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THE ADSORPTION OF HYDROGEN IONS BY
o CHARCOAT, R
(Abstract from original paper.)

1. J. Jenks, Stars TeAcHERS Corrrer, DeKars

N TRODUCTION

It fs a well established prineiple of colloid ehemistry

that the ions of an electrolyte are adsorbed by certain
Precipitates and the similarity of thig adsorption of
gases by charcoal has been pointed out, :

~W. Mansfield (lark in “The ‘Determi“nat‘ion of the Hy-
drogen Ion”’ (Page 34) mentiong the work of Bovie as’
showing the adsorption . of hoth hydrogen and hydroxyl
ions by charcoal, when present during an electrometric

titration.  Bovie (J. Med. Research 295-317-1915)

found that the presence of .5g of Kahlbaum’s animal
charcoal in a 0.01-N solution of alkalj strongly depressed

which marks the end point entirely obliterated.

Bovie points out the similarity of the effect to that ob-
tained in a trye ¢ buffer?’’ solution, but attributes the
buffer effect to adsorption of both hydrogen and hydroxyl
ions by the charcoal. : ’ ' ’

- Two objections to this interpretation of Bovie’s ex-

much more marked, Tn the second Place, Bovie did not
take into account the posgibility of salts contained

. within the charcoal, in spite of the fact that anima] or
~bone charcoal almogt certainly containg calcium phosg-

Phates which are among the most effective buffers. (See
A. H. Clark, Masters Thesis, U. of (. 1920, Pages 19-23,

- 58-65.)

"This research wag therefore undertaken to investigate
this factor and to determine whether pure charcoal shows
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a similar buffer action. The results show that the ap-
parent buffer offect produced by animal chareoal is prob-
ably caused by chemical action of the alkali or acid added
upon the adsorbed gases and galts contained as impuri-
ties in the charcoal, rather than by any true ‘adsorption
by the charcoal itself. Obviously most animal charcoal
contains small quantities of impurities such as phos-
phates, carbonates, tartrates and oxalates together with -
some salts of caleium, sodium, or potassinm and also
adsorbed gases such as carbon dioxide and hydrogen sul-
fide. .

" Mo test their effects, titrations were made with the
various grades of commercial charcoal obtainable, and
with charcoal made from pure cane sugar and containing
no mineral salts. The results obtained in these titrations
are plotted as curves on which the conclusions are based.

The titrations were made with a simple titration ap-
paratus devised in the laboratory and similar to one de-
geribed in Central Seientific Co. Bulletin No. 86. This
method of titrations is especially guited for the purpose,
because it indicates the actual hydrogen ion concentra-
tion at all times and also gives the neutralization point.
Furthermore, the charcoal suspensions are 80 black that
indicator changes could not be clearly marked.

EXPERIMENTS

The first experiment was made with a sample of com-

mercial animal charcoal bought on the market, the titra-
“tion being made with N/20 sodium hydroxide and N/20
HCL Curve I, Plate I, represents the normal curve for
this alkali and acid. ‘

A second titration was then made by first running in
95ce. of the alkali, then adding one gram of the charcoal.
No change was observed in the voltage or Ph. reading
upon the addition of the charcoal, but as the titration was
carried out the curve (curve IT) follows the normal until
near the mneutral point; then instead of showing an
abrupt drop it is straightened out, indicating the elimina-
tion of the hydrogen ions of the acid by adsorption or by
the action of some substance which interacts with the



PAPERS ON CHEMISTRY AND PHYSICS 325

acid. Fven the addition of a large excess of the acid
brings the Ph. value down to slightly below the neutral
point. ’ ‘

The experiment was then repeated, using oxalic acid
instead of the hydrochloric, with practically the same re-
sults. - b

These curves are quite different from that of Bovie,
as his curve is affected on both sides of the neutral point.
That is, his curve is lowered much below the normal
curve before reaching the neutral point, while the curve
for this charcoal is only affected on the acid side of the
line.
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Plate I,

If adsorption is the cause of the effect, there is here
no evidence of the adsorption of the hydroxyl ions. On
the other hand the results could have heen due to the
presence of alkaline buffer salts in the charcoal.

These titrations were then reversed, starting with the
acid, taking the voltage of Ph. reading, then adding the
charcoal and completing the titration with the alkali. g
On adding the charcoal to the acid sudden rige in the ) ik |
Ph. reading was noted, the concentration of the hydro- e
gen ions being reduced nearly to the neutral point,

That alkaline reactions are responsible is indicated
by the fact that neutralization wag complete at about 10
ce. while in the normal curve 25ce. were required. If
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adsorption were involved, the active concentration of
ions might have been reduced, but the same amount of
- alkali should have been required to neutralize the acid.

f Theré is here again no evidence of the adsorption of
hydroxyl ions. (Curve TV, Plate III, shows this eurve.)

TUpon examination of this chareoal it was found to be
very impure, containing considerable ash, and when
treated with hot HCl it gave off ecarbon dioxide, hydro-

~gen sulfide, and probably other gases. The presence of

- sulfides and carbonates as well as phosphates in the ash

would allow an interaction with the hydrogen ions to
cause the effect noted.
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Plate IIL.

A sample was then boiled with strong hydrochlorie
| acid washed with boiling distilled water and then heated
o to drive off the adsorbed gases, and a titration was
i made using one gram of this treated charcoal. The

curve is much straighter, the charcoal has no immediate
L effect, and the curve shows a gradual rise from acid to
gk alkali with no abrupt rise at the neutral point. (Curve’
5 TV). This is similar to Bovie’s, and seems to show the
di i consumption of both hydrogen and hydroxyl ions. The
sample, however, was still very impure, as on burning
il there was considerable ash present.
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The boiling with acid neutralized the alkaline salts
present but evidently did not remove all the impurities,
and neutral buffer salts may still have been present.

A sample of ““Norit’’ purified charcoal was then tried
in the same way. This gave a very similar curve to the
commercial grade that had been treated with acid, ex-
cept that the curve was slightly lower. Thig sample
was also found to contain considerable ash and was quite
impure. (Curve 11). '

A cample of “Norit’’ purified charcoal was then tried
found to give about the same results as the previous
commercial charcoal; however, when tried with oxalie
acid instead of rising gradually after neutralization, ag
with the HCI, upon adding the alkali the first 5 ce. gave
a sudden rise, then the curve is held to almost a hori-
zontal line which could only be raised slightly by an
excess of alkali. A large quantity of alkaline material
was shown to be present since so little alkali was neces-
sary for neutralization. (Curve V). -

On the other hand, the failare of the hydroxyl ions to
show up may be due to the presence of neutral buffer
salts. This curve is also shown on Plate IIT, Curve V.

Samples of “Super-Filchar”, both Pharmaceutical
and Sugar grades, were tried with results similar to
those of the other purified charcoals with the exception
of their being slightly acid in their reactions.

Both samples contained considerable ash, showing
them to contain salts of some kind. ~ _

Acids stronger than the N/20 were then tried with
the different charcoals, Here it was found that instead
of a gradual rise in the curve as with the weaker acids,
the curve remained horizontal until near the neutral
point, then rose abruptly in a vertical line to nearly the
full concentration of the hydroxyl ion, similar to that
for the acid and alkali alone. »

This action is similar to that of other buffer solutions,
such as acetates, and phosphates which do not give a
buffer effect with strong - acids, and gives rise to the
theory that the different reactions caused by the various
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charcoals are caused by the adsorbed salts and gases
rather than by the charcoal.

CANE SUGAR CHARCOAL '

To prove the theory some charcoal containing no me-
 talic salts was prepared from pure cane sugar, and a two
gram sample fried with N/20 sodium hydroxide and ti-
trated with N/20 hydrochloric acid (curve represented
on plate VII). MThis shows no depression of the curve
at either end or adsorption of ions, but does show the
presence of acids, as the neutral point is reached with

_about five cc. less acid than when no carbon is used.
However, after numerous cuccessive washings with boil-
ing distilled water the curve was made to nearly follow

the normal curve. Although it was practically impos-
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Plate VIL

gible to remove all the adsorbed organic acids from the
charcoal by this method, the results of the successive
washings show that the change in curve was due to im-
purities rather than to the charcoal. '

To check the work of Bovie a sample of this sugar
charcoal was also titrated with solutions of N/100 acid
and alkali, and it was found that the sugar charcoal fol-
lows the normal curve of the acid and alkali. Samples

i of the other so-called purified charcoals gave curves
very similar to that obtained by Bovie. ’




PAPERS oON CHEMISTRY AND PHYSICS 329

'CONCLUSIONS

A. H. Olarke defines a “Buffei'”, or regulator; as any
substance which tendg to preserve the original hydrogen-

acid and base formed by hydrolysis of the salt used. This

could not well pe caused by pure carbon.

something which will remove hoth hydrogen and hydroxyl

ions when acid or alkali are added to the solution, and
states that a solution which contaings the galt of a weak
acid or base together with an access of the acid or bage
has the property of automatically maintaining itself at
practically constant concentration, . He gives a list of
acids, including NaH.PO,, H,CO,, and bases including
Na.H PO, NaHCO,, which will do this. Thege are the
common ‘‘bufferg’’. .

Charcoal prepared from animg] matter, wood, nut
shells, or other sources will naturally contain some of

- The differenceg between the various commercial char-
coals may be readily noted from the curveg,
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