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MercuryUl) acefamide crystallizes in the monoclinic 
system, the space group P2Jc, with two molecules per 
unit cell. The unit cell dimensions are; a = 8.77f 
0.02 A, b = 4.8OstO.01 A, c = 8.46-+0.02 
A, (3 = 96.5+-0.2”, the measured and calculated 
densities are 2.95 and 2.97 g/cm3, respectively. The 
structure has been solved using 456 independent re- 
flections collected about the a, b and c axes on inte- 
grafed equi-inclination Weissenberg photographs and 
refined by least-square method to R = 0.134. The 
structure is built up of the discrete planar centrosym- 
metric Hg(CHKONH)z molecules containing two col- 
linear covalent Hg-N bonds of 2.06kO.06 A. The 
oxygen afoms are 3.17kO.06 A from the mercury 
atom and fhe carboxyl-amide groups are nof chela- 
ting groups in this structure. There are two oxygen 
atoms from fwo neighbouring molecules disfanf 
2.88kO.06 A from the mercury afom. The molecu- 
les are linked fogether along fhe c axis by 0-H...N hy- 
drogen bonds of 3.05kO.06 A. The other bond 
lengths are within the range expected for this class 
of compounds. 

Introduction 

Covalently bonded mercury in mercury( II) aceta- 
mide has been anticipated due to the absence of ty- 
pical reaction for mercury(II) ions in aqueous solu- 
tions.’ There has been no direct evidence whether 
the co-ordinating bonds are to the nitrogen or oxygen 
atoms, but experience with amides in organic chemi- 
stry has produced the commonly accepted belief that 
in all metal carboxyl-amides the metal is bound to 
nitrogen. The decision is difficult because amides 
are very weak acids and the proton can be attached 
either to oxygen or to nitrogen.2 For the substitu- 
tion of proton by metal ion the nature of the metal 
could be decisive as well. It has also been suggested 
that both the nitrogen and oxygen atoms are bound 
to the metal atoms, as in the case of mercury(I1) ace- 
tamide,3s4 giving a chelate complex in which mer- 
cury would be in planar fourfold co-ordination. Such 
a structure is not likely to occur according to the 
known stereochemistry of mercury.5 In addition the- 
re is no known structure of a mercury oxo-acid salt 
in which the anion has a symmetric function. This 

(I) H. Ley and H. Kissel. Ber. Dfsch. Chem. Ges., 32. 1358 (18991. 
(2) 1. D. Roberts and M. C. Caserlo. “Basic Principles of Organic 

Chemistry”, W. A. Benjamin, Inc.. New York, 1965, p. 680. 
(3) L. Kahovec and K. Knollmiiller. Z. Physikal. Chem.. B. 51. 49 

(i9iij. 
(4) W. Kutzelnigg and R. Mecke, Spectrochim. Acta., 18. 549 (1962). 
(5) D. GrdeniC, Quart. Rev. Chem. Sot., Lond., 19, 303 (1965). 

investigation was undertaken in order to investigate 
the crystal chemistry of mercury as well as to elucidate 
the bonding in a metal carboxyl-amide. It is interesting 
that neither the structure of this nor of any other me- 
tal carboxyl-amide has been determined so far. 

Experimental Section 

Preparation and crystal data. Mercury(II) aceta- 
mide, Hg(CH$ZONH)2, was prepared by dissolving 
mercury(H) oxide in the molten acetamide. The 
crystals from aqueous solution were obtained in the 
form of a crystalline mass and the separation of 
individual single crystals suitable for measurements 
was quite difficult. 

The lattice parameters were determined from 
oscillation and Weissenberg photographs. The sy- 
stematic absence of reflections hO1 for 1 odd and 
Ok0 for k odd uniquely determined the space group 
as P2Jc. Crystals data are collected in Table I. 

Table I. Crystallographic data for Hg(CHJCONHJz. 

M.W. = 316.67 
Crystallographic system: monoclinic 
Space group: P2,/c - Cslh 
Unit cell parameters: a = 8.77~0.02 A 

b = 4.8O-cO.01 A 
c = 8.46kO.02 A 
p = 96.5r0.2” 
V = 353.8 A’ 
z=2 

:,: 
= 2.97 g cm-’ 
= 2.95 g. cm-’ (picnometrically) 

pc,,. = 426 cm-’ 

Except for some weak reflections, all hkl reflec- 
tions fulfil the condition of k + 1 = 2n indicating 
the special position of the mercury atom. Three-di- 
mensional X-ray diff ractioti intensity data (hkO+hkir, 
hOl+h41, and Okld5kl) were taken on Nonius-Delft 
integrated equi-inclination Weissenberg photographs 
(multiple-film technique) using nickel-filtered copper 
K radiation. For the structure analysis 456 inde- 
pendent intensities were determined by means of a 
microdensitometer. After corrections for Lorenz and 
polarization factors the intensities were placed on the 
same relative scale. No absorption correction was 
used. The size of the crystal was 0.16~0.13X 
X0.06 mm. 
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Table II. Observed and calculated structure factors. The values listed are 50F. and 50F,. 
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Table III. Co-ordinate and thermal parameters a with their estimated standard deviations *. 

Atom 

Hg 

: 

&CH,) 

x/a y/b 

0.000 0.000 
0.149(7) -0.192(16) 
0.210(5) -0.538( 13) 
0.235(S) -0.383( 17) 
0.350(7) -0.534(20) 

z/c MA’) 

0.000 
-0.136(7) 3.7zl.2) 

0.040(5) 3.29(0.8) 
-0.085(9) 3.26(1.3) 
-0.188(7) 3.41(1.2) 

Hg 0.012$4) 
bti 

0.0081(4) -0.00?~(104) O.Ok(7) -O.Okl(l59) 

a The anisotropic temperature factors for the Hg atom are in the form: exp[-(b,,h’+bukZ+bulz+ bakZ+blShZ+bllhk)]. * Stan- 
dard deviations are in parentheses in terms of the least significant digits of the parameters. 

Structure Determination. The special position 
2(a) of mercury was shown by two Patterson projec- 
tions obtained by means of the von Eller photosom- 
mateur. A three-dimensional Fourier synthesis was 
calculated phased on the mercury atom position. 
The first Fourier synthesis showed all the light 
atoms. Five cycles of the least-squares refinement, 
with isotropic thermal parameters for all atoms, re- 
sulted in a reliability index of R = 0.168. Four 
cycles of the refinement process were computed using 
anisotropic thermal parameters for the mercury atom 
only. Unit weight was used for all observations. 
The final value of the reliability index is R = 0.134. 
Further refinement was not possible due to unfavou- 
rable spot shape and neglecting absorption. The 
maximum shift in the final cycle of least-squares was 
less than 0.1~. The observed and calculated struc- 
ture factors are given in Table II. The final positio- 
nal and thermal parameters together with their esti- 
mated standard deviations are given in Table III. 
The F, values were calculated using the atomic scat- 
tering factors of Thomas and Umeda for mercury, 
of Berghuis, Haanapel, Potters, Loopstra, MacGilla- 
vry and Veenendaal for oxygen, nitrogen and carbon.7 

Structure factors and the Fourier synthesis were 
calculated on the Ferranti Mercury computer at the 
University of Sheffield while the rehnement proce- 
dure was performed on the Science Research Coun- 
cil Atlas computer at Didcot, England. 

Results and Discussion 

It is seen imediately from the data in Table IV as 
well as from Figure 1 that mercury(I1) acetamide does 
not have a chelate structure. 

One atom of the carboxyl-amide group is closely 
bound to the mercury atom at a distance of 2.06 A. 
Whether this atom is the nitrogen or the oxygen atom 
cannot be established from the X-ray diffraction data 
owing to the small difference between the scattering 
power of carbon and oxygen. Nevertheless, the 
unambigous answer is obtained by analyzing the 
lengths of the adjacent bonds. 

If the atom in question is denoted by A, then the 
bond length of Hg-A as determined permits both 
possibilities for A, the oxygen or the nitrogen atom, 
since the value of 2.06 A corresponds to the Hg-0 

(6) L. H. Thomas and K. Umeda, J. Chew Phys., 26, 293 (1957). 
(7) 1. Berghuis. I. I. M. Haanapel. M. Potters. B. 0. Loopstra. C. H. 

MacGillavry. and A. L. Veenendaal. Acfa Crysf., 8, 478 (1955). 
(8) “International Tables for X-ray Crystallography”, Vol. II, Kynoch 

Press, Birmingham, 1959, p. 331. 

Table IV. Intramolecular and intermolecular distances (in A) 
and angles0 (in deg.) with their estimated standard deviat- 
iorP 

Hg-N 
E# 

O”‘-H...N 3.05(6) 
C -N 0-CH,” 3.70(6) 
c -0 1:33(8) CH,-CH,” 3.80(8) 
C -CH, 1.58(9) N-C-O 123.3( 1.6) 
Hg-0 3.17(6) N-C-CH, 123.4(1.6) 
Hg-0’ 2.88(6) 0-C-CH, 110.6(1.2) 
Hg-CHP 3.82(7) 

“The positions are denoted as follows: no label x, y, z; 
(i) x, 1+x, z; (ii) x, -1/2-y, l/2+2; (iii) x, -1/2-y, 
-l/2+2; (iv) l-x, -l/Z+y, -1/2-z. *Standard deviat- 
ions are given in parentheses. 

Figure 1. The arrangement of mercury(H) acetamide mole- 
cules projected down the c-axis. The oxygen-to-mercury and 
methyl-to-mercury approaches are shown by broken lines. 

bond as found in the structure of mercury(I1) oxide9 
or in mercury(I1) oxonium compounds,” as well as 
to the Hg-N bond, as found in the structure of Mil- 
lon’s base” or in amidomercury(I1) halides.12 On the 
other hand, the bond C-A, which is found to be 
1.23 A, cannot be a C-O bond, because this value 
is too short for a single carbon-oxygen bond, for 

(9) K. Aurivillius, Acfa Chem. Scond.. 18, 1305 (1964). 
(IO) S. Sckvnifar and D. GrdeniC, Acfa Cryst., 8, 275 (1955). 
(I 1) W. N. Lipscomb, Ann. N. Y. Acod. Sci., 65, 427 (1957). 
(12) (a)K. Brodersen and W. Riidorff. Z. Naturforsch., 96, 164 

(1954); (b) K. Brodersen, Aclo Cryst.. 8, 723 (1955). 
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which a value of not less than 1.43 A must be expec- 
ted. Consequently, A is the nitrogen atom and the 
bond of 1.23 A is a carbon-nitrogen double bond. 
The value agrees with the sum of the covalent double- 
bond radii as well as with the values found in the 
structure of bis(acetamidine)-platinum(l1) chloride 
monohydrate13 and in the structure of dimethylglyo- 
xime.14 Consequently, the nitrogen atom is covalen- 
tly bound to mercury and the formula of mercury(H) 
acetamide is 

HO\ 
// N-HP-N 4 

C-CH, 

H,C-C, 
OH (0 

The carbon-oxygen bond length of 1.33 A, ho- 
wever, is considerably shorter than a single bond 
required by the above formula (I). It corresponds 
to the carbon-oxygen bond in carboxylic acids which 
approaches the double bond as, for instance, in acetic 
acid where it is 1.29 and 1.36 A in the crystal struc- 
ture and in the gaseous dimer respectively.‘5 In 
the crystal structures of the acetamide the C-O bond 
is even shorter and amounts to 1.26 and 1.28 A in 
the orthorombic and trigonal modification respecti- 
vely.16 It follows that the C-O bond in mercury(I1) 
acetamide is not a single bond, as required by the 
formula (I) but is a partial double bond as in free 
carboxyl-amides or in carboxylic acids. The inter- 
mediate character of this bond in both latter classes 
of compounds is the result of resonance which in- 
creases as the carboxylic group becomes more sym- 
metric. This can be achived by hydrogen bonding 
or by salt formation.” In mercury( II) acetamide this 
tendency cannot be fulfilled within the molecule, but 
can be by intermolecular interactions. Hydrogen bon- 
ding between the molecules allows resonance such as 
given by the formulae (II) and (III). 

‘0 

H c_>-Hg-N;-cH3 “o\\ 
3 

‘0 

‘h)_Hg_NgcHJ 
‘0, 

H&I-C 

‘H: 
‘0 .“O 

-CH, 

A--- 

“k *C-CH, 

/,‘N- Hg- 

HE-C 
;N- Hg-N’ 

‘0 
H H,C-C 

‘0 “0 
k.. 

‘H., ;C-CH, “k 
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... 

‘H . . 

(13) N. C. Stephenson, J. Inorg. Nucl. Chem., 24, 801 (1962). 
(14) “Interatomic Distances”, 

p. M 170. 
The Chemical Society, London, 1958, 

(15) G. C. Pimentel and A. L. McClellan. “The Hydrogen Bond” , 
W. H. Freeman and Company, San Francisco, 1960, p. 266. 

(16) W. C. Hamilton, Acla Cryst., 18, 866 (1965). 
(17) L. Pauling, “The Nature of the Chemical Bond”, 3rd edn., Cor- 

nell University Press, Ithaca, 1960. p. 275. 
(18) G. C. Pimentel and A. L. McClellan, “The Hydrogen Bond”, 

W. H. Freeman and Company, San Francisco, 1960, p. 239. 
(19) A. Weiss and AI. Weiss, XVIth International Congress of Pure 

and Applied Chemistry, Congress Handbook, Vol. 1, Paris, 1957, p. 118. 

Each molecule forms two 0-H...N hydrogen bonds, 
one through the donating OH group, and one through 
the accepting N atom. They are equal in length, 
3.05 A, and they link the molecules in an endless 
puckered ribbon along the c axis (Figure 2). Due 
to resonance (Il)ct(lll) the protons in the hydrogen 
bonds occupy statistically two positions, near the 
oxygen atom and near the nitrogen atom, in the 
sense of Hunter’s mesohydric tautomerism.‘s This 
explains the appearance of two NH-bands in the 
Raman and in the IR spectra.4 The absence of the 
C-O double-bond frequency in the spectra is also 
explained, since the proposed formula requires an 
intermediate single-double bond with bond length 
similar to that in acetic acid or in the free acetamide. 

The tendency for hydrogen bonding, as required 
bv the proposed structure, explains the high solu- 
bility in water as well as some properties of aqueous 
solutions observed by previous authors.” 

Figure 2. The structure of mercury(H) acetamide projected 
down the b-axis. The hydrogen bonds are shown by dotted 
lines. 

The ribbons are arranged towards each other in 
such a way that the oxygen atoms of the adjacent 
molecules approach the mercury atom from both sides 
at a distance of 2.88 A. This distance is equal to the 
sum of the van der Waals radii( 1.50+ 1.40 A)? The 
two oxygen atoms which belong to the same mole- 
cule are 3.17 A apart from the mercury atom. This 
distance is larger than the sum of the van der Waals 
radii and cannot be included in the mercury co-ordi- 
nation sphere. Two methyl groups from two neigh- 
bouring molecules complete the intermolecular ap- 
proaches about the mercury atom at 3.82 A. 

The carbon-carbon bond length of 1.58 A is similar 
to that found in bis(acetamide)cadmium( II) chloride.M 
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