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Abstract: A new method using gel filtration chromatography (GFC) and inductively coupled plasma mass
spectrometry  (ICPMS) was developed for the measurement of complexation stability constant and average
coordination number of the complex of metallic ion with polymer. As an example, the binding of PEI with Cu** was
shown and investigated. The macromolecular PEI-Cu complex and micromolecular species of Cu(Il) were firstly
separated by a low efficiency GFC column with a mobile phase of 0.02 mol - . HAc-NaAc buffer, and then directly
introduced into ICPMS for elemental analysis. The results of complexation stability constant and average
coordination number characterized by putting the concentration of different species of metallic element into the
equations of the novel chemical equilibrium model which was developed in this study. The results shown that the
complexation stability constants (K, were between 10°° and 10" and the average coordination numbers (n) were
in the range of 1.0~1.3 when pH was changed from 4.1 to 5.3 at 25 °C. This online, rapid and accurate method of
GFC-ICPMS is a novel technique for the research of polymer-metallic complex.
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Table 1 Optimum operatiing conditions for GFC-ICPMS

GFC parameter
Chromatographic column
Column oven temperature
Mobile phase/flow rate
Sample injection volume
ICPMS parameter

Spray chamber temperature
RF power

Plasma gas flow
Auxiliary gas flow
Carrier gas flow

Make up gas flow
Sampling depth

He gas flow

Data acquisition mode
Integral time

Isotope monitored

Condition

TSK-GEL PWH (7.5 mmx7.5 cm, 12 pm)
25 C

0.02 mol-L™" HAc-NaAc/0.5 mL-min™
100 pl.

Condition

2C

1580 W

15.0 L-min™'

1.0 L-min™

0.8 L-min™

0.3 L-min™

7.8 mm

4.4 mL-min™

TRA(Time-resolved analysis )

0.5s

%Cu




%4

b A I E 85 3 7 3R W) — < TG 5 0 A o I B T S TS KR O ik 855

KFERESE 5] 1 000 mg- L™ 19 TAEW ;1 000 mg- L™
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a: PEI-Cu complex; b: micromolecular Cu complex and Cu*
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%2 PEI-Cu B&YHBEEEH K FHEAE 2S5 °C, pH=4.1, I=0.003 mol- L)
Table 2 Complexation stability constant and coordination number of PEI-Cu complex (25 °C, pH=4.1, 1=0.003 mol-L™)

Initial concentration

Concentration at equilibrium(measured or calculated)

[14.30]

Reference datal Calculated value

S / €pEno / Cpr / Co ! ¢

/

(pg L) (mg-L7) (mol-L™) e (m(()‘l”- LY (m(:l(:- L) KC"U"DVG;I o Ko CJM Rt ! e,
10 0.5 3.77x107°  -0.448 1.0x10% 0.003 0 1.54 10%% 1.03 9.62
10 1.0 7.54x107° 0252 1.0x10% 0.003 0 1.54 10%% 1.03 9.62
10 2.0 1.51x10° -0.019 1.0x10% 0.003 0 1.54 10%% 1.03 9.62
10 5.0 3.77x107 0.496 1.0x10 0.003 0 1.54 10%% 1.03 9.62
10 10.0 7.54x107° 0.878 1.0x10° 0.003 0 1.54 10%% 1.03 9.62
10 5.0 3.77x107 0.523 1.0x10 0.003 0 1.54 10%% 1.03 9.60
20 5.0 3.77x10” 0.534 1.0x10 0.003 0 1.54 104 1.03 9.61
30 5.0 3.77x107 0.502 1.0x10™ 0.003 0 1.54 10 1.03 9.58
50 5.0 3.77x107 0.513 1.0x10™ 0.003 0 1.54 104 1.03 9.59
70 5.0 3.77x107 0.509 1.0x10™° 0.003 0 1.54 10 1.03 9.59

&3 PEI-Cu B & ¥ M E % 80T 8 G 8
Table 3 Complexation stability Constants and coordination numbers of PEI-Cu
Condition / system pH n IgK Method
1.0 mol - L KCI, 25 C / Cu(NO3), - 4 16.6 Potentiometric titration™
1.0 mol - L KCI, 25 °C / CuCl, - 4 12.1 Potentiometric titration™
1.0 mol - L KCI, 25 °C / Cu(NO3), - 4 12.8
1.0 mol - L KCI - 4 15 Ultrafiltration'®
1.0 mol - L' KCI, 25 °C / CuSO, 3.0~3.8 0.9 6.72 Ultrafiltration®
1.0 mol - L' KC1, 25 °C / CuSO, 3.0~3.8 1.7 14.1
0.15 mol - L" NaNOs, 25 C 3.0 1.58 8.27 Ultrafiltration™!
4.0 1.65 7.88
5.0 1.86 7.34
6.0 4.90 5.88
0.02 mol-L™" NaAc-HAc 4.0 0.9 9.03 Ultrafiltration™
4.5 1.1 9.62
5.0 1.1 9.85
0.02 mol - L™ NaAc-HAc 4.1 1.0 9.6 GFC-ICPMS(this study)
4.5 1.1 9.9
49 1.1 10.5
53 1.3 10.7

PEI-Cu Bt &9 1 o 5 505 SCHRR B 25 2R 19 L3
JAEARSCE W PEL B350 78 SR FH 09I 5E J7
T UL B FH 1 2 B AR R A5 55 O AT i 38 A7 AE 2
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S pr s I T
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SCBG % F HAc-NaAc ZZ MR R | DIMRIE PEI 5

Cu® 1 5 B E [ 78 19 pH 2548 F 3047, S W
pH E 53000 4.1 4.5 4.9 5.3 B W pH {EX] PEI-
Cu BC A SO V- 52w Qi 1] 4 7R, SRS 45 R 3R WY
pH XJ Cu*5 PEI BL& S - 19 52 i 2. %, PEI-Cu
B 5 Fe o i RO V- S A B BE pHL % 1 O T 1
fng 7 AR X R e 1) 3 2R KR pH E 20 PEL 3
T e B AL B LN P DI

(1) TP AFTE S 8 B 1 5 B 1 52 4 U, S5
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Fig.4 Effect of pH on the reaction of PEI and Cu*
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