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HETEAMNARC AARE, REHE 1-(2-£ LX) s igd ik
H¥RRE, B AEXASE 2.74mmol/g BAS, i Au(lll), Os(IV),
Pe(1V), Ir(1V), Ru(lll), PA(Il) #9A M5 ¥4 8 &k 950, 520, 436, 418,
314,302 mg/g A5, FT-IR\AXSHALET WALy, MNE TARRLBE,
So iz bt , R LA B iE Lft AE,, = 6.4, AEp = 33.7kJ/mol. XPS# %X 7 A K
iz,

XiE 1-(2-H LM AR R EHETRKE . XPS, WREHLE

RIS ERE T RS RADREENBNARERN RSB FHORKYE, &3
BTFIRNARERT 1-(2-822&) MR sERilE [1-(2-aminoethyl) pyrrolidine resin

(AEPDR)].
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AEPDR |
AEPDR 3¢ Au(III), Os(IV), Pt(1V), Ir(1IV), Ru(lll), Pd(I) HEHRHKEE, B
FT RIEH HEBETRRME, XPS BT RIFE.

x B B o

L &%l

KABZBEA AR NRETHHRE(ER): RHE 6% DVB, SE & 22.08%, It
%H 43mi/g, VI 190m; 1-Q2-ETE) WLz (AEPD): 4iE > 98% (GO),
Fluka AG; 1,4-"#X3: AR, B RF—BXMISTEH; Bef S8 FreE:
AR, L#RF—T 7 EekM%: SP, L#AN—/;4#: BDH; R{LW4TE%: SP,

" Johnson Mathey Chemicals LTD,

* 199148 A 17 BRELERAANEESGRIRE
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2.1-(2-WZ X )uLg e D) & B

0.200 g |ERAE 10 ml 1,4-"EA K EREE, MA—ERE/RKA AEPD, &k
ERETHAERN—EREGE, T@®. B 1L4¢-"8AKNEkE, RAERRBKER BA
2% BEAPUKBHE BN K, ZRARE..CBER. BTE0Cc HBS TR,

3. AEPDR #5347 . % 1E (

WIERN S BB E AR Carlo Erba Strumentazione /A% Mod 1106 Elemental
Analyzer 3TRIE, WREATBHAEMRFEMESTEMES, ®IgLIN L ¥ H
Mattson Instruments Inc. Alpha Centauri FT-IR &, X-53tH-FHE¥E VG
Scientific Instruments /A5 ESCALAB MK-II X-Ray Photoelectroscopy #li1%, MisEmt
PL MgK 21.2 X-§448 (E, = 1253.6eV) YE4 %%k St B, F CAE (Constant Analyzer
Energy) 57 10 mbar HZE T, SAMEHRTERAEDMY, DURRBRE NEHK
f C,, &Y 285.0eV, YENE S RERE,

4. Bt SMRFREONE

WM R4 THZ-80 RERKRGUFHT, MERMATGERISBEETFREZE
KitERlEN & BEE FORKER, B2 —&EETHRBKIKEM 53W; UV/VIS Spectro-
photometer JUE., HRABFBRRERTIEESLEE FHIRE A Leeman Labs Inc. f Plasma-
Spectrophotometer 2B T & 56 N ME.

SR 5t

1. % AEPDR &R.iEEX

R L4-T"EAFAOBEN, BER AEPD HREN, BREERRRFEK, HRT
RE#ET. EXHETK.AE.CE, &
TRIBRELHE.

REES®EE (6.228mmol Cl/g), ¥
B2 (190m) KOKABER, HRTRE
o TR 2 AR AR BB P98, L2 % AEPDR
HIThRE X & B,

1, 2, 33348 RMERL. KRR
BE. KAiEIRY AEPDR &R E. Tk

EPDE ot et ' EHEAE, RERHEWAR, ANERE

Fig. 1 Influence of molar ratio of reagent AEPD/CI =4 ﬁ,ﬁﬂa%ﬂﬁ’f‘ﬁﬁw,
on AEPDR HRAFIERE= 3N, HEEFBRBNSER.

O N%, ® residual Cl1%, resction temperature - XN IREEZE 25—100°C {EEN, M EHE X N
100%, resction time 6 b REARE, MiENSRRSENES, 3

100C FAB TREE. £ —HEMENERER, BRNBENESTELTHE, 5
RERERED 1200Cc, HESEBERERER, MRRNENX—SABRD. IRET
BERETEMNTIEZRR M ETHRE. RERMEE 100°C, B 3 R NKRE 3—
12h FEEKN, WIS SEEMRIL, E 120 K, FREOSER. AEPDR HyRESREAN

8

« » = [=>}

Conversion of functional grdup['ﬂ

N or €I content(*:)

-~ 1

Al v
w
<




2 BRXCME: 1-(2-RE MRS AREO & B B H X £ 4 1R Ao My 227

%
) R
& 7 o”__o._———o———o-——o
E 6 500007 R
. Z = &
€5 ,/O/Q/r‘b_\o cZ N
) ¢ ="
~ 4 Jo € & £
(&) ¢ S 4
& zE C
o . - =
Z. 2 30 UE <,
\ '———0‘0-\.5_'* 2 z
I S o P
—e
20 40 [0 Ko L(m 120 5 ) 6 R 1o 12
Reaction temperature(°C) Reaction time(h)
Fig. 2 Influence of reaction temperature Fig. 3 Influence of reaction time
on AEPDR on AEPDR

O N%, @ residual Cl, molar ratio of reagent O N9%, @ residual Cl%, molar ratio of reagen,
AEPD/CI1 = 3.0, reaction time 6 h AEPD/Cl = 3.0, reaction temperature 100°C

A FIBE/RE % 3. RMIRE 100°C, K BZE}A] 12h,

2. AEPDR 4#pY%%E

i 4a th 670cm™ &b C—Cl #3a%TH
RN 1260 cm™ LR EME Cl MK
CH, {EEHBE R RELE ¢ PE
AHEITHRE A ¥ &, AEPD 3270,
1580, 820cm™ #J —GH,—NH, i %
AEPDR w45k s K% 3,7 AEPDR th
HIH B 3440cm ™! BRIEEFR] 1490cm ™! BB {1
B —CH,—NH—CH,— &, AEPD
1020,1110,1220cm ™ {5 ki, ZZAEPDR
th4T#% 1015,1060,1150cm™ T EH, H
B7E 1660 cm ' I BIR E E B B
.

EBESRLEFHET, AN
AEPDR (& B BN 769%. RE &

0.87%. MWIIEREHTIELE &% W
2.74mmol AEPD /g #ig, TEEESE/L | .‘
34 56.0%. ERIEHRERRE, HE ‘
FPEERNEA 95% RS AEPD R i} _

B, A FT-IR SREMFEOGR, T ™ Voewmwton

EAiL% AEPDR B{J%M‘j%’tmj 1K, 85 ' Fig. 4 FT-IR spectra
YRR AN B v s, chlorobeads b, AEPD ¢, AEPDR
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Fig. 5 Influence of acidity on the sorption of AEPDR for coexistent metal ions

AEPDR 30.0 mg, Au (III) 4.06 X 10~%, Pt (IV) 4.10 X 10~*, Pd (II) 4.60 X 107%, Ir (IV)

4.53 X 107%, Ru (III) 5.64 X 10~*, Os (IV) 3.63 X 10~ mmol; Ni (III) 1.35 X 1072, Cu (II)

1.27 X 1073, Fe (III) 1.43 X 1073, Zn (I1) 1.21 X 10"? mmol, total volume of solution 30ml,
25°C, shaking for 2 h

I
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Fig. 6 Sorption rate curve of AEPDR for
noble metal ions

Six parts of AEPDR, each part 30.0mg AEPDR;
amount of ion added/total volume of solution
are Au (1II) 54 mg/25 ml, Pt (IV) 20mg/25 ml,
Pd(ll) 24.5 mg/30 ml,0s(1V) 17.3 mg/27.5 ml,
Ir(IV) 17.3 mg/30 ml, and Ru (III) 24.5 mg/30
ml, respectivelys definite acidity, 25°C, shakings
after shaking fora definite period of time 0.100
ml solution used for detérmination -

© OH™

(1) ®Ex AEPDR RMfitFE & B
FrRIEN

BEE7E0.1—6mol /1 RN, BRAKRER
BFRORRRELHBRESBETFN=/{, 2
AEPDR Rkt #E&BEF. B Zadl)
5, HE=ZMREBETFHRK XRBRKT
10%, PA(D), Au(IlD), Pt(1V), Ir(IV)EY
BERMIESE 5 0.1mol /1, Ru(lll), Os(1V)
W% 0.5mol/l, FEENHEREMERS, TH
RPEWER. XEBHTHRFMHTH AEPDR
ERMBEREHE THRES THKRE CI7
HIER AT 4. }

(2) AEPDR it & 85T AW bk &
HERSRHAR

mE 6 8% 1 BRMKSH. AEPDR
EAHBRESEELHAETARKNARTESR
. lon/FG REALLL, REBRHMAE T
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Tab. 1 Sorption parameters of AEPDR for noble metal ions

Noble metal ionl S(t:[g);igo)n (::é:cli/tgy) (71}) Ion/FG
Au(llD) 950 4,82 1.4 1.76
Ru(l1I) 314 3.11 2.2 1.14
Pd(Il) 302 2.84 1.0 1.04
Os(1V) 502 2.64 1.6 - 0.96
P(IV) 436 2.23 2.0 0.81
1r(1V) 418 2.18 2.5 0.80

53hgk% (FG, functional group) ZEMIEE/RLL, EHRM AR/ MiETiESRAES,
WA AR B EEENE., AEPDR 3 AuCly WEMHKHIE, BEERE 2. HE
EMBeBEFHRALLY 0971017, BEERE 1, X & B X% RuCli™, PACH™,
OsCli™ PiCIY7, IrCli” RERLHEFHRFE-NARN, mMERBNRDPIEER

+ +/
SEFEFHTH —NHz—CHzCHz—N\—H LTy BRBHNERIIFHARERTE

HIRf (Al GBE A ERFRRMERORE. FadT PAAD) Ty = 1.0h, &6 Lk
RPGEEKFAR, B 1r(IV) Ty = 2.5h, BRERBKPRERE.

1.Gp 50 C
2% b 1.4}F 40"
- [I-_ o 1.2} 3')C
;_c 20 L // L
g p { E: 1.0
(<] l
£ 154 | é 0.8}
Z | = 6
§ o} ! v o6}
s I 0.4}
& 5 I ’
' 0.2}
|
2 N N . N — N .
0 0.2 04 06 08 1.0 0 02 0.4 05 0.8 1.0
"FG/Au(ll) (molar ratio) Time x 10~ (s)

Fig. 7 Complex ratio, FG/Au(Ill) determined Fig. 8 Sorption rates of AEPDR for Au(Ill)
by molar ratio method. at various temperature

10 parts of Au(lIl) solution, each part 25.0 mg AEPDR 30.0 mg, Au(lll) 12.5 mg, acidity 0.1
Au(III), acidity 0.1 mol/l HCI, total volume 25 mol/l HCI, total volume 25 ml, under definite
ml, different amount of AEPDR, 25°C, Shaking temperature, shaking, after shaking a period
for 24 h of time 0.100ml solution was taken out for

determination

(3) BE/RbokMmbLLh

B 7 REE/RELIEWRER AL, FG/Au(II) = 0.570 (BE/REL), RIRBL ENR
FG/Pt(1V) = 1.22 (BE/RE). ©f1gE% Au(ll)/FG = 1.75, Pi(IV)/FG = 0.82,
5% | BHEDA.
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(4) AEPDR 3f Au(liD), Pt(IV) HUEBABIED %

BHERHFBRA® —ln(1 —F) =ks+C X F=0,/0,,0, B ¢ i f R
Mk, O BPMRM R, A RMIFEREN, CEFH. B 8 BEEKNMARAELRR
RETHREIITE 2,

Tab. 2 Sorption rate constant of AEPDR for Au(lIl)

Temperature (°C) 25 35 40 50

Rauainy 1.50% 10~ 1.65%10~* 1.76 %104 2.07% 104

Arrhenius Hi8 Igk = — 5 3§3R . -il: + OREIEE, Bhawaw X 1/TEK) £

B, B —E&. MEKNKARNS AEPDR 3t Au(lll) REREKIELE AEsuan X
10.6kJ/mol, FAF#H &M AEPDR 3¢ Pu(IV) BRABMIEHEE AEpawn % 30.6
kJ /mol, '

AE iy BEEMRT AEravy, XFEE AEPDR BH Au(lll) ELLRHE Pc(IV) &
5HR%. XFfHRT AuCly REYEHRE, 1 PuCll™ RA/\EEWRAE.

4. AEPDR & . a4 AW -F 0 BRH L2

& 4% Auy,,, 0 P, BIERH AEPDR FFHERMT Au(lll) 1 Pe(IV)
8 XPS B, HLitBHLAE S /G R HNEE.

Tab. 3 XPS data of HAuCl, and H,PtCl,

XPS (eV) cl,, Auy,, Py,
HAuCI, 199.1 87.6
H,PtCl, v 199.3 75.6

Tab. 4 XPS data of protoma‘ted AEPDR which AuCly or PtCll™ was adsorbed

XPS (eV) ' Ny, Cl, A“d,/, P'ol,/z
399.7
Protonated AEPDR ‘ 402.15 197.8
Au(Ill) adsorbed polypeaks 199.55 g;;;
Pt(I1V) adsorbed polypeaks 199.10 T4

LB R 3. &R 4 BUBRI A ClL, WEARRAE THENEWL., XEHET AEPDR J{F
WEEEHE o, TEMNBASBRELHETEABHEELHE FHOE, B8
T C” RARTFH,E48BART.

AEPDR ® ki Pt(1V) J5,B3IK XPS B— M=Kk, =EERIHENIEEE—
A WE M, BRHA Pt(V) B Pty BESLEEARN Puy, 1 Pry,. BNMNEBEY
LY P, AN P, . BRESSEEERE 3.18¢V. & 4. B9 H P, HHRD
8,3 75.45¢V 5% 3 19—%, Xi¥BET AEPDR M7 PtClZ™, RB—/AMER 73.30
eV, Lot R ETHBENL,BIKT 2.3¢V, XEH Pt T T NEHRNEF, RETER
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7:50)
4.10+
6.38
3.50
~ 5.26
o 2.9 5
=
X 530 X 4.4
1,70 3.02 Z /\/\ _
—. Z Yy
1.10 - . : 1.9 =T L : = 4.7
‘70 00 72,18 - 74.36 76.54 78.72  R0.90 82.00 84.35 88.70 89.05 a1.40 u3.75
* Binding energy(eV) Binding energy(eV)
Fig. 9 Pt,; XPS of Pt(IV) adsorbed on Fig. 10 Au,; XPS of Au(lIIl) adsorbed on
AEPDR ( ) and its division peaks AEPDR (——) and its division peaks
O )

SR B, BHEER N, BRTH&, RERARE TR PLRBETEF, B-BZHEE
TEALK R, {82 MR RACHIN, BREMN 5 AEYRNHE, BRI BRRE
EEW.

AEPDR M} Au(lll) J5,hBF=E%. LK0EB_IMNEE. Au, BEHY
WA Auy,, M Auy,, BEAIBEEY 3.65eV, % 487.95¢V 5% 349 87.6eV —%,
%05 AEPDR &M T AuCly; 85.35eV #%37.6eV ME{KT 2.25¢V, X HEH Au 2 TN
REWBR T, RETEREARM, N, ERSEDEFERA, AEEHNEmBELNE, R
Mt S EAL R E L EHEE.
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SYNTHESIS OF 1-(2-AMINOETHYL) PYRROLIDINE RESIN
AND ITS SORPTION FOR NOBLE METAL IONS

CHEN Yiyong, YUAN Xingzhong
(Department of Chemissry, Hangzhou University, Hangzhou, Post code: 310028)

JI Mingrong, XU Wenying o
(University of Science and Technology of China, Hefei, Poss code: 230026)

ABsTRACT

The influences of molar ratio of reagent, reaction temperature, and reaction time on the
synthesis of 1-(2-aminoethyl) pyrrolidine resin (AEPDR) have been studied. The functional
group capacity of AEPDR is 2.74 mmol/g resin. The sorption capacities of AEPDR for Au
(1I1), Os(1V), Pt(IV), Ir(1V), Ru(Ill), and Pd(II) are -as high as 950, 520, 436, 418, 314, and
302 mg ion/g resin, respectively. The structure of AEPDR was confirmed by FT-IR and ele-
mentary analysis. The sorption rate curves and complex ratio were determined. The apparent
sorption activation energies for Au(lIll) and Pt(IV) are AEa=6.3 and AEr=33.7 kJ/mol,
respectively. The sorption mechanism has been nvestigated by XPS.

Key words 1-(2-Aminoethyl) pyrroliline resin, Sorption, Au, Pt, Ru, Os, Ir, Pd,
XPS, Sorption mechanism





