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Abstract: A new polymeric mercury(II) di-isopropyldithiocarbamate complex was synthesized by 

the reaction of sodium di-isopropyldithiocarbamate with excess HgCl2 in water. The precise 

structure of the new compound was determined by single crystal X-ray diffraction. A similar 

reaction, using a stoichiometric excess of the ligand, yielded the known monomeric 

bis(di(isopropyl)dithiocarbamato)mercury(II) complex. The complexes could not be distinguished 

from each other by their solution phase NMR spectra nor their FTIR spectra. Solid state NMR 
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spectroscopy (199Hg and 13C) provided unambiguous data and showed that the monomeric complex 

and polymeric complex do not interconvert in solution or during crystal growth. 

Thermogravimetric experiments revealed quite different thermal decomposition behaviour 

between the two compounds. 
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1. Introduction 

Metal dithiocarbamate complexes are renowned for their ease of synthesis, useful properties and 

co-ordination chemistries.1-16 The flexibility to readily engineer and alter the dithiocarbamate 

ligand allows a range of co-ordination complexes to be generated. Thus, metal dithiocarbamate 

complexes have been extensively studied in the area of crystal growth and design and as single 

source precursors for metal sulfide crystal synthesis.1, 4, 7, 9, 17-33  

Of particular relevance to the current work, mercury (II) dithiocarbamate complexes produce a 

diverse range of molecular architectures and isomers; generating at least five distinct structural 

motifs in systems bearing two dithiocarbamate ligands.1 The reaction of HgCl2 with 

diethyldithiocarbamate has been reported to produce three unique crystals (two polymorphs and 

an isomer) during crystal growth.34-37 In this case, the isomer was identified as a polymeric 

dithiocarbamate complex consisting of bridging mercury chloride and dithiocarbamate moieties. 

Subsequently, the products of reactions of HgCl2 with diethyldithiocarbamate were found to be 

dependent on the ratio of ligand to metal.38  

Reactions of HgCl2 with S-donor ligands have a propensity to form co-ordination polymers by 

interaction with sulfur-containing species,39-41 although detailed studies of the formation of 

mercury co-ordination polymers are scarce, especially in the case of dithiocarbamates.36,42,43-47 

Furthermore, the question of whether the mercury dithiocarbamate structures (i.e., monomer, 

dimer, or polymer) are formed during the initial reaction between metal and ligand or during crystal 

growth experiments remains unanswered. We therefore investigated the formation of mercury(II) 

di-isopropyldithiocarbamate complexes, which can exist in multiple structural forms.48-50 We 

employed solid- and solution-state techniques to track the formation of monomeric, dimeric and 

polymeric mercury(II) di-isopropyldithiocarbamate complexes from the initial reaction between 
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metal and ligand, to the isolation of individual crystals. Solid-state NMR (13C and 199Hg) 

spectroscopy and single crystal X-ray diffraction were definitive in demonstrating the structural 

differences.  

2. Results and Discussion 

 

Scheme 1. Synthesis of 1 and 2. 

Reaction of sodium di-isopropyldithiocarbamate (NaDIPDTC) with HgCl2 in a 3:1 molar ratio 

in water (Scheme 1) gave the known complex 148 (as determined by solid-state 199Hg NMR 

spectroscopy, see below) in 82% yield. In contrast, reaction of NaDIPDTC with HgCl2 in a 1:3 

molar ratio produced a new complex, 2, in 75% yield. Reactions using a 2:1 molar ratio of 

NaDIPDTC to HgCl2 produced a mixture of 1 and 2.  

The molecular structure of 1 was redetermined48 to obtain more precise data (significantly lower 

estimated standard deviations for bond lengths and angles) for comparison with solid-state NMR 

data (see below). The structure is shown in Figure 1. The co-ordination sphere of mercury is 

approximated as distorted tetrahedral, with two short (2.4428 (6) Å, Hg1-S2) and two long (2.6523 

(6) Å, Hg1-S1) mercury-sulfur bonds. The –C1S2Hg and –C1N1C2 moieties are planar. There is 

one intramolecular C-H···S hydrogen bond of ~ 2.4 Å between S1 and H2, creating an electronic 
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asymmetry about the two isopropyl groups within each ligand, in agreement with previous 

reports.9-11 All ligand bond lengths are similar to those in other DIPDTC complexes.9-11, 48, 51-55  

 

 

Figure 1: Structure of 1 showing the atom-labelling scheme and thermal displacement ellipsoids 

at 50 % probability. 

 

Figure 2: Structure of 2 (asymmetric unit) showing the atom labelling scheme and thermal 

displacement ellipsoids at 50% probability. 
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The structure of polymeric 2 contains a bonding motif that is new for mercury dithiocarbamate 

complexes1. The asymmetric unit (Figure 2) contains two monodentate, bridging dithiocarbamate 

ligands, two inequivalent mercury environments and a disordered diethyl ether molecule that 

occupies a special position on a crystallographic inversion centre. One mercury atom (Hg1) is co-

ordinated by two monodentate dithiocarbamate ligands with equivalent Hg-S bond lengths of 

2.3686 (14) Å to produce an approximately linear environment with a S1-Hg1-S4 angle of 171.65 

(5) °. The S-C-S bond angles are the same within each dithiocarbamate ligand. Both ligands are 

approximately planar with deviations of no greater than 0.06 Å from their S-C-C-S least planes 

and torsion angles of 174.7 (5) ° for S1-C1-N1-C9, and 178.6 (4) ° for S4-C8-N2-C12. The –CS2 

moieties/planes are rotated relative to each other about the S1-Hg1-S4 bond by 96.6 (3) °. A second 

mercury atom (Hg2) is co-ordinated to two chlorine atoms (Cl1 and Cl2), and the remaining sulfur 

atoms (S2 and S3) in a monodentate fashion. The co-ordination geometry about Hg2 is 

approximately tetrahedral, however all four bonds are inequivalent and range from 2.4526 (14) Å 

(between Hg2-Cl1) to 2.5691 (14) Å (between Hg2-S3). The Hg2–S bonds are similar in length to 

those found in 1 but the Hg-Cl bonds are at least 0.2 Å longer than those found in HgCl2
39, 56

. 
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Figure 3: Top: Extended structure of 2 with thermal displacement ellipsoids at 50% probability. 

Bottom: Crystal packing showing 1-D chains of 2 along the c axis. Disordered ether molecules are 

shown in black and hydrogen atoms are omitted for clarity. 

The structure contains chains of 2 that align parallel to the c axis and arise from Hg2-S bonds 

between neighbouring asymmetric units (Figure 3). The individual parallel ribbons of polymeric 

Hg(DIPDTC)2 maintain contact with each other through intermolecular Hg-Cl···H-C and C-S···H-

C interactions. There is an intramolecular C-S···H-C interaction between S4 and H10A of ~2.7 Å. 

The disordered ether molecule resides in solvent-accessible voids within the structure and has no 

interactions with distances < 3 Å. Relevant crystal data for 1 and 2 can be found in the Supporting 

Information (Tables S1-S6). 

b

c
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Figure 4: Photomicrographs showing the morphology of 1 (a), 2 (b) and crystallisation of 1 and 2 

from a mixture of 1 and 2 (c). 

Crystal growth experiments using solutions containing a mixture of 1 and 2 (~1:1 ratio) yielded 

independent crystals of 1 and 2 (Figure 4), which could be physically separated on the basis of 

morphology. Interestingly, a previously described dimeric disappearing isomer of 150 was obtained 

during crystallisation experiments, and characterized by X-ray diffraction (see Supporting 

Information). Attempts to reproduce the material were unsuccessful after several months of trials.  

Time-lapsed cross-polarized photomicroscopy (Video 1) during ether counter-diffusion into a 

chloroform solution of 1 was used to probe the crystallisation process. The onset of crystal growth 

occurs at T= 80 minutes, with active expansion of the crystal facets occurring until T= 220 minutes. 

Only a single morphology of crystals is produced, with no appearance of 2, indicating that there is 

no solution equilibrium between 1 and 2 during crystal growth. Further counter-diffusion of 

solvent occurs without any change in the morphology of crystallized 1, and total evaporation of 

the crystallisation solvent did not produce any further crystalline products (albeit at a cost of crystal 

destruction), Figure S1. 

Solution-state 1H and 13C NMR spectra of 1 and 2 were indistinguishable. Spectra obtained using 

a mixture of 1 and 2 (determined using solid-state 199Hg NMR spectroscopy) contained a single 

set of signals that remained indistinguishable even at lower temperatures (238 K). In addition, 

DOSY-NMR at room temperature (Figure S2) revealed a single set of signals with a single 

(a) (b) (c)
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diffusion constant. However, the variable-temperature solution state NMR data (Figures S3-S5) 

revealed kinetic insights on the restricted rotation of the isopropyl groups (due to intramolecular 

C-H·· S interactions and steric effects)9, 11 Examination of the variable-temperature experimental 

data yielded an energy barrier (ΔG‡) to free rotation at coalescence (268 K) of 59 kJ mol-1, which 

is in excellent agreement with our previously reported data for NaDIPDTC (56 kJ mol-1)11 and 

PbDIPDTC (57 kJ mol-1)9, indicating an equivalent transition state during isopropyl bond rotation 

(despite the fact that experiments were performed in different solvents). The values for ΔH‡ (37 

kJ mol-1), ΔS (-75 J mol-1 K-1) and an activation energy of 40 kJ mol-1 are somewhat similar to 

those for NaDIPDTC and PbDIPDTC indicating comparable degrees of C-H···S and steric 

interactions. Detailed comparisons of these kinetic data were not obtained because of the limited 

solubility of 1 and 2 in acetonitrile. 

 

 

Figure 5: Solid-state 13C{1H} CPTOSS NMR spectra for 1 (bottom) and 2 (top) acquired with a 

MAS rate of 3 kHz. Regions devoid of signals are omitted for clarity. 

≈

≈

≈

≈
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In contrast to the solution-state spectra, the solid-state 13C CPMAS-TOSS NMR spectra for 1 

and 2 are distinct (Figure 5). The spectra contain signals for each of the carbon atom environments 

with no impurities detected.  

In the spectrum of 1, a single set of peaks corresponding to each of the carbon atoms indicates 

equivalent DIPDTC moieties. As with other DIPDTC complexes,9, 57 the non-equivalence of the 

isopropyl environments (due to intramolecular C-H···S hydrogen bonding)11 gives rise to two 

separate methine carbon signals at δc 51.7 and 61.8 ppm. The dithiocarbamato carbon signal 

appears at δc 200.8 ppm and has a slightly higher chemical shift than the corresponding signal in 

the spectrum of Pb(DIPDTC)2
9, likely arising from differential contributions from the Pb and Hg 

bonding orbitals. Three signals appearing between δc 19.8 to 21.0 ppm are assigned to non-

equivalent methyl groups arising from the presence of intra- and intermolecular C-H···S 

interactions in the solid state, a phenomenon that has been previously observed.9, 11  

In the spectrum of 2, C2, C5, C9 and C12 are all non-equivalent and give rise to four sets of 

peaks. Similarly C1 and C8 (196 to 202 ppm) are also non-equivalent, and show different J-

couplings to the 14N sites; however, an extra set of signals for each carbon atom is present, 

indicating that both ligands are not equivalent. In addition to the extra peaks, signals due to 

disordered diethyl-ether within the matrix are present at δc 17.5 and 66.9 ppm. 

In both cases, all peaks for carbon atoms bonded to nitrogen (C1, C8, C4, C5, C9, and C12) are 

partially split and broadened which we attribute to residual dipolar coupling between 14N and 

13C.58-60 In 1, the splitting is more pronounced and likely attributed to a longer longitudinal 

relaxation time constant (T1) for 14N, or the higher visual crystallinity of 1 compared to 2. These 

observations in the solid state 13C NMR acquired using individually isolated (on the basis of 

morphology) single crystals of 1 and 2 are supported by comparison to the crystallographic data. 
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Figure 6: Solid-state 1H-199Hg{1H} BRAIN-CP static NMR spectra of crystalline 1 (bottom) and 

2 (top). The solid traces show the analytical simulations of the 199Hg spectra for 1 and 2. 

Simulations for the two Hg environments in 2 are represented by a dotted line (site A) and a dashed 

line (site B). 

Table 1: 199Hg NMR parameters for 1 and 2. 

 δ11  δ22 δ33 δiso
a Ωb κc 

1 -802.5 

(26) 

-920 

(27) 

-1742.5 

(33) 

-1155 

(20) 

940 

(40) 

0.75 

(0.05) 

2d -770.7 

(43) 

-868.7 

(45) 

-1750.7 

(48) 

-1130 

(40) 

980 

(40) 

0.80 

(0.05) 

 -370.1 

(48) 

-889.8 

(48) 

-1140 

(46) 

-800 

(40) 

770 

(40) 

-0.35 

(0.1) 

a δiso = (δ11 + δ22 + δ33)/3 b Ω = |δ33- δ11| 
c κ = 3(δ22 - δiso) / Ω d Multiple signals due to site non-

equivalence. The experimental uncertainty in the last digit(s) for each value is indicated in 

parentheses. 

199Hg solid-state NMR experiments were performed using non-spinning crystalline 1 and 2. The 

spectra are shown in Figure 6. The chemical shift tensor parameters obtained by analytical 

simulation of the spikelet patterns for 1 and 2, are shown in Table 1. 
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For 1, the simulation revealed a single Hg site with an isotopic shift δHg of –1155 ppm, in 

agreement with the crystal structure where the co-ordination of Hg is approximated as a highly 

distorted tetrahedron. The principal components of the chemical shift tensor (δ11 , δ22 and δ33) 

deviate from ideal tetrahedral geometry (δ11 = δ22 = δ33)
61 and the value of the skew (κ) indicates 

a distorted tetrahedral geometry at the Hg site, consistent with 199Hg chemical shift tensors 

measured for distorted tetrahedral Hg environments with multiple Hg-S bonds. 46, 62 In addition, 

the positive value of κ near unity and the local symmetry dictates that the distinct principal 

component (which also represents the direction of highest shielding), δ33, is oriented along or near 

the two-fold rotational axis away from the directions of the Hg-S bonds (Figure S6); accordingly, 

the δ11 and δ22 components are likely directed into similar environments approximately 

perpendicular to the two-fold rotational axis.  

In the case of 2, the 199Hg NMR clearly shows the presence of two patterns corresponding to 

two distinct sites: Hg1 (Site A) and Hg2 (Site B). One pattern has 199Hg chemical shift tensor 

parameters that are equal (within experimental error) to that of the Hg site in 1, with a high, positive 

value for κ near unity (Table 1). This pattern is assigned to site A, which has a HgS2 environment, 

with two sets of longer range, secondary Hg-S and Hg-Cl interactions. As in the case of 1, the 

direction of the δ33 component is very likely along the pseudo two-fold rotational axis, which 

points in a direction away from the Hg-S bonds and between the positions of two nearby chloride 

ions (Figure S6). The second pattern has a different δiso and a dissimilar set of chemical shift tensor 

parameters; the negative skew indicates that δ11 is the distinct parameter. This pattern is assigned 

to site B, which features a unique four-coordinate HgS2Cl2 environment; unfortunately, since each 

of the Hg–S and Hg–Cl bond lengths are distinct, and there are no local symmetry elements, there 

is no straightforward way to assign the chemical shift tensor orientation based on symmetry (ab 



 13 

initio computations of chemical shift tensors would be useful in this case, but are beyond the scope 

of the current work). 

These assignments on the basis of local symmetry are consistent with the similarity in the 

mercury sites of 1 and 2, evidenced in the single crystal X-ray structures (Figures 1 and 3). Having 

established the patterns of 1 and 2 using isolated microcrystalline samples, solid-state 199Hg NMR 

experiments confirmed that 1 and 2 did not interconvert during crystal growth (Video 1) of isolated 

1 (on the basis of 199Hg SSNMR). 

 

Figure 7: Solid-state 199Hg{1H} BRAIN-CP NMR spectra of powdered 1 (bottom) and 2 (top) 

prior to crystal growth. 

The solid-state 199Hg NMR spectra of 1 and 2 prior to crystal growth experiments show 

significant differences between the powders (Figure 7) indicating both different numbers and types 

of mercury environments, which were formed on the basis of ligand to metal reaction 

stoichiometry. Previous studies using a small excess of ligand (2.1:1 ligand to metal ratio) 

produced monomer and dimer without any 2 being detected.50 Differences in relative spikelet 

intensities before and after crystallisation are attributed to changes in the physical sample 
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morphology (though it is noted that these spectra cannot be used for quantitative interpretation 

without careful calibration of known standards). In the case of 2, the spectra before and after are 

noticeably different, which we attribute to differences in the molecular conformation and different 

physical sample morphology instigated by the incorporation of ether, which occurs during the 

crystal growth (indicated by disordered ether molecules within the crystal structure of 2). 

The FTIR spectra of 1 and 2 are shown in Figure S8 and are similar to each other. The spectra 

show the typical thioureide band at 1495 cm-1, which is at an energy intermediate between that of 

a C-N single bond (1250 – 1350 cm-1) and a C=N double bond (1640 – 1690 cm-1). The ν(C…S) 

band appears at 922 cm-1. These bands are within ~15 cm-1 of the corresponding bands for 

Pb(DIPDTC)2,
9 NaDIPDTC9 and Ni(DIPDTC)2.

10  

 

Figure 8: Thermogravimetric data for 1 (red solid line) and 2 (blue dashed line). Inset shows the 

first derivative of mass loss between 300 to 400 °C. 
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Thermogravimetric analysis data are shown in Figure 8, and reveal distinct pathways for thermal 

decomposition. Analysis of 1 reveals no significant mass loss in the region of 30-100 °C indicating 

a lack of water (bound or otherwise), in agreement with the crystallographic data. Thermal 

decomposition occurs in two endothermic events. The first event occurs between 230 – 285 °C 

with a DTGmax at 268 °C and a mass loss of 69%, which we assign to the formation of HgS 

(calculated mass loss: 58%). The second event occurs between 285 – 370 °C with a DTGmax at 360 

°C and a mass loss of 28% corresponding to the thermolysis of HgS into mercury vapour and sulfur 

(calculated mass loss: 42 %). The significant discrepancies between observed and calculated mass 

losses are due to the overlap of complex decomposition and the onset of HgS decomposition.50, 63  

Thermogravimetric analysis of 2 shows no significant mass loss below 100 °C, again indicating 

a lack of water (bound or otherwise). Thermal decomposition occurs in six well-defined 

endothermic events, with the first four occurring between 96 – 218 °C with an associated mass 

loss of 38.3 %, in excellent agreement with the calculated loss of all ligands to produce HgS and 

HgCl2 (38.2 %). There are two overlapping mass loss events between 240 to 340 °C attributed to 

the thermal decomposition of HgS into mercury vapour and sulfur63, and the sublimation of HgCl2 

at ~ 280 °C.64 

The marked difference in thermal behaviour between 1 and 2 is attributed to the different 

coordination environments about each mercury atom. In 1, Hg is chelated by the DIPDTC ligands 

forming HgS4 moieties, whereas in 2 there is a mixture of HgS2 and HgS2Cl2 centers. Moreover, 

these results show that neither 1 nor 2 is a suitable single-source precursor for the synthesis of HgS 

nanocrystals, as the decomposition of 1 occurs simultaneously with that of HgS, and in the case of 

2, HgS is obtained as a mixture with HgCl2. Comparison of these data with thermal data for other 
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mercury(II) dithiocarbamate complexes19, 32 suggests that further investigation of 1 under 

conditions that utilize a chemical passivating agent (e.g., hexadecylamine) is warranted. 

3. Conclusions 

The product obtained from reaction of sodium di-isopropyldithiocarbamate with HgCl2 in water 

is dependent upon the reaction stoichiometry. The known monomeric Hg(DIPDTC)2 complex was 

formed when the ligand was present in excess as distinct from when the metal was in excess, and 

a new polymeric mercury(II) dithiocarbamate was discovered. Surprisingly, the solution phase 

NMR spectra and FTIR spectra provided no basis upon which the two complexes could be 

distinguished from each other. Solid-state NMR spectroscopy (199Hg and 13C) and single crystal 

diffraction provided data that enabled the two complexes to be differentiated. These data were vital 

to establish that the monomeric (1) and polymeric (2) complexes do not interconvert in solution or 

during crystal growth.  

Thermogravimetric experiments revealed different thermal decomposition behaviour between 

the two compounds, with neither deemed to be suitable as a single source precursor for HgS 

formation. 

4. Experimental 

General: Caution! Mercury compounds are toxic, and appropriate precautions should be 

taken.  

De-ionized water was used in synthetic procedures. All chemicals and solvents used in synthetic 

procedures were analytical grade and purchased from Sigma Aldrich and used as received. Sodium 

di(isopropyl)dithiocarbamate pentahydrate was prepared as previously described.10 Product yields 

were calculated with respect to the limiting reagent, which was HgCl2 in the case of 1, and sodium 

di(isopropyl)dithiocarbamate in the case of 2. FTIR spectra were acquired using a Nicolet 6700 
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FTIR spectrometer with a diamond iTX ATR accessory. A Thermal Advantage SDT-Q600 thermal 

analyzer was used to simultaneously obtain thermogravimetric (TG) and differential scanning 

calorimetry (DSC) data using 90 μL alumina crucibles. Experiments were conducted under an 

atmosphere of nitrogen gas (150 mL min−1) and a heating rate of 10 °C min−1 over a temperature 

range of 30 to 450 °C. High-resolution mass spectrometry was performed using an Agilent 6510 

Q-TOF with a mobile phase of 70% acetonitrile, 30% water (with 0.01% formic acid) and a flow 

rate of 0.5 mL min-1. Variable-temperature NMR spectroscopy using a mixture of 1 and 2 in 

chloroform-d was performed using a Bruker Avance III NMR spectrometer fitted with a BBFO 

Plus solution-state probe and a BCU-Xtreme cooler. The frequency was 600.1 MHz for 1H and 

150.9 MHz for 13C. The sample temperature was calibrated using a Type K thermocouple in an 

NMR tube containing ethanol that was inserted into the probe. Instrument broadening was 

accounted for using the full width at half-maximum (fwhm) of chloroform-d residual proton 

resonances. With these data, experimental rate constants were calculated at each temperature using 

the fwhm of the methyl peak at 1.63 ppm. Arrhenius and Eyring activation parameters were 

obtained using generalized least-squares linear regressions of log k versus 1/T, and log (k/T) versus 

1/T respectively. Solid-state 199Hg and 13C NMR spectra were acquired using a Bruker Avance III 

solid-state NMR spectrometer with a 7 Tesla superconducting magnet operating at frequencies of 

53.62 MHz, 75.37 MHz, and 299.75 MHz for the 199Hg, 13C and 1H nuclei respectively. The 

crystalline samples were acquired by manual separation of crystals produced from crystal growth 

experiments. Candidate crystals of 1 and 2 were separated on the basis of their morphology and 

periodically checked using unit cell analysis by single crystal X-ray diffraction. Specimens were 

loaded into 4 mm zirconia rotors fitted with Kel-F caps and packed with Teflon tape. The solid-

state 13C NMR spectra were acquired with the CP-TOSS pulse program at a spinning speed of 3 
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kHz MAS, and a cross-polarization contact time of 1 ms, and SPINAL-64 1H decoupling with a 

80 kHz decoupling field strength during acquisition. The 199Hg NMR spectra were acquired under 

static conditions, using the BRAIN CP65 method, with a 25-ms broadband adiabatic pulse for 

polarization transfer, coupled with the WURST-CPMG66 pulse sequence during detection for 

signal enhancement. The envelope of the resulting “spikelet” pattern yields the anisotropic 

lineshape of the 199Hg NMR spectrum and was modelled by Sola using Bruker’s Topspin software. 

The experimental uncertainties in the principal components of the chemical shift tensor were 

estimated using WSOLIDS software,67 using bidirectional variation of each parameter and visual 

comparison of the experimental and simulated spectra; uncertainties in δiso, Ω, and κ were than 

calculated using standard propagation of error methods. 

Single Crystal X-ray diffraction:  

Suitable single crystals were selected using a Leica M165Z polarizing microscope and mounted 

on a MiTiGen MicroMount. X-ray diffraction measurements were made using a Bruker Kappa-II 

CCD diffractometer at 150 K using a IµS Incoatec Microfocus Source and Mo-Kα radiation (λ = 

1.710723 Å). The structures were solved using charge flipping and the full matrix least squares 

refinement was performed using ShelXl68 in Olex269. Heavy atoms were refined isotropically until 

R-factor convergence, and then an anisotropic model was applied. Where possible, hydrogen 

atoms were located using a difference Fourier plot, or restrained to neutron diffraction distances 

when required. Bond angles were kept to two decimal places, and bond lengths to three.  

Optical Photomicroscopy:  

Optical photomicroscopy was performed using a Zeiss Stemi-305 stereomicroscope operating 

in a cross polarized light configuration. Photomicrographs were acquired using a Q-Imaging 
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MicroPublisher 3.3RTV CCD camera. Time-Lapse of crystal growth was performed using an in-

situ chamber made in house with photomicrographs acquired in 10 minute intervals. 

Synthesis: 

Synthesis of bis(κ2S,Sʹ-di(isopropyl)dithiocarbamato)mercury(II) (1): An aqueous solution of 

sodium di(isopropyl)dithiocarbamate (1.012 g, 3.50 mmol, in 100 mL of water) was added 

dropwise to an aqueous solution of mercury (II) chloride (0.312 g, 1.15 mmol, in 100 mL of water). 

A white precipitate formed upon addition and the suspension was stirred for 2 min. The crude 

product was collected by vacuum filtration, and the filter cake was repeatedly triturated with water 

to produce a white paste which was dried in vacuo at 45 °C to yield 0.522 g of 1 (82%). Crystals 

suitable for X-ray analysis were obtained as pale yellow tabular plates by solvent counterdiffusion 

of ether into a solution of 1 in chloroform. 1H NMR (600.1 MHz, CDCl3, 238 K): δ 5.15 (sept,3JHH 

= 6.6 Hz, 1JCH = 140 Hz, 2H, C2H,C2Hʹ), 3.88 (sept,3JHH = 6.8 Hz, 1JCH = 136 Hz, 2H, C5H,C5Hʹ), 

1.63 (d,3JHH = 6.8 Hz, 1JCH = 128 Hz, 12H, C6H3, C6H3ʹ, C7H3, C7H3ʹ), 1.27 (d,3JHH = 6.6 Hz, 

1JCH = 128 Hz, 12H, C3H3, C3H3ʹ, C4H3, C4H3ʹ). 13C NMR (150.9 MHz, CDCl3, 238 K): δ 202.0 

(C1,C1ʹ), 62.3 (C2,C2ʹ), 51.4 (C5,C5ʹ), 19.8 (C6,C7,C6ʹ,C7ʹ), 19.5 (C3,C4,C3ʹ,C4ʹ). 15N NMR 

(60.8 MHz, CDCl3, 238 K): δ 190.3 (N1,N1ʹ). 13C{1H} (3.0 KHz, 293 K): δ 202 – 200 (C1, C1’), 

63 – 61 (C2,C2’), 53 – 51 (C5,C5’), 22 – 19 (C3,C3’,C4,C4’,C6,C6’,C7,C7’). 199Hg{1H} (Static, 

293 K): δ -1170 (Hg1). (HRMS) (M+H)+ for HgN2S4C14H28 Calculated: 555.0908; Observed 

555.0888; Difference: 3.6 ppm.  

Synthesis of bis(κ2S,Sʹ-di(isopropyl)dithiocarbamato)mercury(II).HgCl2 (2):  

An aqueous solution of sodium di(isopropyl)dithiocarbamate (0.110 g, 0.38 mmol, in 100 mL 

of water) was added with stirring to a solution of mercury (II) chloride (0.313 g, 1.15 mmol, in 

100 mL of water). A pale yellow precipitate formed and the mixture was stirred vigorously for 2 
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min. The crude product was collected by vacuum filtration and the filter cake was repeatedly 

washed with water then dried at 45 °C in vacuo to produce 0.236 g of 2 (75%) as a pale yellow 

powder. Crystals suitable for X-ray analysis were acquired as radial prismatic clusters by solvent 

counter diffusion of ether into a solution of 2 in chloroform. 13C{1H} (3.0 KHz, 293 K): δ 202 –

196 (C1, C8), 68 – 60 (C5,C12), 56 – 51 (C2,C9), 23 – 17 (C3, C4,C6,C7,C10,C11,C13,C14). 

199Hg{1H} (Static, 293 K): δ -1129 (Hg1), -799 (Hg2). 

Supporting Information. The following files are available free of charge. Relevant 

crystallographic and NMR data. CCDC 1858161, 1858163 and 1858175, and video showing 

counter-diffusion.. 
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An unusual mercury(II) di-isopropyldithiocarbamate coordination polymer 
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and Andrew M. McDonagh 

 

 

A new polymeric mercury(II) di-isopropyldithiocarbamate complex was synthesized by the 

reaction of sodium di-isopropyldithiocarbamate with excess HgCl2 in water. A similar reaction 

using a stoichiometric excess of the ligand yielded the monomeric 

bis(di(isopropyl)dithiocarbamato)mercury(II) complex. Solid state NMR spectroscopy (199Hg and 

13C) provided unambiguous data and showed that the monomeric complex and polymeric complex 

do not interconvert in solution or during crystal growth.  
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