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well as in view of our more complete spectra of
both acids.

Grateful acknowledgment is made of a National
Youth Administration grant which secured us
the able assistance of Mr. J. De Young and Mr.
R. O. Dhondt.

Summary

1. A new line 480 cm.—! was found in the
Raman spectrum of anhydrous nitric acid and
interpreted as the frequency of the restricted in-
ternal rotation of the hydrogen.

2. Anhydrous deuteronitric acid, free of lower
oxides, has been prepared, and its Raman spec-
trum was determined.
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3. All nine fundamentals were found in the
spectra of nitric acid and deuteronitric acid. A
complete interpretation is presented which, ex-
cept for minor details, is believed to be a necessary
consequence of the experimental results.

4. The results are in accord with the product
formula applied to symmetry C; (plane con-
figuration).

5. The density of deuteronitric acid at 25.00°
is 1.522g.

6. The refractivities of nitric and deutero-
nitric acids at 25.0° are np = 1.3020 and np =
1.3909, respectively.

PuLLMAN, WASHINGTON RECEIVED AUGUST 28, 19042
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Deviations between Observed and Calculated Polarographic Diffusion Currents'

By W. M. MAcNEVIN AND EArL W. BaLis??

This paper presents evidence to show that the
deviations of observed from calculated polaro-
graphic diffusion currents have not been satis-
factorily explained up to the present time. Fur-
ther evidence is presented to show that the
deviations are chiefly the result of a combination
of the properties of ions and of stirring effects
produced by the dropping electrode. The as-
sumption of perfect drops at the electrode has
been experimentally checked and validity of the
Ilkovic equation has been reaffirmed.

Polarographic diffusion currents can be cal-
culated from the Ilkovic equation,* iy = 605nD"*-
Cm™/*%"* in which # is the number of faradays of
electricity involved per mole of reactant, D is
the diffusion coefficient of the reacting ion or
molecule, C is the concentration in millimoles
per liter of the reacting substance, m is the weight
of mercury in-milligrams flowing from the capil-
lary per second, and ¢ is the drop life in seconds; 24
is the average diffusion current in microamperes.
Lingane and Kolthoff® have examined the Ilkovic
equation at length and have concluded that it is
essentially correct. Deviations, however, of the

(1) From a thesis submitted by E. W. Balls in partial fulfillment
of the requirements for the Ph.D. Original manuscript received
August 4, 1941,

(2) J. T. Baker Fellow, Mid-Western Division, 19401841,

(3) Present address, Ressarch Laboratory, General Electriec Com-
pany, Schenectady, New York,

(4) D. Ilkovic, Coll. Csech, Chem. Comm., 6, 498 (1934).

() J. J. Lingane and I. M. Kolthoff, Tais Joumrnar, §1, 825
1193M

diffusion current from the theoretical have been ob-
served by Ilkovic* and by Kolthoff and Lingane.®
The latter authors report deviations as high as
8% between calculated and experimental diffusion
currents. These authors have attributed the
deviations to uncertainties in the values of the
diffusion coefficients used in calculating the
currents by the Ilkovic equation. An earlier
suggestion was advanced by Lingane and Kolt-
hoff* that the formation of the complex ions,
CdCl* and ZnClt may be responsible for the
deviations found for these two metals.

In order to determine whether the deviations
noted by Kolthoff and Lingane are peculiar to
chloride solutions, we have determined the devia-
tions using the nitrates in 0.1 molar potassium
nitrate solution. It has been shown by Harned
and Fitzgerald,” Bates,® and Robinson® that the
activity coefficient for cadmium nitrate is quite
different from that for cadmium chloride. Robin-
son, Wilson and Ayling?® recently concluded from
their values of the activity coefficient of cadmium
nitrate that a complex nitrate ion does not exist.

Our data are shown in Table I together with

(6) I. M. Kolthoff and J. J. Lingane, ‘‘Polarography,” Intérscience
Publishers, Inc.,, New York, N. Y,, 1041, p. 79.

(7) H. S. Harned and M. E. Fitzgerald, Texs JournaL, 88, 2624
(19386).

(8) R. G, Bates, ibid., 61, 308 (1939); 83, 3090 (1941).

(9) R. A. Roblnson, Trgas. Foredgy Soc., 88, 738, 1135 (1940).

(10) R. A. Robinson, J. N. Wilson and H. S. Ayling, Tuxs JoURNAL,
64, 1469 (1942),
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TaBLE I
CoMPARISON OF OBSERVED AND CALCULATED DiFrusioN CURRENTS
D°, cm.? sec, =t m/y/s ) g nﬁm' s K o D.ﬁ‘ﬁ??)buerwd in
Ton "8 . (mgYvsec.m™%1)  Observed Calculated. (0.1 M chloride) 0.1 A nitrate)
Ni++ 0.69 6.3
Cdt++ .72 1.56 5.33 5.08 8.1 4.9
Znt+ .73 1.54 5.16* 5.04° 5.2 2.4
Cutt .78° 1.57 5.34* 5.18° 4.4 4.1
Pb++ .98 2.03 7.72 7.68 1.3 0.7
-0.5
TI+ 2.00 2.02 5.46 5.46 -0.7 0
-1.6
Fe(CN)¢™ 0.80* 2.01 3.43%* 3.67° -8.3 —6.5°
CrO~ (n = 3) 1.07 -0.4
(n = 6) 1.07 1.0
104~ 1.09 0.4
% At 26° ® Measured in 0.1 M KNO;. * Measured in 0.1 M KCl.

the observations of Kolthoff and Lingane.®
The deviations recorded are somewhat smaller
than those observed by Kolthoff and Lingane but
it should be noted here that many of the data of
Kolthoff and Lingane were obtained with a three-
second capillary while we used one with a drop
life greater than four seconds. Thus it appears
that the deviations found by us in nitrate solu-
tions closely parallel those observed by Kolthoff
and Lingane in chloride solutions and that the
deviations cannot be explained as being due to a
peculiarity of chloride solutions or to complex
formation.

Lingane and Kolthoff® have also suggested
that the negative error for the Fe(CN)s= ion
may be due to the reaction of this ion with
mercury. Since concentration enters in the
Ilkovic equation as the first power, an error of 8%
{6.59, in our data) in the diffusion current re-
quires that 89, of the Fe(CN)g® originally
present must react with the mercury before the
voltage is reached at which the diffusion current
is measured. The current-voltage curves follow-
ing the initial rise to the diffusion current would
then slope distinctly downward. No indication
of such a downward slope was found and therefore
the reaction of Fe(CN)¢™ with mercury in the cell
cannot be rapid enough to account for the large
negative deviation found.

A study of polarographic phenomena and of
the available literature led to the consideration
of two factors other than uncertainties in the
calculation of diffusion coefficients which ap-
peared likely to have some effect on the magni-
tude of the deviations: (1) possible irregularities
in the formation of the drop and (2) stirring
effects produced in the solution by the growing and

falling drop. A study of drop formation is also
important as an experimental check on the as-
sumption of perfect drops in the derivation of the
Ilkovic equation.

Irregularities in Drop Formation.—The deriva-
tion of the Ilkovic equation assumes a spherical
drop which grows in mass at a uniform rate and
breaks away cleanly at the tip of the capillary.
In several cases we had observed that the drop
was non-spherical, that it grew at an irregular
rate and that it often hung from the end of a
thread of mercury which formed the beginning
of the next drop. Figure 1 shows an extreme case
of this phenomenon observed in 0.1 molar chloride
solution with the drop acting as anode. The
drops fell from the end of the connecting thread
and this thread then formed the beginning of the
next drop.

The dropping electrode was therefore examined
for irregularities during the passage of the
diffusion current for those ions whose deviations
have been noted. As a preliminary step an
equation!! was derived for the diffusiont current
which accounted for a residual drop left on the
capillary tip each time the main drop fell away.
Calculations show that the area of a residual
mercury surface must be greater than that of a
sphere one-tenth the diameter of the maximum
drop in order to increase the average current one
per cent. Although the amount of mercury in a
residual drop of this size is quite easy to see
through a low power microscope, the motion and
growth of the drop are so rapid that an estimate
of its initial size cannot be reached by visual
observation. Hence motion pictures were taken
of the drops of mercury with a high-speed motion-

(11) B. W, Balis, Ph.D, Thesis, Ohio State University, 1941.
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Fig. 1.—Photographs of mercury drop as anode in 0.1 N potassium chloride.
sures 10 and 11 represent the drop without applied potential.
tial of 1.5 to 3.0 volts (with reference to the normal calomel electrode) was applied.

picture camera (125 frames per second). This
has been done for those ions noted in Table I
(except ferricyanide) where large deviations
occurred and where it seemed possible that
noticeable irregularities might -xi:{ In .ach
case the measurement of 24, 7, an - and the
photographs were taken simultaneously so that
it is known that the deviations occurred under
the drop conditions shown by the photographs.
In none of these cases was any appreciable
irregularity in the shape of the drop found such
as was observed in Fig. 1. The drop mass in-
creased at a uniform rate, the drops were spherical
and broke away cleanly at the capillary  Figure
2 shows one series of successive photographs of
the drop in a solution of 0.001 molar cadmium
nitrate in 0.1 molar potassium nitrate. This is
typical of all the photographs of all the ions
studied, namely, Cd++, Zn*+, Cu*+, Pb*+ and
T1*. For this group of ions, these experiments
justify the assumption of perfect drops made by
Ilkovic* and by MacGillavry and Rideal'? in
their respective derivations of the Ilkovic equa-
tion. It must therefore be concluded that the
irregularities in drop formation shown in Fig. 1
represent a very extreme case and are probably
due to the effects of depositing solid mercurous

(12) D. MacGillavry and E. K. Rideal, Rec. trav. chim., 56, 1013
(1937).
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Expo-
In all other cases a poten-

chloride on the surface
of the drop, as has been
observed by Majer.!3

Evidence of Devia-
tions Due to Stirring.—
The second possible
source of deviations in-
vestigated was the effect
produced on the current by stirring. Stirring ef-
fects have been observed by Frumkin and Bruns,!*
Antweiler,’ Jofa and Frumkin,'® and Krinkova
and Kabanov, in their studies of maxima and
Antweiler has photographically recorded stream-
ing in the solution.

It is obvious that a certain amount of motion
of the solution is inherent in the operation of the
dropping mercury electrode. If the solution is
agitated sufficiently to disturb the diffusion layer
resulting from concentration polarization, then
the discharging ions can reach the electrode not
only by diffusion but also by electrical migration
and by mechanical transportation.

Fig.
graphs of mercury drop
in 0.001 M cadmium
nitrate in 0.1 M potas-

2.—Photo-

sium nitrate. The
numbers indicate order
of sequence.

(13) V. Majer, Coll. Cgech. Chem. Comm., T, 215 (1935).

(14) A. Frumkin and B. Bruns, Acta Physiochem. U. S. S. R., 1,
232 (1934).

(156) H. J. Antweiler, ef al., Z. Elekirochem., 43, 596 (1937); 44,
663, 719, 888 (1938).

(16) S. Jofa and A. Frumkin, Compt. rend. acad. sciences U. S.
S. R., 20, 293 (1938).

(17) T. A. Krinkova and B. N. Kabanov, J. Phys. Chem. U. S.
S. R., 18, 455 (1939).
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Listed below are several direct pieces of evi-
dence that this motion does result in a disturbance
of the diffusion layer and is responsible for the ob-
served deviations of the diffusion current.

(1) Within the experimental error, positive
ions discharged at the cathode give positive devia-
tions and negative ions, negative deviations (see
Table I).

(2) The data of Maas'® are used to show that
the deviations for a single ion increase with in-
creasing drop rate. Table II is calculated from
Kolthoff and Lingane’s summary?!® of Maas’ data.

TaBLE II

COMPARISON OF DEVIATIONS AND DroP TIME
(Calculated from data of Maas!#19)

% Deviation

Cap- Calculated calculated

il- t, id from Maas’ from Maas’
lary seconds observed data data

1 6.43 6.92 6.36 8.8

2 6.28 7.26 6.61 9.8

3 5.90 7.88 6.93 13.7

4 4.89 10.05 8.99 11.7

5 4.10 11.73 10.45 12.3

6 3.17 13.82 12,24 12.9

The value for capillary 3 in Table II is out of
order. Recently, however, Mr. S. R. Steele of
this Laboratory using a similar set of capillaries
determined the deviations and does not find the
irregularity noted in the calculations made from
Maas’ data. ‘

Further, the deviations found by Kolthoff and
Lingane (Table I) with a 3 second drop rate are
in general greater than the deviations which we
found at a 4 second rate.

(8) A study of Table I shows that the major
deviations occur for those ions having a small
diffusion rate (i. e., coefficient).

(4) It has been shown by Heyrovsky? that
where maxima occur, their magnitudes are
greater at shorter drop times.

(5) Experiments with mechanical stirring in

this laboratory show an increase in the current
measured, as would be expected.

Efforts to apply, regulate, and evaluate the
amount of stirring produced at the surface of the
drop have not been successful. An effort to elimi-
nate stirring by the use of a quiet, fixed drop
has met with difficulties since, as has been pre-

(18) J. Maas, “De Polarografische Methode met de druppelnde
kwickelectrode ten dienste van het Pharmaceutisch Anderzoek,”
Dissertation, Amsterdam, 1937., Coll. Czeck. Chem. Comm., 10, 42
(1938).

(19) 1. M. Kolthoff and J. J. Lingane, Chem. Rev., 24, 23 (1938).

(20) J. Heyrovsky, "Actualités scientifiques et industrielles,”
No. 90, Paris, 1934.
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viously observed with platinum microelectrodes,
unavoidable building vibrations are enough to
raise the current appreciably. For example, a
current observed with a fixed hanging drop during
the day would be very erratic and greater by as
much as 30% than that observed when the build-
ing was relatively quiet., The alternative was a
regulated amount of stirring which would be
great enough to absorb all effects of building
vibration.

The only method of mechanical stirring which
was found to be practical was to bubble nitrogen
at a fixed rate into the solution from a small
orifice so arranged as to give a slow steady flow in
the solution. This resulted in marked increases
in the currents measured. The results of these
experiments are shown in Table III. The effect
of vibration from the thermostat stirrer motor is
also shown in Table III.

TaBLE III*

EFFECT OF VIBRATION AND SLOW STIRRING ON DIFFUSION
CURRENTS (%1 in microamperes)
No Motor Gas

Ion vibration vibration increase  stirring  increase
Ca++ 6.71 6.90 3 14.1 110
Zntt 6.61 6.61 0 13.3 101
Cut+ 7.09 7.28 3 15.0 112
Pb++ 7.67 7.95 4 15.9 108
TI+ 5.46 5.46 0 12.0 119
Fe(CN)™ 3.43 3.43 0 5.8 71

% Same capillary used for Pb++, T+, and Fe(CN)¢”" in
Table I.

The same dropping electrode was used in all the
stirring experiments, the same cell with a fixed
gas orifice was used and nitrogen was bubbled
through at the same rate. - The increases noted
with gas stirring are due to stirring effects and
not to any increase in # and ¢ values. The quan-
tity m was found to be 1.973 mg./sec. during gas
stirring as compared with 1.982 mg./sec. without
stirring. The drop time measured at the same
potential as the diffusion current changes in one
case as an example from 4.4 seconds to 3.8 seconds
during stirring but since ¢ enters the Ilkovic
equation as the one-sixth power, this difference is
insignificant compared with the increases found.

As previously discussed, there are two effects
involved in stirring the Fe(CN)¢= ion. A break-
down in concentration polarization tends to
decrease the current as a result of repulsion of the
negative ions by the cathode charge. Stirring
also transports more jons mechanically to the
electrode which tends to increase the current.
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With strong stirring the latter effect predominates
although the increase is appreciably less than for
the reducible cations.

The vibration due to the thermostat stirrer
motor was great enough to cause an easily ob-
servable though slight motion of the drop but the
polarization layer was not greatly disturbed as
shown by the data of Table III. Knowledge of
this fact excludes any possibility that building
vibrations play a part in the deviations reported
in Table I.

Experimental

A Heyrovsky-Nejedly Polarograph, Type X, more com-
monly known as the Heyrovsky Micro Polarograph, was
used in this work. The characteristics of the galvanome-
ter in this instrument were: Sensitivity = 6.38 X 10~°
ampere per millimeter on the photographic drum located
at a distance of 27.5 centimeters; coil resistance = 32
ohms; damping resistance = 256 ohms; period = 9
seconds. The response of the galvanometer was con-
trolled by means of a constant damping multi-ratio shunt.
An auxiliary circuit was incorporated to facilitate the
checking of potentials and the calibration of the polaro-
grams. The same technique which has siice been de-
scribed by Kolthoff and
Lingane® was used for the
latter operation.

The dropping electrode
assembly was of the type
employed by Lingane and
Kolthoff.* The pressure
could be easily: controlled.
There was no rubber or
grease in contact with the
mercury at any time.

Purified nitrogen was
used to remove dissolved
oxygen from the cells in the
usual way. Care was taken
to ensure no change in the
concentration of the solu-
tions during passage of the
nitrogen.

The optical cell for the
photographic work is shown
in Fig. 3. The cup and
rod, A, could be turned to
collect the mercury flowing
from the tube at any speci-
fied time under the precise conditions obtaining during the
measurement of the diffusion current. The dropping elec-
trode is shown at B and an agar bridge at C. The neck
of the cell was closed with a three-hole stopper set loosely
enough during the removal of oxygen to permit the escape
of the gases. Theside arm D provides an inlet for nitrogen
and E is the connection to the mercury pool at the bottom.
Both faces at F are made of plane pieces of Pyrex glass
sealed in as integral parts of the cell. The optical cell was
used for the stirring experiments. Due to the cylindrical

Cross section of
Opﬂcal Cell
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shape of this cell, a uniform circular flow of the solution
was easily obtained.

The average swing of the galvanometer has been used in
estimating the currents. Correction has been made for the
residual current which has been determined in the same
way and.at the same potentials at which the diffusion cur-
rent was observed. Maxima were suppressed with 0.1 ml.
of a 0.1%, solution of potassium methyl red added to 50
ml. of the test solution.

Since the thermostat could not be used when photo-
graphs were taken, the data in Table I for zinc, copper,
and ferricyanide were obtained at a room temperature of
26°, The temperature did not change more than 0.2° dur-
ing these experiments.

In the experiments with ferricyanide care was taken to
minimize any reaction with the mercury. There was no
contact between the solution and mercury untif the curve
was run; the point at which 44 was measured was reached
in about two minutes after bringing the mercury and solu-
tion in contact.

Summary

1. Experimental deviations from the Ilkovic
equation, previously reported by Kolthoff and
Lingane in chloride solutions, have been checked
in nitrate solutions. The postulation (a) of
complex formation to explain the deviations for
cadmium and for zinc ions and (b) of reaction
with mercury to explain the deviation for ferri-
cyanide ion has been shown to be unsatisfactory.

2. The possibility that irregular drop forma-
tion might account for the deviations from the
[lkovic equation was eliminated. In the specific
cases observed, a spherical drop was formed
which grew in mass at a uniform rate and broke
away cleanly at the tip of the capillary, as the
Ilkovic equation assumes.

3. Recalculation of the Ilkovic equation to
account for a residual drop has shown that such
a drop must be very large to affect appreciably the
average current. This fact coupled with photo-

.graphs of the drops establishes that the dropping

electrode is mechanically satisfactory under all
ordinary conditions.

4. The deviations from the Ilkovic equation
have been shown to be to a large degree the result
of the properties of the ions and of stirring effects
produced by the dropping electrode.

5. The validity of the Ilkovic equation has
been reaffirmed. In view of the effect of drop
time on the deviations, capillaries with the
slower drop rates should be employed whenever
the data are to be used in the Ilkovic equation,
as, for example, in the calculation of diffusion
coefficients.
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6. Although the calculated values of ionic
diffusion coefficients are not exact, the uncer-
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tainties in these values are relatively small.
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Chromatography as a Means of Separating Amino Acids'

By JacQues L. WACHTEL? AND HaroLD G. Cassipy

The separation of several binary mixtures of
amino acids was reported in a preliminary
paper from this Laboratory.? The method of
separation used was that of Tswett-column ad-
sorption analysis* employing a special brand of
commercial charcoal as the adsorbent. This
method has now been extended to the separation
of a quaternary mixture of amino acids, and this
separation will be described, giving full details
of the method. It is hoped to extend the method
to the separation of more complex mixtures.

Other investigators have used adsorption analy-
sis for the separation of amino acids. Whitehorn®
and Felix and Lang® used permutit for the
separation of the basic amino acids from the
neutral and the acidic amino acids. Johnson®
separated glutamic acid from histidine on ad-
sorption columns of titania gel. Tiselius,® using
a modified Tswett-column technique in combina-
tion with the Toepler schlieren method for follow-
ing changes in refractive index, analyzed a mixture
of alanine, valine and leucine. Martin and Synge?
described the separation of the acetyl derivatives
of certain amino acids using a ‘‘chromatogram”
employing two immiscible liquid phases one of
which was supported on a solid phase.!®

(1) Material for this paper was taken from the dissertation sub.
mitted by J. L. Wuchtel to the faculty of the Graduate School, Yale
University, 1942, in partial fulfillment of the requirements for the
degree of Doctor of Philosophy.

(2) Present address: United States Department of Agriculture,
Bureau of Agricultural Chemistry and Engineering, Northern Re-
gional Research Laboratory, Peoria, Illinois.

(3) J. Wachtel and H. G. Cassidy, Science, 95, 233 (1942).

(4) L. Zechmeister and L. Cholnoky, “Principles and Practice
of Chromatography,” John Wiley and Sons, Inc.,, New York, N. V.,
1941; H. H. Strain, *‘Chromatographic Adsorption Analysis,”
Interscience Publishers, Inc., New York, N. Y., 1942,

(5) J. C. Whitehorn, J. Biol. Chem., 86, 751 (1923).

(8) K. Pelix and A. Lang, Z. physiol. Chem., 183, 125 (1929).

(7) Sr. M. B. Johnson, Dissertation, Catholic University of
America, Washington, 1938.

(8) A. Tiselius, Arkiv. Kemi, Mineral., Geol., 14B, $22 (1940);
14B, #32 (1941): 18B, #6 (1941); Science, 94, 145 (1941); ‘‘Advances
in Colloid Science,’” ed. E, O. Kraemer, Interscience Publishers, 1nc.,
New York, N. Y., 1942, pp. 81-97.

(9) A. J. P. Martin and R. L. M. Synge, Biockem. J., 35, 1358
(1941).

(10) It is unfortunate that Martin and Synge? have used the term
**chromatography’’ to describe their new and ingenious method. The
name chromatography has hitherto been used to describe processes

Materials.—Solvents were distilled in all glass apparatus
to remove non-volatile material. The adsorbent used
was Darco G-60, which was obtained from the Darco
Corp., New York City. Glycine.—Eastman Kodak Com-
pany ammonia-free glycine was decolorized, recrystallized
from water and vacuum drled at 90°. Nitrogen, by
Kjeldahl, found, 18.68, 18.709, (caled. 18.67%). di-
Leucine.—The dl-leucine was prepared from crude material
by decolorization and recrystallization from aqueous alco-
hol. Nitrogen, found, 10.60, 10.70%, (caled. 10.68%,).
A sodium fusion test for sulfur was negative, indicating the
absence of methionine. A 5%, solution in 109, hydro-
chloric acid showed mno optical rotation. dj-Phenyl-
alanine.—A synthetic preparation was decolorized and re-
crystallized three times from aqueous alcohol. No satis-
factory Kjeldahl analyses could be obtained either with
this material or with other samples of synthetic dl-phenyl-
alanine obtained from other sources. The hydrochloride
made from this material was found to contain 17.60%,
chlorine (av. of four determinations, caled. 17.589%).
Van Slyke amino nitrogen gave 8.49, 8.55%, (caled.
8.49%). A sample, 1.010 milliequivalents, was titrated
with alkali using a glass electrode to follow the changes in
the pH.1! The titration data gave a value of 1.009 milli-
equivalents, I-Tyrosine.—I-Tyrosine from Paragon Test-
ing Laboratories was decolorized. in hydrochloric acid
solution, precipitated, washed and recrystallized from boil-
ing water. Kjeldahl nitrogen determinations gave 7.69,
7.756% (caled, 7.74%). The purified material gave a
negative nitroprusside test for cystine. A 5%, solution in
4% hydrochloric acid showed [«]**D —7.40°.

involving countercurrent adsorption of the Tswett-column type.
In a chromatogram’ of the Martin and Synge type separations
*‘depend upon differences in the partition between two liquid phases
of the substances to be separated, and not. as in all previously de-
scribed chromatograms, on differences in adsorption between liquid
and solid phases.”” The method of Martin and Synge is analogous
to chromatography in the sense that all separation processes which
depend upon partitions are analogous: however, it appears more
nearly to be a special kind of countercurrent liquid-liquid extraction
process, in which one liquid phase is held substantially stationary.
Indeed this is indicated by their ‘“Theory of Chromatography.”
For the purposes of this theory their partition coefficient is ussumed
to be linear. It is well known that the “partition coefficients” of
adsorption processes are not linear. It is true that their ‘'theory of
chromatography’ could be made to describe an adsorption partition
by suitable modification of the partition coefficient, but as was
mentioned above this is because of the general amalogy between
partition processes (see, for example, M. Randall and B, Longtin,
Ind. Eng. Chem., 30, 1063 (1938)). It may be hoped that the term
chromatography will not come into general use to describe the proc-
ess of Martin and Synge, for this will lead to unnecessary confusion
in terminology.

(11) See M. S. Dunn and A. Loshakoff, J. Biol. Chem., 118, 359
(1936).



