
pubs.acs.org/cmPublished on Web 06/12/2009r 2009 American Chemical Society

Chem. Mater. 2009, 21, 2571–2573 2571
DOI:10.1021/cm900802z

Reaction of Imidazoline-2-Selone with Acids and Its Use
for Selective Coordination of Platinum Ions on Silica
Surface

Jaewon Choi,† Ju Hong Ko,† Il Gu Jung,†

Hye Yun Yang,† Kyoung Chul Ko,† Jin Yong Lee,†

Sang Moon Lee,‡ Hae Jin Kim,‡ Jeong Ho Nam,§

Joung Real Ahn,*,§ and Seung Uk Son*,†

†Department of Chemistry and Energy Science and §BK21
Physics Research Division, SungkyunkwanUniversity, Suwon
440-746, Korea, and ‡Korea Basic Science Institute, Daejeon

350-333, Korea

Received March 23, 2009
Revised Manuscript Received May 27, 2009

For the past decade, N-heterocyclic carbenes (NHC)
and related new compounds have been one of the actively
studied subjects in organometallic chemistry.1 NHCs can
be prepared from imidazolium salt by abstraction of the
central proton using suitable bases2 or from neutral
precursors by C-Cl, C-C, C-B and C-N bond clea-
vage.3 NHCs are a good electron donor, comparable to
conventional phosphine ligands.4 Various NHC-metal
complexes have been prepared in the last two decades.5

Similar to the preparation of conventional, transition

metal-NHC complexes, 1,3-disubstituted imidazoline-

2-selones were prepared from imidazolium salts by pro-
ton abstraction and successive treatment of selenium

powder.6

Platinum is a very important metal in chemistry. It

exhibits catalytic properties in diverse organic transfor-
mations such as hydroformylation, hydrogenation, and

oxidation of methane to methanol.7 Moreover, its use in

automobile devices, chemical fuel cells, and electrolysis as
electrodes is industrially important.8 Recently, its con-

sumption has been rapidly increasing because of this
increasing use. However, as platinum is one of the most

expensive metals with a limited amount, its recovery and

reuse will become a very important scientific issue in the
near future. Thus, the selective separation of platinum

from conventional cheap transition metal mixtures is

quite important for its recovery.9 In this communication,
we report the unexpected reaction of 1,3-disubstituted

imidazoline-2-selone with acids and the selective coordi-
nation of platinum ions in an aqueous mixture of diverse

transition metals.
During the reactivity studies of the selone derivatives,

we discovered an unexpected chemical reaction between
the silica and selone. As shown in Figure 1a, the conven-
tional silica gel (Merck, TLC silica gel 60 F254), which
is used for thin layer chromatography, showed an intri-
guing color change following treatment with 0.20 M
selone in methylene chloride. An orange yellow color was
displayed on the silica surface, usually within 10 min
(Figure 1a).
The vivid color aroused our curiosity regarding the

chemical transformation occurring on the silica surface.
We speculated that the reaction resulted from the acidic
properties of the silica surface because neutral aluminum
oxides (Aldrich, Cat. # 19,997-4) did not show any color
change following 12-h selone treatment. This speculation

*Corresponding author. E-mail:sson@skku.edu (S.U.S.); jrahn@skku.edu
(J.R.A.).
(1) (a) Scotoo, N.M.; Clavier, H.; Mahjoor, P.; Stevens, E. D.; Nolan,

S. P.Organometallics 2008, 27, 3181. (b) Jain,K.R.; Herrmann,W.
A.; Kuehn, F. E. Current Org. Chem. 2008, 12, 1468. (c) Park, K.
H.; Ku, I.; Kim, H. J.; Son, S. U. Chem. Mater. 2008, 20, 1673.
(d)Matusubara,K.;Miyazaki, S.; Koga,Y.; Nibu, Y.; Hashimura,
T.; Matsumoto, T.Organometallics 2008, 27, 6020. (e) Gribble, M.
W.; Ellman, J.; Bergman, R. G. Organometallics 2008, 27, 2152.
(f) Herrmann, W. A. Angew. Chem., Int. Ed. 2002, 41, 1290.

(2) (a) Arduengo, A. J.III; Dias, H. V. R.; Harlow, R. L.; Kline, M. J.
Am. Chem. Soc. 1992, 114, 5530. (b) Perry, M. C.; Cui, X.; Powell,
M. T.; Hou, D.-R.; Reibenspies, J. H.; Burgess, K. J. Am. Chem.
Soc. 2003, 125, 113. (c) Hadei, N.; Kantchev, E. A. B.; O’Brien, C.
J.; Organ, M. G. J. Org. Chem. 2005, 70, 8503.

(3) (a) Voutchkova, A. M.; Appelhans, L. N.; Chianese, A. R.;
Crabtree, R. H J. Am. Chem. Soc. 2005, 127, 17624. (b) F

::
urstner,

A.; Seidel, G.; Kremzow, D.; Lehmann, C. W Organometallics
2003, 22, 907. (c) Trnka, T. M.; Morgan, J. P.; Sanford, M. S.;
Wilhelm, T. E.; Scholl, M.; Choi, T. -L.; Ding, S.; Day, M. W.;
Grubbs, R. H. J. Am. Chem. Soc. 2003, 125, 2546. (d) Yamaguchi,
Y.; Kashiwabara, T.; Ogata, K.; Miura, Y.; Nakamura, Y.;
Kobayashi, K.; Ito, T. Chem. Commun. 2004, 19, 2160. (e) Nyce,
G.W.; Csihony, S.;Waymouth, R.M.;Hedrick, J. L.Chem.;Eur.
J. 2004, 10, 4073.

(4) (a) Kelly, R. A.III; Clavier, H.; Giudice, S.; Scott, N. M.; Stevens,
E. D.; Bordner, J.; Samardjiev, I.; Hoff, C. D.; Cavallo, L.; Nolan,
S. P. Organometallics 2008, 27, 202. (b) Dorta, R.; Stevens, E. D.;
Scott, N.M.; Costabile, C.; Cavallo, L.; Hoff, C.D.; Nolan, S. P. J.
Am. Chem. Soc. 2005, 127, 2485. (c)

::
Ofele, K.; Herrmann, W. A.;

Mihalios, D.; Elison, M.; Herdtweck, E.; Scherer, W.; Mink, J. J.
Organomet. Chem. 1994, 480, C7. (d) Tolman, C. A. Chem. Rev.
1977, 77, 313.

(5) (a) Peris, E. Top. Organomet. Chem. 2007, 21, 83. (b) Glorius, F.
Top. Organomet. Chem. 2007, 21, 1. (c) Schaub, T.; Fischer, P.;
Steffen, A.; Braun, T.; Radius,U.;Mix, A. J. Am.Chem. Soc. 2008,
130, 9304. (d) Laskowski, C.A.;Hillhouse,G, L. J. Am.Chem. Soc.
2008, 130, 13846.

(6) (a) Benac, B. L.; Burgess, E. M.; Arduengo, A. J.III Org. Synth.
1986, 64, 92. (b) Williams, D. J.; Fawcett-Brown, M. R.; Raye, R.
R.; van Derveer, D.; Pang, Y. T.; Jones, R. L.; Bergbauer, K. L.
Heteroatom Chem. 2004, 4, 409.

(7) (a) Norskov, J. K.; Christensen, C. H. Science 2006, 312, 1322.
(b) Fu, Q.; Saltsburg, H.; Flytzani-Stephanopoulos, M. Science
2003, 301, 935. (c) Periana, R. A.; Taube, D. J.; Gamble, S.; Taube,
H.; Satoh, T.; Fujii, H. Science 1998, 280, 560.

(8) (a) Tian, N.; Zhou, Z.-Y.; Sun, S.-G.; Ding, Y;Wang, J. L. Science
2007, 316, 732. (b) Kim, C.-H.; Woo, S. I.; Jeon, S. H. Ind. Eng.
Chem. Res. 2000, 39, 1185. (c) Reddington, E.; Sapienza, A.;
Gurau, B.; Viswanathan, R.; Sarangapani, S.; Smotkin, E. S.;
Mallouk, T. E. Science 1998, 280, 1735.

(9) (a) Dai, S.; Burleigh, M. C.; Ju, Y. H.; Gao, H. J.; Lin, J. S.;
Pennycook, S. J.; Barnes, C. E.; Xue, Z. L. J. Am. Chem. Soc. 2000,
122, 992. (b) Brown, J.; Mercier, L.; Pinnavaia, T. J. Chem.
Commun. 1999, 69. (c) Burleigh, M. C.; Dai, S.; Hagaman, E. W.;
Lin, L. S.Chem.Mater. 2001, 13, 2537. (d) Feng, X.; Fryxell, G. E.;
Wang, L.-Q.;Kim,A.Y.; Liu, J.;Kemner,K.M.Science 1997, 276,
923. (e) Narita, H.; Tanaka,M.; Kazuko,MPCT Int. Appl. 2008, 23.
(f ) Terekhov, D.; Olurin, O.; Khozan, K. M.; Victor-Emmanuel,
N. Can. Pat. Appl. 2008, 18. (g) Bergeron, M.; Richer-Lafleche, M.
PCT Int. Appl. 2005, 45.

D
ow

nl
oa

de
d 

by
 S

U
N

G
K

Y
U

N
K

W
A

N
 U

N
IV

 S
U

W
O

N
 C

A
M

PU
S 

on
 J

ul
y 

12
, 2

00
9

Pu
bl

is
he

d 
on

 J
un

e 
12

, 2
00

9 
on

 h
ttp

://
pu

bs
.a

cs
.o

rg
 | 

do
i: 

10
.1

02
1/

cm
90

08
02

z



2572 Chem. Mater., Vol. 21, No. 13, 2009 Choi et al.

was further supported by the following model study.
The treatment of 1,3-dimethylimidazoline-2-selone (1Se,
0.17M)with conventional acids such as 1Mhydrochloric
acid and acetic acid under air also revealed the same color
change from colorless to organge yellow. The colored
compound (2Se) was isolated from the solution and fully
characterized by 1H& 13C nuclear magnetic spectroscopy
(NMR), elemental analysis, and signle-crystal X-ray dif-
fraction study.10 The average C-Se bond length (1.88 Å)
in X-ray structure of 2Se (Figure 2) wasmuch longer than
a C-Se double bond (1.74 Å), but shorter than a C-Se
single bond (1.94 Å). Its 1H NMR spectrum showed
proton peaks at 7.77 (s, 4H), and 3.75 (s, 12H) ppm. In
comparison, proton peaks of 1Se appeared at 6.86 (s, 2H),
and 3.72 (s, 6H) ppm.
It hasbeen reported that imidazole-2-selenol undergoes a

facile dimerization to formSe-Se bond in presence of air.11

Also, it has been documented that halogens such as Br2, I2,
and IBr can be added to selenium atom in selone and the
reaction of selone with IBr can induce the dimerization of
selone.12 We suggest that the dimerization of 1Se resulted

from the air oxidation of selenol compound (1SeHCl)
which was formed by addition of HCl to 1Se. In this
regards, we conducted the reaction of 1Se with HCl in
degassed solution under argon. The bright yellow com-
pound (1SeHCl) was isolated and carefully characterized.10

The elemental analysis of 1SeHCl confirmed the HCl
addition to 1Se. After treating 1SeHClwith base, (NaOH),
the white selone (1Se) were immediately formed with
quantitative yield, indicating that the product is a proton-
adduct. 1SeHCl was very sensitive to air and showed a
facile spontaneous oxidation to 2Se even at room temp-
erature under air, which was monitored by 1H NMR
spectroscopy. To maintain the peaks of 1SeHCl in 1H
NMR spectrum, a strict inert conditions should be kept.
It has been reported that imidazoline selone can exist
in zwitterionic form.11 We suggest that the zwitterionic
form can be trapped by the proton of diverse acids. Con-
sidering these, the reaction scheme was suggested as in
Figure 1b.
Regardless of thekindsof silica, the reactionof selonewas

quite general. 1Se (0.18 g, 1.03 mmol) was dissolved in
methylene chloride solution and reacted with mesopo-
rous silica, KIT-6 (0.5 g), for 1 day. KIT-6 (surface area;
668m2/g, pore volume 0.81mL/g, average pore size 7.1 nm)
was prepared via the literature method.13 The color of silica
was changed from white to reddish yellow, indicating that
the silica surface was functionalized by the reaction of
selones. (Figure 3) The resultant silica was washed with
methylene chloride five times and dried under a vacuum.To
investigate the colored chemical species, we dissolved silica
by treatment of HF solution for an hour and the NaCl
solution was then added to the reaction mixture. After
evoporating water, the colored compound was extracted
with methanol. The proton peaks at 7.75 (4H, s) and 3.80
(12H, s) ppm in its 1H NMR spectrum were nearly con-
sistent with those of 2Se.
Next, we studied the reactivity of surface-functionalized

silica (0.23 mmol Se per gram of silica) to diverse small
molecules or transition metal ions in water. The generation
of the diselenidemoiety by the reactionof silicawith selones
was considered to indicate the good interaction of the
functionalized silica with the noble metal ions. We chose
the platinum ions among the noble metals because of the
recent demand for selective separation of platinum from
transition metal mixtures. The selone-functionalized silica
successfully underwent selective interaction with platinum
ions. Supposing the recovery case of platinum ion from

Figure 2. ORTEP drawing (with 30% ellopsoid probability) of 2Se.

Figure 1. (a) Photographsof the reactionbetween theTLCplate and 1Se,
before the reaction, and after 10 s and 2 and 10 min (from left to right);
(b) the reaction scheme of 1Se with acid.

(10) 1Se (0.30 g, 1.7 mmol) was dissolved in the methylene chloride
(5 mL) solution to form a colorless solution. This solution was
treated with the 1 M HCl (5 mL) solution for 12 h under air. The
aqueous solution gradually turned orange-yellow. The aqueous
layer was separated carefully. Water and HCl were completely
removed under a vacuum to form an orange-colored powder. 2Se:
1H NMR (300 MHz, D2O), δ 7.77 (s, 4H), 3.75 (s, 12H) ppm. 13C
NMR (75 MHz, D2O) δ 134.1, 126.6, 37.6 ppm. Elemental anal.
Calcd for C10H16N4Se2Cl2: C, 28.52; H, 3.83; N, 13.31. Observed:
C, 28.69; H, 3.95; N, 13.35. Crystallographic information for 2Se:
CCDC # 724223, monoclinic, space group P21, a=7.805(1), b=
11.080(1), c=9.119(1) Å, β=106.01(1)o, V=785.41(6) Å3, Z=2,
Rint=0.0197,R1=0.0201,wR2=0.0410 (I>2σ(I)). For synthesis of
1SeHCl, the above procedure was conducted in degassed solvent
under argon. 1SeHCl: 1H NMR (300 MHz, D2O), δ 7.26 (s, 2H),
3.62 (s, 6H) ppm. Elemental anal. Calcd for C5H9N2SeCl: C, 28.39;
H, 4.29; N, 13.24. Observed: C, 28.10; H, 4.27; N, 12.74.
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automobile or electric device wastes (mixture of conven-
tional cheap transition metals), we prepared the model sol-
ution containingCr3+ (98ppm),Mn2+(104ppm),Fe3+(101
ppm), Co2+(124 ppm), Ni2+ (99 ppm), Cu2+ (99 ppm),
Cd2+ (107 ppm), Zn2+ (116 ppm), Pb2+ (102 ppm) and
Pt2+ (103 ppm) by dissolving the diverse metal chlorides.
We treated the model solution (33 mL) with 0.30 g of the
selone-functionalizedKIT-6 for 4 h at room temperature.
The solution was directly analyzed via inductively
coupled plasma atomic emission spectroscopy (ICP-
AES). The results are shown in Figure 4. There was no
significant change in other metals. However, 96 ppm of
the platinum ion was retrieved from the mixture solution
with nearly perfect selectivity.14 According to the kinetic
studies, the coordination of platinum ions was completed
within the first 10 min.
To understand the origin of the selectivity, we reacted

the model compound, 2Se, with platinum ion in water,
leading to the rapid formation of reddish precipitates.
The resultant compound was insoluble in water. The 1H

NMRspectrumof these precipitates showed peaks at 7.75
(s, 2H) and 3.89 (s, 6H) ppm. Elemental analysis con-
firmed that the stoichimetric ratio of 2Se to PtCl2 is 1:1.

15

Single-crystal X-ray analysis showed that the reaction of
2Se with PtCl2 resulted in Se-Se bond cleavage to form
(C5H8Se)2PtCl4. (see the Supporting Information)
In sharp contrast, the other transition metal ions used

for the adsorption test did not show a good reactivity with
2Se. Thus, the selectivity was attributed to the unique
reactivity of platinum toward softer selenium in the
functionalized silica.
In conclusion, an efficient system for the selective

recovery of platinum ions from conventional cheap tran-
sitionmetalmixtures was developed. The selone showed a
good reactivity toward the conventional acids. Mesopor-
ous silica functionalized by reaction with selone showed
excellent selectivity to platinum ions among various
transition metal ions. This selectively was attributed to
unique reactivity of platinum ion with the acid-activated
selone. We believe that this discovery can be applied not
only to the development of selective, platinum ion ad-
sorbents16 but also to the preparation of platinum-grafted
heterogeneous catalysts.
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Figure 3. (a) Typical TEM image, (b) the suggested chemical structure,
(c) photographof the functionalizedKIT-6by1,3-dimethylimidazoline-2-
selone, and (d) nitrogen-BET characterization of surface area and pore
size distribution.

Figure 4. Selective coordination of Pt ions with the functionalized
KIT-6 by 1,3-dimethylimidazoline-2-selone (1Se). The original
solution (before) contained Cd2+ (107 ppm), Co2+ (124 ppm), Cr3+

(98 ppm), Cu2+ (99 ppm), Fe3+ (101 ppm), Mn2+ (104 ppm),
Ni2+ (99 ppm), Zn2+ (116 ppm), Pb2+ (102 ppm), and Pt2+ (103 ppm).
The remaining solution contained Cd2+ (104 ppm), Co2+ (123 ppm),
Cr3+ (97 ppm), Cu2+ (100 ppm), Fe3+ (100 ppm), Mn2+ (105 ppm),
Ni2+ (99 ppm), Zn2+ (116 ppm), Pb2+ (101 ppm), and Pt2+ (7.1 ppm).
The concentration values are averages of three measurements.

(14) It is quite noteworthy that the selone-modified silica showed an
excellent selectivity for platinum ions against lead ions. However,
in the presence of Hg2+ (119 ppm), the selone-modified mesopo-
rous silica did not show a good interaction with platinum ions,
whichmeans that thesemercury ions should be removed in advance
to interact with platinum ions. (a) Abe, S.; Hanamoto, T.; Egawa,
Y.PCTInt.Appl. 2008, 20. (b) Sato,K.; Shibuya,H.PCTInt. Appl.
2008, 43. (c) Park, K. H.; Choi, J.; Chun, J.; Kim, H. J.; Son, S. U.
Chem. Commun. 2008, 1659.

(15) Preparation of the 2Se-Pt complex: An aqueous K2PtCl4 solution
(0.10 g, 0.24 mmol in 3 mL water) was prepared. To this solution
was added aqueous 2Se (2 equiv. to platinum in 2 mL water)
solution. Immediately, red precipitates formed that were retrieved
by centrifugation. The precipitates were washed with water more
than five times and dried under a vacuum. 1H NMR (300 MHz,
DMSO-d6) δ 7.75 (s, 2H), 3.89 (s, 6H) ppm. Elemental anal. Calcd
for C10H16N4Se2PtCl4: C, 17.48; H, 2.35; N, 8.15. Observed: C,
17.42; H, 2.38; N, 7.90. Crystallographic information: CCDC#
734000, orthorhombic, space groupPna21, a=10.824(3), b=7.631(1),
c=12.438(2) Å, V=1787(1) Å3, Z=4, Rint=0.0440, R1=0.0406,
wR2=0.0782 (I > 2σ(I)). (16) Choi, J.; Son, S. U. Kor. Pat. No. 10-2009-0003051, 2009.
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