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LOW TEMPERATURE THERMAL ANALYSIS 
OF SOME BORON TRIHALIDE COMPLEXES 

Interest in the electron acceptor properties of the boron 

halides dates back to 1923 when G.N. Lewis first proposed his 

acid -base concepts based on donor -acceptor bond formation. 

More recently, interest was revived when the concept was 

again discussed by Lewis in 1938 (21, p. 326) and by Luder 

in 1940 (18, p. 547 -583) . 

Traditionally BF3 has been considered to be the strong- 

est of these Lewis acids, based on the fact that more stable 

complexes are formed with common donor molecules such as 

ethers and most amines. Still more recently, as the number 

of potential donor molecules investigated has increased, it has 

become apparent that the order of acid strength varies depend- 

ing upon the particular base employed. Reports in the litera- 

ture reveal that a host of at least sixty inorganic coordination 

compounds with BF3 are known to exist. A lesser number, 

about 23, have been reported with BC13, and still fewer with 

BBr3 and B13. The smaller number of complexes reported 

with the latter three halides is primarily indicative of the de- 

gree of investigation rather than a clear -cut difference in acid 

strength. 

The electron acceptor property of the boron trihalide 
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molecule is dependent upon the electron deficiency of the boron 

atom in its particular molecular environment. It is therefore 

necessary to consider those factors that tend to control electron 

density in the region of the boron atom in a discussion of rela- 
tive acid strengths . The region of its nominally vacant pz 

orbital, which is otherwise occupied by electrons furnished by 

a donor molecule or ion is of special importance. 

The relative electron distribution in the sigma bonds is 

predominantly a function of the size and electronegativity of the 

halide. The increasing size and decreasing electronegativity 
of the halide in the series F, Cl, Br, I lead to decreasing 
electron deficiency of the boron atom in the sequence BF3, 
BC13 , BBr3 , 

The pz orbital of the boron is at least partially occupied 

by means of intramolecular back -coordination utilizing the un- 
shared electron pairs of the halides. The measured bond 

length in BF3 (23, p. 317 -320) corresponds to a 1 1/3 bond, 

best represented by the resonance structures: 

®F 
/F F F \ \ / % OB -T 

oil -c > O 
F F 

G 

Stabilization of the boron in this fashion is much less important 

with the other trihalides since the region of p orbital overlap 

BI3. 
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is much smaller with the larger halides. The measured bond 

lengths in 6C13, B3r3, and 313 more nearly correspond to 

the expected single bond length. The contribution of electron 

density to the boron through pi bonding is therefore opposite 

in order to that through sigma bonding. 

The net effect of these variations in the properties of 

size, electronegativity, and pi bonding result in decreasing 

B -X bond energies in the series B -F, B -Cl, B -Br, B -I. 
The measured bond energies for the first three members of 

this series are 154.8, 108.5, and 90.2 kcal /mole respectively 

(26, p. 21). 

A second important effect, other than the variation in 

inherent acceptor properties of the boron atom, arises from 

the aforementioned size differences. Steric factors, tending 

to hinder the attachment of a fourth group to the boron, must 

also be considered. Steric hindrance increases directly with 

increasing size of substituents and therefore is of least effect 

in BF3 complexes and of most effect in 313 complexes. 

In summary, BF3 should be the strongest Lewis acid 

among the boron halides on the basis of the high electronega- 

tivity and small size of fluorine, but should be the weakest 

Lewis acid among these compounds on the basis of saturation 

of the boron atom through back -coordination. 
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Experimental observations appear to support these 

views since there is evidence that BF3 
3 

is the stronger Lewis 

acid in coordination with some bases and BC13 3 is the stronger 

Lewis acid in other cases (sufficient data was not available to 

properly consider BBr3 and 313 in these comparisons). 

It should be noted that a number of organic complexes 

with BC13, BBr3, and 313 undergo elimination reactions with 

the formation of the corresponding hydrogen halide or alkyl 

halide and an organo boron dihalide (19, p. 462). For 

example 

(CH3CH2)2 03013 -----C1-13CH30BC12 + CH3CH2C1 

BF3 
3 complexes are far more stable toward these elimination 

reactions, presumably because of the greater B-X bond 

energy. Reactions of this sort interfere with a direct com- 

parison of acid strengths in those cases where they occur. 

As previously mentioned, the older concept considers 

BF3 3 to be the stronger Lewis acid. A review by Martin 

(19, p. 461-462) lists some complexes with BC13 3 and discusses 

factors which account for the existence of fewer coordination 

compounds with BC13. More recently in another excellent 

review by Greenwood and Martin (15, p. 1-39), factors 

affecting the stability of BF3 complexes are discussed. This 
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review also lists a large number of coordination compounds 

with BF3 and gives many of their physical and chemical pro- 

perties. Still more recently, Brown and Holmes (9, p. 2173- 

2175) cite instances where BF3 

According to these authors, 

is not the stronger acid. 

BBr3 and BC13 3 form complexes 

with arsine while BF3 forms no complex at temperatures as 

low as -120°C. With PC13, BEr3 forms a complex while 

BC13 
3 and BF3 

3 do not. The order of the acid strengths rela- 
tive to pyridine and nitrobenzene is BBr3 >BC13 >BF3. 

Two principle methods have been used to investigate 

coordination compounds of BF3 and BC13. In one of these, 
the gas BF3 or BC13, is bubbled into the liquid Lewis base 

(2, p. 6188-6189; 3, P. 4372; p. 5872; 1+, ID. 3409; 10. 

p. 1637-1638) . The formation of a compound is indicated by 

a gain in weight of the liquid base whereby the relative amounts 

of the two compounds are calculated and thus the composition 

of the compound formed is determined. In conjunction with, 

and sometimes in place of, this, some type of indicator is 

often 

pass 

base 

used to signal when the acid, BF3 or BC13, begins to 

on through the reaction vessel thereby denoting that the 

is saturated (10, p. 1637; 3, p. 2+372). The possibility 

of merely having a solution of the acid in the base is eliminated, 

1, 
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especially in the case of BF3, by the fact that it would be 

improbable, if not impossible, to dissolve so great an amount 

of a material with such a low boiling point at the temperatures 

used (usually near room temperature). Separation of a solid 

from the reaction mixture quite often occurs and this, too, 

indicates formation of a compound (2 , p. 6189). The stability 

of any compound that is formed can be checked by measuring 

the dissociation pressures at known temperatures (10, p. 1638). 

The second method employs thermal analysis to con- 

struct phase diagrams where mole fraction of the acid-base 

mixture is plotted versus the freezing point temperature (8, p. 

2273-2280; 5, p. 2198-2205; 7, p. 233/4.-2339; 13, p. 369- 

377 ; 20, p. 1255-1262). Compound formation is revealed by 

this method where more than one eutectic appears in the phase 

diagram. This follows from the fact that in order to have a 

eutectic one must have two compounds. Thus two eutectics 

require the existence of three compounds and so on. For 
instance, suppose the phase diagram of the system composed 

of compounds A and B shows two eutectics. One eutectic 

point is produced by A and the new compound, X. The 

other is produced by B and X. The height of the maximum 

between the two eutectic points, corresponding to the 
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composition of X, is a rough indication of the stability of the 

compound formed (22, p. 148 -149; 21+, p. 123 -126) . 

The first of the above methods is the more common. 

However, it is more often used for the preparation of com- 

plexes which are known to exist and are relatively stable. 

Modifications are quite frequently employed such as addition of 

another agent which serves as a solvent (3, p. 1372; 1, p. 

5872) . Burg and Ross (10, p. 1637 -1638) did, however, use 

this method for investigative purposes. They bubbled BF3 

and BC13 into liquid SOC12 and SO2C12 at -80 °C and -45.7° 

C respectively. They reported no addition compound or any 

reaction of any type in any case. However, they did report 

a complex formed by this method with POC13 and BC13. 

Batey and Sisler (LM, p. 3409) also used this method for 

investigative purposes. They bubbled BF3 through NO2C1 

at -75 °C and reported no reaction. 

Thermal analysis is probably the more common method 

used since it is capable of detecting even weak interactions. 

Booth and Martin employed thermal analysis to investigate the 

systems of BF3 with CH3C1, HC1, N20, and SO2 (5, p. 

2198 -2205) . They found only one coordination compound, 

BF3. SO 2 Booth and Walkup (7, p. 2334-2339) 
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investigated the systems of BF3 with CF3C1, CF4, PF3, 
POF3, PSF3, and SOF2. They found only the one co- 

ordination compound, BF3 SOF2. 

This thesis covers the investigation by thermal analysis 

of the comparative strengths of the two Lewis acids, BF3 and 

BC13, 3' relative to SOF2 2 and SOC1 2 ' The system with BF3 3 
and SOF2 2 was chosen to check the results of this work with 

those of Booth and Walkup's (7, p. 2338). The desire to 

see if there would be any compound formation with SOC12 at 

an even lower temperature than that used by Burg and Ross 

(10, p. 1637 -1638) (i.e., -80°C) prompted the decision to 

investigate this system. 
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EXPERIMENTAL 

Apparatus 

The apparatus used in this work is quite similar to 

that used by Booth and Martin (5, p. 2198 -2200) with the 

following three major exceptions . Their freezing point cell 

was built directly into the vacuum system while the one used in 

this work was incorporated into a portable apparatus which 

could be attached to the main vacuum system (See Fig 1) . 

Second, Booth and Martin used a recording potentiometer to 

record their thermocouple EMF, but since there was no re- 

cording potentiometer of high enough sensitivity available for 

this work, a Leeds and Northrup model K potentiometer was 

used in conjunction with a wall type galvanometer which served 

as a null sensing device. Also, their method of detecting the 

freezing point of the sample differs from that used here. 

Booth and Martin employed two different methods of detecting 

the freezing point. One was by the inflection in the cooling 

curve and the other was to note the first appearance of points 

of light in the freezing point cell when viewed in a field between 

crossed polarizers. They state that the same result is obtain- 

ed in either case. The latter method was tried in this work, 

but it was found that in instances where supercooling is 



10 

observed, which is quite frequently the case, the first points 

of light appear at the minimum in the cooling curve (point C in 

Fig 1+) giving an erroneous result. In cases where super- 

cooling is not observed, the inflection in the cooling curve 

seems to be quite sufficient. From this, it seems to the 

author that the method of observing points of light between 

crossed polarizers isn't necessary and sometimes even in 

error. Therefore, this method was discarded in favor of 

the method of observing the inflection in the cooling curves. 

The freezing point cell (Fig 2) used in this work 

consisted of a 17 mm O.D. glass tube fitted with a standard 

taper joint so that the cell could be taken apart for cleaning. 

A triple junction copper-constantan thermocouple constructed 

by the auther was used for a temperature sensing device. 

This was placed in a 5 mm O.D. glass well which extended 

nearly to the bottom of the freezing point cell. A glass spiral 

into the uppermost end of which was sealed some iron filings 

served as a stirrer. It was caused to rise and fall through 

a distance of 1/2 to 3/l inch at the rate of about 180 times 

per minute by means of a solenoid which was turned on and 

off through the use of a circuit breaker device obtained from a 

pinball machine. A rapid rate of stirring was found to be 
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essential since the first few experimental runs were made 

with a stirring rate of about one fourth that cited with the re- 

sult that unreproducible data were obtained. This presumably 

followed from the fact that supercooling was much more pre- 

valent at the slower stirring rate . The rate of cooling was 

controlled at about 3 to 4 degrees per minute by a partially 

exhausted Dewar flask that was also partially silvered and 

immersed in a liquid nitrogen bath. The rate of cooling could 

be slowed to about one degree per minute with this apparatus 

if desired. 

The rest of the apparatus as shown in Fig 1 consists 

of a two liter bulb which was used as a sample storage vessel 

and when used in conjunction with manometer "A" acts as a 

sample measuring device. Manometer "D" served mainly to 

warn when the pressure in the freezing point cell was getting 

too high, upon allowing the sample to warm and melt, so that 

one did not allow the pressure to become high enough to 

shatter the cell. Stopcock "H" was installed so that the mano- 

meter could be turned off when not needed so that mercury 

would not distill over into the freezing point cell. 

At this point it might be well to discuss the factors 

that Martin and Booth investigated pertaining to the accuracy 
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Figure 1 Portable Vacuum Apparatus 
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Figure 2 Freezing Point Cell 

/1 



TABLE I 
Interpretation of Symbols Used in Figures 1 and 2 

A Mercury Manometer 

Two -liter Calibrated Bulb 

C Adapter Joint for Connection to Main Vacuum Line 

D Mercury Manometer 

E Solenoid 

F Iron Filings Sealed in Top of Stirrer 

G Thermocouple Well 

H Stopcock 

I Freezing Point Cell 

J Partially Exhausted Dewar for Control of Cooling Rate 

K Liquid Nitrogen Bath 

L Stirrer 

14 

B 
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of their results (5, p. 2199 -2200) They experimented with 

different cooling rates and finally settled on a rate of 3 to 3.5 

degrees per minute which was about the same rate as that 

used in this work. They investigated two different diameters 

of the freezing point cell (14 mm 0.D. and 19 mm O.D.) and 

found no difference between the two. The one they selected 

was the 14 mm cell. They state that they found it a safe rule 

to have the immersion depth of the thermocouple at least 4 cm 

above the uppermost junction in order to get reproducible 

results. No study of the effect of the immersion depth was 

undertaken in this work, but no difficulty was experienced in 

obtaining reproducible results as long as enough liquid sample 

was present to cover the top junction of the thermocouple. 

One modification not mentioned by Booth and Martin was em- 

ployed here however, and that was to place isopentane in the 

thermocouple well in order to obtain better thermal conduct- 

ivity. This modification was incorporated into the apparatus 

after the first couple of experimental runs had been made with 

the result that the data was not reproducible and much time 

lag in the temperature readings was observed. Isopentane 

has a freezing point of -160 o °C so that at no time during any 

of the experiments would freezing of the isopentane take place. 
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Quite good results were obtained after this simple modification. 

Booth and Martin studied the effect of closeness of the thermo- 

couple well to the bottom of the freezing point cell and found 

that there was no difference up to a distance of 2 centimeters. 

A distance of about 0.5 cm was used in this apparatus. 

Preparation of Materials 

The purification of two of the four materials used in 

this work was changed during the course of the work. With 

SOC12, the preparative method was changed after the BF3 - 

SOC12 2 system was completed but before the BC13 -SOC12 

system was started. With BF3, 3' the preparative method was 

changed between runs on the BF3 -SOC12 3 2 system but after 

the BF3 -SOF2 
3 2 system was complete. 

Boron Trifluoride An IR spectrum of a sample of 

BF3 
3 

that was obtained from the Matheson Company and 

fractionated in the vacuum line by passing through a -145 °C 

trap showed that some HC1 was present. Hydrogen chloride 

is impossible to remove from BF3 by fractionation methods 

since the vapor pressure curves for the two materials are 
nearly the same. Therefore, a BF3 -anisole complex was 

prepared by bubbling BF3 °C into the anisole at 0 until the 
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anisole was saturated (28, p. 20). Volatile material was 

removed by pumping for about one -half hour while the product 

was held at 000. The complex was then allowed to decom- 

pose at room temperature (some heating to about 50°C) and 

the BF3 was trapped at -196°C while the anisole was stopped 

at -80°C. The BF3 3 was then fractionated by passing through 

a -145°C trap into a -196°C trap. The IR spectrum of this 

product showed that essentially all of the HCl had been re- 

moved. No new peaks appeared indicating that no other im- 

purities had been added. The freezing point of this product 

was -127.8°C. 

The entire BF3 
3 
-SOF 2 system and the 0 to 30 per 

cent portion of the BF3 -SOC12 3 2 system was run with BF3 3 

purified by this method. Later, difficulty was experienced in 

obtaining a reasonable yield of BF3 via the BF3 -anisole 

complex. Therefore, the remainder of the BF3 -SOC12 

system was run with BF3 3 that was merely fractionated in the 

vacuum line, including the second run for the portion of the 

diagram mentioned above. The freezing point of the BF3 

prepared by this latter procedure was the same as that obtain- 

ed for the former (- 127.8 °C). The accepted value is -128 °C 

(17, p. 25). 
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Technical grade BC13 was obtain- 

ed from the Matheson Company and purified by fractionation in 

the vacuum line by passing through a -80 °C trap into a -112 °C 

trap. The freezing point of this product was -107.1 It 0.5 °C. 

The accepted value is -107 °C (27, p. 3110). 

I Fluoride Thionyl fluoride was prepared 

according to a procedure given in Inorganic Syntheses (25, 

p. 162 -163) whereby SOC12 was slowly added by means of a 

dropping funnel to a heated flask containing SbF3 and SbC15 

which acts as solvent and catalyst. The flask was equipped 

with a reflux condenser through which the SOF2 can pass on 

its way to a -80 °C trap where it is condensed. The SOF2 2 

was then placed in the vacuum line and stored in dry ice. 

The vapor pressure of this product did not check with 

that in the literature (6, p. 641) , and fractionation methods 

failed to affect purification. A silver nitrate test on a hydro- 

lyzed portion of this product was positive for chlorine. To 

remove the chlorine, a column was prepared by packing a 

20 mm diameter, 300 mm tube with SbF3 on glass beadS., 

This column, with a small glass bulb on one end, was sealed 

directly onto the vacuum line. The impure SOF2 was slowly 

passed through the column over a period of about two hours 
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from a -60°C trap to the bulb at-80°C. The column was 

maintained at 150°C. This procedure was repeated by pass- 

ing the SOF2 back through the column into the vacuum line 

where it was stored. A qualitative check for chlorine on 

this product was negative. Vapor pressures at -63.900 and 

at -76.5 °C were 25L. mm and 111 mm respectively and the 

melting point was -129.5 °C . Corresponding literature values 

(6, p. 641- 642) are 251.1 mm, 112.5 mm, and -129.5 °C. 

The pure SOF2 was quite stable; it was stored in the vacuum 

line in dry ice for periods of up to one month with no change 

in appearance, vapor pressure, or freezing point. 

Thionyl Chloride Reagent grade thionyl chloride 

(Eastman Kodak Company) was purified in the following 

fashion. A frozen mixture of the SOC12 and linseed oil was 

degassed in the vacuum line. The mixture was allowed to 

warm to room temperature, and it was stirred with a mag- 

netic stirrer for about two hours. The SOC12 was then 

distilled out of the mixture and fractioned by passing through 

a -23 °C trap into a -80 °C trap (12, p. 345). The freezing 

point of this product was -104 °C. The accepted value is 

-104.5°C (6, p. 642). After standing for a day or less in 

a sealed glass tube, the SOC12 became slightly yellow in 
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color; the freezing point rose two to three degrees. Upon 

refractionation, a colorless product could be obtained, and the 

freezing point again dropped to the -104.0°C value. The 

SOC12 obtained by this method could not be kept for longer 

than about half a day without appreciable decomposition occur- 

ing. This product was used for the BF3 -SOC12 system, but 

it was necessary to fractionate the SOC12 just prior to each 

run. 

The SOC12 that was used for the BC13 -SOC12 system 

was prepared by merely fractionating the reagent grade 

material in the vacuum line. It was found that after two 

fractionations the SOC12 remained colorless and its freezing 

point remained at -104.0°C when kept in a sealed glass tube. 

T hermocouple Calibration 

The thermocouple was calibrated directly in the freez- 

ing point cell using the same potentiometer and galvanometer 

that was used for all the experimental work. A cooling curve 

was run on various reagent grade liquids with known freezing 

points. The EMF of the thermocouple was noted at the in- 

flection in the cooling curves therby relating thermocouple 

voltage to temperature. Data was also taken from Considine's 
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Process Instruments and Controls Handbook (11, ch.12, p. 

77) pertaining to a copper- constantan thermocouple. This was 

found to agree very well with the experimental results. Both 

sets of data are displayed on the thermocouple calibration 

curve (Fig 3) 

Procedure 

Measurement and introduction of the samples to be run 

was accomplished by attaching the apparatus shown in Fig 1 

to the main vacuum line where the previously purified mater- 

ials were stored. One of the two compounds (either the acid 

or the base) was placed in the two -liter calibrated bulb where 

the quantity of sample could be measured volumetrically as a 

gas. This measured amount of compound was then transferred 

to the freezing point cell. Then the second compound was 

stored in the two -liter bulb. By transferring small, known 

increments of the compound, again measured volumetrically, 

from the bulb into the freezing point cell and running a cooling 

curve for each composition, the phase diagram for the parti- 

cular system was constructed. Only half of the phase diagram 

could be determined with one run. The other half was made 

by reversing the above procedure (i.e., the second compound 

. 
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was measured and placed in the freezing point cell while the 

first was stored in the two -liter bulb and small increments of 

this material introduced into the cell) . This procedure had to 

be modified somewhat for the systems in which SOC12 was 

used since it has a vapor pressure of only about 100 mm at 

room temperature. Thionyl chloride also forms a gummy 

substance with mercury which dirties up a mercury manometer 

to such an extent that it is impossible to read after only a few 

minutes. Therefore, the sampling procedure that was used 

with SOC12 was to store the pure material in a sealed glass 

tube equipped with break off seals and then weighed. Some 

of the SOC12 could then be introduced into the vacuum line 

and subsequently into the freezing point cell. The tube could 

then be sealed and weighed again. The rest of the procedure 

is essentially the same as that already described except that 

the entire phase diagram was constructed by adding increments 

of the particular acid, BF3 or BCl3 , to the freezing point cell 

until the composition of the mixture was 90 to 95% acid. This 

was done in about three steps. First, the phase diagram was 

constructed from 0 to about 50% acid. Then an approximately 

50 -50 mixture was placed in the cell and the construction of 

the phase diagram continued over to about 80% acid. Finally, 



about an 80 -20 acid -base mixture was placed in the cell and 

the run continued to as high an acid percentage as was prac- 

tical (usually not higher than about 95% acid) . 

Construction of the cooling curves was accomplished 

by recording the time at temperature increments of about 1 °C 

except in the neighborhood of the freezing point where temper- 

ature increments of about 0.2 °C were taken. Interpretation 

of the cooling curves where no supercooling is observed is 

quite obvious. The thermocouple voltage is noted at the in- 

flection in the curve and this in turn related to the temperature 

from the thermocouple calibration curve. In instances where 

supercooling does occur, interpretation of the cooling curves 

is not so simple . An example of a cooling curve showing 

extensive supercooling is represented by the solid line in Fig 

4. However, according to Glasstone (14, P. 747 -749), , if no 

supercooling had occured, the cooling curve would follow the 

path ABDE in Fig 4. The line, BDE, is not straight be- 

cause at the freezing point, B, two phases appear, a liquid 

phase and a solid phase, which are of different composition. 

Therefore, as more and more solid phase is produced, the 

composition of the liquid phase changes. Thus the freezing 

temperatures also change with time producing a curve rather 

214. 



than a straight line. 

One cannot, therefore, 

take the position of the 

maximum at D as the 

freezing point after the 

curve has passed 

through point C since 

the composition of the 

liquid phase has changed 

by this time from that 

calculated from the a- 

mount of each material 

placed in the freezing 

point cell. One must 

extrapolate back along the 
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dotted line, BD, in order to obtain 

the correct freezing point for the composition that has been 

calculated. 

This method of obtaining the freezing point was used in 

cases where not more than about 3 or 14. degrees supercooling 

was observed. However, in some cases with the systems 

involving SOC12, a much greater amount of supercooling was 

observed (10 to 15 degrees in some cases) with a relatively 
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sharp point as a maximum at D. In fact, in many cases the 

cooling curve passed through this maximum so rapidly that it 

was impossible to observe the galvanometer and record the 

curve at the same time. For this reason, and also because 

use of the method described above would result in an answer 

that is obviously in error, the maximum itself was taken as 

the freezing point. This method probably gives an answer 

that is somewhat in error also (probably not more than 1 to 2 

degrees low), but it was used for lack of something better. 

Cooling curves showing this behavior may be seen in Figs 

9, 10, and 11. Only the general shape of the cooling curves 

was observed in these cases; the maximum is all that was 

actually recorded. 

Figures 7 through 12 display a representative number 

of cooling curves for each of the four systems investigated. 

Each curve has been labeled with a number and a letter which 

correspond to a particular composition cited in Table II, III, 
IV, or V. Thus, if one of the cooling curves for the BC13- 

3 

SOF2 system, for example, is labeled 4B, it corresponds to 

run number !. of Table IIIB since the data for the BC13 -SOF2 

system are cited in Table III. 
A limited attempt was made to determine whether any 
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type of reaction takes place between the two components of the 

BC13 -SOF2 system, such as a halogen exchange. If a 

reaction of this type did take place, presumably it would be of 

the following nature: 

BC13 + SOF2 - BFC12 + SOC1F 

BF3 + BC13 

The interhalogen boron compound would be unstable (16, p. 

955 -960) . Accordingly, an approximately 70 -30 BC13 -SOF2 

mixture which had been used for one of the runs on this 

system was allowed to stand overnight in the liquid state 

(-80°C). The mixture was then fractionated by passing it 

through -112 °C and -145 °C traps in the vacuum line. - BC13 

and SOF2 would condense in the -112 °C and -145 °C traps 

respectively. Any SOC1F should also condense in the -112 °C 

trap while BF3 would pass through the -145 °C trap. 

An amount of material corresponding to about 85% of 

the original BC13 condensed in the -112 °C fraction. It had a 

freezing point of °C corresponding to that of BC13. If 

any SOC1F was formed, it should also be found in this fraction, 

and a lowering of the freezing point from that of pure BC13 

should result. Such was not the case. 

\ 
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The 11+5 °C fraction contained an amount of material 

which was 3.5% in excess of the amount of SOF2 started with. 

It had a freezing point of -131.0 °C, or about 0.8 °C below that 

of the BC13 -SOF2 eutectic temperature. There was only a 

small amount of material, however; possibly small enough so 

that the freezing point obtained was in error by that much. 

Since no BC13 should pass through the -112 °C trap, any im- 

purity present was probably not BC13. BF3 has a vapor 

pressure of only about 5 mm at -11+5 °C. It is therefore poss- 

ible that some would condense in the -145°C trap. Any amount 

remaining could lower the freezing point of SOF2 to -131.0°C. 

In fact, from Fig 13, a 3.5 mole per cent mixture of BF3 in 

SOF2 yields a freezing point of -130.9 °C. A small amount of 

material did pass through the -11+5 °C trap, but this was dis- 

carded and no attempt was made to analyze it. 

An attempt was also made on the BF3 -SOC12 system 

to determine whether any type of reaction takes place. An 

approximately 66 -31+ BF3 -SOC12 mixture was fractionated in 

the vacuum line immediately after one of the runs. The com- 

pounds had been mixed in varying proportions for about three 

hours before this, but they had been in the solid state a good 

share of this time. Traps of -80 °C, -112 °C, and -196 °C were 
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used for the fractionation. SOC12 and BF3 would condense 

in the -80 °C and -196 °C traps respectively while any BC13 

and /or SOC1F would condense in the -112 °C trap. 

An amount of material corresponding to 99.8% of the 

original BF3 present was recovered from the -196 °C trap. 

It had a freezing point of -127.8 °C which indicates pure BF3. 

The amount of material in the -80 °C trap was not determined, 

but it had a freezing point of -104.0 °C corresponding to that 

of SOC12 

A small amount of material (about 40 mm pressure at 

room temperature in a trap of approximately 60 ml volume) 

remained in the -112 °C trap. This material dirtied up the 

manometer similarly to the way SOC12 does, but none of this 

material stopped in a -80 °C trap upon a second fractionation 

of this portion of the mixture. SOF2 has little effect upon a 

mercury manometer, but SOC1F may have an effect similar 

to that of SOC12. 2' Based on the reaction, 

38F3 + 3SOC12 Cl + 3SOC1F 

23F3 + BC13 

the amount of BC13 in the -112 °C trap (and thus the amount 

of original BF3 lost) should be about 3.2 X 10 -5 moles. The 

.. 
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amount of BF 
3 actually lost was approximately 9.25 X 10 -5 

moles. 
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DISCUSSION OF RESULTS 

The System, Boron Trifluoride- Thionyl Fluoride 

The system, BF3 -SOF2, was investigated in order 

to compare the results of this work with those of Booth and 

Walkup's (7, p. 2338) . The two sets of results agree quali- 

tatively but not quantitatively. The composition of the compound 

formed and of the two eutectics are the same in both cases. 

However, Booth and Walkup report the melting point of the 

compound, BF3 SOF2, to be -140.8 ±0.5°C. The melting 

point of the same compound found in this work was found to 

be -142.5 - 0.5°C. The two eutectic temperatures reported 

by Booth and Walkup are -145.9 0.5 °C and -145.4 } 0.5°C 

at 34.0 and 68.5 mole per cent respectively. That found in 

this work was -147.5 ±1. 0°C and -147.3 ± 0.5 °C for the same 

compositions. There is no obvious reason for the difference 

between the two sets of work. Both sets of data are quite 

reproducible, but minor differences are found in the melting 

points of the pure SOF2 and BF3. Whereas the melting 

point of pure SOF2 was reported by Booth and Walkup to be 

-129.01:0.5°C, that found in this work was -129.5 ± 0.5 °C. 

The latter value is probably more correct (6, p. 642) . The 

± 

± 



TABLE II 

Data for BF3 -SOF2 System 

A 
Run No. %BF3 Temp. 

- °C 
Eutectic 

Temp. - °C 

1 0.00 -129.5 
2 5.37 13 1.7 
3 9,05 133.2 
4 15.1 8 136.1 
5 20.25 139.0 
6 24.65 144.7 
7 28.55 146.2 
8 38.7 144.7 
9 42.4 143.4 

10 46.38 142.5 
11 49.9 142.2 
12 55.1 142.8 
13 60.25 142.2 
14 64.9 142.2 147.2 
15 68.35 147.2 
16 72.4 143.0 147.2 
17 77.2 138.6 147.2 
18 8 1.8 136.2 
19 86.1 133.5 
20 91.25 131.0 
21 95.5 129,8 
22 100.0 127.8 

B 
Run No. %BF3 Temp. 

C " 

Eutectic 
Temp.-°C 

1 47.9 142.5 
2 49.8 142.5 
3 54.4 143.0 
4 58.4 144.0 
5 62.6 145.7 
6 67.3 147.5 
7 7 1.8 143.4 147.5 
8 76.3 139.8 
9 80.45 136.1 

10 85.0 133.2 
11 90.25 13:.1.2 
I2 95.5 129.5 
13 100.0 127.8 

. 
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melting point of the pure BF3 was reported to be -127.4 

by Booth and Walkup whereas that found in this work was 

-127.8 ± 0.5°C. Whether the differences found in the melting 

points of the pure compounds is enough to account for the 

overall difference is not at all certain, but the results agree 

well enough to assume that the methods used in this work are 

adequate. Two different sets of data of this work are report- 

ed in Table II. These data are plotted in Fig 13. 

1.2 

0.5 °C 

The System, Boron Trichloride Thionyl Fluoride 

Investigation of the system, BC13 -SOF2 revealed that 

the two compounds are only partially miscible near the freez- 

ing point of the system (24, p. 174 -177; 7, p. 2335) . BC13 

is miscible to the extent of 27.0 mole per cent in SOF2 at 

-110.2 ± 0.5 °C while SOF2 is soluble to the extent of 20.0 

mole per cent in BC13 at the same temperature. The two 

compounds are apparently completely miscible approximately 

10 to 15 degrees above the freezing point of the two phase 

portion of the system since turbidity disappears upon warming 

to this temperature. An eutectic point occurs in the system at 

about 3 mole per cent BC13 and at a temperature of -130.2 ± 

0.5 °C . Two different sets of data are reported in Table III . 

} 

- 



TABLE III 
Data for BC1 -SOF2 System 

Run NO, %;BC1 F.17 ,Temp,. 
- 

Eutectic 
Temp.- 

1 0.00 129.5 
2 2.96 130.2 
3 5.92 130.2 
4 9.84 130.2 
5 12.9 1 13.0 130.2 
6 17.4 1 1 1.2 130.2 
7 22.5 i10.6 

26.8 1.10.2 
9 31.6 10.2 

10 37.4 110.2 
1 1 44. 1 10.2 
12 50.8 1110.2 
13 60.0 1 10.2 

63.7 110.2 
15 4W 6 110.2 
16 74.1 1 10.2 
17 7.3 110.1 

82.5 1 10.0 
119 89.2 109.5 
20 100.0 107.0 

Run No . %B,C1. 
F . F. Temp . 

o- - C 
Eutectic 
Temp - a C 

0.00 129.7 
2 1.41 130.2 
3 3.82 126.1 130.2 
4 5.58 118.8 
5 7.88 117.0 
6 9.83 115.0 
7 11.22 113.9 

16.5 1 1 1.6 
9 20.75 110.7 

10 26.5 110.1 
11 31.9 110.0 
12 71.6, 110.2 
13 77.5 110.2 

3.0 110.0 
15 86.2 109.9 
16 ;;.3 109.8 
17 92.5 109.0 
18 94.6 7 

19 96.75 108.0 
20 100.0 107.2 
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These data are plotted in Fig 14. 

The results obtained from the examination of this 

system which was made to determine whether a halogen ex- 

change takes place indicate that some type of reaction is a 

possibility. However, certainly nothing definite can be in- 

ferred, and for the purpose of thermal analysis, one may safe- 

ly assume that the compounds, BC13 and SOF2, are indeed 

the actual components of this system, 

The System, Boron Trifluoride - Thionyl Chloride 

It was not surprising to find that the two compounds, 

BF3 and SOC12, are also only partially miscible near the 

freezing point of the system since this is true of the compounds, 

BC13 and SOF2. BF3 is miscible to the extent of 30 mole 

per cent in SOF2 at a temperature of -112.0 0.5 °C. Here, 

turbidity is still observed upon stirring at a temperature as 

high as -95°C. There is much uncertainty in the BF3 side 

of the phase diagram. The results were quite unreproducible, 

and in fact, each individual cooling curve was not at all repro- 

ducible. The freezing points obtained in this region of the phase 

diagram seem to be at least somewhat dependant on the amount 

of supercooling which in turn is impossible to control. At 

± 
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mole percentages approaching 90 % BF3, the freezing point 

that often was obtained was that of pure BF3. This, together 

with the fact that turbidity is still apparent in this region, indi- 

cates that the small amount of SOC12 is freezing out leaving 

essentially pure BF3. Thus, there may actually be two 

phases (liquid BF3 and solid SOC12, or a solid solution of 

BF3 in SOC12) present at temperatures below -112°C even 

above 60 mole per cent BF3 although the data in Fig 15 seem 

to negate this . It may be that the amount of solution phase is 

becoming small enough so that its freezing point is passed un- 

noticed. The freezing point that the system is reaching for 

then would be that of pure BF3 , but this is complicated by 

the solid phase present to give faulty results. If this theory 

is correct, several things might contribute to the nonreproduci- 

bility of the freezing points. Among these would be the rate 

of cooling, rate of stirring, the temperature to which the sy- 

stem is allowed to warm between runs, the amount of stirring 

of the mixture before cooling is started and thus before the 

system becomes solid, and probably the most important, par- 

ticle size of the solid SOC12 phase. In fact, all these things 

probably contribute to the particle size of the SOC12. At any 

rate, the exact shape of this portion of the phase diagram 



TABLE IV 

Data for BF3 -SOC12 System 

A 
Run No. %BF3 

F.P.Temp. _oc 

1 

2 
3 
4 

0.00 
4.43 
9.47 

14.48 

103.5 
104.8 
106.7 
108.7 

5 21.0 110.8 
6 25.3 112.0 
7 29.8 111.6 
8 35.1 112.0 
9 40.4 112.0 

10 44.55 112.0 
11 48.6 112.0 
12 53.1 112.0 
13 63.7 114.8 
14 67.75 118.0 
15 70.7 115.4 
16 75.2 118.0 
17 1 17 .3 
18 Q78.3 8 1.5 1 18.9 
19 83.1 118.0 

B 
Run No. %BF3 

F ..1). Temp . 
_oc' 

1 0.00 103.9 
2 8.51 106.3 
3 12.75 107.6 
4 18.2 109.5 
5 22.0 111.1 
6 25.2 111.8 
7 28.8 111.8 
8 75.9 120.4 
9 82.3 120.0 

10 85.2 122.5 
11 90.6 123.3 
12 104. 0 127.5 
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remains quite uncertain at this time, and a dotted line has 

therefore been drawn through the suspected data in Fig 15. 

It is clear that a complex is not formed in this system. Two 

different sets of data on this system are reported in Table IV 

and plotted in Fig 15. 

The results of the examination of this system which 

was made to determine whether a halogen exchange takes 

place again indicate that some type of reaction is a possibility. 

But, at least under the conditions used in this experiment, any 

reaction that takes place is negligible. 

The System, Boron Trichloride- Thionyl Chloride 

Investigation of the BC13 -SOC12 system revealed an 

eutectic point at 33.5 mole per cent BC13 and a temperature 

of -123.2 ± 0.5°C. A change in slope of the curve occured 

at 79.5 mole per cent BC13 and a temperature of -112.5 0.5°C. ± 

Thus there is possibly a compound formed, presumably at 

50.0 mole per cent. The data is inconclusive, however. A 

similar inflection point appears in the system, BF3 -PSF3, re- 

ported by Booth and Walkup (7, p. 2338) . These authors 

cite a reference pertaining to a two phase crystal structure 

equilibrium in the BF3 compound itself which occurs at the 



TABLE V 

Data for BC13 -SOC12 System 

A 
Run No. %BC13 F .P. Temp, 

°C 
Eutectic 
Temp. - °C Run No : %BC13 F ,P , Temp..- 

-oC 
Eutectic 
Temp.- C 

1 0.00 104,0 I 9.60 109.0 
2 4.07 106.6 2 13.87 110.7 
3 8.7 109.9 3 18.1 112.7 
4 13.35 111.4 4 20.3 113.2 
5 16.8 115.0 5 25.8 116.2 
6 22.7 116.1 6 29.2 116.9 
7 28,9 117.2 7 35.0 117.8 123.2 
8 34. 15 118.9 123.1 8 41.0 120.3 
9 37.4 120.6 9 45.3 119.7 

10 41.7 119.2 10 51.3 117.7 
11 49.2 117.8 11 58.3 116.1 
12 49.75 117.7 
13 54.3 116.1 
14 55.4 116.2 
15 60.5 115.0 
16 64.7 114.2 
17 68.7 113.4 
18 72,0 113.0 
19 75.5 112.8 

20 79.8 112.4 
2 1 84.5 110.7 
22 88.1 110.0 
23 91.6 109.2 
24 100.0 107.1 

B 

IJI 
0 



TABLE V cont 

Data for BC13 -BOC12 System 

C 
Run No. ñBC13 F,P.Temp. -oc Eutectic 

Temp. -°C 

1 29.4 118.0 
2 29-.8 118.8 
3 3 1.3 119.3 123.1 
4 33.45 122.2 123.1 
5 33.9 122.2 
6 38.4 12 1.0 
7 39.8 120.0 
8__ 43.4 119.3 
9 46.3 1 18.1 

10 50.1 1 17.3 
11 53.4 116.8 
12 54. 7 1 16. 7 
13 56.5 116.2 
14 59.5 115.4 
15 62.5 115.0 
16 65.2 1 14.5 
17 69.5 1 13. 7 
18 74.2 113.1 
19 78.5 112.4 

20 82.25 111.7 
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inflection temperature in the BF3 -PSF3 system. Booth and 

Walkup suggest that the inflection obtained by them may merely 

be a manifestation of a three phase system, two of which are 

the two different BF3 crystal forms, rather than formation of 

a new compound. It may be possible that an analogous 

change in crystal form occurs with BC13 and that here again 

no new compound is actually formed, Three different sets of 

data on this system are reported in Table V. These data 

are plotted in Fig 16. 

Further Work suggested 12x this Study 

The results of this work suggest a question concerning 

the nature of the complex formed in the BF3 -SOF2 system. 

By analogy with other BF3 complexes of known structure, co- 

ordination through the oxygen of SOF2 would appear most 

likely. However, the formation of an even more stable complex 

would be expected in the BF3 -SOC12 system . if oxygen is the 

coordinating atom since the oxygen would be comparatively 

electron -rich in a molecule containing the less electronegative 

halogen, chlorine. SOC12 should therefore serve as a stronger 

Lewis base than SOF2, contrary to the experimental obser- 

vations. Similar arguments apply if the coordinating atom is 
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the sulfur. There remains the possibility of coordination 

through the halogen, perhaps accompanied by halogen transfer 

with the formation of ion pairs: 

BF3 + SOF2-} OFS-F . . . BF3=OFS+BF 

BF3 + SOC12--OC1S-C1. . . BF3=T OC1SBF3C1 

Since the more stable tetrafluoroborate ion is formed with 

SOF2 as a reactant, the observed order of stabilities of the 

compounds can be explained if this is indeed the true means 

of reaction. Alternatively, the difference in stability of the 

complexes may result from differences in steric factors or 

from some other unrecognized factor. It appears that con- 

ductivity studies might well prove or disprove the existence of 

ion pairs in the BF3 -SOF2 system. 

It is further suggested that the scope of this study be 

broadened to include other Lewis bases and the other boron 

halides, BBr3 and B13. Additional data, obtained by low 

temperature thermal analysis, will lead to a better understand- 

ing of the factors that determine Lewis acidity of the boron 

halides. 
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SUMMARY 

Thermal analysis was used to study the phase diagrams 

of the four systems, BF3 -SOF2, BC13 -SOF2, BF3- SOC12, 

and BC13- SOC12. Cf thé four systems, only one results in 

compound formation. This compound, BF3SOF2, has a 

melting point of -142.5 0.5°C. Two eutectics are formed at 

34.0 and 68.5 mole per cent BF3 and at -147.5 1-1.0°C and 

-147.3 ± 0.5 °C respectively. 

The compounds, BC13 and SOF2, are only partially 

miscible. The system exists as two liquid phases from 27.0 

mole per cent BC13 to 80.0 mole per cent BC13 at-110.2 ± 

0.5°C. 

The two compounds, BF3 and SOC12, also produce 

a two liquid phase system from 30.0 mole per cent BF3 to 

about 58 mole per cent BF3 3 at a temperature of -112.0 ±0.5°C. 

The BC13 -SOC12 system produces a simple eutectic 

at 33.5 mole per cent BC13 and a temperature of -123.2 - 

0.5 °C. A change in slope also occurs in this system at 79.5 

mole per cent BC13 and a temperature of -112 ± 0.5 °C, indi- 

cating either the formation of a weak 1:1 complex or a change 

in crystal form for BC13 
3 at this temperature. 

The results show that BF3 is a stronger Lewis acid 
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than BC13 relative to SOF2. No conclusion can be drawn 

with regard to the relative acid strengths of BF3 and BC13 

when SOCi2 is used as a reference since complex formation 

does not occur in either case. 

A limited attempt to examine the possibility of halogen 

exchange in the BF3 -SOC12 and BC13 -SOF2 systems seems 

to indicate that little, if any, such reaction does take place in 

either case at the temperature of these studies. 
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