
Chemi8try. - "The adsol'ption of electrolytes on charcoal," By I. M, 

KOJ.THOFF, (Communicated by Prof, H, R KRUYT,) 

(Communieated at the meeting of June 28, 19U), 

J, Though numerolls investigations have been described in the lite
l'atlHe about the adsol'ption of eleetrolyte~ 011 chal'coal, the explanation 
of this process still escapes ns, On Ihe whole elech'olytes do Ilot 
ehallge the sul'face tension of water with I'egard to aÎl' - nor probably 
10 ehal'coal either - Ol' verJ slightly at most, so that it is not rational to 
explain theil' adsol'bability by making use of the well-kllowTl theol'em 
of GIBBS, 

Another phenomenoll of ten appeal's in the adsol'ption of electro
Iytes which is called "seleclive adsorption of ions," Chal'coal of ten shows 
a prefel'ence fOl' a partielliar anion or katioll, if e,g, a dye-solulion 
is shaken with chal'coal, mlldl more of Ihe dye ion is absorbed than 
of the anion - Ol' kation - with which Ihe dye was combined 1), 
In this so-called selective adsOl'plioll of ions the eoal must send so 
many iOlls into the solntion as cOl'l'esponds with the diffel'ence 

. bet ween the qnantity of adsol'bed dye ion, alld the other ion with 
which the dye ion was combined, If this were not the case the 
liquid wOllld not remain eleCll'ically lIeutral. So we must imagine 
that the coal contains electI'olytes as impUl'ities, which are not easily 
removed, and the ions of which al'e able to react with other ions, 
Suppose e,g, a chal'coal cOlllaining alnrnininm-siJicate as all impurity 
we lJlay represent the adsorption of a dye allion approximately by 
the following pl'Ocess: 

AISil + 3 Dy' ~ AID.r + Sil"', 

The amount of dye iOlls taken away is replaced by an equivalent 
amount of silicate ions in the soilltion, According 10 tltis suggestion 
the adsorption of electrolytes is a pUl'ely chemical phenomenon, and 
by llleallS of the laws of stoechiometry it is possible to deduce the 
fonnnia of Ihe adsorplion isothel'lIJ, which, generllolly speaking, is 
also applicable ill the adsorption of strong electrolytes, 

I) See i,a, L, MICHAËLIS and p, RONA, Biochem, Z, !J7, 85 (1919); summary in 
L, MICHAËLIS: .Die Wassersloffionenkonzentration", 2e Auf1, 1922, p, 200 and 
following, HARTLEBEN: Bioehem, Z, 115, 46 (1921). 
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A few years ago 1) I tried to explain tlle pheJlomena in the adsorp
tion of electrolytes on coal fl'om a chemical standpoinl. I started 
from tlle assumption that moleclliar adsorption of tlle electl'olyte 
does I10t take place as slIch, hut thaI the deeomposition adsorptioJl 
is the only phenomenon tllat plays a part. As, in tlle course of a 
continued investigation different faets wel'e fOlInd which cOllld 1I0t 
easily be explained from pl'eviolls theories, we thought it necessal'J 
to in vestigate i f moleculal' adsol'ption is 1I0t fOllllU with electl'oly tes. 

2. In order to exclnde decomposition adsorption it was necessal'y 
to start with charcoal of the highest purity possible, alJd pl'actically 
fl'ee from electl'ol,rtes. It was prepal'ed in mOl'e Ol' less tlle same 
way as F. E. BARTJ<:U, and E. J. MILLER I) had ohlained this pl'eparate. 
I stal'led from cane sugal' witll 0,005'/. of asil. lt was l'al'efllll} 
carbolJised in a plalinum dish. Then the eoal was heated fOl' some 
days iu a silica crllcilJle, over a gasoline burner, untiJ its appeBrance 
was 1I010nger bl'ight black but 1lI00'e Ol' less dull. At th'st we 
admitted some air during the proeess of heating, which was dis
contilJlled latei' on. The eoal t.hus obtained had a percentage of ash 
varying between 0,08 '/, and 0,09 '/ •. I call altentioll to the fnct 
thaI BARTE"L and MILr.EK'S chal'coal was better, as it contained ollly 
0,01 • /. of ash Ol' even less. At any rate my chareoal was sufficien tly 
plll'e for my investigation, alld the eonclusion which we shall discuss 
in the followillg pages - viz. that a molecular adsol'ption of electro
Iytes on chal'eoal is taking plaee - is decidedly justitIed. 

3. Wheu it was seen thaI aeids were appreciably absol'bed on the 
pure ehal'coal we thought it necessl1l'y to demonstrate Ihat pl'actically 
speaking as lOuch of the kation as of the anion was withdl'awn 
from the solution. The ehal'coal used in these investigations had all 
ash content of 0,09°/.; tlre ash of one gl'am of charcoal nelltralized 
0,15 cc. of 0,1 N. acid (indicator methyIOl'ange); this cOl'l'esponds 
tllel'efOl'e with all alealinity of 0,015 milli-eqllivalenls pel' olie gr. 
of coal. 

2 grs. of the eoal was shaken with 50 ee. of solutiolls of Irydl'o
chlol'ie acid of differellt coneentrations. In the filtrate I determined 
by ti It'ation the concell tra! iOIl of tlle hydl'ogeJl ions, as weil as of 
the chlol'ine ions; I mOl'eover calculated fl'om tlre cOJldllcth'ity of 
the tiltl'ltte the eOl'l'esponding coneentration of the hydl'ochloric acid. 

1) 1. M. KOLTHoFF, KoU. Z. 80, 36 (1922). 
') F. E. BARTELL and E. J. MILLi:R, J. Am. Chem. Soc., 44, 1865 (1922), 
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The final cOllcentl'atiolls of iJydl'ogen ions [H"J, chlorine ions [Cl' J, 
and [HOI] thus founct, are seen in · the following tabie: 

Experiments with 2 gr. of charcoal and 50 cc. of solution. 
-

I ~ Conc. of hydrochloric Finalconc. [H'] [HCI] from KIs acid 

0.0504 N 0 .0436 0.0448 0 .0440 

0.0201 .. 0.015 0.0159 0.0153 

0 .0100 
" 

0 .0057 0.0069 0.0059 

0.0050 
" 

0.00122 0 .0022 0.00153 

As is seen from the figUl'es but little more hydrogen iOll8 than 
chlorine ions al'e withdmwn fl'om the 80lution by the chal'coal. This 
was to be expected as the charcoal still eontained some substance wilh 
an alcaline l'eactioll (see above) whieh ean reaet with the hydrogen 
ions, in con8equence of which less mobile ions pass into Ihe solution, 
In agreement with this fact we 80180 flnd a value for the flnal eon
centration of the hydroehioric acid, ealeulated from the eonduclivity, 
which lies between the values of [H'] and l Cl']. 

{i'rom the above data we ha"e 80180 deduced how much H' anct 
Ol' were adsorbed in Ihe differenl tinal concentration8. It was seen 
that in both cases the fonnllia of the adsorption isotherm holds 
good: 

x 1 
-= «c
m n 

x 
in wich - lepl'esents the number of milli-equivalenls adsorbed pel' 

m 
1 

one gr. of charcoal, c is Ihe final concentl'ation, and tx and are 
n 

constants. 
In Ol'der 10 obtain fUl'ther evidence of the fact that al most all 

the hydrochlol'ic acid as !'uch is adsOl'bed, alld that there is no 
decompositioll adsorption, I have made the following experiment. 
2 gl's. of charcoal was boiled for fh'e minute!; with 50 cc of 0,05 N. 
hydrochloric acid, during which time the water evaporated was 
continualJy replenished . 

The charcoal was filtered otr alld washed with boiling water until 
the flltl'ate did not give any acid l'eaction with litmus paper. From 
the titration of the filtrate it was seen that in Ihis case 1 gr. of 
charcoal had adsol'bed 0,075 milli-equi\'alents of HOI (compal'e wit.h the 
table above, referring 10 room tempel'ature). This adsorbed quantily 
of hydrochlol'ic acid passes but slowly into water. The eharcoal was 
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Isotherm of [H'] 

~ found ~ calculated 
m m 

0.17 0 . 17 

0.13 0 . 13 

0.109 0.102 

0.095 0 . 070 

Isotherm of Cl' 

~ fouod 

\ 
~ calculated 

m m 

0.14 0.137 

0.108 0.107 

0.084 0 .0874 

0.0735 0.0663 

l/n = 0.25 

0( = 0.37 

1/0 = 0.24 

0( = 0.29 

wasl!ed again several times witl! small quantities of boiling water, 
until we had obtained a filtrate of 100 cc. Aftel' cooling it had a 
faint acid reaction on methylorange; it was seen that one gr. of 
charcoal had given off 0,015 to 0,02 milli-equivalents of HOI. In order 
to make the charcoal quite free f"om hydrochlol'ic acid, we washed it 
with 5 cc of 0,02 N. sodium hydl'Oxide and aftel'wards with boiIing 
water. Acid- and chloride-determination indicated that. all the hydro
chloric acid had been removed. 

From these experiments results thai the moleculal'ly adsorbed 
hydrochloric acid cannot be completely removed by washiug with 
water. This fact is of importance, as most of the investigations, 
descl'ibed in the literature, have been made with impUl'e chal'coals 
which had been treated with acid. All these charcoals probably 
contain a certain amount of molecnlady adsorbed hydl'ochloric acid, 
so that it is likely that with these charcoals resnIts are obtained 
totally different from those with Ihe pure charcoal which I used in 
my investigations. 

4. The chal'coal which I used also showed good results in the adsorp
tion of bases. I investigated Ihe adsorption of sodium hydroxide and 
of baryta. 

The table given below illustrates the l'eslllls obtained with sodium 
hydroxide: 
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Experiments with 2 grs. of charcoal and 50 cc. ol sodium hydroxide. 

Initial concentration 

I 

C ~ lound ~ calculated 
m m 

0.05 N 0.044 0.15 0.187 

0.02 0.015 0 . 125 0.129 

0.01 0.0067 0.082 0 . 080 

0 .005 
" 

0.003 0.05 0.032 

l/n = 0.58 " = 1.45 

We see that the adsorption-isothel'm is rat hel' u/lsatisfaclOl'Y' 
0/1 the whole there is much less adsorption of salts than of 

acids Ol' bases, FI'OIU the determinatioll of the cOJlcentratioJl of the 
kation and of the anion in the filtrate, and Ilsually also of the 
conductivity, was shown thaI. we have here moleclllal' adsorption 
of Ihe electrolyte, and that thel'e is no decomposition adsorption 
of ions, 

Contntl'Y 10 the l'elmlts of K J . Mn,I.ER 1), I have nevel' observed 
a marked hydrolytie adsorptio/l, /lot even with saIts RS ammonium 
chloride, methele/lebille chloride, a/ld salicilate of sodium. 

In the adsorption of the strollgly hydrolysed sodillHl salt of vel'Onai 
(medillal) I fOllnd that the hydroxyl ion concenh'at.ion of Ihe solutioll 
was stl'ongly l'educed aftel' the adsorption. In this case there was 
a simultaneous adsol'ption of t.hesalt itself, and of the sodillm hy
dl'oxide which was set free by hydl'olysis. 

~'i/lally I wish to call atte/l lion 10 t he fad thaI. the chal'coal wh ich 
was nsed, lent itself I'eadily to Ihe adsorptioJl of non electl'Olytes, 
as iodine and phenol. 

5 . Without speclliati/lg on the nalUl'e of moleeular-adsol'plion of 
elech'olytes we must assllme that the eleclrolyte is adsOt'bed bJ the 
charcoal as an Ilndissocialed molecule Ol', according to the modem 
views of N. BJERRUM a/ld othel'!! as associated ions. ft is to be expected 
that neutral salts which diminish the electrolytic dissociatioJl of the 
elecll'olyte, will incl'ease the adsorbability, 

It is also lo be expected that tbe amollnt of adsorptioll is a 
specific property of eVAry electl'olyte. When we compare the adsorb
ability of two strong acids under the same circumstances the result 
may be totally different. From the data in the following table we 

1) E. J. MILLER. J. Am. Chem. Soc., 46, 1150 (1924). 
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see that these views are indeed correct. 111 the tests I lIsed a sugal'
charcoal with 0,08 '/. of ash. 2 gl'S. of charcoal wel'e shaken with 
50 cc of 0,05 N. solution of the acid, with the neutral salt of the acid, 
as weil as without, aftel' which the concentration in the filtrate was 
determined. In the table i!'l noted the amOllnt of acid in milli-equi
valents per one gr. of charcoal adsOl'bed. 

The specific character of the adsorbability is seen very clearly 
when we compare the beha\'ioul' of Ilih'ic acid and perchloric acid. 
UIldeI' the salIle conditions the absorbability of Ihe formel' is 4 times 
as slrong as of pel'chloric acid, and Irichlol'acetic acid has a degree 
of adsodlability 7 times smaller than nitl'ic acid. Phospboric acid 
is practically speaking, not absorbed at all. Furthel' we see Ihat 

2 grs. of charcoal with 50 cc. of O. OS N. acid. -------------r 
Acid used I Addition of salt 

Hydrochloric acid 

in 2 N KCI 

Hydrobromic acid 

" 1 N KBr 

Hydroiodic acid 

.. I N KJ 

Nitric acid 

.. 2NKN03 

Perchloric acid 

Trichlor acetic acid 

Sulphuric acid 

Pholphoric acid 

Oxalic acid 

Acetic acid 

" 2NNaAc 

~ p. 1 g. 
m 

0 . 16 

0.29 

0.16 

0.26 

0.27 

0.42 

0. 28 

0.53 

0.072 

0.042 

0.048 

0.02 

0.46 

0.51 

0.55 

neutral salts markedly incl'ease the adsorbability of stl'ong acids. 
In contrast with this the pl'esence of acetate of sodium does not 
illfluence the adsol'ption of acetic acid. This was to be expected as 
the acid in 0.05 N. solution is for Ihe gl'eatel' pal'! present in the 
undissociated state, so that the acetate of 80dillm I'aises the concen-



748 

tration of the Ilndissociated acid to a very smaIl 6xtent only. 
Finally I wish to observe that neutral saltR on the whole have no 
influence on the adsorbability of non-electrolytes j on the contrary 
t,he adsorbability of sodium hydroxide and of salycilat.e of sodium 
is increased by the addition of neutral salts. 

6. Now that we have demonstrated that electrolytes, as such,al'e 
adsorbed, and that the amount of adsol'bability is a specitic properly 
of the electl'olyte, it would be intel'esting to trace the intluence of 
cappillary-active substances, as phenol and amy lalcohol, on Ihe adsorp
tion of elect.I'olytes. Assuming that the adsorption is generally etfected 
because a chemical affinity 1) exists between the charcoal and the sub
stance adsorbed, it is to be expected that capillary active substances, 
which are strongly adsorbed by rharcoaJ, can I'eplace the electrolytes. 
This indeed proved to be the case. The tests, the results of which are 
mentioned in the foIlowing tabie, have been made with 2 grs. of 
charcoal und 50 cr .. of 0.05 N. solutions of electrolytes. without and 
with salt in absellce and pl'esence of 5 millimols of phenol or 
amylalcohol. (See table next page). 

These figUl'es pro\'e thaI. the s!t'ong electrolytes, to which, in th is 
case also oxalic acid belongs, are practically totally removed from 
the chal'coal bJ phenol. In this respect amylalcohol is less etfective 
than phenol. The fact that we al ways find a smaIl quantity of acid 
adsOl'bed when phenol is present, is to be attributed to the charcoal 
having a slight alkalinity. Neutral salts, as potassium, iodide, and 
salicylate of sodium are completely dl'iven away fl'om the charcoal by 
capillary active substances, Acetic acid, which also behaves like a 
capillary active substance is only pal'tially dl'iven away, as to be 
expected. 

7. (i'rom the data, gi ven 111 t his preli minal'y paper, it follows that 
the adsol'ption of electrolytes in ally commercial charcoal cont.aining 
many impul'Ïties, is a very complex phenomenon. In the th'st place 
we have the 1I101ecl11ar adsorption of the electl'olyte. as descl'ibed 
above. But at the same time the so called I'eplacing adsorption 
appeal's, in which one ion call l'eact chemica.lly with one of the 
impllrities of the charcoal. As both adsorptions always t.ake place simnl
taneously, the I'esnlts can nevel' lead to a general concll1sion. If the 
displacement adsorption alone is to be investigated, a capillal'y active 
substance must always be added, in Ol'del' to l'epl'eSs completely the 
molecular adsOl'ption of the electl'ol.rte. A fllrther investigation is 

1) Cf. N. SCHILOW and L. LEPJN, Z. Physik. Chem. 104, 25, (1920). 
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Influence of capillary substances on the adsorption of electrolytes. 

Electrolyte used 
: . ~W;'bOO' "pilI. ~ in presence of I Addition of salt m m 

ary active subst. phenol amylalcohol 

Hydrochloric acid 0.16 0.03 0.04 

2 N KCI 0.29 0.03 0.04 

Hydrobromic acid 0.16 0.04 

N KBr 0.26 0.04 0.045 

Hydroiodic acid 0.27 0.02 

Nitric acid 0.28 0.015 0.08 

2 N KN03 . 0.53 0.05 0.08 

Oxalic acid 0.51 0.01 

Acetic acid 0.51 0.23 

Sodium hydroxide 0.035 0.00 0.01 

2 N KCI 0.08 0.01 0.02 

Potassium iodide 0.02 0.00 

Salicylate of sodium 0.042 0.001 

2 N KCI 0.057 0.007 

already beilIg made along these Iines, and I have al ready obtained 
J'esults which clear up fornler anomalies. A fUl,ther paper on Ihis 
subject will freat this matter mOl'e exhaustively. 

SOM MAR y, 

1. A moleeulal' adsorption of eleetI'olytes takes place on pUl'e 
chal'coal. 

2. Neutral salts increase Ihe adsol'babilily of strong eleett'olytes, 
3. Capillal'y acti ve su bslances preven I Ol' decrease the adsorption 

of eleetrolytes on pUl'e charcoal. 
4, A marked, so called "hydl'olytic adsol'ption" on pure charcoal 

has not been obsel'ved, 
5. A mole(~ular- and an ion adsol'ption takes place siml1ltaneously 

on charcoal with impnrities. Both phenomena differ completely in 
lIalUl'e. Ir adsol'ption of ions alone is 10 be investigated the addition 
of some capillary active substance is necessary 10 prevent molecular 
adsorption, 

. Ut/'echt, June 1924, Plta1'maceutical Labo/'. of tlte University. 




