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Abstract 

The products of the reaction of Hofmann’s base, [cH~,~(oH),oH,],, with cont. nitric and sulphuric acid arc 
tetrakis(nitratomercurio)methane monohydrate, C(HgNOs), 5 H s0 and his(suIphatomercurio)bis(aquamercurio)methane, 
C(HgSO,),(HgOH,),. The structures were characterized by IR spctra and single crystal X-my diffraction. In both structures the carbon 
atom is tetmhedmlly surrounded by four mercury atoms. 

Keywords: Mercury; Tetramercurated methane; X-ray sttucture 

1. Introduction 

#r>fmt~ntt’s bttsc. eCI~lg,0(Q)~~),c)1~2],, originttlly 
formulated as C, HghO&6H), [ l]_ gives with acids 
either its salts, [CHg,QtOH I)],,X zn 0L c.6. halide, 
nitrate) or derivatives of tcframercurated methane, 

Xl,, (X, e.g. halide, acetate, trifluoroacetute, 
cyanide). 

The first known structures containing the C#g,-fefre- 
hedral unit were those of tetrakis(trifluo~acetoxyn~er~ 
euriojmethane [2,3] and tetrakis(acecoxymereurio)- 
methane dihydrate [2,4]. Up to now only two other 
structures of tetramercurated methane derivatives have 
been published, tetrakis(cyanomercurio)methane mono- 
hydrate [S] and tetrakis(chloromercurio)methane 
dimethylsulphoxide solvate [6]. 

In this paper we report two new derivatives of te- 
cramercurated methane: tetrakis(nitratomercurio)- 
methane monohydrate, C(HgNOJ), . H @ (11, and bis- 
(sulphatomercurio)bis(aquamercurio)methane, C(Hg- 
SO&HgOH2), (2), obtained oy the action of cont. 
nitric and sulphuric acids on Hofmann’s base. 

?? Corresponding author. 

2. Experimental 

7%~ IR spectra in the region 4Ot&-4SOcr1-1~’ were 
recorded on Perkin-Elmer ETlW spectraphotometer 
model 1600, using KBr discs. 

Very pure Hofmann’s base [l] was obtained by ttlfcr- 
acid and alkali digestion of the crude produst. 
spension of the crude base (5 g) in dilute nitric 

acid (2 M, lOOmI) was heated with scirrin 
15 min) and after cooling to room temperature, the 
white solid was filtered off, washed with nitric acid 
(0.01 M) and water. Afterwards, a sodium hydroxide 
digestion (2M, lOOmi) was carried out analogously to 
that described above. The acid-alkali treatment was 
repeated until a sample of the base gave a clear solution 
with warm dilute acetic acid. The base is a lemon-yel- 
low powder. Pound: Hg, 90.85. CH,Hg,O,. Calc.: Hg, 
90.93%. 

2.2, Syntheses of CCHgNO,),, * H,O (1) und 

Hofmann’s base (2 g) was added in small portions to 
cont. nitric acid (SOml) for 1 or cone. sulphuric acid 
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(8Oml) for 2. The suspensions were gently heated (ca. 
50°C) and stirred for several minutes. After standing at 
room temperature for at least 2 weeks, colourless crys- 
talline solids were filtered off, washed with dilute 
(0.01 M) nitric or sulphuric acid and ethanol and then 
dried in vacua. Yield: for 1 2.08g (83%) and for 2 
nearly quantitative. Loss of weight of 1 on drying 
(%OOC, 20mmHg): found 1.65; talc. for the monohy- 
&ate: 1.67%. Anal. for 1. Found: Hg, 74.5 1; N, 4.89. 
CH,Hg,N,O,,. Calc.: Hg, 74.26; N, 5.19%. Anal. for 
2. Found: Hg, 76.90; S, 6.18. CH,Hg,O,,&. Calc.: 
Hg, 76.90; S, 6.15%. 

2.3. Crystal structure Cwminations 

Crystals of 1 became opaque when left in air, which 
was probably caused by the loss of the solvate water 
molecules. A crystal for X-ray analysis was therefore 
sealed inside a Lindemann glass capillary with some 
mother liquor. 

For both compounds the X-ray diffraction data were 
collected at room temperature on a Philips PWl 100 
diffractometer using gra hite-monochromatized MO Ka 

0.71069 R ). Unit cell dimensions were 
obtained by least squaws refinement of the setting 

angles of 20 reflections ( 18 < 2 0 < 28”) and 18 reflec- 
tions (22 < 28 < 26”) for 1 and 2 respectively. The unit 
cell parameters and details of data collection and refine- 
ment are given in Table 1. Standard reflections moni- 
tored every 2 h indicated a continuous decay amounting 
to 13% for 1, and no significant change in intensities for 
2. The intensities were corrected for decay, Lorentz, 
polarization and absorption effects. An timpirical ab- 
sorption correction with DIFABS [7] was made for 1, and 
a Gaussian absorption correction for 2 was made with 
ACXR [81. 

Positions of Hg atoms were determined by the Patter- 
son method. Subsequent full-matrix least squaEs refine- 
ment on F, and difference Fourier maps revealed all 
non-hydrogen atoms. Hydrogen atoms could not be 
located and were not included in the structure factor 
calculations. Only Hg atoms in 1, and all non-H atoms 
except the C atom in 2 were refined anisotropically. In 
spite of the sufficient number of reflections for 
anisotropic refinement of all atoms in 1, some light 
atoms did not have well-defined temperature ellipsoids. 
This is due to the poor quality of the data because of 
crystal decomposition and the use of an empirical ab- 
sorption correction for a crystal with a very high linear 
absorption coefficient. Nevertheless, the absorption cor- 

Mongsllmc Manwlhk 
1*2,/n CL!/<’ 
I J.cmI4 I2,942(4) 
I 1 2604t41 7.917(l) 
7.953w I I .944(2) 
104,!w2) Il6.31(1) 
1301.5(83 IO97.Q(4) 
4 4 
5.488 6.312 
1840 I768 

(llO),(l - l0,,~-ll0,.(--1 - 10)0.021; 
tOOl,,tOO- 1)0.117; 

452.2 542.3 
0.689, I.918 0.077,0.208 
2aBe30 2<8<30 
8-20 
0.04 :04 
I.2 1.0 
3146 I332 
2693 II45 
109 75 
0.018 0.03 I 
0.098 0.041 
0.93 I .O% 
b(’ - IpcaW + 0.00950F~) )(‘a l/(crZ(F, + O.OOOSSF~ 1 
O.Ool 0.001 
5.6(1.4W From Hg) I.71 (l.Sji from Hg) 



Table 2 
Positional parameters and equivakst isotropic thermal patmeters 
(Hg atoms) and isotropic thermal pratueters (from C to 01) &,?,. 
with estimated standard deviations in parentheses for C(HgNOIb,V 
H,O(I) 

s P : I<: or U,,, 

Hgl 0.50425(6) 0.26874(9) 0.56109(13) 0.0161(3)3 
Hi2 0.37578(4) 
Hg3 0.27161(6) 
Hg4 0.40379(7) 
C 0.384(2) 
Nl 0.625(2) 
011 0.621(2) 
012 0.690(2) 
013 0.571(2) 
N2 0.4342) 
021 0.3S3( I) 
022 0.42%2) 
023 0.509(2~ 
N3 0.150(2) 
031 0.155(2) 
032 0.090(2) 
033 0.203(2) 
N4 0.345(2) 
041 0.425(2) 
042 0.35X2) 
043 0.27 I(2) 
01 0.832(t) 

0.08652(S) 
0.302 l6(8) 
0.36527(8) 
0.253(2) 
0.385(2) 
0.279(2) 
0.4Mx3) 
0.456(3) 

-O.l37(2, 
- 0.078(Z) 
- 0.232(2) 
- 0.092(3) 

0.460(Z) 
0.348(2) 
0.48X(2) 
0.525(3) 
0.5342) 
0.498(2) 
Odl6(2) 
0.490(2) 
0.232(2) 

0.73970( 12) 
0.47327(13) 
0.86742( 13) 
0.656(3) 
0.38X4) 
0.454(3) 
0.317(j) 
0.410(5) 
0.881(3) 
0.825(31 
0.939(J) 
0.X83(4) 
0.240(3) 
0.266(3) 
0.10313) 
0.340(4) 
I .083(3) 
I .060( 3) 
l.l87(4) 
I .OO!x3) 
0 64K4) 

o.o150(3)9 
0.0165(2)’ 
0.0164(3)” 
0.009(4) 
0.03 I(S) 
0.027( 4) 
0.045(6) 
0.055(8) 
0.02 l(4) 
0.02(X4) 
0.034(S) 
0.049(7) 
0.018(4) 
0.026(4) 
0.031(S) 
O.OSo(7) 
0.0111(4) 
0.025(4) 
0.036(5) 
0.031(S) 
0.03%6) 

rection with BIFABS gwe better results than did a Gauss- 
ian correction. The crystal of 1 was itregularly shaped, 
Wit11 I3 ill-&fiM?d fX?.?S i~~ld of rrpproXuimW six 0.4 X 
0.4 X 0.3 mm. The empirical absorption correction sig- 
nificantly lowered the Vi\lWS of a,,,, (from 0.150 to 
0,049~ rmd R ttt that strrpc of refinement (from 0.15 1 lo 
0.0902). Atomic scattering factors and anomalous disper- 
sican coeffieiculs wdrc tcrkrn from hf~rrcrrionctl Ti~bks 
jhr X-vuy C~~~/kqrt~~~ky [$I]. No extinction correction 
wus made. Computing was carried out on an IBM 
DC/AT-compntible computer using srEtM(s [ IO] and 
araLxsS6 [ 111 prqtams. 

Table 3 
Positional parameters and equivalent isotropic thennnl parameters 
(AZ). with estimated standard deviations in parentheses for 
C(HgSo,)~(Hg0H,)~ (2) 

s Y P 6. II” oe II a, NO 

Mgl O.l388Oi43 0. IOKSS(6) 0.3185(H4) 0.0168(l) 
Hg2 0.00300(4) - 0.19884(6) 0.10754(4) 0.0168(2) 
S 0.2207(2) 0.4868(43 0.36010) 0.0152(H) 
01 0.2613(7) 0.3047( 12) 0.3807(9) 0.021(3) 
02 0.32230%) 0.5913(14) 0.3904(8) 0.027(4) 
03 O.l3H7( IO) 0.5068( 16) O.229ti IO) 0.039(4) 
64 0.1695(9~ 0.5221(15) 0.446l( IO) 0.032(4) 
05 0.0084(8~ - 0.3220( 12) - 0.04X4(9) 0,023(3) 
C 0 - 0.0545(25) 0.25 0.019h 

“U,,~~1/3~)3,C,[/,,u;u;a,~a~. 
bAtom was refined isotropically. 

Atomic coordinates for 1 and 2 <are given in Tables 2 
and 3 respectively. Lists of anisotropic thermal parame- 
ters and full lists of bond distances and angles have 
been deposited at the Cambridge Crystallographic Data 
Centre. Lists of structure factors are available from the 
authors. 

3. Results and discussion 

The products of the reaction of Hofmann’s base with 
cont. nitric and sulphuric acids are tetrakis(nitratomer- 
curio)methane monohydrate, C(HgN03), - H,O (1) and 
bis(sulphatomercurio)bis(aquamercurio)methane, 
C(HgSO,),(HgOH,), (2), Scheme 1. 

Compounds I and 2 are colourless crystalline solids 
characterized by analytical data, and JR spectra and 
single crystal X-ray d;ffraction. 1 and 2 are insoluble 
and cannot be recrystailized. Good quality crystals suit- 
able for the crystallographic investigation were obtained 
by prolonged standing of the suspensions in concen- 
trated acids (approx. 2 months for 1 and even more for 
2). 

The IR spectral data are consistent with the covalent 
type of nitrate and sulphate groups bound to mercury in 
compounds I and 2 respectively. The strong absorption 
bands observed at 1501 cm- ’ and at I278 cnr - ’ ns well 
as the medium band at 101Ocm- indicate the presence 
of the unidentate nitrate group in 1 112,131. In the 1R 
spectrum of 2, very strong bands at 1 I20 atxl IO1 9sm- ’ 1 
and a strong band at 93 I cm- ’ show the presence of ;I 
unidcntatc sulphate group % 131, 

When dilute nitric and sulphuric acids were used in 
the rcactiai with fIOfi~~iillIl’s base, quite diffeient Corn--” 
pounds were obtuined. The isolated microcrystalline 
products were insoluble trnd d it vihbk IW3’CLl~~ 
content depending upon the conditions. The Xmray pow- 
der diffraction patterns of the compeunds isolutcd after 
3 weeks from 20% nitric ml sulphuric acids were not 
identical with those of compounds 1 and 2 respectively. 
They are probably polymeric, similar to Irinicrcur:tted 
acetaldehyde which forms three different polymeric 

ICHaO(OW~OHzln 

MIIC. 1-1t40j \nc. WG 

;gOf’JOz HgOS03 

H20Hg--: -HgOHz 

HgON02 f&OSOa 

1 2 

Scheme I. 
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Table 4 
!kkcted interalomic distances (A) and bond angles (deg) with esti- 
mated standard deviations in parentheses for C(HgNOJ)J*HzO (1) 

Hel-C 2.09(3) Hgl-011 
--we 

HgZ-C 
Hg3-C 
H&-C 

2.06(2) 
1.99(2) 
2.09(2) 

Hg2-021 
Hg3-031 
Hg4-041 

2.10(3) 
2.08(2) 
2.12(2) 
2.142) 

01 I-Hgl-C 176.8@) 
021 -HgZ-C 174.0(9) 
031-Hg3-C 176.2( IO) 
041-H&C 171.n9, 
Hgl-C-Hg2 108.8(13) 
Hgl -C-H@ 109.2(12) 
Hgl -C-Hg4 106.1(13) 

W ***Ql3 
H&t1 * * * 031” 
W . . . O42b 

Mg2 . . -023 
Hg2 . a -023’ 
Hg2 * * * 012” 
Hg2 * * * 043J 
%3 * * * 033 
Hg3 . . . Q21C 

2.78(4) 
2.732) 
2.84(3) 
2.88(3) 
3.0%3) 
2.943) 
2.77(2) 
2.88(3) 
3.0512) 

Hg2-C-Hg3 
Hg2-C-Hg4 
Hg3-C-Hg4 
Hgl-01 I-N1 
Hg2-021-N2 
Hg3-031-N3 
Hg4-041 -N4 

Hg3 . . . 042d 
Hg3 * . -0’ 
Hg4 * * * 02zc 
wg4. * * 0413 
Hg4 ’ * * 043 
Hg4 * . . Og 
0 * * * 033h 
0.. * 043’ 

113.7(12) 
109.4(1 I) 
109.4(12) 
109.8(20) 
112.0(17) 
111.9(19) 
111.0(18) 

2.91(2) 
2.9H3) 
3.02(2) 
2&X3) 
2.87(3) 
2.93(3) 
2.8714) 
2.86(3) 

Symmetry codes: ’ x +-OS. 0.5 - y, L +O.S; b I - x. 1 - y, 2 - :; ’ 
1-x. -,y. 2- :; d 0.5- x, y-0.5. IS- ;; c OS- x. os+ y. 
IS- :; x-0.5. o.s- y, :-OS; s s-0.5, OS-y, :+os; h 
I-x, I-y, I- :; L rc0*5.0.5- y. :-OS. 

nding on the concentration of the dilute 
nitric acid [14,15]. 

Bivtanees and ungks in the structues of 1 and 2 arc 
given in Tables 4 and 5 respectively, and their rnolccuW 
lar structures with the atom lubelling scheme are shown 
on Figs, I and 2 r%spctively, 

Ttdlle 3 
Sektd interatomic distances (A) and bond angles (de@ with esti- 
mated slandard deviations in parentheses for tXlgS0.,),~HgOH2), 
(2) 

I10.05~3~ 
102.47(4) 
I10.52(2) 
112.77W 

Hg2 -C 
Hg2-05 

C-HgI -01 
C-Hg2-05 

2.0&M I I ) 
2.13101~ 

171.3(J) 
173.6U) 

Symrnety codes: ’ - s, y, 0.5- ;; ’ 0.5-s, y-0.5, 0.%- ;; c 
0.S-x.0.5-y. l-~:J.P-0.5,0.5-y, ;-0.5:e.& y-l, ;;F 
-s,y-I.0.%-~;@ -s, -y, -:;h s, -y, :-0.5. 

021 
023 

Fig. I. mm drawing of ff HgNO,),. H,O (1) with the atom number- 
ing scheme. The thermal ellipsoids are at the 50% probability level. 

Both structmes contain the tetramercurated methane 
unit with four mercury atoms tetrahedrally surrounding 
the carbon atom. The CHg, tetrahedron is in the general 
position in 1 and lies on the two-fold axis in 2. Both 
tetrahedra are slightly deformed, as can be seen from 
the values of the Hg-CT-Hg angles which are within the 
range I Oti I ) to I I4 I)” in I and 102.47(4) to I 12.77(3Y’ 
in 2. The Hg-6‘ distances range from l.<)sY2) to 
2.0%2) A (mean value 2.&i(2) ,&I in 1, and are 2.064( I I ) 
and 2,0&5( l2JA in 2. These values are similar to the 
structures of other tetramercumted methane derivatives 
1.4~61. 

The crystal structure caf 1 consists of C(IigQNQ,J,, 
and water molecules, as shown itr Fig. 3. The two short 

Hg2 

Fig. 2. 611~~ drawing of C(HgSO&HgOH,), (2) with the atom 
numbering scheme. The thermal ellipsoids are at the 50% probability 
level. 



Fig. 3. Packing diagram of CXHgN021J.H20 (1) witb possible 
hydrogen bonds drawn by dashed lines. 

contacts of 2.86(3) and 2.87(4)A between the water 
oxygen atoms and oxygen atoms of the nitrate ligands 
indicate hydrogen bonds. The $$I bond lengths are in 
the range 2.08(2) to 2.142) A, mean value 2. I I( I) A, 
which is similar to that in other mercury compounds 
with covalently bonded nitrate, e.g. NO,HgCH JOOH 
1161, [Hg(H ,OHg)(NO,Hg)CCO~]NO~ and 
2(NO,H l),CCOOH . HNO, [ I73 where these values are 
2. IQ(2) k , 2.120) a and 2.12(2) ,& (mean value) respec- 
tivcly. There is a lengthening of the N-O bond at the 
oxygen bonded to the mercury alam (mean value 
l.IYI(l)fi) in comparison with the other N-O bonds 
(Mets VU~UC I .22( I ) A). All for mercury i\tQms have 
three (Hgl) 01’ four (l-l~, ~‘~-llpslI neighbouring oxygen 
atoms at a distance shorter than the sum of the van der 
Waals radii (cu. 3.1 W [l&19]). The C-I-lg-0 an&s 

deviate slightly from linearity and mnge from l71.7(9) 
to 176.X%(9)“. 

The crystal structure of compound 2 consists of 
CXHgOH ,),(HgOSO,), molecules connected together 
by hydrogen bonds. The packing diagram of 2 with 
possible hydrogen bonds is shown on Fig. 4. Four short 
0.. - 0 contacts 2.61(l), 2.6421, 2.8% 1) and 2.93( I ) A 
indicate the possibility of formation of four hydrogen 
bonds. To enable formation of these bonds the two 
hydrogen atoms have to be disordered. Since the hydro- 
gen atoms were not found it was supposed that they are 
located on the ligand water oxygen atom, thus forming 
a monomercurated oxonium cation. Such oxonium 
cations are often found in mercurated compounds con- 
taining oxygen, and can be mono-, di- and trirnercu- 
rated. Hydrogen atoms were found in the neutron 
diffraction studies of e.g. Hg ,(OH),(SO,), - H ,O [20] 
and Hg(OH)F [2 I] which contain dimercurated oxonium 
cations, or in HgSO,(H,O) [22] which contains a disor- 
dered monomercurated oxonium cation and a sulphate 
ligand similar to that in 1. Some aliphatic organomer- 
cury compounds also contain mercurated oxonium 
cations, e.g. in the structures of [OH~,CCHO]NO, . 
H *O [ 141 and 2[OHg ,CCHO]NO, - HNO, [IS] the oxo- 
nium cation is trim ercurated, in 
[HOH~~(NO,H~KYCHO]NO, [I 51 it is dimercurated. 
and in [Hg(H ,OHg)(NO, Hg)CCOQ]NO, [IS] a 
monomercurated oxonium cation is formed. 

The Hg-05 bond length of 2. I3 I( I I ) A is similar to 
that in the structure of [M v(H,QH 
CCC)O]NO, Wg-OH, 2.17(3) k ) hut significantly 
shorter ~IWII in HgSO,(H,C)) where lhe distencc is 
2.228(2),&. The sulphute ligand is bonded to mercury at 
the I@-01 distance at ’ 3 104(9) A, which is similnr to -. 
that in I-lp ,(OH),(S0,)2 * $=I,0 (Hg-OSQ, 2.Ot17(2) A). 
but signikxu~tly shorter than in kl@I&l &I) (Hg _ 
oso, 2. I ?I(%) A). 

Fig. 4. Packing diagram of C(HgS0,)z(HgOH2)2 (2) with possible hydrogen bonds drawn by dashed lines. 
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A Cambridge Structural Database search [231 of the 
aliphatic organomercury compounds with the C-Hg-0 
structural unit gave 27 structures containing 59 such 
fragment% The mean value of the Hg-C bond is 
2.082(5) A. There are two distinct groups of data for the 
Hg-0 interatomic distance. Of the total of 59 fragments 
there are 33 with the angle C-Hg-0 greater than 150” 
(l&M- 178.8”). They have bond distances in the range 
2.023 to 2.181 A (mean value 2.095(7) A>. When the 
angle C-Hg-0 is less than 150” there always exists an 
Hg-X bond with C-Hg-X greater than 150“. and in 
such cases the Hg * . * 0 interatomic distances (all are 

ater than 2.45& are considerably larger than the 
sum of covalent radii and represent contact distances. 
The analysis of the Ilg-0 bond distances showed that 
additional short contacts Hg * * . X (e.g. X = 0, NJ cause 
lengthening of the Hg-0 bond. No influence of short 
contacts was found on the Hg-C bond length. There- 
fore, the long bond lengths in HgSO,,(H,O) are caused 
by four short additional Hg m . * OSO, contacts in the 

2.501(l) to 2.514(1)A. In 2 these contact dis- 
are longer; Hgl is approached by two 0 atoms at 

distances of 2.760( 11) and 2.991(g) A, which are shorter 
than the sum of the van dar Waals radii. Hg2 has four 

2.74719(g) to 3.001(2)k All of 
valved in additional contacts are 

te ligands. These contacts 

similar to those in the 
, The S-01 bond is the Ion 

sines it involves the oxygen bonded to mercury, 

W tkDlnk Mr. M. Bruvo for diffractometer data 
c0kti0n and the Ministry of Science and Teehnelqy 

of the Republic d Croatia, Zagreb, for financial sup- 
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