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SOME cUANTITATIVE ASPECTS OF THE CHROMATOGRAPHY 
OF THE PER ANGA11ATE ION 

I. INTROIXJCTION 

A REVIEW Oi CHROMATOGRAPHY. Chroniatoraphy is the 

term applied to a technique of separation involving the 

passage or a mixture or materials, in solution, thru a 

ooluiin of an adsorbent material. 
Tswett is generally credited with the introduction 

of chrornatographic analysis. His application of the 

method to the separation of ohlorophyfl a and b in 1906 

seems to be its first important use. This was described 

in his book on chromophylls which was published in 1910. 

since it was published in Russian, and the ciar of 1914-18 

soon followed, little application was made of this new 

technique for about twenty five years. The year 1931 

marked a turning point for ohr matography when crystalline 

carotene, believed for a hundred years to be a homogen- 

eous substance, was separated into o - ande -carotene 

by adsorption on a column of alumina. The importance of 

the carotenes shed new light on chromatography and its 
possible use on other important biological materials be- 

came the subject of intensive investigation. This in- 

creased use of adsorbents resulted in the production of 

more active and more selective adsorbents and in much 
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research on the nature of the process of chron3atoraphic 

adsorption and empirical rules were soon beinß compiled 

for the use of the more common adsorbents for more or 

less specific systems. 

In the past fifteen years, extremely important work 

employing chromatography has been done in the fields of 

the vitamins, enzymes, hormones, alkaloids and coal tar 

dyes and, in addition, numerous industrial uses have 

come to the fore. These include control operations and 

detection of adulterants in such materials as wine, 

butter and coffee. 

In general the uses or chraatogrphy may be 

itemized as follows: testing for homogeneity, compari- 

son of substances suspected of being identical, concen- 

tration of substances from dilute solutions, identifica- 

tion, estimation and isolation of the components of a 

mixture, purification of a material from minor con- 

taminants and determination of molecular structure. 

Chromatography involves the passage of a solution 

of two or more solutes throub a column of adsorbent 

material upon which the solutes are differentially 

adsorbed. This difference in adsorption causes a 

separation and, if the materials so separated are colored, 

as were the first materials studied, the result is 
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v1suELUy evident and. a chromatogram is obtained. This 

chromatogram may be used in several ways. In its own. 

right it is qualitative evidence of the existence of the 

observed components in the mixturo. Under carefully 

controlled conditions, and especially in a coraarative 

sense, the chromatogram may be used quantitatively by 

nioasurernents of the extent of the colored zones. More 

accurate quantitative measurements may be made by ex- 

truding the column fran the supporting tube and manually 

separating the parts of the column containing the 

various components, which may be thon extracted by a 

suitable solvent and actually determined by other eanz. 

A separation also may be effected by- washing the ad- 

sorbed xrLaterial down the column until they successively 

leave the column in the wash liquid which is received 

fractionally. 

The columns are generally of glass so that the 

results are under constant observation, although some 

separations have been effected in columns of other 

materials where glass was not practicable. The size of 

the column may vary from i mm internai diameter, in 

semi-micro work, to as much as 12.5 cm in some oases. 

The length is generally from a few centimeters to around 

a meter. 



4 

The adsorbent is held in the eolwnn by a plug at 

the bottom made up of some porous material such as 

cotton, glass wool, fritted 1ass or clay. The material 

used is determined by the requirements of the situation. 

Cotton is convenient if an observable chromatorara only 

is desired. However, if the material passing thru is 

important, or if separation by elution is to take place, 

then the adsorptive power of the cotton must be con- 

sidered and a less adsorptive material may be indicated. 

The solution is frequently allowed to pass thru the 

colwnn under gravity flow only, although suction and 

pressure are both sometimes used with the more compact 

adsorbents. There have been occasions where it has 

been necessary to perform the experiments in an inert 

atmosphere. 

The adsorptive materials from which columns have 

been made are diverse but only a few have wide a.ppli- 

cability. The requirements are adsorptive 

whiteness, lack of solubility in the solvents used and 

chemical inertness toward the materials adsorbed. The 

necessity for the last two is obvious. Whiteness is 

highly desirable in order to make clear observations 

aitho some deviation in this regard may be tolerated in 

certain special cases. Carbon, one of the best 1own 
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ad8orbents, Is of little value In etiromatoraphy because 

of its color. Adsorptive power does o.ot necessarily 

have to be very high as a high adsorptive power may 

overshadow the small difference in adsorptIon ot two 

components which woild separate on a material not so 

adsorptive. 

Alumina has received the most attention as an ad- 

sorbent for this purpose. The grades used vary from a 

most highlr refined and activated alumina to ordinary 

hydrated alumina. Other adsorbents used include magnes- 

luxa oxide, calcium hydroxide, &ilioa gel, talc and sugar. 

-hydroxy quinoithe has received sanie attention as an 

adsorbent because of its ability to fo colored corn- 

pounds with inorganic ions by reversible chemical reaction. 

Frequently consideration of rate of percolation 

reqiires that the adsorbent be mixed with sii inert mater- 

ial called a filter aid. For some purposes mixed adsor- 

berits are used and occasionally columns are composed of 

layers of different adsorbents. The purity of adsorbants 

must be considered and it is not always most desirable 

that the purity be of the highest since the impurities 

may be essential to the adsorption In an exchange type 

reaction. 

These adsorbants are packed into the column either 

dry or wet depending upon the material characteristics 



and the size of the column. A good packing job is of 

importance in obtaining a good chromatogrern as a poorly 

packed column will let the solution throagh in one sot 

more easily than in another and the colored bands will 

be extremely erratic and tho separation poor. 3ometlmes 

tarnpinr or pressing is used in forming a column. 

The choice of a solvent is based principally uton 

the solubility of the materials to be adsorbed and the 

activity and solubility of the adsorbent. The adsorption 

frein the solvent should be neither too strong nor too 

weak. A mixed solvent mny ansver the purpose. Much 

used solvents are petrolewia ether, carbon tetrachlorïde, 

carbon disuiphide, ether, acetone, benzene, toluone, al- 

ohols and water with various pff adjustments. Once 

the adsorption has taken place upon the column it will 

probably be necessary to develop the ohromatoparn with 

a d.ifferent liquid, called an eluent, in order to cause 

a widening of the zones and further separation between 

them. The lower alcohols are rauch used as cLients, 

frequently with only a few per cent of them added to the 

original solvent. 

It is essential to obtaining a good chroiaatogram 

that air never be allowed to enter the column as this 

will ruin further elution. 

The identifïcation of the materials adsorbed on the 
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column may be visui]. lt there is no doubt as to the 

colors or the constituents. â proeess, also called 

development but not involving a movement of the adsorbates, 

may be used which involves the drawing of a licjuid or 

'aseous reaent thru the tube to cause the rorinatjon of 

colored cornpoands. Por rn'e positive identification it 

niay be necessary to extrude the column, without altering 

its shape, and then to paint strips down the side with 

variofls reaont. The rocess of extrusion wor&s very 

well with sorne columns and not at ail with others. 

Silica el seenis im)o8sible to extrude. The extruaed 

column is sometimes cut into sections and. these extracted 

for further identification. The use of ultra-violet 

light, radioactive tracers anU empirical sectioning are 

techniques applicable to the examination of colorless 

compounds. Aitbo the term ohrornatogiaphy implies color, 

it is used to describe this method of analysis whether 

color is resent or not. 

REC;T WO1K ON THE THEORY OF CffiOMATOGRAPHY. Altho 

the nature of the phenomenon of chromatography has been 

roughly understood from the time of the earlier workers 

in this field, no attempts at quantitative treatment, by 

means of which redictions may be made, apeared until 



the work of Wilson (8) in 1940. 

In this work, for the purpose of sip1ification, 

assumptions were irade that diffusion was negligible, that 

equilibriuiu was instantaneously obtained between adsorbed 

riateria1 and the solution in ßontaot with it, and that 

the interstitial voiwne in the column was negligible. 

The process of forniation or development of tite chroxnato- 

gram was treated as a succession of steps: in each step 

a small element or volume was allowed to pass through 

the column, which was considered as being divided up 

into a large. nuxiber of thin layers perpendicular to the 

wall of the tube. The effects of the individual steps 

were sumrned and a limiting value was found for the swra- 

tion by 1ettin the thickness of the layers and the 

magnitude of the elements of vo1ume become infinitesimal. 

This reasoning presents a physical explanation for the 

disóontinuous nature of the band. As an infinitesimal 

element of volume passes over an infinitesimal element 

of length, just beyond the leading edge of the band, it 

deposits an infinitesimal amount of solute. The concen- 

tration of the solute in the element of volume decreases 

in this process, however, by a finite amount so that 

the concentration of the solution becomes zero in a small 

number of infinitesimal steps, i.e., within an infini- 

tesimal distance from the leading edge of the band. 



Cons1derin interstitial volume Wilson reached the 

conclusion that the band should reach constant width aM 
should migrate at a rate proportional to the original 

concentration, the weiht of adsorbent per unit length of 

column, the interstitial volume per unit length of 

column and the adarption isotherm. His arunient was 

as follows: lot the interstitial voLime be cc. Then 

the initial width or the band when a volume y of solu.-. 

tion of concentration e has entered the oolwnn is 

+ Mr(c3)) where M is the woiht of adsorbent 

per unit length of coluuìn and f(o) is the adsorption 

jsother. The amount of the sOlu.t3 per centimeter length 

of the band has the uniform. value 
c + Mf(o0). 

When a snll volume A y of solvent (using the same 

solvent as was used in fomtng the band and adding it as 

soon as the solution has all entered the colu) enters 

the column the liquid v:ithin the column will be displaced 

a distance v/« . A volume of solution A y, whose 

concentration Is o leave the lower edge of the band 

and. will form an extension to the band of width 

A vo0/( 0 Mf(o0)). The upper edge of the band has 

migrated a distance x and since the liquid between 

this point and point x = O bas not passed thru any part 

of the band, the volume of' solvent used to dissolve the 



solute formerly adsorbed between x = O arid x= A X is 

4 y - x. If the concentration of solute in this vol- 

ume of solvent has reached the volume then 

(Av -øAx)00 = Mf(o0) A 

and troia this equation 

AVO 
o 

00 + Mf(o0) 

Thus is reached the conclusion regarding constant width 

and the rate of miration. When the eluent differs from. 

the original solvent the band width should change to 

a new value dependent upon the adsorption isotherm for 

the eluent and should remain constant at that value. 

The explanations so tar have dealt with only a 

single solute. iison dealt with the formation of a 

mixed chromatogram, first by assuming that the adsorp- 

tion isotherm for each solute is a function of the con- 

centration of that solute alone. But since this is 

seldom the case, he developed equatiois using a term 

f( o1 , C2, 0, . . .c) , and the form of this function is 

not predictable from the adsorption isotherme 
i:jj 

apply to pure solutions of the individual salutes. 

ilson used Lannir adsor.Ltion isotherias of the type 
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q1/mA 
- ajcj 

where q1/m is the amount of the i'th solute adsorbed per 

unit weight of rteriaI, A is a cistant characteristic 

of the adsorbent and a1 is a constant characteristic of 

the l'tu solute. The suation Is taken over all solu.tes. 

This isotherm was chosen because It affords a representa- 

tion of the effect of one solute in lowering the adsorp- 

tion of another. 

Wilson called attention to the fact that his theory 

differed from earlier theories in that the first color 

zone was assumed not to be only the most strongly adsorbed 

solute but to contain some of each solute initially pre- 

sent, In proportions determined by the inItial concen- 

tratlon and the adsorption Isotherme. WIlson verified 

this fact by taking the top band from seven obtained 

from a leaf extract and re-chratographin it on a new 

column. A new series of' seven bands, roughly proportion- 

al in color and width to the original bands, was obtained. 

fleVault (3) examined wilson's theory and attempted 

to expand it. By means of equations and three dimension- 

al plots he showed that Wilson's equations would predict 

diffuse as well as sharp boundaries. If the second 
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derivative or the adsorptloL! isotherm is neat1ve, the 

1eadin boundary will be sharp and the rear boundary 

diffuse while a positive second derivative will give a 

diffuse leadin boundary and a sharp rear boundary. Wci'k 

of Cassidy (2) wa evaluated by DeVault and his equatlorw 

found to ;ive good areenent with the experiìiental data. 

Uassidy studied the adsorption of lauric acid on charcoal 

freni petroleum ether solution and measured the concentra- 

tion of the solution flowing out of the bottom of the 

column as a function of the amount that has flowed out. 

This gave a good 4cture of the width of the band and 

character of the boundaries. 

Cassidy (1, 2) experimented with laurie and stearic 
acids to find out whether wilson's sirler calculations 

could be used and found that the influence of each acid 

UpOn the other was very marked in some cases and concluded 

that it was not possible to predict from a conarison 

of the adsorption isotherm of the nire fatty acids, 

whether or not they will be sepa rable from mixtures on 

adsorption colLzmns. This work, also, illustrated the 

necessity for consistency in the activation of adsorbents 

as Cassidy worked with eight carbons and several aluminas, 

all as obtained commercially, and found large differences 

in the actions including reversal of band position on 

one of the carbons. 
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LeRosen (4) had considerable success In determining 

the relative position o cartenoids on a calciuni hydrox- 

ide column by making separate measurements or the rate 

01' movement for each pigment. Taking the rate of one, 

lycopene, aS a standard, calculations were made ac to 

the relative positions of the coìtionent of a ìdxture 

and good agreement was found with experimental re8ults. 

Later (5) LeRosen did some work with silicio acid-Gelite 

mixtures (Celite i a filter aid) and found definite 

linear relations between amount of silicic acid in the 

mixture and a function of the rate of iaoveinent of the 

band relative to the rate of flow of the developing 

solvent. lie fOLnd that R : 1/(k + 1) vihere R is the 

ratio of the dislacement of the zone/displacement of the 

solvent, and k is the weight of adsorbed solute per unit 

length of column divided by the concentration of the solu- 

tion. rhis was derived us follows: if a solution of 

concentration o is poured on a column until the leading 

edge of the band of adsorbate reaches the borndary of 

a unit of volume, assuxnin that equilibrium is attained 

and that simultaneously the solute reaches the bound- 

ary at concentration c, the total amount of dissolved 

and adsorbed solute in the zone is (k + 1)c. To intro- 

duce this amount of solute the solvent must move 
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thru k 4 1 elements of volume vxhile the zone has moved 

thru one element giving the rate ratio as 1/(k i 1). 

In further work on. chromato;raphy (6) LeRosen in- 

vestigated. the relationship of R, as defined above, 

and initial concentration and. initial volume for the 

system ilieie acid-benzene-o-nitroaniline. lie studied 

R's for both the leading and tra1lin) edges (R1 and 

end found that R1 varied with the initial concentration 

and, to a less extent, with the initial volume. 

seemed to be independent of these factors and LeRosen 

ascribes this to the time necessary to desorption at the 

trailing edge. lie summarizes his results in an empirical 

equation for R1 containing V0, the initial volume and 

the initial concentration, as variableso He found that 

this equation which ;ave reasonable aeement with expon- 

mont, indicated that R did not approach Rt as e became 

small. A most valuable piece of work was performed by 

LeRosen in this paper as he brought together some twenty 

terms, which had previously been used rather erratically, 

and defined them as most coìnmoni3r used, ascribed letters 

to represent them and stated their sources. 

STATiM'T OF PROBL)li A consideration of the work 

described in the previous section seemed to indicate that 

similar treatment of the chromatography of inorganic ions 
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might lead to data to be correlated with the above 

toward a more complete explanation of the phenomenon of 

chromatography. The problem was limited to the examina- 

tion of one ion and the dependence of its band character- 

itics uoori initial volume ana. initial concentration. 
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II. iPERIIvtTAL PROGLLJRES 

APPARALUS. The column used in this work was a glass 

tube 15 cia in length and with a diameter of 1.23 em. The 

cross-sectional area was sufficiently uniform for work 

of this type. 

This column was s toppered, top and botton, with 

one-hole rubber stoppers. From the bottoía stopper a 

piece of ordinary glass tubing nade connection with a 

suction flask which served as a support and to receive 

the solutions from the column. The tip of a 25 ml 

burette vas inserted thru the top stopper. 

From an adjacent ringstand a transparent rule, 

graduated in , was supported in such a manner that it 
could be adjusted i;iuuediately in front of and parallel 

to the column. A daylight titration lamp was used to 

supplement natural light for the observations. 

MATERIALS. The adsorbent was activated alumina 

as prepared by the luminum Company of America. It 
was -80 mesh, and contained particles to 300 mesh. This 

grade of alumina is supposed to be similar, with respect 

to its adsorptive properties, to that standardized accord- 

ing to Brockmann ('7, p. 56) which has been a standard in 

Germany but which has been very expensive. 
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This alumina was heated for 15 rninites to about 

with iN 11NO3, then washed free of acid. The acid 

wash is necessary for the adsorption of anions (9, p.22). 

It was heated to aid in the removal of any adsorbed 

gases. It was observed upon washing to come to a rather 

constant pff of 3.5. The alumina was then kept under 

water and used as needed. 

Potassium pernganate in a saturated solution pro- 

vided the peran.anate ion which was under observation. 

Dilutions were made from the saturated solution to obtain 

the varied concentrations desired. The original perraan- 

ganate solution contained 49.4 mg of permanganate ion 

per ml. O.1N anirioniun hydroxide was used as the eluent. 

MLEflIODS. A cotton pad was used above the bottom 

stopper in the column. A slurry of alumina was poured 

quickly into the column and the tube was tapped vigor- 

ously to settle the adsorbent. A circular piece oi' filter 
paper was laid on the top of the alumina to prevent the 

disruption of the top of the column when liquids were 

added. Water was poured thru the colurûn and it was not 

allowed to go dry during these preparations. The pipetted 

portions of permanganate solution (a graduate was used 

for the 8 ml, 16 ml, and 32 nil portions) were added to 

the top of the column just as the top of the column was 
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reached by the last of the water. As the last or the 

permanganate reached the top of the oolux, water was 

added and. this was continued until the band reached its 

maximum width under these conditions. The water did not 

elate the band but simply spread it until there was none 

in the interstices. As niuch as thirty or forty ml of 

water ere added with no observable movement of the band. 

As the last of the water disapeared into the colun, 

the eluent was quickly flowed into the top or the oolwm 

and the stopjìer torced into the top of the tube. With 

the stopcock closed the readings of the burette and the 

edges of the band were niade, then the elu ont allowed to 

flow thru the colwnn at a rate of about i to 2 ml per 

minute. After each addition of 5 ml the flow was shut 

of 1' for a few seconds and readings made. 

This procedure was adhered to in every detail in 

order to eliminate, to the greatest extent possible, 

errors caused by varied procedure. 



19 

III. EXPERDVENTAL RESULTS AND DLCLTSSION 

In the manner described in the precedin section, 

the band widths were read as they were found at the top 

of the column when no further deve1oent of the leading 

edge was observed upon further elution with water. These 

data for the various voliines of permanganate solution, 

vo, of the several concentrations, co, which were nade 

by diluting the original saturated solu.tion, are pre- 

sented in Table I. 

For purposes of analysis, the original band widths, 

B, were plotted on straight coordinate paper as ordi.- 

ates with the volumes as abscissas. The curves obtained 

with concentration held constant are illustrated in 

Graph Ì. These seer1ied to indicte a relationship of 

the type covered by the equation y 1". The B and 

concentration values were plotted on log-log paper (see 

Graph II) and a series of straight lines obtained which 

justified the above assunption. Qn this basis a tenta- 

tivo equation 

log B0= log k + n log 

was set up. The Intercept values, k, troni the log-log 

graph were plotted, on straiht coordinate paper, against 

concentration and found to give a straight line. Using 

the equation k = mx + b with ra the slope and b the 
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TABLE I 

RELATIONSHIP OF ORIGINAL BAND WIDTHS TO V0 AND 

Volume B expon- B calcu- Deviation 
in o o based on 

Cono. nil niental cm lated orn Exp B0 orn 

Saturated 2.0 5.0 $.O 0.0 
'i LO .8 3.4 
f, 0.6 2.5 2.2 
u 0.25 1.5 1. 0.0 

Sat/2 2.0 3.3 3.0 -.0.3 
n ).0 1.6 1.8 40.2 
's 0.5 liii 1.2 +0.]. 
't 0.25 1.0 0.8 -0.2 

Sat/4 8.0 5.4 3.9 -1.5 
t? 4.0 3.4 2.8 -0.6 
t, 2.0 2.0 1.6 -0.4 
't 1.0 1.? 1.]. -0.8 
't 0.5 0.? 0.? 0.0 
't 0.25 0.6 0.4 -0.2 

Sat/8 16.0 4.9 4.0 -0,9 
't 8.0 3.0 2.6 -0.4 
't 4.0 1.'? 1.7 0.0 

3.0 1.5 1.4 -0.1 
2.0 1.1 1.1 0.0 
1.0 0.? 0.? 0.0 

Sat/16 32.0 4.6 4.6 0.0 
2.4 2.9 +0.5 

t, 8.0 1. 1.9 40.4 
4.0 1.1 1.2 .0.1 
2.0 i.8 0.8 0.0 
1.0 U.b 0.5 0.0 

Avorae Deviation t 0.28 

Average Deviation dropping 4 worst values 

t 0.16 
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intercept, k was fou.nd equal to (3.O5c 0.3). The 

slope values, n, from the log-los graph were thon plotted, 

on straight coordinate paper, against concentration and 

a straight line again obtained. Us1R the equation 

n = mx 4 b aain, with b as intercept and ni as slope, 

the value for n, in terms of concentration, was found to 

be (-0.07e0 4 O.&5). 

Substituting these values in the original equation 

ave the following: 

log B0 = log (3.O5c 4 0.3) # (_0.O?c 4 0.65) log y0. 

The various y0 and values, as used experimentaUy, 

were substituted in this equation and the resulting 

B values as calculated are presented in Table I with 

the deviations based on the experimental value of B 

An identical line of reasoning was followed in 

analyzing the data for the developed band widths, Bd, 

which were band widths at maximum width during the de- 

velopìnent with the eluent. With very few exceptions 

this maximum width was reached after the addition of 

the sixth 5 ml portion of eluent. The curves obtained 

by plotting Ba against y (see Graph III) and the re- 

lationships on log-log paper (see Graph IV), and those 

of the intercepts and slopes so obtained were the same 

type as those found for B0 and the 
following equation 

was derived: 
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log Ba = 1o' (2.63.c + 2.09) + (O.O2bôc0 .- 0.246) log 

he various y0 and. e values as used experimentally .;ere 

substituted in this equation and the Bd values so calcu- 

lated are present ed in Table II with the experimental 

values and the deviations based on the experimental 

values. 

The rate at which the bind moved down the column, 

R, as described by Lekosen (61 (rate of movement of bard! 

rate o movement of li:uid in adsorption column) was next 

examined. The characteristics of the column had to be 

determined and this was done as follows The dry tube 

wa. weihed. A weighed portion of dry adsorbent was made 

Into a slurry nd a coiuìin made from this in precisely. 

the same manner as the previous columns were made. when 

the sater just disappeared into the column the flow was 

stopped from the bottoni, the column length measured, and 

the tube and adsorbent and water weighed. This was 

repeated and the characteristics calculatecL ;ivin the 

foliowin: 

Weiht of adsorbent p ' er ein column length 1.112 g 

Interstitial volume per cm column length 0.846 ml 

TO test the reproducibility of the column this piece 

of work was repeated three times and the error cal- 

cuDitej as bein within i 1.2% for the weight of 



25 

TABLE II 

RELATIONSHIP OF DEVELOPED BAND WIDTHS TO V0 AN) 

Volume Ba experi- B cal- 
d 

Deviation 
in based on 

Cone. in3 mental culated Exp Bd in orn 

Saturated 2.0 5.2 5.7 
ft 1.0 5.0 4.7 -.0.3 
f, r c 

'J . J 
o 

J u .1 
Q 

tI . '_J s 

n 0.25 3.0 3.2 +0.2 

Sat/2 2.0 3.9 4.1 +0.2 
t, 1.0 3.3 3.4 ¿0.1 
I, 0.5 2.8 2.8 40.2 
if 0.25 2.3 2.4 0.0 

Sat/4 8.0 5.2 4.6 -0.6 
't 4.0 4.]. 3.9 -0.2 
ft 2.0 3.4 3.3 0.1 

tt 1.0 3.3 2.7 -0.6 
't 0.5 2.3 2.3 0.0 
't 0.2b 2.3 1.9 -0.4 

Sat/8 16.0 4.? 4.8 fO.1 
't 8.0 3.7 4.1 +0.4 
't 4.0 3.2 3.4 +0.2 
tI 3.0 2.9 3.0 0.0 
't 2.Q 2.9 2.9 ¿0.1 

1.0 2.3 2.4 

Sat/16 32.0 5.1 5.3 '0.1 
tI 16.0 3.8 4.5 +0.9 
It 8.0 3.3 3.8 0.5 
11 4.0 - 2.7 3.2 +0.5 
't 2.0 2.4 2.? +0.3 
11 1.0 2.0 2.3 +0.3 

Average deviation ±0.2? 

Average deviation dropping worst 3 values ±0.21 
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adsorbent and within± 2.5% for the interstitial volume. 

The R values were based on the nioveinent of the band 

as nieasured during the passage of 30 ml of eluent into 

the colwnn. This volume was selected because lt carried 

most of the bands to their rnaxiniuxn and constant widths. 

The movement of the liquid In the column was obtained 

br dividin' the 30 ini by 0.846, the interstitial volume, 

giving a movement of 35.4 cm. for this volume. This move- 

ment of 35.4 cm was diminlohed, however, for the calmi- 

lation of the rate of the leadin.: edge, R1, by the width 

of the original band and the amount of the movement of 

the leading edge. 

The R1 values so calculated (see Table III) were 

plotted against y on straight coordinate paper, and 

found to give a series of straight lines of varying 

slopes and intercepts but with enouh regularity to this 

variation to justify an attempt to formulate an equa- 

tion to relate R1 to y0 and c (see Graph V). It was 

decided that an equation of the type y = mi + b might 

serve: 

R = mv.b 

When the slopes from these lines were plotted against 

o 
a straight line wan obtained, and from its slope and 

intercept m was found equal to -0.0448cc. The intercepts 

of the original curves plotted against C0 did not give a 
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T.ABL III 

RELATIONSHTP OF R1 TO 

Volume R1 experi- R1 cal- Deviation 
in based on 

Cone. ini mental culated R1 Calo. 

Saturated 2.0 0.202 O.l5 -0.047 
n i.o 0.274 0.200 .0.074 
n 0.5 0.246 0.223 .0.O23 
t, 0.25 0.242 0.234 èO.008 

Sat/2 2.0 0.225 0.228 +0.003 
f, 1.0 0.247 0.250 +0.003 
n 0.5 0.261 0.261 0.000 
n 0.25 0.264 0.264 +0.002 

Sat/4 8.0 0.200 0.195 -O.00 
n 4.0 0.245 0.240 -0.005 
n 2.0 0.265 0.263 -0.002 
n i.o 0.281 0.74 -0.007 
n o.s 0.280 0.279 -0.001 
n 0.25 -0.011 

Sat/8 1b.0 0.0 0.202 -0.016 
n 8.0 0.241 0.247 +0.006 
n 4.0 0.276 0.269 -0.007 
n 3.0 0.270 0.275 40.005 

2.0 0.299 0.281 -0.018 
1.0 0.62 0.286 +0.024 

Sat/16 32.0 0.247 0.206 -0.041 
n i.o 0.260 0.251 -0.009 
" 8.0 0.274 0.274 0.000 
n 4.0 0.285 0.285 0.000 

2.0 0.291 0.290 -0.001 
1.0 0.292 0.292 0.000 

Average deviation t 0.012 

Average deviation dropping 3 worst va1uesO.007 
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straight line but the gouare roots of these v8lues did. 

From the slope and intercept of this line b was found to 

be (O54? - 0.0520)2. This p,ave as a finished equation 

R, (0.547 - 0.052e )2 0.0448e y 
.- o 00 

The calculated R values froii this equation are pre- 

sented in Table lU with the deviations based on the 

experimental values of R1. 

In considering the deviations of the B0 and Bd cal- 

culated values it is noteworthy that a possible error of 

±0.2 cm is introduced by the difficulty of readin more 

accurately the somewhat diffuse band edges. Other sources 

of possible error are, the rather coiwion occurrence of the 

liquid passirig down along the cylindrical glass surface 

at a greater speed than down the raid1e of the solid phase, 

and the varied nature of the columns, since each band re- 

quireci the formation of a new column. The agreement be- 

tween the experimental and calculated values for B and 

Bd, in consideration of the above, is very good. 

The possible error of ± 0.1 cm from reading one 

edge gives a possible error of ± 4% in R1 experimental 

values. The other sources of possible error mentioned 

are also present and, considerin, this, the agreement 

between the experimental and calculated values for R1 

is fair. 
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Iv. StThIMARY 

Chroniatographic columns were forred from activated 

alumina and a study of the adsorption of permanganate 

ions upon these colwnn$ was carried out, The rnaxirnwa 

widths of the pernianganate bands upon the column, after 

e1ttioii with water, and after elution with O.1N NH4OH, 

were measured, and also the rate at which the bands ioved 

dovn the eolurLifl relative to the xaovernent of the elu.ent 

in the column. From graphs of the data so obtainect, 

equations were forriiulated which related the band widths, 

under these conditions, and the relative rates of move- 

ment of the banth, to the volume and concentration of 

the solution of permanganate Ion originally poured on 

the columns. 
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