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assuming a low degree of dissociation of the fer- 
rous oxalate itself. 

The low-oxalate, alkaline developers deposit 
ferric oxide along with the silver during develop- 
ment. If the silver is removed by suitable means, 
a ferric-oxide image remains behind. If the solu- 
tion is sufficiently alkaline, ferric oxide is deposited 
even in the presence of considerable amounts of 
oxalate. At pH 8.7, strong oxide images were 
obtained even in the presence of 0.2 M oxalate, 
although little ferric oxide was in evidence a t  
0.6 M oxalate. 

summary 
1. The rate of development in a dilute ferro- 

oxalate developer of low excess oxalate-ion con- 

centration increases with pH in the range 8.0 to 
8.5. The increase was observed with photo- 
graphic films made with lime-process gelatin and 
with acid-process gelatin. The increase was not 
observed a t  high excess oxalate-ion concentration,. 
where the development characteristics are those 
of development by a doubly charged agent. 

2. At low excess oxalate-ion concentration 
and PH greater than 8.0, development shows no 
induction period and very little sensitivity to 
bromide-ion concentration. The general char- 
acteristics are those of development by an un- 
charged (or possibly a positively charged) agent. 

3. It is suggested that ferrous hydroxide (or 
the FeOH+ ion) is the active developing agent. 
ROCHESTER, NEW YORK RECEIVSD JULY 27, 1945 
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Rearrangements in Compounds of Carbon, Silicon, Germanium and Tin containing 
Halogens, Isocyanate and Thiocyanate 

BY GEORGE S. FORBES AND HERBERT H. ANDERSON 

The redistribution reactions, long known quali- 
tatively,' were first quantitatively shown to be 
random by Calingaert and co-workers' in certain 
alkyls, chloroalkyls and ethylene halides. A 
previous paper' demonstrated the same outcome 
in the silicon chloroisocyanates. Further we 
have shown in a recent report' that the chloro- 
bromides of carbon , silicon , germanium and 
tin, also the chloroiodides of silicon, all tend 
toward random distribution. The halides of car- 
bon require a catalyst such as slightly moistened 
aluminum chloride, while the mixed halides of each 
succeeding element of Group IVA react with 
greater speed a t  distillation temperatures. In 
these paperss.' we have discussed the redistribu- 
tion reaction from qualitative and quantitative 
standpoints , and have cited typical papers upon 
the subject without any effort to make the list 
complete. Still more recently, Mayo and Dol- 
nicks have studied catalyzed rearrangements, a t  
equilibrium, of halogen atoms in dihaloethanes 
and in bromopropanes. 

The purpose of this article is to describe a study 
from the same standpoint, of a greater variety 
of Group IVA compounds. These include meth- 
ane derivatives containing two or three halogen 
atoms, the recently synthesized trichlorosilicon 
thiocyanate,' germanium chloroisocyanates, and 
in addition oxidation products of stannous oxide 
and stannous fluoride. 

(1) See, for instance, Buson, Comfit. rend., 194, 814 (1896). 
(2) Calingoert and others, THIS JOURNAL, 61, 2748. 2755. 2758, 

(3) Anderson, ibid., 66, 934 (1944). 
(4) F o r b  and Andenon, ibid., 66, 931 (1944). 
(5) Mayo and Dolnick. ibid., 66, 986 (1944). 
(6) Andenon, ibid.. 6T. 228 (1946). 

3300 (1939); sa, 1099,1104 (1940). 

Experimental 
Chloroform and Bromoform.-No previous 

record of a reaction between these compounds 
could be found. Under the conditions described 
below, approximately random distribution was 
attained, as shown in Table I. The hydrogen 
showed no perceptible tendency to migrate. To 
minimize separation of carbon, oxygen was dis- 
placed by carbon dioxide. This method is ad- 
vantageous for preparation of the two inter- 
mediate chlorobromides. 

Bromoform was prepared by gradual addition of bromine 
and sodium hydroxide to a water solution of acetone.' The 
crude product was washed, dried with calcium bromide, 
and purified by distillation with care to  collect material 
boiling from 149 to  150' for use in redistribution studies. 
Bromoacetone, b. p. 136.5', was present in traces only. 
Mixtures of chloroform aiid bromoform were heated in 
sealed tubes in presence of potassium chloride and alumi- 
num chloride containing hydrochloric acid produced by 
partial hydrolysis. The crude procluct was washed with 
caustic solutioii, then with water acid centrifuged to help 
the separation of the layers. After drying with calcium 
chloride the mixture was analyzed by distillation using 
the following procedure, typical of all the experinieuts with 
carbon and germanium compounds. A liquid mixture of 
3-6 ml. was distilled using a column 20 cm. high made of 
tubing 7 mm. in outside diameter and having a spiral of 
no. 22 copper wire with 56 turns. Distillation curves of 
mixtures of stuble compoiients boiling 30' or more apart 
always consist of "flats" close to  predicted boiling poitits 
connected by steep, almost linear sectioiis. Readings of 
temperature and of volume were made simultaneously ; 
the latter was measured to 0.01 ml. in special tubes of 1-2 
ml. capacity graduated to  0.1 ml. These tubes were 
checked a t  several points by delivery of mercury from a 
standardized 0.1-mi. micropipet. Thus the volume of any 
particular fraction was known within 0.01-0.02 ml., or 
within 1% of the total volume of the reaction product, 

(7) L. Vanim, "Handbuch der prllpnntiven Chemic." Vol. 11. 
F. Enkc. Stuttgart, 1987. D. 16. 



Vol. 67 1912 GEORGE S. FORBES AND HERBERT H. ANDERSON 

3-6 ml. Cuts were made or interpolated at temperatures 
half way between the boiling points of the several com- 
pounds-CHCla, 61d3 '; CHClzBr, 91-92'; CHClBr2, 120' 
and CHBra, 149.5 . Satisfactory "flats" were observed 
close to 91.5 and 120.5". Slight uncertainties were intro- 
duced by evaporation and by the assumption that division 
of the volume of a given fraction by the appropriate molar 
volume of a pure compound gave the number of moles of 
that compound. In the initial experiment air was not 
excluded and a temperature of 180' was maintained for 
sixteen hours. This treatment proved too drastic, for 
much black solid (carbon ?) was formed, and a high g y  
pressure was developed. 
with catalyst (and air), starting with 4.8 ml. of CHC& and 
3.0 ml. of CHBr3 went about 40% of the way to equilibrium 
(Table I, no. 1). The best result was obthined starting 
with 3.0 ml. of CHCb and 2.1 ml. of CHBr8 heated for 
fourteen hours a t  135' in an atmosphere of carbon dioxide. 
Perhaps nitrogen would have been an even better at- 
mosphere. The crude product contained little free carbon, 
arid the redistribution (Table I, no. 2) is random within 
experimental error 

Methylene Chloride and Methylene Bromide 
or Iodide.-These reactions proceed easily upon 
heating the reactants in a sealed tube with Z-lOg.l, 
by weight of potassium chloride and moistened 
aluminum chloride as catalyst. The amounts of 
methylene chlorobromide and methylene chloro- 
iodide correspond closely to random distribution 
(Table 11) so that the method is practicable for 
small-scale preparations. Even in the presence 
of air little carbon is formed. 

Methylene chloride and bromide, 5.7 and 3.8 ml., re- 
spectively, were heated sixteen hours at 180" with the 
catalyst described above. The purification of the crude 
product and its analysis by distillation were carried out as 
described in the previous experimental section. The boil- 
ing points are: CHZClz, 41.6'; CHnCIBr, 68-49'; CH1Br2, 
98"; the "flat" corresponding to CHtClBr occurred at  
68.8" (uncor.). The mole fraction of chlorine was cal- 
culated from the mole ratio of the purified reaction prod- 
ucts. 

Methylene chloride and iodide, 4.2 and 3.0 ml., re- 
spectively, required only eighteen hours a t  114' with the 
usual catalyst. The crude reaction product was quite 
dark. In this experiment the amount of methylene 
chloroiodide is 3% low, outside of the over-all experi- 
mental error of 1 %, and indicates a somewhat insufficient 
period of heating. The boiling points are: CH2C12, 41.6'; 
CHLX, 109' and CH& 181 ' with partial decomposition. 
The "flat" corresponding to CHZClI was observed a t  107- 
108' (uncor.). 

Preliminary experiments with methylene bromide and 
methylene iodide were made. In the first run, with alumi- 
num chloride catalyst, methylene chloride and chloro- 
bromide were detected in the products. In the second 
run, 2 ml. of methylene bromide and 3.3 ml. of methylene 
iodide were heated in a sealed tube for twenty hours at 
140' in air, with mercuric bromide as a catalyst. Dis- 
tillation of the product after purification y$lded 8% Of 
methylene chloroiodide boiling close to 139 . Since this 
amounted to ISYO reaction only, 150 hours a t  140" would 
probably have been required for attainment of random 
distribution. 

Preliminary Experiments on Chloroform and 
Iodoform.-Mixtures heated in sealed tubes with 
slightly moistened aluminum chloride in pres- 
ence of air liberated much iodine. . Refluxing in 
hexane as a solvent in presence of the same 
catalyst also proved unsuccessful. The sealed 
tube method should be repeated with mercuric 
chloride in an atmosphere of nitrogen. 

A run of eighteen hours a t  114 

Disproportionation of Silicon Trichlorothio- 
cyanate; Silicon Tetrachloride and Silicon Tetra- 
thiocyanate.-It has been showns that if silver 
thiocyanate is gradually added to a considerable 
excess of silicon tetrachloride in benzene solution, 
silicon trichlorothiocyanate is the only stable 
mixed compound obtainable by fractional distilla- 
tion a t  either atmospheric or diminished pressure. 
A sample of the trichlorothiocyanate, after five 
months a t  room temperature, had rearranged to 
the extent of 35%.e Another sample sealed in 
glass after nineteen months a t  room temperature 
was now found to contain about 16% of silicon 
tetrathiocyanate, which implied that 37 mole per 
cent. of trichlorothiocyanate remained and that 
47 mole per cent. of tetrachloride had been formed. 

Vapors of trichlorothiocyanate, also mixed va- 
pors of tetrachloride and tetrathiocyanate in the 
mole ratio of three to one, were passed through a 
hot tube a t  600'. The composition of the prod- 
ucts was the same within experimental error ir- 
respective of the direction of the reaction: Sic&, 
37.8 mole %; SiCIB(SCN), 49.5 mole %; Si(SCN)r, 
12.7 mole yo. At the temperature where the re- 
action "froze," the equilibrium constant K, in 
terms of mole fractions for the reaction 4SiC18SCN 

3SiCI4 + Si(SCN)4 is 0.11. 
Convenience in manipulation of our hot-tube apparatus 

required that the reactant(s) be introduced dropwise. 
Therefore the two-phase mixture of tetrachloride and 
tetrathiocyanate, in the mole ratio three to one, had to  be 
preheated in a closed tube for twenty-four hours a t  112'. 
Through partial redistribution a liquid mixture was pro- 
duced. Silicon trichlorothiocyana$e was similarly pre- 
heated for twenty-four hours at 140 . At 6W0, volatiliza- 
tion and attainment of equilibrium occurred immediately. 
The products were collected and analyzed by distillation. 
The bulb was weighed empty, then with the total sample. 
The loss in weight up to  93 ' was taken as the weight of tetra- 
chloride. The subsequent loss in weight up to 200' repre- 
sented trichlorothiocyanate. Finally, by subtraction of 
the weight of the empty bulb, the weight of the solid tetra- 
thiocyanate resulted, Table 111 gives the mole fractions 
correct, we believe, to  within about one per cent. of the 
entire sample. 

Silicon isocyanate and thiocyanate were 
brought t o  equilibrium in a hot tube. Analysis 
by distillation a t  760 mtn. gave no evidence of a 
definite intermediate compound, The distilla- 
tion curve a t  28 mm., however, included a "flat" 
strongly indicative of the new compound Si- 
(NC0)SCN as explained in greater detail below. 
Although this fraction could hardly be altogether 
stable upon redistillation, we still entertain hopes 
of isolating silicon tetraisocyanatothiocyanate in a 
relatively pure state. 

The reactants were heated together for forty hours a t  
140". The original mixture contained 22.9 and 10.8 g. of 
the components respectively, or 26 mole per cent. of SCN. 
One weighed portion of the final mixture was analyzed by 
distillation at 760 mm. according to  the volumetric method 
described above. In Fig. 1 boiling point is plotted against 
percentage distilled. Although the curve at 760 mm. 
shows no "flat," its shape is suggestive of at  least one un- 
stable intermediate component. A second portion was 
analyzed by distillation at  28 mm. For this experiment an 
all-glass system was constructed, including bulb, column, 
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TABLE I 
(A) REDISTRIBUTION BETWEEN CHLOROFORM AND BROMOFORM 

CHCl: CHCltBr CHClBrr C H B ~ I  
1 CHCh + CHBra, % Obs. 47 17 11 25 
2 CHCls + CHBr8, yo Obs. 17 43 31 9 

Calcd. 17.4 41.4 32.6 8.6 
(B) REDISTRIBUTION BETWEEN METHYLENE HALIDES 

CHrCli CHrClBr CHiBrr 

1 CHtCln + CHZBra, % Obs. 33 50 18 
Calcd. 33.0 48.9 18.2 

CHrCIi CHrClI CHiIr 

Calcd. 31.5 49.2 19.3 
2 CHnClr + CH& % Obs. 33 46 21 

(C) REDISTRIBUTION INVOLVING SILICON TRICHLOROTAIOCYANATE 
SIC14 SiCl:(SCN) Si(SCN)r 

1 SiCla(SCN), % Obs. 37 50 
2 3SiClr + Si(SCN),, yo Obsd. 39 49 

45' ground dripper, and beyond the head a Y tube. The 
lower end of the'latter was sealed to a ground joint com- 
municating with a piece of 8-mm. tubing backed by a milli- 
meter scale. Simultaneous readings of volume distilled 
and temperature could thus be made. The small amount 
of silicon tetrathiocyanate remaining in the bulb was 
estimated The distillation curve (Fig. 1) has a well- 
defined flat a t  126' approximately which is plausibly 
ascribed to  the compound Si(NCO)sSCN, since the pure 
isocyanate boils a t  98" under 28 mm.? approximately. 
As the distillation pressures fluctuated slightly, the ob- 
served temperatures were all corrected back to 28 mm. by 
means of temperature-pressure data previously obtained 
by us, before plotting them upon the lower curve. 

Germanium Chloride and Isocyanate.-In 
ear5er experiments, by reaction of silver iso- 
cyanate with large excess of germanium tetra- 
chloride in carbon disulfide solution, a product 
apparently containing trichloroisocyanate had 
been obtained. Several mixtures of chloride and 
isocyanate were now conducted through a hot 
tube a t  500' with slight decomposition of the lat- 
ter compound. The distillation of the first por- 
tion of the product was made a t  760 mm. and 
occupied one hour. The corresponding plot 
merely suggested the presence of unstable inter- 
mediates. Distillations of two other portions, at 
760 mm., and completed within ten minutes each, 
yielded curves closely resembling that for a mix- 
ture of germanium chloride and bromide previously 
passed through a hot tube.' The "flat" indicative 
of germanium trichloroisocyanate, GeCbNCO, oc- 
curred a t  112', just like that for germanium tri- 
chlorobromide, GeClaBr, in the earlier research. 
Upon redistillation a t  760 mm. the fraction cor- 
responding to trichloroisocyanate redistributed 
rapidly into chloride and isocyanate, in full agree- 
ment with the behavior of the trichlor~bromide.~ 
Further investigation of both these compounds is 
contemplated. 

Stannous Oxide or Fluoride with Chlorine or 
Br~mine.--Weber,~ also M. BerthelotJg treated 
stannous oxide with chlorine and obtained stan- 

(8) Forbes and Anderson, THIS JOURNAL, 6P, 701 (1940). 
(9) Weber, Pogg. Ann.,  111, 019 (1861); M. Berthclot, Ann. chim. 

f ihys.,  (5) 16, 185 (1878). 

Treatment 

18 hrs. at 114" 
14 hrs. at 135" 

(for C1 = 0.556) 

Treatment 
16 hrs. at 180" 

(for C1 = 0.574) 
Treatment 

18 hrs. a t  114" 
(for C1 = 0.561) 

Treatment 

13 600 ' 
12 600 ' 

nic oxide and stannic chloride only. Berthelot 
postulated intermediate formation of a stannic 
oxychloride, SnOC12. The final outcome corre- 
sponded to oxidation followed by disproportiona- 
tion. The same products were obtained by heat- 
ing stannous chloride with oxygen in a sealed tube. 

300 1 
0 

10 30 50 70 90 
Volume per cent. distilled. 

Fig. 1.-Stability of Si(NCO)aSCN. 

We thought it desirable to investigate additional 
reactions of the same type. In separate experi- 
ments, chlorine and bromine were passed over 
stannous oxide at  550 to 600'. The reactions 
were presumably 

2 S n 0  + 2Cl2 + SnOt + SnClp 
2Sn0 + 2Brz -+- ,31102 f SnBr, 

for when the condensates were distilled their boil- 
ing points were those of stannic chloride and stan- 
nic bromide only. A crude sample of stannous 
fluoride, doubtless partially hydrolyzed and oxi- 
dized,, was prepared by dissolving stannous oxide 
in hydrofluoric acid, evaporation, fusion and pow- 
dering. Portions of the resulting solid were 
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treated separately with chlorine and with bro- 
mine. The essential reactions appeared to be 

!&%IF, + 2Ch -+ SnF4 + SnCk 
2SnFl+ 2Br1--+ SnFd + SnBs 

Again, the boiling points of these condensates in- 
dicated stannic chloride and bromide only. The 
most vigorous of the four reactions was that be- 
tween stannous fluoride and chlorine, as a flame, 
not visible in the other three, was observed. 
Bromine reacted more vigorously and, it seemed, 
more completely upon stannous fluoride than 
upon stannous oxide. As our interest was cen- 
tered upon the volatile products, the solid residues 
were not investigated. 

Discussion of Results 
Our previous article' showed that random dis- 

tribution can occur among the tetrahalides of c=- 
bon, silicon, germanium and tin. Silicon chloro- 
iodides' and chloroisocyanates follow the same 
rule. If the data furnished by the present article 
are included, it becomes permissible to state that 
redistribution tends to occur in compounds of 
Group IVA elements with chlorine, bromine, iso- 
cyanate, thiocyanate and iodine. The readiness 
of rearrangement increases from carbon to tin and 
from chlorine tu iodine, and is in general favored 
by increasing atomic volume, also by decreasing 
electronegativity of halogens and pseudohalogens. 
Many stable mixed substituted methanes but 
relatively few stable mixed substituted silanes are 
hown. The latter include halides with isocya- 
nate, oxyhalides and thiochlorides, and one mixed 
chlorothiocyanate, SiCl&3CN.6 The germanium 
fluorochlorides, subject to gradual rearrangement 
even a t  -78', were isolated by Booth and Mor- 
ris.lo As shown above, germanium trichloroiso- 
cyanate, GeCbNCO, appears capable of existence, 
but rearranges quite rapidly a t  112'. The same 
can be said of germanium trichlorobromide, GeCls- 
Br, a t  the same temperature. 
R d  and Plato" isolated from a solution of 

stannic chloride in liquid hydrofluoric acid a solid 
having the empirical composition SnCt-SnFk, 
which evolved stannic chloride at  red heat. 
Raeder'z showed that stannic dichlorodiiodide, 
SnClJs, appears to have an incongruent melting 
point a t  -47'. The lattice characteristics of 

(10) Booth and Moma, Tar8 JOURNAL, 68, 90 (1038). 
(11) Ruff and Ploto, Bar., J7, 681 (1804). 
(12) Rsedu, Z. omrp. oilgem. Chsm., la, 222 (1927). 

stannic fluoride and oxide would seem to preclude 
existence of oxyhalides capable of being volatil- 
ized without decomposition. 

SummarP 
1. Random distribution of halogen atoms oc- 

curs when certain pairs of halogen substituted 
methanes are heated to suitable temperatures with 
a suitable catalyst. These include methylene 
chloride and bromide, methylene chloride and 
iodide, also chloroform and bromoform. All these 
mixtures were heated with potassium chloride and 
partially hydrolyzed aluminum chloride. Partial 
rearrangement was obtained with methylene 
bromide and iodide in presence of mercuric 
bromide. This method offers some advantage for 
preparation of mixed methylene halides. 

2. Equilibrium in the reaction 4 SiCWCN Ft 
3 Sic4 + Si(SCN)h has been approached from 
both sides a t  600' or less. The equilibrium con- 
stant, in terms of mole fractions, is close to 0.11 in 
each instance. 

3. Silicon isocyanate and thiocyanate when 
heated together in a sealed tube at  140' for forty 
hours undergo partial rearrangement. The dis- 
tillation curve at 28 111111. pressure definitely in- 
dicates at  126' approximately the probable ex- 
istence of the new compound silicon triisocyanato- 
thiocyanate Si(NCO)&CN. Rearrangement a t  
760 mm. and 215' is very rapid, but isolation of 
the pure compound is still considered possible. 

4. Germanium chloride and isocyanate were 
brought to reaction in a hot tube a t  500'. The 
distillation curve of the product a t  atmospheric 
pressure indicated the probable existence of the 
new compound germanium trichloroisocyanate, 
GeChNCO, boiling a t  112' approximately, and 
subject to severe decomposition when redistilled. 

5. Three new reactions were observed involv- 
ing halogenation of stannous compounds followed 
by disproportionation. These include stannous 
oxide with bromine, stannous fluoride with chlo- 
rine and stannous fluoride with bromine. As in 
the previously known reaction between stannous 
oxide and chlorine, the products obtained upon 
distillation are binary stannic compounds only. 
The solid residues were not further investigated. 

6. A further systematization of the stabilities 
of ternary compounds in Group IVA is attempted 
in the light of the above data. 
CAMBIUDGE, MASS. RECEIVED MARCH 28,1946 


