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FIGURE 8. Freezing curve of n-heptane. 

notched to provide room for the stirrer. The resistance 
is measured by means of a G-2 Mueller bridge with the 
usual accessories. 

(b) Determination of the Freezing Point 

The apparatus is assembled as shown in figure 5 with 
suffi cient sampJe in the freezing tube to cover the stirrer 
at the top of the stroke. The outer Dewar i filled with 
liquid nitrogen to within about }f in . of the top and kept at 
this level. The t irrer is run at a rate of about 60 trokes 
per minute. 

When the temperature reaches 20 to 3Q degrees above 
the expected freezing point, the vacuum pump is started 
and the pumping continued until the temperature has 
fallen to 3 to 5 degrees above the expected freezing point, 
at which time the stopcock is closed and the pump stopped. 
The electric heater is started 10 to 15 degrees above the 
freezing point and et to control the cooling at the desired 
rate. Near the expected freezing point t his rate is 0.25 
to 0.40 degree per minute. The voltage setting on the 
variable transformcr is based on previous determinations of 
cooling rates at various voltages and temperatures. 

Readings are begun at 1.0 to 1.5 degrees a ove the 
expected freezing point. At this t ime t he cooling rate 
should be 0.25 to 0.40 degree per minute. Readings are 
taken each minute and when the material supercools more 
t han 0.2 degree below the expected freezing point it is 
seeded w'ith a cold rod. At least 30 readings should be 
ta,ken at I-minute in tervals after the curve reaches a peak 
following supercooling. The curve is plotted and inter­
preted according to t he method of Taylor and Rossini [17]. 
A typical freezing curve is shown in figure 8. 

Ir a melting curve is desired the heater is set at a p re­
determined voltage to give a warming rate of 0. 4 deg C 
in the liquid phase. The other experimental and cal­
culative details a re the same as with a freezing po in t. 

This freezing point apparatus has been found to give: 
1. Rapid cooling with sub~tance that freeze at l ow 

emperatul'e. By maintaini ng the air at atmospheric 
pressure within t he unsil vered Dewar, it is possiblc to 
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reach t he neighborhood of the freezing point much more 
quickly t han can be done with a fixed vacuum Dcwar. 
It is not necessary to start evacuating the Dewar until 20 
to 30 degrees above the expected freezing point. 

2. Accurate control of the cool in g and warming rates. 
With t he electric heater it is po. ible to control the coo ling 
or warm ing rate quite accura tely from 0.5 degree pCI' min­
ute cooling to 0.5 degree pel' minute warming. 

3. Efficient stirring, which prcvents excessi ve upcr­
cooling and aids quick recovery to the equilibrium state, 
only 3 to 5 minutes being necessary for recovery. 

4. Equilibrium freezing cUl' ve, presumably obtained 
because packing of frozen material in the bottom of t he 
tube is retarded by the new stirrer. 

5. A precision of measurement of freezing points of 
about 0.003 deg C. 

3. Boiling Point 

The equipment for determining the distillation curves 
on n-heptane, 2,2,4-trimethylpentane, and other com­
pounds a used now has been modified from t he apparatus 
described in reference [19] an d is simila r to the apparatus 
designed by Mail' [14]. 

(a) Apparatus 

The apparatus uscd in the determination of boiling 
points is hown in figure g.-The pot a nd colum n assembly 
is made by sealing a lcngth of 25.-mm tubi ng to a 125-ml 
round bottom fl ask taken from an ordinary distilling 
flask so that the over-all length is 52 cm . A side arm of 

FIGURE 9. Boiling-point apparatus. 
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10-mm tubing is sealed onto the flask at a 45-degree angle 
to the column. A length of 56-mm tubing 37 cm long, 
which has two glass knobs sealed 1 cm from the top and 
bottom, is slipped over the column and an upper side arm 
is sealed into place. The latter is made of 8-mm tubing 
sealed to the column 5.5 cm below the top at an angle 
of about 18 deg below the horizontal. The jacket is 
separated from the column by two No. 30 corks, which 
are first bored and then split across the middle to facilitate 
placing. In one of the top halves is bored a small hole to 
carry the thermometer (0° to 360° C) for determining the 
temperature of the jacket. These corks are put in place 
so that they fit tightly. The jacket is wound with No. 22 
(B & S) chrome1 wire spaced 2 cm apart, and anchored to 
the glass knobs at the end of t he jacket. The jacket and 
wire are wrapped with one layer of l /8-in. asbestos and 
finally covered with smooth tin foil. Corks are used for 
closing the charging tube and for carrying the resistance 
thermometer and for connecting the side arm into the 
condenser. The current input into t he jacket heating 
wire is regulated by a variable transformer. 

The pot is heated by a 660-watt laboratory heater, 
controlled by a 6-ampere variable t ransformer. The 
material distilled through the apparatus is condensed 
in a 300-mm West type condenser and caught in a 100-m! 
graduate. 

The thermometric system used in the determinations 
consists of a Mueller resistance bridge, a platinum resist­
ance thermometer, and a precision galvanometer. The 
galvanometer is adjusted so that a change of 0.0001 ohm 
on the bridge causes a deflection of about 4 mm on t he 
galvanometer scale. The resistance thermometer is the 

. standard four-lead type having a resistance of about 25.5 
ohms at the ice point. This thermometer is calibrated 
every two years by measuring the resistance at t he melting 
point of ice and the boiling points of oxygen, water, and 
sulfur. 

(b) Method 

The apparatus is assembled so that the end of the 
resistance thermometer extends about 6 in. below the side 
arm. Care must be t aken that the bulb of the ther­
mometer does not touch the walls of t he column as this 
makes for erratic readings. The jacket t hermometer is 
adjusted so t hat the scale readings are visible above the 
jacket beginning at about 25 deg C below the boiling 
point of the liquid. The receiver, a, 100-ml, graduate is 
adjusted so t hat the distillate from t he condenser runs 
down the inner side of it. 

While the sample is being heated in t he pob, t he jacket 
temperature is adjusted to 2 to 5 deg C below the boiling 
point of the material being distilled. When the liquid 
begins to simmer, the barometer reading, barometer tem­
perature, and the time are taken. This procedure is 
repeated after 10, 25, 40, 55, 70, 80, and 90 ml have been 
distilled . The · first drop to leave the sidearm after t he 
vapor ring comes up is taken as the zero reading. At this 
point the resistance of the thermometer and the time are 
recorded . This is repeated a t 2, 4, 6, 8, and 10 ml and 
every 5 ml thereafter until 90 ml. The rate of distillation 
is maint ained at 5 ml per 1.0 to 1.25 min. 

It has been advisable to take all r eadings with the 
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commutator of the bridge in the normal position. The 
correction for the reverse reading is made b y de termining 
the resistance of the thermometer with the commutator in 
the reverse position after the 30, 35, 45, and 50 ml readings. 

Immediately after the distillation is completed, the 
barometer should be calibrated by boiling distilled water 
in the apparatus. This corrects not only for t he errors in 
the instrument but also the personal error of the operator, 
and, for compounds boiling near 100° C, for thermometer 
error also. 

The temperatures are calculated from the resistances in 
the usual manner. The barometer is corrected for tem­
perature and for the difference between the observed 
barometric pressure and the true pressure as determined 
by the water. The time furnishes the common ground of 
comparison between temperature and pressure. 

4. Refractive Index 

Refractive indices are measured on a preCISIOn oil 
refractometer . This instrument is an Abbe-type refrac­
tometer with the prisms movable in a near-horizontal plane, 
rather than in a vertical plane. The scale is calibrated 
linearly in arbitrary units, and readings are converted to 
refractive index by use of a set of conversion tables fur­
nished with the instrument. The instrument is readable to 
about 0.002 unit in the arbitrary scale, which, in the neigh­
borhood of nD20 1.39, is equivalent to about 0.000012 unit of 
refractive index. The reproducibility of readiugs by a 
skilled operator is about 0.00002 unit of refractive index. 
T emperature is controlled by circulation of water from a 
co nstant-te mperature bath through a chamber around 
t he prisms. The constant-temperature bath is of standard 
design , equipped with two mercury thermostats, one set 
a t near 20° C and the other near 25° C. The light source 
is a sodium vapor lamp. 

The technique used in measuring t he refract ive index is: 
Ten readings are t aken on a sample of 2,2,4-trimethyl­
pentane (a working standard), five while approaching the 
demarcation line from one direction, and five from the 
opposite direction . The temperature (at the prism) is · 
measured to 0.01° C b y a mercury thermometer for each 
reading. These values are averaged. Immediately t here­
after a sample of :the material to be tested is put into the 
instrument and ten readings are taken in t he same manner. 
A comparison of the average of these rcadings with that 
obtained on t ho working standard gives t he difference in 
refractive index between the working standard and t he 
compound under test. In t his way, instrumental errors 
are practically eliminated. The refract ive index of t he 
working standard is measured periodically by comparison 
with the standard sample of 2,2,4-trimethylpentane (N BS 
Standard Sample 217), t he refractive index of which has 
been accura tely measured (to ± 0.00002) by the Optical 
Instruments Section. 

Recently, refractive indices of certain compounds have 
been measured by comparison with a standard in a Ray­
leigh interferometer. This instrument measures the differ­
ence in refractive index between two samples with a greater 
precision (about ±0.000004 with a l-cm cell in the neigh­
borhood of nD 1.39 to 1.40) than the refractometer does. 
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5. Density 

A thin-walled , glass-stoppered picnometer of about 50-ml 
capacity is used in the determina t ion of density (see fig . 
10). Measurements arc generally made at temperatures 
near 20 0 and 25 0 C. 

The sample is placed in t he picnometer, fillin g it nearly 
to t he cap . The pi cnometer and sample are immersed in 
a constant- temperat ure bat h and allowed to remain for 1 
hr. At the end of t hi s time t he sample is drawn from the 
neck of t he picnometer with a capillary tube connected 
t o a vacuum lin e. The liquid is first drawn out until t he 
level is just above t he mark, t he end of t he capill a ry run 
around t he walls to d ry t hem, a nd finally the liquid level 
is adjus ted so t hat t he botto m of t he meniscus is level with 
t he line. The p icnometer is then stoppered and t he bath 
temperat ure observed. 

The picnomete r is dried, immersed in aceto ne, dried 
again, a nd IVei ~; h ed. After IVei e; hing, t he picnometer is 
emptied, washed with acetone, and dri ed. The emp ty 

F rG URI'; 10. Picnometer used for measuring density. 
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flask is t hen dipped in aceto ne, dri ed, and weighed ' 
Fll1ally, the barometer and barometer temperature a re 
read and t he psychrometer reading taken. By sui tab le 
calculat ions, t he mass in vacuo is obtained. 

The volume of the flask is dctcrmined by distilling water 
in to the picnometer and then proceeding as outlined above 
to obtain t he mass of water in vacuo. The density of 
water at that te mperature is taken from t ables and t he 
volume of the flask calculated . The flask is calibrated 
at both temperatures . 

From t hese data, t he density of t he sample at tempera­
t ures near 200 and 25° C is calculated and corrected to 
200 and 25° C. 
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