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1. 

The Action of Charcoal on Aqueous 

Solutions of Silver Nitrate. 

INTRODUCTION. 

It has been known for a considerable time that 

certain metallic salts in aqueous solution undergo 

reduction by contact with charcoal '. Until re- 

cently the charcoals investigated were orenared fro 

complex materials containing hydrogen 2. Hence it 

was natural to suppose that the reducing.nronerties 

of the charcoal might be due simply to the presence 

of hydrocarbons, or hydrogen, produced by the de- 

composition of the original substance. .ecently, 

however, I Ieymann, Salomon, and Kieffer 3 have obsery ed 

reduction in the case of charcoal orenared by massing 

carbon tetrachloride vapour over heated mercury. 

Since this method of orenaration excludes the form- 

ation of hydrocarbons, or hydrogen, it must be con- 

cluded that the carbon itself is involved in the 

.reducing process. 

={arther 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 adsorption 

of the/ 
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the substance undergoing reduction, and of the pro- 

ducts 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 "iav be 

accurately estimated by a simple method. 

Hitherto the action of charcoal on silver salts 

in aqueous solution has not been studied in detail. 

Ioraitz 4 
tr observed that when a solution of silver sul- 

phate, or acetate, was shaken with charcoal, the 

silver content of the solution decreased ranidly for 

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

Period. It was also found that acid aoneared in 

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

a'near from the solution was more pronounced in the 

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

',3artell and ^'iller 5 have examined the action of ash- 

free charcoal, or.enared from sugar, on solutions of 

silver nitrate, sulphate, and acetate. They found 

that sufficiently dilute solutions remained neutral, 

though deprived of the whole of their silver, whereas 

more concentrated solutions became acid. Ruff, 

7bert, and Luft `' investigated the X -ray spectra 

obtained with various charcoals after contact with 

ither a neutral solution of silver nitrate or one 

to which nitric acid had been added. Interference's 

lines, characteristic of metallic silver, were ob- 

tained, nr.ovided the concentration of acid did not 

exceed a certain value. 
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Warlet 7, who also worked with sugar charcoal, 

has shown that a Portion of the salt, in a solution 

of silver nitrate, is simply adsorbed by the charcoal, 

and can be recovered by treating the latter with 

water. 

In view of the foregoing, attention 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, ane liberated 

acid. With regard to the charcoal, the effect of 

treatment 'ith air, oxygen, nitrogen, hydrogen and 

carbon dioxide, at different temperatures was 

Particularly examined. Teasurements 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. 
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EXPERIMENTAL. 

Preparation and Standardisation of Solutions. 

A.R. chemicals were used throughout the invest 

ation except in the case of potassium thiocyanate wh 

was, however, of good quality, and free from 

chloride. ( ^.il solutions were Prepared with good 

g- 

distilled water, and stored in Jena resistance glass 

bottles. All volumetric apparatus was calibrated; 

and a rigid Procedure adopted for the measuring out 

of sma -1 quantities. The accuracy of delivery of 

the 0.5 c.c., 1 c.c., and 2 c.c. pipettes, was 0.1 ̀', 

0.05;ïß, and 0.05:" respectively. 

- ,itric acid solutions were standardised with a 

standard sodium carbonate solution, using phenol red 

as indicator. Near the end Point the solution was 

°oiled 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 ,-wi th Pure arsenious oxide. 

Silver nitrate solutions were standardised by 

Tolhard's method, observing the Precautions discussed 

by Kolthoff and Furtan . Then not in use, the 

ch 

silver nitrate solutions were kept in the dark; and 

standardisations made from time to time showed no 

change in the concentrations. 

Kolthoff and Furman, "Volumetric Analysis",Vol.l.(1928),lf7 
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Adsorption Procedure, a 

In all the adsorption experiments, unless 

otherwise, 10 c.c. of solution and 0.2 gm. of char - 

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 

rotating wheel. The tubes which were of soft glass 

were rendered as inert as possible by treatment with 

chromic ac is , followed by thorough ws shing 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 se'tle. To prevent any appreciable .'vaporation, 

immediately a tube .was opened, the solution was decanted 

through an ashless filter paper, and collected in a 

tightly stoppered Pyrex tube. Portions of filtrate 

were measured out for analysis as soon as Possible. 

Iodine solutions were filtered through a Plug of 

glass wool, and titrated immediately with sodium 

t':Ziosulahate. 

All titrations were performed in duplicate. 

netermination of Liberated Acid. 

A solution of silver nitrate becomes acid, 

on treatment with charcoal. It was found possible 

to determine accurately the amount of liberated aci , 

by direct titration with sodium hydroxide, using 

phenol/ 



6. 

phenol red as indicator. A share end point was 

obtained )rovided 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 applied. 

Determination of Total Adsorntion of `silver. 

The silver content of the filtrate was deter- 

mined by qolhard t 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 solution 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 ws then cooled, and the silver 

determined in the usual way. 

The anplicability of the method was verified 

by blank determinations with known amounts of silver 

nitrate. 

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 

remaining ionic silver, the stem of the filter funnel 

was closed, and the charcoal/ 
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charcoal covered with a solution of ootassium 

chloride (O.3.) 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 (aoprox. 8.OM) for one hour, at 1000. 

After shaking the mixture to exoel dissolved oxides 

of nitrogen, it was filtered and washed into a 

porcelain basin, and titrated with ootassium thio- 

cyanate in the usual way. 

Measurement of Temperatures. 

Temperatures above 900 were measured with a 

Cambridge optical pyrometer, reading to within t lÓ 

for materials radiating as "black" bodies, such as 

the wails of a furnace at uniform temperature. 

1 

The pyrometer might be regarded as a photometer 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 which 

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 conditions. This standardis- 

ation was checked by sighting the pyrometer on a 

Cambridge platinum/ 
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olatinum resistance thermometer, heated in an 

electric furnace. Over the range 900° - 12500, 

the readings of the optical Pyrometer were consistently 

higher than those of the platinum resistance ther- 

mometer by 15 t e, and the 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 heating 

current, showed that the temperature could be 

reproduced to within 10°. Below is given the data 

for two calibrations of the high temperature 

furnace o. 17. 

First Calibration Second Calibration 

Current 
(amps.) 

Temperature 
( °C.) 

Current 
(amps.) 

Temo eraturo 
( °C.) 

3.60 900 3.60 910 
4.00 965 4.05 965 
4.10 1000 4.15 1010 
4.60 1140 4.60 1113 
5.10 1250 5.10 1240 



9. 

For an a proximate determination of the temp- 

erature of the charcoal heated in a silica basin, 

with a fu,.l T.Meker flame, a Fe /Ni thereto -couple was 

used. The therm-couple was standardised against 

a platinum resistance thermometer. mhe temperature 

of the charcoal varied from 740° to 8300, the bulk 

of the charcoal being at, a Proximately, 780°. 

Low temperatures, 450° - 470°, 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 Placed above the basin to protect it from 

at- osoheric 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 were rejected, and the basin was covered 

with a hard crust of charcoal, about -ïri. thick, which 

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 itself out. 

The light, flaky charcoal obtained was powdered, 

Placed in a silica basin covered with a loosely 

fitting lid,/ 
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lid, and heated with a full `T-elver flame for 40 

ainutes. To ensure uniform treatment, the charcoal' 

was stirred every 5 minutes. After regrinding in 

a smooth agate mortar which had been t.oroughly 

cleaned by steaming, the charcoal was stored in a 

tightly stoppered. bottle. This charcoal served as 

the starting material in the preparation of all the 

other charcoals, and will be denoted by Ca. Two 

grams of Ca on complete combustion gave 0.0004 gm. 

of ash, free from iron. 

In some nreparations, Ca was given an additional 30 

minutes treatment in the silica basin, immediately 

before being used. This charcoal will be denoted 

Data for the adsorption of silver nitrate by Ca, and 

CID, will be found on P. 25. 

p D 

Charcoal treated at 450 - 470 C. .1aIrsa011.1. 

The charcoal was heated in a pyrex tube 

i.mersed in a bath of molten lead, as shown on p.10 

A two prong pyrex tube served to distribute the gas 

through the charcoal. 

Charcoal Ca. 

CID was heated in a slow stream of moist air, 
O O 

for 11 hours, at 450 -455. In the case of both 

Cc and Cd, 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 Cd. 

Cb was heater' in a slow stream of dry air, 
o 

for 11 hours, at 460 - 470c. 

Air was freed. from acid. gases with soda lime 

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

Charcoal Ce. 

Cb was heated in a slow stream of dry hydrogen, 
o a 

for 8 hours, at 455 - 465 . 

In the preparation of Ce, and Cf, the hydrogen 

(from a cylinder) was freed fróm oxygen with an 

alkaline solution of byrogallol, and dried with 

calcium chloride (4ft.). 

Charcoal Cf. 

Cb containing 0.5`% platinum, was heated in a 

slow stream of dry hydrogen, for 8 hours, at 453-465o. 

Cb was platinised by shaking 10 grams of char- 

coal with 5C c.c. of platinum chloride solution 

(containing 0.01 gm. Pt)., for 12 hours. The char- 

coal was then washed several times with ,;ater, and 

dried in vacuo at 1000. 

Charcoal Cg. 

8 gms. of Ca were treated with dry chlorine for 

2 hours. Txcess chlorine was removed by heating in 

a streai1 of hydrogen for 48 hours. Finally, the 

charcoal was treated with dry oxygen for 3 hours. 

The/ 
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The loss of weight during activation was 6 gm. 

The teaperature throughout the treatment was 460°- 

465°. 

Chlorine, hydrogen and oxygen (from cylinders) 

were dried with sulphuric acid. Before displacing 

chlorine with hydrogen, and hydrogen with oxygen, 

the apparatus 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 slight 

acidity of 8 micromols acid liberated per gm. of Cg. 

In the oxygen treatment, a )proximately 60`` of the 

exit gas (CO2) 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 Ci. 

Ca 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 (4ft.). 



J 
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Charcoal treated at 740°-830 

Charcoals C and C. 

Ca was separated into two portions, (j) which 

foiled to pass a 150 mesh (perlinear inch) standard 

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

which passed a 200 mesh sieve, was used in the pre- 

paration of Ck. (j) and (k) were heat d in open 

silica basins, with full Meker flames, for 30 minute 

with stirring every 5 minutes. 11 grams of each 

oortion lost approximately 4 grams during the treat- 

ment. 

s, 

Charcoal :;(1., . 

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 13.14. It con- 

sisted 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, S. 

This consisted of a zig -zag silica rod, one end of 

which was fixed to a round silica lid which facilit- 

ated the introduction/ 



Charcoal treated at 7400-830°C. 

Charcoals CI and C-. 

Ca was separated into two portions, (j) which 

faA.led to pass a 150 mesh (perlinear inch) standard 

sieve, was used in the preparation of C; and (k) 

which Passed a 200 mesh sieve, was used in the pre- 

paration of Ck. (j) and (k) were heat -d in open 

silica basins, with full Meker flames, for 30 minutes, 

with stirring every 5 minutes. 11 grams of each 

Portion lost approximately 4 grams during the treat- 

ment. 

Charcoal Cl. 

Cp was heated in an open silica basin, with a 

full Maker flame, for 30 minutes, with stirring every 

5 minutes. 

Charcoal treated at 940°- 980°C 

The furnace used is shown on 0.14. It con- 

sisted 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, . 

This consisted of a zig -zag silica rod, one end of 

which was fixed to a round silica lid which facilit- 

ated the introduction/ 
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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 coule 

be turned by twisting the rubber tubing. To pre- 

vent overheating of the rubber stoppers, they were 

faced with asbestos, and the ends of the tube, D, 

were water cooled. 

In the preparation of Cn, Co, and Cn, the 

furnace was held in a vertical position, and the 

silica tube, 7, (p.17) containing the charcoal, 

was introduced. The nitrogen was passed through 

the charcoal with a two prong silica distributor. 

r Charcoal ViLt 

120 gins. of Ca 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 calcium chloride (2ft. ). 

Charcoals Cn and C 

Cm (used in the preparation of Ca), and Cb 

(used in the preparation of Ca) were heated in a 

slow stream of dry nitrogen for 2 hours, at 900 °, 

and for a further 2 hours, at 945 °. 

Before heating, _.ir was evacuated from the 

apparatus, 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 

calcium chloride (3ft.). At the end of the nre- 

oarations the pyrogallol solution had darkened only 

slightly. After leaving the charcoal, the nitrogen, 

was passed through calcium chloride (lft.), and then 

through alkaline pyrogallol solution to prevent 

oxygen from diffusing into the apparatus. 

Charcoal Co.' 

Cn was treated with intensély dried nitrogen, 

for 12 days, with occasional heating. After heat- 

ing the charcoal twice, at 9450, for 2 hours, the 

furnace fused, and Meker burners were used for further. 

heating (21 hours in a. ll) . 

Nitrogen was freed from oxygen with hot copper 

gauze and alkaline pyrogallol solution; and dried !: 

with concentrated sulphuric acid (1 ft.) and Phos- 

phorus nentoxide (15 ft.). The pyrogallol and the 

sulphuric acid bubblers were both furnished with two 

so that they could be refilled every two days. 

Charcoal treated at 1000°- 1250°C. 

For the treatment of charcoal at and above 

10000, the furnace shown On o.l7was constructed. 

It consisted of a silica tube, E, wound at the 

closed end with nichrome wire. 

of the/ 

mo 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, TT, 

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 placed at the bottom of tube E. 

Gas was Passed into the charcoal through the two 

prong silica distributor, G. A resistance, 9, and 

an ammeter, served to control the heating current 

Charcoal 

Ca was degassed for 4 hours, at 9600, 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 Cr. 

Cq was treated with dry air for 2 hours, at 

1000° . 

There was very little combustion. Air was 

purified withsoda -lime (1 ft.), and dried with 

phosphorus oentoxide (3 ft.). 

Charcoal Cs. 

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 Kipp, was freed from 

hydrogen chloride with water, and dried with calcium 

chloride (4 ft.). 
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Charcoal Ct. 

Ca was degassed for 1 hour, at 1125° , under al 

pressure of i m.m. of mercury. 

Charcoal Cu. 

15 gms. of Ct were treated with moist air 

for 4 hours at 1125°. The amount of combustion was 

3 gms. 

Air was purified and moistened, by bubbling it 

through di=.ute sodium hydroxide solution. 

Charcoal Cv., 

Ct was treated with moist hydrogen for four 

hours, at 1125°. 

Hydrogen (from a c :linder) was freed from 

traces of oxygen and moistened, by bubbling through 

an alkaline solution of pyrogallol. 

Before heating, the apparatus was evacuated, and 

filled with hydrogen. 

Charcoal Cw. 

Ct was treated with intensely dry nitrogen,Tór 

4 hours at 1125 °. 

Nitrogen was purified and dried as in the ore - 

oaration of Co p. 18. 



 

s-i 
02 



22. 

Charcoal C. 

24 gins. of Ca were treated v 

8 hours, at 1125° . The amount c 

gm.s. 

Air was ourif iéd with soda -1 

dried with calcium chloride (3 ft. 

ry 

a 

Charcoal C. 

was introduced into an at 

and heated for 35 minutes, at 125( 

As silica becomes permeable 

1200°, the furnace jacket was fill 

dioxide. 

Charcoal treated at Room TE 

C',.arcoal CZ. 

3.270 gms. Cb was weighed at 

(p.2:1), and placed in a tube V cont 

oentoxide in the lower end. TubE 

ated, with the water pump, to 6 m. 

sealed off. The cotton wool oluE 

coritamination of the charcoal wits 

oentoxide. 

Decrease in weight after onE 

Charcoal Cs' . 

Cb was placed in a stream of 

nitrogen for 1 month. 
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Charcoal C. 

24 gms. of Ca were treated wt th dry air for 

8 hours, at 1125° . The- amount of combustion was 

6 gms. 

Air was nurifiéd with soda -lime (1 ft.) and 

dried with calcium chloride (3 ft.). 

Charcoal Cy. 

Ca was introduced into an atmosphere of CO2 

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 Room 'Temperature. 

(C: arcoal Cz. 

3.270 gms. Cb was weighed out in the tube U 

(p.21), and placed in a tube V containing phosphorus 

oentoxide in the lower end. Tube V was then evacu 

ated, with the water pump, to 6 m.m. of mercury, an 

sealed off. The cotton wool plugs 7 prevented any 

contamination of the charcoal with phosphorus 

pentoxide. 

Decrease in weight after one month 0.002 gms. 

Charcoal C 
Cb 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. 

Charcoal Initial 
[AgNO3] 

"Final 
[A,gNO3] 

. 3 

1.000 - - 1077 747 
it 

- - 1110 678 
0.2497 0.2148 1760 1018 663 

u 
- - 1064 692 

2 months ol( 1.000 0.9395 3030 903 720 
it 0.9395 2995 893 683 
it 0.9415 2940 878 742 
it 0.9400 3023 877 725 

0.4986 0.4537 2246 838 686 
0.2497 0.2163 1654 741 607 

u 0.2165 1658 747 612 
it 0.2172 1648 737 602 

1.000 - - 939 711 
u - - 897 696 

0.2497 0.2183 1560 785 596 
it 0.2180 1593 787 600 

2 months old 1.000 0.9438 2821 796 669 
it 0.9433 2820 774 670 
u 0.9460 2705 740 668 
it 0.9460 2743 731 670 

0.2497 0.2197 1501 653 542 
u 0.2197 1522 672 539 

* All concentrations are given in mois. Per litre. 

Unless otherwise stated, the adsorption 
experiments were carried out one or two days afte 
the preparation of the charcoal. 

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

B= Reducer_d Silver, in micro?nols per gram of char. 
" 

it u it it 

C= Acid cid liberated, 
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Table 1( Contd. ) 

Charcoal Initial- 
[AgNO3] 

Final 
[AgN 03] 

JD 

1 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 0.9300 3462 1232 951 
0.4986 0.4425 2811 1245 997 
0.2497 0.2061 2211 1100 891 

-r- - - - -.-- _ 

;l 1 day old 1.000 0.9320 3377 1208 872 
u 0.9320 3488 1224 877 

0.4986 0.4436 2764 1195 925 
0.0992 0.0686 1525 964 670 

1.000 0.9547 2270 703 724 
u 0.9553 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 

1.000 0.953 2365 880 708 
ft 0.955 2270 875 696 

0.4986 0.4631 1786 810 606 
0.2497 0.2213 1417 728 568 

U 0.2213 1390 691 547 
0.0203 0.0109 472 368 215 

1.000 0.9483 2563 1081 792 
U 0.9494 2543 1048 741 

0.4986 0.4580 2048 1036 680 
0.2497 0.2167 1660 900 684 

ct 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 
[W03] 

Final 
[kg NO3] 

A B C 

Ca 8 months old 0.7504 6.7105 1891 856 580 
t' 0.7105 1981 863 591 

CID 1 month old 1.000 0.9503 2520 1101 716 
u 0.9503 2520 1101 716 

0.2497 0.2121 1885 981 688 
u 0.2121 1885 977 688 

CI 2 weeks old 0.9550 0.8937 2923 1088 736 
tt 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 

u 0.0747 1228 771 556 
0.0649 0.0432 1072 699 484 

u 0.0435 1070 702 456 
0.0203 0.0073 652 472 256 

8 months old 1.000 0.9455 2717 769 541 
1.000 0.9480 2600 752 547 

01, 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 

tt 0.0740 1265 705 596 
0.0649 0.0432 1080 700 496 
0.0203 0.0071 660 462 253 

ti 0.0065 680 434 196 

8 months old 1.000 0.9395 3043 735 645 
If 0.9395 3036 731 638 

0.7504 0.7158 1721 503 295 
tt 7152 1598 468 291 



Table 3. 

Charcoal treated at 940° - 980° C. 

Charcoal Initial 
I N031 

Final 
[AgN031 

B C 

4 months old 0.9550 9013 2650 1041 652 
tl 8946 2993 - 644 
u 9046 2520 1040 660 

0.4803 4321 2335 1027 64.7 

u 4368 2184 1049 710 
u 4297 2530 1012 660 

0.2725 2331 1941 910 615 
'l 2342 1904 954 595 

0.0992 0.0730 1295 687 509 
if 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 
't - - 744 438 

0.7504 0.7000 2553 818 537 
u 0.6990 2612 804 539 

0.4986 0.4552 2170 757 509 
ti 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 
u 0.8970 2870 717 397 

0.4803 0.4249 2761 1391 1053 
U 0.4279 2629 1261 883 
u 0.4192 2990 1238 1069 

0.0992 0.0646 1733 1217 949 
u 0.0629 1795 1082 972 

0.0649 0.0341 1524 940 827 

Shaken 24 days 0.0992 0.0647 1738 1266 1025 

Shaken 5 
u 0.4803 0.4292 2487 1115 927 

Shaken 4 hrs. " 0.4402 2010 712 513 

Shaken 10 mins. u 0.4438 1833 566 37. 
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Table 3 (Contd.) 

Charcoal IJitial 
IA gid 03 i 

Final 
EA gî4 03] 

, _ B 

0.5gm.& 5c.c. 2.0 - - 177 39 
It tt II - - 177 36 

1.000 0.987 645 - 50 
" 0.983 854 240 54 

0.7504 0.7363 704 224 40 
t' 0.7380 624 185 60 

0.4986 0.4912 515 203 43 
" 0.4909 384 148 41 

0.2497 0.2433 315 152 42 
" 0.2430 333 121 41 

0.0992 0.0950 209 104 25 
u 0.0952 199 95 30 

0.0203 0.0181 110 48 8 
u 0.0176 134 62 13 

0. 5gm. &. 10c . c .1. 000 0.9722 560 241 46 
It It It 0.9738 524 246 46 
It tt 0.2497 0.2317 360 209 49 
it tt It 0.2310 374 231 52 

Cp 1. Ogr1: & 1.0c . c. 1.000 0.9055 945 329 127 
u it rt 0.9128 872 315 118 
tt 

t' 0.4986 0.4317 671 323 131 
It it 0.4986 0.4317 671 329 116 
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Table 4. 

Charcoal treated at 1000 ° - 1250 °C. 

Charcoal Initial 
[AgNO3] 

Final 
[r1g14.03J 

.4 3, C 

1.000 0.9746 1268 674 233 
if 0.9746 1268 709 236 

0.7504 0.7375 641 520 141 
tt 0.7375 641 530 137 

1.000 0.9715 1456 766 251 
a 0.9715 1431 731 221 

0.4986 0.4744 1201 675 250 
0.2497 0.2299 997 598 250 
0.0992 0.0839 760 438 192 

1.000 0.9606 1967 548 365 
tr 0.9640 1792 548 365 

0.7504 0.7184 1601 597 361 
tt 0.7192 1566 604 362 

0.2497 0.2292 1035 501 332 

0.7504 0.7435 345 155 27 
it 0.7444 297 158 27 

0.7504 0.7444 302 126 
it 0.7378 290 127 

,v7 0.7504 0.7382 610 197 59 
" 0.7378 627 198 71 

x 1.00 0.9806 962 178 90 
0.9785 1081 186 92 

0.7504 0.7302 1003 212 80 
II 0.7297 1044 190 78 

;t, 1.000 0.9853 .737 303 80 
0.2497 0.2414 414 244 83 
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Table 5. 

Charcoal treated at Room Temoereture. 

Charcoal Initial 
[1g1J03] 

Final 
[Agl`303J 

-1 B 

1.000 0.9415 2950 1165 700 
t 0.9418 2929 1164 694 

0.4986 0.4496 2445 1129 768 
0.2497 0.2121 1875 1083 723 

i' 0.2120 1887 1093 720 

months old '0.2497 0.2161 1669 777 561 
if 0.2160 1685 791 556 

1.000 0.9453 2726 1054 718 
ir if 2746 1069 730 

0.4986 0.4504 2414 1104 781 
rr ir 2398 1119 765 

0.2497 0.2133 1867 1005 709 
`r 0.2125 1853 1028 711 

:, months old 0.2497 0.2140 1780 820 620 
`i 0.2137 1786 831 617 
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Adsorption and Reduction of Silver Nitrate 

Solutions, acidified with Nitric Acid. 

Table 6. 

Initial 
EANO3] 

Final 
[ASNO] 

Initial 
[Wa03] 

Final 
61NO3] 

^ B C Iota]. Ads. 
A-C. 

0.5000 0.4561 0.4629 0.4401 989 41 -1150 2139 
" 0.4833 0.4629 0.4389 829 47 -1192 2021 
if 0.4725 0.2314 0.2230 1368 158 - 418 1526 
u 0.4826 0.2514 0.2173 864 37 - 700 1564 
it 0.4620 0.0925 0.0999 1905 600 365 1540 
u 0.4561 0.0486 0.0574 2213 718 445 1768 

0.4986 0.4557 - 0.0137 2246 838 686 1560 

0.2493 0.2380 0.4629 0.4378 616 20 -1255 1871 
u 0.2378 0.4629 0.4378 575 7 -1253 1828 
if 0.2215 0.0926 0.0982 1412 599 286 1126 
tt 0.2222 0.0926 0.0985 1366 606 ' 301 1065 
it 0.2332 0.2314 0.2225 805 129 - 447 1252 
if 0.2317 0.2314 0.2238 882 181 - 382 1264 
n 0.2194 0.0486 0.0562 1499 624 382 1117 

0.2497 0.2173 - 0.0118 1648 737 602 1046 

0.1249 0.1083 0.4629 0.4549 829 199 - 400 1229 
u 0.1175 0.4629 0.4471 379 34 - 789 1168 
ti 0.1047 0.2314 0.2308 1002 307 - 30 1032 
ft 0.1056 0.2314 0.2173 955 405 - 10 965 
t' 0.1044 0.1157 0.1182 1020 498 126 894 
tt 0.1022 0.0486 0.0543 1145 568 286 859 
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dso2Ption of Nitric ".cid. 

Table 7. 

Charcoal Initial 
0003] 

?inal 
[ N 03] 

Micromols HNO3 
adsorbed per 
gram of charc oe 

Cc? 3 months old 0.9257 0.8980 1385 
u 0.9005 1253 

Ce 4 days old 0.9257 0.8956 
' 1532 

C-P 1 day old 0.9257 0.8852 2046 

Cg 0.02032 0.01771 131 

2 months old 0.9257 0.8940 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 

Ok 2 months old 0.9257 0.8955 1518 
0.6180 0.5904 1387 
0.4626 0.4399 1152 
0.3080 0.2890 959 
0.0973 0.0857 583 
0.0405 0.0326 400 

Cm 8 months old 0.9257 0.8968 1448 
.9257 0.8960 1483 

0.6180 0.5916 1315 
0.4626 0.4397 1115 
0.0973 0.0855 590 

" 0.0850 622 
0.0405 0.0313 461 
0.02032 0.01270 382 
0.00986 0.00348 319 

" 0.00348 .314 
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Table 7 (Contd.) 

Charcoal Initial 
L403] 03] 

Anal 
[-íN031 

"Ticromols HNO3 
adsorbed oer 
gram of charcoa 

Cm 3 months old - - _ 

1.0gm & 20c.c. 0.4629 0.4062 1134 
0.5gm & 30c.c. 0.3086 0.2912 1044 
0.5gm w 25c.c. 0.0973 0.0841 662 
0.124. & 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. U 0.0381 503 
0.25gm & 25c.c. If 0.0356 489 
0.12gm & 25c.c. 0.02032 0.0183 430 
0.25gm & 25c.c. " 0.0162 407 
0.25gm &; 25c.c. 0.00986 0.00624 362 
0.122gm ec 25c.c. u 0.00807 369 
0.05gm & 17c.c. 0.00406 0.00313 310 
0.05gm & 15c.c. 0.00203 0.00121 246 

Cn 0.9257 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 
u 0.9197 301 

Cs 0.00986 0.00596 195 

t 0.9257 0.9122 674 
u 0.9120 683 

CX 0.9257 0.9177 400 
0.9173 417 
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\dsorntion of Iodine from Potassium Iodide Solution. 

Table 8. 

Charcoal Initial 
[I2] 

Final 
[I2] 

Micromols 12 
adsorbed per 
gram. of char. 

2 months old 0.1016 0.02133 4000 
t 0.02140 4006 

;e 4 days old 0.1016 0.00999 4561 

Ct 2 months old 0.1016 0.0622 1948 
it 0.0614 2024 

2 months old 0.1016 .0924 464 
it .0922 476 
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Adsorption of Sodium H 7droxide . 

Table 9. 

Charcoal Initial 
[aOH] 

Final 
[vaOHjgram. 

4cromols ,?a0H 

adsorbed per 
of char. 

Cd 2 weeks old 0.01067 0.00678 194 

C c 2 weeks old 0.01067 0.00466 300 

Ce 1 day old 0.00953 0.00904 25 

Cf 1 day old 0.00953 0.00878 38 

Ci 1 month old 0.02032 0.01443 118 
' °' tt 0.01422 121 

2 months old 0.01067 0.00817 125 

Ck 1 month old 0.02032 0.01331 140 
u u tt 

tt 0.01260 155 
2 months old 0.1067 0.00745 163 

C 7 months old 0.01067 0.00933 54 
12 tt u 0.00953 0.00846 55 

Cn 0.01071 0.01014 11 
It 0.02005 12 

1 month old it 0.1020 8 

Cq 0.01067 0.01043. .10 
it 0.01059 9 

Cx 0.01067 
tt 

0.0102C 
0.0102î. 

24 
24 
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DISCUSSIoi1. 

1. Estimation of Amount of Reduction. 

At the outset of the research it a'Ipeared 

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 principle adopted 

in estimating the amount of reduction was to con- 

vert any silver present as nitrate or hydroxide 

into silver chloride, anc then dissolve out the 

metal. The Factual Procedure (see P. 6 ) con- 

sisted in treating the charcoal ?ith potassium 

chloride solution, removing excess potassium 

chloride by washing, and Then extracting the metal - 

lic silver from the charcoal with nitric acid, 

followed by wèshing. It 7ill be seen that the 

reliability of the method depended on the following 

conditions -- (1) complete c(nversion of the un- 

reduced adsorbed silver into silver chloride, 

complete elimination of the excess of not - 

assium chloride, (iii) complete removal of meta1l'c 

silver from the charcoal, (iv) insolubility of 

Silver chloride in the nitric acid, (v) absence o'. 

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 pakt 

in 100,000 parts of nitric acid)., so that (iv) 

was satisfied. 

Pure silver wire was covered with .3T:; Potassium 

chloride for 18 hours; the solution was then 

filtered off, and the potassium chloride converte? 

into sulphate; the solution obtained was free of 

silver, so that (v) was satisfied. 

It has been shown by Tiiller15that 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 nrecinitated by Potassium chloride 

solution. It is shown below that the nrecipitati-n 

of silver chloride was complete in 30 minutes, and 

also that the metallic silver extracted -ith nitric 

acid was the same whether the charcoal was treat :d 

with approximately .01''" or .3- chlorid:. 

Hence condition (1) was Proved. 

Failure of either or :oth (ii) and (iii) wou !d 

have resulted in the amount of silver extracted ith 

nitric acid being less than the actual amount of 

reduced silver. The following experiment shove. 

that (ii) and (iii) were satisfied. 
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About .2 gm. of charcoal, Cc was shaken for 24 hours 

with 10 c.c. of 0.2497Tî silver nitrate. Instead) 

of first se:)arating the charcoal from the solution, 

as was usually done, 10 c.c. of 0.25937 potassium, 

chloride were added, the solution filtered off, 

acid the concentration of potassium chloride in the 

filtrate estimated by 'ohr ° s method, the liberate 

acid having been neutralised with sodium hydroxide. 

In this way the amount of unprecipitated silver w s 

obtained. The values for this, in two independent 

experiments, were found to be 743, and 757 micromols 

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 

(iii) were fulfilled, and incidentally, that there 

was no adsorption of Potassium chloride by the 

charcoal. 

In the foregoing experiments the analyses were 

Performed 30 minutes after tT'.e addition of the 

Potassium chloride. Figures were also obtained 

for experiments of exactly the same nature except 

that the charcoal was left ih contact with the 

potassium chloride for 18 hours. 
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In this case the unorecipitated silver amounted t 

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 experiments after treating, the 

charcoal with .37' potassium chloride were 741, 

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

The results also showed that .3TT potassium chloride 

had no action on silver in 30 -: ninutes, further 

confirming (iv). 

In agreement with Warlet 7 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 appeared to 

be com?lete, and extraction of the charcoal with 

ammonium hydroxide did not remo-re any silver. 

On treating finally with nitric acid,a further 

quantity of Ag was removed from the charcoal. 

Actually, it was found that all the adsorbed silver 

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. 

/. 
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Total Adsorption Of Silver ( 

(,:licromols per gm. of char.) 
Total Silver Recovered 
-iicrom.o'ls Per gm.of char). 

1738 1650 

1833 1912 

2010 ?(86. 

It thus aooeared that part of the adsorbed silver 

was soluble in water ( and could be precipitated 

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. 

''';ith charcoals which save a large reduction 

silver nitrate, a relatively large quantity of 

white metallic looking Particles was clearly vis 1 
after shaking the charcoal for 24 hours with sil er 

.itrate. A. large proportion of the Particles 

(about 50%) could be separated by floating off t e 

charcoal. The particles were insoluble in ammo ium 

hydroxide but dissolved completely in nitric aci 

(81.1). It is probable that a more efficient met o 

of separation would have shown that the bulk of 

the reduced silver had separated from the charco 1. 

Hence, assuming that all the reduced silver come 

off t':-e charcoal, the silver / 
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silver actua._ly adsorbed ( and which can be desorlJed) 

at any time is equal to the difference between,(A) 

the total adsorption of silver from solution, and 

(B), the reduced silver (see D. 23)* 

The above experiments show that Warlet's 

assumption that the undesorbed silver is present 

as silver hydroxide, is incorrect. 

2. The TTechanism 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 investination, 

it -Tr s found necessary and sufficient to assume 

that the carbon atoms at the charcoal surface were 

of two different types, viz;- (a) atoms whose 

residual valencies were completely satisfied by 

chemisorntion with oxygen and, therefore, adsorbed 

little or no silver nitrate, or nitric acid; and 

(b) atoms which were not covered --rith a chemisorbtd 

layer, and were therefore free to adsorb nitric ac d, 

and to adsorb and reduce silver nitrate. 

* 
Henceforth the term adsorbed silver nitrate will 

be used to denote the quantity (A - B). 
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Influence of mimes and. Silver 
: Mitrate Concentration. 

In the great majority of the experiments, th 

charcoal was shaken with the silver nitrate sol- 

ution for 24 hours. It will be seen that the 

graphs (Figs. 5 -13) obtained under these conditions 

were all of the same type. "Mile the total amount 

of silver adsorbed (1), increased rapidly with 

increasing concentration of silver nitrate, the 

amount of reduced silver (fl),and acid liberated 

(c ), increased more slosyly, ancd became oracticallv 

constant for concentrations greater than about 

0.4 'T. The question arose as to whether the 

observed constant value of the reduction r.enreserted 

the limit of the reducing capacity of the charcoal. 

Some experiments were, therefore, carried out to 

ascertain the influence of time of shaking upon 

the amount of reduction. The results s'.own in 

Table 10 were obtained with charcoal, Cm (see p,:6). 

The last column of the above table shows that th 

amount of silver nitrate was independent of the 

period of shaking, being: substantially the sane 

whether measured after 10 ? inutes or one month. 

In contrast °:rith the very rapid rate of adsorption 

of the silver nitrate, was the rate of reduction 

Thus, ' rith 0.4803 I` silver nitrate, the reduction 

in 24 hours was about twice as ~reat as that in 

10 minutes. both concentrations the reduction 

continued/ 
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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 adsorption 

of silver from solutions of silver sulphate, and 

silver acetate, by charcoal,was observed by "orowitz,4 

and may well have been due to slow reduction. 

mo explain the above results, the following 

b.vnothesis was advanced. The silver nitrate was 

rapidly adsorbed on the surface carbon atoms which 

possessed the reducing nronerty, the amount of silver 

nitrate adsorbed varying with the concentration 

of the solution. The reduction then commenced, 

the rate of reduction falling as the more active 

reducing centres were used un. The reduction 

was pictured to occur thùs; 

(C )AgNO3 + H2O - (COli) + ;yg + IIN03. 

After reduction the silver atom left the charcoal 

surface (see n.50) wbile the carbon atom, which 

had acquired a positive charge, combined with a 

hydroxyl ion furnished by the water. It was 

assumed that the carbon atom was not oxidised so 

completely as the carbon atoms which held chemi- 

sorbed oxygen, and still possessed sufficient 

residual valency to adsorb another molecule of 

silver nitrate, without, however, reducing it, 

thus keening the amount of adsorbed silver nitrate 

unchanged./ 
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The assumption that a reducing centre would re- 

duce only one molecule of silver nitrate is sup- 

ported by the fact that the reduction of mercuric 

chloride stops at mercurous chloride. 6 Heymann 9 

found that alatinium,a.dsorbed by charcoal, at ro 

temperature,fron a solution of platinic chloride, 

could be recovered by washing with hydrochloric 

acid, and he concluded -hat the platinic chloride 

was hydrolytically adsorbed as alatinic hydroxide. 

_Above 100° this was reduced by the charcoal to 

platinium. "here is no reason to assume that t 

reduction of silver nitrate was Preceded by hydrolytic 

adsorption. On the one hand,the platinic chlor de 

was already hydrolysed 10 in the solution, where s 

the silver nitrate 11 was not; while, on the oth 

hand, the conditions favourable to hydrolytic ads 

oration of silver nitrate on the reducing surface 

viz; low adsorption of nitric acid, and high ad- 

sorption of silver - were absent (see Table 0). 

According to the above hypothesis, the concen r- 

ation at which the reduction reaches a maximum s ou1d 

be that concentration at which the silver nitrat 

lust completely covered the reducing surface. 

Since the reduction was not c omnlete in 24 hours, 

the adsorbed silver nitrate (A - ß) should be 

somewhat greater than the reduction. The figure 

shown in Table 11 for the reduction and adsorption 

at/ 
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Table 11. 

Charcoal ch03 reduced ( B r,.r,t03 âC'7. (A-B) 

Cc 

id 

Ce 1 day old 

4 days 't 

J Cr 

C k 

Ci 

Cm 4 mths . olr' 

12 tt t 

920 

850 

1360 

1220 

1180 

660 

800 

1000 

1080 

960 

1060 

1010 

980 

180 

230 

300 

680 

580 

280 

1120 

1080 

1300 

1200 

1550 

1500 

1500 

980 

900 

960 

1200 

1500 

1000 

1260 

1280 

260 

240 

460 

40 

I 

720 

280 

1170 

12'00 
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at a concentration of 0.4 ' -T (values rear from 

graphs) show that this was almost 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 se n 

that this was the case with charcoal On, which 

gave an adsorption of 1260 micromols after 24 hoLrs, 

and a reduction of 1296 (average,see Table 10) 

micromols after 1 month. 

At concentrations greater than about 0.4 7, 

the total adsorption continued to increase, pro- 

bably, due to the building un of a lager 'of shy r 

nitrate more than one molecule thick. '7his is 

supported by the fact that Langmuir's equation 

(plotting 1/[AgNO3J v 1 /(A -9) )y applied to the 

adsorption of silver nitrate ?gave curves which 

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

: 'oert, and Luft,6 from X -ray analysis of the ac sorkbeF 

layer, concluded that metallic salts could exist 

on charcoal in a layer more than one molecule th ck. 

^t concentrations less than about 0.4 TI, the 

amount of reduction became greater than the adso bed 

silver nitrate, and, in the case of 0m, after 1 

month,/ 



month, had reached approximately the same value 

as that obtained at the higher concentration. 

This is easily explained. Although the reducing 

surface would be only partially covered with silver 

nitrate, the fact that the adsorption of the silver 

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

silver nitrate to come in contact with all the 

reducing centres. 

In the case of 0.955 'I silver nitrate, however, 

it was observed that the amount of reduced silver 

decreased from 1040 micromols (average,24 hours) 

to 764 micromols (average, 1 month). The evide ce 

shored that the liberated acid dissolved some of 

the coarse silver. On the one hand, the quanti y 

of the latter visibly decreased, and on the othe , 

acid disappeared from the solution equivalent in 

amount to the decrease in reduced silver (o.26). 

Thus 

Table 12 

After 24 hours After 
1 month 

recrease 

educed 1041 811 

`i lver (3) 1040 717 

vean 1040 764 276 

.gibe rated 652 
'acid (0) 644 293 

660 397 

`ean 652 345 307 
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It is difficult to account for the resolution 

of the silver, as the concentration of nitric 

acid in the solution was so low (less t,an.01 Tfi)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. possible 

explanation was that the silver nitrate contained 

a Minute quantity of some polyvaien.t ion, e.g., 

copper, which catalysed the solution of the silver,13 

and that only at high concentrations of silver 

nitrate was the amount of impurity sufficient to 

exert any appreciable action on the silver. In 

ac7reement with this exnlanation it was found (se 

wig. lob.) that with 2.0 T silver nitrate; the 

reduction had fallen somewhat below the maximum 

value, even in 24 hours. 

adsorption of Silver Nitrate, Nitric Acid and I dine. 

In ?able 13 the adsorption of silver nitrate, 

nitric acid, and iodine, ?y various charcoals, are 

c ompa red . 

It will be seen that there was a distinct 

parallelism between the results. The changes i 

adsorption of silver nitrate, nitric acid, and 

iodine, from charcoal to charcoal, were annroxim4tely 

nr000rtional to one another. 
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This can be explained by assuming that the adsorption 

in all three cases occured on the same nart of 

the charcoal surface, viz; the carbon atoms whic . 

were not already coverer? with chemisorbed atoms 

or molecules. 

The adsorption curve for nitric acid on Cm, 

at low concentrations (Fig.15 ), showed a sudden 

change in direction at a concentration of about 

0.005 'T. This effect was nresumsblr due to the 

irreversible adsorption of part of the adsorbed 

nitric acid, which was obser ved by 'Tiller 15. 

The nitric acid adsorption curves for C), and Ck 

(Fig. 14 (b)), showed that the amount of adsorption 

was little affected by the fineness of the charcoal 

particles. 

Influence of. _.;itric "acid. 

The results obtained for the adsorption of 

silver nitrate and nitric acid, by charcoal Cc, 

from acid solutions of silver nitrate, are given 

in Table 6. Although the values of n ,B, and C, 

in duplicate experiments,were not always in very 

good agreement, the values for the total adsornti 

of nitric acid and silver nitrate, (^ -C) , agreed 

closely. Further, as is shown in Table 14 , 

the total adsorption/ 

n 
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adsorption in acid solutions did not differ 

mreatly from the total adsorption from an originally 

neutral silver nitrate at the same equivalent 

molar concentration. 

These results are in agreement with the assumotidn 

(see p.61) that the same Dart of the charcoal 

surface was largely responsible for the adsorption 

of both silver nitrate, and nitric acid. 

Table 6 also shows that, at a given concentration 

of silver nitrate, the reduction decreased with 

increasing concentration of nitric acid, until, 

at about0.45 , it had 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 Luft 3. Thes 

investigators found that the reduction of Punic 

c'1loride by purified "sunernorit" charcoal, was 

inhibited when the concentration of hydrochloric 

acid was greater than 1.0 7. In this case the 

metal could not redissolve in the acid, hence, the 

inhibition of the reduction must have been due to 

the °referential adsorption of hydrochloric acid 

on the reducing surface. 



63. 

-r;le 14. 

ee Table 6 

( A .. C) 

ee Fig. 5a. 

Final (" - 

P'7-503] 

0.4561 
).4833 

0.4725 
0.4826 
0.2380 
0.2378 

0.4620 
0.1083 
0.1175 

0.4561 

0.2332 
0.2317 
0.1047 
0.1056 
0.2?15 
).2222 

3.2194 
0.1044 

0.4401 
0.4389 

0.2230 
0.2173 
0.4378 
0.4378 

0.0999 
0.4549 
0.4471 

0.0574 

0.2225 
0.2238 
0.2308 
0.2312 
0.0982 
0.0985 

0.0562 
0.1182 

0.8962 
0.9222 

0.6955 
0.6999 
0.6758 
0.6756 

0.5619 
0.5632 
0.5646 

0.5135 

0.4557 
0.4555 
0.3355 
0.3368 
0.3197 
0.3207 

0.2756 
0.2226 

2139 
2021 

1526 
1564 
1871 
1828 

1540 
1229 
1108 

1768 

1250 
1260 
1032 
965 

1126 
1065 

1117 
894 

0.91 

0.69 

0.56 

0.51 

0.46 

0.31 

0.28 
0.22 

2240 

1960, 

1750 

1670 

1570 

1300 

1200 
1040 
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_r, ;3-0 

829 199 -400 599 
379 34 -789 823 

Difference 450 165 389 224 

1368 158 -418 576 
864 37 -700 737 

7Difference 504 121 318 161 

If we examine the duplicate experiments which wer 

not in good agreement (see above) , it will be see 

that the results are more in agreement with the 

above conclusion. "ecreased reduction, due to 

solution of silver, would decrease the acid in 

solution (C), by 165, and 121, respectively, and t 

total adsorption of silver (A) by the same amount 

Decreased reduction, due to increased adsorption 
acid 

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

reduction has occurred, would decrease the adsorb -d 

silver nitrate by an annroximately equal amount, 

and the reduced silver by a somewhat smaller 

amount (see p.55), hence, the total adsorption (A 

would be decreased by approximately 448, and 322, 

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 silver nitrate was re- examined after the charcóal 

had been kept for some time. It will be seen frQm 

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

was always considerably less at the end of the period 

of a,:eing (11) than at the beginning(1), whereas 

the adsorption of silver nitrate remained constant, 

or, more generally increased slightly. 

n the above cases the charcoals were kept in 

stonnered tubes, in. the presence of air, during the 

nceriod of ageing. Now charcoal, CZ, was nrenared 

by keening a sample of Cb in an evacuated vessel 

for one Month. ,t the end of this ne ri od the 

reducing action. of Cz was determined, and also that 

of a second Wortion of Cb which had been stored 

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

As the following data show, the reduction nroduce4 

by CZ was definitely higher than that brought about 

by 0b. 

Initial 
g" 

3 

0.0992 

1.000 

-educ t ion by 

C7 Cia 

981 
997 

1101 
1101 

1083 
1093 

1165 
1164 
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Table 15. 

Char. Ini#ial 
[A,P1,03] 

C 7 

C. 3 

Ck 

Cm 

CZ 

CZ' 

0.2497 

1.000 
tt 

0.0992 

0.2497 

tt 

Period 
of 
ageing 

2 mths. 

7' u 

8 

3 

3 

it 

tl 

tt 

tt 

NO3 ads 
(A. -: 

(II 

771 

1910 

2510 

603 

793 

843 

orbed 
) 

( I T/ 

849 

1900 

2680 

580 

893 

958 

:fie duc t i on ('3 ) 

(T) (TT) 

786 

109'0 

990 

707 

1088 

1017 

662 

760 

720 

510 

784 

825 

King and Lawson14 found that the amount of water 

vapour adsorbed by charcoal, which they associat 

with the ch.emisorbed oxygen layer, increased by 

exposure of the charcoal to air. 

16 
Lowry and Hulett , found that oxygen was slowly 

e 

adsorbed at room temperature, and was not recover- 

able except at higher temperature, as carbon 

monoxide, and carbon dioxide. It seemed likely., 

therefore, that the loss of reducing pourer on ageing, 

was caused by partial oxidation of the more active 

reducing centres which decreased the reduction 

without affecting the adsorbing surface. The fact 

that the adsorption of nitric acid showed very 

little change on ageing of the charcoal (see Fig45), 

supported the view that the adsorbing capacity 

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

Table 16. 

Charcoal Treatment Reduct. (B) 
Final Conc.=.7r?. Before 

Treat. 
After 
Treat. 

Cb(B=1080) 

Cb Pt. 

(8 =1101) 

Cc 

CdJ 

Ce(1 day) 
(4 days) 

Cf(1 day) 

moist air 
dry air 

tt H2 

it Ft 

1090 

920 

1400 
1240 

1200 

r 
l 

CD 

Ci 

C12,H2,02 

dry 02 

tr 
N2 

680 

800 

1030. 

Charcoals treated at 940° - 980° 

Table 17. 

Charcoal Treatment Reduct. (B) 
Final Conc. =.711. 

1040. 

220 

240 

330. 

Before 
Treat. 

After 
Treat. 

Ca(B =1101) 

Cm 

Cn 

Cb(B =1080) 

Cm(4 mths) 

'Cn 

Co 

Cry 

dry air,4 hrs. 

" N2, 4 " 

t N2,12 days 

" N2, 4 hrs. 

Compare Ci 1= Cn, heated in air, -- hr.) B= 488. 
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Adsorption of Sodium Hydroxide (see Table 9J. 

In agreement with other investigators (e.g.Kin_), 

it was found that the adsorption of sodium hydroxide, 

by charcoals activated with air, decreased as the 

terlperature of activation was increased. The 

maximum adsorption was obtained with moist air14, 

at 450 - 470 , (see Cc) . Contrary to King 

however, no trace of oxalic acid could be extract -a 

from the charcoal (Cc), with water. No relation 

aoneared to exist between the adsorbing power of 

a charcoal for sodium hydroxide, and its reducing 

capacity. This was to be expected, since the 

amount of adsorption of sodium hydroxide annears 

to depend more on the nature of the oxide laver 

than on its size. 

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

Charcoals Cc and Cd. 

The reduction produced by Cc 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 Cf. 

Treatment with hydrogen 7reatly increased the 

reduction, probably as a result of the physical 

adsorption of hydrogen by the charcoal. The raid 

decrease in reduction/ 
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reuction, and the higher value of the reduction, 

in the case of Ce, was probably due to the cataly 

combustion of the hydrogen, at the surface of the 

charcoal, which would be greatest in the case of 

of 19. 

Charcoal, Ch. 

lc 

In the preparation of Ch, the charcoal was tre,,ted 

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. 

pence, it appeared that the combustion had also 

increased the fraction of the total surface 

covered with the oxide layer. 

Charcoal, Co- 

The reduction produced by Cg. was less than tha 

by Ch, and this could. be accounted for on the 

greater amount of combustion (757) in the case of 

Cm. Hence the chlorine treatment alone did not 

lower the reductïon,but may have increased it. 

This showed that the reduction was not caused by 

physically adsorbed hydrogen or hydrocarbons.6 

Chemisorbed hydrogen, if present, may not be 

removed by the chlorine, but it is not likely to 

be the cause of the reduction, as Barrer 20has 

shown/ 
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shown that the chemisorbed hydrogen is held very 

strongly on the charcoal. Tt will be seen from 

Fig. 7a, that all the acid formed during reductio., 

a0neared in the solution. This was due to the fact 

that the hydrogen treatment did not remove all the 

hydrochloric acid (see p.13) , which reacted with 

the silver nitrate, and liberated nitric acid. 

Charcoal Ci. 

Nitrogen treatment increased the reduction, 

probably, as a result of the removal of hydrocarbons 

from the reducing surface. 

Charcoals treated at Room Temperature. 

Charcoal Cz' (see fig. 13). 

7 ?reatment with cold intensely dried nitrogen 

had no effect on the reduction. 

Charcoal C7. 

Charcoal Cz has alread-r been discussed (see 0.65). 

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

Charcoals, Ci and Clpp 

The reduction in both cases increased, although 

the amount of combustion was considerable (ca. 36`:.). 

I.t anneared, therefore, that the effect of increased 

surface of the charcoal exceeded that of increase 

chemisor0tion of oxygen. 
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Charcoals treated at 1000° - 1250. 

ble 18. 

r 

Charcoal Treatment Reduct. () 
Final 
Concn. =.'ï . 

Before 
Treat. 

'fter 
'reat . 

Ca Cg degas 4 

1000°. hr. 692 

ri 
t 

" 1 hr. 1125°. 560 

Cr air, 2 hrs. 1000°. 525m 

;, Cs CO2, 5 hrs. 1010°. 700 

CI; Cu air. , (moist )4 hrs,1125° . 157 

C,Q, H2(71oist ),4 hrs, 112E°. 127 

- Cw N2, 4 hrs, 1125°. 198 

Cx air, 8 hrs, 1125°. 20:1* 

Cj7 CO2, hr. 125C°. 

* 
Final Ooncn. ;gîd05 = 0.98 V. 
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The nitrogen present probably hindered the formation 

of the oxide layer. 

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

Charcoal, C-,. 

Cm was very similiar to Ci (cf. figs. 9a and l 

and the same remarks apply to it. 

Charcoals Cn, Cr and Co. 

Treatment of Cm, and Cr, wit'a nitrogen produce 

a striking decrease in the reduction. The reduc 
. n 

canacity of Cn was Partially restored by heating 

it in air at 740°- 830° . It seemed likely, there ore, 

that the effect was due to chemisorotion of nitrogen. 

The reducing capacity of Cr was very slightly 

_;neater than that of Cn, which showed that very 

little desorption of the nitrogen occurred when 

the charcoal,Cn,was heatee at 740 ° - 830°. 

Syrkin and Potapow 
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 18,1 that the reduci 

capacity of the charcoal became less, and less, 

dependent on the nature of the gas used, as the 

temperature of treatment rose. Graohitisation 

appeared to be the controlling factor. 
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'3a-rrer 20 has shorn that charcoal was exceedingly 

stable at 9300, but commenced to graohitise 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 1100o. It seeme(r 11kelr, 

therefore, that heating the charcoal to a much 

higher temperature (see CO, would yield a carbon 

surface, free from surface compounds. 

y ence, the annreciablo reducing capacity of charc oal, 

Cy furnished additional. evidence that the charcoap. 

itself was responsible for the reduction3. 
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. SV:Tt.TARY. 

1. A method has been devised for estimating the 

amount of reduced silver, formed by the action of 

pure sugar charcoal on silver nitrate solutions, 

2. Determinations have been made of (1) adsornti 

of silver, and (2) reduced silver, and (3) the ac 

liberated. 

3. The influence of the following factors has been 

investigated; - 

(1). Concentration of silver nitrate. 

(2). Acidity of the solutions. 

(3). Period of contact of the charcoal with 
the silver nitrate. 

(4). Treatment with air, ox 7gen, nitrogen, 
hydrogen, and carbon dioxide,at differen 
temperatures. 

4. Determinations of the adsorption of (il) nitric 

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

been made in the case of certain of the charcoals. 

5. A hypothesis has been advanced to correlate th 

results obtained. 

In conclusion, the author wishes to express 

his indebtedness to Dr. T. R. Bolam for his helpful 

sugs:estions and advice during the course of this 

work. 
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