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Hg(II) Complex Formation with Thiol-
containing Ligands of Biochemical Interest

Structural determination of Hg(II) complexes with L-cysteine and 

D -penicillamine formed in aqueous solution

H2PenH2Cys

Background

Earlier potentiometric and 13C-NMR studies have shown 

that at H2L / Hg(II) > 2 and in alkaline pH, Hg(II) forms:

 [Hg(Cys)2]2- and [Hg(Cys)3]4- with cysteine

 [Hg(Pen)2]2- and [Hg(Pen)3]4- with penicillamine

No structural information was available!

Synthesis

H2Cys

H2Pen
or+Hg(ClO4)2 [n

Ar

[Hg2+ 
(aq)] ~ 0.1 M

Hg(HCys)2

Hg(HPen)2

or
solid

pH = 11

Clear solution

n = 2 – 10 for cysteine
2 – 15 for penicillamine  

Hg L3-edge X-ray absorption spectrum

1) Element specific

2) Measurement on any physical state of sample

3) Dilute samples

1) Bond distances

2) Coordination number

3) Type of neighboring atom

4) Debye-Waller parameter
(displacement from the mean distance)

Information

(accuracy: ± 0.02 Å)

Why XAS?
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Hg(II)- cysteine complex formation
Hg L3-edge EXAFS

2.2 2.05      2.36       0.0037

3.3 2.13      2.39       0.0069

4.3 2.73      2.44       0.0089

5.3               3.40      2.50       0.0087

10.1             3.48      2.50       0.0084

Solutions  (S0
2 = 0.9 fix)

Solid
Hg(HCys)2            2 fix 2.34        0.0028

H2Cys / Hg(II) 
ratio C.N. Hg-S (Å) σ2 (Å2)

pH = 11CHg(II) ~ 0.1 M

Monomeric Hg(II)- thiolate bond distances

CSD 2010 survey  

Range of Hg-S (Å) Rave Hg-S

2.30 – 2.34

2.40 – 2.51

2.49 – 2.58

2.33 ± 0.01

2.44 ± 0.04

2.54 ± 0.02

2.35 ± 0.012.33 – 2.36

H2Cys / Hg(II) 
ratio C.N. Hg-S (Å) σ2 (Å2)

2.2 2.05      2.36       0.0037

3.3 2.13      2.39       0.0069

4.3 2.73      2.44       0.0089

5.3               3.40      2.50       0.0087

10.1             3.48      2.50       0.0084

Solutions Possibility of formation 

of [Hg(Cys)4]6- when:

[H2Cys] / [Hg2+] > 5

if [Hg2+] ~ 0.1 M and

Free [Cys2-] > 0.1 M 

and pH > 9 

Hg(II)- cysteine complex formation
Hg L3-edge EXAFS  pH = 11CHg(II) ~ 0.1 M

Hg(II)- cysteine complex formation
199Hg NMR

Hg(CH3)2 δ (199Hg) = 0  ppm

HgCl2 in D2O δ (199Hg)= -1550 ppm

pH = 11CHg(II) ~ 0.1 M

Hg(II)- cysteine complex formation

 Structure of [Hg(Cys)2]2- in solution (pH = 11)

based on the EXAFS of solution with H2Cys / Hg(II) = 2.2 

C.N. R (Å) σ2 (Å2)

Hg-S         2.1        2.34       0.0040

Hg-N         2.1 c     2.56       0.0088

Hg-C         4 fix      3.21       0.0158

S-Hg-S      2.1 c     4.64      0.0052

Scattering 
path

c = correlated

 [Hg(Cys)2]2- from Raman

S-Hg-S stretching band

at 334 cm-1

(ClO4
- band at 934 cm-1 used 

as internal calibration)

Distribution of [Hg(Cys)n]2-2n (n = 2- 4)

in alkaline aqueous solutions
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1) Simulation of EXAFS oscillations for:

[Hg(Cys)2]2-, [Hg(Cys)3]4- and [Hg(Cys)4]6-

2) Linear combination fitting of these simulated 
oscillations to the Fourier-filtered EXAFS spectra of 
Hg-cysteine solutions

 De-convolution of EXAFS spectra:

Distribution of [Hg(Cys)n]2-2n (n = 2- 4)

in alkaline aqueous solutions

 Combination of EXAFS, Raman and 199Hg NMR

Distribution of [Hg(Cys)n]2-2n (n = 2- 4)

in alkaline aqueous solutions

F. Jalilehvand, B. Leung, M. Izadifard and E. Damian, Inorg. Chem. 2006, 45, 66-73.
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Estimation of Stability Constants
Hg(II)-Cysteine Complex Formation
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Hg(Cys)2
2−

Hg(Cys)34−

Hg(cys)46−

HgO( c)

pH =  11. 00 [Hg2+]
TOT

 =  100.00 mM

Hg2+ + 2 Cys2- ⇄ [Hg(Cys)2]2-

log β2 = 40.0

[Hg(Cys)2]2- +  Cys2- ⇄ [Hg(Cys)3]4-

K3 = 20 M-1

[Hg(Cys)3]4- +  Cys2- ⇄ [Hg(Cys)4]6-

K4 = 13 M-1

log β4 = log β2 + log K3 + log K4

Free [Cys2-] / M

Hg(II)- penicillamine complex formation
Hg L3-edge EXAFS

1.9 2 fix      2.34       0.0037

2.5 2 fix      2.36       0.0029

3.6 2.3        2.38       0.0066

4.9               2.6        2.41       0.0072

6.2               2.7        2.42       0.0073

8.0               2.9        2.44       0.0064

10.0             3.0        2.44       0.0072

15.4             3.0        2.44       0.0061

Solutions  (S0
2 = 0.9 fix)

Solid
Hg(HPen)2            2 fix 2.35        0.0036

H2Pen / Hg(II) C.N. Hg-S (Å) σ2 (Å2)

pH = 11

Hg(II)- penicillamine complex formation

 199Hg NMR Hg-S 2.50 Å

Hg-S 2.44 Å

Hg(II)- penicillamine complex formation
199Hg NMR

A possible structure for [Hg(Pen)3]
4- in aqueous solution (pH = 11)

B. Leung, F. Jalilehvand, V. Mah, Dalton Trans. 2007, 4666-4674
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Distribution of [Hg(Pen)n]2-2n (n = 2, 3)
in alkaline aqueous solutions

 199Hg NMR

Distribution of [Hg(Pen)n]2-2n (n = 2, 3)
in alkaline aqueous solutions

 199Hg NMR
1.9 0                  

2.5            20                12

3.6 54 103

4.9 85 192

6.2 89 301

8.0                      99 469

10.0                    99 675

15.4                   100 1007

%[Hg(Pen)3]4- [Pen]2-H2Pen/ HgII

%[Hg(Pen)2]
2- = 100 - %[Hg(Pen)3]

4-

[Pen]2- = CH2Pen – 2 C[Hg(Pen)2]2- - 3 C[Hg(Pen)3]4-

(mM)

Mo(V) Species in Aqueous HCl Solution

Mo(V) Species in Aqueous HCl Solution

 MoCl5 shows different colors in 3-10 M HCl.

10 M 6 M 3 M

Saccini, J. Am. Chem Soc.1954, 76, 4239
Diamagnetic in 3 M HCl
Paramagnetic in 10 M HCl

Mo(V) : d1

mononuclear

binuclear

Mo(V) Species in Aqueous HCl Solution

 Proposed structures from magnetic and UV-vis. data:

8-12 M 5-6 M

1-2 M

Mo(V) Species in Aqueous HCl Solution

 Mo(V) crystalline compounds prepared for comparison:

[MoOCl5]2- [MoOCl4(OH2)]- [Mo2O2(μ-O)2Cl4(OH2)2]2-

Counter ions eliminated for clarity
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Mo(V) Species in Aqueous HCl Solution

a) MoCl5 in 7.4 M, 8.5 M and 9.4 M HCl

Mo K-edge EXAFS CMo(V) ~ 0.2 M

c, d) MoCl5 in 9.4 M HCl (            ) 

compared with the above two solids

b) Solid [MoOCl5]2- (           )

Solid [MoOCl4(OH2)]- (           )

MoCl5 in 7.4 M - 9.4 M HCl

Mo(V) Species in Aqueous HCl Solution

a) MoCl5 in 1.7 M HCl (           ) 

and 2.7 M HCl (              )

Mo K-edge EXAFS CMo(V) ~ 0.2 M

b) MoCl5 in 1.7 M HCl (           ) 

and the binuclear solid (          )

Mo(V) species in ~ 2 M 

solution are different with 

the crystallized Mo complex!

Mo(V) Species in 1.7 M HCl Solution

 Combined results from Mo K-edge EXAFS data analysis, 

Mo L2,3-edge XANES and ADF calculations showed:

Possible Mo(V) species in 
1.7 M HCl

(b and d = major species)  

F. Jalilehvand, V. Mah, B. Leung, et. al, Inorg. Chem. 2007, 46, 4430 – 4445.

Mo(V) Species in 3.7 – 6.3 M HCl Solution

F. Jalilehvand, V. Mah, B. Leung, et. al, Inorg. Chem. 2007, 46, 4430 – 4445.
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