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Scheme 1  Structures of mercaptopropyl alkoxysilanes

Bruker Tensor 27 £I.4M i AL (12 [F Bruker 23
) ; Infinity Plus Varian &2 @3 9R I 151X (300 MHz FLARAR , 28 AR AL FEE £/ e 5%, 36 E Virdan 23
A]) ; Vanio-EL JCR T (FEE TR AW RGN F]) ; Shimadzu TA-50 HHE 3L ( H AR HAH]) ;
Quantachrome Nova 2000 fLZ5 B4 ( & E FRIEANAR A F])
1.2 HAEERKISE

FRILS. 0 g TS AL AL BE AU REBS AR R BB RS8N, IS 2 3 ~5 kPa, THES] 110 °C,
P 3 b LABR W B A /K 43, W EERE 3. 0 mL SR SEESE A IR RELE A 1. 0 mL = Z BB A & &
e HMIELZSZE 3 ~5 kPa, FHE(MPTMS #l MPTES 1E R fkeiad )i FHE 2 150 °C, MPDMMS 1E Mtk
e AR 2 125 °C) JF FEIRN 3 h, REEHEIA Y ECGH. MPTMS, MPTES F1 MPDMMS #i#
et B B 1) 22 LA I 43 90 F Sil-SH-1, Sil-SH-2 i1 Sil-SH-3 275,
1.3 Pd( I )BFrIRH

M2 B ST 4 ) B ARVERAE AR < B 10. 0 mg SN EESE G RERINA R B —E W EERY 10. 0 mL PA( 1T ) 7K
VAW (pH =3.0) FUBSDE R, BIRAMFIRY 2 h, L2 0.22 wm MOBERIEE. R 23 —HCE
FE P R R 60 e R I e D P PA (I ) B FAOMREE , KT 297 nm '

2 HR5HE

2.1 FRERERHRIE

MPTMS , MPTES F1 MPDMMS 3 #h#i N St 1) RS TR 40 240 °C, 2O il 5 T 240 °C i
W KA. R, R IR DR R R AT 125 ~ 150 °C G E A A RO , fRHIE T 3 Fhai a L ikl
AR E N FIESS S G R, B 1 FTR 2 FL Rk B A i 5 A6 5 9 FTIR B3,
FLL(A) AT, ARG ek JBEAE 3630 em ~' B A7 AE — N B AW, 35 Tk 5 100 {1 40 41 ) W A
B> 2k MPTMS, MPTES il MPDMMS SAHTTRBUE IS, E P2 55 00 18 45 PR 2 e i 52 0 S ol 59 , 1
%t F Sil-SH-1, Sil-SH-2 #1 Sil-SH-3, 1£ 2570 em ™' AbXIBEILEE] S—H SRR 4R - 1(B) ] 77,
L3 Bl P ALRE RS AE 3000 ~ 2800 em ' JFE P HIEE 2 AT, 356 R T C—H AR 45 41k sl
SOEBRIRAR S0 P 1 (A) U170, e e A0 W 50 7 0 i A e A ) T A 26

(B)

1 H
4000 3000 2000 1000 3000 2500 2000 1500

plem’™ plem
Fig.1 FTIR spectra of silica adsorbents( A) and their magnefied views of the spectral region near 2570 cm " (B)
a. Bare silicay b. Sil-SH-1; ¢. Sil-SH-2; d. Sil-SH-3.
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Fig.2 “C(A) and ?Si NMR-CPMAS spectra(B) of thiol-functionalized silica
a. Sil-SH-1; b. Sil-SH-2; c. Sil-SH-3.
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Scheme 2 Surface species of MPTMS, MPTES and MPDMMS modified silica
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Fig.3 Nitrogen adsorption-desorption isotherms( A) and the corresponding pore-size distributions
calculated from the desorption branches of the isotherms(B)
u Initial silica; a Sil-SH-1; v Sil-SH-2; e Sil-SH-3.

Table 1 Textural parameters, sulfur contents and palladium loading capacities of the particles samples

Textural property Sulfur Sulfur Maximum Pd(II) Maximum Pd( II)

Molar ratio
Sample Suer/ 4 pr/ content/ content/ ions loading( gy )/ ions loading(¢q,)/
(m*g7'")  (em’+g~!') nm (mmol-g~") (wmol-m~2) (mmol-g~") (wmol-m~2) of Pdto 3
Bare silica 304 0.93 9.74 — — — — —
Sil-SH-1 222 0.64 7.89 0.84 2.76 1.21 5.45 1.44
Sil-SH-2 247 0.69 7.90 0.77 2.53 1.04 4.21 1.35
Sil-SH-3 237 0.65 7.89 0.82 2.70 1.14 4.81 1.39
Thio-SBA-15¢ 437 0.67 7.30 1.01 1.40 1.60 3.66 1.50

a. V, is the single point adsorption total volume at p/py =0.98; b. D, is the peak value in pore size distribution; c. data taken from ref. [7].
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Fig.7 Isotherms(A) and corresponding Langmuir linear plots(B) of Pd( II )
adsorption at pH =3. 0 on thiol-functionalized silica
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Preparation of Mercaptopropyl Bonded Silica by Atomic Layer
Deposition and Its Adsorption of Palladium( Il ) Ions

GUO Zhi-Qiang, CHEN Feng, DENG Yi, WAN Qian-Hong, CHEN Lei "
(School of Pharmaceutical Science and Technology, Tianjin University, Tianjin 300072, China)

Abstract Atomic layer deposition was employed for preparation of thiol-functionalized silica as efficient ad-
sorbent of palladium( I ) ions. Under reaction conditions of 3—35 kPa and 125—150 °C , trifunctional y-mer-
captopropylirimethoxysilane ( MPTMS ) |, y-merecaptopropyltriethoxysilane ( MPTES ) and bifunctional y-mer-
captopropyldimethoxymethylsilane( MPDMMS) were vaporized in an autoclave, and chemically bonded to po-
rous silica, respectively. The bonding mode, morphology and thiol group content of the thiol functional silica
were characterized by FTIR, solid state > C and *Si nuclear magnetic resonance, elemental analysis, TGA
and nitrogen adsorption-desorption analysis. The behavior of the adsorption of Pd( I ) ions from aqueous solu-
tions at pH =3. 0 onto thiol functionalized silica samples was studied by measuring the changes in concentra-
tion of Pd( I ) solution in contact with the silica using spectrophotometry. The results show that bidentate
bonding mode is preferred for all three silane reagents and the thiol contents are determined to be 0. 84, 0. 77
and 0. 82 mmol/g, respectively, for MPTMS, MPTES and MPDMMS modified silica. The adsorption of
Pd( Il ) ions on MPTMS, MPTES and MPDMMS modified silica could be described by the Langmuir equation
with a saturation adsorption capacity of 1. 21, 1. 04 and 1. 14 mmol/g, respectively. The molar ratios of Pd/S
were 1.44, 1.35, and 1. 39. Thus, both thiol content and adsorption capacity of the materials prepared by a-
tomic layer deposition are higher than those of the bonded silica made by reaction in organic solvent as general-
ly practiced. The present work has demonstrated that atomic layer deposition, characterized by short reaction
time, no consumption of organic solvents and high functional group density, is a cost-effective and eco-friendly
approach for preparation of silica based palladium scarvengers.

Keywords Atomic layer deposition; Mercaptopropyl alkoxysilane; Porous silica; Palladium; Absorbent
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