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on the P-T curve a t 374° is the critical pressure of 
water. More work is needed on Na4P2O7. The ex
perimental results for K4P2O7 do not fall on a single 
smooth curve, and the P-T curve has arbitrarily 
been drawn as if there were a change in the solid 
phase in the neighborhood of 600°. Morey, 
Boyd, England and Chen10 did not observe an 
inversion in this region, but from analogy with 

(10) G. W. Morey, F. R. Boyd, J. L. England and W. T. Chen, T H I S 
JOURNAL, 77, 5003 (1955). 

Isotopic exchange experiments have shown tha t , 
despite its merits, the solvent systems interpretation 
of non-aqueous solvent phenomena cannot be uni
formly applied with confidence. Thus neither 
liquid sulfur dioxide3^5 nor liquid phosgene6 show 
the anticipated ready exchangeability with the re
spective "acids" thionyl chloride (or bromide) and 
aluminum chloride. In contrast, nitrosyl chloride 
does exchange rapidly with chloride solutes7 

("bases"), its assumed self-ionization to nitrosyl 
and chloride ions thus being apparently confirmed. 

We have now examined the chloride exchange 
behavior toward solutes of three additional acid 
chloride solvents8: thionyl chloride, selenium oxy
chloride and phosphorus oxychloride, both acid and 
basic solutes being used. Self-ionizations which 
have been assumed for each solvent, yielding chlo
ride ions (solvated or otherwise), e.g., equation 1 
below, should lead to rapid isotopic exchanges in 
every case. 

A problem related to its self-ionization is the na
ture of the ionic species (if any) which thionyl chlo
ride may yield in liquid sulfur dioxide solution. The 
absence of isotopic exchange with the solvent3^"8 ex
cludes the once assumed9 thionyl ions, SO + + . On 

(1) This research has been carried out under contract AT (45-1)-
244 between the U. S. Atomic Energy Commission and Oregon State 
College. 

(2) Taken from the Ph.D. thesis of B. J. Masters and the M.S theses 
of N. D. Potter and D. R. Asher, at Oregon State College, June, 1954. 

(3) R. E. Johnson, T. H. Norris and J. L. Huston, T H I S JOURNAL, 
73, 3052 (1951). 

(4) E. C. M. Grigg and I. Lauder, Trans. Faraday Soc, 46, 1039 
(1950). 

(5) R. Muxart, Compt. rend., 231, 1489 (1950). 
(0) J. L. Huston, J. lnorg. and .VM/, Chem., 2, 128 (19o6). 
(7) J. Lewis and R. G. Wilkins, j . Chem. Soc, 56 (1955). 
(8) For investigations of chemical phenomena in these solvents see, 

for example: H. Spandau and E. Brunneck, Z. anorg. allgem. Chem., 
278, 197 (1955) (SOCli); G. B. L. Smith, Chem. Revs ; 23, 165 (1938) 
(SeOCM; V, Gutmann, Z. anorg, allgem, Cktm., 270, 179 (1932) 
(POCl.). 

(9) G. Tander, "Die Chemie in Wasserahnlichftn L&sunssmitteln," 
Springs.—Verlog, Barlin, 1940, p. 210. 

f Na4P2O7
11 polymorphic forms would be expected. 

Experiments were made with Na2B4O7, bu t the 
i solutions obtained were so viscous they would not 
T run out of the perforated crucible. On cooling the 
I pasty hydrous glasses usually contained freshly 

crystallized Na2B4O7-SH2O. 
i 
L (11) E, P. Partridge, V. TIicks and G. W. Smith, ibid., 63, 454 

(1941). 

WASHINGTON-, D. C. 

the other hand, it would be plausible and consistent 
with their general chemical nature 1 0 1 1 for these 
feebly conducting12 solutions to ionize slightly to 
the intrinsically more reasonable species13 SOCl" 
(cf. equation 1). To test for this possibility we 
have studied the radiochlorine exchange between 
thionyl chloride and te t ramethylammonium chlo
ride, dissolved together in liquid sulfur dioxide. 
Such an ionization equilibrium would, naturally, 
lead to a rapid exchange. 

Results and Discussion 

Exchanges in Acid Chloride Solvents.—Given 
in Table I are percentage exchanges calculated 
generally from the measured final specific activities 
of separated solvent and solute (or solute-enriched 
solvent) fractions. Exchange is substantially com
plete in all bu t the ferric chloride-selenium oxy
chloride case. Here, however, the apparent incom
pleteness is probably illusory, resulting from inade
quate removal of coprecipitated material from the 
solute-derived counting sample precipitates (see 
Experimental section). Such an effect, which 
naturally dwarfs the recorded counting uncertain
ties, is further indicated by the long-time run 
(5300 minutes), which fails to show exchange ap
proaching completion, giving figures within the 
same range as three short-time runs. One con
cludes, therefore, tha t in every instance exchange is 
probably complete within the shortest recorded 
time. 

The foregoing calculated percentages, together 
with the indicated uncertainty estimates, have been 
used to obtain the recorded approximate upper 
limits for exchange half-times. All are relatively 

(10) Reference 9, pp. 209-307. 
(11) B, J. Masters and T. H. Norris, T H I S JOURNAL, 77, 1346 

(1955). 
(12) Reference 9, p. 237. 
(13) L. O. Batsman, B, D, Hughes and C. K, Iogold, J. Chtm. Soc, 

313 (1944). 
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Radiochlorine exchange reactions of both acid and basic chloride solutes have been studied in three non-aqueous solvents: 
thionyl chloride, selenium oxychloride and phosphorus oxychloride. Exchange appears to be reasonably rapid and complete 
in every case in support of self-ionization schemes which have been advanced for these solvents. The exchange between 
thionyl chloride and tetramethylammonium chloride dissolved together in liquid sulfur dioxide is also found to be very fast, 
rendering plausible the slight ionization of the former, in this solvent, to SOCl+ and C l - ions. 



Sept. 5, 1950 RADIOCHLORINE EXCHANGE REACTIONS IN ACID CHLORIDE SOLVENTS 1253 

TABLE I 

EXCHANGES IN ACID CHLORIDE SOLVENTS 
Temp., Solute, Time," Exch., M U . / I , I , ' 

0 C. mole fraction min. % min. 
Me1NCl* in SOCl2 

25 
25 
25 
0 
0 

0.023 
.0127 
.0176 
.0181 
.0184 

60 
50 
40 
90 
80 

99c) 
100c f-
100cj 
100e1 
100CJ 

0 0.0124 40 96d\ 
0 .0089 40 98^/ 

Me4NCl* in POCl3 

35 9.5 X 10"4 85 100c ~ 1 3 
25 9.0 X 10-i 120 96c\ 
25 8.4 X 10"4 105 99" J ~ 

KCl* in SeOCl2 

48 0.035 30 99d ~ 7 
21 .034 50 104"* ~ 8 

FeCl3 in SeOCl2* 

45 0.041 730 93d (~240) 
40 .080 260 88d) 
40 .040 150 71dj ("~ } 

40 .040 5300e 78d 

" The recorded figures represent normally the approxi
mate total time for dissolving the solute and distilling the 
requisite amount of solvent. h Upper limits based on the 
estimated minimum exchange (c/. footnotes c and d). 
c Estimated uncertainty, ± 1 % . d Estimated uncertainty, 
± 5 % . These errors are based on reasonable estimates of 
the experimental accuracy of the specific activities involved. 
" The solution stood for ca. 5100 minutes at room tempera
ture and then was distilled at 40° over a period of ca. 200 
minutes. 

short except for the last exchange, where the values 
seem artificially high, resulting from the illusory 
incompleteness just discussed. Thus reasonably 
rapid exchange is indicated for all cases.14 

The rapidity of the exchanges seems to align 
these solvents more with nitrosyl chloride7 than 
with phosgene, although the differentiation from 
the latter is admittedly not distinct, especially for 
selenium oxychloride.16 Thus some type of ionic 
equilibrium is probably plausible for all three. This 
may, but does not necessarily imply the occurrence 
of significant self-dissociation of the solvents since 
two distinct types of ionic processes would give the 
observed rapid activity randomization: (1) self-
ionization equilibria suggested by previous investi
gators, giving solvent cations and chloride ions 
(possibly solvated) which would readily exchange 
with solute chloride ions, e.g. 

(14) A further factor inflating the half-time estimates in the last 
exchange was the long time needed to distil the relatively non-volatile 
solvent completely away from the solute; the various tabulated times 
represent in general the minimum required to combine and separate the 
exchange components. Refinement of technique which might well sig
nificantly shorten the experiment times would include the use of higher 
specific activities and solute-labeling exclusively, so that only a little 
solvent need be distilled off. Higher specific activities would also per
mit lower temperature experiments where in some eases solubilities are 
limiting. 

(15) In the COCli-AlCli exchange half-times of 12 to 62 hours at 0° 
were reported.6 However, in nearly saturated solutions at 25°, 
Values of about 15 minutes »r« found CJ' "̂ liuutHAi privfttp BMD' 
uuaicatien), 

SOCl2 ̂ ± SOCl++ Cl" (1) 
(2) simple addition equilibria of solute chloride 
ions adding to un-ionized solvent molecules, e.g. 

SOCl2 + Cl" ~7~»* SOCl3- (2) 

Lewis and Wilkins7 conclude that in nitrosyl 
chloride self-ionization is, in fact, involved, arguing 
that a type (2) process is unlikely, both NOCl and 
C l - being electron pair donors. Our present re
sults, while not excluding the possible simultaneous 
occurrence of a type (2) process, seem to imply self-
ionization here also, at least in two of the solvents 
(SOCl2 and SeOCl2), where exchange is rapid with 
acidic as well as basic chlorides. Although the ar
gument is admittedly not conclusive, it seems more 
attractive to think of antimony trichloride and fer
ric chloride achieving exchange as acceptors of 
chloride ions from a type (1) dissociation, rather 
than as chloride donors in a type (2) equilibrium. 

The present results and those for nitrosyl chlo
ride provide an interesting comparison with the 
slower exchange of aluminum chloride in phosgene. 
Apparently for acid-base processes in its solutions 
phosgene serves as a more nearly inert medium 
than do these other acid chloride solvents. Pre
sumably, the difference can be related to the fact 
that, of all five solvents, phosgene has the lowest 
dielectric constant (4.34 at 22°16). I t might be 
fruitful to explore the exchange behavior of the 
other solvents further with a greater variety of sol
utes and under conditions more favorable to yield
ing measurable rates (e.g., lower temperatures and 
shorter run times14), to find how consistently rapid 
exchange occurs. Conceivably thionyl chloride, 
with the next lowest dielectric constant (9.25 at 
20° 17), might give lower rates than the remaining 
three solvents. Conceivably also it might exchange 
more slowly than it does (see next section) as a 
solute in liquid sulfur dioxide, where the dielectric 
constant is 14.1 at 2O0.18 

Chloride Exchanges of Thionyl Chloride in 
Liquid Sulfur Dioxide.—Table II gives the results 

TABLE II 

Me1NCl-SOCl2 EXCHANGE IN SO2" 
Temp,, 

0C. 
25 
25 

-18 
-20 
-20 

Time,' 
min. 

1500 
20 
60 
60 
5 

Exch.,c 

% 
100 
102 
101 
101 
101 

"Mole fractions: SOCl2, 0.095; Me4NCl (labeled), 
0.032. b Total contact time of reactants, including dis
tillation time. "Estimated uncertainty, ± 1 % , based on 
reasonable estimates of the experimental accuracy of the 
specific activities involved. d Upper limits based on esti
mated minimum exchange values (c/. footnote c). 

for the radiochlorine exchange between tetra-
methylammonium chloride and thionyl chloride 
dissolved in liquid sulfur dioxide. Again the ex-

(16) H. Schlundt and A. F. O. Germann, / . Phys. Chcm., 89, 353 
(1925). 

(17) M, Beyaert and F. Govatrt, Naluurw. Tijdtchr., 90, 119 
(1938). 

(18) A. A, Maryott and E, R, Smith, "Table of Dielectric Constant* 
of Purs Liquids," Natl, Bur, Standards Cira, 514, 18Sl, p. 4, 



4254 B. J. MASTERS, N. D. POTTER, D. R. ASHER AND T. H. NORRIS Vol. 78 

change is very rapid. Despite dilution in a sol
vent, lower temperatures and shorter time experi
ments than those described above, complete ex
change occurred in every case. 

These results suggest that, while thionyl chloride 
certainly gives no thionyl ion, SO++, in sulfur diox
ide solution, it may well engage in some ionic proc
ess involving chloride ion. The same points dis
cussed above are pertinent here, namely, the possi
bility of either a chloride ion dissociation or associa
tion equilibrium. Pending evidence to the con
trary, it seems reasonable to assume that the solute 
dissociates slightly but significantly to yield the 
ion SOCl+ in accordance with equation 1. 

Experimental 
Materials.—Sulfur dioxide (Ohio Chemical) and thionyl 

chloride (Matheson, Coleman and Bell, b .p . 75-76°) were 
purified and handled as previously described.11 

Selenium oxychloride ( J . T. Baker, Technical) was frac
tionated in vacuo. A middle cut, about one-quarter of the 
original, boiling range 65-68° at ~ 5 mm. (expected b .p . 
64°19), was collected and stored in a sealed tube. 

Anal, reptd. for SeOCl2: d22
4, 2.424.w F o u n d : <£22

4, 
2 A3. 

Phosphorus oxychloride (Mallinckrodt, Reagent) was 
taken from a fresh bottle, opened in the dry box, and used 
without further purification. 

Antimony, trichloride ( J . T. Baker, Reagent) and ferric 
chloride (Coleman and Bell, Reagent, anhydrous, sublimed) 
were twice distilled (sublimed) in vacuo, the products being 
transferred in the dry box to a closed container. 

Radiochlorine.—Chlorine-36 was obtained from the Oak 
Ridge National Laboratory as neutron-irradiated potassium 
chloride. Except for some old samples where it had already 
decayed, most of a substantial sulfur-35 contamination was 
precipitated as barium sulfate (carrier added), the salt (plus 
some barium chloride) being recovered by crystallization on 
the steam-bath. 

Labeled potassium chloride was prepared from the above 
active potassium chloride. Hydrogen chloride, generated 
by addition of concentrated sulfuric acid, was absorbed in 
either water or a slight stoichiometric deficiency of potassium 
hydroxide. After neutralization of the resulting solution 
with potassium hydroxide, the product was recovered by 
crystallization on the steam-bath and dried at 130°. The 
specific activity of the material used in the selenium oxy
chloride experiments was ca. 40 c .p .m./mg. (as mercurous 
chloride). 

Labeled tetramethylammonium chloride was prepared as 
previously described11 for the inactive salt, via a heterogene
ous metathesis between tetramethylammonium bromide 
solution and freshly precipitated active silver chloride (from 
the purified radiochloride solutions described above). 
Colorless, odorless crystals were obtained with a specific 
activity of ca. 450 c .p.m./mg. (as mercurous chloride). 
After drying, the highly hygroscopic material was stored in 
an opaque desiccator. 

Anal. Calcd. for Me4NCl: Cl, 32.40. Found: Cl, 32.43. 
Labeled thionyl chloride was obtained via the rapid ex

change found to occur between thionyl chloride and tetra
methylammonium chloride. About 150 mg. of active salt 
was dissolved in ca. 7 ml. of solvent, which was then imme
diately distilled off. Repetition of the process with the 
same solvent and a like amount of fresh salt gave a product 
with specific activity 5.3 c .p .m./mg. which was stored in a 
sealed container. 

Labeled selenium oxychloride was similarly prepared by 
the rapid exchange with the solvent of labeled potassium 
chloride. The procedure resembled that for thionyl chlo
ride, 3 ml. being activated in two stages, with 150 mg. of 
salt dissolved at each stage. The product, stored sealed in 
darkness, had a specific activity of ca. 2 c .p.m./mg. 

(19) V. Lenher, G. B. L. Smith and G. G. Town, J. Phys. Chcm., 26, 
1,56 (1922). 

(20) C W Muehlberger and V. Lenher, THIS JOURNAL, 47, 1843 
(1925), 

Counting.—Samples were counted as mercurous chloride, 
plated from acetone slurries onto stainless steel planchcts, 
using a thin end-window Geiger tube. Minor self-absorp
tion corrections were calculated where necessary from an 
empirically prepared curve. All counts were long enough 
to minimize statistical factors compared to other error 
sources, such as separation imperfection or sample mounting 
^reproducibility. 

Run Procedures.—These involved mostly standard high 
vacuum techniques similar to those previously used.11 Dis
tillations were effected by cooling receivers with liquid ,nitro
gen, heat being applied only when needed to obtain reason
able rates. A dry box was used for some operations not 
conveniently done in vacuo. 

Typically a weighed amount of solute, well dried if ex
posed to air (KCl and Me4NCl), was dissolved in a meas
ured quantity of solvent in a sealed, evacuated, usually two-
legged reaction bomb. Sulfur dioxide and thionyl chloride 
were dosed out in the vacuum system. Selenium and 
phosphorus oxychlorides were quantitatively pipetted in the 
dry box. Separation was by distillation of solvent (plus 
thionyl chloride in the sulfur dioxide experiments) to the 
bomb's second leg. The recorded times (Tables I and II) 
include dissolving plus distillation, the latter having nor
mally been started immediately upon completion of solu
tion. 

Substantially all volatile material was usually distilled 
off. Selenium oxychloride distilled slowly, requiring some 
hours. In the SeOCl2-KCl* exchange, the solvent being 
initially inactive, time was saved by distilling only a portion 
for activity assay. In the three SOCl2-SaIt exchanges, the 
solutes (SbCl3 and Me4NCl) showed no solvent retention, 
a: qualitative check indicating the absence of sulfur, and 
chloride analyses closely checking the expected composition .21 

In the SeOCl2 *-FeCl3 exchange, however, although the resi
due apparently resembled the original material, analysis 
showed solvent retention in a 1:1 mole ratio with solute.22 

The observed specific activity was accordingly corrected, 
assuming retained solvent to have the same specific activity 
as the bulk of the solvent. 

Runs were at room temperature, or in various baths at 
approximately the indicated temperature. The two sepa
rated fractions were dissolved in base (or water, if appro
priate); addition of mercurous nitrate to the resulting solu
tions, made slightly acid with nitric acid, precipitated mer
curous chloride, which was filtered and counted. Percent
age exchange, 100.F, was normally calculated from the ex
pression F = S/Sco, S being the final specific activity of 
the initially inactive component. Infinite time specific ac
tivity, 5co, was calculated, assuming complete activity ran
domization, from the measured activities, and known 
amounts of each of the two fractions. 

In the selenium oxychloride experiment, complete precipi
tation of chloride was generally avoided so as to minimize 
selenite coprecipitation. This appeared insignificant when 
only 10-20% was precipitated. With ferric chloride, how
ever, the small amount of solute necessitated more complete 
recovery from this fraction (ferric ion first precipitated as 
hydroxide), and selenite coprecipitation substantially low
ered the resulting apparent specific activity. This effect 
was mostly corrected for by extraction of the various pre
cipitates with 7 1 % perchloric acid. However, this extrac
tion raised the solute fraction's specific activity significantly 
more than the solvent fraction's, so any incompleteness of 
the treatment would lead to relatively low specific activities 
for the former. It is to such an incompleteness that we are 
inclined to attribute the apparent exchange incompleteness 
with ferric chloride (Table I ) . 

Before precipitation of chloride from sulfur(IV^contain
ing fractions, the latter was oxidized with 30% hydrogen 
peroxide, excess being destroyed by boiling. In some cases 
sulfur was also removed as barium sulfate before the chlo
ride. In the antimony trichloride experiment, 4 N HNO5 
was used to dissolve the recovered solute, this solution then 

(21) This result contrasts with the previously observed non-re
covery of pure salt on evaporating sulfur dioxide solutions of tetra
methylammonium bromide plus thionyl bromide, the latter apparently 
being significantly retained: R. H. Herber, T. H. Norris and J. L. 
Huston, T H I S JOURNAL, 76, 2015 (1954). 

(22) Solid ferric chloride in equilibrium with selenium oxychloride 
solution forms the solvate FeCli-2SeOCh: C. R. Wise, T H I S JOURNAL, 
45, 1233 (1923). 
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being diluted tenfold and saturated with hydrogen sulfide 
to eliminate antimony before chloride precipitation. 

In the phosphorus oxychloride experiment, the low salt 
solubility led to low final measured activities. A reasonable 
calculation of exchange percentage was made, however, on 

A number of syntheses of NaC14N from BaC14O3 
have been described since 1941.2~12 Initial at
tempts at synthesis followed the procedure of 
Jeanes,11 according to which a boat containing a 
mixture of barium carbonate, sodium and zinc is 
placed in a Vycor train partially filled with iron 
wire and a stream of dry ammonia is passed through 
the tube for 4 hours at 650°. About twenty runs 
were carried out in this fashion; they showed a ran
dom distribution from 38 to 100% of the cyanide 
yields. After six or eight runs the Vycor tube usu
ally cracked. It was therefore decided to devise a 
more reproducible procedure. 

A systematic study of the influence of tempera
ture on the yield of cyanide was first carried out. 
Since the end-product, zinc cyanide, is stable,13 it 
was thought that the temperature at which the re
duction occurs might be critical. The tempera
ture reading was taken inside the Vycor train, di
rectly above the boat containing the reactants. An 
iron-constantan couple was used, its insulation be
ing replaced by narrow Vycor tubing. The control 
of the temperature was indeed the governing factor 
for a high conversion yield of cyanide from carbon
ate. A temperature change of 7% results in a 30% 
difference of yield. At a temperature of 640-650°, 
the yield of cyanide was 70%; at 655-670°, 90%; 
and at 670-680°, quantitative. 

In order to control the temperature better and fa
cilitate the carrying out of the final synthesis of C14-
labeled cyanide, a stainless steel vessel was con-

(1) Radioisotope Service, Veterans Administration Center, Martins-
burg, West Virginia. 

(2) R. D. Cramer and G. B. Kistiakowsky, J. Biol. Chem., 137, 549 
(1941). 

(3) (a) A. W. Adamson, T H I S JOURNAL, 69, 2564 (1947); (b) R, 
Abrams, ibid., 71, 3835 (1949). 

(4) B. Belleau and R. D. Heard, ibid., 72, 4268 (1950). 
(5) R. B. Loftfield, Nucleonics, 1, 54 (1947). 
(6) G. O. Henneberry and B. E. Baker, Can. J. Research, 28B, 345 

(1950). 
(7) G. O. Henneberry, W. F. Oliver and B. E. Baker, ibid., 29, 229 

(1951). 
(8) J. D. Spyker and A. C. Neish, Can. J. Chem., 30, 461 (1952). 
(9) A. G. Meek Diamond and N. F. Hall, T H I S JOURNAL, 75, 4850 

(1953). 
(10) J. A. McCarter, ibid., 73, 483 (1951). 
(11) J. K. Jeanes, Science, 118, 719 (1953). 
(12) F. L. J. Sixma, H. Hendriks, K. Helle, U. Hollstein and R. van 

Ling, Rec. trav. chim., 73, 161 (1954). 
(13) K. Gmelin, "Handbuch der anorganischen Chemie," 8th 

Edition, Vol. 32, 1924, pp. 257. 

the basis of the salt's final specific activity compared to its 
initial activity, its expected final activity being computed 
from the known reactant amounts. 

CORVALLIS, OREGON 

I structed. The following procedure was arrived at 
after test runs with inactive barium carbonate: 

i barium carbonate, an excess of zinc, and a catalytic 
L amount of reduced iron powder14 were mixed in a 
i 12 X 80 mm. test-tube and the test-tube introduced 
i into the reactor. Instead of gaseous ammonia, 
i sodamide was used. The air was removed by 
3 flushing with a stream of dry ammonia and the ves

sel sealed and heated for 2 hours in a furnace to 
: 680°. Six runs with inactive barium carbonate 

showed a 82-88% yield of cyanide. No cyanamide 
i was formed. A blank run showed that no cyanide 

is formed in the absence of barium carbonate. Two 
runs with BaC14O3 were converted to silver cyanide. 
The specific activity was equal to that of the start-

t ing material. 
Experimental 

The reaction vessel had a volume of 20 ml. and accommo
dated a 12 X 80 mm. test-tube. The chamber was con-

1 structed to withstand a pressure of 140 atmospheres. The 
pressure during the reaction did not exceed 60 atmospheres. 

. The outer dimensions were such that the bomb fitted into a 
Fisher Heavy-Duty combustion furnace. The oven was 

C calibrated before the run to operate at exactly 680°. Power 
was supplied to the oven and series rheostat from a variable 
transformer for fine adjustment through a time switch for on 
and off regulation. 

' For each run about 0.75-1 mmole of barium carbonate 
! was mixed in a small test-tube with 0.5-1 g. of zinc and about 

10 mg. of iron powder reduced by hydrogen. The test-tube 
was transferred to the reactor which was then flushed with 
dry ammonia to replace the air and 15 mmoles of commer
cial sodamide was added. The head of the reactor was 
fastened tightly and the assembly placed in the cold oven 
and heated for 2 hours to 680°. After cooling the contents 
were washed out with water and the zinc powder removed 

3 by filtration. A few drops of Ba(OH)2 were added for the 
precipitation of any unreacted carbonate which can be re
covered by filtration. The volume of the solution did not 
exceed 25 ml. The hydrogen cyanide formed on acidifica
tion with 50% sulfuric acid was steam distilled in a micro-
Kjeldahl apparatus. The yield of cyanide determined by 

5 argentimetric method was 82-88%. Two radioactive runs 
made with barium carbonate having a reported activity of 

j 0.77 mc . " per millimole were analyzed. Found: (1) 124 
mg. of BaCO3 gave 69.2 mg. of AgCN (82% yield), with an 
activity of 0.76 mc. per mmole. (2) 148 mg. of BaCO3 gave 

3 88.5 mg. of AgCN (88% yield), with an activity of 0.78 mc. 
per mmole. Between runs the stainless steel vessel was 
cleaned with dilute nitric acid and dried. All traces of rust 
were removed with steel wool. 

1 MARTINSBURG, W E S T VIRGINIA 

l (14) J. E. Bucfaer, J. Ind. Eng. Chem., 9, 233 (1917). 
(15) Carbide & Carbon Chemicals Company, Oak Ridge, Tennessee. 
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Low Pressure Reduction of Carbon14-Labeled Barium Carbonate to Cyanide 

BY SUSANNE VON SCOTCHING1 AND THEODORE ENNS 
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The conditions of reduction of carbon "-labeled barium carbonate to carbon "-labeled cyanide with zinc were investigated. 
A low pressure steel reaction vessel which allowed control of all variables was constructed and gave reproducible high yields 
of cyanide. 


