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EFFECT OF SOLVENT ON THE ADSORPTION OF SOME ALIPHATIC 
ORGANIC ACIDS ON CHARCOAL, ALUMINA, AND SILICA 

I. INTRODUCTION 

ADSORPTION. This Investigation deals with the phenorienon 

of adsorption. Adsorption can be defined as the accumula- 

tion of a substance at a surface or interface. The ad- 

sorbing phase is called the adsorbent and the adsorbed 

phase, the adsorbate. Of primary concern here is the case 

wiere the adsorbent is a solid and the adsorbato is a sub- 

stance in solution. Adsorption may be consIdered to be 

physical or chemical In nature, or a combination of both. 

By physical adsorption Is meant a type of surface condensa- 

tion which is due to capillary phenomena and is thus dopen- 

dent upon the physical character of the adsorbent. It Is 

more or less non-specific in character. ChemIcal adsorp- 

tion, on the other hand, appears to involve primary valence 

forces, that Is it Is chemical in nature. It Is strong and 

specific, beIng largely independent of the physical charac- 

ter of the adsorbent, Physical adsorption is a reversible 

type ot' adsorption, whereas a chemical adsorption is a non- 

reversible type of adsorption. That is to say, In a physi- 

cal type adsorption a substance which is adsorbed from 

solution by an adsorbent will go back into solution if the 

solution is diluted suffIciently; whereas, if the substance 

is chemically adsorbed it w1li not o back into solution no 
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matter what the dilution. The saturation point, that s 

the point where no more adsorption can take place, tends to 

be reached more rapidly, and at lower concentrations, with 

chemical adsort1on than with physical adsorption. 

FREUNDLTCI ADSORPTION EQUATION. An equation which will be 

used extensively th considering the data obtained in this n- 

vestigation is the Freundlich adsorption equation (10, pp. 

49-50). This equation has the form: 

X 
kc 

where is the amount of substance adsorbed per gram of ad- 

sorbent, e is the equilibrium concentration of the solution, 

and k and n are constants. It holds extremely well for 

physical adsorption of a large number of different adsor- 

bents and adsorbates. The form of the curve obtained from 

this equation is shown in Figure 1. 

Figure 1. 

Freundlich Adsorption Isothe. 



Since adsorbing surfaces do become saturated it is 

obvious from the above equatIon and curve that the Freund- 

lich equation cannot hold over a wide range of concentra- 

tions since the slope of the curve will not become zero as 

it should at the point of saturation. There is alvjs a 

maximum amount of adsorbate that can be adsorbed; and in, 

and close to, this region the Freundlich equation wIll not 

hold. 

If the FreundlIch equation is expressed logarithmi- 

cally it has the form: 

log log k+. log e 
ra 

In this form it can be seen that, if the equation holds, a 

plot of log against log c should give a straight line of 

slope and intercept log k. Thus if a particular adsorp- 

tion is found to follow the Freundlich equation, values of 

arid k can be found graphically; and then any vLues of 

can be calculated for any value of e In the range within 

which the equation holds. 

The Freundlich equation is still the best descrip- 

tion of the approximate quantitative behavior of the most 

common adsorptions. 

LÂNGMtJIR ADSORPTION EQ.UATION. Another adsorption equation 

which will be discussed in connection wIth the data obtained 
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In this Investigation is the Langmuir adsorption ecuation 

(10, pI).51-53). By considering the surface of an adsorbent 

to be a sort of checkerboard containing N0 active areas per 

square centimeter, that is to say N areas capable of hold- 

ing one molecule each; and by assuming nonomolecular adsorp- 

tion Iangmuir was able to derive an adsorption equation 

which has found wide applicability. These N areas are as- 

sumed to contain unsaturated valence forces. This assump- 

tion comes back mo'e to the idea of a chemical type adsorp- 

tion. The maximum possible gram molecules per square centi- 

meter then can be given as ., where N is the Avagadro num- 

ber. By using the kinetic theory and by equating the rate 

of condensation of molecules on the surface to the rate of 

evaporation of molecules from the surface, wiich would be 

the case at equilibrium, Langmuir arrived at the following 

e0uation: 

X abc 
ii l+ac 

where . is again the amount of material adsorbed per gram of 

adsorbent, e is again the equilibrium concentration of the 

solution, a is a constant, and b is a constant which is 

proportional to . The form of the curve obtained from 

the Langmuir equation is shown in Figure 2. 
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Figure 2. 

Langmuir Adsorption Isotherm. 

At uigh concentrations the slope of the curve approaches 

zero since approaches the constant b. At medium concen- 

trations the form of the curve is very similar to the 

Freundlich curve. At lo'v eoncentratons becomes provor- 
Ti 

tional to c and tne line is straight. 

If the Lannuir equation is written in the form: 

e - i C 
:E 
n 

C 
it can be seen that it this equation is followed a plot of x 

In 

against e should give a straight line. 

The Langmuir equation is better than the Freundlich 

equatIon for the chemical type of adsorption and for adsorp- 

tion of either type whenever saturation Is approacned. It 

is theoretically applicable over a much larger range of con- 

centrations than the Freundlich equation. 



FACTORS INFLUENCING ADSORPTION. Many factors influence the 

phenomenon of adsorption. In fact so many different fac- 

tors are involved that so far it has been impossible to ob- 

tain a quantitative conception which will satisfy all pos- 

sibilities. A few of the moro liriportant factors, and those 

which will be considered later in connection with the ex- 

perimental technique and results will be briefly considered 

at this time. 

Nature of Solventi Adsorbent and Adsorbate. Certain 

predictions can be made concernn t-xe effect of a riven 

solvent, adsorbent and adsorbate upon adsorption by a 

constderaton of polarity. A polar adsorbent would be 

expected to adsorb another polar substance much gore 

readily than it would a non-polar substance and vice versa. 

The effect of the solvent then would be to aid or hinder 

the adsorption depending upon its polarity in relation 

to the polarity of the adsorbent and adsorbate. F'or ex- 

ample, a polar solvent would be expected to compete with 

a polar adsorbate for a polar adsorbent, thus hindering 

tIìe adsorption whereas a non-polar solvent would not com- 

pete and would aid the adsorption. Traube's rule of 

adsorption states that the adsorption of orFanic compounds 

from aqueous solution increases re[ular1y as the molecular 

weight of the organic compound increases. .iost cases where 

this rule holds are explainable by consIderations of 
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polarity. Tn certain non-polar solvents Traube's rule is 

found to be reversed as would be expected from a considera- 

tion of polarity. 
The physical character of the surface has been shown 

to be another important factor governing the b&iavior of 

adsorbents, and constitutive influences nave been shown to 

be important in the behavior of adsorbates. It has also 

been possible ifl many cases to correlate the amount of ad- 

sorption to the solubility of adsorbate in the solvent (10, 

p 91). 

Concentration. As the concentration of adsorbato in 

solution is increased the adsorption increases. A satura- 

tion point is eventually reached, however, where further 

adsorption is no longer possible. 

Temperature. Adsorption from solutIon by a solid ad- 

sorbent decreases wi;h rising temperature. The effect of 

teinper.ture is, in general, sriali, and it is not as impor- 

tant a factor inf1uencng adsorption from solution by 

solids as it s n the case of adsorption of gases by 

solids. 

Tine. An Important consIderation in any investiga- 

tion of adsorption is that of time. inough timo must be 

allowed for the system to reach equilibrium, that is, to 

reach a point whore the adsorbate is returning to the solu- 

tion as rapidly as it iS being adsorbed from solution. In 
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most cases equilibrium is reached in a few hours. [owever, 

Firth (8, p.272) and other investigators llave shown that in 

many cases after the first rapid adsorption a much slower 

adsorption takes place which may take many months to be corn- 

pleted. 

FURPOß. OiT INVSTIGATION. The purpose of this irivostigatiì 

was the collecting arid interpretation of data on te effect 
of solvent upon the adsorption of various al1phatc orgenic 

acids on some common inorganic adsorbonts. Obtaining and 

interpreting data of tMs type is important not only be- 

cause comparatively little :nvestigation has been done along 

this line, but also because of the importance of this infor 

maton in chromatography and other riethods of separation of 

substanceB from solution thich depend upon tte differences 

in degree of adsorption from different solvents. Data of 

this type become especially important to chromatography if 

if it is possible to interpret the data in s quantitative 

way by means of the Freundlich or Lanuir equatIon. 

Jhether chromato'aphy is being used merely to separate and 

recover substances from solutIon or as a moans of chemical 

analysis it must remain n empirical method so long as no 

relationship is known Which makes it possible to calculate 

beforehand to what degree a certa:.n substance will be ad- 

sorbed on a given adsorbent from a g!.ven solvent. If 



either the Freundlich or Langmuir equatIon is found to hold 

In the concentration rance desired then this becomes 

possible. 



II. EXPERIMENTAL 

GENERAL PROCEDURE. All of the adsorption data obtained in 

this investigation were obtained by means of the following 

general procedure: (1) Twenty-five milliliters of an acid 

solution, whose concentration liad been determined accurate- 

ly, was pipetted into a six inch test tube which contained 

exactly one half gram of adsorbent. (2) The test tube was 

corked and allowed to stand for thirty-six hours or longer 

with occasional shaking. (3) Ten milliliters of the super- 

natant liquid wcs then titrated with standard sodium hydrox- 

ide solution with phenolphthalein as an indicator. 

MATERIALS. 

Adsorbents. Three different types of common, in- 

organic adsorbents were used: an acidic polar adsorbent, a 

basic polar adsorbent, and a neutral non-polar adsorbent. 

Alumina, or aluminum oxide, was used as the basic adsorbent. 

Tue alumina used was an activated alumina put out by the 

Aluminum Company of America. Silica gel, a dried silicio 

acid, was used as the acidic adsorbent. The actual product 

used was an activated silica gel put out by the DavIson 

Chemical Corporation0 Charcoal was used as the neutral ad- 

sorbent. The type of cnarcoal used was Darco Charcoal. 

These adsorbents all find use in chromatogrhic adsorptior 

No attempt was made to activate or treat the adsorbente in 
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any way before use. They were, however, kept dry and warm 

in an oven when not iì use. 

Adsorbates. The fo11owin aliphatic, organic acids 

were used as adsorbates: formic, acetic, propionic, 

butyric, isobutyric, valerio, isovaleric, and caproic. The 

formic acid was 3akor's P.0.3. Standard. The acetic acid 

was 99.5 per cent glacial acetic acid put out by the Allied 

Chemical and Dye Corporation. All the other acids were the 

highest grade Eastman products except for butyric thtch was 

an Eastman technical rrade product. None of these acids 

were redistilled or further purified in any other way befo 

being used. 

Solvents. The solvents used were water, absolute 

ethyl alcohol, acetone, benzene, and petroleirn ether. These 

five solvents cover a wide range of polarity from water at 

one extreme to petroleum ether at the other extreme. 

Standard J.iase. The standard base used for titrating 

the acid solutions before and after adsorption was standard 

sodium hydroxide. The sodium hydroxide solutIons were made 

from concentrated sodium hydroxide which had been standing 

for several weeks and was carbonate free. The solutions 

were protected from the atmosphere by soda-lime tubes. The 

standardization of the sodium hydroxide solutions was done 

with standard suif amie acid solutions. 
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EXPLRIMENTAL TEC[INIQ.UI. In spite of the :reater accuracy 

which could be obt&ned by the use of large quantities of 

solution and adsorbent, relatively sna11 quantities were 

used In order to conserve materials, especially solvent, 

and to increase the speed and ease of the operation. After 

several pre1inInary runs using various quantities of solu- 
tion and adsorbent, twentytive millilIters of solution, 

one half gram of adsorbent, and ten milliliters of super- 

natant liquid for titration were the quantities finally 

selected. The adsorbent was weighed accux'ately to 0.5000 g 

O.5 mg. 

JIth each solvent three concentrations of each acid 

were made; namely, one hundredth, five hundredths, and one 

tenth molar. Since adaorptlons vary with concentration, 

comparison of adsorptions of different substances is easier 

if made at the same initial concentrations. For this 

reason each acid solution was made to exactly one hundredth, 

five hundredths, or one tenth molar which ever the case 

might be. The concentration of any of the eight acid so lu- 

tions was never allowed to vary more than five tenths of 

one per cent from this value. As a typical example the 

concentrations of the one hundredth molar acid solutions in 

acetone were as follows: formic, 0.O1000M; acetic, 0.0099GM; 

propionic, 0.0l0021; and the other five were 0.0l000. 
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Durin; the prellittnary runs lt discovered that 

adsorption equilibrium was not reached in any short period 

o± t-1mo but rather that the concentration of most of the 

acIds tended to decrease slowly day afto' day. By shaking 

the test tubes containing the solutions and adsorbents from 

tl:me to time, thus distributing the adsorbent through the 

solution, the adsorption became much more rapid, and an 

equilibrium was established w1thin less than thirty-six 

hours which gave quite reproducible resu1t. Since shaking 

was then a necessIty, the question was ir!mlediately raised 

as to whether the corks which would be wetted In the pro- 
Cess would adsorb any of the acids. Tests were then made 

using the various acids and solvents but with no adsorbent. 

These tests showed that, within the range of accuracy of 

the measurenents, the corks were not adsorbing any of the 

acids. 

Since the effect of temperature upon the degree of 

adsorption b,r solids from solution is not marked and Is 
usually considered to be negligible for most adsorption 

studies at room temperature, provided the change in tempera- 

ture Is not more than a few degrees, no control of teLipera- 

ture was attempted. owever, the temperature of the labora- 

tory was recorded from time to time whIle adsorptlons were 

beIng determIned. The over all temperature variation for 

all the determinations was riot more than three degrees 

Centigrade. 
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Perhaps a more serious source of error than the lack 

of temperature control was the fact that some of the solu- 

tions were allowed to be in contact wIth the adsorbont 

lonFer tan others. Although thirty-sIx hours of contact 

tme was always allowed for equilibrium to be att&ned, 

some solutions were in contact with the adsorbent as much 

as two days longer that this. owever, the adsorption 

which is known in many cases to follow the orIginal rather 

rapid attainment of equilibrium is very slow and would pro' 

ably be negligible in any two day period. 
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III. RESULTS AND DISCUSSION 

'JATER PS SOLVLNT. Table i gives a surnnation of the results 

obtained using water as a solvent. The results are given 

as rnillimoles of acïd adsorbed per gram of adsorbent. 

Charcoal as I\.dsorbent. The data obtaThed usin" wat' 

as solvent and cìarcol as adsorbent show that, wits one 

exceptIon, the amount of adsorpt!on increased regularly as 

the molecular weight of the organic acid increased. All 

three of the acid concentrations gave this result. Caproic 

acid was the one excopton since it was adsorbed slightly 

less than valeric acid in all three casos. The tendency 

for tb ... ese acTds to be adsorbed in increasing amounts as the 
molecular weight increases is in agreement with Traubets 

rulo. This result seems reasonable also when considered 

from the stsndpoint of the :olarity of the substances in- 

volved. Water is a highly polar solvent having a dIelec- 

tric constant of 81 at 18°C. (4, p.27), and charcoal is 

ordinarily a non-polar adsorbent. The aliphatic acids de- 

crease 1n polarIty as tie length of the carbon chain in- 

creases. The highly polar carboxyl end of the acid should 

then be attracted by and oriented towards the polar water 

and the hydrocarbon end s'ould be attracted by and oriented 

towards the non-polar charcoal. .s the polarity of the 

acid decreases (increasing molcular weight) the adsorption 



Table 1. 

Adsorption of Acids from Water 
(0.5 g adsorbent; 25 ml solution) 
Millimoles per gram of Adsorbent 

Original Concentration Original Concentration Original Concentration 
0.010 0.050 M 0.100 M 

Acids Al03 C 5i02 Al03 C SiOp AlD3 C SiO 

Formic 0.450 0.241 0.018 0,675 0.635 0,050 0,715 0,950 0.050 

Acetic 0.394 0.291 0.017 0.550 0.930 0.037 0.600 1.450 0.040 

Propionic 0.381 0.388 0.019 0.557 1.375 0.030 0.590 2.219 0.035 

Butyric 0.375 0.451 0.017 0.575 1.837 0.050 0.b40 2.950 0.045 

Isobutyric 0.369 0.438 0.015 0.522 1,737 0.042 0,600 2.720 0.055 

Valerie 0.399 0,475 0.024 0.900 2.250 0.055 1.190 3.950 0.055 

Isovaleric 0.369 0.468 0.009 0.730 2.150 0.057 0,960 3.520 0.055 

Caproic 0.420 0.470 0.024 1.147 2.217 0.075 1.500 3.800 0.250 
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by the charcoal would be expected to increase. Iro this 

point of ViOW the fact that caproic acid was adsorbed less 

than valorc acid seems rather difficult to explain. 

Dubinin found that highly activated charcoal would give a 

completo reversal of rule while charcoal x1ch 

was somewhat loss activated would sometimes give n. sortes 

which showed a reversal of Traubets rule only in certain 

places (6, p.48). One explanation of the reversal of 

Traube's rule in the case of activated charcoal is that the 

surface of activated charcoal is more polar than ordinary 

charcoal due to a change of the surface from the amorphous 

to the crystalline state (10, p.93). Another explanation 

assumes that the pores of activated charcoal are so ultra 

fine that they become loes accessblo to molecules above a 

certain size (6, p.48) 

The data show that the iso-acids are adsorbed 

slightly less by charcoal than are the normal acids. ThIs 

is in agreement with the results obtained by Miller using 

blood charcoal (7, p.70). iiller, however, found that 

caproic acid was adsorbed to a greater extent than valerio 

acid. Linner and Gortner found that at the poInt of maxi- 

mum adsorption the iso-acids and normal acids are adsorbed 

to the same extent by charcoal from water solutions (5, 

p.54). 
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The data show that the adsorptions by &arcoa1 are 

relatively large. Por example they average about 80 per 

cent in the case of the 0.010 M so1utons. This is not 

surprising since it is well known that charcoal is an es- 

pecially good adsorbent for organic acids from vater solu- 

t1on (6, p.46). The data 15o shov a regular 1ncrese n 

the amount of adsorption as tie concentration increases 

which tonds to indicate that the adsorption is not c1oe to 

the saturation point. Trie data follow te Freundlich ad- 

sorption equation botter than the Laniuir equation which 

indicates a physicu1 typs of adsorption nnd also Indicatos 

that the saturation point has not been approached. Figures 

3 and 4 show the FreundlIch adsorption isotherms obtained 

from the data. Is plotted against o on a log-log, scale. 

The lInos obtained for caproic, valerlo, and Isovaleric are 

quite poor. Freundlich used charcoal in water solutions 

extensively in demonstrating the applicabilIty of his ad- 

sorption equation (, p.280). 

Alumina as Adsorbent. The data in Table i show that 

aluiina also adsorbs the acids quite stronly froni dater 

solution. The adsorptIon goes as high as 90 per cent in 

the case of formIc acid from 0.010 . solutIon. The anount 

of adsorption increases as the concontrtion increases. 

ThIs Increase is not as marked ìowever as in the case of 

carbon. Fairly large adsorptions of acids by alumina would 
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be expected since alumina is a basic adsorbent which ad- 

sorbs acidIc compounds most strc)ng17. :owover, since tho 

acids nd wnter are both polar they u1d be expected to 

compete with each other for tio alumina thus decreasing the 

adorpt1on. Thether Traube's rulo thou1d be followed or 

reversed would dcpend on tie relative polaritle3 of the 

polar substinces nvo1vod. Since water is a very polar sol- 

vent It would tend to keep the more polar acide in olutìon 

tLìus ciusing Traube's rule to be followed. IIoever, nlu- 

mina bong a polar rdsoz'bent would tend to adsorb the more 

polar acids to a greater extent thus causn. a reversal of 

Traube's rule. The data obtained in this nvostiation 

show a mixed serles. There are more cases, however, which 

show a reversal of Traube's rule than there aro which fol- 

low T»aube's rule, The iso-acids are adsorbed less in 

every case than the normal acids, 

These data appear to fit the Freundlich adsorption 

equation verr well indicatIng a physical type of adsorption 

which is not close to the saturation point. Figures 5 and 

6 show the lines obtaIned when is plotted a;alnst e on a 

log-log scale. The points all gall quite doso to straight 

lines. 

Some of tho isothorms in these graphs, and In some 

of the ones to follow, have been placed in the upper sec- 

tion of the figure in order to avoid crowding. Wherever 
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this has been done the scale indications Cor these iso- 

t.erms have been made in parentheses, 

Silica Gel as Adsorbent. Table i indicates that 

silica adsorbed very little of the acids from their water 

solutions, This is to be expected from a consideration of 

the fact that silica is ari acidic adsorbent and from the 

fact that it is like water a polar substance. Preferential 

adsorption of water would be expected since it is more 

basic than the acids. As in the case of alumina and water 

it would be difficult here to predict whether Traube's rule 

should be followed or reversed without Imowing the relative 

polarities of the substances involved. The data obtained 

here give a mixed series with no general trends indicated. 

The adsorption increases when the concentration of 

the solutions Increase from 0.010 to 0.050 M, however 

there is no further appreciable increa8e in adsorption when 

the concentration is increased to 0.100 M except in the 

case of caproic acid0 In fact in two cases a striall de- 

crease appears, which could be experimental error. 

might indicate that the saturation point has been reached 

and that no more adsorption is possible0 If this is the 

caso then the Lanuuir adsorption equation should fit these 

data better than the Freundlich equation, dowever, neither 

equation gave good straight lines with the data. Another 

possible explanation of this behavior might be found in the 
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fact that silica gel has a greater affinity for water than 

it has for orpanic acIds. Therefore what appears to be no 

further Increase In adsorption of acid or even a decrease In 

the adsorption of acid as concentration increases might in 

reality by caused by the adsorption of water which would 

have a relatively greater effect as the concentration of t 

solution increased. Negative adsorptions of this type, how- 

ever, are usually negligible except in quite concentrated 

solutions (6, p.48). 

ETJYL ALCOTiOL AS SOLVENT. Table 2 gives a summation of the 

results obtaned when alcohol was used as solvent. 

Charcoal as Pdsorbent. The data obtaned where car- 

bon was used as the adsorbent and alcohol as the solvent 

show generally a reversal of Traube's rule. Caproic acid 

is an exception in every case and valeric Is an exception 

In two cases. The fact that caproic acid is an exception 

is not surprising since it acted in an anomalous maxmer 

also when carbon and water were used. The iso-acids do not 
show the same adsorption as the normal acids, but the trend 
is not consisterìt. Ethyl alcohol is a polar solvent but 
far less polar than water. thyl alcohol has a dielectric 

constant of 25.7 at 20°C. (3, p.84). A reversal of Traube's 

rule mit then be reasonable from the standpoint of polar- 
ity if the charcoal used had been activated sufficiently to 



Table 2. 

Ad8orptlon of Acids rron Alcohol 
(0.5 g adsorbent; 25 ml solution) 
II'iillirnoles por gram of Adsorbent 

Original Concentration Original Concentration Original Concentration 
o.o10 M 0.050 M 0.100 M 

Acids A1203 C Sb2 AlD3 C SW2 AlJ3 C SW2 

Formic 0.461 0.079 0.032 1,065 0.532 0.325 1.410 1.210 0.770 

Acetic 0.407 0.035 0.000 0.695 0.095 0.070 0.780 0.125 0.050 

Propionbc 0.388 0.031 0.000 0.625 0.067 0.025 0.700 0.100 0050 

Butyric 0.374 0.019 0.000 0.552 0.035 0.000 0.600 0.075 0,000 

Isobutyric 0.326 0.023 0.016 0.500 0.045 0.025 0.560 0.055 0.000 

Valerie 0.316 0,010 0.000 0,537 0.085 0.000 0,620 0.130 0QO0 

Isovaloric 0.302 0.006 0.000 0.490 0.050 0.000 0.550 0.100 0.000 

Caproic 0.326 0.020 0.000 0.557 0.095 0.000 0.660 0.150 0.000 
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give it a surface which is more polar than the alcohol thus 

causing greater adsorptIon of the more polar acids. The 

amount of adsorption is much less in this caso than when 

water was used as a solvent. Since these icids, especially 

the higher ones, are nuch more soluble in alcohol than in 

water it is not surprising that they are adsorbed less from 

alcohol solution. In general It can be said that other 

things being equal, the more soluble a dIssolved substance 

Is in a solvent the less readily lt is adsorbed (1, p.113), 

Griffin, Richardson and Robertson collected con- 

siderablo data on the adsorption of organic acids from 

alcoholic solutions by animal charcoal (2, pp.2705-2709). 

Of the acids whieh were used in this investigation they 

also used acetic, propionic, butyrïc, isobutyric and iso- 

valerie acid. For these acids they also found that 

Traube's rule was roversed. They found that Isobutyric 

acid was adsorbed less than butyric acid. This agrees with 

tiie results obtained here n the 0.100 M solution but not 

in the other tio solutions. They found also that some of 

the higher acids did not show a reversal of Traube's rule. 
This agrees with the results obtained in this investigation. 

The adsorptions show a regular increase as the con- 

centration is increased. rj Indicates that the satura- 
tion point has not been reached. The data appear to fit 
the Freundlich equation bettor than the LaniuIr equation, 
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indicating a physical type of adsorption. The isotherms 

obtaIned from the data are shown in Figures 7, 8 and 9. 

Butyric and valeric acids do not give good straight lines. 

Alumina as Adsorbent. The data show that alumina 

adsorbs t:ìe acids from alcoholic solutions quite strongly 
and to about trie same extent that they were adsorbed from 

water solution. The adsorption is much greater than in the 

case of carbon from alcoholic solution. It is 92 per cent 

in the case of formIc acid from the 0.010 solution. A 

reversal of Traube's rule ta ain found to be the trend. 
Again the one consistant exception is caproic acid. The 

iso-acids show, with one exception, slightly less adsorp- 

tion than the normal acids. A reversal of Traube'3 rule 

here would be expected if the alumina is more polar than 

the alcohol solvent. The arunt of adsorption increases 
regularly as the concentration of the solution increases. 

The data fit the Freundlich adsorption equation very well. 
These f'raphs are shown in Figure 10. Caproic, valerio and 

isovaleric acids are plotted separately in the upper sec- 

tion of the graph in order to avoid crowding of the lines. 

Silica Gel as Adsorbent. The silica gel in most 

cases shows no adsorption. Only small adsorption Is to be 

expected on silica since it s an acidic adsorbent. In the 
cases where tIie data indicate adsorption it is quIte small1 
Formic acid is the only acid which shows an adsorption 
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which increases regularly as the concentration is in- 

creased. It does not, however, yield a straight line th 

eIther the Langmuir or te i"reundlich equation. In two 

cases a small decrease in adsorption is indicated when the 

concentration is increased to 0.100 i. This might be due 

to experimental error. Another explanation, however, could 

be negative adsorption. The silica gel being polar would 

tend to adsorb the polar alcohol quite strongly. ìe effect 

of this negative adsorption on the concentration of the 

solution would be greater the more concentrated the solu- 

tion. 

AC}T0N AS SOLVENT. Table 3 gIves a summation of the re- 

suits obtaIned using acetone as the solvent. 

Charcoal as Adsorbent. The data show that the char- 

coal adsorbed the acids not at all or vory little In every 

case. This result is somewhat surpris'ng consIder4np; that 

acetone is a polar solvent with a dioloctric constant of 

21.4 at 20°C. (3, p.86). This is not much dIfferent from 

ethyl alcohol. It should be remembered, however, that 

charcoal adsorbed much less acid from alcohol solutIon than 

from water solution. :,cßaIn states that charcoal adsorbs 

orCanic substances poorly from acetone sInce acetone is a 

good solvent of organic substances and tao heat of wetting 

of charcoal by acetone is hIgh (6, p.46). The amount of 

adsorption of formic acid increased In a regular manner but 



Table 3. 

Adsorption of Acids from Acetone 
(0.5 g acùorbent; 25 ml solution) 
Millimolos per grani of Adsorbent 

Oririnal Concentration OrIginal Concentration Ortginal Concentration 
0.010 M 0.050 II 0.100 M 

Acids A1203 C Sî.02 Ai63 C SiOa AlD3 C 3102 

Forrulo 0.462 0.020 0.025 1.020 0.000 0,060 1,230 0,160 0.075 

Acetic 0.438 0.000 0,000 0,785 0.000 0.000 0,965 0,085 0.000 

Propionc 0.431 0.000 0.000 0,725 0,000 0.000 0.820 0.000 0.000 

Butyrc 0.421 0.000 0.000 0.680 0.000 0,000 0,735 0,005 0.000 

Isobutyric 0.404 0.000 0.000 0.622 0.000 0.000 0.700 0.000 0.000 

Valerie 0.409 0.000 0,000 0,687 0.070 0,000 0.745 0,130 0.000 

Isovaleric 0.398 0.000 0.000 0.600 0.000 0.000 0,675 0.070 0.000 

Caproic 0.416 0.000 0.000 0.630 0.072 0.015 0.795 0.170 0,050 
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the data do not yield a straight line by either the Freund- 

lich or Langrnuir equations. At other places were adsorp- 

tion does take place the adsorption is siall and no general 

trend is apparent. The highest percenta.e adsorption is 

4.0 per cent Cor formic acid from the 0.010 M solution. 

Alumina as dsorbent. The data show that alumina 

as adsorbed the acids in a manner and n amounts quite 

similar to its adsorption from alcohol solution. Since ace- 

tone is a polar solvent with a dielectric constant similar 

to that of alcohol this result appesrs reasonable. The ad- 

sorption increases in a regular way as the concentration 

increases. The per cent adsorption veragos about 85 per 

cent in the case of the 0.010 M solution'. In penerai, a 

reversal of Traube's rule is found. This Is to be expected 

from a consideration of the fact that the alumina is prob- 

ably more polar than the acetone and from the fact that 
alcohol also gave a reversal of Traube's rule. ain the 

most consistent exception is caproic acid which shows an 

increase in adsorption in all cases. Fain as In the case 

of alcohol the iso-acids saow less adsorption than the nor- 

mal acids. This time there aro no exceptions. Valerie 

shows a light1y greater adsorption than butyric In the 

0.050 1 solutIon. The d:fferonce is small and may be due 

to experimental error. 



The data were found to fit the Freundlich equation 

just as in te case of alcohol. Figures 11 aid 12 show the 

Isotherms obtaIned from the data. The only points '*iich do 

not CIve a fairly straight line are those for acetic acid, 

Silica Gel as Adsorbent. The data show that silica 

gel adsorbs none of the acids except in the cases of formic 

and caproic In which cases the . dsorptions are small. The 

greatest per cent adsorption was 5.0 per cent for formic 

acid from the 0.010 1M solution. -Tere aRain the exp1nation 

is probably to be found in the acidic nature of the silica 

gel and the extrerie solubility ot the acids in the acetone 

solvent. The adsorptlons observed with formic acid fail to 

yield a straight line when plotted according to either the 

Freundlich or LangmuIr equation. 

AS SOLVENT. Table 4 gives a sunnation of the data 

obtaIned when benzerie was used as the solvent. 

Charcoal as Adsorbent. The data show tt-iat charcoal 

adsorbs te acids irom berizene less strongly than from 

water but more stronply than from alcohol or acetone solu- 

tions, McBain indicates that an explanation of the fact 

that charcoal adsorbs organic materials from benzene solu- 

tlon better than from acetone solution but not as well as 

from water solution can be found In consideration of solu- 

bilitles and heats o wetting (6, p.46). The benzene then 

occupies the position it does since it Ilas a lower heat of 



Table 4. 

dsorptïon of Acids from Benzene 
(0.5 g adsorbent; 25 ml solution) 
illimoles per F-rani of Adsorbent 

Original Concentration Original Concentration Original Concentration 
0.010 M 0.050 M 0.100 M 

Acids A1çO3 C SiO2 ______ C _______ '2Ç3 C 3102 

Formic 0,500* 0.354 0,430 2.255 1.022 1,625 3.240 1.770 2.630 

Acetic 0.500* 0.122 0.422 1.300 0.192 1.187 1.365 0,230 1,600 

Propionic 0.500* 0.098 0,538 1.060 0.142 0.892 1,050 0.175 1.150 

Butyric 0.500* 0.060 0,287 0.962 0.102 0.712 0,960 0.100 0.850 

Isobutyric 0,500* 0.071 0.282 0.882 0.125 0.l2 0.875 0.150 0.800 

Valeric 0.500* 0.030 0,248 0,857 0,115 0.575 0.900 0,175 0.775 

Isovaleric 0.480 0.059 0,222 0.805 0.100 0.562 0.800 0.120 0.725 

Caproic 0.500* 0.067 0.225 0.810 0.112 0.510 0.855 0.120 0.700 

* Complete Adsorption. 
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wetting than acetone but higher than water and since it is 

a bettor soi-ient for organic materisls than vater but riot as 

good as acetone. The data show in general a reversal of 

rule. A possible explanation of this can be found 

in a considerRtlon of polarity. Bonzerie being a non-polar 

solvent wt a d!eleotric constant of only 2.28 at 200C. 

(3, p.82) competes with the non-polar charcoal for the lesa 

polar ccids thus cutting down their adsorption. if the cbai 

coal happens to be sliphtly polar due to activation then 

the explanatIon is sirapler since in that case the polar ad- 

sorbent rrierely adsorbs the more polar acids to a greater 

extent than those which are loss polar and this oCfect is 

increased by the effect of the non-;olar solvent. -[ere 

aan tie data show that caproic acid is an exceptIon. Any 

generalization concerning the effect of the iso-acids is 

rather difficult to make in this case since four of the 

cases show an increase in adsorption for the iso-actds over 

the normal acids and two cases show the opiosito trend. In 

the cases of the 0.100 M solutions and the 0.050 M solu- 

tions valerio acid is also an exception to the revers!û of 

Traube's rule. 

Figures 13, 14 and 15 show that in most ceses the 

data give isotherms which follow the Freundlich equation 

fairly well. The lines obtained for formic, butyric and 

caproic acids are not too pood. The slopes of the lines 

vary considerably. 
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Alumina as Adsorbent. The data show that the 
alumina has, with one exception, ìdsorbed the acids corn- 

pietely within the limits 01' the expermenta1 accuracy from 

the 0.010 M solutions. The other two concontratons a10 

show high adsorptlons, considerably h1her taan t.ìose ob- 

tamed froin any of trie polar solvents. The aount of ad- 

sorption Increases quite appreciably from taie 0.010 M to 

the 0.050 solutions. lowever, from 0.050 to 0.100 M 

solutions the increase trl adsorption is snaii except for 

formic acid ncI in the cises of butyric, obutyric and so- 

valerie there is an actual decrease In adsorption. Thtse 

decreases are quite snail, wwever, and rniht be duo to 

xper.1rnenta1 error. Triese res1ts seeii to indicate tt a 
saturatioa point is being reached or that possibly a nega- 
tive adsorption la affecting tsìe resulta. Ir a saturation 

point were be1n reached then the data would be more apt to 

fit tie banrnuir equation than the Freundlich equation. 
Curvos could not be drawn since complete adsorption was 

found froii ali but one of trie 0.010 M solutions. The one 

exception which wts isovaleric acid did not yield a 

straight line when plotted according to the Lanìu1r 
equation. 

In general a reversal of Traube's rule is round. 

Aan caproic acid 18 an exception. Th19 reversal is to be 
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expected since alumina is polar and benzene is non-polar. 

T;.e iso-acids gave less adsorption than the normal acids. 

Silica Gel as Adsorbent. Silica gel gave uc'i more 

adsorption from the non-polar benzene tnan it ve from the 

polar 3olvents considered thus far. This .iigh adsorption 

invalidates the idea expressed before that the adsorption 

by s:Tlica el with water as solvent xniF;ht be reaching the 

saturation point. This i to be expected since the non- 

polar solvent does not conpete with the polar adsorbate ror 
the polar adsorbonts. A complete reverse . i of 1raube's rule 
is found with only one exception. The sanie considerations 
of polarity make the reversal of 'h'aube's rule reaso;iable 

in this case. Tlie one exception is caprole acid 1n the 

G.OlO solution. This difference is sall and could be 

duo to experImental error. 

As can be seen fron FIgures 16 and 17 the data fit 
the Freundlich equaton quite el1. The only points that 
do not yield a fairly straight line are those of butyric 
and formic acids. 

PETROLEUM ETIER AS SOLVENT. Table 5 gives a sunmiation of 

the data obtained when petroleum ether was used as the 

solvent. 

Charcoal as Adsorbent. The data show that charcoal 

adsorbs the acids from petroleum ether solution to a 

greater extent than from any other solvent except water. 



Table 5. 

Adsorption of Acids from Petrole tiier 

(0.5 g adsorbent; 25 ml solution) 
Milli2riolos por gram of Adsorbent 

Û riginal Concentration O rigirial Concentrction C rîinal Concentration 
- 0.01011 0.050 M 0.100 M 

Acids Al03 C 3i02 Al0 C 3i02 Al3 C S102 

Formic 0.50O 0.485 0.499 2.465 2.380 2.390 4.435 4.215 4.215 

Acetic 0.5O0 0.285 0.490 1.662 2.137 2.13? 1.910 2.835 2.835 

Propionic 0,500* 0.170 0.489 1.235 1,795 1,795 1.350 2.140 2.140 

Butyric 0.500* 0.165 0.489 1.050 1.607 1.60? 1.040 1.965 1.965 

Thobutyric O.500k 0.08o 0.476 0.987 1.482 1.482 1.025 1.725 1.725 

Valono 0,500* 0.192 0,481 0.967 1.480 1.480 1.085 1.695 1.695 

Isovalenic 0.500- 0.137 0.486 0,897 1.415 1,415 0.945 1.680 1.680 

Caproic 0.500* 0.212 0.477 0.910 1.400 l.00 1.035 1.600 1.600 

* Complete Adsorption. 
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Perhaps this can be explained also by consideration of 

solubilities and heats of wetting as MoBain lias done in the 

caso of benzene. Petroleum ether is probably the most non- 

polar of all the solvents UBed in this investigation. It 

consists very largely of pentanes and hexanes thich have 

very low dielectric constants. Normal pentane and normal 

hoxane have dielectric constants of 1.8 (3, p.89) and 1.97 

(3, p.91) respectively at 20°C. This is even lower than 

the dielectric constant of benzene. The data show a rever- 

sal of Traube's rule, The only exceptions to this are the 

0.010 M solutions of valerie and caproic acids. All the 

iso-acids show a decrease in adsorption from the normal 

acids. The reversal of Traube's rule can again be ex- 

plained by assuming that the non-polar character of the 

petroleum ether is greater than that of the charcoal thus 

keeping more of the acids of lower polarity in solution. 

In general te data seem to fit the Freundlich 

equation. Formic, isovaleric, and caproic acids however 

do not yield good straight lines. These curves aro shown 

in Figua'es 18 and 19. 

Alumina as Adsorbent, Elere as with bonzerie the 

data indicate complete adsorption from the 0.010 M solu- 

tions. This time there is no exception. That this result 

should be simIlar to that obtaT nod for benzene is reason- 

able since petroleum ether and benzene are both non-polar 
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solvents. The adsorption from the more concentrated solu- 

tions is even greater than that obtained from benzene 

solutions. It ts 88 per cent complete in the case of 

formic acid from the 0.100 M solution nd 98 per cent corn- 

plete in the case of formic acid from the 0.050 M solution. 

The data show a reversal of Traube's rule0 Caproic acid is 

an exception and valeric acid is also an exception in its 

0.100 M solution. These largo adsorptions and the reversal 

of Traube's rule can be explained by a consideration of the 

polarity of the alumina and the extreme non-polar character 

of the petroleum ether. The iso-acids are less strongly 

adsorbed than the normal acids. 

The data oould not be plotted because of the corn- 

plete adsorption from the 0.010 M solutions. These data 

seem to indicate that a saturation point has not been 

reached since the adsorption increases regularly as the cor 

centration increases. These high adsorptions in the case 

of petroleum ether invalidate the idea that a saturation 

point might have been reached in the case of benzone and 

alumina0 

Silica Gel as Adsorbent. Here again the data show 

tiìat the adsorption is much greater wdon petroleum ether is 

used as a solvent than when benzene was used as the solvent. 

The data indicate a reversai of Traubet s rule with the only 

exceptions being valerie and isovaleric acIds from the 



0.010 M solutions. Considering 

solvent and the polar nature of 

seem reasonable. The iso-acids 

than the normal acids except in 

the 0.010 M solution. 

Figures 20, 21, 22 and 2 
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non-polar nature of the 

adsorbent these results 

less strongly adsorbed 

caso of isovaleric in 

ow how the data follow 

the Freundlich equaton. In onera1 the relationship is 

not followed too well. Formic, butyric, isovaleric and 

caproic acids gvo fairly good straight linos. The data do 

not hold with the Lanuir equation even as well, 

VALUES 0F k AND ! TIE FREUNDLIC'[ ADSORPTION EQUATION. 

In tables 6, 7 and 8 are given the values of the constants 

k and . from the Freundlich adsorption equation as calcu- 

lated from the data obtained tri this investigation. These 

constants were obtained from the isotherms in Figures 3 

through 23. The values are the siopes of the lines and 

the k values are the values at the points where t:ìe con- 
n 

centrations equal i mole per liter, thnt is to say where 

log e equals zero. 

Several attempts have been made to correlate the cors 

stants of the reundlich adsorption equation with adsorpti 

behavior on a chromatographic column (5, pp.39-41) (11, 

pp.1584-1588). í1any of these involve attempts to calculate 

R, the ratio of the movement of the chromatographic zone to 
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the movement of the liquid, from these adsorption constants 

(9, p.4113). Although no complete general relationship has 

been definte1y established, in a qualitative manner R in- 

creases as the value of k in the Freundlich equation de- 

creases. 

Table 6 shows that of the four solvents considered, 

water ives the lowest k value for formic acid, benzene 

gives the lowest k values for acetic and propionic acida 

(the alcohol k values are very close to the bonzone k 

values in these two cases), alcohol gives the lowest k 

values for butyric and isobutyric acids and benzene again 

gives the lowest k valaies for valeric, isovaleric and cap- 

roic acids. If charcoal were being used as a chr'omato- 

graphic adsorbent then these solvents vfnich give the lowest 

k values thould give the largest R values. Since R is the 

relative rate at which any zone moves down the coluiim, 

water would be expected to be the best eluant or developer 

for a zone containing adsorbed formic acid. benzene would 

be the best eluant for acetic and propionic acids with al- 

cohol running a very close second. Alcohol would be best 

for butyric rmd isobutyric acids, and benzene best for 

valeric, isovaleric and caproic acids. From the standpoint 

of solubility these results appear to be fairly reasonable 

except in the cases of acetic and propionic acids where it 

would seem that alcohol would be a better oluant than 
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benzerie instead of running a close second to benzene. The 

effect of the non-polar charcoal, however, is to somewhat 

nullify the solubility factor thus making pxedictions more 

difficult. It should be remembered also that the data ob- 

tained for several of the acids did not yield good straight 

lines. The and k values obtained from these isotherm3 
n 

would be at best only approximations. 

Table 7 shows that water has smaller k vs.lues thtn 

either alcohol or acetone for formIc, acetic and propionic 

acids when alumina ±s being used as adsorbent. The R 

values, that is to say the relative rates at which zones 

containing these acids will move down a coluiîri of alumina, 

will then be larger for w-ater than for alconol or acetone. 

Jater would then nalca a better developer or eluant in the 

case of these three acids than alcohol or acetone. In the 

cases of the other five acids it can be seen that alcohol 

would make the best eluant or developer for a chromato- 

graphic column of alumina since it rias the smallest k 

values in all these casos. These results in the case of 

alumina are about what would be predicted also from the con- 

sideration of solubility and polarity. 

If silica gel were being used s the chromatographic 

adsorbent then it can be seen from Table 8 that benzene 

would make a better eluant or developer for all of the 

acids tan would petroleum ether since benzene has lower k 
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values and thus larger H values. This seems reasonib1e 

since benzene is more polar than petroleum ether and should 

be a better solvent for all of the acïds. 



Table 6. 

Values of and k for Adsorption of Acids by Charcoal 

from Water, Alcohol, Benzene and Petroleum Ether 

Formic Acid Acetic Acid Propionic Acid 

Solvent____________ ______________ 

Water 0.503 4.80 0.573 6.65 0.535 10.3 

Alcohol 1.232 30.0 0.531 0.455 0.466 0.310 

Benzene 0.525 7.10 0.253 0420 0.234 0.298 

Petroleum Ether 0.388 12.2 0.330 1.41 0.411 1.03 

Isobutyric Acid 

Solvent k 

ater G520 14.2 

Alcohol 0.362 0.132 

Benzene 0.304 0,315 

Petroleum Ether 0.493 0,722 

Valerio Acid 
1 
n k 

0572 40,5 

11l8 2.25 

0.762 1.10 

0.475 2.07 

Isovaleric Acid 
i k 

0.540 27.7 

1.178 1.70 

0.290 0.240 

0.432 0.850 

Butyric Acid 

0.498 15.3 

0.583 0.250 

0.214 1.78 

0.401 1.21 

Caproic Acid 
i 
TI 

k 

0.575 38.3 

0.867 1.20 

0.235 0.219 

0.500 2.71 

C) 
-J 



Table 7, 

Values of and k for Adsorption of Acids by Alumina 

from Water, Alcohol, Bonzene and Petroleum Ether 

Formic Acid Acetic Acid Propionic Acid 
1 1 1 

ßolvent k k 

Water 0.120 0.385 0.113 0.787 0.122 0.807 

Alcohol 0.202 2.31 0.lhO 1.17 0.154 1.03 

Acetone 0.190 2.03 0.174 1.39 0.151 1.19 

Isobutyric Acid 

Solvent 
1 

k 

Water 0.127 0.830 

Alcohol 0.168 0.840 

Acetone 0.153 1.04 

Valerio Acid 

k 

0.298 2.55 

0.206 1.04 

0.150 1.10 

Isovaleric Acid 

k 

0.273 1.91 

0,188 0.890 

0.136 0.933 

Butyric Acid 
1 
n k 

0.202 0.940 

0.129 0.826 

0.141 1.08 

Caproic Acid 

k 

0.348 3.06 

0.212 1.12 

0.161 1.20 

C) 



Table 8. 

Values of and k for Adsorption of Acids by Silica Gel 

from Benzone and Petroleura ither 

Formic Acid Acetic Acid Propionic Acid 

Solvent k k k 

Benzene 0.502 12.5 0.351 4.12 0.384 3,3.7 

Petroleum ther 0.320 17.4 0.16 8,00 0,240 4.70 

Isobutyrio Pcid 

Solvent k 

Bonzerie 0.354 1,04 

Petroleum Ether 0.249 3.09 

Valerie Acid 

k 
n 

0.403 2.10 

0.227 3.42 

Isovaleric Acid 
1 

b. 

0.427 2.01 

0,218 3.15 

Butyric cd 
i k 
n 

0.366 2.23 

0.216 3.70 

Caproic Acid 

k 
n 

0.411 1.89 

r vZt 
'J. 



Iv sUntn1Y 

Data have been collected on the effect of solvent 

upon the adsorption of various acids on some common mor- 

gante adsorbents. The solvents used were water, alcohol, 

acetone, bonzene and petroleum ether. The acids were 

formic, acetic, prop1onc, butyric, isobutyrlc, valerie, 

isovaloric and caproic. Tie adsorbent were charcoal, alu- 

mina and silica el, These data have boon interpreted from 

the standpotht of Traube's rule, the Freundlich and Lang- 

muir adsorption equations, and behavior in chromatographic 

analysis. 

In general the results obtained in this investiga- 

tion have been those which would be expected from consider- 

ations of polarity and solubility. 

rule was found to hold only in the case of 

carbon and water, Pii other cases gave a reversal of 

Traube's rulo or a mIxed series. 

Charcoal adsorbed the acids most strongly from 

petroleum ether, benzene, and 

tion from benzene was slightl 

bum ether and the adsorption 

than that from bonzene. hon 

vent the adsorption was small 

was in most cases zero within 

monts made. Much of the data 

water solutions The adsorp- 

less than that from petro- 

from water was slightly more 

alcohol was used as the sol- 

and when acetone was used It 

the accuracy of the measure- 

obtained using charcoal as 



adsorbent and petroleum ether, benzene, water, and alcohol 
as solvents gave fairly straight linos when log was plot- 

ted against log e indicating that the FreundlIch adsorption 

equation ;ias being followed. The adsorpttons from acetone 

by charcoal were so small that no graphs were possible from 

t"iese data. 

Aluaina adsorbed the acIds very strongly from petrol- 

euni ether and benzene. The adsorption from petroleum ether 
was slightly stronger than that from benzene. Tiiû amount 

of adsorption from water, alcohol and acetone was practi- 
cally identical and was considerably less than from the noi 

polar solvents, Acetone did adsorb slightly nore of the 

acids in most casos than dId alcohol or viater. It was not 

possible to check the data obtaIned with petrolewn ether or 
benzene against the Freundlich or Langmuir equation since 

so many cases showed complote adsorption. Ith only one or 

two exceptions the data obtained with water, alcohol and 

acetone using alumtha as adsorbent gave strait,ht lines wien 

log was plotted against log e IndicatIng that the Freund- 

lich adsorption equation was being followed. 
Silica gel adsorbed the acids most strongly fron 

petroleum ether and benzene. gain the adsorption from 

petroleum ether was somewhat greater than that from benzen 

The acids were adsorbed very little from the water, alcohol 
and acetone solutions. It was not found possible to test 



the data from the acetone and alcoaol solutionz against the 
round11ch or Laniuir equations since in most cases tae 

adsorptîons were zero within the accuracy of the measure- 

ments r iade. In the case of water the adsorption was 

slightly greater; however it did not appear to increase 

with concentration as it should. This was .robably duo to 
negative adsorption. The data in this case did riot give 
straight lines when tested against either the Freundlich or 
Lanjnuir equation. iost of the data obtained when petro- 
leum ether and benzene were used as solvents and silica gel 

ws used as adsorbent gave good straight lines when tested 
against the reundlieh adsorption equation. 

The Freundlich adsorption isotherms plotted rrom the 
experimental data nave been used to rind the v.ues of 

and k from the Freundlich adsorption equation. These 

values aavo been used to nake predictions concerning chro- 
matographic behavior. In general these predictions were 
the same as those which would be arrived at fron considera- 
tions of polarity and solubility. 
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