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correct value for a titanium-oxygen bond, and the
bonds must therefore lie close to the plane of projec-
tion, perpendicular to (001). As the atom O(16) is
shared by TiOg octahedra on either side of the sheet of
alkali atoms the tetrahedral layers are related by an
approximate mirror plane parallel to (001). The potas-
sium atoms, site K(1), are therefore each bonded to
two rings of six oxygen atoms, as in the micas, and also
to O(16) in the plane of the alkali atoms. The sodium
atoms are in tenfold coordination, bonded to four
atoms on each side of the alkali atom plane and two
atoms, O(16) in the plane.

There are a number of possible variations in the
structure:

(a) Rotation of the TiOg octahedron. In any layer of
the structure there are two possible arrangements, as
shown in Fig. 8. The differences between these are small
and probably restricted to the atoms Si(2,3) and
0(9,10,11,12).

(b) The relative rotation of the TiOg4 octahedra in
adjacent layers could make the structure centrosym-
metric or asymmetric. These variations would have
small differences in the arrangement of the oxygen
atoms around the alkali atoms.

(c) In this specimen the corrugation of the octahedral
layer limits the number of polymorphs produced by
the relative positions of the tetrahedral layers on either
side to two, the atoms differing in x coordinates only.
These can be distinguished by the value of the angle
(90° or 101°).

(d) The possible occurrence of many more varieties
of astrophyllite is suggested by the specimen studied
by Ilsr & Ma (1963). This has the formula (K,Na,)
(FesMg,)Ti,Sig(O,0H);;. The structure consists of the
same ‘octahedral’, ‘tetrahedral’ and alkali atom layers
but the presence of magnesium in the octahedral layer
has produced a more symmetrical stacking of the units.
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In this specimen the octahedral layer is flat and the
positions of attachment of the titanium and silicon
chains of the tetrahedral layer are apparently associated
with the different sizes of the MgOs and FeOg octahedra
and not with alterations in size produced by curvature.
As a result the TiOg octahedra on either side are at-
tached to the same octahedron of the Fe, Mg layer. The
mirror lines perpendicular to (001) shown in Fig.3(b)
become in this specimen mirror planes running con-
tinuously through the now monoclinic lattice. The extra
sodium atoms in this specimen are accommodated by
replacing the atom in site K(2) by an atom on either side
of this position, spaced at right-angles to the x axis.

The fact that the variations in ‘repeat distance’ of a
composite TiOgSiO, layer can be matched to a flat
octahedral layer by the replacement of iron by magne-
sium suggests that with appropriate compositions of
the octahedral layer continuous ‘tetrahedral’ layers
with other ratios of titanium to silicon may be possible.
The ratio 1:2 has already been found in bafertisite and
some other minerals.

The author wishes to thank the Department of
Scientific and Industrial Research for a grant, the
Department of Chemical Crystallography of the Uni-
versity of Oxford for help with computer programs,
and Dr J.Zussman for continuous advice and en-
couragement.
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The Crystal and Molecular Structure of Dimethylphosphinic Acid

By F.GIORDANO AND A.RIPAMONTI
Istituto di Chimica, Universita di Trieste, Trieste, Italy

(Received 2 August 1966)

The crystal structure of dimethylphosphinic acid, (CH3),PO(OH), has been determined from three-
dimensional X-ray data. Crystals of this compound are monoclinic, space group C2/c, with 8 molecules
in the unit cell. Cell dimensions are a=15-78, b=6-76, c=10-94 A ; §=125°40’. The structure has been
refined by the method of least squares. The final R index for 852 observed reflexions is 0:078. The phos-
phorus atom has the expected tetrahedral configuration. The P-C bond lengths are equal within experi-
mental error, with a mean value of 178 A. The two P-O bond lengths are 1-50 and 1-56 A. Strong
O-H:--O hydrogen bonds, 248 A in length and arranged around twofold screw axes, hold the molecules

together to form chains along the b axis.

As a part of a series of investigations of Zn(II) and
Co(II) di-n-alkylphosphinate polymers, which were
found to be chains of tetrahedral metal atoms bonded
with phosphinate bridges both in non-coordinating

solvents and in the solid state (Crescenzi, Giancotti &
Ripamonti, 1965; Rose & Block, 1965; Giancotti &
Ripamonti, 1966), the structure of dimethylphosphinic
acid, (CH;),PO(OH), was determined by a single-
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crystal X-ray diffraction analysis. This study was under-
taken not only to provide a standard for comparison
between the geometry of the phosphinate group in the
aforementioned coordination polymers and that of the
free acids, but also because of the intrinsic interest of
the molecular packing in the crystalline state. The
presence in solution of hydrogen bonded dimers of
phosphinic acids, like those formed by carboxylic acids,
has been suggested on the basis of molecular weight
determinations (Kosolapoff & Powell, 1950) and infra-
red spectra have provided evidence for the formation
of strong hydrogen bonds (Detoni & Hadzi, 1964).
However, there is no accurate structural information
available on the state of association of these acids of
phosphorus in the solid phase.

Experimental

Dimethylphosphinic acid was prepared according to
Reinhardt, Bianchi & Mélle (1957). Monoclinic crys-
tals were grown from solutions in benzene and crystal-
lographic data were obtained from precession photo-
graphs taken with Cu Ka radiations. The unit cell par-
rameters were found to be

a=1578, b=676, c=10-94 A; f=125°40".

Eight molecules per unit cell give a calculated density
of 1-317 g.cm=3. The systematic absences, hk/ with
(h+k) odd, h0O/ with 4 and / odd, indicated that the
crystals belong to space group Cc or C2/c.
Equi-inclination Weissenberg intensity data were col-
lected with Cu Ko radiation from a crystal (cross-
section of about 0-2 x 0-2 mm) sealed in a thin-walled
capillary tube because of its hygroscopicity and mount-
ed about [010]. The 40I- - -h6! layers were accessible.
The zero layer of a crystal mounted about [101] was

cmn

0(29

c@)

Fig.1. Composite diagram of the three-dimensional electron
density function viewed along b. Contours are at intervals
of 1e.A-3 around the oxygen and carbon atoms and at
intervals of 2 e.A-3 around the phosphorus atom, beginning
with the 2e.A-3 contour. A perspective drawing of the
molecule related to that at x, y,z by the twofold screw axis is
also shown.
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recorded to provide cross-correlation terms. The mul-
tiple-film technique was used throughout. The inten-
sities of 852 independent reflexions, which correspond
to approximately 829%; of the Cu Ka sphere, were
measured by eye-estimation and scaled with the aid of
the cross-correlation terms. The intensities were cor-
rected for change of spot shape on upper layers (Phil-
lips, 1954) and reduced to structure amplitudes by a
data-reduction program written for an IBM 1620 com-
puter (Damiani, De Santis, Giglio & Ripamonti, 1962).
No absorption or extinction corrections were applied.

Determination and refinement of the structure

Because there are eight molecules in the unit cell, the
space group was assumed to be C2/c and not Cc. This
was confirmed later by structure analysis.

From the phosphorus position, determined from the
Patterson projections on (010) and (101), a trial struc-
ture was obtained in which the molecules which were
hydrogen bonded together were related by the twofold
screw axis. This model was refined by Fourier methods
until Rpe; and R,; were reduced to 0:-13 and 0-15
respectively. Structure factors, calculated with the
atomic coordinates thus obtained, gave R=0-20 for
all observed reflexions.

The three-dimensional refinement of the structure
was then carried out by the block diagonal least-
squares method, using the weighting scheme w=[a+
bkF,+c(kF,)?"! where a=50, b=1:0, ¢c=0-01. The
positions and the isotropic temperature factors of the
heavy atoms were initially refined and subsequently
anisotropic factors were included. R dropped to 0-091.

At this stage a three-dimensional Fourier synthesis
of electron density, shown in Fig.1, and a difference
synthesis based upon low angle reflexions were calcu-
lated. The (F,~F;) map showed hydrogen atom peaks
at the expected positions for a staggered orientation
of the methyl groups and a broad peak between the
hydrogen bonded oxygen atoms. Since an ordered po-
sition of the hydrogen atom in the O-H-.-O bond
seemed reasonable because of the different values of
the two P-O bond lengths, the contribution of all the
hydrogen atoms was included at positions calculated
by assuming staggered methyl groups, with C-H bond
lengths 1-09 A, and an O-H- - - O linear hydrogen bond,
with O-H distance of 107 A. An average isotropic B
value of 5-0 A2 was assigned to the hydrogen atoms.
In the final cycles of calculations all parameters, except
those of the hydrogen atoms, were further refined until
the residual shifts were, on average, smaller than the
corresponding estimated standard deviations. The final
reliability index for observed reflexions was 0-078.

The coordinates and the temperature parameters of
heavier atoms with their estimated standard deviations
are given in Table 1 and Table 2 respectively. The
standard deviations were calculated from the residuals
and diagonal elements of the normal equations of the
least squares procedure. Table 3 lists the observed
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amplitudes and calculated structure factors based on
the final atomic parameters.

The atomic scattering factors used were those of
Hanson, Herman, Lea & Skillman (1964) for C, O and
H and that reported in /nternational Tables for X-ray
Crystallography (1962) for P. The calculations were
performed on an IBM 1620 computer with the pro-
grams of Van der Helm (19614, b) for structure factors
and Fourier synthesis and on an IBM 7040 computer
with programs written by Albano, Domenicano &
Vaciago (1966) for structure factors, least squares and
by Domenicano & Vaciago for Fourier synthesis.

Discussion

Bond lengths and angles calculated from the atomic
coordinates, listed in Table 1, are shown in Fig.2 and
given in Table 4 together with their standard deviations
(Cruickshank & Robertson, 1953).

The bond angles at the phosphorus atom are close
to the tetrahedral value. The P-C bond lengths are
equal within experimental error, the mean value being
1-78 A. This value is somewhat smaller than those ob-
served earlier for this type of bond. In an electron dif-
fraction study of the molecular structure of trimethyl-
phosphine oxide Wang (1965) found a P-C bond length
of 1-81 A, which is in agreement with the values found
by X-ray in 2-aminoethylphosphonic acid (Okaya,
1966) and in diphenylphosphinic acid (Liang & Chi,
1965).

It is deduced that the values of 1:50 and 1-56 A cor-
respond to the P-O and P-OH bonds respectively.
These values are in good agreement with the average
P-OH bond length of 1-568 A and the average P-O
of 1:505 A found in organic phosphates and recently
reported by Karle & Britts (1966).

The crystals are built up from infinite chains of mol-
ecules held together by strong O-H-.-O hydrogen
bonds around the twofold screw axes parallel to the
b axis. The hydrogen bond length of 2:48 A and the
P-OH..-O angle of 112:3° compare well with the
values found in the phosphate structure. Earlier pub-

lished values have been tabulated by Calleri & Speak-
man (1964) and by Liminga (1965). All the other inter-
molecular contacts (Table 5) are greater than the nor-
mal van der Waals distances. Similar spiral shaped
chains of molecules linked by means of hydrogen
bonds of length 2:74 A were found in the crystals of
diphenylphosphinic acid (Liang & Chi, 1965). If the
values thus far obtained for the O-H- --O bonds be-
tween phosphorus atoms and the infrared spectro-
scopic evidence (Detoni & HadZi, 1964) are considered,
the O-H- - - O distance reported by Liang & Chi (1965)
appears surprisingly long. However, the poor accuracy
of the two-dimensional analysis of the structure does
not allow much significance to be attached to this value.

9,10-Dihydro-9-hydroxy-9-phosphaphenanthrene-9-
oxide, a cyclic phosphinic acid, is also associated in
the form of long chains of molecules linked across a

Fig.2. Diagrammatic representation of two hydrogen bonded
molecules with bond lengths and angles.

Table 1. Final fractional atomic coordinates and their standard deviations (A)

x/a ylb zje o(x) a(y) 6(2)
P 0-1640 0-1673 0-1303 0-0016 0-0014 0-0011
o(1) 0-2790 0-2035 0-2241 0-0032 0-0041 0-0033
0(2) 0-1348 —0-0490 0-0702 0-0032 0-0041 0-0033
C(1) 0-0961 0-3172 —0-0338 0-0064 0-0068 0-0055
C(2) 0-1117 0-2198 0-2336 0-0047 0-0074 0-0055

Table 2. Final temperature factors

Temperature factors are of the form exp [—(b1142 + bapk2 + b33l2 + by2hk + byshl+ baskl)].
The standard deviations given in parentheses are expressed in units of the last digit stated.

b b1z bi3
P 0-0053 (1) 0-0013 (2) 0-0087 (1)
o(1) 0-0060 (1) 0-0001 (6) 0-0109 (3)
0(2) 0-:0072 (2) 0-0009 (7) 0-0081 (3)
C(1) 0-0094 (3) 0-0084 (11) 0-0148 (5)
C@2) 0-0079 (2) —0-0058 (10) 0-0155 (3)

b2 b2 b33
0-0190 (3) 0-0005 (2) 0-0097 (1)
0-0259 (9) —0-0054 (9) 0-0157 (3)
0-0240 (9) —0-0044 (9) 0-0128 (3)
0-0366 (18) 0-0148 (14) 0-0146 (4)
0-0427 (19) —0-0063 (15) 0-0138 (4)



F. GIORDANO AND A. RIPAMONTI 681

Table 3. Observed and calculated structure factors
Columns are A, k,10F,, 10F.

1:0 104 123 =120 -13.3 221 -233 26 109 132 66 73 68 14 0 470 -468 53 61 50 <53 212 238
021164 =965 =1C4 20 12 =~135 124 96 -26 50 51 71 190 198 ~142 153 150 <55 50 <39 595 -65
06 395 299 106 79 GT 140 90 -92 31 150 147 =71 404 412 -4 €7 81 60 52 55 =60 127 117
086 171 =132 =111 326 342 =140 159 160 =31 7718 812 73 53 52 =14 6 125 =133 -6 0 583 591 -62 136 138
11 46 50" 113 38 38 142 55 713 33 389 =369 =73 244 =238 -151 T4 83 62 36 =43 =66 46 =47
13 85 =122 115 82 =67 =142 (8 (4 =33 578 -660 75 91 <72 =153 44 A4 =62 351 =326 T 1 31 37
15 88 68 =115 105 -89 144 T -T2 35 101 81 .75 63 -35 -160 126 127 -64 95 -89 =73 62 -58
20 84T -B46 122 T6 =86 =151 64 69 =35 273 272 82 195 176 =162 60 64 66 142 146 80 321 307
22 360 326 =122 167 163 =153 50 -44 40 37T 376 84 34 29 -164 44 -32 -71 8 81 82 203 201
24 72 59 124 125 =121 <160 45 48 -4 0 86 44 -84 298 -316 =171 67 86 =73 310 =336 -84 146 =126
26 127 -142 =126 42 -35 =162 55 57 42 116 =123 86 56 57 =173 89 =90 =75 121 101 86 113 140
31 789 -730 131 113 =119 ~164 33 43 -4 2 29 23 91 70 ~81 ~180 &0 T2 -8 0 103 =83 91 19
33 346 351 ~131 128 =139 =173 74 118 44 38 27 -9 1 304 327 =82 98 =103 =93 114 17
35 172 =132 133 63 =55 -4 4 216 -215° .93 ‘92 =-93 -9 1 251 -278 ~100 284 262
401263 -1188 -133 29 30 .46 64 69 -9 5 232 225 1=7 <93 308 307 -102 119 99
42 -4 =135 44 =34 1=3 -4 6 136 154 102 97 -131 02 157 150 ~95 119 =103 ~104 33 3
44 83 97 142 62 61 02 34 =43 48 42 30 -102 156 158 04 114 =118 -100 133 -142 =106 58 =61
46 112 =128 =142 120 -129 04 248 274 51 38 37  -104 146 =133 =11 301 =323 =102 67 65 =111 89 =96
51 20 6 =144 43 46 06 117 138 =51 400 ~416 _106 38 42 13 128 -143 104 148 144 113 172 177
53 214 =213 151 36 44 11 693 647 53 255 246 1M1 39 =57 =13 112 -111 =106 114 =111 122 36 30
60 428 412 =151 116 =130 11 346 367 53 198 207 111 314 -323 15 69 48 =111 87 8 -124 101 97
62 27 25 =162 23 =22 13 43 -49 55 115 =87 113 18 12 =15 175 164 «113 25 21 131 101 111
64 221 -219 <171 79 107 =13 129 =121 55 173 -175 115 190 191 22 309 =310 =120 170 136 =~133 100 =96
66 171 203 15 55 58 60 485 -456 122 277 -262 =22 187 ~176 =122 67 73 ~135 53 43
71 418 ATT <15 342 -325 =6 0 1184 1146 12 4 307 314 24 150 155 <124 126 =125 14 0 231 221
T3 333 =340 1=2 22 411 423 62 381 380 131 101 -111 26 57 53 <126 106 100 =142 T4 B4
75 210 187 00 307 =262 -22 550 606 ~62 95 99 -133 63 61 =26 33 ~38 131 163 180 -4 4 T4 T
80 191 170 02 5 654 24 249 =234 64 103 95 135 63 42 31 178 =184 =~13 3 228 ~240 =151 48 52
82 122 125 04 55 =59 -24 296 -297 -64 174 170 142 195 204 =31 134 135 135 96 80 153 121 116
84 103 92 11 701 =659 26 101 105 66 150 =153  -14 4 174 =183 33 35 =26 -140 43 =31 =155 31 32
86 T4 7T 11 T49 813 31 129 114 ~66 188 ~224 146 34 27 <33 T2 =71 =142 19 =17 -16 0 48 =~130
91 248 -239 13 629 737 ~31 574 -608 71 28 =25 151 167 177 35 60 -151 140 =151 -162 48 44
93 443 437 =13 270 308 33 97 -84 =T1 280 =315 155 161 -142 =35 113 =109 =153 164 164 -171 127 ~130
95 180 -165 15 305 =275 =33 294 291 73 63 56 162 20 =22 42 131 125 =155 95 =78 173 176 183

10 0 158 =156 =15 181 168 35 221 =207 =73 158 154 -171 24 -3 -4 2 410 380 -160 197 ~192 -180 90 -87
02 48 51 20 486 -472 -35 281 321 80 126 127 173 55 <46 44 90 -8 -162 136 41 -182 30 35
104 96 91 -201636 1739 =37 105 202 -80 431 392 182 83 B9 =44 244 =259 -164 75 T5 191 37 40
106 8 =79 22 313 -299 42 7B -58 82 136 ~130 =191 38 =38 -46 38 37 <173 22 22
111 32 -29 =22 349 =371 42 355 381 ~82¢ 98 66 51 127 143 -18 0 228 205
113 153 =145 24 171 185 44 148 =156 84 33 - 51 569 579 -182 82 BT 1a11
115 78 58 -24 120 -121 =44 442 537 -86 67 69 16 53 55 44 -191 59 6t 02 53 =69
12 0 141 138 26 1371 -161 -4 6 65 61 91 33 33 00 213 =227 =53 35 =30 =193 43 58 -1 1 155 168
122 111 =117 -2 6 180 248 51 647 ~645 =91 329 334 02 40 =23 55 94 =63 =2 8 85
124 109 <101 =28 116 =78 =51 547 546 93 174 ~181 04 109 =106 62 92 91 31 3 =30
1226 72 105 31 351 =329 53 48 47 =93 208 =191 06 63 SB =62 213 -213 19 =33 42 <40
131 55 58 ~31 70 66 =53 216 =205 95 58 50 11 17 =25 -64 291 306 02 227 -237 ~42 165 -184
133 8 -7 33 125 ~-101 55 164 134 =95 94 T4 =11 184 =170 71 54 =56 04 125 134 44 T4 85
142 36 43 33 111 -84 =55 177 170 100 81 76 13 259 -256 =71 512 -532 11 190 =221 51 -85
151 25 -27 35 35 <18 62 313 -286 =100 873 829 =13 167 169 =73 138 135 11 64 =66 -T1 155 146
153 100 107 -35 40 =15 <62 120 107 102 72 -73 20 361 363 =75 218 201 .22 227 -214 <73 T 63
16 0 100 -108 40 216 20 64 232 234 =102 248 -241 -20 385 =381 =77 116 42 24 105 110 -75 99 -94
162 50 74 =401327-1352 64 221 -240 104 46 =46 22 240 -238 -82 220 -215 .26 32 -28 82 185 188
42 250 =231 66 42 42 =104 57 «49 -22 323 317 -84 104 8 31 W1 142 B4 96 =100
-42 202 100 71 221 216 =106 114 131 24 131 =125 =91 41 25 31 234 -230 -91 134 132

1=1 44 191 «185 =71 184 186 111 21 <22 =24 216 22 93 53 47 33 ST =63 =93 47 54
02 675 ~194 -44 150 145 73 37 25 113 31 42 26 149 144 -95 151 -140 =35 91 77 95 38 35
04 566 724 46 142 166 =75 357 =394 =113 67 68 =2 6 167 =198 =102 250 249 42 101 17 ~102 190 184
06 90 =93 -46 202 -249 82 283 279 120 73 82 «31 161 163 104 246 -256 -4 2 139 -129 =104 128 129
11 1108 1108 51 453 447 =82 66 53 =120 658 «664 33 89 76 -106 53 -46 44 70 64 =111 103 96

=11 275 =285 -5 1 455 478 84 127 «134 ~122 284 278 =33 198 196 111 168 180 -46 63 51 =113 78 77
13 358 375 53 474 -501 -84 197 =188 -124 57 51 35 46 26 =113 31 ~29 51 231 225 =115 94 86
-13 161 161 53 31 86 62 S& =126 WUT ~144 =35 64 =39 115 94 -85 - 53 32 24 =122 57 56
15 416 429 §5 260 216 =86 67 <54 =131 192 -203 40 223 -210 122 45 45 55 152 -124 -124 89 =90
-15 176 146 <55 42 30 91 185 180 ~133 180 172 -4 0 640 637 126 79 60 <62 320 306 =131 203 203
-17 50 88 60 332 315 =01 140 =154 =135 10} =T5 42 229 212 -131 208 217 64 178 =166 ~135 8  -98
22 447 412 -6 0 321 276 93 34 26 -142 T aT7 “42 146 =151 133 32 36 66 68 53 =142 R 100
-2 2 306 =344 62 4 40 =93 30 -23 -146 30 26 44 104 104 2135 211 179  T1 202 205 ~144 51 =50
24 27 22 62 136 -114 95 97 =17 =151 96 112 -44 34 =28 142 172 =181 82 216 =196 =162 137 =139
-2 4 531 661 64 86 86 -3 5 106 92 «153 177 =188 46 119 =12) 144 168 176 -84 164 182 =171 187 <174
26 140 160 =64 47 52 102 43 =50 =135 T2 -4 6 81 90 151 122 134 -9 1 281 =295 =173 26 36
-26 32 30 66 42 =40 =102 327 =330 -16 0 149 144 51 25 =19 <153 46 —42 <93 45 38 -191 92 1N
31 166 162 71 67 =61 1C4 27 27 162 21 13 =51 386 387 155 36 =32 -95 172 158
~31 708 «T14 71 208 217 ~1C4 338 376 16 4 50 =59 $3 168 172 <162 130 138 =104 92 -88
33 109 108 73 386 379 111 81 =52 171 30 32 =53 591 «614 164 133 =136 <111 74 55 112
“33 225 207 =73 141 ~141 o111 256 -256 ~180 48 50 55 43 42 2171 29 33 113 25 13 =20 36 -3
35 173 ~-154 75 133 -128 113 51 =65 -182 22 27 <55 248 233 <173 35 29 =115 156 =140 =31 137 43
235 355 381 =75 37 22 ~113 116 109 =191 37 =59 60 101 101 <182 49 51 =122 173 17 -40 92 86
42 428 378 80 403 «423 115 179 158 =60 107 =124 <191 68 <81 <124 111 =118 -4 2 41 -45
-42 284 268 -80 822 787 122 109 =109 62 55 =65 =126 40 <33 <53 36 ]
44 382 433 82 274 259 122 269 272 1.8 =62 127 =110 =131 67 74 ~50 30 <35
-4 138 ~121 82 60 46 <124 173 =179 02 282 258 64 36 38 1.8 -133 34 27 =62 M 36
46 52 56 84 B89 82 126 94 77 11 238 237 =64 149 =137 00 254 263 =142 109 =115 <71 58 =58
46 55 56 =84 160 =151 131 34 =35 =11 243 347 -66 80 75 02 229 224 <144 124 132 <73 139 151
51 401 376 86 130 =130 =13 1 288 309 13 93 82 71 56 55 04 111 2120 151 170 =177 91 54 63
51 92 <71 =86 178 204 =133 50 <47 =13 57 =33 =71 434 <482 06 134 131 =155 120 106 =9 3 159 =167
53 283 «208 91 67 -67 =135 160 ~131 15 223 221 73 163 ~163 «11 24 13 =162 60 =67 =100 125 133
=53 122 N7 91 226 219 142 59 59 «1% 103 97 =73 370 375 13 96 =109 «164 39 33 =102 86 «95
55 181 =153 93 37 =33 <144 80 -82 22 60 64 =75 217 =209 =13 212 212 171 164 191 =104 =76
55 349 =376 =93 44 <32 =146 32 =39 22 373 344 80 24 27 15 60 47 <173 73 =69 =120 239 =266
62 336 =320 ~95 53 38 151 63 =76 24 157 =161 =80 547 <500 <15 61 56 =182 116 122 =122 148 152
62 94 770 100 150 136 =13 3 =26 =2 4 290 =343 82 53 =48 20 102 =99 12 4 4% 43
64 55 56 =100 367 =363 =162 113 106 =26 43 =42 =32 103 108 -2 0 206 =218 131 47 «50
-6 4 285 =311 102 139 ~151 164 76 B84 31 354 =318 -84 152 144 22 81 1-10 =133 121 132
o6 6 103 =104 =102 265 258 171 87 ~97 =31 535 531 =86 137 ~149 22 91 88 00 108 =106 «151 53 66
71 545 =524 104 97 =100 33 113 «108 91 17 <20 24 64 55 02 29 40 =153 81 <90
-7T1 372 359 =104 58 42 =33 44 <12 «91 76 81 26 39 =36 11 76 76 =150 209 211
73 8 &1 106 86 105 14 35 121 101 =93 20 197 31 57 <64 =11 36 40 =162 138 <124
a7 3 256 «2)7 «106 99 =100 00 158 =168 =35 207 =184 =35 55 =41 231 70 <60 13 140 166 <180 100 =103
75 218 193 111 23 26 02 B8O -60 42 323 =304 100 291 269 313 219 233 =13 170 =173
-75 77 «60 =111 267 =285 04 254 252 =42 52 58 -102 T 80 -3 3 8)9 241 20 34 =61
82 162 =151 113 132 =121 06 149 =193 44 164 155 =104 104 =1R =35 55 =45 «20 157 18 1a1}
-3 2 397 =392 113 346 335 11 410 =397 4G 48 =38 106 99 111 40 32 25 22 69 71 =62 58 =103
84 221 52 =116 172 «150 1 1 112 =127 51 45 «23 =111 200 307 «40 365 «375 22 125 130 71 23 -26
-84 248 287 120 T4 70 13 68 87 <51 659 =703 =113 280 =276 42 23 24 24 %9 71 82 94 108
91 334 335 =120 37 21 13 807 522 53 287 304 =118 122 110 42 357 356 <31 47 41 =91 131 W0
91 327 =323 122 44 35 15 162 =147 55 61 51 =120 384 368 44 37 =33 90 <94 <102 67 70
93 35 23 =122 151 157 20 61 52 55 200 272 =122 174 «182 44 106 92 <35 45 33 <111 153 <151
93 90 93 =124 67 S8 -20 249 241 57 95 73 =126 45 42 =46 I 131 40 55 48 122 162 166
95 81 <59 =126 34 <25 22 336 =3 62 263 262 =131 96 =97 51 52 51 <42 42 4 <131 21 =32
.05 242 222 131 14 14 =22 390 426 =62 440 441 ~133 85 84 51 105 107 .44 100 1 42 % 57
102 243 242 =131 T4 T2 24 160 =149 G4 164 =149 =135 52 =42 53 671 -M 1 60 =38 <151 138 144
=102 133 127 133 2 8 “24 67 78 =64 335 356

AC22-5+*
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Table 4. Bond lengths and angles and their standard deviations

1 o)
P-0(1) 1-495 A 0-004 A
P-0(2) 1-559 0-004
P-C(1) 1-776 0-006
P-C(2) 1-781 0-006
O(1)-0(2") 2479 0-005

Table 5. Intermolecular distances less than 4-0 A

From to in molecule at

o) P -x, 3+y, 1z 339 A
P o(1) 3-85
o) o(1) 3-63
C(1) o(1) 379
C(2) o(1) 3-60
P 0(2) 3-52
C(2) 0(Q2) 3-61
o) C(2) 3-80
P 0Q) -X, =Y -z 395
0oQ) 0(2) 3-64
cQ) 0(2) 3-88
C(2) 0(2) 3-53
0(2) C(2) X, -y, —%+z 3-67
C) 0o(1) 1—x, 31—y, —z 3-61
C(2) C(2) —Xx, ¥, i1-z 3-75

glide plane by means of hydrogen bonds of length
2:53 A (Wheatley, 1962). From these results it seems
that phosphinic acids as well as organophosphoric
acids of the type (RO),PO(OH) (Calleri & Speak-
man, 1964; Dunitz & Rollett, 1956) have a common
tendency towards formation, in the solid state, of long
chains of molecules held together by strong hydrogen
bonds.
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Nazionale delle Ricerche, Roma, Italy.

o ()
O(1)-P-0(2) 112-7° 0-2°
C(1)-P-0(1) 112-1 0-3
C(1)-P-0(2) 104-6 0-3
C(1)-P-C(2) 107-3 03
C(2)-P-0(1) 111-0 0-2
C(2)-P-0(2) 108-8 0-2
P-O(1)-0(2) 122-5 0-2
O(1)-0(2)-P’ 1123 0-2
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