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Abstract: Compared with the constant charge soils that distribute in temperate regions, the variable charge soils in tropical and
subtropical zones are unique soils, with highly variable particle surface charges. Investigations on the surface chemical

characteristics of variable charge soils have received considerable attentions. The potentiometric acid-base titration method is the
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most straightforward approach to qualitatively and quantitatively identify the surface chemical characteristics of variable charge
soils. In this paper, the characteristics of variable charge soils are briefly described and the concept and difference of point of zero
charge (PZC) is described and classified according to (i) the conditions for surface charge measurement, (ii) the modes of
expression for PZC, and (iii) measurement methods for surface charge of soil colloidal particles. On this basis, the influence of
the acid-base potentiometric titration setup conditions on the observed PZC, including co-existing ions, ionic strength of the
solution, pre-equilibrium time, titration ranges, reaction atmosphere and titration method, is summarized and discussed.
Furthermore, the research progresses on the application of potentiometric titration combined with surface complexation model
(SCM, including diffuse layer model, basic stern model, triple layer model and distribution multi-site complexity and so on) to
analyze the acid-base buffering capacity of variable charge soils were further summarized. Moreover, how related factors such as
clay mineral composition, metal oxides, organic matter and other factors, affect the acid-base buffering capacity of variable
charge soils are discussed. We believe that future studies on the variable charge soils could be carried out with the hope to: (1)
establish a typical acid-base potentiometric titration method for all types of soils; and (2) verify if the combination of various
surface complexation models could accurately quantify the acid-base buffer capacity of variable charge soils. It is hoped that this
review can help soil science beginners to understand the basic concepts of variable charge soils, invite more researchers to pay
more attentions to variable charge soils, and further encourage sustainable utilization of soil resources.

Key words: Variable charge soils; Point of zero charge; Potentiometric titration; Surface complexation model; Soil resources
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Fig. 1 Flow chart of potentiometric titration
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Table 2 Potentiometric titration experiments settings

HFET B T i Hsf ] 7 7 3 ] ) T E 75 ‘
SN 4] S5 3k
Co-existing Tonic strengths/ Pre-equilibrium Titration Titration
Atmosphere References
ions (mol-L™") time /h range methods
HCI-NaOH-NaCl 0.001~0.7 =24 <4 5>9 R A [41-42]
HCI-NaOH-NaCl 0.001~0.7 <0.5 <4 3>9 T 1k AP A [43-44]
HCI-KOH-KCI 0.001~0.1 — — T VA i [28, 41, 45-49]
A [50-51]
HNO;-NaOH-NaNO; 0.001~0.1 — — T
BV [35, 52-54]
A [55-58]
HNO;-KOH-KNO; 0.001~0.01 — — (R
A V- i E [42, 59-60]
V- [28, 46, 56-57]
_ _ <05 — T 1k
A [43-44, 50, 56]
V- [7-8, 54, 61]
— — 0.5<1<24 — iRES
e FariE [35, 53-55, 60, 62]
— — =24 — 151 ST 2 [38, 41-42, 48]
V- [45]
— — F pH faxE — T
A V- i 72 [38, 60]
VA E (40, 45, 49, 54, 63]
— — — 4~9 P
A i i 7 [50, 64]
VA E [35,41,52-53,55-57]
— — — <4 7>9 1
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Table 3 Features of the surface complexation models

[58. 76]

7 Model /A3 Formula

HH1E Feature

CCM 60=Cyy

DLM o= ( 8egRTI) "sinh ( ZFyo/2RT )
00+Gd:0

BSM 66=C; (yo—w1)

6:=C; (yo—vy;) — (8egRTI) "’sinh ( ZFy,/2RT )

o¢= ( 8egoRTI) "*sinh ( ZFy,/2RT )
Vi~ Y
o +0,+04=0
TLM 66=C; (yo—w1)
61=Ci (yo—vy;) +Co (y1—wyq)
o= ( 8egoRTI) "*sinh ( ZFyy/2RT )

Op +0'1 +Gd =0
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HUAR L B — TR0 AL T Stern J2, 5 R TEHLAHIBCFATAR
LA, 55— N E T R

AP AT R R, WHBJEEA C . G
P (E

. CCM: fHHL AR DLM: P HUZHA; BSM.: s B
€. €0z 43R R ORLERL J2 1] B L2 A HL R BORAY SRS AT A B w8 €

B TLM: =J2BH; oo oa: RIAEMEE; wo.

Vi Eﬁfﬁf,
Co: HIA; R: SMHHEG T: SXTREE; 1. B TFHE; sinh:

EIXRUHh LR %L Z: BT E Fo Behis8 % %0, Note: CCM: constant capacitance model; CCM: constant capacitance model; DLM:
diffuse layer model; BSM: basic Stern model; TLM: triple layer model; oy. 64: Surface charge density; o, v,: Potential difference;

€, €: The vacuum dielectric constant between two electric layers and the relative dielectric constant of the medium are obtained; C;, C;:

Capacitance; R: Gas constant; T: Absolute temperature; I: onic strength; sinh: The sine hyperbola function; Z: Ion valence; F: Faraday

constant.
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- SRR B2 o 58 T S DAY - 9 R B A G 55 e
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SV 5 E T AS Sz ph PN BV 05 P 5 . Wang 26 I7E
PRI AN RV B ] A5 8 fof - SR A% 2% vh i 1 P A5 4,
fen I A 2 AT AR E ey 3 Ry, S E TR
MG, Jalali 1 Moradi®™ eI 5% + 0 vk H:
PR ZE mhRe I sTik hdE s, B S a S R
AN, AR IR SE e S A o R AR .
B Nguyen™ 5 i3 BF 55 A [7] 41 43 Xob 2 1 4% i 3 o
T rhae I ER, RBH T HIESD R L E 5
o AR H b 2R 0 W 2 I A e e
£, S8 A s A MR v YA, X
P 18 2% o BE 1 B STk 48 /N . Sokolova %61 i 5
5T 5 21 53 %) - BEFR B 2% vh e Sy A DTk, IESEH T
) 114 b 1T AR/ IN L3R R A v 04 o A 3 1 7 ot S
T oTBR AR, DA T SR 08 1 2 1 5 S 3 AT 1
TACSVAR & 2% v Y 2%~3%. 1] Wang ZE15¢)
INRTEIT A RERR IR 1 i W i A 4% B e K, I
W e HIEMRMZ e, BEZ, &t
Yyt - ERR B 2% v e ) 00 5% e R - 39 2 RS ] 1 %
PR AN [R) 2 B Y S
42 =W

TERTASHLff - 38 rh, S READM S am .
fap AT ASPE R, S BORT A% HA iy - 498 L e P T 5 K A HL
fof - HEVE A7 25 S M SEAR R R, Hoh i ik . 4
FALY) S H3E s AT A F A Chatman %517
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