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METHODS AND TECHNIQUE OF PHYSICO~CHEMICAL RESEARCH

A Method for Investigating the Hydrogen Isotope Ex-
change in a Liquid Deuterium Florids Medium

THis is a translation of ah hArticle written by
Ya. M. Vdrshavskiy and M. G. Lozhnina, in Zhurnal _
Fizicheskoy Khimii (Journal of Physical Chemistry), Vol
XXXI, No L, 1957, pages 911=914/

To compare the reactivities of organiec compounds
during electrophilic hydrogen exchange reactions, and
also to study the effect of the dielectric constant of
the solvent on the rate of hydrogen exchange in acid
media, experiments were conducted for investigating the
hydrogen exchange between various organic substances and
liquid deuterium floride, catolyzed by boron trifluoride
(see /71 7 and also the following papers).

A method for obtaining DF, described in /2 7, which
consists in reducing AgF by gaseous deuterium at high
temperature, proved to be inadequate for producing large

uantities of DF, The method, used in our first experiment
1 to obtain large quantitles of hydrogen fluoride en-
riched with deuterium, consisting of the addition of heavy
water to hydrogen fluoride and i1ts subsequent removal by
electrolysis had a defect that caused the contamination of
deuterium fluoride by fluorine oxide; a powerful oxidizing
agent.

In the present paper methods are described for the
generation of large quantities of hydrogen fluoride en-
riched with deuterium,# the analysis of its isotopes, and
also the apparatus for the preparation of solutions in
liquid DF and methods for conducting tests on the isotops
eXchangs in this medium.

#Henceforth designated deuterium fluoride, DF,



The general appearance of the appasratus is illus~
trated in Fig 1. All parts which were subjected to the
action of DF (including the valves) were made of monel
metal and fluoroplastics; with the exception vessel 16
for the reception of DF, which is of copper: A part of
the apparatus intended for the storage and dosage of BFB
was made of glass., Linings and gaskets were prepared °
- from toflon. . .

- Deuteriuim fluvride was obtained by the thermal
decomposition of previously deuterized potadsium fluoride,
KFeDF. The corresponding method for obtaining hydrogen
fluoride which did not contain deuterium is described in
referonce / 3 /. Recrystallized and desiccated potassium
bifluoride was dissolved in heavy water, the latter was
distilled off and the "heavy" salt was subjected to -
preliminary drying at 110-120° C, Salt purification,
isotope exchange and salt desiccation were conducted in
a copper apparatuse.

The "neavy" bifluoride was placed in vessel 16;
the vesscl was connected to the copper 1lid and tube 1 by
two flanges 15 strengthened with bolts, and the system
pumped out through valve 13 with valve 12 closed. The
high-temperature hermetization of vessel 16 was achieved
by means of the conical clamp indicated in the figure.
Visible evolution of DF began during heating of the salt
to h50~500° in vacuo; DF passed through condenser 17 and
test tube 18 packed tightly with teflon shavings, after
which it entered into the roceiving glask 19 cooled by a
mixture of dry ice and acotonc (-~78"). To prevent the
condonsation of douterium fluoride in test tube 18, it
was immersed in a glass containing warm water. Almost
complets docomposition of the bifluoride was achleved at
550-6000C. About 600-620 g of DF were obtained from 2.4
kg of the salt.

To purify DF from traces of tho salt, the DF was
rodistillecd several times through volumns 9, LO cm in
diamcter; these columns were packed tightly with teflon
shavings. Distillation was continued until the elgctric
conductivity {at room tompordturc) roachod 3=lie10-3.A-1
em =1. The cell for measuring DF conductivity is shown
in Fig 2. Casing 1 and 1id 2 were made of monel metal.
By means of teflon gaskets 3, two platinum rods L with
platinum electrods 5, measuring 1 x 2 cm, were introduced
into the c¢ell. To maintain constant the cell's voluma,
the olectrodes were fastoned by two teflon plates 6.

Deuterium fluoride was kept in vessel 32, supplied
with a siphon and valve 1ll.



Deuterium trifluoride was obtained by thermal
decomposition of KBFY (in the presence cf BaClz) in
vacuo. Dscomposition was conducted at 5OO~6003 in the
copper vessel 31 {Fig 1), which was equlpped with a
conical clamp. The obtained boron trifluoride was cool-
sd in condenser 1, traces of HF were removed by passing
the gas through tube 30 with KF, after which boron tri-
fluorides was distilled in vacuo several times from trap
29 into trap 27 to remove nonvolatile mixtures. The
puriflied BFE was collected snd kept in the large flask

All stopcocks and ground ends of the apparatus
were lubricated with carbon tetrafluoride vacuum oil,
which 1s rssistant to both HF and BF3.

The central part of the apparitus, shown in Fig
1, is used for dosage and separation of deuterium
fluoride. All vessels and test tubes operatling with DF,
as well as their covers, wers cut out from monel metal.
In cases when 1t was impossible to avoid soldering,
copper=-silver solder was used.
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A test tube contalning a valve, which is
1llustrated separately in Fig 3 /L 7/, was joined to
the free connecting pipe 22 with a plasted=-on screw.

A part of the apparatus was pumped out to valves 10 and
11, valves 21 and 23 were closed, valve 1l was opened

‘8lightly and carefully and a determined quantity of DF

siphoned off from the receiving flask 32 into the transe
parent, callibrated test tube 20 prepared from poly (tri-
flucrochloroethylens )., After siphoning, valve 11 was
closed, valves 10 and 21 were opened and, after the

test tube was cooled (Fig 3), all the DF was distilled
into 1t from the csllbrated tube 20. When the dis-
tillation was completed, valve 21 was closed and the
test tube disconnected from connecting pipe 22,



Dosage and separation of HFz from flask 3 were
accomplished in the following mannér: The glass part
of the apparatus was pumpsd out through stopecocks 25
and 2l into stopecock 28 and 26, after whlch stopcock.
2% was closed with stopcocxk 8 open a known amcunt of
BF, from vessel % was admitted through valves 5 and 6
inéo the apparatus. The pressure of BF in the system
was measured with manometer 2. After gaparating‘the
required amount of BFz, stopcocks 5 and 8 wére closed.
3F- was collected in 8xtension L, the latter belng
cogled by liquid air; whereupon, with stopcock 6 closed
and stopcock 5 open, BFz was e
evaporated from extensidn L in- .
to vessel 3. The amount of BF§
remaining in calibrated flask T L
may be caleculated withoub diffi- %
culty since the flask volume and -
£88 pressurs are known. The
weighed portion of BFz was dis-
tilled over from flasé 7 through
stopcock 25 and valve 23 into
the liguid=air cocled test tube
joined to connecting plpe 22,

All connactions were
sccomplished by wmsans of
connacting pipes equipped with
mutually exchangeable nuts of
a standard one~-guarter inch
thread.

The valve construction 1
1s 1llustrated in Flg L. Frame
1, rod 2 and supporting ring 2
wsre prepered from monel metal,
and gasket L -- from teflon. R A L\
The rsmaining parts were made I A1
from brass and steel. This
valve possess a number of Fig. L Fig. 5
advantages of particulsr value
whan operating with hydrogen
fluoride, In the first place,
in the operational process, plston 2 does not revolve
but graduslly moves upwards and downwards. This is
accoriplished by lntrocducing an additional thread in the
upper part of the plston inte which screw 5 1is fitted,
and also by the presence of crosspiece 6 shifting along
the vertical groove in caslng T of the valve.
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This assists in better hermetization of the valve and
protects the needle and seat from weari In the second
place, opening and closing of the valve may be adgomplish-
ed by the pilston's delicate movement. This is achieved with
the help of the tWo threads on the lower and upper parts of
screw 5, each thredd having B ifférent pitch. The speed

of the piston'!s delivery is 8etermined by the pitch differ=-
ence. In the third platé; a minimdl amourit of corrosion+
resistant material is used in valve productibni

A specific characteristic of the method is that

the investigated solutions in liquid HF are contained in
opaque metallic vessels. When it was necessary to observe
thé behavior of the solutions in liquid HF, to ascertain
their color or the solubility limits of the investigated
substances, the experiments were conducted in transparent
quartz ampoules. For this purpose, to the free connecting
pipe 22 (Fig 1) there was screwed on a monel=-metal connect-
ing pipe ending in a polished edge, to which a quartz
ampoule (Fig 5) was connected. The investigated substance
was placed in the ampoule, the polished edge lubricated
with fluorocarbonate vacuum oll, and the ampouls connected
to the apparatus. Subsequently, as described above, the
required amounts of HF and BFz were condensed into it, and
the test tube was then resoldéred at the point of intake,

In the absence of alr and molsture, the quartz ampoules re-
mained transparent for several hours and were not subjected
to sesvere destruction by the action of HF.

A Experiments on the isotope exchange were conducted

in the following manner: A weighed portion of the sub-
stance was introduced into a monel-metal test tube which was
then joined to the free connecting pipe 22 (Fig 1), and the
required amounts of DF and BFz were added (as described
above)., During the rapid rea&tions, it is essential to
establish with sufficlent accuracy the precise moment when
the exchange begins at a given temperature. This is 4iffi-
cult to accomplish if the test tube containing the solution
had been cooled by liquid air at the start of the experiment.
To obtain a more accurate calculation of the beginning of
the reaction intermedilate test tubs 3% (Fig 1), supplied with
a siphon, was used during the preparation of the solution.
After the test tube had been cooled in a freezing mixture
(-=-78°), DF was distilled into it from the calibrated test
tube; it was then heated to ths required temperature, and DF
was siphoned off into ths reaction test tube containing the
weighed substance. The test tube was then detached from the
apparatus, shaken up to accelerate the solution of tho sub~
stance, and placed in a thermostat. As was shown by special
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experiments, it is possible by this method of sélution
preparation to fix the time of the start of the ex~
change-reaction with an accuracy of spproximately #30
seconds, The DF dosage was reslized by msans of cali-
brated test tube 20 (Fig i), ard bthe precise weight

was established by welghing thé test tube containing

the substance, bsfore uiid after the preparation of the
solution in DF. The temperature and duration 6f the ex=—
periment of the exchange were noted,

Separation of small amounts (about 0.3 g) of the
organic substances from DT (15 g) at the end of the ex-
periment was accomplished by various methods, depending
upon the properties of the substance. With highly
volatile substances (benzene, toluens, etc.), the solution
was frozen and potassium fluoride was added to it. After
DF was transformed into potassium fluoride, the organic
substance was dilstilled in vacuo into a small glass test
tube. For the separatlon of substances which volatilize
with difficulty, DF was first distilled in vacuo, and
the residue was extracted from the test tubs with a
suitable solvent, After separation the substance was
purifisd, the physical constants (melting point, boiling
point, refractive index) were determined, the substance
was burned in a stream of hydrogen, and the water obtain-
ed from the combustion was purified and its deuterium
content determined by the drop method / 5 7.

The deuterium concentration in liquid DF was
determined by conducting an isotope exchange reaction
with benzene and by dotermining thoe deuterium content in
bonzene aftor attaining isotope squilibrium. Benzene
was chosen because all the hydrogen atoms in 1its molecule
are equlivalent, and the exchange reaction takes place
quite rapidly, evon at room temperature Z"l 7+ To take
advantage of this method, it was necessary To know the
magnitude of ths deuterium distribution coefficient (X
between CgHE and HF, A direct isotope analysis of several
specimoens, omployed 1n dircct tests for the determination
of the magnitudo gy, was fulfilled with the help of two
indsepondent methods =~-~ sodium carbonate and mass-spectro-
scopy. The flrst consistod of an isotope analysis of
wator rosulting from the reaction betwseen DF and NasCOz.
Since an excess of anhydrous sodium carbonate enteréd in-
to the reaction, as compared with the stcichiometric
quantity, the isotops composition of tho resulting water
was takon as equal to the isotope composition of Hp0,

An analogous mothod of the deutorium~concentration dotor-
mination in HC1l was uscd in the work of Klit and Langscth
6 7. Tha other mothod consistod of the isotope mass=-
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spoctroscopic analysis of gaseous hydrogen, resulting

from the docomposition of tho weighod portion of thc DF
by oxcoss metallic potassium. Into the monol-metal tost
tube a soldorcd ampoulc containing metallic potassium was
introduced, and a small amount of DF was condonsed in it.
By moans of a moncl-motal hammer, placed beforehand into
the test tube, the potassium~-containing ampoulec was smash-
ed. The hydrogen generatod as a result of the rcaction
betwesn DF and potassium was led into & proviously ocx-
hausted flask, and individudl spocimens of tho gas wore
subjoctod to the isotops anaiysis by tho mass-spoctromctor.
Attempts to dotermine tho ‘douterium concentration in DF
by its roaction with such substances, as Mg0, Cu0 and
K2C03, and a subsequont isotope analysis of tho resulting
watocP wdro unsticcessful,

As a result of tho oxporiment cn the oxchange re=-
action, woe dotormined the douteorium doncentration in wataer
from tho combustion of tho substanco at tho ond of tho
exparimont (Sv), as woll as tho weolghed portions of tho
solvont (Rgr) and of the solute (Ry)e In addition we also
determined tho dsutcerium concontratlon in the solvent at
the boginning of tho oxperiment (S0). Knowing the doutor-
ium concontration coofficient () gotween HF and the sub~
stance investigatod, it was_possible with tho aid of '
corrcgsponding formulac 177 to ostablish thc numboer of
hydrogen atoms ontoring into the exchangs rcaction undor
the oxpoerimental conditions, _

Wo expross our gratituds to Prof A, I. Shaten-
shtoyn for valuabls advicos.

Summary

A doscription is given of a method for obtaining
pure liquid hydrogon fluoride snriched with deuterium,
and of a procodurc for isotoplc hydrogen exchange studics
in this solvont.

Physico-Chomical Institute Submittod 29 Junse
im. L. Ya., Karpov 1956
Moscow
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