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The Crystal Structure of Acetohydroxamic Acid Hemihydrate
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The structure of acetohydroxamic acid hemihydrate, CH3.CO.NHOH.3H,0, has been determined
using three-dimensional X-ray intensities measured with a proportional counter. Atomic positions and
anisotropic vibrational parameters have been refined using full-matrix least squares, and a vibrational
analysis carried out. The final R value is 0-052, the principal interatomic distances (A) within the molec-
ule are C-C, 1-505 (6); C-0, 1:245 (6); C-N, 1-:333 (6); N-O, 1-400 (5).

Introduction

This study of acetohydroxamic acid,
CH;.CO.NHOH.{H,0,

is part of a series of investigations of the crystal struc-
tures of simple amides. The authors’ interest lay in
comparing the geometries of the amidic and hydrox-
amic groups, and in a comparison of the hydrogen
bonding arrangement with those found in typical
amides.

Crystal data were gathered, and the approximate
structure determined, at the University of Birming-
ham. Three-dimensional refinement was started, using
Rollett’s block-diagonal least-squares program, on the
MERCURY computer at the University of Oxford.
Refinement was later recommenced and completed by
one of the authors (BHB) at the Atomic Energy Re-
search Establishment, Harwell. The second refinement
used a full-matrix least-squares program, and the re-
results of this second refinement are reported here.

Experimental

Acetohydroxamic acid was prepared by heating equiv-
alent proportions of acetamide and hydroxylamine
hydrochloride to 100°C. Ethyl acetate was used as a
solvent for extracting and recrystallizing the product.
During preliminary crystallographic work, it became
evident that the acid obtained in this way is hydrated,
and the composition was checked by quantitative anal-
ysis with the following results:

A C 26B - 5+

%C %H%N

Expected for CH;CONHOH 320 67 187
Expected for CH;CONHOH.1H,O0 286 7:1 167
Found 274 71 169

Weissenberg photographs showed that the crystal is
orthorhombic. The systematic absences, 40/ when
(h+D=2n+1 and 0k! when (k+/)=2n+1, indicated
the space group to be either Pnnm or Pnn2. A statis-
tical analysis of X-ray intensities in the 0k/ zone (Ho-
wells, Phillips & Rogers, 1950) indicated that this zone
is acentric, and the space group is therefore, Pnn2.
The cell dimensions were obtained from a least-squares
fit to 19 interplanar spacings, measured on the three-
circle diffractometer using Cu Ko radiation (A=
1-5418 A). The density was measured by flotation in a
mixture of chlorobenzene and bromobenzene. Crystal
data are given in Table 1.

Table 1. Crystal data
Acetohydroxamic acid hemihydrate C;NO2;Hs.4H,0

a = 84060002 A

b = 12-046+0-004

c = 4-037+0-001

v = 408-8+0-02 A3

V4 = 4C;NO;H;+2H,0
Dops = 1:36 g.cm—3

Deare = 1-36 g.cm—3

Initially, two-dimensional intensity data were meas-
ured, using photographic and counter methods, for
the #k0 and 0k/ zones. After determination of the ap-
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proximate structure, three-dimensional intensities were
measured on the diffractometer described by Small
& Travers (1961) using Cu Ke radiation. In all, 456
out of a possible 498 intensities were measurable. No
attempt was made to correct these data for absorption.

Determination of the structure

The x and y coordinates were obtained by interpreta-
tion of a sharpened Patterson synthesis projected onto
(001) and trial and error methods were used to deter-
mine the z coordinates from 0k/ data.

In the non-centrosymmetric space group Pnn2, an
arbitrary specification of the origin in the z direction
is required. In this case, the oxygen atoms of the water
molecules, lying in the special positions (0,0,z) and
(3,3,3+2) were given a fixed z coordinate of z=0.

Two-dimensional refinement was carried out by
Fourier and least-squares methods, until the discrep-
ancy indices were Rnko=0-11 and Ryp=0-16. R=
S| Fol—FAl/SIFol.

Three-dimensional refinement was carried out using
a modified version of the full-matrix least-squares pro-
gram of Gantzel, Sparks & Trueblood (ACA No. 317),
on the IBM 7030 and 360/65 computers at Aldermas-
ton and Harwell. This program minimizes the quan-
tity >w(|Fo| —|F¢])2. Refinement of the positions and
anisotropic vibrational parameters of the C, N and O
atoms, with all reflexions given equal weight, con-
verged with Rpz;=0-078. At this point, the summation
of a three-dimensional (F,— F) synthesis gave the posi-
tions of the six hydrogen atoms. These were included
in the structure model with isotropic temperature par-
ameters based on the vibrational amplitudes of their
parent atoms. In the final cycles of refinement, the
positions of the hydrogen atoms (but not their vibra-
tional parameters) were refined. The ultimate weight-
ing scheme was

w={1+[(|F,| - 6-0)/8-0]2}

and a final reliability index of Rpx;=0-052 was ob-
tained. An (F,— F;) synthesis revealed no significant
features.

THE CRYSTAL STRUCTURE OF ACETOHYDROXAMIC ACID HEMIHYDRATE

For all refinement calculations, atomic scattering
factors as given in International Tables for X-ray Crys-
tallography (1962) were used. The final positional and
vibrational parameters are shown in Tables 2 and 3
respectively, while the atom labelling scheme is illus-
trated in Fig. 1. Table 4 shows a list of final observed
and calculated structure amplitudes.

Table 2. Fractional atomic coordinates

The estimated standard deviations in parentheses refer to the
last decimal positions of respective values.

x y z
CQ) 0-42260 (45) 0-26020 (30) —0-0202 (18)
C(2) 0-42346 (66) 0-13746 (35) —0-0809 (23)
N 0-29498 (41) 0-31228 (26) —0-1311 (18)
o) 027495 (34) 0-42586 (24) —0-0801 (18)
0Q2) 0-53290 (35) 0-30813 (23) 0-1219 (18)
0@3) 0-0 0) 0-0 ) 00 (0
H(1) 0-3258 (82) 0-1027 (48) —0-208 (19)
H(Q) 04294 (85) 0-1090 (53) 0-124 (20)
H(3) 0-5301 (82) 0-1122 (49) —0-180 (22)
H(4) 0-2123 (72) 0-2792 (45) —0-239 (18)
H(5) 0-3345 (80) 0-4420 (54) —0-207 (19)
H(6) 00107 (71) 0-0598 (42) —0-144 (22)

In order to assess librational corrections to the co-
ordinates of the C, N and O atoms, a vibrational anal-
ysis was carried out using the equations given by

H(1) H(2) H(3)

NN

(2) H(6)

0(3)
C(1) H(6")

N

0(2)

o),

AN

H(5)

Fig.1. Atom labelling system for acetohydroxamic acid and
water. H(6) and H(6’) are symmetrically related.

Table 3. Vibrational parameters

The temperature factor expressions used were, for C, N and O atoms, exp [— 10~4(A2by1 + k2ba2 + ¢2b33+ hkb12 + hlb13 + kib13)]
and for H atoms, exp (— B sin2 8/42). The estimated standard deviations in parentheses refer to the last digit of respective values.

b b b33
Cc) 86 (5) 43 (2) 422 (26)
C®2 144 (7) 38 (3) 727 (43)
N 82 (5) 382 698 (35)
o) 103 (5) 44 (2) 788 (32)
0(2) 99 (4) 47 (2) 832 (30)
03) 138 (7) 36 (2) 571 (34)
B
H(Q) 3.57
H(Q) 3-57
H@Q3) 357
H®@4) 294
H(5) 3-30
H(6) 3.03

b1z bi3 ba3
15 (6) —-12(23) 10 (17)
—-13(7) -77(37) —-29 (21
4 (5) —94 (23) 19 (16)
19 (5) —15(23) 7 (16)
20 (5) —230 (21) —-94 (19
6 (7) 0 (0) 0 (0)
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Table 4. List of observed and calculated structure amplitudes
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THE CRYSTAL STRUCTURE OF ACETOHYDROXAMIC ACID HEMIHYDRATE

Table 5. Principal axes of thermal ellipsoids

U is the root-mean-square displacement of the ith principal axis of the ellipsoid. cia, ci, cic are the direction cosines, multiplied
by 104, of the angles between the ith axis and the crystallographic axes.

Ui

0-188
0-187
0-164

0-252
0-221
0-165

0-245
0-170
0-161

0-255
0-200
0171

0-285
0-177
0-162

0-222
0-217
0-163

C(Q1)

W N -

C(2)

W N~

W N =

o(1)

W N -

0(2)

W N —

0Q)

W -

)

Cruickshank (1956, 1961). It was assumed that the
molecule is a rigid body librating about its centre of
mass. The program of Gantzel, Coulter & Trueblood
(ACA No. 232), modified to give librational correc-
tions, was used for this purpose. Table 5 shows the
principle axes of vibration, and Table 6, the rigid-body
tensors T and o.

Table 6. Rigid-body translational and
librational tensors

Elements Ti; of the mean-square translational tensor, and
those, wi; of the librational tensor, are expressed in A2 and
radians? respectively. All values have been multiplied by 104.
Estimated standard deviations, referring to the last digit of
respective values, are in parentheses.

T 277 (25) [3% 73 (18)
T5» 272 21) w72 231 (36)
T33 371 (37) w33 49 (12)
T2 —4(21) w12 —44 (21)
T3 —8(28) w13 7(12)
Ty w23 1(23)

-6 (24)

The molecular arrangement

The molecular arrangement of acetohydroxamic acid,
projected onto (001), is illustrated in Fig. 2. In this
diagram, molecules labelled 4 and B are roughly at
z=0, while those labelled C and D are at z=1.
There are three types of hydrogen bond in the struc-
ture. The first type connects the O(2) and N atoms of
molecules 4 and C respectively: the relevant inter-
atomic distances are O- - -N, 2:80; O- - -H, 1-91; N-H,
0-90 A, giving an O-H-N angle of 169-8°. This first
type of hydrogen bond links molecules into chains,
parallel to (101) for molecules 4 and C, and to (101)
for B and D. The closest non-bonding approach in
each chain is 2:69 A, between H(34) and H(4c). The

Cia Cib Cic
4148 6367 6500
—5570 —3872 7348
7195 — 6668 1940
—4669 — 0457 8831
8674 —2180 4473
1721 9749 1414
—2529 0630 9654
6335 7650 1160
7313 — 6409 2333
— 417 190 9989
8423 5384 250
—5373 8425 —384
—4071 —2614 8752
—1614 9637 2128
8990 547 4345
9977 685 0
0 0 10000
—685 9976 0

angle between the (10T) plane and the plane through
molecule A4 is 8:7°.

The other two types of hydrogen bond connect each
water molecule to four acid molecules, giving roughly
a tetrahedral arrangement of hydrogen bonds round
each O(3). The O(1)H(5) groups of molecules 4 and
C form hydrogen bonds with the water oxygen at posi-
tion (4,3, —%). Relevant distances are: O---0, 2:69;
O--.H, 195 and O-H, 0-75 A. The O-H-O angle is
169-2°. The third type of hydrogen bond connects the
water oxygen atom at (4,%,3) with atoms O(2c) and
O(2d), using the water hydrogen atoms. The inter-
atomic distances are: O-.--0, 2.78; O---H, 1-86;
O-H, 093 A, giving an O-H-O angle of 169-6°.

Fig.2. The crystal structure projected onto (001). Molecules
A and B are at height z=0; C and D are at z=4. Large and
small open circles represent O and H atoms respectively.
Circles containing dots and rings represent C and N atoms
respectively. Hydrogen bonds are shown by dotted lines.
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The hydrogen atoms of the water molecule at
(3,4, —1) are 230 and 2:69 A away from atom H(5q),
while the distances between atom O(lg) and the hydro-
gens if the water molecule at (,%4,3) are 266 and
299 A,

The molecule

Bond lengths and angles, corrected for libration, are
given in Table 7.

Table 7. Bond lengths and bond angles

The figures in parenthesis are estimated standard deviations
referred to the last place of decimals.

(a) Bond lengths (A) before librational corrections.

C(1)-C(2) 1-498 (6)
C(1)-N 1-321 (6)
C(1)-0(2) 1-234 (6)
N-—O(1) 1-393 (5)

() Bond lengths (A) after librational corrections.
C(1)-C(2) 1-505 (6) C(2)-H(1) 1-05(7)
C(1)-N 1-333 (6) C(2)-H(2) 0-89 (8)
C(1)-0(2) 1-245 (6) C(2)-H(3) 102 (8)
N-—O(1) 1-400 (5) N-—H(@4) 090 (7)

O(1)-H(5) 0-75 (8)
O(3)-H(1) 093 (7)

(c) Bond angles (°) before librational corrections.

C(2)-C(1)-N 114:6 (4)
C(2)-C(1)-0(2) 122-3 (4)
N-—C(1)-0(2) 123-1 (4)

C(1)-N-——0(1) 120-9 (4)

(d) Bond angles (°) after librational corrections.

C(2)-C(1)-N 114-3 (4)
C(2)-C(1)-0(2) 122:4 (4)
N-—C(1)-0(2) 123:3 (4)

C(1)-N-—0(1) 120-6 (4)
C(1)-C(2)-H(1) 118 (3)
C(1)-C(2)-H(2) 102 (5)
C(1)-C(2)-H(3) 111 (4)
H(1)-C(2)-H(2) 110 (7)
H(2)-C(2)-H(3) 102 (7)
H(1)-C(2)-H(3) 112 (6)

Acta Cryst. (1970). B26, 1709
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Tabl: 7 (cont.)

C(1)-N-—H@4) 125(4)
O(1)-N-—H@4) 114 (3)
N-—O(1)-H(5) 94 (5)
Water H-O-H 103 (7)

Atoms C(1), C(2), N and O(2) are coplanar within
the limits of experimental error, atom O(l) lying
0-056 A from this plane. The equation of the plane is
given in Table 8.

Table 8. Deviations from molecular plane

Deviations of the atoms from the plane through C(1), C(2), N
and O(2) are given in A. The equation of the plane, referred to
axes a, b, ¢, is —0-4528x —0-1480y +0-8793z+ 2-1444=0.

C(1) 0-0006
CQ2) —0-0002
N —-0-0002
Oo(1) 0-056

0o@2) —0-0002

A full discussion of the significance of these inter-
atomic distances in relation to those observed in other
simple derivatives of acetamide will be given later,
elsewhere.

The authors wish to thank Dr J. S. Rollett, of the
University of Oxford, for his advice in the early stages
of the work, and Dr B. T. M. Willis, of the U K.A.E.A.,
for encouraging its completion.
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Die Kristall- und Molekiilstruktur von [Co3(NH:)s(OH)2(NO1)2(CN)2I(C104)3. NaCl0,. 2H,O

VoN J. WEIss, H. SIEBERT AND K. WIEGHARDT
Anorganisch-Chemisches Institut der Universitit Heidelberg, Deutschland

(Eingegangen am 20. August 1969)

The structure of [Co3(NH3)s(OH)2(NO2)2(CN),] (Cl04);.NaClO4.2H,0 has been determined by X-ray
methods. The compound crystallizes in the monoclinic space group A2 (C3) with a=14-11, b=7-86,
c=14-84 A, p=112-3°, Z=2. The cation is of symmetry C,. At the central Co atom there are two
CN- ligands in the cis position. This Co atom is linked to the two Co(NH3)s groups by one OH and
one NO, bridge each. The N atoms of the two NO, bridges are coordinated to the central Co atom
trans to each other, while the O atoms of the OH bridges are in the cis position.

Einleitung

Kiirzlich wurden Darstellung und Eigenschaften von
cyanidhaltigen dreikernigen Kobalt(III)-amminen be-

schrieben (Siebert & Schiedermaier, 1968), welche u.a.
das Kation [Coy(NH3)g(OH)»,(INO,),(CN),}** enthalten.
Aufgrund der chemischen Reaktionen und der Ultra-
rotspektren konnte nur festgestellt werden, dass das



