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(i) Dispersion, London, or non-polar, forces arising from synchronized variations
in the instantaneous dipoles of two interacting species; these are present in all cases,
and are the only sources of attraction energy between two non-polar substances.

(ii) Induced dipole, or Debye, forces resulting from the interaction between a
permanent dipole in one molecule and the induced dipole in a neighbouring molecule;
these forces are usually relatively small.

(iii) Orientation, or Keesom, forces resulting from the interaction between two
permanent dipoles, the association energy depending upon both the sizes and posi
tions of the dipoles. (The "hydrogen-bond", i.e. the relatively strong interaction
between negatively charged atoms and positively charged hydrogen in groups such
as OH, NH, and FH, is a particularly important type of orientation force and is of
considerable practical use in G.L.c.)

(iv) Specific interaction forces, and chemical bonding, e.g. complex formation
between solutes and metal ions, or loose adduct formation between solutes and solvents.

These forces of interaction between solutes and solvents govern the relative
volatilities of the solutes and therefore the separation achieved. ~With a non-polar
solvent, non-polar solutes will tend to be separated approximately in the order of
their boiling points since the forces of interaction (dispersion forces) between solutes
and solvent will be similar to the forces between the solute molecules themselves.
Polar solutes will be eluted from a non-polar solvent more rapidly than non-polar
solutes of a similar boiling point, as they will have lost the strong dipole-dipole
association energy which is present in their own liquid [471J. As the polarity of the
solvent is increased the polar solutes will be retarded to a greater extent. Sd'1vents of
different polarities have been used by a number of vvorkers [63, 316, 359, 395, 570J to
effect the separation of mixtures of solutes such as aliphatic, naphthenic, olefinic, and
aromatic hydrocarbons. Olefin selectivity increases in a series of solvents of increasing
polarity [359J, e.g. hydrocarbon oil-dinonyl phthalate-dibutyl phthalate-ethyl aceto
acetate-dimethylformamide.

By comparing the behaviour of solutes in two or more solvents it is ofteil possible
to determine (i) the chemical type and (ii) the position of the solutes in their homol
ogous series. JAMES AND MARTIN [316J examined the behaviour of a series of aliphatic
compounds, C5H n -X, and found that the elution sequence in an aromatic solvent,
benzyldiphenyl, is (increasing interaction) :

X = H< C1< Br< 1< KH 2 < N0 2 < OH< COCH 3 < eN,

while in liquid paraffin or a poly-ether the sequence is:

X = H< OCH3 < Br,Cl< 1< N0 2 < COCH 3 < NH 2 < CN<: OH.

The authors stress the usefulness of these sequences, as well as the regular behaviour
within homologous series, for the determination of unknown substances.

The retardation of polar solutes can be made very large if H-bonding can take
place. A clear illustration of this effect is provided in the early work of JAMES AND

MARTIN [313J on the separation of primary, secondary, and tertiary amines using as

Retere.~ces p. 32/43.



VOL. 2 (1959) GAS-LIQUID CHROMATOGRAPHY 9

solvents liquid paraffin, and Lubrol MO (which contains a poly-ethylene oxide
structure). The Lubrol MO retards primary and secondary amines due to H-bonding,
but does not retard tertiary amines. Comparison of the behaviour of mixtures of
amines on these two solvents allows the chemical types of the amines to be identified.

Specific interaction forces prob:ably partly account for the strong retardation of
aromatic hydrocarbons by aromatic solvents, e.g. the I; I picric acid-fluorene addition
compound has been recommended [359, 595-6J as a solvent with very high selectivity
towards aromatic solutes. A solution of silver nitrate in glycol or other solvents has
been shown [37, 63, II3, 212, 391, 473J to retard unsaturated hydrocarbons which
interact specifically with the silver ion to form weak complexes. Metal salts of fatty
acids have recently been proposed as solvents with a high selectivity towards amines
[473, 475J, and amino-acid esters [33J. These open up a new field in which use can be
made of the interaction forces between solutes and metal ions or complexes.

Classification of solute and solvent type

Although the existing theories of solutions do not allow the separation of given solutes
by a given solvent to be predicted in more than a few simple cases, a qualitative
scheme of classification has been put forward [353J. Five classes of substances are
defined in order of decreasing cohesive energy, and a solute will be retained more
strongly by a solvent as the classes to which they belong are closer together. However,
the classification does not explicitly take into account the effects of mutual polari
sability, nor tioes it allow for the effect of forces, such as those of the chemical bond,
which maylead to strong retention of particular solutes by certain solvents.

(I) The molecules form a three-dimensional network of hydrogen bonds. Examples
are: water, poly-alcohols, amino-alcohols, oxy-acids, polyphenols, di- and tri-carboxylic
acids.

(II) The molecules possess active hydrogen atoms as well as electronegative
atoms with free pairs of electrons (O,N,F). Examples; alcohols, fatly acids, phenols,
primary and secondary amines, oximes, nitro-compounds and nitriles with a-H atoms.

(III) The molecules possess electronegative atoms but no active hydrogen.
Examples: ethers, ketones, aldehydes, esters, tertiary amines, nitro-compounds and
nitriles without a-H atoms.

(IV) The molecules possess active H-atoms and negligible dipoles only. Examples;
CHCI 3, CH 2Cl 2, CH 3CHCI 2, CH 2Cl.CH 2Cl, etc., aromatic and olefinic hydrocarbons.

(V) Molecules without functional groups, such as saturated hydrocarbons,
carbon disulfide, tetrachloromethane, etc.

The efject of temperature on the solvent efficiency

Since the separation of solutes depends upon the distribution of molecules between
the gas and liquid phases, corrected retention volumes (Vi'?, the volume of mobile
phase required to elute the maximum of a peak and corrected for dead-volume of
column, pressure-drop across column [58oJ, and measured at the column temperature)
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vary with the temperature
variations of temperature

C. J. HARDY, F. H. POLLARD

according to a Clapeyron-Clausius

d In v~ LlHs
--T- = RT2 + }{

VOL. 2 (1959)

equation. For small

where

.tJHs = the heat of solution of the solute in the solvent,
]{ = a constant for different solutes in a given solvent.

The heat of solution is negative (i.e. heat evolved) and because of the increasing
solute-solvent interaction usually increases numerically with the retention volume.

If V 1 and V 2 are the retention volumes of solutes 51 and 52 (V 2 > V 1)' the separa··
tion factor (V 21V1) will decrease as the temperature is raised since

dIn V 2 JVl LlH2 - LlH1

d T RT2

In a plot of log V against Ill' approximately straight lines are obtained (indicating
that this type of equation is obeyed) and the lines for VI> V 2, V 3' etc. tend to be closer
together at high temperatures than at low temperatures (hence smaller separation
factor). As a general rule therefore, better separation factors are obtained by operating
at low temperatures.

The presentation and correlation of G.C. data

Gas-chromatographic data have been presented in many forms, e.g. as retention times,
or volumes, relative to various arbitrary standard solutes, and ao. absolute retention
times, or volumes. The committee appointed to investigate the presentation of data
has recommended [rr, 580J that one of the following should be given (for definitions
see below):

(i) The specific retention volume (Vg ) or the partition coefficient (k) for at least two
temperatures (if only two then as far apart as possible). The value of Vg or k may be
given relative to a standard solute, particularly if this gives a straighter relationship
between log Vg and Ill'.

(ii) An equation relating Vg, or k, and temperature, for example

10 V = LlHs + D
g g 2.3 RT '

or an Antoine equation, A
log Vg = -- + C,

t+B
where

Vg = the retention volume fully corrected for pressure-ratio across the
column, dead-volume of apparatus, sample size, and weight of
solvent,

k = the weight of solute per ml solvent -:- weight of solute per ml of
gas phase,

.tJHs = the heat of solution,
l' aJ;ld t = the temperature in °A and °C respectively,
A, B, C and D = constants determined to fit the equations.

Referl!nces p. 32/43.
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Examples of these methods of presentation are given by YOUNG [6I3J and
AMBROSE [IOJ. The use of punched cards has been described [547, 603J for the storage
and reporting of G.c. data, and this will probably become widely used.

The committee has recommended [S80J standard solutes and solvents (see p. 20)
and further considers that it is important to include in published work the following:
the nature of the support, the nature and weight of the solvent, the sample size (if not
corrected for), inlet and outlet pressures, the method of flow-measurement, the
accuracy of temperature control, the type of detector, and the density of the solvent
(if known) since this enables Vg and k to be interconverted.

Several empirical methods have been used for correlating gas-chromatographic
data for solutes in homologous series, and for solutes of similar structure, with other
physical data. Straight lines are usually obtained for plots of the log retention volume
(or relative retention volume) in a given solvent against:

(i) The number of carbon atoms in the molecule [314, 351, 353, 50IJ,
(ii) The boiling point of the pure solute [180, 235J,
(ii) The log of the vapour pressure of the pure solute [283, 284, 496J,
(iv) The inverse of the solvent temperature [353, 395, 489J,
(v) The log of the retention volume (or relative retention volume) in a second

solvent [476J ; alternatively a non-log plot can be used [305, 3I9J.
Data in the above form can be used for the qualitative analysis of quite complex

mixtures (plots iv and v), for the determination of thermodynamic properties, e.g.
heats of sol.tion (plot iv, see later for details), and for the determination of reten
tion volumes of solutes (a) for which no standards are available (extrapolation of
type i plots) or (b) at temperatures other than the measured ones (type iv plots).

HERINGTON in his thermodynamic treatment [28IJ of G.L.c. as an example of
extractive distillation, deduced the fundamental relation for a pair of solutes in a
homologous series:

where

= the retention volume of solute 2 divided by that of solute I,

= the vapour pressures of the pure liquids I and 2 at the temperature
employed,

Y~3 and Y203 = the activity coefficients of solutes I and 2 at infinite dilution in the binary
mixtures I, 3 and 2, 3 respectively, where component 3 is the solvent.

Examination of the various terms in this equation using experimental data other
than those from G.L.c. reveals the theoretical foundation for many of the empirical
relations in current use, e.g., plots of types (i)-(v) above.

Activity coefficients (preferably at infinite dilution yO) can be relatively easily
calculated from gas-chromatographic data (for details see later), and since they are
much less' dependent on temperature than are retention volumes or partition coeffi
cients, they can conveniently be used for the characterization of solute-solvent systems.

References p. 32/43.
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TABLE
CROSS-llEFERENCE OF CLASSES OF SOLUTES

The bibliography references to the original papers in which a pal"t:cular class of solute has b'ecn separated

Class of substance separated
General class

of solvent Examplc~ of solvents Saturated, 1111:;aturated,
aromatic, etc., Hydrocarbons >ClO

hydrocarbons <CIQ
Halogenated
hydrocarhon~

Volatik fatty acids
alld their esters

Alcohols

10,36.186-7,249, 28,48,.,501, SIl, 596 1,28,123,486,501,
250, 254, 486, 488-<;, 596
5H,-519, 576
160,258 160,258 ,476,492

3'

373
3,6
476

353

379, 395, 523
10,259,395. +69

85
2,52 ,58,137.333,59 6

28, 596

373
3,6
570

379, 3'}';, 4 18
10. 325, 395

473

10,325,395 10,395,473
16-19.3°4,313-4, 469, 61 4
334,343,418,469
3,38,117-119,127, 118, II9, I59. 351
159, 297, 545, 566
3,38
158.35 1 ,378,590

24 1,254,255,566
259

28,254,3 16,4 88,
497,498,596

32 7
202

la, 187,250,488-9
188,23',254,366,
4 1 7,488
187,4 2 9

n-hexadecane (C 16) 353,357,373
benzyldiphenyl 149,3 16,3 I 9
squalane 160,179-181 ,373,425,

476, 492, 570, 0 17
liquid paraffin 28,113,15 1,17 2,316,

496,512,526-7.592-4
n-hcxatriacontanc 148-9
tri-isobutvlcnc 30, 63, 254
fl tiara-hydrocarbons

{ glycerol
polyethylene glycols 2, 13. 57, 58, 73, 605

Lubroll\'10 3,8

dinonyl phthalate 28,51,65, 73, 85, 123,
129, 249, 353, 359,
435,5° 1- 2,596

didccyl phthalate 160,201, 23c, 364, 476,
492, 556

other alkyl phthalatcs 280, 326, 359, 374, 390,
455,496,5 18,544,556

tricresyl phosphate 83, 24', 379, 523, 566
tritolyl phosphate la, 259, 395
fluorene picrate 595-6

silicone 702 or 703 la, 249, 250, 395, 473
silicone 550, etc. 156.440,469,538, 596 , 61 4

595-6, 61 4
siliconc high \'ac. grease 51,429 3. 12 7

Apiezon L 528 3, 52 7
Apiezon M or others 99, 158 336

{AgNOs/glycol, etc. 37,63,106, 113.212, .06
391,473

metal stearates,
caproates, etc. 473

polythene 12 7
sugars
dimethylformamide I I 3, 353, 356, 359,

44°,518,568.605
dimethylsulpholane 113, 182,201.277,

353, 364, 558
zeolites and alkyl-

ammonium bentonites 31, 327. 5g2-4, 597
nitrobenzene 5 18

Metal salts

nIiscellaneous

Hydrocarbons

Ethers

Esters

Silicone and
other oils and
greases

Alcohols

It is not important for the presentation of results whether yO or kO (the value of k at
infinite dilution) is used, since yO can be calculated from po and kO and vice versa.
However, yO is particularly useful for discussing solute-solvent interaction and for
correlating the structures of solutes and solvents with their chromatographic behav
iour. PIERROTTI and co-workers [476, 492J have developed a method (PIERROTTI'S

"Building Block" Method) for correlating activity coefficients with the structures of
the solute and the solvent. They have determined activity coefficients prevailing in a
large variety of binary mixtures, so chosen that variations within homologous series
of both solutes and solvents could be studied systematically, Although much of this
work has involved solvents of volatilities too high to be of direct interest for G.L.c.,
certain regularities in behaviour are applicable to the understanding, and prediction,
of the behaviour in practical G.L.C. systems (for example, see the discussion by
KEULEMANS [353J).

References p. 32/43,
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(1)

(2)

application of probability theory. It is to be noted that the problem of equilibrium
within the chromatogram arises only in a very limited sense from the point of view of
the stochastic theory. This results since the theory, for the most part, is concerned only
with the time-dependent behavior of single molecules. However, if a molecule is applied
to the column in the mobile phase, then the probability that the molecule will be found
in the mobile phase is unity at the instant of application, and asymptotically approaches
R as time elapses. This probability is related to equilibrium; the relaxation time for the
approach of the probability to its asymptotic value is identical to the relaxation time
for the approach of a large collection of molecules to their equilibrium values.

The point of real interest in chromatography, however, concerns equilibrium only
in a local sense. In any useful chromatogram, the total concentration of solute in the
mobile phase divided by the total concentration, for any calculational purpose, equals
R. However, at a given point on the chromatogram, local equilibrium does not obtain,
and a deficiency of concentration in the mobile phase at one point is balanced by a
surplus at another point. \Ve will expand on these concepts in our discussion of the
material-conservation approach, since there we will find it necessary to quantitatively
evaluate the local non-equilibrium effects.

In a previous publication, chromatography was considered as a diffusion process13•

Through expanding the probability density function in a Taylor series along the
lengthwise coordinate, the diffusion concept was found to be valid whenever the
average number of sorptions is large. The validity of the diffusion concepts can be
more fundamentally shown by the methods used by EINSTEIN concerning Brownian
motion14• It is shown in that treatment that diffusion results from a large number of
independent, random displacements. The conditions are the same, since each sorption
is independent of the previous one, and the large number of them is stipulated.

When the diffusion conditions are fulfilled, the diffusion coefficient for a band on
the column, due to kinetic effects (chromatodiffusion), is

D = k I k 2v
2

(kI + k 2)3

where v is the longitudinal component of flow velocity, and k I and k2 are the average
number of sorptions and desorptions, respectively, in unit time.

THE MATERIAL-CONSERVATION APPROACH

Since the following treatment is concerned with general systems involving reaction
kinetics, it is necessary to outline chromatography as a kinetic system. It has been
shown that the kinetics of chromatography can be reduced to that of simple kinetic
analogs. The simplest one, adequate in most cases, is

A k I \ B
\ k

2

where A represents a molecule in the mobile phase, and B a molecule in the stationary
phase. The arrows indicate the continuous transition between the two"configurations".
The transition rates, k 1 and k 2 , have been defined.

References p. 52.
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In the case of elution, the standard deviation is usually measured in terms of
time. The displacement from the origin, the elution time, t, is of the same dimensional
ity. For the kinetic analog, (2), the former is'>

(J = (2k l RI)I J2jk 2 = [zk 1tjk2(k l + k 2JFJ2 (30)

and the ratio, A === alt, is identical to (29).
The value of Acan be easily obtained for the theoretical-plate model. Substituting

t 1 = Rt into (28) and comparing with (29), we find, ), = llyN.
With the foregoing results, and the experimental values for both }, and R, it is

easy to determine the kinetic rates of transition, k1 and k 2• It is then possible to study
the dependence of the transition rates upon temperature, solvent and sorbent prop
erties, etc. Such a study shows promise of additional control over the movement of
chromatographic zones.

SUMMARY

It has been the object of this presentation to show connecting links between the
various theories of chromatography. The stochastic theory, the material-conservation
approach, and the theoretical-plate model are treated individually and in relation to
one another. The last two are treated as problems in non-equilibrium kinetics,
exemplifying the concept that it is the lack of equilibrium between the mobile and
stationary phases that causes the smearing of individual solute bands. The source of
the non-equilibrium, as well as the smearing effect due to non-equilibrium, are
discussed both qualitatively and quantitatively. The quantitative treatment of these
cases depends on the use of the kinetic relaxation-time model, originally devised for
the study of non-equilibrium kinetics in the flame front.
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A GENERAL METHOD FOR DETECTION AND RECORDING

OF COMPONENT BANDS IN CHROMATOGRAPHY

\X,iITH LIQUID ELUENTS

JAMES C. STERNBERG AND LEWIS M. CARSON
J<edzie Chemical Laboratory, NIichigan State University, East Lansing, NIic!!. (U.S.A.)

INTRODUCTION

A promising general method has been developed for the detection and continuous
recording of component bands in chromatographic separations employing liquid
eluents (paper, string or packed column chromatography). Since the method is based
primarily upon colligative, rather than structural, properties, its applicability is not
limited to specific classes of components or eluents.

PRINCIPLES

The method utilizes measurements of the temperature differential which is established
between a cellulose wick saturated with the pure eluting solvent and a similar wick
which is continuously bathed with the liquid effluent from the chromatographic
column; both wicks are enclosed in a thermostatted chamber saturated with solvent
vapor. The use of thermistors as the temperature-sensing elements permits use of a
conventional Wheatstone bridge circuit, which can be balanced when both wicks are
bathed with pure solvent. Since a small electrical current passes continuously through
the thermistors in the bridge circuit, the temperatures sensed by the thermistors
depend primarily upon competition between the following processes of heat input
and heat removal.

1. Heat input:
a. Electrical heating of the thermistor.
b. Heat evolved by condensation of solvent on the wick.

2. Heat removal:
a. Thermal conduction of heat to the liquid flowing through the wick.
b. Heat absorbed in vaporization of the solvent (and, possibly, volatile solutes) from

the wick.
The electrical heating and liquid flow are held essentially constant. When the

column effluent liquid contains solute in a component band, the thermal conductivity
of the eluting solvent is not significantly altered by the presence of solute. The vapor
pressure of solvent, however, is lowered by the presence of solute, causing the ratio
of the rate of vaporization to the rate of condensation to become lower on the sample
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wick than on the reference wick; the sample thermistor thus seeks a new thermal
balance point corresponding to a higher temperature. When the bridge unbalance is
fed directly across the input terminals of a recording potentiometer, a peak is recorded
for each component band eluted from the column. (If the component is more volatile
than the solvent, the new balance point for the sample thermistor is at a lower
temperature, rather than a higher temperature, through evaporative cooling.)

EXPERIMENTAL

Recorder

Fig. r. Experimental
arrangement of detec

tor (schematic).

The experimental arrapgement of the detector is shown schematically in Fi.g. 1. The
detectors, Trand Ts, are glass-enclosed, 2000 Q, bead-type thermistors (randomly
selected, not matched) with a response of about 5% per degree Centigrade. The
bridge circuit includes a 4000 Q fixed resistor, R, in one arm and a decade resistance
box in the other. The decade box possesses dials for thousands, hundreds, tens, and
units (Q). The bridge is operated at a 3 V potenti.al furnished by dry cells. When
Is Ir using a I-mV full-scale recording potentiometer, it is possible to

obtain a deflection of 12% of full scale for a I Q change in the
setting of the decade resistance box; this deflection corresponds
to a temperature differential of about 0.01° between the two
thermistors as compared to the balance condition. Thus changes
of the order of 0.001° can be clearly seen, and even a differential
of only a few ten-thousandths of a degree can be detected when
the background signal is sufficiently stable.

Greater sensitivity could be obtained by use of a higher bridge
voltage; a factor of three could be gained in this manner by
operating at 9 V, but still higher VOltages would shorten the de
tector life. The limiting factor at present seems to be thermo
statting, rather than detector sensitivity, although use of care
fully matched thermistors would decrease the background signal

due to bath temperature fluctuation. In the preliminary studies carried out to date,
no attempt has yet been made to achieve the ultimate possible sensitivity.

The sample and reference chromatographic columns are water jacketed with
force flow of jacket water from the constant temperature bath (the jacketing is
essential only on the lower portion of the column, so that longer columns could be
used). The columns are mounted directly above the detector, which is contained in
a large glass test tube immersed in the thermostatting bath. The effluent from the two
columns flow into two separate small-diameter siphon tubes, which carry the liquid
out of the thermostat into collecting vessels. Solvent in the sample column is forced
in from a reservoir which maintains a constant head of gas pressure above the liquid.
Sample is injected into the top of the column by means of a long hypodermic needle
through a three-way stopcock which connects the solvent reservoir to the column
and the outside. Many modifications of the columns, solvent feed, and sample
injection are possible; the method which was used in this study has been in-
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dicated only to show the type of framework in which the detector has been utilized.
A minor modification of the experimental arrangement makes possible the

recording of the derivative curves for the component peaks rather than the direct
recording of the peaks themselves; this is achieved by placing both thermistors on
the wick from the sample column, separated by some selected distance. When a non
volatile component first reaches the upper thermistor a deflection is obtained cor
responding to its temperature rise; as the component band reaches the lower ther
mistor, the differential temperature recorded is a measure of the composition difference
between the locations corresponding to the two thermistors. If the distance between
thermistors is small relative to the width of the component band, the recorded
differential temperature is nearly an instantaneous derivative of the band shape,
showing a deflection in one direction as the beginning of the band reaches the upper
thermistor, zero deflection as the peak passes a point halfway between the thermistors,
and a deflection in the other direction as the tail of the band passes the lower ther
mistor. The potential advantage in the derivative method lies in its greater sensitivity
in detecting poorly resolved component peaks; this sensitivity arises from the more
detailed structure of a derivative curve as compared with the direct curve.

RESULTS

The response of the detector has been investigated for a variety of solutes in three
solvents: water, butanol saturated with water, and 95 % ethanol. The detector has
been found to respond to each solute tested. For solutes of higher volatility than the
solvent, or capable of forming with the solvent, azeotropes more volatile than the
solvent, the response indicates a lowering of temperature of the sample thermistor
relative to the reference thermistor. For solutes of lower volatility than the solvent,

TABLE I

RESPONSE OF DETECTOR TO VARIOUS SOLUTES

Glycerol
Ethylene glycol
Butanol-I

Propanol-2
Ethanol

Chloroform
Acetone
Benzene
Acetic acid
Sugar
Food colors
Ink
Salts (NaC!, NaBr, NaI,
KCI, KBr, LiC!, CuClz)

Boiling point, °C

290
197-4
117

61.2

56.5
80.1

I I 8. I

non-volatile
non-volatile
non-volatile
non-volatile

Direction oj deflection
with water as solvent

+
+

+
+
+
+
+

Remarks

Also + with butanol-water
and 95 % ethanol as solvents
Forms azeotrope with water,
b.p. 92.7°

Also - with butanol-water as
solvent
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including non-volatile solutes, the response indicates an increase of temperature of
the sample thermistor relative to the reference thermistor. Some of the results
obtained are tabulated in Table I, in which a temperature increase of the sample
thermistor is indicated by "+" and a temperature decrease by "-".

Examples of recorded chromatograms obtained with detector are shown in
Figs. 2 and 3.

The actual magnitude of the response has been found to depend upon several
factors, making comparisons of the response for different solutes relatively qualitative

lQmV
fUll scale

c:.g
v
!'!

"o

lOmV
full Scale

Ethanol 5%

10 mV
full scare

c:

°.~
!'!
~

"o

o 60 120
Tlme(min)

o 60 120
Time(min)

o 60 120
Time(min)

Fig. 2. 0.1 ml of 10%

ethylene glycol.
Fig. 3.0.2 ml sample showing
opposite deflection of volatile

components.

Fig. 4. 0.2 ml sample showillg
some resolution.

at the present time. The maximum response which has been observed thus far has
been for a system employing 95 % ethanol as eluent and with the detectors mounted
on cotton string wicks. With this system, a sample of 2 fLI of ethylene glycol gave a
peak height corresponding to 50 Q, corresponding to a temperature differential of
about 0.5°. Smaller responses result from the use of less volatile solvents and larger
wicks.

The factors which have been found to be important in determining the response
are:

(r) the size of the sample,
(2) the rate of flow through the column,
(3) the size of the detector wick,
(4) the nature of the solvent, and (in the case of volatile solutes) the nature of

the solute.
Each of these factors will now be considered briefly.

1. Sample size

The response of the detector has been found to vary directly with sample size for
pure liquid samples and with sample concentration for samples introduced as solutions
in the eluting solvent, with all other conditions held constant. A study of equally sized
samples of a series of concentrations of aqueous solutions of sodium chloride demon
strated that both peak heights and peak areas varied directly with concentration.
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2. Flow rate

The rate of flow of solvent through the detector wick is, unfortunately, a variable to
which the quantitative response of the detector is extremely sensitive. Since the
concentration of solute bands tends to be decreased at higher flow rates, and the solute
spends less time in contact with the thermistor, peak heights and peak areas are both
decreased by increasing flow rate. For comparison of results of different runs, close
control of this variable is essential; better comparisons are obtained for different
components in a single run.

3. Size of wick

The effect of this variable is closely dependent upon the flow rate through the column.
The wick should be large enough that it does not "flood" in handling the flow rate
used; drops of free liquid flowing over the detector do not permit sufficient equilibra
tion of the liquid and vapor phases at the thermistor. On the other hand, if the wick
is too large dilution of the sample bands may occur, decreasing the detector response.
Both cotton string and cotton plug wicks have been used in this work.

4. Nature of the solute ana solvent

While extensive quantitative data have not yet been obtained, it appears that the
response to non-volatile solutes is essentially a colligative property, independent of
the nature of the solute. This behavior is to be anticipated on the basis of the postu
lated rp.echanism for the detector response. The cooling of the sample thermistor
observed for volatile solutes of higher volatility than (or forming more volatile
azeotropes with) the solvent is in agreement with an explanation based upon relative
vapor pressure lowering as the colligative property, modified by kinetic effects due to
the non-equilibrium nature of the system.
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SUMMARY

A method for the detection and recording of component bands has been described.
It was found to be sufficiently general to insure its applicability to a wide variety of
solvent-solute systems, and since it senses the column effluent it is independent of the
type of chromatographic column used. It appears to be readily adaptable to the
quantitative estimation of non-volatile solute bands for which it is based on essen
tially a colligative property, and it appears applicable, with specific calibration, to
volatile solute bands as well.

Received June 23rd, I958











































































































































126 H. BLOEi\lE:\D.\L VOL. 2 (1959)

to 3 0 if the temperature of the cold room is kept at -4 0 during electrophoresis. Accor
ding to PAIGENl2 10 watt over a 24 hours period may be applied if the block is cooled
with circulating ice water. The use of a water-jacketed box is then necessary. H.OTMAN
AND SPIEGELMA;-.Jl8 obtained efficient cooling by having the trough in contact both from
above and below with lead bricks such as are commonly used for radioactive shielding.
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Fig. 3. Rise of temperature in a 40 X 2 X 4 cm starch block during electrophoresis at 200 V,
6-8 mA; in phosphate buffer 0.025 It. Temperature of the cold room: 2° C.

7. Location of substance

After the electrophoretic run, the paraffin layer, the parafilm or perspex cover is
carefully removed and a strip of Whatman paper is pressed against the starch surface.
It is dried for 5 minutes at 80-rooo. In case starch particles adhere to the strip they
are removed with a soft brush. The strip then is coloured with Amido Black or any
other protein dye. In this manner one is able to find the approximate position of
protein components which is important mainly for preparative work when sectioning
of the whole block is not necessary. The position of nucleic acids is determined by
observation of a "print" on Whatman 3MM filter paper under ultraviolet light at
260 m,al9; protein, however, will interfere. l{atlioactivesubstances may be detected
by examination of the paper under a strip counter. Examination of the starch block
under ultraviolet light may also be useful when the material shows fluorescence. The
most exact location of components is realized by cutting the block, transferring the
starch segments to centrifuge tubes, followed by elution and protein estimation in
the supernatant after short centrifugation. Settling of the starch without centrifuga
tion is not advisable on account of possible interference of very small particles with
protein or RNA determination. The run of sera can be followed by mixing them with
a quantity of stain which is bound to the albumin fraction lH.

8. Cutting

CARLSON 3 already noted that it is difficult to cut the starch with precision. According
to our experience errors of 10-20% may arise when segments of 0.5 cm are cut in the
way originally described by KUNKEL A~D SLATER2. The method of PAIGENl2 too gives

Heferences p. I34/IJ5.
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results of insufficient exactness when proteins. the mobilities of which differ only
little. are under investigation.

In order to circumvent these troubles a calibrated box permitting more exact
cutting was originally used byuss. Aguillotine-like frame (Fig. 4. a) is moved over this
box. The frame holds a stainless steel knife with the proportions of the cross-section

Fig. 4. Cutting device fur starch block electrophoresis. (a) Perspex frame. (b) Stainless steel knife.

of the starch block (Fig. 4. b). Although this method improves the slicing technique
considerably. small distortions of the starch block may occur which result in
poorly reproducible pattern'> after protein estimation. Furthermore. this procedure is
time-consuming. particularly when long boxes are used. Substantial improvement is
obtained with the apparatus shown in Figs. 5A and 58.

A perspex box with removable side walls (Fig. 5. a) fits in a cutting device illus
trated in Fig. 5. b. The latter consists of a steel frame joined to a metal plate by means
of hinges. Thin stainless steel threads are spanned on the frame at I em intervals20•

After an electrophoretic experiment is finished the two side walls of the box are
removed and the remaining bottom of the box with the starch block is placed in a
fixed position on the metal plate of the cutting apparatus. The frame is turned down
with the aid of handles (Fig. 5. c). The bottom of the box is supplied with notches at
I cm intervals into which the threads fit. Cutting of the block is performed in one
single manipulation and exactly equal starch segments are obtained.

9. Elution. protein and mteleic acid determination

The separate starch segments are eluted with ice cold water or buffer solution by
stirring and centrifugation during IO minutes. To obtain optimal recovery the follow-

References p. I34/I35.
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ing method is recommended. Each starch segment is put on a narrow-stemmed glass
filter. Buffer solution added above the packed starch displaces the fluid in the segments
by slight suction14, 37. It has, however, to be considered beforehand whether the

protein will not he tlt'natured on the lilter surfan:. The duates can be concentrakcl by

A

B

Fig, 5. [A]. lrnpro\'ctl cutting apparatus for starch bluck electrophoresis. [H], (a) Calibratctl box
with removable side walls. (1)) ('lItting dedcc. (e) Handles.

dialyzing against dextran solution or polyvinyl pyrrolidolte~1 or by freeze drying. An
aliquot of the s1Ijlernatant fluid is taken frolll each tllb(~ and the protein content is
tletcrmined according to the Illcthorl of FilL!:'\' as modilil'J by L(J\\'l~\' d aU2• Also
direct measurement of the protein extinction at 200 m/I is possible if the solution is
completely clear. Direct measurement of nucleic acid content,.; may be carried out at
21.>0 111,11-, but protein or starch tJ aces interfere. l~ibonllcleic acid and desoxyribo
nucleic acid are conveniently estimated according to the orcinol2:1 and indolcH

methods, respectively. In the case of radioactive material samples of the eluate may

J(,,/Ul'>W'-' p. 13-11135.
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be counted in a Geiger-Muller or Flow counter25, 26. (For hormone and enzymatic
activity measurements compare the references discussed in the paragraph dealing
with applications, p. 131.)

ro. Influence 01 electrosmosis

In some experiments poor separations are obtained due to a horizontal arrangement
of the starch block, or when the buffer solution levels in the electrode vessels are
of equal height. Under these circumstances the electrosmotic flow towards the
cathode counteracts the electrophoretic migration towards the anode. The starch
acquires a negative charge in relation to the buffer, since it is the stationary phase
and the buffer moves towards the negative electrode. Dextran, a well known substance

TABLE 11

---------------_.._---
Medium /leI X ,[1)5

Filter paper (Whatman 3 MM) 1.5
Potato starch 2.5
·Washed sea sand 4.3
Ground glass ( 35- bo mesh) 5.1
Ground glass (I50-WO mesh) 5.9
Soft glass bead (200 mesh) 5.6
1% Agar 4.7

0.30

0.62

1.95
3. 64
9. 8 7
6.20

2.60

for estimating the degree of electrosmosis in paper13 is not conveniently detected in
starch27. Table II shows the electrosmotic flow for various media expressed in terms
of mobility and in relation to the distance of migration of albumin (in barbital buffer
O.I l.l; pH 8.6) as observed by KUNKEL AND SLATER2. It appears that electrophoresis
on potato starch (with the exception of filter paper) undergoes the smallest influence
of the electrosmosis phenomenon.

For the determination of electrophoretic mobilities, f.lel, in starch it is necessary
to know the displacement of the protein due to electrosmosis, dez28 • One method to
study this is running two known proteins in free as well as in starch electrophoresis;
del then may be calculated from equation (I)

(r)

wherein

f.ll = the mobility of protein I in free electrophoresis at the same pH applied in
starch electrophoresis,

f.l2 = the mobility of protein 2 in free electrophoresis at the same pH applied in
starch electrophoresis,

d1 = the distance over which protein I migrates in the starch block,
d2 = the distance over which protein 2 migrates in the starch block (under identical

conditions of time and field strengths).

References p. I34!I35.
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Pel may be computed from the following equations (2) and (3) :

F =_V
l

del·l del
ftel = VI = Ft

wherein

(2)

l = length of trough (cm), F = field strength, V = average voltage across the ends of
the box, t = time (sec).

When the isoelectric point of a protein has to be determined, another calculation
may be carried out. The unknown protein is subjected to an electrophoretic run, side
by side with a protein of known isoelectric point. In this case equation (4) is used:

P", = P", (obs) -- (Pi (obs) -- Pi!

wherein

p x = the unknown isoelectric point,
Pi = the isoelectric point of the known protein,
Px (obs) and Pdobs) = isoelectric points of unknown and known protein, respec
tively, obtained by plotting the distance of migration against pH.

Fig. 6 demonstrates the effect of electrosmosis on the separation of the water
soluble proteins of the bovine eye lens8•
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Fig. 6. The influence of electrosmosis on the separation of water-soluble lens proteins.
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APPLICATIONS
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As appears from Table I starch block electrophoresis is applied for the separation of
various proteins, hormones, enzymes and nucleic acids. Furthermore, attempts have
been made to submit inorganic ions to this separation technique29 • It seems, however,
that until now paper or column chromatography give better results for inorganic ions.
In addition to the separation and isolation of certain compounds from mixtures the
method is repeatedly used as a homogeneity criterion.

(a) Proteins and protein hormones. The rt. and P-lipoproteins were readily separated and
could be followed by phospholipid and cholesterol analysis on the starch segments.
No success was achieved in an attempt at direct staining. Further subdivision of these
lipoproteins was obtained with low ionic strength buffers1,2.

13LOEMENDAL8 separated rt.-crystalline from the other water-soluble proteins.
This protein migrated as a single boundary when subjected to free electrophoresis at
different pH's above and below its isoelectric poinpo.

F0NSS-13ECH AND LIn studied the behavior of somatotropin isolated from the
anterior lobe of ox pituitaries. These authors showed that their preparation migrated
as a single zone at different pH's. Furthermore, they were able to estimate the
isoelectric point.

HAACKE AND Lr28 described the determination of corrected electrophoretic
mobilities of different proteins. In their procedure the isoelectric point of cortico
tropin was found to be 6.6 in monovalent buffers.

POSTEL31 fractionated serum and pituitary preparations. The uptake of 1311 by
the chick thyroid gland was used as indicator of TSH activity. The thyroid-stimulating
activity of a commercial "pure" TSH preparation appeared to be associated with the
protein peak, and was transported primarily with the y-globulins of human serum
when added i1~ vitro.

KUNKEL AND \VALLENIUS32 succeeded in showing a new hemoglobin in normal
adult blood. This component did not appear clearly in free electrophoresis.

GERALD, COOK AND DrAMoND33 identified normal oxyhemoglobin and hemo
globin M in a hemolysate obtained from a patient affected with methemoglobinemia.

KUNKEL, TAYLOR AND Du VIGNEAUD34 were able to carry out a biological assay
of an oxytocin fraction:}solated after starch block electrophoresis.

MULLER-EBERHARD AND KUNKEL35,36 described a subfractionation of human
y-globulin. The experiments were partially performed in polyvinylchloride as suppor
ting medium. This material is more suitable for carbohydrate analysis, as starch is less
satisfactory on account of contamination of carbohydrate derived from the medium.

MILLER AND 13ALE37 applied the starch block technique in order to separate
HC-labeled plasma proteins produced by the normal rat and by the isolated perfused
liver. The latter incorporated radioactive lysine into the plasma albumin, rt.-globulin,
p-globulin and fibrinogen.

KUHNS38 ,39 separated precipitating and non-precipitating skin sensitizing diph
teria antitoxin.

References p. I34!135·
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Concentration of FSH activity was achieved by means of starch electrophoresis40•

Two fractions were obtained representing 42 and 23 %, respectively, of the total
protein applied. According to the author the low recovery was due to losses of dialyz
able material in one of the fractions.

The utility of the described method as purification technique in combination
with other isolation procedures was shown by LI and coworkers41 . They succeeded in
obtaining a peptide with high ACTH activity from sheep pituitary. The whole isolation
and purification scheme involved: dioxan fractionation, starch electrophoresis,
column chromatography and counter current distribution. The same laboratory
reported the purification of interstitial cell-stimulating hormone42 . This hormone
was subjected to saline extraction, ethanol precipitation, ammonium sulphate
fractionation, column chromatography and zone electrophoresis on starch.

LAI{SON et al. 25 identified thyroxin radiochromatographically in a globulin
fraction from serum which was separated by means of zone electrophoresis on starch.

GOLDSWORTHY AND VOLWILER43 studied the mechanism of protein turnover with
labeled plasma proteins of the dog. The starch block technique was applied in com
bination with the COHN fractionation method44 ,45 in order to obtain y-globulin,
fibrinogen, a-globulin and albumin.

Preparations of reduced lactogenic hormone when submitted to zone electro
phoresis on starch46 showed only one peak. The mobility of the reduced hormone
appeared to be higher than that of the native prolactin.

SORKIN et al. 9 applied a zone transfer technique from starch into glass powder.
These investigators are among the few to obtain poor yields with starch block electro
phoresis.

(b) Enzymes. \VETTER47 fractionated proteases from Mortierella renispora Dixon
Stewart. Nearly quantitative recovery was obtained for both the activity and nitrogen
content. When the separation was performed by means of Whatman NO.3 paper,
the yields were extremely poor.

HARRIS AND MEHL10 achieved approximately 260-fold purification of a crude
preparation of alkaline phosphatase from bovine intestinal mucosa. However, the
amounts of purified product were only small. The results of these authors indicate
that the enzyme may have been present initially in a complexed form and that this
complex was disrupted during sequential electrophoretic runs in several starch blocks.

Efforts to remove protein impurities present in chromatographically prepared
mammalian tyrosinase did not result in further purification. Approximately 99% of
the activity was recovered48•

LIENER AND VISWANATA49 separated autolysed trypsine into an active fast
moving component and a less active fraction which corresponded to dialyzable split
products.

ROTMAN AND SPIEGELlI1AN18 investigated extracts of Escherichia coli for fJ-galacto
sidase activity. One single run could effect a 30-fold purification whereas 80% of the
available enzyme could be recovered.

References p. I34!I35.
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(c) Ribonucleoproteins and nucleic acids. ELSON''iO subjected ribonucleoproteins to zone
electrophoresis on starch before and after treatment with urea. According to his
findings there are indications that hydrogen bonds play an important role in the
linkage of RNA with the protein.

PAIGEN12 applied the method to tobacco mosaic virus strains. Separation into
three components was possible.

PARDEE, PAIGEN AND PRESTIDGE19 studied the electrophoretic behavior of
RNA, DNA and protein from Escherichia coli and Bacillus megatheria. They were
able to show that bacterial RNA migrates ol2ly in two distincts zone. The electro
phoretic patterns obtained depended on the buffers employed, a phenomenon which
is also well known in paper electrophoresis51 ,52. Approximately 90% of the nucleic
acid and 70% of the protein were recovered.

(d) Proteins from cell fractions. Lately, starch block electrophoresis is being used also
for the study of subcellular fractions. GRANICK AND MAUZERAUJ5 described the
fractionation of a soluble enzyme fraction from red cells. They observed one main
component migrating towards the cathode, which appeared to be hemoglobin,
whereas three colorless enzyme fractions moved towards the positive electrode. A
total of 30 ml fluid could be fractionated.

ARCOS AND ARcos53 made an attempt at detecting structural alterations in liver
microsomes during chemical carcinogenesis. Swelling had been used to detect these
alterationsM • The swelling of microsomes from liver tissue was paralelled by the
release of a group of soluble proteins not sedimenting at 1°5,000 g. These proteins
were resolved into two fractions on starch. Microsomes from hepatoma on the contrary
showed low swelling with relatively high protein release. These investigators did not
include the proteins of hepatoma in their electrophoretic studies.

'WIRTZ AND ARCOS61 made a comparative study of the electrophoretic pattern of
rat liver and hepatoma supernatant fluids. The so-called protein "h" was isolated and
its molecular weight, amino acid composition, and bound azo-dye were determined.

BERESOVSKAYA55isolated an enzyme from mitochondria which catalyzed the amino

acid synthesis from pyruvic acid and ammonia. The active protein was present in a fast
migrating fraction which had a higher mobility than had serum albumin. The electro
phoretic separation resulted in a 300-350 fold purification of the enzyme as compared
with the original liver homogenate.

GALE and coworkers26 isolated a fast moving fraction from extracts of disrupted
staphylococcal cells which were previously incubated with HC-L-glutamic acid as the
only labeled amino acid precursor. The authors provide evidence that this fraction
represents an intermediate stage in protein synthesis. If this is so the L-glutamic acid
containing intermediate should be very stable as the heat development in a starch block
under the conditions of their experiment (20 V per cm, pH 7.6) may be considerable.

BLOEMENDAL AND BOSCH62 fractionated the HC-Ieucine labeled pHS enzyme from
rat liver cytoplasma. An important working condition was air-cooling of the starch

block to -5°.
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(e) Homogeneity studies. RAACKE27 , 28, 56 used starch electrophoresis for homogeneity
studies of ribonuclease, lysozyme, bovine serum albumin, chymotrypsinogen and
chymotrypsin. All preparations investigated yielded more than one peak after
variation of buffers and the application of a pH-range from 4.7 to 9.1. These results
emphasized once more the importance of pH variation. On the other hand one has to
realize whether the peaks observed are a proof of heterogeneity or that the substance
under investigation was no longer stable at any "extreme" pH in the alkaline or
acid range. Such stability boundaries were observed e.g. in the case of the lens protein
ex-crystalline below pH 4 and above pH 8.957 . According to RAACKE starch electro
phoretical homogeneity experiments may be considered to be as sensitive as the
reversible boundary spreading test58 and superior to the moving boundary method.

\\1ADA et al. 59 concluded to the homogeneity of soy bean hemagglutinin after
finding one peak at one pH. In this connection it must be mentioned that a number
of workers are as yet satisfied with one single pH value. The conclusion reached then
can only be that the protein is electrophoretically homogeneous a.t this pH.

CO:-.i'CLUSION

Starch block electrophoresis is of growing importance as a useful tool in protein
chemistry for analytical studies as well as for isolation on preparative scale. However,
reproducible results will be obtained only if the working methods are exactly stan
dardized. In a few cases polyvinyIchloride as a supporting medium may he more
satisfactory than starch; working conditions, however, remain identical.

Poor separation may sometimes be the result of horizontal arrangement of the
troughs. Gravity then may cause accumulation of protein in the lower starch layers,
leading to uneven mobilities at different levels of the block. Furthermore, the electros
motic flow may counteract the electrophoretic migration. Vertical position of the
starch block is therefore preferable.

In summary, the starch block technique opens up the possibility for separation of
various protein mixtures; it is often successfully applied in combination with other
isolation methods and, in some cases, gives good results where other fractionation
procedures fail.
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DETECTOR FOR LIQUID-SOLID CHROMATOGRAPHY

G.CLAXTON

Benzole Produce1's J_imited, Watford ((;reat Britain)

INTRODUCTION

The need for a means of indicating or recording changes in the composition of liquids
flowing from liquid-solid chromatographic columns is long-standing. Methods that
have been used include the continuous measurement of refractive index], conduc
tivity2,3, dielectric constant4, pH5 or absorption of light of suitable wavelength6•

These methods often involve costly and complicated equipment and are highly
sensitive only when liquids having very different physical properties are involved.

The detector described in this report depends upon the differences in the heat of
adsorption of liquids on suitable adsorbents. The liquid leaving the chromatographic
column is passed through a tube containing the adsorbent in which a thermocouple
is embedded. As the composition of the liquid passing through the detector changes,
the temperature of the adsorbent and the thermocouple changes. These temperature
changes are a function of the heats of adsorption and desorption of the components of
the liquid passing through the detector.

After passing through the detector the liquid may be collected in fractions for
further examination and signals from the thermocouple may be used to operate a
fraction collector.

The detector is simple and easily constructed in the laboratory and has a fairly
high sensitivity. It is suitable for the detection of the different classes of hydrocarbons
that occur in benzole, petroleum and similar complex mixtures and can also be used
for the detection of metals in eluates obtained from chromatography on ion-exchange
resins.

THEORETICAL CONSIDERATIONS

The adsoprtion of gases and liquids on surfaces of solids is accompanied by the evolu
tion of heat due to a decrease in free energy of the system. This heat is called the 1;leat
of adsorption. The evolution of heat that occurs in the detector described in this
report is due to the replacement of one substance adsorbed on the solid by another.
The replacement may be of air by a liquid, of one liquid by another, or of a liquid by
a solute dissolved in the same liquid.

The most important factors influencing the amount of heat evolved in the
detector are:

1. The nature of the material being displaced from the adsorbent.
2. The nature of the displacer.

Refe"ences p. I39.
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3. The quantity of solid adsorbent in the detector.
4. The adsorbent capacity and nature of the adsorbent.
5. The quantity of material replacing that originally on the adsorbent.
If the quantity of adsorbent in the detector is small compared with the quantity

of anyone component in the liquid leaving the column, the heat evolved when a new
component reaches the detector will be a characteristic of the compound concerned
blilt will be independent of the quantity of the compound present. Fig. I shows this

E

D--t-=--JII

c

F

B

Fig. 1. The detector.

type of detector. It is the temperature change and not the heat evolved that is
measured in the detector, and the following will affect the temperature change:

a. Thermal capacity of the body of the detector and the thermocouple.
b. Specific heat of the liquid in the detector.
c. Quantity of liquid in the detector.
d. Heat losses from the detector by conduction away from the detector and

mormal heat losses to the surroundings.
e. Rate of flow of the liquid through the column.
For a detector intended only to indicate changes in the composition of the liquid

l:eaving the column, these factors are of little importance.

DESIGN AND OPERATION OF APPARATUS

The detector, shown in Fig. I, indicates changes in the composition of the liquid that
[passes into it. It is attached to the bottom of the chromatographic column C by a
Hat-flange or taper joint, which is suitably lubricated and damped to be leak-proof.
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The detector consists of a length of capillary tubing, 1.6 mm I.D., carrying a thermo
junction A so placed that the junction is in the centre of the bore of the capillary.
The thermocouple wires pass through the holes B and are sealed in place with litharge
glycerin cement. The tube D is fitted on to the capillary tube with rubber bungs so
that the part of the capillary near the thermojunction is enclosed in an air jacket.
The wires pass through the upper rubber bung and the cold junction F is made just
above this bung. The detector is surrounded by a tube E containing water. This
water jacket keeps the walls of the detector at a constant temperature, thus ensuring
a unifoml rate of heat loss. It also keeps the coid junction F at a constant temperature.
The lower end of the capillary tube is drawn out to a fine jet and a few coarse granules
of silica gel are placed in the jet to retain the adsorbent. Suitable thermocouples may
be made from wires, 0.004 in. in diameter, of 40% palladium in gold and 10% iridium
in platinum. The thermojunctions are best made by carbon-arc welding.

This detector may be used to indicate any changes in composition of liquids
supplied to it. Its use in conjunction with displacement development is one of its
more obvious applications. The dimensions of the detector described are such that
it can be attached to the column used for the analysis of hydrocarbon types by the
Fluorescent Indicator Adsorption (FIA) Method (I.P. I56/58Tj?

The detector isfttted by means of flat flanges or taper joints to the lower end of
the analyser section of the FIA column, the detector and the column being filled with

3-COMPONENT MIXTURE

a:
2
u
w
l-

e

- ;... ISO-OCTANE

\.

ISO - PROPYL ALCOHOL
(DtSPLACER)

20 30 40 so -60 70 80
TIME(MIN)

Fig. 2. Displacement chromatography.

10

silica gel in the normal way. The sample is introduced on to the silica gel, followed by
the displacer, isopropyl alcohol. The bands corresponding to saturated, unsaturated
and aromatic hydrocarbons develop and as each boundary reaches the detector the
heat generated raises the temperature of the thermocouple. The thermocouple cools
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again after the boundary has passed it. The output from the thermocouple is supplied
to a suitable galvanometer or recorder. On larger columns the output may be used to
operate a fraction changer, thus enabling the various types of hydrocarbons to be
collected separately. Fig. 2 shows the results obtained on a mixture of iso-octane,
di-isobutylene and benzene. The boundaries are quite sharp. The time axis does not
provide an indication of the quantities of the hydrocarbon types present, due to
variations in flow rate, which was not accurately controlled.

DISCUSSION .·\ND CONCLUSIONS

The qualitative detector is a simple device that will give a signal when a boundary
reaches it during a chromatographic separation. As it is merely a thermocouple
inserted in the column, it can obviously be used in any system in which temperature
changes occur at the boundary between components. In addition to liquid-solid
adsorption chromatography, it has been found to be applicable to separations carried
out on ion-exchange resins, the detector being filled with the resin.
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SUMMARY

A detector is described that is suitable for indicating changes in the composition of
liquids flowing from chromatographic columns.
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EIN FRAKTIONSSAMMLER GERINGER STORANFALLIGKEIT

FOR DIE PRAPARATIVE SAULENCHROMATOGRAPHIE

H. BERBALK UND O. SZABOLCS

Tnslitut fl<I' Organisehe Chemie der Teclmischen Hoehschule, Wiel1 (Ostel',-eieh)

ALLGEMEINES

Bei der Anwendung saulenchromatographischer Methoden in der praparativen Chemie
ist eine Anordnung, die selbsttatig die aus der Saule ablaufende Lasung auffangt und
in bestimmte Fraktionen teilt, unbedingt erforderlich. Es sind deshalb heute eine
Reihe derartiger Gerate im Handel erhaltlich, bzw. in del' Literatur bekannt geworden.
Eine ausgezeichnete Ubersicht nebst einer eingehenden Beschreibung der ange
wendeten Methoden und deren Ergebnissen findet sich bei GIWBHOFER UND LWOWSKI1.

Dennoch seien die wichtigsten Punkte hier noch einmal kurz herausgegriffen. Die
allgemeinen Anforderungen an einen Fraktionssammler sind etwa folgende:

(a) Grasstmagliche Betriebssicherheit bei gleichzeitiger Einfachheit des Gerates
urn die Kosten in ertraglichen Grenzen zu halten. Uber die Forderung der genannten
Autoren hinaus, haben wir versucht, bei einer dennoch auftretenden Starung jeden
Substanzverlust zU verhindem.

(b) Konstanz del' einzelnen Fraktionen. Fur praparatives Arbeiten wird man
allerdings grassere Toleranzen zulassen durfen als bei Verwendung fUr analytische
Zwecke. Wir haben daher auf diesen Punkt geringeren Wert gelegt.

(c) Vielseitigkeit und gleichzeitig einfache Handhabung. Auf diese Forderung
wird spater naher eingegangen.

Die im Handel erhaltlichen Gerate erfUllen nicht immer alle Forderungen wenn
sie billig sind, bzw. sie sind sehr teuer, wenn sie betriebssicher und vielseitig sind. Aus
diesem Grund haben wir uns entschlossen, ein geeignetes Gerat selbst zu entwickeln
und das Ergebnis zu veraffentlichen.

BESCHREIBUNG DES GERATES

Der Fraktionssammler besteht grundsatzlich aus folgenden Teilen:
(A). dem Steuergerat;
(B). dem Mess- und Sammelgefass mit der Volumendosierung;
(C). der Auffang- und Transporteinrichtung;
(D). del' eigentlichen Saule mit einem Sicherheitsventil und eventuell emer

Vorrichtung zur Niveaugleichhaltung.
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A. Das Steucrgeriit

Gnmdsatzlich lassen sich hier drei Teile unterscheiden (Fig. h). Ein Netzgerat dient
der Stromversorgung. ein Zeitschaltgerat, welches nach dem Ladeprinzip aufgebaut
ist. gestattet die Einstellung der gewtinschten Sammelzeiten und ein Schrittschalt
werk stellt jewcils die Verbinclung zwischen dem Steuerteil und den entsprechenden
Betatigungsorganen her.

Das Netzgerat liefert einerseits die Hcizspannungen fiir die Elektronenrohren.
anderseits die Anodellgleichspannung und eine Glcichspanmmg fUr den Motor, vcr-

Fig. I. Gesam1<lnsicht de~ Fraktiunssammlcl·~.

( "

Fig. l. lnnenilnsicht des Stcllcrteiles vun
hinten. Gehause entfcl'nt.

schiedene l{clais und Ventilc und uas Schrittschaltwerk (handelsliblicher Telefon
Drehwahler mit 3 Kontaktbahnen und jeweils II Kontakten). Urn bei NetzausfaJl ein
Aussertrittkommen des Gerates zu verhindern, erfolgt die Einschaltung tiber ein Relais
mit Selbsthaltekontakt (ReI N). wclches bci Stromausfall den gesamten elektrischen
Tei! vom Netz abschaltet. Auf eine besondere Stabilisierung del' Anodenspannung
wurde verzichtct. obwohl dadurch die Schaltzeitcn eine etwas grossere Toleranz
aufweisen. Dieser Nachteil fallt nach unseren Erfahrungen jedoch kaum ins Gewicht.

Das Zeitschaltgerat ist. wic eingangs erwahnt. auf dem Ladeprinzip aufgebaut.
tiber die RiihIe £1'80 wird ein Elektrolytkondellsator CL (500 f'F. 500 V) aufgeladen,
der nach Erreichen der Ztindspannung einer Gastriode AC50 liber diese schnell
entladen wird. Der Entladestrom erregt das Relais ReI I-I, welches einerseits einen
Impuls an den Drehwahler ReI DW weitergibt, anderseits einen Widerstand 200.Qj2

Watt dem Kondensator CL parallel schaltet. Dadurch wird die Entladung dieses
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PAPER CHROMATOGRAPHY OF AMINO ACIDS AND OTHER

ORGANIC COMPOUNDS IN SELECTED SOLVENTS

CECILE H. EDWARDS, EVELYN L. GADSDEN, LOLLA P. CARTER
AND GERALD A. EDWARDS

Departments of Home Economics and Chemist,'Y, The Agricultural and Technical
College of North Carolina, Greensboro, N.C., and The Carvel' Foundation,

- Tuskegee Institute, Ala. (U.S.A.)

The simplicity of apparatus and the ease with which many analyses can be performed
have made paper chromatography an outstanding biochemical technique. However,
additional information on the characteristic migration rates of compounds in different
solvent systems and the influence of variations in temperature and other factors on
the Rp values of these compounds is needed to permit ready application of the method
in the identification of compounds encountered in routine laboratory work and
research. The present paper compares the Rp values of amino acids and other organic
compounds in water-saturated phenol, butanol-propionic acid-water, and other
selected solvents under controlled and uncontrolled conditions of temperature and
humidity. Several compounds for which Rp values are not given in the literature are
reported.

The Rp values of several amino acids in phenol have been reported in the lit
erature 1-4. Though much work has been done with phenol, it is frequently necessary
to use two-dimensional chromatography to obtain discrete separation of compounds
for identification purposes. The objectional features of collidine and other solvents
have been cited by others". A few studies employing butanol-propionic acid-water
have been reported2,6. However, much of this work has been conducted without
adequate control over such conditions as temperature, etc. The use of phenol and
butanol-propionic acid-water as solvents in two-dimensional paper chromatography
provides a convenient and rapid technique for the separation of compounds in small
quantities of biological fluids. The work described herein extends information available
on these solvents.

EXPERIMENTAL PROCEDURES

The compounds listed in Tables I and II were applied individually to 18 in. x 22 in.
filter paper sheets (Whatman No. I, especially selected for chromatography) in the
upper right corner. The solutions were usually prepared in 50% ethanol in concen
trations of 0.5%.4}, of a 0.5% solution of Tropaolin 000 No. I, a dye, was applied
15 mm above the point of application of the sample to facilitate identification when
mixtures or solutions containing unknown compounds were studied. 'Vater-saturated
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phenol, unbuffered, or buffered with 8-quinolinoF, 25 mg in 500 ml water-saturated
phenol, or a solution of 6.3 % sodium citrate and 3.7% potassium di-hydrogen phos
phate per 100 g phenol' was used for the first dimension. The water used to saturate
the phenol must be free of all traces of metals9, therefore glass-distilled water (triple
distilled) was used in all instances. A mixture of butanol-propionic acid-water was
used for the second dimension2*.

The papers were run by the descending technique in plywood boxes, 30 in. in
height, Ig in. in width, and 34 in. in length. The insides of the boxes were coated with
paraffin prior to use to prevent impregnation of the wood by solvents. One chroma
tocab was always used with phenol, the other with butanol-propionic acid-water.
The solvents were contained in pyrex cradles, 24 in. long with a semi-circular cross
section I % in. in diameter, which rested in stainless steel troughs. Each box was
fitted with a 12 in. X 25 in. glass plate on one end to facilitate viewing the papers as
the solvent progressed, and was covered with a tightly fitting, felt-stripped lid. Where
temperature control is indicated, the chromatocabs were housed in a special room
maintained at a temperature of 24 ± 0.5 0 and at constant humidity. In other in
stances, the chromatocabs were used in a typical laboratory room where temperature
and humidity fluctuated with the weather, though it ranged between 29-35° when
the analyses were conducted.

A small quantity of the solvent was placed in a dish at the bottom of the box to
bring the atmosphere to equilibrium more quickly with the solvent. 18 to 22 hours
were required for migration of phenol down the papers whereas 15 to 16 hours were
required for butanol-propionic acid-water. After the phenol run, the papers were
dried in a fume hood overnight. They were turned at a goO angle counterclockwise
and butanol-propionic acid-water allowed to descend the papers. They were again
dried overnight in a fume hood. Amino acids were located by spraying with nin
hydrin (0.2% in ethanol). Color was developed by heating in an air oven at goO for
5 min. Urea was located by spraying with phenol and sodium hypochlorite, according
to the method of BERRy8 ; creatinine was detected with pircic acid3 ; purines were
treated with 0.5 % nitric acid and ammoniacal silver nitrate3•

The Rp values (distance travelled by the compound/distance travelled by the
solvent) were calculated in the various solvent systems. Following detection, the
position occupied by the compounds was encircled with a lead pencil because colors
faded on standing over a period of time.

In addition, some compounds were applied to filter paper strips, I % in. wide.
The strips were run in selected solvents in a small glass chromatocab, 24 in. high X

12 in. wide, using the descending technique. A tightly fitting glass plate served to
cover the glass chromatocab. Ethanol-acetic acid (lg :1), 95 % ethanol, butanol
ethanol-water (4:1:1), and butanol-acetic acid-water (4:1:5) were used as solvents.
The strips were allowed to dry in a fume hood prior to spraying.

* Fresh solvent was prepared from equal volumes of two solutions: A (1246 ml n-butanol and
84 ml water) and B (620 ml propionic acid and 790 ml water).
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RESULTS AND DISCUSSION

The Rp values for 47 amino acids are given in Table 1. The values listed represent, in
most cases, the average of two or more runs.

The presence of either 8-quinolinol or the sodium citrate-potassium phosphate
buffer affected the· migration rates in phenol~water of several of the compounds
studied (cysteic acid, cysteine, cystine, glutamic acid, histidine, hydroxyproline,
isoleucine, methionine sulfoxide, norvaline, phenylalanine, proline, serine, tryptophan,
tyrosine, and valine). Variations in room temperature affected the migration of
cysteic acid, glutamic acid, glycine, isoleucine, norleucine, serine, and valine.

Similarly, in butanol-propionic acid-water, the Rp values of arginine, aspartic

TABLE I

R F VALUES 01" Al\IINO ACJDS AND OTHER SELECTED corvlPOUNDS IN PHENOL AND

BUTANOL-PROPIONIC ACID-WATER UNDER VARIOUS CONDITIONS

kF value X .100

Phenol-waler Bltlnnol-propJul'tic ac£d-'lC!a.tcr
Cr)I/.CC/t-

COJ11pound trat1:oft

Room + 8-(juino- + BI/fler Noom
lig

temp.
25')

linfJl25') 24 ± 0.50 temp. 25°'" 24 ± ()·50h

DL-a-Alanine 63 6] 63 6] 32 32 32 20
L-Alanine 6] 36 20
DL-a-Amino-n-butyric acid 67 39 20
fJ-Amino-n-butyric acid 81 4° 3°
y-Aminobutyric acid 00 4 1 3°
a-Aminoisobutyric acid 74 38 '20

f1-Aminoisobutyric acid 79 4' 3°
a-AminopimeIic acid 9 1 52

***
3°

42 34
Arginine 55 60 6" 64 28 28 19 20

L-Aspartic acid 25 27 32 34 ] 7 24 22 5
Cysteic acid lJ 10 16 6 5 <) 6 3°
Cysteine 20 32 20 II 20
Cystine 20 17 28 14 5 10 8 20

Ethionine 80 5° 20

Ethionine sulfoxide···· 80 3°
L-Glutamic acid 28 52 41 2:2 24 32 25 20

Glutathione 32 5 20
Glycine 37 44 44 4° 57 31 20 20

Glycyl-DL-methionine 76 42 3°
Histidine 52 76 02 24 15 20

DL-Homocysteine 01 45 20
39 * " 20 ***

DL-Homocystine 33 J9 20

Homoserine ()4 32 5°
L-Hydroxyproline 65 68 78 64 25 zS 21 20

Isoleucine 89 94 <)3 79 64 6il 63 20
Leucine 79 Ij7 20
Lysine 57 53 47 19 13 20
D-Methionine 77 45 3°
DL-Methionine 78 81 78 52 57 44 20
DL-Methionine sulfoxide **** 87 8- 76J 25 24

---------- ----- --_.---._-----

Contd. on p. I9r
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TABLE I (contim<ed)

Rp value X IOO

Phenol-water Butanol-propionic acid-water Coneen--
Compound tra#on

Room + 8-Quino~ + Bufjer Room fIg

temp. 25° linol2So 24 ± 0.5 0 temp. 25°* 24 ±o.jo**

L-Methionine 72 53 20
L-Methionine sulfoxide '" '" * * 72 26
Methionine sulfone 67 67 67 25 30 20
Methionine sulfoxide 75 28 20
Methionine sulfoximine 71 41 20

67*** IS***

Norleucine 95 89 93 88 54 76 71 20
DL-Norvaline 86 87 87 79 47 63 41 20
DL-Ornithine 40 13 20
Phenylalanine 90 94 91 78 63 67 50 20
Proline 91 95 96 85 37 42 32 20
DL-Sarcosine 72 27 20
L-Serine 30 42 37 27 18 25 16 20
Taurine 34 J7 20
L-2-Thiolhistidine 25 15 30
Threonine 48 50 51 46 24 31 25 20
L-Tryptophan 73 75 82 74 54 49 40 20
L-Tyrosine 69 67 63 54 46 45 36 20
Valine 80 87 8- 71 57 57 49 20.J

* Papers were run first in phenol + 8-quinolinoL
** Papers were nm first in buffered phenoL

*** Two spots obtained, lower spot.
** ** Formed in phenol by oxidation.

***** Completely oxidized to the sulfoxide.

TABLE II

R F VALUES OF SELECTED COMPOUNDS IN PHENOL ANIJ BUTANOL-PROPlON1C ACID-WATEH

Rp value X 100*

Compound Q11UHtity
flg

B1t(jered phenol-water Butanol-propionic acid-water

PU'rines
Adenine
Hypoxanthine
Uric acid
Xanthine

lid iscella.11eous
Allantoin
4-Amino-5-imidazole

carboxamide
Creatine
Creatinine
Cystathionine

Dimethylaminoethanol
Ethanolamine
Glutaric acid
Urea

50
5°
50
5°

50

30

5°
20
50

5
0·5

75
60

Average

55

89
9 1

90
26
18**

79
76
68
68

Range

85-89
87-92
20-22
45-5 1

9 1-92

Average Range

57 5J- 64
38 36-39
21 20-21
32 31-33

27 26-28

39
37 35-4°
48
14 13-1 5
8** 7-9 **

38
4° 39-41
72
49

* At 24 ± 0·5°.
** Two spots obtained, lower spot.
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acid, glutamic acid, glycine, histidine, hydroxyproline, lysine, DL-methionine, nor
leucine, norvaline, phenylalanine, proline, serine, threonine, tryptophan, tyrosine,
and valine were different when temperature was not controlled in contrast to being
controlled.

The Rp values for L-methionine were higher than those for either D- or DL

methionine in butanol-propionic acid-water. Rp values for other selected compounds
in phenol-water and butanol-propionic acid-water are given in Table II.

Chromatography oj methionine with other compmmds

Methionine was chromatographed with other selected ammo acids because it was
often necessary in our work to identify this amino acid in the presence of other
compounds which migrated to approximately the same position. Tn such instances, a

0.8

.31

..,

...
.23

.22

·36 ·.5
·58

·40 ·'5

L.,
0.6 ~

~
u

0.5 ~
'c
a
'0.

0.42
Q.

.17

~1

·9

.13

0.2

0.1
11.
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I! !

0.80.91.0 0.7 0.6 0.5 0.4
_ Phenol, water

Fig. 1. Map of H p values of amino acids and other selected organic compounds. 1. DL-a-Alanine:
2. L-Alanine; 3. DL-a-Amino-n-butyric acid; 4· /f-Amino-n-butyric acid; 5. y-Aminobutyric acid;
6. a-Aminoisobutyric acid; 7. /f-Aminoisobutyric acid; 8. a-Aminopimelic acid; 9. Arginine;
10. L-Aspartic acid; II. Cysteic acid; 12. Cysteine; 13. Cystine; 14. Ethionine; IS. L-Glutamic acid;
16. Glycine; 17. Histidine; 18. DL-Homocysteine; 19. DL-Homocystine; 20. Homoserine; 21. L
Hydroxyproline; 22. Isoleucine; 23. Leucine; 24. Lysine; 25. D-Methionine; 26. DL-Methionine;
27. L-Methionine; 28. Methionine sulfone; 29. Methionine sulfoxide; 30. Methionine sulfoximine;
31. Norleucine; 32. DL-Norvaline; 33· DL-Ornithine; 34. Phenylalanine; 3S· Prol.ine: 36. DL
Sarcosine; 37. L-Serine; 38. Taurine; 39. L-2-Thiolhistidine; 40. Threonine; 41. L-Tryptophan;
42. L-Tyrosine; 43. Valine; 44. Adenine; 4S. Allantoin; 46. 4-Amino-s-imidiazole carboxamide;
47. Creatine; 48. Creatinine; 49. Cystathionine; So. Dimethylaminoethanol; 51. Ethanolamine;
52. Glutaric acid; 53. Glutathione; 54· Glycyl-DL-methionine; 55. Hypoxanthine; 56. Urea;

57. Uric acid; 58. Xanthine.

solution of the compounds was prepared in 50% ethanol, and aliquots of this were
applied to 18 in. X 22 in. filter paper sheets or I % in. wide filter paper strips.

These data are shown in Table Ill.
A comparison of the data in Table III with those in Tables I and II reveals that
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We must mention that there is a serious drawback in the actual calculations.
When calculating the value in the square brackets in eqn. 6, a small difference between
two large numbers is obtained. An error here can cause a difference of 100% or more
in the value of RF, as a result of the inaccuracy of the constants used. By using more
accurate constants, the calculated RF should be closer to the actual value. Nevertheless
we can use the above theory for choosing the appropriate solvent for a given material,
or for differentiating between two materials. Moreover, the thermodynamical deriva
tion gives some insight into the structures of related substances through their RF

values and can explain relative RF values.
It is well known15 that the separation of materials differing only by the replace

ment of a CH 3 group by a CH 2F group, is extremely difficult. Table II also shows
that, in view of the identical molar volumes and the small difference in cohesion con
stants, the calculated RF should be similar, the more so as the other groups in the
molecule further reduce possible differences. Since we know that hydrogen bonding
and cyclization reduces the molar volume, we should expect different RF values for
the ammonium salt of FCH 2CONHOH as compared to CH3CONHOH. This was
shown to the case by BERGMANN AND SEGAI}5, and was related to the structure:

CH
2
-CO-N-OH

I ~ I
F ...H-N-H

H

The molecular volume of acid hydroxamates increase in the order:

FCH2- < CH 3- < CH3CH2- < ClCH2- < CH3CH2CH2- < BrCH2-

On the other hand the above authors found that the order of the RF values is:

BrCH2- R:! CICH2- < FCH2- < CH3- < CH3CH2- < CH3CH.CH2

This obvious discrepancy can be clarified as follows:
In eqn. (6) we have two variables, which are dependent on the molecular structure

of the moving material, namely: the molar volume (VM) and the solubility parameter
(CM ). In homologous series according to the relative importance of the changes, either
factor can dominate and determine the change in the RF value.

In the above example the equal RF values for CICH 2CONHOH and BrCH 2CO
NHOH can be explained bythefact that according to Table II the cohesion energy of

the CICH 2 group (~~9; = 122) is almost equal to that of CH 2Br c:~; = 126). On

substituting the hydrogen by a halogen the cohesion energy increases since the value

for a CH3 group is only 17
80

= 89. According to eqn. (6), the increase of CM lowers
20.1

the absolute value in the square brackets, since in our case Cs > em. This increases
the difference between the two terms of eqn. (6), increasing-L1f~, which causes a
lowering of RF according to eqn. (3). Internal hydrogen bonding decreases V m causing
the same effect. On the other hand in homologous series Cs is approximately constant;
only VM increases which causes the RF to increase too.
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Au cours de cette condensation, Ie radical dinitrophenyle peut egalement se fixer sur les
groupements thiol de la cysteine et phenol de la tyrosine, les groupes w-amines des
acides diamines, ainsi que sur Ie noyau imidazole de l'histidine. L'arginine, les amides des
acides dicarboxyliques donnent un derive monodinitrophenyle sur leur groupe iX-amine.

De tres nombreux dinitrophenylaminoacides (DNP-aminoacides) sont ethiro
solubles. Cependant quelques uns, comme 1'iX-mono-DNP-arginine, l'acide DNP
cysteique, l'iX-DNP-histidine, l'e-mono-DNP-lysine, 1'O-DNP-tyrosine, la S-DNP
cysteine, l'imidazole-DNP-histidine, sont hydrosolubles.

La determination de l'acide amine porteur d'un groupe iX-amine libre et en position
terminale dans une chaine peptidique s'effectue tres souvent par la methode des
dinitrophenylaminoacides de SANGER.

D'autre part, les acides amines d'un hydrolysat total ou d'un hydrolysat en
zymatique (action de la carboxypeptidase ou de la leucine-aminopeptidase) de
proteine peuvent Hre identifies et doses sous la forme de leurs derives dinitrophenyles.

L'identification et Ie dosage des DNP-aminoacides constituent donc des pro
blemes analytiques primordiaux. Les methodes de separation sont principalement
chromatographiques.

De nombreuses techniques de chromatographie sur colonnes ont ete decrites:
chromatographie sur gel de silice (SANGER76, PORTER ET SANGER67); surgel de silice
tamponne (BLACKBURN12, MIDDLEBROOK57); sur Kieselguhr (MILLS58, BRAUNITZER ET
REUTHER16); sur Hyflo-Super-Cel tamponne (BELL et aU); sur acide silicique, Celite
(GREEN ET RAy31). Mais il est beaucoup plus commode de se servir de la chromato
graphie de partage sur papier. D'assez nombreux systemes solvants de valeur inegale
ont ete proposes. Actuellement, les separations sont facilement obtenues a l'aide
de plusieurs types de chromatographie bidimensionnelle dont nous decrirons plus loin
les modalites. Des methodes de chromatographie en phase inversee ont egalement ete
pubIiees: sur caoutchouc chlore (PARTRIDGE ET SWAIN63), sur papier acetyle (BURTON18).

B. PREPARATION DES DINITROPHENYLAMINOACIDES

Les preparations des DNP-aminoacides de reference ont ete decrites dans les articles
de SANGER76, PORTER ET SANGER67, LEVY ET CHUNG45, FRAENKEL-CONRAT, HARRIS
ET LEvy28, et RAO ET SOBER69•

La preparation et les caracteristiques physiques de tres nombreux DNP-amino
acides etherosolubles sont rassembles dans les articles de RAO ET SOBER69 et de
FRAENKEL-CONRAT, HARRIS ET LEvy28.

a. Procides generaux de synthese

Deux procedes commodes de synthese sont a retenir.

1. ProcUe de LEVY ET CHUNG45

La condensation se fait en milieu aqueux et a 40°. L'aminoacide (10 mmoles) et Ie
carbonate de sodium anhydre (2 g) sont dissous dans 40 ml d'eau a 40°. Le fluoro
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glutamique, la DL-proline, la DL-threonine, la DL-methionine, la DL-ethionine, 1'acide
DL-Q(-aminobutyrique, la DL-valine, 1'acide DL-pipecolique, la D-threonine.

La substance est dissoute dans un grand volume d'acetone et 1'on seche la solution
sur sulfate de sodium anhydre. Apres filtration, on concentre la solution a un petit
volume. On ajoute un volume egal de benzene a la solution acetonique et on precipite
Ie DNP-aminoacide par un exces d'ether de petrole (E: 30-75°). Le derive est secM
sous un courant d'air, dissous dans 1'ether et precipite avec de 1'ether de petrole.
L'etape ether-ether de petrole est repetee plusieurs fois jusqu'a ce que Ie DNP
aminoacide cristallise a basse temperature.

(ii) Cas des DNP-aminoacides pricipites sous forme solide. Glutamine, L-serine,
L-tyrosine, L-tryptophanne, L-arginine, L-histidine, acide L-Q(,y-diaminobutyrique,
L-ornithine, L-Iysine, acide y-aminobutyrique et L-asparagine.

Les precipites sont laves a l'eau glacee et cristallises a partir de solvants appro
pries (voir Tableau I).

b. Cas particuliers de synthese

1. Acide DNP-L-glutamique

(i) Procide de RAO ET SOBER69 • A cause des difficultes de cristallisation, les
auteurs partent de la DNP-glutamine, facilement cristallisable, qui est hydrolysee
une nuit avec 10 fois Ie volume d'acide chlorhydrique 6 N et chauffee au bain-marie
jusqu'a ce que Ie produit passe en solution. La solution refroidie a la temperature du
laboratoire est placee ensuite dans un congelateur jusqu'a ce qu'une huile visqueuse
jaune se separe, qui cristallise apres un sejour de plusieurs semaines dans Ie froid.
Le DNP-aminoacide, lave a 1'eau et desseche sur P 20S dans Ie vide, se piesente sous
forme d'un solide jaune hygroscopique.

(ii) Procide de LEVY ET CHUNG4S. L'acide L-glutamique (2.9 g) et Ie carbonate de
sodium anhydre (6.0 g) sont dissous dans 100 ml d'eau a 40°. Le fluorodinitrobenzene
(3.7 g) est ajoute et Ie melange agite vigoureusement par un agiteur magnetique, la
temperature etant maintenue a 40° pendant 30 min. Apres acidification par de 1'acide
chlorhydrique concentre, 1'acide DNP-glutamique recueilli est recristallise du melange
chloroforme-acetate d'ethyle (F: 134-136°).

2. Derives de l'histidine

(i) Q(-Mono-DNP-histidine (compose presentant une reaction de Pauly positive
et ne donnant pas la reaction ala ninhydrine). Le derive monosubstitue en position
Q( de 1'histidine s'obtient en faisant reagir 0.5 molecule (ou moins) de fluorodinitro
benzene et 1.0 molecule d'histidine. Le mode operatoire adopte par RAMACHANDRAN
ET MCCONNELL68 est Ie suivant: 1.917 g (0.01 mole) de monochlorhydrate de L
histidine et 8.4 g de bicarbonate de sodium sont dissous dans 200 ml d'eau et on ajoute
0-453 g (0.0025 mole) de fluorodinitrobenzene dans 25 ml d'ethanol. Apres un contact
de 1 h a la temperature du laboratoire, Ie volume est reduit sous vide a 50 ml et Ie
pH ajuste a6.5 par de 1'acide chlorhydrique pur ajoute avec precaution. Le precipite
est elimine par filtration et recristallise apartir d'une solution dans Ie volume minimum
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(iii) S-DNP-cysteine. Apres dinitrophenylation du glutathion reduit, l'hydrolysat
total contient la S-DNP-cysteine (hydrosoluble) et l'acide DNP-glutamique (ethero
soluble) (HAUSMANN, WEI~IGER ET CRAIG32).

(iv) Acide DNP-cysteique (sel de potassium). Pour obtenir ce derive dinitrophenyle
hydrosoluble, il est commode d'oxyder par l'acide performique la di-DNP-cystine
(BETTELHEIM10) •

On oxyde 0.2 g de di-DNP-L-cystine par 10 ml d'acide performique (9 ml d"acide
formique pur + I ml d'eau oxygenee ano volumes) pendant 30 min. La solution est
evaporee a siccite, et Ie residu est dissous dans un peu d'eau. La solution est ajustee
a pH 6 avec de la potasse et cristallise par addition d'ethanol et d'ether.

C. DINITROPHENYLATION D'UN HYDROLYSAT DE PROTEINE (Tableau II)

a. Hydrolyse de la proteine

3 a 5 mg de proteine sont hydrolyses en tube scelle sous vide par I a 2 ml d'acide
chlorhydrique 5.7 N* a l0S ° pendant 24 h**. L'acide chlorhydrique de l'hydrolysat
est tres soigneusement elimine.

b. Condensation avec Ie (luorodinitrobenzene; extraction des derives dinitrophinylis

Differentes modalites de condensation des acides amines avec Ie fluorodinitrobenzene
ont ete decrites. On peut effectuer la reaction soit en milieu aqueux, soit en milieu
hydro-alcoolique.

1. Reaction de condensation en milieu aqueux (LEVY et al. (6)

(i) Conduite de la reaction. L'hydrolysat (3 a 5 mg dans 3 ml) est place dans une
cellule de synthese (voir Fig. I). On ajoute 0.1 ml de chlorure de potassium 3.1 N et
Ie contenu est ajuste a pH 9.0 (environ 40 ,umoles de NaOH 0.2 N). La solution est
saturee en fluorodinitrobenzene a 40° par agitation vigoureuse avec un leger exces
(environ 0.1 ml) de reactif. Le pH est maintenu a 9 pendant 80 min par des additions
intermittentes de soude 0.2 N. Cette operation peut etre effectuee commodement au
moyen d'un autotitrateur de JACOBSEN ET LEONIS37•

La cinetique de la reaction peut etre suivie en mesurant la cOllsommation de
soude (Fig. 2). Etant donne que Ie fluorodinitrobenzene est en exces, Ie milieu reac
tionnel reste sature en reactif et la formation de dinitrophenol*** est constante dans

* L'acide chlorhydrique est prepare en distillant 3 a 4 fois dans un appareil en verre un melange
azeotropique d'acide chlorhydrique et d'eau.

** Habituellement la duree de l'hydrolyse est de 24 h; il peut etre interessant d'effectuer Ie
dosage des acides amines sur plusieurs series d'hydrolysats obtenus a des temps differents (24 et
48 h, par exemple).

*** Outre la reaction de condensation avec les acides amines [FDNB + H 2N-CH(R)-COOH-+
DNP-HN-CH(R)-COOH + HF], il se produit egalement une hydrolyse alcaline du reactif

02N-<=>-F + H·OH --+ HF + 02N-< }-OH (dinitrophenol)
-I -I

N02 N02
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La phase aqueuse restant apres l'extraction des DNP-aminoacides etherosolubles
contient encore l'cx.-mono-DNP-arginine et l'cx.-DNP-histidine (et eventuellement
l'acide DNP-cysteique)* . Elle peut etre traitee de differentes fayons.

D'apres LEvy43, la phase aqueuse est diluee a 10 ml et des parties aliquotes
(3 fois I ml) sont evaporees a sec. Apres dissolution dans un volume connu d'acetone,
la solution de DNP-aminoacides est deposee sur des feuilles de papier Whatman No. I.

Nous preferons, comme KOCH ET WEIDEL39, extraire plusieurs fois la phase
aqueuse restante par un melange a volume egal de sec.-butanol et d'acetate d'ethyle.
Apres dessication, les DNP-aminoacides hydrosolubles sont dissous dans un volume
connu (3 ml, par exemple) d'acetone**. Des parties aliquotes de cette solution (50 a
ISO ,ul) sont deposees sur du papier Whatman No. I.

2. Reaction de condensation en milieu hydro-alcoolique

Pour obtenir la transformation totale de l'histidine en di-DNP-histidine, en evitant la
formation d'cx.-mono-DNP-histidine (voir plus haut), FRAENKEL-CONRAT ET SINGER29

realisent la condensation avec Ie fluorodinitrobenzene en milieu hydro-alcoolique
suivant les modalites techniques suivantes.

La condensation s'effectue dans un milieu contenant 0.7% de bicarbonate de
sodium, I.7% de fluorodinitrobenzene et 67% d'ethanol, pendant 80 min a 20-25°.
L'exces de fluorodinitrobenzene est extrait a l'ether apres evaporation de la plus
grande partie de l'alcool. Le milieu reactionnel est ensuite acidifie (aux environs de
pH 1-2) et extrait d'abord a l'ether prive de peroxydes, puis a l'acetate d'ethyle qui
permet l'extraction quantitative de la di-DNP-histidine. La phase aqueuse restante
ne contient que l'cx.-mono-DNP-arginine et eventuellement l'acide DNP-cysteique.

Nous preferons utiliser Ie mode operatoire suivant.
L'hydrolysat (10 mg de proteine) est dissous dans 5 ml d'eau bidistillee amenee et

maintenue a400. On ajuste apH 9 par de la soude NilS et on ajoute 0.2 ml de fluoro
dinitrobenzene. On agite pendant IS min a 400 en maintenant Ie pH a 9. On ajoute
alors 10 ml d'ethanol absolu et on continue l'agitation pendant go min a 40° en
maintenant toujours Ie pH a 9. Apres la condensation, l'alcool est chasse par ventila
tion d'air froid. L'exces de fluorodinitrobenzene est extrait plusieurs fois (5 a 10 fois)
par de l'ether prive de peroxydes. Le milieu est acidifie (I ml d'acide chlorhydrique
concentre pur) et extrait de nouveau par l'ether prive de peroxydes (5 extractions)
puis par l'acetate d'ethyle (3 extractions). La phase aqueuse residuelle est extraite
par Ie melange a parties egales d'acetate d'ethyle et de sec.-butanol (3 extractions).

Les extractions par l'ether (en milieu acide) et par l'acetate d'ethyle sont rassem
blees et evaporees a sec, et Ie dinitrophenol contenu dans cette phase est elimine par
sublimation (voir plus loin la description de la technique employee). Les DNP
aminoacides sont dissous dans 2 ml d'acetone.

* L'acide DNP-cysteique peut se trouver dans les hydrolysats totaux de proteine oxydee par
l'acide performique ou dans les hydrolysats totaux oxydes par l'acide performique.

** Pour faciliter la dissolution des DNP-aminoacides hydrosolubles on peut utiliser de l'acetone
acide (acetone 0.9 ml + acide chlorhydrique NO.1 ml).
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pas trop longue pour eviter au maximum la destruction du DNP-aminoacide terminal
(pour Ie taux de destruction des DNP-aminoacides au cours de l'hydrolyse, voir:
Chromatographie quantitative, paragraphe ], p. 269).

Pour la determination qualitative du residu N-terminal, l'hydrolyse s'effectue
habituellement en tube scelle sous vide (ou sous azote) pendant I6 h aIOSo en presence
d'acide chlorhydrique 5.7 N redistille (voir: Hydrolyse de la proteine, paragraphe C, a,

P·232).
Ce type d'hydrolyse peut toutefois provoquer une destruction importante de la

DNP-proline et du DNP-glycocolle.
L'hydrolyse de la DNP-proline pendant I6 h par de l'acide chlorhydrique I2 N

entraine une destruction de plus de 50% *. Au cours de l'hydrolyse, la DNP-proline
peut former, par rupture du noyau, deux derives particuliers, l'acide a-chloro-<5
DNP-aminovalerique et l'acide <5-chloro-a-DNP-aminovalerique (voir paragraphe
G, a, 5, p. 253).

Apres 8 h d'hydrolyse par l'acide chlo~hydrique5.7 N, 60% du DNP-glycocolle
sont detruits (PORTER66).

Pour eviter au maximum ces destructions, il est recommande d'effectuer, en plus
de l'hydrolyse a I05° pendant I6 h, deux autres hydrolyses:

pour Ie DNP-glycocolle, hydrolyse par l'acide chlorhydrique 5.7 N 4 h; dans ces
conditions, il est indispensable de preciser si l'hydrolysat contient des DNP-peptides;

pour la DNP-proline, hydrolyse pendant 4 h par de l'acide chlorhydrique II.2 N
(PORTER ET SANGER67, PHILLIPS64). SHEPHERD et al.S3 conseillent egalement une
hydrolyse de 24 h a I05° par un melange a parties egales d'acide acetique et d'acide
chlorhydrique.

La destruction des DNP-aminoacides au cours de l'hydrolyse acide est tres
nettement augmentee en presence de tryptophanne ou de proteines riches en trypto
phanne comme Ie lysozyme (THOMPSONS4). La xanthylation du tryptophanne ou de
la proteine reduit tres nettement Ie taux de destruction (DICKMAN ET ASPLUND25), Ie
dixanthyltryptophanne etant stable a l'hydrolyse acide. II y a donc parfois interet a
realiser la xanthylation de la DNP-proteine. La DNP-proteine est dissoute dans de
l'acide acetique a 90% en presence de xanthydroI. Apres une heure de contact ala
temperature du laboratoire, la xanthyl-DNP-proteine est precipitee par l'ether et
lavee a l'ether par centrifugation.

2. Hydrolyse partielle acide de la DNP-protiine

II y a interet parfois a hydrolyser partiellement la DNP-proteine de fa<.;on a isoler
et a determiner la structure des DNP-peptides de la sequence N-terminale. Cette
hydrolyse partielle peut s'obtenir par l'action de l'acide chlorhydrique I2 N a 37°
ou de l'acide chlorhydrique 5.6 N, 3 N et O.I N a IOOo pendant des temps variables.

* Vne hydrolyse par l'acide acetique a 96% pendant 16 h a rooo detruit egalement 50% de la
DNP-proline. Dans ces conditions, la DNP-proteine n'est pas totalement hydrolysee (SCANES ET

TOZER81).
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3. Hydrolyse enzymatique de la DNp-prottfine

Les enzymes proteolytiques peuvent hydrolyser partiellement certaines DNP
proteines. Habituellement la vitesse de reaction est nettement reduite et Ie degre
d'hydrolyse sensiblement abaisse. L'hydrolyse enzymatique permet egalement
d'aborder Ie probleme de la structure des DNP-peptides de la sequence N-terminale.
Des exempIes interessants ont ete decrits: par exemple, hydrolyse pepsique de la
DNP-ribonuclease (ANFINSEN et al. 2), hydrolyse trypsique specifique de la DNP
ribonuclease oxydee (REDFIELD ET ANFINSEN70), hydrolyse par la carboxypeptidase
d'une DNP-proteine en vue de la determination de la sequence C-terminale (WALD
SCHMIDT-LEITZ ET GAUSS90).

d. Extraction des dinitrophtfnylaminoacides

1. Extraction apartir d'un hydrolysat total de prottfines

Apres 1'hydrolyse, les hydrolysats sont dilues avec de Yeau pour obtenir une concen
tration sensiblement normale en acide chlorhydrique. L'hydrolysat dilue est extrait

J 4 fois par 5 ml d'ether prive de peroxydes (voir note p. 233). Les extraits etheres sont
laves avec de 1'acide chlorhydrique 0.1 N (PHILLIPS64) ou bien 3 fois a 1'eau (THOMP
SON8S) pour eliminer toute trace des derives acidosolubles (comme l'e-mono-DNP
lysine) qui peuvent avoir ete entraines au COUTS de l'extraction. Les extraits etheres
sont concentres et Ie dinitrophenol qui les souille est elimine par sublimation suivant
les modalites techniques decrites plus haut (paragraphe C, c, p. 235). Les DNP
aminoacides etherosolubles sont dissous dans un volume determine d'acetone. Dne
partie aliquote de cette solution est deposee sur des feuilles de papier Whatman No. 1.

Les DNP-aminoacides etherosolubles peuvent contenir des traces de di-DNP-histidine
lorsque celle-ci existe en position N-terminale. Dne extraction continue a1'ether dans
un appareillage special (MILLSS8) permet d'obtenir egalement ce derive dans la fraction
etherosoluble. Dne extraction par 1'acetate d'ethyle, apres 1'extraction etheree,
conduit aussi a 1'isolement de ce compose, mais il faut se rappeler que ce dernier
solvant peut egalement extraire des DNP-peptides eventuellement presents (voir
paragraphe D, d, 2, p. 242).

La phase aqueuse residuelle de 1'hydrolysat contient tous les aminoacides libres,
toujours des DNP-aminoacides hydrosolubles comme l'e~mon()-DNP-Iysine, 1'0··
DNP-tyrosine (incolore), 1'imidazole-DNP-histidine et eventuellement la S-DNP
cysteine, qui proviennent des residus correspondants d'aminoacides en position
intrapeptidique. On peut egalement trouver 1'<x:-mono-DNP-arginine, 1'acide DNP
cysteique (hydrolysat oxyde de proteine ou hydrolysat de proteine oxydee), la di
DNP-histidine (si 1'hydrolysat n'a pas ete extrait d'une fayon continue a 1'ether, ou
par la combinaison successive ether et acetate d'ethyle), 1'<X:-mmlO-DNP-histidine,
lorsque ces residus d'acides amines existent en position N-terminale dans la proteine.

Les derives dinitrophenyles hydrosolubles peuvent Hre extraits (mais ce n'est pas
necessaire) par Ie sec.-butanol. Les phases organiques ainsi obtenues et la phase
aqueuse restante sont evaporees a sec, reprises dans un volume connu d'acetone
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THOMP~'jN79), utilisable pour les DNP-aminoacides de RF faible dans les solvants
o.,-,gimiques: acide DNP-aspartique, acide DNP-glutamique, DNP-serine et eventuelle
ment acide DNP-cysteique.

Systemes solvants de MELLON et COll. 55 (voir Tableau IV):
Solvant A = n-butanol sature d'eau;
Solvant B = n-butanol-acetate de n-butyle-ammoniaque a 1% (vjv) (I: 2: 3)

(prepare 18 h avant l'usage) ;
Solvant C = benzEme-acide acetique a1%; la chromatographie est ascendante,

sur papier Whatman No. I; Ie papier est equilibre une nuit avant la mise en place
du solvant organique; Ie systeme solvant C donne des trainees.

TABLEAU IV

VALEURS DES R F DES 2,4-DINITROPHENYLAMINOACIDES

(D'apres MELLON, KORN ET HOOVER55)

Acides aminis SolvantA* SolvantB SolvantC

Dinitroaniline 0.90 0·97 0·96
Di-DNP-tyrosine 0.78 0.90 0·33
Leucine 0·74 0.71 0.70
Isoleucine 0·73 0.70 0.70
Di-DNP-Iysine 0.72 0.81 0.11
Phenylalanine 0.71 0.70 0·55
Tryptophanne 0.70 0.68 0.28
Valine 0.68 0·47 0.63
Methionine 0.65 0.48 0·47
Dinitrophenol 0.56 0.25 0·99
Alanine 0.50 0.18 0.28
Proline 0.48 0.17 0·44
Threonine 0·43 0.12 0
Glycocolle 0.36 0.08 0.07
Serine 0.32 0.06 0
Acide glutamique 0.14 0 0
Acide aspartique 0.12 0 0
Di-DNP-histidine 0·35 0.50 0
Arginine 0·37 0 0
e-DNP-Iysine 0.32 0.05 0
a-DNP-Iysine 0·33 0 0

* Pour la composition des solvants, voir Ie texte.

Systeme isooctane-monochlorhydrine du glycol--n-propanol (20:I:Ij (WILLIAMSON
ET PASSMANN92): Separation de la DNP-Ieucine et de la DNP-phenylalanine.

Systeme dicaline (dicahydronaphtalCnej -acide acetique pur cristallisable (I: I j
(BISERTE ET OSTEUXll), utilisable pour la separation chromatographique du dinitro
phenol et des DNP-aminoaeides.

n-Propanol (dilui avec de l'eau pour obtenir une densiti de o.8I3j-acide acitique
(contenant I.5% d'eauj-kirosene (E: IOD-I400j (2o:6:IOOj, en chromatographie
descendante sur Whatman No. I trempe dans l'acide citrique 0.1 M et seehe a l'air;
utilisable pour la separation despolymeres d'IX-, fJ- et w-aminoacides (HEIKENS,
HERMANS ET VAN VELDEN33).
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Xylene-acide acetique-tampon phtalate o.oS M de pH 6 (Io:S:4) (LANDMANN,
DRAKE ET WHITE42); Ie papier est tamponne avec Ie meme tampon, puis equilibre
avec la couche inferieure 16 h avant la mise en route.

n-Butanol-ethanol-eau (40:IO:SO) (vjv) (KENT, LAWSON ET SENIOR38).
Alc~ol benzylique additionne de IO %d'ethanol (vjv) et saturi avec le tampon phtalate

o.oS M de pH 6 (BLACKBURN ET LOWTHER13) (voir Tableau V).
Propanol-cyclohexane ou ether de petrole (E: IOO-I200) (30:70 vjv), sature avec

Ie tampon phtalate 0.05 M de pH 6 (BLACKBURN ET LOWTHER13) (voir Tableau V).

TABLEAU V

R p DES DNP-AMINOACIDES SUR PAPIER TAMPONNE (TAMPON PHTALATE DE pH 6)
(D'apres BLACKBURN ET LOWTHER13)

DNP-leucine
DNP-valine
DNP-phenylalanine
DNP-alanine
DNP-glycocolle
DNP-threonine
DNP-serine
Acide DNP-glutamique
Acide DNP-aspartique

Cyclohexa1u
contcna-nt

30% de propanol

0.28
0.23
0.22
0.15
0.10

0.07
0.05
0.05

0.02

Alcool
tert.~amylique

0.88

0·79
0·74
0-4 6
0.23
0.36
0.21
0.04
lent

Alcool
benzyl~1te

contenant
10% d'ithanol

0.7 1

0·59
0.63
0.36
0.26
0.26
0.18

0.07
0.03

Tampon citrate de sodium-acide chlorhydrique M ou 0.7 M de pH 6.2 (ROVERY ET
FABRE74, DESNUELLE ET FABRE23); duree: 16 h; c'est en fait une application de la
chromatographie dite "de relargage", comparable a celle realisee avec Ie tampon
phosphate 1.5 M de pH 6 de LEVY.

Solvant de BLACKBURN ET LOWTHER modifie: tert.-pentanol contenant IO% (vjv)
de propan-2-ol sature avec du tampon phtalate (GREGORY ET YOUNG, resultats non
publies, cites dans WALEy91).

Chloroforme-acide acitique I.S N-n-propanol (Io:6:IO) (SANGER ETTHOMPSON79
):

chromatographie en phase inversee sur du papier silicone (KRITCHEVSKY ETTISELIUS41);

Ie papier est suspendu dans la cuve saturee de vapeurs de la phase organique pendant
3 h; puis Ie developpement se fait avec la phase aqueuse; la di-DNP-tyrosine et la
di-DNP-Iysine ne migrent pas, tandis que les autres DNP-aminoacides migrent assez
rapidement. A cause de la variabilite des RF , il est indispensable de mettre des temoins
lateraux de DNP-aminoacides.

Chloroforme-propan-2-ol-benzoate de potassium o.oS M (4S:49:6 vjv) ou cyclo
hexane-propan-2-ol-benzoate de potassium 0.0S M (6o: 36:4 vjv) (MON IER ET PENASSE60).

Solvant alcool n-amylique agiteavec un volume egal de solution d'ammoniaque 2 N;
la phase aqueuse est utilisee pour la saturation de la cuve (BowEs ET MOSS14).

Alcool tert.-amylique-methylithycetone-benzoate de potassium (54:4°:6) (MONIER
ET JUTISZ59).
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G. MODALITES D'APPLICATION PARTICULIERES DE LA CHROMATOGRAPHIE
DES DNP-AMINOACIDES ETHEROSOLUBLES

a. Hydrolysats totaux d'une DNP-proteine et DNP-aminoacides
d'un hydrolysat total

Tous les problemes peuvent Mre abordes par les couplages bidimensionnels decrits
ci-dessus. Nous donnons cependant la preference aux systemes "toluene" et "phosphate
1.5 M". Quelques cas particuliers sont tres delicats aresoudre. II est parfois necessaire
d'eluer les taches de DNP-aminoacides du chromatogramme afin de pouvoir les
etudier de nouveau avec d'autres systemes solvants.

1. Elution des taches de DNP-aminoacides

L'eIution du papier est conduite de la fayon suivante. Les zones de papier contenant
les DNP-aminoacides sont decoupees, placees dans des tubes a centrifuger et eluees
par 2 a 3 ml de bicarbonate de sodium a 2 % pendant IS min a une temperature de
50-55°. Apres refroidissement et acidification du milieu par de l'acide chlorhydrique
dilue, les DNP-aminoacides sont extraits par l'ether sulfurique prive de peroxydes.
Afin d'eliminer des liqueurs etherees toute trace de solvant employe au cours de la
premiere chromatographie, celles-ci sont de nouveau soumises a une extraction par
2 a 3 ml de bicarbonate de sodium a 2 % et, apres acidification, la seconde solution
bicarbonatee est extraite a l'ether. Cette solution etheree (2 a 3 ml au maximum)
peut Mre deshydratee sur du sulfate de sodium anhydre. Apres evaporation ou
concentration, les DNP-aminoacides sont alors deposes sur la feuille de papier
Whatman No. I et soumis a une chromatographie unidimensionnelle dans Ie nouveau
systeme solvant.

2. Separation des acides DNP-dicarboxyliques

Seuls, les acides DNP-aspartique et DNP-glutamique ne sont pas separes par les
couplages bidimensionnels. Ce probleme peut etre resolu par une seconde chromato
graphie bidimensionnelle dans laquelle la deuxieme dimension est realisee avec un
tampon phosphate de concentration plus elevee (2.5 M), la premiere dimension pouvant
se faire cette fois de preference avec Ie systeme butanol (NHa) qui s'evapore plus
rapidement que Ie systeme "toluene".

On peut aussi eluer du chromatogramme bidimensionnel les taches des DNP
aminoacides dicarboxyliques et soumettre l'eluat a. une chromatographie unidimen
sionnelle dans Ie systeme alcool isoamylique sature d'acide acetique a I% (Rp de
l'acide DNP-aspartique 0.30; Rp de l'acide DNP-glutamique 0.46) (BISERTE ET
OSTEUXll).

3. Superpositions des taches de DNP-aminoacides

(i) Superposition DNP-histidine-DNP-tryptophanne. Dans Ie couplage bidimen
sionnel "toluene + phosphate" la DNP-histidine et Ie DNP-tryptophanne se placent
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au meme endroit. Cette concordance ne pose toutefois pas de problemes partieuliers*,
car, d'une part, Ie DNP-tryptophanne est detruit au cours de l'hydrolyse acide et
d'autre part, la di-DNP-histidine n'aeeompagne les DNP-aminoacides etherosolubles
que dans Ie cas d'une extraction couplee ether + acetate d'ethyle.

(ii) Superposition DNP-serine-DNP-methionine-sulfone. Dans Ie systeme "tolu
ene-phosphate r.5 M", la DNP-serine et la DNP-methionine-sulfone se superposent.
En fait, la formation de la DNP-methionine-sulfone aux depens de la DNP-methionine
n'a lieu qu'au cours de l'extraetion des DNP-aminoaeides par de l'ether qui n'a pas
He prive de peroxydes. Si la presence de DNP-methionine est soup<;onnee, la zone
DNP-serine + DNP-threonine peut etre chromatographiee de nouveau dans Ie
systeme alcool tert.-amylique-phtalate de BLACKBURN ET LOWTHER13•

(iii) Derives dinitropMnytes des acides diamines. La di-DNP-Iysine, la di-DNP
ornithine et l'acide di-DNP-diaminobutyrique ne se separent pas dans Ie couplage
"toluene-phosphate 1.5 M". Vne separation partielle de la di-DNP-Iysine et de la
di-DNP-ornithine peut etre obtenue en chromatographie avec Ie systeme butanol
acide acetique-eau (4:1:5).

L'identification de ces composes est done delicate. Pour resoudre ce probleme
(qui peut se poser parfois dans Ie domaine des polypeptides bacteriens), il est done
indispensable de regenerer les acides amines constitutifs (voir plus loin, paragraphe
G, a, 4) et d'identifier ceux-ci, par exemple par une electrophorese sur papier dans
un appareil "en toit" (type Durrum) a pH3.9 [tampon pyridine-acide acetique-eau
(30: 100: 4870)J pourlaseparationde l'acide cx,y-diaminobutyrique du groupe ornithine
+ lysine, ou apH 11.7 (ammoniaque N) pour la separation de la lysine et de l'orni
thine.

4. Probleme des DNP-leucines

Aucun systeme solvant ne permet une separation satisfaisante des DNP-Ieueines. Au
cours de la determination d'un residu en postion N-terminale, Ie seul moyen de
resoudre la question consiste a regenerer l'aeide amine a partir de son derive dini
trophenyle.

La regeneration** peut se faire par chauffage dans un tube scelle a 1050 pendant
1 h avec de la baryte 0.3 N (MILLS58). Ensuite, on elimine la baryte sous forme de
carbonate de baryum en faisant passer dans la solution un courant de gaz carbonique.
Apres evaporation a sec, Ie residu est analyse en chromatographie sur papier.

On peut egalement chauffer les DNP-aminoacides en presence d'ammoniaque
(densite 0.880) en tubes scelles a rooo (LowTHER52).

La separation chromatographique de la leucine et de l'isoleucine peut etre

* La separation du DNP-tryptophanne et de la di-DNP-histidine peut etre obtenue dans les
systemes de MELLON: benzEme-aeide aeetique it I %; n-butanol sature d'eau (voir Tableau IV), et
dans Ie systeme sec.-butanol-tampon phtalate de pH 6 (RF du DNP-Try = 0.54: R F de la DNP
His = 0.33). Duree de la ehromatographie: 40 h (resultats personnels).

** Ces methodes de regeneration sont valables pour tous les DNP-aminoaeides; elles sont
utilisables uniquement pour une identification, car les rendements en acides amines regeneres
sont faibles.
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obtenue soit dans Ie systeme tert.-pentanol-eau (WORK95), soit dans Ie systeme de
HOGSTROM35, soit dans Ie melange n-butanol-a1cool benzylique-eau (CONSDEN
et al.20).

5. Produits de decomposition de la DNP-proline

Au cours de l'hydrolyse de la DNP-proline, deux derlves nouveaux peuvent se former:
l'acide (j-chloro-iX-DNP-aminovaMrique et l'acide iX-chloro-(j-DNP-aminovah~rique

(SCANES ET TOZER81)* . La destruction de la DNP-proline et l'apparition de ces com
poses dependent des conditions d'hydrolyse (voir paragraphe D, c, I, p. 239).

II est d'ailleurs commode d'identifier la DNP-proline en position N-terminale
par l'intermediaire de ces deux artefacts (PHILLIPS64). Leur separation chromatogra-

'cu....o
.c
Q.
C/I

~
Q.

DNP-OHOe2

AlaO
ThrO @

Pro

Fig. 8. Etude chromatographique (systemes solvants "toluene" et "phosphate") des produits de
decomposition de la DNP-proline (hydrolyse par l'acide chlorhydrique 5.6 N a 100-r05° pendant
24 h en tube scelle). DNP-proline = surface hachuree; Pr = acide <5-chloro-a-DNP-aminovalerique

P2 = acide a-chloro-<5-DNP-aminovalerique; DNP-OH = dinitrophenol.

phique soit dans Ie couplage "toluene" et "phosphate" (voir Fig. 8) soit dans Ie
couplage "sec.-butanol-phtalate" et "phosphate" (voir Fig. 7) est relativement
commode. II est interessant de signaler que la DNP-proline prend une coloration
rouge apres exposition prolongee du chromatogramme a la lumiere de Wood.

6. Artefacts chromatographiques de la phase ethirosoluble

Le dinitrophenol et la dinitraniline sont des artefacts habituels de la fraction ethero
soluble. Le dinitrophenol peut etre facilement dimine par sublimation** (voir para
graphe C, c, p. 235). La dinitraniline ne gene pas la separation chromatographique,
car eHe se place loin de tous les autres derives dinitrophenyles.

* Sous l'action des agents hydrolysants, il y aurait ouverture du cycle pyrrolidine suivant la
reaction:

HCl
----+

CH2--eH2
I I

CH2Cl CH-COOH
/'

NH
I CD

DNP

ou
CH2--CH2
I I

CH2 CH-eOOH

" INH Cl fo\
I 0

DNP

** n peut etre elimine egalement sur colonne d'acide silicique MALLINCKRODT, prepare pour la
chromatographie par la methode de RAMSEY ET PATTERSON (Lr ET ASH48).

Bibliographie p. 269!27I.



254 G. BISERTE et al. VOL. 2 (1959)

Avec certaines preparations de fluorodinitrobenzene, nous avons parfois con
state la presence d'acide picrique dans une zone voisine de celIe qui est occupee par
la phenylalanine (voir Fig. 9). L'eluat de la tache donne les reactions caracteristiques
et classiques de l'acide picrique.

D'autres artefacts ont egalement ete signales, notamment par REDFIELD ET
ANFINSEN7o : une tache plus lente que la phenylalanine dans Ie "toluene" et un peu
plus lente que la leucine dans Ie phosphate; un artefact orange un peu plus rapide
que la glycocolIe; un autre artefact orange dans la region de la valine. Enfin, deux
produits de decomposition de l'e-DNP-Iysine (l'un jaune, l'autre orange) peuvent se
placer dans la zone comprise entre la di-DNP-Iysine et la di-DNP-histidine. Ils
peuvent etre confondus avec la di-DNP-histidine.

b. Hydrolysats enzymatiques de protiines; separation des DNP-asparagine
et DNP-glutamine

Le seul probleme particulier pose par l'etude des DNP-aminoacides des hydrolysats
enzymatiques de proteines (par exemple: action de la carboxypeptidase ou de la
leucine-aminopeptidase) est celui de la separation de la DNP-asparagine et de la
DNP-glutamine.

Dans Ie couplage "toluene" et "phosphate 1.5 M", ces deux derives forment en
effet une tache confluente, mais nettement separee des autres derives dinitrophenyles,

va "Toluene"

::E
Il'I
C'i

~
o

.s::
0.
l/l

G1uO 0 ,g
a:-NH:z.-Ad. ~

AspO

1
OGlu-NH:z.

OAsp-NH:z.

DNP-NH2

oo Di-Tyr

Di-Lyso
Oi-His

oDi-Cys

D~!:,:OH

{ "P2
Gly 8 i :. Met

,/l-Ala -- " } 0 .PI
r-NHZ-But. - - /

OGIU-NH2 ala oval CJ Leu

Asp-NH2 U, '-' ..
::;: fi-NH,,-Isobut. Ac. plpec.

~ OSee Qpro

~ o:·NHfAd 8-~Thrg. II $or

t Glu OHO-Pro

Asp

Fig. 9. Chromatographie des DNP-aminoacides etherosolubles
decelables apres dinitrophenylation d'un milieu biologique. Sy
stemes solvants "toluene" et "phosphate 1.5 M". a-NH 2-Ad. =
acide a-aminoadipique; Sar = sarcosine; P-NH 2-Isobut. =
acide p-aminoisobutyrique (T-spot); Ac. pipec. = acide
pipecoliqlle; Asp.-NH 2 = asparagine; Glu-NH 2 = glutamine;
p-Ala = p-alanine; y-NH 2-But. = acide y-aminobutyrique;
PI et P2 = produits de decomposition de la proline (voir Fig. 8).
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entre Ie DNP-glycocolle et Ie groupe DNP-serine-DNP-threonine (Fig. 9). Apres
elution de cette zone, suivant les modalites techniques decrites plus haut (paragraphe
G, a, I, p. 251), la DNP-glutamine et la DNP-asparagine sont facilement separees en
chromatographie unidimensionnelle dans Ie tampon phosphate 2.5 M (Fig. ro). La
glutamine se place derriere l'asparagine.

c. Milieux biologiques complexes

La dinitrophenylation de la fraction "aminoacides" d'un milieu biologique complexe
(sang, urine, tissus) conduit a la formation de nombreux derives dinitrophenyles
etherosolubles nouveaux, qui viennent Ie plus SOllvent se placer au niveau des DNP
aminoacides habituels sur les chromatogrammes "toluene-phosphate 1.5 M" (Fig. 9).

L'acide tX-DNP-aminoadipique ne peut etre separe de l'acide DNP-glutamique,
meme avec un tampon phosphate 2.5 M de pH 6 (Fig. ro).

La DNP-sarcosine se place au niveau de la DNP-threonine. Elle peut en etre
distinguee, apres elution de leur tache commune, dans Ie systeme butanol-acide
acetique-eau (4: I: 5), l'identification se faisant a l'aide de temoins lateraux: la DNP
sarcosine se place derriere la DNP-threonine.

La DNP-p-alanine et l'acide y-DNP-aminobutyrique forment une tache con
fluente placee sous celIe du DNP-glycocolle. Apres elution de l'ensemble de la zone, la
separation peut etre faite, en s'aidant de temoins lateraux, en electrophorese sur
papier a pH 3.9 (tampon pyridine-acide acetique-eau (30 :100: 4870)) sous 300 V
pendant 4 h dans un appareil "en toit" (type Durrum). L'ordre croissant de migration
vers l'anode est Ie suivant: acide y-DNP-aminobutyrique, DNP-p-alanine, DNP
glycocolle. L'utilisation du systeme sec.-butanol-tampon phtalate de pH 6 permet la
separation DNP-glycocolle (RF = 0.29), DNP-alanine (RF = 0-43), DNP-p-alanine
(RF = 0.52) (dureedela chromatographie: 40h) (resultatspersonnels). LesRFdel'acide
y-DNP-aminobutyrique dans differents systemes solvants sont les suivants (KOJIMA et
al.4.0): n-butanol sature avec de l'ammoniaque: 0.40; n-butanol-eau-ethanol (4: 2: I):
0.90; n-butanol-acide acetique-eau (4: I: 5) : 0.95; tampon phosphate 0.1 M: 0.66.

L'acide p-DNP-amino-isobutyrique (T-spot) coincide avec la tache de la DNP
alanine. Apres elution de cette zone, l'identification de ces deux composes peut se
faire, en presence de temoins lateraux, en chromatographie unidimensionnelle dans
Ie butanol-acide acetique-eau (4: I: 5). L'alanine se place derriere l'acide P-DNP
amino-isobutyrique.

L'acide DNP-pipecolique ne se separe pas de la DNP-valine en chromatographie
bidimensionnelle. Apres elution de cette zone, l'identification de ces composes peut se
faire a l'aide de temoins lateraux en electrophorese sur papier en tampon acide

acetique N de pH 2.4 sous 300 V pendant 5 h dans un appareil "en toit" (type
Durrum). La DNP-valine migre plus rapidement que l'acide DNP-pipecolique.

Toutes ces identifications sont longues et delicates. II est indispensable qu'elles
soient toujours effectuees en presence des DNP-aminoacides correspondants places
en temoins internes et lateraux.
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H. CHROMATOGRAPHIE DES DNP-AMINOACIDES HYDROSOLUBLES

La separation des DNP-aminoacides hydrosolubles depend directement des applica
tions particulieres de la methode des DNP-aminoacides.

a. DNP-aminoacides hydrosolubles d'un hydrolysat total de proteine

1. Dinitrophenylation en milieu hydro-alcoolique (voir paragraphe C, b, 2, p. 234)

Les DNP-aminoacides non etherosolubles du milieu sont l'cx.-mono-DNP-arginine et la
di-DNP-histidine. La di-DNP-histidine peut eire extraite par l'acetate d'ethyle. On
peut done eire amene soit a separer l'cx.-mono-DNP-arginine et la di-DNP-histidine,
soit a chromatographier l'cx.-mono-DNP-arginine seule. Ce probleme peut etre facile,·
ment resolu par une chromatographie unidimensionnelle dans le systeme "toluene"
(voir Fig. II). Malgre la simplicite apparente de la question, de nombreuses difficultes
techniques peuvent se presenter au cours de sa resolution. La variabilite des Rp de
ces composes, la presence d'artefacts colores sont les principales causes d'erreur. 11
est done indispensable d'effectuer la chromatographie unidimensionnelle sur une
feuille de papier Whatman No. I distincte et non pas, comme l'avait indique LEyy43,
sur Ie chromatogramme qui est utilise pour la separation des DNP-aminoacides

a:-His a:-Arg
~@ ~ 9

t
2

w,'~~
@@ Di-His

I
@ @D 3
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{ ':ONP-OH
\,~ .. "

Oi-His
o
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Acide cysteique

'TOluene'j

1GIY~ C)DNP-OH

2: .Taurine
~ OSe-r--
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~
:.;-
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o
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Fig. II. Chromatographie sur papier des DNP-aminoacides hydrosolubles. (a) Chromatographie
unidimensionnelle des DNP-aminoacides hydrosolubles (systeme solvant "toluene"). I = melange
des derives temoins; 2 = hydrolysat total apres dinitrophenylation en milieu aqueux (technique
de LEVY, paragraphe C, b, I, p. 232); 3 = hydrolysat total apres dinitrophenylation en milieu
hydro-alcoolique (paragraphe C, b" 2, p. 234) ; 4 = hydrolysat total apres extraction de la di-DNP
histidine par l'acetate d'ethyle (voir Tableau II); 5 = presence d' e-DNP-lysine (et eventuellement
d'autres derives dinitrophenyles hydrosolubles) apres hydrolyse totale d'une DNP-proteine.
(b) Carte chromatographique bidimensionnelle ("toluene:' et "phosphate 1.5 M") de derives
dinitrophenyles hydrosolubles. (e) Position de la DNP-taurine (hydrosoluble) sur la carte

chromatographique "toluene" et "phosphate 1.5 M",
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etherosolubles (les deux depots de substances ethero- et hydrosoluble se faisant aux
deux extremites de la feuille, la bandelette contenant les DNP-aminoacides hydro
solubles etant decoupee ensuite avant la mise en route de la deuxieme dimension
dans Ie phosphate 1.5 M).

Sur cette feuille separee, il est egalement indispensable de placer des temoins
lateraux et internes d'rx.-mono-DNP-arginine et de di-DNP-histidine et d'effectuer sur
Ie papier une revelation de Sakaguchi*, reaction qui donne une coloration rouge
orange avec l'rx.-mono-DNP-arginine.

2. Dinitrophinylation en milieu aqueux (technique de LEVY; voir paragraphe C, b, I,

P·232)

Dans ces conditions, les DNP-aminoacides hydrosolubles peuvent etre l'rx.-mono
DNP-arginine et l'rx.-mono-DNP-histidine, celle-ci n'etant pas extractible par l'acetate
d'ethyle. La separation peut s'effectuer egalement en chromatographie unidimension
nelle dans Ie systeme "toluene" sur une feuille distincte, en presence de temoins
lateraux et internes. Enfin, il est indispensable de verifier la nature des derives
dinitrophenyles par la reaction de Sakaguchi pour l'rx.-mono-DNP-arginine et par la
reaction de Pauly** pour l'rx.-mono-DNP-histidine. I

b. DNP-aminoacides hydrosolubles d'un hydrolysat de
DNp-protiine ou de DNp-peptide

(Probleme de l'identification d'un residu d'acide amine en position terminale)

I. Protiine

Dans Ie cas d'une proteine, l'histidine et l'arginine en position N-terminale peuvent
donner des derives hydrosolubles, la di-DNP-histidine (reaction de Pauly negative)
et eventuellement l'rx.-mono-DNP-histidine (reactiori'de Pauly positive), et l'rx.-mono
DNP-arginine (reaction de Sakaguchi positive). Dans Ie cas d'une proteine oxydee,
la cystine eventuellement en position terminale est oxydee en acide cysteique et la
phase hydrosoluble de l'hydrolysat de la DNP-proteine oxydee peut egalement
contenir de l'acide DNP-cysteique.

Mais l'hydrolysat contient obligatoirement d'autres derives dinitrophenyles:
l'B-DNP-Iysine (compose jaune, donnant une reaction brune a la ninhydrine),
l'imidazole-DNP-histidine (compose peu colore, donnant une reaction brune a la
ninhydrine et presentant une fluorescence sombre en lumiere de Wood, ne donnant

* Technique de la reaction de Sakaguchi recommandee: pulveriser Ie chromatogramme avec
une solution de 8-hydroxyquinoleine it 0.1 % dans l'acetone; apres sechage, pulveriser une solution
d'hypobromite de sodium preparee extemporanement en dissolvant 0.2 ml de brome dans 100 ml
de soude 0.5 N; les taches de DNP-arginine virent au rouge rose.

** Technique de la reaction de Pauly recommandee: pulveriser Ie chromatogramme avec Ie melange
it parties egales des deux reactifs suivants: reactif a: p-anisidine I g, acide chlorhydrique pur I ml,
ethanol absolu 100 ml; reactif b: nitrite d'amyle 10 g, ethanol absolu q.s.p. 100 ml; attendre 3 it 5
min Ie sechage du papier.it la temperature du laboratoire, puis pulveriser une solution de potasse
it I % dans l'ethanol; l'a-mono-DNP-histidine et l'histidine donnent des taches rouge brique sur
un fond jaune orange.
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paslareaction de Pauly), l'O-DNP-tyrosine (compose incolore, donnant une reaction
violette a la ninhydrine, presentant une fluorescence sombre en lumiere de Wood).
Eventuellement, on peut trouver egalement de la S-DNP-cysteine.

Le probleme a resoudre peut donc etre relativement complexe, d'autant plus que
les quantites d'e-mono-DNP-Iysine sont toujours importantes par rapport aux
quantites de derives dinitrophenyles pouvant provenir d'un residu en position N
terminale.

La question peut etre abordee de plusieurs fa<;ons. On peut essayer de separer
l'ensemble des composes par une technique chromatographique. II est possible
egalement de simplifier Ie melange avant de Ie soumettre a la chromatographie.

(i) Separations chromatographiques des derives dinitrophinyles hydrosolubles. Les
systemes solvants preconises peuvent etre soit ceux de la chromatographie classique

j
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I
Cys-S03H go U,.,

I
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I

oc·
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Tau

x His

Im-DNP
x His

o o
E- DNP- 0

Lys ct- DNP- 0
Argo Glucos.

Di-His

<X'-DNP
His

Fig. 12. Chromatographie sur papier des DNP-aminoacides hydrosolubles. Systeme solvant:
butanol-acide acetique-eau (4: 1 : 5). Les croix indiquent l'emplacement de l'histidine libre (His)
et de l'imidazole-DNP-histidine (lm-DNP-His), compose tres faiblement colon~ en jaune.

Cys-S03H = acide DNP-cysteique.

des acides ammes, soit ceux de la chromatographie des derives dinitrophenyles
etherosolubles.

Les systemes butanoliques acides peuvent etre employes avec profit: systeme
butanol-acide acetique-eau (4: I: 5) de PARTRIDGE, prepare 24 heures avant son
usage (SANGER ET Tuppy80) (voir Tableaux VI et VII et Fig. 12); systeme n-butanol
acide acetique-eau (3: I: I) (INGRAM ET SALTON36) en chromatographie ascendante*;
systeme n-butanol-acide formique-eau (75: IS: 10) (MARGOLIASH54, ACHER1) (voir
Tableau VII). Dans Ie systeme butanol-acide acetique-eau (250:60:250 v/v) de
WOlwon93

, la o-mono-DNP-ornithine migre moins vite que l'e-mono-DNP-Iysine

* Ce systeme permet de separer l' e-mono-DNP-lysine et l'acide mono-DNP-diaminopimelique.
Ces deux derives peuvent egalement Hre separes en electrophorese sur papier \Vhatman NO.3 MM
en tampon de pH 6.4 (pyridine-acide acetique-eau: 10: 0.4: go) sous 20 V fcm pendant 1 h (INGRAM
ET SALTON36).
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(NEWTON ET ABRAHAM62). La variabilite des Rp suivant les conditions experimentales
oblige a l'utilisation de temoins internes lateraux et de colorations specifiques (reac
tions de Pauly et de Sakaguchi).

TABLEAU VI

R F DES DERIVES DINITROPHENYLES HYDROSOLUBLES

Papier vVhatman NO.4; solvant butanol-acide acetique-eau (4: I: 5) prepare 24 h avant usage.

RF
Cou'/eur Reaction Ii /.a U.v.des taches ninhydrine

O-DNP-tyrosine 0.84 incolore violet sombre
a-DNP-arginine 0.81 jaune pas de reaction
e-DNP-Iysine 0·77 jaune brun
Leucine* 0.67
Imidazole-DNP-histidine 0·57 (?) brun sombre
Valine * 0-49
Acide DNP-cysteique 0.42 jaune

* Les R F de ces acides amines sont donnes it titre de comparaison.

TABLEAU VII

R F DES DERIVES DINITROPHENYLES HYDROSOLUBLES DANS QUELQUES SYSTEMES SOLVANTS

Butanot-acide acitiqueButanol--acide formique

MARGOLIASH54 SANGER
ETTuppyso

Resultats
personnels

Phenol
(NHs)

Histidine
a-DNP-histidine
Imidazole-DNP-histidine
Di-DNP-histidine
e-DNP-Iysine
a-DNP-arginine
Acide DNP-cysteique *
Taurine

0.02
0.09
0.16
0.63

0.24
0·75
0.56
0.65

0·57

0·77
0.81
0.42

0.09
0·57
0·33
0.83
0.60
0.65
0·45
0·43

0.87
0.90
0·93
0.24

* L'acide DNP-cysteique n'est pas adsorbe sur les colonnes de talc comme les autres derives
dinitrophenyles hydrosolubles (voir paragraphe D, d, I, p. 242).

Les systemes phinoliques peuvent egalement etre essayes, notamment Ie phenol
sature d'eau en atmosphere d'ammoniaque a 3% (vjv) et d'acide cyanhydrique (voir
Tableau VII), qui permet une separation satisfaisante de l'acide DNP-cysteique de
l'ensemble des autres derives dinitrophenyles hydrosolubles. En chromatographie
bidimensionnelle [butanol-acide acetique-eau (4: I: 5) en premiere dimension et
phenol (NHa 3%) ou m-cresol-phenol-tampon borate de pH 9.3 (25:25:7)* en
seconde dimension] l'acide DNP-cysteique est nettement separe.

* Tampon borate: 200 ml d'acide borique 0.1 N et II3.5 ml de NaOH 0.1 N. Le tampon est
pulverise egalement sur Ie papier avant la mise en route de la seconde dimension, sauf dans la
zone du chromatogramme ou se trouvent les acides amines separes par la premiere dimension
(LEVY ET CHUNG44). Dans la carte chromatographique des acides amines et des DNP-aminoacides
hydrosolubles donnee par FRAENKEL-CONRAT, HARRIS ET LEVy28, la position de la di-DNP
histidine est inexacte (voir Fig. 12).
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Les systemes solvants decrits pour les derives dinitrophenyles ethlrosolubles peuvent
etre aussi employes, notamment Ie systeme alcool tert.-amylique-tampon phtalate de
pH 6 de BLACKBURN ET LOWTHER (voir Fig. 13) ou Ie systeme "toluene" de BISERTE
ET OSTEUX (voir Fig. II).

La chromatographie bidimensionnelle "toluene-phosphate 1.5 M" a egalement
He preconisee. Mais Ie resultat n'est pas tres satisfaisant; la separation de l'arginine
et de l'e-mono-DNP-lysine n'est pas tres poussee* et ce couplage ne donne pas de
meilleurs resultats que la chromatographie unidimensionnelle.

L'electrophorese sur papier peut aussi resoudre facilement quelques problemes.
Par exemple, la separation de l'<x-DNP-arginine et de l'e-DNP-lysine peut etre

~

@ Ac. Cystej~ue
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""I
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~a:-DNP-Arg_ (nin-; sak.+)} .
C==::.J----o- 8!:9_(nint i Sak+) Elution
E3----DNP-NH, +

CHROMATOG.
t

"Toluene"

x Im-DNP-His

®E-DNP-Lys

I (t- DNP-Arg

aO-DNP-Tyr

D ~a:-DNP-Hi5 (Pauly+;nin-) ~
C:=·.::J---lm-DNP-His(Pauly-; nin +) Elution

~Di-DNP-His(Pauly-;nin-) !
["_-===r----His (Pauly+;nint) CHROMATOG.

"Tolu+ene·
C==::}--Tyr (nin+) Butanol-CH?:\COOH

~DNP-OH

+l- _

Fig. 13. Chromatographie des
DNP-aminoacides hydrosolubles.
Systeme solvant alcool-tert.-amy
lique-phtalate de BLACKBURN
ET LOWTHER (d'apres FRAENKEL
CONRAT, HARRIS ET LEVy28).

Fig. 14. Separation electrophoretique des DNP
aminoacides hydrosolubles. Papier 'Vhatman
No. I ou NO.3; tampon :N"H40H N; appareil
d'electrophorese "en toit" type Durrum. D =
point de depart de I'electrophorese; nin = reaction
a la ninhydrine; Sak = reaction de Sakaguchi;
Pauly = reaction de Pauly; DNP-OH = dinitro-
phenol; DNP-NH 2 = dinitraniline. Les taches

entourees par des traits pointilles ne sont pas jaunes a I'examen direct. Apres elution des diverses
taches separees en electrophorese, les eluats sont etudies en chromatographie unidimensionnelle.

realisee en electrophorese sur papier en milieu ammoniaque N dans un appareil "en
toit" (type Durrum )(voir Fig. 14). De meme, la separation de l'acide DNP-cysteique
et de l' e-mono-DNP-lysine, extraits de l'hydrolysat par Ie n-butanol, peut etre
obtenue en electrophorese sur papier Whatman NO.3 imbibe par un tampon phosphate
0.1 M a. pH 7.0 (ANFINSEN, SELA ET TRITCH3).

(ii) Simplification du melange des derives dinitropMnyles hydrosolubles avant
l'etude chromatographique.

(<x) Cas de l'<x-DNP-arginine. On peut eliminer les acides amines de l'hydrolysat
(tous les acides amines constitutifs, plus quelques molecules de lysine ou d'histidine

* La carte chromatographique publiee par DAVIES ET HARRIS22 est incomplHe et partiellement
inexacte.
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non reactives et non dinitrophenylees) sur une colonne de talc (SANGER, voir paragraphe
D, d, I, p. 241). L'eluat de la colonne de talc, qui contient les derives dinitropMnyles
hydrosolubles, est traite par Ie fluorodinitrobenzene (ROVERY, FABRE ET DESNUELLE75).

Dans ces conditions, l'e-mono-DNP-lysine devient de la di-DNP-lysine, I'O-DNP
tyrosine de la di-DNP-tyrosine, l'imidazole-DNP-histidine de la di-DNP~histidine,

tandis que,le derive dinitrophenyle de l'arginine (a-mono-DNP-arginine) n'est pas
modifie. Apres cette seconde dinitrophenylation, l'extraction etMree du residu
enleve la di-DNP-lysine et la di-DNP-tyrosine, tandis que la phase aqueuse contient
de la di-DNP-histidine et l'a-mono-DNP-arginine provenant d'un acide amine
terminal de la chaine peptidique. La phase aqueuse est chromatographiee dans Ie
systeme butanol-acide acetique-eau (4: 1: 5) (voir plus haut) et l'identification cer
taine de l'a-mono-DNP-arginine est obtenue au moyen de la reaction de Sakaguchi.

Un autre mode operatoire a egalement ete propose par BAILEy4• L'e-mono-DNP
lysine est transformee ici en e-mono-DNP-a-methoxycarbonyllysine (e-DNP-a
MC-lysine) qui est etMrosoluble. Le mode operatoire est Ie suivant. Apres extraction
des DNP-aminoacides etMrosolubles, la phase aqueuse (equivalente a 0.2 g de
proteine) est evaporee a siccite, dissoute dans l'acide chlorhydrique 0.1 N et passee
sur une colonne de talc (voir BAILEY ET BETTELHEIM5 et paragraphe D, d, I, p. 242).

Les aminoacides hydrosolubles sont elues a l'ethanol chlorhydrique (ethanol: 4 vol. ;
HCl N: I vol.). lIs sont dissous dans 2-3 ml d'un melange bicarbonate-carbonate de
pH 8.9 (melange de 20 ml de bicarbonate de sodium a10% et de 5 ml de carbonate de
sodium a 10%). A la solution portee a 20°, on ajoute a quatre reprises 0.02 ml de
chlorure de methoxycarbonyl a des intervalles de 10 min et sous une agitation
vigoureuse. Le melange est acidifie avec de l'acide chlorhydrique, extrait 4 fois a
l'ether pour eliminer l'e-DNP-a-MC-lysine. La phase aqueuse est chromatographiee
comme precedemment.

({3) Cas des derives de l'histidine. Pour resoudre ce probleme, il est impossible
d'utiliser la technique decrite dans Ie cas de l'a-DNP-arginine, parce que, au cours de
la seconde dinitrophenylation, tous les derives de l'histidine, en position intrapep
tidique ou terminale, peuvent etre transformes en di-DNP-histidine.

Pour aborder cette question tres delicate, on peut avoir recours aux extractions
selectives, comme l'extraction etheree continue du residu aqueux suivant les modalites
decrites et avec l'appareillage preconise par MILLS58, ou a l'extraction a l'acetate
d'ethyle.

L'utilisation de la chromatographie unidimensionnelle en presence de temoins
internes et lateraux, avec mise en ceuvre de colorations specifiques (reactions de
Pauly, ninhydrine), constitute l'etape ultime de l'identification, qui n'est pas toujours
couronnee de succes.

En conclusion, l'identification des derives dinitropMnyles hydrosolubles derivant
d'acides amines en position N-terminale est toujours delicate et, avant de conc1ure
a leur existence, il est indispensable de s'entourer de garanties nombreuses et indis
cutables. II faut employer plusieurs systemes solvants et realiser une electrophorese
sur papier (Fig. 14).
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(iii) Artefacts de la fraction hydrosoluble. Un certain nombre d'artefacts peuvent
etre trouves dans la fraction hydrosoluble.

BAILEY4, notamment, a signale la presence d'une impurete de couleur brune qui
peut etre facilement separee de l'oc-mono-DNP-arginine (si celle-ci est presente) par pas
sage sur une petite colonne de silice acide eluee par de la methylethylc,~tone(SANGER76).

Nous avons egalement trouve assez souvent sur les chromatogrammes des taches
colorees en jaune, de nature inconnue. C'est pour cette raison qu'il est absolument
indispensable d'utiliser des temoins lateraux et internes et des reactions de coloration
specifiques pour localiser les DNP-aminoacides hydrosolubles.

Signalons egalement un artefact qui peut gener l'identification de l'acide DNP
cysteique*. En chromatographie bidimensionnelle butanol-acide acetique et phenol
aqueux, les RF de ces deux composes sont les suivants, d'apres THOMPSON88 :

Butanol-acide acetique
Phenol

RF arlejact

0.29

0.58

RF acide DNP-cystiique

0.I8

0.38

2. Probtemes particuliers de separation

(i) Separation des derives monodinitrophenyles des acides diamines. Dans la chimie
des polypeptides bacteriens, on peut trouver non seulement de la lysine, mais aussi
de 1'ornithine et de l'acide oc,y-diaminobutyrique. La separation des derives dinitro
phenyles de ces acides diamines est tres delicate: nous avons signale plus haut
l'impossibilite de separer les derives dinitrophenyles etherosolubles de la lysine, de
l'ornithine et de l'acide OI:,y-diaminobutyrique. La separation des derives monodinitro
phenyles soit en position 01:, soit en position e, est egalement tres difficile. Le procede
propose par NEWTON ET ABRAHAM62 pour la separation de l'e-mono-DNP-lysine et de
la o-mono-DNP-ornithine dans Ie butanol-acide acetique-eau (250:60:250) est peu
efficace, meme en presence de temoins lateraux.

Des resultats plus satisfaisants peuvent etre obtenus en electrophorese sur papier.
(01:) Separation de l'e-mono-DNP-lysine, de la o-DNP-ornitkine et de l'acide

y-mono-DNP-diaminobutyrique. Electrophorese en tampon borate 0.02 M de pH
9.1 (LOCKHART ET ABRAHAM50) sur papier Arches 304 ou Whatman NO.3, dans un
appareil "en toit" (type Durrum); 10 V/cm pendant 17 heures (voir Fig. I5a).

(f3) Separation de l'oc-mono-DNP-lysine, de l'oc-mono-DNP-ornithine et de l'acide
OI:-mono-DNP-diaminobutyrique. Electrophorese en milieu ammoniaque N sur papier
Whatman NO.3 dans un appareil "en toit" (type Durrum); 8-9 V/cm pendant 16 heures
(voir Fig. I5b). Cette electrophorese ne separe pas l'acide OI:-mono-DNP-diaminobutyri
que de l'acide y-mono-DNP-diaminobutyrique, ni l'oc-mono-DNP-ornithine de la 0
mono-DNP-ornithine. L'e-mono-DNP-lysine se confond avec1'oc-mono-DNP-ornithine.

Le couplage de 2 electrophoreses unidimensionnelles, 1'une en milieu NH40H N
et l'autre ensuite, apres elution, en tampon borate 0.02 M de pH 9.1, permet de
resoudre tous ces problemes.

* Ce probleme s'est pose recemment au sujet des acides amines terminaux de la serumalbumine.
THOMPSON a demontre que la substance identifiee par TITANI et al. 89 etait un artefact.
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(y) Separation des derives monodinitrophenytes en position IX ou w. Les systemes
solvants chromatographiques ne permettent pas la resolution de ces differents
composes. La separation des derives d'une meme serie: IX-mono-DNP-Iysine et e-m.ono
DNP-Iysine; IX-mono-DNP-ornithine et <5-mono-DNP-ornithine; acide IX-mono-DNP
diaminobutyrique et acide y-mono-DNP-diaminobutyrique, est facilement obtenue
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Fig. IS. (a) Electrophorese sur papier des derives dinitrophenyles d'acides diamines. Electro
phorese "en toit" type Durrum; tampon borate 0.02 M de pH g.I; papier Arches 304 OU Whatman
NO.3; IoV/cm; 17 h. Distance parcourue par l'acide a-DNP-diaminobutyrique = 6 em; par
l'acide y-DNP-diaminobutyrique = 16 em. (b) Electrophorese sur papier des derives dinitro
phenyles des acides diamines. Electrophorese "en toit" type Durrum; papier vVhatman NO.3;

tampon NH.OH N; 8-g V/cm; 16 h. Distance parcourue par l'a-DNP-lysine = 5 em.

en electrophorese sur papier dans Ie tampon borate 0.02 M (pH 9.1) (voir Fig. 15a).
(ii) Separation de la DNP-glucosamine et de la DNP-chondrosamine. Ces deux

derives peuvent etre separes facilement dans Ie systeme solvant butanol-ethanol-eau
(4:1:5) sur papier Whatman No. 1. Les Rp de ces substances sont respectivement:
DNP-glucosamine 0.75; DNP-chondrosamine 0.61 (KENT et al. 38).

Sur Ie chromatogramme bidimensionnel "toluene-phosphate 1.5 M", la DNP
glucosamine est tres nettement separee de tous les autres derives (voir Fig. II).

(iii) DNP-taurine. Elle peut etre egalement chromatographiee dans Ie systeme
butanol-acide acetique et dans Ie systeme "toluene" (voir Fig. II).

1. CHROMATOGRAPHIE DES DNP-PEPTIDES

La chromatographie des DNP-peptides pose des problemes tres particuliers et il est
difficile de presenter un plan precis de separation valable dans tous les cas* .

* THOMPSON86 et McFADDEN ET SMITH53 ont propose des plans de fractionnement sur des
colonnes de Celite tamponnee. La distribution a contre-courant peut egalement donner des
resultats tres satisfaisants (BATTERSBY ET CRAIG6, REDFIELD ET ANFINSEN70).
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Les DNP-peptides proviennent Ie plus souvent d'un hydrolysat partiel acide ou
enzymatique d'une DNP-proteine. L'hydrolysat partiel peut etre extrait successive
ment a l'ether sulfurique (3 fois), a l'acetate d'ethyle (3 fois), au n-butanol (I fois).
La phase aqueuse residuelle peut contenir encore des peptides dinitrophenyh~s (LI
et al.49).

Le comportement des DNP-oligopeptides se rapproche dans une certaine mesure
de celui des DNP-aminoacides. D'autre part, la separation des DNP-peptides est
assez rapidement limitee par leur insolubilite dans les solvants organiques ou dans les
milieux aqueux acides ou alcalins. On pourra done essayer tous les systemes solvants
decrits pour les acides amines.

Le systeme solvant suivant a egalement ete employe, sur papier Whatman
NO.3: sec.-butanol-tert.-butanol-zA,6-collidine-ammoniaque-acide acetique glacial
eau (60: zo: zo: z: 0.Z5: 100 vol./vol.) (REDFIELD ET ANFINSEN70).

Des couplages interessants ont ete proposes par COLE, LI, HARRIS ET PON19 et
par LI, COLE, CHUNG ET LEONIS49•

1. DNp-peptides etherosolubles

Separations unidimensionnelles dans les systemes alcool tert.-amylique-alcool isoamy
lique-N:H40H aqueuse 3% (I:I:Z); alcool tert.-amylique-NH40H aqueuse 3%
(I: I); alcool tert.-amylique-alcool isoamylique-NHpH aqueuse 3 % (z: I: 3).

z. DNP-peptides solubles dans l'acetate d'ethyle

Chromatographie bidimensionnelle avec l'alcool tert.-amylique-NH40H aqueuse 3 %
(1: I) en premiere dimension et un tampon phosphate 0.8 M de pH 6.7 en seconde
dimension; ou chromatographie unidimensionnelle dans Ie systE~me alcool tert.
amylique-alcool isoamylique-ammoniaque 3 % (z: 1: 3).

3. DNp-peptides solubles dans Ie n-butanol et dans la phase aqueuse

Chromatographies unidimensionnelles dans Ie systeme alcool tert.-amylique-alcool
isoamylique-ammoniaque 3 % (z: 1 : 3) et phosphate 1.6 M de pH 7.

II faut egalement signaler les possibilites separatives offertes par l'electrophorese
sur papier, notamment en tampon sature d'uree, qui diminue l'adsorption des DNP
peptides sur Ie papier (solution 8 M en uree et tampon acetate-collidine 0.04 M de
pH 7.9) (REDFIELD ET ANFINSEN70). Les electrophoreses a haut potentiel sont con
duites sous 800 V sur papier Whatman NO.3 sous toluene (MICHL56).

J. CHROMATOGRAPHIE QUANTITATIVE DES DNP-AMINOACIDES

La chromatographie des DNP-aminoacides peut etre facilement rendue quantitative.
Apres elution de la tache, l'eluat est dose directement par spectrophotometrie.
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a. Dosage des acides amines d'un hydrolysat
(methode de LEvy43)

1. Elution des taches

Pour l'hydrolyse et la formation des DNP-aminoacides, voir paragraphes C, a et C, b,
pp. 232 et seq.). Apres la chromatographie des DNP-aminoacides etherosolubles
(chromatogramme bidimensionnel realise a partir des DNP-aminoacides correspon
dant a 0.1-0.2 mg de proteine) et hydrosolubles (chromatogramme unidimensionnel
realise a partir des DNP-aminoacides correspondant a 0.2-0.4 mg de proteine) (voir
pp. 246, 256), les taches sont soigneusement decoupees et les surfaces de papier
correspondantes sont placees dans des petits tubes a centrifuger avec 4 ml de bicar
bonate de sodium a1%. Les tubes sont chauffes a50--55° dans un bain-marie pendant
20 min pour parfaire l'elution, puis secoues et centrifuges. Trois surfaces de papier
servant de "blancs" (3 X 4 em) sont egalement decoupees dans Ie chromatogramme,
dans des regions voisines de la DNP-Ieucine et des acides DNP-dicarboxyliques et
au-dessus du dinitrophenol. Apres refroidissement, l'eluat est verse dans une cuve de
quartz de I em d'epaisseur.

2. Dosage

La densite optique est lue au spectrophotometre a 360 mp, (sauf pour la proline et
l'hydroxyproline ou la lecture se fait a 385 mp" pour les DNP-peptides a 350 mp,
et pour l's-mono-DNP-Iysine a 390 mp,), contre un blanc contenant de l'eau.

Les densites optiques des tubes contenant les "blancs papier" sont egalement
mesurees: les resultats sont de l'ordre de 0.001-0.002 par cm2 • Les corrections appro
priees sont faites pour chaque tache d'apres sa surface. La densite optique de la tache
"acide aspartique + acide glutamique" est mesuree dans sa totalite.

A partir d'un second chromatogramme effectue avec Ie couplage "toluene
phosphate 2.5 M", on peut determiner les proportions d'acide glutamique et d'acide
aspartique.

3. Expression des resultats

Les recuperations en quantites absolues varient d'un chromatogramme a l'autre. Les
resultats sont done exprimes sur une base commune en fractions molaires.

Afin de convertir les densites optiques en rapports molaires, on les multiplie par
les facteurs de LEVY (voir Tableau VIII) * qui, etant donnee la precision de la methode
(± 4%), sont independants de la composition du melange analyse.

* Les facteurs de LEVY ant ete determines par cet auteur pour les hydrolysats d'insuline. Ils ne
sont pas obligatoirement entierement valables pour les autres proteines. BRaMER et al.l', par
exemple, ant calcule de nouveaux facteurs pour Ie glucagon. En premiere approximation, ils
appliquent al'hydrolysat proteique les facteurs de LEVY. A partir des donnees quantitatives ainsi
obtenues, ils preparent un melange d'acides amines qui ressemble au glucagon, ils Ie soumettent
aux operations d'hydrolyse et Ie traitent comme un hydrolysat proteique. De cette fac;:on, de
nouveaux facteurs de destruction peuvent etre calcules. Cette operation est repetee plusieurs fois
pour obtenir une plus grande precision des facteurs de correction. Dans I'ensemble, les facteurs de
BRaMER sont plus eleves (I7% environ) que ceux de LEVY. Notamment, l'histidine et la methionine
subissent des pertes plus grandes que celles signalees par LEVY.
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TABLEAU VIII

VOL. 2 (1959)

FACTEURS DE CORRECTION UTILISES AU COURS DU DOSAGE DES DNP-AMINOACIDES

Facteurs de LEVy4.3 Facteurs de BROMER1'l'

Glycocolle
Serine
Threonine
Proline
Alanine
Methionine
Valine
Leucine
Phenylalanine
Lysine
Arginine
Histidine
Acide aspartique
Acide glutamique
Cystine
Tyrosine

1.0 3
0·97
1.02

0·93

1.0 9
1.21

0·99
1.10

1. 0 3
0.64

1.06

1.62

0·99

0·94

0.56

1.54

1.33

1.32

1.22

1.28

2.12

1.20

1.20

0.70

1.3 8

2.19

LID

1.20

1.60

Les chromatogrammes sont effectues en triple. Plusieurs hydirolysats de durees
differentes peuvent Hre analyses (24 et 48 heures d'hydrolyse, par exemple).

Toutes les lectures de densite optique, multipliees par les facteurs de LEVY, sont
additionnees. Pour chaque somme ainsi obtenue, on peut ca1culer un facteur pour
lequel cette somme est egale a l'unite.

En eliminant les valeurs aberrantes qui proviennent indubitablement d'erreurs
techniques ou d'imperfections chromatographiques, on peut ca1cu]er une moyenne de
tous les resultats et les exprimer en fractions molaires (voir TableCl!u IX). En genera.l,
les resultats qui sont les plus variables sont ceux de la tyrosine (variabilite dans la
synthese), de la methionine (degradation possible) et de l'histidine (variabilite dans
la synthese et extraction delicate). D'apresLEvy, lesrapports molaires sont reproduc
tibles a 2~3% pres.

A partir de ces valeurs, on peut ca1culer Ie nombre de residus d'acides amines par
poids moleculaire minimum de la proteine, en divisant la moyenne des valeurs des
fractions molaires par celIe d'entre elles qui conduit au resultat Ie plus voisin d'un
nombre entier pour Ie plus grand nombre possible d'acides aminl~s (voir Tableau IX,
exemple de la leucine). Les valeursde la serine sont corrigees (10%) par suite de la
destruction partielle de cet aminoacide apres 24 heures d'hydrolyse (REES7I). Ces
valeurs sont ensuite arrondies ala valeur unitaire la plus approchee (voir Tableau IX).

II est evident qu'en partant des resultats en fractions molaires, on peut egalement
connaitre Ie nombre de residus d'acides amines pour 100 acides amines de la molecule.
Pour obtenir ce resultat, on additionne les lectures de densite optique multipliees par
les facteurs de LEVY. Pour chaque somme, on peut trouver un facteur de correction
tel qu'elle devienne egale a 100 (au lieu de I dans Ie ca1cul precedent). En multipliant
tous les nombres par ce facteur, on peut donc exprimer les resultats sur la base de
roo residus d'acides amines.
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TABLEAU IX

267

COMPOSITION EN ACIDES AMINES D'UNE PREPARATION D'a-CORTICOTROPHINE

(D'apres LEVY et al.46 )

Nombre de
Risultats en fractions mo/aires 1'v[oyenne des Deviation de risidus d l

acide~ Nombrede
Acide amine fractions la moyenne aminis par residus (valeur

molaires ('Yo) poids mol. arrondies)
I II III minimum

Ac. aspartique 0.0392 0.0503 0.0491 0.0462 10.1 1.72 2
Ac. glutamique 0.1345 0. 1273 0.1282 0'1300 2·3 4. 85 5
Serine 0.0689 0. 0690 0.0702 0.0694 0·9 2.85 3
Glycocolle 0.0837 0.0818 0. 0842 0.0832 1.2 3. 10 3
Alanine 0.0747 0.0753 0.0753 0.075 1 0·3 2.80 3
Proline 0. 1107 0. 1084 0. 1087 0. 1093 0·9 4. 08 4
Valine 0.0798 0.0798 0.0816 0.08°4 1.0 2·99 3
Methionine 0.0235 0.02 II 0.0212 0. 021 9 4·7 0.82 I

Leucine 0.0291 0. 02 46 0.0268 0.0268 5·7 1.00 I

Phenylalanine 0.0822 0.0809 0. 0823 0.0818 0.8 3.05 3
Tyrosine 0.0608 0.0647 0.0607 0.0621 2.8 2.3 2 2

Lysine 0. 1049 0. 1073 0.1018 0.1°47 1.8 3.91 4
Histidine 0.0268 0. 02 72 0. 02 73 0.02 71 2.1 1.01 I
Arginine 0.0810 0.0821 0. 082 5 0.081 9 0·4 3.06 3
Tryptophanne * I
NH3 amide 2

Total 0.9998 0.9998 0·9999 0·9999 2·5 37. 6 41

* Dose par la methode de GOODWIN ET MORTON3O •

En tenant compte du poids moleculaire de la molecule, on peut calculer Ie nombre
de residus de chaque acide amine present dans la molecule entiere. Connaissant Ie
nombre de chaque residu pour 100 acides amines, on multiplie ce nombre par Ie poids
moIeculaire de l'acide amine correspondant. On fait la somme de tous les resultats.
De la somme ainsi obtenue, on enleve la valeur de 1782, correspondant a 99 molecules
d'eau. On calcule Ie rapport entre Ie poids moleculaire reel et Ie poids moleculaire
partiel ainsi calcule. Le nombre de residus pour 100 acides amines multiplie par ce
rapport donne Ie nombre de residus pour l'ensemble de la molecule. Il suffit alors
d"'arrondir" les valeurs pour connaitre Ie nombre de residus d'acide amines par
molecules (voir Tableau X). On peut egalement effectuer un calcul identique en tenant
compte du nombre d'acides amines trouve pour Ie poids moleculaire minimum.

Enfin, s'il est necessaire d'estimer les quantites absolues d'acides amines presents
dans Ie melange, deux methodes peuvent etre appliquees (LEvy43): l'une, la moins
precise (2-5 %) consiste en une conversion directe de la densite optique lue en micro
molecules au moyen d'un ensemble de coefficients d'extinction millimolaire. Ils ont
la valeur Is.6fF ou F represente les facteurs du Tableau VIII. L'imprecision de ce
procede provient principalement des differences dans la recuperation de la coloration
a partir de plusieurs chromatogrammes. Ces differences n'ont pas d'importance dans
la determination des rapports molaires, car ces variations affectent tous les amino
acides d'une maniere comparable.
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La seconde methode consiste a combiner la determination plus precise (2-3 %)
des rapports molaires avec la determination de la quantite totale d'acides amines
presents dans Ie melange. Celle-ci peut Hre deduite de la consommation de soude au
cours de la reaction de condensation (voir LEVy43, LEVY et al.46).

TABLEAU X

COMPOSITION DE L'HEMERYTHRINE DE Sipunculus nudus
(Resultats personnels)

Nombre de residus pour
IOO acides amines

Nombre de residus
caleutis d'aprcs les valeurs
de la colonne I sur la base

d'un poids moliculaire
de 66,000

Nombrc de "isidus dans
I'himirythrine

(valcurs arrondies)

Gly 4.42 25·37 25
Ser 4. 22 24·33 24
Thr 4·33 24. 85 25
Pro 5. 62 32.25 32
Ala 7.40 42.47 42
Met 0.38 2.18 2
Val 6.80 39.03 39
Leu 14.10 80.93 81
Phe 11.62 66.69 67
Lys 8.15 46 .78 47
Tyr 3.80 21.80 22
Arg 2.42 13.89 14
His 4.3 6 25·02 25
Asp 13.82 79.32 79
Glu 8.10 46 -49 46
Cys 0·34 1.94 2

572 residus

TABLEAU XI

DESTRUCTION APPROXIMATIVE DES DERIVES DINITROPHENYLES AU COURS DE L'HYDROLYSE

(D'apres PORTER66)

DNP-alanine
D NP-arginine
Acide DNP-aspartique
Di-DNP-cystine
Acide DNP-glutamique
DNP-glycocolle
DNP-hydroxyproline
DNP-Ieucine
DNP-isoleucine
Di-DNP-Iysine
e-DNP-Iysine
DNP-methionine
DNP-phenylalanine
DNP-proline
DNP-serine
DNP-threonine
DNP-tryptophanne
D NP-tyrosine
DNP-valine

Temps (1<) Quantile restante
(%)

12 80
12 90
24 60
12 25
12 75

8 40
4 40

12 80
12 80

8 95
12 95
12 75
12 7°

2 10
12 90
24 90
12 90
12 75
12 80
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b. Dosage d'un DNP-aminoacide en position N-terminale

Vne certaine quantite de DNP-aminoacide terminal est detruite au cours de l'hydrolyse
(a titre d'indication, voir Ie Tableau XI) et, d'autre part, les recuperations chromato
graphiques entralnent egalement des pertes (par exemple, recuperation chromato
graphique de l'acide DNP-aspartique et de l'acide DNP-glutamique: 90%; de la
di-DNP-Iysine: 80%; de l'acide DNP-cysteique: 90%) (REDFIELD ET ANFINSEN70).

II faut donc tenir compte de ces pertes au cours des dosages. Pour les calculer, il
est recommande de soumettre a l'hydrolyse dans les memes conditions, en meme
temps que la proteine ou la DNP-proteine etudiee, une quantite determinee du DNP
aminoacideidentifie. La determination de ces coefficients de destruction doit etre

TABLEAU XII

RECUPERATION (%) DE LA DNP-SERINE APRES HYDROLYSE EN PRESENCE DE
L'a-CORTICOTROPHINE ET DE S·ON DERIVE DINITROPHENYLE

(D'apres LEVY ET LI47)

Quantile de produit soumise al'hydrolyse

Expcrience No.
Recuperation de

DNP-sirine a-Cortico- DNP-a-cortico- DNP-serine*

("moles)
trophine traphine (%)
("moles) (",noles)

I 1.0 0 0 86
I 1.0 0 1.0 93
2 0.2 0 0 69-67
2 0.2 0.2 0 52-47
2 0.2 0 0.2 70-78

* Recuperation de la DNP-serine non hydrolysee = 93 %.
Exp. I = hydrolyse pendant 7 h it 105° par HCI 5.7 N (tube scelle sous vide).
Exp. 2 ~ hydrolyse pendant 16 h it IIO

o par HCI 5.7 N.

effectuee plusieurs fois. A titre d'exemple, les pourcentages de recuperation de la
DNP-serine hydrolysee en presence de l'a-corticotrophine et de son derive dinitro
phenyle sont reproduits dans Ie Tableau XII. II est remarquable de constater que la
destruction de la DNP-serine augmentee en presence de la corticotrophine est diminuee
en presence de la DNP~corticotrophine(voir egalement les experiences de DESNUELLE
et al.24 sur l'acide DNP-aspartique de la serumalbumine).

L'interpretation des resultats du dosage d'un acide amine en position terminale
est tres souvent delicate: il peut arriver que, malgre les corrections precedentes, la
quantite recuperee ne represente qu'une assez faible partie de la molecule initiale.
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RAPID DEGRADATIVE REACTIONS IN SOLIDS 273

i.e., ignition behavior in terms of the gross physical properties of the material and the
parameters of exposures. Less well understood, however, are the details of the high
temperature pyrolysis reactions and the role of changes of composition of the resulting
vapors in the spontaneous ignition process.

In the analytical procedure to be described here, the vapors resulting under
various conditions of pyrolysis are characterized through the use of two different
systems. The first separates the condensibles into rough fractions with dynamic cold
traps and analyzes the non-condensibles with suitable solid adsorption chromatography
columns. Subsequently, the materials condensed in the cold traps are analyzed by
liquid partition methods.

APPARATUS AND PROCEDURES

Exposure equipment

The work to date has been restricted to the study of rapid pyrolysis of a-cellulose in
thin sheet form. To simplify the geometry of temperature distribution and, hence,
provide a situation which is amenable to heat transfer theory, the material is suspended
in such a way that it may be irradiated uniformly over one surface with small con
.ductive loss. This is achieved by cutting the material into a circular wafer whose
diameter is no larger than the diameter of the field of uniform irradiance provided by
the source of radiation (generally less than I-in. diameter) and suspending the wafer
behind a quartz window in the center of the carrier gas stream with three tungsten
needles which pierce the material near its edge (Fig. I). Liquids, crystalline solids or
any substances which cannot be readily produced in !3heet form could be handled by
saturating thin asbestos or quartz fiber paper with the substance and handling as
described above. It is very important in the design of the exposure chamber, as it is in
the flow system which follows, that the vapors be moved rapidly and uniformly with
little or no "hold up". The resolution of the resulting chromatogram depends to a
large extent upon the mixed vapors moving onto the column in a short, sharply
defined interval of time. Moreover, the vapors which arise from the irradiated solid
attenuate the incoming radiation and, for this reason, should not be allowed to
accumulate between the exposed surface and the quartz window. This requirement
necessitated high helium flow rates through the system including the chromatography
column. Inasmuch as the exposure chamber cannot be made smaller than about
15 ml capacity, it is necessary to run the carrier gas through at a rate of not less than
150 ml/min in order to carry away the expelled vapors at a velocity in accord with
their free-air convection velocity. Since it is also important not to produce excessive
forced convective cooling of the irradiated solid, in general the flow rate has been
kept between 150 and 200 ml/min. To achieve this flow rate through a 2 or 3 m
column packed with 30-60 mesh solid, it is necessary to use a larger-than-ordinary
diameter copper tubing for the column (3/8-in. diameter), to avoid excessively high
pressures in the exposure chamber and cold-trap train, and to use reduced pressures
at the column exit. Generally, evacuating the exit to about 100 mm Hg pressure and
supplying the helium at 5 p.s.i.g. provides the desired flow rate.
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Cold traps

The cold traps are specially designed to provide turbulent gas flow along the full
length of immersed tubing, the length of which was calculated to provide cooling of
the emergent stream to approximately 90 % of the bath temperature-ambient temper
arature difference.

Cold trap media are selected according to the particular column packing material
in use at the time. For example, the high-activity charcoal (Burrell 34I-IO) column at
room temperature resolves the diatomic gases and methane, but ethane is irreversibly
adsorbed. The equilibrium vapor pressure of ethane at IOOo K is less than 0.1 mm Hg
while methane and the diatomic gases, H 2, 02' N 2 and CO have vapor pressures in
the range of 1/4 atm and higher. Hence, liquid nitrogen appears to be a rather ideal
cooling medium for the cold trap just preceding the high-activity charcoal column.
Similar, though less clean-cut, separations are afforded by other cooling media, such
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Fig. 1. Diagram of exposure apparatus and gas-solid adsorption chromatograph for the analysis
of the non-condensed gases.
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(2) The complications and errors incurred when employing diphenylthiocarbazone
for the extraction and absorptiometric estimation of lead20, 21.

(3) The lack of data concerning the quantitative chromatographic behaviour of
the lead ion.

APPARATUS AND GENERAL TECHNIQUE

The downward elution method was used, the apparatus for which has been described
previously22-24. The all-glass apparatus consisted of two troughs (24 cm long by 2.5
em in diameter) supported on a glass stand contained in a tank (23 cm X 28 cm and
$2 cm deep) the top of which was smeared with grease, and covered with a ground
glass plate drilled with two holes located one over each trough. The purpose of these
holes was to permit solvent to be admitted into the trough without disturbing the
'equilibration of the tank. The solvent mixture used for equilibrating the tank and
for elution had the same composition.

The Whatman No. I filter-paper used for the chromatographic separation was
purified by acid washing for six days and then washed free from chloride with distilled
water23,25. The paper chromatogram bearing the metals to be separated was placed
in position in one of the troughs, solvent was poured into the other trough and into
the bottom of the tank, the apparatus being left to equilibrate overnight. Solvent
was poured into the trough containing the chromatogram through the hole in the
cover plate and the solvent allowed to percolate 35 cm down the paper. The chroma
togram was then removed, dried and sprayed.

The eluting solvent

In quantitative chromatography it is necessary to use metal salts corresponding to
the acid species in the solvent in order to prevent the metal ions from forming more
than one spot26. The salts chosen in this case were the metal nitrates since all of them
(where nitrates exist) have the common property of being soluble in water. Conse
quently if the eluting solvent contains dilute nitric acid, true "partition" chromatog
raphy may occur and not precipitation chromatography, i.e. the precipitation of an
insoluble salt near the starting line due to the presence in the solvent of an anion of
an acid capable of forming such a salt with the metal ion under investigation. In
many such cases the'insoluble salt streaks forward due to the slight solubility of the
precipitated salt in the solvent as it percolates over the band. This causes low recovery
values to be obtained unless special precautions are taken.

The solvent system for the separation of lead, zinc, and mercuric mercury on
acid-washed Whatman No. I filter-paper was developed by A. J. BANISTER of these
laboratories, employing the semi-graphical technique and ascending elution27. The
solvent A finally selected, consisted of 50 ml diethyl ether, 30 ml methanol, 20 ml
water, and 2 ml of AnalaR nitric acid (1.42). To determine the RF values of the
heavy metal ions under consideration in this solvent but employing descending
elution, a series of chromatograms were eluted using single spots of the aqueous
metal nitrates (each spot contained approx. 15 fhg of the metal). The chromatograms
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TABLE I

VOL. 2 (1959)

Metal ion Spray Colour of spot Rp1Jatue
(head and ta,,'l of spot)

TI(I) 0.5% w/v 8-hydroxyquinoline in Yellow-green 0.25-0 .1 7
absolute alcohol. Hold over fluorescence
ammonia and u.v. light.

Ag(I) 5% w/v tannic acid in warm 60% Brown stain 0.36- 0.27
v/v aqueous methylated spirits. Dark hydrolysis
Warm the damp strip. products also present

at starting line

Pb(II) Aqueous solution of rhodizonic Red 0.41 - 0 .22

acid and held over ammonia.

Zn(II) 0.5% w/v 8-hydroxyquinoline in Yellow fluorescence 0.66-0·55
Cd(II) absolute alcohol. Hold over Yellow fluorescence 0.66-0·55

ammonia all.fl under u.v. light.

Cu(II) 0.1% w/v rubeanic acid in Green 0.66-0.5 6
Co (II) absolute alcohol. Hold over Yellow-brown 0.68-0·55
Ni(II) ammonia. Blue 0.68-0·55

Mn(II) 4% v/v salicylaldehyde in 50% Dark spot against a 0.70-0.56
aqueous ethyl alcohol. Hold yellow-green fluorescent
over ammonia and under u.v.light. background

Fe(II) 0.5% w/v aqueous potassium Blue 0.70 - 0.58
Fe(III) ferrocyanide. Blue 0.70-0.58

Bi(III) * 10% w/v freshly prepared aqueous Brown Hydrolysed all down
sodium dithonite. Warm. the paper to 0.8

U(VI) 0.5% w/v aqueous potassium Brown 0.78- 0 .72
ferrocyanide.

Hg(II) 0.05 % w/v dithizone in chloroform. Pale pink 0.95-0.87

* Bismuth may be chromatographed successfully only if the original solution contained 5%
v/v aqueous nitric acid, then no hydrolysis products are formed, and the R F value of Biis 0.78-0.67.

after elution were cut up and each strip sprayed with a sensitive reagent for the
detection of the respective metal ion. Table I shows the Rp values of the metal ions
chromatographed and the spray reagents employed for their detection. From Fig. 1

it may be seen that it is possible to separate completely the heavy metals of major
interest (i.e. Zn(II), Cd(II), Cu(II), Fe(II), Ni(II), Bi(III), Hg(II)) from lead (Pb(II))
but the complete separation of lead, thallous thallium, and silver is impossible.
Bismuth is only eluted satisfactorily when the applied spot contains 5% v Iv nitric
acid, but unfortunately ferric iron and bismuth overlap, if applied simultaneously to
the chromatogram. A further investigation was then carried out to overcome this
difficulty, and the solvent B selected was 50 ml diethyl ether, 30 ml methanol, 22 ml
water and 4 ml of AnalaR nitric acid (1.42). (See Fig. 2.) When bismuth is present,
solvent B must be used but for all other purposes solvent A is satisfactory.

References p. 295.



VOL. 2 (1959) QUANTITATIVE INORGANIC CHROMATOGRAPHY. IV.

Purity of materials

In the preliminary work on the estimation of lead, considerable difficulty was en
countered due to the presence of lead, and other trace heavy metals in materials and
apparatus used.

(a) Apparatus. Trace metals including lead are readily removed from porcelain
or silica apparatus by boiling acids, so extraction techniques were developed which
used. only Pyrex glass vessels. The danger of "pick-up" was thus minimised and all
apparatus was cleaned out with hot 10% caustic soda solution, followed by hot 1.1

aqueous nitric acid and copious washings with distilled water.
(b) Water. Water from a single distillation using a metal still was found to contain

a fairly high percentage of heavy metals, usually of the order of 0.1 mg per litre. A
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Fig. 1. The RFvalues of 14 cations in descending
elution with the solvent system Et20-MeOH

H 20-HN03 ; 50:30:20:2 (Solvent A).

1.0'---------------'

Fig. 2. The R F values of 6 cations in the
solvent system Et20-MeOH-H20-HNOa ;

50:30:22:4 (Solvent B).

double distillation from a steamed out all-glass (Pyrex) apparatus and storage in Jena
glass vessels reduced this figure to approximately 0.01 mg per litre.

(c) Components of the solvent. The organic components of the solvent were tested
for their heavy metal content, using the dithizone method for lead21 on the residue
left after evaporation of the organic phase. The level of metal content was less than
0.05 {kg of heavy metals per ml.

The lead content of the acid is relatively high, 2 {kg of lead per ml, but the error
involved was considered negligible since it is present only up to 4% by volume in the
eluting solvent.

(d) The filter-paper. The problem of impurities in filter-paper has been discussed
in some detail previously23,27 and will only be mentioned briefly. Iron is the major
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heavy metal impurity, the general content of Whatman No. I paper being 0.1 fig of
iron per cm2, this value may be decreased to 0.02 fig per cm2 by acid washing but
complete removal of iron is extremely difficult except by such treatment that destroys
the fibrous nature of the paper. Many procedures were studied for the complete
removal of iron but it appears that the solvent continuously dissolves away very small
quantities of the cellulose during elution and thus sets free metallic impurities not
previously removed in the washing procedure.

Great care must be taken over the storage of filter paper since iron pick-up from
dust of the atmosphere over a period of time occurs very rapidly indeed. The method
of purification of the paper has been described above (p. 285).

Design of quantitative chromatogram

Two main types of quantitative chromatogram were again used24.
(I) The wide band strip28. A sheet of paper 20 em by 55 em was employed with

the starting line marked 10 em from the upper narrow edge. The solution to be
chromatographed was applied as a band 12 em long by I em wide along the starting
line from a calibrated Agla micrometer syringe. Spots of solution (approx. 0.02 ml)
were applied 3 em from the edges of the band. After elution two strips 3 em wide
were cut (one from each edge of the chromatogram) and sprayed for the metals under
investigation. The pilot strips were then used as guides for the metal-bearing sections
of the main chromatogram.

(2) Twin paper strips. The chromatogram consists of twin strips each 4 em wide
and 50 em long divided by a 0.5 em slot23, 24. Identical volumes of solution were
delivered along the two sections of the starting line, the wet bands being no wider
than 1.5 em. For larger volumes, the solution was put on the chromatogram in
successive 0.025 ml portions, the chromatograms being dried with an electric dryer
between each addition. After elution, one strip was then sprayed to locate the ions
while the other was used for the estimations.

The second type of chromatogram was favoured for quantitative estimations for the
reasons discussed in detail elsewhere24. To concentrate a smaller quantity of one metal
in the presence of a large amount of another metal which moves to a lower RF value,
a tapered twin-strip chromatogram was used. The strips were tapered from a width
of 4 em to a width of 2 em at a distance of 20 em from the starting line. The width is
constant (2 em) for the lower 30 em of the strips. By this means the metals are concen
trated into a smaller area of paper, for which the blank correction is consequently less.

Extraction of metals from the chromatogram

Many extraction procedures were investigated for each metal ion but in general only
(I) complete wet digestion of the paper by the conventional means for destroying
organic material29, or (2) acid leaching at an elevated temperature30, gave quantitative
recovery values. The disadvantage of method (I) is the time required in order to
obtain a white ash residue and only method (2) will be described in detail.
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(a) Lead. The section of the chromatogram containing lead was cut up into small
pieces, placed in a 100 ml Pyrex beaker, covered with 10 ml of 2 M nitric acid and the
solution boiled for I min. The extract was decanted off and stored. The extraction
procedure was then repeated employing (I) 10 ml of I M nitric acid and (2) 10 ml of
distilled water. The three extracts were combined, filtered through a Jena No. 3
sintered glass crucible and finally evaporated down to very small bulk using surface
heating;

(b) Bismuth. Bismuth may be extracted by a procedure similar to (a) except that
perchloric acid is employed in place of nitric acid.

(c) Cadmium, copper, iron, and zinc. If only one of these ions is present in the
mixture extraction using a procedure similar to (a) but employing hydrochloric acid
instead of nitric acid results in quantitative recovery. If, however, two or more ions
are present, they will be fully separated from lead but not from each other since their
RF values are similar (Table I). Extraction with dilute hydrochloric acid on the metal
bearing section of the paper still yields quantitative recovery values but for individual
estimation of each element a further separation has to be carried out (by anion
exchange chromatography).

Anion-exchange separation of cadmium, copper, iron, and zinc

KRAUS AND MOORE31 succeeded in separating the transition elements (manganese to
zinc) in hydrochloric acid solutions by anion-exchange chromatography employing
Dowex-I resin. The adsorbabilities of these elements differ sufficiently as a function
of the hydrochloric acid concentration to permit their ready separation at the mg
level of concentration. RUSH AND YOE32 using the same type of resin reported a
sf.\paration of copper(II) and iron(III) from zinc(II) at microgram leveL Copper(II)
amd iron(III) are eluted by I M hydrochloric acid while zinc is strongly adsorbed, zinc
is Ilater eluted from the column with 0.005 M hydrochloric acid. HUNTER AND MILLER33

separated zinc from numerous other elements by anion-exchange in dilute hydrochloric
acid using Amberlite IRA-400, in the concentration range 0.1-5 mg of zinc. KALLMANN,
S1.1EELE AND CHU34 reported a separation of zinc and cadmium in dilute hydrochloric
add-sodium chloride solutions using Dowex-I resin from most of the elements
associated with zinc or cadmium. Zinc was quantitatively separated from cadmium
by elution with 2 M caustic soda containing 20 g of sodium chloride/I, the cadmium
was later eluted from the column with I M nitric acid. Unfortunately, no details of a
separation of Fe(III), Cu(II), Zn(II), and Cd(II) at mg level was found in the literature.
Since the elution constants of these elements are already available31,s4 only the
pra.ctical details for the separation will be given.

Apparatus. The column consisted of a glass tube IS em long, 0.5 em radius fitted
with a 2 mm glass tap at the lower end, and packed to a depth of 10 em with Amberlite
IRA-400 resin of ISO mesh size. The eluting agent was passed through the column
USlt,lg a 50 em head of liquid. The column was purified by passage of several hundred
ml of I M nitric acid, followed by copious washings with distilled water. The resin
was, then saturated with 3 M hydrochloric acid in readiness for use.
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Procedure. The acid extract was placed on the column in the conventional manner
and allowed to adsorb. The column was first eluted with 3M hydrochloric acid and
all the copper(II) was contained in the first 25 ml of eluant. The eluting agent was
then changed to 0.1 M hydrochloric acid and the second 25 ml of eluant contained
all the ferric iron. By changing to I M caustic soda containing 20 g of sodium chloride
per1the zinc was quantitatively eluted in the following 50 ml of eluant, finally cadmium
was eluted employing I M nitric acid.

The interference of both bismuth and lead in this method34 was not studied since
they are removed in the initial paper chromatographic separation. When nickel,
cobalt or manganese are also present, they are extracted with the elements iron,
copper and zinc from the paper chromatogram, and are eluted from the resin in 3 M
hydrochloric acid and so accompany the copper(II) . In the spectrophotometric
method used for the estimation of copper they cause no interference.

SPECTROPHOTOMETRIC ESTIMATION OF THE METAL CONTENT OF THE EXTRACTS

Lead

The residue after extraction and fuming was dissolved in 5 ml of 0.01 M nitric acid
solution, and this solution was transferred to a 25 ml volumetric flask for absorptio
metric determination. The concentration of acid is sufficiently low to cause no change
in pH of the buffered solution in the absorptiometric procedure.

(a) Eriochrome Black T procedure. The most satisfactory reagents for absorptio
metric analysis are those that yield a true aqueous solution of the metal complex. A
search of the literature was made for such a reagent for lead, and the only suitable
reagent found was Eriochrome Black T35. The latter is widely used in compleximetric
titrations of Mg(II), Zn(II), Cd(II), Pb(II) and Hg(II) since it produces a reversible
colour change when these metals are determined by ethylenediaminetetraacetic acid
(EDTA). The reagent has also found use in the absorptiometric analysis of magnesium36.
When an exactly analogous procedure for the estimation of lead to that described
by POLLARD AND MARTIN was carried out, only a highly curved calibration graph was
obtained. This signified that the complex was highly dissociated and the method was
rejected.

In compleximetric titrations with EDTA, metals for which no suitable metal
indicators are known may sometimes be estimated using the replacement technique.
The metal (M) to be determined is transformed into the complex state by adding the
pure complex of magnesium with EDTA. Where the EDTA complex of metal(M)
is more stable than the Mg-EDTA complex, then an equivalent amount of magnesium
ions are thereby produced.

M+2 + MgY~ Mg+2 + MY

Y-2 = H02C-CH 2",- /CH2C02-
N-CH2-CH2-N

-02C-CH2/ "'-CH2C0 2H

The magnesium ions released are then determined in the normal manner, i.e. by
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titration with EDTA. The purpose of the investigation was to see if it was possible
to use this type of reaction and c~lorimetrically estimate the magnesium with
Eriochrome Black T.

Employing the method due to POLLARD AND MARTIN36 and adding 5.0 ml of
0.01 M magnesium-EDTA complexonate solution, a satisfactory method for the
estimation of lead was developed. Beer's law is obeyed over the range 0-10 flg of
lead per ml, and the slope of the calibration graph was 0.105 optical density units per
flg of lead per ml at 520 mfl. Although this method is only one-third as sensitive as the
dithizone method, it is preferred since it can be carried out in aqueous solutions.
When copper, zinc, mercury, cadmium, or silver are present with lead, they may be
effectively masked by the addition of potassium cyanide solution. The interference of
iron and cobalt, however, cannot be eliminated since their cyanide complexes tend
to oxidise Eriochrome Black 'I irreversibly when in strongly alkaline solution.

This method was used for the work on the binary and ternary mixtures of the
heavy metals containing lead, but has recently been superseded by the method
described below.

(b) 4-(z-Pyridylazo)-resorcinol. This reagent has been synthesized in these
laboratories and is especially noteworthy in that it forms a water-soluble chelate with
lead salts which is suitable for spectrophotometric estimation of lead. Details of the
synthesis and general properties of the reagent are described in a paper published
elsewhere37, and only details of the method for the estimation of lead will be described.

To the neutral sample containing between 0-125 flg of lead in a 25 ml volumetric
flask are added 2.0 ml of 0.05 % w/v aqueous 4-(2-pyridylazo)-resorcinol solution,
10 ml of buffer pH 10 (ammonium chloride in aqueous ammonium hydroxide solution)
and the mixture diluted to 25 m1. The optical density of the solution is measured at
530 mp_ against a similarly prepared blank solution containing no lead.

Beer's law is obeyed over the range 0-5 flg of lead per ml, and the slope of the
calibration graph at 530 mfl is 0.165 optical density units per flg of lead per m1.
This ltlethod was used for the lead analyses given in Tables II, III and IV.

Bismldh

After evaporation of the extract to a few ml, this solution was ready for absorptio
metric analysis using the thiourea method described by LISICKI AND BOLTz38•

[ron

The boiled-down solution (or aliquot of the same) was transferred to a 25 ml volumetric
flask. 2.0 ml of 5 % wIv aqueous hydroxylamine hydrochloride solution was added,
folliowed by I drop of 0.05 % wIv aqueous methyl orange, and 0.5 M caustic soda
solution until the indicator just turned yellow. Finally 1.0 ml of 0.247% wlv aqueous
2-J:litroso-I-naphthol-4-sulphonic acid (sodium salt), together with 3.0 ml of 0.20 M
ac:etic acid and 7.0 ml of 0.20 M sodium acetate solution were added. The solution
was diluted to the correct volume and its optical density measured at 700 mp. against
a similarly prepared reagent blank27•
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Beer's law is obeyed over the range 0-4 pg of iron/ml and the slope of the calibra
tion graph is 0-428 optical density units per pg of iron per ml.

Copper

(a) Biscylohexanone oxalyldihydrazone. The boiled-down copper solution was trans
ferred to a 25 ml volumetric flask and its copper content estimated by the procedure
described by PETERSON AND BOLLIER39 •

(b) Zincon. The boiled-down copper solution was neutralised to approximately
pH 5 employing methyl orange and 0.5 M caustic soda solution. The copper content
was estimated employing the procedure described by RUSH AND YOE32•

Zinc

(a) Eriochrome Black T.Zinc maybe estimated by a procedure exactly similar to that
described for the indirect estimation of lead employing Eriochrome Black T. The slope
of the calibration graph is 0.335 optical density units per pg of zinc per ml at 520 mil'.

(b) Zincon. The boiled-down zinc solution was neutralised to about pH 9 by
addition of 2 drops of 0.05 % w/v neutral red solution, and 0.5 M hydrocWoric acid
until the indicator just changed from red to yellow. The procedure described by RUSH
AND YOE32 for the estimation of zinc using Zincon was employed.

Simultaneous estimation of copper and zinc with Zincon

If only copper and zinc are present then they may be estimated in the manner
described by RUSH AND YOE32• Maximum absorption of the copper complex occurs
at 6ro mil', and the pH range for formation is 4.5-10. The zinc complex also exhibits
maximum absorption at 6ro mil', but is only formed above pH 8. Hence, RUSH AND
YOE32 estimated the copper content of the sample on an aliquot of solution at pH 5.2,
whilst another estimation at pH 9 gave the combined zinc-copper figure; the zinc
figure was obtained by difference.

The present work confirmed the possibility of simultaneously estimating zinc
and copper but a slight modification was required. RUSH AND YOE observed that the
slopes of the calibration graphs for copper at pH 5.2 and 9.0 were the same, hence the
zinc was obtained by direct difference. For this work it was found that the slope of
the calibration graph for copper at pH 5.2 was slightly lower than that at pH 9.0.
A correction has thus to be made to convert the optical density reading for copper
alone at pH 5.2 into an equivalent reading at pH 9.0. If this is done, the zinc figure
may be accurately found by difference. The slopes of the calibration graphs for copper
at 6ro mil' are (I) 0.370 optical density units per pg of copper per ml at pH 5.2 and
(2) 0.382 optical density units per pg of copper per ml at pH 9.0.

Cadmium

The residue after elution and fuming down to a few drops was dissolved in 5 ml of
0.01 M hydrocWoric acid, this solution was transferred to a 100 ml volumetric flask
for absorptiometric determination.
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Fig. 6. Elution of 3 mg PGA with HCl
etha,nol. 7 X O.g cm DoweX-1-X7.5-ehloride,

0.12 ml/min.

Fig. 7. Elution of 3 mg PGA with NaC!. 7 X O.g
em Dowex-I-X7.5-ehloride, 0.27 ml/min.

or recovery of PGA (Fig. 6). When Aminopterin was chromatographed with 20%
ethanol added to the 0.005 N hydrochloric acid usually used for elution, the compound
was removed too rapidly for good resolution. Eluting with 10% ethanol in 0.005 N
acid was more satisfactory. These solvents were not studied further.

Elution from Dowex-I-chloride with sodium chloride

The removal of pteridine compounds from anion-exchangers with acid requires
solutions of pH 1.5 to 3. In some cases, notably leucovorin, this pH is low enough to
cause chemical changes, and make it difficult to recover the separated compounds.
An alternative to desorbing the pteridines by lowering the pH is the use of solutions
of higher ionic strength. Thus it is possible to elute leucovorin with 0.5 M sodium
chloride with no acid added, while PGA is eluted with larger volumes of 0.5 M or
smaller volumes of 1 M sodium chloride (Fig. 7). A mixture of these two compounds is
separated completely by use of these eluants. Aminopterin is eluted with larger
volumes of 1 M sodium chloride than are required for PGA elution.

Elution from Dowex-I-formate with formic acid

It has been found that the formic acid solvents will separate the monoamino- from
the diamino-folic acid compounds, but there is no resolution within each group.
Aminopterin and Amethopterin were eluted with 0.05N formic acid. When a mixture
of these two compounds was chromatographed on a column of Dowex-1-X4-formate
8 em in length, both compounds appeared in a single peak. Paper chromatography
showed the first fractions of the peak to contain more Amethopterin than Aminopterin,
,and the last fractions to have the opposite proportion, but there was no separation.
In a similar manner Methopterin and PGA are eluted with 1.5 N formic acid, but
are not separated when a mixture of the two is chromatographed.

During the course of the work with formic acid solvents, it was noticed that
fractions containing PGA, when evaporated and chromatographed on paper, showed
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the presence of another compound with light blue fluorescence at Rp 0.8!. This
compound was identified as NlO-formyl-PGA by its Rp , its spectrum in acid and
alkali, and by the change in spectrum to that of PGA upon standing 24 h in 0.1 N
sodium hydroxidell. It is not surprising that there was no evidence of formylation of
the analogs, since Aminopterin is eluted with much more dilute formic acid, and the
other compounds are methylated in the 1o-position.

In a series of test tube experiments, it was found that approximately 23 % of the
PGA was formylated after standing 24 h at room temperature in 2 N formic acid, and
evaporation in a vacuum desiccator. In 4 N formic acid there was 44% formylation
after 2 h, and 48% after 24 h. The presence of Dowex-I-formate in the reaction
mixture appeared to inhibit the formylation to some extent, and there was no formyla
tion by the resin itself without the presence of formic acid.

DISCUSSION

The adsorption of pteridine compounds on the chloride form of an anion-exchanger,
and elution with dilute hydrochloric acid, has proved to be the most satisfactory of
the methods tested in this laboratory. When used with the proper regard for the low
capacity of the solvents, and the influence of temperature, this procedure gives
highly reproducible results. It is a sensitive method for detecting impurities, readily
showing the presence of a component which contains 0.1 % of the total optical absorp
tion of the starting material, if the impurity is separated from other peaks. The use
of sodium chloride (also described by SILVERMAN et al.3) as eluant for compounds
sensitive to acid is similar to the method of ZAKRZEWSKI AND NICHOL5, using acetate
buffers, and provides an alternative solvent system.

The recovery of known compounds adsorbed on Dowex-I-chloride columns has
ranged from 60 to 100%, depending on experimental conditions. Low temperature
appears to be the principal reason for incomplete elution, and recovery was essentially
complete in experiments done at controlled temperatures. The presence of pteroic
acid as an impurity would also contribute, since little or none of it is eluted from the
resin.

Most of the compounds separated on the columns may be recovered unchanged
in the effluent. It was shown previouslyl that Aminopterin is not deaminated to
PGA during chromatography on Dowex-I-chloride, since purified Aminopterin may
be rechromatographed without showing the presence of PGA. In the present study
PGA, too, has been found to be stable to chromatography in this system. As noted
above, leucovorin is rapidly destroyed by an acid solvent, but may be chromatographed
with sodium chloride if the high salt concentration is not objectionable. The formyla
tion of PGA when it ischromatographed in the formic acid system is an obvious
objection to this procedure. In view of the biological activity of formylated pteridines,
formate chromatography should be used with caution.

A number of solvents in addition to those discussed were tested briefly, and
found to be unsatisfactory. Aminopterin was not eluted from Dowex-I-X2-chloride
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\\lith 0.2 M ammonium hydroxide-o.025 M ammonium cWoride buffer of pH II.3.
PGA was not eluted from the hydroxide form of Dowex-1 with 1 N ammonium
hydroxide, nor from the cWoride resin with 1 M ammonium carbonate or 0.5 M
sG)dium citrate.

It has not proved possible to use this chromatographic method directly on crude
extracts of natural materials. The presence of nucleotides, amino acids, and other
compounds which are adsorbed and eluted under these same conditions makes
impossible the detection of the much smaller amounts of pteridines usually present.
TItle method should be applicable to material which has gone through some preliminary
purification, such as charcoal adsorptions. The sensitivity and specificity of the method
could be increased by the use of a biological assay of effluent fractions, in addition to
optical density measurements.
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SUMMARY

Techniques are described for analysis and purification of free and conjugated pteridines
by anion-exchange chromatography. The following compounds are adsorbed on
DOiWex-1-cWoride and eluted with very dilute HCl or with NaCl: biopterin, leucopterin,
xanthopterin, PGA, leucovorin, NlO-formyl-PGA, Aminopterin, Amethopterin,
Methopterin. During chromatography in the formic acid system, appreciable amounts
of PGA are formylated to NIO-formyl-PGA.
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PAPER CHROMATOGRAPHY OF STEROIDS IN SYSTEMS WITH

ETHYLENE GLYCOL AS THE STATIONARY PHASE

LUBOS STARKA AND MILUSE PRuslKOvA

Research Institute of Endocrinology, Prague (Czechoslovakia)

In paper chromatography of corticosteroids and 17-ketosteroids, the systems with
more polar organic solveIJts, such as propylene glycol, formamide, dimethylformamide,
phenylcellosolve, cellosolve, 1,3-butanediol, etc., in the stationary phase are routinely
used.

Ethylene glycol in the stationary phase (ethylene dichloride as mobile phase)
has been used as early as 1951 by BOSCOTT1 for paper-chromatographic separation of
urinary phenols and ~strogens. The chloroform/ethylene glycol system has been
described for paper chromatography of cardenolides2• Ethylene glycol in the stationary
phase for the separation of corticosteroids was first proposed for partition chromatog
raphyon columns3, 4, while recently it has been used for effective separations, especially
of aldosterone, by paper chromatography, toluene being the mobile phaseS.

Systems with ethylene glycol have also been successfully used for the separation
of 17-ketosteroids6, ~strogens and corticosteroids7 ; their use will, therefore, be dealt
with in some detail.

EXPERIMENTAL

Steroids in chloroform solution were applied to sheets of Whatman No. I paper
(15 X 48 cm). After the application of the solution the strips were soaked in a 30%
solution of ethylene glycol in methanol, blotted between filter paper and exposed to
air at room temperature for 20 minutes. The chromatograms were then transferred to
the chromatography tanks, saturated with vapours of the mobile phase, and developed
by the descending technique at 17-20°.

For chromatographic separation of corticosteroids, toluene or carbon tetrachloride
saturated with ethylene glycol, and for 17-ketosteroids petroleum ether (b.p. 45-65°)
were used.

The steroids were detected in the usual ways, corticosteroids by V.V. photo
copying or by treatment with a solution of blue tetrazolium, 17-ketosteroids with
m-dinitrobenzene reagent.

RESULTS AND DISCUSSION

Ethylene glycol is only slightly soluble in carbon tetrachloride and toluene, and in
comparison with propylene glycol only sparingly miscible with chloroform; conse
quently systems with ethylene glycol as the stationary phase may even be used for
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the separation of very polar steroidsl , 2, 5. On the other hand it may be possible, by
using an appropriate mobile phase, e.g. hexane or petroleum ether, to separate even
less polar el9-steroids.

The R p values of some corticosteroids in the carbon tetrachloride/ethylene glycol
and the toluene/ethylene glycol systems are shown in Table I, and those of some
17-ketosteroids in the petroleum ether/ethylene glycol system in Table II. In these

TABLE I

R F VALUES AND MOBILITIES OF SOME CORTICOSTEROIDS AND CESTROGENS

IN ETHYLENE GLYCOL SYSTEMS

Steroid
Toluene/ethylene glycol

Mobility (em!2o h)

Carbon tetraehwridejethylene glycol

Mobility (emj2o h)

Tetrahydrocortisol
Tetrahydrocortisone
Cortisol
Aldosterone
Cortisone
I 1-Desoxycortisone
Corticosterone
I I-Desoxycorticosterone
Cortisone acetate
I I -Desoxycortisone acetate
I I-Desoxycorticosterone acetate

CEstrone
CEstradiol

0.03
0.07
0.10
0-43
0.5 1

0.88
0.70
0.85
0.g6

TABLE II

4·5
8.2

13. 2

I8.g
25·3

0.01
0.08
0.10
0.15
0.20
0.88
0.26
0.40
0.g8

0.50
0.12

0.1
0·5
,1.6

Ig.O

26.2

RF VALUES OF KETOSTEROIDS IN A PETROLEUM ETHER/ETHYLENE GLYCOL SYSTEM

Androstane-3a, I IP-dio!- I 7-one 0.06
lEtiocho!an-3a-o!-II ,I 7-dione 0.13
,14-Androsten-I Ip-ol-3, I 7-dione 0.20
,14-Androstene-3, II , I 7-trione 0.24
,15-Androsten-3P-ol-I7-one 0·47
Androstan-3P-ol-I7-one 0.56
lEtiocho!an-3a-ol-I7-one 0·54
Androstan-3a-o!-I7-one 0.67
3,5-Cycloandrostan-6p-o!-I7-one 0.76
Androstane-3, I 7-dione 0.85
3P-Ch!oro-,15-androsten-I7-one 0·94
Testosterone 0.22
I7-Methy!testosterone 0.43
Pregnane-3,20-dione 0.g2
Progesterone 0.84

determinations the sheets were always impregnated with a 30% solution of ethylene
glycol iIi!. methanol. Impregnation with this solution gives the highest rate of flow of
the mobile phase with the most sharp separation of steroids that are frequently
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estimated. The influence of concentration of the impregnating solution on the RF

values of some 17-ketosteroids is apparent in Fig. I.

The influence of the saturation rate of the tank and variations of temperature on
the rate of flow of the mobile phase is especially marked when very volatile solvents,

RF

0.70

0.
%

0.50

0.40 5

2

0.30
3

0.20

0.10

Fig. 1. Effect of the ethylene glycol (EG)
concentration on the R p values of some 17
ketosteroids. I = androsterone; 2 = epian
drosterone; 3 = dehydroepiandrosterone.

Mobile phase: petroleum ether.

Fig. 2. Effect of increase of time of evapora
tion on ethylene glycol loss from the im
pregnated paper. Time t in hours. % = per-

centage of ethylene glycol lost.

e.g. petroleum ether, are used. In chromatography of 17-ketosteroids the optimal
rate of flow is 30-35 cm in 2 Yz hours. Within this velocity range the RF values are
readily reproducible. In solvent systems with carbon tetrachloride or toluene the
liquid front reaches 35 cm in 3-4 hours. For the separation of steroids the use of
ethylene glycol has the advantage that a high velocity of partition is obtained.

The capacity of Whatman No. I paper, on which the separated steroids appear
as round or oval spots, depends to a certain extent on the nature of the investigated
substance, on the amount of ethylene glycol in the stationary phase, and on the

TABLE III

CAPACITY OF WHATMAN NO. I PAPER FOR SOME STEROIDS. EFFECT OF ETHYLENE

GLYCOL CONCENTRATION IN THE IMPREGNATING SOLUTION

Results are expressed as fig steroid/spot

Cone. of ethylene glycol
Steroid

500/0

Cortisol *
Cortisone *
,d5-Androsten-3,B-ol-I 7-one * *

50

40

ISO

100

350

350

100

380
400

ISO

420

450

* Mobile phase: toluene.
** Mobile phase: petroleum ether.
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TABLE III

IONIC PATTERN WHEN Na-Li-K-VERONALATE BUFFERS ARE USED SIMULTANEOUSLY

(see also Fig. 9)

(Quantities expressed as mequiv./cm'2. x 10-5)

Total cation

Li 90

6 V/cm

4 h

90

No

144 84 93 83 81 85 58

120 152 128 89 84 90 88

111 179 144 99 90 95 93

101 150 141 115 94 99 95

117 135 137 129 94 99 92

135 122 134 143 95 100 89

90

K I" : 0.022

pH :8.6

+

3

3

3

3

I 3

3
-

K

+

Li

80 77 93 83 81 85 55

45 58 80 84 90 85

23 57 83 83 89 84

48 85 83 87 83

45 84 83 87 80

42 81 84 89 75

+

No

65 8

120 117 50 9

111 134 77 20 5 5 5

101 150 93 30 12 12 9

117 135 92 45 12 12 9

135 122 92 52 12 12 12

+

A'mon

115 121 100 95 115 95 100

114 145 133 138 110 121 142

117 133 129 144 115 128 155

121 123 128 147 121 133 158

117 140 129 131 124 133 145

112 158 132 115 128 133 121

+

INTERPRETATION OF RESULTS

A theoretical explanation for the para-anodic accumulation of electrolytes was given
by GUILLOT8. The migration velocities of the various ions in solution differ, being
greater for the smaller cation than for the organic anion. For one anion discharged at
the anode, one cation is discharged at the cathode, while at the same time the entire
conductor remains electrically neutral. As the two ions have different migration
velocities it is reasonable to assume that the rapid ions are able to cover a larger
distance than the slower ones in order to arrive at the point of discharge on the
electrode at the same time. As a result the ions accumulate in a zone that lies nearer
to the electrode where the slower ions are being discharged. In this case this means a
para-anodic ion shift. Owing to the absence of convection this shift of ions inside the
paper or other supporting medium is maintained in its actual shape and can be

References p. 3I9.
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detected after elution of the dried fractions of the curtain. An analogous and character
istic: ion pattern was found in zone electrophoresis7•

The consequences of this ionic shift inside the supporting medium are multiple. As a
result of differences in concentration, there are differences in ionic strength and conduc
tivitiy. This means that the electrical field is not homogeneous over the entire surface.

In a good run the arrival of new buffer, the inevitable evaporation from top to
bottom and the ion shift cooperate to maintain a constant ionic pattern throughout
the experiment once the conditions are stabilized, i.e. 6 hours after closing the chamber
and switching on the current.

!It is, however, certain that the frequent appearance of daughter fractions coming
from. a mother fraction at a given point on the curtain is due to this ionic pattern.

the apparent rectilinear migration of albumin, which crosses the zone of increased
salt doncentration, is due to a balance between slower hydrodynamic flow and a longer
acting but lower electrical field in a zone with higher strength and lower mobility.

If the electrophoretic experiment goes wrong, changes in pH will occur as a result
of an excessive ion shift on the curtain, appearing as a typical triangular shape
forecast by the ionic pattern we have demonstrated.

With the usual sodium barbital buffers this ion shift cannot be avoided, but the
use of zwitter-ions may be advantageous in this respect.

We shall repeat the experiments with so-called "NaLiK" buffer and not only
measUre the quantity of anion and cation, but also determine the quantity of water
inside the supporting medium. Then we shall not only be able to give quantities of
salt, but also to calculate actual concentrations, ionic strength and pH. We hope that
this method of investigating the ionic shift inside the supporting medium will provide
a means of improving electrophoretic teChniques.

SUMMARY

A study was made of the distribution of ions on a paper curtain during two-dimensional
electrolPhoresis. The influence of evaporation on the one hand and of ionophoresis
on the other, was investigated. A characteristic distribution of anion and cation
was found to occur, which causes differences in conductivity of the paper.

REFERENCES

1 H. PEETERS, P. VUYLSTEKE AND R. NOE, in The Protides of Biological Fluids (Proceedings 4th
Colloql'lium, Bruges, 1956), Uitgeverij De Tempel, Bruges, 1956, p. 177-182.

2 R. J. BLOCK, E. L. DURRUM AND G. ZWEIG, A Manual of Paper Chromatography and Paper
Electrophoresis, 2nd Ed., Academic Press, Inc., 1958, p. 542.

3 H. PEETERS, P. VUYLSTEKE AND R. NOE, in The Protides of Biological Fluids (Proceedings 5th
Colloquium, Bruges, 1957), Elsevier Pub!. Co., Amsterdam, 1958, p. 159.

4 H. PEETERS, Paper presented at the Intern. Congress ot Clin. Chem., New York, 9-14 Sept., 1956.
5 H. PEETERS, Paper presented at the Intern. Congress of Clin. Chem., Stockholm, 19-23 Aug., 1957.
6 H. PEETERS AND P. VUYLSTEKE, in The Protides of Biological Fluids (Proceedings 4th Colloquium,

Bruges,. 1956), Uitgeverij De Tempel, Bruges, .1956, p. 63.
7 H. PEETERS AND P. VUYLSTEKE, in The Protides of Biological Fluids (Proceedings 3rd Colloquium,

Bruges, 1955), p. 231.
8 M. GUILLOT, Ann. biol. clin. (Paris), (1956) 1-2, 8.

Received October 6th, 1958



320 JOURNAL OF CHROMATOGRAPHY VOL. 2 (1959)

SHORT COMMUNICATIONS

The electrophoretic mobilities of inorganic ions in
some inorganic and organic acids

In connection with our previous papersl concerning the electrophoretic mobilities of
the halogeno-complexes of Hg, Bi, Cd, Pb and Cu, we have made a systematic in
vestigation of the electrophoretic mobilities of about 90 inorganic ions in some
inorganic and organic acids. The concentrations of the acids varied from 0-4 to 6.3 N.

Some of the mobility data obtained by heavy current and high voltage electro
phoresis on filter paperl are represented here in diagrams as a function of the logarithm
of the concentrations of hydrochloric, perchloric, nitric, sulphuric, acetic, citric,
tartaric and lactic acids (Figs. I and 2).

-va:-
-Be'l.>

Fig. 2. Diagrams of the electrophoretic mo
bilities of UO.+2, Tl+, Be+2 and [Fe(CN6J-4

in some organic acids.
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Fig. I. Diagrams of the electrophoretic mo
bilities of UO.+2, Tl+, Be+2 and [Fe(CN)6]-4

in some inorganic acids.

The mobilities offourinorganicions are reported here: U0 2+2, Tl+, Bi+2 and [Fe(CN)6J -4.

The filter paper used was Munktell No. 20/100. The mobility data were corrected
according to the equationl :

(
u' U')U = 1.2 -- _, _e [mm V-I h-l cm]
R F R Fe

where u' is the apparent mobility of the ion investigated, u'e the apparent electro
osmotic mobility, RF the adsorption chromatographic factor on filter paper of the
ion investigated, RFe the adsorption chromatographic factor of the substance used to
determine the electro-osmotic flow (glucose), and 1.2 is the correction factor for the
porosity and structure of the filter paper used. The apparent shift of the spots is



VOL. 2 (1959) SHORT COMMUNICATIONS

measured in millimeters (mm), the apparent electric field strength in volts per
centimeter (V jcm) , and the time in hours (h). The resulting mobilities [mm V-I h-1 em)
can be transformed to [cm2 V-I sec-I) by multiplying them with the factor 0.278. 10-4•

The diagrams in Figs. I and 2 show characteristic slopes, breaks and parallelisms.

Institute Rudjer Boskovic, Zagreb, Croatia (Yugoslavia) Z. PUCAR

Z. ]AKOVAC
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Paper chromatographic reagents in aerosol spray bottles

During the last few years numerous cosmetic products have been marketed in aerosol
bottles that are fitted with a nozzle and stop valve, by means of which the contents
are dispensed as a fine spray. Low boiling halogenated hydrocarbons are generally
used as propellants. These are present in the bottle in the liquid state under a certain
pressure. For practical purposes the stop valve and nozzle are constructed as a unit
that can be operated by pressing one finger on the nozzle. The author thought that
this arrangement might be suitable for spraying chromatograms.

An experiment was carried out with a solution of p-anisidine phosphate in ethanol.
This reagent, which is usually employed for the detection of sugars on chromatograms,
v.tas filled into an aerosol bottle together with the propellant. The bottle was made of
aluminium and was covered inside with an epoxy protective. Some chromatograms
were sprayed with the bottle and others, for comparison, with an ordinary glass
sprayer. The advantages of the aerosol bottle were a more uniform distribution of
the reagent and simpler handling, since only one finger need be used instead of the
two hands required to manipulate an ordinary glass spraying apparatus. Another
advantage of the aerosol bottle is that it is always ready for use and need not be
cleaned after use.

Of course, there may be limitations to its use. It may be dangerous, for example,
to use it with alkalies in ethanol (risk of injuries to eyes, etc.). Corrosion of the bottle
maJy also occur with some reagents; however, materials resistant to most chemicals
are already known. From the manufacturing point of view, the rapid evolution of
paper chromatography, giving rise to a continual change of reagents, may discourage
chemical dealers from launching such areosol bottles on the market. However, this
does not apply, for example, to the ninhydrin reagent. It is felt that the introduction
of aerosol bottles could be promoted by research institutes and industrial laboratories
and the author would be grateful for encouragement in this direction.

Ohm-Strasse II, PorzjRhein (Germany) KLAUS WEGMANN
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Fig. I. Ionization chamber.

Ionization chamber for high-temperature gas chromatography

Simultaneous monitoring of the effluent stream from gas chromatography equipment
containing radioactive compounds by an ion chamber in series with the usual mass
detecting thermal-conductivity cell has been described by WILZBACH AND RIEsz1.

However, when this design of ion chamber employing a ceramic insulator was used
at 200° to 250°, as required for the gas chromatography of fatty acid esters, strain
currents limited its applicability.

Construction of an ionization chamber from readily available materials is.
described which is applicable to high-temperature (240°) gas chromatography.

A successful model, illustrated in Fig. I, based upon the use of Teflon, was evolved
after studying a number of potentially useful high dielectric constant materials.
Teflon comprises the main insulator a, which is threaded to receive the brass can l,

support plugs band c, and
inlet and outlet connectors
d and e. The ion chamber'
l has an internal working
volume of about 9 ml.

The probe n is con
structed from BSA-r8
gauge tungsten rod and is
connected to the brass con
tact pin through a short
piece of copper wire silver
soldered to the probe and
soft-soldered to the con
tact pin. A hole is drilled
in the top of an Amphenol
82-833 fitting f and closed
with brass plug g. Internal
parts of the fitting, except
the polystyrene insulator
h and its brass contact
pin, are removed. The mo
dified fitting is connected
to the preamplifier head
of a Brown Electrome-
ter through the coaxial

"cable" consisting of a threaded brass tube i, a brass rod k, and plug c. A current of
air is used to cool the tube to prevent heat transfer from. the chamber to the pre
amplifier. Brass cap m is provided with a bolt and nuts for connection to the negative
side of a 4.s-voltbattery. The positive side is grounded on the preamplifier case.
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Around the ion chamber l is wrapped a layer of asbestos p, a grounded metal shield g,
and a layer of No. 26 asbestos-covered nichrome wire r. Movement of insulator a
relative to a brass shield, which screws into the coaxial fitting, is prevented by set
screwo.

In operation the chamber is padded with Pyrex wool and covered with a grounded
metal shield containing the necessary exit holes for gas streams and electrical leads.
This shield eliminates capacity effects and lessens heat loss. Pyrex wool and asbestos
paper are used to insulate the staudard taper inlet connector e after it is plugged into
the exit connector from the thermal conductivity gauge of the chromatography
equipment, i.e., Aerograph. Current is supplied to the heater wiring with a variable
autotransformer. The temperature is adjusted by temporary insertion of a thermo
meter in place of connector d.

Fig. 2 illustrates results obtained with about 2 mg (3 pC) of tritium labeled
methyl stearate2 using a 5-foot Resoflex 296 column3 operated at 205 0 and at a

7 8 9
TIME IN MINUTES

10 11

Fig. 2. Gas chromatography of tritiated methyl stearate. a. Thermal conductivity peak. b. Radio
activity (ion current) peak. c. Solvent peale d. Point of injection.

helium flow rate of 44 ml/min. The thermal conductivity data are recorded at 2 mY,
full-scale sensitivity, and ion currents are recorded using the 10 mV range of the
electrometer. Both recorder charts were run at 60 inches per minute and are super
imposed in Fig. 2. At the specific flow rate used in this equipment, radioactivity lags
thermal conductivity by about 20 seconds. These curves demonstrate the chromato
graphic identity of tritium labeled stearate with inactive stearate and indicate a small
amOlmt of labile tritium contaminant.
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Identification of certain anions and cations in mixtures by means of the
formation of coloured (ring) products on agar gel

Part I. Identification of anions and cations on gel containing the test reagent

Introduction. When a suitable reagent is added to a solution containing two ions both
of which react with the reagent, the identification of the ions is not possible. Some
work has already been done on the detection of ions in mixtures by using filter-paper
strips impregnated with agar gel containing the detecting reagentl - 3 . This paper
describes a simple method for detecting such ions, without the use of any elaborate
apparatus, by means of the formation of coloured rings on agar gel supported on a
horizontal glass plate. The relative position of the coloured rings has been found to be
dependent on the solubility of the products involved, the less soluble product forming
the inner ring.

Experimental. Agar, B.D.H., L.R. grade (fine powder) was used in the exper
iments. It was found to be free from all ions except negligible traces of chloride ions.

TABLE I

Inne,. ring Outer ring
Sample Ions contained in the mixture Detecting

No. reagent
Colour Reacting Colour ReMting ionion

Anions

Ferrocyanide and thiocyanate Ferric Blue Ferro- Red Thiocyanate
chloride cyanide

2 Ferrocyanide and ferricyanide Copper Chocolate Ferro- Yellow Ferricyanide
sulphate cyanide

3 Ferricyanide and ferrocyanide Silver Orange Ferri- White Ferrocyanide
nitrate cvanide

4 Iodide and ferricyanide Silver Yellow Iodide Orange Ferricyanide
nitrate

5 Iodide and chloride Silver Yellow Iodide White Chloride
nitrate

6 Sulphide and iodide Mercuric Black Sulphide Orange Iodide
chloride

Cations

Nickel and cobalt Rubeanic Blue Nickel Yellow- Cobalt
(as complex ammines) acid brown

2 Ferric and titanic Cupferron Red Ferric Yellow Titanic
3 Ferric and titanic Potassium Blue Ferric Green Titanous

ferrocyanide
4 Ferric and manganous Potassium Blue Ferric White Manganous

ferrocyanide
5 Copper and cadmium Potassium Chocolate Copper White Cadmium

ferrocyanide
6 Lead and silver Potassium Yellow Lead Red Silver

chromate
7 Thorium and uranyl Alizarin sul- Pink Thorium Bluish Uranyl

phonic acid violet
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I % agar gel was prepared by boiling agar for a few minutes with water and the
concentration of the reagent incorporated in the gel was adjusted to about N /100.
Test solutions contained equal volumes of N /2-N/20 solutions of each ion. A thin
layer of the gel containing the reagent was allowed to spread on a glass plate and one
drop (0.05 ml) of the test solution was placed at the centre of the gel before it was
allowed to set. It was observed that distinct rings for different ions were obtained
within 2 to 4 hours at room temperature (about 25°). The results are given in Table 1.

Part 2. Identification ot certain anions on gel containing silver chromate

Introduction. Filterpaper impregnated with silver chromate has been used for detection
of halide ions4• In the present investigation finely dispersed silver chromate in agar
gel has been employed and a separation of halides and other anions has been obtained.

Experimental. A fine dispersion of silver chromate in agar gel was obtained as
follows: to 80 ml of hot 1% agar gel were added 10 ml of N/IO silver nitrate solution
followed by a slight excess of N/IO potassium chromate solution. The procedure for
detection of the anions was the same as adopted in Part I; the results are given in
Table II.

TABLE II

Sample Inner ring Outer ring
Anions contained in the mixture

No. Colour Reading ion Colour Reacting ion

I Sulphide and chloride Black Sulphide White Chloride
2 Iodide and sulphide Yellow Iodide Black Sulphide
3 Iodide and ferricyanide Yellow Iodide Orange Ferricyanide
4 Iodide and arsenate Yellow Iodide Chocolate Arsenate

Conclusions

This investigation provides a simple method of detecting certain anions and cations
in mixtures when they are present in quantities of the order of 2 mg per ml, which
normally require more elaborate methods. The coloured rings for various ions can
readily be obtained in a state of transparency and, with suitable experimental
modifications, they may be employed for colorimetric estimations. The above tech
nique also provides a method for determining the comparative solubilities of insoluble
substances.

The authors express their sincere thanks to Prof. T. R. SESHADRI, Head of the
Department of Chemistry, for helpful suggestions and for his keen interest in this work.
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Paper electrophoresis of inorganic anions in O.IN NaOH solution

Extensive work on the electromigration of inorganic anions has so far only been
reported for KC1! and ammonium bicarbonate2, 3 as electrolytes. Recently JACH et at.4

employed o.or N NaOH as electrolyte for the separation of anion mixtures obtained
in Szilard-Chalmers reactions. They showed that such mixtures as Br03--Br-,
1°4--1°3--1- and As03----As04--- yielded good separations. We thus considered
it of interest to study a large number of the usual inorganic anions with NaOH as
electrolyte. Instead of o.or N NaOH we used o.r N NaOH as in a higher concentration
more material may be separated without distortion due to increased conductivity of
the spots. The large electrophoresis apparatus of Jouan was employed and a thick
paper (Papeterie d'Arches No. 304). The spots were placed exactly in the centre of

TABLE I

ELECTROMIGRATION OF INORGANIC ANIONS IN 0.1 N NaOH IN ONE HOUR WITH 240 V
The distances are corrected from one electropherogram to the

next to a movement of 80 mm for Cr04--

Anion mm Anion mm

Borate 30-32 Thiocyanate 72-77
Arsenite 23-27 Sulphite 62-69
Arsenate 51-54 Thiosulphate 86-89
Nitrite 92 Sulphate 73-81
Nitrate 81-84 Persulphate 85
Chloride 90-91 Selenite 58- 60
Chlorate 72-76 Tellurite 49-52
Perchlorate 73-80 Tellurate 0
Bromide 92-96 Ferrocyanide 73-77
Bromate 60-65 Ferricvanide 79-80
Iodide 96- 101 Molybdate 69-74
Iodate 4°-42 H 20 2 0

Periodate 5-15 with comet to 40 Orthophosphate 46-"4 8
Fluoride 60-61

the sheet and a voltage of 240 V was applied for r hour. Under these conditions
Cr0 4-- moves approximately 80 mm. As it is easily recognised by its colour and has
an intermediate mobility all other distances moved were corrected to Cr0 4-- 80 mm.
Periodate yields usually one or two spots close to the point of application and a
reduction comet up to the distance moved by iodate. The movement of the other ions
examined is reported in Table 1.
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graphische Einzelversuche liegen ebenfalls schon lange zuruck, da bereits SCHON
BEIN153 das verschieden weite Zuriickbleiben von Salzen gegenuber der Wasserfront
im Papierstreifen beobachtet hat.

Eindeutig eine Fallungschromatographie und zwar auf impragniertem Papier
stellt erst die Tiipfelanalyse dar, insbesonders wenn zwei Ionen nebeneinander nach
gewiesen werden. Der erste Fall dieser Art wurde 1930 von FEIGL27 beschrieben. Die
Tiipfelanalyse hat sich bekanntlich zu einem selbstandigen Arbeitsgebiet entwickelt26,
welches hier nicht weiter behandelt werden kann.

Die Problematik der Vorgange bei der chromatographischen Trennung von
anorganischen Ionen begann erst mit den Versuchen von SCHWAB154 an Aluminium
oxyd, welches auf Grund seiner ausgezeichneten Eigenschaften in der organischen
Chromatographie auf die der anorganischen Verbindungen iibertragen wurde. Die
Deutung des Mechanismus erwies sich wegen der Oberlagerung verschiedener Vorgange
hier jedoch als besonders schwierig und die Ergebnisse langst nicj:J.t so giinstig wie in
der organischen Chemie.

SCHWAB selbst hat mehrere Begrundungen fUr den Verlauf derVorgange gegeben
bezw. diskutiert, namlich:

r. Permutoide Verdrangung von Na+ durch die chromatographierten Kationen,
d.h. Austauschadsorption155.

2. Analoge Austauschadsorption fUr Anionen157.
3. Bildung basischer Doppelaluminate161-163,165. Er lehnt ab die Fallung von

Hydroxyden161, von basischen Salzen165 und Austausch des Metalls gegen A13+ 155.
In den zahlreichen Publikationen der folgenden 20 Jahre wurden "Austausch",

"Adsorption" und "Fiillung" in verschiedenen Variationen und sich oft wider
sprechend als Ursache der Fixierung anorganischer Ionen besonders an A120 3-Saulen
angesehen. Auch in der neuesten zusammenfassenden Buch- und Zeitschriftlite
raturG, 76,141,179,180,209 ist daher eine klare Aufteilung der anorganischen Chromato

graphie in diese Gruppen nicht zu finden. 1m folgenden Bericht nimmt die Diskussion
ihrer Ursachen einen relativ breiten Raum ein, gegenuber der Auswertung fUr
qualitative und quantitative Zwecke, welche wohl nicht ganz den seinerzeit darein
gesetzten Erwartungen entspricht.

Da, wie erwiihnt, die meisten Versuche an A1 20 3 gemacht wurden, werden
zuniichst diese nach den drei wichtigsten Erklarungsversuchen: Austausch, (physi
kalische) Adsorption und (hydrolytische) Fiillung besprochen, ferner das Verhalten
der Anionen, das auch fUr die Kationentrennung wichtig ist. Eine weitere Gruppe
b~lden die Versuche mit Impriignierungen auf verschiedenen Triigern, welche den
Ohergang zu festen Adsorbentien, welche selbst mit den Salzlosungen reagieren,
bi1den. Die Verwendung fUr quantitative Zwecke, insbesonders im Mikromasstab
istbedeutend, eine weitere Anwendung ergibt sich fUr die Reinigung von Salzlosungen.
Spezielle Methoden ergeben sich aus der Anwendung von Komplexbildern und radio
aktiven Indikatoren und fur verschiedene Elementgruppen.

Innerhalb der folgenden Abschnitte sind die Arbeiten im wesentlichen nach
chronologischer Folge besprochen.

Literatu1' S. 3491353.
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In den ersten Publikationen erklart SCHWABI54,155 die Fixierung der Rationen im
wesentlichen durch Austausch des Schwermetallions gegen Na+, welches im Filtrat
nachgewiesen werden kann. Die meisten Al 20 3-Praparate fUr chromatographische
Zwecke enthalten aus dem Herstellungsprozess Natrium als Carbonat oder Aluminat.
Es kann nach SCHWAB durch das Metall ersetzt werden nach Gleichung (3):

:::AJ-O-Na + Men+/n = :::AJ-O-Me/n + Na+

wodurch es zur Bildung von spinellartigen Aggregaten kommen solI. Durch paarweise
Versuche ergibt sich fUr Rationen, weIche aus komplexfreier Lasung chromatogra
phiert werden konnen, folgende Reihung:

Cr3+ CoH
H+, Fe3+, U02H, PbH , AJ3+, CuH , Ag+, ZnH , NiH, TJ+, MnH

HgH CdH
FeH

FLOOD34 nimmt fUr seine Versuche mit auf Papier niedergeschlagenem Al 20 3 dieselbe
Austauschadsorption an und auch VENTURELL0204a halt diesen Vorgang fur eine
magliche Erklarung. LINDNER92- 97 spricht bei seinen Versuchen an Aluminiumoxyd
mit radioaktiven Indikatoren ebenfalls von Austauschadsorption. Auch HESSE68

formuliert in analoger vVeise den Ersatz von Na+ durch Ag+. Er weist auch auf die
Tatsache hin, dass Sauren (Anionen) von Aluminiumoxyd besser aus saurem, Basen
(Rationen) aus basischem Milieu adsorbiert werden, was nach seiner Ansicht am
besten durch Ionenaustausch erklart werden kann.

]ACOBS73 fUhrt die schon von SCHWAB154 erwahnte Tatsache, dass die Rationen
zonen unmittelbar aneinander schliessen auf den komplizierenden Einfluss der
gleichzeitigen Anionenadsorption zuruck und erklart die Adsorption durch Ionen
austausch und molekulare Fixierung. Er weist aber in dem Zusammenhang darauf
hin, dass die Rationen mit Ausnahme von H+ unfahig sind, in grosserem Ausmass
andere adsorbierte Rationen zu verdrangen.

In ahnlicher Weise erklart GAPON43,45 die Fixierung der Rationen an Al20 3
durch Austausch, sofern nicht gleichzeitig Anionen festgehalten werden. ROBIWSON142

lasst nur Ionenaustausch fUr Rationen gelten im Gegensatz zur (physikalischen)
Adsorption der MolekeI.

FISCHER29 stellt durch statische Versuche, aus weIchen er auf die chromato
graphischen Vorgange ruckschliesst fest, dass ein Austausch von Na+ gegen das
Ration in aquivalenten Mengen stattfindet, wobei offen bleibt, ob es sich urn Fallung
odeI' permutoiden Austausch handelt. Daneben findet eine aquivalente Adsorption
von Ration und Anion des Salzes statt. UMLAWD UND FISCHER entwickeln spater194,195
die Vorstellung, dass es sich bei dem primaren Vorgang del' Adsorption ionisierter
Salze aus wassriger Lasung urn einen gekoppelten Austausch von Rationen einerseits

Literatur S. 349/353.
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und Anionen anderseits handelt unter Mitwirkung von H+ und OH-, eine Vorstellung,
die sich schon bei SACCONII45,149 findet. Ausfiihrlich werden die aus statischen Ver
suchen von UMLANDI97-199 erhaltenen Ergebnisse diskutiert und zu einer formalen
Ionenaustauschtheorie fiir die Adsorption von Elektrolyten entwickelt.

D'ANSI6,17 sieht ebenfalls nicht nur Na+, sondern auch H+ als austauschbar
gegen das Metallion an, wobei er sich zum Teil auch der Suspensionsversuche als
Grundlage seiner Dberlegungen bedient. HAYEK66 weist darauf hin, dass statische
Versuche nur mit Vorbehalt Riickschliisse auf die Verhiiltnisse an der Saule gestatten,
weil sich bei letzteren nicht die den statischen Gleichgewichten entsprechenden
pH-Werte einstellen, sondern viel extremere messbar sind. Ferner wird in Zusammen
Iassung verschiedener bekannter Tatsachen darauf hingewiesen, dass der Natrium
g-ehalt des Aluminiumoxydes, welcher nach Gl. (3) formal einen Ionenaustausch
bewirkt, durch Umsetzung in folgenden Stufen dargestellt werden kann:

:::AI-O-Na + H 20 = :::AI-OH + NaOH

NaOH + MeX 2 = Me(OH)X + NaX

Die Hydrolyse des Natriumaluminates nach Gl. (4) ergibt sich aus der Messung des
pH-Wertes einer Al20 a-Suspension nach HESSE69 fiir die iiblichen Praparate durch
ihren Anstieg auf 9-10. Unter diesen Bedingungen wird auch auf einer Saule kein
Austausch von Schwermetallionen maglich, sondern Fallung basischer Salze oder
Hydroxyde.

Urn die Komplikation durch den Natriumgehalt des Al20 a zu umgehen sind
s~hon friihzeitig Versuche mit reinem Aluminiumoxyd, durch Fallung mit NH3 oder
alUS Amalgam hergestellt, durchgefiihrt worden. Es ergab sich bereits bei SCHWAB155
mit einem solchen Praparat zwar die gleiche Reihung der Kationen, jedoch eine
grassere Zonenlange und eine gewisse Eluierbarkeit. VENTURELL0205 untersuchte
auch das Reflexionsspektrum von adsorbiertem CuS04 und stellte fest, dass es sich
wenig von dem des reinen Salzes unterschied. Hieraus schliesst er, dass keine chemi
s<che Reaktion vorliegt. SCHWAB162 hatte hingegen von Na-haltigem Adsorbens Spektren
zwischen denen des Ions und des Hydroxydes erhalten, ahnlich dem des entsprechen
dien basischen Salzes. Er schliesst daraus jedoch, dass der Bindungszustand nicht mit
Aluminaten, sondern eher mit basischen Doppelsalzen, wie etwa "basischen Aluminat
n!itraten oder -Sulfaten" vergleichbar sei. Dies kann man so deuten, dass das Natrium
durch das Schwermetallion ersetzt wird, welches noch eine OH-Gruppe und ein
Aiquivalent Anion, etwa Nitrat gebunden enthalt.

FRICKE40, SACCONI149 und UMLAND195 stellen fest, dass Aluminium durch das
Metallsalz in Lasung geschickt wird, was einen formalen Austausch bedeutet. Ver
suche von GRASSHOF57 an alkalifreiem Al20 3, welche mit den andern Versuchen an
re:inem Oxyd nicht iibereinstimmen, finden spater58 ihre Erklarung durch den Calcium
gehalt des Praparates.

FRICKE39 vertritt ausdriicklich die Meinung, dass die Fixierung von Fe3+, Cu2+
urad Co2+ auf reinem Al20 3 durch den Austausch der Salzanionen gegen die OH-
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Gruppen des Adsorbens zu Stande kommt, wobei die Reihung der zunehmenden
Basenstarke der Schwermetallbasen entspricht.

Nach FrscHER29 wird auf Na-freier Tonerde (im statischen Versuch) Cu2+ und
Cl- in vollig aquivalenten Mengen festgehalten, im Gegensatz zum Na-haltigen
Praparat wo das Kation Cu2+ im Uberschuss bleibt. Ersterer Vorgang entspricht
Gl. (2), nach FrSCHER ist das Adsorbat zum Teil eluierbar, dies kann dadurch erklart
werden (HAYEK66) dass es sich urn ein reversibles Gleichgewicht handelt, entsprechend
Gl. (2): AI(OH)s + MeX2 = Al(OH)2X + Me(OH)X, welches beigrossererVerdunnung
sich von rechts nach links verschiebt. Tatsachlich ist jedes basische Salz nur unter
einer gewissen Mindestkonzentration des Neutralsalzes stabil, wenn diese unter
schritten wird, hydrolysiert das basische Salz, das fUhrt zur Bildung von MeX 2
einerseits und Me(OH) 2 andererseits, welches mit AI(OH) 2X weiter zu Me(OH)X
reagieren muss, sodass MeX 2zum grossten Teil ruckgebildet werden kann. \Venn das
Gleichgewicht aus irgend welchen Grunden nach rechts verschoben wird, so bildet
sich in grosseren Mengen das basische Salz wie SCHAFER1.51 rontgenographisch bei
Cu2(OH)sCl festgestellt hat.

2. Chromatographie von Kationen an Al20 s unter dem Gesichtspunkt
der (physikalischen) Adsorption von Ionen und M olekeln

SCHWAB155 stellte fest, dass HgCl2 sich an der Al20s-Saule grundsatzlich anders
verhalt, namlich schon beim Auseinanderwaschen rasch verschwindet oder viel tiefer
festgehalten wird, als die anderen Hg- und anderen Schwermetallsalze. Er zieht jedoch
hieraus keine weitergehenden Folgerungen.

VENTURELL0201-206 fUhrt die chromatographische Fixierung von allen Kationen,
zumindest in erster Stufe, auf die Bildung einer elektrischen Doppelschichte zuruck,
die Festigkeit der Bindung sei abhangig von Ladung, Grosse und Polarisierbarkeit
der lonen und nur in besonderen Fallen sollen "spezifische Affinitaten" diese Krafte
uberwiegen. Ein gradueller Verlust der Hydratwassermolekel mit steigender Tempe
ratur erhoht die Bindungsfestigkeit und ihren irreversiblen Charakter.

JACOBS73 begrundet die Fixierung von Kationen, soweit sie gleichzeitig mit
Anionen vor sich geht, durch molekulare Adsorption. Die Grosse dieser aquivalenten
Adsorption von Kationen und Anionen geht parallel mit dem kovalenten Charakter
des Salzes.

SHIBATA176 bestatigt die von SCHWAB gefundene Kationenreihung, erklart sie
aber als abhangig vom Radius des hydratisierten Ions und seiner Ladung.

FrscHER29, so, S2 fUhrt den Teil der Kationenadsorption welcher mit aquivalenten
Betragen Anion und eluierbar stattfindet auf elektrostatische Krafte zuruck, die
entsprechenden Versuche sind allerdings im wesentlichen nicht auf einer Saule,
sondern statisch durchgefUhrt. FrsCHER, SCHAFER und NEUGEBAUER41, 120, 150 stellen
physikalische Adsorption (=:aquivalente Adsorption) besonders an einer mit Saure
formierten Al20s-Saule fest, wobei sie offen lassen ob Molekel, Einzelionen oder
Ionenpaare adsorbiert werden. Wesentlich ist fUr sie die Eluierbarkeit der lonen.
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tion de phosphomolybdate reduit pour P043- selon POLLARD ET MCOMIE8, (c) soit par
autoradiographie des chromatogrammes avec des films X-ray no screen Kodak.

RESULTATS

Le chromatogramme de l'extrait naturel de muscle de scorpions, riche en sels, realise
en butanol-acetique et n~veIe au reactif de SAKAGUCHI montre (Fig. I), it cOte de
spots ovalaires dont les RF sont tres voisins de ceux des composes de reference, des
taches en forme de V traduisant une perturbation du processus de chromatographie.

~, ~, : i

~ ~:~:

t? rp f1 .tB..
08\)\&
tJ ~ «:;J ~

0.8 3 6 10 20 50

Fig. I. Schema d'un chromatogramme en
BAlo d'un extrait naturel de post-abdomen de
scorpions (voir texte). E , : revelation vert de
bromocresol (les zones hachurees sont bleues)
et au reactif de SAKAGUCHI (zones pointillees
rosres). E 2 : revelation au rouge de cresol
(r = rouge). T: temoins, arg = arginine,

agm = agmatine.

Fig. 2. Schema d'un chromatogramme en BAIO
de 5 p,g d'agmatine supplementes avec des
quantites croissantes de NaCl (0.8, I, 3, 6, 10,
20 et 50 p,equiv.). Papier Whatman 4 lave,
temps de migration: 20 h. Revelation: reactif

de SAKAGUCHI.

La plus caracteristique est une tache en V (SAKAGUCHI +, RF = 0.20) ne correspon
dant it aucun des derives guanidiques connus. L'eIectrophorese sur papier (tampon
veronal de pH = 8.6) ou la chromatographie en Pyridine ne distinguent, cependant,
en [ien ce produit de l'agmatine temoin. Inversement, de l'agmatine additionnee a.
l'extrait se comporte comme la tache inconnue. Les revelations aux indicateurs de
pH montrent la presence d'un spot basique epousant exactement a. sa partie inferieure
la forme du spot d'agmatine et, reciproquement, l'addition de soude a. une solution
d'agmatine donne les memes images en butanol-acetique. Les sels neutres (chlorures
et sulfates alcalins) produisent eux aussi des troubles evidents dans la migration des
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guanidiques. Ainsi la chromatographie d'agmatine en presence de quantites croissantes
de NaCl revele la presence de 2 et 3 spots d'agmatine (Fig. 2). Les indicateurs de pH
montrent qu'il y a apparition de plages acides, alcalines ou neutres tout au long du
chromatogramme. Les Figs. 3, 4 et 5 montrent des chromatographies de sels neutres
et basiques mettant en evidence ces discontinuites de pH en cours de migration. La

0
If)

'"0
z VB P RP uz

bl U
{\f jO

bl

bi CU Vf
I

L
Fig. 3. Fig. 4. Fig. 5. Fig. 6.

Fig. 3. Schema d'un chromatogramme en
BAIO de KCI, KBr et KI (10 1'1 d'une solution
saturec). Papier vVhatman I, temps de mi
gration: 14 h. Revelation au vert de bromo
cresol. Les zones hachurees sont blcues (D),

1es inco1ores jaunes (j).

Fig. 4. Meme experience avec Na 2HPO.,
Na2Si0 3 , Na2B.07 et Na 2SO. (10 pI d'une

solution saturce).

Fig. 5. Schema d'un chromatogramme en
BAIo de Na2HP04 (I/"equiv.). Revelations au
vert de bromocresol (VB) ,al'acide molybdique
(P), au rouge de phenol (RP) et a l'acetate
d'uranyle et de zinc (UZ). j = jaune; b =
bleu; r = rouge; f = fluorescence jaune-

verte en 1umiere U.V.

Fig. 6. Schema d'un chromatogramme en
BAIO de chlorhydrate de methylguanidine
(5 I'g). Memes conditions experimentales que
pour la Fig. 3. La tache best bleue au VB et
rose au reactif de SAKAGUCHI (acetate de me
thylguanidine); 1a tachej, jaune au VB (HCI).

Fig. 6 montre qu'un sel organique (chlorhydrate de methylguanidine) est capable de
donner une decomposition encore plus nette.

Le desir de realiser des perturbations importantes en faisant migrer des composes
ionises sur une grande longueur de papier nous a incite a. utiliseI' la migration dans
l'eau; on peut ainsi obtenir une separation rapide et correcte de quelques derives
guanidiques (Fig. 7). De meme, on observe dans l'eau une decomposition spectaculaire
de sels mineraux, source de perturbations pour la caracterisation de composes orga-
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caused by the very slow rate of hydrolysis of the compounds in question. Uncharged
species, the only ones that could be extracted by a non-polar organic solvent (such
as methyl isobutyl ketone), vvere probably formed as products of a slow and irreversible
hydrolysis of the metal species. The usefulness of chromatographic separations in the
above systems is therefore very limited. The effect of increasing the thiocyanate
concentration could only be observed in the cases of cobalt and beryllium. The
phenomenon is clearly a consequence of the limited solubility of the complexant
itself in the organic phase, as pointed out above.

Only the presence of acid in the eluant affected the mobility of the listed cations.
The influence of the acid must be similar to its influence in the systems with isoamyl
alcohol, i.e. promoting the formation of uncharged thiocyanate complexes as in the
case of ferric iron, cobalt, manganese and uranium, or inhibiting hydrolysis as in the
case of amphoteric beryllium and indium. The RF values of covalent antimony
chloride are not influenced by the presence of acid.

Systems with di-isopropyl ether

Since one of the main aims of this research was to make a comparative study of the
chromatographic behaviour of metallic nitrates in systems containing an alcohol,
a ketone or an ether, we intended to carry out experiments parallel to those given
above, using di-isopropyl ether as the representative of the ethers. Chromatographic
experiments with systems containing various concentrations of ammonium thio
cyanate with and without 0.1 M nitric acid, showed RF values of zero irrespective of
the thiocyanate concentration and the presence of nitric acid. The only exceptions
were the cations, such as antimony, which owing to their covalent bonds, are readily
soluble in ether. In view of the negative chromatographic results we did not find it
worthwhile to undertake a comprehensive study of the distribution of the thiocyanate
and the acid between water and the ether.

CONCLUSION

Ammonium thiocyanate is readily soluble in isoamyl alcohol, only very sparingly
soluble in methyl isobutyl ketone and probably completely insoluble in di-isopropyl
ether. Thiocyanic acid is easily extractable by the first two solvents and probably
inextractable by the ether. The extractability of ammonium thiocyanate from an
aqueous solution by an organic solvent seems to be connected with an appreciable
swelling of the organic phase. This means that the extracted ammonium thiocyanate
molecule must be readily hydrated. On the other hand, the extraction of thiocyanic
acid does not seem to cause a swelling of the organic phase, which suggests that the
extracted species is unhydrated.

The moving of cationic species on the paper depends mainly on the charge of the
species and on the polarity of the organic solvent: non-polar organic solvents can
extract only uncharged species. Since the thiocyanate metallic species formed during
these chromatographic experiments were inextractable by the three non-polar
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organic solvents, saturated with aqueous solutions of ammonium thiocyanate, it
follows that these species must be either cationic or anionic but not uncharged.
Increased water content in the non-polar isoamyl alcohol (dielectric constant 5.7)
increases the polarity of the water-alcohol mixture and enables even the charged
thiocyanate species to move on the paper.

The presence of free thiocyanic acid in the organic solvent, apart from its effect
of inhibiting hydrolysis, promotes the formation of less dissociated thiocyanate
complex species, according to the reaction:

nNH.+ + [M(CNS)x] -n + nHN0 3 -+ H n [M(CNS)x] + nNH.N03

The hydrogen ion here plays the role of the cation. The acid-complex species are more
extractable by non-polar organic solvents than the corresponding ammonium salts,
and therefore higher RF values were obtained in systems containing nitric acid.

SUMMARY

Data are presented for the partition of nitric acid and/or ammonium thiocyanate
between (I) water and isoamyl alcohol, (2) water and methyl isobutyl ketone. The
RF values of about sixty ions have been measured in isoamyl alcohol, methyl isobutyl
and di-isopropyl ether, saturated with aqueous solutions containing varying amounts
of ammonium thiocyanate and nitric acid. The effects of the solutes on the extracta
bility of metallic species from aqueous solution by alcohol, ketone and ether, have
been discussed and compared.
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THE PAPER CHROMATOGRAPHIC SEPARATION OF COBALT(II)

CHLORIDE AND SOME AMMINE AND ETHYLENEDIAMINE

COMPLEXES OF COBALT(III)

F. H. POLLARD, A. J. BANISTER, W. J. GEARY AND G. NICKLESS

Department of Physical and Inorganic Chemistry, The University, Bristol (Great Britain)

INTRODUCTION

In the paper-chromatographic separation of metal-ammine complexes, the metal can
either be converted to the complex by using an ammoniacal solvent system, or it can
be applied to the paper as a prepared complex.

ERDEM AND ERLENMEYERl have studied the behaviour of cadmium acetate in
ammoniacal solvents, and interpret the triple spotting of cadmium as indicating the
separation of different ammine complexes. A few separations of trivalent cobalt
complexes have been described. YAMAMOTO et al.2 and LEDERER3 have investigated
some ammine complexes; STEFANOVIC AND JANJIC4 have separated the geometric
isomers of three ethylenediamine complexes.

Since the work described here was completed, SINGH AND DEy5 have obtained
separations of the ammines of copper, silver, cadmium, nickel and cobalt, using 50%
ethanol as eluting solvent. Further, AGRINIER6 , in a study of the application of paper
chromatography to the determination of certain elements in minerals, has separated
silver, lead, selenium, zinc and copper by elution with concentrated ammonia.

It has now been found possible to separate copper, cobalt and nickel, and zinc
from cadmium using a selected ternary solvent system of methanol-water-ammonia,
which does not give double-spotting with cadmium. The behaviour of 14 ammine and
ethylenediamine complexes in: acetone-aqueous hydrochloric acid, methanol
aqueous hydrochloric acid, and ether-methanol-aqueous hydrochloric acid has been
investigated in some detail, and a number of new separations are described. Brief
mention of some of this work has been made elsewhere7•

EXPERIMENTAL

Preparation oj the solutions

0.1 N solutions of copper, cobalt, nickel, zinc and cadmium acetates were used for
spotting the chromatograms described in Section A. The complexes Co(en)3Cl3 *,

[Co(en)2Cl2JCl, and [Co(en)2(H20)2JC13 were prepared as follows:

* en = ethylenediamine.
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(a) Tris(ethylenediamine) cobalt(III) chlorides, Co(en)3Cl3' This was prepared by
the aerial oxidation (3 hours) of aqueous cobaltous chloride (24 g:75 ml H 20) in the
presence of 30% ethylenediamine (61 g) and 6 N HCI (I7 ml). After evaporation to a
small volume on a steam bath, the complex crystallized in orange-yellow needles,
easily soluble in water.

(b) trans-Dichlorobis (ethylenediamine) cobalt(III) chloride9, [Colen) 2Cl2J C1. Pro
longed aerial oxidation (approx. IO-I2 h) of aqueous cobaltous chloride (I60 g: 500 ml)
and IO% ethylenediamine (600 g) was carried out. Excess concentrated HCl (350 ml)
was added followed by evaporation to approx. 750 ml when the bright green plate-like
crystals of the hydrochloride of the base were deposited.

(c) trans-Diaquobis(ethylenediamine) cobalt(III) chloride, [Co(en)2(H20)2JCI 3. The
green trans-isomer from (b) was converted to the red cis-isomer by evaporation in
aqueous solution. This complex (z g) was converted to the cis-dibromo-complex by
cautious warming with NH3 (ra ml; d = 0.880) followed by trituration with solid
NaBr. The dibromo-complex crystallized in red needles, and was purified from a little
H 20 by reprecipitation with NaBr10. It was converted to the cis-diaquo-complex
by cautious warming with the equivalent amount of cone. HCIll.

The aqueous solutions each contained IO flg cation/!.ll. The other cobalt(III) solutions
were of a similar concentration (except where stated otherwise). The preparation of
these complexes is now described:

(d) Hexammino-cobalt(III) chloride12, Co(NH3)6CI3' A mixture of cobaltous
chloride (I8 g) dissolved in ammonium chloride (IZ g in z5 ml H 20) was mixed
with NH3 (40 ml; d = 0.880) and oxidised in the cold with "ZO volume" hydrogen
peroxide (35 ml). On warming to 60° the required complex was formed in golden
brown crystals.

(e) Ammonium tetranitro-diammino-cobaltate. Erdmann's salt, NH4[Co(NH3) 2
(N02)4J. Ammonium chloride (zo g) ;md sodium nitrite (z7 g) were dissolved in Hp
(ISO ml). After filtration, the filtrate was mixed with cobaltous chloride (I8 gin 50 ml
H 20) and zo% aqueous ammonia (5 ml) and aerial oxidation carried out for I Yz h.
On spontaneous evaporation, brown crystals of the required complex were formed.

(I) Trinitro-triammino-cobalt(IIIj12, Co(NH3)3(N0 2h Cobalt carbonate (7 g)
was dissolved in a mixture of water (40 ml) and glacial acetic acid (IO ml), and added
to a solution of sodium nitrite (IS g) in NH3 (70 ml; d = 0.880). The mixture was
oxidised in the cold with "ZO volume" hydrogen peroxide\ (zo ml). On warming
the mustard-yellow complex was produced, and was recrystallized from very dilute
acetic acid.

(g) cis-Dinitrotetrammine cobalt (I I I) chloride, I: z 1 Co(NH3)4(N02)2J C1. Carbonato
tetrammine cobaltic nitrate (5 g) was dissolved in water (50 ml) and cone. nitric acid
(3 ml), treated with sodium nitrite (IO g), warmed for IO min, cooled ahd acidified
with 6 N nitric acid (65 ml). After standing for z4 h the precipitate of mixed acid and
neutral jlavonitrate was removed and recrystallized from very dilute acetic acid. It
was converted to the required cWoride form by dissolution in water (I g in 30 ml)
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followed by treatment with ammonium chloride (z g), the complex being precipitated
by the gradual addition of methylated spirit (100 ml).

(h) trans-Dinitrotetrammine cobalt(III) chloride, I:6[Co(NH3)4(N02)2JCl. To a
cold filtered solution of ammonium chloride (4 g) and sodium nitrite (S.S g) in water
(30 ml) was added z N ammonia (10 ml) and cobaltous chloride (3.S gin 10 ml H 20).
Aerial oxidation was carried out for 4 h, and after standing for 24 h the required
complex was filtered off. It was purified by dissolution in very dilute acetic acid and
reprecipitation with concentrated ammonium chloride solution.

(i) Chloro-pentammine cobalt(III) chloride, [Co(NH3)5ClJC12. Cone. HCl (4.S ml)
was added to a solution of carbonatotetrammine cobaltic nitrate (3 g in 40 ml H 20).
After removal of all CO2the solution was made slightly ammoniacal, and an excess of
NH3 (S ml; d = 0.880) added. The solution was heated for % h, cooled, and cone.
HCl (So ml) added. After further warming for I h, the solution was allowed to cool,
when it deposited violet-red crystals of the required complex.

(j) Sodium cobaltinitrite12, Na3[Co(N0 2)6]' Cobaltous nitrate (10 g) was dissolved
in a warm solution of sodium nitrite (30 g in 30 ml H 20), and so% acetic acid (10 ml)
gradually added with good stirring. After aerial oxidation for Y2 h, ethanol (So ml)
was added at 0° with good stirring; the orange-coloured crystals were filtered and
washed with ethanol.

(k) Potassium trioxalato-cobaltate12, K3[Co(OX)3]:3 Y2 H 20. Oxalic acid dihydrate
(Iz.6 g), potassium oxalate (36.8 g), and cobalt carbonate (IZ g) were dissolved in
boiling water (zso ml). After cooling the solution to 30°, finely divided lead dioxide
(30 g) was slowly added with good stirring, followed by a uniform mixture of glacial
acetic acid (IZ.S ml) and water (IZ.S ml), the addition of which should take not less
than Y2 h. After spontaneous oxidation (with stirring) for I h, and removal by filtration
of excess dioxide, the complex was precipitated as dalk green crystals by slow addition
of ethanol (zso ml).

(I) Ammonium diammino-dinitro-oxalato-cobaltate, NH4[Co(NH3)2(N02)20X].
Erdmann's salt (S g) was dissolved in warm water (zS ml) and oxalic acid (z.S gin
IZ.S ml H 20) added at soo. After standing for z4 h, the crystalline precipitate was
filtered off (A). To the filtrate (B) was added z.S g ammonium chloride as saturated
solution; this precipitated the complex [Co4(N0 2)6(C20 4)3 (NH3)6]NH4 ·6H20, and
the solution after filtration of this complex was found to contain the required ammo
nium salt of [Co(NH3)2(N0 2)20x] -. This complex was also found in the filtrate
obtained by dissolving the crystals (A) in water, and precipitating the complex
[Co4(N0 2)6(OX)3(NH3)6]NH 4 as above.

Descending elution technique

Section A. The all-glas5 apparatus13 consisted of two troughs (z4 em long and z.S em
in diameter) supported by a glass stand contained in a tank (Z3 em X z8 em X sz em
deep) covered with a ground-glass plate drilled with two holes located one over each
of the two troughs. The f".lrpose of the holes was to permit solvent to be admitted
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into the trough without removing the glass cover-plate, and so disturbing the eqUl
libration of the tank.

Sheets of Whatman No. I paper 10 cm X 40 cm were used for the chromatograms,
with the starting line marked 8 cm from the upper narrow edge. Two creases, 4 cm
and 6 cm above the starting line produced a V-shaped fold which could then be placed
in the glass trough. The paper strip was held in position with a piece of glass rod
fitted with a central side arm to allow easy removal after elution. 0.5 cm spots of the
solutions were placed z cm apart on the starting line and allowed to dry. The paper
was placed in a trough in the tank; a second trough was filled with solvent and
equilibration of tank and paper allowed to proceed overnight. A quantity of the
eluting solvent was placed in the empty trough, and elution allowed to proceed for
z-3 h, the temperature being maintained at 18° ± zoo The length of run was z5-40
cm. The chromatogram was then removed, dried and sprayed as follows.

Rubeanic acid14 was used to detect the copper, cobalt and nickel, and 8-hydroxy
quinoline15 revealed the positions of the zinc and cadmium.

Section C. The apparatus was smaller than that used in Section A, the tank being
10 cm X 16.5 cm X 31 cm deep. Equilibration of the tank was carried out for z4 h,
and of the paper for 45 min. The length of run was zo cm on Whatman No. I paper.
Other conditions were similar to those above.

Ascending elution technique

Section B. The apparatus consisted of a gas-jar (30 cm high X 8 cm diameter), the
top of which was accurately ground flat and greased with vaseline. 100 ml of solvent
was introduced into the jar, which was then sealed by two flat glass plates, (14 cm X

5 cm), ground flat on the 14 cm sides. A cover plate (14 cm X 9 cm) was placed over
these two slides, and held in position by two rubber bands. Before elution was
commenced, the apparatus was equilibrated for I h. The cover plate was then removed,
the slides were gently displaced sideways and the paper strip inserted until the lower
edge just touched the solvent surface. The protruding upper end of the strip was
folded to lie flat along the surface of the slides, which were then pushed tightly
together and again held in position by the cover plate and rubber bands.

Whatman No. I paper, cut perpendicularly to the machine direction into strips
6 X 30 cm, was used for the chromatograms. The length of run was 15.0 ± o.z cm
at 18° ± zoo The size of the spots was standardised at 1.5 ,ul using a calibrated capil
lary dropper17.

Section A. The separation at copper, cobalt and nickel, and zinc tram cadmium

Preliminary experiments showed that as the ammonia concentration increased above
IS ml, the spot compactness improved. The solvent mixtures given in Table I were
r:lext investigated.

At IS ml water (interpolating from the results at 10 and zo ml water where
necessary) an increase in the volume of conc. ammonia from 10 to 40 ml resulted in
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TABLE I

Solvent number I 3 5 8 10

Volume methanol 70 6- 55 60 55 45 60 55 So 4°J

Volume water 5 10 20 10 IS 25 ° 10 20
Volume ammonia,

d = 0.88 25 25 25 3° 3° 3° 4° 4° 4° 4°

the elevation of all RF values. Copper and nickel gradually "pulled away" from the
cobalt (which never completely left the starting line) so that at 30 ml conc. ammonia a
good separation of copper, cobalt and nickel was achieved. The blue colour of the
copper spot during elution showed that it moved as the ammine. The separation of
zinc and cadmium was also at its best with this solvent mixture. Above 30 ml am
monia, the spots became distended and the separations inferior.

Variations in the water concentration, with the conc. ammonia maintained at
30 ml, confirmed that the optimum solvent composition for the separations Cu-Co-Ni
and Zn-Cd, was: 55 ml methanol + 15 ml water + 30 ml conc. ammonia. RF values
were: Co 0-0.3 (bulk at very low R F ), Cu 0.35-0.50, Ni 0.55-0.70, Zn 0.34-0.53, and
Cd 0.70-0.79.

The forward tailing of cobalt was presumably due to the atmospheric oxidation
of cobalt(II) at the starting line to cobalt(III), which then moves to RF 0.30. In many
of the solvents investigated, cadmium produced two spots on the chromatogram. This
was attributed either to the effect of sharp solvent composition gradients along the
paper (e.g. a water front) or to the separation of two ammines of cadmium (cf. refl).
The former is considered to be the more likely, and compares with the double spot
phenomenon observed for certain organic moleculesl8 .

A number of ternary mixtures taken from the solvent systems: CH3(CH2)20H
H zO-NH3, (CH 3)zCHOH-H zO-NH3, and (CH 3)zCO-H zO-NH3 showed no appre
ciable improvement on the results obtained with the methanol solvent just described.
However, (CH3)zCHOH--H zO-conc. ammonia (40:3°:30, v/v) produced an excellent
separation of copper (RF 0.3-0.6) and nickel (RF 0.7-0.8).

Section B. The separation of cobalt(II) chloride from some cobalt(III)
ethylenediamine complexes

The solvent systems (CH3)zCO-HzO-HCl and CI-I30H-HzO-HCl were investigated
over wide ranges of composition (Table II) for the separation of CoC1 2from Colen) 3C13'
[Co(en)2ClzJC1, and [Co(en)2(HzO)zJC13.

The complexes always remained very close together on the chromatogram with
no separation of the adjacent extremities of the spots. In the acetone solvents max
imum separation of CoC12 from the nearest complex was obtained with (CI-I3)2CO
H 20-conc. HCl (sp. gr. = 1.18), 88:6:6 (v/v), with an RF separation of 0.15 of the
adjacent extremities of the spots of CoC12and Co(en)3Cl3.The RF values of the centres
of gravity of the spots were: CoC12 = 0.32, complexes = 0.°5-0.06.
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solutes on the chromatogram. It appears that this is due to a product of an equilibrium
reaction on the chromatogram, possibly [Co(en)2(R 20)Cl]CI2. This could quite easily
be produced by the equilibrium:

[Co(en)2(H20J.]CI3~ [Co(en)2(H20)CI]CI2 + H 20

particularly in the presence of an RCI-containing solvent and reactive cellulose.

Section C. The separation ot some cobalt(III) complexes

It has already been reported in a preliminary communication7 that the solvent system:
ether-methanol-water-conc. RCI, 50:30:20:2 (vjv) , is extremely valuable for the
separation of some ammine complexes of cobalt(III). Full details are now given in
Table IV and the appended remarks.

TABLET\'

Solute RF values
mean tailing limits

CoCl 2 0-43 (0.35-0 -49)
2 NH.[Co(NH3)2(N02)20x] 0·74 (0.73-0 .75)
3 NH.[Co(NH 3)2(N02).] 0.3 1 (0.28-0·33)
4 Co(NH3)3(N0 2h 0.08 (0.05-0.II) and

0·34 (0.30- 0 .38)
5 cis-[Co(NH3).(N02)2]CI 0.23 (0.18-0.27)
6 trans-[Co(NH 3 ).(NOt ) 2]CI 0·74 (0.73-0 .75)
7 [Co(NH3)5Cl] Cl2 0.14 (0.11-0.17) ***
8 Co(NH 3)6CI3 ot, and

0.15 (0.II-O.20)

9 Na3Co(N0 2)6 0-43 (0.35-0 .49)

10 K 3CoOX 3 0.66 (0.62-0.70 )

II cis- or trans-[Co(en)2Cl2]Cl 0.27 (0.19-0·33)

Remarks

Compact spot
Slight tailing to R p 0.35 *
Some tailing to R p 0

Faint tailing to R p 0.10

Slight tailing to R p 0 * *

Main spot at Rp 0, but a little
at 0.1',
Some -tailing to 0.70. Main spot
= CollI) (due to rapid conver
sion of the complex during
elution) ,
Some tailing to 0.35 (due to
decomposition)
Compact spot

The R p value of the acid front was 0.75. Ox = (COO)2-2. en = ethylenediamine.
* The tailing back to R p 0.35 indicates decomposition to Co(ll) during elution.

** There was some tailing between spots, and back to Rp o.The double-spotting suggests either
a cis-trans separation, or a separation of the nitro- and nitrato-isomers.

* * * An intensification of the tailing at R F 0.34 suggests decomposition to one of the components
present in the spot of Co(NH3)3(N02)3' The original solution contained solid chloro-pentammino
cobaltic chloride (purpureo cobaltic chloride) dissolved in the eluting solvent.

t The spot at R p 0 was very probably due to hydrolysis at the starting line.

SUMMARY

By use of an eluting solvent containing ammonia dissolved in aqueous methanol, it
has been found possible to separate by paper chromatography copper, cobalt and
nickel, and zinc from cadmium.

Certain new separations of a variety of ammine and ethylenediamine complexes
of coba1t(III) are described, the eluting solvents used being ternary and quaternary
mixtures of ether, methanol, water and concentrated hydrochloric acid.
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DBER PAPlERlONOPHORESE BEl SPANNUNGSGEFALLEN

VON 50V/cm

IV. UBER DIE PAPIERIONOPHORESE VON

ABBAUSAUREN (DICARBONSAUREN) *

H. MICHL UND G. HOGENAUER

II. Chemisches Institut der Universitat Wien (Osterreich)

Eine der wichtigsten chemischen Methoden zur Strukturaufklarung organischer
Stoffe ist der oxydative Abbau. Das bei dieser Methode anfallende Reaktionsprodukt
enthalt meistens ein komplexes Gemisch organischer Sauren, dessen Auftrennung mit
klassischen chemischen Methoden oft nicht leicht ist.

Verteilungschromatographische Verfahren ftihren nur teilweise zum Ziel. 'Venn
Hochvoltelektrophorese in der richtigen vVeise angewandt wird, erhalt man schnell
Ergebnisse tiber Art und Anzahl der entstandenen Sauren. In erster Linie werden
nicht fltichtige, zwei oder mehrere Carboxylgruppen enthaltende Sauren erfasst.

Bei den chromatographischen Verfahren1 ist der Zusammenhang zwischen der
chemischen Konstitution der Saure und ihrer Lage im Chromatogramm nicht immer
klar erkennbar. Dagegen liefert die Hochvoltelektrophorese, da mehrbasische or
ganische Sauren yom Filtrierpapier fast nicht adsorbiert werden, einen deutlichen
Zusammenhang zwischen der Dissoziationskonstante und der Wanderungsgeschwi.n
digkeip,3. Ferner kann der Einfluss der chemischen Konstitution auf die Dissozia
tionskonstante der Saure haufig abgeschatzt werden, daher ist die Identifizierung
einer unbekannten Saure lediglich aus ihrer Lage im Elektropherogramm und durch
Vergleich mit den in Tabelle I und Fig. I angegebenen Wanderungsgeschwindigkeiten
wesentlich erleichtert.

Durch Vergleich einer unbekannten Dicarbonsaure mit den Vertretern der
homologen, nicht verzweigten Dicarbonsauren erhalt man zunachst einen Hinweis
auf die Zahl der Kohlenstoffatome zwischen den Carboxylgruppen. Aus der Tabelle
kann man erkennen, dass verzweigte Dicarbonsauren nur wenig langsamer als die
entsprechenden nicht verzweigten, also auf alle Falle viel schneller als das nachst
hohere Homologe wandern. Sauren des Typs HOOC-(CH2)n-CHR-COOH unter
scheiden sich in ihrer vVanderungsgeschwindigkeit kaum von den Homologen der
Hauptreihe. Durch den induktiven Effekt der a-standigen Alkylgruppe wird ja nur
die zweite Dissoziationskonstante (J{2) beeinflusst, wahrend die bei den tabellierten
pH-Werten die Wanderungsgeschwindigkeit bestimmende J{l fast gleich der

* II1. Mitt. siehe ReU.
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was 75 % methanol. The separations obtained are given in Table 1. Each value re
presents the mean of at least five individual separations. RpG values (distance moved
by antioxidant divided by the distance moved by propyl gallate) were used in prefer
ence to RF values since the former accounted for deviations observed between different
batches of acetylated paper and different cottonseed oil solutions.

Both I and III gave a distinct separation of six of the eight antioxidants. In I,
BHA and Santoquin did not separate, while in III NDGA and PG were inseparable.
In the report by MITCHELL2 , PG, BHA, BHT and NDGA were not completely separ-

TABLE I

MEAN R pG VALUES OF VARIOUS ANTIOXIDANTS

Method I: Partially acetylated vVhatman No. I paper using acetone-water (60: 40) as a developing
solvent. Method II: Cottonseed oil coated paper using acetone-ethyl acetate-water (30: 10: 60)
as a developing solvent. Method III: Cottonseed oil coated paper using absolute methanol-water

(75 :25) as a developing solvent.
Distance moved by antioxidant

R pG = . X 100
Distance moved by propyl gallate

Antioxidant Method 1 Method II Method 111

PG 100 100 100
NDGA 81 74 100
BHA 65 II 75
BHT 38 2 II

DPPD 34 2 20
Santoquin 65 6 58
DTBH 60 5 84
a-Tocopherol 19 0 0

ated by unidimensional chromatography, with PG and NDGA consistently overlapping
in all the systems utilized. However, in the present study, a definite separation of
PG and NDGA was accomplished by either method I or II.

lt appears that as yet, no methods are available for the quantitative determina
tion of PG and NDGA when they occur in a mixture7• The results presented herein
would suggest that these two antioxidants can be determined in a mixture if paper
chromatography were employed as a means of separation. Method II would probably
be preferable for this purpose, since it gave the widest separation of PG and NDGA
while the other antioxidants remained near the origin.
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SUMMARY

Three new methods were described for the paper chromatographic separation of
various antioxidants. One utilized partially acetylated filter paper while the other
two employed paper coated with cottonseed oil. A simple procedure for the preparation
of partially acetylated filter paper was also described. Of particular interest was the
complete separation of the four food-approved antioxidants (BRA, BRT, PG and
NDGA) by unidimensional chromatography.
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INTRODUCTION

Most of the adsorbents used for the chromatography of low molecular weight sub
stances are not suitable for the chromatography of proteins. The main reason for this
probably lies in the ease of denaturation of proteins at interfaces, although in some
instances adsorbents have proved unsatisfactory for the chromatography of proteins
because their capacity to adsorb proteins was too low. Due to their size, proteins are
unable to penetrate into the finer pores of an adsorbent. InteraCtion between protein
and resin takes place mainly on the surface of the adsorbent particles with a re"ult
that only adsorbents with large surface areas per gram are able to adsorb appreciable
quantities of protein.

In the field of ion-exchange chromatography, the most successful adsorbent so
far has been a finely divided form (XE-64) of the weakly acidic ion-exchange resin,
Amberlite IRC-50. Several basic proteins1 and the neutral proteins, haernoglobin2

and myoglobin3 were successfully subjected to chromatography on this resin. Ion
exchange resins prepared from cross-linked polystyrene have proved, in general,
unsuitable for the chromatography of proteins because of their low capacity for
protein4. In fact, the low capacity of polystyrene resins for protein was used to
advantage for the separation of amino acids and peptides from proteins5,6 and for
the desalting of proteins? However, there are reports in the literature of the use of
resins derived from polystyrene for the chromatography of proteins. Columns of
Dowex 50 were used in the purification of prostatic phosphatase8 and for the separation
of chymotrypsin and chymotrypsinogen9, and a number of proteins were subjected to
chromatography on columns of the anion-exchange resin, Dowex 2, by BOMAN AND
WESTLUNDlO• But BOiI'lAN AND W'ESTLUND10 conclude from their experiments that
the greatest shortcoming of Dowex 2 for the separation of proteins is its low capacity
for protein.

* Present address: Commonwealth Scientific and Industrial Research Organization, Divis.ion
of Plant Industry, Canberra, A.C.T., Australia.
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A number of ion-exchange adsorbents with high capacities for protein have
been derived from cellulosell. Columns of these cellulose ion-exchange resins were
used for the purification of some enzymes and in the fractionation of proteins from
se:rum12.

In the work reported here, ion-exchange resins with high capacities for protein
were prepared by coating particles of a diatomaceous earth with ion-exchange
materials. This communication describes preparations of a carboxylic acid ion
eXichange resin and a sulphonic acid ion-exchange resin, but the method is also applic
able to the preparation of anion-exchange resins. A preliminary account of the
preparation of the sulphonic acid resin and its use in the chromatography of insulin
were published previously13. A composite Celite-sulphonated polystyrene ion-exchange
resin, with a low degree of cross-linking was prepared in this laboratory by FEITELSON
AND PARTRIDGE14. This resin was specially designed for the chromatographic separa
tion of large peptides.

The preparations of a weakly acidic ion-exchange resin and a strongly acidic
ion-exchange resin, both with high capacity for protein offered a good opportunity
for a detailed study of the behaviour of a particular protein on both types of resin
under identical conditions of pH and cation concentration.

The protein chosen for study was cytochrome c as it was shown previously2 that
this protein could be successfully subjected to chromatography on columns of
Arriberlite IRC-50 over ranges of pH and cation concentration.

MATERIALS

Diatomaceous earth. This' was Celite 545 obtained from John Manville and Co. Ltd.,
ArtHlery Row, London, S.W.I. Fines were removed by suspending the material in
water, allowing it to settle for 30 min and removing the supernatant suspension. This
pro(,ess was repeated several times until the supernatant was clear after a settling
time of 30 min. The product was dried in an oven at 105 0

• Celite, treated in this
manner was used for the preparation of the carboxylic acid resin, but for the prepara
tionof the sulphonic acid resin the Celite was made water-repellent by treatment with
dichloro-dimethyl-silane15.

Styrene. The commercial material contains a polymerisation inhibitor which was
rem<wed by shaking 4 or 5 times with 10% NaOH, followed by washing with water
until the aqueous phase was no longer alkaline. The styrene was dried over anhydrous

Na2S04•

Divinyl-benzene. The commercial material which contains approximately 50 %
divinyl-benzene was used. The inhibitor was removed as described for styrene.

M ethacrylic acid. This was purified by distillation under reduced pressure.
Cytochrome c. The material prepared from horse heart extracts by the method of

KElLIN AND HAIUREE16 was purified by chromatography on columns of Amberlite
IRC-so. The oxidised fraction was used in the chromatographic experiments.
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Preparation of Celite-carboxylic acid ion-exchange resin

The ion-exchange material was polymethacrylic acid, cross-linked with divinyl
benzene. Particles of Celite were coated with this material by heating a methanolic
solution of methacrylic acid and divinyl-benzene in the presence of Celite and a
suitable catalyst such as benzoyl peroxide. The method of polymerisation was similar
to that used for the formation of vinyl polymers in wool19 , 20 and the amount of
polymethacrylic acid deposited on the Celite was controlled by the concentration of
methacrylic acid in the methanol. The following procedure gave a product which
contained 7.5 % (wjw) polymethacrylic acid to Celite. The nominal degree of cross
linking was 10%. Benzoyl peroxide (0.1 g) was dissolved in a small quantity of
benzene (1-2 ml) and added to methyl alcohol (75 ml). To this solution was added
methacrylic acid (6.5 ml) and divinyl-benzene (1.2 ml) and the resulting mixture was
stirred into dry Celite (50 g) to give a homogeneous mixture. Polymerisation was
carried out in a sealed tube at 80° for 24 h. The product was washed thoroughly
with methyl alcohol followed by water and dried at 105°. The total capacity of the
resin for Na+ was determined by reacting samples of resin (0.1 g) with 0.01 N NaOH
(25 ml) and allowing to stand for several hours with occasional shaking. Aliquots
(10.0 ml) of the supernatants were back-titrated with 0.01 N HCl usinga mixture of
methyl red and methylene blue as indicator. The capacity of the above preparation
for Na+ was 0.69 m.equiv.jg dry resin, compared with 9.2 for Amberlite IRC-50.

The polymer was found to be uniformly spread over the particles of Celite. A
small amount of the new resin was treated with the dye, basic fuchsin, and after
thoroughly washing with water the particles were examined under the microscope.
Dye was found to be evenly distributed over the particles: untreated Celite showed
no uptake of dye. The resin was purified by alternate treatments with 0.1 N NaOH
and 0.1 N HCI and it was finally converted to its sodium form with 0.1 N NaOH.

Preparation of Celite-sulphonic acid ion-exchange resin

The ion-exchange material was cross-linked sulphonated polystyrene. Celite was
coated with cross-linked polystyrene by a method similar to that described for the
carboxylic acid resin. However, in experiments with untreated Celite, polymer was
formed preferentially in the methyl alcohol and it was difficult to obtain a stable
film of polymer on the Celite particles. This difficulty was overcome by using Celite
which had been made water-repellent by treatment with dichloro-dimethyl-silane.
As in the preparation of the carboxylic acid resin, the amount of the polymer on the
Celite was controlled, to a large extent, by the concentration of monomer in the
methyl alcohol. Celite coated with 5 % (w jw) cross-linked sulphonated polystyrene
was used in the experiments reported in this paper.

Benzoyl peroxide (0.07 g) was dissolved in benzene (5 ml) and then methyl
alcohol (10 ml) was added. This solution was added to methyl alcohol (60 ml), con
taining styrene (6.0 ml) and divinyl-benzene (0.6 ml) and the resulting mixture was
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stirred into 45 g of water-repellent Celite. The mixture was placed in a glass tube, the
neck of which was partly drawn out. The tube was immersed in liquid oxygen and
evacuated. Nitrogen was admitted and the tube was re-evacuated and nitrogen
admitted again. The nitrogen filled tube was sealed off and placed in an oven at
65-70° for 7 days. The product of the polymerisation was washed thoroughly with
methyl alcohol, followed by water, and after drying, it was sulphonated at lOOo in
concentrated sulphuric acid with silver sulphate as catalyst21. The sulphonated
material was washed with repeated changes of distilled water until free from acid.
The capacity of the resin forNa+ was 0.28 m.equiv./g dry resin; the nominal content
of divinyl-benzene was 5% of the weight of styrene. The sulphonic acid resin was
purified by alternate treatments with 0.05 N NaOH and 0.1 N HCl and finally con
verted to its sodium form with 0.05 N NaOH.

Preparation and operation of columns

Purified resin was suspended in the buffer used for developing the chromatogram,
allowed to settle for I h and the supernatant removed. This procedure was repeated
2 or 3 times until the supernatant was clear after a settling time of I h. The procedures
employed in packing and operating the columns were the same as described previously2,
except that the columns were packed under a pressure of 5-10 cm Hg. The experiments
"rith cytochrome c were carried out in jacketed columns at 25°.

0.3 ml samples containing 1-3 mg of purified cytochrome c were chromatographed
on individual columns of the Celite-sulphonic acid resin, Celite-carboxylic acid resin
and also on untreated Celite. The diameter of the columns was 0.9 cm and the heights
of resin varied from 6 to 10 cm. In each experiment, the total volume of effluent,
V + Ve2 , which passed through the column from the time of application of the sample
until the maximum concentration of cytochrome appeared in the effluent was deter
mined and then corrected to a standard resin height of 10 cm. The rate of flow of buffer
thrQugh the column was I ml/h and the effluent was collected in 0.3 ml fractions.

Buffers

The effect of Na+ concentration on the elution of cytochrome c from each of the coated
Celit~ resins and from untreated Celite was studied at a constant pH of 7.0. Buffers
contained 50.0 g of Na 2HP0 4 'I2HP and 8.6 g of NaH 2P04 ·2H20/litre. NaCl was
addec!l to bring the Na+ concentration to the required level and the pH was adjusted
to pH 7.0 with N NaOH. The effect of pH on the elution of cytochrome c was studied
at a constant Na+ concentration of LO g ions/litre. Between pH 5 and pH 8, citrate
buffers were used, from pH 6 to pH 8 phosphate, and from pH 9 to pH 10 borate
buffers. In all cases NaCl was added to bring the total concentration of Na+ to LO g
ions/litre.

A nalys1is of effluent

Cytochrome c in the effluent was determined photometrically at 407 m,u in a Hilger
"Uvisptlc" spectrophotometer.
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RESULTS

Figs. 1 and 2 show the effects of pH and sodium ion concentration on the elution of
cytochrome c from columns of Celite coated with cross-linked polymethacrylic acid
(Cel-MX), Celite coated with cross-linked sulphonated polystyrene (Cel-SPX), and
untreated Celite. In the experiments where the pH was varied, the Na+ concentration
was 1.0 g ions/litre and in the experiments where the Na+ concentration was varied,

the pH was 7.0.
The behaviour of cytochrome c on columns of Cel-MX was very similar to its

behaviour on columns of Amberlite IRC-502. In the pH range 5.5-6.5 the adsorption
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Fig. I. Effect of pH on the elution of cytochrome
c from columns of ion-exchange resin 10 X 0.9

cm. -0-0-0- Cel-SPX ion-exchange resin;
-e-e-e- Cel-MX ion-exchange resin; -,,\-,,\-,,\
Celite 545. Na+ concentration I.O g ions/litre.

Fig. 2. Effect of sodium ion concentration on
the elution of cytochrome c at pH 7.0 from
columns of ion-exchange resins. -0-0-0
Cel-SPX ion-exchange resin; -e-e-e- Cel
MX ion-exchange resin; -,,\-,,\-,,\- Celite 545.

of cytochrome c was sharply dependent on the pH; a large increase in the adsorption
occurred at pH values below 6 and under still more acidic conditions the cytochrome
band remained stationary at the top of the column. In the pH range 7-9 the adsorption
of protein was almost constant and it decreased slightly as the pH approached the
isoelectric point of cytochrome c. As in the experiments with IRC-50 the adsorption
of cytochrome c was dependent on the Na+ concentration of the eluting buffer but
the concentration of Na+ required to elute cytochrome c from columns of Cel-MX
at pH 7 was considerably higher than that required to elute the protein from columns
of IRC-50. For example, with a column of IRC-50 and an eluting buffer of pH 7.0
and Na+ concentration 0.34 g ions/litre the cytochrome band moved with an Rp = 0-4,
but for the same rate of movement on columns of Cel-MX, a buffer of a Na+ con
centration 0.7 g ions/litre was required.
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The variations with pH and Na+ concentration in the rate of movement of
cytochrome c down columns of the sulphonic acid resin were almost identical with the
variations observed on columns of Cel-MX. Similar changes in the adsorption of
cytochrome c on both resins with Na+ concentration at pH 7 were more or less
expected since both resins are highly charged at this pH, but a surprising feature of
the work was the rapid rise in the adsorption of cytochrome c on the sulphonic acid
resin at pH values below 6.

Reversibility of the adsorption of cytochrome c

Although the Rp values of cytochrome c on columns of the carboxylic acid resin and
the sulphonic acid resin were nearly identical, the shapes of the elution peaks on the
two resins were not the same. Whereas the bands of cytochrome c on the carboxylic
acid resin were almost symmetrical, the bands on the sulphonic acid resin showed
tailing, particularly at Rp values < 0.5. This indicates that there was some irreversible
binding of cytochrome c on the columns of the sulphonic acid resin. Thus, for the
chromatography of a basic protein, such as cytochrome c, a carboxylic acid resin
appears preferable to a sulphonic acid resin.

Untreated Celite showed a small adsorption for cytochrome c at pH 7 and Na+
concentration 1.0 g ions/litre and this adsorption increased only slightly at low
concentrations of Na+ or at pH values below 6 (Figs. 1 and 2).

Gradient elution analysis

Weakly acidic ion-exchange resins, like IRC-50, with a high capacity for sodium ions,
are not particularly suitable for chromatographic experiments involving either
stepwise or gradual changes in the pH or sodium ion concentration of the eluting
buffer, in the pH range 5-7. These resins are very strong buffers in this pH range and
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Fig. 3. Chromatogram of cytochrome c on a column of Cel-MX ion-exchange resin, 4.2 X 1.8 em.
An f:luting buffer of gradually increasing pH was used to elute the cytochrome c. Amount on

column: 3.8 mg. Dotted line shows the calculated pH values of effluent.

Refeunces p. 397.



394 N. K. BOARDMAN VOL. 2 (1959)

large volumes of eluting buffer are required to effect changes in the pH of the effluent
from columns of such resins. Because of its low buffering capacity per ml of column
volume, compared with IRC-50, Cel-MX ion-exchange resin may be used to advantage
where it is desired to elute the proteins by a stepwise or gradual increase in the pH
or cation concentration of the eluting buffer.

As an example, Fig. 3 shows the chromatogram obtained when purified cytochrome
c was eluted from a column of Cel-MX by a buffer of gradually increasing pH. It may
be noted that the rear of the cytochrome c band is sharper than the front, due to the
higher pH gradient in the vicinity of the rear boundary. Although the pH of the
eluting buffer applied to the column varied linearly with the volume passed through
the column over the pH range 6-11, the pH of the emerging buffer increased more
steeply with volume as the pH rose above 7, due to the progressively lower buffering
capacity of the resin as the resin becomes saturated with sodium ions. It is possible to
calculate the pH of the buffer emerging from the column from a knowledge of the
titration curves of both resin and buffer and the pH of the buffer applied to the
column4 . The calculated values agree well with those determined experimentally.

Capacity oj the Celite ion-exchange resins jar protein

In the experiments with cytochrome c and insulin, loads of 5-10 mg proteinjcm2

cross-section of column were successfully chromatographed on the Celite ion-exchange
resins.

DISCUSSION

Chromatography oj cytochrome c

Previously, it was suggested that the large increase in the adsorption of cytochrome c
on Amberlite IRC-50 at pH values below 6 was due to uncharged carboxyl groups on
the resin, since it was observed that the rapid rise in the elution volumes of cytochrome
c occurred over the same range of pH as the fall in amount of sodium ions retained
by the resin from buffers of comparable concentration2• A similar hypothesis would
explain the observed behaviour of cytochrome c on columns of Cel-MX.

However, the experiments with the sulphonic acid resin show that cytochrome c
is adsorbed strongly at pH values below 6 in the absence of uncharged carboxyl
groups on the resin. With the sulphonic acid resin, the high adsorption of cytochrome
c is not due to a change with pH in the ionization of the groups on the resin. It now
seems unlikely, therefore, that uncharged carboxyl groups on the resin are responsible
for the increased adsorption of cytochrome c on columns of IRC-50 or Cel-MX,
although they may contribute to the overall adsorption. The factors mainly responsible
for the adsorption of cytochrome c either on the sulphonic acid or carboxylic acid
resin are most likely changes in the configuration or ionization of the protein molecule.

The rapid rise in the adsorption of cytochrome c on both carboxylic acid and
sulphonic acid resins at pH values below 6 is probably due to an increase in the number
of points of attachment between protein and resin at these pH values. An increase in
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the binding of protein to resin could result from a simple increase in the nett charge
on the protein molecule or it could arise from configurational changes in the protein
molecule, since rearrangement of the protein molecule may lead to the formation of
new points of attachment between protein and resin. It follows from a consideration
of mass action that there will be a large increase in the adsorption of cytochrome c on
lowering the pH from 7 to 5, if the number of points of attachment between protein
and resin is increased while the sodium ion concentration in the ambient phase
remains constant. For example, an increase in the number of binding points from
(say) 5 to 8 could result in a very large increase in elution volume2.

Chromatography 01 acidic proteins

Although cytochrome c showed similar adsorptions on both the carboxylic acid and
sulphonic acid resins, the acidic protein insulin behaved in a different way22. Whereas
insulin was reversibly adsorbed on Cel-SPX at pH 3-4 from an acetate buffer of
sodium ion concentration 1.0 g ions/litre, with a distribution coefficient of approxi
mately I, it was irreversibly adsorbed on the carboxylic acid resin, Cel-MXThis would
suggest that in the case of insulin uncharged carboxyl groups are playing a prominent
role in the adsorption of the protein.

Previous studies on the adsorption of proteins by Amberlite IRC-504 indicated
that this carboxylic acid resin was not suitable generally for the chromatography of
acidic proteins. The proteins studied either were not adsorbed by the resin or they
were strongly adsorbed, depending on the pH of the eluting buffer. All the proteins
were strongly adsorbed at pH values below 5, where the ionization of the carboxyl
groups on the resin was suppressed. It seemed to us that a sulphonic acid resin with a
high capacity for protein may prove a suitable adsorbent for the chromatography of
acidic proteins, as the sulphonic acid groups are fully ionized within the pH range 1-12.

Experiments with insulin showed that the Celite-SPX ion-exchange resin was a
suitable adsorbent for the chromatography of a relatively stable, acidic protein of
low molecular weight. However, studies with a number of other proteins such as
bovine serum albumin, bovine haemoglobin, lactoglobulin and tobacco mosaic virus
showed that the chromatographic behaviour of these proteins on columns of Cel-SPX
was sharply dependent on the pH and cation concentration of the eluting buffer in
the pH range 5-6. The experiments with tobacco mosaic virus will be reported in a
future publication. Thus, the behaviour of these acidic proteins on the sulphonic
acid resin closely resembled their behaviour on a carboxylic acid resin such as Am
berlite IRC-50. Conditions for the successful chromatography of an acidic protein on
Cel~SPX·may therefore be fairly sharply defined and the ideal pH and salt concen
tration should be evaluated for each protein by carrying out test tube experiments23.

The fact that a protein can be eluted from the resin only over a narrow range of
pH and Na+ concentration and that this range varies from protein to protein makes
the method of elution with a buffer of constant composition unsuitable for the
separation of all proteins in a mixture. A buffer which elutes one of the proteins in
the mixture is unlikely to effect a satisfactory separation of all the proteins in the
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mixture. The elution of all the proteins, individually, will require a series of buffers
of increasing eluting power or, alternatively, a buffer of gradually increasing eluting
power24. Both the stepwise elution and gradient elution techniques were used by
TISELIUS, HJERTEN AND LEVIN25 and by BOMAN AND WESTLUND10 in their experiments
on the separation of proteins on calcium phosphate and ion-exchange resins, respect
ively. Although elution of proteins by stepwise changes in the buffer or by the gradient
method offers many practical advantages over elution with a buffer of constant
composition, great care must be exercised in interpreting the results where the former
methods are used. This point is discussed in greater detail in the following paper22.

As postulated for the basic protein cytochrome c, the rapid change in the adsorp
tion of the acidic proteins on Cel-SPX with pH of buffer is probably due to an increase
in the number of points of attachment between protein and resin. It is postulated
that the increased binding of cytochrome c to the resins could result either from an
increase in the nett charge on the protein or from configurational changes in the
protein. With the acidic proteins, the increased binding is probably due to configura
tional changes in the protein molecules, since the adsorption of the acidic proteins
changes so markedly over narrow ranges of pH. It appears that the adsorption of a
protein on an ion-exchange resin can be a very sensitive method for distinguishing
between protein molecules. Changes in the configuration of a protein may result in
dramatic changes in the adsorption of the protein. If a particular configurational
change in a protein molecule is sharply dependent on pH, then the adsorption of that
protein may be sharply dependent on pH. This situation bears comparison with the
acid denaturation of haemoglobin. From studies on the kinetics of denaturation of
haemoglobin, STEINHARDT AND ZAISER26 were led to the view that the combination of
hydrogen ions with a small number of "trigger groups" in the protein sufficed to
initiate its denaturation as measured by loss of solubility at the isoelectric point and
by the all or nothing appearance in each molecule of 36 acid binding groups.

The adsorption and desorption of a protein on a cation-exchange resin may
possibly be described by the following scheme.

Adsorption

Desorption

The protein molecule represented by state PI is not adsorbed by the resin, but
combination with a few protons initiates a change in the configuration of the protein
molecule (P2Hx) and then adsorption of the protein by the ion-exchange resin takes
place. The desorption of the protein is brought about by removing protons from the
adsorbed protein. This removal of protons enables the protein to assume the con
figuration which is not adsorbed by the resin. This hypothesis, no doubt, represents
an over-simplified picture, as it is possible to visualize a number of ionization states
for the protein molecule, resulting in configurational changes in the protein. However,
such changes in the configuration of a protein may explain the dramatic changes in
the adsorption behaviour of proteins with small changes in pH.
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SUMMARY

1. Ion-exchange resins with a high capacity for protein were prepared by coating
particles of the diatomaceous earth, Celite 545, with ion-exchange materials. Prepara
tions of a carboxylic acid resin and a sulphonic acid resin are described.

2. A detailed study of the behaviour of cytochrome c on both resins was made
under varying conditions of pH and cation concentration. The surprising feature of
the results was the very high adsorption of cytochrome c on the suIphonic acid resin
at pH values below 6.

3. A possible hypothesis to explain the high adsorption of proteins on cation
exchange resins in the region of pH 5 is outlined.
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THE PROPERTIES OF PROTACTINIUM(V) IN

ALKALINE SOLUTIONS

Z. JAKOVAC AND M. LEDERER

Institut du Radium, Laboratoire Curie, Paris (France)

In a preliminary notel we have reported that a soluble form of Pa(V) may be obtained
by fusing 233Pa tracer in NaOH and diluting with water. In such solutions Pa(V)
was shown to move on filter paper when developed with N KOH and to migrate
slowly toward the anode in paper electrophoresis with N KOH as electrolyte.

In this paper we wish to describe further work on the behaviour of Pa(V) in
alkaline solutions.

EXPERIMENTAL

I. The preparation of solutions of Pa(V) in alkali

233Pa tracer in 6 N HCl was evaporated in a microbeaker, a few pellets of NaOH or
KOH were added and fused over a naked flame for a few minutes, cooled and diluted
with water to yield a solution 5 N with respect to alkali. Such solutions usually
contain a soluble fraction but also an insoluble activity. If the solution in HCl is
taken to dryness and moistened with cone. HCl and again evaporated and this
process repeated three times the insoluble compound does not form. It seems that
during evaporation with 6 N HCl some radiocolloid is formed which does not react
readily with NaOH. When evaporated repeatedly with cone. HCl this seems to be
inhibited and presumably the Pa(V) is left in the beaker as a very thin layer on the
surface which then reacts readily with fused NaOH.

When solutions which have been evaporated three times with cone. HCI are
treated with aqueous 6 N KOH some transformation into a soluble form was also
noted. Without this pretreatment as reported previouslyl no soluble fraction is
obtained.

II. Paper chromatography

Our first evidence for the solubility of Pa(V) was found by chromatographing solutions
prepared as in (I) on Whatman No. I paper (unwashed) with N NaOH or N KOH as
solvent. The Pa(V) has here an RF value of about 0.5. We then tried to obtain evidence
on the mode of adsorption and stability of the protactinate ion by chromatographing
with various concentrations of NaOH and KOH. However, no consistent results
could be obtained further than that Pa(V) remains soluble under various conditions.

The studies with anion exchange resins (described below) then indicated that the
Pa is present as a polyvalent anion. In this case the impurities of the paper (Ca, Mg,
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ANALYSIS OF ADENINE POLYPHOSPHATES BY PAPER

CHROMATOGRAPHY

G.P.BRINER

Department of Pharmacology, University of 111elbourne (Australia)

INTIWDUCTION

The microanalytical determination of adenosine triphosphate and adenosine diphos
phate is still a topic of discussion. Early methods still in use rely on the enzymic
hydrolysis of phosphate groups from adenine polyphosphates1 . Later methods have
used firefly luminescence as a biological assay technique. Chemical methods are
divided between those that estimate total adenine, such as that by PIRWITZ et aU,
which relies on the colorimetric estimation of adenine, and the separation of adenine
polyphosphates by paper chromatography and their subsequent analysis by phosphate
estimation. Such a technique was first proposed by HANES AND ISHER\;VOOD3.

In this paper it is proposed to discuss a technique utilizing preliminary paper
chromatographic separations followed by the analysis of the adenine by absorption
at Amax 260. This technique has been used in this Department for the estimation of
ATP * and ADP in large numbers of toad sartorii.

EXPERIMENTAL

The treatment of sartorius muscles which were taken from the toad, Bujo marinus,
was essentially similar to that previously reported by SIMON et al.4 . Special care was
taken in blotting each muscle as contractions can occur. This affects the (resting)
creatine phosphate level although the ATP content remains essentially unchanged5•

At the conclusion of each experiment the muscles were frozen in liquid air. Each was
then homogenized in a chilled glass homogenizer with 2 ml of 5 % trichloracetic acid
solution. The homogenate was centrifuged at 2° and the supernatant ana.lysed as
follows:

(a) Neat supernatant was analysed for ATP and ADP.
(b) Dilutions were estimated for creatine and creatine phosphate by a similar

method to that employed by ENNOR AND ROSENBERG6. The cations, sodium, potassium
and lithium, rubidium and caesium (if any) were measured by flame photometry7.

50 ml of each extract were spotted onto a 'Whatman No. I Chromatography Paper so
that a pair of spots and a blank were run on the same muscle pair.

* Abbreviations used: ATP = adenosine triphosphate; ADP = adenosine di.phosphate;
AMP = adenosine monophosphate.
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Each chromatogram was run by a similar technique to that of KREBS AND
HEMS8, using isopropyl ether-90% formic acid (3: 2) for 5 hours at 20 0 and then drying
the paper in a draft cupboard at room temperature. The paper was then cut It in.
above the starting line and the chromatogram developed with isobutyric acid, M
ammonia, with a trace of 0.1 M EDTA solution (100:60:1.6), overnight. The.paper
was dried for 2 hours at room temperature and photographed in the ultraviolet by a
contact method similar to that suggested by MARKHAM AND SMITH9,10. A E.G.E.
Germicidal lamp in an industrial metal housing, fitted with a wooden front, provided
the illumination and "Kodagraph" Paper (Extra Thin) was used. The photos clearly
show the presence of ATP, ADP and AMP (if significant). The paper was then cut
and the adenine phosphate eluted with 6 ml of water. The adenine was estimated in
a Beckman Spectrophotometer at Amax 260 m,u,u, using a photomultiplier attachment
to increase the sensitivity of the instrument. Standard ATP samples (Sigma) of
0.020, 0.040 and 0.060 ,u,M were also run with each determination.

RESULTS

In 64 experiments the average value obtained for muscles soaked for 4 hours in
normal Ringer solution is 5.9 mmolesjkg for ATP and 2.5 mmolesjkg for ADP. This
includes substantial variations in season which are correlated with creatine phosphate
in the results. Normal ATP values range from about 3-8 mmolesjkg of soaked muscle.
Muscles soaked in various abnormal ionic Ringer solutions and solutions of normal
Ringer with added metabolic inhibitors also show good correlation. These results are
given in another paper. The values correlate well with those recorded by HARRISI3 :

ATP + ADP 7.7 - 13.8 mequiv.jkg.

DISCUSSION

It was necessary to design a method which could be used on a large number of
muscles, which gave comparable results and where the rest of the analysis could be
conducted on the same extract.

The original method tried was that of EGGLESTON AND HEMS8, but we found
that it had the following disadvantages.

(i) The separation of creatine phosphate and inorganic phosphate was not clear
and besides, creatine phosphate is unstable in the acid solvent used.

(ii) The subsequent analysis was very time-consuming as the total incineration
of each paper required watching and a minimum of 33 incinerations would have had
to be carried out for each experiment, each of which taking 10 minutes.

(iii) The subsequent analysis of phosphate by the method of BERENBLUM AND
CHAIN14 was also laborious and the reagents used were most expensive.

(iv) It was found that most u.v. absorbing substances were removed from the
paper by the first solvent and subsequent chromatography with versene forced all
the remaining contaminants to the solvent front. It was therefore considered un
necessary to wash papers.
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(v) It is doubtful if the possible extra accuracy of the ATP level is warranted in
the experiment, as the variation of ATP level in toad is very variable and statistical
methods used in the experiment required only the variation in pairs of muscles. The
photography with ultraviolet light was first suggested by MARKHAM AND SMITH9,10.

In their method a Hanovia "Homesun" lamp was used, fitted with filters. This was
not available in the laboratory and it was found that the British General Electric
Germicidal lamp could be utilized for the same purpose.

The use of blue print copying paper15 has been tested using "Ozaprint". This has
the advantage of not requiring a darkroom, provided no direct sunlight falls on the
paper. Against this, it requires an exposure time of 30 minutes compared with 15
seconds needed for contact paper. A paper scanner attachment for the Beckman
Spectrophotometer16 was not available so that elution methods had to be used. An
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/ / ',~
./' ·,.:\AT.P. vS Blank

0.200 '\\

·'A.D.P. vs Blank

Blank vs H20

0.100

250 260 270 mfo

Fig. I. Adenine spectrum.

elution with water by a capillary method17 was found to require overnight elution.
An apparatus treating up to 36 paper strips simultaneously was difficult to design.
It was found that if the chromatogram was macerated in water with a plastic flanged
rod in a centrifuge tube, a clear supernatant in a known volume of water was readily
obtainable by centrifuging the mixture for 40 minutes at IISO g. The total time for
elution of 16 samples was reduced to I hour. Merely soaking for I hourll produced
variable results. The sample was analysed at Amax 260 m,u in a Beckman Spectrophoto
meter equipped with a photomultiplier attachment. It was found that under these
circumstances, both ATP and ADP had a maximum peak of Amax 258.5 mf.J..

These are shown in the graph (Fig. I). The values in both standard and muscle
extract gave symmetrical curves when Eo was plotted against the wave length.
Elution with buffered solution at pH 2 (0.1 M HCI-RCI) gave similar Eo readings
although it was necessary to adjust the blank zero slightly.
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Choice ot blank

Much of the success of the method depends on the choice of the blank. To reduce
"blank" error, chromatograms 6 in. wide were divided by pencil lines into three

" A AA.r"
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98.2 98.5

99.0 100.0

101.0 100.0 102.8

100.7 99.2

99.4 99.3

96.0 96.6

99.2

105.2

107.0

100.0

98.4

103.6

104.0

Fig. 2. Transmittance at 260 mfl. Blank: "'hatman No. I paper.

strips. A blank was first run. The result of this can be seen in the diagram (Fig. 2).
It will be seen that variation is least when horizontal blanks are used.

Advantages ot the method

The greatest single advantage of the method is speed. It is possible to complete assay
of 8 muscles for ATP and ADP in 24 hours, thus minimizing breakdown of ATP. The
apparatus specifically designed for this method is very inexpensive. More samples
can easily be analysed by the provision of more chromotanks. A similar procedure
can also be used for other microanalyses. It has recently been used for determination
of strychnine in Nux vomica18•

Limitations and precautions

The value is relative only and depends on a number of factors.
(a) The isobutyric acid is very difficult to remove from the paper. This means

that if the method is not rigidly adhered to, the absolute result may be in error,
although the blank will cancel most of the effect. It may be desirable to use more
easily removable solvents such as those suggested by GERLACH et al.19• These have not
been tested fully in the laboratory.

(b) If the chromatograms are not placed squarely into the solvent, the spots will
not run horizontally and "blank" errors are usually produced.

(c) Prior treatment of the muscle can cause a variation in the ATP content of
the muscle and all the work with animal material should be done as far as possible
by one analyst if comparable results are required.
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SHORT COMMUNICATIONS

An improved technique for detecting spots on

paper chromatograms with iodine vapor

433

The use of iodine vapor for detecting spots of various organic compounds on paper
chromatograms has been a popular techniquel - 6• The disadvantage of this method lies
in the fact that the paper background is also stained brown. For the examination of
weakly stained spots as well as in the presence of tailing, the method was not found
satisfactory.

On the assumption that the mechanisms through which the spots and the
background are stained might be different from each other, attempts were made to
reduce the staining of the background by treating the paper chromatogram with
different reagents before being exposed to iodine vapor. It was found that filter paper
impregnated with certain salts having acidic property, e.g. (NH()2S0~, Al 2(S04k
18H20, McIlvaine's buffer of pH 2.2-4 (Na2HPO.1 + citric acid), is far less stained
than the untreated paper. Aluminum sulfate was found to be the most satisfactory;
the impregnated paper strip remained virtually white even after being exposed to
iodine vapor overnight. The spots, for example lipids like oleic acid, cholic acid or
cholesterol, alkaloids including yohimbine or nicotine, and nitrogenous compounds
such a<; p-anisidine and tryptophan, as well as the sulfur-containing compounds like
methionine and glutathione, were stained as deeply as on untreated paper. The paper
chromatogram treated in this way can be sprayed with starch solution whereby the
iodine stained spots appear deep blue against a light blue background.

The procedure developed is as follows: The dried paper chromatogram is sprayed
with a solution of aluminum sulfate in water (20 g Alz(SO~)3' r8H zO in 100 ml
water) on both sides until incipient dripping occurs. It is air dried and then hung
overnight inside a jar containing some iodine crystals on the bottom. Exposure for
3 hours was found to be the shortest to obtain satisfactory results. The strip is again
hung in air for 1 hour or longer to eliminate any superficially attached iodine and
then sprayed with a 0.5 % (w/v) starch solution. The background color becomes
lighter as the strip dries. The color of the spots remains visible for over one month.

Squibb Institute jor Medical Research, New Brunswick. N.]. (U.S.A.)

1 G. BRANTE, ,VaIUTe. 163 (1949) 651.
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Kombinationsmethode von Papierelektrophorese

und Papierchromatographie zur Bestimmung von Aminosauren'

Bei der Analyse von Aminosauregemisehen, in denen im Vergle'ieh zu den ncutralen
Aminosaureanteilen sehr grosse Mengen saurer oder auch basiseher Al11inosauren
enthalten sind, ergibt sieh bei der papierchromatographisehen Auftrcf1nung cine
starke Oherlappung der Komponenten mit bcnaehbarten Hp-'\·'crten. Die qualitative
und quant itative Auswertung derartiger Chromatogral11me bt daclurch ausscr
ordentlich ersehwert.

Zur Analyse solcher extrel11 zusammengcset;r,ter Gemisehe cntwickelten wir cine
Kombination einer von uns modifizierten Papierelektrophon'se mit unserer Kcil
streifenpapierchromatographie1•

Filtrierpapier Schleichcr & Sehiill 2045b, 40 em lang unci 4 em breit, wird in
Anlehnung an die Keilstreifenform bei der Papierchrol11atographie so mgesehnittcn,
dass ein Streifen entsteht, der iiber cine keilf6rmige Zunge zu einer schmalen Bri.icke
fiihrt, die sich dann wieder tiber eine Zunge auf die oben' Breite erweitert, aber auf
beiden Seiten der Brlicke verschieden lang ist (Fig. I). Die w t.rennendc Unter
suchungssubstanz wircl auf der kleinen Briicke aufgetragen; durch Schlitze an beiden
Enden des Papierstreifcns wird je ein kurzer Glasstab geschoben und der Ja.ngC're Teil
des Streifens soweit zusammengerol1t, dass die BrUckI' etwa in die Mitte der Elektro
phoresekammer zu liegen kommt (Fig. 2). Der ~esamtc Streifcn wird mit einem als
Puffer dienenden Gcmisch aus Pyridin-Eisessig Wassl'l" (30: 100: 5000) ctmch
Besprlihcn glcichmassig befeuchtet; anschliessl'ncl werden dic mit clem Glasstab
beschwerten Endt'n in die mit dem oben Vt'rwf'ndeten Pufferg-emisch gcfiillten Ekktro
dengefassc geKeben. Es wircl ein Gleichstrom von ISO V angekgt. Nach 3-5 Stumlen
wird der Strcifcn cntnommen unci getrocknet: der kClrzer(' Teil des Streifen:; mit den
darauf hefindlichen basischen Aminosauren (Fig. 3a) wird abgeschnitten und ein
gleichlanger Papierstreifen an diesel' Stelle angeniiht (s. punkticrte Linil' in Fig. r).
Del' gesamtc Stl'eifen wird emeut mit Puffer gespriiht und wieder in die Elektropho
resekammer gcgcben. Anode und Kathode werden umgewechselt, sodas;; sieh naeh
einer Lallfz.eit von etwa 19 Stunden die saun~n Aminosauren auf dem kiirz\~ren Teil
des Strcifens bet1nden (Fig. 3b). Dieser Teil wircl wieder abge5chnitten nnd zwar so,
da'.;s der verblcihencle langere Teil die Form eines Lan@lt.er-Kcibtrc·ifens erhalt
(Fig. I, gestrieheltc Linie). Die im Bereich cler Bri.icke lil'gengcbliebenen neutl'alen
Aminosauren werden auf dicsem Streifen papierchromatographiseh anfKetrcnnt.

Da die im Papier zurlickbleibcnden Reste des !lei du Elektrophon's\' verwendetell
Pyriclinpuffers bei dt'r papierchromatographisclwn AuftrClll1Ung eine Verschl1li,~rnng

der einzelncn Banden verursachen, miissen sie rest los ails clem Papicr cntfernt werdcll.
Zu diesem Zweck werden die Stn~ifen vor der Papil'rchromatographie in eillcm VaclllIlll-

• Quedlin!>urger I.:leitrage zur Zlichtungsforschullg Nu..!o.
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Fig. 2. Elektrophoresekammer.

I

\

I
III 1/

Fig. I. Furm des Papierstreifcns
lOur I(omuinationsmethude.

Fig. 3. (a) Papierelektrophoretische Au(tren
nung eines Aminosaure-Gemisches in saure,
Ilc..trale und basische Anteilc. (bJ Naeh Um
poliung saure Aminosauren auf dem angenah
tenStreifen. (Nahtstellc = ~). (e) Papicrchro
matographisehe Auftrennung der neutralen

Aminosauren.

a b e
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Exsiccator unter ofterem Liiften % Stunde lang abgesaugt. 3-5 Keilstreifen werden
dann auf einen Glasbiigel gezogen und in einer flachen Schale* mit Butanol-Eisessig
Wasser (4: I: I) als Laufmittel in 2 X 17 Stunden papierchromatographisch ent
wickelt. Soli cine grossere Anzahl von Keilstreifen gleichzeitig entwickelt werden. so
werden mehrere Biigel in ein Glasaquarium gehangt; auf diese \Vcise konnen zur
gleichen Zeit bis zu 100 Keilstreifen chromatographiert werden. Nach dem Trocknen
del' Streifen werden die neutralen Aminosauren auf dem Keilstreifen (Fig. 3c), die
sauren bzw. basischen auf den abgeschnittenen Streifen durch Anspriihen mit
Ninhydrinreagens in iiblicher Weise nachgewiesen.

Institut fur PfianZe1tzuchttmg der Deutschell Akademie dey
Landwirtschaftswissenschaften, Quedlinbttrg (Deutschland) WERNER MATTHIAS

1 v.'. MATTHIAS. Naturwissmschafletl. 41 (1954) J 7; Dcy Ziic!llcY, 24 (1954) 313.

Eingegangen den 17. Februar 1959

• Die Glasgeriite zur Keilstreifen-Papierchromatographic werden hcrgestellt von VE13 Glas
werke Ilmenau. llmenau/TbiiriDgen.

An apparatus suitable for applying fairly large quantities of

solutions on paper chromatograms

For the quantitative determination of dilute solutions of steroids by paper chromatog
raphy, we were faced with the problem of applying exact O.S ml quantities of such
solutions on paper in a small spot within a reasonahle period of time.

Of the several devices described in the literature. that of VA:" GllLIK I seemed to us
the most promising. However, the time requir('d to complete the operation under our
conditions was found to be too long.

In order to circumvent this drawback. a modification of the VAN Gt:LIK apparatus
was constructed. enabling us to dry the solution during application by passing a cen
tripetal current of warm air underneath the papt~r, around the spol of application
(Fig. I). The air-flow is measured with a rotameter A (for quantities of 10-100 ljmin).
then passes through a copper tube B, provided with a 220 V-500 VV heating coil
(from a hair-drier). The warm air then passes a thermometer C and is led to the copper
"blow-cup" D, details of which are given in Fig. 2. The air passes through inlet E,
the outer tube F and (after passing the paper) the inner tube G (screwed into F) and
leaves the apparatus at H (see arrows). The space in the inner and outer tube is
divided into four channels by small copper vanes in order to prevent whirling of the
air. The various parts arc mounted on a "philitex" table (25 X 35 em).
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lysine (iso-electric point 9.7) on Amberlite IRe-50 were in good agreement with the
theoretical considerations. Around pH 7 there was maximal adsorption of lysine
from buffer solutions containing 0.34 g.ions Na+jl. Adsorption decreased gradually
towards lower pH values and more abruptly at higher pH. Extending ion-exchange
adsorption theory to poly-ions such as basic polypeptides and proteins one would
expect qualitatively the same adsorption behaviour. Equation (z) becomes:

(za)

in which z is the number of sodium ions exchanged by the adsorption of one poly-ion.
If CPs] and [PL] are the activities of the poly-ions in the resin and the liquid phase
respectively, [Nas+] and [NaL+] the activity of the sodium ions in resin and liquid
phase, application of the law of mass action results in:

(zb)

The adsorption coefficient C is proportional to [PS]j[PL] (= K[Nas+]zj[NaL+]z) and
therefore as a rough approximation:

{
Na+ adsorbed by resin \z

C - K X
- 1 [NaL+J J

(ze)

Equation (zc) indicates that the ion-exchange adsorption of poly-ions on a cation
exchange resin is more sensitive to slight changes in cation concentration than
that of monovalent ions. It is to be expected that the decrease of the adsorption
coefficient with rising cation concentration will be steeper. The findings of BOARDMAN

AND PARTRIDGE concerning the adsorption of cytochrome c (iso-electric point 10.1)
at pH 7 were again in good agreement with their expectations.

However, when the adsorption was plotted as a function of pH it was found that
at higher pH values the adsorption decreased steeply with increasing pH, while on
lowering the pH it did not decrease but became very strong below pH 7, as can be
seen from Fig. 8 (taken from BOARDMAN AND PARTRIDGE).

It was observed that the rapid rise of the adsorption coefficient below pH 7
coincided with a diminution of the amount of sodium ions taken up by the resin.
Therefore it was believed that in this pH region adsorption is no longer caused by
pure electrostatic forces, but chiefly by short-range forces such as those giving rise to
hydrogen linkages, mainly between undissociated carboxyl groups of the resin and
peptide bonds or other polar groups of the protein. The positive charge of the protein,
which above pH 7 is probably the main cause of adsorption, rapidly becomes un
important below that pH.

As for the haemoglobins (iso-electric points around pH 7 in 0.1 M phosphate
buffer, and about 5 in 0.1 M citrate buffer), it can be expected that adsorption will
always be due to secondary forces. In the pH region where these short-range forces
become unimportant, there is no electrostatic attraction, because above pH 7
haemoglobins carry a negative net charge. Therefore, chromatography of haemo
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TABLE III

475

BEHAVIOUR OF DIFFERENT HAEMOGLOBIN TYPES IN CMC CHROMATOGRAPHY
AND ELECTROPHORESIS AT pH 8.6

Hb type

H J A, F L 5 E A, c

Elution pH in CMC
chromatography 6·7- 7·39 7.40 7·49 7.5 8 7.71 7. 6 4 7. 68 7.6 9 7. 82

6.9 ± 0.01 ± 0.01 ± 0.01 ± o.or ± 0.02 0.01 0.01

Migration velocity
to the anode at
pH 8.6 H > J > Ao > F > L > S > E A 2 >C

Iso-electric point 6 6.87 6.98 7.0 9 7. 20 7.30

TABLE IV

THE PERCENTAGE AMOUNT OF DIFFERENT HAEMOGLOBIN COMPONENTS
IN VARIOUS RED CELL HAEMOLYSATES

Type 0/ blood
Number V A, A. A, Foj cases

Normal adult 7 1.5 10·5 87 I
(1-2) (8-1 5.5) (84-905) (0.5-2 )

, Cord blood 3 I 2 22 0·7 75
(0-1 5) (0-25) (195- 2 5 5) (05-1) (69-795)

Cord blood (premature) 2 0 II 6 81

Cooley's trait 2 6·5 86·5 6

1.5 12 81.5 5

Cooley's anaemia 2 4 17 I 77
12·5 55·5 0·5 3 0 .5

Sickle-cell anaemia
(after blood transf.) 0·5 4·5 21 5·5 7·5

Hom. Hb-C disease 0·5 8·5 3·5

Hb-S/Hb-C disease 0·5 5·5

Hb-E trait 4 I 10 65·5
(0.5-25) (85-II) (62-7 15)

Hb E thalassaemia 3 I 3
5 18 39

(0-1 5) (0-65) (10-30 ) (30 -525)

Hb H disease II 73

Hb J trait 45·5 2

Hb L trait 0·5 9·5 65

Abnormal
component

Hb-S: 61%

Hb-C: 87.5%

Hb-S: 49.5%

Hb-C: 44.5%

Hb-E: 225%
(16-28·5)

Hb-E: 38%

(3 25-48)

Hb-H: 15%

Hb-J: 51.5%

Hb-L: 25%

important than the short range forces, which hold the haemoglobin, now negatively
charged, to the also negatively charged adsorbent.

It would be interesting to perform chromatographic experiments with haemo
globin on CMC columns, working with a buffer concentration gradient at a fixed pH
(for instance pH 6 or 6.5 as in the chromatography on Amberlite IRC-50 columns).

References p. 484/486.
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At these low pH values, secondary range forces will perhaps become relatively more
important, and differences in structure rather than differences in electric charge will
be reflected in the elution diagrams.

On comparing pH gradient elution on CMC columns with chromatography on
Amberlite columns, we observed that, in general, elution curves of various mixtures
of haemoglobins adsorbed by CMC show more detail than chromatography of the
same mixtures on Amberlite at a fixed pH. Moreover, every component is eluted at a
highly reproducible pH value; this value is a characteristic of a certain haemoglobin
component. However, it should be borne in mind that although the values were
reproducible for the adsorbent prepared by HUISMAN et al., it is not yet known
whether deviating elution pH values will be found on columns prepared from other
batches of carboxymethyl cellulose. On the other hand the characteristics of the
haemoglobin types in Amberlite chromatography (elution volumes and rates of
displacement at fixed pH) are much less reproducible, for they are higWy dependent
on particle size, rate of flow, etc.; only values relative to those of normal adult
haemoglobin (Ao) can be obtained with reasonable reproducibility.

Carboxymethyl cellulose is also more suitable for preparative separation of the
various haemoglobin components from mixtures, because of its higher (reversible)
adsorption capacity. In one case, however, Amberlite IRC-50 is to be preferred,
namely in cuvette chromatography, where the different haemoglobin types are
recognized by visible separation on the column. Because of the high buffering capacity
of the resin (which in gradient elution chromatography is a disadvantage), a pH and
cation concentration gradient can be maintained on the column for several hour",
simply by passing a buffer solution of constant pH and ionic strength through the
resin column, which was originally in the acid form. With this procedure haemoglobin
types can be seen as sharp, distinct, zones, moving with different, but very low, rates
of displacement.

Comparing chromatographic techniques with other methods employed in haemo
globin differentiation, it can be said that, in general, chromatographic elution curves
show much detail, certainly more than electropherograms and at least as much as
salting-out diagrams. The advantage of elution chromatography over the salting-out
procedure of DERRIEN et al. lies in the fact that the different components obtained
in the elution procedure are fairly pure and not denatured, and therefore ready for
further characterization.

As a method for quantitative estimation, chromatography is comparable to
electrophoresis, cuvette chromatography to paper electrophoresis, and CMC elution
curves to moving-boundary diagrams. As a routine method, chromatography is more
laborious than electrophoresis, especially paper electrophoresis. However, as regards
simplicity the cuvette technique comes very close to paper electrophoresis. Paper
electrophoresis (or zone electrophoresis on cellulose acetate strips) and the chroma
tographic cuvette technique as well as a combination of the methods are very suitable
for the detection of abnormal haemoglobin in clinical routine analysis, as will be
shown in the next part of this review.

References p. 484/486.
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III. THE DETECTION AND CHARACTERIZATION OF ABNORMAL HUMAN HAEMOGLOBINS
BY COMBINING DIFFERENT TECHNIQUES

1. Characteristics of different types of human haemoglobin

Normal adult haemoglobin

Moving-boundary electrophoretic patterns in general contain one sharp peak; the
cathodic mobility in 0.1 M phosphate buffer, pH 6.5, is 2.4' 10-5 cm2 V -1 sec1; iso
electric point in 0.1 M phosphate buffer at pH 6.87.

In zone electrophoresis at pH 8.6 on paper or cellulose acetate, or in starch, the
main fraction has a mobility similar to that of the P2-globulin fraction of human
serum. In starch electrophoresis, besides the main fraction (Ao) two minor components
are seen: one (A1) migrates slightly more rapidly than Ao, the other (A2, about 2-3 %
of the total haemoglobin) moves more slowly and separation from the main fraction
is good in starch as well as on cellulose acetate strips. The amount of this A 2 fraction
is generally increased in thalassaemia trait to about twice the normal value.

In column chromatography on Amberlite IRC-50 besides the main fraction
another component is seen, which moves a little more rapidly, this component
(designated Hb-a or Hb-AI) represents about 10% of the total haemoglobin.

pH-gradient elution chromatography on carboxymethyl cellulose gives rise to
three peaks: the first (AI> 10%) has an elution pH of 7.40, the second and main
fraction (Ao) has an elution pH of 7.49 and the third fraction (A2, 1%) is eluted at
pH 7.69. The A 2 level is elevated in thalassaemia trait.

The chromatographic fractions AI> Ao and A 2 seem to be identical with the
corresponding electrophoretical zones AI> Ao and A 2, but this has not yet been proved.

Adult oxy-haemoglobin is very rapidly denatured in the alkali-denaturation
test. Its "half-life" in 0.05 N NaOH solution is about 4 sec17.

Solubility. In the salting-out method of DERRIEN et al.67 (see p. 456) HbCO-A is
precipitated in the range from about 77 to 89 vol. % of 3.5 M phosphate9, 27,67.
Deoxygenated Hb-A is precipitated in the range 72-84%27. The solubility of de
oxygenated Hb-A in 2.58 M (= 74 % of 3.5 M) phosphate solution at 25 0 is 1.39 ±
0.15 gil as estimated by lTAN036 •

From experiments with dinitrophenyl-globin RHINESMITH, SCHROEDER AND
PAULING64 concluded that there are 4 N-terminal amino acid residues in the haemo
globin molecule, all valyl residues.

Foetal haemoglobin (Hb-FF

In moving-boundary electrophoresis in 0.1 M phosphate buffer, pH 6.5. Hb-F does not
separate from Hb-A. Separations are only possible in special buffer solutions, for
instance phosphate buffer pH 6.8, ionic strength 0.013,71. The iso-electric point in
0.1 M phosphate buffer is at 6.98 (Hb-A: 6.87).

In zone electrophoresis at pH 8.6, Hb-F moves slightly less rapidly towards the

References p. 484/486.
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der Apfel- von der Citronensaure benutzten Verteilungsmittel Isoamylalkohol
Chloroform-Ameisensaure 85 % (4: I : I vIvIv), wassergesattigt, unter geeigneter papier
chromatographischer Technik zur reproduzierbaren Trennung von Isocitronen~ und
Citronensaure in Modellgemischen und in pflanzenextrakten ausreicht (Tabelle II).

TABELLE I

RI'-WERTE VON ISOCITRONENSAURE UND CITRONENSAURE IN EINIGEN VERTEILUNGSMITTELN

Verteilungsmittel Methode
Rp X IOO

I socitronensiiure Citronensiiul'c

tert.-Amylalkohol-Chloroform-Ameisensaure
go%-Wasser (80:80:30:80 v/v/v/vll) Absteigend 24 26
tert.-Amylalkohol-Chloroform-Ameisensaure
go%-Wasser (24:136:30:80 v/v/v/vll) Absteigend 10 II
n-Butanol-Chloroform-Ameisensaure 10%
(75: 25: 10 v/V/V12) Rundfilter 27 26
Isoamylalkohol-Chloroform-Ameisensaure
85% (4:1:1 v/v/v) wassergesattigt13) Absteigend 12 14

TABELLE II

PAPIERCHROMATOGRAPHISCHE TRENNUNG VON ISOCITRONENSAURE UND
CITRONENSAURE 1M VERTEILUNGSMITTEL

ISOAMYLALKOHOL-CHLOROFORM-AMElSENSAURE 85% (4: I : I V/v/v), WASSERGESATTIGT

(Mittelwerte aus 20 Versuchen)

Ver/ahren Absteigend mit Front Absteigend ohne Front
ca. 40 em Durchlau/tnd1 Lau/zeit: 6 Tage

Ermittelte Grossen RF X IOO RWeinsiiure X IOO
W anderungsstreckeJ

"Rp" X IOO bench-net Weinsaure = IS em

Spalte

Weinsaure
Phosphorsaure
Isoeitronensaure
Citronensaure
Apfelsaure

I

8
8

12
14
23

100
105
163
183
D

3

8.0
8·4

13.0

14.6
D

4

IS em
15.8 em
24.5 em
27.5 em

D

"RI''' = Aus Spalte 2 bereehnete theoretisehe vVanderungsweite der Losungsmittelfront
(Durehsehnitt 202 em).

D = Die Saure wandert meist in den Durehlauf des Chromatogramms.

Nach unseren Versuchsbedingungen wandert die Weinsaure als Bezugssubstanz
wahrend 6 Tagen zwischen 15 und 20 em, was einem Abstand der Mittelpunkte des
Isocitronensaure- und des Citronensaureflecks von 3 bis 4 cm entspricht. Damit ist
eine einwandfreie Trennung im Bereich der papierchromatographischen Moglich
keiten (etwa 40-400 fLg) gegeben. Eine Verwechslung mit anderen nichtfliichtigen
Sauren kommt bei unserem Verfahren kaum in Betracht, da die in ihrer Wanderungs
weite am nachsten liegenden Sauren von allgemeiner Verbreitung (Phosphor- und

Literatttr S. 529/530.
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GAS-LIQUID CHROMATOGRAPHY: RETENTION VOLUMES OF

THE METHYL ESTERS OF FATTY ACIDS WITH SPECIAL

REFERENCE TO n-ODD-NUMBERED, ISO AND (+)-ANTEISO ACIDS

J. c. HAWKE, R. P. HANSEN AND F. B. SHORLAND

Fats Research Laboratory, Department of Scieniific and Industrial Research,
Wellington (New Zealanil)

In recent years, fats from a number of natural sources have been shown to contain
small amounts of branched-chain fatty acids and normal odd-numbered fatty acids.
Branched-chain fatty acids are present, for example, in the lipids of wool!, bacteria2,

and plants3, 4., and normal odd-numbered fatty acids have been found in hair lipids5•

Branched-chain and normal odd-numbered fatty acids have also been found in body
fats6 and milk fats7, 8, 9 of ruminants, in shark liver oipo, and in the sebum of humansll

and other animals12• In addition, the range of even-numbered saturated acids found
in depot13 and milk14 fats of ruminants has been extended.

The isolation of the normal odd-numbered and branched-chain fatty acids, many
of which are present in trace quantities only, has been accomplished by repeated low
temperature crystallization from solvents and by fractional distillation. These proce
dures are extremely protracted and quantitative results are difficult to obtain.

With the development of gas-liquid chromatography it has been established that
following the preparation of appropriate concentrates trace components can be
quantitatively measured. Frequently, however, these acids have not been positively
identified because of the lack of reference compounds. The purpose of this paper, there
for',e, is to provide further chromatographic data concerning the less common naturally
ocourring fatty acids, many of which have been isolated in this laboratory, so that in
unknown mixtures these may be conclusively identified. The retention volumes of
some of the acids used in the present investigation have already been reported by
JAMES AND MARTIN 3 using Apiezon M and a heavy lubricating oil extract, and
are repeated here because they are members of the series under investigation. The
chromatographic data presented relate to three liquid phases, viz., silicone grease,
Apiezon M and polydiethylene glycol succinate. These phases are representative of
the types most commonly used in the separation of esters of fatty acids by chromatog
raphy. The chromatographic data have been reported in the form recommended
by DESTy15.

EXPERIMENTAL

The gas-liquid chromatographic equipment used in this work has been previously
described16. In all cases the column packing consisted of I part by weight of stationary

References p. 550!55I.
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connected with the concentration and volume of the solutions being examined. For
the ranges of volume and concentration given above the flow rate was maintained
between 1-6 ml per hour. Attempts to separate cations with reduction potentials that
differ only slightly, such as nickel and cadmium in ammoniacal solution,failed
because the chromatographic column used was not long enough.

The appearance of the chromatogram was the most important factor when
choosing the conditions of separation. Only uniform and well-adhering layers of
deposited metal on the electrode would enable one to draw quantitative conclusions.
The layers obtained in our work were often uneven and for that reason we made no
attempt to draw any quantitative conclusions from the appearance of the chroma
tograms. Since we failed to work out the composition of an electrolyte that would
permit chromatographic separation of all the cations, we limited ourselves to electro
lytes with compositions suitable for groups of some cations. For example with an acid
solution it is possible to separate ions that have more positive reduction potentials
than hydrogen.

Only the ions that form complexes with ammonia and whose hydroxides dissolve
in ammonia solutions were separated in this environment. Similarly, with potassium
cyanide we only attempted to separate cations that are able to form complex cyanide
ions. However, it appeared that with cyanide solutions the adhesion of the layers is
not sufficient to give a satisfactory separation of ions.

SUMMARY

A new method of chromatography based upon the differences in the reduction poten
tials of metals ha" been proposed.

The apparatus applied in electrolytic chromatography is described and data on
the separation of some cations by this method are given.

Received February 6th, 1959
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La methode des chromatoplaques s'applique egalement a. l'analyse des p-benzo
quinones de structure plus compliquee. Nous avons obtenu dans les memes conditions
que precedemment, une bonne separation de la 2,S-dihydroxY-3-n-undecyl-p-benzo
quinone* (Embeline isolee de EmJelia ribes) et de la 2-methyl-s,6-dimethoxy-j'
benzoquinone (voir Fig. 1). Avec Ie systeme benzene-acetate d'etpyle (4:r), il est
possible d'obtenir des Rp convenables pour les quinones plus polaires que la p-benzo-

1----- --- ---
0

0 0

0 0 0

---

o

---

o
o

o o
o
o

2 3
2 3

2 3 4

Fig. 1. Systeme n-hexane
acetate d'ethyle (85:15). (I) 2
Methyl-5,6-dimcthoxy-p-benzo
quinone, R p 0-47. (2) Embeline,

R p 0.62. (3) Melange I + 2.

Fig. 2. Systeme benzene-acetate
d'€thyle (4 :1). (I) p-Benzo
quinone, R p 0.85. (2) 2,6-Di
methoxy-p-benzoquinone isolee
de Simaruba amara, R p 0.44.
(3) 2,6-Dimethoxy-p-benzoqui
none authentique, R p 0.44.

Fig. 3. Systeme n-hexane
acetate d'ethyle (85 :15). (I)
p-Benzoquinone, R p 0.21. (2)
M6thyl-p-benzoquinone, R p

0·43· (3) fthyl-p-benzoqui
none, R p 0.58. (4) Melange

1 + 2 + 3.

quinone. Nous avons ainsi pu comparer une 2,6-dimethoxy-p-benzoquinone, isoIee
de l'ecorce de Simaruba amara par POLONSKY ET LEDERER9 , a. la substance authenti
que** (voir Fig. 2).

II est necessaire d'utiliser un temoin a. chaque essai, les conditions decrites ne
permettant pas une reproductibilite parfaite des R p .

T eChnt"que utilisee

On broye dans un mortier, un ou deux Myriapodes, sous nne faible couche d'ether.
L'ether se colore en jaune et doit etre separe aussit6t des debris d'animaux; on peut
verifier par un test de reduction (hydrosulfite de sodium ou anhydride sulfureux)
que la coloration obtenue est bien due a. des quinones. On realise immediatement
les taches sur la plaque. A cet effet, des plaques de pyrex de II.s/IJ cm ont ete enduites
du melange d'acidesilicique (Mallinckrodt) et d'amidon, selon la technique decrite
par REITSEMA8 et DEMOLE5. L'activation des plaques par chauffage a. 90-10So durant

* Nous remercions Ie Dr. O. SCHINDLER, Institut de Chimie Organique de I'Universite de Bale,
pour les echantillons necessaires a. cet essai.

** Nous remercions Mme POLONSKY et Ie Professeur LEDERER, pour l'echantillon isole de
Simaruba amara, et Ie Professeur MARINI-BETTOLO (Rome), pour l'echantillon authentique.

Bibliographie p. 6SI.
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The analysis of isoprene by gas chromatography

Ziegler Catalyst polymerization studies required an analytical method for possible
poisons in isoprene, such as cyclopentene, cyclopentadiene and acetylenic compounds.
This paper gives retention data for these, and other hydrocarbons, on two of the gas
liquid chromatographic columns ~hich have been of use in this work.The liquid phases
used were dimethyl sulfolane (DMS) and benzyl cyanide-silver nitrate (BC-AgN03).

BC-AgN03 has been used by VAN DE CRAATS1 and others, but no retention data
have been published. DMS is a commonly used liquid phase. KNIGHT2 shows the
separation of a pentene blend with DMS in the form of a chromatogram. No retention
data have been published for C5 acetylenes on DMS or the effect of temperature on
the relative retention times.

Apparatus. A Beckman GC-2 with an external water bath for controlling the
temperature to ± 0.05 ° was used. The carrier gas was helium and the detector
temperature 31°. The 18 ft. DMS column used was of X/4 in. copper and contained
8.62 g of DMS on 43.08 g of Johns Manville 30-50 mesh Chromosorb. The 11.4 ft.
BC-AgN03 column was of 1/4 in. stainless steel and contained 3.806 g of silver
nitrate dissolved in 9.660 g of benzyl cyanide on 33.31 g of the above chromosorb. Tp.e
liquid phase was added directly to the solid support and mixed by stirring in each case.

The ,!ate of flow of the carrier gas was measured by timing the displacement of
water from a 500 ml gas burette and correcting to the column temperature and outlet
pressure. The column inlet pressure was measured with a mercury manometer at the
liquid injection point. The carrier gas pressure gauge indicates the pressure at the
inlet side of the capillary orifices, and does not indicate the pressure on the chromato
graphic column.

Discussion. The method of presentation of data in Tables I and II was recom
mended by AMBROSE, KEULEMANS AND PURNELL3 • The same symbols are used.
Relative retention times are reported at three different temperatures and partition
coefficients were measured in duplicate at each temperature.

N omenclalure

v. = volume of solvent at the column temperature (ml)
z = distance between air and solute peaks (in.)
pg = carrier gas gauge pressure (p.s.i.g.)
Pi = carrier gas pressure at column inlet (mm/Hg)
Po = carrier gas pressure at column outlet (mm/Hg)
Fe = carrier gas flow rate corrected to column temperature and outlet pressure (ml/min)
U = recorder chart speed (r in, per min)
Ix = distance between start and solute peak (in.)
w = width of peak as measured at the base-line intercepts of the tangents to the peak (in.)

.' 3 (Pt!Po)2 - r
f = pressure gradient factor = ( / )3

2 Pi Po - r
weight of solute per ml of solvent Fcfz

K = partition coefficient = --"'."-----,-----,c-----O------,-----,---- = -
weight of solute per ml of gas V.U

. 1 (lx)2n = the number of theoretlca plates = r6 W
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RETENTION DATA FOR HYDROCARBONS ELUTED FROM DIMETHYL SULFOLANE

Relative retention times
Hydrocarbon

IS·Oo35·0° 22.25°

Acetylene 0.137 0.116 0.106
Isopentane 0. 21 7 0.200 0. 184
n-Pentane 0.284 0.263 0.247
3-Methylbutene-l 0.294 0.260 0.244
Butadiene-l.3 0.369 0.329 0.311
Neohexane 0.382 0·359 0·343
Propyne 0.384 0.356 0.350
Pentene-l 0.414 0·393 0.378
2-Methylbutene-l 0.482 0-461 0·447
trans-Pentene-2 0.503 0.486 0.476
cis-Pentene-2 0.551 0.530 0.518
Pentadiene-l.4 0.61 5 0.592 0·574
2-Methylbutene-2 0.634 0.618 0.608
n-Hexane 0.706 0.698 0.692
Cyclopentane 0.756 0.717 0.712
Butyne-l 0.800 0.789 0·774
Isoprene 1.00 1.00 1.00
Isopropylacetylene 1.055 1.075 1.096
Cyclopentene 1.0 75 1.04 1.04
2-Methylpentene-l 1.094 1.108 1.II5
trans-l.3-P entadiene 1·335 1.358 1.375
Butyne-2 1.41 1·435 1.456
CiS-l.3-Pentadiene 1.48 1.514 1.541
n-Heptane 1.724 1.823 1.887
Cyclopentadiene 1.90 1.954 1·995
Pentyne-l 1.96 2.09 2.18
Isopropenylacetylene 2.21 2.38 2.50
Pentyne-2 2.66 2.86 3.01

VB 7.69 7.60 7·55
z 13.10 13.27 12·43 12.72 26.15 26.92
pg 26.2 42.0 26.2
Pi 1225 1221 1533 1526 II92 1206
Po 738 739 741 746.5 734 749
Fc 54.85 52.97 102·9 100·5 52.09 51.25
f 0.891 0.894 0.708 0.717 0.9 1 3 0·922
K for isoprene 83. 27 81.73 119·1 120.6 164.6 168.5
n for isoprene 2595 212 7 21 95

Density of dimethyl sulfolane = 1.1362 g/c.c. at 20° ± 0.001°.

Most hydrocarbon impurities (C5 and less) can be determined if both chromato
graphic columns are used. If the BC-AgNOa column alone is used, the lX-acetylenes are
not determined, as these react with the silver nitrate. Since the relative retention
times alter as the liquid phase changes composition, the column packing requires
changing more often than with conventional liquid phases. This column is good,
however, for the detection of butyne-z when I,3-pentadiene is present (both are
common impurities in isoprene). For the DMS analysis, it is of interest to note that
the resolution between isoprene and cyclopentene is best at the higher temperature,
while the resolution between isoprene and isopropylacetylene is improved at lower
temperature.
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TABLE II

657

RETENTION DATA FOR HYDROCARBONS ELUTED FROM BENZYL CYANIDE-SILVER NITRATE

Relative retention times
Hydrocarbon

JO.oo 22.0° IS·Oo

n-Butane 0.041 0.036 0.034
Ethylene 0.042 0.041 0.038
Propylene 0.100 0.095 0.091
n-Pentane 0.11I 0.103 0.093
Propadiene 0.1I 5 0.103 0.094
trans-Butene-2 0.154 0.1465 0.136
Isobutylene 0.195 0. 1875 0.180
n-Hexane 0.268 0.254 0.246
Butene-l 0. 287 0.287 0.284
cis-Butene-2 0·345 0.330 0.327
Cyclopentane 0.367 0.342 0.325
Butadiene-l,3 0.366 0·353 0.336
trans-Pentene-2 0.371 0·355 0.352
2-Methylbutene-2 0·393 0.381 0.366
3-Methylbutene-l 0.452 0·457 0·457
2-Methylbutene-1 0 ..198 0.602 0.603
Pentene-l 0·597 0.609 0.626
n-Heptane 0.649 0.633 0.638
Cyclohexane 0.811 0.766 0.750
cis-Pentene-2 0.810 0.832 0.851
Isoprene 1.00 1.00 1.00
2-Methylpentene-1 1.122 1.155 1.194
trans-l,3-Pentadiene 1.377 1.390 1.407
Butyne-2 1.619 1.608 1.606
Pentadiene-l,4 1.571 1.648 1.735
CiS-l,3-Pentadiene 1.825 1.874 1.924
Cyclopentadiene 2.464 2.460 2.50
Cyclopentene 2.461 2.611 2.778
Pentyne-2 3. 236 3·353 3.490

V. 10.50 10.42 10.36
Z 14.60 14.17 11.42 11.49 15·43 15.30
pg 30 48 48
Pi 1061 1059 1267 1267 1263 1253
Po 745 746 736.6 745.8 750 746
Fe 72.26 72.20 138.7 135·3 132.1 132.1
f 1.064 1.070 0.858 0.870 0.878 0.880
K for isoprene 107 104 130 .5 129.7 172.7 171.7
n for isoprene 1I22 990 998

Density of benzyl cyanide = 1.015 g/e.e. at 18° ± 0.001°.
Density of silver nitrate = 4.352 g/e.e. at 19°.

Acknowledgement. The author is indebted to C. AMBRIDGE for his helpful advice,
and to Polymer Corporation for their permission to publish this work.
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The paper electrophoresis of amphoteric elements all:'ld their
complexes with polyhydroxy compounds in KOH

The paper electrophoretic separation of inorganic anions with KOH or NaOH as
electrolyte was investigated by JACH et aU and GRASSINI AND LEDERERz. The last
mentioned authors also examined solutions of Cu(II) and other metals in KOH and
found that although a number of amphoteric elements are readily soluble in KOH,
they do not move anionically in paper electrophoresis. These results were not reported.

An ion exchange separation of Cu and Cd in NaOH using glycerol as complexant
for Cu(II) was recently described by KRESHKOV AND SAYUSHKINA3• It thus occurred
to us that the absence of anionic movement of amphoteric anions may be due to
complexing with the cellulose of the paper.

We have investigated this question by carrying out electrophoretic experiments
under the following conditions:

1. Electrophoresis on Whatman No. I cellulose filter paper with N KOH as
electrolyte.

2. As in (I) but with N KOH containing I % glycerol.
3. Electrophoresis on Whatman glass fibre paper with N KOH as electrolyte.
4. As in (3) with KOH containing I % glycerol.
The results with Sb(III), Sn(II), Al(III), Zn(II), Cu(II), Pb(II), and Bi(III) are

shown in Table 1. Fe(III), Zr(IV), Ni(II), Co(II), Rh(III), Rh(IV) and Ti(IV) did not
move in any of the four conditions.

TABLE I

MOVEMENT OF METAL IONS IN 2 HOURS WITH 250 V USING A GLASS PLATE

TECHNIQUE WITH PAPERS 30 cm LONG

Ele:;trolyte and paper as in
Metal ion

I z 3 4

Bi(III) 0 0 0 22

Pb(II) 0 4 37 34
Cu(II) 0 0 0 4 2

Zn(II) 61 7 2 7 2

Al (III) 3 0 53 53
Sn(II) 28 25 62

Sb(III) 0 22

Po (IV) 0 0

Bismuth does not move except on glass paper in presence of glycerol. It thus seems
that bismuthite does not migrate, but a glycerol complex does unless hindered by the
cellulose complex formed on cellulose paper. Cu(II) and Sb(III) behave similarly.

Lead does net move on cellulose but moves on glass paper in presence and
absence of glycerol. It thus appears that an anionic plumbite exists in solution and is
only retarded on paper by the formation of a (probably unstable) cellulose complex.
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Since the presence of glycerol on glass paper does not change its mobility, it is im
possible to confirm the existence of a glycerol complex except by the slight movement
exhibited on cellulose in presence of glycerol and the probability of its existence if a
cellulose complex forms.

Al(lII), Zn(II) and Sn(II) migrate on cellulose and glass fibre in presence and
absence of glycerol. However, on glass fibre in presence of glycerol there is a faster
movement suggesting that there may be competition between a weak cellulose
complex and a stronger glycerol complex. Polonium showed very slight tailing
forward when subjected to electrophoresis on glass paper in presence of glycerol.
Since we are dealing here with tracer concentrations, conclusions are difficult.

We have presented evidence that complex formation between cellulose and
amphoteric ions must be taken into account when paper chromatography or paper
electrophoresis is attempted in strongly alkaline medium.

Institut du Radium, Laboratoire Curie, Paris (France) Z.]AKOVAC

M. LEDERER

1]. jACH, H. KAWAHARA AND G. HARBOTTLE, ]. Chrotllalog., I (1958) 501.

i G. GRASSINI AND M. LEDERER, j. Chromatog., 2 (1959) 326.
a A. P. KRESHKOV AND E. N. SAYUSHKINA, Research in IO'l Exchange Chromatography (English

translation), Consultants Bureau Inc., New York, 1958, p. 173.
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Zur Papierchromatographie der Pflanzenfarbstoffe

1m Rahmen del' Forschung bezilglich des Gehalts del' Pflanzenfarbstoffe in den Bliiten
verschiedener Pflanzenarten entstand die Notwendigkeit, eine grossere Anzahl von
papierchromatographischen Analysen del' methanolischen Extrakte del' Pflanzen
bliiten durchzufiihren. Bishcrige Methoden del' papierchromatographischen Analyse
del' Pflanzenfarbstoffe, besonders del' Anthocyallc, geben gute Ergebnisse oft erst
nach einer vorHiufigen Reilligung del' Extrakte l • Da jedoeh die Reinigung del' Extrakte
oft zu erheblichen Verlusten an Pflanzenfarbstoffcll filhrt, versuchten wir cine
Methode del' papierehromatographisehcn Analyse del' Extrakte zu £inden, die eine
gute Trennung del' Pflanzenfarbstoffe, bcsonders del' Anthoeyane, aueh in den
ungereinigten Extrakten ermoglichen wiirde. So haben wir festgestellt, dass bei del'
Anwendung besonders langeI' Filtrierpapierstrcifcll (bis 100 em Lange) \¥hatman
No. I im Losungsmittelsystem n-Butylalkohol-Eisessig-Wasser (4: I: 5, odeI' viel
bessel' im VerhaItnis 10: I: 3) mittels Durchlaufverfahren wahrend einer langeren Zeit
(bis 100 St.) eine gute Trennung del' Anthoeyane in Extrakten del' BJiiten und Friichtc
erzielt werden kann. Die chromatographische Trennung dauertc gewohnlich 72 bis
100 St., in giinstigen Fallen nul' 48 St. Untel' diesen Bedingungen wurden aile farbigen
Bestandteile del' Extrakte tiber die ganzc Lange des Chromatograms in gut getrennten
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TABLE I

Dr

Rp VALUES OF CHOLESTEROL AND CHOLESTERYL ESTERS ON SILICONIZED WHATMAN NO. I PAPER

(J. A. LABARRERE, J. R. CHIPAULT AND W. O. LUNDBERG, Anal. Chem., 30 (1958) 1466)

Cholesterol
Cholesteryl laurate
Cholesteryl myristate
Cholesteryl palmitate
Cholesteryl stearate
Cholesteryl oleate
Cholesteryl lin oleate
CholesteryI linolenate

Chloroform 40
111ethanol 60
Brater 5
Formic acid I

0.87

0.4 2

0.3 8
0·33
0.28

0.3 2

0·37
0.4 1

TABLE 2

Acetone 50
Ethanol 50
IVater 5
Formic acid I5

0.9 0

0.00

0.00

0.00

0.00

0.17

0.24

0.30

AcetOJ1-e 50
Ethanol 50
Water 5

0·92

0.50

0-43
0.36 approx .
0.00

0-4 1

0·47

0·53

R F VALUES OF PHOSPHOLIPIDS

(R. F. WITTER, G. V. MARINETTI, L. HEICKLIN AND M. A. COTTONE,

Anal. Chem., 30 (1958) 1624)

Paper: Whatman No. I, circular technique (no impregnation).

Oetanol- 2,6-Dimdhyl- 3-Methyl-2' Chloro!orm-

Compound
lut£dine- 4-hepta11011C- butanone- lutidine-

acetic acid acet£c add acet-ie add acet£c acid
45: 2 .5:5 3°:5 3°:3 20:3°:5

Yeast lecithin 0.5 0 0.60 0.78 0.60

Distearyl lecithin 0·49 0.5 8 0.76 0·57
Egg cephalin 0·35 0·47 0.60 0·54
Distearyl phosphatidyl

ethanolamine 0.25 0-46 0.5 6 0·53
Lysolecithin 0.16 0.25 0.3 1 0.15

Sphingomyelin 0·35 0.38 0·44 0·35

TABLE 3

R F VALUES OF ORGANIC MERCURY COMPOUNDS

(J. KANAZAWA, K. KOYAMA, M. AYA AND R. SATO, j. Agr. Chem. Soc. Japan, 31 (1957) 872)

Solvent: butanol saturated with N ammonia.
Temperature: 30° C.

Compound RF

Phenylmercury acetate 0·39

Phenylmercury chloride 0.40

Ethylmercury chloride 0.27

Methoxyethylmercury chloride o. I 8
Methylmercury chloride 0.17

Hg+ and Hg++ 0
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TABLE 4
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Rp VALUES OF AMINO ACID-COPPER COMPLEXES

(M. BECK, J. CSASZAR AND T. HUSKA, Acta Univ. Szegediensis, Acta Ph)'s. et Chern., [N.S.],
4 (195 8) 35)

Paper: Schleicher and Schull 2043a.
Reagents: Ninhydrin (after destruction of the complex with EDTA) or8- hydroxyquinoline
(for Cu).

RF of Cu complex in

Amino a.cid

Glycine
Alanine
Alanine
Serine
Valine
Threonine
Lysine
Proline
Hydroxyproline
Arginine
Histidine
Glutamic acid
Glycyl-glycine

Phenol said.
with l1!ater at 27°

0·59
0.84
0.69
0·54
0·93
0.76
0·54
0·95
0.70

0.70
0.09
0.20
0.04

TABLE 5

O,C1'csol saId.
with water at 27°

036
0.67
0·35
089
0·95
0-4l>
0.00
0·98
0·34
0.08
0·53
0.00
0.16

R p VALUES OF 8-AMINOCAPROIC ACID AND CAPROLACTAM

(K. CZEREPKO, Mikrochirn. Acta, (1958) 638)

Rpvalues

Solvent

Butanol-water (86: 14)
Propanol-water (50: 10)
Butanol-acetone-water (10: 10: 5)
Butanol-propanol-water (10: 10: 5)
Butanol-ethanol-water (10: 10: 5)
Butanol-methanol-water (10: 10: 5)
Butanol-cone. HCl-water (100: 20: 38)
Butanol-acetic acid-water (10: 2: 5)
Propanol-acetic acid-water (7: I: 2)
Cyclohexane-acetic acid-water (9: 2: 0.5)
Pyridine-water (70: 30)
sec.-Butanol-formic acid-water (75: 15: 10)
Phenol-water (80: 20)

e-Amino
caproic acid

0.02

0.13
0.13
0.10

0.28
0.38
0-43
0·49
0.64

Cap.rola<:tam

0.83
0.89
0.88
0.87
0.88
0.86
0.89
0.87
0.86
0·37
0·79

0.8-0·9
0.9-1.0
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TABLE 26
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R p VALUES OF NITROBENZOIC ACIDS

(V. ETTEL, J. POSPISIL AND Z. DEYL, Collection Czechoslov. Chem. Communs., 24 (1959) 234)

Paper: ,Vhatman NO.4 impregnated with kerosene (5% in benzene).
Solvent: ethyl acetate-ammonia (95:5).

Substance RF

2,{-Dinitrobenzoic acid 0.34
2,6-Dinitrobenzoic acid 0.60
3,4-Dinitrobenzoic acid 0.60
3,5-Dinitrobenzoic acid 0.24
2,3,5-Trinitrobenzoic acid 0.32
2,3,6-Trinitrobenzoic acid 0.48
2,4,5-Trinitrobenzoic acid 0.19
2,4,6-Trinitrobenzoic acid 0.16

TABLE 27

R p VALUES OF NITROBENZOIC ACIDS

(V. ETTEL, J. POSPISIL AND Z. DEYL, Collection Czechoslov. Chem. Communs., 24 (1959) 234)

Paper: Whatman No. I impregnated with formamide (5% in ethanol).

Solvent
Substance

o-Nitrobenzoic acid
m-Nitrobenzoic acid
p-Nitrobenzoic acid
2,4-Dinitrobenzoic acid
2,6-Dinitrobenzoic acid
3,4-Dinitrobenzoic acid
3,5-Dinitrobenzoic acid
2,4,6-Trinitrobenzoic acid

TABLE 28

Benzene

1.0
0.76
0.67
0·59
0.84
0.83
0.48

Ethyl acetate

0.10

0.19
0.12

R p VALUES OF NITROPHENOLS

(V. ETTEL, J. POSPISIL AND Z. DEYL, Collection Czechoslov. Chem. Communs., 24 (1959) 234)

Paper: Whatman NO.4 impregnated with formamide (5% in ethanol).

Solvent
Substance

Benzene Chloroform Ethyl acetate

a-Nitrophenol 1.0 0.66 0.70

m-Nitrophenol 0.89 0·75 0·74
p-Nitrophenol 0.84 0.66 0.70
2,4-Dinitrophenol 0·77 0.63 0·55
2,6-Dinitrophenol 0·55 0.52 0.60
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TABLE 31

R F VALUES OF AROMATIC NITRO CARBOXYLIC ACIDS

(J. FRANC, Collection Czechoslov. Chem. Communs., 23 (1958) 2018; See also This journal. I (1958) xli)

Paper: Whatman No. 1.

Temperature: 18 ± 1°.

Acid

3-Nitro-o-toluic
5-Nitro-o-toluic
3,5-Dinitro-o-toluic
4,5-Dinitro-o-toluic
3.5.6-Trinitro-o-toluic
2-Nitro-m-toluic
6-Nitro-m-toluic
2,5-Dinitro-m-toluic
2,6-Dinitro-m-toluic
4.6-Dinitro-m-toluic
2.4.5-Trinitro-m-toluic
2.5,6-Trinitro-m-toluic
3-Nitro-p-toluic
2,3-Dinitro-p-toluic
2,5-Dinitro-p-toluic
3.5-Dinitro-p-toluic
2,3,6-Trinitro-p-toluic
5-Nitrohemimellitic
5-Nitrotrimellitic
Sulphuric
Nitric

Butanol 5
Pyridine 3
Water 3

0·77
0.70

0·73
0.25
0.29
0.67
0.63
0·75
0.26
0.42

0·39
0.16
0·73
0.15
0.68
0.72

0.19
0.21
0.14
0.06
0.50

Isoamyl alcohol I

Ethanol I

Pyridine I
Water I

0·73

0.42

0.67
0.62
0.72

0.50

0·34
0·74
0.3 1

0.70
0·73
0.28

0.07
0·53

TABLE 32

R F VALUES OF SOME AROMATIC CARBOXYLIC ACIDS

(J. FRANC, Collection Czechoslov. Chem. Communs., 23 (1958) 2018)

Solvent: butanol-pyridine-water (3: I: I).
Paper: Whatman NO.4.
Temperature: 19°.

Acid

o-Toluic
m-Toluic
p-Toluic
Hemimellitic
Trimellitic
Trimesic

RFvalue

0.80
0.78
0.76
0.055
0. 065
0.055
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