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molecule with regard to the centres of symmetry are
approximately the same as those of the corresponding
atoms of tartaric acid in the racemic acid structure.

According to Parry one of the important linkages
in the racemic acid structure is a square system of hy-
drogen bonds between hydroxyl groups on four mol-
ecules, thus forming columns parallel to the, say, ¢’
axis (¢=c for racemic acid). Each hydroxyl group is
supposed to take part in two bonds, one with a hy-
droxyl group of an antipode molecule and the other
with a hydroxyl group of a molecule of the same con-
figuration related by translation in the direction of ¢’.

Analogous squares are formed in the mesotartaric
acid structures (see Figs.8 and 10; in both Figures ¢’
corresponds to the projection axis). From the high
values of the valence angles and our findings with re-
gard to the hydrogen bond formation it may be con-
cluded that these hydroxyl squares are of secondary
importance for the coherence of the structures com-
pared with the links to be described next.

In the structure of racemic acid one carboxyl group
of the molecule is directly linked with a carboxyl group
of a centrosymmetrically related molecule, and the
other carboxyl group is indirectly connected with a
counterpart through water molecules. The first type
of linkage (carboxylic acid dimers) is found at one side
of the molecule in the anhydrous form (Fig.10), the
second type (hydrated links) at one side of the mol-
ecule in the structure of the triclinic hydrate (Fig.8).
In the monoclinic hydrate (Fig.9) one side of the mol-
ecule takes part in a carboxylic acid dimer configura-
tion, but the linkage through water molecules at the
other side of the molecule is a less common mutation
of the hydrated links found in other cases. Here a
tetrahedral arrangement of close neighbours around
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the water oxygen atom O(7) is achieved by mutual
hydrogen bonding of water oxygen atoms related by
the twofold screw axis.

Evidently the geometry of the mesotartaric acid mol-
ecule does not permit an ideal three-dimensional ar-
rangement with both types of intermolecular linkages
present.
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reading the manuscript. They are also grateful to Mrs
E.W.M. Rutten-Keulemans for the use of her X1 pro-
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A Neutron Diffraction Study of the Crystal Structure of Lithium Hydrazinium Sulphate

By V.M.PADMANABHAN AND R.BALASUBRAMANIAN
Nuclear Physics Division, Apsara Reactor, Atomic Energy Establishment Trombay, Bombay, India

(Received 17 May 1966)

A single-crystal neutron-diffraction investigation of lithium hydrazinium sulphate has been made in
which the intensities of 215 reflexions in all the three prism zones were measured. The structure was
refined by Fourier and least-squares techniques. The heavy-atom positions obtained agree very well
with values from the X-ray determination. The hydrogen atoms of the NH,-NHj ion are arranged
tetrahedrally about the nitrogen atoms and the configuration was found to be staggered. The NH-
groups of the ions are linked into infinite chains by hydrogen bonds pointing in the negative ¢ direction.
The hydrogen atoms of the NH3 group are static and do not rotate along the N-N axis.

The interesting electrical properties of room tem-
perature ferroelectric lithium hydrazinium sulphate

resonance signals have been investigated in detail over
a wide temperature range, —180°C to +210°C, by

(LiN,HsSO,) have been the subject of a great deal of Cuthbert & Petch (1963). From these experiments they

investigation. The proton and 7Li nuclear magnetic

concluded that (1) at the temperature region about
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—180°C the hydrazinium ion NH,-NH7, is effec-
tively in a rigid state inside the crystal and (2) in the
temperature region —130° to +50°C the hydrogen
atoms of the NH; group rotate around the N-N axis.
Vanderkooy, Cuthbert & Petch (1964) found the d.c.
conductivity to be markedly anisotropic with the direc-
tion of easiest conduction along the ferroelectric ¢ axis.
This large value was explained by them as due to trans-
fer of protons along the hydrogen bonds from one
nitrogen to the next of the NH, groups in the chain
N-H..-N-H---N-H- .. which exists along the ¢ axis
in the structure. Using A 2536 resonance radiation of
mercury as exciter Raman scattering in single crystals
was studied by Krishnan & Krishnan (1965). From the
nature of the spectrum corresponding to N-H stretch-
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ing vibrations, it was suggested that the hydrogen
atoms in the NH; group may be rotating in the crystal.
The crystal structure has been studied by means of
3-D data from X-ray diffraction techniques by Brown
(1964) Van den Hende & Boutin (1964). Although the
coordinates of hydrogen atoms could not be deter-
mined, Brown suggested that the hydrogen atoms of
the NHj group may rotate around the N-N axis. Van
den Hende & Boutin from their electron density maps
postulated half-hydrogen positions around nitrogen.

The present investigation was initiated in order to
locate accurately the hydrogen atoms in the molecule
and also to compare the coordinates of other atoms
obtained by neutron diffraction with those determined
by the use of X-rays.

Table 1. Atomic parameters and temperature factors

Van den Hende

Brown & Boutin
S x 01579 0-1589
y 0-1286 0-1290
z 0-250 0-250
o) x 0-191 0-1870
y 0-106 0-1068
z 0-519 0-5434
0(2) x 0-010 0-0132
y 0-154 0-1511
z 0-220 0-2296
0(@3) x 0-230 0-2335
y 0-259 0-2558
z 0:149 0:1626
0(4) x 0-302 0-3048
y 0-497 0-4904
z 0-596 0-6016
N(1) x 0022 0-0285
y 0-418 0-4193
z 0-746 0-7405
N@Q2) x 0-440 0-4460
y 0217 0-2137
z 0742 0-7346
Li x 0-332 0-339
y 0437 0:433
z 0-253 0-271
H(1) x — —
y _ _
7 _ _
H(2) x — —
y — _
7 _ -
H®3) x — —
y — —
Z — —
H4) X — —
y — _
z — _

H(5) x —_

N <

This Standard Temperature
work deviation factor
0-159 0-001 1-18 +£0-13
0-126 0-001
0-250 0-002
0-193 0-001
0-106 0-002 174 +0-16
0-533 0-002
0-012 0-001
0-153 0-002 1-41+0-14
0-229 0-001
0-230 0-001
0-259 0-001 1-78 +£0-16
0-151 0-002
0-304 0-001
0-498 0-001 1-52+0-13
0-600 0-002
0-024 0-001
0414 0-001 2:22+0-13
0743 0-002
0-440 0-001
0213 0-001 1-61+0-13
0-739 0:002
0-336 0-003
0-422 0-003 1-20+0-12
0-256 0-003
0-118 0-003
0-381 0-004 3:56+0-33
0-796 0-003
0-036 0-004
0-467 0-004 5:-15+0-34
0-571 0-004
0-345 0-003
0-189 0-003 3:-1140-31
0-677 0-003
0-428 0-004
0-247 0-005 6:37+0-52
0-924 0-004
0-469 0-002
0-292 0-004 2:89+0-24
0-601 0-003
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Unit cell and space-group

The space group of lithium hydrazinium sulphate has
been shown to be Pna2 (C,)). The unit cell contains
four molecules; all atoms are in fourfold general posi-
tions. The lattice constants are a=9.913, 5=8.969,
c=5.178 A agreeing well with earlier X-ray data.

Experimental procedure

Crystals of lithium hydrazinium sulphate were grown
from an aqueous solution of reagent grade Li,CO; and
N,HSO, by slow evaporation. For each of the three
zones, a crystal was cut and ground into a cylinder
about | mm in diameter and approximately 5 mm in
length so that the axis of the cylinder corresponded to
the zone axis. Complete neutron diffraction data were
collected for the (hk0), (hOl) and (Ok!/) zones up to
sin §/2.=0.70, the neutron wavelength being 1.029 A.
The intensity of the incident monochromatic neutron
beam was found to be 2 x 105 neutrons.cm~2.sec~!. The
intensities of 215 independent reflexions were measured
and a set of observed structure factors with weights for
each reflexion was obtained as described in an earlier
paper (Padmanabhan, Mehdi Ali & Srikanta, 1965).
The linear absorption coefficient was found to be
2.9 cm~1. There was no evidence for extinction effects
in the crystal.

Treatment of data

Signs were given to the observed £kO structure factors
based on Brown’s (1964) parameters. The resulting
Fourier synthesis showed that the heavy atoms were
identified correctly and also indicated without any am-
biguity the positions of the two hydrogen atoms be-
longing to the NH, group of the N,H; ion. In addition
to this, as the nuclear density map indicated the con-
tours of the three hydrogen atoms of the NH; group
also it was thought that these hydrogen atoms might
not be rotating around the N-N axis. To clear this
doubt, structure factors were calculated for two models,
viz. (1) with the hydrogen atoms of the NH; group
rotating round the N-N axis (dynamic) and (2) with
the hydrogen atoms not rotating (static). The nuclear
scattering amplitudes used were 0.94, 0.32, 0.58, —0.18
and —0.38 (10-12cm) for N, S, O, Li and H respectively.

For the dynamic model the contribution of the
hydrogen atoms of the NH; group to the structure fac-
tors, as discussed by Bijvoet & Ketelaar (1932) and

N

Zachariasen (1943), is F= X fjJy(x;), where Jo(x;) is
j=1

am
the zero order Bessel function of argument x; and x;=
(4naj/A) sin 0 sin a, a; being the distance of the hydro-
gen atoms from the axis of rotation and « the angle
between the plane containing the rotating atoms and
the plane of reflexion. The summation is taken over all
three of the hydrogen atoms. The equation for the F
values as used in this (kk0) projection is obtained from
the general formula,

THE CRYSTAL STRUCTURE OF LITHIUM HYDRAZINIUM SULPHATE

Frrr=exp {— B(sin2 §/A2) [2 f; . exp 2mi(hx;+ ky;+ 1z;)
J
+ 2 f;., Jo(4ma;/A) sin 8 sin «]},
p

where j refers to atoms in fixed positions and j’ to the
atoms involved in free rotation. With the above for-
mula, structure factors were calculated for all the 4£k0
reflexions with @;=0.96 A and temperature factor (B))
2.0 A2 for the rotating hydrogen atoms (for the other
atoms B values were the same as those used in the
static model). The reliability index was found to be
0.23 and adjustments of a; and B; did not improve it.
Hence the dynamic model was abandoned and struc-
ture factors were calculated for the static model. Using
the coordinates for the hydrogen atoms obtained from
the Fourier map, parameter refinement was carried
out by least-squares treatment with the computer
CDC-3600 using programs of Srikanta (1964) and Bus-
ing & Levy (1959). The weighted R index was 0.17 at
the initial stage and converged to 0.10 after four cycles.
The z coordinates of hydrogen atoms in the crystal
were deduced from considerations of the bond distan-
ces projected on the (100) plane. Using these with the
z coordinates for the other atoms obtained by X-ray
methods, structure factors were computed for the non-
centrosymmetric (0k/) and (40/) zones. Because of the
small number of reflexions recorded, complete refine-
ment with anisotropic temperature factors was not
carried out for these two zones although for the (h0)
zone the R index with individual anisotropic tempera-
ture factors was reduced to 0.08. At the final stage of

Table 2. Observed and calculated structure amplitudes
and calculated phases.

hkl Fo, Fo a hki hk! Fo Fo a
200 0.74 0.49 180 550 3, . 004 687 7.04 283
400 8.22 833 0 560 5, . 006 4.82 5.08 120
600 2,13 2,03 0 570 4, . 011 2.31 225 98
800 2.92 3,02 18 580 O. . 013 4,91 5320 223
1000 1.95 2.13 0 590 1. . 015 4.10 4.22 284
020 0.18 0,10 0 5100 1. . €17 1.71 1.57 159
040 1.67 1.48 180 610 3, . 022 4.16 4.18 0
060 2,33 2,15 180 620 4. .8 024 3.8] 3.49 123
080 4.27 43 0 630 3. . 8 026 .08 1.08 246
0100 2.68 2,19 0 640 5, .56 18 031 3.87 3,75 317
0120 1.42 1.52 0 650 0. . © 033 3,00 3.39 26
110 1,06 1.o6 0O 660 1. < 35 0.84 0.91 219
120 3.82 3,92 18 67 4. . ¢ 037 1l7c 1,87 319
130 0.8 0.82 0 680 2. 175 0 042 2,32 2.16 143
140 1.64 1.49 180 690 0. w06 180 )4 4 40lr 4.59 182
150 1,04 0.78 18 6100 9. 117 18 C & 6 3.16 3.43 a39
160 246 2,78 O 710 0. +33 18C 051 3.9 4.16 16
170 8.67 8.80 0 720 1., .63 18- 053 £.30 7.03 183
180 1.81 1.64 0 2?30 5. .68 180 2505 4.50 4.47 284
190 2,58 2.47 18 240 2. . C 062 2.5 1.93 317
1100 1.4 1.21 1& 750 3.76 3.40 0 064 1.73 1.78 126
210 2.83 2.664 18 760 1.13 1.26 180 066 1.89 1.95 207
220 073 0.88 18 770 0,36 0.72 18 071 2,65 2.63 162
230 212 1.96 18; 2?80 0.51 0.57 0 073 1.12 1,38 72
240 555 5.5 18 790 0.15 0.18 18 075 3.06 3.04 116
250 0.33 0.32 710 0 2.40 2.40 18C 082 4.63 4.65
260 0.20 0.1 18 810 2.85 2.56 180 084 1.59 1.91 98
270 205 210 0 820 0.76 0.62 180 091 6.88 6.30 76
280 5.33 5.2¢ 180 830 4.58 4.30 180 093 4.62 4.64 279
290 0.36 0.44 840 1,16 1,36 180 201 4.17 4.08 93
210 0 0.15 0.13 180 850 2,72 2,32 0 20 2 10.80 11.31 201
2110 0.88 1.04 860 0,97 0,67 180 203 3.58 3.69 273
310 557 578 180 870 0,15 0.28 180 204 0.28 0.29 294
320 1,75 1,57 180 880 1,13 1,09 180 401 1,62 1,53 20
330 201 1.98 0 910 1.31 0.89 0 402 7.12 6.83 193
340 408 4.22 O 920 1.89 1.91 0 403 3.52 3.38 41
350 0.85 O. 930 2.00 1.79 180 404 4.20 3.68 311
360 3.92 3.88 180 940 2,53 2,21 0 405 4,20 4.19 148
370 2.41 2,56 950 2.12 1.93 0 406 1.05 0.95 132
380 1,41 1,22 O 960 0.15 0.26 180 601 3.41 2.36 136
390 5.69 5.84 180 970 0.8 0.88 180 602 1.72 1,64 355
3100 3.17 3.17 180 980 3.69 3.58 180 603 4.20 3.99 262
311 0 .17 2.65 180 1010 3.89 3.64 180 604 3.01 3.15 26
3120 1.72 1,74 0 1020 3.76 3.39 0 605 1.50 1.80 276
410 4,61 4.32 1030 2.23 2.06 0 606 2.26 2,34 121
420 1.61 1.43 180 3040 0.80 0.98 180 801 3.20 3.08 307
430 1.02 0.79 180 10 50 2,19 1.73 180 80 2 1.36 1.46 230
440 2,06 1,91 180 1060 2.19 2.04 0 803 2.63 2.95 64
450 0 0,56 0 1110 2.25 2.58 0 B804 2.83 3.00 251
460 2.35 2.20 180 1120 0.46 0.70 0 BOS5 1.99 2.53 205
470 1.23 1.26 180 1130 1.86 1.62 180 1001 1.81 1.90 18
480 0.8 0.88 11 40 1.49 1.49 0 1002 4.15 4.12 41
490 0,52 0.43 180 1150 1.04 1.41 O 1003 2.98 3.01 184
4100 0.68 0.55 180 11 60 1.64 1.34 0 1004 2.10 2.04 132
411 0 2,35 2,65 0 1210 2.60 2.63 18 1005 2.82 2.96 13
510 255 2,49 0 1220 0.98 1.I15 180 12 01 3.93 3.91 291
5§20 1.52 0.98 0 1230 1.81 1.77 180 1202 0.98 1.04 219
5§30 0.15 0.4 0 1240 1.78 1.56 180 12 0 3 2.61 2.57 182
540 6,46 6,26 0O 002 9.34 8.93 122
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refinement the weighted reliability indices of the three
zones are Rpxo=0.10, Rpo:=0.10, Ryz;=0.09.

The values of the parameters and their standard de-
viations are compared with those obtained by X-ray

al2

Fig.1. Nuclear scattering density projection along the ¢ direc-
tion. Zero contour and negative contours shown by dashed
lines. Contour level arbitrary.

methods in Table 1. The positional parameters were
found from the average of each pair of least-squares
values obtained from the three zones. The values of the
observed structure factors and those calculated from
the final least-squares parameters are shown in Table 2.

Discussion

The final nuclear density function g(xy) is shown in
Fig.1, and in Fig.2 the schematic view of the unit cell
is shown as viewed along the ¢ axis. As indicated from
X-ray studies, the sulphur and lithium atoms are both
surrounded by tetrahedra of oxygen atoms. These
tetrahedra share the corner oxygen atoms to form a
three-dimensional network. Each oxygen atom is
bonded to one lithium atom and one sulphur atom
so that every LiO, tetrahedron is surrounded by four
SO, tetrahedra and vice versa. Interatomic distances
(thermal motions are not considered) and bond angles
calculated from the parameters listed in Table 1 are
given in Table 3. (Estimated error in neglecting thermal
motion in bond distances is about 0.02 A).

The sulphate ion

The SO, tetrahedron is slightly distorted. The distor-
tion is not as much as that observed by Van den Hende
& Boutin (1964). The average S-O distance of 1.48 A
agrees with the value of 1.49 A given in the literature.
No short distance indicating any double bond charac-
ter as noted by Van den Hende & Boutin (1964) is
found in the present study.

Table 3. Interatomic distances and angles

Environment of the sulphur atom

S-0(1) 1514002 A
S-0(2) 1-48

S-0(3) 1-46

S-0(4) 1-46

Mean S-O

distance 1-48 A

Hydrazinium ion
N(1)-N(2)
N(1)-H(1)
N(1)-H(2)
N(2)-H(3)
N(2)-H(4)
N(2)-H(5)
H(1)-H(2)
H(3)-H4)
H(3)-H(5)
H(4)-H(5)

N(1)-0(4)
N(1)-N(1")
H(1)-0(4)
H(2)-N(1")
H(3)-0(1)
H(#)-0(2)
H(5)-0(2)

0-02 A

I+

S U

LWOY U dOSSS A
SESXR A= ESRRORN

W

O(1)-S-0(2) 106-8+1-5°
0O(1)-S-0(3) 110-5
0O(1)-S-0(4) 110-7
0(2)-S-0(3) 109-8
0(2)-S-0(4) 109-1
0(3)-S-0(4) 109-6
Mean O-S-O

angle 109-4°
N(2)-N(1)-H(1) 1064 +2-0°
N(2)-N(1)-H(2) 1160
N(1)-N(2)-H(3) 1124
N(1)-N(2)-H(4) 107-4
N(1)-N(2)-H(5) 112-8
H(3)-N(2)-H(4) 104-3
H(3)-N(2)-H(5) 101-1
H(4)-N(2)-H(5) 117-8
H(1)-N(1)-H(2) 104-9
N(2)-N(1)-H(1) 106-0
N(2)-N(1)-H(2) 116-1
N(2)-N(1)-H(2") 110-1
N(1)-H(1)-0(4) 120-2
N(1)-H(2)-N(1") 1169
N(2)-H(3)-0(1) 146-0
N(2)-H(4)-0(2") 152-1
N(2)-H(5)-0(2) 1229

The dihedral angle between the planes containing atoms N(1), N(2), H(1) and N(1), N(2), H(4) is 66°.
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The hydrazinium ion

The interesting feature in the structure of LiN,HsSO4
is the existence of the infinite chains of hydrogen bonds
in the direction of the ¢ axis. The Fourier maps as well
as structure factor agreements indicate that the hydro-
gen atoms of the NH, group of the N,Hs ion are or-
dered inside the crystal and the NH, group is linked
by one hydrogen bond to the oxygen of the SOy ion
and by the other to the adjacent NH, group. As illus-
trated in Fig. 3, two possible configurations of the chain
are possible. The present study shows that the hydro-
gen bond N(1)-H---N(1) is pointing downward, i.e.
in the negative ¢ direction.

Although Cuthbert & Petch (1963) have reported
that the hydrogen atoms of the NHj group rotate round
the N(1)-N(2) axis, the Fourier syntheses as well as
structure factor calculations do not support that con-
clusion and they indicate the static model. Structure
factors were calculated assuming hindered rotation,
but the agreement between F, and F, was not good.

By means of the rotating crystal spectrometer (Ven-
kataraman, Satya Murthy, Usha Deniz, Dasanacharya
& Iyengar, 1965) an inelastic spectrum giving the energy
distribution of cold neutrons scattered from the pow-
dered specimen was taken at room temperature with
the counter fixed at an angle of 80°. The observed
spectrum was compared with those of NH,I, NH,ClO4
(Janik, 1965) in which the NH, ions execute free rota-
tion. The spectrum observed for LiN,H;SO, showed a
sharp peak (Fig.4) whereas in the other two cases,
where rotating groups exist, one obtains a broad distri-
bution of scattered neutrons without any appearance

H(3)

b H(4) N(2) ‘J
i H(5) B
a .

. 4

0(2) N?‘\HV(Z) ?{

HR
S \ [}

0(4) ( 0(1) \“ 0‘3) \‘\\ L/
= \“ \“ bo——

Y Lie K{

§§ ’

[ ]
b . }k 3

Fig.2. The structure of LiN>HsSO4 viewed along the ¢ axis.
Dashed lines represent hydrogen bonds.
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of a sharp peak in the region corresponding to 300-400
cm~! (35-40 meV), thus supporting the view that there
are no rotating groups in lithium hydrazinium sulphate.

The N-N distance observed in the present study is
1.42 A, whereas the N-N bond length for hydrazine is
1.46 A in the crystalline state (Giguére & Schomaker,
1943) and in the case of hydrazonium ion 1.42 A has
been reported in the literature (Nitta, Sakurai & To-
miie, 1951). The hydrogen atoms of the NH, group
are staggered with respect to the hydrogen atoms
bonded to N(2). The dihedral angle between the planes
containing atoms N(1)N(2)H(1) and N(1)N(2)H(4) is
66° and so the staggering appears to be nearly maxi-
mum. The average N-H distance for the NH, group
is 1.02 A and for the NH; group 1.03 A. The hydrogen
atoms surround their respective nitrogen atoms in a
nearly tetrahedral arrangement. The nitrogen atom in
the NH; group forms four ¢ bonds and so one expects
the bond angles to be tetrahedral. In the case of the
NH, group also the observed tetrahedral arrangement is
explained as due to the nitrogen atom forming three o

N—NH3 _'.H’,N—NHE?
o1t K O, H
HaN— Ny HN—yy
\-I‘ 0, c H Oa
P t s
[0 K 04)4
H,N—Ns HN—NS
3 H. s “H.,
\H‘ 0, 4 H\ 04
N—NH3 e N—NHD
Oz'H,ﬁ U
l‘ 4
H SN'_ N HaN —N
\

(a) (b)
Fig.3. The arrangement of the hydrogen bonded chain of
hydrazinium ions running along the screw axis. (@) and ()
are the two possible configurations of the chain.

Neutron energy {meV)

100 50 30 20 10 5

7000¢
6000[
5000y
4000y
3000}
2000
10001

8 16 24 32 40 48 56 64 72 80 88 96
CHANNEL NUMBER (channel width 32 us)

Fig.4. Time of flight distributions of neutrons scattered at an
angle of 80° by polycrystalline LiN;HsSOq, obtained by the
rotating crystal spectrometer.

Scattered intensity (arbitrary units)
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bonds and using its lone pair electrons to accept a
hydrogen bond from the neighbouring hydrazinium
ion. The N(1) atom thus takes part in three hydrogen
bonds, twice as the donor and once as the acceptor of
the hydrogen atom. The hydrogen atom H(1) is bonded
to oxygen of the sulphate ion and the N(1)-H(1)- - - O(4)
hydrogen bond is bent with the N(1)-H(1) direction
making an angle 44° whereas Cuthbert & Petch (1963)
report 39°. The other hydrogen atom H(2) is bonded
to nitrogen of the neighbouring NH, group and the
N(1)-H(2) direction makes an angle of 18° with the
N(1)-N(1) direction, which is more than the value of
4.5° reported by Cuthbert & Petch (1963). The hydro-
gen atoms of the NHj; group are bonded to the nearest
neighbouring acceptor oxygen atoms of the sulphate
ion. The bonds are not collinear but bent, the angles
being 123-152°.

We thank Mr G.Venkataraman for help in taking
the inelastic spectrum.
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The Crystal Structure of -DL-Arabinose

By S.H.KiM AND G. A.JEFFREY
Crystallography Laboratory, University of Pittsburgh, Pittsburgh, Pa. 15213, U.S.A.

(Received 25 July 1966)

The crystal structure of f-bL-arabinose (CsHj0Os) has been determined from integrated photographic
intensity data by the application of a sign-correlation procedure on an IBM 1620 computer. The struc-
ture was refined by anisotropic least squares to give a final R value of 0-076 for 1122 reflections. The
space group is P2;/c, with Z=4 and unit-cell dimensions a=5-925 (c=0-004), b=7-820 (c=0-003),
c=13-354 (c=0-006) A and B=99-45° (¢=0-06). All the hydrogen atoms were located on difference
syntheses, but were not refined. It is found that the bond C(1)-O(1)H is 1:392 A and is significantly
shorter than the mean value of 1-423 A for the other C—-OH bonds. There is no significant difference
between the two ring C—O distances. These observations are consistent with those from other recent
structure determinations of pyranose sugars. The D and L molecules are hydrogen-bonded in pairs
across the centers of symmetry and throughout the crystal structure by centrosymmetrically related
chains of hydrogen bonds, each of which links molecules of the same sense. All the oxygen atoms in
the structure are involved in this hydrogen-bonding scheme.

Introduction

Both D- and L-arabinose are of biological origin.
L-Arabinose occurs naturally as a free sugar and is
widely distributed in the combined state in plant prod-
ucts, usually as a furanoside. D-Arabinose is found
rarely but does occur in certain plants and in the poly-
saccharide of tubercle bacilli. The DL material has the
trivial name °‘pectinose’, presumably because it can
be obtained from the degradation of the polysacchar-
ides in pectin substances.

When a DL mixture crystallizes, it may do so to
form a racemic structure with a centric space group.
This permits, at least in principle, a more straightfor-
ward solution to the phase problem and the attainment
of a better accuracy by a factor of two in the atomic
parameters (Cruickshank, 1950). We have taken ad-
vantage of this in DL-arabinose, and as far as we know,
this is the first example of a centrosymmetric structure
determination of a free DL sugar. The crystal structure
of p-L-arabinose has been determined from a refine-
ment of two projections by Hordvik (1961).



