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INTRODUCTION

The relatively high base-exchange capacity of peat, muck, and soil
organic matter as compared with that of mineral soil constituents is
quite well known. The acidic nature of certain organic complexes
such as the humic acids has also been well established, but important
(jualitative as well as quantitative characteristics of these and other
colloidal organic constituents responsible for base-absorbing properties
have not been well defined.
The total base-neutralizing capacity of peat or soil organic matter,
and probably also of soil materials in general, has never been satisfactorily determined because of indefiniteness in the end points of
neutralization reactions. This indefiniteness has been explained at
various times as being due either to certain secondary reactions or to
adsorption of the base by colloidal material during titration, particularly in the higher ranges of alkalinity. The lack of a reasonably accurate quantitative measure of the total neutralizing capacity,
or of the actual acidic hydrogen content of a given material, prevents
1 Submitted for publication Jan. 9, 1939.
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adequate qualitative characterization of tlie acid, such as an evaluation of "strength" and related properties.
Some uivestigators have considered the base-exchange capacity,
obtanied by exhaustive leacldng with a neutral salt solution, to be an
expression of the total acidic hydi'ogeii content of electrodialyzed or
debased material. Others have recognized that a portion of the
hydrogen could be neutralized or replaced only at a pH value of 9 to
10 or even higher. The latter view must undoubtedly be the more
correct one, since weak or slightly ionized acids are not completely
neutralized at pll 7 and their salts with strong bases give an alkaline
reaction in solution or suspension.
The base-exchange capacity, hydrolytic acidity, Ume requirement,
and other moi-e or less arbitrary values are useful and are frequently
employed to characterize certain of the acidic properties of either
organic or mineral soils. Such values, however, do not furnish piecise information about the qualitative initure of the acid contained in
one material as compared with that of another. The base required to
establish a value of pH 7, or the base-exchange capacity of a given
material, for example, mei-ely indicates that a certain number of
milliequivalents of hydrogen may be replaced by base per unit weight
of sample under the prescribed conditions. No indication is thereby
given as to the fraction of the total hydi-ogen actually uivolved in
the reaction, nor does the value obtniTied provide any measure of tiie
strength, or intensity factor, of the acid itself.
It appears evident that certain fundamental information is lacking
regarding important qualitative characteiistics of the organic acids
that absorb bases and probably also exert a physiological influence on
plant growth when present in soil media.
It was the purpose of the present investigation to study the basecombining properties of peat and muck in detail and to characteiizo
their organic acid constituents from a qualitative as well as a quantitative staiulpoiTit. A prelimiruiry paper has already been published (11).'
REVIEW OF LITERATURE

Among the earliest investigations on the base-combining properties
of peat was that of Heiden (14), who concluded from his observations in
1866 that the base absorption from potassium and ammonium cldorides was partly chemical and partly physical. Previous work had
already been done, however, by Rautenberg (29) on beech-forest
humus. Knop and Wolf (18) had also previously demonstrated the
relatively high ammonia-absorbing power of a soil rich in humus.
Eichom (10) found that peat and humic acid, among other substances,
combined with bases and liberated free acid in experiments on tlie
phenomenon of neutral salt decomposition.
The average equivalent combiidng capacity of the humus in moor
soils as compared with the clay of clay soils was estimated by Hissink
(15) to be in the ratio of 1,225 : 176, or approximately 7:1- The
organic matter extracted with ammonia from a number of soil colloids
was found by Slater and Byers (33) to have a mean base-exchange
capacity of 362 milliequivalents per 100 gm., whereas the inorganic
colloids had capacities ranging from 9.7 to 88.1 milliequivalents oti
the same basis. The base-exchange capacities of a variety of peats
Ï Italic numbers in parentheses refer to Literature Cited, p. 39.
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and peat or muck soils have been reported by a number of investigators (19, 25, 27, 39, 41). Values ranging from approximately 50 to
300 milliequivalents of base per 100 gm. of sample have been observed. The adsorptive capacity of humus extracted from a peat was
found to be about seven times that of bentonite {1). Peat soils may
absorb as much as 200 milliequivalents of calcium carbonate per 100
gm., according to a calcium carbonate-equilibration method for
determining base saturation.'
The active fraction of peat or soil organic matter with respect to
base-combining properties has been ascribed to lignin or lignin-humic
complexes {19, 22) and in a more general way to the carboxyl and
hydroxyl groups present {25). Both carboxyl and phenolic hydroxyl
groups in a humic acid preparation have been shown to react with
barium hydroxide {34). Synthetic combinations of lignin and proteins have been found to absorb greater quantities of base than either
constituent separately (7, S7). Ligno-humate fractions isolated by
McGeorge {20) from peat and forest soils exhibited base exchange
capacities ranging from 321 to 431 milliequivalents per 100 gm.
Efforts have been made to extract the colloidal material from peat as
well as from other decayed or partially decayed vegetable matter in a
manner comparable to that used for extraction of mhioral soil colloids {2, 27). Powers {27) reported the proximate composition, water
absorption over 3.3-percent sulphuric acid, and the base-exchange
capacity of the colloids from several peat profiles. Anderson and
Byers {2) compared the character of the organic colloids extracted
from leafmold, straw, soil fungus bodies, peat, and other materials.
Water absorption over dilute sulfuric acid was greater for the organic
colloids than for the most active inorganic soil colloids. Marked
differences were shown in the amphoteric nature of the different
materials.
The direct titration of the total acidity of peat or muck has not
been generally employed, and relatively few investigators {5, 16, 40)
have published titration curves representing the course of neutralization of the oi^anic acids as a whole. More frequent use has been made
of the titration of hydrolytic acidity, or acid liberated when a peat or
muck is treated with a neutral salt solution. This acidity is, of course,
equivalent to the base absorbed from the neutral salt by the familiar
base-exchange reaction. Titration curves for humic acid, as a fraction obtained from peat, as well as other sources, are of frequent
occurrence in the literature {4, 21, 23, 26, 28). These curves demonstrate a relatively high base-combining and buffering capacity of the
humic acid but in general have shown no abrupt changes in slope
indicative either of end points or marked differences in the character
of the hydrogen neutralized at any point in the course of titration.
Denison {9) concluded that titration methods that vielded breaks in
the titration curves of various mineral soils were ineffective when
applied to peats or to soils high in organic-matter content. Certain
humic acid preparations, however, have exhibited characteristic titration curves in which the breaks were interpreted as end points of the
titration with base {4, 11). It has recently been shown possible to
obtain similarly characteristic titration curves from the titration of
entire peat samples, as well as from the humic acid and other fractions
Î Information privately communicated by James A. Naftel. Alabama Polytechnic Institute. Auburn, Ala.
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(11). Coiiductometric titrations of huiiiic acids liave yielded curves
similar to those of typical weak acids (30).
A variety of useful biochemical methods for detecting qualitative
difïereiices in soil organic matter from difTerent sources has been outIhied by Shorey (32). Peats and other organic materials have been
analyzed by proximate methods and have been shown to differ in their
respective contents of various constituents including ether- and
alcohol-soluble matter, cellulose, lignin, etc. (12, 35, 38). These and
similar schemes of analysis, however, have failed to determine the
nature of the organic acids or acidic constituents present in the
organic materials.
The humic acids, as obtained from sources ranging from soil organic
matter to brown coal, have been the subject of a large number of
experimental investigations, and no attempt is made to review the
entire subject. The chemistry of humus in general has recently been
comprehensively reviewed by Waksman (36).
OUTLINE OF PROCEDURE
A number of representative varieties of peat and muck were selected
for the investigation of acidic or base-combining properties as exhibited by each material as a whole and by various fractions isolated
from a selected group of the samples. The study was primarily concerned with the course of neutralization of the various materials as
shown by titration curves, the response of the colloidal constituents to
dispersion treatments, and the relationships of a variety of analytical
data.
The scheme of fractionation adopted after a series of preliminary
experiments was based on the behavior of the organic matter toward
repeated treatment with a dilute solution of sodium hydroxide followed by thorough agitation. Three fractions were obtained from
each sample. The portion dissolved by the alkaline solution and precipitated by an excess of hydrochloric acid is designated as humic
acid, the portion remaining undissolved but dispersed to approximately colloidal dimensions is designated as colloid, and the remainder
as the residue. Two of the profiles that differed most widely in
character, and also a sample of cultivated muck, were fractionated
in this manner. The laborious and time-consuming nature of the
fractionation prevented the use of a larger number of samples.
The nature of the colloidal and other acid complexes of the whole
samples, as well as of the individual fractions, was investigated primarily by means of titration curves representing the more or less
complete course of neutralization with barium or sodium hydroxides.
A method of electrometric titration was developed by means of which
end points of neutralization were indicated by definite breaks in the
titration curves.
Minimum pH values and base-exchange and ammonia-retaining
capacities were determined, to express the various base-combining
properties as adequately as possible. Carbon contents, carbonidtrogen ratios, and other chemical or physical characteristics were
studied for fundamental relationships or correlations with the acidic
properties. An experiment was also conducted on the nature of
adsorption reactions with barium hydroxide as distinguished from true
chemical neutralization. All of the materials were electrodialyzed
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previous to the experiments on base-absorbing properties; no attention
was given to the bases originally or naturally present in the peat or
muck.
DESCRIPTION OF SAMPLES '
Three complete proñles and a number of representative individual
samples were selected from various parts of the United States. These
samples differed with respect to the kind of vegetation contributing
to the formation of the peat materials as well as in the geographical
and climatic environment in which they were found.
A profile obtained in southwestern California from an excavation
approximately 3 miles north of Huntington Beach and one-half mile
south of Wintersburg, Orange County, Calif., is briefly described as
follows:
1. IH to 6 feet, yellowish- to reddish-brown coarsely fibrous tule peat. The
overlying material had been silted from previous floodwaters and was not
included.
2. 6 to 13 feet, brown to dark-brown sedimentary-fibrous tule peat.
3. 13 to 15H feet, very dark brown sedimentary-fibrous tule peat.
4. 15J^ to 17 feet, very dark brown to black sedimentary peat, compact and
dense in structure. The underlying mineral material is a gray sandy silt or
clay with bits of root remains.

The deposit represented by this profile has previously been described
in greater detail (8) and reported as comprising 190 acres, much of
which has been cultivated. A portion of the peat is being utilized
commercially for soil-conditioning purposes and is excavated by
means of a dredge as illustrated in figure 1, A.
A second profile was collected in southern Oregon, 10 miles northwest of Klamath Falls, Klamath County. The locality is situated on
a volcanic plateau of more than 4,000 feet elevation and includes
areas of peat and muck under cultivation. The excavation from which
the samples were obtained was adjacent to a cultivated field bordering
the western side of Klamath Lake. The profile is described as
follows:
1. 0 to 3 feet, dark-brown fibrous tule-sedge peat.
2. 3 to 5 feet, light-brown sedimentary-fibrous tule-sedge peat.
3. 5 to 10 feet, gray to light-brown diatomaceous-sedimentary peat. This
material becomes increasingly diatomaceous with depth and extends below
this level to an undetermined depth.

The third profile was obtained from an area approximately 100
acres in extent, 3 miles west of Sandlake, Tillamook County, in northwestern Oregon. A portion of the surface layer of moss peat had been
removed and utilized for commercial purposes. The climate of this
locality is comparatively cool and humid, as required for extensive
growth of sphagnum moss. The elevation is near sea level. A profile
description follows.
1.
2.
3.
4.

Surface, living sphagnum moss in hummocks 12 to 16 inches high.
0 to 2 feet, light yellowish-brown spongy fibrous sphagnum moss peat.
2 to 5H feet, light-V^rown matted fibrous sedge peat.
öYi to 10 feet, brown sedimentary-fibrous sedge peat. The deposit rests on
bluish-gray sand.

< The author is indebted to W. L. Powers, of the Oregon Agricultural Experiment Station. Charles C.
Murdy, Westminster, Calif., and E. A. Geary, Klamath Falls, Orefc., for facilities in the storage and drymg
of the'proflle samples previous to shipment. Valuable assistance was also "îiven by A. P. DachnowskiStokc; in collecting and identifyins? the peat materials.
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I. ^1, I'oiiiun .W a peat d<.'i)osit from which material lias been excavated
for soil-coiiditioiiing purposes. A dredge is shown in the background. li, A
deposit of moss peat in the State of Washington whicli is being utilized commercially. C, An area of cultivated peat on Union Island near Stockton, Calif.,
devoted to the growing of asparagus. The land is protected from flooding by
a system of dikes, a portion of which is shown in the background.

FIGURE
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A method of excavating moss peat on a commercial scale is illustlilted in figure 1, B. Tlie blocks of peat cut from the deposit are
left to dry on the surface for a time, after which they are shredded
or otherwise disposed of.
Miscellaneous samples collected from various sources include the
iollowing:
18 to 41 inches, light-brown felty fibrous hyprium-nioss i)eat from a deposit
located at Spokane, Spokane County, Wash.
12 to 24 inches, grayish-brown cattail-sedge peat with a sedimentary admixture,
obtained from the Beaver drainage district, 2.3 miles north of Quincy, Columbia County, Oreg.
0 to 8 inches, dark-brown to black, mellow and granular, cultivated tule muck
from the lower Klamath basin, 4 miles north of Worden, Klamath County,
Oreg.
12 to 15 inches, dark-brown coarsely fibrous coniferous-woody peat obtained
from an area of peat undergoing a process of preparation for a cranberry bed
at Dellmoor, 4 niile.s north of Seaside, Clatsoj) County, Oreg.
2 to 5 inches, dark-brown partly fibrous tule-reed peaty muck from Middle
River, San Joaquin County, Calif., approximately 12 miles west of Stockton. The area of peat in this region comprises approximately 200,000 acres,
nearly all of which is under cultivation. A field devoted to the growing of
asparagus is illustrated in figure 1, C.
0 to 12 inches, light-brown or yellowish-brown finely fibered felty sedge peat
from the vicinity of Packwaukee, Marquette County, Wis.
4 to 6 inches, dark-brown [¡artly fibrous sawgrass peat from the Brown farm,
located about 15 miles southeast of Lake Okeechobee on the Hillsborough
Canal, near Belle Glade, Palm Beach Coimty, Fla.
Cultivated layer consisting of dark-brown partly fibrous sawgrass peaty muck
from a peanut field, also from the Brown farm near Belle Glade, Fla.
0 to 3 inches, reddish-brown to dark-brown largely decomposed peat derived
from heath shrubs, obtained from the vicinity of Buck Head Lodge, Beaufort, Beaufort County, N. C.

A sample of soil colloid separated from the C, horizon of the Trenarv
i'odzol profile from Alger County, Mich. (S), and a sample of Marshall soil, A horizon, from Clarinda, Iowa {33), were used for purposes
of comparison.
EXPERIMENTAL METHODS
DISPERSION OF COLLOIDAL CONSTITUENTS

Attempts were first made to disperse the organic peat colloids in
appro.ximately the same manner as that employed for mineral soils,
namely, mechanical dispersion in water with or without the aid of a
mild dispersing agent. A certain quantity of colloid could be obtained in this way from the air-dried peat, but it was found that no
fundamental separation of colloidal material was possible without
chemical treatment.
A final and rather drastic test of the effectiveness of mechanical
dispersion was made with the aid of a colloid mill, as has already been
described in a preliminary report {11). The colloid mill used was of
the grooved-surface type, and its operation consisted in passing a suspension of material between two closely placed surfaces, one fixed and
the other rotating at high speed. The action on the suspended solids
passing through was one of hydraulic shearing. Any material capable
of being reduced to colloidal dimensions or of having its colloidal constituents dispersed mechanically without actual abrasive grinding
should respond to a colloidal-mill treatment.
Several experimental trials were made with the colloid mill, using
different samples of peat of various physical characteristics. Con-
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tinned treatment after the first 2 hours yielded relatively small additional amounts of "colloid.'" A sedimentary-fibrous peat, previously
electrodialyzed to remove bases that might possibly interfere with
dispersion," yielded a total of 31.2 percent of colloidal material after 4
hours' treatment. Ammonia had been added to the original suspension in a quantity sufficient to be detected by odor. The suspension
was centrifugea at half-hour intervals to remove the colloid produced,
of which the tipper limit of particle size appeared to be about 2 ;u to
2.5 M- A laboratory supercentrifuge having a bowl inside diameter of
1% inches and a speed of approximately 35,000 revolutions per minute
was used.
The "colloid" fraction and the residual peat material remaining after
the colloid mill treatment described above were separately extracted
with a 2-percent ammonia solution to determine the relative quantities of humic acid present in each. The latter constituent is known
to be colloidal in character, and its distribution should serve as a
test of the effectiveness of the dispersion. Accordingly, it was foxnui
that 34.7 percent of the "colloid" and 24.5 percent of the residue were
extracted by the ammonia. This indicates that the "colloid" was
somewhat richer in humic acids than the residue, and that there was,
therefore, a tendency toward dispersion of the humic acid colloid.
However, the comparatively slight difference in composition of the
fractions separated by the action of the colloid mill does not indicate
the possibility of any fundamental separation of known colloidal complexes by purely pliysical or mechanical means. Determination of
the nitrogen content of each of the humic acid extracts, in the form
of the ammonium salts, indicated them to be essentially similar ui
character, but they wore not investigated further.
The formation of organic colloids in decayed or partly decayed
vegetable matter is largely the result of bacterial processes. 'This
may be contrasted with the manner in which mineral soil colloids aie
formed, whereby weathering plays an important part and the soil particles imdergo change primarily at their surfaces. In the case of
organic matter the bacterial activity is not confined to the surface
and colloidal products may be so embedded as to be relatively inaccessible foT' mechanical dispersion. Even certain undecomposed organic constituents of the original plant material, such as lignin, are
colloids, or exhibit colloidal properties; but these can obviously not
be dispersed as free colloids by mechanical means because of chemical
or physical combination. These considerations, together with the
experimental evidence, point to the conclusion that attempts to disperse peat or muck colloids mechanically with any degree of completeness are not likely to be successful, even with the fresh, undricd
materials.
FRACTIONATION OF ORGANIC ¡MATTER

The scheme of fractionation employed in this study is based on the
fact that treatment of peat or muck with an alkaline solution causes
a solution of the humic acid and a dispersion of another but loss
definitely characterized fraction. An exhaustive alkaline extraction,
therefore, produces three fairly distinct fractions, namely, (1) material
dissolved and separable by filtration, (2) colloid separable by centrifuging, and (3) the remaining residue.
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A sample, of 50 to 100 gm. of peat was treated with 1,500 cc. of a
I-percent solution of sodium hydroxide in a suitahle container and
^ülowed to stand in an oven at 70° to 75° C. overnight. The mixture
was allowed to cool and then shaken in a shaking machine for another
overnight period at room temperature. The mixture was diluted to
4 or 5 liters with distilled water and centrifuged in a laboratory supercentrifuge, already briefly described. Material remaining in the centrifuge bowl was resuspended in water, agitated with a motor-driven
stirrer for one-half hour, and again centrifuged. This operation was
repeated several times. The residue remaining in the bowl was given
il second treatment with the 1-percent solution of sodium hydroxide,
in the same manner as described above, followed by repeated stirring
und centrifuging. The combined colloidal suspensions were filtered
with Pasteur-Chamberland filters to separate the colloid from dissolved
liumic acids. The latter fraction was separated from the filtrate by
precipitation with hydrochloric acid and subsequent filtration. The
term "humic acid," as used throughout the remainder of this paper,
refers to the portion of the alkaline extract that is precipitated by an
excess of mineral acid.
Hlach of the three fractions—the humic acid, colloid, and residuewas clectrodialyzed, dried at a temperature not exceeding 35° to 40° C,
iind finally ground to pass a 100-mesh sieve in preparation for further
study, uiUess otherwise stated.
The electrodialysis apparatus used consisted of the usual threecompartment Mattson-type cell fitted with cellophane membranes
uTul platiinim electrodes. All the samples were clectrodialyzed previous to fractionation, except in some of the preliminary experiments.
The time required for a more or less complete removal of the diffusible
ions in the original peat or muck samples was approximately 3 to 4
weeks, although small quantities of base continued to pass into the
cathode chamber for an nidefinite period. A comparatively sharp
drop in the rate of removal of bases was noted after the time interval
meTitioned, which was taken to indicate the approximate completion
of the dialysis.
Electrodialysis of the peat previous to treatment with the sodixim
hydroxide solution was fomul to increase the yield of humic acid,
])'a.rticularly in samples coTitaining appreciable mhieral material.
Tins is interpreted as being the effect of bases hi combination with
certain organic acids in the form of relatively insoluble compounds,
which prevents or retards their solution as sodium salts. The sample
of tule peat (No. C722), containing 11.2 percent of ash, yielded 30.2
percent of humic acid in the untreated condition and 36.3 percent
when previously electrodialyzed. Another sample (sedimentary peat
No. C725), containing 28.4 percent of ash, yielded 12.6 and 30.8
percent of humic acid, respectively, under similar conditions of
extraction.
It is, of course, obvious that the method of fractionation by extraction with any alkalhie solution is open to the objection that such
extractions can apparently never be carried entirely to completion,
and also that the alkaU may alter the organic matter. No definite
statement can be made concernhig the latter criticism, but experimental data are shown in tables 1 and 2, hidicatmg the probable
degree of completeness or effectiveness of the extraction and dis-
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persion processes under the prescribed conditions. These tables were
presented in the preliminary paper (11) and need not be discussed
further except to point out that the yields of humic acid and colloi<J
(table 1) were relatively small in the third extraction as compared
with those of the first and second extractions. It is also to be noted
(table 2) that a 4-percent solution of sodium hydroxide extracted
from each of two samples a quantity of humic acid not significantly
different from that extracted with a 1-percent solution.
1.—Effects of successive 18-hour treatments with 1-percent sodium hydroxiile
solutions on the extractable quantities of humic acid and colloid in electrodialyzrd
peat '

TABLE

Sample No.

Description

0722.

Tule peat

. -

0724.

Sedimentary-fibrous peat.

Yield of
humic acid

Yield of
colloid

Percent
34.0
2.2
.77
37.3
4. I
1.2

Perceiit

{First extraction...
Second exiractinn
Third extraction .
(First extraction ..
Second extractionThird extraction..

lf¡A)
■2 (I

21- 1
'.Hi

' Data previously reported (//).
TABLE

2.—Effect of various concentrations of sodium hydroxide solutions on the
relative quantities of humic acid extracted from electrodialyzed peat '
Yield of humic acid

Sample No.

Description

0722

Tule peat

. .

0726.

Sedimentary peat

Concentration of
NaOn

0.4-percent solution
•^1.0-percent solution.- .
1.0-percent solution
f 1.0-percent solution.. .
U.o-percent solution

First
Second
Total
18-hour
18-hour
treatment treatment extracted
Percent
16 8
36.8
34.7
3!.f)
3f!. 2

Percent
2.3
1.9
8.0
5. 1

Percent
38. 1
3f>. fi

30. fi
41.;)

1 Data previously reported {//).
ELECTROMETRIC TITRATION

Titrations were made during the course of the study under very
widely différent conditions with regard to sample-solution ratios and
time of reaction. The method in general, however, was based on
that previously described by Anderson and Byers (.?). That is,
samples of electrodialyzed material were placed in a series of small
Erlenmeyer flasks. Successive increments of alkali were added to
each flask, so as to produce a desired range of pH values. Freshly
boiled distilled water was added to adjust the volume of solution in
each flask to the desired total quantity. The flasks were then stoj)pered tightly and allowed to stand, with frequent shaking, for a specified period. The first titrations in this study made use of 0.3-gm.
samples, a 0.1 or 0.2 N barium hydroxide titrating solution, and a
total solution volume of 10 cc. in each flask. Determinations of pH
values were made after 48 hours or longer, with the use of a glass
electrode in all cases. The sample-solution ratio was considerably
varied from time to time with corresponding variations in the strength
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of base added to each solution. The conditions finally adopted for
the greater part of the investigations consisted in the use of 10- to
30-mg. samples (60 to 100 mg. in the case of mineral soil materials)
titrated with 0.01 N barium hydroxide in a solution volume of 40 cc.
BASE-EXCHANGE AND AMMONIA-RETAINING CAPACITIES

Base-exchange determinations were made with a normal solution
of barium acetate adjusted to a neutral reaction with acetic acid. A
previously electrodialyzed sample of 1 or 2 gm. (ground to }^-mm.
mesh) was placed in a small Erlenmeyer flask with 25 cc. of the
barium acetate solution and allowed to stand for approximately 2
hours. The mixture was then filtered through an ordinary filter
paper and the material leached with successive 5-cc. portions of the
barium acetate solution until the filtrate reached a total volume of
250 cc. The excess barium in the sample was then leached out
with freshly boiled distilled water until either no test or only a negligible one was obtained for barium in the wash water. The absorbed
barium was extracted with a hydrochloric acid solution and determined gravimetrically by precipitation as barium sulphate.
Ammonia absorption or retention was determined by treatment
of 1-gram electrodialyzed samples with 20 cc. of 0.5 N ammonium
hydroxide. The mixture was shaken up in a small flask, allowed to
stand approximately 15 minutes, then transferred to a porcelain
evaporating dish and evaporated just to dryness. The residue was
then moistened with a few cubic centimeters of the ammonia solution,
again evaporated, and finally dried in the oven for 5 hours at 103° to
105° C. The ammonia retained under these conditions was determined by distillation with magnesium oxide.
MISCELLANEOUS DETERMINATIONS

Carbon determinations were made by combustion, using a multipleunit furnace. The highly organic materials were mixed with previously ignited soil to facilitate a gradual combustion. The carbon
dioxide was absorbed in a standard sodium hydroxide solution and
determined volumetrically by precipitation of the carbonate with
barium chloride and titration of the excess alkali with standard hydrochloric acid.
Nitrogen determinations were made by the Kjeldahl-GimningArnold method for digestion (6). The distilled ammonia was absorbed in boric acid and titrated with standard acid, using bromphenol blue indicator.
Ash determinations were made by careful ignition of the materials
in small platinum dishes. The ash in each case was heated to constant weight over the full flame of a bunsen burner.
Moisture determinations were made by heating the air-dry samples
overnight in an electric oven controlled at 103° to 105° C. All analytical values are expressed on the basis of the oven-dry material unless
otherwise stated.
A glass electrode was used throughout for pH determinations. Airdried material was suspended in distilled water and allowed to stand
for approximately one-half hour with frequent shaking before making
the readings. The proportions of water to sample were varied according to the purpose.
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ANALYSES OF PEAT AND MUCK MATERIALS
PERCENTAGE YIELDS OF FRACTIONS

The percentage yields of the various fractions are shown in table 3.
Most of the samples except the sphagnum-moss peat contained approximately 30 to 40 percent of humic acid. The percentages of
colloid obtained were materially less than those of humic acid in all
samples. The lowest yield of colloid was obtained from the cultivated muck, which, on "the basis of its apparent degree of decomposition, would be expected to give a very large yield of colloid. The
humic-acid content of this sample was relatively high, however, and
this is a constituent having definitely colloidal properties. The moss
peat, which was tlie most fibrous and least deeoniposed of the peats,
had the lowest humic-acid content and also a relatively low content of
colloid.
TABLE

Sample No.

3.—Analyses of elecirodialyzed peats and various fractions ^

Description

lache!'
18-72

Tule peat.

tíediiiientary-fibnms
peal.
Seditnentarv peat

S I) h a ÍÍ11 uni-moss
peat.
Scílinientary-librüus ;
peat.
Tule muek
vated).

(cuiti

I'ortion of
entire
sample

Profile
depth

Entire sample.
Humic acid_.
Colloid- Residue
Entire sample
Humic acid
Colloid.
Residue
Entire sample
Humic acid_
ColloidResidue
Entire sample
Humic acid-.
Colloid.-Residue
Entire sample.
Ilumic acid..
Colloid
Residup
Entire sample
Humic acid. ,
Colloid..
Residue

.\sh
content

Carbon '
content

Nitrogen '
content

Percent Perctut Percent Percent
4.64
66.98
2.20
2 48
.74
68, 56
"Ï1À '
61.44
2,81
3.49
18.1
,81
16.52
53.34
IB.O
2,24
11.92
2 16
42,6 "
.80
59.82
2.65
24.4
4. 56
63. 45
61.62
1.31
17. .'i
36.69
20.02
59.45
2 49
2 34
58,64
34.2
1. 13
3.2S
6.41
61,66
20,8
1.82
23.3
54.30- 63 21
1.66
3.42
51,40
3. 10
18.45
1.22
,59, 21
11.4
2.11
,66,19
2.91
.61
38.8
3.45
60.77
66.09
2.90
31.76
60.63
3. 26
1.97
30.1
3.11
16.3
27. 611
67.09
1,33
68. .50
57. 47
27.1
58. .52
4.07
29. 63
4.34
60.61
36.5
1.78
9.8
4.61
17.37
,59.97
2.80
19.5
63.20
61.50

CarbonnitroRon
ratio

30.2
27.6
2.5.2
74.1
32 5
27.9
54.9
27.»
29.2
21,9
40, 6
36,3
22 3
22 6
109, 7
22 I
2!,»
21,4
.50, 4
16.8
16.3
15,2
26,3

1 Carl)on and nitrogen (leterniitmtion.s were made l)y W. JVI. Noble and J. U-, Shimp.
2 Calculated to the a-sh-frec ba.sis.
ASH CONTENT

Ttic iish content of each of the fractions and of the orighial electro(lialyzed samples is also shown in table 3. The inorganic constituents
are largely associated with the residue fraction of each sample. The
colloid fractions have lesser but variable quantities of ash, whereas
the humic acids, even that from the cultivated tule muck, have very
low ash contents in the electrodialyzed condition. No information
was obtained regardhig the character of the mineral matter associated
with the various fractions except that a portion contained in the
I'esidue in many cases consisted merely of free sand.
The effects of electrodialysis on the ash content of the original
samples, and the proportion of the total mhieral content that is
removed by the dialysis and hence present ui the form of diffusible
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ions, are shown in table 4. The percentage reduction of the ash
content by electrodialysis was found to be highly variable. More than
87 percent was removed in one case and over 82 percent in another,
both samples being sawgrass peats from Florida. The sedimentary
peat, with a high content of diatomaceous material, had only 3.61
percent of its total ash content in the form of diffusible ions, although
its original ash content was 47.70 percent, the highest of any. In
geiiei'al, an appreciable quantity of mineral constituents are dialyzable.
The pei'centages before and after electrodialysis are, however, not
strictly comparable, because of the loss of certahi organic constituents.
The quantities of acidic organic matter passing into the anode chamber
ranged from approximately 0.5 to more than 4 percent. A relatively
small quantity of organic matter migrated into the cathode chamber
but was not determined.
4.—Effect of electrodialysis on the ash content of various -peat samples

TABLE

Ash content
Doseription

Sample No.

C722.__
C723-,
C724___
C726-C750--C751A_
C7.'ilB_
C747. C748A_
074SB_
0734___
C728.C73,'>--7928--7377 --5492—
C731--C750A
703S 6047----

Tule poat
Sedimentary-fibrous peat
do..-.
Sedimentary peat
Sphagnum-moss peat
Sedge peat
--Sedimentary-fibrous peat
Tule-sedge poat
Sedimentary-fibrous peat
Diatomaceous-sodimentary peal
Tule nuiek (cultivatedt
Hypnum-moss peat - - Coniferous-woody peat
Sedge peat
Sawgrass peaty muck (cultivated)
Tule-reed peaty muck
C-attail-sedgc peat
Sphagnum moss
Sawgrass peat
Heath peat -

IToûle
depth

Inches
18-72
72-156
156-180
186-201
0-24
24-06
66-120
0-36
36-00
60-120
0-8
18-41
12-16
0-12

(')

2-6
12-24

CI

4-6
0-3

Untreated
sample

Electrodialvzed
sample

Percent
11.18
11.37
19.73
28.67
7.33
13.23
34,30
9.70
D.78
47.70
30.40
S. 12
14.76
7 68
6. ,58
27.61
40.68
3.48
7.00
4.80

Percent
4.64
5.41
11.92
20.02
3.42
10 4S
31. 75
6.55
7 72
4,5. 9S
29.03
4. OS
12 36
6.28
.82
25.11
43 95
1.87
1.35
4.04

Reduction of
ash

Anode
material

Percf.iil
Percei!
168.60
3.
52.42
3.
39. ,59
30.17
53.34
20.79
7.60
32.47
21.06
3.61
18. 60
49. 75
10.33
18-23
87.54
9.05
5.R5
46.20
82.44
16,87 ^

' Depth not recorded.
Î Surface.
ELEMENTARY COMPOSITION AND CAKBON-NITROGEN RATIOS

The carbon and nitrogen contents of the fractionated organic materials, as well as of the respective original samples, were calctilated as
percentages on the ash-free basis to facilitate comparisons of greater
significance than woidd otherwise be possible. It will be seen from
the results, recorded in table 3, that the humic acid and colloid fractions are generally the richest in carbon. In two cases, however, that
of the sedimentary peat (No. C725), and the tule muck (No. C734),
the residue fractions had higher carbon contents than any of the other
fractions of these samples. A comparison of the carbon contents of
tlie humic acids separated from the cultivated muck and from the raw
fibrous moss peat, representing widely different sources, shows only
a relatively small difference. The widest dififerences in carbon content
are shown by the residue fractions and by the original samples,
whereas the carbon contents of neither the humic acid nor the colloid
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appear to reflect the differences in character of the samples from which
thev were obtained.
.
.
,,,-,„.
The nitrogen contents of the various fractions (table 3) are more
variable than those of carbon, and hence appear to be of greater value
in characterizing the various materials. The residue fraction possessed a markedly lower nitrogen content than the original sample or
than either of the other fractions. The colloid in most cases had a
liigher percentage of nitrogen than the humic acid. The colloid of
the cultivated muck had the highest nitrogen content, 4.61 percent,
but the humic acid of this sample also had an unusually high nitrogen
content, only a few tenths of a percent less than that of the colloid.
The peat samples having a fundamental^ fibrous character possessed
relatively low nitrogen contents, which is demonstrated to an even
more marked degree by the nitrogen contents of the respective residue
fractions. The raw fibrous moss peat, for example, has the lowest
original nitrogen content and also a very low nitrogen content in the
residue fraction.
.....
The ratios of carbon to nitrogen may be used, within limitations,
as a rough measure of tlie relative degrees of decomposition of similar
materials. The carbon-nitrogen ratios of the peat samples and of
their corresponding fractions are of considerable interest in this
respect. The cultivated muck has a ratio of 16.8, which approaches
that of the organic matter in an ordinary mineral soil. The organic
inntter in both materials may be considered as being in a very advanced
stage of decomposition. A fraction of the muck organic matter,
namely, the residue, had the much wider ratio of 26.3, which indicates
a probable separation of the least decomposed material into this
fraction.
It was clearly evident by visual inspection, at least in the more
fibrous original samples, that the residue contained the most definitely
fibrous and, hence, least decomposed material of the several fractions
in each case. Tlds observation is supported by the evidence of the
i-elative magnitude of the carbon-rdtrogen ratios. A ratio as high as
109.7 was obtained for the residue of the sphagnum-moss peat. The
colloid fraction from eacli sample had, with one exception, a lower
latio than any of the other fractions. It seems reasonable to conclude
that the colloid represented material in the more advanced stage of
decomposition. The humic acid, usually regarded as a product of
decomposition of organic matter, also had a relatively low carbonnitrogen ratio, but a somewhat variable one, depending upon the
apparent stage of decomposition of the original sample. Comparison
of carbon-nitrogen ratios of one sample with those of another, however, may lead to faulty conclusions, because of the influence of
differences in composition of the original vegetation contributing to
the different samples. The extent to which the method of fractionation differentiates nitrogenous complexes independently of any
relationship to previous microbiological activity is, of course, not
known, but the respective carbon-nitrogen ratios appear to indicate
very significant differences in the fundamental character of the various
fractions.
OMGINAL AND MINIMUM pH VALUES

The pH values of the original air-dried samples before and after
electrodialysis arc shown in table 5. The sample-solution ratios used
wei'e such as to provide sufficient distilled water for each sample to
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obtain a suspension convenient for use. Usually 1 to 2 gm. of peat
was used with about 10 to 15 cc. of water.
TABLE

5.—Comparison of pH values of untreated and electrodialyzed peats '
Description

Sample No.

C722..
C723- 0724..
0725- 0747..
074i'A
C74gB
O750A
O760..
C751A
0761B
7928.0731
0735.
5492-..
0734 .
0728. 7035-.7377-- 5047--.

Tule peat
Sedimentary fibrous peat
..-do
-.
Sedimentary peat
Tule-sedge peat
Sedimentary-ñbrous peat .
. ..
I )iatomaceous-s'idimentary peat -.
Sphagnum moss--- ....Sphagniim-moss peat
Sedge peat
.
Sedimentary-fibrous peat...
Sedere peat
Cattail-sedge peat
Coniferous-woofly peat
Tule-reed peaty muck
Tule muck (cultivated)
irypnum-moss peat
Sawgrass peat
Sawgrass peaty muck (cultivated)
Heath peat

Profile
depth
Inches
18-72
72-156
166-1H6
186-204
0-36
36-60
60-120

")0-24

24-66
66-120
0-12
12-24
12-16
2-6
0-8
18-41
4-6

")0-3

Untreated
pU
4.6
6.0
6.0
6.5
6.3
5.2
53
4.7
4.4
4.8
6.0
6.4
&. 1
3.7
4.86
8. 16
4.8
4.85
4.93
4.25

Electrodialyzed
pH
3.25
3.1
3.0
2.75
3.6
3.9
3.9
3.7
3.4
3.5
3.8
3.65
3.4
3.2
3.3
3.0
3.2
3.26
3.15
3.2

1 Air-drieil samples.
Î Surface.
3 Depth not recorded.

Tlio coniferous woody peat was the most acid and significantly
more so than any of the other samples, including the heath and
sphagnum-moss peats. One sample, namely, the cultivated tule
muck, was definitely alkaline. The remaining samples had various
degrees of acidity except that none, aside from the alkaline peat, had
a pH value greater than 5.5. The minimum pH values, or, in other
words, those obtained after electrodialysis. range between 2.75 and
3.9 and reflect to a limited extent the relative acidic character of the
organic materials and probably also the state of dispersion of the
organic material. It will be shown later, for example, that the sedimentary, diatomaceous samples (Nos. C748A and C748B), which
have the highest minimum pH values, have relatively weak acidic
properties. On the other hand, the cultivated muck (No. C734)
and the sedimentary peat (No. C725), which had low minimum pH
values, will be shown to have comparatively high base-combining
powers. Such relationships are subject to many exceptions, however,
and the minimum pH provides no accurate measure for the reserve
acidity of the colloidal material. The minimum pH values are also
subject to some variation, depending upon the extent of aging after
electrodialysis and upon other factors.
CHARACTER OF TITRATION CURVES

The character or form of a titration curve obtained by plotting the
added base against the correspondhig pH values was considerably
influenced bv wide variations in the ratio of sample weight to the
volume of solution in which the titration was made. The time allowed
to elapse between the addition of base and the pH reading during
titration was also found to be an important factor.
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Titrations made iii relatively concentrated solutions gave curves
that exliibited no indications of an end point, that is, there were no
abrupt changes in the slopes at any point during the course of the
neutralization. A very dilute suspension, however, titrated with a
correspondingly dilute base, under carefully controlled conditions
with regard to" time of reaction, gave titration curves that possessed
a definite break. It was necessary to make a considerable number of
preliminary titrations to establisli the desired conditions, which have
been briefly stated m connection witii the descriptioii of methods.
The efl^ect of varying the sample-solution ratio is shown in the
titration curves of figure 2. A ratio of 1 : 4,000 produced the most
satisfactory curve with respect to a definite break, whereas a ratio of

1 PEATNo.C7Z4;;p-'
^-y^
10

1

/ PEAT Mo.C723~,

1

-i^u
si

/

p

y?.
'y^'"
0
/

'0

FIGURE

***»==*

SAMPLE-SO -UTION RATIO
-O—0-- 0- 1- 30
~
rv- 1. unn

I
2
Ba(0H)2 PER GRAM OF SAMPLE

3

4

5

(MILLIEQUIVALENTS)

2.—Effect of variations in tiie sample-solution ratio on the form of
the titration curve obtained.

1 : 30 gave no indication or suggestion of an abrupt change in slope
at any point. A ratio of 1 : 400 produced intermediate effects. It
will be noted from the curves that tenfold dilutions of a suspension
caused differences of approximately 0.7 to 0.9 of a unit in the initial
pH values. The curves intersected at a point corresponding to the
addition of about 1.5 milliequivalents of base per gram of sample, or
approximately 50 percent of the base required to produce the break
under the favorable conditions.
The comparatively abrupt change in slope or break hi the titration
curves representing the most dilute titration of figure 4, as well as in
each of the curves presented in succeeding figures, is regarded as an
indication of the end point in the course of neutralization of a fairly
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definite acid in each case. This conclusion may not be correct, but it
seems reasonable to assume that the break does at least indicate a
rather sharp difference in the character of the hydrogen replaced
previous to this point as compared with possible hydrogen replaced
beyond. The break occurs over a pH range of approximately 7.5 to
8.5. This corresponds to a pH range of about 9.5 to 10 on the curve
representing the titration of the most concentrated suspension. Thus,
material having the base content indicated at the break in the dilute
titration curve would possess a pH value approximately between 9.5
and 10 in a suspension of a concentration such as is more commonly
used in titrations. Any acidity remaining unneutralized at this point
is not likely to be of any practical significance, and therefore the center
of the break, or more strictly, the point of inflection, is regarded as the
base-neutralizing capacity. The pH range of the break, approximately
7.5 to 8.5, should not be confused, however, with the pH values of
niaterial of the corresponding base content in a concentrated suspension. It is only in the extremely dilute suspensions that the low
pH values are obtained.
It has already been hidicated that the time allowed for the reaction
of the electrodialyzed peat materials with barium hydroxide hi the
dilute suspensions was an important factor relative to the form of the
titration curve obtained. In general, a series of the dilute suspensions,
with added base in preparation for pH determinations, which was
allowed to stand for periods much less than 8 days, yielded no definitely
characteristic break in the titration curve. Successive pH readings on
a given series at time mtervals between 5 and 8 days showed the pH
values to be decreasing rather rapidly in and near the region of the
break finally obtained in the curve. After 10 or more days the pH
values indicated a tendency to decrease slowly, particularly in the
region of higher alkalinity, which caused the break to appear less
definite or characteristic. The best break, or, in more definite terms,
the most abrupt and clearly defined change of slope in a titration curve,
wns obtained after approximately 8 to 10 days' standing. Mhieral
soil materials that were titrated for comparative purposes, liowever,
reqidred a somewhat longer time of reaction for the apparently best
residts.
EFFECT OF DEGREE OF SAMPLE DISPERSION

Most of the titrations were made with material that had been airdried and ground to pass a 100-mesh sieve. For the purpose of determining the difference in behavior of a freshly prepared colloidal
suspension as compared with that of material that has become irreversible by previously drying, the colloid fraction of one sample
(No. C734) was used in the originally dispersed condition immediately after electrodialysis. The concentration of this suspension
was determined by evaporation of small duplicate portions and weighing the oven-dried residues. The series of flasks were set up for titration in the same manner as those previously described except that
the quantity of the sample in the dispersed condition was measured
volumetrically, using about 5 cc. in each flask. A comparison of the
titration curve obtained with the previously air-dried colloid with that
of the fresh suspension is shown in figure 3. The colloidal suspension
gave a curve with pH values that tended to be slightly above those
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3.—Titration curves of muck colloid (No. C734) in the dispersed and
in the air-dried condition.
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FlGUHE 4.—Titration of a humic acid fraction from tule peat (No. C722) with
sodium hydroxide as compared with barium hydroxide.
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of the dried sample. The base requirement of the colloidal suspension might have been expected to be somewhat greater than that of
the undispersed material on the basis of the much greater area of
exposed surface of the former. The dispersed colloid appeared to
react with the base more rapidly, however, than did the air-dried
sample. The hiial pH determinations were made at the same time
interval in both titrations.
Other observations of the effect of the degree of dispersion, among
other factors, on the base requirements were made in the titration
of liumic acid fractions with sodium hydroxide as compared with
barium liydi'oxide. Sodium hydroxide brings about a solution, or

I
2
3
4
5
6
BASE PER GRAM OF SAMPLE (MILLIEOUIVALENTS)
KiGUKE 5.—Titration of a humic acid fraction from sedimentary-fibrous peat
(No. C723) with sodium hydroxide as compared with barium hydroxide.

what may be termed an extreme in the degree of dispersion of humic
iicid, whereas barium hydroxide causes no apparent change with
respect to magnitude of surface exposed in the suspension of a previously air-dried sample. Two pairs of titration curves are presented
to illustrate not only the apparent lack of any significant effect of
the high degree of dispersion on the position of the end pokit but
also the essential equivalency of sodium as compared with barium.
The titration of a humic acid fraction from fibrous tule peat is
shown in figure 4 and that from a sedimentary-fibrous tule peat in
figure 5. The sodium hydroxide curves in both cases are at higher
pH values for the most part than the corresponding barium iiydroxide
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curves, particulaiiv at the lower concentrations of base. This is as
would be expected, since sodium is a stronger base than barium and
the huniic acid salt of sodium is regarded as being hydrolyzed to a
greater extent than that of barium. The equivalency of soduim and
barium (neglecting the efïect of the dispersion by sodium hydroxide)
is fairly close in figure 6, as indicated by comparison of the correspondhig positions of the breaks, but varies more widely in figure 7. This
may be explained either on the basis that acidic groups reacting with
each of the two bases may not be precisely the same or that the solution of the material by sodium hydroxide influences the nature of
the reaction slightly. Another factor that affects the quantity of
base absorbed is the formation of some carbonate that is relatively
insoluble in the case of the barium. As will be shown later, however,
the quantity of barium carbonate formed under these conditions is
not appreciable, according to actual determination of the carbonate

2
Ba(OH)j PER GRAM OF SAMPLE
FIGURE ö.—Titration

3

4

(MILLIEQUIVALENTS

)

curves of peat samples composing a iirofilo from Wintersburfi, Calif.

with larger samples. The probable experimental errors involved in
dealing with the smaller samples used in these titrations must be
considered and may be of an appreciable magnitude.
TITRATION RESULTS OF PEAT AND MUCK MATERIALS
TITKATION OK KNTIKE SAMPLB.S

Samples of tlie three complete profiles, difl'ering widely with respect
to botanical Cimiposition and geographical and climatic environment,
were titrated with barium hydroxide. Titration curves for the four
samples comprising the tule-p(Mi(. ])rofile from southwestern CCalifornia
are shown in figure 6. The greatest base-combining was exhibited by
the second and bottom layers. The latter, a sedimentary peat, undoubtedly would have an appreciably higher neutralizing value for its
organic matter if the efïect of the relatively high ash content (20.05
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percent) coukl liave been eliminated. The ftbrous, well-preserved
surface sample of tule peat liad the lowest combining capacity, 2.45
as compared with 3.3 to 3.45 milliequivalents per gram for the maximum values of this profile.
The profile obtained from the upper Klarnath Lake locality was
quite different in character from the California profile. The vegetation of the surface layers of each was similar to the extent of a predominance of tule, but the Klarnath Lake profile contained considerable diatomaceous material the content of which increased with depth
and was formed in an environment much difi'erent from that of the
California profile.
Titration curves of each of the three distinct layers of tlie Klsmath
Lake profile are shown in figure 7. It is of interest to note the marked

0

FIGURE

DEPTH
No.
-O—0--0-TULE-SEDGE PEAT
0- 3 FT. C747
■SEDIMENTARY-FIBROUS PEAT
3- 5 FT. C 748A
m m DIATOMACEOUS-SEDIMENTARY PEAT
5-10 FT. C748B
12
3
4
BoiOH)^ PER GRAM OF SAMPLE (MILLIEQUIVALENTS)

7.—Titration curves of peat samples composing a profile from Klamath
Lake, Oreg.

decrease in base-combinhig capacity with increasing profile depth.
This undoubtedly reflects the influence of the diatomaceous material,
which has very weak acidic properties. The ash content (mostly
diatomaceous silica) of the bottom layer was 45.98 percent and that
of the surface layer only 6.55 percent. The surface layer appeared to
be in the most advanced stage of decomposition of any of the layers,
judgDig from its darkness in color and general appearance. The basecombhiing capacity of this material (2.3 milliequivalents per grain)
was only slightly less than the corresponding value (2.45 milliequivalents per gram) of the top layer in the California profile. The
latter had the more predominately fibrous character.
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The third profile included in this study was one consisting of a
surface layer of sphagnum-moss peat with underlying sedge and
sedimentarv-fibrous sedge peat. A sample of the hvmg sphagnummoss vegetation on the surface was also mcluded. The moss peat
possessed the highest base-neutralizing capacity and a greater capacity
than the original moss vegetation, as shown m the titration curves of
figure 8. The capacity of the lower layers would probably have been
somewhat larger if the minimizing effects of the relatively greater
content of mineral matter could be compensated for as in the case of
the profiles already discussed.
Titration curves of a number of miscellaneous samples, representative of different varieties of peat and muck, are shown in figures 9 and
10. A Trenarv soil colloid and a sample of Marshall soil were included (fig. 10) for purposes of comparison. All of the peats had ¡i

12

3

4

Ba(0H)2 PER GRAM OF SAMPLE ( MILLI EQUIVALENTS )
FIGURE S.—Titration

curves of moss and peat samples (!oin))osiiig a profile from
Sandlakc, Oreg.

much greater base-neutralizing capacity than the soil or the soil
colloid, as would be expected, but considerable variation is evident.
The cultivated sawgrass peaty muck (No. 7377) had the highest
titration value of the miscellaneous samples shown in the two figures
but only a slightly greater one than that of the uncultivated sawgrass
peat (No. 7035) or the coniferous-woody peat (No. C735). The
heath peat (No. 5047) also had a relatively high neutralizhig capacity.
The sample of sedge peat (No. 7928) had an unusually low value considering its low ash content of only 6.28 percent. The sample of
cattaü-sedge peat (No. C731) also had a moderately low value, but its
ash content was over 40 percent. The hypnum-moss peat had a value
appreciably less than that of the sphagnum-moss peat (fig. 8). These
two varieties of peat are sometimes confused, since both are derived
from mosses.
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9.—Titration curves of miscellaneous peat samples.

3

4

Ba(OH)j PER GRAM OF SAMPLE ( MILLIEOUIVALENTS )

p'iGüRE 10.—Titration curves of miscellaneous peat and muck samples including
a soil and a soil colloid.
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TITRATION OF FRACTIONS

The separate organic fractions, namely, the humic acid, colloid,
and residue, obtained from each of the layers of the California tnle
peat profile, the Oregon sphagnum-moss peat profile, and the single
sample of cultivated muck were titrated with barium hydroxide in
the same manner as were the original samples. All of the individual
titration curves, however, have not been included in this report,
partly because of the space required and also because some were
published in the preliminary report (11). A complete tabulation of
the base-combining capacity as derived from the titration of each
fraction is found in table 6, but only the titration curves representing
the fractions obtained from the most widely differing samples are
shown. The sample of sphagnum-moss peat represents a relatively

12
3
Ba(0H)2 PER SRAM OF SAMPLE
FIGURE
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11.—Titration curves of tlie individual fractions separated from sphagnuni-nioss peat (No. C750).

undecomposed, fibrous, highly acid material, and its physical character is strongly in contrast with that of the largely decomposed, black,
dense, compact sample of sedimentary peat.
The muck differed from the other samples by virtue of the effects of
piolonged surface weathering and cultivation, which are evidently
reflected in the mellow and granular character of the well-decomposed organic matter. The fractions obtained from these materials
should illustrate something of the range of differences in character to
be expected in the greatly differing varieties of plant remains. The
titration curves of the individual fractions 11, 14, 15 of the respective
samples are shown in figures 11, 12, and 13.
The humic ncid was found to be the most active fraction of each of
the peats with respect to base-absorbing properties. It is remarkable
that the base-neutralization capacities of the humic acid fractions
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from widely divergent sources of material, sphagiium-inoss peat as
compared with tule muck, are fairly similar m magnitude; that is,
4.5 to 4.85 milliequivalents per gram, respectively. The complete
tabulation of the base-neutralizing values (table 6) indicates a maxi-

4

5

BaiOHjjPER GRAM OF SAMPLE (MILLIEQUIVALENTS)

FiciTiRE 12.—Titration curves of the individual fractious separated from sedimentary peat (No. C725).

I
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4
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6
BaiOHlg PER GRAM OF SAMPLE (MILLIEQUIVALENTS
FIGURE

13.—Titration curves of the individual fractions separated from cultivated tule muele (No. C734).

mum variation of 3.1 to 5.0 ndlliequivalents per gram, but with most
of the values varying only between comparatively narrow limits.
The ash content in all cases is less than 2 percent, which makes the
base-absorbing property of each hunde acid fraction comparable on
the basis of essentially ash-free organic material.
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TABLE

Sample
No

6.—Base-absorbing and related properties of electrodialyzed peat materials

Description

Fraction

Ammonia
retainBaseBase- mg caexneutral- monia
pacity
reizing tained change Baseat 105°
neutralityi
Ity
0.
izing
capac-

ity

Whole sample
Humicacid .
Colloid.
Residue-Whole sample.
jHumic acid-- C723
Sedimentary-fibrous peat
Colloid
Residue— -.
Whole samplelîumicacid..
do
C724
IColloid
Residue
Whole sampleHumic acid - Sedimentary peat0725
Colloid
Residue--. ..
Whole sample
C750
Sphagnum-moss peat -- . Humic acid..
Colloid
.
Residue
Whole sample
Humic acid- -0761A
Colloid
ResidueWhole sample.
Humic
acid - -.
C751B_., Sedimentary-fibrous peat
Colloid
... .
Residue
Whole sampleC734.... Tuie muclr (cultivated) -. Humic acid...
Colloid
Residue.
Tule-sedge peat - -.
C747
C748A..- Sedimentary-fibrous peat
C748B _ Diatomaceous - sedimentary peat.
0728--.- Hypnum-moss peat
0735
Coniferous-woody peat
7928
7377
Sawgrass peaty muck
(cultivated).
M92
Tule-reed peaty muck
Cattail-sedge peat
0731
C750A--- Sphagnum moss (living
vegetation).
7036
Sawgrass peat
5047
Heath peat
B171
Marshall soil
4583
C722

Milli- MilU- Miltiequiva- equiva- equivahntu
lents
lents
per
per
per
gram
gram
gram
1.60
2.45
0.83
3.09
2.21
4.65
2.35
1.00
1.15
.23
3.45
.84
1.66
3.01
4.1
2.16
2.7
1.39
1.0
.26
1.24
1.64
3.2
2.46
3.37
5.0
2.6
1.28
1.45
.30
3.3
1.50
1.78
3.88
4.7
2.76
3.0
1.70
1.25
.27
.82
1.46
2.7
4.5
2.31
3.05
2.6
1.36
1.7
.71
1.95
.82
1.31
2.60
3.6
1.99
2.16
.84
1.0
.18
.93
1.8
.66
2.42
1.83
3.1
1.96
.84
.5
.14
3.0
2.31
1.66
2.92
4.07
4.85
1.75
.9
.14
2.3
,61
1.46
1.66
.32
.76
.95
.16
.48

0.34
.48
.43
.20
.24
.53
.51
.25
.39
.49
.49
.21
.45
.59
.67
.22
.30
.51
.52
.42
.42
.66
.39
.18
.37
.69
.43
.28
.52
.60

Baseexchange
capacity
Baseneutralizmg
capacity 1

AmmoDla
retaining capacity
Baseexchange
capacity

0.66
,66

0. 62
.72

.46
.73

. 54
. 72

.51
.67

.76
.73

.54
.83

.84
.71

.54
.68

..5f.
. 76

.67
.72

.63
.77

.52
.78

.71
.76

.77
.84

.67
.72

.Í8
.27
.21
.17

.63
.49
,51

.42
.42
,33

2.2
2.95
1.25
3. 15

.62
1.56
.32
1.36

1.38
1.79
.69
2.25

.28
.63
,26
.43

,63
.61
..55
.71

.87

2.36
2.0
2.1

1.11
1.06
.65

1.64
1.28
1.36

.47
.63
.31

.70
,64
.64

,68
,83
48

3.0
2.7
.23
.67

1.49
1.38

2.29
1.90

.50
.61

.76
.70

.66
.73

W

1 Values are taken from breaks in titration curves.

The tabulated values in table 6 indicate that the humic acid from
the sedimentary-fibrous peat (No. C751B) of the sphap;num-moss peat
profile possessed the lowest neutralizing capacity, whereas that of the
cultivated muck and sedimentary peat had the highest values. There
appeared to be no definite relationship, however, between the degree
of decomposition of a peat, as indicated by its physical appearance or
other characteristics, and the neutralizing capacity of the humic acid
obtained from it. The base requirements of the whole peat samples.
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on the other hand, appeared to be greater when the materials were in
a more advanced stage of decomposition, particularly when the relative ash contents were taken into consideration.
The colloid fractions required materially less base for neutralization
than did the humic acid fractions. The values for the colloids ranged
from 1.75 to 3.0 inilliequivalents per gram (table 6). Their ash contents (table 3) were higher than those of the humic acids but less than
those of the corresponding origiTial samples from which they were
separated.
The residue fractions were the most inert with respect to acidic
properties, but their base-combining powers are appreciable nevertheless. Cvomplete separation of humic acid has, of course, not been
effected, and a portion of the acidity found in the residue must obviously be due to the imperfect fractionation in each case. The residue
of the sphagiuiin-moss peat possessed the highest base-combining capacity. This sample was extremely fibrous, and the residue fraction
appeared to be more similar to the original material than was the case
with the other samples.
The three fractions obtained from each of the peat samples do not
represent the entire sample, as has been pointed out. A portion of the
organic matter is lost in the precipitation of the humic acid fraction by
hydrochloric acid. The base-combining character of this material
was not investigated. The salt formed by neutralization of the
sodium hydroxide used for extraction, and particularly the excess of
hydrochloric acid, could not be removed by electrodialysis because of
the soluble nature of the organic matter. Hence, no further attention
was given to this material.
Calculations were made of the total aciditj^ of the original peat
samples as actually accoimted for by the titration of the fractions obtained from each sample. Accordingly, the summation of the base
reqidrements of the three fractions of each sample was expressed as a
p(>rcentage of the total base required in the titration of the original
whole sample. These percentages indicate the extent to which acidic
constituents are lost in the fractionation, neglecting possible alteration
in character of the organic matter during fractionation. The average
is approximately 82 percent (table 7), with a range from 66.1 to 100.3
percent.
In soñera 1 the humic acid fraction accounted for the greater part,
or approximately 50 to 70 percent, of the peat or muck acidity. In
the sphagnum-moss peat, however, the humic acid accounted for only
30.7 percent of the total acidity, and an appreciable part of the
acidity was apparently lost with the hydrochloric acid soluble material. A similar loss was noted in the fractionation of the cultivated
tule muck, but the percentage of the total acidity accounted for by
the humic acid of this sample was much greater than in the case of
the sphagnum-moss peat. Extremely low percentages of the total
acidity are accounted for by the colloid and residue of the muck. The
acidic constituents of the moss peat, on the other hand, are more
evenly distributed among the three fractions. The residue of the
latter accounted for nearly as much of the total acid as the humic
acid fraction. The significance of such relationships must not be
overemphasized, however, because of the possibility of chemical
alteration during the fractionation processes.
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TABLE

7.—Portion of total titrated acidity o} original -peat samples accounted for by
titration of the separate fractions '

Samplp No.

Description of orifrinñl sample

Part of total acidity Total acidaccounted ity accountfor by each
ed for
fract ion

Fraction

jColloid
Residue
Sedimentary-fibrous peat

C723

do

C724

Sedimentary j»eat

0725
C750,

_

_

Splmgnum-raoss peat. -. - -

Residue
Humic flcid
Colloid
Residue
- - Colloid . Residue
Humic acid
- Colloid

,-..
.
-.--

Humic acid

Jcolloid

C7M \
CTfiUi

Sedimentary-fibrous peat
Cultivated tulo muck __

{Colloid
Residue
Humic acid...
. ■^Colloid

-

Percent
72.0
17.4
7.5
53.4
16 7
5.6
66.5
19.8
7.8
48.7
18.9
8.8
30.7
11.0
24.4
70 7
19.1
10 5
51.8
17.7
7.5
57.3
.i. 7
6. S

Percent
96 0
76.7
94.1
76.4
66 1
10(1.3
77.(1
68. S

Oata derived from titration results.
COMPARATIVE TITRATIONS OF PURE ACIDS

Samples of stearic and tungstic acids were selected as compounds of
known constitution and were titrated with barium hydroxide to
compare their behavior with that of the various peat materials. The
quantity of each acid used for titration was such as to produce a
suspension 0.001 normal in total acid strength. This corresponds
approximately to the normality of the total hydrogen neutralized in
the titration of the peat materials. The conditions of the titration
of stearic and tungstic acids were further comparable in that these
acids were insoluble and remained so during the neutralization. The
respective titration curves obtained should, therefore, be on a reasonably comparable basis with those of the peat acids. The curves are
shown in figure 14.
The neutralization value of the stearic acid should be approximately
3.5 milliequivalents per gram, corresponding to its equivalent weight
of 284.4. The value of 2.85 milliequivalents per gram found by titration is low, but the sample had not been previously electrodialyzed
and was later found to contain appreciable basic ion impurities. The
titration curve, however, has a characteristic end point which is more
pronounced than those of most of the peat acids. The slope of the
curve at the beginning is quite steep and indicative of weakness of the
acid. The titration curve of the tungstic acid, though showing only
a slightly different initial pH from the stearic acid, has a more level
course and is similar in this respect to the curves of some of tho'humic
acid fractions. The exact end point of the tungstic acid titration was
difficult to determine because of indefiriiteiiess in the inflection point,
but it appears to agree essentially with the theoretical value of 8.(1
milliequivalents per gram. This sample had been electrodialyzed
before the titration.
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The tifcration curves as presented thus far have been plotted on a
basis of milUequivalents of base per gram of sample in relation to the
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FiouRE 14.—Titration curves of stearic and tungstic acids.
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Fir.uRE 15. -Comparison of titration curves plotted on the basis of equivalent
percentages neutralized.

pH changes. In order to make a more direct comparison of the relative strengths of the acids titrated, it is necessary to convert the
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neutralization data to another basis. Accordingly, a number of
curves are shown in figure 15 in which the base added is expressed in
each case as a percentage of the total required at the point of complete
neutralization. The slope and relative positions of these titration
curves are thus related more directly to the actual strength of the
acids titrated than are those of the previous curves. From the group
of acidic constituents selected for comparison, it is evident that_ the
humic acid fraction is the strongest acidic constituent on the basis of
its predominantly lower range of pH values during titration. This
relationship may be due, at least in part, to a greater degree of insolubility of the barium salt of humic acid than of the other acids. Differences in the relative positions of the curves of less than 0.3 pH unit
at any given point are probably not of any particular significance,
because of the difficulty of duplicating pH values on the curves with
any greater degree of certainty. It must be remembered, however,
that a difference of one pH unit at a given point on a curve with respect
to another point either on the same curve or to the correspondiiifipoint on another curve signifies a tenfold difference in the actual
hydrogen-ion concentrations involved.
No attempt was made to determine dissociation constants for the
various acidic constituents. The author is inclined to agree with the
views of Mattson and Hester (21) and of Mukherjee et al. (24) that
dissociation constants are not applicable to colloidal acids and consequently have no real significance when applied to substances not in
true solution. Dissociation constants ranging from 7.41X10"' from
titrations with sodium hydroxide to 5.32X10"' from titrations with
calcium hydroxide have been reported, however, for humic acid (4).
Mattson and Hester (21) have placed certain reliance on such values
as the ultimate pH, the pH of exchange neutrality, and the isoelectric
pH to express relative colloidal acid or base strength.
BASE-EXCHANGE CAPACITY AND AMMONIA RETENTION

The base-exchange capacity determinations, made in a more or less
conventional manner by the use of a neutral normal solution of barium
acetate, were compared with the neutralization capacities obtained
from the titration curves and also with the capacities for retaining
previously absorbed ammonia on heating at 105° C. Certain ratios
were calculated, including that of the ammonia-retaining value to the
base neutralizing capacity, the base-exchange capacity to the base
neutralizing value, and the ammonia-retaining value to the baseexchange capacity. The experimentally determined data and the
calculated ratios are recorded in table 6.
The ammonia-retaining capacity is, of course, arbitrarily defined,
and the quantities of ammonia held are considerably dependent upon
the conditions of drying and heating which affect the stability of the
ammonium salt formed. Nevertheless the values as herein determined
are of significance in comparison of one sample or fraction with
another. The conditions of heating (5 hours at 105° C.) are believed
to be such that there is relatively little opportunity for mechanically
occluded ammonia to be held by the organic matter. The ammonia
values can be duplicated satisfactorily under the prescribed conditions.
The different whole peats and their fractions differ considerably
with respect to base-absorbing properties. The values for the base-

THE ACIDIC PROPERTIES OE PEAT AND MUCK

31

neutralizing capacity have already been discussed, for the most part,
in connection with the presentation of the titration curves. The
greatest base-exchange capacity of the whole samples was exhibited
by the cultivated reed muck with a value of 2.31 milliequivalents per
gram. This was not significantly greater, however, than the values
corresponding to those of the sawgrass peat and the cultivated sawgrass peaty muck. The base-exchange capacity of the diatomaceousseflimentary peat, by way of contrast, was only 0.48 milliequivalent
per gram. Values for the humic acid fraction ranged from 2.42 to
4.07 milliequivalents, with the highest values corresponding to the
humic acids obtained from the cultivated reed muck and the sedimentary peat. The base-exchange capacity was in all cases higher
than the ammonia-retaining capacity.
RATIOS OF RELATED BASE-ABSORBING PROPERTIES

The possible relationships between the separate base-absorbing
properties may be studied to the best advantage by means of the
calculated ratios. The ratio of the ammonia-retaining capacity to the
base-neutralizing capacity appears to be of particular interest. Since
the power of an ammonium salt to resist decomposition on heating or
on standing is related to the strength of the acid with which the
ammonia is combined, the ratios of the ammonia retained under given
conditions to the total acid contents of the electrodialyzed peat
materials should be some indication of the relative strengths of the
humic and other organic acids. A somewhat analagous expression,
the ratio of the ammonia-retaining capacity to the sodium hydroxide
required to produce a pH value of 7.0, was previously used by Anderson
and Byers (2). A ratio of unity should be obtained for a very strong
acid and progressively lower ratios for weaker acids. It is recognized,
of course, that the term "strength" when applied to colloidal acids
does not have the same significance as in the case of soluble acids.
It will be noted in table 6 that the highest ammonia-retaining to
base-neutralizing capacity ratio is found in the humic acid and
colloid fractions. In most cases the colloid has a ratio fairly similar
to that of the humic acid. This relationship suggests a qualitative
similarity of the acids contained in these two fractions in the same
sample although considerable variation is found for each ratio among
difl'erent samples. The residue fractions have comparatively low
ratios, except in the case of the sphagnum-moss peat, indicating a
relatively weak character of the acidic constituents present.
The highest values of the ratio, with respect to whole samples,
correspond to the coniferous-woody peat, the cattail-sedge peat, the
cultivated tule muck, and the heath peat. The acids of these materials accordingly may be considered to be of a stronger nature, or at
least to have the ability to retain a weak base (ammonia) more firmly,
than the acids of other samples included in the study. The diatomaceous-sedimentary peat, on the other hand, has the minimum value,
as might be expected from the weakly acidic siliceous nature of this
material. The ratio ranges from 0.16 to 0.59 as apphed to all of the
materials, including whole samples and individual fractions.
It may be seen in table 6 that variations in the ratios of ammoniaretaining to base-neutralizing capacities are not closely related to the
variations in the corresponding base-neutralizing capacities alone,
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and hence the acids contained in the different materials must possess
differences with respect to qualitative characteristics as distinguished
from differences or similarities in the total quantities of acid present
in each case. The cattail-sedge peat (No. C731) and the hypnurnmoss peat (No. C728), for example, have essentially similar baseneutralizing values, but the ammonia-retaining to base-neutralizing
capacity ratios are quite different. Conversely, materials viritli
similar ratios may have different base-neutralizing capacities, as has
already been pointed out in the case of certain humic acid and colloid
fractions. In some instances variations in the ratios follow fairly
closely those of the base-neutralizing capacity.
The significance of the ratio of the base-exchange capacity to the
base-neutralizing capacity is not clear. The range of this ratio
(0.45 to 0.84) does indicate, however, that the base-exchange capacity
measures a rather indefinite fraction of the total or well-defined acid
hydrogen in different types of peat materials. The ratio of the
ammonia-retaining capacity to the base-exchange capacity is also
quite variable for different peats, indicating that no simple relationships exist between these two determinations, at least with respect to
the whole samples. It is worthy to note, however, that the Inimic
acid fractions have fairly constant values for the latter ratio.
NEUTRALIZATION OR OTHER REACTIONS IN RELATION TO
ADSORPTION

A fundamental difficulty in determining the end point in neutrnlization experiments with soil colloids as well as with peat or humified
organic materials lies in the fact that these substances absorb base
from an alkaline solution to a very indefinite and apparently unlimited
extent. There seems to be no point in the course of the base absorption beyond which further quantities of base will not be taken up
provided the solution is sufficiently alkaline. The titrations herein
presented indicate, however, what may be considered an end point
for practical purposes, but this does not mean that atiditional base
cannot be taken up. In fact, considerable quantities of additional
base may be absorbed from solutions amply supplied with base.
The following experiment was conducted to determine the character
of the base absorption over and above that corresponding to the
quantity represented by the titration end point. A series of flasks,
each containing a 1-gm. sample of an electrodialyzed peat (No. C724)
and a definitely determined quantity of barium hydroxide, were used.
The quantity of barium hydroxide varied from 2 to 30 cc. of a 0.53
normal solution, and sufficient water was added to each flask to make
the final volume 30 cc.
The flasks were tightly stoppered and shaken at intervals. Aliquots
of the supernatant liquid were withdrawn by means of a pipette at
intervals of 5 hours, 2 days, and 15 days. A separate series of the
peat suspensions was used for each of the three periods of observation.
The pipetted aliquots were titrated with a standard sulfuric acid
solution, phenolphthalein being used as an indicator. The quantities
of free barium remaining in solution and those absorbed by the peat
were calculated from the results of these titrations.
The relation between the values for absorbed and free or titratable
barium are shown graphically in figure 16, in which a curve has been
drawn for each time period. It is immediately obvious that there is
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iH) apparent saturation point witli respect to the absorption of barium.
Up to a certain limit the added barium was entirely taken up by the
peat. Beyond this point the uncombined barium remaining in solution bore a definite relationship to that absorbed, as indicated by the
rep:ular parabolic character of the curves. Similar curves have

.04 .06 .08 .10 .12 .14 .16 .18 .20 .22 .24 .26 .28 .30
CONCENTRATION OF FREE BARIUM HYDROXIDE
(MIULIEQUIVALENTS PER CUBIC CENTIMETER OF SOLUTION)
.02

FiouKE 1Ö.—Curves representing withdrawal of barium by electrodialyzed
peat from Iniriuni liydroxide solutions of different concentrations during
varldux time intervals.

CONCENTRATION OF FREE BARIUM HYROXIDE
( MILLIEQUIVALENTS PER CUBIC CENTIMETER OF SOLUTION )

17.—Logarithmic curves representing withdrawal of barium by electrodialyzed peat from barium hydroxide solutions of different concentrations during
various time intervals.

FIGURE

previously been presented for humic acid by Kawamura (17), but the
relationships existing at different time intervals were not shown.
It is of interest to note that the parabolic curves of figure 16 become
essentially straight lines when plotted logarithmically, as shown in
figure I 7. The absoi-ptiou of barium is thus found to obey in pruiciplc
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the simple Freundlich adsorption isotherm {IS, p. 172).
an empirical parabolic equation, may be expressed as —

The latter,

where a is the quantity of substance adsorbed per unit of adsorbent,
c is the equilibrium concentration after adsorption, and m and l/w
are constants. The fact that a straight line is obtained from a logarithmic plotting of the experimental values demonstrates the essential
adherence of the data to the Freundlich relationship at least within
the range of concentrations of barium hydroxide represented. The
constants of the adsorption equation were not calculated, as they
appear to have no particular significance in this case.
All of the added base is absorbed from the solution up to an amount
of approximately 3 to 3.5 mUliequivalents per gram. This portion
of the absorbed base is, of course, not represented on the adsorption
curves (fig. 16) and is believed to be concerned with a true neutralization reaction as represented by the titration curves.
The continued withdrawal of barium from barium hydroxide
solutions may be considered primarily as an adsorption or a concentration of base on the surface of the suspended peat material, resulting
from physical or loose chemical attractive forces. A gradual neutralization of phenolic or other very weakly acidic groups, hydrolysis
of complex esters, and other secondary reactions undoubtedly play
some indefinite part in the absorption of barium. Carbonate determinations made in a number of the suspensions indicated that very
little of the peat organic matter was broken down completely to
carbon dioxide with an accompanying precipitation of barium carbonate. Some carbonate was found, but the maximum corresponded
to a withdrawal of only 0.24 milliequivalent of barium per gram of
sample in the most concentrated solution after 15 days' time. There
appeared to be no definite relation between quantity of carbonate
that was formed and concentration of barium hydroxide.
The following experiment was conducted to determine the extent
to which an internal penetration of colloidal micelles by the base
might take place in strongly alkaline solutions.
A series of suspensions was used (in duplicate), similar to those
already described, in which different concentrations of barium
hydroxide were allowed to react with the electrodialyzed peat during
time intervals of 2 days and 30 days. Aliquots were then taken for
determinations of the absorbed barium, and the remainders of the
solutions in each case were filtered in as nearly a carbon-dioxido-free
atmosphere as possible, followed by leaching of the residue with 900
cc. of freshly boiled distilled water. Barium determinations were
made in the filtrate and in the residue. The latter are of particular
interest and are shown in table 8. A comparatively small increase
was found in the residual barium after 30 days' treatment as compared with the 2 days' treatment, and in the full-strength barium
hydroxide as compared with the half-strength solution. The corresponding increases in total quantity of barium originally absorbed
(before leaching) were, however, sigidficantly greater, as shown in
table 8. The data indicate, therefore, that a considerable portion
of the absorbed base may be removed readily by leaching, and also
that the quantity of barium retained by the leached residue is but

THE ACIDIC PROPERTIES OF PEAT AND MUCK

35

slightly affected by the previous treatment with respect to the strength
of base and duration of treatment. It is of interest to note that the
barium content of the leached residue is approximately 0.3 to 0.5
milliequivalent per gram higher than the value obtained from the
titration curve end point. (See table 6, sample No. C724.)
TABLE

8.—Comparison of total quantity of barium absorbed by peat ■ from Ba{0H)2
solutions with that retained after leaching
Duration of treatment

Strength oí
Ba(OH)¡
used

Normality
(j. 266
.532
.266
.632

2 (lays.'■Hi days.

Total Ba
absoibed ^

Ba content
of leached
residue ^

MiUiequiva- MUtiequivaients per cram itnts per gram
5.ÍS
6.28
6.18
6.88

3.47
3.56
3.64
3.72

1 Sample No. C724.
2 Determined by titration of alifjuot of supernatant liquid.
"Deterniine<l gravimetrically.

The continued base absorption from concentrated solutions, therefore, cannot be regarded as an internal penetration of colloidal particles
from which removal of base would be comparatively slow or difficult
merely by leaching. It was concluded that at least the greater part
of the barium absorbed from strongly alkaline solutions m excess of
that indicated as the neutralization value from the titration curve is
very loosely associated with the peat organic matter.
It was observed, however, that titration of the supernatant liquid
of the suspensions did not account for all of the barium remaining
in solution after a given period. A portion of the organic matter was
dissolved by the barium hydroxide solutions, and some barium was
combined with the soluble material, as shown by gravimetric determinations. The quantity of such soluble barium combmations was
found to increase somewhat with time and with increasing concentration of barium hydroxide. This may be attributed to secondary
chemical reactions consisting of a gradual break-down of a portion
of the insoluble organic complexes into simpler and more soluble
compounds. The fact that successive adsorption curves (figs. 16
and 17), varying in character only in their relative positions, are
obtained at successive time intervals is undoubtedly related to the
progress of secondary chemical reactions noted above.
In the preliminary paper {11) it was stated that absorption of barium was increased slightly on warming and that this would appear
to be contrary to the conception of adsorption by which increases in
temperature should decrease the magnitude of adsorption. It may
he, however, that secondary reactions between the barium hydroxide
and organic complexes are favored by warming, and that these are
largely independent of the normal course of adsorption, which obeys
the Freundlich equation at ordinary temperature.
GENERAL CONCLUSIONS

The titration curves obtained from the titration of extremely dilute
suspensions of electrodialyzed peat or soil materials indicate that
reasonably well characterized breaks may be observed analagous to
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those obtained in tlie titration of ordinary weak acids, although less
pronounced. These breaks or abrupt changes hi slope of the curves
have been interpreted as end pouits in the neutralization of the welldefined acidity. It is probable, however, that some very weakly
acidic hydrogen, such as that of certain organic hydroxyl groups,
remains unneutralized during the titration, but such hydrogen may be
regarded as without practical significance in ordinary base-combining
reactions. The titration curves are therefore considered as indicating
at least the neutralization of a definite category of acid.
The success of the titrations in the dilute suspensions, with respect
to what is considered as the attainment of a practical end point, is
attributed to the avoidance of various undesirable hydrolytic oicomplex secondary reactions. The latter are undoubtedly favored
under strongly alkaline conditions such as are realized near the end
point in the titration of concentrated suspensions with correspondingly concentrated alkaline solutions. The quantities of base absorbed in secondary or adsorption reactions obviously increase with
increasing alkalinity and may easily obscure the end point of neutralization by tlie usual method of titration. Although a longer period
of time is required for the reaction to proceed in a highly diluted suspension, this disadvantage is apparently more than offset by the advantage gained in characterization of the titration curves. Use of
the small samples, however, hivolves a greater possibility of experimental error.
The behavior of electrodialyzed peat when suspended in relatively
strong solutions of barium hydroxide containing a large excess of base
indicates that a process of the nature of adsorption continues after
true neutralization is complete and is largely responsible for the apparently unlimited capacity of the peat to withdraw base from concentrated solution. At least the conthmed base-absorbing process
obeys the Freundlich adsorption relationship hi principle. However, a small part of the base absorbed during this process appears to
be held in a less reversible manner, i. e., not subject to ready removal
by leachnig, and the amount of base so retained mcreases slightly
with time of treatment or strength of the base solution.
The neutralization values of the humic acids as indicated by the
titration curves ranged from 3.1 to 5.0 milliequivalents per gram.
These correspond to a variation of from 200 to 323 in the equivalent
weight of this acid constituent. Equivalent weights recorded in the
literature, as cited by Scheele (SO), range from approximately 150 to
400. The agreement with the present results is worthy of note,
considering differences in methods ¡iiid in sources of humic acids.
Molecular-weight deteiminations as recorded in the literature, however, are highly variable. Oden {26) in his classical investigations
considered humic acid as tetrabasic with a correspondiiig molecular
weight of 1,400. Scheele (31) recently obtamed a value for molecular
weight as iiigh as 26,000 by a diffusion method. Other values ranged
from 4,500 to 9,000 according to the acidity or alkalinity of the medium in which the determination was made. It seems rather futile,
therefore, to speculate on the exact number of reactive carboxyl and
phenolic hydroxyl groups present in a molecule of humic acid. The
titration curves give no clue as to the extent of polybasicity, but it
seems reasonable and logical to conclude, from the character of the
curves and other observations, that a relatively large number of
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replaceable acid hydrogen atoms are present which do not differ
widely in their individual dissociation constants. The organic mutter
coniprisitig the various acidic constituents of peat or muck must be
it^gardetl as being far from simple or definite in constitution.
The ratio of the quantity of ammonia absorbed and capable of
being retained at 105° C. to the total neutralizing capacity is believed
to be of some diagnostic value with respect to a characterization of
the comparative strengths of the colloidal acids of one sample or fraction relative to those of another. This ratio should be related to the
physiological effects of the various acids present in a soil medium
supporting plant growth, more so than single-value determinations
such as form the basis of lime requirement estimations. A relationship undoubtedly also exists between the strength of the colloidal
acids and the nnmner in which inorganic nutrients are conserved or
supplied for plant use in the soil. The base exchange capacity, hydrolytic acidity, or similar values give little information as to the
(¡uality of acid in a given material and are more closely associated
with quantity relationships. Two different materials having the
same base-exchange capacity, for example, may possess acids differing
considerably in character. It follows that the physiological effects
of the acids in the two materials may also be quite different.
By similar reasoning, variations in base-exchange capacity or hydrolytic acitlity in different materials do not necessarily indicate that the
acids present differ qualitatively. A knowledge of the total acid
content of a soil material is necessary to provide a means of calculating ratios with other analytical determinations. In this manner the
acids may be characterized more adequately, although the practical
sigidiicance of such ratios as yet has not been demonstrated.
The hninic acid fraction of peat or muck appeared to contain, on an
average, more than 80 percent of the total acid in the three fractions
separated. Most of the remaining acidity accounted for was in the
c(dloid fraction. Strictly speaking, however, both the humic acid
aiul colloid fractions are colloidal in character, and their separation
is jji-obably based on differences in degree rather than m kind. Undoubtedly these acids coTisist of an association of more or less related
complexes having a gradatioTi of properties.
Carbon-nitrogen ratios were shown to be of considerable assistance
in demonstrating fimdamental differences among the separate organic
fractions isolated from each sample. These values are undoubtedly
related to the origiiud jjlant composition and to the degree of decomposition of the plant remains as found in the organic material.
SUMMARY

A variety of typical samples of peat and muck, including three complete profiles, were selected from different localities for a detailed
study of their acidic or base-combining properties. A number of the
samples were fractioiuited according to a response of the orgaidc
matter to a dispersion treatment with a dilute alkaline solution. Three
fractions were obtained in each case, namely, the material dissolved
by alkali and subsequently precipitated by acid, material dispersed to
colloidal dimensions, and the remaining residue. These were termed
humic acid, colloid, and residue, respectively.
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Carbon-nitrogen ratios indicated significant diflferences in the
cliaracter of the organic materials present in the différent peats and
in the different fractions. Cultivated muck had a carbon-nitrogen
ratio of the same order of magnitude as that of the organic matter in
an ordinary soil. Fibrous undecomposed sphagiuim-moss peat had a
relatively fiigli ratio of 36.3. The residue fractions had exceptionally
high ratios, that of the sphagnum-moss peat being as high as 109.7.
The colloid and humic acid fractions had comparatively low ratios
aTid appeared to represent the most decomposed portions of each
sample.
.
The course of neutralization of the acidic constituents ui the whole
samples or as foimd hi the separate fractions was studied by means
of potentiometric titrations with barium hydroxide solutions. Titrations conducted with very xlilute suspensions of the peat materials
yielded titration curves possessing characteristic breaks that were
regarded as indicative of practical end points. The neutralization
values obtamed by this method showed significant differences among
different types of peat and particidarly between different fractions
of a given sample.
The humic acid fraction generally accounted for the major portion of
the total acidity possessed by each sample of peat or muck. The
neutralization value of humic acid varied from 3.1 to 5.0 milliequiyalents of base per gram. Corresponding values for the residue fraction
were as low as 0.5 müliequivalents per gram, whereas those of the
colloid fraction were intermediate. An electrodialyzed Marshall soil
and Trenary soil colloid, titrated for comparative purposes, had
neutralization values of 0.23 and 0.57 milliequivalents per gram, respectively.
Base-exchange capacities determined by leaching with a neutral
normal solution of barium acetate were materially less than the baseneutralizing capacities determined by titration. The arbitrary values
for ammonia absorbed and retained on drying 5 hours at 105° C. were
of a lesser magnitude than the base-exchange capacities. Each set of
determinations demonstrated significant differences among the different types of materials. Minimum pH values of the electrodialyzed
materials were partly related to the base-absorbing properties, but
they provided no reliable indication of the inherent neutralizing or
exchange capacities of the peat or muck.
The ratio of the ammonia-retaining capacity to the base-neutralizing value was regarded as being of significance with respect to qualitative characteristics of the acidic constituents. Low ratios, such as
were exhibited by the more fibrous peats and in particular by the residue fractions, were considered as indicative of the presence of predominantly weak acids. Sedimentary peat, woody peat, and muck,
on the other hand, possessed relatively high ratios, indicating a
stronger nature of their acids. The colloid and humic acid fractions
exhibited higher ratios than the residue fractions or than the whole
samples. Other ratios, including that of the ammonia-retaining
to the base-exchange capacity and the base-exchange to the baseneutralizing capacity, were found to be variable and difRcult to interpret. The variations indicated, however, that the ammonia-retaining and base-exchange capacity determinations each measure different and variable fractions of the total acidic hydrogen present in
the peat or muck materials.
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Peat was observed to be capable of absorbing base to an apparently
unlimited extent fioin strong solutions of barium hydroxide. The
continued base absoi'ption, in excess of that requii'ed for true neutralization, obeys the Freundlich adsorption relationship in principle
and may therefore be considered essentially as an adsorption in
nature. Secondary chemical reactions are undoubtedly concurrent
but appear to be of minor significance by comparison.
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