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Solid phase extraction of palladium with
hexyl benzimidazole sulfide resins

HUANG Zhang-jie, CHEN Jing, XIE Ming-jin

(School of Chemical Science and Technology, Yunnan University, Kunming 650091, China)

Abstract: A new extractant of hexyl benzimidazole sulfide(HBMS) was synthesized and its structure was analyzed. Then
HBMS resins were prepared with this HBMS. The properties of the extraction of palladium with the HBMS resins were
studied. The effects of H' concentration on the extraction of Pd () were investigated. The results show that platinum
and palladium can be separated with HBMS resins at a relatively low acidity. The mechanism of extracting palladium( )
with HBMS resins was determined to be coordination replacing by ultraviolet-visible spectrum and infrared absorption
spectrum. The crystal structure of the HBMS-Pd( ) shows that the complex is in completely symmetric plane square
structure with palladium atom as the symmetric center, in which HBMS coordinates with palladium( ) via the imidazole
N atom. The molar ratio of Pd( ) to HBMS is 1:2.
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1 Fig.1 Synthetic route of hexyl benzimidazole sulfide
"H NMR(500 MHz CDCl3) 6 7.61~7.59 (m, 2H),
11 7.24~7.18(m, 2H), 3.37 (¢, J=7.4 Hz, 2H), 1.76~1.72 (m,
111 2H), 1.35~1.30 (m, 2H), 1.21~1.18(m, 4H), 0.82 (¢, J=6.9
(HBMS) Hz, 3H)
BC NMR (125MHz, CDCly): 6 151.52, 139.78,
122.62, 114.46, 33.21, 31.67, 29.99, 28.78, 22.88, 14.37
HRMS(ESI) m/z 235.122 §(M+H)"
235.1263 (M+H)"
Ci3HsN2S ( %) C
66.63% H7.75% N 11.96% (
112 %) C66.75% H7T.65% N 11.79%
7-2000 1.2.2 HBMS
BRUKER AV—500 Bruker HBMS (8]
Vario EL Elementar Bruker 200~270 pm
AXS APEX  CCD X .
Bruker IR-450 w(HBMS)=
UV-2401 PC 48%
PHILIPS XL30 ESEM TMP 1.2.3 HBMS
Philips-FEI HY2 HBMS
2
1.2
1.2.1 HBMS
500 mL
2— 30 g (0.2 mol) 300 mL,
11.8 g(0.21 mol) 30
min 33 g(0.2 mol)
4h
HBMS 80.1% 2 HBMS SEM
1 Fig.2 SEM image of HBMS resin
IR (KBr ) 2924 2858 cm’!
—CH,— 1618,1506 1436 cm 13
1352 cm™ 1.3.1
1401  1269cm™’ C—N 1233 HBMS
984 cm™' c—S 743 cm’! Pd( )

—CH,—
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(D) (E) 0.1 mol/L HBMS
20 HBMS Pd( ) Pd( ) Pd( ) Pt )
0.87 mmol Pd( )
1.3.2 HBMS Pd(II)
Pd( ) HBMS
HBMS ( N N
) Pd( ) N
Pd( ) Pd(ID) Pd
Pd( ) Pt HBMS
(0.71 mmol/g) py( )M HBMS Pt( )
2 HBMS
1 60
[8]
21 HBMS
2.1.1 HCI HBMS Pd( ) 2.1.2
2¢g (HBMS 48%
200~270 pm) lcm 1
1 mg/mL
Pd( ) PtIV) 1 HBMS Pd( ) Pt( )
( 3) Table 1  Separation factors of extraction of Pt( ) and Pd( )
0.1 mol/L HBMS with HBMS resin
Pd(IT) 99% 0.1 mol/L Total Raffinate Extraction Eluate
6.0 mol/L. HBMS Pd(IT) mass"/mg mass”/mg rate/% mass/mg
HBMS Pd( ) Pd Pt Pd Pt Pd Pt Pd Pt
HBMS PIV) 102.1 5425 1.0 518  99.0 45 955 22
0.1 mol/L HBMS Separation factor Recovery rate of Pd( )/%
Pt(IV) 2.1<10° 93.5
HBMS Pt(IV) 1) Total mass of Pd( ) and Pt( ) before extraction with
HBMS resin; 2) Total mass of Pd( ) and Pt( ) in extraction
100 residue.
80 - 2.042 g/L 1.085 g/L
8 4¢g 200~270 um HBMS 48%
'E 60 - 1.5 cm
£ 100 mL 0.1 mol/L HCI
g 40f 50 mL 0.1 mol/L
- 1 mL/min( 0.6 cm/min)
201 50mL 0.1 mol/L HCI
Pd( ) Pt( ) 2%
0 l 2 3 4 56 120 mL 2 mL/min  ( 12
¢(HCl)/(mol-L ™" cm/min) Pd( )
3 HBMS Pd( ) Py ) Pd( ) 0.1 mol/L
Fig.3  Effects of concentration of hydrochloric acid on 1 HBMS Pd( ) Pt( )
extraction rates of Pd () and Pt( ) with HBMS resin 10° HBMS Pd( )
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—C=N— Pd( ) Fig.5 Visible spectra of Pd( ) and HBMS-Pd( ) complex
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Fig.6  Ultraviolet spectra of Pd( ) and HBMS-Pd( )
complex

Fig.4 IR spectra of HBMS(a) and HBMS-Pd( ) complex(b)

2.2.2 -
PdCL*> 0.1 mol/L HCI 400~800 nm
458 nm HBMS
Pd( ) 458 nm 409 nm
( 5) HBMS PdCL*
200~400 nm Pd( ) 224 nm
280 nm HBMS  Pd( )

224 280 nm 251
nm 305 nm ( 6) HBMS
Pd( ) [13-14]

HBMS
409 nm Pd( ) 458 nm

7) -

—HBMS-Pd(1I)

Absorbance
=1
=21

04+
02F
Ot : ; . X !
300 400 500 600 700 800
Wavelength/nm
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Fig.7 UV-vis spectrum of HBMS resin after extraction of
Pd( )
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HBMS PdCL* A) 298K 1.54°=H=28.26°
/20 12 251
223 3515  R(int)=0.022 3
HBMS-Pd( ) (CCDC: 2649 [I 20()] SHELXTL
663561)(  8)
XRD Bruker Smart CCD (SHELXTL-97) Fourier
MoK, (7=0.710 73 SHELXTL
Ri=0.044 8 wR,=0.129 4[I
20()] Ri=0.058 6 wR=0.146 5( )
w=1/[*(Fy*)+(0.108 OP)*+0.595 9P] P=(F,+2Fc%)/3
5=0.930 Fourier

1.353 electron/A®

—0.488 electron/A’

2 3
8 3
N PdCl* Pd( )
2 2
2 Pd—N (2.009 A) Pd 2
N 180.00° Pd 2 CI(1)
8 HBMS-Pd( ) 180.00° Pd Cl
Fig.8 Crystal structure of HBMS-Pd( ) C(3)—C(4)—C(5)
2 HBMS-Pd( )
Table 2 Crystal data and structural refinements for HBMS- Pd( )
Empirical formula F, T/K Wavelength/A Crystal system Space group
Cy6H36CLN,PAS, 646.01 298 (2) 0.710 73 Monoclinic P2(1)/c
Unit cell dimension Volume/A® z Pea/(mgrm ) wmm ' F(000) Crystal dimension
a=14.3559 (11) A, a=90 0.20 mm><0.16 mm
b=17.768 8 (6) A p=113.0730° (10) 1 493.6(2) 2 1.436 0.961 664 <ol
; 11 mm
c=145566(11) A 7=90°
; Transmission
0/) Limiting index Reflection Indepen.dent CompleteneSf Refinement method
collected reflection to 0 0f28.26° Max  Min
-19=h=18 .
Full-matrix least-squares
1.54-28.26  —-10==k=<10 12251 3 515 [R(int)=0.0223] 98.9% 0.9017 0.8310 P
on
-19=/=19
Good f-fi Final R indi Largest
-of-fit . -
Data Restraint Parameters o0 nesszo ! fat f indiees R indices (all data)  difference/ (electron-A~)
on F [I 20(])]
Peak Hole
R=0.044 8 R;=0.058 6
3515 0 161 0.930 ! ’ ! ’ 1.353 —0.488
wRy=0.129 4 wR,=0.146 5
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3 HBMS-Pd( )

Table 3

HBMS-Pd( ) crystal

Selected bond length and bond angle for

Bond le]j;)tlllsA Bond ar]13g(l):/(é°)
Pd(1)—N(1")  2.009(3) | N(1')—Pd(1)—N(1) 180.00(16)
Pd(1)—N(1)  2.0093) | N(1)—Pd(1)—CI(1') 88.35(7)
Pd(1)—C1(1) 2.278 8(12) | N(1)—Pd(1)—CI(1) 91.65(7)
Pd(1)—C1(1) 2.278 8(12) | N(1)—Pd(1)—Cl(1}) 88.35(7)
S(H—C(7)  1.729(4) | Cl(1H)—Pd(1)—CI(1')  180.0
S(H—C(8)  1.823(4) | C(7H—S(1)—C(®8)  101.6(2)
N()—C(7)  1.331(5) | C(I—N(1)—C(5) 106.0(3)
N()—C(5)  1.396(5) | C(7)—N(1)—Pd(1)  126.9(3)
NQ2)—C(7)  1.350(4) | C(5)—N(1)—Pd(1) 126.8(3)
N(@2)—C(6) 1.377(6) | C(7)—NQ)—C(6) 107.9(3)
N(2)—H(2A) 08600 | C@2)—C(1)—C(6) 116.6(5)
C(1)—CQ) 1369(9) | C(1)—CQ)—C3) 122.2(5)
C(1)—C(6)  1.398(6) | C(4)—C(3)—C(2) 121.1(6)
C2)—CB) 136909 | CB)—C@)—C(GB)  117.5(5)
CR)—C@) 1375(7) | C(A#)—C(5)—C6)  121.0(4)
C(4)—C(5)  1.388(6) | C(4)—C(5)—N(1)  130.5(4)
C(1H—C(12) 1.468(9) | N@2)—C(6)—C(5) 106.1(3)
C(12)—C(13) 1.495(14) | NQ)—C(6)—C(1)  132.3(4)
C(H—H(1) 09300 | C(5)—C(6)—C(1) 121.6(4)
C(2—HQR) 09300 | N(I)—C(1)—N(@2) 111.4(3)
C(3)—H@E) 09300 | N(1)—C(7)—S(1) 121.8(3)
C(4)—H(4) 09300 | N@2)—C(7)—S(1) 126.7(3)

Symmetry codes:(i)—x or —y+1 or —z

(117.5°) c—C—C 120°
2 Pd—N (2.009 A) 2 Pd—cCl

(2278 8 A)  Shannon

(Pd—N 2.10 A Pd—Cl 245 A)

Pd—N 2-2 Pd—N
(2.002A) 1 pd N(1)—Pd(1)

—CI(1) N(1)—Pd(1)—CI(1")

90° 91.65° 88.35°

3
1) HBMS

HBMS HBMS

200~270 pm)

0.1 mol/L

(w(HBMS)=48%

Pd( ) 99%
HBMS Pd( )
HBMS Pd( )

0.87 mmol/g 0.71 mmol/g

HBMS
Pt( )

HBMS

2) -
HBMS Pd( )
HBMS Pd( )

2:1
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