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Abstract

As part of a continuing study on the synthesis and structure of metal phosphites, two compounds,
Ce(HO;PH)(O,PH) -2H,0 and La(HO;PH)(O;PH) -3H,O were prepared and their crystal structures determined
by X-ray single crystal methods. The cerium compound crystallizes in the orthorhombic space group P2,2,2, with
a="7.126(4), b=16.539(4), ¢ =6.762(1) A and Z=4. The compound is a layered one with layers centered at }
and 3b. Each Ce is eight coordinate in a distorted dodecahedral geometry. One phosphite group chelates the
metal and the chelating oxygens also bond to adjacent cerium atoms forming a chain. The other oxygen of this
group bridges cerium atoms in a direction roughly perpendicular to the chain formed by the chelating oxygens
to bind the chains into layers. The other phosphite group bridges adjacent cerium atoms along the same direction
as the chelating atoms bridge and is alternately above and below the layer. The eighth coordination site is
occupied by a water molecule. Another water molecule resides between the layers creating a hydrogen bond
network which binds the layers together. The lanthanum compound is monoclinic, P2,/c with a=9.680(2),
b=7.135(1), ¢=13.479(2) A, B= 104.54(2)°, V'=901.0(3) A® and Z=4. The layer structure is very similar to that
for the cerium phosphite but two water molecules reside between the layers binding them together through an
extensive hydrogen-bond network. These structures are discussed in the light of previous work on phosphites

and phosphonates.

Introduction

In a recent publication [1] we described the structure
of a new zinc phosphite of composition
Zn(HO;PH),-3H,0. In this compound the structure
is built up of Zn atoms coordinated to oxygen from
six different phosphite groups. The octahedra are linked
to HPO,(OH) tetrahedra via shared corners and also
share edges to form infinite helical chains parallel to
the ¢ axis. The connectivity is such as to create large
circular tunnels of about 6 A diameter in the ¢ axis
direction. This phosphite forms double salts with alkali
and alkaline earth ions [1, 2] that exhibit unusual
structures. Therefore, we have undertaken to examine
the preparation and structures of a variety of metal
phosphites in the hopes of uncovering additional unusual
structures. In this paper we describe the preparation
and structure of two lanthanide phosphites.

Durand er al. [3] prepared all of the lanthanide
phosphites of the type Ln(HO;PH)(O,PH)-2H,0 and
determined that they are orthorhombic with approxi-
mate cell dimensions of a=16.5, b=7.1 and ¢=6.7 A.
The thermal behavior of these compounds was also
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examined and the phases formed by water loss identified.
Subsequently they determined the structure of
Nd(HO;PH)(O,PH)-2H,0O [4]. The space group was
found to be P2,2,2, with a=6.6840(9), b=16.503(4)
and ¢=7.053(3) A. However, they did not describe the
structure as a layered one. It was therefore of interest
to redetermine the structure of this class of compounds.
We also prepared a trihydrate of lanthanum which will
be described herein.

Experimental

Preparation of Ce(HO;PH)(O;PH)-2H,0

25 ml of a 1.0 M solution of H,PO; (Aldrich Chem.)
were added to 30 ml of a 02 M solution of
Ce(NOs;);-6H,0 (Baker Reagent). The resulting col-
orless solution was kept in an oil bath at 45+ 2 °C for
10 days. As the volume of solution was reduced, large
colorless needles formed at the bottom of the pyrex
beaker. The crystals were recovered by filtration and
washed with cold distilled, deionized water. The yield
was about 30% but additional product could be obtained
by continued evaporation of solvent.
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Preparation of La(HO;PH)(0;PH) -3H,0

25 ml of an aqueous solution containing 0.5 M H;PO,
and 0.5 M NaOH were added to a solution consisting
of 1.86 g of LaCl;-7H, O (Baker Reagent) in 25 ml of
distilled water. A white, gel-like precipitate formed.
This gel was stirred overnight and then allowed to
stand for one week during which time large, colorless
needles formed.

Instrumental

Thermogravimetric analysis (TGA) was carried out
with a duPont thermal analysis unit at a rate of 20°%
min. IR spectra were obtained on a Digilab model
FTS-40 FTIR unit by the KBr disk method.

X-ray single crystal measurements

All measurements were made on a Rigaku AFC5R
diffractometer using an RU200 12-kW rotating-anode
generator with graphite-monochromated Mo Ka ra-
diation (Ag,=0.71069 A). Experimental conditions and
crystallographic parameters for both compounds are
presented in Table 1. In both cases, data were collected
at ambient temperature. Crystals were mounted on glass
fibers in a random orientation. The diameter of the
incident beam collimator was 0.5 mm and the crystal
to detector distance 22.5 cm. MSC/AFC control software
[5] was used for the data collection.

Intensities were measured as C—3(t./t,)(b;, +bs),
where C=total number of counts, ¢. = time spent count-
ing peak intensity, ¢, =time spent counting one side of
background, b;=high-angle background counts,
b,=low-angle background counts; the intensity error
o(F?) =[C+1(t./t,)’(b, +b,) + PI)*]*2, where I intensity
and P is the factor that downweights strong reflections,

TABLE 1. Crystallographic data for lanthanide phosphites

equal in this case to 0.05. All calculations in the structure
solution and refinement were made by using the
TEXSAN crystallographic software package [6] on a
MicroVAX-II-based system. Neutral-atom scattering
factors were taken from Cromer and Waber [7]. Anom-
alous dispersion effects [8] were included in the cal-
culation of F values using the anomalous dispersion
terms Af’ and Af” from the compilation due to Cromer

[9].

Ce(HO;PH)(O;PH)-2H,0

Cell parameters and an orientation matrix for data
collection were obtained from least-squares refinement
of 25 accurately refined reflections in the angular range
25°<28<35°. Based on the systematic absences h00:
h=2n+1; 0k0: k=2n+1; 00:I=2n+1 and the suc-
cessful structure solution and refinement of the structure
the space group was determined to be P2,2,2, (No.
19). Data were collected in AUTO mode by using the
@26 scan technique at a scan speed of 16°/min in .
The weak reflections (F <100(F)) were rescanned twice
and the counts accumulated to assure good counting
statistics. Stationary background counts were recorded
on each side of the reflection with the ratio of peak
counting time to background counting time equal to
2:1. A total of 867 reflections out to 50° in 26 was
collected of which 711 were greater than 3o0(J). The
intensities of three representative reflections, that were
measured after every 150 reflections, remained constant
throughout data collection, indicating crystal and elec-
tronic stability. An empirical absorption correction,
using program DIFABS [10], was applied and the data
were corrected for Lorentz and polarization effects.

Empirical formula LaP,0O4H, CeP,0O:H,
Formula weight 353.92 337.12

Crystal color, habit colorless, needles colorless needles
Crystal dimensions (mm) 0.17x0.05x%0.02 0.030.04x0.2
Crystal system monoclinic orthorhombic
a (A) 9.680(2) 7.126(4)

b (A) 7.135Q1) 16.539(4)

c (A) 13.479(2) 6.762(1)

B ( 104.54(2)

V (A% 901.0(3) 797.0(5)

Space group P2,/c (No. 14) P2,2,2, (No. 19)
Z value 4 4

D, (g/cm®) 2.609 2.809

F(000) 672 636

©(Mo Ka) (cm™") 51.26 62.0

Radiation Mo Kea (=0.71069 A) Mo Ka
Temperature (°C) 23+1 23+1
Transmission coefficient 0.96-1.11 0.9-1.11

No. observations (I>3o(l) 956 711

No. variables 109 101

Residuals: R; R (F,) 0.032; 0.036 0.028, 0.034
Goodness of fit indicator, S 1.12 0.879




The structure was solved by direct methods [11a]
followed by difference Fourier syntheses [11b]. The
non-hydrogen atoms were refined with anisotropic ther-
mal factors. The hydrogen atoms bonded to phosphorus
were put in calculated positions. The final cycle of full-
matrix least-squares refinement* was based on 711
observed reflections 1>30(/) and 101 variable param-
eters with unweighted (R) and weighted agreement
factors (R,) as defined by R=3|F,|—|FJ/Z|F,;
R.=[2.(|F,|—|F)*]"**. Values of R=0.032 and
R,=0.041 were obtained. The maximum and minimum
peaks on the final difference Fourier map corresponded
to 0.90 and —0.91 ¢/A%. The standard deviation on an
observation of unit weight** was 1.04. At this point a
calculation of R and R, was carried out with the signs
of the F_ terms reversed to determine which is the
correct enantiomorph. The new agreement factors were
significantly lower as shown by the values given in
Table 1.

La(HO,PH)(O;PH)-3H,0

The procedures used were very similar to those
described above for the cerium compound. Cell pa-
rameters and an orientation matrix were obtained from
a least-squares refinement of the setting angles of 25
reflections observed in the angular range 34 <26<40°.
Based on systematic absences of hQl:l=2n+1, 0kO:
k=2n+1 the space group was fixed as P2,/c (No. 14).
A total of 1858 reflections was measured at a speed
of 32°/min (in omega) by the w-28 method. Of these
1750 were unique. The intensities of three representative
reflections were measured every 150 reflections and
found to remain constant throughout data collection
indicating crystal and electronic stability. The data were
corrected for Lorentz and polarization effects and for
absorption using program DIFABS [10].

This structure was also solved by direct methods and
refined as described for the cerium phosphite. The final
cycle of full-matrix least-squares refinement was based
on 956 observed reflections with I>30(I) and 109
variable parameters and converged (largest parameter
shift was 0.02 times its e.s.d.) with unweighted and
weighted agreement factors of R =0.032 and R,, = 0.036,
respectively. Only the hydrogens bonded to phosphorus
atoms were included in the refinement. The maximum
and minimum peaks in the difference map were +0.77
and —0.74 ¢/A3, respectively.

*The function minimized in the least-squares analysis was
Sw(|Fe|—|Fe)? where o=4F/0*(F?), o*(F,))=[S*(C+R*B)+
(PF.DY/(Lp)*, s =scanrate, ¢ = total integrated peak count, R =ra-
tio of scan time to background counting time, B = total background
count, Lp=Lorentz-polarization factor, and P=P factor.

**The standard deviation of an observation of unit weight is
expressed as [Sw(|F,|—|F)*> (N,—N.)]"?, where N,=no. of ob-
servations and N,=no. of variables.

37

Results

Ce(HO;PH)(O;PH) -2H,0

The final positional parameters together with isotropic
temperature factors are given in Table 2. Bond distances
and angles are given in Table 3. The structure is a
layered one as seen most clearly in Fig. 1. The layers
run parallel to the ac plane with their mean planes at
b=1% and . Each Ce atom is eight coordinate as shown
in Fig. 2, which also includes the numbering scheme
for the atoms. Seven of the oxygens bonded to cerium
originate from phosphite groups while the eighth is
from a coordinated water molecule (O7). There are
two types of phosphite groups in terms of their mode
of coordination. The one containing P2 chelates the
metal through oxygens O5 and O6, at the same time
these oxygens bond to adjacent Ce atoms parallel to
the a axis. The remaining oxygen, O4, then bridges to
a Ce, connecting the rows along the ¢ direction. This
oxygen atom is two coordinate while those involved in
chelation are three coordinate (Fig. 3). The second
phosphite group bridges cerium atoms along the a
direction through oxygens O1 and O2. This leaves O3
bonded only to P1 and therefore we assign the proton
to it making it a P-OH group. The P,~0O3 bond distance
at 1.58(1) i is significantly longer than the other P-O
distances in this phosphite group. Cerium—oxygen bond
distances range from 2.374(7) to 2.591(8) A. However,
the two longest bonds are formed by the chelating
oxygens O5 and O6 while the shortest arises from the
bridging phosphite oxygen O4. The remaining bridging
oxygens and the water molecule all have approximately
the same bond distance at 2.49(1) A which is inter-
mediate between the extremes. This arrangement pro-
duces a distorted dodecahedral coordination sphere,
which is similar to those formed by layered rare earth
phosphonates [12].

TABLE 2. Positional parameters and B, for Ce(HO,PH)-
(O,PH)-2H,0

Atom x y z B, (A?)
Ce(l)  04125(1)  0.78336(4) 01371(1)  0.73(2)
P(1) 0.2280(4)  0.5784(2) 0.1120(5)  1.3(1)
P(2) 0.4059(5)  0.7430(2) 0.6735(4)  1.0(1)
o(1) 0.392(1)  0.6333(5) 0.144(2)  2.1(4)
0(2) 0.120(1)  0.5962(6)  —0075(1)  1.6(4)
16) 0.296(1)  0.4875(5) 0.1002)  2.5(5)
o(4) 0.414(1)  0.7944(5) 0.487(1)  1.4(3)
o(5) 0.236(1)  0.7645(5) 0.805(1)  11(3)
0(6) 0576(1)  0.7519(5) 0.808(1)  1.3(3)
o7 0222(1)  0.9097(6) 0.1212)  4.0(6)
o(8) 0.174(2)  0.9369(7) 0.594(2)  4.5(6)
H(1) 0.0986 0.5705 0.2602 4.0
H(2) 0.4035 0.6665 0.5963 4.0
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TABLE 3. Intramolecular bond distances (A) and angles (°) for
Ce(HOsPH)(Os;PH) -2H,0O (with e.s.d.s in the least significant
figure in parentheses)

Bond distances

Cel-P2 3.205(3) P1-0O1 1.495(9)
Cel-0O1 2.486(8) P1-02 151(1)
Cel-02A* 2.515(9) P1-0O3 1.583(9)
Cel-0O4 2.374(7) P1-H1 1.368
Cel-O5A° 2.591(8) P2-04 1.521(8)
Cel-O5B° 2.471(8) P2-0O5 1.541(9)
Ce1-0O6B* 2.496(9) P2-06 1.523(9)
Cel-O6A° 2.564(8) P2-H2 1.369
Cel1-07 2.492(9)

Bond angles

01-Cel-02 145.93) O5A~Cel-O6A 56.2(2)
01-Cel-04 93.4(3) 05A-Cel-07 78.5(4)
01-Cel-O5A 82.3(3) 0O5B-Cel-06B 143.1(3)
01-Cel-O5B 74.5(3) 0O5B-Cel-O6A 69.4(3)
01-Cel1-06B 73.0(3) 0O5B-Cel-O7 141.5(3)
01-Cel-O6A 80.8(3) 0O6B-Cel-O6A 121.2(2)
01-Cel-07 143.6(3) 06B-Cel-0O7 71.4(3)
02A-Cel-04 95.9(3) O6A-Cel-07 112.3(4)
02A-Cel-0O5A 103.6(3) 01-P1-02 113.5(6)
02A~-Cel1-O5B 74.4(3) 01-P1-0O3 110.2(5)
02A-Cel-O6B 140.8(3) 0O1-P1-H1 118.68
02A-—Cel-O6A 75.5(3) 02-P1-03 107.5(6)
02A-Cel-0O7 69.4(3) 02-P1-H1 106.80
04-Cel-0O5A '151.0(3) 0O3-P1-H1 98.81
04-Cel-O5B 82.2(3) 04-P2-05 112.2(5)
04-Cel1-O6B 82.7(3) 04-P2-06 114.4(5)
04-Cel-0O6A 151.5(3) 04-P2-H2 101.57
04-Cel-07 88.9(4) 0O5-P2-06 104.8(4)
O5A—Cel-O5B 123.4(2) O5-P2-H2 115.04
05A—Cel1-O6B 68.6(2) O6-P2-H2 109.09

*In symmetry position ¥+x, 3—y, —z. °In symmetry position
x,y,z—1.  ‘Insymmetry position}+x,3—y,1—z.  °In symmetry
position x —#%, §—y, 1—z.

The second water molecule (O8) resides between
the layers as seen in Figs. 1 and 3 and is 2.65(1) A
from the coordinated water molecule. O8 is 3.00(1) A
from O4 and 2.92(2) A from O1. Thus, O8 must be
the donor in forming weak hydrogen bonds with these
atoms and in turn act as the acceptor in the strong
hydrogen bond to the coordinated water molecule. This
latter water also acts as donor forming another hydrogen
bond with 02 equal to 2.85(1) A in O-O distance.
These hydrogen bonds bind the layers together through
the presence of the uncoordinated water molecule while
the layers are also connected through formation of a
strong P—OH interlayer hydrogen bond to 02(03-02,
2.66(1) A).

La(HO;PH)(O;PH)-3H,0

The final positional and isotropic thermal parameters
are given in Table 4. The important interatomic distances
are given in Table 5 while the bond angles are collected
in Table 6. This structure is also a layered one with

A

Fig. 1. Struplot representation of Ce(HO;PH)(OsPH)-2H,0 as
viewed down the a axis showing the layered nature of the
compound. Note the zigzag nature of the layers parallel to the
¢ axis direction.

03

Fig. 2. An ORTEP drawing of a portion of the cerium phosphite
structure showing the coordination about the Ce atom and the
numbering scheme used in the tables. Thermal ellipsoids are at
the 50% probability level. O7 represents the coordinated water
oxygen and O8 is the oxygen atom of the water molecule which
resides between the layers. Only the hydrogen atoms bonded to
phosphorus are shown.

a layer structure similar to that of the cerium phosphite.
Figure 4 shows the coordination about the lanthanum
together with the atom numbering scheme. It is seen
that lanthanum is chelated by the P1 phosphite group
by oxygen atoms O1 and O2. The La~O2 bond distance
is significantly larger than the La—O1 bond, which tilts
the phosphite group to accommodate O3 bonding to



Fig. 3. A

struplot
Ce(HO,PH)(O5PH) -2H,;O viewed down the b axis. The layers
are parallel to the ac plane.

representation of the layers in

TABLE 4. Positional parameters and B, for La(HO,PH)-
(O;PH)-3H,0

Atom x y z B, (A)
La(1) 0.06830(7) 0.2379(1)  0.83113(4)  0.99(2)
P(1) —0.0165(3) 0.2289(4)  0.5838(2) 1.2(1)
P(2) —0.3018(3) 0.0654(4)  0.7666(3) 2.0(1)
o) 0.020(1) 0.065(1) 0.6597(6) 1.2(3)
0O2) —0.016(1) 0.402(1) 0.6473(7) 1.5(3)
0(3) 0.0814(7) 0.233(1) 0.5123(5) 1.6(3)
O4) —0.1916(8) 0.218(1) 0.8041(6) 2.4(3)
O(5) —0.447(1) 0.168(1) 0.7232(8) 3.9(4)
O(6) -0.271(1) 0.068(1) 0.6892(7) 2.9(4)
o) 0.307(1) 0.083(1) 0.9083(8) 3.5(4)
O(8) 0.6822(9) —0.010(1) 0.3774(7) 2.7(4)
(01¢%)} 0.5666(9) 0.242(2) 0.5012(7) 4.1(4)
H®1) -0.1525 0.2408 0.5224 4.0
H(2) —0.3302 —0.0285 0.8482 4.0

an adjacent La atom parallel to the ¢ axis direction.
These bonds are also the longest ones in the La
coordination sphere. O1 and O2 also donate electron
pairs to adjacent La atoms running along the b axis
direction and these bonds are somewhat shorter than
the chelating ones. The remaining oxygen of this phos-
phite group, O3, bridges in an approximately perpen-
dicular direction to the O1-O2 line. The second phos-
phite group, originating from P2, then bridges adjacent
La atoms through O4 and O6. These bonds formed
by O2A, OlA, O3A are the shortest ones, probably
because they are not constrained by the geometrical
requirements of the four-membered chelate ring.

39

TABLE 5. Interatomic distances (A) for La(HO,PH)-
(OsPH)-3H,0

Lal-O1 2.557(8) P1-0O1 1.536(8)
Lal-O1A 2.500(7)° P1-02 1.504(8)
Lal-02 2.676(9) P1-03 1.511(7)
Lal-02A 2.480(7)° P1-H1 1.370

Lal-O3 2.423(6)° P2-04 1.519(9)
Lal-O4 2.454(7) P2-05 1.566(9)
Lal-O6A 2.478(9) P2-06 1.492(9)
Lal-O7 2.535(9) P2-H2 1.374

*Atom is in symmetry position —x, $+y, 3—z. P“Atom is in
symmetry position x, ¥—y, $+z.  “Atom is in symmetry position
—x, y—% 3~z

TABLE 6. Selected bond angles (°) for La(HO,PH)(O,PH) - 3H,0

Ol1-Lal-O1A 1205(2)  O2-Lal-O3A 145.3(3)
O1-Lal-02 553(2)  02-Lal-O4 79.9(3)
O1-Lal-O2A 69.1(2)  02-Lal-O6A 73.7(3)
O1-Lal-03A 154.6(3)  O2-Lal-O7 127.3(3)
O1-Lal-04 837(3)  02A-Lal-O3A 85(7(3)
O1-Lal-O6A 98.0(3)  02A-Lal-O4 74.4(3)
01-Lal-07 957(3)  O2A-Lal-O6A  138.1(3)
O1A-Lal-02 66.92)  02A-Lal-O7 73.8(3)
O1A-Lal-O2A  144.4(2)  O3A-Lal-O4 86.9(2)
O1A-Lal-O3A 78.6(2)  O3A-Lal-O6A  102.8(3)
O1A-Lal-O4 73.1(3)  03A-Lal-O7 79.1(3)
O1A-Lal-O6A 769(3)  O4-Lal-O6A 146.0(3)
O1A-Lal-O7 13253)  04-Lal-07 146.0(3)
02-Lal-O2A 1205(2)  O6A-Lal-O7 68.0(3)
01-P1-02 106.2(4)  04-P2-05 106.2(5)
01-P1-03 1113(5)  04-P2-06 116.3(5)
01-P1-H1 118.41 04-P2-H2 11033

02-P1-03 115.7(5)  05-P2-O6 110.7(5)
02-P1-H1 99.03 O5-P2-H2 100.69

03-P1-H1 105.97 06-P2-H2 111.34

The coordination sphere is completed by a coordi-
native bonding of a water molecule, O7, to create the
layers shown in Fig. 5. O5 is bonded only to P2 and
therefore must also be bonded to a proton. Two water
molecules reside between the layers as shown in Fig.
6. The layers are 9.37 A apart which is 1.1 A larger
than the interlayer distance in Ce(HO,PH)-
(OsPH)-2H,0.

Table 7 lists the short interatomic O-O distances
indicative of hydrogen bonding. The acid phosphite
group binds a water molecule through a short hydrogen
bond O5-H---08 (2.59 A). In this case O5 is the
donor because O8 in turn hydrogen bonds to 04 (2.72
A) and O3 (2.88 A). The coordinatively bound water
O7 acts as donor to two water molecules represented
by 09 in symmetry position 4 (2.81 A) and symmetry
position 2 (2.86 A). 09 in turn acts as donor to O8
(2.86 A). The entire H-bond scheme ties the layers
together as shown in Fig. 6.
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Fig. 4. ORTEP drawing of a portion of the La(HO;PH)-
(O;PH)-3H,0 structure showing the coordination about the La
atom and the numbering scheme used in the tables. The thermal
ellipsoids are at the 50% probability level. O7 represents the
coordinated water oxygen and O8 and O9 are the oxygen atoms
of the water molecules which reside between the layers. Only
the hydrogen atoms bonded to phosphorus are shown.

Discussion

The structure reported by Loukili et al. [4] for
Nd(HO,PH)(O,PH)-2H,0 is essentially the same as
that reported for the cerium compound in this work
except for the choice of origin. However, they did not
describe their structure as a layered compound. Fur-
thermore, the hydrogen-bond scheme proposed by them
differs from ours. These authors proposed four hydrogen
bonds for the coordinated water molecule O7 (W1 in
their notation) [4]. This would require the water oxygen
to be five coordinate, an unlikely event. Also, the PO-H
group forms a strong H bond to 02 (2.66 A) in the
next layer. Loukili et al. [4] gave a value of 2.87 A for
this bond. The scheme we have presented also binds
the layers together through H bonding of the coordinated
water to the interlamellar water which in turn H bonds
to the framework oxygens of the adjacent layer. There

Fig. 5. A struplot representation of the La(HO,PH)(O;PH) - 3H,0
layer as viewed down the ¢ axis. The layers are paralle] to the
bc plane. Note the similarity to the layers in cerium phosphite,
Fig. 3.

@]

Fig. 6. A struplot representation of the lanthanum phosphite
trihydrate structure as viewed down the b axis. Dashed lines
indicate probable hydrogen bonds.

TABLE 7. Oxygen-oxygen interatomic distance (A) denoting
possible hydrogen bonding in La(HO;PH)(O,PH)-3H,0

03-08° 2.88(1) 07-09* 2.81(1)
04-08® 2.72(1) 07-09° 2.86(1)
05-08° 2.59(1) 08-09 2.86(1)

*Symmetry code 1—x, —y, 1—z. °Symmetry code x—1, $—y,
4+z.  ‘Symmetry code —x, —y,1—z. “Symmetry code,x, $—y,
$+z. “Symmetry code 1—x, ¥—4%, —=z.

are no distinct [HyP,O4]’~ anions in the structure as
claimed [4]. Rather each phosphite group bonds to Ln
through ecither chelation and bridging (one oxygen
bridging 2 Ce) or by O-P-O bridges joining the metals



into layers. The hydrogen-bonding scheme binds the
layers together in a natural way.

On heating one would expect the interlamellar water
to be lost first, followed by the coordinated water.
Reference to Fig. 1 shows that a small shift of the
layers parallel to the ¢ axis or in the ac plane would
bring the P-OH groups from one layer close in to one
in the adjacent layer allowing easy condensation of
water to create pyrophosphite groups as reported from
thermal studies [3].

At the time we were writing this manuscript the
results of a study [13] on La(HO,PH)(O;PH)-3H,0
appeared. Again the structure was described in terms
which did not clearly indicate the layered nature of
the compound. Also, the authors proposed that seven
hydrogen bonds form based on O-O distances whereas
we show six. They designated the seventh H bond as
W3-011, 2.82 A or in our notation O7--06. O7 is
the coordinated water molecule which we have seen
already acts as donor to two water molecules. In order
to hydrogen bond with O6 the O7-H---O6 angle would
be acute, which is unlikely.

Because of the foregoing incomplete structure de-
scriptions in the literature we decided to examine some
of the other reported phosphite structures. In the case
of Fe(HO,PH), [14] and La(HO,PH),-H,O [15] the
authors propose that three hydrogen phosphite anions
are hydrogen bonded together to constitute an
(HO,PH),>~ anion. In point of fact, these compounds
are layered as is clearly seen for the iron compound
in Fig. 7. The Fe-O, octahedra are formed from six
oxygens of six different phosphite groups all of which
bridge two metal atoms. One third of the hydrogen
bonds are within the layer and two thirds are between
layers. There is no special phosphite anion.

In the case of Cd(HO;PH),-H,O [16] linear chains
parallel to the b axis direction are formed Fig. 8. Each
Cd is six coordinate in which two types of phosphite

Fig. 7. A struplot representation of the Fe(HO;PH), structure
as viewed down the b axis showing the layered nature of the
compound.
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Fig. 8. A struplot representation of Cd(HO,;PH),-H,0 showing
the double bridged chains and the two types of phosphite bridging
of Cd atoms.

bridging is observed. In the first there are double
Cd-O-P-O-Cd type bridges, but they alternate with
units of two cadmium atoms bridged (doubly) by a
single oxygen from two phosphite groups. The hydrogen
bonds O1-H4---O5 and O7-H2---O2 are between chains
and do not indicate the formation of a special anion
[H,P,O4)>~ such as proposed [16].

Sufficient structures of both phosphites and phos-
phonates have now been completed so that some in-
teresting comparisons can be made. In the lanthanum
benzylphosphonate,
La(HO,PCH,C.H;)(O;PCH,C.H;)-2H,0, the La atom
is eight coordinate [12], as it is in the phosphite.
However, the bonding is slightly different. One of the
phosphonate groups chelates the lanthanum atom but
only one of these chelating oxygens bridges to an adjacent
La. This failure of the other oxygen to bridge results
from a tilting of the four-membered chelate ring to
accommodate to the steric requirements of the benzyl
group. The other phosphonate group, which contains
a P-OH group, bridges lanthanum atoms in much the
same way as the protonated phosphite group in
LaH(O;PH), - 3H,O. The third oxygen of the chelating
phosphonate then links the chains into layers. In order
to fill out the coordination sphere of La in the ben-
zylphosphonate two water molecules coordinate to it.

In the zinc phenylphosphonate, Zn(O,PC¢Hs)-H,O
[17], and the divalent phosphonates in general [18] the
metal is six coordinate. The phosphonate group chelates
the metal and then both chelating oxygens bridge to
adjacent divalent metals. The third oxygen bridges in
a direction nearly perpendicular to that of the chelate
oxygen bridges, creating layers much the same as de-
scribed in this paper. The sixth coordination position
is occupied by a water molecule. However, in phosphites,
when all the phosphite groups are protonated, chelation
does not take place and different structures result. In
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Zn(HO;PH),-3H,0O the Zn atom is octahedrally co-
ordinated to oxygen atoms from six different phosphite
groups all of which are bridging [1]. Thus, the octahedra
share corners with the phosphite tetrahedra as stated
in the ‘Introduction’. A similar situation holds for
Fe(HO;PH); and Cd(HO;PH),-H,0. A second zinc
phosphite, Zn,(HPO;),(H,0),-H,0, which was pre-
pared under less acidic conditions, contained Zn atoms
in both octahedral and tetrahedral coordination. All
the phosphite groups bridged metal atoms so that no
chelation type bonding was present. This arrangement
led to a three dimensional structure with channels
parallel to the b axis [1].
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