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Study on the Adsorption Mechanism of Pd(II) on Escherichia coli Biomass
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Abstract: The adsorption mechanism of Pd(I) on Escherichia coli was investigated by using FTIR, XPS,
TEM and other characterization methods. The results revealed that the adsorption process was related to
the electrostatic interaction between E. coli and Pd(II) with a maximum adsorption capacity of 120.08
mg/g at pH 2.0. After the chemical modification of E. coli, FTIR results showed that the amino and
carboxyl groups on the cell surface may be the major groups for binding Pd(II), suggesting a surface
complexation mechanism involved. TEM and XPS results showed that palladium nanoparticles with a size
of 5~15 nm were deposited on E. coli, indicating the existence of reduction process. Therefore, it can be
concluded that several mechanisms such as electrostatic adsorption, surface complexation and
bioreduction, are involved in the biosorption process of Pd(I) on E. coli. However, the confirmation of the
electron donor and the site of the biological reduction needs further research.
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Fig.1 Adsorption mechanism of heavy metal ions
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Fig. 2 Schematic diagram of Pd (II) adsorption system by E. coli
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Fig.3 Effect of pH on E. coli adsorption capacity (a) and adsorption rate (b)
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Fig.4 FTIR spectra of untreated cells before and after adsorption
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Tab.1 Main functional groups of E. coli surface before and after

adsorption of Pd(II) at pH=2.0

Wave number / cm’™!

(b). Adsorption 6 h

Functional groups
(a). Untreated

N-H or O-H 3293 3295
2956 2956

C-H
2920 2920
Cc=0 1660 1660
C-NorN-H 1541 1541
1454 1456
C(=0)-0 1390 1394
1234 1228

1160 -

P=0

1078 1079
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Tab.2 The equilibrium adsorption quantity (gg) of modified

Escherichia coli

E. coli gr/(mg/g) Increasing rate
Untreated biomass 113.67 0%
PEI cross linked modification 135.21 18.95%
Esterification 108.77 -4.3%

H1€ 2 AT L, PELZEAT 2L AL B A 1 T A4
B 2% (R T B 3G T 18.95%, i HY B A0 Ab 31
Je ] AR B 2T A R B B A B R AR B T A T B 4.3%.

Fig.5 FTIR spectrum of modified E. coli
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Fig.6 TEM images of E. coli cells before and after adsorption
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Fig.7 XPS Pd 3d spectrum for the Pd-loaded biomass

after adsorption for 6 hours

HE 7 7T, fEVUEYHREE 2 MRS
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AEN 337.1 eV, 342.5 eV ML E, RERWIER T
PA(IT), 2 MPUE RIS G REIE L T 150 Ak 25 & fe
WEFIAIRS, 335.1 eV H 341.3 eV RIS I R kA=
TG Pd 3dy, 1 3ds,, BT, 1X 2 0 4 Pd FHFAE

WS, PRI, T B PR PR S S KT AT B 1
[MIA7AE PA(ID) AN PA(O)FF4AH, PA(0)T H 2 K
B AEDDIRJFAE RIS 3, WAESE T TEM H itk
Oy S A S

3N T 54 m W B AR A AR s AR F 1)
AHRHI FEARIE o
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Tab.3 References on the formation of precious metal nano-

particles based on the bioreduction

Lactobacillus strains 20~50 RIAN/BEAM [31]
Thermomonospora sp. 7~12 B sk [32]

Au G. sterothermophilus 5~14 wE o [33]
Escherichia coli 20 - [34]
Shewanella algae 10~20 AN [35]
Shewanella oneidensis - i 4h [36]

Pd  Desulfovibrio desulfuricans - JARAEE [37]
Plectonema boryanum 1~20 - [38]

Rh Shewanella algae - Ha 4h [8]

ek 3 AR, AT LA K @ s
PA(IL) )8 B I A rh A7 AE i FB . 8 SR
PA(ID)FNAEDIE JEAE ARG PA(O)I AN FE . R T2E
Wk JEAE B g AR AT F - R AR 1) SR YR I8 R T
JE, TSI,

3

1) pH FEMSKIRN], WL AR S KT i A
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KRS KA BE X B8 (D) A W B LB AT 92 81

(DR F AR A 9%, 78 pH=2.0 BJIR R HK,
A3 120.08 mg/g.

2) XK B AT A 22 i J5 1) FTIR RAE S
FRW, MR RS BRI AN FI P 3
BAER, W ABIRIMAS AN

3) TEM K& XPS £ E7R, W 6 h Ja Kkt
B B AR N A RSFA 5~15 nm BIZK AR S0R AR i, 1t
AF 12 I Bt AR A7 B3 S S

KT B0 R (L) P PR B A 2 B PR 3R
h . AT FE SR LRI RE R AR, 1%t
FER/DGFAEWADE: B E R s S5 1ER,
BN ES A TE R T B I AR R T s 380 AR i SR A
A, ARADHIE JFE N EE0).
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