
vjypoH m i n i m s  m m u m

ffPICAL soil COLLOIDS

BT

* host s submitted to th© Faculty of the Gmdanto School 
of the University of Maryland in partial fulfill­

ment of the requirements for the degreo of 
Doctor of Philosophy 

1935,



UMI Number: DP70256

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

Dissertation Publishing

UMI DP70256

Published by ProQuest LLC (2015). Copyright in the Dissertation held by the Author.

Microform Edition ©  ProQuest LLC.
All rights reserved. This work is protected against 

unauthorized copying under Title 17, United States Code

P r o Q u e s t

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106- 1346



Thm author wishes to express his appreoiatioii 
to Dr. H, 0. Byers, of the tlnited States Department 
of Agriculture, Bur«u of Chemistry and Soils, under 
whose supervision the experimental work ess dose, 
and to Or* M. M. Haring of the University of Maryland 
for suggestions and oritlelsns of the investigation. 
$hanks are also due to Prof. G. G. Siehlia end Mr, 
fhomes If. Shaw for help and suggestions la preparation 
©f the graphs* fliis thesis is presented with the 
permission of the Chief of the Bureau of Chemistry and 
Soils.



TAMM <M G om x m s

Fage

Introduction  .................. . 1
Historical  ........... ..................... 3
Material® Used  ..... ........ . 5
Experineatal Work ................................. 11
Mathematical Express ions for the Curves  ..... 19
Swelling Pressures of Soil Colloids  ....... 28
Variations Within the Profiles  ...... 30
Discussion  ........ ....... ......... 3?

Halation to Soil Glasstficatioa  ...... .. 37
Halation to Weathering Processes  ............  39
Halation to tilting Coefficient............. . 41

The nature of Hygroscopic Water ................... 43
Sumraary.............................. ......... 47
3ibliography  ....«* 49



the water present 4a soli is usually divided into three 
categories* Th&. first of these, the water of constitution or 
combined water, is sseaeured as the water lost on strong ignition 
after drying la an o»«a at 10S#0, She second category, called 
hygroscopic weter, is the water lost by the soil shea it is dried 
in an oven at 10®*C .after it has been brought to equilibrium in 
aa atmosphere saturated with water vapor* 1?he third category 
includes all sat or present in the soil in oxeoas of that held la 
a saturated atmosphere*

Keen (13) has used the diagram shown in Fig* 1 to represent 
the relations between the different categories of water anti the 
moisture constants determined by soil physicists* *?o th*s diagra® 
has been added the combined water or water of constitution. It 
m y  b* sfkld here that these divisions are entirely artificial ana 
have no real existence. All the evidence available indicates 
that th#r« are no * fixed points" or natural divisions of kinds of 
water in soils* "these arbitrary divisions are useful, however, 
for orienting our conceptions of soil moisture.

‘fhe second category, hygroscopic moisture, 1ms received less 
consideration than the others. She soil physicists have noglected 
this category because it is somewhat below the range of useful 
moisture, ffc# cheiaists have neglected It because it is not con-
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sldered chemically combined water. The investigations reported 
in tsis %mpm deal with thin second category.

HISTORICAL

Several attempts have been Made to utilia® the information
obtained by allowing air*~dry soil to absorb moisture at various 
relative humlditie®. the water absorbed by soil colloids when 
allowed to cosse to equilibrium over a sulfuric acid - water 
mixture containing 3*3 percent sulfuric acid by weight has been 
ssade the basis for a seethed of estimating the quantity of colloid 
present In a soil (11). The water held under this condition (99 
percent relative taaldtiy) falls below the hygroscopic coefficient. 
The British soil workers (13) hare also used a determination of 
the moisture held at 50 percent relative humidity as a criterion 
of soil properties. More recently, workers in the Bureau of 
Chemistry and Soils of the United States Department of Agriculture 
(7) have saade determinations of the ataounts of water held over 
sulfuric aeid-water fixtures of various* concent rat i on.® by different 
soil colloids. An attenpt was made to correlate the ratios between 
some of the values so obtained with the chemical cdapasltloa of 
the soil. The attempt was only partially successful.

With this work in view* it seemed that the most logical attack 
on the problem of the mature of this hygroscopic water was a deter­
mination of the vapor pres sure-wet or content curves of the various 
types of soils.



Thm vnpor pressure-mat ar content ear w o  of a mmtber of soils 
hav® been studled by IBiottms (21, 22) and by Puri* Crowther ana 
Keen (19). They covered the satire m m ®  from oven—dry m.% 1C©* 0 to 
saturation. It was found la both in v m tigat 1 on© that as inflection 
point la the curves occurred near SO percent of the vapor pressure 
of pure water. Ho breaks were found; this indicated no sudden 
change in the nature of the forces holding the water. Pnrlm "Crcwther 
and Keen reached the conclusion that the curves were all of the 
•mb* type but that the general slopes of the curses were deer eased 
with increases of clay and organic cotter intent. I h n u  also 
reached the conclusion that the slope of the carve Is influenced 
by the quantity of flaw mterlal present, hut concluded that the 
organic matter played a minor role in water vapor absorption.
Brown and Byers (?) and also Anderson and Mattson (3) have called 
attention to the correlation between the avidity of a soil colloid 
for water and its chemical eonstltution. Since it has been shown 
so many times that the coarser fraction® of a soil only serve as 
a framework or mm diluting' material for the colloid* It seemed 
advisable to study the colloid extracted fress the soil* rather than 
tb# soil itself, ^his would eliminate the variable factor mentioned 
by Furi* Keen and ^rowther ecmeerala*? the change in slope of the 
vapor pressure curve with clay content.



m f m i h w  m m

The soils selected for this study represent the widest sung* 
of progressive weather lag found la the Halted State** the Barnes 
soil Is a bleak dry laud grass sell frost Hgrbh Meets, It has been 
formed trim calcareous glacial till* It has net been subjected to 
severe hydrolysis boaans« of the low rainfall*

fh# Carrington soil is a fertile prairie soil of Iowa. like 
the Bar ass, it has been develops fro® calcareous glacial till but 
Bader conditions of more rainfall, and therefore its decree of 
weathering is greater*

Thm Mlnnl, a ipray-brown podsolic soil frota Indiana, has been 
developed under wtmemhmt higher rainfall than the Carring:ton, This 
is a timber soil and not a grassland one*

The fourth soil selected is the Cecil, a red soil from lorth 
Carolina, that has been developed from dscwaposiKi granites and 
gneisses under conditions of high rainfall and temperature, where 
the weathering has been severe*

The colloids were saetranted from these soils by taeaas of a 
Sharpies super centrifuge* One kilogram of the soil, fro® which 
the colloid was to be entranted, was suspended in ten to fifteen 
liters of water by vigorous agitation* The coarser particles were 
allowed, to settle for about two laiimtes and then the suspended 
portion was poured off, the settled portion of the sample m s  
again suspended and the suspension poured off. 11mm about twenty 
gallons of suspension had been obtained It wmm passed through a
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7.

liable 1* - Classical 'inelysis of Harass Loam Colloid

1-------]
Sample
Wo.

Depth S10* *%Ai *1*0* M&0
■ |'" ..... . *
1 CaO

laches ' Percent ’ Percent Percent Percent j Percent
[ 10305 .0—9 45.90 r% 19.12 2.38 1 1.81
10306 9-17 48.31 10.93 20.23 2.49 \ 1.73
10307 17-33 49.21 9.70 19.44 2.68 { 5.03
10300 

J......

33-00 | 50.29 9.50 19.32 2.90 1 4.34

* \ j K*0 I Wa*0 no* MnO -------- T  ----- -------rP*0s ! Ignition
-.......... .........J ______IfMft.....T......  , .1 Percent J Percent

! i1 1.70 ! 0.02
1 1.43 j .13 
1 1.44 j .OS 

1.40 I .20

Percent
0.68
.74
.74
.68

Percent
0.163
.14?
.096
.133

Percent I Percent
0.39 | 18.34 
.25 j 14.15 
.31 I 11.76 
.24 1 10.93

L  ! _  i

fetal
f -- !Organic

aaatter <
CO* Prom
sarhofiatee

pH values! 810. 1 810- |
(aoil) jFe*0* ♦ £1*0*I 11*0* J

Percent
100..56 
100.44 
100.53 
99.99

Percent
10.12
S.77
1.941.03

Percent
0.0
.0
2.69
3.46

6.4 j 3.05 j 4.07 )
7.1 f 3.00 4.04 f
8.1 3.25 J 4.29 j
8.2 j 3.36 J 4.41 j

i ______I__________
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fable 3 — Chenieal Analysis of Hitmi Silt Leata Colloid1

1
[Saaplo
1 .. BO._ _:

---- —

Depth
r—

Si0»
r------ ^

A1.0.
r----- --

Mg0 CaO
laches -Percent ■ Percent Percent Percent Percent

1 10341 o-ij 44.86 7.40 £2.04 1.87 1.71
10342 3|-9 • 47.46 7.94 -22.98 1.39 j 1.30
10343 11-24 47.07 11.50 23.38 3.09 0.96

j 10344 28-48 46.13 10.66 23.97 2.14 2.65

KaO Fa*0 fiO* MnO P.O.
.................rIgnition j
.....- lose..._ |1 01 Percent

2.98
2.90
4.37
4.25

Percent :
0.29
0.22
0.24
0.22

Percent
1.05
0.70
0.67
0.60

Percent
0.22
.12
.09
.08

...

Percent
0.51
.40
.33
.3?

Percent I
1

17.78 1 
14.90 1 
9.45 
9.53

T  -----]
j fotnl Organic 

natter 1
SO* from
mrbombnm

pH values 
(•oil)

310* SiO*
We90* ♦ UgOji A1*0*

T Percent Percent ! Percent
100.51 10.20 0.0 7.0 3.84 3.45
100.43 6.83 *0 6.4 3.87 3.50

■ 100.37 1.66 .0 8.3 2.60 3.41
99.77 1.63 1.62 7.9

-

2.83 3.41

* Analyses by M. H. Holmes
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The apparatus used for determining the detailed vapor 
pr easur e-wster oosspoaitiom ettrvt* is essentially that used by Wales 
and kelson (24). A d 1 ninuwtic representation of it i» shown 
in fir. 3.

After a XO^xiui saaple -of air dry colloid ground to po.ee
a lOO-suseh sieve had b#em placed la an m m m m ted desiccator over
3.3 percent sulfuric acid for a period of five days, the sample 
was we lulled and transferred to the bulb of the apparatus shawm ia 
Fig. 3. The apparatus m s  thee through the phosphorus
peat oxide tube until about 0*1 gram of water was collected, fhie 
amount of water was determined roughly by the beat developed.* The 
stopcocks were closed and the whole apparatus allowed to stand 
until equilibrium was reached. The phosphorus pent oxide tube was 
then weighed and the difference in level of the two legs of the 
manometer read by m m M s of a ca that oast or. the apparatus was again 
evacuated and the process repented. The experimental data obtained 
by this method are fciven in Tables 5 - 0 .  Also gives in this table 
is the value for water held,. «t 25*0, by the colloid in an evacuated 
desiccator coat mining «^uoon« sulfuric acid, with a water vapor 
pressure of 23*3 m% 1%. Most of the values were taken after allowing 
twenty-four hours for equilibrium to be reached* Although this may 
not be m m l  equilibrium point no further change in pressure could 
be noted by allowing three or four days time.
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13.

Relation between the Vapor Pressure and Water Content
2*able §. 

tween the Vapor Pressure and 
of the Barnes Colloid at 25*C 

Sample Mo. 10307

Vapor pressure Weight of water Percent of
in lost by sample water in

 in m m m  ̂ _   sample__
23.1 O.031 33.4
22.6 .166 32.0
22.6 .259 30.9
22.1 .352 29.0
21.5 .498 20.2
21.2 .623 26.9
21.0 .647 26.6
20.6 .722 25.0
19.9 .356 24.3
19.5 .934 23.4
19.0 1.020 22.5
13.5 1.072 21.9
18.1 1.134 21.2
17.3 1.200 20.5
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 15.7
11.8 1.702 15.0
10.9 1.760 14.4
9.9 1.825 13.6
9.3 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 2.533 5.3
0.0 3.069 0.0

Bry wt. of sample 9.101 ga.
Additional point by desiccator method

23.3 35.4



fable 6.
fielation between the Vapor Pressure and Water Content 

of the Carrington Colloid at 25*G 
Sample Ho. 10084

Vapor pressure Weight of water Percent of
in lost by sample water in

JSmJRg _ in errams samole
25.7 0.019 26.9
23.1 .137 25.6
22.4 .293 23.822.1 .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 2.180 3.4
1.2 2.158 3.1
0.0 2.432 0.0

Dry weight of sample 8.97? gm.
Additional point oy desiccator method

23.3 26.2



fable 7m
Kelatioa between tlae Vapor Frensure and 'Hater Coateat 

of the Miami Colloid at 25*0 
Senpl# Me, 10342

Vapor pressure Metjgtit of water Percent of
1m lost oy sample water in

®rs.Ster in cfMn......... _..mmzXm
24,9 0.134 19.9
23.7 .212 19.1
22.7 .296 18.2
21 .a *346 17.6
21.7 .403 17.0
21.9 .523 15.8
21.5 .60S 14.9
20.9 *692 14.0
20.3 .820 13.6
20.3 .895 11.819.6 .956 11.3
18.8 1.063 10.0
18.0 1.125 9.4
16.9 1.181 8.8
15.7 1.257 8.015.2 1.309 7.4
13.7 1.378 0.7
11.4 1.443 6.0
10.4 1.456 5.8
9.6 1.816 5.2
7.8 1.561 4.8
6.3 1.597 4.4
4.7 1.659 3.7
4.4 1.872 3.6
3.6 1.703 3.3
3.0 1.737 3.9
2.5 1.744 2.8
1.9 1.701 2.4
1.1 1.045 1.8
0.0 2*013 0.0

0*y wt. of eassple 9.43? g».
Additional point by desiccator method

23.3 25.0



Table 3.
Belation between the Vapor Pressure and Water Content 

of the Cecil Colloid at 25^0 
Sample Ho. 9415

Vapor pressure Weight of water Percent of
in lost by sample water in

mm.Hyg_____ in grams sample
24.3 0.096 22.3
22.7 .274 20.5
22.7 .394 19.3
22.4 .829 17.9
23.1 .669 16.5
22.1 .794 18.3
22.1 .947 13.7
21.7 1.071 12.5
21.2 1.223 11.0
20.4 1.360 9.6
20.0 1.469 8.5
19.3 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 2.055 2.5
7.0 2.085 2.3
5.9 2.106 2.0
5.0 2.12© 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 0.4
0.0 2.309 0.0

Dry wt. of sample 9.910
Additional point by desiccator method

23.3 27.9



ffee curves for the four soil colloids arc shown la Figure 3* 
’fhese are all of the saxae general forn. tfhey ar« similar to the 
curves for gelatine given fcy Freuadlleh (10) mid to those for 
wood found by Stoats and l̂ uidiborourh. (HO)* They are also tiiiXar 
to that for aqueous sulfuric acid. Bata nre available la the 
International Critical tables for the sulfuric acid* fhe first 
fe*r values oa **ch curve are undoubtedly too high toecauae of 
removal of adsorbed air* fha very low ones-are o tit uncertain 
because the ra©rcury aanoaeter was not sensitive to «bw 11 changes 
in pressure in the very low range*
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thee© have been calculated for mpor pressures taken
fro® tb« corves of Flft* -3-, mad are pr ©nested la ?»bl«s 9 ~ 12* 
a«y a?«? also rsprssttntsd fp^ieslljf la FI#. 4*

As a rule aaob curves (FI#* 3} will ©a found to fit an 
e mfeioa of the type

(2) y . »«Tte
where a and b are ©castast# mad y mad at represent the 

ardlmles mad abscissae, rsspeettvaly* mad .# * 3.7183. hettis# 
x. * percentage eater la mad y • AF* we hare

(3) A *  - ««"te 
equating (1) and (3)

(4) JE In £_ » fi«-bx 
M Po

Since S, and a ar© constants, we isay combine the®
with the conversion factor to Briggsian logarithm and obtain

($) leg |J_ * a*e"*̂ x 
Po

a* mad b m y  be evaluated by throwing: the ©auatlon into the
logarithmic for®

(a) log log m log a* « hr lo# e
Po

(7) leg loft » log af ~ 0*4343 bx
Po b

a1 of course » Mm • a* (and therefor© a) mad/may then
2*303 a t

be evaluated by plot tin# leg; log against x or by plotting log
Po

P ... on semi-le# paper aimtasi x. Iftft a* will m  the intercept on 
Po
the y axis and -0.4343 b the slope. Ourves for the four soil 
colloids studied, plotted by the first method are given in Fig* S. 
Straight portions are found for all the types especially at lower 
water percentages. Stations for the straight portions of each are
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under the curves shown la Fig* 4* values obtained are
given belows

A ?  la Oal. per 
gram colloid.

Baraafi 14
Carrington 9
Miami 6
Cecil 3

Anderson and Mattson (3) measured the total 'hoot of 
wetting of soil colloids and found a raagd from 17.6 to 
4.5 ml. -per gras* of soil colloid. Although these values are 
of the same order of magnitude as those for A  ¥ given a dove, 
they cannot be compared with each other because the mmsureraenss 
were mad© on different- colloids.

ssn&tiHo m * s m m  of soil coi&oi-os

Kats (13) made the asstastpiioa that the change la free
energy was equal to the total heat of wetting for swelling
colloids. Ho derived the equation

F « - 3  la H.
U fo Po

whore Vo la the specific volume of water and fros it 
calculated the swelling pressure (V) of soae colloids, fh# 
pressures so obtained are very high. Acooz ding to his equation, 
at 99 percent humidity the swelling pressure of a sample of 
colloid would be 300 lb./sq. la. Beeeatly 01ms tead (1?) has



measured the water content of eeoe soil colloids at wmry high 
centrifugal forces. For a particular sample of colloid he was 
able1 to reduce the water coat,eat to 31,1 percent by a eetiHlufftl 
force of 533000 gravity. The highest pressure obtained, that is. 
at outside of layer of colloid was about 3000 pounds per square 
Inch, Tbs same colloid holds 39.4 percent water at 99 percent 
humidity. The average pressure obtained is the centrifuge was 
considerably more than that calculated necessary to reduce the 
water content to 39.4 percent, but the water content obtained 
was somewhat higher (31.1 percent)* ®b« reasons for this die-* 
crapancy may lie la the imperfeet drainage of the centrifuge bo??l 
and rigidity of the soil colloid. Given below are the moistures 
of two other samples of colloid together with this one, at 99® 
relative humidity* and at a centrifugal force of 333000 gravity* 
All were ext meted from the earns soil profile.

Percent Kpisture at
SNe-ptb
inches

333000 gravity 99 percent rela­
tive humidity

Columbiana colloid 0-10 27*3
H a 10-25 31.1 39.4

25-40 31.7 30.3



r m t h t i a m tb-s m m i u m

1% !ms been shown that the vapor pr«s aure-w&i er coat ent 
curves show aa orderly variation from the little hydrolysed 
Barnes to the highly hydrolysed Cecil* In order to determine 
what differences occur among the vapor pressure curves of the 
colloids extracted from the various herisons of the profiles* 
vapor pressurs-water content data wore obtained on the colloids 
of all the layers of the four soils profiles used in this 
i awes t igat ion.

from the standpoint of tine it was out of the question to 
determine the eo^lete curves for each layer of the soil profiles 
considered here. Bonce it was decided to use the vacuum desic­
cator method to determine & few 'points for each layer of the 
profile and to draw the curves from these points. Although it is 
reeognisod that this method is open to objections not found In 
the one previously used* it will serve, however, to compare the 
several layers of a soil profile with each other*

fable 13 gives the data for these colloids obtained by 
allowing 2—great samples of the colloids to stand for five days at 
a temperature of 25**0 over sulfuric acid—water mixtures of known 
concentration. The air in the desiccator, and probably a part of 
the adsorbed air of the colloid* was v^aioved by evacuation before 
placing in the thermostat. The procedure was to allow the colloid 
to take up water vapor first at 99 percent relative humidity and 
after weighing it to use the same sample for the next lo^er vapor



^able Mo* 13 . - fater held bar sail colloids in equilibriira
with different vapor pressures

i j
j Sample 1 Depth 

Ho. I

ifiht&r held at a vapor pressure of —
0.3 

mm Hg
3.0 | 6.8 f 18.2 

ma %  | mm J% ! mm %
23.3 
mm fl£

| !iaches
! 1 | lOPOS I 0-9
1 10,506 f 9-17
1^307 ! 17-33 ;
10208 1 33-60 *-i-—  ... . . ..- .

percent
2.9
3.0 
2.4
2.0

percent f percent j parceatif f | 1
6.1 9.1 18.4
6.4 9.8 19.S
8.3 9.9 20.1 
6.0 9.4 1 30.2 J 1

»" r 1 l • II -j -npercent
31.6
33.8
35.4
36.5

10082 O.S f 2.1 1 4.8 { 7.0 f 14.7 24.4
10082 3-13 1 2.0 I 4.8 I 7.1 { 15.5 25.6
10084 13-82 I 2.0 j 4.7 I 7.1 15.8 I 38.2
10085 I 28-43 { 1.7 I 4.6 I 7.2 16.6 I 28.3
K X m  43-70 { 1.8 I 4.6 7.4 f 17.6 I 31.2
10087 70-84 I 1.7 5.1 8.0 I 18.2 I 33.2

9415
7418
9417
9418

0-6 f 
6-S3 | 
32-60 | 
60-84 |

1.1 I 2.1 2.9 6.3 37.9
.7 1 1.3 2.0 5.1 : 35.2
.6 1 1.3 2.0 5.1 36.1
.6 I 1.4 2.1 5.5

„  J
33.4

Uliuad colloid profile

Sample
Mo.

. Depth
Meter held at a vapor pressure of —

0.3 2.9 10.3 18.2 23.2 
a» %  »®a flg sss Ilg raca %  am %

10341
10343
10,543

: 10344

Inches
0—Ijjr
2^-9
11-24
28-48

fpercent
1.6
1.6
1 .5
1.3

percent
3.6
3.6 
3.8 
3.1

percent J percent
6.2 I 9.8
6.2 I 10.0 
7*6 t 14.3
6.2 j 11.3

percent
24.2
25.0
31.1 
30.8



pressure measurement * *Oms one 2-gra» sample served to furnish 
all the data for the curve-

It is to toe noted that this procedure differs radically 
from the on© used before in that air was allowed to saturate
the sample at the end of eacto run when the weighing was made,
fhe presence of this adsorbed air undoubtedly prevents the 
attainment of equilibrium. Since all the samples had the mm& 
treatment the data are good for comparative purposes*

5*h# data §ho»a in fable 13 are plotted in ?ig*. 6, ?, 8,
and 9. It is noteworthy that in every ease the surface colloid
has a curve lying to the left of the subsurface layers, the
difference between the curves of the individual layers of the 
profile is such lose, however, than that between the curves of 
the groups*

.4a interesting feature of these curves is that at low vapor 
pressures in case of the Carrington and Barnes, the family of 
curves converge to a point and cross. Since the differences 
between the curves at low pressures is so small this reversal 
might toe attributed to experimental error were they not so
regular* Thm Cecil reversal takes place at much higher vapor
pressure.
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of water held at high vapor pressures• TMs cannot be charged 
to progressive weathering since the value for water held hf the 
Carrington surface colloid is loos than the corresponding fifpjre 
for the Cecil# the organic matter contest decreases froai top 
to bottom of the profile and may he responsible for the observed, 
phenomenon. but this change frosa top to bottom is more probably 
due to the irreversible trot ting sad drying isetaioned hr Brows, 
lie©* sad Byers (9)# Indeed. Brows a ad By era (85 have found 
experimentally that the water held at this relative humidity la 
progressively decreased by si term te wetting and drying, The 
data gives for the colloids aactmeted from these four soil 
■profiles nr® not sufficient either to establish the generality 
of the p h m n m m m n  &bs erred. or to determine the primary cause 
of it.

asLmoar m  tm  w im m  oosmcisar

The wilting coefficient is defined by Briggs and Stents (6) 
as *the soistur« content of the soil (expressed as a percentage 
of the dry weight) at the tins® whan the leaves of the plant growing 
in that soil first undergo a peranneat reduction in their moisture 
content so the result of a deficiency la the soil moisture supply. 
By a permanent reduction is meant a conditio a frou which the 
leaves can not recover in an -appradtafttely saturated ataaepbere 
without addition of water to the soil.** these investigators 
reached the conclusion that the wilting coefficient depended on 
the *iaolsture ret#»ti venose* of the soil* They apparently attri­
bute the * moisture retimtivenese0 to the texture of the soil*



Veihmeyer and Hendrickson (33) found & ure&t variation (fro®
1*41 pare ant to 19.03 parent) is the wiltingf coefficients of 
different soils. JKo information la jgiram mm to feha nature of 
tbs soils which ̂ nve these percentages* however. Haoastly Bodraaa 
and Sdlefsea (5) published vapor pr®saura—wator opposition 
curves for " sand** and •clay*. They designate on these curvas 
the point at which permutest wilting occurs. These points, 
correspond to 99 percent relative humidity at 30*0, This weana 
that the wilting coefficient is m point on the vapor pressors- 
water composition curve* Thm lowest mine for water held at 
99 percent hmsiiliy rnmmg the colloids used in this investigation 
is 34.4 percent in the Oarrtagton surf a cr soil colloid, end the 
highest mine is 36.5 percent in the subsurface colloid of the 
Baraes. Thus it la seen that soils of th# same texture hot 
having different kinds of colloid would ham different lilting? 
coefficients. This is In accord with the experimental evidence.

hlvin^ston and Koketsu (14) h a m  arrived at a more dyadic 
concept of the soil-water relations at the wilting point, They 
ham developed the wwater-supolying ptmmru of a soil as the criti­
cal factor at the wilting point. They find this to h# inclependent 
of the nature of the physical ispks-up of the soil. This must moan 
that the transfer of water takes place in the vnpor state at the 
wilting -point. This weald he predicted if the vapor pressure of 
a soil is less than that of pure- water at the wilting? point, as 
found By Bodaaa and Idlafseiu



s m  nznrn* ow v m  m t m

Mattson CIS) lists pictured the hygroscopic »»l«r as a files 
or shall of water around the colloid portiolow* He attributes 
the hmt liberated on wetting: the soil colloid as due to oomores— 
slon* this conclusion is reached because soil colloids Cl) (3) 
base been shown to have m smallJlspacific volwse in water than 
in liquids like toluene and petroleum efther. The compression is 
assessed to he due to molecular attraction of the colloid for 
water.

haver and Homer (4) have pointed out that It is not logical
to pick an arbitrary point. 110*0. and call all water not driven
off at this t temperature, combined water. They prefer to call 
combined water* that water which is a part of the crystal lattice. 
Measurements indicate that this water is considerably less than 
what is ordinarily termed combined water. They would put a portion 
of the combined water in the same class as hygroscopic water, which 
they oohsider as being* held by adsorption.

The data shown in this paper indicate that the hygroscopic
water of the soil colloids is held in the same manner as the 
water of swelling in gelatin and in wood. The vapor preseure-water 
eoEsposltiea curves are also very similar to those for sulfuric 
»cid~wnter mixtures. It is true that a portion of th* sat or in 
these mixtures is held with greater tenacity than thu hygroscopic 
water of the soil colloids but the difference is one of degree.



Probably the most Illuminating treatsent of 3^grosoor»ic
enter in elastic #r#li* Is that of Peirce (18). If# proposes a 
"two-phase” theory of absorption of water by cot too cellulose 
^hich has water e oat eat -vapor pressure isothermals very tsimilar 
to those of soil colloids.

According to the Poire# theory the hygroscopic water cm* be 
considered as ecourrlisg in two different phases, or states, on 
the cellulose. Tbs first of these is the (a) phase which is 
held to be chemically bound by the hydroxyl groups of the hexes# 
units of the cellulose. Thm second or (b) phase is the water 
solecules attracted by the water molecules of th# Co) phase and 
by the colloid surface which is not react lye toward water, Prc© 
theoretical considerations he arrives at the following formula 
for the vapor pros sure~wat er content isotherm for cot tea and 
starch*

1 - £_ * (1 - fcOa)**801* 
l>o

where P is the water vapor pressure of the cellulose (xH^Q) 
Po is vapor pressure of water at the seas* tmp??ratur« 
k is a constant characteristic for each sample 
Ca is concentration of moisture in the (a) phase 
B is another constant dharacteristic of each sample 

is the concent rat i on of water in the <b) phase 
i*his equation Is similar in smuy respects to the equation 

arrived at oa page 20 for the soil colloids. Peirce pointed cut 
that the equation would be eppliesbl# only to pure substances.



It Is probable that the failure of the curves for free energy 
as a function of w^ter content* to rectify,**® shown in Fig. lo, 
is das to some contaminating colloid which does aot exert a 
noticeable lowering of the vapor pressure la the lo^er laoisfcure 
coat eat ranges, hat which does laaka itself noticeable la the 
higher *®eistur@ cent eat mages* Iron oxide 1# m contaminant to 
which we rmy attribute this behavior*

If then we carry carer the two-phase theory of Peirce to 
soil colloids* we mmy picture the (a) phase water mm being 
eeniblned with the alnsaino silicic acid coisplex* with the tendency 
toward further hydration as the at tract lag force* fhe (b) pkm mm 
water is held on the surface of the colloid not occupied by (a) 
phase water and as outer layers on the (a) phase water*

Concerning the (a) phase water* oae «a?si s^taelud* that in 
the little hydrolysed soils of the ah&rnaz&m group the tendency 
to hydrate Is very great* ami that In the laterltic Cecil series 
the tendency Is very entail* fha (b) phase water does not appear 
to be a function of the chemical composition of the colloid* but 
probably is determined by specific surface* Further investigatios 
is necessary to determine the quantitative relatione between these 
two Kinds of hygroscopic water* Tim e<|«atlon of Peirce given 
above offers m very attractive possibility in this direction* 

fhim idea of the two kinds of hygroaoopic water Is easily 
harmonised with the work of Anders cm and llattsen (3) and of Baver 
and Earner (4) on the effect of exchangeable Ions on the hygro-- 
ss conic ity of colloids* It is interesting to not-• that the colloids
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tewing high base exchange capacities are the ones having isuah 
attraction for the (a) phase water* It la possible that the 
base exchange phenomena and absorption of (a) pte.se mltr are 
due to the same chemical affinity, that is aeaandarar valence, or 
It nay he that the base exchange bases are held by primary 
vmlenee bond®. Further inves tIgation along this 1 ine should 
lead to the designation of one of these as being responsible 
for the phenomena,

n i m m m

1« A study has been made of the detailed vapor prea®ure«*Fat or 
content curves of four typical soil colloids. The curves are 
shown to be otejraeterlatiaally different for the different soil 
groups* The chemical composition of the colloids of four sail 
profiles Is given.

2. it study tea been made of the variation of the vapor pressure- 
water content curves for the different colloids of a given 
profile.

3, The change of free energy as a function of water content 
has been calculated and the total free energy change on wetting 
tea been determined &pproximotely.
4* Data tew# been presented to show that the swelling pressures 
of soil colloids even at relatively high water content is great.



The relaticm of this swelling pntswom to weathering processes 
has b*»ei& pointed out.

5* The connection between the vapor pressure curves and wilting 
of plants is discussed.

8* The relation of the chamcteri &t i c vapor pressor# curves 
to soli <2 lass if loot 1 on is shown.

7. The two phas e theory of a sorption of water by cellulose 
of Peirce i® used to picture the nature of the hygroscopic 
water of soil colloids.

8. The results of this invest if? at 1 on indicate a fruitful field 
of investigation in the themodynamics of th# moisture relations 
of soil colloids below the saturation point.
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