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The Structure of the Triclinic Form of Sodium Tetrametaphosphate
Tetrahydrate

By HeLExn M. ONDIK
National Bureau of Standards, Washington 25, D.C., U.S. 4.

(Received 27 August 1963 and in revised form 17 October 1963)

The cell dimensions of triclinic sodium tetrametaphosphate tetrahydrate, Na,P,0,,.4H,0, are

a=6-652 +0-001, b=9-579 + 0-:002, ¢=6-320+0-001 A;
«=103°24"+1’, =106°59"+1’, y=93°17"x1’,

space group P1, Z=1.

The structure was determined from a three-dimensional Patterson function, and refined by
complete-matrix least-squares. The R value for 1335 observed non-zero reflections is 0-086.

The tetrametaphosphate ring is on the center of symmetry at the origin of the unit cell. One
of the two crystallographically different Na ions is fivefold coordinated, and the other is sixfold

coordinated.

The fivefold coordinated Na ion links the rings along ¢, the sixfold coordinated ion links the rings
along a. There are some similarities between the structures of the monoclinic and triclinic forms of
this salt but the differences are too great to permit a transition between the two forms in the solid
state. Such a transition, reported by other workers, has not been confirmed by this investigator.

Introduction

Bell, Audrieth & Hill (1952), in reporting the two
crystalline modifications of NasP40;2.4 H20, described
a transition in the solid state from the monoclinic
to the triclinic form. The transition was not observed
by workers at The Johns Hopkins University (Gross,
1955). Preliminary chemical evidence (Gross, Gryder
& Donnay, 1955) had indicated the possible existence
of stereoisomers of the tetrametaphosphate anion ring.
To establish the relationship between the two forms
and learn whether the polymorphism is attributable
to different stereoisomers, structure determinations
were undertaken. The structure of the triclinic form
is now given and compared with the monoclinic
structure previously reported (Ondik, Block &
MacGillavry, 1961).

AC17 — 74

Preparation

Pure sodium tetrametaphosphate was kindly provided
by Dr J. W. Gryder of The Johns Hopkins University.
The tetrametaphosphate was produced both by cold
hydrolytic cleavage of x-P4010 (Bell, Audrieth & Hill,
1952) and by the Warschauer (1903) process from
H;PO4 and CuO. The product of the latter procedure
was purified of other phosphates by the ion-exchange
method of Barney & Gryder (1955). Great care must
be taken to avoid precipitating a mixture of the two
modifications from solution. Approximately 97%, pure
triclinic material (by volume, as estimated during
microscopic examination with a polarizing microscope)
may be obtained by slowly adding 959%, ethanol with
rapid stirring to a solution of the sodium tetrameta-
phosphate kept at about 50 °C. Single crystals suitable



1140

for collecting intensity data were obtained by keeping
some solid in a saturated solution at 60 °C for several
days. At higher temperatures, large (up to 1 mm)
crystals will form in a matter of hours but they often
have bubbles and inclusions of mother liquor.

Experimental data

The crystals are usually precipitated from solution as
clusters of poorly formed needles elongated along [001].
Crystals grown in solution at 60 °C or higher exhibit
good faces, the three pinacoid forms {100}, {010}, {001}
often being supplemented by small faces of other forms,
{110}, {101}, {011}, {111}.

The indices of refraction measured in white light
are n, = 1-440, ny; = 1-458, n, = 1-474, all +0-002
(A. Van Valkenburg, private communication). The
values reported by Bell et al. are 1-438, 1-459, and
1-468, all +0-002. The material appears to be op-
tically negative with a 2V very close to 90°. Since it
is virtually impossible to obtain either of the crystalline
modifications to the complete exclusion of the other,
and since the indices of both forms are very close,
great care had to be exercised. Each crystal used,
usually acicular, had to be carefully examined to
insure that the proper modification was being studied.

Precession films were taken to determine cell
dimensions and the values obtained were subjected
to a Delaunay reduction. Geiger counter powder data
(Cu Kx1, 1-5405 A) were then indexed on the basis
of these cell dimensions and subjected to a least-
squares analysis. The final cell dimensions are

a=6-652 +0-001, b=9-579 + 0-002, ¢=6-320 + 0-001 &,
x=103°24"+1', f=106°59"+1’,
y=93°17"+1', V=3871-3 43,

The density calculated on the basis of one formula
weight per cell is 2-146 g.cm-3; the observed value
determined pycnometrically is 2-148 g.cm-3; there-
fore Z=1. Pyroelectric (Gross, 1955) and piezoelectric
tests were negative, indicating P1 to be the more
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likely of the two triclinic space groups. The Raman
and infrared spectroscopic work of Steger & Simon
(1958) and Steger (1958) indicated that the tetra-
metaphosphate anion has 1 symmetry.

Integrating Weissenberg films of levels hkl, with
1=0,1,2,3,4,5, and Okl were taken with Cu K«
radiation, using the usual multiple film techniques.
The intensities were measured with a densitometer
comparator supplemented by visual estimation of very
weak reflections. The data were corrected for Lorentz
and polarization factors. No absorption corrections
were considered necessary since crystals were chosen
of suitable size and shape so that corrections were
only of the order of 5%. The total number of indepen-
dent reflections on the seven levels was 1435, 100 of
these being too weak to be observed.

Determination of the structure

Since the space group was assumed to be PI, and
since there is only one tetrametaphosphate unit per
unit cell, the ring anion must have a center of sym-
metry coinciding with that of the cell.

A three-dimensional Patterson function was com-
puted and the set of peaks corresponding to P-P
vectors within the ring readily identified. Trial co-
ordinates for the Na ions, water molecules, and
oxygen atoms were obtained from independent super-
positions on the P-P peaks corresponding to vectors
between centrosymmetrically related P atoms. Com-
putation of structure factors and electron density
maps from the 20 and 0kl data indicated that these
coordinates were valid. After several such sets of
calculations the combined projection data were re-
fined by least squares. When R(hEO, Okl) was 0-148,
the complete set of data was refined. The final R(hkl),
for the non-zero reflections was 0-086. In the final
refinement 55 parameters were varied, including seven
scale factors, one for each level of data, and an 2, y, z
and isotropic B for each atom. The final parameters
are listed in Table 1, the observed and scaled cal-
culated structure factors in Table 2.

Table 1. Final atomic coordinates

x o(x) y aly) z a(z) B o(B)
Py 0-2660 0-0003 0-0901 0-0002 0-2442 0-0003 0-75 0-03
Prr 0-8990 0-0003 0-2121 0-0002 0-9862 0-0003 0-83 0-03
Or 0-8904 0-0008 0-2736 0-0005 0-7918 0-0008 1.46 0-08
Onr 0-8696 0-0008 0-3002 0-0005 0-1956 0-0007 1-32 0-08
O 0-1208 0-0007 0-1510 0-0005 0-0441 0-0007 1-15 0-08
Orv 0-1570 0-0008 0-0788 0-0005 0-4132 0-0008 1-66 0-09
Ov 0-4803 0-0008 0-1713 0-0005 0-3181 0-0008 1-78 0-09
Ovi 0-7289 0-0008 0-0704 0-0005 0-9048 0-0008 1-59 0-08
Nap 0-8210 0-0004 0-1256 0-0003 0-4217 0-0004 1-67 0-05
Najp 05560 0-0005 0-4032 0-0003 0-2392 0-0004 1-78 0-05
(H,0)1 0-3481 0-0010 0-3556 0-0006 0-8186 0-0009 2-68 0-10
(HyOhr 0-2604 0-0009 0-4955 0-0006 0-3573 0-0008 1-86 0-09
Scale factors, s
hkO hkl hk2 hk3 hk4 hk5 Okl
278 250 2-44 3-53 3-50 354 2.72
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Table 2. Observed and scaled calculated structure factors

k F, sF, | k k P, of | k F, oF | k FceF. | k F, eF_.
2k1 Tk2 Tk2 0k3 33
2 25 -22 1 6 47 <46 | o 65 -65 | 0 32 3 | 1 8 -8
3 2 <21 3 7 -3 1 77 -76 145 49 | 2 94 -95
4 55 .48 | 4 8 50 53| 2 28 27 2 37 -48 | 3 32 20
s 121 -121 5 9 38 38| 3 56 53| 3 71 -76 | 4 88 89
A 10 16 10| & 49 & | & 52 48 | 5 54 -54
] x| g &2 5 36 -30 | s 93 106 | 6 13 8
7 59 59| 6 67 76 757 53
9 78 73 | 10 179 -80 | 8 18 7 6l -61 | 8 90 82
non L O B i A I
- - s 9 47 -49 |10 51 -49
12 28 -30 1 4 50 -43 k2 B3 11 26 -27
2T 2 s 39 37 1 74 -80 Ok 3
ik 3 8 17 76 303 27 127 21 k
122 -14 | & 9 24 23| & 27 23| 2 38 35 1 a5 -36
Z 9 -106 s 10 23 16 5 4l .35 3 195 -220 | 2 8 -81
3 71 -76 7 11 4 -33 7 se 47 “ 38 32 3 71 -67
4 55 53 8 Wz 8 38 35 s 10 9 | & 128-140
5 57 6l L 9 22 21 6 24 -21 5 21 -13
& 18 8 1122 14 | 10 21 -22 7 27 <27 | 6 39 3%
s % 213 ER 4 w? 5 16 1l0 | 8 % -3
9 19 -21 3 4 82 -91 1 20 -17 | 10 4 38 | 10 90 B4
10 17 13 4 ;8o 2 40 -42 | 11 39 -3¢ | 11 32 35
w U IR I w
1.2 RN AR AN
2 72 17 1 0 32 -3 8 50 -48 | 2 30 -30 | 3 89 100
4 91 -99 2 1 1a 17 9 58 -59 3 97 4112 5 26 -25
5 65 -62 3 2 15 13 | 10 17 -i4 | & 51 -3
6 22 -19 4 3 22 -17 6 13 18 k3
7023 23 5 4 51 =50 k2 717 -9 | 2 68 o4
9 15 -12 6 5 39 38| 2 s6 62 8 37 -37 3 92 89
w | cREID GNP ET L EH
L - 1 5 40 45
0 5z -4 9 8 33 -37 s 34 -36 B 6 26 24
. 0 31 3 8 16 25
24l -4 2k2 k2 1 93-119 | 9 27 -2
3 73 70 1 0 4 43| 2 30 -28 | 2 22 -10 =
“ 21 16 2 1 29 23| 3 66 68 | 3 58 -s8 k3
5 46 -49 3 2 42 -0 | 4 61 -58 | 4 b6 72 1123 -133
7 4k 44 4 3 80 -78 5 8 -30 | 5 95 106 2 W -38
8 sl 55 5 L 36 34 | 6 30 -29 | & 18 -17 | 4 19 -23
9 21 19 6 5 45 <45 | 8 13 7 18 -20 | 5 46 -39
10 60 -57 7 6 37 -3 9 9 15[ 9 10 11 | 6 30 -2
oo HEE LI &2 &3 3 o33
kL 1 9% -98 |10 19 -23 | 1 14 -15 | 1 105 113 | § 29 -19
1 69 -67 2 17 16 X2 2 32 -33 | 2 19 10 [10 39 39
2 % 89 3 22 18 K 3 039 -30 [ 3 4 42 o3
3 26 22 7 50 45| 1 53 s2 | & 59 <54 | & 44 -40 K
445 45 e 2 4 39| s 50 -43 | 6 122 -123 1 36 -31
5 49 -40 k! 3 77 751 & 41 4k 7 7% -68 | 2 85 -89
6 8 -60 o 36 38 | & 130 138 745 43 8 119 127 3 100 -102
74l <35 1 27 -20| 5 62 -60 1 8 47 44 | 9 87 8 | & 11 -70
9 17 19 3 10 S9f 6 92 -91 53 12 29 -28 5 84 -88
117 -1 T4l 7 6l -58 u3 6 123 127
i k 8 26 -21 1 43 38 7 79 81
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Table 2 (cont.)
k By oof |k By oF | k E, aF | X F, sE. | k F, sF,
Tht Txs Rs 4ks s
0 26 26 | 0 97 120 | 5 13 <17 | 0 87 ~95 | 0 42 -41
L 39 3 | 1 6 72 | 8 6 63 | 1 31 -32 | 2 25 28
3 45 -40 [ 2 89 -9 | 9 40 41 | z 23 2 | 3 23 3
4058 -6 | 3 28 oz w0 111 Zus 4 26 -20
Z 3 5 -
x4 749 =50 2k5 0 26 -21 6k
1 23 -26 s 126 20| 1 29 25 | 1 61 -n2
2 14 18 2 B6-100 | 2 35 3 | 2 64 58
3 s6 36 | L 70 -7;2 | 3 65 -76 | 3 2% 20 | 3 SI a8
4 3 -28 | 4 9% 93 | 5 68 73 | & 57 <61 | 4 13 -21
S 20 -22 | s 10 6 | 1 8 & 5 41 -s4 | s 1a -i7
6 3 -l | & 2 27 |10 sl o8 | 6 -45 728 29
e 121 32
e o33 -3 %5 s T
0 12 10 s K B 0 49 -51
1 55 62 0 28 -26 [ 1 14 -8 | 1 4l -3
e 197 123 [ L 4 S0 | 2 56 s6 | 2 26 -32
3 2 22 222 | 2 48 4 | 3 39 36 | 3 43 -50
2 20 -26 | 3 8 -8 | 3 12 15 | 4 25 a2 i
o5 Lg% | b @6 | 7 32y =
)k bt - - L -35
0 98 113 6 % -97 kS kS 2 s1 48
135 =35 | 7 29 =25 | 0 79 =71 | 2 el s | 3 o4 95
2 71 <78 | 8 3 <26 | 1 106-11z2 | 3 4L -38 | & 41 36
3 98-102 | 9 57 57 [ 2 30 -3 | & 43 -40 | 5 27 -29
4 -25 110 59 58 | 3 21 2 | s 71 72
H 9 11 13 57 4 4 b 6 11 11 k6
;o228 2% N BT
by X = - 26 -30
oS 0 3% -3 *s ks I 40 4
1 sz 4 | 1 8 8 | 1 s2 - L 3 29 .35
2 023 419 | 2 75 74 | 2 24 0 4l -39 [ & 27 33
3100 107 | 3 12 U |3 & 1 63 &0 .
4 3% v 27 25 i 24 - 2 1 73 k6
5 39 -32 s s 13 - 3 22 19 | 1 4L -4
6 58 -54 L 6 46 -4 & 10 -13 | 2 51 Tsg
7 82 -6 [ 0 29 27 | 8 18 -1 5 49 -5l | 3 22 22
10 30 27 | 1 65 -85 | 9 11 6 48 -33 | &4 78 8L
11 35 -2 | 2 4 43 13 53 S 48 49
s 3 6 69 k: L 6 44 44
Lk i 66 69 |1 20-18 | 1 81 a1 717 o-n
0 27 26 | 5 46 4 | 2 28 -1 | z 32 36
1 26 2 | 6 32 232 | 3 69 - 3013 -1 7
AT A O 499-105 [ 1 4 39
- T s 18 -12 -
& 13 2k5 6 133 14 6 13 1 Ok7
S 40 35 | 1 97 -9 | 7 8 1 7 18 16 | 2 22 -2
6 38 43 | 2z 65 -39 | 8 20 -2 8 s | 3 45 us
3 52 47 | 9 63 6 9 20 21 | &4 11 -10
& 13 <18 {10 60 -s5 6 10 -15
713 2

Form factors for P° and Na+ were taken from
Tomiie & Stam and for O° from Berghuis, Haanappel,
Potters, Loopstra, MacGillavry & Veenendaal (1955).
Values for O-1, used for water, were obtained by
interpolating between the values of Berghuis et al.
for O° and O-2. All computing was done on a high-
speed digital computer.

Dr Charles W. Burnham of The Geophysical
Laboratory, Carnegie Institution of Washington,
wrote the program used for the least-squares refine-
ment of the cell dimensions. The Busing & Levy
(1959a, b) programs were used for the least-squares
refinement of the structure and calculation of inter-
atomic distances and angles.

Description of the structure

Interatomic distances and angles for the ring anion
are listed in Table 3. (The numbering of atoms cor-
responds to that used for the monoclinic structure.)
These distances and angles are consistent with those
found in condensed phosphates. The ring can be seen
in Figs.1 and 2 along with the coordination figures
for the Na ions.

Two types of Na ions connect the rings. Along c,
the anion alternates with two Nai ions related by
a center of symmetry. The coordination is fivefold,
including Ojr and Orv of one ring, O; and Orv of
a second ring along ¢ and Ov of a third ring along a
(Na-O distances, 2:27-2-50 A). The figure formed is
an irregular pyramid. The atoms O11, Orv, Oy and Oy
which form the base of the pyramid, and the Na; ion
are very close to being coplanar. O;y is only 0-127 A
from the plane formed by O, Oiv and Ovy. Naj is
0-207 A from this same plane, just inside its coordina-

TRICLINIC SODIUM TETRAMETAPHOSPHATE TETRAHYDRATE

Table 3. Bond distances and angles in the
tetrametaphosphate anion

P-Orv 14475 A P1-Og 1-469 A
POy 1-473 P1—On1 1-468
PO 1-602 Py1-O111 1-592
P1-Ovy1 1-614 P11~Ovi 1-596
o = +0-005 A

O11-Orv 2:533 A O1r—P1-Orv 110-8°
Oy 1-Ov 2:476 O111-Pr-Ov 107-2
Or11-Ovr 2-443 O111-P1-Ovy1 989
O1v-Ov1 2:518 O1v-P1-Ovyp 109-1
O1v-Ovy 2:560 O1v—-P1-Ov 120-5
Ov—Ov1 2-501 Oy-P1-Ovy1 108-1
01-O11 2:550 A O1-P11-O11 120-6°
O1-O111 2:432 O1-P11-O111 105-2
01-Ov1 2-510 O1-P11-Ov1 109-9
O11-O111 2-515 Oy1-P11—Oq11 110-5
O11-Ov1 2-447 O11-P11—Ovyr 105-9
O111-Ov1 2:506 O111-P11-Ov1 103-6
6= +0007 A

P1-O111-Prr 137-6°

P1-Ovi-Prx 129-9

o= +0-3°

tion pyramid. The next nearest neighbor to Naj is
an Oy of the second ring along ¢ and although it
would complete an irregular six-cornered figure it is
at a large distance for Na~O coordination (3-05 A).
A similar situation occurs in NasP3Op, Phase I
(Corbridge, 1960). In that structure, one Na ion has

O Na

O o
® H,0

Fig. 1. The structure projected on the ab plane with one
unit cell outlined. The numbering of the atoms is the same
as that used in Table 1. The rings are completely outlined
except where it would interfere with the drawing of the
Na coordination. The coordination of one Na; and one
Napr ion has been drawn. A dashed line encircling an atom
indicates the atom in the cell beneath. The straight dashed
lines indicate probable hydrogen bonds.
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Oo © H0

Fig. 2. The structure projected on the bc plane with one
unit cell outlined. The anion at the origin is incomplete
so that the Naj coordination may be seen more easily.
The dashed lines indicate probable hydrogen bonds and the
dashed circle indicates the atom in the cell below.

a ‘one-sided’ fourfold coordination (distances 2-22 to
2:59 A) with the next nearest oxygen neighbor at
3-05 A. The Na—O distances are given in Table 4
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with distances involving Ovi included in brackets for
comparison with similar distances in the monoclinic
structure.

Table 4. Interatomic distances in the sodium—oxygen
coordination polyhedra

NB.I—OI 2-335 A NRII-OH 2-444 A
Nar-Ogr 2-501 Naj—Ov 2:418
NaI"OIV 2-415 Nan—(H2O)I 2:531
N&I—-Olv' 2-318 Nan—(Hzo)I’ 2-496
Naj-Ov 2-266 Nay—(H,0)n1 2-440
[N&I—-OVI 3'053] Nan—(Hzo)H' 2-416
o= +0006 A
01-Oq1 3799 A OOy 3175 A
01-O1v 3-283 O11-(H,0)1 3-736
Or-Orv’ 3-626 O11—(H,0)1’ 3-685
01-Ov 3-306 On—-(H,0)r1” 3-410
O11-O1v’ 3-213 Ov-(H,0)1 3-872
O11-Ov 3-175 Ov-(H,0)11 3-495
Ov-Orv’ 3:097 Ov—(H,0)11’ 3412
Orv—Ovy 3-819 (H,0)1-(H,0)1" 3-273
[O11-Ov1 2:447] (Hy0)1-(H,O)11  3-586
[O1v-Ov1 4-718] (Hy,O)'-(H,O)1p 3471
[Orv'-Ov:  3-599] (Hy0)r'-(H,O)p1”  3-397
[Ov-Ov1 3-469] (H,0)11-(H,0)11” 3-156
o= 00104

The Nar ion further links rings along a by co-
ordinating with O of one ring and Ov of another.
The coordination is completed by the two water
molecules and their centrosymmetric equivalents,
forming an almost regular octahedron (Na-O dis-

Fig. 3. The sodium coordination polyhedra. The dotted lines indicate probable hydrogen bonds. (a) and (c) The polyhedra in
the triclinic form. The dashed lines are drawn to indicate the Oy corner in order to facilitate comparison with the mono-
clinic form. (b) and (d) The polyhedra in the monoclinic form. The dotted lines in (d) indicate the hydrogen bonds to Or of

the phosphate tetrahedra.
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tances, 2-42-2-53 A). These octahedra serve to link
rings along b. The Nanx octahedra share edges
(H20)1—(H20); and (H20)1—(H20);; to form chains
along c. These chains share the edge Oi—Ov with
the Nas to form a sheet of Na coordination polyhedra.
These sheets are parallel to (110) as shown in Fig. 3(a).
The sheet itself is shown in Fig. 3(c). To facilitate
comparison with the monoclinic structure the Najx
figure has been shown as a six-cornered polyhedron
with the edges involving the Ov: drawn as dashed
lines.

The major linkage between sheets is through the
ring tetrahedra which fit between the Na; polyhedra
in one sheet and crosslink to the Nair octahedra in
adjacent sheets. The sheets may also be held together
by hydrogen bonds. The shortest water-oxygen dis-
tances are (H20)1r—O1 (2:730+0-007 A), (H20)1—Omr
(2883 +0-008 A), (H:0):-O1 (3-046+0-008 A), and
(H20)1-O1v (3:127+0-008 A). Although the water—
oxygen distances involving (H20)r are rather long
for hydrogen bonds, they are suitably oriented and
probably indicate the most likely hydrogen positions.
The water—oxygen distances are shown as dotted lines
in Fig. 3. Not only are the (Hz0)1-oxygen distances
long, but the Na—(H20): distances are slightly longer
than for (H20)11. These longer distances are consistent
with the fact that the B value for (H20O): is larger
than that for (H20).

Approximately tetrahedral figures are formed about
(H20); by two Nair ions, O and Oryv, and about
(H20)uu by two Naj ions and O; and Ojg;. Three
terminal oxygens of the ring also show roughly tetra-
hedral coordination: Or is surrounded by Naj, Pip,
(H20)1 and (HzO)u; 011 by Na;, Nan, Pu and (HzO)u;
O1v by two Nar, Pr and (H20);.

Comparison of the monoclinic and
triclinic structures

The rings in both structures are the same stereoisomer.
Whereas in the monoclinic (M) form the anion has
strong pseudosymmetry 2/m, in the triclinic (7') form
the ring is further skewed from this symmetry.
In M the P-O-P angles are equal, 133:2°, although
this equality is not required by space-group symmetry,
but in 7' these angles are 137:6° and 129-9°. The
O-P-0 angles in both structures are much the same,
as are the distances. However, the P-O ring bonds
which had average values of 1-635 A and 1-583 A in
M are 1-608A and 1-594 A in 7. The difference in
the ring bonds in 7 is much smaller (only 2-8¢ as
compared with 3-4¢ in M).

The alternation of rings with Na; ions along ¢
is similar in both salts. However, in M the Na;
coordination is sixfold and in 7' it is fivefold. In M,
one water molecule is coordinated to the Naj ion
but the comparable position in 7' is occupied by Ov.
Narr' has similar coordination in both structures

TRICLINIC SODIUM TETRAMETAPHOSPHATE TETRAHYDRATE

although the range of distances in 7' is smaller
(2-42-2-53 A) than in M (2-26-2-63 A). Comparison
of Figs.3(c) and (d), shows the similarity of the
bc planes in both structures with respect to the Na
polyhedra. In M the sheet is formed by polyhedra
sharing edges only with their centrosymmetric
equivalents and sharing corners between Nai and
Nay; polyhedra. The sheet in 7' is formed by edge
sharing between all polyhedra. That these sheets are
linked forming a complete three-dimensional network
of Na polyhedra in M and are separate sheets in T
is clear from a comparison of Figs. 3(a) and (b).

The positions of the water molecules vary also.
In M the water is located in layers parallel to (001),
lying between the layers of rings. In 7' the water
is also in layers but these are parallel to (010) and
perpendicular to the plane of the rings. (See Fig. 3
of the paper on the monoclinic structure and Fig. 1
of this paper.)

It is interesting to compare these two polymorphic
forms with Phases I and II of NasP30, (Davies &
Corbridge, 1958; Corbridge, 1960). Differences in P-O
chain distances were found and these differences are
less in Phase I than in Phase II, a situation com-
parable to that in the 7" and M structures of the
tetrametaphosphate.

In Phase II the tripolyphosphate chain is slightly
distorted from 2m (C2y) symmetry and this distortion
is greater in Phase I, comparable to the increased
distortion from 2/m (Cen) symmetry of the tetra-
metaphosphate ring in 7" as compared with its pseudo-
symmetry in M. In Phase I one Na ion is only four-
fold coordinated and all are sixfold coordinated in
Phase II, also comparable to the fivefold coordination
of Nayin 7 and the sixfold coordination of Naj in M.

Tests for a solid state transition

Attempts were made to observe a transition in the
solid state at 54 °C as reported by Bell et al. Monoclinic
crystals were placed on the heating stage of a polarizing
microscope and observed as the stage was heated.
No change in the crystalline form could be observed
at 54 °C or indeed even to about 80 °C although the
crystal was held at these elevated temperatures for
several hours. Attempts by workers at The Johns
Hopkins University (Gross, 1955) and by this worker
to effect a change from monoclinic to triclinic by
heating 1-2 g of the salt at temperatures as high as
80 °C for as long as 18 hours were unsuccessful.
Powder patterns revealed no detectable amounts of
the triclinic salt. The only change noted was the
formation of the anhydrous material as the tempera-
ture was raised and the time of heating prolonged.
The anhydrous salt was identified by the powder
patterns reported by Bell et al. and by Corbridge &
Tromans (1958).
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By means of a small furnace-sample holder kindly
loaned by Dr Robert S. Roth of the National Bureau
of Standards, samples of both the monoclinic and
triclinic forms were heated for varying periods of time
(4 hour to about 16 hours) while the furnace was
mounted on an X-ray diffractometer. Patterns could
be taken at any temperature. No change from one
polymorphic form to another could be detected. Only
dehydration occurred, at temperatures as low as 50 °C
if the sample was heated 12 or more hours and at
75 °C after 1 hour of heating. A transition in the solid
state seems unlikely from a comparison of the two
structures. Although the structures have similarities,
major shifts in the relative positions of the anions,
and in the sodium coordination would have to occur.

The author wishes to thank the following people:
Dr H.T. Evans, of the U.S. Geological Survey for
running the piezoelectric test; Mr Alvin Van Valken-
burg for obtaining the optical data, Mrs Marlene
C. Morris, for obtaining the powder data and assisting
in refining the cell parameters, Mr Gary Mason for
measuring the intensities and Mr Robert Gates for
agsistance in processing the data, all of the National
Bureau of Standards.
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The Crystal Structure of Bisethylenediaminecopper(Il) Nitrate

By Y. Komivama* axp E. C. LINGAFELTER
Department of Chemistry, University of Washington, Seattle 5, Washington, U.S. A.

(Received 23 September 1963)

The crystal structure of bisethylenediaminecopper(II) nitrate, Cu(C,N,Hj)3(NOy),, has been deter-
mined from three-dimensional X-ray diffraction data. The dimensions of the monoclinic (P2/c)
cell are aq==830, b,=10-05, c,=8-07 A, p=111°6’, z=2. The structure was refined by three-

dimensional difference syntheses to R =0-097.

The copper ion has the usual distorted octahedral coordination with four N atoms at 2:03 A
and two O atoms at 2-59 A. The ethylenediamine molecule is in the gauche configuration, with
one C atom 0-39 A from the CuN, plane and the other —0-19

Introduction

As a part of a study of the coordination configuration of
Cuz+, we have determined the crystal structure of bis-
ethylenediaminecopper(1l) nitrate, Cu(C2N2Hs)2(NO3)z,
which was originally prepared and described as a
dihydrate by Grossman & Schuck (1906), but later
shown to be anhydrous by Johnson & Bryant (1934).
A short report of preliminary work on this structure
was reported by Watanabe & Atoji (1951). They report

* Present address: Department of Chemistry, Yamanashi
University, Japan.

the cell to have dimensions a=8-00, b=10-00, c=
1553 A, B=97°25', Z=4 molecules, space group
B2y/a. In Structure Reports (1951) it is erroneously
suggested that this space group symbol is a misprint
for P2;/a. However, transformation of their cell to
a primitive cell gives a=8-00, b=10-00, ¢=827 A,
B=111°19, in quite satisfactory agreement with our
results.

Experimental

Bisethylenediaminecopper(II) nitrate was prepared
by the method described by Grossman & Schuck (1906)



