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UNITED STATES DEPARTMENT OF AGRICULTURE

WASHINGTON, D. C. ‘!

NEUTRALIZATION CURVES OF THE -COL-
LOIDS OF SOILS REPRESENTATIVE
OF THE GREAT SOIL GROUPS

By M. 8. ANoEmsow, ehendst, aml Horaoe G. Byens, prineipul chemist, Soil
Chamisiry und Physice Research Division, Bureaw of C'hemistry and Soils
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INTRODUCTION

wtora numlil'pr of years the Bureau of Chemistry and Soils. as well
Elother instithitions, has been engaged in a study of the fundamental
Faracter of gpil colloids (4, 24).1 "The Soil Chemistry and Physies
dimsearch Division has been particulurly interested in a study of
ke relationship between the chemical eharacter of soil colloids and
¢4l morphology (3, /&, 10.30). In carrying out these investigations,
Eognized procedures employed in fundamental chemical and phys-

al research have been adapted to the particular problems at hand.
One of the tools of the physieal chemist, widely used in the study of
acids in general, is the neutralization, or titration, curve. The value
of such data in connection with soil colloids has been emphasized
by Bradfield (70), Baver (7, 8, 9}, Scarseth (57). Puri (47), and
others. Widely differing results have been abtuined.

The churacter of the acids of soil collaids is of great importance
scientifically because these acids wre progressively transformed
through natural agencies from their origin in the decomposing rocks
to their end in nearly inert materials, such as the Laterites, or into
soluble materials which are leached out. Agriculturally, the acids
are importunt because in their youth they control the nitrien( bases
held, later they influence the capacity of soils to take up and hold
lime and fertilizer bases. und finally, as they becomwe still weaker

' Iulle numbers in prrenthesey reder to Litornture Clied, p. 23,
§T334°—J0-—-1
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and more admixed with sesquioxides, they have a markedly detri-
mental influence upon soil fertility through their fixation of phos-
phate and other ions added with fertilizers (27).

Titration curves offer an additional avenue of approach to further
mnformation gegarding the acid and amphoteric behavior of the
colloids. Cha\_;acterismcs which have made the colioids resistant tu
change by natural processes, however, greatly complicate the inter-
pretation of whut would often appear to be relatively simple data.
That is, in any such studies, it must be borne in mind that we are
dealing with substances which are for the most part amphoteric
and essentinily insoluble, with their acid salts, or, in some cases,
with the acids themselves. The highly immobile union is capable
of only very slow diffusion, and the micelles possess the properties
of semipermeable membrancs, through which membranes a consider-
able part of the bases are not readily moved. 1n spite of the obstacles
presented by the nutwre of the material, however, it is felt that
muech valuable information may be obtained from the aecid-base
relationships. Particularly important is the fact that titvation curves
express base-exrhunge capacity over a broad range of pH values.

Almost as soot: as suitable methods of mensuring the hydrogen-ion
concentration of soils had become known, investigations were re-
ported regarding the butfer action of coils to both acids and alkalies,
Some of these data are presented in the form of titration curves;
in other cases the data, although adequate for expression in this
form, are given in tabular form. In most cases the starting point
is the unaltered soils of varying pH values and varying degrees of

saturation. In most cases the mechanical composition of the soil
is not known except es roughly expressed by its textural class-
ification. Interpretations of soil-titration curves in terms of their
colloids are usually very unsatisfactory, hath on aceount of omission
of information regarding the ;luuntity of colloid present and Iack

of knowledge of the character o
of the colloid itseli.

It seemed, therefore, of considerable importunce to attack the
problem through the use of electrodialyzed colloids, in order to relate
differences in colloid character us shown by titration curves to the
soil-classification system and to the composition of the soil colloids.
The minimum pH values of electrodialized soil colloids vary with the
chemical character of soil colloids (3). Such data are also included.
For purposes of this investigation, colloids are used which were
obtained fromn typical profiles from the great soil groups. The chem-
ieal and mechanical composition of each of the soils and the chemical
composition of the colloids are known.

Titration curves for the butfer action of whole soils are sometimes
in general agreement. However, this is by no mneans aiways the
case. The lack of concordant results by different investigators is
probubly due in part to variations in procedure and in part to the
widely diflering character of the soils studied. Trom reports cov-
ering a considerable number of investigations, certain generalizations
regarding the more important features of the work may be made.
Regarding the influence of colloidal muterial upon the bufter capacity
of soil, the work of Kuchinskii (36) uppears to express fairly gen-
era] experience. He states that the illuviated lorizons have the
highest buffer capacitics and eluviated horizons the lowest. When

the noncolloidal material, or, indeed,
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clay particles are removed from soil, the buffer capacity of the
residue is practically zero. On the other hand, Myers and Gilligan
(48) feel that such a general statement is not tenable. The buiter
capacity of orgamic matter is ordinarily very high, much higher
than for clays {6, 20, 21, 29).

The reaction of any kind of allcali with a soil takes place much
more slowly than ordinary reactions between substances entirvely in
solution. Results vary somewhat, but, in general, it appears that
from 6 to 72 hours are necessary to reach an approximate equilibrium.
"The time required increases as the systems become more alkaline; 24
or 48 hours are time periods frequently used (50, 56, 57, 58).

The time required to resch a constant pH value is considerably
shortened when some soluble neutral salt is present, but the presence
of the nentral salt produces a system distinetly more acid than when
equal quantities of alkali solution alone are added (7, 24).

Soil-titration curves vary widely (35, 55, 57). Some investigators
have found fairly definite breaks in the curves at or near pH 7 (8, 26,
32, 44), while others have found breaks at widely varying pH values
or in many instances no significant breaks at any pH (21, 49, 52).

Much of the literature dealing with titration curves of whole
soils is not readily applicable to the studies reported here, but the
references cited above, together with a few others {38, 53, 61), ave
of definite significance as pointing to the results which may be ex-
pected from soil colloids taken alone (72, 42, 61).

EXPERIMENTAL PROCEDURE

In view of the fact that the reaction between inorganic soil colloids
and alkalies is slow and that considerable time must be allowed for
each increment of base to react before pH determinations are made,
the method used in malking soil-titration curves is necessarily arbi-
trary in several respects. Some variations in results should be ex-
pected from changes in technique. It is thought, however, that this
procedure, when all things are considered, is well suited to the
problem at hand.

The colloids were extracted from the soils by the use of a super-
centrifuge and without the use of a dispersing agent, with u few
exceptions, which are indicated Iater. The samples were concen-
trated and air-dried in a conventional manner, then ground to pass
a 50-mesh sieve. The puiverized colioid was added to water and
electrodialyzed, using an improved Mattson-type cell (39). When
electrodialysis was complete, the colloid was dried on a slow steam
bath and again ground to pass a 50-mesh sieve. In n previous in-
vestigation u colloid suspension, standardized as to weight, was nsed
{(4). Material in a state of suspension is in some respects more
desirable for purposes of electrodialysis and subsequent titration
than 1s the air-dried product. However, certain disadvantages
made suspensions unsuitable for use in the present investigation.
On long standing, suspensions may undergo certain alteration, par-
ticularly when organic matter is present. Furthermore, many of
the samples used were subsamples of materials previously analyzed
g,hnd reported. These samples had been preserved in an air-dry con-

tion.

Samples of material to be tested were weighed and placed in 60-cc
Erlenmeyer flasks. The quantity used in esch flask tas ordinarily
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the equivalent of 1 g oven-dry weight, but this varied in special
cases, particularly if the material in a dilution of 1 to 10 formed a
mass with inconveniently high viscosity. Varying quantities of
boiled distilled water were added, the final volume in each case heing
about 10 ce,

To the first flask was added water only. To the second, 9 ce of
water and 1 ce of a 0.1 N solution of sodium hydroxide were added,
to the third, 2 cc of alkali, and so on until the alkali was snfficient
to bring the suspension to at least a pl of 10. When more than
10 cc 0 0.1 N sodimm hydroxide was required, a more concentrated
sclation was substituted. If less than 1 ce of alkali is required, a
solution morve dilute than 0.1 N is prefernble. The number of
sanples mecessary to establish a suitable number of points varies
with the character of the material. Ordinarily about 10 are suffi-
cient. The samples were tightly stoppered and shaken at intervals
for a pericd of 36 to 48 hours. A part of the suspension was then
transferred to an electrode vessel and the hydrogen-ion concentra-
tration determined.

The earlier determinations of this investigation were all made with
a hydrogen electrode, using a bubbling-type electrode vessel. Dur-
ing the progress of the work 2 glnss electrode set-up was completed,
which was found to be much more satisfactory in certain cases, par-
ticularly where the manganese content of the maferial was high.
In many cuses, none of which is indicated, the samples were run by
both methods. TUnless some interfering factors were operative the
results by the two methods usually agreed within 0.2 pH. Mangy,
but not all, determinations were made in duplicate. Agreement of
duplicates varied with the character of the colloid, but in most cases
the varialion was not greater than 0.2 pH.

The results are expressed graphicaily by plotting the milliequiva-
lents of sodium hydroxide per gram of material as absecissas and
pH values as ordinates.

If the first series of determinations did not exrry the pH values to
10 or higher, or if the initial concentration of sodinm hydroxide
markedly increased the pH. n second set was run, using greater or
less quantities of allali, as the case required. Furthermore, 1 definite
breaks in the earve were not shown, but the possibility of such was
indicuted, additional samples were run, using smaller Increments of
alkali over a particular range to determine whether or net such
breaks occurred.

In some cases where the orpanic matter was high, the bulk of it
was removed by treatment with hydrogen peroxide in a conventional
manner (45}, This treatment, when used, is indicated in the legend
of the graph. There is some question as to whether a minor altera-
tion of the properties of the inorgsnic colloid takes place on this
treatment. Several tests indiczte thuat the effect, if any, is negligible
unless allali or a considerable amount of some other electrolyte is
present, in which case alteration may be appreciable.

DESCRIPTION OF SOILS

In most cases the soils used in thie investigation have been or will
be described in other publications of this Bureau, Only brief de-
scriptions covering the most pertinent information are given here of
samples, the full descriptions of which appear eclsewhere. Each
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profile, with the exception of the Crribou, was collected by some
member of the Soil Survey Division, aud is representative of the
great soil group indicated.

The terminology for designating vertical sections of soilg is that
used by the Soil Survey Division. When, in the judgment of the
collector, the morphologieal relationships justify the terminclogy A,
B, and C for the horizons, these are used. However, sometimes,
particularly in Pedocal goils, the morphological relationships are not
readily distinguishable. In such cases vertical sections are numbered
from the surface downward.

Some of the profiles, particularly certain of the Podzols, were col-
lected several years ago. Since that time the nomeneluture for hori-
zons hag become more explicit. Profiles previously studied do not
in all cases have horizon designations in conformity with the rules
which from now on will be uniformly applied.

Pedocal soils are represented by o Desert profile and by a Cher-
nozem. The Desert soil is & profile of the Pima clay adobe, 2 miles
trom the college furm near Mesilla Park, N. Mex, (75). The area
is unirrioated virgin soil. The horizons ave based primarily on fex-
tural differences. :

Horizon 1, O to # inches.  Clay adobe, dark brown.

Horlgou 2, 9 to 28 inches,  Clay adobe, dark brows,

Hovizon, 3.20 to 41 inches.  Silfy clay, lighter than the Juyer sbove.

Horlzon 4, 41 (o 45 inehes, Chiy very much like stvface

The Chernozem profile is Hastings silt loam {from Sherman County,
Nebr. The annuai rainfall of this section is nbout 25 inches (16).

The Carrington profile is from Buchunan County, Towa, and Is
typical of Prairie soils (78). The annual rainfall of this section is
about 33 inches. This profiie was collected 1 mile southwest of
W’I inthrop. The area had not been cultivated. The description
follows:

Horizon A, O b 3 inches, This malerin! is o very dark grayish-brown loose
wellow granuday boam, and contrius ueh sit. X6 Torms o turf Toosely
held by grass rooks,

Horizon Aq, 3 o 13 Tnches. A very dark grayish-hrown fine goinular jogm,

Horizon By, 13 to 22 Inches. This is o transition Inyer ranging iu color from
very dirk in the upper portion fo hrown in the lower. IL represents the
transition from the surfnee soil to the subseil, It iy imperfectly gmreabu-
far iy the upper portion and soructoreloss in the lower,

Horizou Ik, 22 to 43 inehes, This iz o browa lonm, slightly henvier in lex-
ture than the layers ghove. There is no carbonede present.

Hovizon 3, 43 to 70 wiches. Browu ciny loam silotehed with yollow aud
rusty brown, shreaized by oceasionul davk toppuies. A Tew houlders and
gravel are pregent. This s (e parlly decomposed parout deity, lonchod
ol ifs earbonates.

The Mianu profile is charseteristic of the Gray-Brown Podsolic
group as it gcours west of the Appalachian region. The sample used
was taken in a virgin area in Grant County, Ind. (#8}.

Horizon As, abeud 134 inclies thick. A very dark hrowsish-gray silt fosm

hizh ju organie magier

Horizon A, 134 {o § incios.

Horlzon B, 113 {o 2334 inches. It is & bownvy brown pinstic silty cley.

Horizon C, 27 to 48 inches.  Consists of rather ed inadinm-toxtured enlegre-
ous 1 of lute Wisconsin nge.

The Muskingum soil is another example of the Gray-Brown Pod-

zolic group, but shows less evidence of muaturity than the Miami
series. The sample wns tuken near Zanesville, Ohlo (47).
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Horizon 1, 0 to T inches. Light grayish-brown to yellowish-brown silt leam,

Horizon 2, 8 fo 13 inches. Yellow silty cluy loam.

Horizon 3, 1d top 24 inches, Compuct yellow silty ecluy, wmobtled with gray.

Horizon 4, 25 {0 46 inches. Tight reddish-yveliow silty clay, slightly mettied

with gray.

Horizon 4, 47 Lo 72 hiches. Heuvy Jdense gray einy.

The Ruston soils are Red lateritic soils of the coastal plains. The
profile studied was taken near Cuthberg, Ga. (18).

Horizon A, ¢ to 14 inches, Yellowish-red loamy sand,

Horizon B, 14 to 40 inches. Yellowish-reqd frinhle sandy cluy.

Hovizou . ecollecied to a depth of G0 inches. MotHed and sireaked Lghi-red,

yellow, and grayish-yellow sundy clay matorial,

The Nacogdoches very fine sandy lonm is a sample from the Red
or lateritic soil group.® It wag taken 16 miles east of Nacogdoches
r . . T + ) . L f
Lex. A total of nine horizon samples were taken, but only four o
them are included in this study. Some of them were closely similar
m appesrance and in chemical composition,

Hovizon 1, 0 to 8§ inches. Dark duli brownisb-red fine suudy lowm.
Horizen 4, 60 to 72 inches. Red and yellow motticd friable fine sandy loan.
Horinon G, 108 to 182 inches. Reddighi-yeliow compact friabie fine sandy loam.
Haorizon 9, 180 to 372 inches, Duark green or grectiish black, hardened com-
pact mpde ) of greensand mnrl,
Single borizons were used of 1 Columbiana soil from Costa Rica
{18} and of un unnamed clay soil from Hawaii.
Three profiles of typical Podzol soils are included.
The Guribou loamn nrofile was tuken near Presque Isle, Blaine (18).
Horizon Ay, O to ¥ inch.  Composed of block pellets.
Horigon Ay, % to 2 inebes, A gray laver,
Horizon 15, 2 to 4 inches. Tas rich-brown color,
Hovizon B., 4 te 6 inches. Rright yellowish brown., Heavier than the B,
Horvizon C, 8 fo 24 inches. Hos u greenish blae-gray color and is composed
ol unweathered glacint drift,
The Au Train sand is o Podzol derived from almost pure sand
{18). It was collected in Luce County, Mich. The horizons are
described thus:

Horiyup A:, O Lo 2 inches.  Lesf litler and wmold,

Horizou Az, 2 to 10 luches,  Gray sand,

Horvizon B, 30 fo 12 inches.  Very dark brown loamy sand.

Horizon B, 12 ro 40 inches. Yeilowish or reddish-brown sang,

Horizon ©. Conilained se lithe eolloidal materind that itz oxtriuction was

impractienl,

The Trenary sandy loam from Alger County. Mich., is an excellent

example of a typical Podzol. The horizons are described as follows:

Horizon As, O Lo 2 inches. Lealmold,

Horigen A, 2 {0 8 inthes.  Lavender-colored medium sand to leamy sund,

Horlzon 13, 8 {o 20 inches. Lighi-brown or suuffcolored sandy loam. This
is the ortstein but is only very slightly cemented,

Heorizon O, 20 lo 40 inches, A transition lsyer, motlied gray, yellow, and
brown, stighity cemented fo clayey sandy lonm,

Horizgon G, 40 to 60 inebes.  Yellowish-brown lostuy sund, stighfly cemented
in pinces.

Hotizon Co, & Teet 4. Rueddish to pinkish sundy ¢lay, Phis is the pavent
wmntevinl.

PREPARATION OF MATERIALS

Colloids were prepared from_cach of the soils aceording to the
procedure generally used in this Bureau (74). A few were prepared

* This Noeopdechos peolile is closely simblae to, but pet identies) with, the ohe referred
to by Middieton, Slnier, wnd DByevs (5.
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especially for this invesbigation; most of them were prepared in
connection with other investigations, and their chemical composi-
tions have been published in the various bulleting cited. Data for
the Trenary profile have not been previously published. The me-
chanical analyses of the various horizon samples are given in table
1 and the chemical analyses in table 2. The chemical composition
of each of the colloids used in this study is included in table 8. In
each case the colloids were clectrodialyzed to remove the exchange-
able bases. The cathode dialysates were analyzed, and the anode
dialysates analyzed for sulphates and Eh.osljhates. Analytical re-
sults of the dinlysutes are given in table 4. Electrodialysis is &
very satisfactory method for preparing hydrogen-saturated soil col-
loids, but the cathode dialysates obtained are not altogether satis-
factory for the analysis of exchangeable bases. The time required
for dialysis varies for different colloids, and with some samples prob-
ably more of the bases, ordinarily nonexchungeable, are removed
than is the case with other samples requiring less time. Further-
more, in moest cases the membranes become Impregnated with in-
definite quantities of the insoluble buses, such as magnesium
hydroxide, and with sesguioxides.

The reintionship between the tolal quantity of each base constitu-
ent and the amount rammoved by electrodialysis is also given in table
4. These relationships are highly variable and are not greatly dit-
ferent in general from: those previously observed (8). Specific cases
will he discussed further in connection with the consideration of
acid-buse relationships of the various colloids.
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TasLe 3.~—Chemical composition of soil colloids used for neulralization curves
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TABLE 4.—E:bchaﬁgeable and nonéxchangeable monovalent and divalent bases in colloids !
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Where chemical analysis showed any considerable amount of or-
ganic matter, this was removed from a portion of the sample by
hydrogen peroxide treatment in a conventional manner, Titrations
were ﬁlen made on electrodiniyzed samples before and after the re-
moval of organic matter.

TITRATION CURVES OF SPARINGLY SOLUBLE ACIDS

Before taling up the titration of the soil-colloid acids, it is well
to consider the behavior of related substances which should be help-
ful in interpreting the soil data. The titration curve for phosphoric
acid with its pronounced breaks corresponding to the neutralization
of the primary and the secondary hydrogen atoms is one of the best-
known examples of a curve showing polybasicity of an neid (23,
Ed. 2). Certain other soluble, strong, polybasic acids, such as sul-
phuric acid, according te the work of Enklaar {26}, show no per-
ceptible break on neutralization of the primary hydrogen atom. In
order to have data for comparison, titration curves were made of two
polybasic acids, of definite composition and of very low solubility.
Tungstic acid, H,WO,, and mucie acid, {OH)},C,H,(COOH)., were
selected. In each case commercial prodacts sere subjected to elec-
trodialysis until practically free from bases, Titration curves were
made in the uswal manner, vsing U2 g of acid in each case instead
of 1 g, as in the case of scil colloids. Most of the solids dissolved
as the sample became alkaline.

Data for a group of other inorganic and organic substances
definitely related to soil colloids are included for the purpose of
comparison with the soil colloids. These are silicic acid gel? alu-
mpm hydroxide,* ferric hydroxide,® bentonite colloid, a colloidal
product of halloysitic material,® and a synthetic silicate gel’

The organic colloids used include humic acid extracted from the B
horizon of Trenary soil, artificial humic acid prepared by the action
of sulphuric acid on sucrose (87}, and Iignin prepared from corn-
cobs® A dilution curve was made by adding sodium hydroxide
solution to water and treating in the sume manner ss when soi} col-
loids were present.

aSitiele nei¢ was prepared by trenting 2 solntion of sodivm sillcate containing nbout 15
r of silien per Hter with gllute bydrochioric acld. Wihweno Jistiactiy ackd it wos nllowed fo
sfand overnight, then fiitered by means of Pasiege-(Olamberinmed fAlters and washed to
reduce the splt contont. I was Then ovaporated slowly to deyness, proumd to a fine
powder, praln weshed, nnd eclectrodinivzed. A pore snlsfactory produet woald be
Tormed 1f it wore never allowed te aiv-dry.  However, the produstion of any conslderabie
quantity of meterin] of high perity in this manrer {nvolves nn abmost intncminable
PrOCCSS,

P Aluminowin hipdroxide wos prepared by adding amtvonivn hydroxide fo a selution of
aluminum chloride. This was washed and electrodlalyzed befors belng Uesily drled for
usg,

& Ferric bydroxide wos prepated in o mabnor shailar to that nsed for aluminum
hydroxide. Gne sample was prepered, however, which wias never allowed fo dry.  About
4 woeks of continnous electrodinlysiy were reguired to reduce the ¢hloride vantont of the
anode dinlysates vo a lrace,  This test was made afrer the cureent was passed through
for & period of 24 honrs, The materinl wns then ' omogenized Ly deawing it through o
finvly perforated Gooelr crucible, This coucentrad .o of tho snspeusion was adjosted so
that 20 cc_contnined about 1 g of dry ferrle byarexide.

®This gollnid, iseinted from o notural deposit, had a chemicnl composttion correspond-
ing very m!ui.'i}' Lo the Tormuolp ALOLERIOWZFL0 (33, An Nerny examination by
8 B. Hendricks, of the Ifertillzer Resenceh Division, showed a ceystaliine strueture
similar to bat not identical with o fype speclmen of halloysite.

!Tia wel wns prepared by mixing logetber solubtions of aluminum chiprlde, ferric
chioride, obd setlum sllicgte. The gel had been washigd and deled, awl way severzl years
old when electrodlalywed Tor use, The sillea-niomine ratio woas 8.1, pnd the siliea-
wegquicxide ratio 5.8, An N-rny exnmination showsd to crystelline stroctiures,

2This sampie of lignin was prepared by Max Phlllipy, of the Industrini Farm Produets
Regenrch Division,
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The titration data for the various coiloids are presented in the
form of point-to-point graphs rather than us smooth curves. Curves
for the miscellaneous colloids described above are shown in figure 1
i three groups, each group having a scale adapted to the magnitude
of allkali wsed and pH change. o

The slightly soluble dibasic acids of definite chemical constitution
each gave titration curves similar to those of relatively strong
soluble monobasic reids with little or no evidence of their polybasic
character. This serves to emphasize thut the existence of polybasic-
ity is not necessarily detectable from the character of a titration
curve. On the other hand when two or more breaks oceur their
presence is strong evidence of polybasicity.

The dilution curve for sodium hydroxide is in general harmony
with similar dats presented by Bradfield (11). The new data. are
presented because details of procedure were identical with the pro-
cedure used when soil colloids were being titrated. For this retson
they will be of value for comparative purposes Inter., 'The dilution
curve shows pH values just a little lower than calenlated theoretical
values, whicll are not recorded here. The opportunities for earbonate
formation readily account for this difference, The weak buffering
effect of silicic acid in the slightly alkaline range and relatively
strong buffering in the more strongly alkaline range is in harmony
with previcus work (17).

The curves for aluminum hydroxide and ferric hydroxide were not
highly satisfactory when carried out in the manner used for soil col-
loids. They are so slightly buffered that in the pH range below
about 10 small quantities of impurities have » marked influence upon
PH values. It is very difficult to remove the last traces of diffusible
anions from these gels, hence the possi hility remains that some small
part of the apparent buffering may have been due to the formation
of sodium chloride. Several samples of material were prepared, and
the results did not agree closely. However, an average was not taken,
but the data for the sample thought to be purest are those recorded.
The behavior of ferric hydroxide resembled that of aluminum hy-
droxide a little more closely than would be expected in view of the
greater amphoteric character of the aluminum compound.

The important feature, so far as the present investigation is cou-
cerned, is brought out by the fact that hydrogen-ion concentrations
of very dilute solutions of sodium hydroxide ave but little changed
by the presence of either aluminum hydroxide or ferric hydroxide,
and that some other eonstituents of thé soil colloids must be respon-
sible for practically all their buffer effcct.  Considerable significance
attaches to the behavior of alumina and ferrie hydroxide, particu-
larly the letter, becanse of the probability of their presence in the
colloids of certain of the maore highly leached soils.

The colloid of the halloysitic material, with its weall ¥ acidic char-
acter,” stands in marked contrast to the strongly acidic ¢haracter of
the bentonite colloid.

" Strength of aceld is nzunily oxpressed In fovme of degree of dissocigiion of witerind in
aolullon, — A wore Inelusiva 1o is ahviously dosirnble tor expression of o compnrison of
the aeld cltrncteristics of eolloidnl or very sliehily soluble arids, Ok {25, d, 8], In
hiz treatise on hydrogen-ion voncentraijon, enlis aiientlon Lo the taet "¢ # %7 fiimee is
a0 way to eill forth "the eharacteristle ‘acld® pwopertios of mxtremely wenlt aclids excepr
to atlock them with buses * % &7 In this Lullelin nelg vharacter will ba rogardetd
ns includlng not only the pIl values of the colloldal acids, but nlge the hydrogen fons
brought into activity on aoditlon of i bage,  Thir gomowhat indeiindte expression {8 open
to some eriticism, but it Is folt 1lnt ity use wil tre more Lelplut te the reader thun un
nttempt to discuss separately, 1o edch cuse, bytrggetlon coneeniratjon, Luffer ellon, i
hage-exelange enpaclty.
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The synthetic silicate gel showed inarked acidic properties. In
general, however, it was less acidic than bentonite and diffeved con-
siderably fromn bentonite in behavior with bases, Synthetic gels
have previously been shown to vary in base-exchange capacity with
changes in the silica-sesquioxide ratio {(4¢). Iu tlus case the non-
crystalline silicate el showed acidic character similar to that of the
presumably crystalline product from bentonite, Humic acid from a
Podzol soil was much more acidic than either the synthetic humic
acid product or the lignin preparation used. Humic acid showed
acid properties comparuble in some respects to mucic ueid or tungstic
acid, but 1o breaks in the titvation curve were evidenced. This is in
accord with the generally accapted iden that the so-called humic acid
of soils consists of a group of acids rather than a single compound.

TITRATION CURVES OfF SOIL-COLLOLD ACIDS
Neutralization curves of the various soil colloids are assembied in
figures representing in each case a comnplete or nearly complete pro-
file. The graphs ure divided in such a way as to facilitate tranglation
of the laboratory determinations from them.
PEDOCAL SOILS

Titration curves for the Plina clay adobe soil profile are shown
in figure 2, and those of Hastings silt loan in figure 3.
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Froune 2 —Lilration curves for colloids of o Desert sall proifle, Pimag series;

There is no essential difference in the character of the iitvation
curves of the colloids of the Phua and Hastings profiles. In each
case the colloids are of relatively strong acidic character. They are
sinilar te, but distinetly weaker than, the acid of bentonite. The
Pima and Hastings colloidal acids show wenker ncidic character than
the humie acid prepared from soil and somewhat weaker than Lignin.
The relatively strong acid character of the organic matter, as com-
pared with that of inorganic soil colluid, is indiented by the fact
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that in the more alkaline range the curve for the untreated colloid
lies in each case distinctly below the one for the corresponding mate-
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Fiarre 4, - Pitention envves for colloida of n Chernosein soil profile, Mastings series.

rial after hydrogen peroxide trealment. In each case there is some
evidence of a break in the curve in the region just above pH 6. but
this tendency is not very marked.
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Uniformity of material throughout the profile characterizes each
of these soils. This 15 in harmony with the chemical compositions
of most of the Pedocal soil colloids previously studied and with
their general character,

PRAIRIE AND GRAY-BROWN PODZOLIC SOILS
The titration curves of the Prairic soil colloids shown in fipure 4

differ but slightly from these of the Pedocals. They show u little
less base-combining power, « property which is in harmony with their
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shghtly more advanced stage of development. In the Praivie soils
organic matfer in the upper horizon is an important factor, and its
influence upon acidic character is rveflected by a very significant
redaction in base-bolding power when it is removed.

The two profiles of the Gray-Brown Podzolic group differ widely.
Such a difference was expected in view of the known differences in
the degree of maturity of the two profiles. The Miami profile,
whose titration curve is shown in figure 5, represents a typical mature
profile of this group. Its location is well to the west of the area

87314°—36—=3
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in which this group of soils is dominant. The Miami colloids are
similar in many respects to those of the Prairie group. in fact,
from the standpoint of chemical composition und coiloid acid be-
havior, they resemble the Prairies more closely than they resemble
colloids of less mature proiiles of the Gray-Brown Poduolic group.
The Muskingum profile, whose titration curves are shown in figure
8, is representative of the less mature solls in this group.

The Mimni and the Muskingum profiles present similaritios ag
weitl as several sharp contrasts. In the first place, the Miami soil
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is derived from culeareous glacinl (1! containing carbonate, un
apprecinble amount of which is present in the C horizon. The
Muskingum soil is derived also from glacial till, but it is noneal-
careous. Both have o relatively high feldspar content, which is
indicated by the high potassium content of the colloid.

The potash is not greatly different in the parent material of the
two profiles. The soil-ninldng processes, however. have proceeded
to a markedly different degree in the two cases. The exchangeabla
bases of the Miami colloids bear a relationship to the total content
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which is similar to that frequently found i soil colicids. About
70 to 85 percent of the total cpleium and a small awmount of the
potassium are in exchangeable form (table 5). In the Muskingum
only about 20 to 40 percent of the total calcium is in exchangenble
form, which is inoderately less than in the Miami. The total ex-
changeable buses of the Miami are approximately double those of
the Muskingum. This difference is reflected in the titration curves
of the two soil profiles.
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A comparison of the colloids of these two profiles is of more than
ordinary interest. because it iHustrates particularly well a relation-
ship between tofal bases, exchangeable bases, and fundamental col-
loid character in a major soil group, which group shows considerable
variation between certain soil series. It is well known from pre-
vious work that the propartion of total bases in exchangeable form
varies widely for the different bases and the exchangeable portion
of any particular base varies greatly in the colloids of different soils.

The major constituents of the Miami colloid differ significantly
from those of the Muskingum. The silica-alumina ratio and the
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silica-sesquioxide ratios of the former are distinctly higher. On
the other hand, the total bases of the two profiles show but little
difference, The proportions of the total bases in exchahgeable form
are greatly different in the two profiles, and the titration curves
reflect these differences, since the nonexchangeable buses ure essen-
tially jnert. While not of immediste influence, the monexchange-
able bages ure n source of great potential importance, not anly to soil
fertility but to the hehavior of the colloid acids.

Proebsting (46} and others have called attention to the fact that
« part of the nonexchangeable potassivm. of soils may be uvailable
to plants. The work of Kelly, Dore, snd Brown (33) shows
cleariy that the nonexchangeable portion of Lentonite and certain
soil colloids may be rendered exchangeable by grinding in a ball
mill, and also that the X-ruy diffraction pattern of the colloid dis-
appears on prolunged grinding. The possibility of changed reac-
tivity resulting from snch drastic comminntion is of course murked.
In order to obtain some idex of the nunner in which conversion of
part of the nonexchangeable bases into exchangeable form aftects the
nppurent choracter of the colloid ncid, a sample of electrodialyzed
Muskingum colloid wag ground ry in a ball mill for about G days,
when it was aenin electrodinlyzed. This time about .19 milli-
equivalent of titrable buses per grant of colloid was removed, which
was about 30 pereent of that vemoved by the first electrodialysis.
The titration curve for the ground material is included in figure 6.
It will be noled that the curves for the colloid before amd after
grinding are nearly identical up to about pH 7. At higher pH values,
the material after grinding has mueh greater buffer action than be-
fore grinding. In this investigation ne further attempt has been
made to study the neid properties of drastically treaterd colloids,
but this single experiment is recorded beeause it sets forth in a
definite way the fact that the reactions of soil colloids may involyve
only a small part of Uie material included in the total analysis.
ITowever, insofur as seil-colloid behavior is concerned in the field,
it appears that primarily only the renctive surface portion s of
immediate importance.

The wide difference in the character of the titration curves of the
Miami and the Muskingum colloids Is in accord with the divergence
of properties within thig group shown by other methods, In the case
of the B3 horizons, for instunce, about 0.28 milliequivalent of allkal:
per gram was required to produce pH 7 in the Muskingun and about
0.35 milliequivalent in the Miami. At pH 10 the differences were
greater.  The alkali requirement of the Muskingum at this point
was ubout 048 wmilliegquivalent, while the corresponding value for
Miami was about 0.75.

LATERITIC AND LATERITE S0ILS

Several Lalerite soils from tropieal latitudes have been studied in
ihis Division.  These had veey low silica conteuts, and in wmost cases
the silica-aluming ratio was approximately 1 (#8). Single horizon
samples from each of these profiles were used for titration experi-
ments.  Titration curves for the lateritic Ruston profile are given in
figure 7, the lateritic Nacogdoches prolile in figure 8. and the Luterites
i figure 9.
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The chemical compositions of the colloids of these soils reflect the
extensive weathering and Jeaching they have undergone. In spite of
their extensive weathering and leaching, however, deep horizons of
the Nacogdoches profile are still markedly influenced by the char-
acter of tﬁe parent material.  The silica-alumina ratio of the colloids
of each horizon of the Ruston profile is very close to 2, which is that
of kaolin or of partiully dehydrated halloysite. It is well known
that the colloids of such materials in general show very low values
for such determinations as heat of wetting and the absorption of
various materials. Reference to figure 1 shows the weak acid char-
acter of this class of materials. The presumption is that the Ruston
volloids, freed from organic mutter, give titration enrves of the same
general character as the one for halloysitic colloid if they ave similar
i constitution.

The Nucogdoches profile is also of a distinetly lateritic character.
The silicu-sesquioxide ratios of the two upper” horizons arve some-
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what lower than those of the Rustons while the silica-alumina ratios
are moderately higher. Several of the horizons of this deep profile
were anatlyzed.  Some of them were omitted becuause their appearance
and chemical compositions were so closely similar. The five horizons
above sample 5033 were all closely similar.

The chavacter of the eolloid acids of the Nacogdoches profile is
closely in line with what might be expected from their chemical comi-
positions. They are wenk. but they are stronger thun those from
the Ruston soil and require x little more alkali to produce « pH value
of 7.0. The general slopes of the curves of the Ruston and Nacog-
floches are similar, each rising rapidly with the addition of ginall
increments of alkali. An_ interesting relntionship of chemical com-
position to behavior of colloid acid 1s shown by comparing horizons
4, 6, and 9. The upper horizons are representative of the soil formed
m this region. Horizon 6 has n markedly different composition from
that of horizon 4 or 9. In horizon ¢ (he silica-sesquioxide ratio is
the highest of the profile, and the titration curve indicates the pres-
ence of a colloid in some respects of the most acidic ¢haracter in the
profile. In the colloid of horizon 9 the silica-alumina ratio is dis-
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tinctly the highest of the group. The alkali requirement at pH 7 was
not so high as in horizon §, while at pH 10 the alkali requirement was
much the highest of the profile. Borizon 9 is parent material eon-
sisting of calcareous greensand. Its pearly black color gives it an
appearance markedly” different from any of the horizons above.
Greensand is generally thought to contain considerable free colloidal
silica, and if such Is the case with this parent material, the character
of the titration curve is in harmony with its presence. It will be
noled in figure 1 that the curve for silieie acid shows that very liftle
alkali is required to produce a pH value of 7. but in the region above
pH 9. the buffering effect of silica is very strong. The organic
matter content of the Ruston und Nucogdoches profiles is very small
and was not removed.

PORZOL BOILS

The character of colloids from Podzol soils varies widely in dif-
ferent horizons of a profile. In cortain respeets they partake of the
nature of colloids of several other soil wroups. und in addition pre-
sent features not shared by any of the other groups. From the stand-
point of the mjor elements of canposition, represented by the silica-
sesquioxide ratio. the colloids of the A, horizon usually approximate
those of & Chernozem soil, the B3 horizon that of a Interitic soil, and
the C horizon varies widely with the character of the parent material.
Although the major clements show relationships approximating those
of the colloids of other gronps, it does not follow that the proper-
{ies are necessarily closely sinilar. In the A, horizon of Podzols the
pereentage of colloid is usnally very small, and the noneclloidal por-
tion is usually very highly siliceous. Under these circumstances con-
siderable colloidal quartz near the upper Init of particle size may
he expected to be present, and its relatively inert properties may be
responsible for nonconformity of colloidal behavior with gross
chemical composition. In the B horizon the high sesquioxide con-
tent, presumably translocated from overlying material, is réspousible
for u silica-sesquioxide ratio not greatly diflerent from those found
in the Red and Yellow lateritic soils. The properties may be con-
siderably different. however, due in considerable parc to the pres-
ence of organic matter and sesquioxides presumably concentrated by
fractionation in the process of transporiation.

In the present study the work with Podzol profiles was less satis-
fuctory than that with other groups for several reusons. In the first
place, the colloids of the A, horizons usually contuin but ittle dis-
persible inorganic colloid, and the small amount present is extracted
only by many extractions, using large sumples of soil. Then, too,
it 15 often diffivulf, i not impossible. to remove the organie matfer
without alteration of the inorganic portion. The mangancse con-
tent is frequently high enough to interfere seriously with the ac-
tion of hydrogen peroxide on organic wmatter. or the organic mat-
ter is particularly difficult to oxidize by this reagent.

The Au Train profile was the first of the Podzols studied. It 1s
a yood Podzol, but the O horizon consists alost entirely of sand.
In fact, only a slightly turbid solation corld be obtained by agita-
tion with water. It seemed not worth while Lo attempt a colloid
extraction. The A horizons have high silicn-resquioxide ratios, and
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the B horizons have very low ratios. It will be noted that the
organic matter content of each sample was very high; so high, in
fact, that it was difficult to obtain any idea of the behavior of the
inorganic portion. Titration curves for the Au Train colloids are
given in figure 10. The curves for the whole colloid show it to be
relatively strongly acidic. The buffering effect in the region above
pH T is particularly strong.

Removal of organic matter from these sumples was not satisfac-
torily accomplished with hydrogen peroxide. Data for one sample,
after most of the organic matter was removed, are given in figure
10, Tt will be noted in the curve for the unoxidized material that
PH 6.9 was reached after the addition of 1.0 milliequivalent of alkali.
After oxidation only 0.4 milliequivalent was required to veach this
PH value, showing that the orgunic portion is much more acidic than
the incrgunic.
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Fiernes 16—"Tiration curves for collofds of o Todzol soil profile, Au Tridn series.

Regults with the Caribon are far from satisfactory (fig. 11}. The
soil profile, although a well-developed Padzol, js very shallow. The
four horizons extend to a depth of only about 6 inches. The quantity
of soil from some of the hovizons wis very limited, und only small
coloid sauiples were available. Only the colloids treated with hydro-
gen peroxide are included. The ‘data are fragmentary, but are
thowght worthy of inclusion for comparison with the other two
Podzol profiles.

The A horizon shows the highest acid qualities. This is probably
due in Inrge part to the acid quality of (he inorganic colloid. Only
about 16 percent of organic matteér was originally present in the
colloid, and this was greatly reduced by hydrogen peroxide
treatments. '

The coiloid_from the C horizon has a much higher content of
potassium and magnesium than that found in the colloid of the
horizon dircctly above it. This indicates the presence. of a relatively
high conlent ol only slightly weathered minerals, The relatively
weak acidic character of this colleid, as compared with the other
colloids of this profile, is clearly indicated by its position in figure
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11. The titration curve shows distinctly the least acidic qualities of
the profile,

The Trenary profile is in some respects the best-developed Podzol
of the group studied. Orgunic matter is very bigh in the surface
colloid, 1s much less in the A;, and again increases in the B horizon.
The silica-sesquioxide ratio is high in the A, horizun, about the same
in the A, horizon, and much lower in the B horizon, and in the C
horizon it is considerably higher than in the B. 'This relationship
is the one most frequently found in typical Podzols. In this, as
well as the other Podzols, the caleium content is much higher in the
surface horizon than in any of the others. This is no doubt due to
bases taken up by the trees and left as decaying fovest litter.

The organic matter of the Trenary colloids was more successtully
removed with hydrogen peroxide than was that of most of the other
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Figune 11.—THration corves for collolds of a Podzol s0il profile, Caribon series.

Podzol samples studied. It was not so completely removed, how-
ever, as is usunlly the case with other groups of soils. An approxi-
mation of the final organic-matter content was made by deducting the
percentage of original ignition loss minus the organic-matter con-
tent from the jgnition loss of the treated colloid. The organic mat-
ter content of the untreated materials is given in table 8. Values
for organic matfer in the treated soils caleulated by this means are
as follows: Horizon A,, 5.4 percent; horizen A,, 1.1 percent; horizon
B, 3.6 percent; horizon C,. 1.4 percent. These values are of course
only an approximation, hut no method now in use is very satisfac-
tory for the determination of this class of organic matter residues,
the carbon content of which is not known.

The titration curves for the Trenary colloids given in figure 12
reflect the influence of organic matier and of inorganic colioids of
widely differing character. The A, horizon, whose colloid contains
about 43 percent of organie matfer, yequired about 1,0 milliegquivalent
of alkali to produce neutralily, and 2.0 williequivalents raised the
PH value fo only 8.8, When the organic-matter content was re-
duced to about 5 percent, only about 0.35 milliequivalent of base was
required {o newfralize the colloid, This value is distinctly lower
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than the corresponding quantity for colloids of the dry-land soils,
whose silica-sesquioxide ratios are somewhat lower than this one.
The admixture of colloidal silica with the other portions of the col-
loids of the upper horizons of Podzols is again suggested,

The second horizon, A, has about the same silica-sesquioxide ratio
as the A,. The organic-matter content is much lower, and the total
base content higher in spite of its strongly leached condition, The
presence of but slightly weachered silicious minerals is indicated.
The ulkall required for neutralization was much less than that re-
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Frovnk 12-—Titretion curves for collohls of a Todzel prelile, Prenwry seriea.

quired in the A, horizon. Furtliermore, there is but slight difference
in the character of the titration curves before and affer treatment
with hydrogen peroxide. It is apparent here that organic acids play
a minor part on account of the small minount present, However, the
sma]} percentage present is probably of relatively low equivalent
weight.

The B horizon presents some interesting features, The silica-ses-
quioxide ratio is only 1.89, us compared with 4.87 for the horizon
directly above and 2.87 in the horizon benenth, It isevident that the
accumulation of sesquioxide is very marked within the range of 8 to
20 inches. Accumulation of colloidal organic matter at this depth is -
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likewise marked. The percentage is 24.22, as compared with 14.68 in
the layer above and 1.87 percent in the lorizon heneath,

When the organic matter was fairly effectively removed, the re-
sulting celloid showed acid properties much more pronounced than
those of other colloids of similay fundumental compesition. Far in-
stance, about 0.45 milliequivalent of alkali was vequired to bring the
colloid to pH 7. The small percentage of orgunic matter was of
course responsible for a part of thig behavior, but the colloid reacts
more like one from a Prairie soil in regard to neutralization than
like nost of the more strongly leached samples whose silica-sesqui-
oxide or silica-alumina ratios are of similar magnitude. There is
good cvidence that these colloids differ in constitution from many
others of similar gross composition.

Evidence vegarding the constitu!.. n was obtuined through the co-
operation of 8. B. Hendricks of the Fertilizer Rescarch Division of
this Burean, who made an X-ray examination of the colloids of the
A, B, and C,; horizons of the Trenary profile. Each of these horizons
showed the pattern of ordoviciun bentonite or a mixture of mont-
morillonite and quartz. The A horizon showed a much more definite
crystalline charncter than the colioids of the other two horizons.
This was intexpreted as indicating a greater quurtz content than that
of the other horizons. The pattern shown is identical with that
previously found for A lorizons of Podzols by Hendricks and Fry
(28). In most other soils, however, theiv duta show the presence of
the halloysite pattern when the silicn-sesquioxide rutio is below 2,

In the Trenary profile the silica-sesquioxide ratios of the €, and G,
horiﬁons are higher than the B, but the acid qualities are moderately
weaker.

MAXIMUM HYDROGEN-ION CONCENTRATION

In a previous publication (2) attentionr was called to the fact that
the pH values of electrodinlyzed goll colloids vary with differences
in the chemical composition of the colloids ns well as with differ-
ences in degree of dispersion. The initial pH values shown in the
various titration curves (figs. 1 to 7) do not, in most cases at least,
represent the maximuwm hydroges-ion concentration, or as these
values are expressed, the minimwa pPH for the colloids. The con-
centrations of the snspensions used in each case were approximately
the same. However, the degree of dispersion of the air-dried col-
loids varied widely with the chemical and physical character of the
material. Also, the colloids were allowed to stand for indefinite
])eriods(wilile drying, thus allowing a come-back of pH to a varying
degree (2).

%rll view of the fuct that the colleids were all air-dried previous
to use in this investigation, an attempt was made to redisperse a
subsample from each of severnl of the colloids. Probably the most
satisfactory method for dispersing the dry sample would be the same
process by which they were originally separated from the soilj
that is, by tepeated agitation in large volumes of water, followed
by centrifugingz. In view of the fact thut a great deal of time is
required for this operation, a shorter and less satisfactory process
was used. The procedure was as follows:

From 5 to 10 g of air-dry electrodialyzed colivid was added to 100
cc of water. To this was added the calculated quantity of sodium
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hydroxide to produce a pH value of approximately 7. The material
was boiled about 1 hour, cooled, and electrodialyzed. When the elec-
trodialysis was completed g parf of the clear supernatant liquid was
removed from the sample in the dialyzer. The solid was then re-
moved with the remaining water and kneaded with a spatula, and a
little of the supernatant liguid was added until a nearly homogenous
material was obtained. The water content was adjusted to a point
where the viscosity was near the maximum suitable for pH deter-
minations by nieans of a hydrogen electrode. A pH determination
was made of each sample very soon after its preparation.

Results obtained by this procedure were neither so constant nor so
reproducible as are those ordinarily obtained for soil colloids. The
clear, supernatant liquid was abways of distinctly higher pH than
the suspension of previously dried colloidal acid. As the super-
natant Liquid, or pure water, was added, the pH value increased. If
the suspension was too viscous, the material could not be adequately
stirred at the surface of the electrode. The potential readings were
then unreliable.

A more or less arbitrary choice of concentration and viscosity of
the sample must be made. The determination of minimum pH is
seriously lacking in accuracy and reproducibility ; however, such pH
values are of real significance when their limitations are clearly rec-
ognized, Differences as great as 0.5 pIH are thought to be highly
significant. A group of minimum pH values was determined in the
manner described above. These are given in table 5.

Tance D—idfinhmwm pi valucs of suspensions of veriows clectrodiclyzed soil

volloids

- a1 | Bure- . | Moleculsr | Wini- - Sem- ;| Moleculpr |Mini-
Rm(iuﬁ{ eob | “hig Iig;" ratio §102 | mun ‘R'nfof’é cal- nle Hzg;" ratio BI0: |mum

na. FeaOrFAl:Oy) DI 1. FeyOy+AlTy| PH
] 3.43 2.5 | Trepary. .- 4580 | Ao 4.76 2.8
3 358 2.3 B[ T, 4584 Oy 2,45 3.7
Br 3.06 4.0 | Macogdoches_ ) 5031 4 1.26 2.5
- - 133 300 2.8 | Ruslofieocaeaan 102 B 1. 562 37
Carrington._ . ..| 10088 B 2,33 27| Columbiana___| 9804 i .81 4.3
Muskingum 1| T407 1 2,25 2.4 Do _____.|_ o8 i .81 3.8
Do Badg 3 1,97 2.8 | Waweiinnsoil_ | BI7ID 3 L4 1.8

1 11205 troated.

The data of table 5 show clearly that there is a general relation-
ship between the minimum pH values of soil colloids and their
chemical compositions. The colloids having low silica-sesquioxide
ratios give the higher pH values, and those of high silica-sesquioxide
ratio give the lower pH values. The relationship. however, ig far
from being one of close proportionality. The contrast between
the low pII values of colloids of high silicn-sesguioxide ratio and
the high values for those of highly lateritic ones shows very clearly
that acids become progressively less acidic as hydrolysis and leaching
proceed.

GENERAL RELATIONSHIPS

Neutralization curves of colloidal zeids from the various soil
profiles show certain similarities and certain marked differences.
It is possible in several cases fo distinguish the curves of one soil

-
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group from those of another, but some of the groups are too closely
related to show a clear-cut distinction. Figure 18 shows the titration
curves of colloids of corresponding illuviated horizons of a repre-
gentative of each of the soil groups.

The factors most helpful in distinguishing similarities and dif-
ferences are the following: Initial pH value of the electrodialyzed
material; the alkali vequired to produce pH 7: and the pH range
over which pH changes are most abrupt. The initial pH is of im-
portance only in a general way, since the stafe of dispersion of colloid
acids has an influence on pH values, as ordinarily determined. The
dispersion of undried samples of colloid is fairly uniform. but air-
Aried material may vary widely in dispersibility. Nevertheless, when
the colloids are well dispersed, the initizl pH indicates the gencral
character, since it is at its minimwn in colloids of hirh silica-sesqui-
oxide ratio or silica-aluminn ratio and at a maximun with the highly
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Taterized colloids. Organic colleids have initial pH values generally
comprruble to those of inorganic colloids whose silica-sesquioxide
ratios are high. The lateritic colloids have distinctly higher pH
values than the colloids of high silica-sesquioxide ratios, but such
intermediate groups as the Gray-Brown Podzolics and the Podzols
are highly variable. _

The quantity of alkuli required to produce pH 7 is an expression
of base-exchange capacity and is perhaps the best single criterion
by which to judge the character of the colloidal acid. The Pedocal
soil colloids requive abont 0.55 williequivalent per gram to reach the
neutral point, those from the Prairie soils just o Iittle less, approxi-
mately 0.5, and the Gray-Brown Podzolic group covers the range
from nearly 0.5 to about 0.2, which is uear the maxitnwm quantity
required by the lateritic colloid. The typical Podzols are highly
varinble, and no particular alkali requirement can be said te be char-
acteristic of the colloids of their profiles or cven of corresponding
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horizons of different profiles. The character of the inorganic colloid
is variable throughout the profile and widely different in different
profiies. The same general relationship between horizons is found,
however, in that the B horizon. has the lowest alkali requirement.

In working with soil-colloidal acids, it is important te keep in mind
that not all the material is involved in the reactions given. The
nonexchangeable base content is a highly variable part of the whole
of the bases. The exchangeable portion is as low as 5 percent of the
total in some cuses; In other cases more than 60 percent. Practically
the whole of the nonexchangeuble buses remains inert throughout
electrodialysis and subsequent neutralization. If the colloids were
ground in a ball mill or otherwise drastically treated, in most cases
the base requirement for neufralization would probably be signifi-
cantly increased. Colloids thus treated would then not be character-
istic of the soils from which they cume, but would reflect the influence
of this greatly nceelevated weathering action,

The type of curve over the whole range of alkali additions is the
most characteristic feafure which distinguishes profiles from one
another. Some groups are best characterized by the behavior in one
pH range, and other groups of colloids in another pH range.

urves for collvids of high silica-sesquioxide ratio differ funda-
mentally from those for colloids of low ratic. Those of high silica-
sesquioxide ratio rise slowly in pH with additions of alkali until a
point around neutrality, that is, between pH 6 and 8§, is reached. As
more alkali is added, the pH rise is more rapid, suggesting the neu-
tralization of a definite but wealk aucid ot a point avound pH 7. The
curve shows only the characteristics of a monobasic acid, but this
does not preclude the possibility of polybasicity with neutralization
characteristics compuarable to those of tungstic acid (p. 14).

Colloidal acids of low silica-sesquioxide rutio, such as those of the
Ruston soil serics, behave very differently from those of the dry-land
soils. The rise here is rapid on addition of alkali, There is 2 gen-
ersl deflection in the curve in » region around pH 8, but there is no
breal sharp enongh to give much evidence of the neutralization of
a single definite acid. :

The curves shown by the untreated Podzol colloids give no evidence
of the presence of a single definite acid, The material is perhaps a
mixture of wealk and relutively strong acids.  Their most character-
istic feature is that of strong buffering in the alkaline region, The
alleali-goluble humic acid extracted from one of tle Podzols showed
no marked brealt on titeation, but had aeld characteristics more
marked than those of any of the inorganic soil colleids (56). Such
organic colloid is so strongly buffered in the alkaline range that ad-
dition of 10 milliequivalents of alkali per gram does not raise the
pH value above 10.

Several investigutors have found wmarked brenks in the titration
curves of seil or soil colleids in the region around pH 7. The work
of Denison (25) emphasizes this churacieristic. Such behavior is
sometimes interpreted as indicating the presence of a sparingly soluble
true acid of monobusic character. The results obtuined by different
workers vary widely, however.  This variation is probably due in
part to differences in the kinds of materinls used, and in part to
their condition and to technique of neutralization. Mukherjee and
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Sen (42) found a single marked break, most pronounced in the
region between pH 6 and 8. Buradfield and Cowan (72) found some
evidence of two dissociation constants, while Puri (47} gives evi-
dernce that the acidoid of elay in a fully saturated condition behaves
like o tribasic acid.

There s no conclusive evidence from the data regarding the basic-
ity of the various collgids. Of the soil-colleid actds studied here, it
seems highly probable that some at least may be polybasic in struc-
ture and monobasic in behavior. In some cases the titration curves
show a distinet break Letween certain pH values.” Tu other cases
such evidence ig almost, if net euntirvely, lucking. Such breaks as
oceur show wide differences in degree of abruptness and are not
all found within the sanme pH range.

No one type of curve and perlaps no one compound can be said
to be characteristic of soil colloids. They cover the range of viria-
tion from the curve shown by a very weale acid, such as thut of the
colloid of halloysite material, or Laterites, to the type characteristic
of the much stronger clay acid, bentonite.

Comparison of the total exchangeable bages given in tuble 4 with
the basc-exchange capacity at different pH levels shown on the
various graphs brings out several fTaets.

In the Pedocal soil colloids the exchangeable bases are in each
case higher than the base-exchange capaeity for sodium made at
pH 7. This ig duc in part to the fact that in their nagural state the
pH values were above 7 and in part fo the fact that in many in-
stances a somewhat smaller ainount of sodium is required to attain
a particular pH than is the case with caleium or magnesium. The
colloids whose natural condition i= ncid of course roquire more
equivalents of alkali to praduce pH 7 than are found in the sum of
the exchangeable bases. The surface horizon of » Miami profile is
normally sonewhat acid, but the particular samiple used had o pH
value of 7. This facl together with 1ts relatively high organic-matter
content and nataral caleium saturation readily accounts for the fact
that 0.49 milliequivalent of exchangeable bases per gram was found
by analysis and only 0.38 millicquivalent of sedium hydroxide was
required to produce pH 7.

Tirther attention should be given to the usefulness of titeation
carves as uw means of defecting similarities and differences in soil
colloids. Perhaps no eriterin thus fur vtilized are more satisfnctory
as a means for comparing the acid character of soil colloids than
are fitration data over a wide range of hydrogen-ion concentration.
Some colloids may be similar at one pHEH and widely different in
another range. Some colloids may be changed by certain treatments
and others nob appreciably alfered. When fiteation data are plotted
side by side, the significance of the variations is in most cases more
far reaching than are conventionn! determinations, such as ammonia-.
absorbing power or base-exchange capacity at a single pH value,
which are widely used.

CHARACTER OF COMPPOUNDS PRESENT

The data presented in this bulletin add a little to the vast acen-
mulztion of information upon which hypothesis have. been based
regarding the character of the individual acid or acids responsible
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for the acidic behavior of soil colloids. It is not proposed to offer
here any new hypothesis regarding the chemical constitution of the
colloids, but it does seem appropriate to call attention to the way
in which some of the recently proposed theories are in accord with
or stand in opposition to the present <lata.

Wadsworth (60) in a recent paper concludes from an examination
of the various availuble data that the soil colloids are probably
mere mixtures of the oxides of silicon, aluminum, and irén. This
view appears to be much less widely held, however, than was the
cuse n few yerxvs ago. Irom the standpoint of nentralization data
there is strong evidence that the major constituents are not present
entirely as a simple mixture of oxides. No one o¢f the three con-
stituents talen xlone even upproximates in acid character the col-
loids of the dry-land seils. It is true that the hydroren-ion con-
centration of silicic acid may be as high as any of the soil colloids,
or higher, but base-holding power and bufler action through the
region of moderate alknlinity 15 so much less ns to indicate that most
of the soil-colloid acids ure vastly stronger ncids, or, at least, have
much greater base-neutralizing capacity than the most acid of the
individual major inorganic constituents.

The thesiz of Trueg and coworkers {22, 34, 58), namely, that one
definite compound is responsible for the property of base exchange.
is neither strongly supported nor entively denicd by the present duta.
The base-holding property incresses with increase in the acidic con-
stituent (silica) out of proportion to the increase in the quantity
of this constituent. This suggests that a stronger acidl oveurs when
more silick ig present rather than a greater guantity of n weaker
acid. To be specifie, colloids with silica-alumina ratios of 4:1 usu-
ally have lower pH values than do those whose ratios ave 2:1, and
they neutralize more than twice as much base, It iz possible, how-
ever, that smaller particle size and the censequent reaction of a
greater proportion of the entire ma<s may be responsible, in part
at leust, for these disproportionate values,

Perhaps 16 should again be emphasized that there is some evidence
that & smaller proportion of the total mass of the particles probably
takes place in the reaction when the silica-aluming ratio is low than
when 1t is high (table 4}, urthermnore. i we recognize the X-ray
and aptical evidence presented by Hendricks and Try (28), Ielley
and cowerkers (33), Bray (/3), and others, theve 15 strong indica-
tion of the presence of a major compound in collvids of high silica-
aluming ratio different from those in colloids where this ratio is
low. ‘Terminology varies, but the differences nre significant.

The general feutures of the hypothetical constitution of colloids
presented by Byers {77), by Brown and Byers (14), and by Byers,
Alexander, and Holmes (18), are, for the most part at least, contpati-
ble with the present data. Some of the significant features follow.

Bentonite colloid und the colloids of the dry-land soils represent:
the nearest approach te 1he monimorillonitic acid type of colloid
incloded in these studies. The silica-alumina ralio in several cases
is distinctly above 4, but it is fur below the theoretical value of 6,
sometimes postulated for the montmorillonitic colloid {37, 48). The
presumplion ig, therefure. that little if any of the material with a
ratio of G is present, but thet material with & ratio of 4 may be
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admixed with a liftle quartz or amorphous silica. It has been sug-
gested also that the correspondence of the X-ray pattern of the
montmorillonite with that of colloids whose ratio 1s about 4 may be
dus to the fact that crystalline structure persiste after & considerable
alteration of composition takes place. The ratic of' approximately
4 snggests the presence of the material called pyrophyllic acid by
Byers {17}, with the formula

0=8$i—0—H
O
JlU—SI<O SAI0H

This formula represents an acid which is (ribasic and presumably
of relatively stronglyv acidic characteristics. These features ave well
in accord with its neatralization curve, although its curve gives no
evidence of more than dibasie character and very liftle evidence of
more thian one veplaceable hydrogen atom.

The next hypothetieal step postulated iy that of halloysitie neid,
with the following formulu

ol
On

O
o~ AIOH

This material, with ifs weaker acidic gualities, is well in aeccord
with the titration behavior of the extensively wenthered colloids
whose siliea-alumina ratios are around 2. Those having ratio values
Iying between 2 und 4 may well be presamed fo be mixtures of the
hypothetical acids, hallovsitic and pyrophyllic. although oxides and
perhiaps other compounds may be present.  On the basis of the
nomenclature adopted by Bray (/4) from the work of Tarsen and
Wherry (37}, materinls Intermediate between these two groups, and
having a silica-sesquioxide ratio of 3, arve known as the beidelite-
nontronite type of clay material. These are Tound i the Praivie and
Gray-Brown Podzolic groups.

S

CHARACTER OF COLLOLD ACID AND SOIL FERTILITY

Nao definite data are gvailable regarding the crop-producing power
of the various soils included in these studies.  The peneral churacter
of their fertility is well known, however, from soil-survey reporis
and from extensive ficld observations, From this information cer-
tuin generalizations muy be mude,  'With the exception of the group
of true Podzols, the general Tevel of fertility parailels the base-
exchange capacity of the colloid at neutrality, that is, the alkali re-

uired to produce pH 7. When this value for the colloid is more
ghan_ about 0.45 mii%ie{'lui\'aient per grim. the erop-producing power
iz apt to be limited by water supply more than by lacl of cheniical con-
stitnents, Fertility decreases as reduction in this factor reflects more
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extensive hydrolysis and Jeaching; and finally, when a value below
0.2 is reached, one expects to find it necessary to resort to feeding of
plants by the addition of complete fertilizers at frequent intervals, if
profitable crops are to be grown continuously. Other features of the
titration curve, such as the degree of buffering at the higher pH
values, also bear a relationship to fertility. The Padzol colloids,
with their very high content of acid organic matter, are not ensily
compared with colloids which are essentially inorganic,

The titration curves for the colloids of soils of widely varying
character indicate the manner in which lime-requirement determina-
tions made by different niethods might be expected 1o vary, (lepend-
g upon the pH attained in the procedure,

In some eases, such as those of the various horizons of the Ruston
series, the change in pH on the addition of small increments of alkali
15 so marked around the point of newlrality that it makes but little
difference whether the method assumes pH 6.5 or 7.5 as the obyjective.
On the other hand. in a highly organic soil, such as the A, horizons
of the Trenary series. base-exchange capacity varies widely with the
pH value ut which approximate base eguilibrium is attained. The
mugnitude of the base requirement for pH 7 in, highly oraunic setl
materials is in accord with the weli-known fact that the lime re-
quirements indicated for cortain acid organie soils are so high as to
to be prohibitive from the practieal agricultural standpoint.

SUMMARY

The acids of colloids extracted from the profiles of various major

soil groups were studied.

The chemical composition of the colloids of various soil profiles are
given, together with their exchangeable bases.

The pH values of electredialyzed colloids vary with the chemical
composition of the colloids. Those with high silica-sesquioxide
ratioy tend to have lower pH values (2.5 to 3.0). while the pH range
of colloids of Jow ratio is usually from 3.3 to 4.5.

The character of neulralization curves muade with sodium hy-
droxide varies widely for colloids of the different soil groups. The
colloids of Pedocal soils show the strongest acid character. About
0.55 millicquivalent of sodium hydroxide per- gram of colloid is re-
quired to produce a pH value of 7. There is considerable evidence
of a break in the curve for these colloids between pH 6 und 8.

To facilitate interpretation of the data, titration curves for sev-
eral sparingly soluble materials not of soil origin are given. These
materials include tungstie acid. mucie acid, ferrie hydroxide, alua-
minum hydroxide, silicic acid, and other eompounils,

The colloids of the lateritic soils have much wealer neid qualities
than fthose of the Chernozem soils, and their titration curves are of
sueh markedly different form that the two groups are readily dif-
ferentiated by this means. The Prairie group and the Gray-Brown
Podzolic group have titration curves intermediate in charncter be-
tween those of the Pedocal and the lateritic soils.

The eurves for the colloids of true Podzols are widely different
for adjacent horizons of a particuler profile, and corresponding hori-
zons of different profiles show wide variation in acidie qualities as
well as in chemicul composition.
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The acid character of the colloidal organic matter is in most eases
so pronounced that when such organic matter is present in consider-
able quantity it tends to obscure the behavior of the inorganic
portion.

The acid qualities of the bentonite colloids sre distinctly stronger
than those of the inorganic soil colloids but weaker than humic acid
extracted from the soil.

The acid character, brought out by titration data, is related in 2
general way to the fertility of a soil.
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