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Background CAICARY

Earlier potentiometric and '*C-NMR studies have shown
that at H,L / Hg(Il) > 2 and in alkaline pH, Hg(ll) forms:

[Hg(Cys),]* and [Hg(Cys),]* with cysteine

[Hg(Pen),]? and [Hg(Pen),]* with penicillamine

No structural information was available!
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Why XAS? CALCARY

1) Element specific

2) Measurement on any physical state of sample

3) Dilute samples

Information

1) Bond distances (accuracy: + 0.02 A)
2) Coordination number
3) Type of neighboring atom

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

Hg(ll) Complex Formation with Thiol-

containing Ligands of Biochemical Interest “C’QTEARY

Structural determination of Hg(Il) complexes with L-cysteine and
D -penicillamine formed in aqueous solution
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Hg(ll)- cysteine complex formation W4
Hg Ly-edge EXAFS  Cogy~01M pH=11 CALGARY

HszrSat/i:Q(ll) CN. Hg-s(A) o2 (A?) H,Cys / Hg(ll) ratio

Solid
Hg(HCys), 2fix 234 0.0028

Solutions (Sy? = 0.9 fix)
22 205 236  0.0037

33 213 239 0.0069 W\/\/\/W
43 273 244 00089 1019
53 340 250  0.0087 WW

10.1 348 250 0.0084
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Monomeric Hg(ll)- thiolate bond distances
CSD 2010 survey

Range of Hg-S (A) Rave Hg-s

RS—Hg—SR  2.30—2.34 2.33+0.01
N N
S—Hg—g 2.33-2.36 2.35+0.01
SR
RS—H /
9\ 2.40-2.51 2.44 +0.04
SR
|SR
Hg 2.49-2.58 2.54 +0.02
RS/ \SRSR

Hg(ll)- cysteine complex formation )
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Hg L;-edge EXAFS  Cugyy~0.1M  pH =11 CALGARY

H,Cys / Hg(ll)
B o CN. HgS (A) o (AY)

Solutions Possibility of formation
2.2 205 236 0.0037
of [Hg(Cys),]® when:
3.3 213 239 0.0069
[H,Cys] / [Hg*] > 5
4.3 273 244 0.0089

if [Hg?*] ~ 0.1 M and

3.40 0.0087
ree [CYSZ.] S
3.48 0.0084
and pH >9

Hg(ll)- cysteine complex formation
19Hg NMR ~ Cigy~0.1M  pH =11
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Hg(ll)- cysteine complex formation eSSV or

Structure of [Hg(Cys),]% in solution (pH = 11)
based on the EXAFS of solution with H,Cys / Hg(ll) = 2.2

Scattering
path C.N. RA) o2(A?)

Hg-S 21 2.34 0.0040

A Hg-S|
HgN  21c 256 00088
Hg-C  4fx 321 00158 =
S-Hg-S 21c 464 0.0052 HoN
Hg-C
¢ = correlated ’VWVW"’;QQ”S
VAN

4 6 8 10 12 14
k(A"

Distribution of [Hg(Cys),]2" (n = 2- 4)
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in alkaline aqueous solutions UC'AVEES'/T&YR?
[Hg(Cys),]* from Raman
934 H,Cys / Hg(ll) ——2.2
S-Hg-S stretching band f ratio — 33
at 334 cm™! 53

—10

Raman intensity

(ClO, band at 934 cm used
as internal calibration)
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Distribution of [Hg(Cys),|>2" (n = 2- 4)
in alkaline aqueous solutions
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De-convolution of EXAFS spectra:

1) Simulation of EXAFS oscillations for:

[Hg(Cys),* [Hg(Cys)s}* and [Hg(Cys).I* 2
SR SR
NN /
S RS—Hg -
(od \ rel N SR
SR SR

2) Linear combination fitting of these simulatea

H,Cys/Hg(ll) = 4.3
/\M/\/}g{:;z
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Hg(Cys),
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oscillations to the Fourier-filtered EXAFS spectra of

Hg-cysteine solutions

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

in alkaline aqueous solutions CALGARY

Combination of EXAFS, Raman and '9*Hg NMR
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F. Jalilehvand, B. Leung, M. Izadifard and E. Damian, Inorg. Chem. 2006, 45, 66-73.

Estimation of Stability Constants
Hg(ll)-Cysteine Complex Formation
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Hg(ll)- penicillamine complex formation
Hg L;-edge EXAFS  pH =11
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H,Pen/Hg(ll) C.N. Hg-S (A) o2 (A?)

Solid
Hg(HPen), 2fx 235  0.0036

Solutions (Sy? = 0.9 fix)

pH = 11.00 [ng*]TOTf 100.00 mM
HeO( )
1. 0 HeCys
s Hg(cys)a6-
0- 81 Hg2* + 2 Cysz 2 [Hg(Cys),|*
log B, = 40.0
E [Hg(Cys);l> + Cys* 2 [Hg(Cys)ql*
B Ky =20 M
= 0.4
[Hg(Cys),J* + Cys? 2 [Hg(Cys),]>
. K, =13 M"
0. 2| —
N ~—_log B, =log B, + log Ky + log K,

0.0 0.2 0.4 0.6 0.8 1.0 1.2
Free [Cys?]/M

1.9 2fix 234  0.0037
25 2fix 236  0.0029
3.6 2.3 2.38  0.0066
4.9 26 2.41 0.0072
6.2 27 242  0.0073
8.0 29 244  0.0064
10.0 3.0 244  0.0072
15.4 3.0 2.44  0.0061

Hg(ll)- penicillamine complex formation
199Hg NMR
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Hg(ll)- penicillamin mplex formation UNIVERSITY OF
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Hg NMR Chemical Shift

H,L / Hg(ll) ratio

A possible structure for [Hg(Pen),]* in aqueous solution (pH = 11)

B. Leung, F. Jalilehvand, V. Mah, Dalton Trans. 2007, 4666-4674




Distribution of [Hg(Pen),]>2" (n = 2, 3) N4
in alkaline aqueous solutions CAEARY
199Hg NMR X{{ o
H,Pen /Hgq) ratio "ﬁ/ 282" * h\(
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Mo(V) Species in Aqueous HCI Solution
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Mo(V) Species in Aqueous HCI Solution UNVESTY e

Proposed structures from magnetic and UV-vis. data:
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Distribution of [Hg(Pen),J?2" (n = 2, 3)

in alkaline aqueous solutions CAICARY
199Hg NMR H,Pen/ Hg" %[Hg(Pen),]* [Pen]* (mm)
H,Pen / Hg(ll) ratio 19 0
19 |®19 25 20 12
25 574 3.6 54 103
76 46 4.9 85 192
e o 6.2 89 301
pos e 8.0 99 469
oo [ 504 10.0 99 675
100 B 15.4 100 1007
154 |-301 %[Hg(Pen),]? = 100 - %[Hg(Pen),]*
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199H NMR Chermical Shift [Pen]? = Cyyppen — 2 CirgPenziz- = 3 Cirig(penyais-
g emical I

Mo(V) Species in Aqueous HCI Solution Ve of

MoCls shows different colors in 3-10 M HCI.
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Concn. of HCL (moles/L.).

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

Mo(V) Species in Aqueous HCI Solution UC'AVIEESWRO;

Mo(V) crystalline compounds prepared for comparison:

1676 1681

2320 2346

[MoOCI > [MoOCI,(OH,)"  [M0,0,(11-0),Cl,(OH,),]>

Counter ions eliminated for clarity




Mo(V) Species in Aqueous HCI Solution W4
Mo K-edge EXAFS Cuopyy ~ 0.2 M RSy

a) MoCly in 7.4 M, 8.5 M and 9.4 M HCI a

b) Solid [MoOCI;]> (——)
Solid [MoOCI,(OH,)| ( —)

b)

=
R
™

) B}

¢, d) MoCl; in 9.4 M HCI (

compared with the above two solids

Mo(V) Species in Aqueous HCI Solution

Mo K-edge EXAFS  Cyop, ~ 0.2 M CAIGARY
a) MoCly in 1.7 M HCl (——) a)
and 27 MHCI (= - =- ) .
=
B3
x
) b)
b) MoCly in 1.7 M HCI (—)
and the binuclear solid (= - =)

1676 1681

2320 2346

i 1L 1 1 1 1
2 4 6 8 10 12 14 16 18
kiIA"

Mo(V) species in~2 M
solution are different with
the crystallized Mo complex!
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Mo(V) Species in 1.7 M HCI Solution

Combined results from Mo K-edge EXAFS data analysis,
Mo L, ;-edge XANES and ADF calculations showed:

2 2- 2
o 0 0 o
1 afl o L a o Lo
a0 M~cl === p,01°~0"M3cI == H,0—}°~0 M ~OH,
OH,  OH, I OH, ci
a b ¢

[¢] o
Cl Il _o__[CI

-cr[+ H0

o o '~ Possible Mo(V) species in
¢l _o_ [.cCl
0~ O >Mb< 1.7 M HCI
H,07 ) ~O7 7 TOH, . .
I OH, (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 —
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6.3 M HCI Solution ~ ZMsTeos
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F. Jalilehvand, V. Mah, B. Leung, et
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. al, Inorg. Chem. 2007, 46, 4430 — 4445.
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