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FIBE A SR, WRBIZAFSANP W, BARNRERERET SRR BRI,
FE BT BN B R A E SR RIBR B IR B IEIRR &, pH BIE IR N
MRE. BAFR,

(=) GEREEERFHRGTHENXR

P w2 I I
#£1 =FtETR pH HXAEFEE S8
5 BT RdE aNa/cNa (AF)Na
= B @ug/1005)m pil pNe (%) (RI%HT)
4.79 1.98 87.1 80
5.24 2.02 79,4 130
B OO 3% 5.4 6.23 2.16 57.5 320
6.81 2.24 ) 47.9 420
7.36 2.36 36.3 380
4.88 2.02 79.4 130
5.32 2.11 64.6 250
0 % - 5.72 2.24 47.9 420
’ 6.14 2.39 33.9 620
6.58 2.60 20.9 900
7.19 2.92 9.9 1320
4.71 2.02 79.4 130
5.65 2.24 47.9 420
# 42 E®m 13.8 6.08 2.39 33.9 620
6.61 2.64 19.1 950
7.33 3.12 6.3 1590

* ETRARMT | ARTRRE LAk REATE 135, S8B 157, FEARHEE0 1:12; S93 T9R N 0.012 N,
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£2 SHEETRE pH HOMEFOESE
FRE PN E ak/ek (AF)x

£ B | (@ua/i0m pH pK (%) (R/FHT)
4.38 2.15 58.9 310
4.66 2.20 52.5 370

[ AN | 5.4 5.83 2.26 45.7 450
6.51 2.35 37.2 570
7.03 2.50 26.3 770
3.99 2.17 56.2 330
4$.29 2.20 51.3 380

- - 7 8 4.64 2.30 41.7 500

& A .

. . 5.07 2.42 31.6 660
5.56 2.65 18.6 970
6.32 3.07 7.1 1520
3.93 2.18 55.0 350
4.62 2.34 38.0 560

* %ﬁ ﬁg 13.8 5.22 2.45 29.5 700
5.79 2.70 16.6 1030
6.66 3.33 3.9 1890
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£33 EHTEATEHED EREFEE IR

— B RE PN aNa/eNa (AF)Na
TR @ug/i00m)| (%) pH pNa (%) (/B
40 5.93 2.91 3.4 2070
FEEE+ 91.7 70 6.38 2.42 7.4 1590
100 8.93 1.85 15.5 1140
40 7.16 3.23 4.5 1900
337000 %@ 32.8 70 8.29 2.53 12.9 1250
’ 100 9.04 2.16 21.3 940
* 4ok 1:10,
4 BOE(ARESRB)ETFRBEF(X)REMREFIE S
BH 2 ¥ ax/cx (aPF)x
pH pX**
Fh e R (N) (%) F/=ZF)
5.26 2.20 63.1 280
5.75 2.25 56.2 340
0.01 6.75 2.33 46.8 450
7.23 2.52 30.2 720
2 7.52 2.63 23.4 870
5.33 3.07 85.1 100
0.001 5.50 3.30 50.1 110
5.90 3.47 33.9 650
4.96 2.12 75.9 170
5.39 2.10 79.4 140
0.01 5.83 2.15 70.8 210
6.80 2.40 39.8 550
w 7.24 2.55 28.2 760
5.06 3.40 39.8 550
0.001 5.23 3.58 26.3 800
5.37 3.69 20.4 950
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214 F S 8 o 3 A4 BH BT VR D B8 0 ke ZE AR o B PR B - B B i, (R 9 pH A 2 4F
16, T LAIRGBEC N B Ao TE3X 5 0, R 1358 5 B AR IR DL R [Rlo % T 71 28 S HL 3 3L
DHERRRR UL ISR B FRMEEL 50 % DLW, fhslsT 85+ RoBcE I v Fo 2 e n,
M AR/ (R 5, 6), {HRFELBSCR AT HE pH B9FH 2 T 48 el S 1ar o 45 & RE RO
A LU € B B IR e, AR R ITIE M, EE BT R E 4
50 % LA T, 81T pH #R B R (TL T ) , e S5 A BB ST I g 0 8 A IR (B T 0 /.
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®5 WEHLEETFERSINERRIREFOE S8

) = A aNa/eNa (AF)Na
+ = (%) pH pNa (%) E/ERF)
16.7 4.90 2.66 110.0 —50
33.3 5.47 2.62 60.2 290
bii- B < 66.7 6.31 2.50 39.8 530
83.3 6.80 2.43 37.2 570
100.0 7.23 2.36 36.3 580
16.7 5.06 3.56 13.8 1140
33.3 6.38 3.32 7.9 1460
# e 66.7 6.56 3.27 6.8 1560
83.3 7.07 3.04 9.1 1380
100.0 7.37 2.86 11.5 1250
* ORI RRATIE S 115, gy 1012,
# 6 FELBEET ROFHIENR R RE LS S
o B ak/ex (AaF)x
= = (%) pH PK (%) (R/EHT)
16.7 4.45 3.13 37.2 570
33.3 4.95 2.87 33.9 620
OO 66.7 5.89 2.62 30.2 690
83.3 6.44 2.53 29.5 700
100.0 6.98 2.45 29.5 700
16.7 5.33 +.01 4.9 1730
33.3 5.99 3.70 3.3 1950
= OB b4 6G.7 6.02 3.60 3.2 1980
83.3 6.41 3.47 3.4 1940
100.0 — 3.35 3.7 1890
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o A Y AT MRS (U B T RN AR R R AU T EECE E A 5 A R
B, 32O TR g AR A B R R P 3 A e B PR B R B I = DA B T T 2B e,
AT B R A B PR B - 20 IR AR EAT B8 TRE B g T H R B iR 5 iR R AL e T el o)
P R R M B AL 1), JATIT B 18I 7E 3R 25, BT AR R (A S AR R T P T v R B -
R, [ 3 B KRB, R AUR NG X B F R0 55 A HERE pH 3@ N, 11T LRSI b x4
F a5 S RELE pH Lo

F 7 BOBRRRA, ST REERIH B TR AR R, TIAME TR T A
5, AR TR 5 A RE L BE pH BOT S TR o

TE pH REE, TIRASEIREBEIILRR. B TRIETIBMEERT N BEF
A9EE AR R AR, RATHEAT 1 FT ARG 8RS, S, =FhiRy L35 8 B 9
TEESEERRRET, HEMELSRRY, SARRRIENIBEIE MM SHEFHUE A
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1200
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(aP)na (R/5FF)

200

3 pH SR AR (dokienF 1:10; BubSmE % 220°C
Do 50 SeRAhERST MR L, REE T REEN 34.6 BUE, MARETFEN .7
TR FOREE AT TR AR F & 1 AR

®7 EETPRAETFIHRWIE S pH MMEFE A RENEW

moom mmsken | TR Al | e | WS | R
2.27 1.00 63.1 270
1:25 0.160 2.86 1.39 25.7 790
4.47 4.01%* 0.1%* 4300%*
1.93 1.16%* T2 4% 190%*
1:50 0.097
H AR 9.91 2.09 8.5 1450
2.44 1.33 47.9 430
1271 0.097 4.97 1.36 44.7 480
6.43 1.46 35.5 610
9.81 1.54 29.5 720
3.84 0.90 79.4 130
4.03 0.93 74.1 170
4.78 1.04 57.5 320
AURIRE 1225 0.166 4.98 1.10 50.1 400
6.75 1.42 24.0 830
7.36 1.53 18.6 980
7.76 1.64 14.5 1130
9.41 1.87 8.5 1430
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FE pH B EIE Sl B BT, B R R AR R, ISR TE 4,
FE ARV I (R 9 i ST SR A OB A I BAR,  BIT LA BP DABK S AR b1 e vh B ST AL AR B 1 4R
HUTHF S AR SO 4 PRSI S 3 B TS M0 AT okl R B A T8, R SR
AL LIRS T (O 7.8 BB, AR 19.5 B84 B, B -HIRA MR 40 % HEL, X 53X
S5 IRB LR B AR O R 7o B PP B P - R AR fr e T B R 4 X R B
5,155 (R ALK B2 LB HAR AR [/ pH N EE LA %, FTAR BB RS R EF M,
BV I, 7 R -39 0 Syl A R FUR S P TR0 A B YO0 pH MOTH B TR R, R 55 1.2,
3.5, 6, [ 2, 3 BIFHRHESR AR, UL EA -9 [E] AR S L B B, A B TR R B R PR R T 1Y
AN —AEER K, [HEE 4 bR, HAMENR pH KIS e th &+ R 5iF
R TR ARt SR ARZRAT, SRIATA IR PR B T 005 A B AR 5 S i BB R L
OIEEE,

fE IR i S BT B EAE Ak, DI B R E A0 1R B BRI A T B AR,
widEE BAERAE . BRI 1, 2 BTT, EMEEE AR AR AR i f0 B HIE S B
5 (B8 SR ES TR iR B TR AR, AE 2 4 Fh T IR B T B0 %5 A e U7 I Z1
=0, HTETLE, TG H 1, 2 OHESATTE S, BETLEpH 7 M, HAuEsd
Gy ST ES T HO5E A B T AR RTORE STIRE— S DA b, SIS SEARIBMIE, MRS, 6
B A SRE 6, d st R AIEE— T BN, SRR s AT S TR0 5 A e AR B
ROTELTIRR 5L b, KRG ARRRE R, TR S =FRR PRI HOTE—BRERN
ERA, MR RARBR LI R T, (EE = ERIK /N A S
AR , AT AR A5 E = %2 A AT AR L L, T4 RO A 0 PV B8 - (R M d e T, R A0
SRR RIRAOLL FIRT 499 6:20:40; NRRREMIMBERERE, NIALTIE, S5
TR 12:22:230, M EE 5 f98 R R FT PR D], HBRRARFRE N
TR S R B T RS A BE RS RECA B LT R B E T, RN,
SRR AR, 4 B AR AT, T B P S B A BE AR RN, (BT R SR (pkTRE
R0 )BT R R TR R B A AT Lo Alexander Fil Johnson™35Hi,
Debye-Hiickel R ARE N T REBL B ISR, S5z EENME Debye-Hickel BRI
fh A M B, MR B TR B AN R R, M AR rh B T B AR R A, BB B
% 1L, T A R R v DR S T RO 5 A B A RE IR B S SR B D A AR FR 2 9 K

b T EEAE S DA Sk, BT A A B P B R 3 R TR IS T R S A B 0 Xt R I AS
PRI — AR, FEA T, i T SRR L5 W DA BRI AR - =5, T Ak 4T 8
M LAk H R = ARKEE A R, MR SRS, SRl s 7w 6 BoA F M -
{2 5 FIE 6 AR R, KRBTSR KM, MR T BEERIE M SER SR RM,
) AHL B S5 . T PR S TR S5 A e 18) BT IR R BOH 10 T34 %

(AF)x _ (AF gm0
(AP (B s @)
ek a BIEAECR 58, HE R R T R x T4 RSN S 7 F R PH R334, B ST

1) BEHREBRAHITE RV 100 77 40 B4 &, REFRHER 170 Tk,
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a fERXEEE TR, MEBEN ¢ AN ZEY K, EELEE 5 FE 6 WA, T {UHE
FETEREMLE pH RN %I pH SETFEE , B e FmamE T na8 45
) it AR AR LR AT RE LR AE 3 pH NIRRT R 17, B—HE, MRE TR
RRE R A2 E NSRS REEEHEER L, NERMETMNET KIEnEEERER
FHELMBEE Boyd 1Y Wiklander™ FlI Jenny™ AgAHEL, MTHE TR AR Z NS5

1400 i (aF) Y95 1.27, 1.43 8% 1.49, RIEE 6
oo ; BIRPEEATIEIROEE R, 15 T D%k
~ AR | o SN, FAICAR pH KXt
% 1o 08 wRBETRSsARK LIS T
§ 800 / ﬁﬁ%@ﬁf ®1.26—151, BT 1.21—
S 60 ‘ 6 B 181, ZeZE ¥ A 80K 136 A
S - ! é 1.37, ROAFRRIIA LA 85 1 it
- AL (aF) | B ATEHERH Dl pRR T,
,,,,,,,,, e FE IR S PR 28 0 = #3855 4
= 5 : 7 8 TGP ES T-AR A P N B e 2 ek L 5

pH (=) pH M A RERRMRIRIE
B 4 (IBHRRLEN BT NSRS HBIPR i &R H T2 T4 v 7 B A 3 755 Tk

BP0 A REERRE pH T ZE, FTLAFER BRI IR ST RO ZE AL P AR RE . FESXK TS
T, BPEEHER: T A FI4RES ¥ BTSN Br T a3 /5 B B R (R T P AR RO B2 Wi 53X 7
AR, pH WA SRR R A0 ERE 20, pH EERWPHE b S S+
&7, RERS TR
M S S B F OB &, T pH A 5
S HF A — R Bl BT 7= 2k
B, BRAIRE, pHIEN TR 1600
& FRE TR RS, T HE R 1400
HER, SNES RIS A BRI N — A
BERR, &TEDRAR S
SPRFRRFEE: (1) FARZEHA
(LT ) 567 B F- Rk BRI
pH X55 A BE HIR Ml . AR B (R 600
4.7, B 1); (2) 35 47 48 Mg 400

2000

1800

1200

1000

800

AF (R/EHF)

bR NES T RIS A RERTS pH MR 200 e

P T R i Z e I NS . =l

FRATIEEE R RIZI(E 5); (348K 4 5 6 4
pH

R XS B T 955 A B8 B Rl— pH
SRS N 7); (4)igHE 5 Z=FhEAERR pH RSP TIHE T B % & HE ML

TR T AL A RELTE pH 4.5—7 MIER R ZHERK (F 3), TR ELBE FOEEE
fLBR Y pH T8 B (5)RRELIRAE pH (K I A TSR 85 - 45 - BE 5025 REUE pH B I
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HARCE S, 6), NIRE BB kIR E RO BM BE4E 518D, NI T2 B8 5
A SR F MBI I A TR 7, WX e g RSP AR BRI R . Marshall 31 &
ZARYE Jarusov!™ BITAE, BT K MEFERESANMMEEZWRE, BEIEE
F- TS -FAE R M o5 T A4kt , RIE = iR 8, A T pH KRS58 F4ac i 81
EFARE BN AETNE AR/ NEERE, YR TXNEEBEUSNA, pH &
2 B0 B e, [ r B T B A A 5 T 45 AR (R 20 A PRSI R, 7 [ S 96 T B v, R
R H 85 - 45 B 75 A0 Marshall'® BR8N EC RT B BB A A E R M BN T 1E
B2 0 JUIAT P REE A A RERYE ) P Rk b A S 58T W E &
7 R [R B & Fhag i g 020, BT PASeT pH X8 T H55 ARER A BRI, T BT
HE BT,
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1400 ’ 1
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aF (CR/%5T)
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10 720 30 40 50 60 70 8 90 100

FHEFHRAEE(%)
H 6 FEFbBTENE A BRI P AR A T (025 AR MOt

(Z) FREFHESRENRNENL

IR RS F RIS S HE, EERE S EY A S s B, DR B oK
i, BIERRLIEP A SRR B N R BN TN EIFRSH S, H
£ HTEH & HIBAS R —AAEE 5% DLTRD2, Hehd 87 S F-p 55 A BE RLAE S 3R 4
F TR XA S E)R SRR R R A SebRE L, B—5 T, BT pH F+
N IR R AP TR0 SE A REIE K BT LUIE RS 5 £ T M HBDS , A AR SRRl ek B 40336 R b P T
%205 150 SRR AR B — D S e

Al *ﬁ g
RLFIRELIIR, S03 . SR RIBI AR5, WL PR T AR T IS B 45 P 3L

1) &REMSHT &R H R E M,
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T LTSRS T A A RE L, B R R
L 4B BT R EREN, BHENEH &S, SRR
2. MRFFE AR AR AT EAREN , BT E R, W& ARER,
3. oA o] B L 47 L BIIR K HORE L1488, 3 2 W) 7 A b IR NI el A &
FY 25 A, 77 R SR TR Y PH 5 F- 20 iR, pH X5 A BB AR A 5 ZU AR o
YEERIESCIeMRIATY, LHRACR dh R P it i 35 5 B B DI R B0 7R B AR B b 7
BEEOE B RSS A- R85 T B R BE K S 7E pH AR, S50 B 7 1 e s BE 2 77 4
BTSRRI — T EERR,

& £ X &
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STUDIES ON THE ELECTROCHEMICAL PROPERTIES OF SOILS

V. BONDING ENERGIES OF CATIONS IN RELATION TO THE
ELECTRIC CHARGE OF THE SOIL

Hstan Cuia-ssianGg, CHanG WAN-kKEN anND YU TiEN-JEN

(Institute of Soil Science, Academia Sinica)

Summary

For the purpose of calculating the bonding energies of sodium and potassium ions i
relation to the electric charge of soils, cation activities of the suspension in equilibrium
with various types of soils or clays carrying different electric charge were measured with
glass electrode. It was found that for the same soil type the bonding energy was a func-
tion of the relative proportion of the clay concentration to the total concentration of
cations in the system. The bonding energy of a lateritic soil was changed when the soil
particles were coated with a layer of ferric oxides so as to alter their electric charge.
Changes of bonding energy, were also found when the cation-exchange capacity of a ben-
tonite clay was decreased by thermal treatment. With respect to the soil type, it was
shown that the bonding enetrgies of the yellowish brown earth were almost double
thar of the lateritic soil. The pH of the medium affected the bonding energy markedly,
even for the bentonite clay or cation-exchange resin with little or no variable electric charge.
Evidences seem to favour the assumption that at lower pH the competition of aluminum
and hydrogen ions for exchange sites is one of the important factors in causing the decrease
of the bonding energy of alkali metal ions. It was suggested that Coulomb’s force is a
decisive factor in inducing the interaction between the cations and the electric charge of
soil particles, and in this respect the local electric field strength on clay particles seem
to be mote important than the mean volume charge density of the whole system.



