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Crystal Structure of Frozen o-Ethoxybenzoic Acid* 
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o-Ethoxybenzoic acid, C2H50. C6H4. COOH, an oily liquid at room temperature, crystallizes on cooling 
below 10 °C in the monoclinic space group P21/c, with a = 7.28 + 0.01, b = 15.02 + 0.02, c = 16.05 + 0.02/~ 
and ,8 = 108.27 + 0.03 °. The density calculated on the basis of eight molecules per unit cell is 1.325 g.cm-a 
and the density of the liquid at room temperature is 1.173 g.cm -3. The crystal structure was solved by 
direct methods using three-dimensional diffractometer data, measured at - 10°C. The R index obtained 
at the end of block-diagonal least-squares refinement is 0-09 for 2469 observed reflections. The bond 
lengths and bond angles are in good agreement with the usually accepted values. The hydrogen atom 
in the carboxyl group forms intramolecular hydrogen bonding with the oxygen atom in the ethoxy 
group. The two independent molecules comprising the asymmetric unit differ only as to the conforma- 
tion of the ethoxy group. In one molecule it is coplanar with the benzene ring and in the other it is not. 
The molecules are packed in a layer-like structure with a layer-to-layer distance of 3.6 ~ corresponding 
to half the a-axis translation. There are no unusually short intermolecular contacts. 

Introduction 

o-Ethoxybenzoic acid (EBA, salicylic acid ethyl ether), 
C2HsO.C6Ha. COOH, is an oily liquid at room tem- 
perature with a freezing point of 19.5°C. The crystal- 
lization process is rather slow, so that under normal 
laboratory conditions it is a liquid. Liquid EBA is 
used as an additive in the zinc oxide-eugenol dental 
cements (Brauer, 1965, 1967). As  part of a general 
investigation of the formation and hardening mecha- 
nism of this cement, the crystal structures of the various 
components are being investigated (Copeland, Brauer, 
Sweeney & Forziati, 1955). In particular, the part 
played by EBA is interesting as it greatly improves the 
quality of the cement (Brauer, 1965, 1967) and know- 
ledge of its structure could lead to an understanding 
of the role of EBA in zinc oxide-eugenol dental 
cements. Fig. I shows the stereochemistry of the mole- 
cule of EBA and the numbering scheme. 

Experimental 

Drops of EBA left on a glass plate inside a refrigerator 
(_0°C)  solidify on cooling into polycrystalline ag- 
gregates, consisting of colorless needle-shaped crystals 
elongated along the a axis, Single crystals suitable for 
X-ray analysis could be separated and cut to the correct 
size from these aggregates. The specimen for the dif- 
fraction experiments was mounted inside a precooled 
thin-walled glass capillary, and both ends were sealed 
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search, USA. This publication is issued as N.R.C.C. No. 12769. 

I" National Research Council Postdoctoral Fellow, 1969-71. 
To whom all correspondence should be addressed. 

with cement. All manipulations in mounting the crystal 
were carried out inside a refrigerated area to prevent 
the crystal melting. 

The space-group symmetry and the initial lattice 
parameters were determined from the zero- and first- 
layer Weissenberg photographs taken about the a and 
b axes. Final lattice parameters and the intensities 
were obtained using a General Electric XRD-6 manual 
single-crystal diffractometer with a scintillation coun- 
ter. Cu Ke radiation was used in both cases. The low- 
temperature attachment supplied with the Weissenberg 
camera (Stoe Wissenschaftliche Instrumente, Darm- 
stadt, Germany) was adapted for cooling the crystal 
in both the Weissenberg and the diffractometer ex- 
periments. Using specially designed mounts and nozzles 
(Gopalakrishna & Cartz, 1969), the full-cassette pic- 
tures could be taken rather than the half-cassette pic- 
tures possible with the conventional mounting of the 
low-temperature attachment in the Weissenberg ex- 
periments. The temperature of the crystal was measured 
with a thermocouple placed as near as possible to the 
crystal, and was - 10 + 4 °C. 

The systematic absences established the space group 
as P21/c. The unit-cell dimensions obtained are a-- 
7.28 +0.01, b=  15.02+0.02, c=  16.05 +0.02 ,~ and fl= 
108.27 +_0.03 °. The calculated density assuming eight 
molecules per unit cell is 1.325 g.cm -3, as compared with 
the measured value of 1.173 g.cm -3 for the liquid at 
room temperature (24 °C). The linear absorption coef- 
ficient is 5.1 cm -1. 

There are two molecules per asymmetric unit. To 
distinguish them, the atoms belonging to molecule I 
will have the digit 1 added in the tenth's place of its 
number and those of the molecule II will have the 
digit 2; thus C(11) is atom (C1) in molecule I, and C(21) 
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T a b l e  1. Observed and calculated structure factors ( x 1 O) 

An asterisk indicates an unobserved reflection, with Fm~. given in place of IFol. 
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is atom C(1) in molecule II. When referring to an atom 
without distinction, the tenth's place will have either a 
0 or a blank (see Fig. 1.) The hydrogen atoms on C(8) 
and C(9) have a further digit. Thus, H(218) is the hydro- 
gen atom H(208) attached to C(8) in molecule I, H(228) 
being the corresponding hydrogen atom in molecule II. 

Intensities were collected by the stationary crystal/ 
stationary counter method using balanced Ross filters 
and counting the intensity for each reflection for ten 
sec with each filter. The crystal used was 0.3 x 0.3 x 0.5 
m m  in size and was mounted with its a axis parallel 
to the ~0-axis of the instrument. Intensities of  all the 
3111 non-equivalent reflections with 20<  136 ° were 
measured. Of these, 2469 reflections had net intensities 
greater than twice their respective standard deviations. 
The remaining 642 reflections were treated as unob- 
served. 

Structure analysis 

After the usual corrections were made for the Lorentz 
and polarization effects, the normalized structure fac- 

o(2) 
o(1) 

" " ~ C ( 7 )  I H(109) H(209) 

~ H O  

H(5) " ~ ~  , ~ (2~41 / '" H(3) 

H(4) 

F i g .  1. N u m b e r i n g  s c h e m e  o f  t h e  a t o m s  i n  t h e  m o l e c u l e  o f  
e t h o x y b e n z o i c  a c i d .  

tors, E, were calculated (Karle & Hauptman, 1953). N o  
absorption corrections were applied. The signs were 
determined for all the reflections whose E values were 
greater than or equal to 1.5 by the symbolic-addition 
method making use of  the ~2 relationship. 

The derivation of the signs of the E's was carried out 
using the symbolic-addition (centrosymmetric) pro- 
gram (Hall & Ahmed, 1968). The origin was fixed by 
assuming the signs for a set of three linearly indepen- 
dent reflections with large E values and evaluating the 
signs for all other reflections with E >  1.5. Using the 
signs so obtained, and with the E's as Fourier coef- 
ficients, a Fourier map was computed. The peaks in 
this map were consistent with the broad features ob- 
served in the sharpened Patterson map, which indicated 
that the molecules are stacked very nearly parallel to 
the (20i) plane. However, the map could not be inter- 
preted to yield the complete structure. Eleven peaks 
from this map, which gave reasonable bond distances 
and bond angles, were selected. Structure factors were 
calculated using these peaks, and the set of  signs ob- 
tained was refined by using the tangent formula, with 
the restriction that the phase angle could be either 0 or 
~. The tangent refinement of the phases was carried 
out using the direct-phasing method (centrosymmetric 
and non-centrosymmetric) program (Huber & Brisse, 
1970). The E map calculated with this set of  signs 
yielded the complete structure without any ambiguity. 

The structure-factor calculation with the set of  
atomic positions derived from the E map gave an R 
value of 30 %, which was reduced to 18 % after four 
cycles of  least-squares refinement using isotropic tem- 
perature factors. Three cycles of  further refinement 
using anisotropic temperature factors brought down 
the R value to 11%. A difference map calculated at this 
stage using only the reflections with sin 2 0 < 0.5 showed 
the positions of all twenty hydrogen atoms. On in- 
cluding the hydrogen atoms with isotropic tempera- 
ture factors in the structure-factor least-squares refine- 
ment, the R value finally came down to 9.2%. At 
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Table 2 (cont.) 
(b) Fractional atomic coordinates and isotropic temperature 
factors for hydrogen atoms 

x/a y/b z/c B(,~2) 
H(13) 0"332 (6) 0"419 (3) 0"296 (3) 2"3 (9) 
H(14) 0"370 (6) 0"352 (3) 0"437 (3) 2"1 (9) 
H(15) 0"440 (8) 0"190 (4) 0"441 (4) 5"8 (14) 
H(16) 0"425 (6) 0"114 (3) 0"318 (3) 2"8 (10) 
H(l18) 0"406 (6) 0"474 (3) 0-185 (3) 2"5 (9) 
H(218) 0"162 (6) 0"453 (3) 0"148 (3) 3"7 (11) 
H(l l9)  0"249 (7) 0"531 (3) 0"044 (3) 4"7 (12) 
H(219) 0"130 (10) 0"435 (5) 0"017 (5) 9"8 (22) 
H(319) 0"420 (7) 0"449 (3) 0"034 (3) 3"9 ( l l )  
H(10) 0"297 (7) 0"259 (4) 0"086 (3) 5"4 (13) 
H(23) 0"804 (8) 0"318 (4) 0"074 (4) 6"2 (15) 
H(24) 0"794 (6) 0"457 (3) 0"124 (3) 3"6 (10) 
H(25) 0"795 (7) 0"477 (3) 0"283 (3) 4"2 (12) 
H(26) 0"856 (8) 0"347 (4) 0"378 (4) 7"1 (16) 
H(128) 0"664 (9) 0"180 (4) 0"045 (4) 8"2 (18) 
H(228) 0-936 (9) 0"177 (4) 0"036 (4) 7"9 (18) 
H(129) 0"778 (10) -0"003 (5) 0"100 (5) 10"2 (21) 
H(229) 0"765 (8) 0"030 (4) -0"007 (4) 6"4 (15) 
H(329) 0"970 (10) 0"049 (5) 0"060 (5) 11"8 (22) 
H(20) 0"918 ( l l )  0"097 (5) 0"241 (5) 10"l (24) 

this stage all the shifts were less than one fourth of 
their corresponding estimated standard deviations. 
The atomic scattering factors used in the calculation 
of the structure factors were taken, for carbon and 
oxygen atoms, from International Tables for X-ray 
Crystallography (1962) and those for hydrogen atoms 
from Stewart, Davidson & Simpson (1965). Least- 

. I  

(b) 

(a) 

Fig. 2. Stereoscopic view of the two symmetry-unrelated mole- 
cules: (a) Molecule I, (b) Molecule II. 

squares refinement was carried out using block-diagonal 
matrices, a 9 x 9 matrix for each atom with anisotropic 
temperature factors and a 4 x 4 matrix for each atom 
with isotropic temperature factor. A weighting scheme 
with 

and 
weight = 1 if F(obs) < 20 

weight = 20/F(obs), F(obs) > 20 

was used in the final stages of the refinement. The 
structure factors were calculated for the unobserved 
reflections in each cycle of the refinement and only 
those unobserved reflections whose F(calc) were greater 
than the corresponding threshold values were included 
in the least-squares sums and in the R value. The 
estimated standard deviations were obtained from the 
inverse of the block-diagonal matrices. 

Table 1 lists the observed and the calculated struc- 
ture factors (the values listed are ten times their 
absolute values). The positional and temperature 
parameters obtained at the end of the final refinement 
are given in Table 2. 

Discussion 

Stereoscopic plots of each of the two symmetry-un- 
related molecules are given in Fig. 2. Bond lengths and 
bond angles are given in Fig. 3. The estimated standard 
deviations are given in parentheses and refer to the 
least significant digit in the values given. The value 
obtained for any particular bond length or bond angle 
in one molecule does not differ from that obtained in 
the other molecule by more than four times the e.s.d. 
As such, these differences are probably not significant. 
The bond distances in the central part of the molecule 
are all very close to expected values, whereas bonds 
further from the center are all systematically shorter. 
The average bond lengths of 1.393 A for C(6)-C(1), 
1.400/~ for C(1)-C(2) and 1.385 A for C(2)-C(3) are 
very close to the value of 1.395 +3 A expected for 
the C-C bond in aromatic rings (International Tables 
for X-ray Crystallography, 1962). The bond length of 
1.474/~ for C(1)-C(7) is very close to the theoretical 
value of 1-477 A quoted by Dewar & Schmeising (1959) 
and by Cruickshank & Sparks (1960) for the sp z single 
bond between trigonaUy linked carbon atoms. The 
C(2)-C(3) bond length with a value of 1.370 A is also 
in agreement with the expected value of 1.36A 
(International Tables for X-ray Crystallography, 1962). 
All the above bond lengths are in the central part of the 
molecule. The other bond lengths are shorter than the 
usually accepted values, the shortening being con- 
spicuously large at the extremes of the molecule. A 
considerable part of the bond-length shortening ap- 
pears to be due to the thermal librational motion of the 
molecules. This is evident from the isotropic tempera- 
ture factors obtained at the end of the first stage of 
the least-squares refinement before the introduction of 

A C 2 8 B  - 3 



2922 CRYSTAL S T R U C T U R E  OF F R O Z E N  o - E T H O X Y B E N Z O I C  ACID 

anisotropic temperature factors. These are given in the 
last column of Table 2(a). The temperature factors are 
smaller for atoms closer to the center of the molecule, 
and increase with the distance from the center. This 
is true for both molecules 1 and II. The bond length 
which is shortened most is C(8)-C(9) and the effect 
is greater in molecule II, where the temperature factors 
of the two atoms are larger than those in molecule I. 
An attempt was made to correct the bond lengths for 
librational motion effects using the MGTLS program 
by Schomaker & Trueblood (1968). Table 3 lists the 
corrected and uncorrected bond lengths. Although the 
corrections by this method are in the right direction, 
they appear to be too small. This may be because the 
corrections have been calculated on the assumption 
that the whole molecule is rigid, whereas the substituent 
groups may really be moving relative to the aromatic 
ring. 

Table 3. Bond lengths (k) before and after correction for 
thermal motion 

Molecule I Molecule II 
Un- Un- 

corrected Corrected corrected Corrected 
C(1)-C(2) 1.391 1.395 1.409 1.414 
C(2)-C(3) 1.389 1.396 1.381 1.388 
C(3)-C(4) 1.377 1.380 1.353 1.357 
C(4)-C(5) 1.371 1.373 1.392 1.397 
C(5)-C(6) 1.382 1.388 1.376 1-380 
C(6)-C(1) 1.395 1-400 1.391 1.397 
C(1)-C(7) 1.463 1.471 1.485 1.493 
O(1)-C(7) 1.208 1"211 1.221 1.223 
O(2)-C(7) 1.340 1.343 1.325 1.331 
O(3)-C(2) 1.377 1.382 1.363 1.370 
C(8)-O(3) 1.445 1-449 1.453 1.457 
C(8)-C(9) 1.509 1.515 1.493 1.499 

The values obtained for bond lengths involving 
hydrogen atoms are all reasonable, except for C(29)- 
H(329), in molecule II, which seems to be errone- 
ous with a value of 1.23 A. All the other C-H and 
O-H bond lengths are between 0.93 and 1-13 A. 

The bond angle C(7)-C(1)-C(2), with an average 
value of 125.2 ° , seems to be highly strained because of 
the steric hindrance between the two adjacent substi- 
tuent groups. The bond angles involving hydrogen 
atoms in the ethoxy groups appear to be highly er- 
roneous, which may again be because of large tem- 
perature factors of the atoms concerned. All the other 
bond angles are reasonable. 

Fig. 4 shows the packing of the molecules in a unit 
cell as seen along the a axis in stereo. This and the 
diagrams in Fig. 2 were drawn using the ORTEP pro- 
gram by Johnson (1965). The molecules are packed in 
layers approximately parallel to the (20T) plane, with 
a layer-to-layer distance of 3.6 A. The a-axis translation 
corresponds to twice this distance. 

The equations of the least-squares planes are given 
in Table 4, the deviations from these in Table 5, and 
the dihedral angles in Table 6. In both molecules I and 
II, the benzene rings are planar within experimental 

error. In molecule I, the COOH group is rotated by 7.2 ° 
from the plane of the benzene ring. The ethoxy group 
is almost parallel to the benzene ring, the angle be- 

\ - ~  1'376(71 /~£'.~ . ~ 1'382(7, ( ~  

\ ~  1485(61 
1"04(41 \ ] ~1'463(61 X~,'~.o/'~'~ 

~. \ ~ %  

d(+ 1389<6, 

. g ~ /  o ~  

(a) 

\ / 
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\ .+;++o / 
~20'8<5> 118"6(4X'~ ~'e'5 ""O~z'~' 9'1(4, 
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109(3)/..'102{5)." L 

(b) 
Fig. 3. (a) Bond lengths (N). (b) Bond angles (o). The two 

values marked for each of these correspond to the values 
for molecules I and II. The lower value refers to molecule 
I and the upper value to molecule II. 
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tween them being only 2.7 °. The a toms of  molecule II  
deviate more  f rom planarity.  The C O O H  group in this 
case is almost  coplanar  with the benzene ring, the angle 
between them being 1.9 ° , whereas the mean plane of  
the a toms of  the ethoxy group is inclined at 16.5 ° to the 
benzene ring. C(28) and C(29) are displaced 0.35 and 
0.68 A respectively f rom the mean plane of  the benzene 
ring. The ethoxy group of  molecule I is constrained 
on either side by neighboring molecules. In molecule 
II,  the ethoxy group has greater f reedom of  movement.  
As a consequence, the atoms C(28) and C(29) deviate 
much more  f rom the mean plane of  the rest of  the 
molecule. They also have larger thermal motions.  

Table 4. Least-squares planes 
The equations of the least-squares planes are of the form 
IX+mY+nZ=P relative to the crystal axes, where X, Y, Z 

and P are in/~. 

Plane Atoms included 
A I C(11), C(12), C(13), 

C(14), C(15)and C(16) 
B I C(17), O(11) and O(12) 
C I O(13), C(18) and C(19) 

A II C(21), C(22), C(23), 
C(24), C(25) and C(26) 

B II C(27), O(21) and 0(22) 
C II O(23), C(28) and C(29) 

l m n P 

0.9616 0.1315 0.2409 2.7879 
0-9679 0-2080 0.1411 2.7141 
0.9477 0.1559 0.2783 2.9683 

0.9620 0.1352 0.2371 6.3070 
0-9683 0-1428 0.2049 6.2029 
0.9971 0.0665 0.0371 5.5026 

Table 5. Perpendicular distances ( A ) f r o m  the mean 
planes 

The atoms included in the calculation of the mean plane are 
marked with an asterisk. 

Plane A I Plane A II 
C(11) 0.001" C(21) -0-004* 
C(12) -0.001" C(22) 0.006* 
C(13) 0-001" C(23) 0.000" 
C(14) -0.001" C(24) -0-009* 
C(15) 0.001" C(25) 0.0l 1" 
C(16) -0.001" C(26) -0.004* 
C(17) 0.023 C(27) - 0.012 
C(18) 0.039 C(28) 0.345 
C(19) -0.010 C(29) 0.678 
O(11) -0.079 O(21) -0.051 
O(12) 0" 186 0(22) - 0"006 
O(13) 0"006 0(23) 0"007 
H(13) -0"020 H(23) 0-120 
H(14) 0.014 H(24) -0.028 
H(15) -0.150 H(25) 0.119 
H(16) -- 0-041 H(26) 0-075 
H(10) 0-296 H(20) - 0.023 

• p 

Fig. 4. Stereoscopic view of the molecular packing in the unit 
cell as viewed down the a axis with the b axis horizontal. 

Table 6. Dihedral angles 

Plane 1 Plane 2 Angle 
A I A I I  0.3 ° 
A I  B I  7.2 
A II B II 1.9 
A I C I  2.7 
A II C II 16.5 

In spite of  the ethoxy groups assuming different con- 
format ions  with respect to the rest of  the molecule, the 
fold angle has very similar values in both  molecules. 

/ H ( O )  

C(2)--O(3)~C(8) 

In molecule I it is 12.0 ° and in molecule II it is 14.2 °. 
This fold angle is the angle between the two mean  
planes of  the a toms C(2), C(3) and C(8) as one group 
and the a toms C(2), 0 (3)  and H(O) as another.  

There are no unusually short  intermolecular  con- 
tacts in this structure. There are only two distances not  
involving hydrogen a toms that are shorter  than 3.5 A :  
3.467 A between C(15) and C(27) and 3.166 A between 
C(18) and 0(22).  There are fifteen intermolecular con- 
tacts less than 3.0 A between hydrogen atoms and either 
carbon or oxygen atoms,  of  which three are slightly 
less than 2.5 A. All these distances are given in Table 7. 
None  of  them is significantly less than the correspond- 
ing van der Waals  distance when considered in the light 
of  their e.s.d.'s. The distance between 0(2)  and 0(3)  
is 2.553 A and that  between 0(3)  and H(O) is 1-59 A. 

Table 7. lntermolecular contacts 

Atom 1 Atom 2 Neqv* Cell* Distance (/~,) 
C(15) C(27) 1 - 1 0 0 3"467 (7) 
C(18) 0(22) 2 1 0 0 3" 166 (6) 
C(14) H(128) - 2  0 0 - 1  2.83 (7) 
C(19) H(24) - 1 1 1 0 2"84 (4) 
O(11) H(229) - 1 1 0 0 3.00 (6) 
O(11) H(13) 2 1 - 1  0 2.97 (4) 
O(11) H(l18) 2 1 - 1  0 2.78 (4) 
O(11) H(25) 2 1 - 1 0 2.46 (5) 
O(12) H(228) 1 - 1 0 0 2.75 (7) 
O(12) H(14) - 2  0 0 - 1  2.48 (4) 
C(24) H(218) 1 1 0 0 2.75 (5) 
O(21) H(119) 2 1 0 0 2.91 (5) 
O(21) H(219) - 2  1 0 0 2-65 (7) 
O(21) H(23) - 2  0 0 0 2.87 (6) 
O(21) H(228) - 2  0 0 0 2.65 (7) 
0(22) H(218) 2 1 - 1  0 2.48 (5) 
0(22) H(24) 2 2 - 1 0 2"95 (5) 

* Neq, and Cell specify the Atom 2 with respect to Atom 1. 
Neqv=l, - 1 ,  2 and - 2  refer to the equivalent positions 
x, y, z; - x ,  - y ,  - z ;  - x ,  ½+y, ½-z;  x, ½-y,  ½+z respec- 
tively. Cell refers to unit translations along the crystallographic 
axes. 
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The crystal structure of ammonium hydrogen terephthalate, NHa+C6HaCOOHCOO -, has been deter- 
mined using three-dimensional X-ray data measured with a proportional counter. The space group is 
C2/c with four molecules in the monoclinic unit cell. Positional and anisotropic thermal vibrational 
parameters have been refined by the method of least-squares gMng a final conventional R value of 
0.076. The crystal structure consists of chains of centrosymmetric terephthalate ions linked by short 
hydrogen bonds across centres of symmetry (O . . .  O distance of 2.51 A) and these chains are linked via 
the ammonium ions to form a three-dimensional hydrogen-bonding network. The carboxyl groups are 
twisted 9 ° out of the plane of the benzene ring to form hydrogen bonds with the ammonium ions. Bond 
lengths for the terephthalate ion have been corrected for librational motion and are C-C (carboxylate)= 
1"495+0-004, C - O =  1-237+0.004, C - O =  1.310+0-004, C - C =  1.386+0.005, C -C=  1.409+0.005 and 
C-C = 1"374 + 0.005 A. 

Experimental 

A sample of  a m m o n i u m  hydrogen terephthalate was 
prepared by the dropwise addit ion of  aqueous am- 
monia  to a solution of  terephthaloyl chloride in pyri- 
dine. Plate-shaped crystals were grown by recrystal- 
lization from an aqueous solution of  dimethylforma- 
mide. Composi t ion of the crystals was confirmed by 
quantitative elemental analysis and mass spectrometry. 

Weissenberg photographs showed the crystals to be 
monoclinic and the systematically absent reflexions, 
hkl for (h + k) = 2n + 1, hOl for l =  2n + 1, indicated the 
space group to be Cc or C2/c. The space group was 
later assumed to be C2/c on the evidence of  a centric 
distribution of  the three-dimensional intensities (How- 
ells, Phillips & Rogers, 1950). Cell dimensions were 
determined by a least-squares fit to 0 values of  a num- 
ber of  reflexions measured on a three-circle diffractom- 
eter (Small & Travers, 1961) using Cu Kc~ radiation 
(2=  1.5418/~). The density was measured by flotation 

using a mixture of  chlorobenzene and carbon tetra- 
chloride. Crystal data are shown in Table 1. 

Table 1. Crystal data 

C8H9NO4 
a= 18"913 + 0"004/~ 
b= 3.801+0-001 
c = 11.460 + 0.002 
,8 = 97.44 + 0-04 ° 
V= 816.99/~3 
Z= 4 

Dobs= 1-472 g.cm-3 
Dealt= 1"489 

Determination and refinement of the structure 

A total of  891 integrated intensities (833> la)  with 
sin 0 /2<0.642 A -1 were measured using the three- 
circle diffractometer. Corrections were applied to the 
intensities for the absorption of  X-rays using the pro- 
gram ABSCOR on the Chilton ATLAS computer.  


