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COMMUNICATIONS TO THE EDITOR 

TWO NEW METHODS FOR THE DIRECT MEASURE
MENT OF THE ABSOLUTE AMOUNT OF ADSORP

TION IN LIQUID SURFACES 
Sir: 

Since sorption on moving surfaces has been 
found in this Laboratory to bear no relation to 
the Gibbs theorem, or to the requirements for 
monomolecular films, but to be wholly dependent 
upon the conditions of the experiment, no ade
quate determinations have been made of the 
amount of adsorption of really soluble substances 
except with the elaborate and extremely exacting 
microtome method of McBain and Humphreys,1 

[/. Phys. Chem., 36, 300 (1032)], which has been 
continually under test during the past five years. 
We have therefore developed two simple alterna
tive methods which can be very inexpensively 
constructed, but which depend upon the availabil
ity of a Hilger Raleigh Interferometer, preferably 
with one meter path as used for gases. We have 
made the cells with ordinary plate glass and paraf
fin, but metal is preferable for cleaning purposes. 

Both methods depend upon the destruction of 
a known area of previously motionless surface by 
means of a moving barrier, and the measurement 
of the concentration of the resulting liquid, which 
was formerly partly bulk and partly surface, by 
means of the interferometer. Both methods 
are applicable to any solutions whatsoever and 
may be adapted to liquid-liquid interfaces. In 
the first ("compressed surface"), the liquid is 
spread out thin (0.5 mm. deep), after repeated 
cleaning by sweeping in an enclosed cell. I t is 
then pushed together by the movable barrier 
which is provided with leak proof end connections 
as in a Pockels-Langmuir-Adam trough. In the 
second ("submerged surface"), the liquid is pushed 
into a rectangular well, past baffles which allow 
the previous contents of the well to flow up be
hind the barrier. We have combined both meth
ods in one cell, obtaining three sets of interference 
bands above each other which may be photo
graphed for record or measurement. Use of a 
cell 40 to 100 cm. in length (10 cm. broad) in
stead of the usual 1-cm. path of light increases the 
accuracy of the analysis in direct proportion, 
making it of the order of 1 part in 107 or even 10s. 
With a solution containing 1.5 of /S-phenylpro-

pionic acid in one liter, the first method gives 5.6 
X 1O-8 g. per square cm., the second 5.3 as com
pared with the microtome 5.1 X 1O-8, and Gibbs' 
calculated value 5.2 X 1O-8. The progress of 
the adsorption with time is readily followed, and 
the adsorbed material accumulates in the surface 
until the surface is many (twelve) hours old. Yet 
another successful method of less generality, need
ing no interferometer, will shortly be communi
cated in detail. 

T. F. FORD 
J. W. MCBAIN 

DEPARTMENT OF CHEMISTRY 
STANFORD UNIV., CALIF. 

RECEIVED DECEMBER 18, 1935 

THE OXIDATION'OF ALPHA-METHYL d-MANNO-
PYRANOSIDE' 

Sir: 
By the oxidation of alpha-methyl d-mannopy-

ranoside in aqueous solution with barium hypo-
bromite a dibasic acid has been produced, the 
neutral strontium salt of which has been isolated 
in pure crystalline condition ([a]r> —53.0° in 
water) in a yield of about 20%. Analyses for 
strontium, carbon, hydrogen and methoxyl show 
the empirical formula to be C«H807Sr. Exact 
removal of the strontium by sulfuric acid yields 
an aqueous solution of the organic acid, which 
does not reduce Fehling's solution. When an 
aqueous solution of the acid is heated it becomes 
reducing through hydrolysis. Oxidation of the 
hydrolyzed acid with bromine water gives good 
yields of oxalic and ^-glyceric acids (the latter 
identified as calcium d-glycerate). The structure 
and configuration of the strontium salt are evi-
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(1) Publication authorized by the Surgeon General, U. S. Public 
Health Service. 
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dently limited to formula (II); the oxidation of 
alpha-methyl d-mannopyranoside (I) by hypo-
bromite removes carbon atom 3 and oxidizes 
carbons 2 and 4 to carboxyl groups. 

This unusual type of oxidation is that which has 
been postulated recently by Herissey, Fleury and 
JoIy [/. pharm. chim. [8] 20,149 (1934); cf. MaIa-
prade, Bull. soc. chim. [4] 43, 683 (1928); ibid. 
[5 ] 1,833 (1934); Karrer and Pfaehler, HeIv. Chim. 
Acta, 17, 766 (1934)] to account for the analytical 
data which they obtained in the oxidation of vari
ous methyl aldohexosides by periodic acid, with 
the difference that carbons 2 and 4 are oxidized 
by this reagent only to the aldehyde group (for
mula III). To test the matter we have oxidized 
alpha-methyl d-mannopyranoside with periodic 
acid, followed by an oxidation of the assumed di-
aldehyde (III) with bromine water in the pres
ence of strontium carbonate; the above mentioned 
strontium salt (II) was obtained readily in a yield 
of about 65%. Inspection of the formulas shows 
that this strontium salt should be expected from 
all the alpha-methyl d-aldohexopyranosides; we 
have obtained it from alpha-methyl rf-glucoside 
by oxidation with periodic acid, followed by bro
mine water, with the same yield as reported for the 
mannoside. The work is being extended.2 

(2) One of us (C. S. H.) has expressed the view [THIS JOURNAL, 
52, 1680 (1930)] that alpha-methyl mannoside ( [a]D +78°) possesses 
a 1,4-ring. Subsequent criticisms of this view, especially by Ha-
worth, Hirst and their collaborators [Haworth and Hirst, J. Chem. 
Soc., 2615 (1930), el seq.] have shown that it is not tenable and that 
the 1,5-ring structure pertains to the substance. The properties of 
the strontium salt herewith reported (particularly the presence of d-
glyceric acid in its structure) also show that the 1,4-ring cannot be 
present in the mannoside and limit the ring to position 1,5 or 1,6; 
well-known evidence, which need not here be discussed, excludes the 
1,6 ring. 

NATIONAL INSTITUTE OF HEALTH ERNEST L. JACKSON 

WASHINGTON, D. C. C. S. HUDSON 

RECEIVED JANUARY 20, 1936 

A NEW SYNTHESIS OF N-PHENYLPIPERAZINO-N'-
BETA-ETHANOL 

Sir: 
N-Phenylpiperazino-N'-beta-ethanol has been 

synthesized previously by two methods. Prelog 
and Blazek [Coll. Czechoslov. Chem. Comm., 6, 
549 (1934) ] prepared it by the action of ethylene 
oxide on N-monophenylpiperazine; while D. E. 
Adelson and C. B. Pollard [THIS JOURNAL, 57, 
1430 (1935) ] prepared it by the reduction of N-
phenylpiperazino-N'-ethyl acetate. The former 
report a melting point of 91°; the latter, 83°. 

The writer has now prepared this compound by 
the condensation of triethanolamine with aniline 

in the presence of concentrated sulfuric acid as 
dehydrating agent. 

The amines are mixed in molecular proportions 
and the acid slowly added, the mixture being me
chanically stirred and gently heated at the same 
time. With a charge of 80 g. of triethanolamine, 
60 g. of acid was used. After addition of the acid 
is completed, the mixture is boiled gently under a 
reflux condenser for six to eight hours. On cool
ing, the mixture sets to a brown gummy mass. 
The free base is liberated by means of a concen
trated sodium hydroxide solution and the dark 
brown viscous oil is fractionated under vacuum, 
b. p. 171-175° (uncorr.) at 1 mm. (uncorr.). 
The almost colorless oil solidifies to a white crys
talline mass in the receiver. Recrystallizations 
from ethyl ether gave pure white needles, melting 
sharply at 84° (corr.). Analysis for nitrogen 
gave: calcd. N, 13.59; found, N. 13.46. 

This work is being continued. 
DEPARTMENT OP CHEMISTRY CHESTER B. KREMER 
THE CITY COLLEGE 
NEW YORK, N. Y. 

RECEIVED DECEMBER 27, 1935 

REVERSIBLE ADSORPTION IN THE SURFACE OF 
SOAP SOLUTIONS 

Sir: 

Many substances greatly lower the surface ten
sion of water in dilute solution but the surface 
tension then passes through a minimum and rises 
again with increasing concentration. This ap
pears almost inexplicable from the standpoint of 
the Gibbs adsorption theorem, T = dcr/dn or 

a. do" . . C dcr , . 

— -s~ X j - or, approximately, — s~ * H7> which 
predicts a large amount of adsorption in the free 
surface of the dilute solutions, followed by no 
adsorption at the minimum where the slope is 
horizontal, followed by negative adsorption for 
all the higher concentrations. In other words, 
where the surface tension is most greatly lowered 
there is no adsorption to cause the lowering, and 
where the surface tension is still low the surface-
active material is supposed to be relatively ab
sent from the surface. True, most authors have 
plotted surface tension against concentration, in
stead of using the accurate thermodynamic for
mula based upon chemical potential or activity. 
This, however, affords no relief from the dilemma 
because for any solution capable of stable exist
ence, concentration and activity must be identical 
in sign. Furthermore, the activity is definitely 


