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those obtained in aqueous medium. We have also obtained 30-409 higher
acidity values for charcoals and carbon blacks using alcoholic potassium
hydroxide. It is highly likely that phenols and other weakly acidic struc-
tures are completely neutralized only in nonaqueous media.

5. Fixation of oxygen at unsaturated sites

Irreversible adsorption or fixation of bromine from aqueous solution
has been taken as evidence of surface unsaturation (181). This is rather
vaguely supposed to arise either from the presence of quinone groups at
sites where they cannot participate in resonance (159) or from the presence
of olefinic side chains attached to the aromatic nucleus. Some recent work
from our laboratory with charcoals (/82) and with carbon blacks (183)
has shown, fairly convincingly, that unsaturated sites are caused by the
elimination of CO, complex. The elimination of the rest of the oxygen
as carbon monoxide does not create any unsaturation.

It has also been shown that, generally, one molecule of bromine is
fixed for the elimination of two molecules of CO, complex (see Table
VII). It appears that each molecule of CO, complex involves a single
adjacent carbon atom, so when two molecules of the complex are elimi-
nated, a double bond is created between the two adjacent carbon atoms.
This statement, according to our simple though tentative model of CO,
complex, may be represented as follows:
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It has also been shown (182) that it is not only bromine that can be added
at these unsaturated sites on treatment with aqueous bromine but also
OXygen on treatment with oxidizing solutions such as potassium per-
sulfate in water. In some of the experiments charcoals outgassed at
1200°C were treated first with potassium persulfate solutions of various
concentrations and then with 0.1V solution of bromine in potassium bro-
mide (2 moles for mole of bromine). The amounts of oxygen and bromine
fixed were determined by ultimate analysis. The results (Table VIII)
showed that the total of both oxygen and bromine remains almost the
same for a given charcoal. It appears, therefore, that oxygen and bromine
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TABLE VI

Bromine Fixed by Charcoal and Carbon Black in Relation to CO,
Complex Eliminated (mEq/100 g)

Decrease in  Increase in
amount of amount of
Bromine CO,complex bromine fixed

Description CO,complex  fixed  on outgassing on outgassing
Sugar charcoal original 669 48 — —
Outgassed at 300°C 359 208 310 160
400°C 206 252 463 244
600°C 48 364 621 316
750°C Nil 380 669 332
1000°C Nil 391 669 343
1200°C Nil 395 669 347
Coconut charcoal original 384 55 — —_
Outgassed at 300°C 314 91 70 36
400°C 59 226 325 171
500°C 8 232 376 177
600°C Nil 242 384 187
750°C Nil 248 384 193
1000°C Nil 244 384 189
Mogul original 137 Nil — —
Outgassed at 400°C 83 30 54 30
500°C 45 42 92 42
700°C 18 62 119 62
1000°C Nil 64 137 64
1200°C Nil 64 137 64
Mogul-A original 116 Nil — —
Outgassed at 400°C 59 27 57 27
500°C 24 48 92 48
700°C Nil 61 116 61
1000°C Nil 59 116 59
TABLE Vil

Fixation of Oxygen and Bromine on Charcoal Outgassed
at 1200°C (mEq/g)

Oxygen chemisorbed
+
Oxygen chemisorbed ~ Bromine fixed bromine fixed
Sugar charcoal
0.00 4.14 4.14
1.06 2.68 3.74
1.58 2.12 3.70
2.08 1.78 3.86
2.64 1.16 3.80
Cotton-stalk charcoal
0.00 2.30 2.30
0.84 1.18 2.02
1.74 0.38 2.12
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are fixed at the same unsaturated sites and that the amount of unsaturation
in charcoal is a definite quantity.

The fixation of oxygen at the unsaturated sites has been represented as
follows (184,185):

—
| + 0, —> J)
J J
The surface-oxygen complex that is formed in this manner has been found
to come off as carbon dioxide when evacuated at a high temperature.
Unlike the acidic CO, complex discussed earlier, however, this oxygen
complex is neutral in character (/84,185). Tt is also more stable. Tt starts
decomposing in the 500°-600°C temperature range.

Puri and Sharma (/84,/85a) treated a few charcoals and carbon blacks,
before and after outgassing them at 700° and 1000°C, with oxygen gas at
400°C and also with a number of oxidizing solutions. Tt was found that in
the original charcoal samples which had not been outgassed and which
therefore contained very little unsaturation, the CO, complex formed was
entirely acidic. That is, the barium hydroxide value remained close to the
carbon dioxide evolved in every case. In the outgassed samples, on the
other hand, the various treatments gave rise partly to the acidic and partly
to the neutral CO, complex, as the carbon dioxide evolved was always in
excess of the barium hydroxide value.

The results of some of these experiments in the case of sugar charcoal
only are given in Table TX. The difference between carbon dioxide evolved
and base-adsorption capacity, wherever in excess of 2%, was taken as the
amount of neutral complex formed by the addition of oxygen at the un-
saturated sites. This view received support from the fact that there was a
corresponding decrease in surface unsaturation as measured by bromine
value. It is significant to note that the formation of the acidic CO, com-
plex, in which two oxygen atoms are assumed to be attached to each
active surface carbon atom, does not interfere at all with the bromine
value. This shows clearly that the sites involved in this case are entirely
different. These sites are probably located at the edges of the basal planes.

The complex formed by the addition of oxygen at the unsaturated sites
has been found not only to be neutral, but also to make no contribution
towards hydrophobicity or polarity of the surface. This has a transitory
existence, however. While studying the distribution of chemisorbed oxygen
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TABLE IX
Formation of Acidic and Neutral CO, Complex on Various Treatments

Base
Total CO, adsorption Neutral CO, Bromine
complex,  capacity, complex, fixed,
Charcoal mEq/100g mEq/100g mEq/100g mEq/100g
Sugar charcoal original 669 665 Nil 45
Treated with K;S,04 975 970 Nil 46
Treated with aq. chlorine 381 902 Nil 41
Treated with H,O, 819 810 Nil 44
Treated with acidified KMnO, 675 661 Nil 42
Sugar charcoal, outgassed at
1000°C Nil Nil Nil 398
Treated with K,5,04 ' 144 19 125 278
Treated with aq. chlorine 381 205 176 218
Treated with H,0, 331 40 291 110
Treated with acidified KMnO, 175 27 148 215
Coconut charcoal original 391 400 Nil 39
Treated with K,S,0s 667 662 Nil 38
Treated with aq. chlorine 709 698 Nil 40
Treated with H,O, 578 564 Nil 37
Treated with acidified KMnO, 396 402 Nil 37
Coconut charcoal, outgassed at
1000°C Nil Nil Nil 214
Treated with K,S,0, 140 48 92 124
Treated with aq. chlorine 275 149 126 66
Treated with H;O, 170 32 138 60
Treated with acidified KMnQO, 142 48 94 112

between the two types of CO, complexes at different stages of extensive
oxidation of sugar charcoal outgassed at 1000°C by oxygen at 400°C or
oxidizing solutions, it was observed (/86) that, at first, most of the oxygen
was fixed at the unsaturated sites, giving rise to the neutral complex. As
the treatment was continued there was more and more chemisorption of
oxygen but the amount of the acidic complex formed at each step was even
more than that of the additional oxygen fixed. This showed not only that
more oxygen was being fixed as the acidic CO, complex, but also that there
was progressive conversion of the neutral complex into the acidic complex.
Ultimately, the entire CO, complex became titratable against alkalies.
The results of some of these experiments are reproduced in Table X. The
unsaturated sites, however, were not revived with the decrease in the
amount of the neutral complex. There was continuous gasification of
carbon.
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The conversion of neutral into acidic CO, complex on progressive
oxidation, with simultaneous disappearance of unsaturated sites and
gasification of carbon, has been represented as follows:

\

C—O0O
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G. Influence of Carbon-Oxygen Surface Complexes on Surface
Behavior of Carbons

.
X v,

Whatever be the exact nature and structure of the surface oxides, there
is little doubt that the combined oxygen is present mainly at the edges of
the giant molecules that constitute the layer planes. As these edges con-
stitute the main adsorbing surface, the oxygen complexes exercise a con-
siderable influence on surface behavior and surface reactions of carbons.

1. Adsorption of electrolytes

The influence on adsorption of electrolytes, in particular acids and bases,
has already been discussed in detail. The influence on adsorption of dry
ammonia has also been described. Sulfur dioxide is reported (38) to be
adsorbed so strongly at sites of oxygen complexes that it cannot be
recovered until the sample is heated to 220°C. The gas is then liberated as
sulfur trioxide.

2. Hydrophobicity

Pure carbon is hydrophobic. The hydrophobicity decreases if oxygen is
present. It has long been known that carbon black with a high oxygen
content is readily wetted by water. Accordingly, low temperature oxidation
of ink, color, and lampblacks is often used to improve their hydrophilic
character. Studebaker and Snow (187) measured the contact angle (6) of a
number of carbon blacks by a modification of Volkova method (/88).
Cos 0 as a measure of wettability was found to be a function of oxygen
and hydrogen contents.

3. Sorption of water and methanol vapors

A good deal of work has been reported on the influence of combined
oxygen on the sorption of water vapor. The work of Lawson (/89) and
King and Lawson (128) shows that the presence of combined oxygen in
charcoal increases the low-pressure sorption of water vapor and shifts the
isotherms to lower pressures than those that correspond to the same
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