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The Action of Charcoal on aqueous

Solutions of Silver HWitrate.

INTRODUCTION.,

It has been known for a considerable time that
certain metallic salts in aqueous solution undergo
reduction by contact with charcoal 1. Until re-
cently the charcoals investigated were prepared from
complex materials containing hydrogen 2. Hence it
was natural to suppose that the reducing. properties

of the charcoal might be due simply to the presence

of hydrocarbons, or hydrogen, produced by the de=

composition of the original substance. Recently,
3

I
|
have observed

however, Heymann, Salomon, and Kieffer
reduction in the case of charcoal prepared by passiJg
carbon tetrachloride vapour over heated mercury.
Since this method of preparation excludes the form-
ation of hydrocarbons, or hydrogen, it must be con=
cluded that the carbon itself is involved in the
wreducing vnrocess.

Further investigation is required in order to
ascertain the precise manner in which the charcoal
acts. In particular it is necessary to know the
actual amount of reduction under any given set of
conditions. The fact that the determination of the

amount of reduction is complicated by the adsorntion

of the/




the substance undergoing reduction, and of the pro-
duets of reduction, probably accounts for the lack

of essential data. It will be shown that in the

case of silver salts, the amount of reduction mayv be

accurately estimated by a simple method.

Hitherto the action of charcoal on silver salts
in aqueous solution has not been studied in detail,
Morawitz 4
phate, or acetate, was shaken with charcoal, the
silver content of the solution decreased ranidly foz

a short time, and then much more slowly over a long

period. It was also found that acid appeared in

the solution, and that the tendency of silver to dis-
|

anpear from the solution was more pronounced in the

observed that when a solution of silver sul-

-

case of the acetate, than in the case of the sulphate.

Bartell and Willer 5.have examined@ the action of ash-

free charcoal, prepared from suger, on solutions of
silver nitrate, sulvhate, and acéetate. They found

that sufficiently dilute solutions remained neutral

though deprived of the whole of their silver, whereas

more concentrated solutions became acid, Ruff,

Tbert, and Luft 5 investigated the X-ray spectra

obtained with wvarious charcoals after contact with
wither a neutral solution of silver nitrate or one
to which nitric acid had been added. Interfereneei
lines, characteristic of metallic silver, were ob=- |
tained, vrovided the concentration of acid did not

exceed a certain value.




Warlet 7, who also worked with sugar charcoal,
has shown thﬁt a portion of the salt, in a solutiod
of silver nitrate, is simply adsorbed by the charcosl,
and can be recovered by treating the latter with
water,

In view of the foregoing, ettention in the present
work was primarily directed to the influence of (1)
concentration of silver nitrate, (2) time of con-
tact between charcoal and solution, (3) acidity of |
solution, (4) treatment of charcoal, on the amounts
of adsorbed silver, reduced silver, and liberated
acid., With regard to the charcoal, the effect of
treatment with air, oxygen, nitrogen, hydrogen and
carbon dioxide, at different temveratures was
particularly examined. Measurements of adsorption
from solutions of nitric acid, sodium hydroxide,
and iodine were made in some instances, in order
to elucidate the results obtained with the silver

nitrate.




EXPERIMENTAL,

Preparation and Standardisation of Solutions.

A.R. chemicals were used throughout the investig=-
ation except in the case of potassium thiocyanate which
was, however, of good quality, and free from
chloride. All solutions were prepared with good
distilled water, and stored in &ena resistance glass
bottles. All volumetric apparatus was calibrated;
and a rigid procedure adopted for the measuring out
of small guantities, The accuracy of delivery of
the 0.5 CsCe, 1 cueCe, 2nd 2 c.c. pipettes, was 0,17,
0.05%, and 0.05%, respectively.

Nitric acld solutions were standardised with a
standard sodium carbonate solution, using phenol red
as indicater., Near the end point the solution was
boiled vigorously to expel carbon dioxide, after the
addition of each drop of acid.

Sodium hydroxide solutions were standardised
with nitric acid, using phenol red as indicator.

Iodine, in potassium iodide solution, was
standardised with pure arsenious oxide,

Silver nitrate solutions were standardised by
Jolhard's method, observing the precautions discussed
by Kolthoff and Furmaﬁ¥. When not in use, the
silver nitrate solutions were keot in the dark; and

standardisations made from time to time showed no

change in the concentrations. |

¥ kolthoff and FPurman,''Volumetric Analysis",Vol.l.ﬂ&bB),lﬂW
[
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Adsorption Procedure,

In all the adsorption experiments, unless
otherwise, 10 c.c., of solution and 0.2 gm. of chare
coal were thoroughly shaken for 24 hours, at room
temperature. The shaking was performed in sealed
glass tubes which were fixed radially on a slowly f
rotating wheel, The tubes which were of soft glass
were rendered as inert as possible by treatment with
chromic acid, followed by thorough washing with

distilled water, and drying in an oven,

Analysis.
When the shaking was completed, the tubes were
unsealed after standing for a moment to allow the
solution to drain from the walls, and the charcoal

to settle. To prevent any avpreciable evaporation,

immediately a tube was opened, the solution was decanted

through an ashless filter paper, and collected in a

tightly stoppered vyrex tube. Portions of filtrate
were measured out for analysis as soon as possible,

Todine solutions were filtered through a plug of

glass wool, and titrated immediately with sodium

thiosulphate.

All titrations were performed in duplicate.

Determination of Liberated Acid.

A solution of silver nitrate becomes acid, i
on treatment with charcoal. It was found nossiblel-
to determine accurately the amount of liberated acié,
by direct titration with sodium hydroxide, using

vhenol/



phenol red as indicator. A sharp end point was

obtained provided the alkali was added, drop by drop

with constant shaking, to the boiling solution. |
The standard silver nitrate solutions showed

a slight acidity (roughly proportional to the con=-

centration of silver nitrate) for which the necess- |

ary correction was aovplied,

Determination of Total Adsorption of Silver,

The silver content of the filtrate was deter-
mined by Volhard's method. In order to have as
large titrations as possible when the concentration
of silver in the filtrate was low, the acid and the
silver were determined in the same portion of
filtrate. After determining the acid as already
described, the solutipn was evaporated almost to
dryness, and then warmed with 2 c.c. of concentrated
nitric acid, to discharge the colour of the phenol
red. The solution was then cooled, and the silver
determined in the usual way.

The applicability of the method was verified

by blank determinations with known amounts of silver

nitrate. i

Determination of Reduced Silver,

The charcoal was carefully transferred to the
filter paper, and washed several times to remove the
bulk of the silver nitrate. To eliminate all the i

remaining ionic silver, the stem of the filter funnel

was closed, and the charcoal/




charcoal covered with a solution of potassium
chloride (0.31.) for thirty minutes. The potassium
chloride was then filtered off, and the charcoal
washed until free from chloride,

To extract the reduced silver, the charcoal,
contained in the filter paper, was heated with
nitric acid (anprox. 8.0M) for one hour, at 100°.
After shaking the mixture to expel dissolved oxides
of nitrogen, it was filtered and washed into a
porcelain basin, and titrated with potassium thio=-

cyanate in the usual way.

Eggsurement of Temperatures.
e ——

Temperatures above 900° were measured with a
Cambridge ovntical pyrometer, reading to within r 16
for materials radiating as "black" bodies, such as
the walls of a furnace at uniform temperature.

The pyrometer might be reéarded as a vhotometer in
which, by simply rotating the eyepiece, a beam of
monochromatic red light from the hot body was ad-
justed to equal intensity with a beam of similar
light from an incandescent filament through ﬁhich

a constant current was maintained, The pyrometer
was standardised by adjusting the filament current
until the light emitted was of equal intensity with
the light from an amylacetate lamp, burning under
carefully regulated conditlons, This standardis-

ation was checked by sighting the pyrometer on a

Cambridge platinim/




8.

platinum resistance thermometer, heated in an _ |
electric furnace. Over the range 900° - 1250°, ]

the readings of the optical pyrometer were consisten%lv
higher than those of the platinum resistance ther-
mometer by 15 % 53, and tﬁe mean values were taken, |

The temperature was not read directly during

~ the actual treatment of the charcoal, but the calibr

ation of the furnace temperature against the heatin&
current, showed that the temperature could be |
reproduced to within 10°. Below 1s given the data
for two calibrations of the high temperature

furnace v. 17,

Pirst Calibration Second Calibration
Current Tempegature Current Tempegature
oamps.) ( Cs) (amps. ) ( Ce)

3460 900 5460 910
4,00 965 4.05 965
4,10 1000 4,15 1010
4,60 1140 4,60 1113
P AS 1250 5,10 1240




For an a proximate determination of the temp-
erature of the charcoal heated in a silica basin,
with a full Meker flame, a Fe/Ni thermo-couple was
used. The thermo-couple was standardised against
a platinum resistance thermometer. The temperature
of the charcoal varied from 740 to 830°, the bulk
of the charcoal being at, anproximately, 780°,

Low temperatures, 450° - 4700, were measured
with a mercury, in silica glass, thermometer, In

this case the bulb of the charcoal was immersed in

the charcoal during treatment.

Preparation of Ash Free Sugar Charcoal,

A.R. saccharose was heated, in small portions
at a time, in an 8" porcelain basin, A glass plate
was ﬁlaced above the basin to orotect it from
atmospheric dust. The charring sugar was found to
remove the glaze from the basin, To avoid con=-
tamination from this source, the first three lots of
charcoal wefe rejected, and the basin was covered
with 2 hard crust of charcoal, about 3in,thick, whic
kept the melted sugar from coming in contact with
the heated porcelain. Then the sugar had been
converted into a thick black mass evolving inflamm-
able vapours, the glass cover plate was removed, and
the mass ignited, and allowed to burn 1tself out.
The light, flaky charcoal obtained was powdered,
placed in a silica basin covered with a loosely

fitting 1id,/

h
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1l.

1id, and heated with a full leker flame for 40
minutes. To ensure uniform treatment, the charcoal
was stirred every 5 minutes. After regrinding in

a smooth agate mortar which had been thoroughly
cleaned by steaming, the charcoal was stored in a
tightly stoppered bottle. This charcoal served as
the starting material in the prevaration of all the
other charcoals, and will be denoted by Cg. T™wo
grams of Cyg on complete combustion gave 0.0004 gm,
of ash, free from iron.

In some preparations, Ca was given an additional 30
minutes treatment in the silica basin, immediately
before being used. This charcoal will be denoted
by Cpe

Data for the adsorption of silver nitrate by Cg, and

Cp, will be found on p. 25,

(3]
Charcoal treated at 4500 = 470 C,

The charcoal was heated in a pyrex tube
immersed in a bath of molten lead, as shown on p.l0
A two prong pyrex tube served to distribute the gas

through the charcoal.

Charcoal Cg.

Cp was heated in a slow stream of moist air,

: : -
for 11 hours, at 450 - 455 . In the case of both
Cc and Cg, the amount of combustion was very Small.

Air was freed from acid gases and moistened,

by bubbling it through dilute sodium hydroxide

solution.
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Charcoal Cgj.

Cp was heated in a slow stream of dry air,
o
for 11 houps, at 460 - 470°,
Air was freed from acid gases with soda lime

(1ft.), and dried with phosphorus pentoxide (3ft.).

Charecoal Coe

Cp was heated in a slow stream of dry hydrogen
(>}
for 8 hours, at 455 - 465°.,

In the preparation of C,, and Cp, the hydrogenl

(from a cylinder) was freed from oxygen with an

alkaline solution of pyrogallol, and dried with

calcium chloride (4ft.).

Charcoal OCgp.

Cp containing 0.5% platinum, was heated in a
slow stream of dry hydrogen, for 8 hours, at 4553-46

Cp was platinised by shaking 10 grams of char-
coal with 50 c.c. of platinum chloride solution
(containing 0.0l gm. Pt)., for 12 hours, The char-
coal was then washed several times with water, and

dried in vacuo at 1067,

Tharcoal Cge

8 gms. of Ca were treated with dry chlorine fo
2 hours. Excess chlorine was removed Dby hegting in
a stream of hydrogen for 48 hours. Hinally, the

charcoal was treated with dry oxXygen for 3 hours.

The/

L]
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The loss of weight during activation was 6 gm.
The temperature throughout the treatment was 460° -

465° ,

Chlorine, hydrogen and oxygen (from cylinders)
were dried with sulphuric acid. Before dismlacing
chlorine with hydrogen, and hydrogen with oxygen, '
the apnaratus was cooled to prevent combination of
the gases. Hydrogen, after having been passed
through the charcoal for 48 hours, still contained
a slight trace of hydrogen chloride; 10 c.c. of
water shaken with 0.2 gm. of Cg, showed a glight
acidity of 8 micromols acid liberated per gm. of Cg.
In the oxygen treatment, approximately 60% of the
 exit gas (CO0g) dissolved in sodium hydroxide and
the remainder burned quietly with a blue flame, and

was, therefore, largely carbon monoxide.

Charcoal Ch.

17 gms. of Ca were treated with dry oxygen
for 3 hours at 450°- 460 . The amount of combustion
was 9 gms.

Oxygen was dried with calcium chloride (4ft.)

Charcoal Cji,

0a was heated in a stream of dry nitrogen, for
9 hours, at 450° - 470°.
Nitrogen was freed from oxygen with red-hot

copper gauze, and alkaline pyrogallol solution,

and then dried with calcium chloride (4PEe )
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.8ilica basins, with full Meker flames, for 30 minutes,

ated the introduction/

Charcoal treated at 740° -830°C.

Charcoals 01 and Cirs

Ca was separated into two portions, (j) whichI
falled to pass a 150 mesh (perlinear inch) standard
sieve, was used in the preparation of Cis and (k)
which passed a 200 mesh sieve, was used in the pre-

paration of Cy. () and (k) were heated in open
with stirring every 5 minutes. 1l grams of each
portion lost approximately 4 grams during the treat-

ment .

Charcoal C1q.

Cp was heated in an open silica basin, with a
full Meker flame, for 30 minutes, with stirring every

5 minutes.

Charcoal treated at 940° - 980°¢C

The furnace used is shown on p.l4, It con=-

gisted of a silica tube, D, wound in the middle with

nichrome wire, and lagged with magnesia, A resist-

ance, R, and an ammeter, A, served to control the |
current.

In the preparation of Cm, the charcoal was
stirred every 15 minutes by means of the stirrer, SW
This consisted of a zig-zag silica rod, one end of

which was fixed to a round silica 1lid which facilit-




‘ated the introduction/

15'.

Charcoal treated at 740° =830 °C.

Charcoals Cy and Cy.

Ca was separated into two portions, (j) which
failed to pass a 150 mesh (perlinear inch) standard

sieve, was used in the preparetion of Cj; and (k)

which passed a 200 mesh sieve, was used in the pre=-
paration of Cy. (j) end (k) were heated in open
silica basins, with full Meker flames, for 30 minutes,

with stirring every 5 minutes. 1l grams of each

nortion lost approximately 4 grams during the treat-

ment. [

Charcoal OCj.

Cp was heated in an open silica basin, with a
full Meker flame, for 30 minutes, with stirring every

5 minutes.

Charcoal treated at 940°- 980°C

The furnace used is shown on p.l4. It con=-
sisted of a silica tube, D, wound in the middle witb
nichrome wire, and lagged with magnesia, A regist=-
ance, R, and an ammeter, A, served to control the
current.

In the preparation of Cm, the charcoal was
stirred every 15 minutes by means of the stirrer, S.
This consisted of a zig=-zag silica rod, one end of

which was fixed to a round silica 1id which facilit-
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introduction of the charcoal into the furnace, and
kept it in the heated zone during treatment; while
the other end, which projected into the rubber
tubing, was bent to form a small lever which could
be turned by twisting the rubber tubing. To pre=
vent overheating of the rubber stovvers, they were
faced with asbestos, and the ends of the tube, D,
were water cooled.

In the preparation of C,, Cp, and Cp, the
furnace was held in a vertical position, and the
silica tube, E, (p.l7) containing the charcoal,
was introduced. The nitrogen was passed through

the charcoal with a two prong silica distributor.

Charcoal Cm.

120 gms. of Cg were treated with dry air, for
4% hours, at 980°. The amount of combustion was
18 gms.

Air was freed from acid gases with soda lime

(1ft.) and dried with caleium chloride (2ft.).

Charcoals On and Cp.

Cm (used in the preparation of Cp), 2nd Cp
(used in the prevaration of Cp) were heated in a
slow stream of dry nitrogen for 2 hours, at 900°,
and for a further 2 hours, at 945°,

Before heating, =zir was evaguated from the

anparatus, and replaced with nitrogen. Nitrogen

was freed/
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freed from oxygen, with hot copper gauze, and a

clear alkaline solution of pyrogallol (prepared in
an atmosphere of nitrogen), and then dried with

caleium chloride (3ft.). At the end of the pre=-
parations the pyrogallol solution had darkened only |
slightly. After leaving the charcoal, the nitrogen
was passed thfough calcium chloride (1ft.), and then
through alkaline pyrogallol solution to prevent

oxygen from diffusing into the avparatus.

Charcoal Cg. \

Cn was treated with intensély dried nitrogen,
for 12 days, with occasional heating. After heat -
ing the charcoal twice, at 945", for 2 hours, the
furnace fused, and leker burners were used for further
heating (21 hours in all).

Nitrogen was ffeed from oxygen with hot covper
gauze and alkaline pyrogallol solution; and dried
withlconcentrated sulphuric acid (1 ft.) and phos-
phorus pentoxide (15 ft.). The pyrogallol and the
sulphuric acid bubblers were both furnished with two

taps, so that they could be refilled every two days.

Chareoal treated at 1000° - 1250° C.

For the treatment of charcoal at and above
1000° , the furnace shown én p.l7was constructed.
It consisted of a silica tube, E, wound at the

closed end with nichrome wire. To prevent oxidation
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the nichrome, tube E was surrounded with another
silica tube, D, to form a gas tight jacket which
was filled with nitrogen. Two mercury seals, M,
formed the terminals of the furnace. The charcoal
was contained in the thin walled silica tube, F,
which was raised well into the heating zone, by
chips of silica pnlaced at the bottom of tube ®.
Gas was passed into the charcoal through the two

prong silica distributor, G. A resistance, R, and

an ammeter, A, served to control the heating current

Charcoal Cgq.

Co was degassed for 4 hours, at 960 , under

a pressure of 7 m.m, of mercury, and finally for 1

hour at 1000°, under a pressure of 1 m,m, of mercury.

£

Charcoal Cn.

Cq was treated with dry air for 2 hours, at
1000° .

There was very little combustion. Afr was
purified with soda-lime (1 ft.), and dried with

phospharus pentoxide (3 ft.).

Charcoal OCge

12 gms. of Ca were treated with dry carbon
dioxide, for 5 hours, at 1010°. The amount of com-
bustion was 1 gm,

Carbon dioxide, from a Klpp, was freed from

hydrogen chloride with water, and dried with calcium
chloride (4 ft.).

!
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Charcoal Ct,

Cq was degassed for 1 hour, at 1125°, under a

pressure of 1 m.m. of mercury.

Charcoal GCu.

15 gms. of Ct were treated with moist air
for 4 hours at 1125°. The amount of combustion was
d gms,

Air was purified and moistened, by bubbling it

through dilute sodium hydroxide solution.

Charcoal Cy.

Ct was treated with moist hydrogen for four
hours, at 1125°,

Hydrogen (from a cvlinder) was freed from
traces of oxygen and moistened, by bubbling through
an alkaline solution of pyrogallol.

Before heating, the avparatus was evacuated, and

filled with hydrogen.

Charcoal Cye.

Ct was treated with intensely dry nitrogen,for

4 hours at 11250.

Nitrogen was purified and dried as in the pre-

paration of Co pe 18.
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Charecoal Cx.

24 gms. of Cg were treated w
8 hours, at 1125°, The amount ¢
6 gms.

Alr was purified with soda-]
dried with caleium chloride (3 ft.

Charcoal Cy,.
Ca was introduced into an at
and heated for 35 minutes, at 125(
As silica becomes permeable
1200°, the furnace jacket was fill

dloxide.

Charcoal treated at Room Te

Charcoal Cz.

3.270 gms. Cbh was weighed ot
(pLl)), a2nd placed in a tube V cont
ventoxide in the lower end. Tube
ated, with the water pump, to 6 m,
sealed off. The cotton wool nlug
contamination of the charcoal witl
pentoxide.

Decrease in weight after one

Charcoal C,'.

Cp was placed in a stream of

nitrogen for 1 month.
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Charcoal Cx. -

24 gms. of Cq were treated with dry air for
8 hours, at 1125°, The amount of combustion was
6 gms.

Alr was purified with soda-lime (1 ft.) and
dried with calecium chloride (3 ft.).

Charcoal Cy.

Ca was introduced into an atmosphere of C02
and heated for 35 minutes, at 1250°.

As silica becomes permeable to gases, above
1200°, the furnace jacket was filled with carbon

dioxide.

Charcoal treated at Reom Temperature.

Charcoal Cz.

3,270 gms. Cp was weighed out in the tube U
(pL2l), and placed in a tube V containing phosphorus
pentoxide in the lower end. Tube V was then evacu-
ated, with the water pump, to 6 m.m. of mercury, and
sealed off. The cotton wool nlugs W prevented any
contamination of the charcoal with phosphorué
pentoxide.

Decrease in weight after one month 0.002 gms.

Charcoal Cj,t',

Cp was placed in a stream of intensely dried

nitrogen for 1 month.
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Adsorption and Reduction of Silver Nitrate.

Table 1.,

Charcoal treated at 450° - 470°C.

3
Charcoal Initial |Final A, B C
[AgN03] |[[AgNOs]

ce 1.000 & - 1077 747
" - - 1110 678

0.2497 |0.2148 |1760 |1L018 663

¢ - - |1084 692

2 months old |1.000 0.9395 | 3030 | 903 720
u 0.9395 | 2995 | 893 683

" 0.9415 | 2940 | 878 742

" 0.9400 | 3023 | 877 725
0.4986 | 0.453%7 | 2246 | 838 686
0.2497 | 0.2163 | 1654 | 741 607
" 0.2165 | 1658 | 747 612

" 0.2172 | 1648 | 737 602

%a 1.000 - - |9s9" | 71
" - - | 897 | 696

0.2497 |0.2183 | 1560 | 785 | 596
R 0.2180 | 1593 | 787 | 600

2 months old | 1,000 0.9438 | 2821 | 796 669 -
" 0.9433 | 2820 | 774 670
" 0.9460 | 2705 | 740 668
" 0.9460 | 2743 | 731 870
0.2497 0.2197 | 1501 | 653 542
" 0.2197 | 1622 | 672 539

%* A1l concentrations are given in mols. per litre.
Unless otherwise stated, the adsorption
experiments were carried out one or two days after
the preparation of the charcoal. -

A= Total adsorption of Silver Nitrate, from solution)
in micromols per gram of Charcoal.

B= Reduced Silver, in micromols per gram of char.
G=Nitric Acid liberated, " .
|
|
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Table l(Contd,)

Charcoal Initial | Final A B 6]

[AgN03] |[AgN03]

Je 1l day old 1.000 0.9270 [3706 1378 | 1031

0.4980 0.4390 [3000 1389 | 1092

0,0992 0.0643 (1745 1058 822

4 days old 1.000 049300 |3462 1232 951

0.4986 0.4425 |2811 1245 997

0.2497 0.2061 2211 1100 891

Ce 1 day old 1.000 0.9320 (3377 1208 872

" 0.9320 (3488 1224 877

0.4986 0.4436 (2764 1195 925

0.0992 0.0686 | 1525 964 670

Cg 1.000 0.9547 |2270 703 724

" 0.95583 | 2250 703 736

0.4986 0.4641 |1740 689 687

0.2497 0.2235 1313 600 590

" 0.2235|1326 618 596

0.0203 0.,0106| 481 340 295

Ch 1.000 0.953 (2365 880 708

" 0.955 | 2270 875 696

0.4986 0.4631| 1786 810 606

0.249%7 0.2213| 1417 728 568

" 0.2213( 1390 691 547

0.0203 0.0109| 472 368 215

C4 1.000 0.9483| 2563 1081 792

" 0.9494| 2543 1048 741

0.4886 0.4580| 2048 1036 680

0.2497 0.2167| 1660 900 684

" 0.2167| 1660 . 900 684

0.0203 0.0089| 570 406 224
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: Table 2.
|
Charcoal treated at 740 830° C.
Charcoal Initial Figal A B G
[Aaw05] |[2gN03]
Ca |8 months old| 0.7504 | .0.7105| 1891 | 856 | 580
" 0.7105| 1981 | 863 | 591
Cp |1 month old| 1.000 0.9503 | 2520 1101 | 716
" 0.9503 | 2880 | 1101 | 716
0.2497 | 0.2121| 1885 | 981 | 688
" 0.2121| 1885 | 977 | 688
Cj |2 weeks old| 0.9550| 0.8937| 2925 | 1088 | 736
L 0.8935| 2980 | 1062 | 707
0.4803 | 0.4307| 2476 | 1105 | 769
0.2725| 0.2338| 1915 | 965 | 688
0.0992 | 0.0743| 1247 | 760 | 553
" 0.0747| 1228 771 556
0.0649 | 0.,0432| 1072 | 699 | 484
" 0.0435| 1070 | 702 | 456
0.0203| 0.,0073| 652 | 472 | 256 |
8 months old| 1.000 0.9455( 2717 | 789 | 541
1,000 0.9480| 2600 | 752 | 547
Ci | 2 weeks old| 0.9550| 0.8876| 3373 | 979 | 852
0.,9550| 0.8856| 3457 | 1038 | 862
0.4803| 0.,4301| 2534 | 1000 | 830
0.2402| 0.2034( 1830 | 801 | 654
0.2725| 0.2320( 2030 | 908 | 717
0.0992| 0.0735| 1274 | 691 | 558
n 0.0740| 1265 | 705 | 596
0.0649| 0.0432| 1080 | 700 | 496
0.0203| 0.0071L| 660 | 462 | 253
" 0.0065| 680 | 434 | 196
8 months old| 1,000 0.9395| 3043 735 645
" 0.9395| 3036 | 731 | 638
Cy 0.7504| 0.7158| 1721 | 503 | 295
W 7152 1598 | 468 | 201
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Table 3,

Charcoal treated szt 940° - 986’0.

Charcoal Initisl |Final A B C
PeNoz]  |[AgN0z]
Cm | 4 months old | 0.9550 | 9013 |2650 | 1041 | 652
" 8946 (2993 - 644
" 9046 |2520 | 1040 | 660
0.4803 | 4321 (2335 | 1027 | 647
" 4368 | 2184 | 1049 | 710
" 4297 |[2530 | 1012 | 660
0.2725 | 2331 | 1941 910 | 615
" 2342 | 1904 954 | 595
0.0992 | 0.0730 | 1295 687 | 509
e 0.0727 | 1324 727 | 491
0.0649 |0,0422 | 1140 662 | 416
0.0203 | 0,0068 | 671 443 | 200
" 0.0065 | 680 434 | 196
12 months old | 2.0 - - 756 435
? - - 744 | 438
0.7504 | 0.7000 | 2553 818 | 537
% 046990 | 2612 804 | 539
0.4986 | 0.4552 | 2170 757 | 509
" 0.4552 | 2170 757 | 493
0.0992 | 0.0775 | 1090 510 | 350
0.0992 | 0.0775 | 1090 510 | 356
Shaken 1 month 0.9550 | 0.9070 | 2410 811 | 293
B 0.8970 | 2870 T | 397
0.4803 | 0,4848 | 2761 | 1391 |1053
R 0.4279 | 2629 | 1261 | 883
" 0.4192 | 2990 | 1238 |1069
0.,0992 | 0.0646 | 1733 | 1217 | 949
" 0.0629 | 1795 | 1082 | 972
0.0649 | 0.0341 | 1524 940 | 827
Shaken 24 days 0.0992 | 0.0647 | 1738 | 1266 |[1025
Shaken 5 " | 0,4803 | 0.4292 | 2487 | 1115 | 927
Shaken 4 hrs. " 0.4402 | 2010 712 | 5153
Shaken 10 mins., " 0.4438 | 1833 566 371
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Table 3 (Contd.)

Charcoal Initial| Final A B ¢
[AgN03] | [AgNOz]

Cn [0.5gme& 5CoCe |240 - = \arr |59

" n n ) ., 177 36

1,000 |[0.987 | 645 - 50

2 0.983 | 884 |240 |54

0.7504 | 0,7363 | 704 | 224 |40

R 0.,7380 | 624 | 185 60

0.4986 [ 0.4912 | 515 | 203 43

n 0.4909 | 384 (148 |41

0.2497 | 0.2433 | 315 | 152 |42

" 0.2430 | 333 (121 |41

0.0992 | 0,0950 | 209 | 104 25

- 0.0952 | 199 95 | 30

0.0203 | 0.0181 | 110 | 48 8

" 0.0176 | 134 62 | 13

Co | OeBgmeéc 10€.c51s000 0.9722 | 560 | 241 | 46

n n " 0.9738 | 524 | 246 | 46

" " 0.2497 | 0.2317 | 360 | 209 | 49

n " R 0:2310 | 374 | 231 | 52

" " M 0.9128 | 872 | 315 [18

" n 0.4986 | 0.4317| 671 | 323 [181

" " 0.4986 | 0.4317 | 671 | 329 [116




284

Table 4,

Charcoal treated at 1000° - 1250°C.

Charcoal Initial |[Final EA B, C

[AgN03]  ([AgNOz]

Cq 1.000 |[0.9746 |1268 | 674 233

" 0.9746 |[1268 | 709 236

Crp 0.7504 [0,7375 | 641 | 520 141

" 0.7375 | 841 | 530 137

Cq 1.000 |0.9715 |1456 | 766 251

n 0.9715 |1431 | 731 221

0.4986 |0.4744 |1201 | 875 250

0.2497 (0.2209 | 997 | 598 250

0.0992 [0.0839 | 760 | 438 192

Ct 1,000 |0.9606 |1967| 548 365

" 0.9640 |1792| 548 365

0.7504 |0,7184 |1601| 597 361

" 0.7192 | 1566 | 604 362

0.2497 [ 0.2292 [ 1035| 501 332

Cu 0.7504 |0.7435 | 345| 155 o

i 0.,7444 | 297| 158 2%

Cy 0.7504 | 0.7444 | 302| 126 27

" 0.7378 | 290| 127 24

Cw 0.7504 | 0.7382 | 610| 197 59

g 0.7378 | 627| 198 71

Cx 1.000 |0.9806 | _962| 178 90

: 0.9785 | 1081 | 186 92

0.7504 | 0.7302 | 1003 | 212 80

it 0.7297 | 1044 | 190 78

Cy 1,000 | 0.9853 | - 737| 303 80

0.2497 | 0.2414 | 414| 244 83
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Charcoal treated at Room Temperature.

Charcoal Initial Fipal A B C
[AgN0O3] |[AgNOz]
Cz 1,000 |0.9415 | 2950 |1165 | 700
" 0.9418 | 2929 |1164 | 694
0.4986 |0.4496 | 2445 [1129 | 768
0.2497 |0.2121 | 1875 [1083 | 723
R 0.2120 | 1887 |1093 720
3 months old | 0.2497 |0.2161 | 1669 | 777 | 561
t 0.2160 | 1685 791 | 556
Cz' 1.000 |0.9453 | 2726 |1054 | 718
' ¢ 2746 11069 730
0,4986 | 0.4504 | 2414 |1104 781
n v 2398 |1119 | 765
0.2497 | 0.2133 | 1867 (1005 | 709
n 0.2125 | 1853 |1028 | 711
% months old | 0.2497 | 0.2140 | 1780 | 820 | 620
it 0.2137 | 1786 831 6l7




Adsorption and Reduction of Silver Nitrate

Solutions, acidified with Nitric Acid.

ab 6.

Initial | Pinal |Initial| Final A B C Total Ads,.
[Ag0z] | [AgNOz] |[HH03] |[HNOz] A=G,
0.5000| 0.4561(0.4629 | 0,4401 989 41| -1150 | 2139
" 0.4833 [0.,48629 | 0,4389 829 47| =1192 | 2021
" 0.4725|0.2314 | 0.2230| 1368 158| -~ 418 | 1526
" 0.4826 [0.2314 | 0.2173 864 37| = 700 | 1564
i 0.4620|0.0925 | 0.0999 1905 600 365 1540
" 0.4561|0.,0486 | 0.0574| 2213 718 445 | 1768
0.4986| 0.4587 - 0.0137| 2246 838 686 | 1560
0.2493| 0.2380(0.4629 | 0.4378 616 20| =1255 | 1871
" 0.237810.4629 | 0,4378 575 7| -1253 | 1828
" 0.2215(0.,0926 | 0.0982| 1412 599 286 |- 1126
& 0.2222(0,0926 | 0,0985 1366 606 * 301 | 1065
“ 0.2332(0.2314 | @.2225 805 129| ~ 447 | 1252
8 0.2317(0.2314 | 0.2238 882 181| - 382 | 1264
" 0.2194|0,0486 | 0,0562| 1499 624 382 | 1117
0.2497| 0.2175 - 0.0118( 1648 737 602 | 1046
0.1249| 0.1083|0.4629 | 0,4549 829 199 = 400 | 1229
" 0.1175(0.4629 | 0.4471 379 34 = 789 | 1168
" 0.1047(0.2314 | 0,2308 1002 307) = 30| 1032
" 0.,1056|0.2314 | 0.2173 955 405 - 10 965
" 0.1044|0.,1157 | 0.1182| 1020 498 126 894
# 0.1022[0,0486 | 0,0543 1145 568 286 859
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Adsorption of Nitric Acid.

=3

Table 7, |
!
[ficromols HNOz
Charcoal Initial |Final [dsorbed per

HNOz] [N03] |gram of charcoa
' 0a |3 months old 0.9257 |0.8980 1385
" 00,9005 1253
Ce days old 0.9257 |0.,8956 1532
ceg day old 0.9257 |[0.8852 2046
Cg 0.,02032 |0,01771 131
Cj months old 0.9257 |0.8240 1567
0.6180 |0,5920 1288
0.4626 (0,4394 1122
0.3080 |0,2894 929
0.0973 |0.0860 561
0.0405 |0.0326 391
Ck months old 0.9257 |0.8955 1518
0.6180 [0.5904 1387
0.4626 [(0.4399 1152
0.3080 |0.2890 959
0.0973 |0.085% 583
0.0405 |0.0326 400
Cm months old 0.9257 |[0.8968 1448
« 9257 |0.8960 1483
0.6180 |0.5916 1315
0.4626 |0.,439Y7 1115
0.0973 10,0855 590
= 0.0850 622
0.0405 |0.0313 461
0.02032]|0.01270 382
0.00986|0.00348 319
" 0.,00348 . dl4
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Table 7 (Contd.)

'Ticromols HNO3
Charcoal Initial final ladsorbed ver
[fwo,] | [HNOZ] |gram of charcos
Cm |3 months old - - =

1,0gm & 20c.c. 0.4629 0.4062 1134
O.5gm & 30c.c. 0.3086 0.2912 1044
O.5gm & 25C.C. 0.0973 0.0841 662
0.124gm & 25c.c. | 0.0778 0.0745 666
0.25gm & 30c.c. 0.0649 0.0600 583
0.125gm & 20c.c. | 0.0487 0.,0454 528
0.3gm & 25c.c. 0.0405 0.0345 496
0.25gm & 25c.C. " 0.0381 503
0.25gm & 25c.c. 4 0.0356 489
0.12gm & 25c.c. 0.02032 |0.0183 430
0.25gm & 25¢c.c, - 0.0162 407
0.25gm & 25c.c. 0.00986 |0.00624 362
0.122gm & 25¢.c, 4 0.00807 369
0.05gm & l7c.c. 0.00406 |[0.00313 310
0.05gm & l5c.c. 0.00203 |0,00121 246
Cn 0.925% 0.9183 369
0.6180 0,6130 250
0.4626 0.4575 256
0.3080 0.3034 228
0.0973 0.0943 153
Cq 0.9257 0.9197 297
. 0,9197 301
Cs 0.00986 |0.00596 195
Cx 0,925% 0.9122 674
Y 0.9120 683
Cx 0.9257 0.9177 400
Y 0.9173 417
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|

Adsorption of Iodine from Potassium Todide Solution.

Table 8.
Micromols To
Charcoal Initial Final | adsorbed per
[Ig] [Ig] gram, of char,
Ce | 2 months old 0.1016 |0.02133 4000
o 0,02140 4006
Ce | 4 days old 0.1016 |0.00999 4561
Ct | 2 months old | 0.1016(0.0622 1948
" 0.0614 2024
Cy | 2 months old 0.1016 |0.0924 464
" 0.0922 476
i
|
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Adsorption of Sodium Hydroxide.

Table 9.
hicromols NaCH
Charcoal Init;al Final mdsorbed per

[§a0H] | [NaOH]|gram. of char.
Ca 2 weeks old 0.01067 [0.00678 194
Cc 2 weeks old 0.01067 |0.00466 300
Ce 1l day old 0.00853 [0.00904 25
Cir'| 1 day old 0.00853 [0.00878 a8
Gj 1 month old 0.02032|0.01443 118
" " " " 0.01422 121
2 months old 0.,01067 |0.0081Y 125
Sl 1 month old 0.02032|0,01331 140
f H i " 0.01260 155
2 months old 0.1067 |0.00745H 163
Cm 7 months old 0.01067|0.00933 54
12 " L 0.00953|0,00846 oD
Cn 0.01067|0.01014 11
" 0.01005 12
1 month old " 0.1020 8
Cq 0.01067]0,01043 10
y 0.01059 0
L 0.01024 24
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DISCUSSION.

il Estimation‘of Amount of Reduction.

At the outset of the research it anpeared
probable that the silver would be present on the
surface of the charcoal in one or more of three
forms, viz;=- silver nitrate, silver hydroxide,
and metallic silver., Hence the princinle adopted
in estimating the amount of reduction was to con-
vert any silver oresent as nitrate or hydroxide
into silver chloride, and then dissolve out thé
metal, The actual procedure (see p. 6 ) con=-
sisted in treating the chanrcoal with potassium
chloride solution, removing exXcess votassium
chloride by washing, and then extragting the metal-
lic silver from the charcoal with nitric acid,
followed by weshing. It will be seen that the
reliability of the method depended on the following
conditions -- (1) complete conversion of the un-
reduced adsorbed silver into silver chloride,
(1) complete elimination of the excess of pot-
assium chloride, (iii) complete removal of metallic

silver from the charcoal, (iv) insolubility of

silver chloride in the nitric acid, (v) absence of.
action between the potassium chloride and the

metallic silver,
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The solubility of silver chloride in concent=-
rated nitric acid 8 is exceedingly small (1 part
in 100,000 parts of nitric acid)., so that (iv)
was satisfied.

Pure_silver wire was covered with .3M vpotassium
chloride for 18 hours; the solution was then
filtered off, and the potassium chloride converted
into sulpvhate; the solution obtained was free of
silver, so that (v) was satisfied.

It has been shown by HillerISthat adsorbed
nitric acid, which could not be removed from char-
coal by washing, was completely removed by treat-
ment with sodium hydroxide solution and, therefore,
it seemed highly probable that all the unreduced
silver would be precipitated by potassium chloride
solution. It is shown below that the precipitation
of silver chloride was complete in 30 minutes, and
also that the metallic silver extracted with nitric
acid was the same whether the charcoal was treated
with approximately .0lM or .3M potassium chloridse.
Hence condition (1) was proved.,

Failure of either or both (ii) and (iii) would

have resulted in the amount of silver extracted with
nitric acid being less than the actual amount of
reduced silver. The following experiment showed

that (1i) and (iii) were satisfied.
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About .2 gm. of charcoal, Cqs was shaken for 24 ho%rs
with 10 c.c. of 0.2497M silver nitrate. Instead
of first separating the charcoal from the solﬁtiop,
as was usually ddne, 10 c.c. of 0.2593M ootassiuml
chloride were added, the solution filtered off,
and the concentration of potassium chloride in the
filtrate estimated by 'ohr's method, the liberated
acld having been neutralised with sodium hydroxide.
In this way the amount of unprecipitated silver was
obtained. The values for this, in two independeht
experiments, were found to be 743, and 757 micrompls
silver per gram of charcoal. The charcoal was
further washed, and extracted with nitric acid in
the usual way, and the extracted silver found to
be 721 and 748, The agreement of these figures
with those obtained above, indicated that (ii) and
(1ii) were fulfilled, and incidentally, that there

was no adsorption of potassium chloride by the

charcoal.

)

In the foregoing experiments the analysés wer

performed 30 minutes after the addition of the

potassium chloride. Flgures were also obtained |
for experiments of exactly the same nature excent
that the charcoal was left in contact with the

potagssium chloride for 18 hours.
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In this case the unprecipitated silver amounted to

760 and 765, while the silver extracted with nitric

acid was 737 and 753, figures which agreed with those

obtained above. Further, the amounts of silver
extracted in three e@&periments after treating the

charcoal with .3 potassium chloride were 741,

747 and 737 (see P.23 ). Hence (1) was verified,

The results also showed that ,3M potassium chlorig
had no action on silver in 30 minutes, further
confirming (iv).

In agreement with Werlet ’ it was found that

silver was desorbed on treating the charcoal with
water. After percolation of water through the
charcoal for 18 hours the desorption avpeared to
be complete, and extraction of the charcoal with
ammonium hydroxide did not remove any silver,
On treating finally with nitfic acid, a further
quantity of Ay was removed from the charcoal.
Actually, it was found that all the adsorbed silv
could be recovered by treatment with water and
‘acid, providing further confirmation of (iii),

The following experiments were obtained in

some experiments with charcoal Cm.

/-

le

1))
H
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Total Adsorption of Silver ( A)| Total Silver Recovered
(micromols per gm. of char,) (micromols ver gm,of char).
1738 1650
1833 1912 J
2010 2086.

It thus appeared that part of the adsorbed silver
was soluble in water ( and could be precipitatedt
as chloride), while the remainder was insoluble
in water, and ammonium hydroxide, but soluble in
nitric acid. That the latter portion contained
any constituent other than metal itself seems very
improbable.
With charcoals which gave a large reduction of
gilver nitraté, a relatively large quantity of
white metallic looking particles was clearly visible
after shaking the charcoal for 24 hours with silver
nitrate. A large provortion of the particles
(about 50%) could be sevarated by floating off the
charcoal. The particles were insoluble in ammonium
hydroxide but dissolved completely in nitric acid
(8M). It is probable that a more efficient method

of separation would have shown that the bulk of

the reduced silver had separated from the Gh&PCOﬁl.

Hence, assuming that all the reduced silver comes

off the charcoal, the sgilver /
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Table 10.

Initial Period of A, Ba. A=B
[AgNO03] Shaking. :

0.0992 - 24 hours 1295 687 608

" 1324 gy 597

24 days 1738.| 1266 472

1 month 1733 1217 516

" 1795 | (1082) (713)

0.4803 10 ming. 1833 566 1267

4 hours 2010 712 1298

24 N 2335 1027 1308

" 2184 1049 1135

n 2530 1021 1517

5 days 2487 1115 1372

1 month 2761 1391 1370

" 1261 1368

" 1238 (1752)
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silver actually adsorbed ( and which can be desorbed)
at any time is equal to the difference between, (A)
the total adsorvtion of silver from solution, and
(B), the reduced silver (see p. 23)"

The above experiments show that Warlet's :

agsumption that the undesorbed silver is present

ag silver hydroxide, is incorrect.

The WNechanism of Reduction.

It is well known that a charcoal surface is
of a composite nature. For the explanation of
the results obtained in the present investigation,

it was found necessary and sufficient to agsume

that the carbon atoms at the charcoal surface were
of two different types, viz;- (a) atoms whose

residual valencies were comnletely satigfied by
chemisorption with oxygen and, therefore, adsorbed

little or no silver nitrate, or nitric acid; and

(b) atoms which were not covered with & chemisorbed
layer, and were therefore free to adsorb nitric acIﬂ,

and to adsorb and reduce silver nitrate.

*Henceforth the term adsorbed silver nitrate will

be used to denote the quantity (A = B).




Influence of Time, and Silver Nitrate Concentrati

01'1.

In thg great ma jority of the experiments, the
charcoal was shaken with the silver nitrate sol=-
-ution for 24 hours. It will be seen that the
gravhs (Figs. 5-=13) obtained under these conditia
were all of the same type. While the total amoy
of silver adsorbed (A), increased ranidly with
increasing concentration of silver nitrate, the
amount of reduced silver (ﬁL end acid liberated
(¢), increased more slowly, and became practically
constant for concentrations greater than about

0.4 M, The question arose as to whether the

ns

nt

observed constant value of the reduction represented

the limit of the reducing capacity of the charcos
Some experiments were, therefore, carried out to
ascertain the influence of time of shalting upon

the amount of reduction, The results shown in

1.

Table 10 were obtained with charcoal, Cpm (see p.26).

The last column of the above table shows that the

amount of silver nitrate was indevendent of the

period of shaking, being substantially the same

whetbher measured after 10 minutes or one month., |

In contrast with the very rapid rate of adsorpntion

of the silver nitrate, was the rate of reduction.

Thus, with 0.48B83 M silver nitrate,the reduction

in 24 hours was about twice as great as that in

continued/

|
10 minutes. At both concentrations the reductién
|
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continued to increase after 24 hours, but within
a month had reached a maximum value of about
1260 micromols in both cases. The slow adsorpti
of silver from solutions of silver sulphate, and
silver acetate, by charcoal,was observed by orgwi
and mey well have been due to slow reduction.

To explain the sbove results, the following
hypothesis was advanced, The csilver nitrate was
rapidly adsorbed on the surface carbon atoms whic
possessed the reducing property, the smount of si
nitrate adsorbed varying with the concentration
of the solution, The reduction then cOmmenced,l
the rate of reduction falling as the more active
reducing centres were used un. The reduction
was plctured to occur thus;

(C)AgNO3 + Ho0 = (COH)+ %g4—HN05.
After veduction the silver atom left the charcoal
surface (see p.50) while the carbon atom, which
had acquired a positive charge, combined with a |
hydroxyl ion furnished by the water, It was
agssumed that the carbon atom was not oxidised so
completely as the carbon atoms which held chemi=- |

sorbed oxygen, and still possessed sufficient

on

tz,~ @

h

lver

residual valency to adsorb another molecule of

silver nitrate, without, however, reducing it, |

thus keepiné the amount of adsorbed silver nitrate

unchanged./



55,

The assumption that a reducing centre would re-
duce only one molecule of silver nitrate is sup-
ported by the fact that the reduetion of mercuric

chloride stops at mercurous chloride.6 Heymann

found that platinium,azdsorbed by charcoal, at room

temperature, from a solution of platinic chloride,
could be recovered by washing with hydrochloric

acid, and he concluded that the platinic chloride
was hydrolytically adsorbed as platinie hydroxiée

Above 100° this was reduced by the charcoal to

platinium. There is no reason to assume that the

reduction of silver nitrate was preceded by hydro

adsorption. On the one hand,the platinic chlori

was already hydrolysed 10

11

in the solution, wherea
the silver nitrate was not; while, on the othe
hand, the conditions favourable to hydrolvytic ads
orption of silver nitrate on the reducing surface
viz; low adsorntion of nitric acid, and high ad-
sorption of silver - were absent (see Table 6).

According to the above hypothesis, the concent
ation at which the reduction reaches a maximum sh
be that concentration at which the silver nitrate
just completely covered the reducing surface. |
Since the reduction was not complete dn 24 hours,
the adsorbed silver nitrate (A - B) should be

somewhat greater than the reduction. The figures

shown in Table 11 for the reduction and adsorptia

at/

lvtic
de
8

r

Pa

ould

n




Table 1ll.

Charcoal Agli0z veduced (B) | AgNO, dds,(A-B)
Ge 920 1300
Ca 850 1200
Ce 1 day old 1360 1550

4 days " 1220 1580
Ce 1180 1500
fflg 660 980
Ch 800 900
Cs 1000 860
’-"}j 1080 1200
O 960 1500
01 1060 1000
Cm 4 mbhs.old 1010 1260

32 4 280 1280
i 180 260
o0 230 240
£ 300 340
s 680 460
Ct 580 720
Cy 280 280
(7 1120 1170
Gyt 1080 1200
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at‘a concentration of 0.4 ' (values read from
graphs) show that this was slmost invariably
the case.,

On the other hand, the figure for the adsorbed
silver nitrate should correspond to the maximum
reduction attained after shaking the charcoal
with silver nitrate for a month, It will be ses

that this was the case with charcoal Cnm, which

n

gave an adsorption of 1260 micromols after 24 hours,

and a reduction of 1296 (average,see Table 10)
micromols after 1 month.

At concentrations greater than about 0.4 M,
the total adsorption continued to increase, pro=
bably, due to the building up of a layer of silve
nitrate more than one molecule thick. “This is
suoported by the fact that Langmuir's equation
(plotting 1/Rgl0z] v 1/(A-B)), apolied to the
adsornption of silver nitrate, zave curves which
Ebe rt, and Luft,6 from X-ray anslysis of the adsor
layer, concluded that metallic salts could exist
on charcoal in a laver more than one molecule thi

At concentrétions less than about 0.4 W, the
amount of reduction became greater than the adsoz

silver nitrate, and, in the case of Cpy, after 1

month,/

|

were convex towards the axis, 1/(A-B)., Ruff,

2 i

bed

clk,

"bed
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month, had reached svproximately the same value

as that obtained at the higher concentration.

This is easily explasined.

Although the reducing

surface would be only partially covered with silver

nitrate, the fact that the adsorotion of the silver

nitrate was reversible, (see p.49) allowed the

gilver nitrate to come in contact with all the

reducing centres.

In the case of 0.955 ¥ silver nitrate, howeven,

it was observed that the amount of reduced silven
decreased from 1040 micromols (average,24 hours)
to 764 micromols (average, 1 month). The eviden
showed that the liberated acid dissolved some of
the coarse siiver. On the one hand, the quantit
of the latter visibly decreased, and on the other

acid disappeared from the solution equivalent in |

amount to the decrease in reduced silver (p.26). |

Thus
Table 12
After 24 hours| After Necreage
1 month
Reduced 1041 811
Silver (B) 1040 715
Wean 1040 764 276
Libe rated 652
Acid (C) 644 293
660 397
Vean 652 345 307




It is difficult to account for the resolution
of the silver, as the concentration of nitric
acid in the solution was so low (less than,Ol H)1*
It was thought, at first, that it was due to the
reduction of the nitric acid to nitrous acid by
the charcoal, but it is difficult to see how the
amount of reduction could be greater at high
concentrations of silver nitrate. A possible
explanation was that the silver nitrate contained
a minute quantity of some polyvakent ion, e.g.,
conpef, which catalysed@ the solution of the silyer,ls
and that only at high concentrations of silver
nitrate was the amount of impurity sufficient to
exert any avppreciable action on the silver. In
agreement with this expnlanation it was found (see
Fig. 10b.) that with 2.0 M silver nitrate; the
reduction had fallen somewhat below the maximum

value, even in 24 hours.

Adsorption of Silver Nitrate, Nitric Zeid, and Iodine.

In Table 13 the adsorption of silver nitrate,

nitric acid, and 1lodine, by various charcoals, are

compa red.

It will be seen that there was a distinect
parallelism between the results. The changes ié
adsorpntion of sllver nitrate, nitric acid, and |

jodine, from charcoal to charcoal, were avoroximately

proportional to one another. !
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Table 13.

r3

Charcoal Adsorption per gram of charcoal. A
Silver Nitrate |Nitriec Acid Todine.
(micromols). (micromols) |(Micromols ]

Ce 1990 2046 -
Cj 1790 1567 -
Ceo 1950 1532 4561
Cy 1920 1518 -
Cea 1810 - 4003
G 1771 1466 -
Cq 1740 1319 -
Ct 083 679 1986
Cx 873 409 3
Cq 576" 299 -
Cn 460 320 -
Oy 170 - 470
Initial Concn. of Todine = 0.1016 M.

Initial Conen. of Nitric Acid=0.9257 N

|
Pinal K Concn. of Silver Nitrate=0.72 M excent %= 0,975 M,
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This can be exvlained by assuming that the adsorr
in all three cases occured on the same part of
the charcoal surface, viz; the carbon atoms whicl
were not already covered with chemisorbed atoms
or molecules.

The adsorptlon curve for nitriec acid on Oy,
at low concentrations (Fig.l5), showed a sudden
change in direction at a concentration of about
0.005 M, This effect was presumably due to the
irreversible adsorpntion of pvart of the adsorbed
nitric acid,which was observed by Willer 1o,

The nitric acid adsorption curves for Gs;,and Oy

(Pig. 14 (b)), showed that the amount of adsornti

was little affected by the fineness of the charca

varticles.

Influence of Nitric Acid.

The results obtained for the adsorption of
silver nitrate and nitric acid, by charcoal C,,
from acid solutions of silver nitratesare given
in Table 6. Although the values of A,B,and C,

in duplicate experiments,were not always in very

good agreement, the values for the total adsorption

of nitric acid and silver nitrate, (2-C), agreed
closely. Further, as is shown in Table 14 ,

the total adsorption/

yhEion

1

on

al




62

adsorption in acid solutions did not differ
greatly from the total adsorption from sn origina
neutral silver nitrate at the same eguivalent
molar concentration.
These results are in agreement with the assumntig
(see p.61) that the same part of the charcoal
surface was largely resnonsible for the adsorptio
of both gilver nitrate, and nitric acid.
Table 6 also shows that,at a given concentrat

of silver nitrate, the reduction decreased with

1ly

n

n

ion

increasing concentration of nitfic acid, until,
at about '0.45 1, it haé become very small, |
That the decreased reduction was not due merely
to the resolution of the reduced metal,is shown
by the results of Ruff, Ebert, and ILuft o, Thesea
investigators found that the reduction of auric

chloride by purified "supernorit" charcoal, was

inhibited when the concentration of hydrochloric
acid was greater than 1.0 W, In this case the

metal could not redissolve in the acid, hence, the
inhibition of the reduction must have been duwe to
the preferential adsorption of hydrochloric acid

on the reducing surface.

{




Table 14,
|
|
see Table 6 see Fig. S5a,
(1) (IT)
Final Minal (IT)Y CIT) |(A < €} Pinal A =%
[Agnoz] [ [HNOA] [AgN0z]
0.4561 |0.4401 0.8962 2L39 0.91 2240
0.4833 |0.4389 0.9222 2021
0.4725 |0.2250 0.6955 1526 0.69 1960,
0.4826 (0.2173 0.6999 1564
02380 |0.4378 0.6758 1871
0.2378 |[0.4378 0.6756 1828
0.4620 |0,0999 0.5619 1540 0.56 1750
0.1083 | 0.4549 0.5632 1229
0.1175 [0.4471 0.5646 1108
0.4561 |0.0874 05135 1768 0.51 1670
0.2332 | 0.,2225 0.458%7 1250 0.46 1570
0.2317 | 0.2238 0.4555 1260
0.1047 [0,2308 0.5355 1032 031 1300
0.1066 |0.2312 0,3368 965
0.2215 | 0,0982 0.3197 1126
0.2222 | 0.0985 0.3207 1065
0.2194 |0,0562 0.2756 1117 0.28 1200
0.1044 | 0.1182 0.2226 894 0.22 1040




A B ¢ Bu(
829 199 =400 599
379 34 ~789 823
Difference 450 165 389 224
1368 158 ~418 576
864 37 =700 737
Difference 504 121 318 161

If we exemine the duplicate experiments which were

w

not in good agreement (see aboﬁe), it will be seen
that the results are more in agreement with the
above conclusion. Decreased reduction, due to
solution of silver, would decrease the acid in
solution (C), by 165, and 121, resnectively, and the
total adsorption of silver (A), by the same amount,
Decreased reduction, due to increased adsorpntion

acid
of nitric/ (224,161) on the reducing surface, befor

w

reduction has occurred, would decrease the adsorb

w

silver nitrate by an avproximately equal amount,
and the reduced silver by a somewhat smaller

amount (see p.55), hence, the total adsorntion (A)
would be decreased by approximately 448, and 332,

respectively (i.e. twice 224, and 161).
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Ageing of the Charcoal,

In many cases the action of the various charcoals

on silwver nitrate was re-éxamined after the charcoal

had been kent for some time. It will be seen from

Table 15, that the amount of reduced silver (B)

was always considerably less at the end of the period

of ageing (1l) than at the beginning(l), whereas

the adsorption of silver nitrate remained constant,

or, more generally increased slightly.
Tn the above cases the charcoals were kevnt in

stoppered tubes, in the nresence- of air during the

period of cgeing. Now charcoal, C,, was nrepare&

by keeping a sample of Cp in an evacuated vessel

for one month. At the end of this veriod the

reducing action of Cz was determined, and also that

of a second portion of Cy which had been stored

in the usual way, for the same length of time.

As the following data show, the reduction produced

by C, was definitely higher than that brought about

b? G‘DI
Initia% ; Reduection by
[AgNO
< C Gy
0.0992 981 ; 1083
elelr) 1093
1,000 1101 1165
1101 1164
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Table 15,
! 13 i i 41

Char, |Iniblal |Period | AglOz adsorbed Reduction (B)
[Ag)03] |of (A=B)
ageing

(I) (IT) (T) (IT)
Cq |0.2497 |2 mths. 771 849 786 662
Cy [1.000 7E " 1910 1900 1090 760
Cx . " 2510 2680 990 720
Oy [0s0992 8- N 603 580 707 510
Cy |0.249% |3 " 793 893 1088 784
Gyl # 5 " B43 958 1017 825

King and Lawson? found that the amount of water
vapour adsorbed by charcoal, which they associate
with the chemisorbed oxygen layer, increased by

exposure of the charcoal to air,

16
Lowry and Hulett , found that oxygen was slowly

l
adsorbed at room temperature, and was not recoven-

able eXcepnt at higher temperature, as carbon

monoxide, and carbon dioxide, It seemed 1ikelyJ

therefore, that the loss of reducing power on agding,
|

was caused by partlal oxldation of the more active

reducing centres which decreased the reduction |

|
without affecting the adsorbing surface. The faect

that the adsorption of nitric acid showed very |
little change on ageing of the charcoal (see Figll5),
supported the view that the adsorbing canacity

of the surface was unchanged.
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Charcoals treated at 450° - 470°,

Table 16.

Charcoal Treatment Reduct.(B)
Before AfEer Final Cone.=,.'7.
Treat. Treat.,

Cbh(B=1080)| C, molst air 1090
Cca dry air 920
Ce(l day) | " Hs 1400
" (4 days) 1240

Cp Pt. Ce(l day) oo 1200

(B=1101) Ch dry 02 800
Ci ; o 1030,
Charcoals treated at 940° - 980°

Table 1%7.

Charcoal Treatment Reduct.(B)
Before After Tinael Cone.=.7M.
Trest. Treat.

Ca(B=1101) Cm(4 mths) |dry air,4 hrs. 1040,
(675 Oy Riiyoy 4 ® 220
Cn Co " No,l2 days 240
Cp(B=1080) Cp ¥ F¥o, 4 hra. 330.

| Compare Cy {= Cp, heated in air, % hr.) B= 488,
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Adsorption of Sodium Hydroxide (ses Table 9).

In agreement with other investigators (e.g.Xing),
it was found that the adsorption of sodium hyvdroxide,
by charcoals activated with zir, decreased as the
temperature of activation was increased, The

14

maximum adsorption was obtained with moist air™~,

at 450 - 470 » (see Cg)e Contrary to King 14‘,

D
o]

however, no trace of oxalic acid could be extract
from the charcoal (Ca), with water. No relation
anpeared to exist between the adsorbing power of
a charcoal for sodium hydroxide, apﬂ its reducing
capacity. This was to be expected, since the
amount of adsorntion of sodium hydroxide anpedrs
to depend more on the nature of the oxide layer
than on its size.

Charcoals treated at 450 - 470° (see Table 16).

Charcoals Ce and Cde

The reduction produced by C, was greater than
that produced by Cd, and may have been caused by
the hydrogen formed by the decomposition of the
moisture, by the charcoal,

Charcoals Ce and C+.

Treatment with hydrogen zreatly increased the
reduction, probably as a result of the vhysical
adsorntion of hydrogen by the charcosal. The ranid

decrease in reduction/




reduction,and the higher value of the reduction,
in the case of Cg, was vprobably due to the catalytic
combustion of the hydrogen,at the surface of the

charcoal, which would be greatest in the case of
Cf lgn

Charcoal, Cn.

In the preparation of Cpn, the charcoal was treated
with oxygen until about 50% of it had been burned,
The enlargement of surface, resulting from com-
bustion 18, had little effect on the reduction.
flence, it appveared that the combustion had also
increased the fraction of the total surface

covered with the oxide layer.

Charcoal, Cg,

The reduction produced by C, was less than that
by Ch, and this could be accounted for on the
greater amount of combustion (757) in the case of
Og. Hence the chlorine treatment alone did not
lower the reduction,but may have increased it.
This showed that the reduction was not caused by
ohysically adsorbed hydrogen or hydrocarbona.G
Chemisorbed hydrogen, if present, may not be
removed by the chlorine, but it is not likely to

20

be the cause of the reduction, as Barrer hasg

shcwn/ ’
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shown that the chemisorbed hydrogen is held very
strongly on the charcoal, It will be seen from
Fig., 7a, that all the acid formed during reduction,
anpeared in the solution. This was due to the fact
that the hydrogen treatment did not remove all the
hydrochloric acid (see p.l3), which reacted with

the silver nitrate, and liberated nitric acid.

Charcoal Cj.

Nitrogen treatment increased the reduction,
probably, as a result of the removal of hydrocarbons

from the reducing surface.

Charcoals treated at Room Temperature,

Charcoal Cr' (sce fig, 13).

Treatment with cold intensely dried nitrogen

had no effect on the reduction.

Charcoal Cg.

Charcoal Cy; has already been discussed (see p.65).

Charcoal treated at 740° = 830° (see Fig, 9(a,b).

Charcoals, Cj and Ck.

The reduction in both cases increased,élthough
the amount of combustion was considerable (ca. 36{).
It appeared, therefore, that the effect of increased

surface of the clarcoal exceeded that of increased

chemisorntion of oxygen,
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_Charccals treated at 1000 = 1250°

Table 18.

-~

Charcoal
Before “Tter
Treat. Treat .

Ca Cq
Ca C'b
Gq ol o
CE JS
Ct Cu
Cg Cw
Ct Cw
Ca C=x
m m

‘JE‘ uy

Preatment Reduct,.(B)
Pinal
goneny =7\,

degas 4 hrs, 960°.

W oo 3 five 1000%: 692

o e, 13825% 560

air, 2 hrs, 1000°, 525
C0g, 6 hrs, 1010°. 700
air,(moist)4 hrs,1125° . 157
Ho(moist),4 hrs, 1125°%. 127
N2, 4 hrs, 1125°. 198
eir, 8 hrs, 1125°, 201%*
co2, = hr. 12509% 300

* _
Final Conecn,
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The nitrogen present probably hindered the formation

of the oxide layer,

Charcoals treated at 940° - 980° (see Table 3).

Charcoal, Cms

Cq was very similiar to Cj (cfe figs. 92 and 1f

and the same remarks apnply to it.

Charcoals Cn, Cp and Cqe

Treatment of Cm, and Cp, with nitrogen produces
a striking decrease in the reduction, The reduc]
capacity of Cp was partially restored by heating
it in air at 740 - 8300. It seemed likely, there]
that the effect was due to chemisorption of nitro
The reducing capacity of Cp was very slightly
greater than that of C,, which showed that very
little desorption of the nitrogen occurred when
the charcoal,Cpn,was heated at 740°- 830°,
Syrkin and Pobapow 17 have also obtained evidence

of the chemisorption of nitrogen on charcoal,at

high temperatures.

Charcoals treated at 1000° = 1250°,

It will be seen from Table 183 that the reduci:
canacity of the charcoal became less,and less,
dependent on the nature of the gas used, as the
temoe rature of treatment rose, Gravhitisation

anneared to be the controlling factor.

fore,

IS8T o
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Barrer 29 nas shown that charcoal was exceedingly
stable at 930°, but commenced to gravhitise above
1000°, with the decomposition of the surface com-
pounds . Almost complete graphitisation was ob-
tained after heating for several days at 1000°,

or for some hours at 1100 °. It seemed likely,

therefore, that heating the charcoal to a much

higher temperature (see Cy), would yield a carbon
surface, free from surface compounds.
Hence, the appreciable reducing capacity of charcpal,
Cy furnished additional evidence that the charcoal

itself was resvonsible for the reductions.
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. SUMMARY,

A method has been devised for estimating the

amount of reduced silver, formed by the action of

nure sugar charcoal on silver nitrate solutions,

Determinations have been made of (1) adsorntig

of silver, and (2) reduced silver, and (3) the aci
liberated.

The influence of the following factors has been
investigated;:=-

(1). Concentration of silver nitrate.

(2)s Acidity of the solutions.

(3)e Pariod of contact of the charcoal with
the silver nitrate.

(4). Treatment with air, oxygen, nitrogen,
hydrogen, and carbon dioxide,at different
temperatures.

Determinations of the adsorntion of ¢1) nitric

acid, (2) sodium hydroxide, and (3) iodine, have

been made in the case of certain of the charcoals,

A hvpothesis has been advanced to correlate the

results obtained.

Tn conclusion, the author wishes to express
his indebtedness to Dr. T.R.Bolam for his helpful

aussestions and advice during the course of this

n
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