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Introduction 
An accurate method of measuring a colligative property (1) of very 

dilute solutions in order to test the Debye-Hiickel theory of solutions 
at low concentrations and (2) of colloidal solutions is very desirable. 
Heretofore, none of the colligative properties could be investigated at 
sufficient dilutions for these purposes. Furthermore, a method is needed 
which is applicable over a range of temperature, concentration and kind 
of solvents. Osmotic pressure is one property which can be so studied. 

Measurements of osmotic pressures of non-aqueous solutions have been 
very few, due mainly to the fact that no suitable membrane could be found. 
Usually the membrane either dissolved slightly in the solvent, or was 
nearly impermeable to it. A brief survey of the work with non-aqueous 
solvents is given by Bartell and Osterhof2 and also by Murray.3 

In order to overcome the difficulties of membranes in osmotic pressure 
measurements Townend,4 working under the direction of Professors 
J. C. W. Frazer and W. A. Patrick, developed a new method of measuring 
these pressures in which the ideal membrane is used, that is, the vapor 
of the solvent itself. It is known as the "porous disk method" of measuring 
osmotic pressures and should be applicable to solutions of any volatile 
solvent and non-volatile solute. The method was improved by Martin 
and Schultz.6 The apparatus used in the present series of measurements 
was designed after that used by the latter two workers, with the neces-

1 This is an abstract of the dissertation presented by the author to the Board of 
University Studies of the Johns Hopkins University, 1930, in partial fulfilment of the re
quirements for the degree of Doctor of Philosophy. 

2 F . E. Bartell and H. J. Osterhof, Coll. Sym. Mon., 4, 234 (1926). 
3 M. J. Murray, / . Phys. Chem., 33, 896 (1929). 
4 R. V. Townend, T H I S JOURNAL, 50, 2958 (1928). 
5 F . T. Martin and L. H. Schultz, / . Phys. Chem., 35, 638 (1931). 
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sary modifications and improvements needed for use with non-aqueous 
solvents. 

Temperature Regulation 

In this method of measuring osmotic pressures it is very essential 
that the temperature of the osmometer (the instrument used to measure 
the osmotic pressure), including all parts having the vapor state in con
tact at any point with either the solution or the solvent, be kept very 
constant throughout the measurement of a tension (see Frazer and Patrick6 

and Martin.)7 

For this purpose there was constructed a large thermostat 127 cm. high by 86 cm. 
in diameter, heavily insulated with hair-felt. Instead of the usual type of toluene-
mercury thermoregulator, which has presented a number of difficulties when at tempts 
have been made to secure regulation better than 0.001°, a new method of temperature 
control, proposed by Dr. D. H. Andrews of this Laboratory, was tried. Using the prin
ciple of the Wheatstone bridge, a resistance thermometer was constructed of four 900-
ohm coils, alternately nickel and constantan. No. 36 nickel wire was used and No. 30 
constantan. Each coil was wound on a sheet of asbestos board 15 X 15 X 0.32 cm. 
The four coils were mounted in a thin, water-tight copper shield filled with transformer 
oil. This was suspended in the thermostat in a location similar to that of the osmometer 
flask. The wires from the coils were led through a brass tube to the top of the thermo
stat. An e. m. f. of 12 volts was impressed across two sides of the bridge and a sensitive 
galvanometer was connected across the other two sides. A change in temperature un
balanced the bridge, causing the mirror of the galvanometer to move. Light was re
flected from this mirror upon a photoelectric cell in such a manner as to move on the cell 
when the thermostat cooled down and to move off when it warmed up. The weak cur
rent of the cell was amplified by a vacuum tube and relays which cut on and off the cur
rent to the electric heater in the thermostat.8 

A stream of water, several degrees cooler than the main thermostat and held con
stant to ±0.02° by means of a small auxiliary thermostat, was circulated continuously 
through a coil in the center of the bottom of the main thermostat. 

With this method of temperature control, regulation to ±0.002° was the best which 
could be secured. Applying the principle of the Gouy oscillating contact9 for toluene-
mercury thermoregulators, a "shutter ," consisting of a metal strip 5.2 X 7.6 cm., was 
suspended in front of the photoelectric cell in the path of the beam of light. This shutter 
was connected to a crank on a reducing gear-box driven by an electric motor. Its 
amplitude was less than the operating width of the photoelectric cell and its frequency 
was about 45 cycles per minute. I t operated in such a manner that, as the thermostat 
cooled down, the beam of light shone on the cell for larger fractions of each cycle; and 
as the thermostat warmed up, the light hit the cell for smaller fractions of each cycle. 
When the temperature of the thermostat became very constant, the beam of light was 
practically stationary, shining on the position of the cell all the time and being cut off 
from the cell by the shutter at definite intervals. By this method it was possible to hold 
the temperature constant to * 0.0002 °, or better, for several hours at a time. 

6 J. C. W. Frazer and W. A. Patrick, Z. physik. Chem., 130, 691 (1927). 
7 F. T. Martin, "Dissertation," Johns Hopkins University, 1929. 
8 Details of this method of temperature regulation have appeared in the literature 

since this work was done. 
9 Sligh, T H I S JOURNAL, 42, 60 (1920); also Gouy, / . phys., 6, 479 (1897). 
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A differential thermometer, consisting of a capillary of a 360 ° thermometer sealed to 
a number of short, parallel tubes filled with an alcoholic solution of a dye, was used to 
read the temperature variations in the thermostat to 0.0002 °. 

Glass Apparatus.—The main change in the glass apparatus over that used by 
Martin and Schultz6 with aqueous solutions was the elimination of all stopcocks where 
they might in any way come in contact with benzene, the solvent in the present ex
periments, because stopcock grease is soluble in benzene. This required an additional 
valve in the mercury traps. The osmometer was also changed slightly. 

Fig. 1. 

A diagram of the apparatus is shown in Fig. 1. The trap A, cooled with solid 
carbon dioxide, led to a two-stage mercury diffusion pump backed by a Cenco Hyvac 
oil pump. The mercury trap I connected the pumps to the main system. A bulb B 
of about 800-cc. capacity was a benzene reservoir. Another such bulb and trap were 
connected at D. At C was connected a mercury trap like trap I and a new type of 
deaerating apparatus. E was a McLeod gage. G was a 60-cc. bulb for condensing 
benzene vapor in the main system and as an approximate measure of benzene for 
diluting the solutions. Mercury trap I I I led to the apparatus in the thermostat. 
H was a mercury cut-off in the thermostat for enclosing the vapor system entirely 
under water. 

The main part of the apparatus, that used for the measurements, was the "os
mometer." I t consisted of a liter flask, P, inside of which was sealed a cup containing 
the porous disk, N. Near the top of the flask was a tube connecting it to the trap H. 
Over this tube was a small condenser, J, for distilling benzene into the solution. On the 
upper side of the tube, near the osmometer, was connected a small tube leading to the 
capillary S and around which was another condenser, K, which was used to distil ben
zene under the disk. Into the top of the osmometer was fitted a ground-glass, mercury-
sealed stopper, Q, sealed to a tube, V, shown in detail in Fig. 2. In V was mounted the 
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mechanism for operating the stirrer, O, in the solution. O was a platinum gauze bent 
in a circle around the cup containing the disk. Platinum wires supporting the gauze 
were welded together above the cup and hooked over F, a tungsten wire sealed into a 
glass rod, Y. 

Martin and Schultz6 observed during their measurements that liquid condensed in 
the tube containing the stirrer mechanism, at the point where the tube came through the 
water of the thermostat, and which caused an erroneous rate of distillation. Hence, a 
mercury seal had to be placed inside this tube. The detail of V, Fig. 2, shows the in
verted glass cup at W fitted over a small tube. The cup was sealed to a glass rod, Y, 

which was sealed to a glass tube containing a bar of iron, X. The entire 
stirrer was suspended from a phosphor-bronze spring supported at the top 
of V. The bottom of the cup rested in mercury, thereby sealing off the 
benzene vapor in the osmometer from the remainder of the stirrer tube. 
This cup was below the water level of the thermostat. The stirrer was 
operated by means of a solenoid mounted around V just below the center of 
the iron bar, X. The solenoid was connected to the 14-volt line and in 
series with an eccentric driven by a motor and reducing gears. This cut on 
and off the current through the solenoid, thereby pulling the stirrer down 
and up and hence agitating the solution. The inverted cup was raised and 
held above the mercury seal by means of the solenoid when the osmometer 
was being evacuated or when benzene was being distilled into it in order 
that pressure equilibrium could be established in the top of V. 

R was the "inner" and S was the "outer" capillary 
of the osmometer. These two capillaries formed the 
manometer for measuring the osmotic pressure and 
they were about 65 cm. long. R was sealed to the cup 
supporting the disk. R and S met above the small 
bulb L whose mercury reservoir was M. A capillary 
tube T led from the solution side of the osmometer to 
the solution-introducing apparatus, U. These capil
laries and the osmometer flask as high as the disk were 
visible from outside the thermostat through a narrow 
window. Doors in front of the window insulated it 
from without. 

All the apparatus within the broken line in Fig. 1 
was inside the thermostat and below the water level. 

The Porous Disk.—A description of the porous 
disk, used to support the pure solvent and made from 
equal parts of Pyrex glass and a special clay, is given 
by Martin and Schultz.6 

Mercury Traps.—The mercury traps were similar 
to those designed by Martin and Schultz5 except for the extra valve necessary for the 
elimination of a stopcock in contact with mercury. This valve (bulb 3, Fig. 1, and 
shown in detail in Fig. 3) was a ground-glass stopper sealed to a glass tube containing 
a bar of iron. This stopper, which floated in mercury, fitted into its ground-glass seat 
at the top of the bulb. I t was pulled down by passing a current through a solenoid 
mounted around the bulb, 3. 

To close the trap, atmospheric pressure was admitted to bulb 4, Fig. 1, through 
stopcocks 5 and 8 and the stopper in 3 was pulled down by passing a current through the 
solenoid. Then the mercury was allowed to rise in 2 until the stopper was seated and 
mercury-sealed. To open the trap, the procedure was the same except that instead of 

Yc 

Qa 

Fig; 2.-
S t i r r e r 
mechanism. 

Ii 
Fig. 3.—Valve for 

mercury traps. 
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atmospheric pressure, vacuum from an oil pump for the "secondary system" was ad
mitted to bulb 4 through stopcocks 5 and 9. 

The mercury for the traps was purified by allowing it to drop through a long column 
of dilute nitric acid and then through distilled water, and finally distilling it under vac
uum. The mercury for the bulbs of the osmometer and of the solution-introducing 
apparatus was similarly purified, except that it was redistilled three times. 

The Solute 
The solute used in osmotic pressure measurements by this method obviously must 

be as non-volatile as possible. Inorganic salts are the most desirable to use because of 
their low vapor pressure, but unfortunately very few of them are soluble to any extent 
in benzene. Furthermore, many of those which are soluble are associated in benzene 
solution. 

An organic compound of high molecular weight and of high boiling point was se
lected as the solute: tetraphenylethylene. It melts at 221°, boils at 425° ("Interna
tional Critical Tables") and has a molecular weight of 332.16. Hence it was felt that 
its vapor pressure at 25° and in dilute solutions would be sufficiently low for use in the 
present experiments. It is very soluble in benzene. 

A freezing-point lowering determination of it in 0.1 molar benzene solution was 
made and it was found to behave normally. Its calculated molecular weight was 320.4 
which, for the method employed, was considered within experimental error of the theo
retical value. 

The tetraphenylethylene had been carefully purified by Smith10 for specific heat 
measurements. It gave a good freezing-noint curve, so no further purification of the 
substance was deemed necessary. 

Experimental 
Purification and Deaeration of the Benzene.—The benzene used was Baker's c. P. 

benzene. It was purified according to Dr. Greer's method11 and was stored over calcium 
chloride. Just before use the benzene was distilled off phosphorus pentoxide, the frac
tion boiling within 0.04° or less, of the boiling point being collected. 

About 400 cc. of this benzene was poured into the bulb B, Fig. 1, and subsequently 
frozen. The top of the bulb was then sealed.off and most of the air pumped out of the 
bulb. The benzene was further cooled with solid carbon dioxide and the space above it 
in the bulb was highly evacuated. After closing trap II, the benzene was allowed to 
melt. Water was circulated through the condenser above the bulb and a small electric 
light beneath the bulb supplied heat for refluxing the benzene. At frequent intervals 
the air above the benzene in the bulb was expanded into the outer evacuated system by 
closing trap I and opening trap II. The benzene could not be opened directly to the 
pumps, as there would have been a very rapid distillation of benzene into the solid car
bon dioxide trap, A. This process was repeated for a number of days until less than 
0.001 mm. of mercury air pressure developed overnight. This benzene was then dis
tilled into another bulb connected to the main system and containing phosphorus pentox
ide by placing ice around the phosphorus pentoxide bulb and warm water around the 
bulb B and opening the proper traps. The benzene was refluxed over the phosphorus 
pentoxide for about a week to dry it completely and remove the last traces of sulfur im
purities. Then the benzene was distilled back into the first bulb and its deaeration was 
continued for several weeks until the air pressure which accumulated above it after stand-

10 Smith, "Dissertation," Johns Hopkins University, 1930. 
11 E. Juanita Greer, THIS JOURNAL, 52, 4191 (1930). 
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ing two days was of the order of 1O-6 mm. of mercury. Thereafter, the air was removed 
at less frequent intervals. 

A new deaerator, designed by Dr. Taylor12 of this Laboratory for the preparation of 
air-free liquids, was used in the deaeration of the benzene for the last experiment. 

Cleansing and Deaeration of the Osmometer.—The osmometer, before mounting 
in the thermostat, was treated with a saturated solution of chromic oxide in concentrated 
nitric acid for four days, allowing the solution to run through the disk to the bulbs be
low. Then it was cleaned with dilute nitric acid for a day. I t was then washed with 
distilled water and finally with conductivity water until the water which ran through the 
disk had practically the same conductivity as that put in the flask above the disk. 

The osmometer was evacuated continuously for a couple of days to remove most of 
the air. Then benzene from one of the reservoir bulbs was distilled into it by closing 
trap I, opening the main system to one of the benzene reservoirs and running ice water 
down the sides of the osmometer flask in order to remove the last traces of grease and 
impurities in the flask. After admitting air to the osmometer, this wash benzene was 
drained out. The disk and disk cup also were carefully rinsed with pure benzene. 

The osmometer was reevacuated for several days, at the end of which time an air 
pressure of only 2 X 1O-* mm. of mercury developed upon standing overnight. Air-
free benzene from one of the reservoir bulbs was then distilled into the bulb below the 
disk by running ice water through condenser K, and then the benzene was raised upon the 
mercury from the bulb M into the space under the disk. By pumping this benzene 
through the disk, out of the osmometer, most of the air left in the disk was removed 
and afterwards an almost negligible air pressure developed in the osmometer, which was 
now ready for measurements. 

Procedure in Making Measurements.—Air-free benzene from a reservoir bulb was 
distilled under the disk by a method similar to that by which Martin and Schultz intro
duced water under the disk in their apparatus.6 When sufficient benzene had been 
placed under the disk the mercury in R (and S) was pumped up by pumping air through 
stopcocks 13 and 12 until most of the benzene had been forced through the disk. 

Air which had accumulated in the osmometer during this distillation was removed 
by evacuating the main system to a flat gage and then expanding the air in the os
mometer into the evacuated system. After letting the benzene stand over the disk for 
half a day, the liquid was pulled down slowly through the disk by placing small tensions 
(two centimeters of mercury) upon the benzene; that is, by lowering the mercury level 
in the outer capillary S a couple of centimeters below that in R. After all the benzene 
had been pulled through the disk, it was possible to place tensions up to 60 cm. of mer
cury upon the pure benzene without its breaking away from the disk. 

Next, the solution was introduced into the osmometer, using the apparatus shown at 
U, Fig. 1. A solution of the desired concentration and volume was prepared under as 
dry conditions as possible. The benzene was protected from moisture by transferring 
it from one flask to another through small tubing and drying with phosphorus pentoxide 
the air which was used to force over the liquid. 

The solution-introducing apparatus was evacuated to dry the bulbs completely and 
the mercury. Air was readmitted to it through trap h which was surrounded with solid 
carbon dioxide. The solution was transferred from the flask in which it had been pre
pared into the bulb b, taking precautions to exclude as much moisture as possible. Af
ter mercury-sealing the stopper m at r, ice water was circulated through the condenser 
g and the solution was partially evacuated by opening and closing stopcock 19 fre
quently. This stopcock could not be left open continuously, or too much benzene would 
have distilled into the solid carbon dioxide trap, h. 

12 R. K. Taylor, T H I S JOURNAL, 52, 3576 (1930). 
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When most of the air had been removed from the solution, the mercury in T and / 
was lowered until the stopper in the valve e was released from its seat. The solution in 
b was then raised slowly by admitting air to the mercury bulb o, thereby forcing the 
solution into / , stopping before the mercury ran from b to e. Then air was admitted 
to d slowly, which forced the stopper in e into its seat and raised most of the solution into 
the osmometer. By means of a hand air pump, air pressure was pumped into d sufficient 
to force all the solution and about 100 cc. of mercury into the osmometer flask. The 
solution was floated on mercury to give better thermal equilibrium between the solvent 
under the disk and the thermostat. The mercury level was just below the disk. In this 
manner was introduced into the osmometer 200 cc. of solution. 

The deaeration of the solution was completed in the osmometer by repeatedly ex
panding the air into the outer evacuated system until no air pressure in the system was 
observed when it was tested with the McLeod gage. The stirrer for the solution was 
started and the air was again removed until an air pressure of the order of only 1 0 - 5 

mm. of mercury developed after several hours of stirring. 
Meanwhile, the thermoregulator equipment was set in operation. When the tem

perature had been regulating for an hour to within ±0.0005° or less, measurements of 
the osmotic pressure of the solution were begun. Temperature variations of less than 
±0.0002 ° were secured part of the time and gave much more reliable results. 

Various tensions were placed upon the pure solvent and their corresponding rates of 
distillation were measured. Using tensions less than that corresponding to the osmotic 
pressure of the solution, distillation from the solvent to the solution took place; con
versely, using tensions greater than that corresponding to the osmotic pressure of the 
solution, distillation from the solution to the solvent occurred. Distillations in both 
directions were measured in order to keep the concentration of the solution as nearly the 
same as possible; however, the maximum amount of benzene distilled in either direction 
was never over several tenths of a cubic centimeter. 

Positions of the upper meniscus (that in the capillary R under the disk) and of the 
lower meniscus (that in the outer capillary S) were read to hundredths of millimeters 
with a cathetometer, and the times of reading the upper meniscus were noted. A refer
ence line on the apparatus was also read each time because the apparatus shifted slightly 
and all the readings had to be corrected to the initial, or "zero," position of the os
mometer. 

After applying a tension, about an hour was allowed before readings were begun, 
in order that constant conditions would be established. Three readings of each meniscus 
and reference line were made at approximately hourly intervals. After determining the 
average of each set of readings, the height through which the upper meniscus had moved 
was calculated. This height was immediately plotted against its corresponding time. 
When three or four points lying approximately on a straight line were obtained, the slope 
of the best line drawn through them gave the rate of distillation for that tension and fur
ther readings on that tension were discontinued. A new tension was then applied and 
its rate was determined. The rates were plotted against their corresponding tensions 
and a line was drawn through these pdints. When a straight line was obtained from a 
number of rates, the measurements on that solution were complete. The point at which 
the line crossed the zero-rate axis gave the tension corresponding to the osmotic pressure 
of the solution—the observed osmotic pressure. 

T h e t e n s i o n e x e r t e d u p o n t h e p u r e s o l v e n t is m a d e u p of t h r e e p a r t s : 

(a) the length of the mercury column from the lower to the upper meniscus; 
(b) the benzene column from the upper meniscus to the surface of the 
disk; and (c) the net height of benzene vapor from the surface of the disk 
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to the surface of the solution, which, from equilibrium considerations 
and the laws of thermodynamics, must be equal to a benzene column of 
the same height. The mercury equivalents of parts (b) and (c) were 
calculated and added to (a) to determine the actual tension on the solvent. 

The mean time for the tension and the mean position of the lower 
meniscus were determined for the points used in drawing the rate curve. 
All calculations were made at the temperature of the thermostat, namely, 
26.85°. 

The theoretical value of the osmotic pressure was calculated from the 
equation 

PV0 = xRT = (NfN0)RT, or 
P = NRTfV0N0 

where P = osmotic pressure in atmospheres, Vo = molar volume of sol
vent, x = mole fraction of solute, N — number of moles of solute, 'No = 
number of moles of solvent, R = gas constant and T = absolute tempera
ture. 

After starting a series of measurements, readings were taken on as many 
tensions as possible, usually three or four, so long as the thermostat was 
working properly. From four to six hours were needed for the measure
ment of each tension. 

Analysis of Solution.—After completing the measurements of the ten
sions, three samples of the solution were removed for analysis in order to 
determine its concentration. The same apparatus that was used for intro
ducing the solution was used for removing it. The solution was lowered 
into bulb/, Fig. 1, and then permitted to run slowly from/ to b, by lowering 
the mercury level in e sufficiently to release the stopper in e from its seat. 
When enough solution had run into b, the remainder was forced back into 
the osmometer. After admitting air to b and removing the stopper m, 
the solution was sucked from b into three glass-stoppered flasks which 
held about 50 cc. each. 

The weight molar concentration of the solution was determined by 
weighing (1) the flask and solution, (2) the flask and solute after evaporat
ing off the solvent, and (3) the empty flask after dissolving out the solute 
and drying the flask. 

Dilution of the Solution.—Knowing the approximate concentration of 
the solution in the osmometer, from the way in which it had been prepared, 
it was possible to calculate the approximate amount of solution which 
must be removed from the osmometer to leave the correct amount of 
solute for the next lower concentration. This calculated amount was the 
volume removed for analysis and was divided into the three samples. 
Also, this was the volume of pure benzene which had to be added to the 
solution for the next dilution. 

To dilute the solution the outer system was evacuated to a flat gage, 
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trap I was closed and trap II was opened. Ice water was placed around 
bulb G and the benzene for diluting the solution was distilled from a 
reservoir bulb into G. Trap II was closed when the proper amount of 
benzene was in G. Traps III and H were opened, water at a temperature 
of 31-35° was placed around G and ice water was circulated through 
condenser J. This caused the benzene to distil from G to J and from there 
it ran into the solution. Reflux action between the benzene under the 
disk and the condenser J caused benzene to be distilled from under the 
disk into the solution. This was later replaced by more benzene. 

When the dilution was completed, traps III and H were closed. The 
outer system was evacuated to a flat gage and any air in the osmometer 
was removed by repeated expansions into the outer evacuated system. 
The stirrer in the solution was set in motion and when the solution was as 
air-free as possible, measurements on this concentration were made.13 

Experimental Results 

A preliminary experiment was performed using pure benzene as the 
"solution" in order to test the possibilities of the apparatus and to learn 
how to manipulate it. Then the osmotic pressures of five solutions of 
tetraphenylethylene in benzene were measured, starting with the most 
concentrated solution and diluting down. The results of these experi
ments are given in Table I. The concentrations are weight molar and 
the osmotic pressures are millimeters of mercury at the temperature 
of the experiments, 26.85°. 

The results of one experiment are given in detail in Table II. In the 
columns are listed, from left to right, the times at which the upper meniscus 
was read, the positions of the upper meniscus, of the lower meniscus and 
of the reference line, and the temperature variations of the thermostat 
as observed during the course of the experiment. Data for the other 
experiments were recorded in the same way. 

Experiment 
number 

2 
3 
4 
5 
6 

Concentration, 
weight molar 

0.01919 
.01502 
.01007 
.004057 
.000466 

TABLE I 
Osmotic 

Observed 

313.2 
242.9 
162.1 
66.7 
10.5 

pressure, mm. 
Calculated 

312.7 
244.8 
164.1 
66.1 

7.6 

As explained previously, from these data were calculated the distances 
through which the upper meniscus moved. By plotting these results the 
osmotic pressures, that is, the tensions for zero rates of distillation, were 
determined. 

13 For a more detailed discussion of the operation of the apparatus see the author's 
dissertation, W. C. Eichelberger, "Dissertation," The Johns Hopkins University, 1930. 
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Figure 4 is a graph of the height-time curves for Table II, illustrating 
the method of determining the rates of distillation. Figure 5 is a graph 

.5? 

of the rate-tension curves for all the experiments, from which the osmotic 
pressures for Table I could be read. From this last figure one may ob
serve the nearness of the points obtained to their respective lines and 
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hence the relative accuracy of the results. The results of experiments 
2 to 5 are within 1% of their values as calculated from the equation PVQ = 
xRT. The result of the last experiment has about the same absolute 
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error as some of the others, but its percentage error is much greater be
cause of the very dilute solution-

TABLE II 

Concentration (weight molar) 0.004057 
Temperature (average) 26.851 ° 
Osmotic pressure (mm. of mercury, 26.85°), Observed 66.7 mm. 

Calculated 66.11 mm. 

Tension A 
Upper Lower Reference Temperature 

Time, meniscus, meniscus, line, variations, 
hours mm. mm. mm. 0C. 

0 409.68 417.15 215.99 ±0.0005 
1.007 407.40 417.29 216.00 ± .0002 
1.985 405.21 417.27 216.01 ± .0001 

Average tension (mm. of mercury) 35.41 mm. 
Rate of distillation + 2 . 1 2 mm./hr. 

Tension B 

0 353.95 382.73 215.97 ±0.0002 
1.151 352.68 382.75 216.11 ± .0005 
2.236 351.63 382.86 216.00 ± .0002 
3.386 350.56 382.90 215.95 ± .001 

Average tension (mm. of mercury) 53.23 mm. 
Rate of distillation + 0 . 8 2 mm./hr. 

Tension C 

0 353.91 432.60 215.99 ±0.0002 
1.002 356.93 432.96 215.98 ± .0002 
2.034 359.02 433.23 215.97 ± .0004 
3.007 361.08 433.41 215.96 ± .0002 
4.005 363.40 433.59 215.99 ± .0003 

Average tension (mm. of mercury) 95.71 mm. 
Rate of distillation — 1.99 mm./hr. 

Tension D 

0 361.52 384.95 215.93 ±0.0004 
0.984 360.21 385.33 216.00 ± .0002 
2.010 358.91 385.57 215.94 ± .0005 
3.244 357.43 385.74 21.6.11 ± .001 
4.182 356.45 385.96 215.93 ± .0005 

Average tension (mm. of mercury) 48.48 mm. 
Rate of distillation + 1 . 2 1 mm./hr. 

Tension E 

0 360.00 416.16 215.87 ±0.0006 
1.044 360.92 416.13 215.89 ± .0002 
2.032 361.72 416.18 215.97 ± .0004 
3.038 362.56 416.19 215.96 ± .0002 

Average tension (mm. of mercury) 77.48 mm. 
Rate of distillation —0. 76 mm./hr. 
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By examining the graphs and the data sheets it was observed that in 
nearly every case where a point did not fall on or very close to the line 
drawn through the other points there were temperature variations greater 
than ±0.0005° in the thermostat. Very small temperature fluctuations 
would tend to compensate each other to some extent, but this was not 
usually the case with larger ones. 

Considering the behavior of the apparatus and the results obtained, 
the author considers the apparatus suitable for measuring the osmotic 
pressures of dilute solutions over a certain range of concentration, the upper 
value of which is governed by the length of the capillary tubes R and S 
in the osmometer, Fig. 1. Better temperature regulation must be secured 
before very dilute solutions, those below 0.001 molar, can be measured 
accurately. 

In conclusion the author wishes to express his great appreciation to 
Professors J. C. W. Frazer and W. A. Patrick, who suggested the problem 
and under whose kindly direction and counsel it was carried out. 

Summary 

1. An apparatus was developed with which it was shown possible 
to measure, with a fair degree of accuracy, the osmotic pressures of dilute 
solutions, benzene solutions of tetraphenylethylene being those measured. 
Greater precision should be possible if better temperature regulation could 
be secured. 

2. A new type of thermoregulator employing a resistance thermometer 
and photoelectric cell was constructed for accurately controlling the 
temperatures of thermostats. 

3. The elimination of stopcocks in vacuum systems containing vapors 
which will dissolve stopcock grease was successfully accomplished by means 
of a modification of mercury traps. 
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