
CHAPTER 21 

Microdetermination of Molecular Weight 

The microdetermination of the molecular weight of a substance may be accom
plished by several different methods,* most of which are small-scale applica
tions of the various macromethods found throughout the literature, such as the 
ebullioscopic (elevation of boiling point of the solvent), cryoscopic (depres
sion of the freezing or melting point of the solvent), and the vaporimetric 
(vaporization of the substance in a closed system) methods. 4 1 To a certain ex
tent, the determination of the neutralization equivalent is one of molecular 
weight, as explained in Chapter 15. The same holds true of the saponification 
equivalent 3 7 (see Chapter 2 0 ) and the hydrogénation number (see Chapter 1 9 ) . 
In a broad sense, the determination of any single element or group can be 
interpreted as that of the molecular weight. For example, if a substance is 
found to contain 1 0 % of nitrogen, its molecular weight must be 140 if only 
one nitrogen atom is present or 280 if two are present, etc. In other words, it 
is 140 or some multiple of this figure. Similarly, if a substance contains 1 0 % 
of acetyl, its molecular weight is 430 or some multiple. 

Two methods of determining the molecular weight will be described in 
detail in this chapter, namely, the R a s t 6 6 ' 6 7 and the Signer 7 5 as modified by 
Clark. 1 5 - 3 6 Both methods have advantages and disadvantages and, in the opinion 
of the author, neither can be considered to be absolutely reliable. Therefore, 
it is advisable to use both methods and to use more than one type of solvent 
with each method, thereby reducing the possibility of drawing erroneous con
clusions from the results. The possibility of decomposition, dissociation, reac
tion, polymerization, etc., during the determination should not be ignored. 
The Rast method is more frequently used because of the time factor. How
ever, the results of collaborative study 5 4 indicated that the Signer method is 
the better. 

THE RAST METHOD FOR THE DETERMINATION OF 

MOLECULAR WEIGHT 

The Rast m e t h o d , 1 6 ' 2 9 - 3 0 ' 5 0 ' 5 1 - 6 6 - 6 7 ' 7 0 - 7 3 ' 7 9 a cryoscopic one, for the determina
tion of molecular weight, is based upon the well-known principle that a solute 
depresses the melting or freezing point of a solvent proportional to the mol 
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* Please see references 4, 5, 16, 27, 29, 30, 50, 51, 63, 66, 67, 70 -73 , 79. 
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fraction of solute present. 4 1 However, the solute or substance whose molecular 
weight is being determined, must not undergo decomposition at the tempera
ture of the melting point of the solvent and also there must be no reaction 
between the two substances. The solvent selected should melt at some tempera
ture below the melting or boiling point of the sample to be analyzed. 

Reagents 

Before any of the solvents listed below can be used for a determination with 
an unknown, they must be used with a test sample such as azobenzene or 
anthracene going through the regular procedure to obtain their constants (see 
below). 

CAMPHOR, M.P., 176°-180° C . 8 2 

Very pure camphor is required as a solvent for high-melting samples. It should 
be resublimed in the laboratory and stored in a wide-mouthed ground glass-
stoppered bottle. 

EXALTONE (CYCLOPENTADECANONE)82 M.P., 65.6° C. 

This material should be very pure. It is used as a solvent for the substances 
with melting points below that of camphor. 

OTHER SOLVENTS-SEE TABLE 36 

Camphene, m.p. 49° C. ; borneol, m.p. 206° C. ; bornylamine, m.p. 164° C. ; 
camphoquinone, m.p. 190° C. ; cyclohexanol, m.p. 2 4 . 6 ° - 2 4 . 8 ° C. ; cam-
phenilone, m.p. 38° C ; and pinene dibromide, m.p. 170° C. may be used 
following the rule in regard to the relation between melting points of the 
solute and solvent given above. For additional solvents the reader is referred 
to the list of twenty-seven compounds compiled by Ro th 7 1 - 7 2 that includes com
ments on the use of each as well as references for their preparation and 
purification. 

Apparatus 

MELTING POINT APPARATUS37™ 8 2 

The ordinary mechanically stirred melting point bath containing Crisco* or 
silicone fluid is satisfactory for the determination. It should be well illuminated. 
A set of good grade of Anschiitz thermometers is required, one thermometer 
for each of the ranges in which fall the melting points of the solvents used. 
A satisfactory reading lens is used for observing the thermometer. Figure 203 

* Hydrogenated vegetable o i l . 6 4 



21 . Molecular Weight 530 

shows a new commercially available8 2 melting point apparatus particularly 
suitable for the determination, when the bath assembly modified for molecular 
weight determinations (Fig. 203b) is used. This bath assembly, which in
cludes an immersion heater, stirrer, armored thermometer, and capillary tube 

FIG . 203. Thomas-Hoover melting point apparatus, showing enlarged view of peri-
scopic reading device, a, and special bath assembly for molecular weight determinations 
by Rast method, b. 

holder, fits into a well in the top of the control cabinet. A periscopic ther
mometer reader provides magnified thermometer indication in a window ap
proximately 1.5 inches above the center of the capillary viewing lens so that 
both the temperature and the capillary contents may be under observation with 
little shifting of the operator's eyes. This adds to the accuracy of the method. 
The bath is silicone fluid. It heats rapidly with no lagging, the heat transfer 
allowing the bath temperature to rise to 350° C. in 6.5 minutes. Rapid cooling 
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is affected by means of a compressed air line, making it possible to cool from 
300° C. down to 150° C. in about 11 minutes. 

MELTING POINT CAPILLARIES16'2d>30>50>51>66>67>70-7S>7d 

Pyrex 2 1 glass tubing is drawn out and sections with tapering walls should be 
selected having dimensions approximately those shown in Fig. 204, a. The 

* 3 m m . 

Ε 
Ε 
m 

Ε 
Ε 
if) 
ω 

Ε 
Ε 

Ο 

ο 

Ε 
Ε 

1 ' 

"SEALED 

. S A M P L E 
+ 

S O L V E N T 
—Η 1^2 mm. 

FIG . 204. Capillaries for microdetermination of molecular weight by the Rast method, 
showing various stages—details of construction, dimensions are approximate. 

smaller ends are sealed off as shown. Slightly longer and narrower sections are 
also selected which will fit into the closed outer melting tubes, a, as shown in 
Fig. 204, b. Two open ends tubes, b, are required for each closed end tube, a, 
per sample. Both open ends of the longer tubes, b, are fire polished. A glass 
rod is drawn out and sections selected that are a few centimeters longer than 
the open tubes, b, but of small enough outside diameter to pass through them 
as shown in Fig. 204, c. These small glass rods act as plungers to force the 
samples from the open end tubes, b, into the melting tubes, a, as described 
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below under Procedure. A number of these units should be prepared—two 
closed tubes, a, three open end tubes, b, and two plunger rods being required 
for a molecular weight determination, not run in duplicate on solid substances. 
When determining the molecular weight of liquids, the glass rod is not needed 
but the open end tube should be drawn out into a capillary at the smaller end. 

Capillaries of slightly different dimensions are commercially available. 8 2 

Procedure 

In the p r o c e d u r e 1 6 ' 2 9 ' 3 0 ' 5 0 - 5 1 ' 6 6 - 6 7 - 7 0 - 7 3 ' 7 9 the closed end capillary, a, is weighed 
on the balance. The solid sample is placed on a small watch glass and the 
smaller tip of the open end tube, b, is tapped several times into the sample 
so that the material packs tightly in it at this point. The excess sample is 
wiped from the outside of the open end tube, b. The open end tube, b, is 
inserted in the weighed closed end one, a, so that the sample end is near 
the closed bottom. The plunger rod is passed through the inner capillary so 
that the sample is forced into the bottom of the weighed tube, a. Both open 
end tube, b, and the plunger rod are removed together, care being exercised 
so that no particles of sample are carried along the upper wall of the closed 
tube. The tube containing the sample is returned to the balance and reweighed 
to obtain the weight of the sample. (Note: With liquid samples no plunger 
rod is used and the smaller tip of the open end tube is drawn out into a fine 
capillary to aid in the insertion of the sample.) A second open end tube, b, 
is used along with a second glass rod for insertion of the solvent on top of 
the sample in the closed tube, exactly in the same manner as for the intro
duction of the sample. The amount of solvent depends on the molecular 
weight of the substance, but in general ten to twenty times the weight of 
the sample is used. The closed end tube, a, is returned to the balance and weighed. 
The three weighings (empty tube ; tube -\- sample ; tube - ) - sample -|- solvent) give 
the weights of sample and solvent. (For substances melting above the melting 
point of camphor, this solvent is used and exaltone is used for the others. 
If, however, neither of these is a solvent for the sample, which must be 
determined previously, one of the other solvents listed may be used.) The 
weighed melting point tube is removed from the balance and sealed off by 
means of a needle-point flame from a blast lamp at a distance of about 25 mm. 
from the bottom as shown in Fig. 204, d. (The tube is allowed to collapse 
in the flame to form a solid portion which is then given a slight twist to 
ensure its being sealed.) The upper part of the tube above the seal is kept 
attached to the bottom for use as a handle. Great care must be exercised in 
the sealing off process so that neither sample nor solvent is lost by the heat
ing or the determination is ruined. 
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A second sample capillary is filled as above with approximately the same 
amount of solvent, but no weighing is necessary since this tube contains no 
sample and is used only for the purpose of obtaining the melting point of 
the solvent. 

The two sealed tubes (one with solvent alone, the other with solvent plus 
sample) are attached, side by side, to an Anschiitz thermometer of proper 
range in the manner usually prescribed for the determination of melting 
points 3 7 - 5 6 (material in the sample tube at the same level as the bulb—about 
one-half way down in the bath) . The bath is stirred rapidly and heated to 
whatever temperature is required to completely melt the mixture. It is cooled 
a few degrees to allow the melt to resolidify and then slowly reheated so that 
the temperature rises at the rate of about 0.5° C. per minute. The temperature 
at which the last crystal disappears is taken as the melting point of the mixture. 
The temperature is increased at the same rate until the solvent has melted. This 
too is that point at which the last crystal disappears. The bath is cooled a little 
below the melting point of the mixture and when it has resolidified, the 
heating is repeated at the same rate to obtain the melting points of the mix
ture and of the solvent. This process of heating, cooling, reheating, etc., is 
repeated until successive determinations check to within ± 0 . 2 ° C. The repeti
tion is necessary since this is the only means of knowing when the mixture 
is homogeneous (solution is complete). Even though the one tube contains 
only solvent, the duplication of the melting point of this material is quite 
in order since it gives practice as well as a check on the value. ( I f the freezing 
point of the mixture is more clearly defined than the melting point, which is 
sometimes the case, the former may be noted instead of the latter. In such 
a case, the temperature is raised to a few degrees above the melting point and 
the bath cooled at the rate of 0.5° C. per minute. Obviously, the freezing 
point of the solvent must also be recorded rather than the melting point in 
such cases.) Since the melting (or freezing) points of both the solvent and 
the mixture are done simultaneously, under identical conditions, there is no 
need for calibration or stem corrections due to immersion. Only the depression 
of the melting (or freezing) point of the solvent enters into the calculation— 
not the actual temperatures. 

Calculation: 
The molecular weight is calculated from the equation: 

M W = 1 0 0 0 X * X 5 

L X A t 

where Κ = the molecular melting (or freezing) point depression. (Melting or freezing 
depression for one mol of solute per 1000 grams of solvent.) 

S = weight of sample (solute) 
L = weight of solvent 

A t = depression of the melting (or freezing) point of the solvent. 



21 . Molecular Weight 534 

Table 36 gives the list of some possible solvents together with their melting 
points, molecular melting (or freezing) point depressions and a few com
ments. The values for Κ should not be accepted as listed in the table, but 
should be determined by analysis of a standard test sample. (Since all other 
members of the equation are known in the test analysis, K, the only unknown, 
is calculated.) The standard test samples must be of the highest purity. 
Acetanilide, azobenzene, chloroanthraquinone, anthracene, etc., may be used. 

Examples: 

a. The following data are obtained during the course of a determination using 
camphor (K = 39.1) as the solvent: 

Wt . sample = 1.004 mg. 

Wt . camphor = 20.807 mg. 

M.P. of camphor = 178.0° C. 

M.P. of mixture = 166.2° C. 

.*. A t = Π 8 . 0 — 166.2 = 11.8° C. 

. M W _ 1000 X 39.1 X 1.004 

20.807 X 11.8 

= 160 

b. The following data are obtained from the same compound as above (used in 
Example a) but with a different lot of camphor (K = 38.2) : 

Wt . sample = 2.073 mg. 
Wt . camphor = 38.632 mg. 
M.P. of camphor = 177.5° C. 
M.P. of mixture = 164.6° C. 
. ' . A t = 12.9° C. 

. 1 0 0 0 X 3 8 · 2 X 2 · 0 7 3 

. . M.W. = 
38.632 χ 12.9 

= 159 

c. The following data are obtained from another compound using exaltone (K — 
21.1) as the solvent: 

Wt . sample = 1.102 mg. 

Wt . exaltone = 12.679 mg. 

M.P. of exaltone = 65.5° C. 

M.P. of mixture = 56.2° C. 

/ . A t = 9.3° C. 
1000 X 21.1 X 1.102 

M.W. = 
12.679 X 9.3 

= 197 

The allowable error for the determination is ± 5 % of the molecular weight. 
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TABLE 36* 

SOLVENTS 

Solvent M.P. (°C. ) iC(°C.) C o m m e n t s 1 6 ' 7 1 ' 7 2 

B o r n e o l 5 0 ' 5 1 ' 5 8 - 7 1 ' 7 2 206 35.8 

Bornylamineie.aMO.eQ, 7 0 - 7 3 164 40.6 Suitable for basic sub
stances 

C a m p h e n e 2 9 ' 3 0 - 5 8 ' 7 0 - 7 3 49 31.0 — 
Campheni lone 2 9 ' 3 ° . 6 2 '™- 7 3 38 64.0 — 
Camphoquinoneie f29,30,eo,ei,70-73 190 45.7 Used for high-melting 

substances 

C a m p h o r t 1 6 ' 2 9 ' 3 0 - 5 0 ' 5 1 ' 7 0 - 7 3 176-180 37.0-40.0 Used for high-melting 
substances 

Cyclohexanol 1 6 ' 8 5 24.6-24.8 37.7 Unsuited for heavily 
halogenated com
pounds 

Exaltone ( Cyclopentadec-
a n o n e ) ! 1 6 ' 2 9 ' 3 0 » 7 0 - 7 3 

65.6 21.3 Very good. Used for azo 
dyes, sterols, carote-
noids, quinones 

Pinene dibromide 7 1 ' 7 2 170 80.9 — 
* For additional information, refer to the table of twenty-seven compounds compiled 

by Roth.7i.72 

f Commercially available. 8 2 

THE SIGNER {ISOTHERMAL DISTILLATION) METHOD FOR 

THE DETERMINATION OF MOLECULAR WEIGHT 

The Signer method 1 5 * 1 6 ' 7 5 ' 7 9 for the determination of molecular weight is 
based upon the principle of isothermal distillation. I f two solutions, having a 
common solvent, are placed in an evacuated system and held at a constant 
temperature, the solvent will distill from the solution of greater vapor pres
sure to the one of lesser, until equilibrium is established. Then the volumes 
of the two solutions will be constant and equimolar. I f the one solution con
tains a known substance and the other solution contains an unknown, the 
molecular weight of the latter can be calculated from the data obtained in 
such an experiment. The main disadvantage of the method is the time re
quired for equilibrium to be established so that the calculations can be made. 
After the apparatus has been filled and sealed off, however, a daily reading 
of the two volumes is all that is required. 

http://Roth.7i.72
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Reagents 

SOLVENTS 

Any pure volatile solvent with a high vapor pressure such as those listed below 
may be used, provided that both the unknown sample and the standard are 
sufficiently soluble in it to give solutions of slightly less than 0 .1 molar 
concentration. 

Obviously, there must be no reaction between the solvent and either (or both) 
the sample or the standard. Water is a poor solvent for these determinations. 

STANDARDS 

A variety of standards of highest purity may be used. Colored substances, as 
for example azobenzene, are preferred, since with them there is little or no 
chance of confusing the solution of the standard with that of the unknown 
(or vice versa) and labeling is unnecessary. Sometimes it is desirable to use 
as a standard a substance of similar structure to that of the unknown. 

The apparatus 7 4 used is that described by Clark, 1 5 - 1 6 a diagram of which is 
shown in Fig. 2 0 5 , A. It consists of two graduated tubes, each of which is 
connected to a small bulb. The bulbs in turn are joined by an inverted U-
shaped section, at the upper sides of which are two tubes used for introducing 
the sample, standard, and solvent as well as for evacuation of the system. 
The capacity of the graduated tubes is 2 ml. each in the apparatus described 
by Clark. However, the author of this book has found those of 1-ml. capacity 
each to be quite useful when very small samples are used. With the smaller 
graduated tubes, the other dimensions are obviously reduced somewhat, with 
the exception of the sample inlet tubes. I f the latter are reduced in diameter, 
they are too small to accommodate the weighing tubes (Figs. 4 7 - 4 9 , Chap
ter 3 ) . 

VACUUM SYSTEM 

A suitable vacuum system composed of a good electrically driven pump, traps, 
and manometer is required for evacuating the apparatus. 

Ethyl ether 
Ethyl bromide 
Methylene chloride 
Ethyl formate 

Acetone 
Methyl acetate 
Glacial acetic acid 

Apparatus 
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BLAST LAMP 

A blast lamp of the type used for sealing Carius combustion tubes (see Chap
ter 10 ) is required for sealing off the inlet tubes. 

Δ 

FIG . 205. Signer (isothermal distillation) apparatus for determination of molecular 
weight. (A) Details of construction. (B, C, D) Various stages in filling procedure. 

Procedure16 d 

The sample is weighed in a weighing tube (Figs. 4 7 - 4 9 , Chapter 3 ) and 
introduced into the one bulb. The standard is weighed similarly and introduced 
into the other bulb. The relative amounts of sample and standard should be 
in proportion to their molecular weights, if that of the unknown can be esti
mated. As stated above, the amounts of material should be such that solutions 
of slightly less than 0.1 molar in concentration will be obtained ( i f the sub
stance is soluble enough—otherwise less material is used). Care should be 
exercised so that no particles remain on the walls of the inlet tubes. After 
introduction of the sample and the standard, both inlet tubes are constricted 
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down to capillaries of about 1 mm. I.D., through the use of a blast lamp 
flame in a manner similar to that employed for sealing the Carius combustion 
tubes (Chapter 1 0 ) . The constrictions are made close to the bottom of the 
inlet tubes near to the upper sides of the inverted U (Fig. 205, B). After 
cooling, solvent is added through each capillary into the bulbs containing 
the sample and the standard. When 2-ml. graduated tubes are employed slightly 
less than 2 ml. of solvent is added to each bulb, and, similarly, when the one-
mi. size is used a little less than one ml. is added to each. The contents of 
the bulbs are chilled somewhat to reduce the danger of fire, and, after warm
ing one of the capillaries gently, to remove adhering solvent, it is sealed off 

ι ι ι ι ι ι ι ι ι ι ι ι ι ι ι ι ι ι 
— η—σ—θ θ θ e 

, ,το I ι ι ι ι ι ι ι ι ι ι ι ι I 
0 2 4 6 β 10 12 14 16 

DAYS 
FIG . 206. Curves showing time-volume relationships during determination of molecular 

weight of α-nitronaphthalene using azobenzene as standard. Solvent, acetone; solutions, 
0.0932 molar at equilibrium. Molecular weight of α-nitronaphthalene: Calculated, 173 .1 ; 
found, 173.7. 

with a needle-point flame from a blast lamp (Fig. 205, C ) . The other inlet 
tube is attached to the vacuum system and the apparatus pumped out. As the 
apparatus is evacuated, solvent distills out which is accompanied by a lower
ing of the temperature so that further external cooling is unnecessary. After 
the pressure in the system no longer drops, the apparatus is tilted so that the 
solutions flow into the graduated tubes. The contents of each tube is allowed 
to evaporate at the minimum pressure obtainable until each graduated tube 
is about one-half to two-thirds full (about 1-1.3 ml. with the 2-ml. tube and 
0.5-0 .65 ml. with the 1-ml. size). The actual reduction in volumes should 
occur during the time the solutions are in the bulbs and the unit should be 
tilted from time to time to note the volumes. The second capillary inlet tube 
is sealed by carefully applying the flame of the blast lamp at the constricted 
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point and drawing the upper portion away as soon as it is soft enough to do so 
(see Fig. 205, D ) . I f the evacuated capillary is heated too soft, there is danger 
of a hole being sucked in at this point, ruining the experiment. (I t is sug
gested that the beginner practice sealing off an evacuated capillary before per
forming this part of the determination.) 

The volumes in each graduated tube are recorded and the apparatus is 
set aside under isothermal conditions. I f the laboratory is adequately air-condi
tioned day and night, it suffices to place the evacuated tubes in a closed 
container such as an aluminum pot or pressure cooker. Otherwise, the apparatus 
must be placed in a constant-temperature cabinet. ( I f a constant-temperature 
bath is used, the tubes must be dried quickly upon removal so that there is no 
chilling effect from evaporation of bath liquid on their surface.) 

Each day thereafter the volumes of both graduated tubes are recorded. 
If desired, a graph may be made plotting the volume of each against the time 
as shown in Fig. 206. As time goes on, solvent will distill from the solution 
of greater vapor pressure to the one of lesser, as explained above. Finally, the 
volumes become constant and equimolar, and the experiment is completed. 

Calculation: 

The molecular weight of an unknown is calculated from the final data obtained 
by substitution in the following formula 1 6 - 7 9 : 

G.MV 
ΜΛ -

1 GV1 

where 

M = M.W. of standard 

V - volume of solution of standard 

G = wt. of standard 

M, = M.W. of unknown 

Vi = volume of solution of unknown 

G, = wt. of unknown 

Example: 

10.876 mg. of an unknown and 13.013 mg. of azobenzene are used. At equilibrium 
(after 7 days) the volume of the solution containing the unknown is 1.65 ml. and 
that containing the azobenzene is 1.05 ml. (Note: M.W. of azobenzene = 182.228.) 

10.876 X 182.228 X 1.05 
1 13.013 X 1.65 

= 97. 

The allowable error for the determination is dz 5 % of the molecular weight. 
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ADDITIONAL INFORMATION FOR CHAPTER 21 

It was stated in the beginning of this chapter that, in the opinion of the 
author, neither of the two methods described in detail is completely satisfactory. 
Recently, the use of thermistors is attracting attention and one method has 
been described using them, which, from reports, appears quite interesting 
from both the standpoints of speed and accuracy. 2 6 - 3 4 ' 5 5 ' 8 3 * As this book goes 
to press, the unit in the author's laboratory has been in use only a few months, 
but the indications are that this method and apparatus will prove to be reliable 
for a variety of compounds. 

This method described by Neumayer 4 8 employs isothermal distillation and 
requires only 3 minutes for equilibrium. Pure solvent and solution are exposed 
to the vapor of the solvent. Two thermistors are used, one for the solvent and 
the other for the solution. The solvent temperature remains constant, being 
subject to equal rates of evaporation and condensation. The solution, however, 
increases in temperature due to vapor condensation. The temperature differ
ence is proportional to the mol fraction of the solute. This method is described 
below. 

Apparatus48 82 

The Wheatstone bridge circuit used is shown in Fig. 207. The various com
ponents of the circuit are as follows: BL9 4.5 volt battery; single-pole, single-
throw switch; R± and R2, 100,000 ohm wire-wound fixed resistors; RS, 1,000 
ohm wire-wound variable resistor; R±, 20 ohm wire-wound variable resistor; 
RR„ 1,000 ohm ten-turn, wire-wound micropotentiometer ; TM1 and TM2, type 
G A 5 1 P 8 thermistors made by Fenwal Electronics, Inc., Framingham, Massachu
setts; MLF 0 - 5 0 microammeter ; M2, Null Detector Model No. 1 0 4 W I G made 
by the Minneapolis-Honeywell Regulator Co., Minneapolis, Minnesota. 

The solvent-vapor chamber and thermistor assembly are shown in Fig. 208. 
The various parts are as follows: A, glass solvent-vapor chamber; B, Bakélite 
cap machined to fit Ί 1 7 1 / 2 5 glass joint; C, 6-mm. stainless steel rod support 
for thermistor assembly; D, Teflon thermistor support; E, 5-mm. glass tubing; 
F, Fenwal type G A 5 1 P 8 thermistors; G, cupric oxide-phosphoric acid cement; 
H, 40-turn platinum wire coils made with 0.3-mm. diameter wire; / , 3-mm. 
thick absorbent paper lining the total depth and about three-fourths of the 
circumference of the inner chamber wall and covered on both sides with 1.5-
mm. mesh aluminum screen; ] , stainless steel crucible; K, solvent; L, constant 
temperature water bath. 

The apparatus is now commercially available. 8 2 This model has replaced 
the crucible with a small funnel through which the excess solution may be 
removed by suction. The medicine droppers are inserted in the cap of the 
chamber and kept there at all times to prevent temperature variations. 
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FIG. 207. Neumayer apparatus for determination of molecular weight—Wheatstone 
bridge circuit. 

FIG. 208. Neumayer apparatus for determination of molecular weight—solvent-vapor 
chamber vs. thermistor assembly. 

P r o c e d u r e 
The apparatus shown in Fig. 208 is immersed in a water bath thermostated at 
about 30° C. ±: 0.01. Solvent is poured into the vapor chamber so that there is 
about one cm. of excess solvent in the bottom of the chamber over that re
quired to saturate the absorbent paper lining the inside wall of the chamber. 
Both platinum wire coils covering the thermistors are rinsed with about 0. Ι 
Ο. 2 ml. of solvent. The solvent can be readily placed on the coils by means of 
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an elongated medicine dropper inserted into the vapor chamber through a 
hole in the Bakélite cap. The medicine dropper is stored, when not in use, 
in copper tubing which is sealed on the bottom and immersed in the water 
bath. The micropotentiometer, R5, shown in Fig. 2 0 7 is set at zero resistance 
and switch, Sly is turned on. When temperature equilibrium has been estab
lished within the vapor chamber, the bridge is balanced using resistors, JR 3 and 
R±. The solvent in contact with the sensing thermistor, TMlt is replaced by 
rinsing with 0 . 1 - 0 . 2 ml. of solution which has been previously brought to 
3 0 ° C . by immersion of its container in the water bath. The bridge is bal
anced using the 1 0 0 0 ohm micropotentiometer. 

Approximately 3 minutes are required for the sensing thermistor to reach 
its maximum temperature. The maximum resistance of the micropotentiometer 
is recorded and this value is used to calculate the molecular weight of the 
solute. The sensing thermistor is rinsed with solvent and the micropotentiometer 
is returned to zero resistance. Temperature equilibrium will again be estab
lished in about 3 minutes, at which time the molecular weight of the next 
sample may be determined. I f desired, the sample may be recovered from the 
stainless steel crucible within the solvent-vapor chamber. 

Calculation :48 

Thermistor resistance varies logarithmically with temperature but only a 
maximum of approximately 1 % of the total resistance of one of the thermistors 

1000 

/ 

(OHMS) 

S 0 0 

0 
0 aoo5 0.010 0.015 

MOL F&ACTION 
FIG. 209. Relationship of AR vs. mol fraction of solute (Neumayer method for 

determination of molecular weight). 
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is utilized in these experiments so Δ Γ is essentially proportional to ΔΚ. It is 

also true that AR = Κ χ MF (see Fig. 2 0 9 ) , where AT and AR are the 

changes in temperature and resistance, respectively, of the sensing thermistors, 

Κ is a proportionality constant and MF is the mol fraction of solute in solu

t ion.* 4 1 Substituting the appropriate terms for MF and rearranging yields 

the equation : f 

g solute X MW solvent (K—AR) 
MW solute 

AR X g solvent 

where MW is molecular weight and g is weight in grams. Κ is determined 

for each solvent by making measurements on known amounts of test compounds. 
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ADDITIONAL INFORMATION ON REFERENCES:!: RELATED TO C H A P T E R 21 

In addition to the above, as well as the procedures presented in detail in the preced
ing pages of this chapter, the author wishes to call to the attention of the reader the 
references listed in Table 37. (See statement at top of Table 4 of Chapter 1, regarding 
completeness of this material.) 

Books 

Belcher and Godbert, 4, 5 
Bonnar, Dimbat, and Stross, 7 
Clark, E. P., 16 
Clark, S. J . , 17 
Furman, 27 
Grant, 29, 30 
Millard, 41 
Milton and Waters, 42 
Niederl and Niederl, 50, 51 
Niederl and Sozzi, 52 
Pregl, 63 
Roth, 70 -73 
Steyermark, 79 
Sucharda and Bobranski, 80 

Collaborative study 

Ogg, 54, 55 

Review 
Wilson, C. L., 84 

* Mol fraction = 

Ultramicro-, submicro-methods 

Brandstàtter, 9 
Gibson and Cur rie, 28 
Guerrant, 31 
Kofler and Brandstàtter, 38 

Ebullioscopic (boiling point rise) 

Belcher and Godbert, 4, 5 
Colson, 19, 20 
Dimbat and Stross, 24 
Furman, 27 
Grant, 29, 30 
Magee and Wilson, 40 
Niederl and Niederl, 50, 51 
Pregl, 63 
Rieche, 68, 69 
Roth, 70 -73 
Sucharda and Bobranski, 80, 81 
Wilson, 84 

mois solute 

mois solute + mois solvent 
f The slope of the line obtained by plotting the resistance against the concentration 

also may be used in calculating the resul ts . 8 3 a 

t The numbers which appear after each entry in this table refer to the literature 
citations in the reference list at the end of the chapter. 
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TABLE 37 {Continued) 

Cryoscopic (depression of melting or 
freezing point) 

Aluise, 1 
Brandstâtter, 9 
Csokan, 22 
Furman, 27 
Gibson and Currie, 28 
Grant, 29, 30 
Iwamoto, 36 
Kofler and Brandstâtter, 38 
Kubota and Yamane, 39 
Niederl and Niederl, 50, 51 
Pirsch, 57 
Rast, 66, 67 
Roth, 70-73 
Smit, 76 
Smit, Ruyter, and Van Wijk, 77 
Steyermark, 79 
Zscheile and White, 87 

Using Kofler micro hot stage 

Brandstâtter, 9 
Gibson and Currie, 28 
Kofler and Brandstâtter, 38 

Osmotic pressure methods 

Christiansen and Jensen, 14 
Forster and Breitenbach, 25 

Effusion method 

Nash, 45 

Vaporimetric, vapor pressure compari
son methods 

Blank, 6 
Bratton and Loch te, 10 
Furman, 27 
Gysel and Hamberger, 32 
Hawkins and Arthur, 33 
Nash, 44 
Nernst, 47 
Niederl and Niederl, 50, 51 
Puddington, 65 

Isothermal distillation methods 

Barger, 2, 3 
Bourdillon, 8 
Childs, 13 

Isothermal distillation methods (Conf.) 
Clark, E. P., 15, 16 
Francis, 26 
Guerrant, 31 
Hofstaeder, 34 
Hoyer, 35 
Morton, Campbell, and Ma, 43 
Neumayer, 48 
Niederl and Levy, 49 
Niederl and Niederl, 50, 51 
van Nieuwenburg and van Ligten, 53 
Ogg, 54, 55 
Roth, 72 
Spies, 78 
White and Morris, 83 
Wilson and Bini, 83a 
Wright, 86 

Potentiometric, nonaqueous titration 
Brockmann and Meyer, 12 

Neutralization equivalent 
See Chapter 15 

Spectrophotometric method 
Cunningham, Dawson, and Spring, 23 

Apparatus 
British Standards Institution, 11 
Christiansen and Jensen, 14 
Clark, E. P., 16 
Clark, S. J . , 17 
Colson, 18-20 
Dimbat and Stross, 24 
Hawkins and Arthur, 33 
Hoyer, 35 
Nash, 45 , 46 
Niederl and Niederl, 50, 51 
van Nieuwenburg and van Ligten, 53 
Roth, 70 -73 
Steyermark, 79 
White and Morris, 83 

Use of thermistors 
Dimbat and Stross, 24 
Francis, 26 
Hofstaeder, 34 
Neumayer, 48 
Ogg, 55 
Wilson and Bini, 83a 
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