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Synopsis. 

Freezing point curves of binary mixtures, TiCl4-SiCl4, TiCl4-SnCl4, TiCl4-CCl4, 
and TiCl4-SbCl5 have been determined by the methods of both total and differential 
thermal analyses. In the system TiCl4-SiCl4 an eutectic point lies on the position al-
most 100% of SiCl4, and with the mixtures TiCl4-CCl4 and TiCl4-SbCl5 a simple eutectic 
system has been shown, while the mixture TiCl4-SnCl4 shows a simple solid solution.

Introduction. 

Titanium tetrachloride can be prepared from titanium dioxide which 
is usually found in the iron sand. Consequently the investigation of
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titanium tetrachloride has very profound interest with the industrial ap-

plication of the iron sand. The present author has intended as a first 
attempt to investigate the freezing point curves of the binary mixtures 
of liquid chlorides containing titanium tetrachloride. 

Experimental Method. 

1. Sampling-of the Chlorides avoiding those from Decomposition. It 
will be difficult to prepare mixtures of known composition, which is ex-
tremely smoky in the presence of wet atmosphere, such as, those chlorides 

(excepting carbon tetrachloride), by weighing them with a balance. 
There is also a method of measurement by which these can be distillated 
in a measuring apparatus which 'is kept in vacuum, but then this will be 
of greatly complicated in such a case as to determine the freezing point 
curve. Hence in the present experiment the volumes of these chlorides 
have been measured with burettes avoiding them contact with moisture,

and calculated the composition of these mix-
tures from their density. All these chlorides 
were purified by the distillation before use. 
Stocked chlorides were kept in flasks each of 
which has a side tube as shown in Fig. 1 A, 
and when those were used, dried air were let 
in from the tube avoiding the contact of mois-
ture with chlorides. When the chlorides were 
let into a burette from the stocked flask through 
a long mouthed funnel inserted into a tube a 
shown in Fig. 1, dry air was sent from the 
tube b letting it out from the funnel, avoiding 
the contact of moisture with the chlorides, and 
taking the lid c off to allow the chlorides into 
the burette. After the chlorides were let into 
the burette, the lid c, being replaced the funnel 
being removed and the tube a was closed, at 
the same time, sending of the dry air from b 
was ceased. d in Fig. 1 and d' in Fig. 2 are 
gum stoppers whose surfaces are previously 
attacked by the chloride vapour for a suffi-
ciently, long.time to avoid chlorides from be-
ing contaminated. Two grooves are dug on the 
stop-cock as shown in the figure and mercury 
is poured in them to protect the chlorides fromFig. 1.
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the moisture and to keep it movable. Although 
the boundary between the mercury and the chlo-
rides became brownish black due to the contami-
nation of the mercury during the experiment, the 

phenomenon was simply confined in the boundary; 
hence, the chlorides in the burette were able to 
keep their original purity. The purity was fur-
ther assured by discording the first small quantity 
of chlorides into f, before measuring the chlorides 
out from the burette into the apparatus. g and k 
are gum tubes and h is made of glass. The mea-
suring of the chlorides into the apparatus was con-
sisted of lowering g, h and k downwards, passing 
the dry air very slowly from tube 1, connecting the

Fig. 2.

side tube m in Fig 2 with rubber tube ƒÈ, at the same time f is removed 

and while opening the lid n allowing the air coming out, the desired 

quantity of the chlorides was measured into the apparatus. When the 

measurement was completed, m is removed from k, letting the dry air 

pass through from n, and m is quickly covered up, and finally the air 

supply from n was discontinued. f is re-set into k, at the same time 

letting the dry air cease to come from l. When carbon tetrachloride was 

used, an usual burette was employed, as it does not fume in the wet air. 

Since the data available in the literature relating to the density of these 

chlorides are very meagre, the density of these chlorides was calculated 

by the interpolation of several values in the literature. The references 

on the value adopted are as follows; the density of titanium tetrachloride 

from T. Sagawa,(1) a member of our institute, of silicon tetrachloride from 

T. E. Thorpe,(2) O. Ruff, and C. Albert,(3) of carbon tetrachloride from T. 

E. Thorpe(4) and Joseph,(5) of stannic chloride from Young and Fortey,(6) 

of antimony tetrachloride from A. Haagen,(7) O. Ruff, and W. Plato.(8) 

2. Thermal Analyses. The cooling velocity is regulated by the pres-

sure at the space q in Fig. 2 to which Langmuir pump is connected. r 

is a Dewar vessel containing liquid nitrogen or mixture of solid carbon

(1) T. Sagawa, Kinzoku no Kenkyu, 9 (1932), 189. 
(2) T. E. Thorpe, J. Chem. Soc., 37 (1880), 327. 
(3) O. Ruff, C: Albert, Ber., 38 (1905), 2222. 
(4) T. E. Thorpe, Trans. Chem. Soc., 37 (1880), 141. 
(5) Joseph, Trans. Chem. Soc:, 107 (1915), -1. 
(6) Young & Fortey, J. Chem. Soc., 81 (1902), 783. 
(7) A. Haagen, Pogg. Ann., 131 (1867), 122. 
(8) O. Ruff & W. Plato, Ber., 37 (1904), 679.
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dioxide and ether. s is a protecting glass tube in which one junction of 
the copper-constantan thermocouple is inserted, and the other junction is 
inserted in the melting ice. The temperature was read by a pyrometer. 
The copper-constantan thermocouple was previously calibrated by the 
melting points of pure chlorobenzene, chloroform, ethyl acetate, toluene,

Fig. 3.

Fig. 4.

ethyl ether, and mercury, and also by the boiling point 
of liquid nitrogen. On the differential thermal analysis 
the mixture of the desired composition was prepared 
firstly in the flask shown in Fig. 3 with the burette 
shown in Fig. 1, and then about 0.05 c.c. of the mixture 
was introduced into the glass tube whose diameter is 3 
mm. shown in Fig. 4. The purpose of using such a small 
quantity of chloride was to make the uniform tempera-
ture at the extremity of the thermocouple. In Fig. 4 t 
is a copper block, 3 cm. in diameter and 4 cm. in length, 
into which two glass tubes are inserted ; the one contains 
chloride, and the other water. In the tube containing 
chloride two junctions, each end of the temperature 
measurement thermocouple and of the differential ther-
mal analysis, are inserted. These two junctions are in-
serted respectively into two capillaries which are placed 
symmetrically about the inner wall of the tube containing 
chloride. Two wires of the junction are insulated with

the oxide coating on the copper wire made by the Bunsen burner. When 

the differential thermal analysis was carried on the copper block was pre-

viously dipped in liquid nitrogen, solidifying both the chloride and the 

neutral matter (water), and they were then taken out in the air, and 

finally the heating curves were drawn from the readings of a galvano-

meter. The velocity of the heating was about 0.4•‹ per minute. 

In the case of the total thermal analysis the solidus points on both 

sides of the eutectic point .in the system TiCl4-CCl4 were indicated slight-

ly lower temperature on the cooling curve and somewhat higher tem-

perature on the heating curves. The similar phenomena were observed 

on the antimony pentachloride rich-side in the system TiCl4-SbCl5 ; con-

sequently in both diagrams the mean values of these temperatures were 

adopted. Curves of the thermal analyses were shown in Figs. 9 and 10, 

and the results were tabulated and illustrated diagramatically in next 

paragraph. 

Results of Experiment. 

(1) TiCl4-SiCl4. When the cooling curve of the total thermal analy-

sis was taken in this system, the eutectic flat did not appears until the
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Fig. 6. Freezing point curve of the mixture : TiCl4-SiCl4. 

1. TiCl4-SiC14

Table 1. Total Thermal .Analysis (Cooling Curves)
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Table 2. Differential Thermal Analysis (Heating Curves)

mixture contained a quite large quantity of SiCl4, say 90.6 Mol % SiCl4 . 
In the case of the differential thermal analysis the eutectic points were 
observed until the mixtures contained as small quantity of SiCl4 as 10.3 
Mol %. In both analyses this eutectic point was perfectly equal to the 
freezing point of pure SiCl4. Liquidus curve descends, as shown in Fig. 
5, gradually from 100 % TiCl4 to 100 % SiCl4 . In another words in this 
system when a mixture freezes, TiCl4 crystallizes out firstly, and until all 
the TiCl4 freezes out, the crystallization of SiCl4 does not begin. 

(2) TiCl4-CCl4. _ In this system both the liquidus and the eutectic 
point appeared distinctly, as shown in Fig. 6, even in the case of the

Fig. 6. Freezing point curve of the mixture: TiCl4-CCl4.
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total thermal analysis ; but the eutectic point found to be somewhat 

higher temperature in the heating curves than that of the cooling. This 

difference grew greater and greater as the composition of the mixture 

remote from the eutectic point, as shown in Table 3; hence in the figure 

mean values have been plotted. Perhaps these abnormalities can be re-

moved if small quantity of the sample is used. In the case of the dif-

ferential thermal analysis, therefore, small quantities of the samples were 

employed as described before, and almost definite eutectic temperature 

was observed.

2. TiCl4-CCl4 

Table 3. Total Thermal Analysis (Cooling Curves)
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Table 4. Differential Thermal Analysis (Heating Curves)

(3) TiCl4-SnCl4. In this system, as shown by the cooling curves 
in Fig. 12, while the primary crystallization points were observed dis-
tinctly, the eutectic flat did not appear at all. From this fact it is to be 
assumed that this system is to form the solid. solution; but in spite of 
this prospect, the decision as to whether this system would form the 
solid solution or not seemed inadequate merely by the total thermal analy-
sis. Only when the differential thermal analysis was taken it was able 
to decide that all the mixtures in this system, whatever was the com-

position, would form the solid solution. In Fig. 7 liquidus points from 
cooling curves of the total thermal analysis and the solidus points from 
heating curves of the differential thermal analysis were plotted.

Fig. 7. Freezing point curve of the mixture : TiCl4-SnCl4.
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3. TiCl4-SnCl4 

Table 5. Total Thermal Analysis (Cooling Curves)

Table 6. Differential Thermal Analysis (Heating Curves)
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(4) TiCl4-SnCl5. From the results of the total and the differential 
thermal analyses, it has been found that the eutectic could be observed 
regularly in this system. But when cooling and heating curves of totall 
thermal analysis were drawn the eutectic temperature varied only on the 
SbCl5 rich side.

Fig. 8. Freezing point curve,of the mixture : TiCl4-SbCl5.

4. TiCl4-SbCl5 

Table 7. Total Thermal Analysis (Cooling Curves)
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Table 8. Differential Thermal Analysis (Heating Curves)

Fig. 9. Differential Thermal Analysis (Heating Curves).
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As almost all of the cooling curves shows the supercooling of sam-

ples, primary crystallization points were decided by the back extrapola-
tion method as shown in Fig. 10. In the case of the differential thermal 

analysis the points of intersection of the curves were taken as the re-

quired points. 
In conclusion the present writer wishes to express his hearty thanks 

to Prof. Dr. K. Iwase for his kind guidance, and thanks are also due to 

Mr. T. Okamura for his valuable advice.

Summary. 

1. The apparatus was devised for the , measurement of the liquids 

which smokes in the wet atmosphere without letting them smoke. 

2. Using the apparatus described above the freezing point curves 

of the mixtures, TiCl4-SiCl4, TiCl4-CCl4, TiCl4-SnCl4, and TiCl4-SbCl5 

were determined. 
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