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INTROUDCTION

The water preosent in soil is usually divided into three
catezories. The first of thase, ths water of constitulion or
combined wnber, is menasured as the water lost oun strong ignitiom
after dryins in an oven at 105%0., The second estegory, called
hyeroscopic water, is the sater lost wy the 20il when it is dried
in 8n oven at 10B%C after 1t has boeen broueht o couiliorius in
an atmosphere saturnted with water wvapor. The third eaterory
inciudes 211 water preasat in the soil in excesy of that held in
a saturatad atmosphere.

Eeean [13) bas used the disgram shown in Pigz. 1 to represent
the relntions botween the different oatepories of water and the
moisture constants determined by soll physicista. 7o th.s diagram
has oveen added the combined water or water of conatitution. It
pay be asid hare thaet these divisions are antirely artificial and
have no real existznce. ALl the svidence svailabdle indicates
that thers nre uo *fixed points® or nnturnl divisions of kinds aof
wnter in soile. These arbitrary divisions ars usetful, howaver,
for orienting gur conceptions of so0il moisture.

The second cntegory, bhygroscovic moisture, has received less
considerntion than the others. The s0il physicists bave aneglected
this gaterory becnuse it is somevhat below the range of unseful

moisture. The chamisis hnve neglected 4t becouse it is not cone
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sidered chemically combined wnter., The investigations reported

in this paper denl with this second category.

HISZORICAL

Several attempts have been made to utilize the inferwntion
obtained by allowing alr-dry soil to absord maisture st varicus
relative humiditiss. The water absorbed by soil colloids when
aliowed to come to egquilibrium over a sulfuric acid - water
mixtare containing 3.3 percent sulfuric ascid by welght bhas been
made the basis for 3 method of estimmling the gquantity of colloid
present in a soil (11). The water held under this condition (99
percent relntive hmmoidity) falls below the hygroscopic cosfficient.
The British soil werkers {13) have also used a determinntion of
the molsture held at 50 percent relative midity as a eriterion
of soil properties. Hore recently, workers in the Burenu of
Cheninstry and Solls of the United States Department of Agriculture
(7) have mads determinations of the mmounts of water held over
sulfuric acid-mater mixtures of warious concentrations by different
s0oil colloids, Aa attemnt was made to correlate the ratios between
som=2 of the values so obtained with the chemicnl composition of
the soil., The attempt was only partinlly succezsful.

#ith this work in view, it seemed that the most logleal attack
on the problem of the asture of this hygroscopic wnter wns n deter-
mination of the vepor pressure-water content curves of ths various

types of soils.
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The wnpor preassure-water content curves of a mumber of solls
have been studied by Thomne {21, 22) and by Puri, Crowther and
Keen (19). They covered the antire range from oven-dry at 105°% C to
saturntion. It was found in both investirutions that an inflection
point in the curves oscurred nesr 50 percent of the vapor prassure
of pure water. Xo bresiks were found; this indieated no sudden
change in the nature of ths forces holding the water. Pyri, Crowther
and Keen reached the conclusion that the curves were all of the
smae type but thet the general slopes of the curves were decreased
with increades of cleay and ergsalec smiter content. Thomrs alsa
reached the conclusion that the slope of the curve is influenced
by the guantity of fine material present, tut concluded that the
oéganic matter played a minor role in water vapor absorption.
Brown and Byers (7) and also Anderson and Hnttson (3) have cnlled
attention to the correlation betwasn the avidity of a soil colloid
for water snd its chemieal constituiion. Since it has been shown
80 many times that the coarser fractions of n soil oaly serve as
a fremeuork or as d4iluting material for the colleid, it seemed
advisable to study the colloid sxtracted from the s0il, rather than
the soil itself. This wonuld =2liminete the wariable factor menifoned
by Puri, Keen and Crowther conceraing the change in slope of the

vapor pressure curve with clay content.



HATRRIALS US¥D

The soils selectsd for this study represent the widest rasge
of progressive weatharing found in the United 3tates. “The Sarnes
e0il iz a bleack dry land grass soil from B‘éﬂh Dnkotn. It has been
formed from czlenreocus glacial till. It haa not besen sudjectad %o
sovera Rhydrolysis bacause of the low reinfall.

The Carrington soil iz s fertile prairie soil aof Iowa. Like
the Barmes, it has besn dewsloped from calearecus glacial 411 but
under conditions of morse rainfall, and therefore iis degree of
weatharing is greater,

The Hiami, a gray-brown podzolin soll from Indians, has been
daveloned under somewhet highaer rainfall thsn the Carrington. This
is » timber soil and not a grassland ona.

The fourth soll selested 1 the Cecil, n red soil from North
Carolina, that has been developed from decompossd granites and
gneisses under conditions of high ralafall and temperature, where
the weathering hes heen severe,

The anlleids were sxtmoted from these solls by means of o
Sharples super centrifusze. One kilogram of the soil, from wzhich
the cellolid was to he exbracted, was suspended in ten to fifteen
liters of water by vigorousz agitation., Ths coarser particles were
allowed o setile for about $wo mimnubes nnd then the suspended
portion was pourad off. The settled portion of the sample was
agnin suspsended and the suspension poured off. ¥%hen about twenty

gnllons of suspension had been obtained it was passed through a

8.



centrifuge bowl of four inches in dlameter turaning at 17000
revolutions per minute. The diaspersed colloidal particles passed
through the centrifuge ia suspension and the remalnder adhered

to the wall of the bowl. The materinl in the bowl was removed

and rubbed in water to suspend it and agsin passed through the
centrifuge. Sometimes as many as twenty extractions were nacessary
to remove the main portion of the colleld from a soil.

The rate at which the suspension was allowed to enter the
centrifusre controlled the time during which the particles were
subjected to the centrifusal fores. The maxirun size particles so
obtained wers calculated from Stakes law or estimaied LY obssrvation
in & dark field microscope., The two methods sgree within remsonable
limits. The suspended colloid passing through the centrifuge was
concenbyreted Ly removing the water with clay suction filters.

The maximum diaster of particles in the colleid so extracted was
about 0.3 micron. The sumnles were dried nat room temperature to
avold any irreversible resoval of water at elevated tompersature.

Tables 1 - 4 show the chemienl anmslysis of thess samples.
Civen also in these tables are the molecular ratio of silica te
iron oxide plus alumina and of silica to alumina., Thesa ratios
are the ones customarily uasesd to characterize the chamicnl compo-
sition of the soil colloid. Thase ratios will be used lnter in

comparing the propertiss of thsss colloids.



Table 1. = Chemien]l Anslysis of Barnss Loam Colloid
{
Snmple | Depth 810, FanOy Alx0, HgO Ca0
%o ™
Inckesi Percent *ergent Parcant Payrernt Parcent
10308 O-9 45,90 9.96 18.12 2428 1.81
10308 S.17 48,21 10.93 20,33 2.49 1.73
10307 17=33 49.21 9.76 12.44 2.68 5.03
10308 Sl B0 50,29 .50 19.352 2.96 4.34
]
Eqa0 Ha,0 710, Uno P08 Ignition
: Joss
Percent Percent Parcent Peroant Pareent Fercent
] 1.70 0,02 0.68 0.1583 Q0,39 i8.34
Po1.a8 .13 .74 .147 .25 14.15
1.44 .06 - 74 026 <) | 11.76
1.40 .20 .68 <133 2} 10.93
 Organic |00y from |pE values! 54 S10p
Total matter énrhamt ea; (s301l1) Fe 0, + 41,0, AlgOq
Peroent Parcent Paercent
1{){}.% 16:3-3 Q.Q 5.4 ao% ‘3.{}7
100,44 5,77 0 7.1 G.,00 4.04
1&(}.5& 1.94 3:59 8.1 13025 4-29
99,99 1.03 2.48 B.2 $.56 4.4}
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Table 3.

-~ Chemical Annlysis of Hinmi Silt Loam Colloial

r
Semple | Nepth 510, Feyl, Alya0g U0 Cal)
Ao, ,
Inches!-Peracent | Parcent Parcent Percent Percent
10541 0-1% 44.88 7.40 22.04 1.67 1.71
10542 | 35-9 |  47.46 7.94 | 22,98 1.39 1.20
10343 | 1124 47.07 11.50 23.38 2.09 0.96
10344 | 2B-48 46.13 10.66 22.97 2.14 2.65
| 9y Fand 210, Hno PoOg Ignition
, JAass
Porcent Paroent Percent Parcent Percent Peroent
2.98 0.289 1.08 Q.22 0.51 17.78
2.90 Q.22 0.70 12 - 40 14.90
4.37 G.24 0.67 08 - 33 9,45
4:25 0.% 0060 O{B Q:S? 9.5‘3
4
Organic {00, from i(pH values 5105 10,
Fotal matte : . -
atter ¢arbommtes] (s0il) [Peg0, + Alg0al 21,0,
Percent | Percent | Percent
100.51 10.20 0.0 7.0 2.84 .45
100 .43 6.B2 <0 6.4 2.87 2,850
100,27 1.68 0 6.3 2.60 3.41
99,77 1.63 1.62 7.9 SB3 .41

i Analyses by #., H. Holmes
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Table 4, « Chemieal Annlysis of Cecll 3andy Clay Loam

Semple | Depnth 510, Pay0, AlaOy | Hg0 CuO

i Inches| Percent | Perceat | Percent | Parceant | Percent

9415 Owb 30.90 14.57 42,58 0,38 0.50
i 941 G322 23.88 17.1) 32.3D .22 4 }
9417 3260 34.27 17.10 33.08 «33 «21
9418 60=84 35.13 17.54 30.52 =22 11
Ka0 Rag0 210, Ma0 | Pa0g Ignition
Jlosse
~ Percent Peroand Perg«unt ! Percent Parcent Pzroent
D.32 0.05 1.13 0,35 0.38 17.85
iR .08 B4 .07 26 13.91
lmw ig ‘m.nw Oa dqu i uzmw‘g
ﬂhvmm cavw« 1 M. Qmm had - u'..»w Q&m
Organic {COp frem [pH walu et 5505 510y
Zatal mntter ¢arbonates| (soil) ! Fe,ly + AlaU, AlgOn
Parcent|! Perceat | Percent i
88.12 442 0.0 4.9 1.26 1.61
98,11 04 0 4.8 1.33 1.78
8,23 55 0 4.6 1.32 1.76
| - .45 .0 4.6 1.43 1.95




11.

EIPERINTNTAL WORK

The arparatus used for delermining the detniled wvapor
nrajguro-water composition .zmm&s is essentially that usaed by Wnles
and Felson (24). A disgrrmmmtic representniion of it is shown
in Fiy, 2.

sfter a L0-gram sample of alir dry collold ground to poss
8 100«maesh sieve had been placsd in an evacuatoed desiceator over
3.3 percent sulfurlec acid for 2 period of five days, the sample
was wolighed and transfarred to the mlb of the apoaratus shown in
Pig. 2. The apraratus was then ewvacunted through the phosphorus
pentoxide tube until about 0.1 gram of water was collacted. Phis
ampunt of water was determined roughly by the heat developed.,. The
stopcooks were closed and the whole annsratus allowsd to stang
until equilibrium was reached. The phosnhorus pentoxide tube was
then weighed and the differsnce in level of the two legs of the
mancmeter read by means of n cathetopeter. The apraratus was sgain
evacunted andl the procsss repentad., The experimental dats obtained
by this method are kiven in Tables § - B. Also given in this tadle
is the value for water nsld, at 2B%C, by the colloid in an evacuated
desicentor containing agusouns sulfuric acid, with a watsr wapor
pressure of 23.3 ma Hp., HHost of the walusa were tnken after allowing
twenty~-four hours for equilibrium to be reached. Although this may
not be a2 real syuilibriuws peint no further change &n pressure could

be asted by allowing three or four days time.
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Table 5.
Relation between the Vapor Pressure and Water Content
of the Barnes Colloid at 25°C

Sample No. 10307

Vapor pressure Welght of water Percent of
in lest by sample water in
mn Hg in grams - Sample
23.1 0.031 33.4
22.6 .156 32.0
22.6 «259 30.9
22.1 362 29.8
21.8 .498 28,2
21.2 .623 26,9
21.0 .847 26.6
20.6 . 722 25.8
18.9 .856 24.3
19.6 934 23.4
19.0 1.020 22.5
18.5 1.072 21.9
i8.1 1.134 21.2
17.3 1.200 20.56
16.6 1.280 19.6
15.7 1.368 18.7
15.4 1.459 17,7
14.1 1,560 16.6
13.2 1.619 15.9
12.8 1.641 16.7
1l.8 1.702 15.0
10.9 1.760 14.4
9.9 1.828 13.6
2.3 1.869 13.2
8.7 1.902 12.8
8.0 1.961 12.1
7.0 2.027 11.4
5.9 2.112 10.5
5.3 2,143 10.1
4.0 2.283 8.6
2.8 2.363 7.7
1.8 2.478 6.5
1.0 2.583 5.3
0.0 3.069 0.0

Dry wt. of sample 9.101 gm.

Aaditional point by desidcator method
23.3 35.4
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Table 6.
Relation between the Vapor Pressure and Water Content
of the Carringion Colloid at 25°C

Sample ¥o. 10084

Vapor pressure Welght of water Percent of

in lost by sample water in
25.7 0.019 26.9
23.1. 137 25.6
22.4 293 23.8
22.1 499 21.6
20.7 <731 19.0
19.0 974 16.6
16.4 1.233 13.4
15.8 1.343 12.2
12.2 1.492 10.5
10.1 1.621 9.0
6.5 1.819 6.8
5.3 1.898 6.0
1.4 2.130 3.4
1.2 2.158 3.1
0.0 2.432 0.0

Dry weight of sample 8.977 gm.

Additioml point by desiccator methed
23.3 26.2



inble 7,
Relation between the Vapor Preasure nod dater Content
of the liiami Colloid at 25°C

Sample Ho. 10342

Vapor pressurs HYaight of water ~ Percent of

in lost oy sample watsr in
wmz L He iy gramy —Bapple |
24,9 0.134 19.9
22,7 212 19.1
23,7 ~296 18.2
21.8 « 346 17.6
21.7 403 17.0
£1.9 <523 15.8
21.5 - 6068 14.9
20.9 682 14.0
20.3 820 12.6
20.3 - 895 11.8
19.6 956 11.2
18.8 1.062 10.0
i8.0° 1.125 9.4
16.9 1.181 8.8
156.7 1.287 8.0
15.2 1.309 7.4
13.7 1.378 6.7
11.4 1.443 6.0
10.4 1.456 5.8
9.6 1.618 5.2
7.8 1.561 4.8
6.3 l.m 414
4.7 1.659 - 3.7
4.4 1.672 3.6
3.6 1.703 3.3
3.0 1.737 2.9
2.8 1.744 2.8
1.9 1.781 2.4
1.1 1.845 1.8
0.0 2.013 0.0

Dry wt. of sample 9.437 g,

Additional point by desiccator method
3:5.3 3506
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Table 8.
Relstion between the Vapor Pressure and Water Content
of the Cecil Colloid at 25°C

Sample No. 94156

Yapor pressure Weight of water Percent of
in lost by sample water in
mm ., He in grams sampnle
24.3 0.096 22,3
22.7 274 20.5
22.7 . 394 19,3
22.4 .529 17.9
22.1 .569 16.5
22.1 794 15.3
22.1 .947 13.7
21.7 1.071 12.5
21.2 1.223 11.0
20.4 1.380 9.6
20.0 1.469 8.5
19.8 1.587 7.2
18.2 1,708 6.0
17.1 1.803 5.1
14.3 1.909 4.0
12.3 1.966 3.4
10.2 2.014 3.0
8.3 2.0585 2.6
7.0 2.085 2.3
5.9 2.106 2.0
5.0 2.130 1.8
3.7 2.162 1.5
2.9 2.182 1.3
2.3 2.187 1.2
1.4 2.214 1.0
1.1 2.229 0.8
0.9 2.246 0.6
0.9 2.262 D.4
0.0 2.309 0.0

Dry wt. of samnle 9.910 gnm.

Additionmsl point‘ by desiccator method
23.3 27.9
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The curves for the four soil colleids are shown in Pigure 3,
Thaese are all of the same goneral form. They sre similar to the
curves for gelatine given by Freundlich {10) snd to thoss for
wood found by Stamm snd Loughborough {20)., They are slso similar
to that for agusous sulfurle ncid. Dntn are available in the
Internntinnal Oritical Tables for the sulfuric acid. The first
few wnlues on @ ch curve are undoubtedly too high becnuse of
remaval of adsorbed air. The very low ones are n HMi uacertain
begenuse ths mersury meanoneter waz nnt soasitive to smell changes

in pressure in the very lovw range,
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Theue values have been calculated for vapor pressures taken
from the curves of ¥Vilg. &, sad sre prasented in Tables 9 - 12,
They are also rﬁ;s&‘a&ﬂatﬁﬁ graphienlily in Fig. 4.

As a rule such curves (Pig. 3) »ill be found to fit an
stumkion of the type

{(2) y= ae~DX
where & and b are constants asd ¥y rad X represont the
ordinates and abscissas, respeectively, and e = 2.7183. Letiing
x = percentage water Lia sample snd y =-AF, we have
(3) AF = ae~BX
equating (1) and (3)
-bx

(4) = Iﬁa_n&a
M Po

Bince B, T, H, and 2 are constants, we may conbine them
with the conversion factar to Briggsiasn logaritims and obtain
(8} log P_ = ate~bX
Po ,
a' and b may be evalusted by throwing the egquation into the
logarithmic form

(8) log log P_ = log a' « bx log e
Po
{(7) log zwg__a log a' = 0.4343 bx
a' of course = K& . « a' (and therefore a) snd/my then
2,303 @
b2 avaluated by plotting log log P against x or by plotting log
Po

P _ on semi-log paper asninst x. log a' will be the intercept on
Po
the y axis and -0.4343 b the slope. Ourves for the four soil
colloide studied, plotted by the first mothod are given in Pig. 5.
Straight portions are found for all ths a#pcs aspecially at lower

water percentages. Hgustions for the straight portions of each are
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Table 12

Change in Free Energy per Gram of ter idded at Various

VYapor Pressurss for the Cecil Collald

Peapraent wnter
in
samole

1.0
2o}
&.0
4.0
6.0
m.m
7.0
B.C
10.0
12,0
14.0

at 26%0

Sample ¥o. 9415

Yapor pressure
of sample

1.8

6.0
10.2
14.4
15.6
18.1
19.0
19.8
20.8
21.6
22,0

« AT i oal.
per @a H,0
mddad

B4.4
44.9
NQI‘%
16.1
il.4
8.6
6.6
B.?
&..m
2,7

2.2



PIG, b~ CHAaNGE IN FHEE ENERGY CF SCIL COLIOITS AS A 2

FUNCGTION CF WATER CONTENT AT =5°C.
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given below. m.wow are wvalid, naturally, only for colloidas

of water content lying on the straight portion.

Barnes. log P_ = 2.82e 0-148X
Po
Carrington. log B = wowm.alaamomﬁ

Po

iiami. log P = w;&wa&a‘mwmn
Po

Ceeil. 1log o = 1.18e 0-492%
Po

Possible explanationms for the fallure to obtain straight lines
ant higher water conbtents will he affered lster.

It is intezresting to note that, were A¥ - water conteant
curves available at variove tamperstures, the heat of hydrstion
and entropy of hydration could both be obtained. The first of
these quantities cnn be caloulated from the Gibbs-Helmholtz

scuntiont
4F
(8) = AR+ T+
aw ez (55

and thes sscond from
(8) AF-AH=

It i3 to be obsarved that the AF values we have obiained are

-TAS

ranlly diffsrential values, that iz, the free snergy change in

27, -

hydrantion when the composition of the phasa receiving water remnlans

virtually unchanged. e may obtain the total free snergy for an

addition of an amount of water corresponding to 99 percent of

~saturation. These values ares obtained by determining the area



under the curves shown in Plg. 4. The values obt=ined are
Ziven below:

AF in al, per
gram colloid

Barnes i3
Carrinston 9
Mismi a
Tecil &

Anderson and Mattson (3) messured the total hent of
wetting of soil colloids and found a ronge from 17.8 to
4.5 eal. per gram of s0il collsoid. Although these values are
of the same order of magnitude as those for AP ziven sbove,
they cannot br compured with each other bscruse the measuremants

were made on 4different colloids.

SHRLLING PRE[IGEY NF SO1IL SOLLOINS

Ketz (12) made the assumpition that the chsnge in free
snorgy was egual to the total heat of wetting for swelling

colloids,. ¥e derived the equation

Ye-H3_ 1np_

H Yo Po
wvhare VYo ia the ggecif;e valwae of water and from 1t
caleulatad the swelling pressurs (P) of sOme colloids. The
preassures 3o obbainsd are very high. Accarding to his eguation,
at 99 percent bumidity the swelling pressura of a sample of

colloid would be 200 1b./sq. in. Recently Dlmstead (17) has

<8.



repgured the water content of some s0il colleids a% very high
gentrifupnl forces. ¥For a pariicular sample of colloid he was
able to roduce the wmater content to S1l.1 percent by = centrifugsl
fores of 202000 gravity. The highest sressures obtainsd, that is,
at outside of layer of calloid wema nbaui 2000 pounds ner square
inch. The same colloid holdas 29.4 perceat water st 99 ercent
ngaidity. The svarage pressure pbéained in the ecentrifuge wans
considersbly more than that enlculntsed necessary %o reduce ths
water content %o 29.4 percent, but the wnter content abtained
was somewhnt higher (41.1 percent). Fha reasons for this dia-
crepancy mny lie ia the izperfeet drainnges of the ceontrifuge boxnl
and rigidity of the soil colloid. Given bvelow nre th: moistures
of two other samples of colloid together with this one at 99°
relative hamidity, and at s centrifuesl forvce of 333000 gravity.

A1l wora extractad from the srne soil profile,

Parcent Hejsture nt -

Denth SE2000 gravity 92 nercant rela-
inches tive umidity
Dolumbians colloid 010 3,0 27.3
# l 10-.25 31.1 22.4

# u 2540 31.7 .3



FARIATIONS FITHIYW 4R PROPILYE

It hns baen shown thst the wanor pressure-water contsnt
curves show an orderly varistion from the 1ittle hydirolyszed
Barnes to the hizhly hydrolyzed Cecil. In order to detesmine
what differences occur among the veapor pressurs curves of the
aolloids wextraotad from the various horizons of the srofiles,
vapor nressurs-water content date wers shdtained on the colloids
of all the lsayers of the four soils profiles used in thias
inveatigaution.

From the standpoint of time it was out of the guestion to
detarmine the complete curves for anch layer of the s0il orofiles
considered here, Hance it was decide’ to use the vacmum desic-
entor method to determine & few polints for erch layer of the
profile and to draw the aurves from these points. Although it is
recognized that this method is open to objections not found iIn
the one previously used, it will servs, however, to compnrre the
severnl layers of a soil profile with snch other.

Table 13 gives the dstn for these colloids obtnined by
aliowing Ze-sram sswmples of the collolds to stand for five days st
& sempernture of 25°0 over sulfuric neldewater mixturas of Lnown
eancentration. The nir in the desicrowinr, and probadbly a nart of
th=2 ndsorbed nir af the colleid, was yemoved by svnouation before
vlacing in the thermostnt. The procedurs was %o allow the colloeid
to trke up water wapor first at 9 percent relstive humidity and

after welishing it o use the same sample for the next lower vapor



Znble Ho

.13, el

9ater held Ly s0il colloids in emilibrium

with diffarent vapor pressures

%aﬁar hald at = vapor pressure of -
3 3
reple | Depth 1753 3.0 5.8 | 18.2 23.3
! o Hy ma Hg ma Hg ;| w=m Hg ez Rp
{inches | percent | peraent | poreent | percent | percent |
102086 D 2.9 6.1 9.1 18.4 Hl.6
10506 | 917 2.0 6.4 9.8 19,8 33.8
1307 | 17-33 2.4 6.3 9,9 20.1 35.4
iNa08 | 3550 2.0 6.0 9.4 20.2 S6.5
Snyrington ;szge gg%Lg;ﬁg
10082 | 0-3 2.1 4.8 7.0 | 14.7 24.4
10083 Gmld 2.0 4.8 7.1 15.5 25.6
10084 | 13-22 2.0 4,7 7.1 18.6 26.2
L 10085 | 23-43 1.7 4.6 7.2 16.6 29,3
10086 | 43-79 1.8 4.6 7.4 17.86 31.2
10087 7084 1.9 S.1 8.0 18.2 Sbe
2418 O 1.1 2.1 £7.9
9416 O 32 7 1.3 2.0 5.1 35.2
9417 | 3260 .6 1.3 2.0 5.1 36.1
9418 | 60-84 -6 1.4 2.1 5.6 33.4
Kinmi colloid profile
¥ater held at s wvaper preassure of -
S Depth -
wrple) Dew 0.3 2.9 10.3 18.2 28.2
mm Hg mn By me Hg mm Hp mm Hg
inches | |percent | percent | percent | perceat | percenat
10341 Dwl 1.6 3.6 6.2 9.8 24.2
10342 | 23-9 1.6 3.6 6.2 10.0 25.0
10343 | 1124 1.5 3.8 7.6 14,3 $1.1
10344 28-48 1.3 3.1 6.2 11.3 30.8




presaure measurcoment. Thus one Z-gram sansle served to furnish
all the data for the curve,

It 1s to be not=d thet this orocedure differe radicslly
from the one used before in that alr was allowsd %o saturats
ths samnle at the end of each run when the welghing was mmda.
The preaence of this adsorbed sir undouvbtedly nrevents the
atteinment of eguilibrium. Sincs all the samnles had the sape
treantmeont the dats are gond for commparatiive surposes.

The dnta shown in Pable 13 sare plottesd in Pigs., 6, 7, 8,
and 9, It is notaworthy that in every conse ths surface colloid
hre a2 eurve lyiag to the laft of the gsubsurfsce layers. Yhe
difference helween the curves of the individual layers of the
profile is much less, howaever, than that betwveen the curves of
Lhe grouns.

An imteresting featurs of these curves is that at low wapor
pressures in case of the Snrringlton and Hernes, the famidly of
curves coverge to a point snd eross., Since the differences
between the curves at low pressures is so smaall thisz reverasal
wight be attributed to experinental error wers thay not so
regulaY. The Cecil reversal takes »nlnce nt much higher wanor

preasure,.
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TIG.-8. VAPOR PRESSURE WATER CONTENT RELATICN FOR THE CCLLOIL OF THE MIAMI FROFILE
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DISGRISSION

The data obinined oa the nature of the vapor »ressure-
water contsnt curves of four of the great so0il groups have

considerable bearing on a nuwmber of problems releated to soils.

HELATION 70 S0OIL CLASSIFICATINE

The system of soil clazsification uzed in the United States
is bomed primarily on the characteristics of the soils themselves.
Ons of the acomplishments of the go0il chesaists has been the
finding of a chemical basis for the differences observed in the
field. The most commonly ussd criterie are the formmla ratios
of silica to sesquioxides, nnd of silica to %wﬁuwg af the
colloid. These ratios are opsn to ths objection that we enanot,
with osur orosent knowledge, ohtain these colloids in a pure
state, A comparatively small percentage of mineral which is not
wanthared may alter the chemical relsationships very grestly
without materially affecting the proverties of the soil from which
the colloid wae obtained., For smmmnmle, the vnlues for the two
ratios mentioned above, shown 1n Tables 1 -~ 4, show the Hiami
colloid to have highsr silica aluminn and silica sesguioxide
ratios than the Carrington. ¥rom snil)l characteristics obserwed
in the field, howaver, we iknow that the Hismi is a wors weathered
soil than the Carringiton. Its characteristics are intermediate
between thoss of the Cecil and Carrington; an examuisation of the

chemical analysis shows an umusually high percentsge of potassium,
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4.

of water neld at high wapor pressures. 7This cannaot be charged
to progressive weathering since the value for water held Ly the
Carrington surface colloid is lesa than the correspending fipure
for the Lecil. Ths orgnmic matter contsat degrensss from top
to oottom of the profile and may be resnonsible for ithe observed
phenomanon, but this change from ton %o bottom is more probably
due to the irreversible watiing and drylngz metnioned by Brown,
Bice, and Byers (9). Indeed, Brown and Byers (B) have found
experimentally that the water held at this reslstive humidity is
grﬂgrasaiéely decrenssd by alternnte wetling and drying. The
data given for the colloids axtracted from these four soil
profiles are not sufficient either to establish the generslity
of ihz phenonensn observed, or to determine the primery cause

of it.

RELATION 20 THx ¥WILTING CORFPTICIENT

The wilting coefficient is defined by 3riggs and Shantx (8)
ws “the molisture content of the soil (expressed ans a percentage
of ths dry weisht) at the time when the leaves of the plant growing
in that soil first undz2rgo a nermanent reduction in thelir moisturs
gcontent ns the result of a defiocliency in the soil molsture supply.
By a permanent reduction 1s meant a conditfiosn from which the
lanves can not recover in an approximately sadurated atunsphere
without addition of watsr to the s0il." Thess investigators
reached the conclusion that the wilting coefficient depended on
the *molsture retentiveness® of the soil. Thay apparently attri-

tute the "moistnre retentivensss® to the taxture of the soil.



Yeitmeyer and Hendricksea {23) founnl a grest variation (from
1.41 percent to 19.03 percent) im the wilting coefficients of
differsnt soils. ¥No information is given ms to the nnture of
the seila which gnve these parcentages, however. Becently Bodman
and %dlefsen (5) published vapor pressure-water compesition
curves for "sand® and “elsy®. Thay ﬁ’nlgmta on these ocurves
the noint at which permanent #ilting pooures, These polints
correspond to 99 percent relative humidity =t 30°C., This seans
that the wilting coefficlient is o point on the vapor pressure-
water composition curve. The loeest walue Tor water held at
92 percent lnweidity anomg the colleids used in this investipation
is 24.4 percent ia the Oarrington surfac soil colleid, and the
hizhest value is 36.5 percent in the subsurface colloid of the
Barnes. Thus it is seen that soils of the same taxture but
having different kinds of colleid wounld have different «ilting
coefiicienta. %his is in accord with the experimsntal evidenca.
Livingston and Koketsu (14) have arrivel at a more dynamie
concept of the soile-water reiantions at the wilting point. They
have developed the “water-supnlying powar® of & soll as the ariti-
c¢al factor at the wilting point. They find this to be independent
of the nature of thes physical make-up of the soil. This must mean
that the transfer of wnter takes place in the vapor stste at the
wilting point. This would be predicted if the vapor pressure of
a soil i{s less than that of pure water at the wilting point, as

found by Bodman and Edlefsen.



THE HAPUR:D OF TR BYGROBCOPIC ¥ATEH

¥attason (15) has nictured the hygroscosic water ms a film
or shall of water around the colloid norticles, He attributes
the himt liberated on wetting the 30il colloid as dus to compres-
slon. This conclusion is reached bacauses soil colloids (1) (3)
have been shown to have s suall”specific volume in water than
in liguids like toluean® und petroleum efher. The comoression is
agsumed $0o by due to molecular attraction of the colloid for
water.

Baver and Hornar (4) huve pointed out that it is not logical
to pick an srbitmary point, 110°C, mnd call all sater not driven
off at this tamperature, combined water. They prafer to call
combined water, that wmater which is n pnrt of the crystal lstsice.
Hensurements indicate that this watsr is considerably less than
what is ordinarily termed combined water. They would put = portion
of the couwbined water in the same class as hygrosoopic water, which
they aohsider as being held by adsorptlan.‘

The data shown in this paper indigate that the hygroscopic
water of the soil colloids 43 held in the same ;anner as the
water of swelling in gelatin mnd in wood. The wvanor pressurs-water
composition curves are also very similar to those for sulfuric
ncid-water mixtures. It 4s true that n portion of t- matar in
these mixtures iz held with greater tsnnelty than the hygroscople

water of ths soll colloids tut the differsnce is one of degree.



Probadly the most flluminating treatment of hygrosconic
water in elmstic gels is that of Peirce (18). He proposes a
#tmg-phase” theory of absorption of water by cotton cellulose
which has water content-vmpor pressure isothermals very similar
to those of anil collelds.

According %o the Peircs theory the hygroscopic water can da
considered as ocourring in twn different phases, or states, on
the cellulose. The first of these is the {(a) phasve which is
held to be chemically bound by the hydroxyl groups of the hexose
units of the cellulose. The second or (b) phmse is the water
molecules attracted by the water molecules of the (a) phase and
by the colloid surface which is not reoactive toward water. From
theoretical considerations he arrives at the following formmla
for the vapor pressure-water content isotherms for cotton and
starch,

1-2 = (1 - kta)eo0b
Po

vhere P is the water vapor pressure of the cellulose (xH,0)

Po is wapor pressure of watar al the same temperature
k is a constant characteristic for each sample
Cn is conaemtration of moisture in the (a) phase
B is another conatant characteristic of each sample
€, 1s the comncentration of water in the {3) phase

This equation is similar in many respects to the equation

arrived at on page 20 for the soil colloids, Peirce porinted out

thnt the equation would be apnlicabls only to pure subatances,
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It iz probable that the fallure of tha curves for fres enorgy
as s function of water content, to rectify,as shown in Pig. 10,
iz dus to some contaminating colloid which does not axert s
noticeadble lowering of the wvapor preassure in the lower moisture
cont=nt ranges, but which does make itself noticeable in the
hisher moisture content ranges. Iron axide is a contaminant to
which vo may attribaute this tshsvior.

If then we oarry over the two-phase thsary of Pelrce to
801l colloids, we may picture the {a) phase water as being
combined with the alunmine silieice acid complex, with the tendency
toward further hriration ms the attractins force. The (1) phase
water is held on the surface of the colloid not occupied by (a)
prase water and as outer layers on the (a) phase water. |

Senceraing the {(a) phase water, one must conclude that in
the little hydrolyzed soils of the chernozem groun the tendency
to hydrate is very great, and that in the lateritic Oeell series
the tendency is very smell. The (b} pbase water doeas not appear
to be n Tunction of the chemical composition of the colloid, but
probabdly is determined by spueific surface, Further iavestigntion
is neccssary to determine the guantitative relations betlween these
two kinds of hygroscopic water. The equation of Peirce given
above offers a very atirastive possibility in this direction.

This idea of the two kinds of hygrosonpic water is eanily
harmonised with the work of Anderson and lattson (3) and of Baver
and Horner (4) on the effect of exchangesble ions on the hygro-

scopicity of collofds. It is interssting to note that the calloids
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having high base exchange capacities are the ones having much
attraction for the {a) phase water. It is possible that the
base exchange phenomens and absorption of (a) phase wnter are
due to the same chemicnl affinity, that is sscondarxy waleace, or
it msy be that the base sxchange bases are held by prismry
valence bonds. Further investigatioa nlong this line should
lead to the designntion of ome of thewse as bdeing responsible

for the phenorons.

SUMMARY

1. A study has been made of the detailed vapor pressure-water
content curves of four typieanl s0il celleofds. The ourves are

shown to be characteristically different for the different soil
groups. 7The chemical composition of the collolds of four soil

profiles is gliven.

2« A study has been made of the wariation of the vapor pressure-
water content curves for the 4ifferant colloids of a given

profile.

$. The chaage of free snergy as s functlion of waler content
has heen calcoulnted and the total free energy change on wetting

has been determined approximniely.

4. Dats have been preasentsd to show that the swelling pressures

of s0il colloids aven atf relatively high water content is graat.



The relation of thia swelling pressurs to weathering processes

h=g been noiated ousb.,

5. The comnection between the vapor pressure curves and »ilting

of plants is discussed,

8. The relation of the charancteristic wapor pressure curves

te 801l classification is shown.

7. The two phase theory of apvsorption of water hy cellulose
of Peirce is used to pioture the mature of the hrgroscaenic

water of Boil colloids.

8. %The results of this investigntion indicate 2 fruitful field
of investigation in the thermedynamics of the molsture relstions

of soil colloids belor the saturation point.
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