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Figure 1 The structural formula of additives: (a) TPAOH;
(b) TBAOH; (¢) N,N,N-TMAJOH; (d) Cyclohexyltrimeth-
ylammonium hydroxide.
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Figure 2 Chromatograms of 7 anions at 2 mmol/L Na,CO;
and different concentrations of TBAOH.
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& 3 2 mmol/L Na,CO, FIA[R&E TBAOH T 7 FH 25

TR TEL

Figure 3 Retention factor diagram of 7 anions at 2 mmol/L
Na,COj; and different concentrations of TBAOH.
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4 2 mmol/L Na,CO, FIAN[F¥ 5 TPAOH T 1) 7 FhFH &
TERkA.
Figure 4 Chromatograms of 7 anions at 2 mmol/L Na,CO;
and different concentrations of TPAOH.

0.5 1.0 1.5 2.0
¢ (mmol/L)
B 5 2 mmol/L Na,CO, R [FAIIR £ TPAOH 1 7 R BH &5
FRAHEETHE.

Figure 5 Retention factor diagram of 7 anions at 2 mmol/L
Na,CO; and different concentrations of TPAOH.
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Figure 6 Chromatograms of 7 anions at 1 mmol/L Na,CO;
and different concentrations of N,N,N-TMAdJOH.

Absorbance (p S)

—=—F ——NO;

3F ——CI ——=80,"
—+—NO, —— PO *
:L___‘M
2 -

| | |
0 0.4 0.8 1.2

¢ (mmol/L)

B 7 1 mmol/L Na,CO; MIA A& FE N,N,N-TMAdOH [
TR TR E R T
Figure 7 Retention factor diagram of 7 anions at 1
mmol/L Na,CO; and different concentrations of N,N,
N-TMAdOH.
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Figure 8 Physical model of dynamic composite ion exchange.
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FR1 7B T4 TBAOH FIA [FKJE Na,CO, FEIAE & 8 A5 B M & 45 5

Table 1 Fitting results of dynamic composite ion exchange model for 7 anions in TBAOH and different concentrations of Na,CO;.

1 mmol/L Na,CO; 2 mmol/L Na,COj;
TBAOH DKo+ DK K, K5 D(Ko+ DK, K3K,4 R? DKo+ DK K, K5 DKo+ DK, K3K, R?
F- 1.131 48.73 0.9835 54.99 40.47 0.9868
Cr 45.15 50.39 0.9989 39.31 29.73 0.9982
NO,y 83.32 78.68 0.9997 101.6 55.25 0.9996

Br 165.0 73.95 0.9999 74.17 42.54 0.9998
NO; 309.2 131.6 0.9999 343.2 99.92 0.9999
SO> 100.3 190.3 0.9999 2.544 81.41 0.9999
PO* 2057 377.9 0.9999 3.016 88.02 0.9999

F2 TR B T4E TPAOH IR R JE Na,CO, FEIAE &8 T A0 B R & 45 5

Table 2  Fitting results of dynamic composite ion exchange model for 7 anions in TPAOH and different concentrations of Na,CO;.

1 mmol/L Na,CO; 2 mmol/L Na,CO;
TPAOH D (Ko+ DK, KK D (Ko+ DK, KK, e D (Ko+ DK, KK D (Ko+ DK, KK, e
F- 0.2858 30.56 0.9994 14.04 10.59 0.9995
Cl 1.315 12.22 0.9999 236.2 70.59 0.9993
NOy 61.53 47.07 0.9993 578.8 75.51 0.9971

Br 14.65 26.85 0.9998 626.1 145.3 0.9974
NO; 203.1 120.9 0.9992 1140 119.0 0.9942
SO> 27.87 61.11 0.9809 498.9 12.73 0.9939
PO* 1962 201.7 0.9858 0.05224 4.422 0.9955

3 7HEA B TE N,N,N-TMAdOH A | mmol/L Na,CO,
TEAEEGE TR E LR
Table 3  Fitting results of dynamic composite ion
exchange model for 7 anions in N, N, N-TMAdOH and
1 mmol/L Na,CO;

N,N,N- 1 mmol/L Na,CO;
TMAdOH @(K,+ 1)K K,K; DKo+ DK, K3K,  R?

SOV S BE T, IR BISGE BRI ROCR o it
[ AR T 5, SRR 23 kS 1) 1 SO AR R K PR AT
BT ASHAE L BRI F SRR G 2
TAPUR AL R TN 745 6 % RO 14
IR o e o3 F A 3 75 7 5 bR R 0 26 AR T
BEAT, BREEMUEAE LA RIS ROCR, —RART

F 0.8181 176.8 0.9999 — P IR O B A e £ AL R R AL 3
cr 5.224 64.00 0.9999 iU

Br 210.5 455.4 0.9997 .

NO, 30.30 140.9 0.9998 4 & ik

NOy 299.4 591.6 0.9994 AR ST IERIR kP b, AN F ek
SO 623.6 1138 0.9952 %t B B 775 PGC A LG B BRI . 7
PO, 989.4 876.6 0.9788 2 F78 T3 T %4 14 7 TBAOH. TPAOH BAJ% 1 f

RN N,N,N-TMAJdOH H, {5 B 2 5 o
i 9 2 55 4K Y% v TBAOH>N,N,N-TMAdOH>
TPAOH.

SRR % 5, HLE LA R £ R
AR REFZHAT B TR RS T 1%

G TR S A R AR, HALIE T
17> B AR, SRR K B B i B T
RUTHHAAIVER, RERS SO WS M &5 1
SR LA TR T HIK G RE, T & 1

FE PGC HE-e PEF A R, 7 RPN & 1
fEPGCHE LA L BN S Tl & R &5 #H
MR, AR AE T AL g T Al BB TR
W B, R SRR I B, H
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Research paper

Investigation of a Dynamic Complex Ion Exchange Model for the
Separation of Seven Common Inorganic Anions by Porous Graphitic
Carbon Column

SHEN Rui, LI Yong-yi, GAO Xiao-jing, SHI Chao-ou”
(Analysis and Measurement Center, East China University of Science and Technology, Shanghai 200237, China)

Abstract The porous graphite carbon column is a chromatographic column with unique properties. It can tolerate
in mobile phase systems with pH values in the range of 0~14, and is also resistant to high temperatures. Porous
graphitized carbon (PGC) exhibits a special retention effect on polar compounds, which was called “polar
retention effect on graphite”. In this paper, based on the capability that PGC to separate polar substances and ionic
compounds, a Thermo Hypercarb porous graphitized carbon column was selected as the analytical column. Two
common reagents, tetrapropylammonium hydroxide (TPAOH) and tetrabutylammonium hydroxide (TBAOH),
were selected as additives to investigate the effects on the retention of seven anions (F-, Cl> Br, NO,™, NOy",
SO,*, PO,*) in a carbonate system. Additionally, the effect of the introduction of N, N, N-trimethyl-1-
adamantylammonium hydroxide (N,N,N-TMAdJOH) with stereo configuration on the retention of anions on the
PGC column was also investigated. An attempt was made to establish a new ion chromatographic analysis system
and to investigate the separation mechanism of this new system. Experimental results show that under the PGC
column-modifier system, the separation mechanism of the seven inorganic anions on the PGC column belonged
to the dynamic complex ion exchange model. The modifier would combine with the anions in the mobile phase to
form complexes, while the hydrophobic end of the modifier was adsorbed on the surface of the porous graphitized
carbon, and the other end was combined with the anions to form a complex. Mathematical equations was derived
from this model and fitted to the results for different anions under the three modifiers. The results showed that the
R’ values were basically greater than 0.99. This model is different from the traditional ion exchange or ion-pair
chromatography separation mode. By choosing suitable modifiers, it can be used on the PGC column to realize
the separation of many common anions and establish a new ion chromatographic system.

Keywords Porous graphite carbon column, Anions, Drench modifier, lon chromatography, Dynamic complex
ion exchange model
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