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Hydrogen Bond Studies

48.% Neutron Diffraction Study of Hydrazinium Dihydrogen
Phosphate, N.H;H,PO,

PER-GUNNAR JONSSON and RUNE LIMINGA

Institute of Chemistry, University of Uppsala, Box 531, S-751 21 Uppsala 1, Sweden

The crystal structure of hydrazinium dihydrogen phosphate,
N,H H,PO,, has been refined from three-dimensional neutron diffrac-
tion data. A correction for extinction effects was included in the least-
squares refinement. The positions of the phosphorus, nitrogen, and
oxygen atoms agree well with those obtained in a previous X.ray
investigation by Liminga. The structure is composed of N,H;* and
H,PO,” ions. O —H---O bonds link the H,PO,™ ions to form a three-
dimensional framework. The N,H," ions are connected to this frame-
work by N—H---O bonds, and are interlinked to form chains by
N~—H--'N bonds. The majority of the hydrogen bonds are close to
linear with X —H---Y angles in the range 169 —177° the only large
deviation from linearity is found in a weak N —H-.--O bond, which
may be regarded as bifurcated.

The crystal structures of N,H,H,PO, and N,H H,PO,), have been de-
termined by X-ray methods.!,2 The hydrogen atoms were located approxi-
mately, but since the hydrogen bonding arrangement is relatively complicated
in both structures, more accurate determinations of the hydrogen positions
were desired. Neutron diffraction studies of both compounds have therefore
been undertaken. The result of the N,H,H,PO, investigation is reported
below.

CRYSTAL DATA

Hydrazinium dihydrogen phosphate, N,H . H,PO,. F.W. 130.04. Ortho-
rhombic, a=5.6737(5),** b="7.8194(5), ¢=10.6338(7) A, V=471.77 A3 at
25°C1 D, =1.81 g cm™3! Z=4, D_=1.831 g cm™. Space group P2,2,2,(D,%).
Calculated neutron absorption coefficient: 2.06 cm™.

* Part 47: Acta Cryst. B 27 (1971) 1201.
** Numbers in parentheses here and throughout this paper are the estimated standard de-
viations in the least sigmficant digits.
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1730 JONSSON AND LIMINGA

EXPERIMENTAL

Hydrazinium dihydrogen phosphate was prepared from hydrazine hydrate and
phosphoric acid as described earlier.! Large single crystals were obtained by recrystalliza-
tion from an aqueous solution. A crystal with a volume of 132 mm?, enclosed in thin-
walled quartz tube, was used for the data collection.

The crystal was mounted with the b axis parallel to the ¢-axis on a Hilger & Watts
four-circle diffractometer at Reactor R2 of the Swedish Atomic Energy Co., Studsvik.
The neutron intensity at the specimen was 5 x 10 *n cm™ sec™ at a wavelength of 1.097 A.
The intensity data were collected automatically under the control of & PDP-8 computer.
A region of reciprocal space extending out to sin 6/A=0.75 A~! was examined. A 6— 20
step scan technique was used with 4(26)=0.08°. Two standard reflections were measured
at regular intervals to provide a check on crystal and electronic stability. No significant
changes were observed in these standards.

e data were corrected for background according to the formula I =C —t(B, + B,)/
(¢4 +1t3), where C is the total integrated peak count obtained in a scan time of ¢; B, and
B, are the background counts obtained in times ¢, and ¢,, respectively.
Standard deviations were calculated using the expression:

o(I) ={C + [tc/ (b + t2) (B, + By)} %

Values of F* and o.uni(F?) were then calculated by applying the Lorentz factor and
absorption corrections to the values of I and o(I). The crystal shape was defined by 15
rational crystal boundary planes in the calculation of the absorption correction. The
resulting transmission factors were in the range 0.35 — 0.45. The linear absorption coeffi-
cient of 2.06 c™! was calculated, using a value of 34 barns for the incoherent scattering
cross section for hydrogen.

The space group absent reflections were excluded from the data, and the values of
F? for the few reflections measured more than once were averaged. The total number
of independent reflections thus obtained was 949, of which 790 had F* values larger than
their standard deviations.

LOCATION OF THE HYDROGEN ATOMS AND REFINEMENT

A three-dimensional difference map for which the calculated structure
factors were based on the heavy atom positions from the X-ray study ! revealed
the positions of the hydrogen atoms. The structure was refined, using the
full-matrix least-squares program LINUS3 The function minimized was
Sw(|F2|—|F2|)2. Only the 790 reflections with F? values larger than o(F®)
were included. Each reflection was assigned a weight w inversely proportional
to the estimated variance of the observation

wl=g?(F?)
and
02(F?) = 02 ount(F?) + (k F2)?

with k£ equal to 0.05, and 62%.ut based on counting statistics alone. The
empirical correction term (k F2) is included to take account of other errors
in the data. The parameters refined were 42 positional parameters, 84 an-
isotropic thermal parameters, an overall scale factor, and one isotropic extinc-
tion parameter. In the last cycle of least-squares refinement, no parameter
shifted by more than 0.l1¢; the final agreement factors for the 790 observed
reflections were
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1732 JONSSON AND LIMINGA

2IHFE—|F2|]
R= &g =0.109
zw“Fosl_ 'Fcai)ziyz

RW={ S e A =0.125

The corresponding conventional R factor based on F was 0.077. The
standard deviation of an observation of unit weight, S=[>w(|F 2| —|F2|)}
(m—mn)]* was 1.03. In this expression, w is the weight of an observation,
m the total number of observations, and » the number of parameters varied.
The final positional and thermal parameters are presented in Table 1, and
the root-mean-square displacements along principal axes of the thermal
ellipsoids are given in Table 2. The refined value of the isotropic extinction

Table 2. Root-mean-square amplitudes of vibration (in units of 10~* A).

Atom Axis 1 Axis 2 Axis 3
P 115 (8) 130 (6) 144 (7)
Oo(1) 117 (6) 143 (6) 186 (6)
0(2) 126 (7) 151 (7) 185 (6)
0(3) 110 (7) 163 (7) 242 (7)
0(4) 125 (7) 160 (6) 183 (8)
N(1) 144 (4) 163 (4) 179 (4)
N(2) 145 (4) 152 (4) 153 (4)
H(1) 169 (13) 223 (14) 284 (15)
H(2) 167 (13) 233 (13) 280 (13)
H(3) 152 (11) 200 (12) 230 (11)
H(4) 175 (12) 204 (12) 209 (11)
H(5) 144 (11) 200 (12) 227 (11)
H(6) 169 (11) 187 (11) 211 (11)
H(7) 143 (10) 188 (11) 207 (11)

parameter is g=11780(908). This value corresponds to a mosaic spread param-
eter of approximately 5 sec, or a domain size of 1.3 um, depending on whether
a Zachariasen ¢ Type I or Type II description is chosen. The observed and
calculated structure factors are listed in Table 3, together with the calculated
extinction corrections defined as

Ee I: 2T|F”|g}.3]
V”sm20

where |F 2| is on an absolute scale, A is in A, and the cell volume V is in A3,
The mean path length through the crystal for the reflection concerned is

given by 7T, calculated using the expression 7'~ —<logA*/u, where A* is the
transmission factor, and x is the linear absorption coefficient in em™. The
observed |F | values in Table 3 are corrected for extinction:

lFOIOOXT:IFol/E%

_ The neutron scattering lengths used were (in units of 1072 cm) bp=0.51,
by =0.577, by=0.94, b, = —0.372.

Acta Chem. Scand. 25 (1971) No. 5
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1734 JONSSON AND LIMINGA

Computer programs. The calculations were carried out on the CDC 3600 computer in
Uppsala. The following programs were used:

DATAPH. Lorentz factor and absorption correction. Modification of a program
originally written by Coppens et al.® The program also calculates the extinction com-
%onents necessary for isotropic or anisotropic extinction refinement in the program

INUS.

DRF. Fourier calculations. Local modification of a program written by A. Zalkin,
Berkeley, Calif.

LINUS. Full matrix, least-squares refinement with options for isotropic and ani-
sotropic extinction refinement. This program is a modification due to Coppens and Ham-
ilton® of the Brookhaven National Laboratory version of the program ORFLS,
originally written by Busing et al.*

ORFFE. Crystallographic function and error program written by Busing et al.”

ORTEP. A thermal-elplpsoid plot program for crystal structure illustrations written

by Johnson.®
WAL. A program for analysing the welghtmg scheme following the least-squares
refinement written by one of the authors (P.-G. J.).

Table 4. Covalent bond lengths and angles.
A. Bond lengths (A). Distances within brackets are corrected for thermal riding motion.'®

Neutron X-Ray!

-0(1) 1.561 (8) [1.567] 1.573 (4)

-0(2) 1.522 (7) [1.528] 1.506 (5)
P-0(3) 1.540 (6) [1.555] 1.550 (5)
P-0(4) 1.510 (6) [1.519] 1.505 (5)
O(1)—H(6) 1.023 (10)
0(3)—H(7) 1.072 (10)
N(1)-N(2) 1.436 (4) 1.438 (8)
N(1)-H(1) 1.002 (12) [1.036]
N(1)—H(2) 1.024 (11) [1.081]
N(2)-H(3) 1.033 (9) [1.055]
N(2)—H(4) 1.062 (10) [1.070]
N(2)-H(5) 1.048 (9) [1.069]
B. Angles (degrees).

Neutron X-Ray!?

O(1)-P-0(2) 109.7 (0.4) 109.7 (0.3)
O(1)-P-0(3) 104.9 (0.4) 104.3 (0.3)
0(1)-P-0(4) 110.7 (0.4) 110.7 (0.3)
0(2)-P-0(3) 107.8 (0.4) 107.7 (0.3)
0(2)-P-0(4) 112.4 (0.4) 112.9 (0.3)
0(3)-P—-0(4) 111.0 (0.4) 111.2 (0.3)
P-0(1)—H(6) 113.2 (0.7)
P-0(3)-H(T) 116.2 (0.8)
N(2)-N(1)-H(1) 107.1 (0.8)
N(2)—-N(1)-H(2) 106.3 (0.8)
H(1)-N(1)-H(2) 106.2 (1.1)
N(1)—N(2) - H(3) 111.9 (0.7)
N(1)-N(2)-H(4) 108.1 (0.6)
N(1)-N(2)-H(5) 109.4 (0.6)
H(3)-N(2)—H(4) 109.5 (0.8)
H(3)—N(2)-H(5) 107.7 (0.8)
H(4)-N(2)-H(5) 110.3 (0.8)

Acta Chem. Scand. 25 (1971) No. 5



HYDROGEN BOND STUDIES 48 1736

COMPARISON OF NEUTRON AND X-RAY PARAMETERS

A comparison of the positional and thermal parameters of the heavy atoms
with the X-ray results of Liminga! is included in Table 1. The table gives
the difference 4 (defined as X-ray parameter minus neutron parameter),
followed by | 4|/, where o is the combined standard deviation defined as

= (52 2 %
g= (0’ X—ray + 4 neutron)

The agreement between the positional parameters is very satisfactory;
no error is greater than twice the combined standard deviation. Bond lengths
and angles for the heavy atoms are compared in Table 4. The hydrogen atoms
bonded to the hydrazinium ion could be localized in the X-ray study by com-
bining information obtained from the difference Fourier maps with chemical
evidence. As is to be expected, these hydrogen positions are not accurately
determined; they differ from those obtained in the present neutron study
by 0.08—0.14 A.

The agreement between the X-ray and neutron thermal parameters (for
the heavy atoms) is less satisfactory than that between the positional param-

Fig. 1. Stereoscopic illustration of an asymmetric unit of N,H,H,PO,. The ellipsoids are
scaled to include 50 9, probability.

> Iy 17
Do)
DU

¢

> SN
Y,

Fig. 2. Stereoscopic pair of figures showing part of the three-dimensional structure.

Covalent bonds are filled, H---O distances shorter than 1.6 A (part of O —H---O bonds)

are open and the H---N and H:--O contacts which are part of N—H:--N and N—H---O
bonds are drawn as single lines.

Acta Chem. Scand. 25 (1971) No. 5



1736 JONSSON AND LIMINGA

Fig. 3. Stereoscopie illustration of the hydrogen bond contacts around an N,H;* ion.
All contacts where the H:-O or H---N distances are less than 2.5 A are included.

Fig. 4. Stereoscopic view of the environment of an H,PO,” ion. All contacts where the
H---0O or H---N distances are less than 2.5 A are included.

eters. This is not surprising, since it is an accepted phenomenon that the
systematic errors introduced by the assumption of a spherical electron distribu-
tion greatly prejudice thermal parameters determined using X-rays.%10

DISCUSSION OF THE STRUCTURE

The structure is illustrated in Figs. 1—4. A more detailed stereoscopic
view of the heavy atom structure has been given by Liminga.!! The structure
is composed of N,H;* and H,PO,™ ions. Relatively short O —H---O hydrogen

Acta Chem. Scand. 25 (1971) No. 5



HYDROGEN BOND STUDIES 48 1737

bonds link the H,PO,” ions to form a three-dimensional framework. Six-
membered puckered rings of phosphate * groups stacked above one another
are present in the structure. The N,H;" ions are linked by N—H:--N bonds,
giving rise to infinite zig-zag chains which are connected to the phosph?,te
framework by N—H---O bonds. Two N,H," ions can be regarded as lying
inside each six-membered phosphate ring (c¢f. Fig. 2).

The hydrazinium(+) ion

The N —N distance of 1.436(4) A agrees with the X-ray value of 1.438(8)
A1 Earlier reported N — N distances for the N,H;™ ion in a number of different
compounds are in the range 1.42 to 1.46 A.12,13

The conformation of the hydrazinium ion is shown in Fig. 5. The
H(1)—N(1)—N(2)— H(3) torsion angle is 38.1(1.1)°. It thus deviates consider-

Fig. 5. The conformation of the N,H,*
ion viewed down the N(2)—N(1) bond.

ably from the staggered conformation, which is probably the most stable
form in the free ion. In the two compounds containing N,H,* ions, earlier
studied by neutron diffraction, a perfect staggered conformation was found
in N,H.HC,0, (required by symmetry)® and a nearly staggered one in
LiN,H,S0,.14

The mean apparent N(1) —H bond length is 1.013(8) A, whereas the mean
apparent N(2) — H bond length is 1.044(5) A. In the neutron diffraction study
of N,H,HC,0, 3 it was also found that the uncorrected N — H distances were
slightly longer at the NH," end than at the NH, end. If a correction for
thermal riding motion % is applied, the differences become smaller for both
structures. The observed differences are then no longer significant. However,
it is not at all certain that the riding model is appropriate in this case.

Hydrogen bonding. Fig. 3 illustrates the hydrogen bond contacts around a
hydrazinium ion; all contacts where the H---O or H---N distances are less
than 2.5 A have been included. Table 5 gives numerical values for the
N-H:--0 and N—H---N bond lengths and angles.

* Phosphate is used as an abbreviated form for dihydrogen phosphate in this discussion.
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Table 5. Hydrogen bond distances and angles.®

A. N-H:--O and O—H---O bonds.
X H 0 X:--0 X-~-H H--O0O /X-H--O/H:---0O-P

N(1) H(1) O@1)* 8.123 (6) 1.002 (12) 2.122 (13) 175.7 (1.2) 109.1 (0.5)
N(1) H(2) O(4)* 3.252 (6) 1.024 (11) 2.335 (13) 148.5 (1.1) 123.7 (0.5)
N(1) H(2) O(3) 3.078 (6) 1.024 (11) 2.429 (14) 120.5 (1.0) 126.1 (0.5)
N(2) H(3) O(2) 2.865 (6) 1.033 (9) 1.845 (10) 168.9 (0.9) 111.1 (0.5)
N(2) H(4) O(4)* 2.812 (5) 1.0562 (10) 1.769 (10) 170.6 (0.9) 114.8 (0.4)
0(1) H(B) O(4)* 2.561 (7) 1.023 (10) 1.542 (10) 173.9 (1.0) 113.4 (0.5)
0(3) H(7) O(2)* 2.517 (7) 1.072 (10) 1.446 (10) 176.9 (0.9) 112.7 (0.5)

B. N—-H:--N bond.

N(2)---N(1) * 2.907 (4) N(2)—H(5)---N(1) * 173.8 (0.8)
N(2)-H(5) 1.048 (9) H(5) - N(1)*—N(2)* 1211 (0.4)
H(5) - -N(1) * 1.863 (9) H(5)---N(1)*—H(1)* 109.3 (0.9)

H(5)---N(1)*~H(2)* 105.9 (0.9)

% Atoms marked with asterisks indicate atoms not in the asymmetric unit (¢f. Table 6).

The N,H," ions are hydrogen bonded to one another to form infinite
zig-zag chains. As has been pointed out by Liminga,!* there are two possible
ways of linking N,H," ions to form infinite chains by N—H-:-N hydrogen
bonds. In one type, the NH, group acts both as donor and acceptor for the
N—-H---N bond. In the other, the NH, end accepts one hydrogen bond
donated by the NH,* end. Only one example of the first type has been found,
namely in LiN,H,SO,,* whereas the present structure is one among several
instances of the second type.

The N(2) —H(5)---N(1) hydrogen bond has an H---N separation of 1.863(9)
A, and the N---N distance is 2.907(4) A. The bond is nearly linear with an
N—H-:--N angle of 173.6(0.8)°. These values correspond closely to those found
in the neutron diffraction study of N,H,HC,0, [1.837(11), 2.872(5) A, and
176.1(1.2)°].18

The hydrogen atoms H(1) — H(4) of the N,H* ion are involved in hydrogen
bonds with oxygen atoms belonging to the surrounding phosphate groups
(see Fig. 3). These bonds are much shorter at the NH,* end than at the NH,
end. The atoms H(1), H(3), and H(4) each take part in a slightly bent N—H---O
hydrogen bond; the N—H---O angles are 176, 169, and 171°. The remaining
hydrogen atom, H(2), may be regarded as taking part in a very weak bifurcated

hydrogen bond N(1)—H(2) g(;). The H---O distances are as long as 2.34

and 2.43 A. The latter contact could equally well be regarded as a short van
der Waals contact especially since the possible N(1)— H(2)---0(3) hydrogen
bond is severely bent with an N—H---O angle of 120°.

The dihydrogen phosphate ion

The geometry of the H,PO,” ion shows a significant departure from a
regular tetrahedron (Table 4). The hydrogen atoms of the H,PO,™ ion could
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not be directly located in the X-ray study.! The assignment of hydrogen atoms
to this group was therefore based on the observed differences in the P -0
bond lengths; the two longer bonds were assumed to be P—OH bonds. The
present neutron results confirm these predictions. The P—O and P-OH
bond distances are in good agreement, with earlier reported values. A summary
of such values has been given by Liminga.!

The conformation of the dihydrogen phosphate ion is shown in Fig. 6.
The disposition of the two O —H bonds is very different, so no specific con-
formation seems to be favoured. This is to be expected, if the conformation is

(b)

Fig. 6. (a) The conformation of the H,PO, ion viewed down the O(1) —P bond. (b) The
conformation of the H,PO,™ ion viewed down the O(3)—P bond.

determined primarily by van der Waals repulsion between the atoms of the
ion. The shortest H---O contacts within the ion are H(6)---0(4), H(6)---0(2),
and H(7):--O(1). These are 2.844(1), 2.760(11), and 2.540(9) A, respectively,
of which only the latter distance is close to 2.6 A, the sum of the van der Waals
radii for hydrogen and oxygen atoms.

Hydrogen bonding. The environment of a dihydrogen phosphate ion is
illustrated in Fig. 4. Table 5 A gives bond lengths and angles for those hydro-
gen bonds where the oxygen atoms of the phosphate group act as acceptor
atoms. It is clear from Fig. 4 that the oxygen atoms, which have covalently
attached hydrogen atoms, are much weaker acceptors of hydrogen bonds than
the other two oxygen atoms.

The two approximately linear O —H:--O bonds have O---O distances of
2.517(7) and 2.561(7) A. The difference in strength between these two bonds
is evident on comparing the corresponding H---O distances of 1.446(10) and
1.542(10) A. The covalent O — H bond distances are 1.072(10) and 1.023(10) A,
the longer O —H bond being associated with the shorter H---O contact.

All short intermolecular distances are listed in Table 6. An examination
of this table reveals three short N---O contacts (3.082, 3.033, and 3.136 A)
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Table 6. Short intermolecular distances. All intermolecular distances involving hydrogen

atoms <2.9 A, and not involving hydrogen atoms < 3.4 A, are listed. Atoms not in the

asymmetric unit are accompanied by a subscriﬁt. The four-digit subscript indicates how

the atomic parameters can be derived from the corresponding atom in the asymmetric

unit. The first three digits code a lattice translation, e.g. 564 means a translation of

(6—056)a+ (6—5)b+ (4—5)c or (b—c). The fourth digit specifies one of the following opera-
tions:

1: =z,y,2

2: 12—z, —y, 1/24+2
3 1242, 1/2-y, —2
4: —z, 1124y, 1/2—2

0 (9) 0O(3) -+ F(3)sss, 2.690 (12)

P H(T)ss0 2.47
P -H(6)50s 2.551 (10) 0(3) - H(4) guse 2.854 (11)
P H(4) g5 2.765 (10) 0(3) - H(1) (55, 2.881 (15)
P H(3)gs 2.782 (11) 0(3)- - N (1)gs5 3.078 (6)°
O(1) - H(1)55, 2.122 (13) 0(3) -+ N(2)55s, 3.136 (6)
O(1) -+ O(4) 4554 2.661 (7)% O(3) -+ *O(4)5552 3.208 (6)
O(1) - H(T)gseq 2.625 (10) 0(4) -+ H(8) 55, 1.542 (10)
0(1) -+ H(3)suse 2.718 (12) O(4) - H(4) ez 1.769 (10)*
0(1) - N(2)sese 3.082 (8) O(4) - H(2)s50s 2.335 (13)*
o(1)+ N(1)gss, 3.123 (6)° O(4) - N(2)gse 2.812 (5)*
O(1) O (3)gese 3.205 (8) O(4) -+ N(1)5s 3.262 (6)*
O(1) - -O(2)s5454 3.209 (7) N(1) -+ H(5)g544 1.863 (9)*
0(2) -+ H(T)gss4 1.446 (10)° N(1)++ N(2)s55 2.907 (4)*
0(2) - H(3) 51 1.845 (10)* N(2)* H(5)ese 2.880 (10)
0(2)-O(3)ssse 2.517 (1) H(1)- - H(5)50 2.390 (14)
0(2)+ H(1) 55 2.603 (13) H(1) - H(7)ges, 2.542 (15)
0(2)* H(2) sz 2.832 (13) H(1)+ H(6) 155, 2.800 (14)
0(2)+ H(B)gys 2.833 (10) H(1)- - H(3) gusa 2.897 (15)
0(2)+* " N(2)sss1 2.865 (6) H(2) - H(5)550 2.359 (15)
0(2)++ N(1) gs54 3.033 (5) H(3) - H(T)gape 2.577 (13)
0(3) -+ H(2)g56 2.429 (14)% H(4) H(6)gq5 2.810 (12)

H(6) -+ H(T)ga5 2.602 (12)

4 Distances corresponding to hydrogen bonds.

which do not represent hydrogen bonds. On the other hand, one of the
N-—H:--0O bonds has an N:--O separation as long as 3.252 A. It is thus clear
that deductions made only on the basis of short N---O contacts can be mis-
leading; an accurate determination of the hydrogen positions is often essential
in revealing the true hydrogen bonding scheme.

Acknowledgements. We would like to thank Prof. Ivar Olovsson for valuable dis-
cussions, and Prof. Gunnar Hégg for his interest in this work. We are also indebted to
Hilding Karlsson and Ake Sahlstrom for skilled technical assistance. The assistance of
the staff at the Swedish Research Councils’ Laboratory and at the R2 Division of the
Atomic Energy Co., Studsvik, is acknowledged.

This work has been supported by grants from the Swedish Natural Science Research
Council, which are hereby gratefully acknowledged.

REFERENCES
1. Liminga, R. Acta Chem. Scand. 19 (1965) 1629.
2. Liminga, R. Acta Chem. Scand. 20 (1966) 2483.
3. Coppens, P. and Hamilton, W. C. Acta Cryst. A 26 (1970) 71.

Acta Chem. Scand. 25 (1971) No. 5



® O ook

HYDROGEN BOND STUDIES 48 1741

. Zachariasen, W. H. Acta Cryst. 23 (1967) 558.
. Coppens, P., Leiserowitz, L. and Rabinovich, D. Acta Cryst. 18 (1965) 1035.

Busing, W. R., Martin, K. O. and Levy H. A. ORNL-TM-305, Oak Ridge National
Laboratory, Oak Ridge, Tenn. 1962.

. Busing, W. R., Martin, K. O. and Levy, H. A. ORNL-TM-306, Oak Ridge National

Laboratory, Oak Ridge, Tenn. 1964.

. Johnson, C. K. ORNL-3794, Oak Ridge National Laboratory, Oak Ridge, Tenn.

1965.

. Coppens, P. Acta Cryst. A 25 (1969) 180.

. Hamilton, W. C. Acta Cryst. A 25 (1969) 194.
11.
12.
13.
14.
15.

Liminga, R. Arkiv Kem: 28 (1968) 483.

Liminga, R. and Lundgren, J.-O. Acta Chem. Scand. 19 (1965) 1612.
Nilsson, A., Liminga, R. and Olovsson, I. Acta Chem. Scand. 22 (1968) 719.
Padmanabhan, V. M. and Balasubramanian, R. Acta Cryst. 22 (1967) 532.
Busing, W. R. and Levy, H. A. Acta Cryst. 17 (1964) 142.

Received October 10, 1970.

Acta Chem. Scand. 25 (1971) No. 5



