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Metallic Compound s Containin g Fluorocarbo n Radical s 
The stud y o f th e fluorocarbon  iodide s suc h a s CF 3I, C 2F6I , an d 

C3F7I  ha s show n tha t th e carbon-iodin e bon d i n thes e compound s ma y b e 
broken homolyticall y b y hea t o r ultraviole t ligh t t o yiel d free  fluorocarbon 
radicals, whic h hav e reaction s simila r t o thos e o f free  alky l radicals . The y 
can, fo r example , initiat e polymerizatio n an d abstrac t hydroge n o r 
halogen atom s fro m othe r molecules . Tha t the y ar e als o abl e t o for m 
metallic o r metalloi d compound s ha s bee n demonstrate d mainl y by  th e 
reactions o f trifluoroiodomethane , a  stabl e ga s o f boilin g poin t —22.5° , 
which i s readil y prepare d b y th e reactio n o f silve r trifluoroacetat e wit h 
iodine. Trifluoroalky l derivative s o f th e followin g element s hav e bee n pre 
pared directl y fro m thi s startin g material : mercury , phosphorus , arsenic , 
antimony, sulfur , an d selenium . Th e preparativ e method s ar e als o 
applicable t o th e homolog s o f trifluoroiodomethane . 

Fluorocarbon Mercurial s 
Trifluoromethyl mercuri c iodid e ma y b e prepare d b y th e reactio n o f 

trifluoroiodomethane wit h mercur y i n a  seale d glas s tub e a t 26 0 t o 290 ° 
or b y irradiatio n wit h a  mercur y ar c a t roo m temperature . I n th e latte r 
case sufficien t activ e radiatio n i s transmitte d t o decompos e trifluoroiodo -
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methane in spite of the fact that the absorption spectrum of the latter lies 
mainly in the ultraviolet, with a broad maximum at ca. 2800 A (10). The 
corresponding reaction between pentafluoroiodoethane and mercury 
yields pentafluoroethyl mercuric iodide. Both of these mercurials are 
white crystalline solids which sublime in vacuum at ca. 80°, are soluble 
in organic solvents, and show a general resemblance to their hydrocarbon 
analogs. They are, however, soluble in water and may be recrystallized 
from this solvent, although a slow decomposition occurs. They react 
when heated at 120° with excess of iodine, yielding the fluorocarbon iodide 
and mercuric iodide. The free base, trifluoromethyl mercuric hydroxide, 
CF3HgOH, is formed when the iodide is treated with moist silver oxide. 
In solution it is alkaline to phenolphthalein and is a weaker electrolyte 
than methyl mercuric hydroxide, though stronger than phenyl mercuric 
hydroxide. It reacts with acids to form salts such as the chloride, bromide, 
and nitrate. 

The conversion of trifluoromethyl mercuric iodide to bis (trifluoro
methyl) mercury by the procedures used in the case of alkyl mercurials 
is difficult because of side reactions in which fluoroform is evolved. The 
dimercurial is, however, readily obtained by the reaction of either tri
fluoromethyl mercuric iodide or trifluoroiodomethane with amalgams of 
silver, copper, or cadmium (12). Bis(trifluoromethyl)mercury, Hg(CF3)2, 
is a white crystalline solid which decomposes thermally above 170° and 
is thus less stable than dimetr^lmercury, which is only slightly decom
posed at 300° (8, 37). It is also decomposed by ultraviolet light. When the 
mercurial is heated with iodine at 100°, trifluoroiodomethane is formed: 

Hg(CF3)2 + 2I2 = Hgl2 + 2CF3I 

Similar reactions occur with chlorine or bromine. The dimercurial is con
verted into trifluoromethyl mercuric iodide by reaction with mercuric 
iodide at 170°. The reaction with mercuric chloride is similar. 'The 
pyrolytic or photochemical decomposition of bis (trifluoromethyl) mercury 
appears to yield trifluoromethyl radicals, since it is possible in this way to 
initate the polymerization of ethylene, tetrafluoroethylene, and other 
unsaturated compounds. 

Bis(trifluoromethyl)mercury differs from its hydrocarbon analog not 
only in being a crystalline solid, w

T
hich may perhaps be ascribed to the 

more polar character of the molecule, but also in being moderately 
soluble in water. Even after the most careful purification of the solute, 
these solutions have a small, though definite, conductivity which is of the 
same order of magnitude as that of mercuric cyanide. There is no evidence 
of hydrolysis to trifluoromethyl mercuric hydroxide, which would involve 
the liberation of fluoroform, and it is probable that the mercurial itself 



ORGANOMETALLIC COMPOUNDS CONTAINING FLUORINE 323 

ionizes in solution, possibly into the ions Hg++ and Hg(CF3)4~~. Bis-
(pentafluoroethyl)mercury has been prepared from pentafluoroethyl 
mercuric iodide by an analogous reaction. It is also a crystalline water-
soluble solid. 

Fluorocarbon Derivatives of Phosphorus (2) 
Trifluoroiodomethane and white phosphorus react when heated at 

250° in a sealed tube or stainless steel autoclave and form a mixture 
P(CF3)3 (b.p. 17.3°), P(CF3)2I (b.p. 73°), and P(CF3)I2 (b.p. 69° at 
29 mm.) in the approximate proportions 6 :3 :1 . The three compounds are 
interconvertible. Thus the two iodo compounds disproportionate on 
heating: 

2P(CF3)2I ^ P (CF3)3 + P(CF3)I2 
2 P ( C F 3) I 2̂ P ( C F 3) 2I + P I 3 

Tris(trifluoromethyl)phosphine also reacts with iodine when heated and 
forms a mixture of trifluoromethyl iodide and the fluorocarbon iodophos-
phines. Reaction with chlorine gives the compound P(CF3)3C12 (b.p. 93°). 

Tris(trifluoromethyl)phosphine is a colorless liquid which has a nor
mal Trouton constant. Like its methyl analog, P (CH3)3 (b.p. 38°), it burns 
in air, although it does not form addition compounds with sulfur, carbon 
disulfide, or silver iodide. This may be attributed to the influence of the 
strongly electronegative trifluoromethyl groups. The compound P(CC13)3 
has not been prepared, but P(CH2C1)3 (b.p. 100° at 7 mm.) is relatively 
unstable and decomposes on distillation at atmospheric pressure. The 
monoiodo compound, P(CF3)2I , is not spontaneously inflammable: the 
corresponding methyliodophosphine has not been described. The diiodo 
compound, P(CF3)I2, is a yellow oil which also has no hydrocarbon 
analog. 

All three trifluoromethyl-substituted phosphines are insoluble in 
water, but are decomposed rapidly and quantitatively by aqueous alkali, 
with liberation of all the fluorine as fluoroform. Tris (trifluoromethyl) phos-
phine is slowly hydrolyzed by water at 200°. The two iodo compounds 
react more readily Λ\ ith water, and the trifluoromethyl diiodophosphine 
has been found to yield a strong monobasic acid (CF3)P(OH)2 which has 
weak reducing properties. 

The iodine atom in bis (trifluoromethyl) iodophosphine is reactive and 
may be replaced by other groups (e.g., by CI or CN by reaction with 
AgCl or AgCN). Reaction also occurs with mercury at room temperature, 
and the substituted diphosphine P2(CF3)4 (b.p. 84°) is formed quantita
tively. This differs in its behavior on hydrolysis with alkali in that 
approximately 75% of the fluorine is liberated as fluoroform, the re
mainder appearing as fluoride. Reaction of P(CF3)2I with hydrogen in 
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presence of finely divided nickel gives the hydride P(CF3)2H (b.p. 1.0°); 
the reaction of the diiodo compound is probably similar. This hydride 
has also been isolated from the product of the reaction P2(CF3)4 and 
dilute hydrochloric acid at 100°. 

The reaction of trifluoroiodomethane with arsenic is similar to that 
with phosphorus. At 230 to 240° in the presence of excess of arsenic the 
approximate composition of the product is: As(CF3)3 (b.p. 33.3°), 60%; 
As(CF3)2I (b.p. 92°), 30%; As(CF3)I2 (b.p. 182 to 184°), 10%. These 
compounds are also interconvertible, as may be proved by heating the 
iodo compounds at 200° or by the reaction of tris(trisfluoromethyl)arsine 
with iodine at 100°. The following is a schematic representation of these 
disproportionation reactions which, however, are always accompanied by 
some decomposition 

The three compounds do not ignite in air and are insoluble in and 
stable to water at room temperature. Tris (trifluoromethyl )arsine does 
not react with 3 Ν hydrochloric acid at room temperature, but at 200° it 
is almost quantitatively converted to fluoroform and arsenious acid. 
Aqueous alkali hydrolyzes all three compounds quantitatively, and all 
the fluorine is liberated as fluoroform; this reaction may be applied in 
analysis. Trimethylarsine is not hydrolyzed by alkali, but the compound 
As(OCH2CH2Cl)3, which is analogous to As(CF3)3 by virtue of the more 
negative groups attached to the arsenic, undergoes a similar hydrolysis 
with alkali, the products being C H20 H C H2C 1 and arsenite. Similarly, 
AsPh(OCH2CH2Cl)2 on hydrolysis yields AsPhO and CH20HCH2C1 , 
the more negative group being detached from the arsenic atom. The 
compound CHI2AsI2 is hydrolyzed by hot alkali with liberation of CH2I2. 

The iodine atom in bis (trifluoromethyl) iodoarsine is reactive and may 
be replaced by other groups by reaction with silver salts. The reactions 
shown below, for example, all give high yields. 

Attempts to prepare the acid As(CF3)2OH by hydrolysis of the mono-
iodide have so far failed because of the great ease with which fluoroform 

Fluorocarbon Derivatives of Arsenic (5) 

2As(CF3)2I ^ As(CF3)3 + As(CF3)I2 
2As(CF3)I2 ^ As(CF3)2I + Asl3 

As(CF3)3 + I 2 ^± As(CF3)2I + CF3I 

b.p. 117° 
b.p. 89.5< 
b.p. 46° 
b.p. 25° 
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is produced. Moist silver oxide, however, reacts with the monoiodide and 
gives a product which is probably the salt As(CF3)2OAg, though this 
has not been completely separated from silver iodide. Moist mercuric 
oxide gives an immediate deposit of mercuric iodide and white needle-
shaped crystals of the salt [As(CF3)20]2Hg. 

The bis (trifluoromethyl) halogeno arsines attack mercury readily and 
a simple dimerization to the fluorocarbon analog of cacodyl occurs: 

2As(CF3)2I + Hg = (CF3)2As—As(CF3)2 + Hgl2 
The boiling point of this compound is 106 to 107°, compared with ca. 170° 
for the methyl analog. Reaction with mercuric oxide yields the fluoro
carbon analog of cacodyl oxide. 

2As(CF3)2I + HgO = (CF3)2As—0—As(CF3)2 + Hgl2 
The hydrolysis of this oxide by alkali differs from that of the fluorocarbon 
cacodyl: in the former all the fluorine appears as fluoroform, whereas in 
the latter 75% appears as fluoroform and the remainder as ionic fluoride 
(cf. P2(CF3)4) . Reduction of the trifluoromethyl iodoarsines with lithium 
aluminium hydride gives the two substituted arsines As(CF3)2H (b.p. 
19°) and As(CF3)H2 (b.p. —20°), both of which give only fluoride ions on 
hydrolysis. 

Tris (trifluoromethyl) arsine undergoes a slightly exothermic reaction 
with chlorine at room temperature and gives the pentavalent derivative 
As(CF3)3Cl2 (b.p. 98.5°) which, when heated in a sealed tube at 125° for 
several hours, decomposes and forms CF3C1, As(CF3)Cl2, As(CF3)2Cl, 
and As(CF3)3. Prolonged interaction of chlorine and tris (trifluoromethyl)-
arsine at room temperature leads to the conversion of 70% of the arsenical 
to a mixture of CF3C1 and As(CF3)2Cl3 (b.p. 94°). 

As(CF3)3Cl2-> As(CF3)2Cl + As(CF3)Cl2 
/ 

(CF3)3As + CF3C1 + As(CF3)3 

\ 
As(CF3)2Cl3 + CF3C1 

In the reaction between bromine and tris (trifluoromethyl) arsine the 
intermediate compound As(CF3)3Br2 cannot be isolated, even when the 
reactants are mixed at low temperatures. At 0°, crystals of arsenic tri-
bromide may be seen separating from the liquid phase. The products at 
room temperature are: As(CF3)2Br (b.p. 60°), As(CF3)Br2 (b.p. 119°), 
CF3Br, AsBr3, and unchanged As(CF3)3. There is also no evidence for the 
formation of a pentavalent addition compound with iodine, though the 
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compound As(CF3)3F2 (b.p. 57 to 58°) is formed from As(CF3)3Cl2 and 
AgF. The compound As(CF3)3 forms no addition compounds with CF3I , 
CH3I, or CS2, or HgCl2. 

Fluorocarbon Derivatives of Antimony (9) 
Exploratory experiments on th^ reaction between trifluoroiodo

methane and antimony have shown that at an optimum temperature of 
ca. 170 to 175°, tris(trifluoromethyl)stibine (b.p. 73 to 73.5°) is formed in 
low yield (ca. 30%). Though trifluoromethyl iodostibines are formed 
simultaneously, they appear to disproportionate more readily than their 
arsenic analogs, and crystals of antimony triiodide separate from the 
liquid phase. 

Fluorocarbon Derivatives of Sulfur (1,4) 
Sulfur reacts with trifluoroiodomethane under conditions similar to 

those for phosphorus and arsenic (vide supra). In a stainless steel auto
clave at 260° the main product has the composition C2S2Fe. Carbon 
disulfide, thiocarbonyl fluoride, and polysulfides are formed as well. In 
sealed glass tubes the optimum temperature for the formation of C2S2Fe 
is ca. 205°, but the yields are lower. The compound C2S2Fe (b.p. 35°) is a 
dense liquid which is stable to glass and mercury. It has a normal Trouton 
constant. Hydrolysis by alkali is rapid and complete, the products being 
fluoride, sulfide, polysulfides, and carbonate. Water is without action at 
room temperature, but when the compound is heated in a sealed tube at 
200° with 3 Ν hydrochloric acid, complete decomposition again occurs. 
The structure is indicated by the reaction with excess of chlorine at 330°, 
which gives 85% of the theoretical amount of CF3C1, showing the presence 
of two C F 3 groups in the molecule. 

CF3S2CF3 + 2C12 = 2CF3C1 + S2C12 
Fluorination by cobalt trifluoride at 100° gives a low yield of CF3SF6. 
Reaction with mercury under the influence of ultraviolet radiation gives 
an 80% yield of a white crystalline solid Hg(SCF3)2 (m.p. 38°), which 
sublimes readily at atmospheric pressure. The compounds Hg(CF3)2 and 
Hg(CF3)(SCF3) are not formed; and it is apparent that the reaction with 
mercury entails cleavage of an S—S bond in the molecule, which can 
therefore be formulated as C F 3S — S C F 3. 

In the reaction between sulfur and trifluoroiodomethane, small 
amounts of less volatile materials are also formed, from which the poly
sulfides CF3(S3)CF3 (b.p. 90°) and CF3(S4)CF3 (b.p. 132°) have been 
isolated. Hauptschein and Grosse (17) have studied the reaction of 
heptafluoroiodopropane with sulfur at 250° and have isolated the com
pounds C3F7S2 (b.p. 120 to 123°) and (C3F7)2S3 (b.p. 152.5 to 153°). 
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Irradiation of the compound (CF3)2S2 with ultraviolet light in the 
absence of mercury gives sulfur and a high yield of the compound (CF3)2S 
(b.p. —22°), which is completely stable to aqueous alkali at room tem
perature and thus differs sharply from the disulfide. In its stability it 
resembles (CF3)20 and other fluorocarbon oxides, and also fluorocarbon 
nitrides such as N(CF3)3. 

Fluorocarbon Derivatives of Selenium (9) 
Selenium reacts with trifluoromethyl iodide in sealed glass tubes at an 

optimum temperature of 270 to 295°, yielding a mixture of the compounds 
(CF3)2S (b.p. - 1 to 0.5°; ca. 25%), (CF3)2Se2 (b.p. 72 to 73°; ca. 50%) 
and higher boiling fractions, which are probably poiyselenides Bis(tri-
fluoromethyl)selenium is a colorless liquid which is hydrolyzed quantita
tively by alcoholic potash at 100° to produce fluoroform and selenite. 
When mixed with chlorine and irradiated with ultraviolet light in a quartz 
vessel, it is converted to selenium tetrachloride and trifluorochloro-
methane. Irradiation in Pyrex gives a mixture of CF3SeCl3 and CF3C1. 

The compound (CF3)2Se2 is a pale yellow liquid, which reacts with 
chlorine at below room temperature and gives a quantitative yield of the 
trichloride CF3SeCl3. With less than the stoichiometric quantity of 
chlorine, a red liquid is also produced which is probably the compound 
CF3SeCl. Reaction with mercury in ultraviolet light gives needle-shaped 
crystals of the compound Hg(SeCF3)2. 

Fluorocarbon Derivatives of Magnesium, Zinc, Cadmium, 
and Silicon (16) 

The fluorocarbon bromide, C3F7Br is converted to the Grignard 
reagent under extremely anhydrous conditions (6); this is hydrolyzed 
to the fluorocarbon hydride, C3F7H. The fluorocarbon iodides CF3I, 
C2F6I , and C3F7I are converted into the corresponding Grignard reagents 
CF3(CF2)nMgI by reaction with pure magnesium in solvents such as 
diethyl or dibutyl ether, tetrahydropyran, or triethylamine. Tempera
tures of 0° to —30° are used to avoid decomposition of the thermally 
unstable magnesium compounds. The organomagnesium compounds are 
hydrolyzed to give the hydro compounds, CF3(CF2)nH, and are carbon
ated to fluorocarbon carboxylic acids in yields of 80 %. Carbonyl compounds 
react by addition, formaldehyde, acetaldehyde, and acetone, for example, 
giving derivatives of the types CF3(CF2)nCH2OH, CF3(CF2)n(CH3)-
CHOH, and CF3(CF2)n(CH3)2OH. Reactions with nitriles, acid chlorides, 
and esters containing hydrocarbon or fluorocarbon groups have also been 
described. 

Fluorocarbon diiodides yield di-Grignard reagents, IMg(CF2)nMgI, 
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which may be carbonated to dibasic fluorocarbon carboxylic acids. A 
cyclic fluorocarbon iodide, CeFnI , has been described which similarly 
yields a Grignard reagent and a mercury derivative CeFnHgI. 

There are already indications that this field of investigation is capable 
of considerable expansion. Thus, by reaction of a solution of the Grignard 
reagent CF3MgI with silicon tetrachloride, the compound (CF3)2SiCl2 
(b.p. 40°) has been prepared. This experiment may well open the route 
to the synthesis of silicones containing fluorocarbon groups. There is also 
evidence that the compounds CF3ZnI and C3F7ZnI are formed in solution 
by the reaction of the fluorocarbon iodides with metallic zinc. Cadmium 
fluorocarbon iodides are also formed in solution from the magnesium 
Grignard reagent by exchange with a cadmium salt. I t should indeed be 
possible in time to develop this approach to a point where the complete 
range of metallic compounds containing fluorocarbon radicals can be 
prepared and studied. 

Organometallic Compounds Containing Fluorine 
Fluorine may occur in organometallic compounds either bonded 

directly to a metal or metalloid atom or as a substituent of an alkyl or 
aryl group. In the first case, relatively few compounds are known. No 
attempt has been made in the following sections to describe these com
pletely or in detail since the literature is too incomplete for any generaliza
tions to emerge. The typical compounds mentioned do, however, illus
trate some of the preparative methods available. 

Alkyl and Aryl Fluorides of Metals and Nonmetals 
The only element of Group II which is known to form well-defined 

alkyl and aryl fluorides is mercury. Methyl mercuric fluoride, CH3HgF, 
may be prepared by the reaction of methyl mercuric hydroxide with 
hydrofluoric acid in an ethyl alcohol-water solution (34). The product is a 
mixture of methyl mercuric fluoride and its hydrate, which may be 
dehydrated by refluxing with toluene. Unlike methyl mercuric chloride, 
bromide, and iodide, this compound does not melt when heated, but 
sublimes at ca. 200°. I t is also more soluble in water than the other 
halides. Phenyl mercuric fluoride is typical of the aryl mercuric fluorides. 
I t has been prepared by shaking a mixture of silver oxide and hydrofluoric 
acid with phenyl mercuric chloride previously moistened with alcohol 
(38). Mercurials containing fluorine as a substituent in the aromatic 
nucleus are typified by the fluorophenyl mercuric chlorides (10). 

Among the elements of Group III the only one for which a detailed 
study of the alkyl and aryl fluorides has been made is thallium. In the 
case of boron, diphenyl boron fluoride and phenyl boron difluoride are 
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Compound B.p., °C Compound B.p., °C 

CH3SiHF2 - 3 5 . 6 (C2H6)3SiF 109 
CH3S1F3 - 3 0 . 2 (CeH6)SiF3 102 
(CH3)2SiF2 2.7 (CeH6)2SiF2 247 
(CH3)3SiF 16.4 (CeH5)3SiF3 205/10 mm. 
(C2H6)SiF3 - 4 . 2 CH3SiF2Cl ca. - 0 .5 
(C2H6)2SiF2 60.9 CH3SiFCl2 29.5 

Various preparative methods have been employed, including the reaction 
between the appropriate Grignard reagent and silicon tetrafluoride 
(15, 18) or sodium fluorosilicate (36). Even when an excess of Grignard 
reagent is used, it is difficult to substitute more than three fluorine atoms 
by organic groups, and the single fluorine atom in the product is more 
resistant to hydrolysis than the halogen in analogs of the type R3SiCl or 
R3SiBr. Replacement of chlorine in organosilicon halides by fluorine 
may be brought about by mild fluorinating agents such as zinc fluoride 
(14), by the Swarts reaction (3), or hydrogen fluoride (33). There are no 
major differences between alkyl or aryl silicon fluorides and the other 
halides apart from those in hydrolysis rates, which have not as yet been 
fully studied, and perhaps also in tendencies to undergo disproportiona
t e reactions, about which little is known. 

Germanium forms organofluorine compounds analogous to those of 
silicon, though fewer have been described. Triethyl germanium fluoride, 
which may be prepared from the oxide [(C2H5)3Ge]20 and aqueous hydro
fluoric acid, is stated to be more resistant to hydrolysis than the other 

formed as intermediates in the preparation of triphenyl boron from 
phenylmagnesium bromide and boron trifluoride (27). 

Dimethyl thallium fluoride, (CH3)2T1F, is obtained from the corre
sponding chloride or bromide by decomposition with silver fluoride and 
is interesting because of the fact that it is soluble in water and forms a 
hydrate (CH3)2T1F, 12H20 (25). Other alkyl and phenyl derivatives are 
prepared similarly (26). Dialkyl thallium chlorides, bromides, and iodides 
are sparingly soluble in water, as is diphenyl thallium fluoride, though the 
latter is considerably more soluble than the other phenyl thallium 
halides. The relatively high solubility of the higher alkyl thallium fluorides 
in benzene has enabled their association in this solvent to be established 
(24). The dialkyl thallium compounds are in general salt-like in character 
and show a resemblance in their solubility relationships to salts of the 
univalent thallium ion and silver. This is borne out by the high solubility 
of the fluorides. The monoalkyl thallium fluorides are virtually unknown. 

A number of alkyl and aryl silicon fluorides have been prepared. The 
boiling points of typical members of this series are shown below (35). 
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halides of corresponding formula (21). Triphenyl germanium fluoride is 
likewise more slowly hydrolyzed than the corresponding bromide (20). 

The organo tin fluorides are comparatively well known. Both the 
trialkyl and the dialkyl tin fluorides are crystalline solids with melting 
points in the range 200 to 300°. The lower members in particular are 
appreciably soluble in water, soluble with difficulty in benzene and ether, 
but more soluble in alcohols and acetic acid. The dialkyl fluorides differ 
from the trialkyl fluorides in that they are soluble in aqueous solutions of 
alkali fluorides and form complexes of the type K2[SnR2F4]. 

The trialkyl tin fluorides are formed in quantitative yield by treating 
the hydroxide R3SnOH with hydrofluoric acid, when the sparingly 
soluble crystalline fluorides are precipitated. Alternatively, alcoholic 
solutions of other halides may be decomposed with an excess of a neutral 
aqueous solution of potassium fluoride. Solubility data are recorded by 
Krause (22). Dialkyl tin difluorides are prepared by precipitating alco
holic solutions of the other halides with the correct amount of neutral 
potassium fluoride. The fluorides, which are readily prepared pure, are 
convenient as starting materials for the preparation of mixed tin alkyls 
by the Grignard reaction. The aryl tin halides, which are prepared b}

r 

precipitation with aqueous potassium fluoride, are likewise characterized 
by their low solubility (19, 23, 29, 30, 31). 

The trialkyl lead halides are crystalline solids which decompose with
out melting in the temperature range ca. 200 to 300° and are less soluble 
in organic solvents than their tin analogs (28). Little information is avail
able on the di- and monoalkyl fluorides though other halides of these 
types have been fully described. The normal preparative method for the 
trialkyl fluorides is the solution of the corresponding hydroxide, RsPbOH, 
in hydrofluoric acid. Triphenyl lead fluoride is prepared by the reaction 
of the oxide with hydrofluoric acid or by decomposing triphenyl lead 
bromide with neutral potassium fluoride. Its solubility in water is very 
low. 

The alkyl and aryl phosphorus fluorides appear to be unknown. In 
the case of arsenic, information is scanty in spite of the fact that numer
ous organo arsenic compounds containing other halogens have been pre
pared. Dimethyl arsenic fluoride w

r
as first obtained from cacodyl oxide 

and hydrofluoric acid (7). Both alkyl and aryl fluoroarsines have also 
been prepared in good yield by the reaction of chloroarsines with a 
fluoride, such as ammonium fluoride. Methyl and ethyl difluoroarsine 
have been prepared in this way (32) and are liquids boiling at 76.5° and 
94.3°, respectively. Phenyl difluoroarsine is a solid. In the main the 
fluoroarsines resemble the chloroarsines in their reactions and physiologi
cal action. No fluoro derivatives of pentavalent arsenic are known. The 
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same is true of the whole range of possible organo antimony and bismuth 
fluorides, though several obvious preparative methods based on the con
version of other halides are available. 

Sulfur, selenium, and tellurium form a few organo fluorine compounds 
(13). Trimethyl sulfonium fluoride, for example, was prepared by decom
posing the corresponding sulfonium iodide with silver fluoride. I t was 
extremely soluble in water and crystallized with one molecule of water of 
crystallization. The selenium and tellurium analogs were prepared 
similarly. Stability decreased with decrease in the number of organic 
groups in the molecule and, in the case of di- and trihalides the only com
pounds isolated were Me2TeF2 and MeTeF3. The compounds Ph3SeF, 
Ph3TeF, and Ph2TeF2 were also prepared. 
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