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Scope of Study: The possibility of the hydrolysis of molten halides at
high temperatures has been suggested from time to time to explain
the loss of halogen when such mixtures were heated for extended
periods. Hecently Briner and Hoth have made an extensive study of
the high temperature hydrolysis of alkali chlorides., These workers
report considerable hydrolysis. The purpose of this study was to
obtain some experimental data on the high temperature hydrolysis of
alkali helides, and to analyze these data obtained with reference
to thermochemical computations for the high temperature hydrolysis
of the alkali halide =zalts.

Findings and Conclusions: It was found, in the case of lithium bromide,
that the reaction does not proceed as a direct hydrolysis. The pre-
sence of even a small amount of oxygen in the reaction chamber re-
sults in a rapid liberation of free bromine, which increases with
the introduction of water vapor. If the molten halide is allowed
to come into contact with the Pyrex glass of the reaction chamber
a side reaction takes place, which in a superficial examination might
be confused with a high temperature hydrolysis. The results of this
study give no evidence for the existence of any appreciable reaction
between a pure alkali halide (lithium bromide) and water vapor.
Thermochemical computations show that the extent of the reaction
should be very small, and would not be detectable within the experi-
mental error of the method of snalysis. It was found that an in-~
crease in temperature should favor the hydrolysis reaction. The re-
sults of the thermochemical computations are in agreement with the
data obtained in this study.
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I TIWTEODUCTION

%*
E*J:Zunger6

s in his study of the high temperature reaction of pobassium
fiuorides and potassium metaphosphate, found that there was an extensive
loss of fluorine from the melis when such melts were held at high temper-
atures for extended periods of time. It wes suggested that this loss of
flporinerﬁight be due to the high temperature hydrolysis 05 the‘melt..

The ﬁresent study was uﬁdertaken to oblain some experimentél.data
'én.the high temperature hyﬂfalysis of aikall halides.

The possibility of the hydrolysis of molten halides ab high temper-
atures has been suggested from time to time to explain the loss éf halo-
'gen when such mixtures were heated for extended periods. For example,
bastman and Dusche 2 reported z peady reaction of lead chloride with
moist 2iyr bo yield HC1 a2t low temperatures and Cl2 at hign tempsratures.
The loss of HCl from magnesium chloride hexahydrate when heated is well
knowvai, |

Fore pecently Hill and &ndrieths have explained the 1055 of fluorine,
uhich they observed when miubures of eqguimolecular proportions of sodium
fluoride and sodium metaphogphate are heated together, as being due to a
high: temperature hydrolysis of the mixture. This hypothesis they show
to be consistent with the louss observed.

Finel 1y Briner and Rnthl have made an extensive study of the high
temperature hydrolysis of alkali chlorides, with and without the adigix-

ture of such substances as kaolin and silica. These workers report

considersble "hydrolysis,"

52,

Please see biblicgraphy for references.



IT WATURE OF STUDY AND CONCLUSIONS

The experimental apparabtus first designed end built followed the
scheme smployed by Oriner and R@%hl.

This initiasl flow systen allowed 2 ges, (air or nitrozen) saturated
with water vapor to be passed through a heated tube containing the alkali
halide {in a boat). The exit zases were collected in an absorntion system
to remove the scidic vapors. Chemical snalysis was made on the material
1=t in the boat as well as on the malterial collected in the absorption
system.

The final apparatus was a static system, wherein 2 sample of the
allkkali halide could be hsated in contact with = given pressure of water
vapor, The gaseous products were not collected, but the residue left
in the boat was analyzed for halide.

The results of these experiments give no evidence for tiie existence
of any appreciable reaction between a pure alkali halide (lithium bromide)

and water vapor. Various side reactions do occur which in s superficial

examination might be confused with a high temperature hydrolysis.



IIT GXPERIMENTAL

Flow Systems. ---  The original flow systen in principle followed

that described by Briner and Rothl. It consisted of a boiler from which
the generated water vapor passed through an electrically tieated {low
meter and delivery tube, This delivery tube was connected diréctly to
the reaction chamber. The reaction chamber was surrounded by an elec-
trically heated furnace the Lenperature of which wag controlled by a
“Brown Pyrovane Controller,” 4 thermocouple of chromel-alumel was used
to conbrol the temperature of the furnsce. A boal containing the‘salt
was placed in the reaction tube and heated until the salt was melted be-
fore the water vapor was introduced. &n absorption system, composed of
s condenser and bubbling column was connected to the exit end :of the re~
action tube. This absorption train was designed to zbsorb sny aci@ie
geses produced by the reaction. An analysis wes made on the residual
material left in the boat as well as on the absorbed gases.

i sample of relative pure lithium iodide was selected for tha first
attempt at hydrolysis. The sample wao placed in a ceramic bcgﬁ (Virefrax)
‘and inserted into the reactién tube, The furnace wos then tarned on to
preheat the scmple before exbosing it to the water vapor. Thc>flqw
system Just described and'represented in (Diagrem 1) was usedvf§r t}is
éxperﬂnent. 4s soon as the bémperature of the reaction tuhg becane
slightly wermer than 100°C. swblimation of the liberated‘iodiné.was
shoun 5y it= characteristic dark violet vapor filling the‘roactionztham—

. ber and abrorption train. Since gir was not excluded yrom the system

4

4

thiz reaction was to be expecited as Simmons and ?icketlo'havevshown the
Tollowing reactlon to coccur,

0 13T + 5 Oy mmmemme—> 2 LiIO3 + 4 Lizﬁ + L 12 (1)



PRESSYRE
RELIEF VALVE
7’ CHROMEL-ALUMEL

) ConpENSER T PPLE

il

5 Qi ) v
s L SEEE "‘t—i\
- ?}
(1 /t_
T
(0 Dy
2= FLOWMETER —— ATMO0S.
'.
] X o
- 1
WATER BOILER 1 T e
] o ' ABSORPT 10N
& I
¢= b %
' ’ 7]
¢

%

(7

DIAGRMLE (&
FLOW SYSTEM USING PURE WATER VAPOR

PRESSURE SATURATOR BY-PASS

CONTROL

”
J—J7 o ; FURNACE
||  cowsTANT TEMP BATH ,_;ﬁ: 2
= (N

' DRYING LI || FlowMmMETER
COLUMN

2 ABSORPTION
CELL

ﬁj&?ﬂ 0R NITROGEN D’AG RAM 2

FLOW SYSTEM USING A CARRIER GAS



3,

Because of the air oxidation of the lithium iodide and subseguent sub-

limation of the liberated iodine lithiuwm bromide was selected as the

salt to be used in the remainder of the exn sriments, Its melting point

- (547%C.) is also below the softeiing point of Pyrex glass.

The method employing pure water vapor was used in the first attempt
to hydfolyze lithium bromide. A4s long as only heated air was pissed
through the system it functioned perfectly, but'upon the introéuction of
the water vapor the smooth flow of gaé soon became intermiitent. Conden-
sation of the vapor in the cooler portignsbcf the system leading to and
from the reaction chamber was,résponsible for this condition. The pres-~
sure built up in the reaction chamber caused by the fact that the bemper-

i ) .
. ature of "the reaction chamber was above the critical tempsrature of
water 135706.) resulted in a back pressure wihich forced condensation in
the coolef delivery tube. This condensed waﬁegﬂyas intermitﬁently'forCed
-into the reaction chamber as a liquid. The interval of these "wabter
charges' depended upon the freguency with which the delivefy‘preséﬁre
‘éxceeded the back pressurs developed in the reaction tube;» This mcfhod
-waé tne%efore abandoned in faver of one which would give & ém&other-flow
- of water vapor and not be as susceptible to coniansatioﬁ in ths Véﬁioﬁs
constricted and cooler portions of the delivery and exhaust tﬁ}es;viﬂiagram 2}
The:gystem was modified so that the waler boiler was replécéﬁ;by an
aif'éﬁ@ply, which had been @teviously run through a drying cglﬁm§;to‘re—
.fméve;énj'foreign gases or7solid'particles; lhis air 5upply Wi égnhécted
to & floﬁmeter wiich 1ed‘U}rgﬁgh a saturator surrounded by é_boﬁéﬁaﬂt;
temperature water batﬁ held at 50°¢. irom this saturator the “weﬁ? air
cae into contact with the molﬁen gzlt (Lidr) large quantiﬁéésiof'bromine

were released into the gystem. snalycis of the absorbed products showed



the presence of free bromine but no bromide. This is in keeping with the
results found by Eastman and Duschakz. A suggested mechanism for this
reaction is:
L IiBr 4+ 0y ————> 21i,0 + 2 Br, (2)
Li0 + H0 -~ 2 LioH - (3)

For this reason the air was replaced with nitrogen as a carrier gas

for the water vapor. This allowed the system to be swept free of oxygen
before the water vapor was introduced. Only a minor modification of the
apparatus was required to make this change. The system was so constructed
that either "wet" or "dry" nitrogen could be allowed to flow through the
system, When the system was flushed with "dry" nitrogen gas prior to and
during the heating of the sample there was, for all practical purposes,
no indication of any reaction, When the "wet" nitrogen was introduced
there was no detectable change in the bromide content of the absorbed
products, but there was a significant increase in the amount of free
bromine produced. Since the nitmgen used was of a commerical grade it
is possible that a small amount of oxygen present in the nitrogen was re-
sponsible for the first step of the suggested mechanism with the water
vapor introduced completing the reaction. |

After the reaction had been completed and the apparatus disassembled
it 'vms-ngticad that a considerable portion of the salt had either crawled
or spattered from the boat. At this temperature the salt apparently re-
acted with the Pyrex glass of the reaction chamber. A platinum boat was
therefore constructed to minimize this unfavorable side reaction. At this
stage in the study it was believed that only the oxygen present in the

nitrogen gas was responsible for the "pseudo hydrolysis.”
Y 4



A careful detemmination of the amount of water vapor delivered by
the saturated nitrogen revealed thet although the nitrogen was saturated
when it left the saturator this amount of water vapor was not delivered
into the reacﬁion chamber_v This again was caused by ondensation in the
delivery tube., The application of heat by eléctrically heated nichrome
coils zmd the radiation of & heat lamp failed to keep the delivery of’
the water vapor aﬁ a constant rate,

Analysis of the producis collected by the somewhat cuﬁbérsome'ab—
sorption train indlcated that the magnitude of the reaction was so mmall
that the products were lost in the method of analysis. Only & trace of
“bromide could be detected in the absorbed products.

With the idea of building a system which would be free from conden-
sation difficulties and givé a more accurabte metnod of analysis a static
system was designed and ¢ansﬁructed.

Static Systems. --- . This system consisted of a2 reaction tube seal-

ed at one end, and fitted with & ground glsss standard taper jeint large
enough to allow the introduction of the platinum bost containing the salt,
at the other. The rest of the syster was comnected to the reaction tube
by a standard taper joint. To thic connecting Pyrex tube was sealed‘a
bulb which could be evecuated snd uszd to draw off the gases resulting
from the reaction. ' Another buib was sealed into the systen which served
to meter in the water vapor. A& third bulb was also attachedfso that a
measured amount of air could be introduced inte the system‘if‘déeireda
‘é closediend manometer was also conﬁected to the system for the measure-
,;ment of the change in pressurs auring the reaction as well as fbr the

control of reproducible conditions (Diagram 3).
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When in operation the sample was placed in the platinum boat and
inserted into the reaction chamber, which in turn was placed in the fur-
nace and then comnected to the rest of the system by a ground glass joint.
The entire system was evacuated to a pressure of about 6 mm., then the
stopcock connecting the exhaust gas bulb to the system was closed and the
furnace was turned on., While the furnace was attaining the recacting teup-
erature, which was 547°C. or the melting point of LiBr, the vacuum pump was
permitted to pump on the system:, This was done so that any water of hydra-
tion or moisture adsorbed on any portion of the system would be pumped
out of the system thereby not sllowing any reaction to take place while
the salt was belng heated, When the reaction tube reached the desired
temperature the vacuum pump was sealed off, by means of a stopcock, and
a measured amount of water vapor was allowed to enter the reaction chamber.
The manometer registered the rate at .which the pressure in the system
changed, Upon completion of the time of the reaction the evacuated bulb
was opened to the system and this withdrew approximately 80% of the gases
produced by the reaction. The furnace was turned off and the vacuum pump
once again was allowed to pump out the remainder of the gases in the system
while the furnace and reaction tube were cooling.

When the water vapor was first introduced the manometer indicated the
pressure of the vapor present and thus knowing the volume of the system
the amount of water vapor introduced could be calculated. Soon after the
introduction of the water vapor the manometer showed that the vapor was
being used up. This at first seemed a measure of the hydrolysis, but the
analysis of the residual product showed the loss of bromide to be much

too =mall to account for the reaction as indicated by the manometer. It
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was found that there was still a small amount of reaction between the
Pyrex glass of the reaction tube snd the fumes from the molten salt. This
reaction was indicated by an etched appearance to that portion of the re-
action tube which was in the immediate vicinity of the platinum boat. This
scale which was deposited on the walls of the reaction tube was insoluble
in hot or cold, concentrated or dilute HC1, H!{03, Agua Regia, and cold
6N NaOH. Boiling the reaction tube in a water bath while it was filled
with 6N NaOH removed this scale, however this treatment also etched the
glass. It was this reaction with the glass which was then believed to
be responsible for the apparent hydrolysis.

An attempt to stop this etching action was initiated by making a
graphite tube fitted with a graphite cap, which contained a small hole
to allow the water vapor to come into contact with the molten salt.
This graphite tube did keep the fumes from the molten salt from elching
the glass and prevented any spattering of the salt on to the reaction tube.

Several attempts at hydrolysis were then made using the graphite tube,
While this stopped the etching action on the Pyrex glass it also stopped the
indication of any other reaction. Since the manometer showed no indication
of any reaction it was removed from the system in an effort to cut down
on the surface area of the glass tubing which would offer any chance for
adsorption of the water vapor or the gases produced.

Removal and analysis of the gaseous products showed that there was
very little if any reaction. This substantiated the results found when
the analysis of the residue showed that there had been no loss of bromide
from the reactants and therefore no hydrolysis.

Several methods were attempted to farce more water vapor into the

reaction chamber, One method was to allow the vapor pressure of the



water in the water bulh to come to emquilibrium with the pregsure in the
system, This was done by simply making = direcl conricction from the water
oulb to the system and surrounding the water bulb by a Dewar {lask fil~
led with water and held at a counstani temperature {about EOOL.). This
arrsugeient Kepl a constant pressure of water vapor on The reacting salt
throughout the entire axpefimemt. This treatment also failed to pfoduce
any rveaction between the mollen solt end the water vapor.,

Another method wes atbtenpted to force the hydrolysis by forcing the
~water vapor inte the reaction chimber under & higher pressure. This was
donie by surrounding the water bulb with 2 boiling water bath. DLue to the
evacuation of the system the water in the bulb boiled at & temperature
below 100°G. and thus, the pressure of the vapor was nolt atmospneric pres-
sure. o attenpt woe made to determine the exact pressures altained
since, this treatment had no apparent effect on the reaction.

5till another method was tried in whiich increased pressures could
‘be developed to the pcint‘of exploding the Pyrex glsss reacting vessel
(iiegrem 4). This cystem corsisted of & thick-walled Pyrex glass tube,
‘eontaining the graphite tﬁbe, closed et one end and sesled to aﬁ&iék-
walled capillary tube at the other, This type of construction waé e~
ployed to cut down om the amount of surface exposed end to perwdit maxi-
‘mum strength. Comnected to the lead~off tube from the reacuidn'chamber,
by means of ground glass Joint, was a small bulb filled withfééter,

This arrangement enabled the weter bulb to be removed and weighea‘oh an
angzlytical balance and thereby determine the amount of water and thus,
the pressure develéped within the system could be calculated. Connection

was also made to a vacuum pump so that the system could be evacuated of



air or any foreign gases. The waler was introduced by pumping the system
down and then immersing the closed end of the reaction tube in & dry ice
and ethyl acetate bath. Ghen ihe end of the reaction chamber was cooled
sufficiently the water vapor from the water bulb wss allowed to enter the
tube comnected to the reaction chiomber., this water vapor candensed aznd
froze in the cooled end of this reaction chamber. With a little ekp:ri—
menting the time the water bulb was allowed to remain connected to the
reaction chamber, for ithe introduction of the desired amount of water
vapor inlo the system, was determined, The recaction tube, containing the
sample, graphite tube, and the waler vapor was then sezled off by a heavy-
duty stopcock with a minimum of capillary tubing extending beyond the
furnace, After the reaction time had elapsed the resulting gsses were
allowed to escape and the system evacuated and cooled.

With the above mentioned arrangement pressures as high as 12 stmos-
pheres {calculated) were developed. Analysis of the products of the re-
action after this treatment falled to show sny indication of hydrolysis
taking place. For sxample: One run showed that the bromide content of
the residuc in the graphite tube actuslly increased 0,14% while an idén«

tical run showed z loss of 0.36% of bromide put into the reaction vessel,

?reparation Qﬁ Semple.~~- The best grade of Li3r available(wés used
in preparing the samples fér this study. (Herck, N.TF. 85-904 anhydreus,
p'urch:;sed 241-1,6) A small amountof this LiBr was placed :m@ cleén dry
platipum crucible amd gently‘heated until all of the watéf‘ef,hydrapion
and absorbed moisture had been driven off. The crucible and sanpleéma~
terial wss then heated to 3 somewhat higher temperature until thévéalt
melted producing a viscous colorless iiquid. The z2lt was keptbiﬁ the

molten state for approximately five minutes, and then it was poured

12
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from the crucible on to a cleaned and polished stainless steel plate.
When the melt had partially solidified it was broken into pieces small
enough to be easily inserted into the graphite tube. These pieces were
placed in a previously cleaned and dried weighing bottle, which was then
placed in a desiccator to cool. This weighing bottle containing the
fused LiBr was stored in the desiccator and removed only when weighing
and removal of the sample required it. The LiBr removed from the weigh-
ing bottle was placed directly into the graphite tube, capped, inserted
into the reaction chamber, and pumped free of moisture and air as quick-
ly as possible. Since the LiBr is so very hygroscopic the less time it
remained in contact with the moist atmosphere the more accurate was the
weight of the sample taken.

Analytical Procedure. --~ After the reaction was completed and the

gaseous products removed the reaction chamber was allowed to cool. The
graphite tube containing the sample was removed and placed in a desic-
cator to cool to room temperature. When the tube and sample reached
room temperature they were removed from the desiccator and weighed. A
sample of the rssidue from the tube was washed from the graphite tube
into a2 100 ml. volumetric flask with distilled water. The tube was then
leached with more water and this added to the volumetric flask. The
graphite tube and cap was then heated in the furnace, under vacuum, to
the temperature of the original reaction and then cooled as before. Any
residue which remained in the drying tube was washed into the volumetric
flask, When the graphite tube and cap had again cooled to room temper-
ature it was weighed again and the difference between the two weighings

was taken as the weight of the sample titrated. The wolumetric flask



Figure 1. Low Pressure Static System

Figure 2, High Pressure Static System
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was then filled with distilled water up to the merx and shaken thoroughly.

Five wl. of the resulting solution was pipetted into each of three 50 ml.

beakers., To each of these beakers was added one drop of Fosin-B indicator
and six drops of dilute acetic acid. These samples were then titrated
rapidly with a fresh solution of standardized AgNOB 0.100CH using a micro-
burett calibrated to one~fifticth of 2z milliliter. The end point of the
titration is merked by a definite chenge in color of the suspended pre—'

cipitate fwn white to red along with coagulstion of the precipitate.g



(a)
(b)
(c)

free bromine present in the residual mate

IV  EXPERIMENTAL

Hydrolysis of LiBr

Pure water vavor —- no numerical data available
Lir saturated with water vapor al 50°C. ~- liberation of Br?.
Nitrogen saturated with water vapor at 5006.

Table I

Reaction time Abgorption trein fesidus

in minutes Br,, 3rT  pi dr,  BrT ol

33 mach t{race 5 none  yes 5

60 ves  trace L none yes b

* 68 yos  Lrace 4 none Yes L

Sk yes none 4 none yes 4

2k none none 5 none  yes 5

30 ves trace 4 none  yes 5

49 much none 5 none yes 5

% 162 yes trace - ‘none yes -

101 none none 5 none  yes 5

105 none none 5 none  yes 5

% indicates runs in which waber vzpor was not introduced

Observations of the above data show that in no case was any

izl in the boat.

The pH

oi the absorbing solution remained practicelly unchanged. This

would tend to indicate bthat very little reaction had tzken plsce.

16



Hydrolysis of LiBr

static System

Table II

(a) water vapor sliowed to enter under a reduced prescure of 6 mm.

Reaction time \eight of eight of weight of sample killiliters P
. in wminutes ssmple sample :ccountea for ooof AgHOq ch
in grams titrated by titration 0.1000 %

105 2.5512 2,008 # 2.007 11.556

* 2407 1« 1493 F 1.510 3,694

# 30 :ﬁ?é 3.043 3.017 ' 17.370

30 , .9?11 3.971 3.925 22,593

¥ 30 1.5388 1.539 1.534 8.768

30 1.0885 1.082 1.064 - 6.08

15 1.32997 L.400 1.3293 & 123

30 1.1366 - 1.13 1.121 : { 453

(b) 4ater vapor entered systen under vapor pres&ure'at 10075,

1.688. .
1.591

30 1.7656
30 1.589%

73
.16

DL\

R N

{¢) tater vapor in system celculated to be at pressures of
L end 12 atmospheres respectively. :

30 2.0478 2.020 # 2.012 11.58L
30 1.3869 1.346 i 1.347 - 7.756

# Indicates mns in which water vapor wes not introduced.

# Corrected for water content {approximately 18.43).
## Corrected for actuel azmount taken from graphite tube.

ercent

17

ange by

.05
1.14
.86
1.16
.26
2.26
0. 50
141

,aaction



Sample Celculation

weight of welghing bottle plus sample . . . . . 33.6165 gms.
~eight of weighing bottle . . . . . . . « « . « 32,2296 pus.
Weight of sample . v v & 4 4 o v o v o « » « « 1.3269 mms,

Weight of graphite tube and cap . . . . . . . . 13,7862 gms.
weight of sample . o 4 « ¢ o« v « ¢ v o « & . 1.3269 gms,

Total weight of graphite tube, cap and sample . 15.1731

[#]

Welght of tube, cap, sample after reaction. . . 15.1591 gms.
veight of tube and cap sfter rewoving saample. ._ 13,3136 mus.

wWeight of sample titrated . . . . . . . . . .. _.3b55 ﬁ”n,

Average ml. of 0.1 H LééOj to titrate 1/20 of ample. . 7 756 ml.

Temperature of reaction = 547°C. Iime of reaction = 30 min.

Internal volume of reaction chamber = Z1.85 cubic cms.

0.1 % F “61.«*2:}3{7'['36 - 13!(}7 S .
S 2L - 1. gms. of Li3r
1600
Weight of sample titrated = 1.346 gms.
Weight sccounted for = 1. OL7 ans.
ixcess of 1IiBr 20,001 ems.

0.001 ¢ 1.346 = 0.00074 = 0,07% increase in Lidr

The iﬁtefnal'volume of the reaction chamber wae determined by
welighing the reaction chamber and attached cavillary tuhe; then

- measuring, by immersion, the external wolume of the reaction chamber
and tube. From its weipght ond density and also the dencity =nd

eight of the grapnite tube and cap the internal volume was caleulated.

Using this volume the recuired asmount of woter was allowed to enter

vhich would give the desired nressures when the roactants were hested,

i’\
Y.. =

In sbove experiment the pressure of 12 atwospher culated) was

de sluwea.
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Discussion of Experimental Data. —-- Although the data obtzined from

this study do not have the przcision that is desirable in work of this
nature, they do tell us some veluable information. This inconsistency is
partly due to the fact that the technique of handling the sample as well
as purification of the sample were improved as the study progressed. This
was especially true of the method used to determine the amount of sample
actually titrated. In the early part of the study it was not kpown that
part of the sample was lost through absorption in the graphite of the tube.
when this was realized the method of obtaining the smmple éescribedvin the
snal ytical procedure was adopted. The values obtained in the later part
of the study are therefore more indicative of the true values. The
hysroszcopic nature of the sall remained the largest single error introduced
“into the analyiical method. This error wos minimized as much as possible
by rapid handling wien the salt was exposed Lo moist zir.

in aritimetical average of the resulis of zll the experiments is
- 0,24%. The reliability of this figure determined by dividing the average

deviation by the square root of the number of cases is * 0.13%. This indi-

cates that about 0.4% reaction is the maximum and 0.1% the minimum., If
only the final four results are considered, since it is known vhat tech-
nigue and occuracy were improved in these experiments, the result becomes
+ 0,384 F 0.21%, or more bromide after the reaction than before, This,
of course, iz absurd and becomes maahingless as a numerical value. Since
the average veight of the samples is 1.554 gms. this means an average
increase of 6 mgs., which in view of the hygroscopic nature of the sali,
is understandable., In brief thie tells us that there is no evidence for

any appreciable hydrolysis.
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V  THEORBETICAL DISCUSSION

Calculation of the Nauilibriwm Constants for the Hydrolysis o

——

cAlkall Halides. --- The tnermochemical data for the alkali halides and

their reloted compounds are incomplete, with the sxception of the data

for the sodium compounds. All of the standard hests of formation reguired
are known and the absolule eniropies are known, except those of Libr, Lil,
and KOH, HUsing the data availsble 1t is possible ba meke a good estima-

&

tion of the values of the absolute entropies for the compounds where the

0y

data are missing., Therefore the standard f{ree energies and consequently
the equilibrium comstant for a temperature of 298°K. may be computed.

The high temperature heat capacities of these compounds are nol well knoun,
therefore only in the case of the sodium compounds msy an exact calcula-
tion of the emilibrium constants at high temperatures be made.

The computations for the thermodynemic eguilibrium constant (Ka} for

the hydrolysis of sodium cniorlde at 298°2., follows:

EL + Ho0 ~=o=---=> HOH + HK h)
(o) - . . : . -3 - bl =0 ‘
AF 298 —~ RT 3.1‘ Ka aﬂd AP 298 - Ali ?98 .L A b 298
therefore: - log K, = AlP,4 - TAS 04 o {5)
‘ 2,303 ¢ RT -
13H0f KCal/mole @ 208%%, 1 s%cal. /deg. fmole 3 298?K54_,”
Ha0i vvsow, = 101,99 NaOH vuvow. 13.20
‘Z&;Cl sa e v e ™ 9(:3‘ 23 Zn'%i,:l semavae 3,7.' 39 ‘
HCL  venn. = 22,06 5103 R ¥ ST
}..EZD nesses ™ 57-23\{) - IEEQ PR &'5-13
S APu0s = (~101.99 +(- 22.06)) - (-98.23 +(-57.80)) _ 2.5
20303 11 1.987 x 2.303 x 298.7 TR e

O = (13.80 + 4h.66) - (17.30 + 45.13)

£ J S

2303 & 2.303 x 1.987

[N

- 0.87

- log K, = + 23.50 =(<0.87) = + 24.37 thus, K, = k.3 x 107%
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The Nerast Approximation eguation for determining the equilibrium
constant vhen the absolute entropies are aot known followss

log K. = =AH + 1.75 An log T+ 5 {al) {8)
P T0305 nT

Whers: AH is the heat of reaction, aAn the difference bebtueen the
number of moles of gaseous products and reactants, T the ab-
solute temperature, and C the chemicsal constants for the
gaseous substanceg invalved in the reaction

o

In reaction (4) an =0 and > {nC) = Cyz- € taus, for the reaction

oG §
v H{}l - {ii‘{ge - 300 - 306 = L 0-6 _
and log Kp = §~ §l€8ﬁ} - Db = = 12,05 = G660 (9)
’ 1,567 x 298
K, T 7.9 x 10740
Table III Thermochemical Constants

of Hall one oblains G

9

HCY = 3.0 HI = 3.4
HBr = 3.2 a0z 3.6

Since when dealing with numbers of this megnitude the wenbisse is prob-

ebly not slgnificant. The tw methods give results which agree very

absolute entropies of KOH, LiBr, snd Lil the following equilibrium con-

stants uvere computed,
Teble IV

Bouilibrilun Constants for the Hydrolysis of Alkali Halides (BQStléoK.)

K, Kp(ﬂerngt) Ka/Kg(ﬁernét)’
1461 1.5 x 10~13 8,3 x 10-1k 1.8
# LiBr 3.9 x w0~ 3.4 x 10713 1.1
# 14X 8.1 x 107 8.5 x 10~ 1.0
Nall he3 x 1072 7.9 x 10725 0.5
HaBr 6.5 x 10720 1.8 x 10-25 0k
Hal . x 10774 2.3 x 10723 0.2
* KC1 6.2 x 10770 2.4 x 10729 0.3
* KBr Lol x 15737 2.5 x 1031 0.2
* KI 2,1 = 10721 1.8 1

x 10-30 R

#* Absolute entropies estimated for LiBr, 1il, and KOH
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It is seer that the values obtained for the lithium and potessium salts
by the two methods compare almost as well as do the values for the sodium

5

salts where all the thermal data are available.
The caleulation ¢f the equilibrium constants at higher temperatures mey
be made using the equation:

In K = [AH a7 + I , L (10)
3

To do the indicated integration reqires imowledge of now the heat of
ﬁhe reaction varies with temperature. Tais in turn requires kﬁcwleége of
| the variation of the heat contents with temperature., Since the solid
substances will melt as the iemperature'ig raised; heats of iusionfmust
zlso be known., Only in the case of the sodium compﬁunds may all of these
factors be considered in the calcalation. Thus, it is p@ésibleztc;ﬁake
only anproximate calculations for the lithium end potassium~campougds.

If one sssumes that A does nol vary with temperature tﬁen,oge may
write eguation (10) as: 5

InK= -« AH + I o ';:  (1)

ﬁéingbﬁhis eomation (11), the egquilibrium constants for the reac%iohs have

. 5e¢n‘calculated for a tempersture of £20°K. { The temperatufg ofvtﬁiélax-

véerimental work.) The results of these computations are tabulated in Table V.
Tablg ¥ |

Touilivrium Constants for the Hydrolysis of Alkali Halides (820°K.)

1

L Br I '
Li 1.25 x 1072 1.8 x 1070 2,7 x 1074
Ma 3.5 x 1079 2.0 x 1079 9.6 x 10710

1z

K 3.8 x 107 6o0x10B 2z
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An estimate of the error introduced by the assumptions theti A ig con-
stant mey be made by considering the following calculation of the variation

of the heat of reaction with temperature.

HaCl (s) + Hy0 (g) =—mwmmmms > a0l (=) o+ HCY (g) (12)
a T ,
Al = AlPoaa + AC 4T (13)
298 3
7 jf293.16p |
595 . ( )
AMege = 31,583 + f AGC.dT 131
595 298.16 °

Computing AG‘p from the data given by el.ly5 , then substituting in equation

(131) ond integrating one obiains:

Alisgs = 31,983 [7-39(595.0 - 298.2) - 5,36 X 1073 ((595) (29@.2)2)]
Ai§§~595' = 31,983 + 2,193 - 711 :233,1;65 cal.

1

Since AN(pygien) for ‘WaOH is 2,79 cnl, ithe heal of the vreaciion
3 a4 :
WaCl (s) + H.0 (g} ~——memmes > HaOH (1iq.) + HCL {g) {(i4)
becomes:  ABsgs = 33,465 + 2,000 = 35,465 cal.
The heat of the reaction (14) is then calculated at 1073°K. (w.p. iaCl)

using the same procedure used Tor eguation (12).

1873

AU'}»’)?B‘ = 35,465 + J/595AdeT |

[

A}‘lO'?B = 35.465 + 3915 - 2136 = 37,244 cal

The heat of fusion of Hall is 6,550 cal. therefore, the heat of the

reaction  ¥aGl (1ig.) + Hg0 (g) ———no > HaOH (lig.) + HCL (g)
is Allygyy = 37,2kh = 6,850 = 30,39 cal.

it is spparent that the variation of AH with temperature iz small and

that tie over all effect of the heat of fusion of the salts is glso small.



Discussion of the EZxtent of Zeaction Zxpected. --~ The thermodynamic

equilibrium constant for the hydrolysis reaction (equation 4) is:

& . [ 3
L - 0N » HY
F

",_\

v - aHz{)

If the two limid seltc are completely miscible and are considered to form
‘aﬂ ideal solution, then the activity of the hydroxide iz egqusl to its mole
; fraction N, .
‘ Hi

the alkali halide is approximately unity. The activity ol the gases are

H and since the extent of reaction is small the activity of

approximately equal to psritisl pressures. Then equation (15) becomes:
! , ) J '}

WY . ‘ ‘ Du - \
Mo CEL & (154 )

The limit of error in the experlmental work of this siludy is likely
less than 0.5% (on the analysis). Hence, assuming a sample weight of 1.5 gm.
the mole fraction of LiOH in the melt could not be greater than about
5 x 10‘3¢ In the last high pressure static experiment & celeulated pres-
sure of 12 atmospheres of water vapor was used. Therefore, the pertial
pressure of the HBr in the gas phase would be approximately:

= 1.2 x 1072 x 12 = 5.7 x 1077 {iun. )

Dy,
FHBY - e =
T 50 x 1055 % 760

Influence of Acidic Gxides ou bie sxtent of Resction. --— driper and
Rothl heve explained Lheir sppreciable yields of IHCL from the reaction of.
water 6n mixtures of alkali chiorides and silica, alumina; and kaolin by
the thermodynamically spont an eous réactign which occurs between éikali
 oxides end such acid oxiées; They neve made approximate thenmochemiéal
calculations which they suggest are indicative that the gbove explenation

is correct. Tor the resction 2 Nall + HyU + 510, -—->ii2,510, + 2 KO (17)

3



they compute a AF® of 40,800 cal. at 298°K. and 19,860 cal. at 1073°K.
These calculations were repeated and essentially the same results were
obtained. In view of the smallness of the eguilibrium constant it seems
dubious that this explanation is adequate, although for their flow system
it may be sufficient to explain the yields. However, the yields obtzined

appear inconsistent with these caleculations.

25
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VI CONCLUSICGNS

From tﬁe resulis of this study it was found that ail oxygen must be
excluded from the system 1{ aay attespt to measure the hydrolysis is to
be made. Since Brinsr and Rothl make no mention of removing oxygen from
the systern, it is possible that & part of the large extent ef’“hydrolysis"
that they reported was due not to hydrolysis bubt rabher oxidation of the
salt., This is snalogous to the reaction reported by Simmons and Picketlo.

It was also found thgt the Pyrex glass of the reaction tube would
reaéﬁ with the molten salt and give the effect of a high temverature hy-
drolysis. Hriner and Rotht report that they carried out thelr reactions
in a2 glass reaction chamber with the salt conbtained in & platinum boat.
It was found in tuis study that the sall did not remain in the platinum
boat, but either crawled or spattered on to the reaction chamber giving
rise to & side reaction which does produce an acid. This could essily
mislead one to the conclusion that hydrolysis was taking place.

The effect of time, vressure of the water vapor, and temperature of
the reaction did not have any detectable effect on the extent of the
hydrolysis.

It was found that under pfsssures higher than satmospheric ﬁhé saltb
was very strongly absorbed in and adsorbed on the graphite resction ftube.

from bthe resmalis of thiec study ibere are no indications of a high
temperatwe hydrolysis of lithium brémide. Thermodynamic calculations

are in agreement =with this experimental conclusion,
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