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e "“TF‘ ity Magnetite oxidizes to maghemite (Fe20 w:'r(;hr::l . ering
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both Ty )' “\ulgs commonly found in soils and clay s 'Wc:idcs resist ¥ ate
2 and inherited from the parent rock. Because He pere

srongly, they are often used as indicators of the original amU™ Mo
from which 4 soil has formed. hous mixture o d be 3P
Manganese oxides are a poorly understood and R te formv'? v eMn !
and Mn(1V), pure pyrolusite (MB0,) is rare, a more accura 76 8 these
‘ - i 3) 1§ ran ' the ¢ me'S = tain
Proximately Mn0), . Many transition metal ions have
80 isomorphous substitution is common. Hence, M1 hy n hydro”
other cations, For a time some workers believed tha! er unit “’elgh:.; on
"~ Important part of the soil’s retention of trace memls'oxi , little €7 % e attenti®
$0. Soils, however, contain about 0.1% Mo hydro?;{’ nodule’ 2'1:6 ocean f007
amounts of Al and Fe hydroxyoxides. The ma”gan:re found on 5°
as a Mn ore are Mn-rich iron oxide nodules that

in soils.
Manganese nodules have not been found in $

56 CHARGE DEVELOPMENTIN SOILS

eactivi .
- count for the I icle size
The two properties that most aca iroct result of par'ucle

/" surface charge/ Surface area is 2 It Jaalo clay-sized P
.~ the total surface area of a mineral soil .-I-‘S'gu‘ue {0 these same tW
- matter. Charge development in soils 18 ute some cation €X

e 3 . contrib _
the sand- and silt-size fractions maychar . deVCIQRQQQt in soil

coarse-grained vermiculite is Pfcse.m' Al “of functional groups on
of isomorphic substitution and of loni 0B resulting in the perm
solids, again primarily in the colloidal fraction,

pH-dependent charges of soils.

change capacity if |
s occurs as a rest t 3

the surface of

anent and the

5.6.1 Permanent Charge : ilar size
Isomorphic substitution is the substitution of one ion for another of ;llm(])r lower 4
within a crystal lattice. The substituting ion may have a greater, equal, can
charge than the ion for which it substitutes. In layer silicate SWCM b
substitute for coordinating cations in eitherthetetrahedral of the OCIANES
If a cation of lower valence substitutes
AP* or AI** for Si**, the negative
structure is left unsatisfied, yielding 2
can also result in positive charge, by A
layer of chlorite, but negative charge §
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negative and positive charges The relative
C(‘lﬂ\pl\'!lhhn of soil collowds
' - f BEurope and North
te and

Rc"““‘t‘ly you
America have ’
organic I'Iuncf'crn'l negative charge, because of the higher pH and layer silica
other hand, are domf"“ of these soils. Highly weathered and volcanic soils, on the
may have a net mu:::“’d by I_llophane and hydrous oxides, may have a low ptl, and
organic matier so th to posuivc charge (Table 5.5). Subsoils are “Wﬂ!W lower \n
decreases. The ze © h-'l-lauve amount of negative charge relative 10 positive charge
charge on soil cou’;’-:a int of charge (ZPC) is an index of the positive and negative
a colloid are ids. The ZPC is the pH at which negative and positive charges of
equal. The ZPC for the soil of Fig. 5.10 would be pH < 3.
erface. At the particle edge,
d by surrounding
d by interacting
} soluuon.

dnef:-,yafgtil cl:t? :lhdmg ends at the particle—soil solution int
e structural cations and O~ ions is not compensate
and is maintaine
ons from the sol
adsorbed

:::lhcgiﬂ C;OH_S. Electrical neutrality is necessary
The o ,OH™, and water, and by adsorbing cations or ani
;. :n';mgly Source of pH-dependent charge is considered to be the loss of

. H~ on inorganic solids and H* from organic acids, phenols, and other
functional groups in soil organic matter.
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FIGURES:.10. Representative change of positive and negative charges on soils with pH. (From

iuenz, ed. 1974. Pesticides in Soil and Water. American Soclety of Agronomy, Madison,

W. D.
Wi.)
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:n :":‘ Equation 5.1 shows how an inorganic
thix case, can change from negative (0 positive charg®

12+ |
= (AD-O

(AD-OH"/?* + H*
gion is P

TI‘I-The other hydroxyoxides are similar. The exten o d:or:;f”:idcs :
This effect is accentuated by the tendency of these hy unit Mass: SQ@!S_.‘E,.H Highty |
ings on soil particles, which increases their activity P gent ch@ = |
]m:!c amounts of Al and Fe oxides have a strongly P H-depe es of
variable CEC. " o
) Figure 5.11 shows how pH-dependent 1257 “y o

aohmu?. Depending on the pH Y I 50]_"” M. i+ occulTe
or negative. Jackson suggested that the dissocl
the AI-OH, group, 7.0 for (Al,Si)‘OH’ and 9.5 urs
groups indicates that the deprotonatioﬂ (H+ loss) 007 to reverst ¥

to the

dependent charge of layer silicates is more

deprotonation of Al-OH
'The contribution of edge OH
acidity of the edge groups and to th

montmorillonite, the functional groups
the amoun

only at high pH. In addition,
relative to the basal (planar) surface. Kao
without swelling in the ¢ dimension, increasing the € L C
plane area. For both reasons, pH—dependcnt charge is more impor
le of thumb, only 5 to 10%
of the charge

than for smectites or vermiculites. Asaru
50% or morc

charge on 2:1 layer silicates is pH dependent, whereas
developed on 1:1 minerals can be pH dependent.

kaolinite. The C1~ anion is re-

b

. Figure 5.12 shows the pH-dependent charge in
tained by kaolinite in acid solutions, indicating the presence of positive sites, proo-

e appar en wed g
arrof I;Sgc surface for 9.1 minerak
linite, on the ot hand, tends t
he edge ared compared t0 the b.as.al

tant for kaolinite

of the negative

o OH 01
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FIGURE 5.11. R
-11. Representati
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chofield and H. R, Samsonigsgper;d ¢
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ably A-OHJ. In basi :
charged AlI-OH", w‘h'fC}:SOqu()ns' the functional group changes (o the negatively
charges are balanced zpCmpe]S anions. The pH at which positive and negative
at a;bout pH 6.5. ' , for this kaolinite is indicated by the vertical dashed line
n highly w )
siderable pH dependent shmmar oot O ot
hematite is in sixfold ” Cha‘r ge, as can Ti, Cr, and Mn oxide
plies —0.5 charge ( coonh 'T‘atioﬂ with O?—. Each valence bon
by Fe cations il'lg ad9 the Fe ion. The remaining —1.5 charge ©
erystal), however ﬂ.::cfenl octahed‘ra. At the soil solution interfac
jons in the soil sc;lutiofnl ch:;rges in the crystal have to be catisfied by H' and OH™
spheres by interactin wr; ¢ fect, Fhe ions in the crystal complete their c001:d1nat10n
with.a layerof H or (g)H ith l‘hc soil solution. The result is that the crysml‘ is coated
developed by silicat T10ﬂ5 (Flg: 5._13). This charge development is sirml%:lr to that
Berseevis solely b 35(-1 he sesquioxides have no permanent charge sO their charge
e merlion , an val:les gr'eatly with, the pH of the soil solution. Allophane,
rphous hydrous oxide with high surface area, also develops pH-dependent

charge. Because its : ; e :
g cause its surface area is greater than crystalline materials, its charge 18

even more pH dependent.

Soil organic matter also has a strongly
n;tostly by H* dissociation from carboxy
rizes the colloidal properties of the major compo

lop con-

abundant and can deve :
Fe’t in

s. For example,
d of an oxygen sup-
f each O 18 satisfied
e (the edge of the

pH-dependent charge. The charge develops

lic and phenolic groups. Table 5.5 summa-
nents of the soil's clay fraction.

interfoce
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FIGURE 5.13. Fe®* and lgan

ds in the interior and at the surface of hematite.
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APPENDIX § SURFACE AREA MEASUREMENTS

AN impressive Property of collojds. including layer silicate minerals, |ls :l?;"j:;:i
area of reactjve swirface. Various physical and chemical i o '“_'3 uf cegmca of
I\‘!elllll\ll and cation txchange capacity, are highly correlated rrace 2t ‘; soils and
soils, Several techniques estimate the amounts of reactive surface area O

are briefly describeq below,

- . sorption of Na gas
X "I-I-Q-'ii.}’.l.“i!.‘.‘."ilﬁ “ommonly measure surface area by the adsom:;z'ling point of
and at temperatures near the bol

The adsorption is conducted in vacyum Emmett-Teller
ch is based on the Brunauer—tmimet

lquid niu-ogcn ("" Ig()o C). 11](: approa s il ble instru-
(BET) ndsorpiion ;Juation, and has been adapted to a commercially avai . ible soil
Mot Unfartunately, ¢ technique does not give reliable values for expansenetrate
colloids such pg Yermiculite or monunorillonite. Nonpolar N molecules ":)l laver
little of the mterlayer regions between adjacent mineral platelets of expans:( e:'; the
silicates where 80’ 90% of the total surface area is located. Several wor turation
used a similar approach wijth polar HyO vapor and have reported complete sa -
of both interna] (interlayer) and external surfaces. The approach, however,

been Popular as an €Xperimental technique. iquids such as ethy-
Soil chemists More commonly measure the retention of polar liquids

lene glycol or glycero) by soils. The basic procedure involves applying excess 32(;

then removing all but 4 monolayer from the mineral surfaces. The excess 1s r_em;J{ 5

under vacuum in the presence of a desiccant, to eliminate competition w‘_th ’ e '

for retention sites. Some workers advocate g glycol-CaCl, mixture to maintain a
relatively constant vapor pressure of glycol in the evacuated system, and hence to
provide a more reproducible endpoint,

Glycol and glycerol retention are influenced by the species of exchange.ablc
cation, since both the collojd surfaces and the surface calions are at least partially
solvated during surface area determinations. Glycerol is preferreq over glyC01. by
some workers, because it distinguishes between vermiculitic (partially expandnlg)
and montmorillonitic (freely expanding) surfaces under carefully .co.ntroll d ggRe
tions. A single molecular layer of glycerol remains in vermiculitic mterl'a . 1
two such layers remain in montmorillonitic interlayers.

Ethylene glycol moncethylathacEBGME).is.another polar molecule used§
ingly for surface area measurements. Its results are essentially identical to th
method but are achieved more rapidly. It was graciously contributed to
istry by a careless shipping elerk and an unknowing technician. The lat eF
unusual, but promising, r before he realized that the wrong reagents
provided by a chemical supply firm. ]

Surface areas have also measured by anion repulsion or b_y .adso I
tain organic solutes from agueous solution. A particularly promising soluf
pyridinium bromide, whi h orients differently on external and internal
surfaces and can thus aid in ishing between the two types of surfag
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APP!N
DIX 8.2
X MINERAL IDENTIFICATION IN SOILS
ry diffract
ton of woil ;“ fon l!nn probably contributed more 10 the minernlogicnl ; 4
Increasing| "ym M”‘"""” than any other single technique. ther echniques being
y used are infrared, electron spin resonance. fluorescence $ m?scopy.
L o ectrose opy- The simplest
ial to

differenti
n
and mn::"l thermal analysis, and x-ray absorptio
sl co - :
mmon is x-ray diffraction, which €xposes
ropriate me a
I\

cnaractcriza-

monog g
enters :;::;::, tic beam of x-rays from an app
atoms, Thc‘ rc':;mc' part of the beam is reflected by
the reflected 1 ccted beams are reinforced (intensified) at eac P i
ed beam has moved an integral number of wavelen before o
antitative ter S, reinforceme
(5.2)

flected
by the next plane of atoms (Figure 5.14)- In ¢

occurs wherever
ni = 2d sin8
d is the

detected €i .
h a rotating detector.
the crystal

r wit
lengths within
so only
has traveled

diation,
ly reflected

e detector.
detected

“:::;Cbz‘m an integer, 'A is the wavelength
ol :’cen successive layers of the crystal,
Phr}tol . ;“ the crystal. The loci of points can e
Radi graphic film placed around the iradiated sample ©

diation that has not traveled an integral number of wave

Serges and strikes the film or detector out of phase with other 1a
mi !'mna] film darkening or detector counts are recorded. Radiation that
an fDICng pumber of wavelengths within the crystal reinforces previous
rﬂ'dl.ation and produces strong flm darkening or a peak of counts in th
Differences in crystal repeat distances as small as 0.01 to 0.001 nm can be
particularly valuable for identifying soil col-
ification, and variations in their

by x-ray diffraction. The technique is
Joid types, their degree of interleafing or interstratl
s or additives. :
ith the het-

interplatelet spacings resulting from pretreatment
ve difficulty coping W
Is on soil

All the techniques to identify soil minerals ha
erogeneity of soils and with coatings of organic and weathered materia
t in a very large

particles, and have trouble d

etecting small amounts of a componen

FIGURE 5.14. X-ray reflection
2dsing = y), so that emerg is in pha
on is in phase.
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QUESTIONS AND PROBLEMS
L. Distinguish between primary and secondary mancrals, and give examples of
cach. Which minerals are more mportant 0 detcrmaning soal properties’

2. Which munerals are commonly found in the sand and silt fractions of soul” Which
are commonly found in the clay-sized fraction? Why?

3. Disunguish between ionic, covalent, hydrogen, and van der Waals bonding,
Which type of bonding predominates in silicate structures’

4. What ion dominates silicate structures?

5. Calculate the theoretical range in hole size between oxy _in-_hu:umdml
and octahedral copadination. Which cation . 3

7. What is a unit cell? How many unit cells are there in | mole of & pasticulac

mineral? i

8. Why is the phrase “clay rninaal"nﬁsmding.ynd\?hmmhhﬂmdm
describe phyllo minerals of >2 pm effective diameter?

e N , :

9. Distinguish be 1:1, 2:1, and 2:1:1 layer silicates by drawing diagram ot

their s
10. Explain how
(a) Interlaye

r charge influences the following layer silicate properties:




