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Summary

Three new compounds 2[OHg,CCHOINO, - HNO,; (A), [HOHg,(NO,Hg)-
CCHOINO, (B) and (NO,;Hg),CCHO (C), have been successively obtained by
mercuration of acetaldehyde with mercuric nitrate containing increasing concentra-
tions of nitric acid. All of them contain trimercurated acetaldehyde. The ortho-
rhombic crystals of A built up of parallel infinite networks of the polymeric
trimercurated oxonium [OHg,CCHO],"* cation, while the monoclinic crystals of B
contain polymeric dimercurated oxonium [HOHg,(NO,Hg)CCHO],"* cation in the
form of an infinite helical chain. The structures were determined by X-ray diffrac-
tion and refined by full-matrix least-squares to the R value of 0.050 for A and 0.063
for B. The Hg-C and Hg-O distances are in the ranges 2.04 to 2.11 Aand 2.11 to
2.18 A, respectively. The crystals of C were not suitable for X-ray structure analysis.

Introduction

Addition of an ethanolic solution of acetaldehyde to an aqueous solution of
mercuric nitrate gave two products [1]. The crystal structure of one of them,
[OHg,CCHOJNO, - H,0, has been reported previously [2]. In our further investiga-
tions we have now used various concentrations of nitric acid and established the
conditions for separate crystallization of these two products as well as for isolation
of two new derivatives of trimercurated acetaldehyde.

Results and discussion

Mercuration of acetaldehyde with mercuric nitrate in aqueous nitric acid always
leads to trimercurated acetaldehyde, which separates from the solution in form of
various nitrates whose type and composition depends upon the acid concentration.
It is known that the organomercuric oxyacid salts, e.g. RHgX with X = NO,, ClO,,
SO, etc., are hydrolyzed in dilute aqueous solutions, but do not separate as
hydroxides, RHgOH, but condense to “basic” salts, actually salts of the mercurated

0022-328X/87/803.50  © 1987 Elsevier Sequoia S.A.



TABLE 1

DEPENDENCE OF THE FORMATION OF DIFFERENT TRIMERCURATED ACETALDE-
HYDES ON THE MASS FRACTION OF NITRIC ACID

Mass fraction of nitric Compound

acid w(HNO;) (%)

w<3 [OHg,;CCHOINO;- H,0, tetragonal [2]
3J<swxSs 2[OHg,;CCHO]NO;- HNOj, orthorhombic (A)
S<w<60 [HOHg,(NO; Hg) CCHOINQO;, monoclinic (B)
w = 60 (NO; Hg);CCHO, monoclinic (C)

oxonium, i.e. (RHg),OH" and (RHg),O™" [3.4]. The condensation of tri- or tetra-
mercurated organic compounds (a polymeric dimercurated species has not yet been
observed) involves polymerisation, as in the case with the nitrate of trimercurated
acetaldehyde [2], trimercurated acetic acid [5], and Hofmann’s base and its salts
[6,7]. The normal organomercuric salt, RHgX, is obtained when X = CI, Br, I, CN
and AcO, or when the oxyacid concentration is proportionally high. But when the
mercuration product is insoluble the oxonium polymer persists even in highly
concentrated oxyacid, e.g., the nitrate of Hofmann’s base, CHg,O(NO;), - xH,0
[6,8). Analogous conditions were found to result in formation of inorganic mercur-
ous and mercuric oxonium salts [9] distinguished by various Hg—-O-Hg linkages in
their crystal structure [10].

Thirty preparations of trimercurated acetaldehyde with various concentrations of
nitric acid and mercuric nitrate were studied. Mercuric nitrate and acetaldehyde
were always added in 3/1 molar ratio. Four different compounds were found to
crystallize in the mass fraction range of nitric acid w(HNO,) given in Table 1. The
nitrate-to-mercury ratio increases from 1/3 for the first two members of the series
to 2/3 for the third, and to 3/3 for the last member. The trimercurated oxonium is
formed at low nitric acid concentrations, the dimercurated oxonium and one
nitratomercury group in a higher concentration of nitric acid as in B and finally use
of concentrated nitric acid results in formation of three nitratomercury groups, to
give C. The analogous effect of the nitric acid concentration on the separation of the
nitrates of trimercurated acetic acid from nitric acid solutions has been observed
previously [5].

Descriptions of the structures

The crystal structure of compound A, 2[OHg,CCHO]NO, - HNO,, projected
along the g-axis direction is shown in Fig. 1(a). The infinite network of oxonium
cations, [OHg,CCHO],"* shown separately in Fig. 1(b), belongs to the [Hg,0,],*""
type [10,11] except that every second oxygen atom is replaced by a carbon atom of
the aldehyde group, with the same conformation of the net. The aldehyde groups are
directed outwards on the same side of the net. The bond angles at the oxygen and
the carbon are close to the tetrahedral, the mean values being 108.7 and 109.9° (the
interatomic distances and bond angles are given in Table 2). In the structure there
are two crystallographically different cation nets stacked in pairs and parallel to
each other with their CHO groups pointing in opposite directions. Since the
carbonyl oxygen atoms were found to have disordered positions they are assumed to
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Fig. 1. (a) The structure of 2[OHg,;CCHOJNO;-HNO; (A) projected along the g-axis direction; (b)
[OHg,CCHO],”* oxonium cation.

come in pairs O(3) and O(4) in one net pair and O(5) and O(6) in the other. The
oxonium Hg,0* pyramids, with atoms O(1) and O(2), point outwards from the
double-net layer with the closest O - - - O contact of 2.61 A between the layers. The
nitrate ions are in the vacancies between these double-net layers. The nitric acid
molecules occupy the vacancies within the layer. The hydrogen atom of the nitric
acid molecule, probably in disordered positions, has not been located but, from the
O --- O distances of 2.76, 2.87 and 2.89 A, it is assumed to take part in the
hydrogen bonding with the aldehyde oxygen or with one of the nitrate ion oxygen.
It is interesting to compare the cations in the two nitrates of trimercurated
acetaldehyde; the tetragonal [2] and the present orthorhombic one. The
[OHg,CCHO]),"* stoichiometry is the same for both of them because the column in
the former is actually a coiled net from the structure of the latter.

The crystal structure of B, [HOHg,(NO,Hg)CCHOI]NO,, projected along the
b-axis direction is shown in Fig. 2(a). The cation is an infinite helical chain in which
the units of trimercurated acetaldehyde are connected through the (-Hg-OH-Hg-)"
oxonium link by means of a 2, symmetry operation along the b-axis direction, as
shown separately in Fig. 2(b). One free organomercuric cationic centre, C-Hg™, is
neutralized by the N(1) nitrate ion which functions as a nitrato ligand, while the
other N(2) nitrate is present as an anion in the cavities between the cationic
polymers. The interatomic distances and angles, shown in Table 2, have normal
values [10,12]. The hydrogen atoms of the aldehyde group and the oxonium species



TABLE 2

SELECTED INTERATOMIC DISTANCES (A) AND BOND ANGLES (°) (e.s.d.s are given only for
the refined atom positions)

Compound A
Hg(1)-C1) 211 Hg(1) - 0(3) 2.99 C(1)-Hg(1)-0(1) 179.3
Hg(2)-C(1)  2.05 Hg(1) - - - O(6) 2.78 C(1)-Hg(2)-0(1) 177.3
Hg(3)-C(3) 212 Hg(1) - - - O(12¥)  2.88(4) C(3)~Hg(3)-02y 176.6
Hg4)-C(3))  2.10 Hg(1)--- O@21%)  2.899) 0O(2)-Hg(4)-C(3") 174.9
Hg(1)-O(l) 218 Hg(2) - - - O(4¢™) 2.76 Hg(1)-O(1)-Hg(2™) 108.5
Hg(2)-0(1%) 216 Hg2) - - O(11"%)  2.90(6) Hg(2")-O(1)-Hg(2"™) 107.7
Hg(3)-0(2) 213 Hg(2) - O(12%%)  2.94(4) Hg(3)-0(2)-Hg(4) 110.2
Hg#)-0(2) 216 Hg(2) - -- O(22™)  2.96(6) Hg(4)-0(2)-Hg(4") 108.3
C(D-C2) 1.50 Hg(3)--- 022"y  2.78(6) Hg(1)-C(1)-Hg(2) 110.1
C(3)-C(4) 1.46 Hg(3) --- O(11) 2.81(8) Hg(2)-C(1)-Hg(2") 110.7
C(2)-0(3) 1.22 Hg(3) - - - O(31) 2.81(6) Hg(1)-C(1)-C(2) 111
C(2)-0(5) 1.18 Hg(4) - - - O(31) 2.79(6) Hg(2)-C(1)-C(2) 107
C(H)-0%) 119 Hg@) ---0(12"Y)  2.57(4) C(1)-C(2)-0(3) 119
C(4)-0(6) 1.27 Hg4)---0(22%Y)  2.80(6) C(1)-C(2)-0(5) 125
N(1)-O(11)  1.15(13) Hg4)---0@1%) 2.7 Hg(3)-C(3)-Hg(4™) 108.3
N(D-0(12)  1.296) o) - -- 02" 2.61 Hg(4")-C(3)-Hg4) 105.8
N(@2)-0@1)  1.22(11) 0(@3) - - O(6) 2.62 Hg(3)-C(3)-C(4) 110
N(@2)-0(22)  1.2K(7) o3 --- 03 2.76 Hg(4%)-C(3)-C(4) 112
N(3)-0(31)  1.20(% 0@31) - - - 06" 2.87 C(3)-C(4)-0(4) 133
N(3)-032) 122 0(32) --- 012%)  2.89 C(3)-C(4)-0O(6) 123
0(11)-N(1)-0(12) 123(4)
O(12)-N(1)-0(12") 113(7)
0O(21)-N(2)-0(22) 119(4)
0(22)-N(2)-0(22") 119(7)
O(31)-N(3)-0(32) 126
0(31)-N(3)-0(31") 108(9)
Compound B
Hg(1)-C1)  2.07(2) Hg(1) - - - 0(22) 2.82(4) C(1)-Hg(1)-0(1) 173.5(9)
Hg(2)-C1)  2.04(3) Hg1)---OQ1%)  2.82(4) C(1)~-Hg(2)-0(11) 170.9(9)
Hg(3)-C(1™)  2.042) Hg(D) - - O(11™)  2.92(3) C(1¥-Hg(3)-0(1) 173.7(8)
Hg(1)-O(1)  2.11(2) Hg(1) - - - O(13™)  2.99(5) Hg(1)-0(1)-Hg(3) 121(1)
Hg(3)-0(1)  2.042) Hg(l) - -- 0™  2.71(4) Hg(1)-C(1)-Hg(2) 109(1)
Hg(2)-0(11)  2.18(3) Hg2) - -- 0(12) 2.86(6) Hg(1)-C(1)-Hg3®)  110(1)
C(1)-C(2) 1.57(4) Hg2)- - OQ22™)  2.96(3) Hg(2)-C(1)-Hg(3™)  112(1)
C()-0(2) 1.31(4) Hg(2) - - - O(1™) 2.93(4) Hg(1)-C(1)-C(2) 106(2)
N(1)-0(11) 1.29(4) Hg(3) - - 0(23™)  2.93(3) Hg(3MH)-C(1)-C(2) 103(1)
N(1)-0(12) 1.20(3) Hg(3) - - - O(13™1)  2.92(3) Hg(2)-C(1)-C(2) 115(2)
ND)-0(13)  1.28(3) 0@y --- 0™ 3.03(5) C(1)-C(2)-0(2) 123(2)
N(@2)-0@21)  1.30(3) CQ)---0QR1™)  2.94(5) O 1)-N(1)-0(12) 122(2)
N(2)-0(22)  1.24(4) O(11)-N(1)-0(13) 112(2)
N@Q2)-O@23)  1.24(3) 0(12)-N(1)-0(13) 124(2)
021)-N(2)-0(22) 119(2)
OQ21)-N(2)-0(23) 1152)
0(22)~-N(2)~0(23) 125(2)

Transformation of the asymmetric unit (x, y, z): (i) x +0.5, y ~0.5, z; (i) x +0.5, y +0.5, z;
(iii) x —0.5, y —0.5, z; (iv) 0.5— x, y — 0.5, z; (v) — x, v, z; (vi) x —0.5, y +0.5, z; (vii)
05— x, y+0.5, z; (viii) 0.5—x,1.5—y, z4+0.5; (ix) —x,2—y, 2 +0.5; (x) x, ¥y~ 1, z;

(xi) —x,1—y, z+0.5; (xii) — x, y —0.5,0.5— z; (xiii) — x, p +0.5,0.5— z; (xiv) x — 1, y, z;
(xv)1—x, y+0.505—z; (xvi) 1 —x, y 0.5, 0.5~ z; (xvii) x, 1.5— y, z +0.5; (xviii)
x—1,15-yp, z-05




H
/ “ONO,
-0

Fig. 2. (a) The structure of [HOHg,(NO;Hg)CCHO]JNO, (B) projected along the b-axis direction; (b)
[HOHg ,(NO,Hg)CCHO],"* oxonium cation.

were not located. The O(1) - - - O(2) distance of 3.03(5) A between the carbonyl and
oxonium oxygen atoms can be associated with a hydrogen bridge.

The crystal structure of compound C, (NO,Hg),CCHO, obtained from the
solution in 60% nitric acid, could not be determined because the crystals available
gave inadequate reflections. By the analogy with tris(nitratomercury)acetic acid [5],
which is formed under similar conditions, the above formula is assumed. This
formula is supported also by the good agreement between calculated and observed
density and by the chemical analysis.

Experimental

Preparations

2[OHg ,CCHOJNO,;- HNO, (A). Acectaldehyde (0.214 g) was added to Hg
(NO,),-H,0 (5 g) in 5% HNO, (10 ml). After a few days at room temperature
colourless crystals were obtained. Found: Hg, 80.05; N, 2.67. calc.: Hg, 80.00; N,
2.39%.

[HOHg,(NO;Hg)CCHOJNO, (B). When a similar solution to that used to give
A was left for several days the initial crystals of A progressively dissolved and
colourless crystals of B suitable for single crystal diffraction were formed. When
solutions of higher concentrations of Hg(NO,), - H,O and higher concentration of
HNO, were used, only B is obtained after only a few hours at room temperature,
but the crystals were much smaller.

(NO;Hg),CCHO (C). Acetaldehyde (0.064 g) was added to Hg(NO;), - H,O
(1.5 g) in 60% HNO, (5 ml). The solution was left at a temperature of 4°C and after
2 d colourless prismatic crystals were formed. Found: Hg, 72.3; calc: 72.6%.



X-ray diffraction experiments

For identification of the various crystalline products X-ray powder diffraction
was used. From suitable crystals of A and B the preliminary data were determined
by oscillation and Weissenberg techniques and the final data by using Philips PW
1100 automatic diffractometer (graphite-monochromatized Mo-K, radiation, A
0.7107 A).

Single crystal dara. (A) C,H;HggN;0,;, mol. wt. 1504.62, orthorhombic, a
6.853(2), b 12.043(3), ¢ 1 508(12) A, V 1527.48 A’ D, 657 gem 3, D, 6543 g

~°, Z=4, space group Cmc2,, F(000) = 2528, Mo—K radiation, }\ 0.7107 A,
p(Mo-K,) 580.3 cm™ ! crystal dimensions (mm from centr01d) (001) 0.041; (001)
0.047; (021), (021) 0.058; (111), (111), (111), (111) 0.105; maxium and minimum
transmission coeficients, 0.086 and 0.015.

(B) C,H,Hg,N, O& mol wt. 783.81, monoclinic, a 7.215, b 11.643, ¢ 10.821 A, 8
105. 00(3)° V 877.36 A%, D, 5.934gcm ~3, Z = 4, space group P2, /¢, F(000) = 1328,
Mo-K, radiation, A 0. 7107 A, p(Mo-K ) 505.3 cm !, crystal dimensions (mm from
centrmd) (100), (100), (001), (001), 0.118; (010), (010) 0.044; maximum and
minimum transmission coefficients, 0.068 and 0.005.

(C©) C,HHg;N,0,,, mol. wt. 828.81, monoclinic, @ 10.57, b 12.42, ¢ 8.15 A B
104.6°, ¥ 10354 A’, D, 531 gecm™?, D, 5.32 g cm™?, Z = 4, (probably one of the
C-centered space groups)

Intensity measurements. Intensities were measured by the §-26 technique, with
scan range 1.2°, scan speed 0.04° s~! in the range 2 < # < 30° for both A and B.
Rapid decomposition of compound C allowed measurements of only 25 reflections,
of which 12 were used for determining the cell parameters. (The others resulted
from crystal twinning.) Data for A and B were corrected for Lorentz, pelarization
and absorption effects. For A 2060 reflections were measured, of which independent
1024 reflections with I > 3¢([), were used for the solution of the structure. Crystals
of A darkened during data collection as a result of slow decomposition, the
intensities of the standard reflections weakening by 12.4%. For B no significant
variation of intensities was found, and 1742 unique (out of 1989 collected) reflec-
tions with 7 > 36(/) were used in the refinement.

Determination and refinement of the structures. Mercury atoms in A and B were
located by a combination of the heavy atom method and direct methods (MULTAN
80 [13]). Atom parameters were refined by the full-matrix least-squares method
using SHELX 76 program [14]. For A three cycles of refinement of the Hg positions
with isotropic and three with anisotropic thermal parameters gave an R value of
0.088. Other non-hydrogen atoms were found from a three-dimensional difference
Fourier map. Positional and isotropic thermal parameters of all the nitrate atoms
(except for one oxygen atom of the nitric acid molecule whose positions were fixed)
were included in the refinement, to give R = 0.054. The carbonyl oxygen atoms were
located in two positions and were fixed with half of the normal occupancy and were
given an isotropic factor of 0.05. Atom O(5) is also disordered, being statistically
located above and below the mirror plane. The positions of the oxonium oxygen and
the acetaldehyde carbon atoms were fixed (as found from the difference Fourier
map) and only their isotropic temperature factors were refined. The final R vaiue
was 0.050. In the structure of B refinement of the mercury atom positions with
isotropic and then anisotropic temperature factors gave R =0.100. All of the
non-hydrogen atoms were found from a difference Fourier map and were included



TABLE 3

ATOMIC COORDINATES AND THERMAL PARAMETERS (;\2) (with e.s.d.s in parentheses for the
refined parameters)

Atom X y z Ugor U
2{OHg;CCHOJNO;- HNO; (A)

Hg(1) 0.0 0.8605(2) 0.5022(3) 0.0129(6) “
Hg(2) 0.2461(3) 1.1064(1) 0.5 0.0128(4) “
Hg(3) 0.0 0.4716(2) 0.2263(2) 0.0144(6) ¢
Hg(4) 0.2556(3) 0.2186(1) 0.2190(1) 0.0140(4) ¢
o(1) 0.0 0.690 0.542 0.01(1)
0(2) 0.0 0.308 0.183 0.01(1)
c) 0.0 1.026 0.465 0.02(1)
C(2) 0.0 1.031 0.384 0.03(2)
C(3) 0.0 0.638 0.263 0.02(2)
C4) 0.0 0.641 0.342 0.02(2)
0(3) 0.0 0.944 0.350 0.05

O(4) 0.0 0.570 0.387 0.05

0O(5) 0.082 1.098 0.349 0.05

O(6) 0.0 0.731 0.378 0.05

N(1) 0.0 0.635(8) 0.087(6) 0.07(2)
0O(11) 0.0 0.540(7) 0.081(4) 0.04(2)
0(12) 0.157(5) 0.694(3) 0.085(2) 0.02(1)
N(@2) 0.0 0.973(6) 0.161(4) 0.02(1)
0(21) 0.0 1.073(7) 0.152(5) 0.06(2)
0(22) 0.153(%) 0.923(5) 0.155(3) 0.05(1)
N(3) 0.0 0.325(9) 0.377(6) 0.08(2)
o3 0.142(8) 0.340(5) 0.340(3) 0.05(1)
0(32) 0.0 0.295 0.440 0.06
[HOHg,(NO; Hg)CCHOJNO; (B)

Hg(1) 0.2496(1) 0.6177(1) 0.2735(1) 0.0213(3) “
Hg(2) 0.4693(1) 0.8747(1) 0.3114(1) 0.0280(3) ¢
Hg(3) 0.0093(1) 0.3574(1) 0.3264(1) 0.0220(3) “
(6(¢))] 0.252(3) 0.781(2) 0.197(2) 0.021(4)
C(2) 0.267(4) 0.763(3) 0.056(3) 0.036(6)
o(1) 0.257(3) 0.445(2) 0.333(2) 0.031(4)
0(2) 0.408(3) 0.804(2) 0.014(2) 0.043(5)
N() 0.795(4) 0.932(2) 0.516(2) 0.035(5)
0O(11) 0.665(3) 0.992(2) 0.439(2) 0.036(5)
0(12) 0.831(3) 0.835(2) 0.492(2) 0.038(5)
0(13) 0.904(3) 0.994(2) 0.602(2) 0.034(4)
N©2) 0.764(3) 0.623(2) 0.335Q2) 0.027(4)
0(21) 0.945(3) 0.609(2) 0.392(2) 0.039(5)
0(22) 0.643(4) 0.567(2) 0.372(2) 0.048(6)
0(23) 0.729(4) 0.692(2) 0.244(2) 0.049(6)

“ Equivalent isotropic thermal parameters, U, = (2, 2,8,;a; ‘aj)/67r2.

in the refinement with isotropic temperature factors giving the final R = 0.063 and
R,=0.068 (w=1/02(F)+0.0176F?%). Scattering factors and correction for
anomalous dispersion were taken from Cromer and Mann [15] and Cromer and
Liberman [16]. The atomic coordinates and thermal parameters are listed in Table 3.
A list of observed and calculated structure factors can be obtained from the author
on request. Calculations were carried out on the UNIVAC 1110 of the University
Computing Center in Zagreb.
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