
Colloidchemistry. - "Researches on the Natu1'e of the So-Called 
Ads01'ptive Powel' of Finely-Divided Carbon." I. The Binding 
of Water by Animal Carbon. By Dr. J. R. KATZ. (Communi­
cated by Prof. A. F. HOLLEMAN) . 

(Communicated at the meeting of June 30, 1923). 

I. lntl'oduction. 

The power of finely di vided carbon to bind all kinds of substances 
is evidently in connection with the degree of filleness of division; 
for in not finely divided condition the carbon does not show this 
property . At present the phenomenon is almost universally considered 
as a typical example of real sUl'face adsorption, i.e. as the accumulation 
of a substance in the boundal'Y layer simply in consequence of the 
Rurface-forces. 

This surface adsorption is generally considel'ed as in sharp contrast 
with the formatioll of asolid solution . In the lattel' case the bound 
substance is not only found in the boundary layel' solid-liquid, but 
thl'ough diffusion it gl'adually penetrates between the molecules of 
the solid substance, so that finally the pl'incipal quantity of the 
absorbed substance is not fOllnd in the boundal'y layer, but 
homogeneously distributed tht'oughout the solid body. 

A clear realization of the questions that can he solved by 
experiments on the nature of this binding to carbon only dates 
from the time of physical chemistl'Y. BANCROFT 1) and others hltve 
considel'ed the possibility that the substances would have been 
absOl'bed by the carbon in solid soilltion; but the further development 
of this thought failed 011 account of the form of the binding-isotherm. 
If we had to do with asolid soilltion, - this was the opinion 
some twenty years ago - the laws of HENRY and NERNST must be 
valid, hence the quantity of ahsol'bed substance must be in direct 
ratio to the concentration of the vapoUl' and Iiqllid phase, with 
which it is in equilibl'Ïllm . A CUl've is, however, obtained which is 
al most horizontal at thst, and which then tlJl'ns its convex side 
downward. This might be explained by the assumption that the 
absorbed substance dissociates in the carbon into many (e.g. four 

1) The Phase Rule. 
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Ol' ten) molecules, In most of tlie substances hound by carbon sueh 
a lIy potllesis has no sense, Besides it does not become c\ear why 
Ihe cal'bon works the beitel' as it is more finely divided; this must 
then be accounted for as a consequellce of the easier ditfusion. 

In 1907 FREUNDLICH snowed ') th at the binding isotherm can be 
represented by tne fOl'mula: 

x 
-=a,c 
m 

1 
n 

for not too gl'eat values of c Cm is the quantity of carbon, x the 
substance boulld by it, I' the concentration of this suhstance in the 
solution which is in equilihrium witn the carbon, a and nare con­
staniS). He showed tllat we nad to do here with real equilibria 
which are established within a very snort time. The degree in wnich 
asolid slIbstance binds, varies greatly with the absorbed Rubstance, 
but is litt.\e dependent on tne nature of the solid phase . FRIWNDLICH 

demonstrated that these facts become pernaps most easily compre­
hensihle when it is assllmed t.hat the binding rests on sllrface 
adsorption, on a becoming denser of the slll'face of the solid phase. 
Bilt ill 1909 he hilllself does not exclude the possibility that t.he 
phenomenon re8ts on the formation of a dissociable chemical bond 
Ol' asolid solutioll; ne onl)' calls these explt\nations "wesentlich 
Ilnvorteilhaftel'" t). 

In course of time, howe\'er, in defallit of new arguments for the 
othel' conceptions, th is \'iew has gained so many adhel'el's thai it 
of ten makes the impression as if it wèl'e t\n established facl that 
the sorption by carbon l'ests on a l'eal surface-adsorption. 

In 1910 I succeeded 3) in showillg that a deviation from the laws 
of HENRY and NERNST in solid solutions can have anothel' cause than 
the dissociation of the bonnd slIbstance into molecules, viz. when 
tlle mixing in solid solution is cltiejly cRllsed by the attraction 
hetween the molecules of solvent and dissolved substance ; whereas 
in the ordinal'y diluted soluliolls the . mixing is brought about parti­
cularly by the diffusion irnpulse (because mixing is a more p,'obable 
state, one that takes place with illcl'ease of entl'op.v - also when 
the attraction lIla)' be neglected). In t.his case the decrease of free 
energy is about equal to the heat effect Ihat takes place in the 

I) Zeitschr. f. physik. Chemie 57. p. 385 (1907). 
2) KapiIlarchemie, lste Aufl. p. 2H9, Akadem. Vel'lagsgeselJschaft Leipzig 1909, 
I) These Proc, Vol. XlII, p, 958: Address at the Meeting of the BUDsen-Gesell-

schaft. Kiel, 19] 1; Geselze del' Quellllng, Kolloidchem. Beihefte Bd 9. 
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binding. If the differential binding heat is great, and if it decreases 
on absol'ption of the substance, then follows from the eql1alily of 
the variations of free enel'gy and of binding-heat that the binding 
isotherm must have a conrse as FHlwNDLJCH must ha"e found, i. (', 
that it begins pl'etty weil hOl'izontally, Rnd th en tnrns ils convex 
si de downwards. This appears to be Ihe case in aqneous solutioos 
of slllphlll'il' acid and phosphol'ic acid, and in ' Ihe swelling albumens 
and polysl1cehal'ides. In all these cases FIlEUNDLICH'S fonnula appears 
to hold as appl'oximating fOl'OllIla fol' small concenlralions, even 
pal'ticu lady weil i ti aqueous solutions of sul phu ric acid and phos­
phoric acid, thongla we have certainly II0t to do hel'e with real 
sm'face adsol'ption, bilt willa l'eal mixing. 

Renee it is clear t/tat the validity of FREUNDI.ICH'S f01'mula does 
not furnish tfte proof that we have to do with surfaee ads01'ption. 
In versely I he eq ual i ty in the variation of fl'ee energy and heat­
effect is no proof either thaI Ihere exists an ideal concentrated 
sollllion. lt does not seem improbable to me that this equalily also 
exists with plll'e sl1rfaee adtlOl'plioll, and possibly wilh lIIany com­
plicated inlel'medial'y phenor;nena called s01'ption al present. I found 
it confirmed in Ihe abSOl'plion of waler by Cllpri ferro cyanide, in 
which a st.rong ('hange of colon I' from violet black 10 light bl'own 
is fOllnd 1). The next step is now in my opinion to test Ihis relation 
by a numbel' of typical examples of genuine surface adsorption and 
of sorplion. For if it appears 10 be valid evel'ywhere, Ihis is an 
imporlant contribntion to the knowledge of the sorption phenomena; 
and if it holds in some ca.ses and not in others, it may be studied 
on what this depends. But apart from this it leads to a better 
method of analysis of sOl'ption and adsorption phenomena: t!te 
simultanemts determination of tlle sOl'ption isotherms and of the 
s01'ptiun heats, This method gives a Inuch deeper insight than the 
prevalent one, which is restricted to the determination of the sorp­
tion isotherm for small concentrations, Thai FREUNDLlCH'S formula 
is of snch universal validity at these small concentrations, will 
probably appeal' to mean that (in a system in which the variations 
of free energy and of heat-effect are equal in approximation) t.he 
differential sorption heat is very great at ftrst, and diminishes 
gradnally dUl'ing Ihe absol'ption; the longel' the (almosl) asymptolic 
hOl'izontal initial part of the isotherm, the longer the differential 
sorption heat will preserve a gl'eat value. What is impol'tant in this 
method of illvestigation of the sorplion phenomena is further that 

I) Verslag van de gewone vergadering der wis~ en natuurk, Afd. Kon. Akad. v, 
Wet. DI. XXXI, Nos. 9- 10, p. 542. 
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it call take into account not only the course of the isotherm fol' 
small concentrations, but the whole course. Alld besides it has the 
advantage th at it does not bind itself beforehand by a preconceived 
opinion on the qllestion which can at pl'esent mostly not he decided, 
of what nature Ihe sorptioJl phenomoJlon is (solid solution rea I Rur­
face adsol'ption, dissociable chemical combination, or two or thl'ee 
of these possibilities at the same time), The simllltalleous detel'mi­
nation of tbe t wo Clll'\'eS does, however, Sll pply a collection of facts 
important 1'01' Ihe decision of this question, which evel'y theory has 
10 take inlo account. 

2. E.r:periments, 

1'lte pU1'est animal cm'bon of M};RCK was used fol' the investigalioJl 
It was placed in ail'-dr'y cOlldilion in a wide-mollthed glass jar; ils 
waler content was deterlllined al 2300 C, aftel' 3 hol\l's' drying, It 
is not impossible that in this way the water percenlage is foulld 
slighlly too high, Ihe weight of Ihe carbon having possibly been 
slightly diminished by oxidation, As ill most hygl'oscopic substances 
of this kind il remains somewhal al'bill'ary wltat is considered 10 he 
"dry" slIbstance. 

For the determination of the sOl'ptioll !teats quantities of from 
5 10 12 grammes of carbon were weighed in ail'-dl'Y condition, 
which can easily be done accllrately, as the substance is not pari i­
clllal'ly hygroscopic in Ih is condilioll; Lhe carbon cannot be weighed 
accurately when qllile dry, In (,I'ystallisation dishes these samples 
of carbon were brollght in exsiccators over slllphlll'ic acid-watel' 
mixtlll'es of different strenglhs ; we then waited till eqllilibl'ium had 
been approximately eslahlished, In this way samples of carbon wer'e 
obtained in whieh the waler was very IInifol'mly distl'ibllted. Where 
the watel'-conlent of the air-dry carbon was known, Ihe increase 
or deel'ease of weight of the sample of carbon yields its wat.el' con­
tent at lhe kllown vaponr lension, 

This carbon was placed in a glass Inbe, which was closed wilh 
a tight-fitting rubber' stoppel' and placed iJl a calorimeter "essel 
filled wilh water, The experimenls were made in a room in which 
the temperatllre was par'li(,lIlal'ly conslant. Afler temperature equili­
brium had been established. the COlII'se of tlre thermometer was 
followed ; th en the contenls of Ure tube were emplied into the water 
of the calorimeter vessel, aftel' whieh the lemperatun~ was again 
observed, Aftel' from 2-4 10 in nIes the generation of heat did IIOt 

incr'ease appre('iahly any longel'. 
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Let us call i the degl'ee of sorption (gr. of water per 1 gl·. of 
dry substance), and W the heat of sorptiolJ (generllotion of heat. in 
cal. when 1 gr. of dry substance absorbs 1 gr. of watel') . Thell I found: 

i 
Quantity of heat at 
maximum sorptioll W 

per 1 gr. of dry carbon 

0.- 20.91 0.-

0.049 17.66 3.25 

0.090 15 .34 5.57 

0.218 11.79 9.12 

0.350 7.90 13.01 

0.437 6.05 14.86 

0.563 3.12 17.79 

0.659 1.59 19.32 

0.718 1.09 19.82 

0.753 0.29 20.62 

sorption.max. 
0.93 0.- 20.91 

This is the integral heat of BOI·prion. From this I calculate the 
d ifferen ti al heat of sorption for i = 0 

(dd~.= 75 cal. rr ).=0 
This value is considerably smaller than was found in swelling 

sllbstances ~2;)0 to 400 cal.). At the heat of mixing of sulphuric 
acid (with water) it amounted 10 550 cal., of phosphorus 100 cal., 
of glycel'ine 20 cal. 

The curve of Ihe integl'al sOl'ption heats is graphed in fig . 1; it 
starts as the ol'dinary curve of the heats of imbibition alld of mixing, 
as a hyperbola, then follows a flattened, almost reclilinearly l'ising 
part, the end again being a hyperbola. Accordingly it is distinctly 
different from the curves descl"ibed by me formerly fOI" bodies that 
can swell up. 

I have not yet succeeded in calculating the differential sorption 
heat in its full conrse from these measurements. The curve of the 
integral sorption heat has so complicated a shape that a formllla 
with a great nllmber of parameters is required to gi"e any description 
of ·it. 'rite gl'eater the nnmber of parameters, the more arbitrary is 
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dW 
the caleulat.ion of the differential quotient di ' But this at least may 

cal. 
20 

10 

0.50 
Fig. 1. 

1.00 

be said now that the Curve begins with d/~ = 75 cal., then decreases 
Ct 

pretty rapidly, in a way, which cOrl'esponds pretty closely with the 
COurse of this quantity in lhe heats of mixing (of slllphllrir acid or 
phosphoric acid with wat.er). At i = 0.10 to i = 0.15 it begins to 
asr;ume a mOre or less constant (albeit slowly diminishing) vaIue, 
amonnting to abollt 23 cal., whieh diminishes again greatly past 
i = 0.65, aud converges to zero. 

lt would be very important also to study the volume contraction 
at the absOl'ption of water ; for, where in expansible and in miscible 

sllbstances the I'elation (~ }=o always appeared of the same order 

of magnitude (between 10 and 30 X 10-4), it would be important 
to examine what the order of magnitude of this qllotient would be 
in animal carbon. Unfortunately it is not. possible to determine these 
volume contraclions, as cal'bon pl'obably acts as an adsorbent on 
every pycnometer liquid, at least in anhydrolls condition. 

The free energy at the sorption can most easily be calculated 
from the vapolll' tension of the watel' at different degrees of sorption. 
These vapour tensions have not been dete1'mined directly, but 
indirectly b.r the method of GAY LUSSAC-VAN BEMMELEN (by bringing 
the substance illto equilibriulll with slllphllJ'ic acid-water mixtures 
of known strength till constallcy of weight is reached). The 
absol'ption and loss of watel' then appeared to be a phenomenon 
of equilibrium, which pl'esents hysteresis. This 1'esult is in striking 
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conlrast wil h FHEUNDl.lcH'sexpel'ience that the absol'plion of dis.'101ved 
.çub.9tances, as iodine, dyestnlfs , and organic acids, is an eqnilibl'ium , 

which is readily estahlished inde pendent of the condition from which 
one starts, and within a few minutes ; th is observation of FREUNDLlCH'S 
was confirmed fOl' dissolved substam'es by many investigatol·s. 

111 Ol'der to obviale t.he influence of hy steresis , t.he eqnilibrium 
had 10 be detel'mined fl'Om t.wo sides ; then the approximative '-alue 
of t,he state of equilibriulII was calculated by taking the mean of 
the two values found in this way . Accordingly twice thirleen samples 
of air-dry carbon, eaeh having a weight of about one gramme, 
were weigherl olf in crystallisation dishes . One half of these dishes 
were dried for one Ol' t.wo weeks ill a vacllum exsiccator o\'er 
slllphnric acid; Illey then cOlltained no more than 1 Ol' 2 pal'ts of 
watet' to 100 parts hy weight of dry cal'bon , The other half was 
placed ovel' waler in a vacunm exsiccator for the same lenglIl of 
time; they then contained about 90 parts of water 10 100 parls of 
dl'y carbon. Then tllit·teell small exsiccators were arranged wilh 
sulphuric acid-watel' mixtures of known vapollr tension ; in every 
exsiccator there was placed a dl'.)' and a moislened caruon . These 
acids were refreshed a few times. Aftel' 40-90 days, when the 
dishes had become almost quite constant. of weighr, long before, it 
was assllmed that they had reached theil' onesided equilibrium. 
All the expel'iments look place at a temperalure of 16-20° C. in 
a I'oom in which the variations of temperalure were parlicularly 
small (a room built specially fOl' thel·mochemistry). 

The vapour tension h was expl'essed as fraction of the maximum 
lension of water at the same temperatul'e ; the sOl'bed quantily 1: as 
gl'ammes of water pel' one gmmme of dl'y carbon . The free energy 
at the sorption of one gramme of liquid waler is fOIJnd from Ihe 

1252 
relation A = 18 logU h. 

Fig. ~ shows the isotherm . The curve begins as 'a real adsorption­
curve (Ol' as the isotherm of a concentr'ated solntion), but with a 
very short horizontal initial portion I), at half its height, (It = 0,40 
to 0,65) it gets, ho wever, an Illmost horizontal part ; at h = 0,65 
and i = 0,57 thel'e begins a ncw part of the cUl've (which, howevel', 
issues from the preceding part without any abl'upt Iransition), which 
again has an S-shape. It is remal'kable how gl'eat Ihe quantity 

I) This has probably been drawn too long; has the weight of the carbon not 
been somewhat diminished by drying at 2000 C. through oxidation? The horizontal 
beginning, i ( it exists, is probably only little pronounced. 
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of water is whicll th is form of amorphous carbon can absor" j ovel' 
ft. slllphuric acid with a ft = 0,997 the suustance ausül'bed 0,929 
pal·ts of water pel' 1 part of dry slIbstanee ! Accordingly an absol'ption 
of water of the same order of magnitude as in 91'eatly swelling 

h 

after mOisteningl 

0.010 0.009 

0.083 0.033 

0.176 0.039 

0.278 0.062 

0.410 0.172 

0.517 0.458 

0.596 0.570 

0.721 0.649 

0.788 0 .613 

0.853 0.698 

0 . 914 0.730 

0.962 0.800 

0.997 -

1.00 

0.50 

i 

after drying 

0.022 

0.021 

0.038 

0.052 

0. 141 

0.266 

0.411 

0.572 

0 .631 

0.616 

0.715 

0.814 

0 .929 

0.50 

Fig. 2. 

Difference 
between the 

I in equilibrium 
two false 
equilibria 

0.016 -
0.027 -
0 .039 -
0.057 0.010 

0.157 0.031 

0.362 0.192 

0.491 0.159 

0.631 0.011 

0.652 0.021 

0.687 0.022 

0.723 0.015 

0 .807 -
0 . 929 -

1.00 
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substances. BACHMANN 1), wbo al ready determined an isotherm of 
carbon and watel' befOl'e me, found in cocoanut carbon a maximum 
water absol'ption of i = 0,25 , BERL and ANDRESS J) also fOllnd in theil' 
cal'bon a considerably smallel' value than I in mine. 

The dou ble-S-slJaped cUl've of IIJe isotherm obtained is practically 
the sallIe form as that wbich VAN BJ<:MMELF.N bas observed ilJ gels 
of silicic acid and of il'on hydroxide. The flat portion thel'e cOl'I'esponds 
to the part of the curve in which the gel, which is first h'anspal'ent, 
becomes opaque. 

3. Comparison of Fl'ee Energy and Heat Eifect. 

A simple compal'Îson of the CUI'ves fig.land fig, 2' shows that 
dW 
d
---:- and log h must have an analogous course as fUllction of i, Both z • 

curves have an al most hodzontal, almost rectilineal' (slowly descending) 
pOl'tion bet ween i = 0,10 and i = 0.60 to 0.65 ; both curves have 
befOl'EI and aftel' Ihis the shape as for liquids which mix wilh water 
with strong heat effect. By graphical d,etermination of the differential 

dW 
quotient di this can be estimated for some values of i, fOl' which 

log h is known . Thus I find: 

i 
I 

h 
I 

1252 I 10 hl -.-s og h
2 

I (dc!n
l 

- (d:)2 

0.027 0.083 

~ 37 cal 11 cal 
0.057 0.278 

~ 12 
" 

20 
" 0. 151 0.410 

~ 1 
" 

8 
" 0.362 0.517 

~ 4 
" 

4 " 0.491 0.596 

~ 6 
" 

4 
" 0,631 0.121 

I 5 
" 

5 
" 0681 0.853 

~ 3.5 
" 

6 
" 0.867 0.962 

These are only rough estimations; but they show nevel'theless 
with sufficient Pl'obability th at in the large middle pOl'tion of the 
c\lr\'e (fl'om i = 0 .05 to i = 0.80) the variation of the free enel'gy 

1) Zeitschr, f, anorgan. Chemie 100, p 32 (1917). 
S) Zeitschr. r. angewandte Chemie 1921, Bd. l. 
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is of the same OI'der of magnitude as the heat effect. But with small 
i the heat effect is mueh smaller t.han the variation of the fl'ee 
energy. This latter is probably in connection with the small value 
of the th'st differential heat of sorption in tlJis substance. Most likely 
there is no eqllality in the middle piece ei/her, but only correspond­
ence in the order of magnitude. The experiments are, however, 
not accurate enough to set fOl't.h this di fference clearly . 

4. Tlte Analogy of the Curves with those for' Newly-made Silicic 
Acid and ZSIGMONDY and ArmERSON'S Explication . . 

As I al ready obsel'ved, the isotherm has the same typical shape 
as that found by VAN BEMMELEN and later by ANDEIISON fOl' silieic 
arid gel. The "tmn", the point whel'e the second S-shaped curve 
begins, lies at i = 0 .57 and ft = 0 .65 for carbon. Also BACHMANN 
foulld a cur.ve with a horizontal portion for Ihe cocoannt carbon 
examined by him (possibly evell wilh two sllch pieces). And BEIIJ. 
and ANDRESS found a curve of the same shape as mine in the carbon 
examined by them. 

cal. 

20 

10 

0.50 

Fig. 3. 

That also the curves of the heats of sorption correspond is shown 
by fig. 3 , in which I have re-pl'esented BELLATI alld FJNAZZI'S results I) 

for newly-made silieic Itcid (temperature 12°-20° C.). Unfortullately 
these careflllly pel'fOl'llled researchefl have so fa I' eseaped the notiee 
of the wl'itel's of the books on eolloid chemistl'Y, whence they have 
not lIIet with the reeognition they deserve. The curve typically 

1) M. BELLATI and L. FINAZZI, Atti d. R. lnstituto Veneto, Serie VlII, Tomo 4.. p. 518, 
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presents the same coul'se as th at found by me for r.arbon; the initia) 
pal't as the curve for a heat of mixing, the almost rectilinear middle 
podion, the end in a cUl've with the concavity downward, Vnfor­
tunately we have no reason to believe that the silicic acid examined 
by BEJ.J.ATI and FINAZZI possesses exactly tlle same constanis as that 
on which VAN BKMMELEN and ANDERSON performed their determina­
tions of the vapolll' tension, as the properties gl'eatly depend on the 
pI'epal'ation, This is, howevel', the case in the experiments with cal'­
bon, described above. 

In the absorption of water vapour by cal'bon we have, therefol'e, 
10 do with a system of which the isotherm and the cUl've of the 
heats of sOl'ption al'e in perfect agreement with the same curves of 
those silicie acid gels that present a so-{'alled "tIJm", 

In siliric acid it is very pl'obable that in the nat piece very fine 
{'apillal'Îes al'e getting filled with water, for absol'ption of water 
causes the opaque substanee to become tl'ansparent again. ZSIGMONDY 
and ANDERSON ') poillted out that the I'adius of these fine capillaries 
ean be caleulated from the vapour tension of the water iJl the flat 
pieee ; they Ihen tU'l'ived at values of the order of magnitude 1.3 
10- 6 mm, fol' the initial part, and 2.6 X 10-6 mmo of the elld of 
the flat piece. And they showed flIrther that when the same silicie 
acid gel is ehanged into an alcohol Ol' benz~ne gel, and . the radius 
of the capillal'y is ealclIlated from the vapoul' ten sion of the alcohol 
Ol' the benzene. values al'e obtained fol' this I'adius of the same mag­
nitude as ill water. This pleads very stJ'ongly in favolll' of the view 
that Ihe flat middle piece is due to the fillillg of eapillaries. whieh 
gl'adually become slightly wider, hence on miel'o-porosity. 

PATRICK ') repeated these experiments with liquid carbon ic acid 
and liquid sulphur dioxide with silicic acid gel. Then he found, 
ho wever, much less concordant val lies fOl' the size of the capillaries ; 
he tried to explain this by the greater thickness of the capiJlary 
layer near the critical point. 

BACHMANN I), workillg in ZSIGMONDY'S lauOl'atory, also eXplained 
the flat middle pieee in the isotherm of carbon and wat.er by a 
system of such fine capillilries. The substance being opaque, it can­
not be ascel' tained if this property beeomes sIrongel' in the middle 

piece. 

1) Zeitschr. f. physikal. Chemie, 88, p. 191 (1914); ZSIGMONDY, Lehrbuch der 
Kolloidchemie, 4th edition, p . 219-234. 

S) P A.TRICK, Diss. Göttingen, 1914. 

S) BACHMANN, loc. cit. 
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My expel'iments lead 10 the following values for this l'adius: 

i l = 0.157 hl = 0.410 1\ = 1.24 >< 10-6 mmo 

(beginning of the 
flat piece) 

i . = 0.362 
is = 0.4~1 

i. = 0.57 

(end of tlle 
tlat piece), 

h. = 0,517 
.It, = 0.596 
lt. = 0.65 

1', = 1.67 X 10- 6 mm. 
1', = 2.13 X 10- 6 mm. 
r . = 2.57 X 10- 6 mm o 

The valnes found fOl' the radius of the micl'o-capillal'ies, are in 
snch close agreement as regards order of magnitude with the values 
of ZSIGMONDY and ANDERSON , and with those of BACHMANN, that it is 
astonishing that always tltü OI'der of magnitude is again met with. 
(The secolld 'systelll of capillal'ies which BACHMANN thinks that he 
call del'ive fl'om his CIII'VeS, seems questionable to me). 

The agreemellt. in tlle form of the curves for Ihe heats ofsol'ptioll 
with theil' typieally flattelled piece COl'l'ohol'ates that the flat pal't 
of I he isotherm fol' carbon alld for silicic acid has t he same cause. 

lt is the more strikillg uIIdei' these cÏI'cumstances that HERI, and 
ANDRKSS have fOllnd that the same carbon which gives a flat middle 
piece in the isothel'm with water, has a curve without any flat 
midc/le piece, and with a mueh longel' hOl'izolltal inilial part (fol' 
small I) with organic liquids (as benzene Ol' methyl alcohol). Ir the 
COITeetness of these experiments is con fil'l"lled , Ihey fUl'flish the pl'oof 
Ihat ZSI(jMONDY'S explanation , ('annot be lhe tme Olle, at least fol' 
cal'bo/l. I aUl, thel'efol'e, oceupied wilh a repetition of these experi­
ments, and also with a deteJ'lllillation of the heats of SOI'ption, 

Since ZSIGMONDY'S explanation is inadequate to account for the 
flat piece ill the isotherm and fOl' the tlauened pieee in the heats 
ot' sorption, it is in my opillion lIatUl'al to see a cOllnection between 
Ihe deviating fOl'm of the isotherm of water and the fact that watel' 
moistens solid bodies, as cmbon, muclt less easily titan o1'ganic liquids, 
as benzelle Ol' methyl alcohol, do. We should then have 10 do in 
water and carboll with surface Ildsorption at a surface that is not 
easily moistened, a phenomenon of whieh so far only one example 
has been studied somewhat more closely I), viz. the adsorptioll of 
watel'vapoul' to glass-wool whieh has been thol'Oughly dl'ied befol'e­
hand, investigated by TROUTON '). The glass-wool had been pl'eviol1sly 

I) FREUNDLICH, Kapillarchemie, 2nd edition, p. 223. Possibly there is solid 
solution present as a complication in the boundary layer also here. 

') FREUNDLICH, loc cit. 
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treated by drying at 1620 over phosphol'Us pentoxide, and Ihen gave 
an isothel'm with a flat middle piece (possibly even with a faint 
retrograde piece), which shows a close analogy with the shape of 
the isotherm fOl' water and carbon. When the glass-wool had been 
weil moistened befol'ehand, it gave an S-form, as they have been 
found in mixtures of sulphuric acid and water, and in swelling 
bodies with water as imbibitioJl-liquid; characteristic is there the 
beginning with a strongly pronounced hol"Ïzontal piece for small 
i, in which region FREUNDJ.lCH'S adsorption fOl'mula is valid . Similar 
curves were found by HERJ. and ANDRESS for the adsorption of those 
Iiquids that moisten the cal'bon weIl. 

This conception might also be able to explain why the adsOl'ption 
by carbon of water presents such strong hysteresis, whereas that 
of organic vapoul's seems to take pla.ce without hysteresis. lt is, 
howevel', possible that solid solution in the boundary layel's also 
plays a part in this 1). 

The expel'Ïments al'e being continued . 

5. Conclusions. 

1. In the investigation of the phenomena of sorption it is in­
sufficient to determine the isotherm of binding'; it is necessary 00 

determine at the same time Ihe heat of sorption as function of the 
quantity of absol'bed substance at the same material. 

2. The examined animal carbon appeared to have an isothel'm 
with all al most flat middle piece, analogous to the isotherm ofnewly­
made silicic acid. The sorption-heat had a course corresponding with 
this, a flattened middle piece. 

3. l1y assllming that this course is explained by a system of 
micro-capillal'ies, I calculate the radius of these capillaries from the 
isotherm at 1.2 to 2,6 fJt-' (a~ fOl' silicic acid) . That th is dimension agl'ees . 
so closely with that for silicic acid, is somewhat sh'ange and striking. 

4 . It is, ho wever, doubtful whether this explanatioll by the 
assumption of a system of micro capillal'ies is the true one. lt 
seems pI'obable to me that the difficult lIIoistening of the carbon by 
watel' accounts for it. 

5. Very striking is the strong hysteresis in the isothel'm i). 

1) In the search for possible explanations for the deviating behaviour of water at 
carbon much light was thrown on the subject by conversations with Dr. M_ POLANYI. 

') The complicated results of B. GUSTAVER (Kolloidchem, Beihefte, 1922) and 
HäLLSTRONO'S experiments (Diss. Helsiugfors, 1920) will be discussed in a following 
paper. Not to lengthen this communication, Iconfine myself to only mentioning 
them here. 




