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The crystal and molecular structure of HgClg .2(C3H6N20) has been determined by single-Cystal X-ray diffraction tech- 
niques using a GE 490 diffractometer system. The comgound crystallizes in space group P1 with one formula weight in a 
unit cell of dimensions a = 5.098 (1) d, b = 8.150 (1) A, c = 10.659 (1) A,  CY = 135.75 (l)', p = 92.14 (l)", and y = 
102 23 (1)' The structure was solved by means of a three-dimensional Patterson function and refined by block-diagonal 
least squares to a final R = 0.027 for 736 statistically significant reflections. The crystal is composed of infinite chains of 
the complex with HgCL molecules as the basic units tied together by ethyleneurea ligands. The mercury has slightly 
distorted octahedral coordination and each ethyleneurea molecule is distorted asymmetrically due t o  bonding with two 
mercury atoms, one through the oxygen and the other through a nitrogen. 

Introduction 
Along with the growing alarm over mercury con- 

tamination of our waters has come increased research 
into the mechanism by which mercury interferes with 
normal body f ~ n c t i o n s . ~ , ~  I t  is often difficult to obtain 
information about bonding in such metal complexes 
with enzymes or proteins because of their large size. 
Consequently, the structures of model compounds are 
often used to aid in these studies.4 In this study, in 
order to observe probable interactions of mercury with 
the amide linkages, urea complexes were chosen as 
representative models. 

The ethyleneurea-mercury complex is of further in- 
terest since i t  affords an easy means of testing a hy- 
pothesis linking spectral information to structural 
details. In the literature i t  has been postulated that, 
for amide type ligands, the nature of the metal to 
ligand bond can be determined from a single spectral 
shifk5s6 If the carbonyl absorption band shifts to a 
lower frequency than that of the free amide, a metal 
to oxygen bond is presumed, while a shift to higher 
frequency would indicate a metal to nitrogen bond. 
Recently, however, the validity of this method has 
been q~es t ioned .~  This mercury-ethyleneurea com- 
plex (Mull and KBr disks) shows a strong shift of the 
carbonyl frequency from the 1660 cm-' found in ethyl- 
eneurea itself to 1709 cm-', implying a metal to nitro- 
gen bond as the predicted mode of complexation. 

Experimental Section 
A sample of the compound was furnished to us by R .  J .  Berni 

of Southern Regional Research Laboratory, Department of Agri- 
culture, and recrystallized from ethanol. A single crystal with 
dimensions 0.11 X 0.12 X 0.15 mm was moutted on a General 
Electric XRD-5 diffractometer with the (1, 3, 4) axis coincident 
with the + axis. The reciprocal lattice showed neither system- 
atic absences nor evidence of a mirror plane, limiting the crys- 
tal to a triclinic system in space group P1 or P I .  Lattice con- 
stants were determined by a least-squares fit of 30 carefully mea- 
sured 20 values of the Cu Kcul and Cu KCYZ doublet for 20 > 70" 
under fine conditions (1' takeoff angle and 0.05" slit). The 

resultant lattice constants and otheir estimated standard devia- 
tions (esd) are a = 5.098 (1) A, b = 8.150 (1) A, c = 10.659 
(1) A, CY = 135.75 (l)', p = 92.14 (l)', and -! = 102.23 (1)'. 
The calculated density of 2.51 g/cm3 for one molecule per unit 
cell agrees well with the experimental density of 2.53 g/cm3 
measured by flotation methods. 

Intensity data were collected on a General Electric XRD-490 
fully automated diffractometer by the stationary-crystal, sta- 
tionary-counter method using balanced zirconium and yttrium 
filters and Mo Kcu radiation. A total of 796 reflections were 
measured to a 20 maximum of 50" (d  = 0.841 A).  Using the 
criterion [ l z r  - 2u(Izr)] - [ l y  - 2 u ( 1 y ) ]  > 100 (u based en- 
tirely on counting statistics), a total of 735 (927,) reflections were 
considered observed.8 The intensities were corrected for 
Lorentz-polarization effects in the usual manner. Kormalized 
transmission factors ranged from 1 .OO to 1.33 and so an absorp- 
tion correction was made as a function of the polar angle + (linear 
absorption coefficient p = 139.8 cm-I for Mo radiation). 

Structure Determination 
A4 three-dimensional Patterson function was used to find all of 

the nonhydrogen atoms. Since the unique peaks of suitable 
height found on the map represented only half of the mercury to 
ligand vectors in one empirical formula, the space group was 
assumed to be Pi with the mercury fixed at the origin. The 
structure was refined isotropically by block-diagonal least squares0 
to a value of R = 0.18. The isotropic temperature factors were 
then converted to anisotropic temperature factors and the struc- 
ture was further refined to R = 0.04. 

A difference electron density map was calculated in an attempt 
to locate the six unique hydrogens. This map contain$d only 
eight peaks with electron densities greater than 0.5 e/A3. Of 
these peaks, one was less than 0.01 d from the Hg, one was less 
than 0.20 A from the C1, and the other six were used as the initial 
hydrogen coordinates in subsequent refinements. In these re- 
finements all nonhydrogen atoms had anisotropic temperature 
factors while the hydrogeps were initially assigned isotropic 
temperature factors of 3.0 A2. All parameters were varied with 
the exception of the Hg cow-dinates and the refinement con- 
tinued until the shifts were less than one-tenth the estimated 
standard deviation of the respective parameters. The final value 
of the reliability index was R = 0.027 using unit weights in the 
refinement. 

Results and Discussion 
Table I lists the final coordinates and temperature 

factors together with their estimated standard devia- 
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Figure ~.-ORTEP diagram of the molecular chain structure. 

tions. The nonhydrogen atoms all have anisotropic 
temperature factors and the hydrogen atoms have 
isotropic temperature factors. 

The slightly distorted octahedral coordination of 
the mercury is shown in Figure 1. The Hg-C1 dis- 
tance of 2.309 f 0.004 A is close to that of 2.25 A 
founda in HgClz itself. The Hg-0 distance of 2.67 f 
0.01 A and the Hg-N distance of 2.95 * 0.01 8 seem 
excessively long for normal bonds even to a mercury 
atom. However, the addition of ligands to increase 
coordination number, forming two short and four long 

bonds, is typical in mercury complexes.1° It has also 
been established by Grdenk that mercury has an effec- 
tive van der Waals radiu3 of 1.73 A. Using the van 
der yaa l s  radii for oxygen and nitrogen of 1.40 and 
1.71 A, respectively, i t  is clear that the observed lengths 
correspond to moderate to strong mercury-ligand 
bonds. 

The crystal is composed of infinite chains of the 
complex, as shown in Figure 2, with no close contact 
distances between atoms on different strands. The 
basic unit of the chain is the HgClz molecule. These 
units are then bridged through the ethyleneurea ligands. 
In most of the mercury chloride chain complexes studied 
before, the bridging was found to occur through chlo- 
rine at0ms.~s~1812 One HgC12 unit, having an average 
Hg-C1 distance of 2.29 A, would be tied to two other 
HgCl units by C1-Hg distances averaging 3.07 8. In 
this structure, however, each HgClz unit is tied to the 
next by two ethyleneurea molecules. The first mercury 
is bonded to an oxygen in one ethyleneurea and to a 
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nitrogen in the other. The ethyleneurea with the 
Hg-0 bond in turn bonds to the second mercury 
through one of its nitrogen atoms, while the ethylene- 
urea, with the Hg-N bond to the first mercury, bonds 
through its oxygen to the second. This pattern is 
continued down the length of the chain. It is inter- 
esting to note that the HgClz unit can cause such an 
ordering of amide-containing molecules when one con- 
siders that mercury taken into the body, even in the 
form of methylmercury salts, is converted to inorganic 
merc~ry .2~  s13 

The ethyleneurea groups are distorted assym- 
metrically as shown in Figure 3, due to bonding with 
two mercury atoms. The average nitrogen :o car- 
bonyl carbon distance in ethyleneurea is 1.34. A.7 In  
this structure this carbon to nitrogen distance is 
lengthened when the nitrogen is in turn bonded to a 
mercury (C1-N2 = 1.38 It 0.01 A) while the other 
carbon to nitrogen distance not involving coordination 
to the mercury (Nl-C1 = 1.32 It 0.02 A) is signifi- 
cantly shorter than this average. This is most easily 
rationalized by assuming that the electron pair on the 
mercury-coordinated nitrogen is involved in the co- 
ordination decreasing the electronic delocalization on 
that nitrogen whereas the uncoordinated nitrogen 
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attempts to delocalize further its nonbonding pair. 
The other distances and angles compare well with those 
found in urea and e thy lene~rea .~ , '~  

The shift in the carbonyl stretching frequency in 
this compound would imply Hg-N coordination ex- 
clusively, in terms of the aforementioned hypothesis. 
However, the coordination occurs through both the 
oxygen and the nitrogen with the Hg-0 distance (2.67 
+ 0.01 A) shorter than the Hg-N distance (2.95 f 
0.01 8). It is thus obvious that, in this case a t  least, 
the assignment is even qualitatively incorrect and that 
the reliance on a single spectral band shift as a structure 
indicator is inadequate to describe even a moderately 
complex system. Additional studies are now under 
way to test further the validity of this criterion in cases 
where the coordination involves only one type of ligand 
and in which the spectral shifts are of such magnitude 
that the prediction must stand on its own merits. 
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The crystal and molecular structure of the dimer complex p-bis[2( 1H)-tetrahydropyrimidinone] -octakis[2( 1H)-tetrahydro- 
pyrimidinone] dicobalt(I1) perchlorate, ( C O C ~ O H ~ O O ~ ~ C ~ ~ ) ~ ,  has been determined by a single-cryst:l X-ray diffraction study. 
The compound crystallizes in the space group Pi with unit cell constants a = 11.835 i 0.001 A, b = 13.827 i 0.001 A ,  
c = 12.871 i 0.001 A, a = 101.72 I-t 0.01", 0 = 107.94 + O.0lo, and y = 117.83 i 0.01". The calculated density of 
1.56 g/cm3 assuming one dimer formula weight per unit cell is in agreement with the experimentally measured density of 
1.55 fr 0.02 g/cm3. The structure was solved by the heavy-atom method and refined by block-diagonal least squares to a 
final R value of 0.053 for the 1911 statistically significant reflections. Coordination occurs through the oxygen atoms 
with the cobalt having approximately octahedral symmetry. Each cobalt has four unique ligands and shares two others 
to complete the six-coordinate sphere. 

Introduction 
Stable complexes of metal salts with substituted 

ureas have been isolated for some time, but there have 
been many arguments in the literature about the site of 
coordination, either oxygen or nitrogen or both. Many 
references in the literature have suggested that the 
mode of bonding can be deduced from the position of 
the carbonyl stretching frequency of the complex 
relative to that of the free ligand.1-3 A shift of the 

carbonyl absorption to lower frequency is presumed 
to indicate oxygen to metal bonding, while a shift to  
higher frequency would indicate nitrogen to metal 
bonding. For example, based on infrared spectral 
data, Penland and coworkers4 postulated oxygen to 
metal bonding in urea complexes of Cr(III), Fe(III), 
Zn(II), and Cu(II), and nitrogen to metal bonding 
with Pt(I1) and Pd(I1). Costamagna and Levitusj 
used similar arguments to demonstrate oxygen to 

(1) B. B. Kedzia, P .  X. Armendarez, and K .  Nakamoto, J .  I ~ O Y E .  Nucl. (4) R. B. Penland, S. Mizushima, C. Curran, and  J. V. Quagliano, 

(2) A. W. McLellan and  G. A. Melson, J .  Chem. SOC. A ,  137 (1967). ( 5 )  J. A. Costamagna and R.  Levitus, J .  Inovg. Nucl.  Chem., 28, 2685 
(3) A. R. Katri tzky and R. A. Y .  Jones, Chem. Ind. (London), 722 (1961). 

Chem., 30, 849 (1968). J .  Amer. Chem. Soc., 79, 1575 (1957). 

(1966). 


