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operators is given for each primitive unit cell up to
N=5.

N=3. p?p~1, p2q, p*q~'; pp'q .

N=4. p’p~1, p’q, p>q7'; p?q* p*q~2;
p’r7q, p*p7'q7Y, p*qq
pppq, pp~pg', papq Y, pqp1q, pqpTiq 7Y,
pplqp~t, pg7lqq7, ppTlq7p71 pgqTlq.

. pp, pAqTh pRpT?, P32, pPa
g, pPp~lq 1, pPaq 1t p?p~2q, p*p 2q 7, p?q?pY,
P*q*qY, p*q~p7Y, p?q7q;
p*p7'pq, p*p~pq ', p*qpqt, p?p~! pp7t, p*qpy,
pq~'pqt, ppiqp~', p*qplq, p’q 997",
p*q~'p~iqY, pPpiqTipTt, ppTlqq 7,
pap~iq, pqq'pY, pPqqTq;
pp~'\ppiq, papap=*, pq~'pq'q, pp~ppq71,
pp~'pqq 1, pp~lqpq 1, pp~iq~'pq, pqpaq!,

pq'pg7ipt.
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The Crystal Structures of 9-Dicyanomethylenefluorene Derivatives.
I1. 9-Dicyanomethylene-2,7-dinitrofluorene

By J.SiLVERMAN, A.P.KRUKONIS AND N.F.YANNONI

Energetics Branch, Space Physics Laboratory, Air Force Cambridge Research Laboratories,
Bedford, Massachusetts 01730, U.S.A.

(Received 9 November 1967)

9-Dicyanomethylene-2,7-dinitrofluorene crystallizes in the orthorhombic space group Pnna. There are
four molecules with twofold point group symmetry in the unit cell: a=19-26, b=1119, ¢c=6-33 A. An
intense reflection in conjunction with packing considerations provided sufficient information to solve
the structure. A refinement by least-squares based on 613 reflections from X-ray photographs converged
at an R value of 8:9%. The fluorene moiety is planar; nitro groups are rotated out-of-plane by 17-6°
and the dicyanomethylene portion is rotated slightly about its formal double bond. In the herringbone
packing scheme, the presence of weak self-complexing by charge transfer is suggested by the association
among parallel molecules which includes z-orbital overlap between outer benzenoid rings and close
approaches of 3-33 and 3-37 A for C+--C and 3-15 A for O---C. Comparisons with the recently
reported structure of the 2,4,7-trinitro derivative induce some speculations as to the connection between
structural and electrical properties of the two compounds and, in particular, lead to a postulated rela-
tionship between the high photoconductivity of the present molecule and its weak self-complexing.

Introduction

9-Dicyanomethylene-2,7-dinitrofluorene (DDF) is one
of a series of new electron acceptors, nitro derivatives
of fluorene-4%-malononitrile, synthesized by T.K.
Mukherjee of our laboratory. The relative photo-
conductive response of polycrystalline samples as well
as the order of electron affinities among the several
molecules has been determined (Mukherjee, 1966,
1968). Crystallographic results on the 2,4,7-trinitro
derivative (DTF) were presented as part I of this
series (Silverman, Krukonis & Yannoni, 1967). Here,

A C24B - 6*

we report on the structure of the 2,7-dinitro derivative,
and based on a comparison with the DTF structure,
offer some speculations as to the connection between
the structural and electrical properties.

Experimental

Crystal data

9-Dicyanomethylene-2,7-dinitrofluorene
C|6H6N404, M=318'2; m.p.=298—299 °C.
Orthorhombic, a=19-26, b=11-19, ¢=6-33 (based on
2=0-7017 A and with e.s.d.’s of 0-3%).

(DDF)
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Absent reflections: 0k/ when k-+/ is odd; A0/ when
h+1is odd; and hkQ when 4 is odd. Space group is
Pnna (No. 52).

Density data: For Z=4, D,=1-547 g.cm—3, Dy, (Ber-
man balance)=1:51. Implied molecular symmetry is
twofold.

Absorption coefficients for X-rays: Cu Ka, 7-74 cm™1,
Mo Ka, 1-57 cm—1,

The basic data set consisted of 6 levels taken with
unfiltered copper radiation about the c¢ axis on an
integrating Weissenberg camera (equi-inclination geom-
etry). The crystal, a well-developed prism whose
thickness varied from 0-14 to 0-23 mm, disintegrated
shortly after Weissenberg data collection was com-
pleted. Supplementary data of levels 40/, Ok! and 1k!/
were taken with an integrating precession camera on a
slightly smaller second crystal (Zr-filtered Mo radia-
tion). These three levels were used for the cell param-
eter measurements dnd for placing the basic data set
on a common scale. Spot intensities were measured
with a densitometer and very faint spots estimated
visually. The usual multi-exposure time and multiple
film techniques enabled 613 independent reflections,
41% of those theoretically accessible, to be measured.

We estimate that neglected absorption effects could
lead to errors of up to 8% in relative values of F,.in
fortuitously unfavorable cases. Corrections for sec-
ondary extinction were applied as described below.

Solution of the structure was straightforward. The
very intense 031 reflection suggested the approximate
orientation of the molecular planes.* The remaining
degree of freedom, the translational position of the
molecule along the twofold axis in the a-direction, was
narrowed to one of two choices by packing considera-
tions and subsequently fixed by preliminary structure
factor computations.

Refinement proceeded through cycles of full-matrix
least-squares (Busing, Martin & Levy, 1962) based on
F with the weighted R value,

Ry= [ZW(FO_[FCDZ]UZ
v X wF?

minimized in the procedure. Scattering factors were
taken from the tables of Hanson, Herman, Lea &
Skillman (1964).

Refinement commenced at Ry,=351-4% with the
conventional R value at R=33-9% and after 12 cycles
with individual isotropic thermal parameters and unit
weights, R, converged to 18-2% and R to 16:0%.
Examination of root mean square values of |F,—|Fl|
as a function of F, together with previous experience
in our laboratory suggested the weighting scheme:

* In the final structure, the overall molecular planes deviate
by about 2° from the (031) planes and parallel molecular pairs
are offset from coplanarity by 0-33 A. This suffices to produce
an 031 reflection which is about 40% of a total in-phase scat-
tering of electrons and whose structure factor is twice as large
as that of any other reflection.
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w=[0-64+0-064F,]~2 (scale is 0-25 absolute) which was
employed thereafter. Two further cycles saw R, drop
from 20-2 to 19-3 and R from 16-0 to 15:0%. At this
point, a difference Fourier synthesis showed 3 peaks
at 07 to 09 e.A-3 in expected positions for hydrogen
atoms amid 10 other peaks of comparable height, most
of which could be ascribed to anisotropic motion of
the heavy atoms. Thereafter, hydrogen atoms were in-
cluded in the refinement with isotropic thermal param-
eters fixed at the values of their attached carbon atoms.
Three additional cycles gave Ry,=18-7 and R=14:3%.
The introduction of anisotropic thermal parameters
for the heavy atoms permitted 3 additional cycles of
refinement to converge at Ry,=15-0, R=11:1%. Slight
readjustment (by hand) of the relative scale factors of
levels hk4 and hk5 and the assignment of zero weight
to the 031 reflection lowered R, to 13-7% and R to
10-5% with 2 subsequent cycles of refinement effecting
little change.

As 14 of the 17 strongest reflections had F,> F,, we
decided to apply an empirical secondary extinction
correction based on the expression I/l,=1+g/u [I]
(Pinnock, Taylor & Lipson, 1956). A plot of /1,
versus I, yielded a value for g/u of 0-00014 (taking
I.=[Lp]F? with F; on a scale of 0-25 absolute)*. After
the correction, the original discrepancy index of 14%
between F, and F, for the 17 reflections was reduced to
4%. Overall R values were lowered to R, =12-2% and
R=8-9%. Three cycles of least-squares then completed
the refinement. Final R values were R,=11'7, R=
8:6%. With the inclusion of unobserved reflections in
the same sin @ range as the observed, these R values
are 145 and 13-1% for a total of 992 reflections.
Parameter changes in the final cycle were negligible
for the heavy atoms and no greater than 0-3¢ for the
hydrogen atoms.

The final difference synthesis had no peaks greater
than +0-5 e.A-3 and a typical ‘noise’ level of 0-15
e.A-3, Final parameters are listed in Table 1; struc-
ture factor comparisons are given in Table 2.

Discussion

In our discussion of the present results, frequent com-
parisons with the structure of DTF (Silverman,
Krukonis & Yannoni, 1967) will be found useful.

Molecular conformation

Fig. 1 compares the dimensions of the two molecules.
Representative standard deviations in the present
structure are +0-01 A and 0-7° for heavy atom bond
lengths and angles and +0-1 A for C-H bonds. The

* We thank Professor D. P. Shoemaker who points out that
this expression for extinction is in error for our upper level
reflections in that the correction really depends on @ o 1+
cos? 26/sin 26 which is o« [Lp] for equatorial reflections only.
However, recomputation on this basis leads to corrected F,
values too little changed from those given in the F-table to
make further refinement meaningful.
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Fig.1. Comparison of the dimensions of the present molecule
DDF (top) with those of 9-dicyanomethylene-2,4,7-trinitro-
fluorene DTF (bottom), The crystallographic numbering is
shown for the former; standard deviations, in units of
0-01 A for bond lengths and in degrees for bond angles, are
enclosed in parentheses. In the DTF crystal, the molecular
symmetry is twofold in a statistical sense since the third
nitro group occurs randomly on either half of the molecule.
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DDF molecule as a whole appears to be a more fully
aromatic system than is the case for the trinitro deriva-
tive as can be seen by the consistent (but only possibly
significant) differences in bond lengths in the central
ring and dicyanomethylene groups. The values for
DDF of 1:35, 1-42 and 1-15 for the formally double,
single and triple bonds respectively of the dicyano-
methylene group agree well with the corresponding
values of 1-36, 1-40, 1-15 in 10-dicyanomethylene-
anthrone (Silverman & Yannoni, 1967b) as well as
with values found for neutral species in 7,7,8,8-
tetracyanoquinodimethane (TCNQ) and its various ion
radical salts (Fritchie & Arthur, 1966: see their Table 4
for further comparisons and earlier references). The
range in C-H bond lengths, 0-95—1-:06 A, is typical
for X-ray results.

Bond angles in the benzene rings of DDF follow
closely the trend found in o-nitrobenzoic acid and
various other nitro derivatives as pointed out by Sa-
kore, Tavale & Pant (1967) in that the ring angle at the
nitro group site is somewhat greater than 120°, angles
at the ortho ring positions are less than 120°, and the
other three angles remain close to 120°. The pattern is
perturbed in the DTF molecule by intramolecular
overcrowding induced by the unpaired nitro group
(Silverman & Yannoni, 1967a).

Least-squares planes were computed for several parts
of the molecule (Schomaker, Waser, Marsh & Berg-
man, 1959). The carbon framework of DDF is planar
to within experimental error except for atom C(9)
which is 0-037 A or 4-1 e.s.d. away from the appro-
priate plane, 9-470y+3-376z=3-2115 A. Deviations
from least-squares planes defined by the atoms of the
fluorene group are compared for the two molecules in
Fig. 2. For DDF, plane defining atoms are within 1-8
e.s.d. of the plane 9-461y+3-384z=3-211 A. In DTF, a
slight distortion into a propeller shape is found which

Table 1. Final positions of the atoms of the asymmetric unit in fractional coordinates (x,y,z) and the final
anisotropic thermal parameters (Bi) from the expression

T =exp {— (Buh?+ ook + s3l2 + 2P1ohk + 21 3hl + 253k1) }

Numbers in parentheses are standard deviations which refer to the last significant figure(s) listed.

x y z p1110¢  B22104 f33104 b12104 B13104 f23104

C(1) 0-0787 (4) 0-2166 (7) 0-3470 (14) 15(2) 38 (7) 152 (25) -2(3) 0 (6) —16 (10)
C2) 0-0238 (4) 0-1739 (7) 0-4641 (14) 16 (2) 41 (6) 167 (30) 0@3) 6 (7) —18 (13)
C@3) 0-0364 (5) 0-1077 (7) 0-6433 (16) 19 (2) 44 (7) 181 (30) -2@) 24 (7) —21(13)
C4) 0-1054 (4) 0-0884 (7) 0-7019 (13) 25 (3) 37 (7) 82 (28) -203) 23 (7) -8 (11)
C(5) 0-1609 (4) 0-1297 (7) 0-5895 (15) 18 (2) 33 (6) 124 (29) 6 (3) 10 (7) 2 (11)
C(6) 0-1480 (4) 0-1936 (6) 0-4084 (14) 14 (2) 32 (6) 127 (27) -7 (3) 4 (6) 11 (1D
C() 0-1935 (6) 0-2500 0-2500 19 (3) 19 (8) 127 (36) 0 0 —4 (15)
C(8) 0-2637 (5) 0-2500 0-2500 13 (3) 40 (9) 136 (36) 0 4] 42 (16)
C(9) 0-3050 (4) 0-1967 (7) 04108 (16) 17 (2) 42 (6) 187 (31) -7@3) —-1(8) 48 (13)
N(1) 0-1193 (4) 0-0145 (6) 0-8868 (12) 28 (2) 31 (5) 157 (24) 2@3) 23 (8) —17 (10)
N(2) 0:3390 (5) 0-1568 (8) 0-5415 (17) 30 (3) 93 (9) 365 (36) —-4(4) -2809) 113 (16)
o(1) 0-:0721 (4) —0-0463 (7) 0-9573 (13) 36 (3) 100 (8) 316 (27) 6 (4) 59 (7) 90 (12)
0(2) 0-1768 (4) 0-0201 (6) 0-9675 (12) 38 (3) 78 (7) 232 (25) —-44) -=-23(7) 48 (10)
H(1)* —-0028 (5) 0-199 (8) 0-427 (16) 13 38 119 0 0 0

H(2)* 0-004 (5) 0-080 (9) 0-746 (17) 14 42 130 0 0 0

H@3)* 0:205 (5) 0113 (9) 0-654 (17) 14 41 128 0 0 0

* Thermal parameters fixed at isotropic values 1:9, 2:1, 2-0 A2 for H(1), H(2), H(3) respectively. See text.
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Table 2. Structure Factors

The columns from left to right are A, k, F, and 10F.. Values corrected for extinction are tagged with an asterisk. A value of
38=10( F¢) was assigned to F, for identification of the unobserved reflections. This value is somewhat greater than the half-
threshold value for observed each level. Among these are the unmeasured reflections (1 11 2), (12 1 3), (3 9 3) and (1 10 4) which
are found as faint streaks on the films.
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Fig.2. Atomic deviations in units of 0-001 A from planes fit by
least-squares to the fluorene moieties of the present molecule
(top) and of DTF (bottom). Out of plane rotations of the
several nitro groups are indicated schematically. Circled de-
viations are those of plane-defining atoms.

Fig.3. Packing arrangement in the DDF structure showing four
molecules of a unit cell and a c-axis translated fifth molecule
(2). A few close approaches are indicated. a, [O---0)=
301 A; b, [O:--H]=2414; ¢, [0---0]=285A; 4,
[N-+-N]=3004A; e, [N---H]=261 A.
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helps to accommodate the overcrowded nitro group
(Silverman & Yannoni, 1967a). Nitro group nitrogens
of both molecules are displaced from the benzene ring
planes by similar amounts, 0-06 —0-09 A. An interestin g
feature is the almost identical configuration of the
planar dicyanomethylene group which rotates by about
2:3° about the C(7)-C(8) bond in each molecule.

The rotation out of plane of the nitro groups in
DDF by 17-6° is greater than typical values (< 10°)
found for such relatively uncrowded substituents, How-
ever, some comparable examples are found in s-trini-
trobenzene-skatole complex (Hanson, 1964), in p-
nitrobenzoic acid (Sakore & Pant, 1966), in m-dinitro-
benzene (Trotter & Williston, 1966), and finally in
s-trinitrobenzene-anthracene complex (Brown, Wall-
work & Wilson, 1964) where there are nitro groups
from 13°-18° out of plane. As pointed out by Dashev-
skii, Struchkov & Akopyan (1966), losses of ‘conjuga-
tion energy’ from nitro group rotations of up to 18°
(~0-6kcal.mole1) are still comparable to the energy of
intermolecular interactions or to that of thermal mo-
tion and hence such rotations are effected relatively
easily.

Molecular packing and thermal motion

Fig. 3 is a drawing of the herringbone packing ar-
rangement. Four molecules of a unit cell are grouped in
maypole fashion about a zigzag line of nitro group
atoms along the direction x, 4, 4. Some of the ‘limiting’
contacts are shown in the Figure with the closest ap-
proaches of each type: 2:85 A for O---0, 3-00 A for
N---N, 2441 A for O---H, and 2-61 A for N.-..H.

While the above intermolecular distances are all
normal, the most interesting aspect of the present
structure is found in the association of parallel molec-
ular pairs such as 1 and 2 in Fig. 3 (which deviate from
coplanarity by 0-33 A) with one of the c-axis trans-
lated molecules such as 2’. This arrangement is shown
in projection perpendicular to the planes (Fig. 4a).
Molecules related by c-axis translation are 3-38 A

 apart and have appreciable overlap between the =-

electron clouds of their outer rings. In addition to the

» O(2)- - -C(7) contact of 3-15 A, there are short C.-.C
~ distances of 3-37 and 3-33 A. C- - -C distances in this

range and the overlap feature are found in certain weak
charge-transfer complexes such as anthracene-s-trini-
trobenzene (Brown, Wallwork & Wilson, 1964) with
a molecular plane separation of 3-28 A and a closest
C---C distance of 3-30 A (low temp:rature structure)
or the complex of 2,4,6-tri(dim:thylamino)-1,3,5-tri-
azine with s-trinitrobenzene (Williams & Wallwork,
1966) with a 3-28 A separation of parallel molecular
planes. This apparent self-complexing by charge-
transfer is found in chloranil (Chu, Jeffrey & Sakurai,
1962) and in closer analogy to the present structure
occurs in tetrahydroxy-p-bznzoquinone (Klug, 1965)
where overlap between C=0 bonds of parallel mole-
cules leads to C---O and C- - -C distances of 3-09 and
3-31 A respectively.
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These features are absent in the DTF crystal struc-
ture (Fig. 4(b)) except for a still shorter C---O ap-
proach of 3-01 A. Itis difficult to assess the significance
of the C- - -O contacts in the present molecule in rela-
tion to the other features which point to the self-com-
plexing. While generally accepted radii suggest 3-1 A
as the appropriate van der Waals radius for C-.-O,
it is Klug’s contention (1965) that the ‘normal’ C.--O
distance is 3-3-3-4 A. A survey of the literature (not
exhaustive) has discovered only three structures with
NO,- - -C approaches in the range found in DDF and
DTF: viz. values of 3-01 and 3:12 A in cyclotetra-
methylene tetranitramine (Eiland & Pepinsky, 1955), a
value of 319 in 24,6-tri(dimethylamino)-1,3,5-tri-
azine/s-trinitrobenzene complex (Williams & Wall-
work, 1966), and values of 3-06 and 3-14 A in 2,3,4,6-
tetranitroaniline (Dickinson, Steward & Holden, 1966).
Possibly, these are polar interactions similar to, but
weaker than, the C- - - O interactions found in various
carbonyl structures (Bolton, 1965 and references
therein). The presence of competing electron with-
drawing groups would enhance the tendency of a given
nitro group to partake in such interactions and that the
three examples cited above as well as the two present
molecules all involve multi-nitro group substituents is
probably not a coincidence. We feel, intuitively, that it
is unlikely that the energy gain from these NO,---C
interactions has ‘forced’ the DDF molecules into a
configuration best viewed as involving C-:-.C repul-
sions, but rather that there is weak charge-transfer
bonding between outer rings of the molecules not found
in the DTF structure.

The nature of the thermal motion is consistent with
the proposed self-complexing. The r.m.s. components
of the anisotropic motion along the principal axes, the
directions of these axes and the values of the diagonal
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terms of the Uj; tensor (in A2) transformed to molec-
ular axes are all listed in Table 3 (Busing, Martin &
Levy, 1964). The rigid body approximation (Cruick-
shank, 1956) turns out to be an inadequate model in
the present case. For the fluorene framework the mo-
tion out of plane is damped relative to that within the
plane, a pattern found in other weak complexes such
as those of s-trinitrobenzene with indole (Hanson, 1964)
or with acepleiadylene (Hanson, 1966). In contradistinc-
tion, planar molecules making face-to-face contact
usually tend to vibrate against each other (Hirshfeld &
Rabinovich, 1965; examples are cited on p. 238). The
reduced motion of O(2) perpendicular to the plane
[r.m.s. displacement of about 0-25 A as compared with
0-30 A for O(1)], a possible consequence of the specific
interaction of O(2) and C(7) discussed above, represents
a perturbation from the type of torsional oscillation
frequently found (Trueblood, Goldish & Donohue,
1961). As no coherent model for viewing the thermal
motion has been found, we have not incorporated any
corrections for thermal motion into our reported
values.

A comparison among a series of A%-malononitrile
nitro derivatives and in particular between the two
molecules treated here suggests a correlation between
structure and electrical properties. The present com-
pound has the lowest electron affinity of the series,
1-1eV, together with the highest photoconductive
response (a ratio of light to dark conductivity of about
2-104). DTF, with the highest electron affinity (except
for the 2,4,5,7-tetranitro derivative), 1:3eV, shows
only slight photoconductivity (Mukherjee, 1966, 1968).
It is presumably the planarity and/or the lower electron
affinity of the DDF molecule which leads to donor-
acceptor behavior in the DDF crystal but not in that
of DTF. We suspect that the high photoconductivity

Fig.4. (a) Overlap of parallel molecules viewed in projection perpendicular to the molecular planes. The arrangement corresponds
to a grouping such as molecules 1, 2 and 2’ of Fig. 3. () The degree of overlap in the crystal structure of DTF viewed in the

same fashion.
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of the former is related to the excitation by light of this
self~complex. By further crystallographic studies on
members of the series which are intermediate in elec-
tron affinity and photoconductivity to this pair, we
hope to establish the validity of these speculations and
to fill in the picture of electrical property-structure
relationships for this interesting group of molecules.
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The Crystal Structures of DL-0-Amino-n-butyric Acid
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The structures of the 4 and B crystalline modifications of pL-x-amino-n-butyric acid have been deter-
mined. 4 is monoclinic, space group P2,/a, with a=9-85, =477, c=11-94 A, B=101-0°. Bis tetragonal,
space group P4;/n, with a=13-40, ¢=5-82 A. Full-matrix least-squares refinement with anisotropic
temperature factors yielded final R indices 0-13 and 0-12 for 4 and B respectively. In A4 the y-C atom
is distributed mainly among three positions corresponding to trans, gauche 1 and gauche 11 with respect
to the nitrogen atom. In B y-C is located only at the zrans position to the nitrogen atom. Within the 4
crystals the molecules form a double layer parallel to the 001 plane through N-H- - -O hydrogen bonds
so that single layers are formed by two of the three kinds of hydrogen bond and they are joined together
by the third kind to form a double layer. In B, one of the three kinds of hydrogen bond links the mol-
ecules head to tail along the ¢ axis. The second kind links the molecules to form a column and the
columns are joined together through lateral hydrogen bonds of the third kind.

Introduction

In the course of a study on the infrared absorption
spectra of amino acids, Tsuboi, litaka, Suzuki & Mi-
zushima (1959) found two crystalline modifications of
DL-x-amino-n-butyric acid (CH;CH,CH(NH,)COOH).
These two modifications were named 4 and B. On the
basis of infrared absorption studies they suggested that
the 4 and B modifications are composed of the mol-
ecules of different conformational isomers. To confirm
this suggestion and to determine the accurate molecular
conformations of the isomers, an X-ray analysis of the
crystal structures of both 4 and B modifications has
been carried out. A preliminary report of the present
work has been published (Ichikawa, litaka & Tsuboi,
1968).

Experimental

The crystals of the A modification (monoclinic) were
grown from warm saturated aqueous solutions by slow
cooling. They are colorless plates elongated along the
b axis with cleavages on (001) and bounded by {001}
dominating and smaller {100} faces. Crystals of the B
modification (tetragonal) were obtained by slow re-
crystallization from aqueous solutions with excess of
ethanol. These crystals are fine needles often fibrous
but sometimes square pyramids, elongated along the

¢ axis and usually mixed with the tabular 4 form
crystals. The lattice dimensions were measured on
precession photographs taken with Cu K radiation.
X-ray photographs of the crystal of the A modification
generally showed weak diffuse scattering extending in
the ¢* direction along the row lines in reciprocal space.
Relative intensities of these diffuse lines to the Bragg
reflexions were found to vary to some extent from
specimen to specimen.

Crystal data
DL-¢-Amino-n-butyric acid,
C.HyNO, (CH;CH,CH(NH,)COOH)
Crystal A B
system Monoclinic Tetragonal
a 9-85+0-01 A 13-40+0-01 A
b 4-77 4 0-005
¢ 11-94 £ 0-01 5-82 +0-005
B 101-0°+0-2°
U 551-3 A3 1045-3 A3
Z 4 8
Volume/mol-
ecule 137-83 A3 130-66 A3
Systematic
absences hO! when h#2n  hkQ when h+k+#2n
0k0 when k#2n 00/ when I#2n
Space group P2,/a P4,/n



