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ABSTRACT 

The Reactions of Silicon Difluoride with Sulfur Compounds: 

The Silicon-Sulfur Bond 

by 

Dennis L. Williams 

The reactions of silicon difluoride with several sulfur containing 

compounds have been investigated in an attempt to synthesize compounds 

containing the silicon-sulfur bond. 

Of the previous reactions of silicon difluoride with sulfur com¬ 

pounds, only two, the hydrogen sulfide and sulfur reactions, produced 

compounds containing silicon-sulfur bonds. The products of the H2S 

reaction were SiF2HSH, S^FL+HSH, SiF2HSSH and S^Fi^HSSH. The reaction 

between SiF2 and sulfur produced both linear and cyclic fluorosilthianes. 

SiF2 abstracted the oxygen atom from thionyl fluoride and the chloride 

to form linear and cyclic halosiloxanes. SF4, SF0 and thiophene 

apparently did not react. 

The first new reaction of SiF2 was with dimethylsulfoxide. As in 

the thionyl fluoride reaction, oxygen abstraction seemed to be the 

favorable reaction due to the production of S^OFg and (CH3)2S. A 

small amount of CH3SiF3 was also produced. Dimethyl sulfide is rather 

unreactive towards S3.F2 as only a small amount of CK3SiF3 was formed 

in their reaction. Oxygen abstraction and polymer formation were 

evidenced in the reaction of dimethyl sulfite with SiF2* A large amount 



of Si.2OF0 and a surprisingly stable polymer were formed. The polymer 

was not pyrophoric or hydrolysis sensitive as are most SiF2 polymers. 

The existence of (-C-O-Si-) linkages in the polymer was implied by 

the cracking of CH30SiF3 from the polymer matrix. There was no 

apparent reaction between bis- (trifluoromethyl) disulfide and SiF2* 

Ethylene sulfide, methane sulfonyl chloride and dimethyl disulfide 

reacted with SiF2, but the reaction products are not fully charac¬ 

terized . 

The scarcity of silicon-sulfur compounds in the reaction products 

is undoubtedly due to the instability of these compounds and to the 

affinity of SiF2 for atoms other than sulfur. It may be possible to 

produce compounds of this sort by reacting SiF2 with thiocarbonyl 

compounds and sulfur monohalides or by reacting gaseous SiS or SiS2 

with various reagents. 



TABLE OF CONTENTS 

Page 

I. INTRODUCTION 1 

II. THE PRODUCTION AND PROPERTIES OF SILICON DIFLUORIDE 2 

A. The Production of SiF2 2 

B. The Properties of Gaseous and Condensed SiF2 4 

III. EXPERIMENTAL TECHNIQUES 9 

A. Product Handling and Separation 9 

B. Analytical Techniques 11 

IV. CHARACTERISTICS OF THE SILICON-SULFUR BOND 15 

A. Introduction 15 

B. The Physical Properties of the Silicon-Sulfur 

Bond 16 

C. The Chemical Properties of the Silicon-Sulfur 

Bond 18 

V. PREVIOUS REACTIONS OF SILICON DIFLUORIDE WITH 

SULFUR COMPOUNDS 21 

A. The Sulfur and Oxygen Reactions 21 

B. The H2S Reaction 22 

C. The SF4 and SF0 Reactions 23 

D. The Thiophene Reaction 24 

E. The Thionyl Fluoride Reaction 25 

F. The Thionyl Chloride Reaction 26 

VI. NEW REACTIONS OF SILICON DIFLUORIDE WITH SULFUR 

COMPOUNDS 26 

A. Introduction 26 



Page 

B. The Reaction of SiF2 with Dimethylsulfoxide 27 

C. The Reaction of SiF2 with Dimethylsulfide 34 

D. The Reaction of SiF2 with Dimethylsulfite 35 

E. The Reaction of SiF2 with bis-(Trifluoromethyl) 

Disulfide 38 

F. Additional Reactions 40 

1. Ethylene Sulfide 40 

2. Methanesulfonyl Chloride 40 

3. Dimethyl Disulfide 41 

VII. CONCLUSIONS AND SUGGESTIONS FOR FURTHER RESEARCH 41 

REFERENCES 



I. Introduction 

The realm of chemistry contains numerous oddities, apparent 

contradictions, and what seem to be "impossibilities.11 The greatest 

bulk of chemistry, however, concerns those phenomena and occurrences 

that can be expected, predicted, observed, measured, calculated, 

correlated, or explained without resorting to exotic or "here-to-fore 

unheard-of" ideas. Of this great bulk, there are certain areas that 

have received little or no attention becaues of peculiarities associated 

with them. One such area is the chemistry of silicon-sulfur compounds. 

In the awe-inspiring mass of chemical literature that is available, 

reports of studies on silicon-sulfur compounds are rare indeed. Most 

of these concern the non-aqueous "wet method" preparations and reactions 

of the compounds (see, for example, references 1-3). The majority of 

the rest are thermodynamic and theoretical studies of the silicon-sulfur 

u , 32,33a 
bond. 

The discovery of silicon difluoride and the demonstration that it 

has a great synthetic value in the production of both known and 

previously unknown compounds compelled this researcher to investigate 

its use as a possible source of Si-S compounds, even though a limited 

(and almost completely unsuccessful) number of reactions of SiF2 with 

4 
sulfur compounds had been previously investigated. 

It was hoped that this research would contribute to the current 

knowledge of the silicon-sulfur bond and, perhaps, even lead to the 

discovery of new compounds. However, before launching into a discussion 

of the results of the research described herein, it is necessary that 

the background of SiF2 chemistry and the Si-S bond be established. 
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Consequently, the following five sections are included for the purpose 

of familiarization, since the information in these sections is needed 

for Sections VI and VII. 

6 7 
II. The Production and Properties of Silicon Difluoride 5 

A. The Production of SiF2 

Silicon difluoride is surprisingly easy to make and handle considering 

the difficulties associated with its carbon analogs—carbene and difluoro- 

carbene. This, of course, is due to its half-life of about 150 seconds 

as opposed to carbene1s 1 millisecond and difluorocarbene*s 1 second gas 

phase half-life. 

The combined production-reaction system used in this research is 

shown in Figure 1. The system can be broken down into three inter¬ 

connecting sub-systems: the SiF2 production line, the introduction line 

for the other reagent, and the reactor. Each of these sub-systems will 

be discussed in turn. 

The SiF2 production line consists of a two liter reservoir bulb 

with a mercury manometer attached, a micrometer needle valve leak line, 

a 1 in. Mullite tube containing silicon lumps and a furnace capable of 

reaching at least 1250°C. 

In a typical reaction, the reservoir bulb is filled with commercially 

available SiF4 (the SiF4 used here was from the Matheson Co.) to a 

pressure of almost one atmosphere. The SiF4 is then bled from the bulb 

through a micrometer needle valve. The entire system is continually 

pumped so the ambient pressure can be controlled by controlling the 

flow rate of the SiF4 through the needle valve. This pressure is 
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normally kept at or below 10 microns because SiF2 tends to react with 

SiF4 at higher pressures. The SiF4 is allowed to pass through the 

Mullite tube over freshly crushed silicon lumps that are heated to at 

least 1200°C, At this temperature an SiF2 yield of about 50% is obtained, 

the rest being SiF4. The SiF2 production sub-section is connected to 

the reactor by a 28/15 H.V.S. ball and socket joint. 

The reactor is a pyrex glass container designed to allow the 

reactants to condense while the entire system is being pumped. Cleaning 

of the reactor is facilitated by a 65/40 H.V.S. ball and socket joint 

approximately one-third of the way down the reactor. 

The sample introduction line is a one liter reservoir bulb that is 

filled with the gaseous sample. If the sample is a volatile liquid, the 

bulb is filled by vaporizing the sample until there is 1 micron pressure. 

The sample is leaked directly into the reactor from the bulb through 

another micrometer needle valve. All unmarked valves in Fig. 1 are Ace 

10mm teflon plug valves. 

The system is designed so that the reactor may be completely 

removed from the vacuum line and transferred to the product separation 

line (Section III. A.). 

A liquid nitrogen trap is placed between the system and the vacuum 

pump to keep condensables from escaping. 

In earlier studies of SiF2, the SiF4 was purifies before introducing 

it into the silicon furnace by passing it over iron powder at 800°,^ 

o 4 
steel and copper wool at 800 , or other methods. This was done to 

remove traces of oxygen and sulfur dioxide that are present in the 

commercial SiF4 (nominal purity is 98.5%). This purification of the 
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SiF4 has sometimes been discarded since it is likely that the presence 

of small amounts of impurities does not dramatically affect either the 

SiF2 yield or product yields, and vacuum systems of the type used here 

invariably have small leaks so that oxygen is sometimes present whether 

the SiFj4 is treated or not. Expanding the vacuum line to include a 

pre-purification unit not only causes the line to become cumbersome and 

crowded, but also increases the number of potential leaks. As a result, 

the SiF^ used in this research was not prepurified, but the good or bad 

results of this are uncertain. 

B. The Properties of Gaseous and Condensed SiF2 

Silicon difluoride’s long half-life and relative ease of handling 

make it a good subject for spectroscopic study. Infrared, microwave, 

ultraviolet and mass spectra have been obtained for gaseous silicon 

difluoride. These studies will be discussed in the order listed above. 

Infrared Spectrum. The infrared spectrum of gaseous SiF2 has been 

recorded between 1050 and 400 cm”1 and reported by Khanna, Hauge, Curl 

and Margrave. The fundamental bending frequency (V2) of 345 cm~1 was 

below the limits of the spectrometer but had been reported in other 

studies. xwo bands were observed at 855 and 872 cm”
1 and were 

assigned to the symmetric (v^) and antisymmetric (V3) stretching 

frequencies, respectively. These frequencies and the molecular parameters 

found in the microwave study (below) were used to calculate the molecular 

force constants. A list of thermodynamic functions was also included. 

Microwave Spectrum. The study of the microwave spectrum of SiF2 

has been very valuable. Rao, Curl, Timms and Margrave^ were able to 
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obtain values of 100°59' for the F-Si-F bond angle and 1.591 X for the 

Si-F bond length. The bond angle was smaller and the bond length was 

larger than expected. The authors attributed this to p2 hybridization 

of the Si bonding orbitals, leaving the two non-bonding electrons of 

silicon in an orbital that has a considerable amount of s-character. 

The possibility of cl-orbital involvement was not ruled out, however. 

Ultraviolet Spectrum. The ultraviolet spectrum of SiF2 was 

measured in this laboratory and was shown to have some interesting 

features.*1 Twenty-eight absorption bands were measured in the region 

from 2325 to 2130 X. A series of bands with a periodicity of 252 cm-1 

was observed and this is associated with the bending frequency of the 

excited state. The vibrationless transition is at 2266.4 X, and is 

probably a 1Bi transition. 

The results of this study, in addition to the lack of Zeeman 

splitting in the microwave spectrum, indicate that the ground state of 

gaseous SiF2 is the singlet state. This is significant in that SiF2 

has been shown to have little or no gas phase reactivity"* and this 

behavior could be explained by a singlet ground state. 

Mass Spectrometry. The heat of formation of gaseous SiF2 has been 

12 
determined mass-spectrometrically. Instead of producing SiF2 from SiFij 

and elemental silicon, CaF2 and Si were put into a Knudsen cell, heated 

and the relative concentration of gaseous species in equilibrium were 

determined with a mass spectrometer. A value of 12.33 ± 0.2 ev was 

obtained for AH° 29g(SiF2, g) and from this one finds AHf 2gg(SiF2,g) = 

-139 ± 2 kcal/mole. An earlier estimate for the heat of formation of 

13 
-148 ± 4 kcal/mole was made utilizing transpiration methods. The 
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difference in these values is assumed to be due to the existence of 

high molecular weight fluorocarbons (C2F0, C3F8, etc.) in the transpir¬ 

ation study. 

The physical properties discussed above are listed in Table 1. The 

same values for CF2 are included for comparison. 

Studies previous to this one have shown that many reactions occur 

when SiF2 is condensed with another reactant. In addition, the reactions 

14 15 
of SiF2 with BF3, benzene, toluene, fluorobenzenes, ethylene 

16 derivatives, butadiene, acetylene and acetylene derivatives, propyne 

and 2-butyne^ indicated that the diradical [•SiF2~SiF2•] and its higher 

molecular weight homologs were responsible for the observed products. 

Because of these results, characterization of the low temperature 

condensate formed from monomeric SiF2 was attempted. 

When the SiF2/SiF4 mixture from the SiF2 production-reaction line 

(Section Ila) is condensed at liquid N2 temperature a deposit is formed 

that may range in color from yellow to red. This condensate loses color 

as it is warmed and is white at room temperature. 

Studies of this low-temperature SiF2 deposit were done by matrix- 

isolated infrared spectroscopy and electron spin resonance spectrometry. 

These studies are discussed below. 

Matrix-Isolated Infrared Spectra. Bassler, Timms and Margrave first 

18 
studied the SiF2 condensate using the matrix-isolation technique, where 

the SiF2/SiF4 mixture was diluted with argon to a 1:700 mixture, condensed 

on a Csl window at 20 K and the infrared specta of the mixture were 

measured at temperatures varying from 20 K up to -50 K. 

Several absorption bands were obtained, and a few were attributable 



Table 1 

Some Physical Properties of SiF2 and CF2 

SiF2 CF2 

bond length (R) 1.591 1.300 

bond angle 100°59' 104°56 

dipole moment 1.23 0.46 

AHf>(298,g) (kcal/mole) -139 -39.3 

D (kcal/mole) 143 125 

half-life (sec) 150 1 

fundamental frequencies 
(infrared, cm"*1) 

V1 v2 v3 
855 345 872 

Vi v2 

1222 668 

v3 
1102 
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to polymeric SiF2 species. The fundamental stretching frequencies 

(v! and v3) were not clearly observed or assigned, although qualitative 

ideas were verified. 

19 
A more recent study was done by Hastie, Hauge and Margrave. The 

SiF2/SiFi* mixture was cocondensed with either argon or neon on a gold 

plated mirror at near liquid helium temperatures. The fundamental 

frequencies, Vi and v3, for SiF2 were observed and assigned as shown 

below. 

Ne matrix 

frequency, cm' 

Assignment Ar matrix 

frequency, cm 

851.0! V! 842.8 

864.6 v3 852.9 

These compare to the gas phase frequencies of Vj = 855 cm-*1 and v3 = 

872 cm"*1. The fundamental frequency is known to fall below the 

400 cm”1 limit of the Beckman IR-9 that was used in this work. 

The isotope shift method in matrices was used to determine the 

SiF2 bond angle in both matrices and each value was in good agreement 

with the gas-phase bond angle of 100°9f. 

As in the original study, absorption bands due to associated SiF2 

species (possibly *(SiF2)2#) and SiF2 polymers were observed. In both 

studies, the bands due to association and polymerization increased in 

intensity as the matrix was warmed. These results seem to indicate that 

SiF2 molecules probably dimerize upon warming and that further association 

occurs upon continued warming until polymerization is complete at 

approximately 50 K. 

Electron Spin Resonance Spectrum. The presence of radicals in the 

20 
SiF2 condensate was conclusively demonstrated by esr studies. An 
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SiF2/SiF4 mixture was condensed on a cold finger in the cavity and an 

absorption with a g-factor of 2.003 ± 0.002 was observed, proving that 

free electrons were present. The signal remained at the same intensity 

as long as the condensate was cold, but rapidly dropped in intensity as 

the condensate was warmed and was absent at room temperature. 

When the SiF2/SiF4 mixture was allowed to flow through the cavity 

without being condensed, no signal was observed. This reinforced the 

belief that the concentration of triplet SiF2 in the mixture was very 

low. 

When an Ar/SiF2/SiF4 mixture was condensed in the cavity, a signal 

was not obtained if there was sufficient argon to ensure isolation of 

the SiF2 molecules. If the concentration of argon in the mixture became 

so low that the SiF2 molecules could not be effectively isolated, a 

signal was observed, showing that the radicals are formed from the SiF2 

molecules. These radicals are almost certainly of the form *(SiF2)n* 

where n = 2,3.... The concentration of the radicals in the condensate 

is not known. 

The polymer formed from the condensate has an overall stoichiometry 

of (SiF2)x. This polydifluorosilylene is yellow-white, pliable, fairly 

elastic and reasonable tough. It is interesting that its carbon analog 

polytetrafluoroethylene, (CF2)X, has similar physical properties. It is 

unfortunate that (SiF2)x burns vigorously in air and water since, were 

it not for this pyrophoric nature, this polymer would probably have many 

practical applications. 

Some studies have been done on (SiF2)x. Raman spectra show that 

22 
^Si-Si£ bonds are present in the polymer, comparable to the ^C-C^ 
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bonds in (CF2>X. The strength of the Si-Si bonds in the polymer was 

21 
established using a fluorine bomb calorimeter, where the sample is 

burned in fluorine instead of oxygen. The bond energy was determined 

to be 47 ± 7 kcal/mole. Pyrolysis of the polymer produces perfluoro- 

silanes from SiF4 through S±i^¥^ of the general formula 51^2x4-2 

Since these compounds cannot be prepared any other way, polydifluoro- 

silylene should be very useful in the preparation of these and possibly 

similar compounds. 

III. Experimental Techniques 

A. Product Handling and Separation 

The separation and handling of products from an SiF2 reaction is 

very tricky and at times may prove to be impossible. This is due to 

some of the characteristics of silicon-fluorine compounds and to the 

reaction chemistry of SiF2* 

Many silicon-fluorine compounds have been found to be unstable. 

This instability may arise because the compounds tend to polymerize or 

to decompose to other compounds that are more stable (SiF4, for instance). 

Also, SiF2 reactions often yield homologous series of compounds, and the 

vapor pressures of the compounds are often very similar. In addition, 

appreciable amounts of SiF4, Si2F0 and S^OFg are normally recovered with 

the products, thus hindering separation. 

This research proved especially difficult due to the exasperating 

instability of the silicon-sulfur compounds. The characteristics of 

these compounds are discussed in Section IV. 

Several separation techniques have been used in attempts to separate 

4 
SiF2 reaction products. These are trap-to-trap distillation, column 
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distillation, gas chromatography, and fractional co-distillation. 

Experience in this laboratory has shown that simple trap-to-trap 

distillation is not only the easiest to use, but also seems to reduce 

product decomposition. As a result, this technique was the first (and, 

as it turned out, the only) one used in this research. 

The product separation line is shown in Figure 2. The main feature 

of the line is the four U-shaped traps in series. These traps, with the 

associated valves, are constructed so that any of them may be completely 

isolated from the entire system. Another feature of the trap system is 

that the traps can be pumped individually, in a series, or simultaneously. 

A 2-liter reservoir bulb, with a mercury manometer, provides a large area 

into which a product can be vaporized prior to sampling. Vapor pressure 

measurements can also be made using the bulb and manometer. Removal of 

samples from the system is through one of two taps located below the 

reservoir bulb. A liquid nitrigen trap is located between the vacuum 

pump and the system. The product separation line and the SiF2 production- 

reaction line are connected to the same vacuum pump and vacuum gauge. 

In a typical separation, the reactor (p.3), which is still cooled 

in liquid N2, is removed from the SiF2 production-reaction line, connected 

to the separation line, and the air between the two teflon plug valves 

that are located on either side of the connecting point is pumped away. 

The traps are then cooled to various temperatures by placing slush baths 

around them in the order of decreasing temperatures in the direction of 

pumping. The reactor is allowed to warm slowly by removing the liquid N2 

dewar, emptying it and then quickly replacing the empty dewar. As the 

warming continues the dewar is lowered in increments until finally it is 
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removed completely (this normally occurs approximately 2 hours after 

the dewar is emptied). As the temperature of the reactor increases, 

the various products melt at their individual melting points and begin 

to have appreciable vapor pressures. Since the system is constantly 

pumped, the vapors are pulled through the various low temperature traps 

until they reach one that is cold enough to condense them. In this 

manner, the products separate in order of decreasing melting points. 

This method is by no means perfect, of course, since it is possible 

for a product to be trappped, as a liquid, at a temperature at which 

its vapor pressure is still significant. Should this happen, the 

product is found not only in this trap, but also in the next colder one. 

The method does provide for a good preliminary separation, however. 

Following this separation, each trap is isolated from the rest and 

is allowed to warm to room temperature. The volatile products are 

allowed to expand into the reservoir bulb and samples are taken for 

preliminary analytical work. The volatiles are then recondensed into 

the trap and the contents of the next trap are investigated. 

The next portion of this section concerns the removal of the products 

and the analytical procedures used. 

B. Analytical Techniques 

Infrared Spectroscopy. The volatile product(s) from each low- 

temperature trap is allowed to flow into an evacuated IR cell to a 

pressure of between 2 and 10 cm. of Hg, This IR cell is a typical 

aluminum gas cell with a 10 cm. pathlength and KBr windows. The cell is 

equipped with two 3/8" inlet/outlets, one of which is normally capped 

off but can be used to attach a cold finger to the cell. The other 
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outlet is attached to a ball valve which, in turn, is used to attach 

the IR cell to the vacuum line. 

Infrared spectra are recorded on a Beckman IR-8, which is a 

reliable, easy to use instrument that has a range from 4000 cm""1 to 

600 cm”1. 

Throughout the progress of this research, infrared spectra were 

routinely taken first. This was done simply to determine whether or 

not the "product" was the starting material or an uninteresting product 

(such as Si2F0, SiF3H, etc.). This determination was not foolproof, 

as Table 2 is intended to show. All compounds of interest are expected 

to contain Si-F bonds and the presence of some of the other bonds 

listed in Table 2 can lead to overlapping bands. In addition, Si-F and 

C-F absorption bands are often so intense and broad that they may mask 

absorptions in that region caused by other bonds. Other difficulties 

associated with the infrared spectra of these compounds are: 1) samples 

are normally mixtures of compounds, 2) the compounds normally have 

similar spectra, 3) many compounds decompose in the cell, 4) the 

decomposition products are often colorless polymers that coat the cell 

windows. 

It must be remembered, however, that the IR spectra for the most 

common products of SiF2 reactions (SiF4, Si2F0, Si2OF0, etc) are known, 

so that the spectra of the products can be used to qualitatively determine 

the type of species present. 

Mass Spectrometry. The value of mass spectrometry to the synthetic 

chemist needs no explanation since the utility of this analytical 

technique has been shown time and time again. 



Table 2 

Some Vibrational Stretching Frequencies 

between 400 and 1350 cm-1 

Si-F 

Si-Cl 

Si-C 

Si-0 

Si-S 

C-F 

C-0 (ethers) 

C-S (thioethers) 

800-1050 cm-1 

600-650 cm-1 

700-850, 1200-1300 

1100-1250 cm-1 

400-520 cm-1 

1100-1350 cm-1 

1050-1150 cm-1 

600-700 cm"1 

cm“ 
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The Bendix 14-206A time-of-flight spectrometer was the sole source 

of the mass spectra in this research. Although this is not a high- 

resolution instrument, it is more than sufficient for normal needs. 

This instrument is in general analytical use in this laboratory and is 

subjected to many corrosive and tenacious compounds. As a result, it 

is extremely important that background spectra be taken before each use 

and this is routinely done. 

If the sample in the IR gas cell showed no signs of decomposition, 

the cell was connected directly to the gas inlet of the mass spectrometer. 

This inlet consists of a Hoke stainless steel needle valve connected in 

series with the spectrometer1s ball valve and is used to control the 

amount of sample entering the spectrometer. The air in the space between 

the ball valve of the IR cell and the needle valve of the spectrometer 

is pumped out and the spectra were taken in a routine manner. A high 

voltage (-50 ev) scan was made and counted. If the spectrum was of 

interest, a low voltage (~20 ev) scan was made. The two scans were then 

correlated in an attempt to deduce the identity of the products. 

Evidence, or assumed evidence, of decomposition of the sample in 

the IR cell necessitated removal of a new sample from the separation line 

in a liquid N2 cooled sample tube that was closed to the atmosphere by 

a ball valve. The tube was connected to the mass spectrometer, the air 

pumped away, a background spectrum was taken with the sample frozen in 

liquid N2, and the sample was then allowed to vaporize and a spectrum of 

it was taken. 

m/e ratios for the peaks in the spectrum were calculated by 

utilizing the facts that the time it takes for an ion to travel the 
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length of the flight tube is inversely proportional to the square root 

of its molecular weight and that the speed of the chart recorder is 

linear. Thus the interval between two peaks on the recorded spectrum 

is proportional to the difference of the square roots of their masses. 

A simple algebraic formula can then be used to calculate the m/e ratio 

+ + 
for a peak from two other peaks of known mass (18 for H2O and 32 for O2 , 

for instance). Identification of the species present is accomplished 

by using common interpretation techniques such as known fragmentation 

patterns and natural isotopic abundances. 

It should be mentioned here that silicon-fluorine compounds will 

often not give parent molecular ions but will instead fragment to the 

P-19 (loss of F) ion or, at least, the P-19 peak will be much more 

intense than the parent. Hexafluorodisiloxane, for example, is one of 

-f- 

the compounds that does not give the expected parent ion, S^Fg , but 

fragments to S^Fs* instead. 

Nuclear Magnetic Resonance Spectrometry. The use of nmr spectra 

in silicon-fluorine research is especially valuable since 19F nuclei are 

always present and, in many reactions, so are *H nuclei. The nmr 

spectrometer used in this research was the Varian A56-60a, which is able 

to record the spectra of both 1H and 19F nuclei. It is equipped with a 

variable temperature probe that can be cooled from the normal probe 

temperature of about 48°C to -120°C. This is especially important 

since many of the products of SiF2 reactions are gases at room temperature 

and the samples must be condensed in order to obtain spectra. 

An nmr sample tube was filled by first attaching it directly to a 

length of 3/8" o.d. glass tubing which was connected to one of the taps 
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of the separation line. After pumping out all of the air, the volatile 

compounds were condensed into the 3/8” glass tubing and were then 

allowed to melt and flow into the nmr tube. When enough sample was in 

the tube, the sample was refrozen and the tube heat sealed below the 

point at which it was attached to the glass tubing. 

With samples that were gases at room temperature, it was often 

necessary to condense sufficient ammounts of the samples into the nmr 

tube so that there would be enough pressure in the tube at room temperature 

to liquify the samples. If the pressure required was too high for the 

glass tube to hold, lower pressure and a cooled probe could be used. 

Interpretation of the spectrum will be discussed under the 

appropriate reaction heading. 

IV. Characteristics of the Silicon-Sulfur Bond 

A. Introduction 

Silicon-sulfur compounds have not been of any practical importance 

and there have been relatively few studies done on the silicon-sulfur 

bond. This may be due, in part, to the small number of compounds that 

are found to contain this bond. Another reason, however, would 

definitely be the instability of the bond: for instance, the ease with 

which it is oxidized and hydrolyzed. Also, like many sulfur containing 

substances, these compounds and their hydrolysis and oxidation products 

possess such foul odors that research has often been abandoned to allow 

the laboratory to air out. Silicon-sulfur compounds are mainly of 

interest for the study of their chemical and physical properties. The 

synthetic uses of these compounds invariably result in products that can 

more profitably be made by other means. 
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This brief introduction to silicon-sulfur chemistry is very 

discouraging at the practical level. It must be remembered, however, 

that this research is mainly concerned with characterizing the Si-S 

bond and determining the value of silicon difluoride as a synthetic 

source of Si-S bonds. The practical aspects of this work, if any, will 

be left for others to elucidate. 

The next two sections concern the physical and chemical properties 

associated with the SiS bond. These properties will be discussed in 

detail as they directly reflect the results of this research. 

B. The Physical Properties of the Silicon-Sulfur Bond 

As mentioned above, silicon-sulfur compounds have received limited 

study and prior to the early 1950's there were no apparent attempts 

(at least, no successful attempts) at measuring the physical parameters 

of silicon-sulfur compounds aside from their melting and boiling points, 

densities, and refractive indices. At the turn of the decade, 1950-1960, 

information began appearing that described (often inaccurately) the 

bond between silicon and sulfur. Some pertinent publications and their 

contents are discussed below. 

The available physical characteristics of the silicon-sulfur bond 

are listed in Table 3. The corresponding values for the silicon-oxygen 

bond are included for contrast. 

The highly electropositive nature of silicon plus the availability 

of its 3d orbitals caused many to claim that one or the other of these 

properties explained the relatively short bonds that many silicon 

compounds display as compared to the sums of the covalent radii of the 

atoms involved. For instance, (Table 3) the silicon-oxygen single bond 



Table 3 

The Physical Parameters of the Si-S and Si-0 Bonds 

Si-S Si-0 

Bond Energy 70 in (H3Si)3S23 108 in silica23 

54 in (H3Si)3S23 

63 in (Me3Si)2S24 

88.2 in (H3Si)3023 

% Ionic Character 12 50 

Bond Length (&) 2.14+.02 in Cl3SiSH26 

2.18±.03 in [(CH3)3SiS]2
29 

2.28 in Br3SiSH30 

1.63±.04 in (Me3Si)20 

Bond Angles Si-S-Si Si-0-Si 

75°in [(CH3)3SiS]2
29 140-150°27’28 

-100° in polymers2^ 

24 31 
Force Constants 2.2 in (Me3Si)2S 4.7 in (Me3Si)20 
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should have a bond length of 1.91 X from the sums of the covalent radii 

of silicon and oxygen, but is found to possess a bond length of 1.63 ± 

0.04 X in (Me3Si)20. Similarly, the Si-S bond length in ClaSiSH 

should be 2.21 X, but instead is found to be 2.14 ± 0.02 X.^ Stone 

33 
and Seyferth (1954) have used the argument that silicon often displays 

a coordination number greater than four, can have bonds that are not 

purely sp2 3 hybrids, and forms compounds of unusual reactivity (as compared 

with the carbon analogs) to uphold the idea of (p-d)Tr bonding in silicon. 

2 
Emeleus, MacDiarmid and Maddock (1955) have explained that considerable 

7r-bonding between the silicon and sulfur atoms in (SiH3)2S resulted in 

the failure of the sulfur atom to exhibit the donor property that is 

32 
evident in the carbon analog. MacDiarmid (1956), using the atomic 

parachor for sulfur in organic sulfides, calculated the parachor for 

disilthiane, (H3Si)2S, using both the polar and non-polar values for 

Si-H, and found that agreement with the experimental parachor was 

obtained when the polar value for Si-H was used, thus indicating 

34 
that Tr-bonding was present. Emeleus and Onyszchuk using arguments 

2 
similar to Emeleus, et al., have shown that non-donor activity of the 

sulfur atom in l:lf-dimethyldisilthiane is evidence of TT-bonding between 

35 
silicon and sulfur. Downs and Ebsworth (1960) have suggested that 

increased F-H coupling in the proton nmr spectrum of silyl trifluoro- 

methyl sulfide, SiH3*S*CF3, could be explained by (p-d)Tr type bonding 

36 
between silicon and sulfur. Haas (1965) has argued that the force 

constants for the Si-S bond (Table 3) indicate that the polarity of the 

6si_s bond causes the contraction from the purely covalent state, not 

(p-d)ir bonds. 
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The narrow Si-S-Si bond angle (Table 3) might suggest that the lone 

electron pairs of the sulfur would not be able to significantly interact 

with silicon’s d-orbitals. It must be remembered, however, that sulfur 

does form TT-bonds in thiophenes, where there are narrow C-S-C bond angles. 

The low force constants of the silicon-sulfur bond would tend to 

indicate bond orders of about one, and indeed the Si-S bond order in 

hexamethyldisiltliiane has been found, via infrared and Raman spectra, 

37 
to be unity. This is in direct contrast with the silicon-oxygen bond 

assumed to have significant double bond character. 

It is obvious from the above data that, although some physical 

measurements have been made, complete characterization of silicon-sulfur 

bonds has not been achieved. Bond force constants and ionic character 

tend not to support (p-d)iT bonding, while bond length, bond angles, 

donor activity, and some instrumental studies support the idea that 

the unshared electrons on sulfur do interact with silicon’s d-orbitals. 

The only conclusion that can be made at this time is that there 

is a possibility of (p-d)7r involvement in the bond, and that the extent 

of this involvement is considerably less than in the silicon-oxygen bond. 

C. The Chemical Properties of the Silicon-Sulfur Bond 

The silicon-sulfur bond is considerably more reactive than the 

silicon-oxygen bond. This is apparently due to the low Si-S bond strength 

and/or the added stability of the Si-0 bond due to (p-d)TT bonding. Table 4 

lists some typical reactions that a silicon-sulfur bond can undergo and 

where available, the corresponding reactions of the silicon-oxygen bond. 

in hexamethyldisiloxane which 



Table 4 

Some Typical Reactions of the Si-S and Si-0 Bands 

1. a. (R3Si)2S + H20 2R3SiOH + H2S 

b. (R3Si)20 + H20 t 2R3SiOH 

2. a. (H3Si)2S + H20 -»■ (H3Si)20 + H2S2 

b. x(H3Si)20 + H20 t 2xSiH3OH + xSiH4 + (SiH20)x 

3. a. (H3Si)2S + 2HX + 2SiH3X + H2S (X = halogen) 

b. (H3Si)20 + 2HX -> 2SiH3X + H20 

4. a. (H3Si)2S + H2S 2 2SiH3SH
2 least stable reaction -> 

b. (H3Si)20 + H20 see no. 2 

5. a. (SiH3)2S + HgX2 $ 2SiH3X + HgS1 (X = Br, Cl, F) 

b. (SiH3)20 + HgX2 t 2SiH3X + HgO (X = F) 

6 a. (H2MeSi)2S + BX3 “Z£ no reaction34 (X - F, Cl) 

b. (H2MeSi)20 + BX3 -> MeSiH2X + B203 + BX3
34 (S = F, Cl) 

c. (R3Si)2S + BC13 ->■ R3SiCl + B2S3 + alkyl borates + alkylthiaboronates 

7. a. (H3Si)2S + CH3I -> no reaction2 

b. (H3Si)20 + CH3I has not been reported 

8. (F2HSi) 20 + LiAlH4 mixture of fluorosilanes^ 

9. a. 2H3SiSH ^ H3Si-S-SiH3 + H2S
39 

b. 2R3SiOH -»• R3SiOSiR3 + H20 

40 
10. a. 2Cl3SiSH + 3Br2 -*■ 2Cl3SiBr + S2Br2 + 2HBr 

b. (C6H5)SiOH + PCI 5 (C6H5)SiCl
41 
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It is seen that both silicon-sulfur and silicon-oxygen bonds can 

react in two different ways. They can both undergo condensation reactions 

of the type: 

2A3SiBH -*■ A3Si-B-SiA.3 + H2B 

(where A = H, alkyl, B = S, 0). 

These condensations (reactions lb, 2b, 4a, 9a, and 9b) are very 

typical of all silanethiols and silanols, since they apparently form 

compounds that are more stabilized by (p-d)TT bonding than are the 

starting compounds. Silanethiols would be expected to be less stable 

than the corresponding silanols due to decreased (p-d)ir bond stabilization 

in the silicon-sulfur bond. This is true, but silanols undergo conden¬ 

sation much more readily than do compounds containing the Si-SH bond. 

Bond energy considerations suggest that the condensations are neither 

especially favored nor unfavored. The explanation probably depends 

upon the increased stability of the siloxane products due to (p-d)ir 

bonding between both of the silicons and the oxygen as compared to the 

very limited stability afforded to the silthiane products by the 

ir-bonding between the silicons and the sulfur atom, and to the stability 

of the H20 product formed. 

The other types of reaction typical of silicon-sulfur and silicon- 

oxygen bonds are those of bond cleavage or exchange reactions. These 

reactions are the ones that dramatically demonstrate the difference in 

stabilities between the Si-S and the Si-0 bonds and the difficulties 

one encounters when trying to synthesize silicon-sulfur bonds. The 

courses of these reactions can normally be predicted by considering 

only the bond energies and probable tr-bondings involved. An excellent 
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example is reaction number five. Disilthiane will react with the 

dibromide, dichloride and difluoride of mercury to form the monohalo- 

silane and mercury(II) sulfide. Disiloxane, however, reacts only with 
l 

mercury difluoride to form fluorosilane and mercury(II) oxide. The bond 

energies involved here are shown in Table 5 along with the relative 

(p-d)TT bonding expected. By using these bond energies, and assuming 

that the maximum Hg-S bond strength will not exceed 52 kcal/mole (Hg 

42 
rarely forms bonds that exceed this value ) reaction 5a (where X = Cl) 

should be exothermic by approximately 10 kcal and reaction 5b should be 

endothermic by about 72 kcal. From this alone the reaction products 

could be predicted. Using the TT-bonding hypothesis only strengthens the 

prediction, since (p-d)Tr bonding would stabilize siloxane to a greater 

extent than it would chlorosilane. The limited 7T-bonding in Si-S bonds 

would stabilize disilthiane little, if any, but Si-Cl 7r-bonds would 

afford some stability to the chlorosilane. The silicon-fluorine bond, 

however, has sufficient energy and TT-stabilization to allow reaction 5b 

to proceed in the forward direction. Arguments similar to these can be 

used to predict reaction paths for many of the reactions in Table 4. It 

is much easier, however, to say that whenever a stronger silicon-other 

atom bond could be formed from a silicon-sulfur bond, it will be formed. 

This, invariably, seems to be the case. 

It is apparent that compounds containing the Si-S bonds can be made. 

Hopefully, it is also apparent that these compounds, at the slightest 

provocation, will convert to a more stable compound. Reaction 2a in 

Table 4 is an excellent example. Disilthiane is irreversibly converted 

to disiloxane upon hydrolysis. In addition, condensation (or polymerization) 



Table 5 

Bond Energy and (p-d)iT Bonding Factors in the Halogenation 

of (SiH3)S and (SiH3)0 

2 3 
Bond Energies (kcal/mole) 

0 S Br Cl F 

Si 88 54 69 86 129 

Hg 38 53 

Si-M Bonds Possibly Containing (p-d)ir Bonds 

Bond Possibility 

Si-0 good 

Si-S limited 

Si-Br possible 

Si-Cl good23 

Si-F good23 
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reactions seem to be favored for silanethiols. Thus, it is the 

instability of the silicon-sulfur bond with respect to silicon-other 

atom bonds that has determined the success or failure of this research. 

V. Previous Reactions of Silicon Difluoride with Sulfur Compounds 

A. The Sulfur and Oxygen Reactions 

Gottfried Besenbruch, of this laboratory, investigated the reactions 

of SiF2 with oxygen, sulfur, and selenium in an attempt to synthesize 

43 
new fluorosiloxanes and their sulfur or selenium analogs. SiF2 would 

be expected to be a reducing agent in the presence of these elements, and 

each reaction did produce the expected F-Si-M (M = 0, S, Se) type products. 

The reaction with oxygen formed only two volatile compounds—hexa- 

fluorodisiloxane, almost exclusively, with a small amount of what was 

thought to be octafluorotrisiloxane. This latter compound was so 

unstable that characterization was impossible. During the course of 

the reaction a blue glow was seen in the reaction zone that gave a 

continuum from 3300 R to 5800 R on a photographic exposure through a 

grating spectrograph. With very high SiF2 concentrations, the walls of 

the apparatus became hot at the reaction zone and an SiF20-polymer con¬ 

densed on the walls of the apparatus accompanied by a marked decrease 

in the formation of volatile products. 

The polymer left after the volatile products were distilled away 

was pyrolysed at 350° and the two fluorosiloxanes were again produced 

along with small amounts of Si202F4, S^OgFg, Sii^Fg and SisFgOig. 

These compounds were also very unstable and moisture sensitive and could 

only be detected mass spectrometrically. The compounds of the form 
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n are probably cyclic since chlorosiloxanes of this type have 

44 
been found to be cyclic. 

The reaction with sulfur was analogous to the oxygen reaction in 

that the main product was hexafluorodisilthiane. Pyrolysis of the 

polymer yielded Si2S2F4 (which could be isolated) and an unstable liquid 

which gave mass spectrometric evidence that it contained the same type 

of ring compounds found in the oxygen reaction. With the exception of 

Si2S2F4, Besenbruch found the Si-S compounds to be less stable than 

the Si-0 compounds. 

The reaction with selenium gave practically no volatile products, 

but upon pyrolysis of the polymer S^SeFg, Si2Se2F4 and Si3Se2Fo were 

identified by mass spectrometry. 

B. The H2S Reaction 

The reactions discussed in this section were done by Kenneth G. 

Sharp in these laboratories and detailed discussions of them can be 

found in his thesis^ and publications.47 

Cocondensation of H2S and SiF2 formed a polymer that was light- 

brown to yellow in color and which, upon warming, gave off volatile 

compounds which were identified as S^FsH, SiF2H-SH, Si2F4H-SH, and 

small amounts of SiF2H-S-SH, and Si2F4H-S-SH using mass spectra and, 

where possible, nmr and infrared spectra. 

All of the products found were fairly unstable and the silicon- 

sulfur compounds were especially so. Trap to trap distillation always 

left behind a viscous liquid or polymeric solid, indicating that con¬ 

densation to higher molecular weight species was occurring. If compounds 

of the type SiF2H(SiF2)nSH were formed, it seems likely that they either 
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condensed to larger molecules or polymers or that they decomposed, on 

warming, to simpler compounds. 

The absence of compounds such as SIF3SH and Si2FgSH may be 

explained by a two step mechanism in which the first step is the 

abstraction of a hydrogen from H2S by an (SiF2)n species followed by 

attack on other available molecules. The formation of compounds containing 

the Si-S-SH linkage could be due to attack of an (SiF2)n species on 

recombined HS» radicals (HS-SH). 

Thd properties of these silanethiols and silanedithiols are in 

agreement with the properties of the silanethiols given in section III 

of this work. 

C. The SF4 and SFg Reactions 

Besenbruch has briefly investigated the reaction with SF4 and had 

found mass spectrometric evidence for compounds such as S2F2, S2F4 and 

9 v 43 
S3F2. 

Sharp, not knowing of Besenbruch's earlier attempt, repeated the 

reaction but found that any products that had been formed were decomposed 

so swiftly that no attempts to identify these compounds were successful. 

Simply trying trap-to-trap distillation resulted in decomposition to a 

viscous brown semi-solid. 

There was evidently no reaction between SiF2 and SFg since the only 

volatile compounds obtained were unreacted SFg and the inevitable per- 

fluorosilanes. A description of the polymer color would have been helpful 

in trying to decide whether or not some reaction had taken place, but 

unfortunately it is not available. 
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D. The Thiophene Reaction 

The reactions of SiF2 with benzene and its aromatic derivatives 

produced compounds of the type 

(SiF
2V 

H< 
JL 

(I) 

where n = 2 to at least 8 when R is H and n = 2 to at least 4 when 

R - F, CH3.^ Since thiophene can obtain aromaticity by donation to the 

ring of a lone pair of electrons on sulfur, below, compounds similar to 

(I) were envisioned. 

s. 
+ 

SiF2 has also been shown to add to ethylenic carbon-carbon double 

16 
bonds which could be duplicated here. 

Condensation of the reactants gives a dark green to reddish-brown 

condensate that becomes a yellow-brown polymer at room temperature. Upon 

warming, the only volatile compound found was thiophene. Pyrolysis of 

the polymer produced more thiophene and the perfluorosilanes. 

The color of the condensate is indicative of some sort of inter¬ 

action between the thiophene and SiF25 however, if any bridged or 

insertion products were formed they were unstable at the temperatures 

needed to pyrolyze the polymer. 
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E. The Thionyl Fluoride Reaction 

Thionyl fluoride and SiF2 produced a light yellow condensate that 

turned bright yellow on warming. The products from this reaction con¬ 

tained absolutely no sulfur atoms and, in fact, were perfluorosiloxanes, 

some of which were previously unknown. These siloxanes are listed 

below with approximate yields. 

Si2OF6 60% 

SisOFg 10-15% 

Si302F8 8-10% 

Si303Fg 5% 

3-5% 

higher molecular 
weight siloxanes 5-10% 

These results are somewhat surprising since SiF2 inserted into the 

S-H bond in hydrogen sulfide. If this type of reaction had occurred 

here, bis(trifluorosilyl) sulfoxide, (SiF3)2SO, would have been the 

expected product. Apparently, however, the oxygen is abstracted from 

the thionyl fluoride by the (SiF2)n species to form the perfluoro¬ 

siloxanes and an Si-S-F polymer. As was discussed earlier, the apparent 

strength and stability of the Si-0 bond is what determines the products 

here. 

All of the perfluorosiloxanes, with the exception of Si2OFg, displayed 

the thermal instability and sensitivity to moisture that are characteristic 

of these compounds. The instability was so great, in fact, that it was 

impossible to separate individual siloxanes from mixtures. 

The mass spectra of the volatile compounds are reproduced in Table 6 

for comparison later in this thesis. 



Table 6 

Mass Spectra of SOF2 Products 

Identity Intensity 

m/e 50 eV 17 eV 50 eV 17 eV 

32,34 S+ S+ W M 

47 SiF+ L 

48 S0+ M 

64 S02
+ so2

+ W M 

66 SiF2
+ SiF2

+ L VL 

67 S0F+ L 

82 SiOF2
+ L 

85 SiF3
+ SiF3

+ L W 

86 S0F2
+ M 

98 Si02F2
+ W 

118 ? W 

129 Si20F3
+ W 

145 Si202F3
+ W 

148 Si20F4
+ Si20F4

+ M VL 

151 Si2F5
+ Si2F5

+ M L 

164 Si202F4
+ W W 

167 Si20F5
+ Si20F5

+ VL VL 

186 Si20F6
+ Si20F6

+ M L 

227 Si303F5
+ Si303F5

+ W W 

233 Si3OF7
+ Si3OF7

+ W M 

246 Si303F6
+ Si303F6

+ VW W 

249 Si302F7
+ Si302F7

+ W W 

252 Si3OF8
+ vw 

268 Si302F8
+ Si302F8

+ VW M 
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F. The Thionyl Chloride Reaction 

In view of the interesting results of the thionyl fluoride reaction, 

the reaction of thionyl chloride with SiF2 was attempted, A small amount 

of room temperature polymer was formed and, as in the previous reaction, 

the only products were halosiloxanes. No sulfur containing compounds 

were formed. S^OFfc, S^OFsCl and SiF3Cl were found along with mass 

spectral evidence for SigOFyCl. 

These results point out that a mechanism involving more than one 

step is involved. Oxygen abstraction and chlorine abstraction from the 

SOCI2 are both evident. It is probable that the first step is the 

oxygen abstraction by SiF2 or [-S^Fi**] followed by subsequent attacks 

on the halogen atoms of neighboring species. It would be interesting 

to know more about the fate of the sulfur in these reactions. 

VI. New Reactions of Silicon Difluoride with Sulfur Compounds 

A. Introduction 

As was mentioned at the beginning of this thesis, the main objectives 

of the research reported herein were the synthesis of new silicon-sulfur 

compounds and further characterization of the silicon-sulfur bond. It 

should be mentioned at this point that the synthesis of compounds was 

the primary goal. It is, of course, difficult to complement the existing 

knowledge of the bond without first making it. Therefore, the compounds 

chosen were selected as those most likely to react with SiF2. 

It must also be remembered that available organic and inorganic 

sulfur compounds are limited. In addition, gases and volatile liquids 

are greatly preferred as SiF2 reactants since they are easy to handle, 

do not require that the vacuum line be changed, and will lead to volatile 



27- 

products more often than will relatively involatile and solid reactants. 

Thus, volatile liquids were always chosen first. 

In the selection of reactants, several other factors were also 

considered. Of paramount importance were the reaction chemistry of 

SiF2 and, of course, the stability of the Si-S bond. The stability of 

the reactant with respect to vaporization, heating, condensation, etc. 

was also considered. With respect to the reactions in Section V, 

compounds were chosen so as to expand the types of sulfur compounds 

investigated. 

The new reactions are not presented in any order other than 

chronological. 

B. The Reaction of SiF2 with Dimethylsulfoxide 

Introduction 

The selection of a first reaction to study is often a matter of 

chance and intuition. Conversely, it can often be attributed to 

careful study and considerable thought. Choosing dimethylsulfoxide 

(DMSO) as the initial reactant was a hybrid of the above reasons. 

DMSO is structurally similar to thionyl fluoride. The reaction 

of SOF2 and SiF2 (Section V, D) gave no silicon-sulfur compounds. 

Instead, the only reaction seemed to be oxygen abstraction from the 

SOF2 by the SiF2 dimer, followed by fluorine abstraction to form several 

perfluorodisiloxanes leaving sulfur or a sulfur-rich (SiF2)x polymer. 

In addition, the reaction of SiF2 with thionyl chloride, SOCI2, produced 

perhalosiloxanes, confirming the conclusions drawn from the SOF2 reaction. 

Should this type of mechanism be predominant in this reaction, 

siloxanes would be the expected products. It would be expected that 
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these siloxanes would be mixtures of fluoromethylsiloxanes or possibly 

mixed fluorosiloxanes depending on whether the SiF£ species attacked 

the C-S or C-H bonds. Mixtures of both types of compounds could also 

occur. 

4 
Insertion into the C-H bond has been observed in the reaction of 

CF3H and SiF2 uhere the products were SiF2HSiF2CF3 and SiF3H. Activity 

like this could produce compounds of the type [H(SiF2)nCH2]S0. These 

compounds have yet to be reported. 

Sulfoxides react with anhydrous hydrogen halides to give the 

corresponding sulfur dihalides.^ 

R2SO + 2HX + R2SX2 + H20 (X = Br, I) 

Reactions of this type could conceivably lead to products such as 

(CH3)2SF2 and Si02* It is unlikely that the reaction would follow 

this course, however, due to the strength of the silicon-fluorine bond 

which, according to bond energy considerations, would make the reaction 

endothermic by roughly 60 kcal. 

In addition, (CH3)2S0 exhibits an extensive chemistry with other 

46 
halogen containing compounds, so that reaction with SiF2 seemed likely. 

Experimental 

DMSO is very hygroscopic and is normally dried prior to any non- 

aqueous use. The DMSO used here was obtained from, and dried by, 

another research group in this laboratory. DMSO is sufficiently volatile 

so that procedures mentioned in Section II A were followed. 

Upon condensation, DMSO and SiF2 produced a deposit that ranged in 

color from white to yellow. A brief period after the start of the reaction, 

a brown deposit began to appear on the walls of the reactor directly 

opposite the sample inlet. By the time the reaction was stopped this area 
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was a distinct brown and the deposit had also formed above and below 

this point. The deposit evidently had an appreciable vapor pressure as 

it began to disappear after about an hourand was completely gone after 

approximately 3-4 hours, leaving nothing behind. The nature of this 

deposit is uncertain and is presently being investigated. 

The reactor was transferred to the product separation line and the 

condensate was allowed to slowly warm. The volatile products were 

trapped in the U-tubes which were cooled by four low temperature baths: 

chloroform slush (-63°C), toluene slush (-95°C), propanol slush (-127°C) 

and liquid nitrogen. At room temperature the polymer left in the reactor 

was white and very pyphoric. 

Examination of the traps showed that substances had condensed in all 

four traps. The material in the propanol and chloroform slush traps was 

shown to be SiF4 by its infrared spectrum. Two other compounds were found 

in the remaining traps and the characterization of them is discussed below. 

Infrared spectra (Table 7) 

1. Material in the liquid nitrogen trap 

This material was warmed to room temperature at which point the 

contents of the trap were gaseous. During the warming it was evident 

that a mixture was present since the material showed two separate melting 

and boiling points. The gaseous mixture was introduced to the evacuated 

IR cell to a pressure of a few (-2) centimeters of mercury. The spectrum 

showed the presence of a large amount of SiF4, which has absorptions at 

780 (vw), 1031 (vs), 1191 (vw), 1294 (vw), 1827 (w) and 2057 (w) cm-1. 

The absorption bands at 780 and 1191 were masked by other bands. These 

other bands occurred at 839, 1205, 1242 and 1268 cm-Absorptions in 

the region 1200-1270 cm-1 are indicative of Si-0 bonds and the 839 cm-1 



Table 7 

Infrared Absorptions by Contents of LN2 Trap 

and Toluene Slush Trap 

LN2 Trap 

v(cm-1) 

839 

1031 

1205 

1242 

1268 

1827 

2057 

Intensity 

M 

VS 

S 

M 

M 

M 

W 

Assignment 

Si-F 

Si-F 

Si-0 

Si-0 

Si-0 

Si-F 

Si-F 

Toluene Slush Trap 

620 VW 

1030 S 

1320 W 

1430 M 

2940-2950 S 

C-S 

Si-F 

C-H 

C-H 

C-H 

VS - very strong 

S - strong 

H - medium 

W - weak 

VW - very weak 
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band could have been due to Si-F bonds. This spectrum was not very 

definitive due to the absorption bands being exceptionally broad with 

considerable overlapping. 

2. Material in the toluene slush trap 

This material also showed the presence of a mixture with at least 

two components, one of which was a liquid that was, luckily, volatile at 

room temperature. The spectrum showed a relatively strong and broad 

$C-H stretch band at 2940-2950 cm""1 and the two bending absorptions for 

the methyl group were also observed at 1430 cm""1 and around 1320 cm"1. 

A large band at 1030 cm"1 could be due to the S=0 bond or the Si-F bond. 

A very weak absorption at 620 cm"1 might indicate the C-S bond. There 

was some indication of masked absorptions in the region from 800 to 1250, 

but nothing definite could be ascertained. 

Mass Spectra (Table 8) 

1. Material in the liquid nitrogen trap 

The mass spectrum of this mixture was immediately identifiable as 

that of a mixture of SiFi* and hexafluorodisiloxane, (F3Si)20. Both compounds 

showed the typically small parent ion and the large P-19 peak due to loss 

of a fluorine atom. No higher molecular weight siloxanes were observed. 

2. Material in the toluene slush trap 

The mass spectrum of this material was more difficult to elucidate. 

Up to this point, no sulfur compounds had been observed, so it was 

expected that they would be found here and they were. 

There was no trace of the DMSO starting material. Instead, the major 

component of the mixture was dimethyl sulfide (m/e 62). Interpretation 

of the compound1 s mass spectrum was facilitated by using two known methods 

of sulfide mass spectral analysis: 

1) Sulfur containing compounds are easily recognized, in the absence of 



Table 8 

Mass Spectra of Trap Contents 

LN2 Trap 

m/e Intensity Ion 

47 VW S1F+ 

66 M SiF2
+ 

82 W SiF20
+ 

85 VL SIF3
+ 

104 L SiF4
+ 

167 VL SiF3OSiF2
+ 

186 M SiF3OSiF3
+ 

Toluene Slush Trap 

15 M CH3
+ 

27 L C2H3
+ 

32 W s+ 

35 L H3s
+ 

45 VL SCH+ 

46 VL SCH2
+ 

47 VL SiF+, SCH3
+ 

61 VL CH3SCH2
+ 

62 VL CH3SIF
+
, CH3SCH3 

66 VW SiF2
+ 

81 VW CH3SiF2
+ 

85 W SiF3
+ 

100 

VL - very large 

L - large 

M - medium 

W - weak 

VW - very weak 

VW CH3SIF3
+ 
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interfering ions, by the P+2 peak caused by the 34S isotope. Often 

fragment + 2 peaks can also be found. These +2 peaks can normally be 

measured with a fair degree of accuracy and should be about 4.4% of the 

parent peak. In addition, the 33S isotope can also be used; however, 

its intensity may be too low for accurate measurement since the 33S 

isotope peak is only 0.78% of the 32S peak. 

2) Aliphatic sulfides, like aliphatic ethers, fragment in a consistent 

manner that makes identification a relatively easy task. Sulfides 

that are unbranched at the ct-C initially lose the largest aliphatic 

group. This step is then followed by hydrogen transfer to give the 

ion CH2=&H (m/e 47). Also primary methyl sulfides will lose a 

hydrogen or aliphatic group to form the ion CH3~^=CH2(m/e 61). 

Using 1) and 2) as a basis, all peaks up to the one at m/e 62 can 

be handily accounted for. This cannot be said for the four small 

peaks at m/e 66, 81, 85 and 100. It was originally thought that 

the peaks at m/e 66, 81 and 85 were fragments of dimethyl sulfide 

difluoride, (CH3)2SF2, which has a mass of 100. Later spectra, taken 

at maximum sensitivity, failed to show the expected P+2 peaks, however. 

In addition, the conspicuous absence of the ions +SF2 (m/e 70) and 

—{- 
SF (m/e 51) forced a revision of the original idea. 

The explanation of these peaks became a simple job once the idea 

of (CH3)2SF2 was abandoned. The species at m/e 100 is the trifluoro- 

methylsilane ion, CH3^iF3. The loss of the methyl group gives the very 

stable +SiF3 (m/e 85) and loss of fluorine from the parent gives 

CH3^iF2 (m/e 81). In addition, the peak at m/e 66, which was thought 

to be caused by the ion CI^iiF, is actually caused by *SiF2 and the 

^SiF ion contributes to the very large peak at m/e 47. There were two 

small peaks of almost equal intensity at m/e 63 and 64 and these could 
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no t be explained by either the isotopes of sulfur or the silicon 

isotopes. The answer is, of course, that the peak at m/e 62 is 

caused by both (CH3)2S* and CH3£iF, and that the next two peaks are 

caused by the 29Si, 33S isotopes and the 30Si, 34S isotopes respectively. 

The basic problem here was the extremely small amount of CH3SiF3 

that was present. The parent and fragment peaks were so small as to 

be practically useless and the lower molecular weight fragments added 

very little to the intensity of peaks caused by other ions of the same 

mass. 

Discussion 

Considering the earlier reactions with thionyl fluoride and thionyl 

chloride, the results of this reaction were not totally unexpected. 

Oxygen abstraction seems to be a favored reaction for SiF2 species. 

However, the absence of the higher molecular weight siloxanes and the 

cyclic siloxanes found in the thionyl fluoride reaction cause this 

reaction to differ somewhat from the previous ones. One possible reason 

is discussed later. 

The complete absence of compounds containing Si-S bonds is 

undoubtedly due to the greater stability of the Si-0 bond as compared 

to that of the Si-S bond. Any Si-S compounds that were formed 

decomposed either upon warming or upon distillation. Yellow polymeric 

substances were left in practically every trap and the polymer that 

was left in the LN2 trap reacted vigorously with oxygen to form gaseous 

products that possessed odors that definitely suggested the presence 

of sulfur. This instability towards heating and distilling was also 

noted in the H2S and SF4 reactions,^ where the decomposition products 
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were viscous brown semi-solids. 

The gas phase reaction that was evident here is of interest 

since very few have been observed during SiF2 reactions. The first 

of several possible reactions to account for this is that the oxygen 

abstraction step is taking place in the gas phase followed by formation 

of the hexafluorodisiloxane in the condensed phase. It seems reasonable 

that SiF2 or an (SiF2>x species could be the abstracting molecule. It 

43 
should be remembered, however, that in the reaction of SiF2 with oxygen 

a gas phase reaction was noted that gave different reaction products 

depending upon the concentration of SiF2 in the SiF2/SiF4 mixture 

mming from the production furnace. At low (50%) concentration, little 

to no wall deposits were obtained while high SiF2 concentrations 

(-80%) resulted in deposition of a white powder whose overall composition 

was SiF20. Therefore, it seems unlikely that the deposit in this 

reaction was an Si-O-F compound. 

It also seems unlikely that the deposit could result from methyl 

group abstraction, since the SiF2 would undoubtedly attack the doubly 

bonded oxygen preferentially. In addition, the small amount of CH3SiF3 

that was formed belies the possibility that methyl abstraction caused 

the deposit. 

One possible explanation is that the deposit was a complex between 

DMSO and SiF4 or SiF2. Silicon tetrahalides, especially the fluoride, 

have shown great tendencies to complex with amines, especially tertiary 

amines. The reaction between SiF4 and DMSO did not produce this deposit, 

however. 

The nature of this deposit is still very vague and additional 

studies are indicated. 
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C. The Reaction of SiF2 with Dimethyl Sulfide 

The mistaken conclusion that (CH3)2SF2 had been formed in the 

previous reaction suggested that dimethyl sulfide, could very 

easily be an intermediate in the production of the (CH3)2SF2 and that 

this compound might be made by the direct reaction of (CH3)2S with 

SiF2 in much greater yields. 

Dimethyl sulfide was obtained from the J. T. Baker Chemical Co. and 

was used without additional purification. There was evidence of a 

gas phase reaction again here; a gold colored substance was deposited 

in the same region of the reactor as in the DMSO reaction. The 

condensate in the LN2 temperature portion of the reactor was shaded in 

color from a brillant gold through salmon pink to the typical yellow 

color of pure SiF2 condensate. By the time the condensate was warmed 

to room temperature, the gas phase deposit had disappeared entirely 

from the reactor walls. The volatiles were collected in three cold 

traps: chloroform slush, toluene slush, and LN2. The polymer left in 

the reactor was typically pyrophoric. The reaction products were 

identical to those obtained in the DMSO reaction, except that Si2Fg 

was formed rather than Si20Fg. The other volatiles were unreacted 

(CH3)2S, SiF4 and an extremely small amount of CH3SiF3. 

The brown gas phase deposit and the intensely colored condensate 

indicate that some type of reaction (or reactions) had taken place; 

but again, any products that contained Si-S bonds were unstable and 

could not be detected. 
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D. The Reaction of SiF2 with Dimethyl Sulfite 

The progression from the sulfoxide group (JS=0) to the sulfite 

group (^Q^S=0) would give S1F2 an increased number of reaction sites, 

many of which are oxygen atoms. The strength of the Si-0 bond would 

seem to assure some sort of reaction here. The possibility of 

simple oxygen abstraction was, of course, rather high. However, in 

the DMSO reaction, the (CH3)2S that was formed was an extremely stable 

compound. Should oxygen abstraction occur here dimethoxysulfide, 

(CH3O)2S, would be formed. This compound has not been reported in 

the literature and is apparently unstable. The apparent instability 

of this product could have changed the course of the reaction away 

from the abstraction, although the incorporation of the (C^O^S 

into the Si-F polymer was a possibility. Bond insertion into either 

the C-0 or S-0 bonds was also hoped for. 

Experimental 

Dimethyl sulfite was obtained from the Aldrich Chemical Co. and 

was used without further purification after the infrared spectrum 

showed it to be free of significant impurities. 

Mixing of the (C^O^SO and the SiF2/SiF4 mixture in the gas 

phase again resulted in the deposition of a gold-brown substance on 

the reactor walls. The LN2 temperature condensate varied in color from 

white to red. The reactor was slowly warmed to room temperature and the 

volatile substances were collected in a chloroform slush or LN2 cooled 

trap. As in the previous two reactions, the gas-phase deposit had 

disappeared by the time the reactor had reached room temperature. The 

white polymer that was left in the reactor was not pyrophoric and, in 
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fact, oxidized and hydrolyzed very slowly. The material in the LN2 

trap was shown by its infrared spectrum to be SiF3H and SiF4 and that 

in the chloroform slush trap to be a mixture of small amounts of 

Si2F6 and S^OFg by the infrared and mass spectra. There was no 

trace of the dimethyl sulfite in either trap. The polymer that was 

left in the reactor was pyrolyzed in the temperature range from room 

temperature to 140°C, at which point the Viton o-rings in the reactor 

side arm began to decompose. The first substances to be cracked from 

the polymer (at ~80°C) were the silanes: SiF4, Si2F6 and Si2OFg. The 

SiF4 was by far the major species followed by small amounts of S^Fg 

and very small amounts of S^OFg and SiF3H. These silanes continued 

to be evolved throughout the pyrolysis. At about 110°C, a new substance 

began to be cracked from the polymer. The infrared spectrum of the 

mixture was helpful only in that it indicated that the new compound 

contained a methyl group, as the typical CH3 absorptions were obtained 

at 2880 and 2940-2980 cm-*. The rest of the spectrum consisted of 

overlapping bands starting at about 2000 cm-1 and extending to 600 cm-1. 

These bands overlapped so badly that no feature was distinguishable. 

The mass spectrum of the pyrolysis mixture was the only definitive 

one available. Table 9 gives the m/e ratios, relative intensities and 

assignments for the most important peaks in the spectrum. The 

significance of the CH30SiF3 is explained in the discussion following 

this. 

As expected, the polymer that was left following the pyrolysis was 

much more sensitive to oxidation and hydrolysis than was the initial 

polymer. This was due to the pyrolytic cleavage of some of the polymer 



Table 9 

Partial Mass Spectrum of the Pyrolysis Products 

m/e Intensity Ion 

28 L Si+ 

29 L SiH+ 

31 M CH3O
+ 

47 VL SiF+ 

48 M SiFH+ 

66 L SiF2
+ 

67 L SiF2H
+ 

82 W SiF20
+ 

85 VL SiF3
+ 

86 L SiF3H
+ 

97 W SiF20CH3
+ 

101 VW SiF30
+ 

104 M SiF4
+ 

115 M SiF30CH2
+ 

116 W SiF30CH3
+ 

151 L Si2F5
+ 

167 M Si20F5
+ 

180 VW 
+ 

Si2F6 

186 M Si20F6
+ 
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linkages, which greatly increased the number of available reaction 

sites. Some portions of the polymer were, in fact, vigorously pyrophoric. 

Discussion 

The incorporation of the (0130)2 SO into the room temperature 

polymer was not totally unexpected since sulfur-oxygen and silicon- 

oxygen bonds display an extensive polymer chemistry. It is probable 

that the polymer linkages were predominantly of the (-Si-O-S-) type. 

It is unfortunate that the pyrolysis could not have proceeded to 

higher temperatures as cleavage of additional polymeric bonds could have 

resulted in some volatile sulfur compounds being detected. 

Oxygen abstraction was again evidenced by the formation of 

considerable amounts of hexafluorodisiloxane, Si2OF6; however, this 

type of reaction was evidently not as favorable here as it was in the 

DMSO reaction since a large amount of S^Fg was formed. This may very 

well be due to the apparent instability of the dimethoxy sulfide, 

(0130)28, that would be left following the abstraction. Dimethoxy 

sulfide has not been synthesized and has not been cited as an inter¬ 

mediate in any reaction, as far as can be told. It is possible, of 

course, that the oxygen abstraction is simply one part of a concerted 

mechanism that would not leave (0130)28 as a product. For instance, 

the polymerization of the sulfite with the fluorosilanes may occur 

with the oxygen abstraction as one step. Another explanation is that 

the sulfite group is normally a good reducing agent itself and as 

such would be resistant to reduction. It is likely that both of these 

contribute to the reduction of the amount of the oxygen abstraction. 
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The production of the methoxytrifluorosilane is of interest here 

as it was also produced in the reaction of SiF2/SiF4 with methanol,^ 

where considerable quantities were obtained via this reaction: 

CR3OH + SiF4 + CH3OSiF3 + HF. 

The methoxytrifluorosilane produced was volatile at room temperature 

and pyrolysis of the polymer was not needed. The fact that the 

CH3OSiF3 in this research was obtained only upon pyrolysis suggests 

one of two things: 1) The CH3OSiF3 was formed by the same type of 

reaction as in the methanol reaction and was trapped in the polymer 

matrix or 2) the polymer, or part of the polymer, contained C-O-Si 

linkages that, upon pyrolysis, broke to form the observed product. The 

first possibility seems unlikely since, even if the silane was trapped 

in the polymer matrix, there would have been sufficient amounts on or 

near the polymer surface to have volatilized upon warming, thus 

appearing in the mass spectrum. Since this was not the case, it seems 

likely that the polymer did indeed contain C-O-Si linkages. 

The stability of the room temperature polymer is very unusual 

since SiF2 polymers are, if not pyrophoric, very quickly oxidized or 

hydrolyzed. Stable silicon-fluorine-other atom polymers could be 

extremely useful, and investigations of this and similar polymers are 

starting. 

E. The Reaction of SiF2 with bis-(Trifluoromethyl)Disulfide 

In the preceeding reactions, SiF2 had shown its affinity for 

oxygen in the form of oxygen atom abstraction from the parent compound. 

In an attempt to force the SiF2 to react with the sulfur portion of 

compounds, the reaction with bis-(trifluoromethyl)disulfide, (CF3)2S2, 
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was undertaken. 

Experimental 

The (CF3)2S2 was obtained from Peninsular Chemresearch, Inc. and 

was used without further purification. Normal procedures were used 

since this liquid is very volatile at room temperature (b.p. 34.6°C). 

A slight gas phase reaction was again evident as a yellowish deposit on 

the walls of the reaction line. This deposit, in common with the 

earlier ones, disappeared shortly after the reaction was stopped. The 

low temperature condensate was white and yellow and turned completely 

white upon warming. The room temperature polymer was typically pyrophoric. 

The volatile compounds were collected in a chloroform slush trap 

and a LN2 trap. The contents of the traps were examined and found to 

be unreacted SiF^ and (CF3)2S2 and S^Fg by their infrared and mass 

spectra. 

Discussion 

Pyrolysis of the polymer was not indicated here since practically 

all of the (CF3)2S2 was recovered. There was no indication that 

any reaction had occurred. This is unusual considering the great 

strength of the Si-F bond. Fluorine abstraction should have been a 

favorable reaction. 

The only conclusions that can be drawn from this is that if 

silicon-sulfur compounds formed, they were thermally unstable and of 

such a nature that the decomposition products were the starting 

compound and a fluorosilane. The reaction with the hydrocarbon analog, 

(CH3)2^2> was clearly indicated and it is discussed later. 
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F. Additional Reactions 

The reactions listed below are currently under study and preliminary 

results are included for comparison with the earlier reactions. 

1) Ethylene Sulfide (CH2CH2S) 

Ethylene sulfide was obtained from the Aldrich Chemical Co. and 

reacted with SiF2 in the conventional manner. There was a definite gas 

phase reaction which resulted in a yellow-brown deposit that formed 

approximately one inch above the LN2 level in the reactor. As the 

SiF2/SiF4 mixture was condensed, at -196°C, onto this deposit an 

extremely fast reaction was observed. The deposit seemed to "burn" as 

the SiF2 came in contact with it; that is, it turned a dark brown 

color and the deposit broke up as does a burning piece of paper. This 

area turned a very dark maroon color as additional SiF2 was condensed 

there. Upon warming the condensate turned dark red to black. The 

black area was where the SiF2 concentration was the greatest. A 

yellowish crystalline material was briefly observed in the bottom of the 

reactor. It decomposed rapidly upon warming leaving behind a brown 

residue. The only volatile compounds obtained were SiF4 and small 

amounts of Si2F0 and S^OFg. The ethylene sulfide was evidently 

incorporated into the polymer. 

2) Methanesulfonyl Chloride (CH3SO2CI) 

Hethanesulfonyl chloride (Aldrich) was obtained and the reaction 

with SiF2 was attempted. The chloride is not very volatile at room 

temperature (b.p. 161°C) and as a result the ratio of SiF2 to the 

chloride was very high. There was no gas phase reaction and the conden¬ 

sate was colored yellow and pink. A yellow decomposition product was 
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deposit ed on the vacuum line walls as the condensate was warmed. The 

volatile products have yet to be fully characterized, but CH3SiF3 was 

definitely formed as were some high molecular weight fluorosiloxanes. 

There is still considerable work to be done on this reaction. 

3) Dimethyl Disulfide 

As was mentioned earlier, the results of the bis-(trifluoromethyl) 

disulfide reaction suggested that the reaction with dimethyl disulfide 

be tried. This compound was obtained from the Gallard-Schlesinger 

Chemical Mfg. Corp. and was found to be fairly volatile at room temperature. 

The condensate was white with black and yellow rings. Most of this 

volatilized upon warming and at room temperature there was very little 

polymer in the reactor. A large amount of liquid was left in the bottom 

of the reactor that decomposed giving fluorosilanes and a viscous 

yellow sludge. The volatile products include CH3SiF3, SiF4 and Si2F0. 

This reaction will be rerun in an attempt to identify the liquid. There 

is no doubt that some reaction has occurred here since so little polymer 

was formed. 

VII. Conclusions and Suggestions for Further Research 

In practically every SiF2 reaction there are two distinct types of 

products—polymeric and non-polymeric. In the six years that the 

reactions of SiF2 have been investigated, relatively few studies have 

been done on the polymeric products, aside from attempts to obtain 

pyrolysis products. The major emphasis has been placed on the charac¬ 

terization of the non-polymeric volatile products. 

This research resulted in some volatile compounds, but none were 

new and none contained the Si-S bond. The reason is undoubtedly due to 
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two things: 1) that, in almost every case, there was always some 

reaction that was more favored than the reaction with the sulfur atom(s), 

and 2) that any Si-S compounds that were formed were unstable with 

respect to the reaction and separation conditions. The dimethyl 

sulfoxide and dimethyl sulfite reactions, along with the earlier 

thionyl fluoride and chloride reactions, clearly demonstrate the affinity 

of silicon difluoride for oxygen. In the dimethyl sulfide and CF3SSCF3 

reactions, the most favorable reaction for SiF2 was with another fluoro- 

silicon species, giving perfluorosilanes. It is clear from these 

reactions that if SiF2 is to be used to synthesize Si-S bonds, the 

reaction conditions will have to be such that the formation of the bond 

will be somewhat favored. In addition, extreme care will have to be 

exercised when handling these compounds; otherwise, severe decomposition 

may result. 

One possible method of synthesizing Si-S compounds would be to 

react SiF2 with thiocarbonyl compounds. There has been recent evidence 

that SiF2 species may add across the carbon-oxygen double bond in 

carbonyl compounds.^ This type of behavior with thiocarbonyl compounds 

could result in products containing C-Si-S rings of the type 

C\ /S 

(SiF2)n 

where n is one or more. 

The reactions of sulfur monohalides with SiF2 should be interesting. 

This may especially be true with the monofluoride, which has two isomers. 

The most stable and abundant isomer has the structure: 

S=S 
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The reaction of this isomer with SiF2 could result in sulfur abstraction 

giving Si-S compounds. The reaction of SiF2 with F2SO produced new 

cyclic fluorosiloxanes; so, the reaction with the F2SS could be expected 

to form similar fluorosilthianes. 

Other compounds which could conceivably lead to SiS or new SiF2 

species are: CF3N=SF2, SF5NF2, SF5OF, SF5OOSF5, SF5OSF5, S=C=0 and 

HSC^N. Another, completely different approach is to use SiS(g) or 

SiS2(g) from high temperature reactions of Si + H2S, and then to use 

49 
these species for syntheses. 

It is always desirable and exciting to run new reactions and 

characterize the products in hopes of discovering new compounds. This 

has especially been true with SiF2 since it has demonstrated an extremely 

interesting and diverse reaction chemistry. Recent reactions with SiF2 

have, for the most part, failed to produce any new compounds. In view 

of this, it would seem desirable to rerun previous reactions and attempt 

to characterize the polymers that were formed. One major stumbling 

block in the area of SiF2 chemistry has been the determination of 

reaction mechanisms. Reaction conditions limit the type of mechanistic 

studies so severely that none have been found for reactions of this 

type. In the past, mechanisms have been postulated almost exclusively 

from the volatile reaction products. For instance, polymeric SiF2 

diradicals of the type •SiF2(SiF2)nSiF2», where n = 2,3,...8, were 

assumed to be the reacting species in the benzene reaction due to the 

observed products. By considering the overall reaction, that is, the 

polymeric and volatile products, it should be easier to deduce mechanisms 

and characterize the entire reaction chemistry of SiF2. Efforts in this 

direction are about to be undertaken in this laboratory. 
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This is not to suggest that no new reactions be run. Complete 

characterization of the chemistry of SiF2 cannot be accomplished 

without further reactions. It is simply suggested that these efforts 

be attempted concurrently. 

In all previous reactions, SiF2 
and the reactant were mixed after 

the SiF2 had traveled a considerable distance from the furnace. It 

should be extremely interesting to introduce the reactant either before 

or immediately after the 1150°C area. Reactions may occur at this 

temperature that would not occur at room temperature. Recent evidence 

suggests that triplet SiF2 may have a significant concentration in the 

SiF2/SiF4 mixture in or immediately after the 1150°C area"^ contrary 

to earlier reports (see Section II). If this is true, the reaction 

chemistry of this species can be investigated. It is highly probable 

that triplet SiF2 will have an extensive gas-phase chemistry. 

SiF2 chemistry is an area in which considerable work is still 

needed. SiF2 has been shown to be a valuable reactant in the production 

of new and unusual compounds. Its value will undoubtedly increase as 

the manner in which it reacts becomes fully understood. Earlier 

4 
studies have shown that SiF2 reaction products are often difficult or 

impossible to separate, indicating that new and more efficient 

separation methods are certainly needed. Methods for handling and 

analyzing the pyrophoric polymer products are most desperately needed 

for the understanding of the complete chemistry of SiF2. There is 

no doubt that these problems will be eventually overcome. 
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