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Sample IT
A 0.1%, solution of the L isomer which had stood 8 months.
[a]D +360°

Cell constant, 0.3920

Measured resistance, 1050 ohms
Specific conductance, 3.74 X 104
Molar conductance, mhos/cm. 126.5

a Preas conductivity ccll were used. The determinations
were run at 18°,

TABLE I

These data are shown graphically in Fig. 1.
Specifie rotation pecific rotation

S
Wave length, &,  [Copl-pnsCO:]CI'2H;O  [Co;l-pnsCOsCI-H:0

6360 +-109° - 91°
6180 + 75 -215
6000 + 71 —-273
5840 + 62 - 504
5680 + 90 —594
5640 <4-100 — 566
5420 4111 —536
5320 +127 —433
5230 +4-143 ~-380
5140 +4-160 —245
5060 4294 4+ 92
4980 +400 +294
4900 +4-600 4550
4740 e +4-758
4600 + 04 +$-690
4450 +-536

Werner® carried out conductivity determinations on a
series of coodrdination compounds to find the molar conduc-

(15) A. Werner, "“Neuere Anschauungen auf dem Gebiete der anor-
ganischen Chemie,” Vieweg, Braunschweig, ed. 4, 1920, page 46;
D, A. Maclnnes, ‘““The Principles of Electrochemistry,” Reinhold
Publishing Corp., New York, N. Y., 1939, p. 381,
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TasLe 11
These data are shown graphically in Fig. 1

Extinction coefficient  Extinction coefficient

Wave length, A,  [Cobl-pn:COs]CI2H;0  [CorLl-pnzCO:]C1-H:0

3500 3.28 3.88
3550 3.54 4,08
3600 3.62 4.10
3700 3.26 3.72
3800 2.62 2.96
3900 1.96 2.20
4000 1.30 1.60
4100 0.84 1.02
4200 0.54 0.72
4300 0.52 0.66
4400 0.64 0.82
4500 1.02 1.18
4600 1.48 1.72
4700 2.08 2.38
4800 2.72 3.02
4900 3.34 3.62
5000 3.74 4.08
5080 3.92 4.30
5100 3.96 4.30
5160 3.88 4.22
5200 3.78 4,04
5300 3.38 3.78

tance values, He showed the values for solutions of 2 ion
complexes to be in the neighborhood of 105. If, on stand-
ing in solution, the L isomer was aquated, rather than con-
verted to the D isomer as the authors propose, the molar
conductance would have been in the neighborhood of 450,
the approximate value for a 4 ion complex. Even after
standing 8 months the molar conductance values of the com-
plex indicate only slight aquation,
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Diffusion-Convection.

A New Method for the Fractionation of Macromolecules

By JouN G. KIRKWOOD!* AND RAYMOND A, BROWN!P

A new method of fractionation of macromolecules in solution based upon the principles of the Clusius column is proposed.
Horizontal transport of the macromolecular components in a vertical convection channel is produced by thermodynamic

interaction with a diffusing low molecular weight substance to which the channel walls are permeable.

Vertical convective

transport under gravity is produced by the horizontal density gradient of the solution arising from the concentration gradi-

ent of the diffusible components,
tical possibilities of the method, are described.

We wish to describe a new method of fractiona-
tion of macromolecules in solution, which we shall
call diffusion-convection. Like the method of
electrophoresis convection,? the new method is
based upon the principles of the Clusius column.
A solution of the macromolecular components is
contained in two reservoirs connected by a vertical
convection channel, the walls of which are imperme-
able to the passage of the macromolecules but
permeable to a diffusible component of low molec-
ular weight, the concentration of which is main-
tained at a level C? in an exterior reservoir on one
side of the convection channel and at a concentra-

(1) (a), Sterling Chemistry Laboratory, Vale University, New
Haven, Conn. (b) Postdoctoral Fellow of the National Institutes of
Health, U. S. Public Health Service, Bethesda, Maryland,

(2) J. R. Cann, J. G, Kirkwood, R. A. Brown aad O, Plescia, THI8
Joourwnar, 71, 1630 (1949).

Preliminary experiments on the transport of serum albumin, which demonstrate the prac-

tion C® in a similar reservoir on the other side.
The low molecular weight component, diffusing
horizontally across the channel under its concentra-
tion gradient, produces by virtue of its effect on the
density of the solution, a horizontal density gradient
leading under the action of gravity to counter-
current convective circulation in the channel be-
tween the top and bottom reservoirs. If the
diffusible component interacts thermodynamically
with a macromolecular component, the concentra-
tion gradient of the former will produce a horizontal
chemical potential gradient of the latter. As a
consequence, the macromolecular component will
diffuse horizontally toward the channel wall at
which its chemical potential is the lowest. Such
transport may also be produced in part by co-
diffusion arising directly from the cgemica.l po-
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tential gradient of the diffusible component.
Superposition of horizontal diffusive transport on
the vertical countercurrent convective circulation
of the solution in the channel leads to differential
transfer of the macromolecular components from
the top to bottom reservoir at rates depending on
their thermodynatmic interaction with the diffusible
component. As a result the top reservoir is en-
riched in the weakly interacting components and
the bottom reservoir in the strongly interacting
components.

Although general thermodynamic interaction
sufficies to produce the operation of the column,
the process is perhaps more easily envisaged, if we
suppose that one of the macromolecular compo-
nents complexes strongly with the diffusible com-
ponent. The macromolecular component in ques-
tion then diffuses to the side of the channel at which
the concentration of the diffusible component is
high and descends or ascends in the channel in the
form of the complex, depending upon the effect
of the diffusible component on the density of the
solution. In order to prevent blocking of the
circulation between the channel and the bottom
reservoir arising from the establishment of un-
favorable vertical density gradients, it is important
to provide a sink of diffusible component in the
bottom reservoir. This may be accomplished by a
connection through a semi-permeable membrane
between the bottom reservoir and the exterior
reservoir containing the diffusible component at
low concentration.

A quantitative description of the operation of
the diffusion—convection column becomes formally
identical with that of the operation of the thermal
diffusion column,® under the condition the hori-
zontal density gradient in the channel is controlled
by the diffusible component alone and that this
component diffuses as an ideal solute. This condi-
tion implies that the solution is dilute with respect
to both the diffusible component and the macro-
molecular components and that the molar concen-
tration of the latter is small relative to that of the
diffusible component. A macromolecular com-
ponent initially present at concentration C, is then
transported according to the following relation
expressing its concentrations Cr in the top reser-
voir and Cg in the bottom reservoir as functions of
the time of transport, ¢

%—: =1 — (1 — £—#/6) tanhe

c (1)
B -1 + (1 — e—¥/8) tanhe

G

The characteristic time 6 and the transport para-
meter ¢ are related to the volume V of each reser-
voir, the channel wall separation a, the channel
length %, the channel width 4, and the properties
of the components of solution in the following
manner
- = 252naDh Bar

aipegat

720mV tanhe
01p4g0%h fn (3C1)/dx)}
(3) See L’Effet Soret, *Diffusion Thermique dans les Phases Con-

densées” by S, R, De Groot N,V, Noord-Hollandeche Uitgevers Moats-
chappij, Amsterdam, 1945.
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where 7 is the viscosity coefficient of the solvent,
po the solvent density, g the acceleration of gravity,
D the diffusion coefficient of the macromolecular
component, and 0Cy/Qx is the horizontal concentra-

tion gradient of the diffusible component. The
coefficients «; and By are
B = — blog-yz)
n = bC: T.p.Ca
(3)
_ (2
M= ac,)m

where v, is the activity coefficient of the macro-
molecular component, the density of the solution
and the bar denotes the — By is horizontal average
value of the derivative of the logarithm of the
activity coefficient of the macromolecular com-

" ponent, at constant temperature, pressure, and con-

centrations of the macromolecular components,
With increasing time a stationary state is ap-
proached with a ratio of concentrations given by
Cs/Cr = (1 + tans)/(1 — tanho) 4)

Although practical operating conditions would in
general lie outside the range of applicability of
equations (1), (2), (3) and (4), calculations based
on them demonstrate that significant transport of
a macromolecular component, which interacts
strongly with the diffusible component should be
realized under attainable conditions,

Experimental

Apparatus.—A modified electrophoresis—convection ap-
paratus? has been used for a preliminary study of transport
of a single component by diffusion-convection. The small
feet at the bottom of the cell were removed and the cell in-
serted into a grooved box so constructed that the box was
separated into two compartments by the cell. Separate
circulation systems were used for each side of the box with
buffer being introduced through tubes at the bottom of the
box and overflowing through tubes at the top, The buffer
in both reservoirs was changed every 24 hours, Better
support of the membranes was provided by replacing the
face plate struts with a honeycomb grid of one-half inch
holes drilled in lucite. A sink for the diffusible component
was established in the bottom reservoir by removing the
reservoir wall opposite the tap and replacing it by a mem-
brane gasketed in place by a lucite frame,

Materials.—In these experiments Armour crystalline
bovine plasma albumin served as the macromolecular com-
ponent and sodium chloride as the diffusible component.
One circulation system contained phosphate buffer, ionic
strength 0.01 and pH 7.6, to which had been added 0,15 mole
of sodium chloride per liter and the other phosphate buffer
without the sodium chloride, A buffer was thought neces-
sary since the interaction of the components is strongly de-
pendent upon the charge of the protein, A 1.2% solution
of the protein was dialyzed overnight against the phosphate~
chloride buffer before being placed in the apparatus. Trans-
port of the protein was followed by removing small samples
from the top reservoir for analysis,

Theory predicts 8’s of the order of 3 to 24 hours and pre-
sumably the apparatus should come to a steady state in
several days. The fractionations were stopped after 9 days
on the assumption that a steady state had been reached.
The contents were removed from the top reservoir and the
contents of the channel were combined with those of the
bottom reservoir,

Ten per cent, of the protein was transported out of the
top reservoir in an experiment with ¢ = 0,09 cm. and 159,
in an experiment with ¢ = 0.07 cm. If one calculates an
effective channet width, a*, from the theory for these exper-
iments using Scatchard’s data¢ for

dlog 'Y:)
be T.p,Cs

(4) G. Scatchard, A, C. Bachelder and A. Brown, THis JoURNAL, 68,
2320 (1046),
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and appropriate values for the other parameters, he finds a*
to be 0.18 cm. in the first experiment and 0.16 cm. in the
second. Since there are a number of disturbing factors which
will cause departure from the ideal theory the agreement
with experiment must be considered good.
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The amount of transport achieved in the experiments is
small but significant. An apparatus with a narrower and
longer channel should be capable of making practical sepa-
rations.
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Conjugative Effects of Methylsulfonyl and Methylthio Groupings!

By F. G. BorpWELL aND GLENN D. CooPER

. The effect of m- and p-CH,SOs and CH,S groups on the acid dissociation constants of benzoic acid, phenol and the anilin-
ium jon have been determined. The necessity for using a larger Hammett sigma constant to express the effect of the p-
CH,S0; group on the acidity of phenol and the anilinium ion than for its effect on the acidity of benzoic acid is interpreted

as evidence for an appreciable resonance effect (involving ten-electron structures),

The CH,S group resembles CH;0 in

incr'ea_zsing the aciqity of benzoic acid when substituted in the meta position and decreasing the acidity when in the para
position, which points to a resonance effect for CH,S similar to that for CH;O but smaller in magnitude,

Chemical evidence, such as the ability of the
CH;SO; group to increase the acidity of a-hydro-
gens, its power in promoting addition of basic
reagents to an «,f-carbon—carbon double bond, its
strong accelerating effect on the loss of carbon
dioxide from a B-carboxyl group, and its role as a
meta director in aromatic substitution, suggests
a close similarity in electronic effects between the
CH;S0¢ group and CH;CO, CN, NO,, etc., groups.
Until recently it has been felt, however, that the
CH;SO, group differed in that it must exert its
influence primarily through induction rather than
by resonance. The recent physical evidence which
may be interpreted as indicating considerable
double bond character for the sulfur-oxygen bond
in CHsS0,, etc., groups? has led to a reconsidera-
tion and renewed interest in the ability of the sulfur
in such groups to expand its valence shell and to
conjugate with other unsaturated groupings.

The present investigation of the acid dissocia-
tion constants of m- and $-CH3SO; and CH,S
benzoic acids, phenols and anilinium ions was
undertaken with two objectives in mind. First,
the determinations would furnish quantitative
data as to the electronic effects of CH;SO, and
CH;S relative to that of other groups. Second,
it should provide additional evidence as to the
conjugative effect of CHsSOs, since it is known that
para groups which can enter into strong resonance
interaction with the O~ and ~NH, groupings, such
as NO,, increase the acidity of phenol and [the
anilinium ion much more than would be expected
from their acidifying effect on benzoic acid (where
resonance is a minor factor).? As a result of this
resonance effect, two Hammett sigma constants are
needed to describe the electronic effect of the p-
NO; group (and similar groups) one for reactions of
benzoic acids and other benzene derivatives, and
one for reactions of phenols and anilines (¢ =

(1) This Investigation was supported by the Office of Naval Re-
search under Contract No. N7onr-45007, An account of this work
was presented at the Conference on Organic Sulfur Compounds held
at Indiana University, Aug. 29-Sept. 1, 1951.

(2) G. M. Phillips, J. S, Hunter and L. E, Sutton, J. Ckem. Soc., 146
(1945); D. Barnard, J. M, Fahian and H, P, Koch, $bid., 2442 (1949).

(3) G. E. K. Branch and M. Calvin, “The Theory of Organic

Chemistry,” Prentice-Hall, Inc.,, New York, N, Y., 1941, pp. 257,
417,

0.778 and 1.27, respectively).?~® The difference
in sigma constants for the p-CH3SO, group deter-
mined for benzoic acids vs. phenols and anilines
should then be indicative of the ability of this
group to conjugate with -0~ and NH,. Deter-
minations were also made for the CH,CO group to
serve as a comparison.

Experimental

Preparation of Materials,—The compounds used were,
for the most part, either Eastman Kodak Co. White Label
products, further purified by recrystallization or rectifica-
tion, or compounds obtained by procedures given in the
literature. In a few instances new synthetic routes were
used, and these are given below,

p-Methylsulfonylbenzoic Acid.—Twenty grams (0.145
mole) of methyl p-tolyl sulfide and 100 g. of potassium per-
manganate were refluxed in 800 ml. of water to which 10
ml. of 10% sodium hydroxide was added, After two hours
the mixture was cooled, acidified with 969 sulfuric acid,
and decolorized with sodium bisulfite,  The precipitate was
collected and dissolved in 200 ml. of 2 N sodium hydroxide
solution; this solution was treated with charcoal and fil-
tered, The filtrate was acidified and the colorless needles
of p-methylsulfonylbenzoic acid were collected on a filter
and recrystallized from glacial acetic acid; yield 18 g.
(62%), m.p. (uncor.) 264-265°,

m-Methylsulfonylbenzoic  Acid.—m-Methylsulfonylben-
zoic acid, m.p. 234-235° (uncor.), was obtained in 729,
yield by oxidation of methyl m-tolyl sulfide by the proce-
dure described above.

p-Methylsulfonylphenol,—Eight and eight-tenths grams
(0.05 mole) of p-methylsulfonylanisole was refluxed for two
hours with 50 ml. of 489, hydrobromic acid, The solution
was cooled and extracted with a total of 250 ml. of chloro-
form in 50-ml. portions. Evaporation of the chloroform
left a white solid which on crystallization from benzene
yielded 6.5 g. (40%) of colorless needles of p-methylsul-
fonylphenol, m.p. 95.5-96.5°,

m-Methylsulfonylphenol.—One and seven-tenths grams
(0.01 mole) of m-methylsulfonylaniline was diazotized and
the diazonium salt decomposed in aqueous sulfuric acid ac-
cording to the directions given for the preparation of m-
nitrophenol.8 The reaction mixture was extracted with
chloroform and the chloroform extracted with 5% sodium
hydroxide solution. The sodium hydroxide solution was
acidified and extracted with chloroform. Evaporation of
the chloroform and crystallization of the residue from ben-

(4) L. P, Hammett, ‘'Physical Organic Chemistry,” McGraw-Hill
Book Co., Inc,, New York, N. V., 1940, Chapter VII.

(5) Using ¢ = 0.778 and a rho value for phenols determined for
groups having small resonance effects (p = 2.0), the calculated Ka for
#-NO:CeH(OH is less than one-tenth the observed value,

(6) H. Gilman, “Organic Syntheses,” Coll. Vol. I. John Wiley and
Sons, Inc., New York, N. V., 1041, p. 404



