited as Document No. 9415 with the ADI Auxiliary Publications Project, 
Photoduplication Service, Library of Congress, Washington, D.C. 20540, U.S.A. A copy may be 
secured by citing the Document number and by remitting $ t.25 for photoprints, or $1.25 
for 35 mm microfilm. Advance payment is required. Make checks or money orders payable to: 
Chief, Photoduplieation Service, Library of Congress. 

** The partial refinement of the hydrogen atoms (space co-ordinates only) led to carbon- 
hydrogen bond lengths between 0.80 and 1.30/~ (average value ~.07/~), ~ = 0A0 ~. 
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Table 3. Bond lengths (~) 
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and bond angles (degrees) within the formula unit, with standard 
deviations 

Cu-Cl(l) 2.229 (0.003) Cl(3)-Cu-Cl(4) 99.7 (0A) 
Cu-CI(2) 2.263 (0.003) C(1)-C(2)-C(3) 119.9 (0.8) 
Cu-CI(3) 2.263 (0.002) C(2)-C(3)-C(4) 121.3 (0.8) 
Cu-Cl(4) 2.268 (0.002) C(3)-C(4)-C(5) 110.0 (O.7) 
C(t)-C(2) 1.38 (0.0t) C(4)-C(5)-C(6) 119.0 (0.7) 
C(2)-C(3) 1.38 (0 .01 )  C(5)-C(6)-C(1) 121.2 (0.8) 
C(3)-C(4) 1.38 (0 .01 )  C(6)-C(1)-C(2) 119.4 (0.7) 
C(4)-C(5) t.40 (0 .01 )  C(3)-C(4)-C(7) 120.7 (0.6) 
C(5)-C(6) 1.40 (0 .01 )  C(5)-C(4)-C(7) 120.2 (0.6) 
C(6)-C(I) 1.37 (0 .01 )  C(4)-C(7)-N(t) 1t2.8 (0.5) 
C(4)-C(7) t.48 (0 .01 )  C(7)-N(I)-C(8) 110.2 (0.6) 
N(I)-C(7) 1.55 (0 .01 )  C(7)-N(1)-C(9) 107.t (0.5) 
N(t)-C(8) t.51 (0 .01 )  C(7)-N(I)-C(10) 1tl.2 (0.5) 
N(I)-C(9) 1.49 (0 .01 )  C(8)-N(1)-C(9) 109.6 (0.6) 
N(l)-C(10) 1.51 (0 .01 )  C(8)-N(l)-C(10) 110.5 (0.6) 
C(1t)-C(12) 1.40 (0 .01 )  C(9)-N(I)-C(t0) 108.2 (0.6) 
C(12)-C(13) 1.38 (0 .01 )  C(11)-C(12)-C(13) tt9.3 (0.7) 
c(13)-c(1~) t.~0 (0.0t) c(12)-c(13)-c(1~) 120.v (0.7) 
c(14)-c(15) t.37 (0 .01 )  C(I3)-C(IA)-C(15) 1t9.1 (0.6) 
C(t5)-C(I 6) 1.39 (0 .01 )  C(t4)-C(15)-C(16) 120.7 (0.6) 
C(t6)-C(11) 1.37 (0.0t) C(t5)-C(16)-C(11) 120.1 (0.7) 
C(14)-C(17) 1.52 (0 .01 )  C(16)-C(1t)-C(12) 120.0 (0.8) 
N(2)-C(17) 1.52 (0 .01 )  C(13)-C(14)-C(17) 118.6 (O.6) 
N(2)-C(t8) 1.50 (0 .01)  C(t5)-C(t4)-C(17) t22.3 (0.6) 
N(2)-C(t9) 1.49 (0 .01)  C(14)-C(17)-N(2) 114.1 (0.5) 
N(2)-C(20) 1.51 (0 .01 )  C(17)-N(2)-C(18) 110.7 (0.6) 

C(17)-N(2)-C(19) t06.6 (0.6) 
Cl(l)-Cu-Cl(2) 100.3 ( 0 . 1 )  C(17)-N(2)-C(20) t11.0 (0.6) 
Cl(l)-Cu-Cl(3) t32A ( 0 A )  C(18)-N(2)-C(19) 109.2 (0.7) 
CI(t)-Cu-CI(4) 99.t ( 0 . 1 )  C(18)-N(2)-C(20) t09.4 (0.6) 
c](2)-eu-cl(3) 98.3 ( o A )  C(t9)-N(2)-C(20) t10.0 (0.6) 
CI(2)-Cu-CI(4) 132.8 (0.1) 

CuC14 in the crystal structure. An outline of the environment of the ion [CuCla] 2- 
is given in Tab. 4. The two crystallographically independent trimethylbenzyl- 
ammonium ions both have a very regular geometry. The atoms of the C(l) to C(6) 
aromatic ring and atom C(7) lie in a plane (calculated according to SCHOMAK~R, 
WASER, MAl~S~, and BERGMAN [14], with all weights equal to l ,  and determined 
by the equation: 0A88x + 0.966y § 0A67z = 4.849) with a maximum deviation 
of 0.03/~ for C(l) and a mean deviation of 0.015 A. The hydrogen atoms I-I(l) to 
H(6), not used in defining the plane given above, lie practically on it, with a maxi- 
mum deviation of 0A5/~ for It(2) and a mean deviation of 0.05 A. Similarly, the 
atoms of the C(~i) to C(16) aromatic ring and atom C(17) lie in the plane --0.303x § 
§ 0.089y § 0.965z = 9.907 with maximum and mean deviations of 0.0i [for C(14)] 
and 0.005 A, respectively. The maximum and mean deviations of the hydrogen 
atoms H ( i i )  to H(16), not used in defining the plane, are 0.20 [for H(13)] and 
0.10/~, respectively. The structure of the [CuCI4] 2- ion is indeed tha t  of a squashed 
tetrahedron with $4 symmetry retention in one direction. In fact, the plane 
through Cl(l), Cu, Cl(3) is at an angle of 89~ ' with the plane through C1(2), Cu, 
C1(4). Bearing in mind that  this angle is computed from the erystallographieally 
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Table 4. Environment o/the [CuC14]~- ion (distances are in A units)* 

373 

Cu H(13) 3.43 Cl(3) H(5) 3.49 
Cu g(18)a 3.49 Cl(3) It(J3) 3.39 
Cu H(i9~v)c 3A1 Cl(3) H(i7)b 3.13 
Cl(i) H(t5~) 2.82 C1(3) H(9m)c 2.96 
CI(J) H(17~)a 3.24 C1(3) H(~0)c 3.25 
Cl(l) I-I(19~v)c 3A5 Cl(3) H(18)a 2.86 
CI(I) H(20~)a 3.0t C1(3) H(JS~V)c 2.74 
Ct(l) tI(20V)b 2.96 Cl(3) H(J9)a 3.3~ 
CI(2) H(J") 2.98 C1(3) H(i9xv)e 3.44 
CI(2) H(5) 3A8 C1(4) H(6~) 2.9i 
CI(2) H(J2) 3.25 C1(4) H(7m)a 2.54 
Cl(2) H(13) 3.0i CI(4) H(17~)a 3A2 
C1(2) H(7)b 2.70 Cl(4) H(8m)b 2.89 
C1(2) H(8~)a 2.96 CI(4) I-I(9m)c 2.86 
Cl(2) H(9~)a 2.69 C1(4) H(19H)b 2.88 
CI(2) tI(9)b 2.96 CI(4) H(~9~v)c 3.05 
C1(2) H(t0~)a 2.62 C1(4) H(20~v)a 3.08 
C1(2) H(i0)c 2.8i 

* The superscripts refer to the positions: 
I:  1 - - x  2 , I  +Y, 1 - z  

I I :  --1 + x , y , z  

m: � 8 9  + v , } - ,  
IV: i - - x ,  - - y , i - - z  
V: I --x,  I - -y ,  I - -z  

independent  general positions found for the five a toms involved, the intersection 
of  the two planes defined above, namely,  the line* : 

x '  = 0.7098z' -- 6A877; y '  = 0.0336z' + t . i751 

can be said to  be, within experimental  error and computat ional  approximation,  
an S t s y m m e t r y  axis of  the [CuC14] ~- ion. This axis is at  an angle of  88o26 ' with 
the y axis and therefore lies practically parallel to  the xz plane. I t  is shown by  a 
broken line in Fig. l,  a t  an angle of 54039 , with the x axis. The values of  the four 
polar angles of  the [CuClt] 2- ion are also indicated in Fig. I. There are four sym- 
m e t r y  correlated [CuC14]2- ions in the uni t  cell, forming two centro-symmetrical  
pairs. No t  only are the two S 4 axes of  each pair  parallel for s y m m e t r y  reasons, but,  
as the S t axis of  the asymmetr ic  uni t  is practically parallel to  the xz plane and 
therefore parallel to  the glide plane of  symmetry ,  all the four S~ axes in the uni t  
cell are practical ly parallel. 

Thus, on the basis of  these crystallographic results, it is possible to  perform 
spectrophotometr ie  measurements  on single crystals of  (TMBA)2CuC1 t using 
polarized light with the electric vector in selected orientations with respect to 
the  direction of  the S 4 axes of  the [CuClt] ~- ions. This has been done by  FU~LANI 
et al., and their results are reported in the following paper  [5]. 

Experimental Part 
The X-ray intensities were estimated visually from sets of multiple-film equi-inclination 

Weissenberg photographs taken about the a (4 layers) and the b axis (6 layers) for approxi- 
mately square crystals, 0.02 cm thick. 2861 reflections were collected (abou~ 50~/o of the possible 

* Equations given in absolute (J~), rectangular co-ordinates, with the x' and y' axes 
loaralle] to the x and y crystallographic axes, the origin being ~he same for both systems. 
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ones with Cu radiation). Intensities were corrected for spot-size (according to Pm~LIPS [12]), 
Lorentz and polarization factors and placed on a common scale by the method of ROLLETT 
and SPARKS [13]. No absorption or extinction corrections were applied. 

The calculations were carried out on the IBM 1620 and 7040 computers of the University 
of Rome. On the 1620 computer intensity corrections and structure factors were calculated 
using programmes of SCA~UI~N and his co-workers. VAN DE~ HELI~I'S general Fourier syn- 
thesis and G~GLIO'S differential Fourier synthesis programmes were also used. The two least- 
squares planes were calculated by a programme written by C~u (equation of the plane referred 
to the crystallographic axes). On the 7040 computer the programmes written by DOMEN~CA~O, 
and VAC~AOO for the Fourier synthesis and the interatomic distances and angles with standard 
deviations, and by ALBA~O, DO~E~ICA~O, and VAt ,GO for SFLS calculations, were used. The 
standard deviations for the space and temperature parameters are computed by the SFLS 
programme as described by CRUICKSHANK and his co-workers [1]. Weights were assigned to 
the reflections according to the function w = {a + bk I F 0 I + c(kF0)2} -~, with a = ~0.0, 
b = t .0 and c = 0.01. The atomic scattering factors used in the last stages of refinement were 
those given by HAnsoN, HERMAN, LEA, and SKmLM~N [7], those of the copper and chlorine 
atoms were corrected for anomalous dispersion. 
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