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The data on thermodynamic and molecular properties of the potassium, rubidium and
cesium hydroxides have been collected, critically reviewed, analyzed, and evaluated.
Tables of the thermodynamic propertieS,, ®°=—(G°—H*(0)/T, S°*, H°*—H*(0),

A{H°, A:G°)] of these hydroxides in the condensed and gaseous states have been cal-
culated using the results of the analysis and some estimated values. The recommenda-
tions are compared with earlier evaluations given in the JANAF Thermochemical Tables

and Thermodynamic Properties of Individual Substances. The properties considered are:
the temperature and enthalpy of phase transitions and fusion, heat capacities, spectro-
scopic data, structures, bond energies, and enthalpies of formation at 298.15 K. The

Thermocenter of the Russian Academy of Sciences, Izhorskaya st. 13/19, IVTAN, Moscow 127412, Russia

thermodynamic functions in solid, liquid, and gaseous states are calculated fr@nto
2000 K for substances in condensed phase and up to 6000 K for gasd€99©Ameri-
can Institute of Physics and American Chemical Soci@9047-268807)00204-3

Key words: bond energy, dissociation energy, enthalpy, enthalpy of formation, entropy, fusion, heat capacity,
hydroxides, moleculafvibrationa) constants and structure, phase transition, thermodynamic properties.
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1. Introduction
The  thermodynamic  properties [C,,®°=—(G®

— H°(0)/T, S°, H°—H°(0), A{H°, A{G°)] of condensed
and gaseous lithium, sodium, potassium, rubidium, and ce-
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technique used, the impurities in the samples studied, the
results obtained, and the accuracy of the data are discussed in
these reviews. Unfortunately, the literature includes several
reports which were not available to the authors. We assume
that the absence of these sources does not influence the ac-
curacy of the adopted values and the calculated thermody-
namic properties. In all cases, special attention was devoted
to estimating the uncertainties of adopted values and calcu-
lated thermodynamic properties. The selected constants and
calculated properties are compared with similar quantities in
earlier reviews[82WAG/EVA], [82MED/BER], [82GUR/
VEY] and[85CHA/DAV]. Some recommendations are ten-
tative due to the lack of reliable information. Recommenda-
tions for future measurements are given in Section 5.

The principal diffculty in providing reliable properties of
the alkali metal hydroxides is the lack of precise experimen-
tal information on(1) the crystalline phase transitioii2)
heat capacity data for the liquid sta(8) vibrational frequen-
cies of monomeric and dimeric molecules of the hydroxides,
(4) structural parameters for the dimeric molecules and data
for the more complex specie$;) the composition of the
vapor over the crystal and liquid phases, &6dthe enthal-
pies of formation for the gaseous molecules.

All crystalline hydroxides of the alkali metals except
LiOH possess polymorphism. See Table 1, Pd88GUR/
BER]. All hydroxides have several other modifications at
high pressures.

General comments:

(1) The units used throughout the text and tables are: tem-
perature in K; Gibbs energy of formation and enthalpy of
formation in kJ mol%; enthalpy, entropy, Gibbs energy
function, and heat capacity in J K mdi.

(2) In general, the literature coverage extends from the end
of the last century to 1994.

(3) The temperature scale used for the recommended values

is ITS-90. Many of the data known in the literature were

obtained using earlier temperature scales. Oftentimes the
scale is not mentioned in the papers, so it was necessary
to guess the approximate corrections. It should be noted
that belowT = 1000 K, the corrections between all tem-
perature scales are less than 1 K, while from 1000 K to

2000 K the corrections are always lessrtfaK and are

well within the uncertainty of the temperature measure-

ments.

sium hydroxides in standard states have been reevaluateéd) The following relative atomic masses are adopted

This activity was stimulated by the existence of new data
since the time of publication of four critical reviews contain-

ing analogous informatiof82GUR/VEY], [82MED/BER),
[82WAG/EVA], [85CHA/DAV].

[93IUP]: O, 15.9994; Cs, 132.90543; H, 1.00794; K,
39.0983; Rb, 85.4678.

(5) In the Appendices for each hydroxide, the experimental
values of enthalpy, heat capacity, and equilibrium con-

This review is divided into two parts: Part | was published
earlier[96GUR/BER and was devoted to the compounds of (6)
Li and Na; Part ll(this article is devoted to the compounds
of K, Rb, and Cs. The review for each compound contains a
brief description of all experimental and theoretical studies
of thermodynamic and molecular constants linked with the
calculations of tables of thermodynamic properties. The

stants obtained in the cited studies are given.

Tables of “Thermodynamic properties at 0.1 MPa” are
calculated, using thermal functions for reference sub-
stances Kcr and lig and @ Rb(cr and lig and ¢ Cdcr

and lig and ¢, H,, and Q(g) from [82GUR/VEY]. The
transition from condensed to gaseous occurs for potas-
sium at 1039 KAH (K, 0 K) = 89.891 kJ mol?], for

J. Phys. Chem. Ref. Data, Vol. 26, No. 4, 1997
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rubidium at 977 K[AH(Rb, 0 K = 82.192 kJ
mol~1], and for cesium at 948 KAH(Cs, 0 K
= 78.014 kJ mol]. The uncertainties of the standard

enthalpy and Gibbs energy of formation are estimatec
using uncertainties in the thermal functions adopted ir

this work and in[82GUR/VEY].

(7)

The fundamental constants used in the statistical me

chanical calculations are taken from the CODATA rec-
ommendation§88COH/TAY].

1.1. References for Introduction

82GUR/VEY

82MED/BER

82WAG/EVA

85CHA/DAV

88COH/TAY

93IUP

96GUR/BER

L. V. Gurvich, I. V. Veyts, V. A
Medvedev, G. A. Bergman, V. S. Yung-
man, and G. A. |. Khachkuruzov, Termo-
dinamicheskie svoistva individual’nykh
veshchestv. Spravoschnoe izdanie v 4-kh
tomakh. Moskva: Naukd(1), (1982.

V. A. Medvedev, G. A. Bergman, V. P.
Vasil'ev etal, Termicheskie konstantu
veshchestyVINITI, Moscow, 1982, Vol.

10.

D. D. Wagman, W. H. Evanst al, “The
NBS Tables of Thermodynamic Properties.
Selected Values for Inorganic,Gnd G
Organic Substances on Sl Units,” J. Phys
Chem. Ref. Datd 1, Suppl. 2(1982.

M. W. Chase, C. A. Davies, J. R. Downey,
D. J. Frurip, R. A. McDonald, and A. N.
Syverund, J. Phys. Chem. Ref. Datl4,
Suppl. 1(1985.

E. R. Cohen and B. N. Taylor, J. Phys.
Chem. Ref. Datd 7, 1795(1988.

“Atomic Weights of the Elements 1991,
IUPAC Commission on Atomic Weights
and Isotopic Abundances,” J. Phys. Chem.
Ref. Data22, 1571(1993.

L. V. Gurvich, G. A. Bergman, L. N. Gor-
okhov, V. S. lorish, V. Ya, Leonidov, and
V. S. Yungman, J. Phys. Chem. Ref. Data
25, 1211(1996.

2. Potassium Hydroxide

2.1. Potassium Hydroxide in Condensed Phases

At atmospheric pressure, KOH exists in three crystal
phases: a low temperature monoclinic modificaiidr226.7
K), space group B, with antiferroelectric ordering
(a-KOH); a room temperature monoclinic maodification
(226.7-517 K, space group B&n (B-KOH); and a high
temperature cubic modificatio(617-679 K, space group
Fm3m (y-KOH). See Table 1, Part [96GUR/BER. The
a—f transition at 226.7 K was not known before 1986
[86BAS/ELC]. Thus, in many earlier studies the transition at
517 K was denoted as—g transition.

J. Phys. Chem. Ref. Data, Vol. 26, No. 4, 1997
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Fic. 1. Heat capacity of KOH at 15-100 K.

2.1.1. Heat Capacity and Enthalpy Measurements of
KOH(cr&liq)

Temperatures below 298.15 K

[70STU/HIL]
Stull et al. measured the heat capacity in adiabatic calo-
rimeter at 20—298 K. A commercial sample of KQHe-

"agent grade) was dried under vacuum at 425 °C. Analysis

by acid titration indicated 97.8% KOH and 2.2%
K,CO;. No information concerning other impurities was
given. The low temperature adiabatic calorimeter was de-
scribed in[630ET/MCD]. The calorimeter was calibrated
using the benzoic acid standard; measurements agreed with
the standard values in the limit of 3% below 20 K, 0.5%
from 30 to 80 K, and 0.3% from 80 to 300 K. The heat
capacity values for KOH were corrected for the presence of
2.2% K,CO;. Stull et al. only reported smoothed heat capac-
ity values(see Table 1 and Figs. 1 ang. Zhey detected a

80

E £
E E
E r++++ [B8WHI/PER N L
©J  sseen 70STU /HIL 5* -
— ™7 c Lt
Tf 5 T T N
o 1 R
€ o3 .
i LO: +
] +8
‘T ] +
X 3 °
. < .
27 .
OQ E ’
3 .
E .
[ B!
M
. T/K
O:
S A B R A RRRABEASRRS
50 100 150 200 250 300 350

Fic. 2. Heat capacity of KOH at 100—350 K.
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broad\ -type transition with a heat capacity peak at 227.5 K,
but the value of the enthalpy of transition was not given. The

&)
(@]
J

. . +++++ [BBWHI/PER
extrapolation of the heat capacity below 20 K by thelBw seccs Zigngﬂv//%[ﬁi
led t0 S° (20 K) = 0.54 JK'mol ! and H° (20 K) 40 frécsesete [51VED,)SKU

—  Recommended

—H°(0) = 7.9 Jmol!. Stull etal. calculated the values
$°(298.15 K = 18.85 calK! mol™! = 78.87 JK?
mol~! and H° (298.15 K—H°(0) = 2904 calmol?
= 12.15 kJ mol %

[88WHI/PER]

White et al. measured the heat capacity at the tempera
tures from 16.65 to 341.71 K. The sample was prepared b
drying of KOH (“Alpha ultrapure™) in vacuum at 160 °C in
a zirconium crucible. The sample contained 0.05 mass 9
H,O and 2.8 mass % §CO; as impurities(the level of car-
bonate impurity was determined by x-ray powder diffrac- P n s A+ aananss i
tion). The heat capacity of powdered KOB0.6911 ¢ was
measured in a heat-pulse adiabatic calorimg4WWHI] with
an accuracy 1%; 130 experimental values were obtaisee F
Table 2 and Figs. 1 and)2The authors determined a wide

N-anomaly in the heat capacity curve between 210 anq 23ﬁ1easurements for liquid KOKE91—1228 K . These data
K centered at 226:70.2 K. The enthalpy of the transition .. isted in Table 3 and shown in Figs. 3 and 4. Twelve

was derived from integration of the excess heat capacity; thSnthaIpy measurements were not used in the least-squares
results wereA,H=222+3 Jmol'! and A,S=1.01 J analysis.
namic functions. represented by linear equatiofis cal ¢):

Temperatures above 298.15 K B-cr(273=522 K:H°(T)-H°(273 K)=0.32T-273.15 K),
[51VED/SKU] . . .

Vedeneev and Skuratov measured the enthalpy between lig,(673 1228 K:H(T)-H*(273 K)
19 and 100 °C. A commercial sample of KOFKahl- =52.5+0.354T-273.15K).
baum™), containing about 15% }O, was dehydrated in a dry
stream of N by heating in a silver container at 400—-420 °C,
then in vacuum(p = 2-3 mm H during 24-28 h. The
chemical analysis of the sample gave 98.51% KOH, 1.4

()
o

Lot lg v byl

N
(&)
1

H(T) — H°(298.15) (kJ "mol™")

Lt

®

. 3. EnthalpyH°(T) — H°(298.15 K for solid KOH at 298—-679 K.

Thus, constant values for heat capacity #KOH and
KOH(liq) were recommendedC, = 0.32 calK'g™*
gy 751 JK*mol™* and C;, = 0.35£0.02 calK'g™*

K,CO; and 0.01% HO. The six enthalpy measurements =82.2+4.7 JK 1 mol™ 1, respectively. Note that this latter
were made in a massive copper drop-calorimeter calibrateré‘alue was fquded by Powers and Blalock _frc_)_m 0.354 to
by the heat capacity of water. The average value of “meal -35 cal K*g™". In view of the poor reproducibility of the
heat capacity” was calculated &,(19-100 °G=0.2996
+0.0006 cal K1 g 1. After correction for KCO, impuri-
ties, the value 0.3009 cal'® g~! was obtained, and then
H°(373.15 K-H°(292.15 K=5721 Jmol! and
H°(373.15 K—H°(298.15 K=5318 J mol .. 90

[54POW/BLA]

Powers and Blalock measured the enthalpy
H(T)-H(273.15 K of solid and liquid KOH from 435 to
1228 K. The capsule material was nickel. Chemical analysi:
of the sample of KOH carried out after measurements o
enthalpy showed an increase of®0; impurity from 0.12%
up to 0.28% and a decrease of the total alkalinity from 100%
to 98.68%.

A Bunsen ice calorimeter was us¢f1RED/LON]. The
calorimeter was calibrated with aluminax{Al,O3) in the
range 700-1200 K; the results were in agreement with thi e S S
US NBS datd47GIN/COR to within 3%. Powers and Bla- 650 750 850 950 1050 1150 1250
lock made four measurements @KOH enthalpy(435-491
K), seven measurements fgrKOH (532-571 K, and 69 F

***** 54POW/BLA
owoaa [71GIN/GUB
Recommended

H(T) — H°(298.15) (kJ mol™)

T /K

prresrr by b e berr e i

G. 4. EnthalpyH°(T) — H°(298.15 K) for liquid KOH at 679—1228 K.
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342 K). The data of these two studies are in poor agreement.
BBWHI/PEI? Below 40 K the deviations are about 30%. In the range 50—

b coeno |71GIN/GUB
1009 e 54POW//BLA 100 K the heat capacity values obtained TOSTU/HIL] lie

— Recommended

1054

PR

] 0.5%—-2% lower than those frol@8WHI/PER. Above 120
95 K the deviations increase up to 4% at 200 K and up to 6% at
] 298 K. It is difficult to explain these discrepancies. Appar-
- 993 ently, the sample of KOH used if7OSTU/HIL] was not
< 1 a I pure; the KCO; impurity was determined as 2.2%, but the
2 ] other impurities(including H,0) were not specified. In the
o o] : ’ ’ [88WHI/PER study, the KCO; impurity was slightly larger
: . : (2.8%), but impurity of HO was very small(0.05%. This
latter value was determined from the DSC endothermic ef-
fect due to fusion of the eutectic KOH - KOH,0 at 377 K.
T /K The data of Whiteet al. [88WHI/PER were adopted
] based on the good agreement between the heat capacity be-
R e A A A 21 AL WY low 342 K[88WHI/PER and the enthalpy measurements at
373.15 K [51VED/SKU] and in the range 373-503 K
Fic. 5. Heat capacity of KOH at 300800 K. [7IGIN/GUB]. The datd 70STU/HIL] do not agree with the
enthalpy measurements mentioned above; the deviations are
—5% for the enthalpy incrememi® (373 K) — H°(298.15
K) and more than 10% for the heat capacity at 3738aK-

enthalpy values foB-KOH, the authors did not use these . _
results for calculations. The heat capacity pKOH, C, Ip;a;;%n:g;gg L}eat capacity djff0STU/HIL] were extrapo

=0.335calK1g ! =78.6JK mol ! was estimated as
an average value between the values g6fOH and liquid
KOH. The enthalpy of transition A,H(249°Q=24
calg '=5.63 kJmol! and the enthalpy of fusion
ApsH (406 °O = 40 calg! = 9.39 kJ mol' ! were calcu-

Calculation of the thermal functions in the range 5-298.15
K (see Table 1pwas made by the spline meth¢84LUT/
GUR] using the data of Whiteet al. [BBWHI/PER. At
298.15 K it results in the following values:

Cp(298.15 K = 68.930.7 J K tmol?,

lated. S° (298.15 K = 81.25-0.8 J K 1 mol 1,
[71GIN/GUB, [71GIN] H° (298.15 K—H°(0) = 12600+ 100 J mol ..
Ginzburget al. measured the enthalgymean heat capac-  These values are compared with those recommended in

ity” ) by drop calorimetry from 373 to 1073 K. The sample different reviews(based on the daf@0STU/HIL]) in Table
was prepared from commercial KOH containing 15%0H 5. The uncertainties of the adopted values are due to the
Dehydration of the sample was carried out by heating of theliscrepancies of data mentioned above.
melt in vacuum at 450-470 °C for 1.5 h. According to the Figure 3 shows the enthalpyl®( T)-H°(298.15 K of
chemical analysis, the sample contained 98.5% KOH, 1.5%olid KOH measured if51VED/SKI1J], [54POW/BLA], and
K,CO;3 and the traces of C| SO;~ and PJ™. Nickel cap-  [71GIN/GUB]. The values oH°(T)—H°(298.15 K at 310,
sules were used. The authors carried out 51 measurements3#0, 330 and 340 K calculated by integration of the heat
the enthalpy at 19 temperatures. The enthalpy values werkgapacity datd88WHI/PER are also given on Fig. 3. All
corrected for the 1.5% 4CO; impurity. The experimental these data fo3-KOH agree satisfactorily with each other
data were given in graphical form and equations only. Theyithin about 0.5%, except those by Powers and Blalock
smoothed values of heat capacity and enthalpy are listed if564POW/BLA]. The latter are inaccurate because of low re-
Table 4 and shown in Figs. 3 and 4. producibility of experimental results, especially for solid
The following enthalpy of transition values and equationsKOH. An average deviation in this case was about 10% for
for the heat capacityin cal K~ mol') were recommended B- and y-KOH. In addition, the measuremenf§4POW/
by Ginzburget al. BLA] appear to have systematic error which yielded in over-
p-cr, (298.15-522.15 KCE:11-933+14-59'10_3T, estimation of th_e results. _This conclusion is_ made on the
basis of comparison of their measurements with the enthalpy
y-cr, (522.15-683.15 K c;: —7.735+47.13107°T, values of alumina used as a standard; the values obtained in
[54POWI/BLA] are 2%—3% higher than those recommended

qu, (683.15—1300 K C;=20.845, in [47G|N/CO|§.
Ay H(522.15 K=1229.7 cal mot* The . .equ_ation for heat capacity of the monoclinic
B-modification of KOH:
— 1
Anst(683.15 K=1744.1 cal mol™. C3/3 K™ mol~1=53.864+ 51.41510°T—-0.234
Discussion of Heat Capacity and Enthalpy Data 16T -2

Figures 1 and 2 show the low temperature heat capacity

values[70STU/HIL] (20—298 K and[88WHI/PER| (16.65— Was derived by analysis of the dd@&lVED/SKU], [71GIN/
GUB], and[88WHI/PER. The following values were used:
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four points of the enthalpy incremert81GIN/GUB] (373—  [15SCAZ
503 K), one point at 373.15 K which is an average value of Scarpa studied the system KOH - KC1 and determined
six measurements of the enthalfplVED/SKU], and eight T,,=266 °C= 539 K andT;,s=3800 °C= 653 K by DTA.
points of H*(T) — H°(298.15 K at 260—340 K obtained by The sample of KOH contained 1.47%®O; as an impurity.
integration of the heat capacity measured88WHI/PER. 3EWL]

There are only two works devoted to the measurements (Q
the enthalpy increments for-KOH and liquid KOH -
[54POW/BLA] (below 1228 K and [71GIN/GUB] (below
1073 K). However, the datg54POW/BLA] are not accurate
and have systematic errorsee above In the data of [49SEW/MAR]
Ginzburg et al, the values fory-KOH were fitted by an Seward and Martin determinélg,s=249 °C= 522 K and
equation which gives a rise to the heat capacity, fromTgs=410+1°C = 683 K by DTA. The KOH sampldthe
Cp(522 K=71 J Kimol™! to C,(683 K)=102 ‘“reagent” quality) was dehydrated in a nickel container at
JK Imol™l. The comparison of the heat capacities for475-500 °C during 10—12 hours.
y-NaOH andy-CsOH shows that fory-KOH the constant [51DIO], [52RES/DI]
value close to 80 J K! mol~! might be more reliable. The Diogenov et al. studied the systems KOH - KNQand
hea.t capacity ofy-KOH then becomes .equal to the .heat Ca-KOH - K,CrO, and determined =256 °C = 529 K and
pacity of 8-KOH at Ty B-v) . For the internal consistency T=403°C = 676 K by the visual method of thermal

gf data for Iltqwd K?: anldy-K‘(m)HF:t IS gzce;sa&/ t_o |r(1jt_ro- analysis(observation of crystal appearance upon slow de-
uce corrections in the values &f,H andA;,H obtained in ecreasing of the melt temperatiire

[71GIN/GUB]. These corrections are calculated using th

Ewles obtained a value for the KOH transition tempera-
ture, T,s=242 °C= 515 K, by the disappearance of fluores-
cence.

equation: [52BER/KHI], [53KHI/KHI], [54KHI]
Khitrov and co-authors determindg =240 °C= 513 K
[H°(683.15 K—H®(522.15 K]—C,(y-KOH) and T;,<=406 °C = 679 K by thermal analysis. The KOH

T T.)—(35860—21937—80(683.1 99 1 sample was dehydrated by heating in a silver container at
~ (Trus™ Tiy) = (35860~ ¥—80(683.15-522.1p 500 °C in a stream of 0 and CQ—free air for 6 h. A
=1.05 kJ mol? chemical analysis showed that the sample of KOH contained

the traces of KO and KCO; only.
and dividing the value 1.05 kJ miot into two parts(0.45 2

and 0.6 kJ mol?). These values are added to the values of >4BER/RES

AyH andAqH obtained in[71GIN/GUB]; Bergman and Reshetnikov determined the fusion tempera-
rs fus ture, T,s=404+1°C, by the visual method of thermal
AyH=5.15+0.45=5.6 kJ mol?, analysis.
ApH=7.3+0.6=7.9 kI mol™ [S4POW/BLA

Powers and Blalock obtainefl,H=5.63 kJmol'! and
Figure 4 shows the enthalpy increments for liquid KOH A,H=9.39 kJ mol? (see discussion of the enthalpy data
measured if54POW/BLA] (691-1228 K and in[71GIN/ [56COH/MIC]

GUB] (700-1073 K. Constant valuesC, = 82.2+4.7 Cohen-Adad and Michaud investigated the system KOH -

-1 -1 1 -1
JK™"mol™* and 87.2 JK"mol"", were calculated from |, 504 determined by thermal analysis the transition
these data, respectively. As was mentioned, the data obtaln? 42°C = 515 K) and fusion temperature§401+ 1 °C
by Powers and Blalock are less accurate than the data of ., K). Chemical analysis indicted the sample of KOH
Ginzburget al. A value of 87.0 JK! mol ! for the heat contained about 1 5% JCO,
capacity of the liquid was adopted, based on the data from ' ’
Ginzburget al. [S8RES/VIL]
Reshetnikov and Vilutis obtained by DTA the transition

Phase Equilibrium Data and fusion temperatures 250 *€523 K and 404 °C= 677

[10HEVZ]

Hevesy determined the temperatures and enthalpies of
polymorphic transition and fusion by a thermal analysis
method. A commercial sample of KOfMerck” ) that con- o .
tained about 0.4% }CO, was dehydrated in a silver con- €S 401 °C= 674 K by DTA and 403 °C= 676 K by a
tainer at~450°C “for many hours.” The cooling curves visual method of thermal an_aly5|s. The deh)idratlon of KOH
were made with the rate 12 °C/min. The transition and fusior"r:""wnples was made by heating at 450-500 °C.
temperatures, 2480.5°C = 521 K and 360.40.7°C [59ROL/COH
= 633.55 K, were obtained from these measurements. The Rollet et al. prepared a sample of KOH by electrolysis of
enthalpy of transition(27.1 calg! = 6.36 kJmol'') and K,CO; water solution in a stream of H After purification
the enthalpy of fusiori28.6 cal g* = 6.71 kJmol' ') were  and dehydration the sample of KOH contained about 0.1%
obtained by a quantitative thermal analysis. K,CQO; only. For cooling and heating curves, the values

K.
[BORES/UNZ
Reshetnikov and Unzhakov measured the fusion tempera-
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Tys=242 °C = 515 K andT;,s=404 °C= 677 K were ob- [80BAI], [BOBAI/SHA], [83BAI], [88BAI/NIK]
tained. Baikov et al. obtainedT, =515 K by DTA and by a ki-

netic investigation(the anomalous temperature dependence
[Giﬂl\?(lﬁg,ugeitcgHi/nl\\/l/:acs]tigate d the systems KOH,@ and of a separation coefficient for hydrogen isotopes in the KOH

KOH-K,CO, and determined by DTAT,.=242+03°c C/Stal-gas system

= 515 K andT,=404 °C= 677 K for KOH. [86BAS/ELC] _

(iRESIRON o e e e Ko e P
Reshetnikov and Romanova studied the system KOH )

KN, and ottained by DTAT,—248+1°C = 521 K and g {70 2o ne e e Camples wae
Trs=404 °C = 677 K for KOH. y Np. g purity D

not given. The DSC measurements with slow heating rates
[63LUX/BRA] (~0.4 K/min near the transitiongave thex-curve with the

Lux and Brandl studied the system KOH @ and ob- maximum at 233 K. The same transition temperature was
tainedTys=248 °C= 521 K andTg,s=416 °C= 689 K for  derived from the temperature dependence of the dielectric
KOH. constant. For KOD the transition temperature was deter-
[66MIT/GRO] mined as 257 K.

Mitkevich and Grot investigated the system KOH-K and The structures of KOH at 77 K and 293 K have been
obtained by DTA:T,s=242-247°C= 515-520 K and determined from high resolution neutron powder diffraction
Trus=399-404 °C= 672-677 K for a KOH sample contain- data. Both modifications of KOH were monoclinic; the low-
ing 98.9% KOH and 0.5% K. temperature modification had a space groug/@®2and the
[67MIC], [68MIC] high-temperature one had a space grougfR2The phase

Michaud studied the system KOH-LIOH and obtained thetransition KOH at 233 K was described as an order—disorder
values T,=244°C = 517 K and Ty=405.2-0.3°C transition; the crystal adopted an ordered antiferroelectric ar-
= 678.35 K by DTA for a KOH sample that was dehydrated’angement.
at 500 °C during 2 h. [87MAC/JAC]

[67RES/BAR, [69RES/BAR Machet al. determined by DSC the temperature of a phase

Reshetnikov and Baranskaya investigated a sample dfansition of KOD at 251 K.
KOH that contained about 0.3%,&0; and 0.1 HO. They  [88WHI/PER]
obtained the valuesT,=242°C = 515 K and White et al. measured low-temperature heat capacity of
Trus=406-407 °C= 679-680 K by the thermal analysis. KOH (see discussion of heat capacity daiad obtained the
The enthalpy of transitiom\,;H=1.54 kcalmol* = 6.44  \-anomaly centered at 226:0.2 K. From integration of the
kJmol'* and enthalpy of fusiompH=1.98 kcalmol!  excess heat capacity in the range 210-235 K the authors
= 8.28 kIJmol* were determined by quantitative DTA; calculatedA ,H=222+3 J mol ™.
A¢H° = 6.59 kJ mol ! for NaOH was adopted as a standard.DiSCuSSion of Phase Equilibrium Data

[67RUB], [68RUB/SER The low-temperature— 8 phase transformation of KOH
Ruby studied the system KOH - KF and obtainedis a transition into an ordered antiferroelectric state. This
Tys=244 °C= 517 K andT,s=404°C = 677 K by DTA.  transition is accompanied by theanomaly of heat capacity.
Ruby et al. [68RUB/SER investigated the system KOH - Bastow et al. [86BAS/ELC] determined the maximum of
KC1 and obtained,s=405 °C = 678 K. \-curve at 233 K by DSC. More precise data were obtained
[67TSE/ROG by the heat capacity measurements made by SHudl.
Tsentsiperet al. studied the system KOH - JO and ob- [70STU/HIL] (227.5 K) and by Whiteet al. [BBWHI/PER]
tained by DTA: T,=245°C = 518 K and T;,=401 °C (226.70.2 K) (see discussion of heat capacity dataghe

= 674 K for the KOH sample containing 0.7%,80; and  latter value is adopted in present review. N
the traces of KO. The measurements of the temperaturegefy transition

(monoclinic - cubig are listed in Table 6. The results of

[71(.5|N/GUB] . . these measurements are in the range from 513 to 539 K. The

Ginzburget al. obtameld for KQHA"‘SH:E"E kJ mot comparatively high scatter of these data probably may be
and A sH=7.30 kI mol~ (see discussion of the enthalpy gy \ained by the rather low purity of the samples used for
data. investigations and by the errors of the thermal analysis
[74BEC/COU method. The best measurements of transition temperature

Using a KOH commercial sample, Bet al. obtained a  were fulfilled by [67MIC, 67RUB, 67TSE/ROG, 69RES/
transition temperature 244°€ 517 K by DTA. The authors BAR, 74BEC/COU and values in the range 515-518 K
made an x-ray investigation of the various KOH modifica-were obtained. The average valug,,=517+3 K, is
tions and observed that this temperature corresponds to adopted in the present review.
monoclinic to cubic transition. The results of numerous measurements of the melting
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point of KOH are listed in Table 7. The underestimated val-S°(T) at 500 K, respectively. For liquid KOH the differences
ues of T,s Were obtained in the older studi¢dOHEV2, increase up to 3 and 5 J¥ mol ! due to the use in this
14NAI/BER, 15SCA because the investigated samples ofstudy of different data for the enthalpies of transition and
KOH were not completely dehydrated. The valuesTgf, fusion and for the heat capacity of the liquid.

obtained in the other studies, are in the range 672—689 K. In

the present reviewl;,s= 679+ 2 K is adopted. This value is

an average of the results of the six best studiégMIC, 2.1.2. Enthalpy of Formation of KOH(cr)
68RUB, 61KOH/MIC, 67RES/BAR, 71DIO/RES, 54KHI
The enthalpy of the «a—B transition of KOH The enthalpy of formation of crystalline potassium hy-

(AyH=222+3 I mol'!) was calculated by integrating the droxide can be obtained from its enthalpy of solution in wa-
excess of heat capacity of KOH made[B8BWHI/PER] (see  ter and appropriate auxiliary data. The enthalpy of solution
discussion of heat capacity datd@his value and the entropy of KOH(cr) in water has been determined by the various
of transition A,S=1.01 J K" mol~!) was used in the cal- investigators. These data are summarized in Table 12 and
culation of the thermodynamic functions of KOH below discussed below.

298.15 K.

The data for the enthalpy g8—v transition and the en-
thalpy of fusion of KOH are listed in Tables 8 and 9. The
adopted values for the enthalpy of liquid KOH, from the data Be_rthelot(see aIscElB?SBEF_QZ) meas‘!fed the enthalpy of
[71GIN/GUB], must be in agreement with the adopted vaI-SOIUIIOn Of.KOHCD In water in a calonmgter at 284.55 K
ues of the heat capacity and the enthalpies of transformatior@ne experiment The precision of the cghbratlon and tem-
of KOH. To achieve this, we made corrections in the enthalper"ﬂure megsurements, the samp[e purlty, and the methoq of
pies of B— transition and fusion of KOH71GIN/GUB] a_na_llyS|s of final solution was not indicated. Therefore it is
(see discussion on enthalpy dasmd adopted the following difficult to evaluate the uncertainty of Berthelot’s results.

values: Ay H=5.6+0.6 kimol'! and Ay H=7.9+0.8 [1886THO®
kJ mol L. Thomsen measured the enthalpy of solution of KEHin

water at 290.42 K in an isoperibol calorimei@ne experi-
mend. The calorimeter energy equivalent was determined by
a sum of heat capacities of all substances and part of the
calorimeter. This method is not precisely correct. No infor-
mation regarding the purity of the KOH sample was given.

Experimental Studies
[1875BER?

Calculation of Thermal Functions of KOH(cr&liq)

The thermal functions of KOkr) for the temperatures
20-298.15 K(see Table 1pwere calculated using the data
[88WHI/PER and spline techniqud94LUT/GUR]. The
thermal functions of KOKtr&l) for the temperatures
0—2000 K(Table 13 are calculated using the adopted values 01FOR? . .
and equations presented in the previous section and the dataForcrand measured the enthalpies of solution of KGH

from Table 10. The uncertainties of the tabulated values ar! Water (one experimentand a series of solids containing
given in Table 13. various amounts of water in the range KQ@®i25-

The folowing values are adopted: 1.55H,0 (five experimentgin an isoperibol cal_orimeter. We
i B L treated the[01FOR data for KOH-nHO using a least-
Cp(298.15 K = 68.93-0.7 J Kl molil, squares method and obtained the corresponding equation
S°(298.15 K = 81.25-0.8 JK “mol 7, L A H/kImol 't = f(n). The A,H value was found to be
H®(298.15 K-H*(0) = 12600+ 100 J mof ~. equal—48.9 kJ mol ! for n=0 (see Table 12 Some essen-
Heat Capacity Equation§in the following temperature 5| getails of measurements were not giveng., the purity

ranges: e of samples, the precision of temperature measurements
B-cr, (298.15-517 K C3/J K~ mol
—53.864+ 514151073 T-0.2341C° T2, [46VOS/PON _ _
y-cr, (517—679 K: C:/J Kt mol~! = 80 The enthalpy of solution of KOkr) in water was mea-
lig (,679—2000 K : CE/J K-1mol ! = 87’ sured in a calorimeter at 298.15(Kvo experiments Essen-
t . p .

Phase Equilibrium Data: tial details of measuremefpurity of the KOH sample, pre-
a— transition: Ty /K = 2.26 7 andA..H/J mol! = 222 cision of temperature measuremegmigere not given. The
B— transition:Ttr/K = 517;3 andgs H/J mol L " result of this work is about 23—27 kJ mdl less negative

4 T - us than theA,H:, value obtained by other authofsee Table

Fusion: T /K = 6795252?3360&” mol- 1 12). The reason for this could be attributed to the presence of
e _ 7906i800 fus a significant amount of O impurity in the KOH sample as

The calculated values of the thermal functions of KO©H was indicated by the authofd6VOS/PON.

lig) differ from those listed in earlier revieW82GUR/VEI|
and [85CHA/DAV] (see Table 11l due to the use in this °The data obtained by Berthelof1875BER, 1875BERR Thomsen

; [1886THQ and Forcrand 01FOR [measurements with KORr)] were
StUdy of the new eXpe”mental daESBWHI/PEﬂ for the recalculated by Parké65PAR] taking into account the changes of atomic

low-temperature heat capacity of KOH. These diﬁerencesweights and the corrections for transition to the standard temperature and
are about 2 and 4 J K mol™?! in the values ofd°(T) and infinite dilution. Her recommendations are listed in Table 12, column 6.
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[61REY] sis [titration with HC1(ag)] indicated that the sample con-
Reshetnikov measured the enthalpy of solution of KOHtained the KCO; impurity (0. 24+0.01 mass % The cor-

(cn in water at 298.15 K using an isoperibol calorimeter.rection for this impurity was taken into account.

The temperature was recorded on a platinum resistance the;sssion of the Enthalpy of Formation Data

mometer with precision of=0.0005 K. The energy equiva-  The results of the older studi¢ 875BER, [1875BER2,
lent of the calorimeter was determined electrically. The calo 1886THO, (01FOR) have only historical interest because
rimeter was tested by measuring the enthalpy of solution 0% 4t time experimental techniques, methods, and materials

KC1; .the results obtained were in good agreement with thg o e of poor quality. Moreover, many important details of
best literature datésee[82MED/BER]). The author declared  oaqrements were not recorded in these papers. It is also

that his KOH sample was pure, but did not quantitativelyobvious (see experimental studies secfiothat data of
specify its purity. All preparative handlings as well as Ioad'[46VOS/POI\] are erroneous.
ing the calorimeter sample holder were made in a nitrogen- a A{H°(KOH,cr,298.15 K values based on the data of

filled glove box. Reshetnikof61RES and Koningset al.[88KON/COR) are
[88KON/COR more accurate. The precise isoperibol calorimeters and purer
Konings et al. measured the enthalpy of solution of KO- KOH samples were used in these studies, but the sample
H(cr) in water in a precise isoperibol calorimeter at 298.15used by Koning®t al. was more carefully characterized. The
K. The energy equivalent of the calorimeter was determineanthalpy of solution of KOktr), determined by Konings
by an electrical method. The precision of temperature meaet al, is 1.2 kJ mol ! more negative than value obtained by
surements was- 0.0002 K. The KOH sample had a rather Reshetnikov, who did not specify the purity of his KOH
high purity. It was prepared from potassium metahde sample. Thus tha;H°(KOH,cr,298.15 K value obtained by
mark “Baker”), that was heated at 570 K in argon saturated<oningset al. [88KON/COR is taken to be more reliable.
with water vapor. Potassium content in the KOH sample was o _
69.74+0.12 rr?ass %the calculated value is 69.68 ma2$.% AfH°(KOH,cr,298.15 K= —423.450.2 kJ mol ™
The x-ray powder-diffraction analysis showed that no otherThis value and similar values, as recommended in other re-
crystalline phases except KOH detected. The chemical analyiews, are compared in Table 5.

2.1.3. Appendix. Tables of Experimental and Evaluated Data for KOH(cr)

TaBLE 1. Smoothed heat capacity of KOHOSTU/HIL]

Cp
T/IK cal K"t mol™* JK mol™?
20 0.387 1.619
25 0.756 3.163
30 1.25 5.23
40 2.40 10.04
50 3.62 15.15
60 4.80 20.08
70 5.84 24.43
80 6.73 28.16
100 8.15 34.10
120 9.25 38.70
140 10.15 42.47
160 10.95 45.81
180 11.78 49.29
200 12.89 53.93
210 13.80 57.74
220 15.45 64.64
224 16.79 70.25
227.4 18.85 78.87
229 16.15 67.57
230 15.63 65.40
234 15.25 63.81
240 15.15 63.39
260 15.21 63.64
280 15.34 64.18
298.15 15.51 64.89
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TaBLE 2. Experimental heat capacity of KO88WHI/PER

N TK  CYIK*mol™t N TIK  CyYIK *mol™?
1 16.65 1.781 51  201.64 56.32
2 20.39 2.128 52 203.98 57.31
3 22.90 2.702 53 204.09 57.42
4 25.02 3.342 54  206.36 58.26
5 26.74 3.575 55  208.77 59.27
6 28.56 3.710 56  210.64 60.36
7 30.43 4.670 57 21121 60.45
8 32.90 5.853 58  212.36 61.24
9 35.56 7.117 59 21363 61.86
10 39.14 9.004 60  213.67 62.05
11 4355 11.27 61  216.16 63.50
12 4831 14.03 62  217.09 63.67
13 5323 16.71 63  217.80 64.84
14 5838 19.36 64 21850 65.41
15  63.58 21.25 65 21857 65.47
16 6814 23.60 66  218.67 64.93
17 7327 25.33 67  219.22 65.92
18  76.56 27.30 68  220.02 66.27
19  81.09 29.17 69 22115 67.76
20  85.84 30.78 70 22161 68.93
21 90.72 32.33 71 22283 68.89
22 95.67 33.87 72 22343 70.93
23 100.68 35.34 73 22366 71.50
24 105.72 36.55 74 22524 73.01
25 11078 37.85 75 22530 73.71
26 11557 39.01 76 226.05 76.28
27 120.07 39.78 77 226.07 77.00
28 12458 40.76 78  226.70 78.15
29 127.64 41.74 79 226.83 77.81
30  129.10 41.95 80  227.21 76.52
31 13364 42.75 81 22761 75.18
32 139.07 43.54 82  228.02 74.14
33 13911 43.83 83  228.06 74.02
34 14187 44,53 84 22868 71.29
35 14553 45.01 85  229.25 69.09
36  149.03 45.77 86  229.42 68.51
37 15197 45.97 87 22947 67.86
38 15258 45.90 88  229.67 66.69
39 158.42 47.13 89  230.09 66.43
40 164.90 48.26 90 23051 65.89
41 166.18 48.51 91 23093 65.86
42 17138 49.48 92 23111 66.03
43 177.89 51.14 93  231.68 65.76
44 179.87 51.17 94 23397 65.56
45  184.43 52.21 95  236.27 65.57
46  185.11 52.83 96 23857 65.68
47 190.98 53.67 97 244.41 65.84
48 19237 54.23 98  246.68 66.38
49 19361 54.28 99  249.20 66.25
50  197.53 55.37 100  254.24 66.47
101 254.42 66.53 117 300.84 69.09
102 258.41 66.49 118  300.99 69.02
103 259.02 66.71 119  308.78 69.89
104  261.83 66.70 120 31168 69.90
105  268.70 67.46 121 31229 70.27
106  269.49 67.27 122 31541 69.92
107 271.91 67.39 123 316.75 70.11
108 27250 67.25 124 32440 71.55
109 277.22 68.14 125 32525 71.47
110  283.14 68.20 126 327.04 71.68
111 285.00 68.09 127 33217 71.94
112 285.04 67.97 128  338.96 72.66
113 286.70 68.06 129 339.97 72.58
114 29291 68.49 130 34171 72.96
115  297.65 68.93
116  298.27 69.01
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TasLE 3. Experimental enthalpy valud$°(T) — H°(273.15 K of KOH

[54POW/BLA]
He(T)— H°(273.15 K)
N TIK calg? Jmol?
1 435 54 12680
2 469 63 14790
3 485 74 17370
4 491(s01 B) 63 14790
5 537s0l,y) 112 26290
6 542 114 26760
7 545 112 26290
8 547 111 26060
9 550 111 26060
10 565 112 26290
11 57%s0l,y) 122 28640
12 691liq) 197 46240
13 693 203 47650
14 695 204 47890
15 719 209 49060
16 723 205 48120
17 725 221 51880
18 739 215 50470
19 740 210 49300
20 748 214 50240
21 773 235 55170
22 785 234 54930
23 800 250 58690
24 801 234 54930
25 809 233 54700
26 819 244 57280
27 821 239 56100
28 830 251 58920
29 833 257 60330
30 841 244 57280
31 845 270 63380
32 847 246 57750
33 897 271 63620
34 900 286 67140
35 906 278 65260
36 925 289 67840
37 949 300 70420
38 954 296 69480
39 964 289 67840
40 965 281 65960
41 987 305 71600
42 987 307 72070
43 999 314 73710
44 1027 327 76760
45 1038 311 73010
46 1042 331 77700
47 1043 337 79110
48 1047 322 75590
49 1054 337 79110
50 1067 321 75350
51 1071 344 80750
52 1075 339 79580
53 1079 329 77230
54 1079 335 78640
55 1087 359 84270
56 1095 334 78410
57 1095 341 80050
58 1125 361 84740
59 1130 334 78410
60 1136 369 86620
61 1138 370 86860
62 1140 340 79810
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TasLE 3. Experimental enthalpy valud$°(T) — H°(273.15 K of KOH TaBLE 6. Temperature of transitions of KOH
[54POW/BLA]—Continued

Reference Tys/°C TudK Comments

H'(M—H (27315 K B transition
a—

N TIK calg? Jmol?t Original studies
70STU/HIL 227.5 Heat capacity data

63 1147 342 80280 86BAS/ELC 233 DSC-method

64 1151 384 90140 88WHI/PER 226.70.2  Heat capacity data

65 1153 367 86150 Adopted 226202 Based on 88WHI/PER

66 1153 346 81220 this study

67 1159 366 85920 B-v transition

68 1159 375 88030 Original studies

69 1164 349 81930 10HEV2 248-0.5 521 Thermal analysis

70 1166 359 84270 15SCA2 266 539 Thermal analysi®TA)

71 1167 375 88030 23EWL 242 515 Thermal analysi®TA)

72 1180 379 88970 49SEW/MAR 249 522 Thermal analysiBTA)

73 1183 383 89910 51DIO 256 529 Thermal analysis

74 1183 372 87330 53KHI/KHI, 240 513 Thermal analysi€DTA)

75 1185 382 89670 SAKHI

76 1189 379 88970 56COH/MIC, 242 515 Thermal analysis

77 1189 366 85920 61COHMIC

78 1191 383 89910 58RES/VIL 250 523 Thermal analys{BTA)

79 1226 409 96010 59ROL/COH 242 515 Thermal analysis

80 1228 388 91080 61MIC 242+0.3 515.15 Thermal analysi®TA)
61RES/ROM 2481 521 Thermal analysi€DTA)
63LUX/BRA 248 521 Thermal analysis
66MIT/GRO 242-247  515-520  Thermal analy&BTA)
67MIC, 68MIC 244 517 Thermal analysi{®TA)
67TSE/ROG 245 518 Thermal analy$iBTA)
67RES/BAR, 242 515 Thermal analys3TA)

TaBLE 4. Smoothed heat capacity and enthalpy values of K@HGIN/

69RES/BAR

GUBI, [71GIN] 67RUB, 244 517 Thermal analysipTA)

o —1 -1 o o 1 68RUB/SEB
K Cp(MIIK T mol ™ H*(T) ~ H"(2908.15 K)7J mol 74BEC/COU 244 517 Thermal analy$BTA)
298.15 68.13 0 80BAI, 242 515 Thermal analysi®TA)
400 74.35 7256 88BAI/NIK
500 80.45 14995 Reviews
522.15(8) 81.80 16792 82MED/BER 5174 Based on 5 studies
522.15() 70.60 21937 82GUR/VEI 520+ 3 Based on 12 studies
600 85.95 28031 85CHA/DAV 516 Based on 69RES/BAR
683.15() 102.35 35860 and 67MIC
683.15liq) 87.22 43157 Adopted 517+3 Based on 67MIC, 67RUB,
700 87.22 44626 this study 67TSE/ROG,
800 87.22 53348 69RES/BAR, 74BEC/COU
900 87.22 62069
1000 87.22 70791
1100 87.22 79512

TasLE 5. Comparison of the heat capacity, enthalpy, entropy, and enthalpy of formation values féciK&H

298.15 K
C;(298.15 K) $°(298.15K H°(298.15K-H°(0K) A;H°(298.15K

Reference JKmol™  JK'mol™? Jmol? kJ mol?
70STU/HIL 64.89 78.87 12208
82MED/BER 64.890.4 78.87-0.6 1215G- 100 —424.67+ 0.25
82WAG/EVA 64.9 78.9 12150 —424.764
82GUR/VEI 64.90 78.870.4 121506- 80 —424.58+ 0.25
85CHA/DAV 64.894 78.90%0.84 12163 —424.72+ 0.4
88WHI/PER 68.93 81.7%5 12600
89KON/COR —423.40+ 0.14
Adopted 68.930.7 81.25-0.8 12600-100 —423.4+ 0.2

aCalculated in this review.
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TaBLE 7. Temperature of fusion of KOH
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TasLE 9. Enthalpy of fusion of KOH

Reference Tnd°C TrdK Comments Reference AgH, I mol? Comments
Original studies Original studies
10HEV2 360.4-0.7 633.55 Thermal analysis 10HEV2 6710 Thermal analysi®TA)
14NAI/BER 345 618  Thermal analysis 49SEW/MAR 7700 Calculation from system
15SCA2 380 653 Thermal analygBTA) 54POW/BLA 9390 Enthalpy measurements
49SEW/MAR 41Gt| 683 Thermal analysi$DTA) 67RES/BAR 8280 Thermal analysiBTA)
51DIO, 403 676  Thermal analysis, visual method 68MIC 8900 Calculation from system
52RES/DIO 71GIN/GUB 7300 Thermal analysi®TA)
52BER/KHI 406 679  Thermal analysis, visual method 71GIN/GUB, 7900 See Sec. 2.1
53KHI/KHI, 406 679 Thermal analysiDTA) with correction
54KHI Reviews
54BER/RES 4041 677 Thermal analysis, visual method 82MED/BER 937630 Based on 54POW/BLA
56COH/MIC 401 674  Thermal analysis 82GUR/VEI 940G: 1200 Based on 54POW/BLA
58RES/VIL 404 677 Thermal analysf®TA) 85CHA/DAV 8619+ 630 Based on 67RES/BAR, 68MIC
59RES/UNZ 401-403 674-676 Thermal analysis, visual method Adopted 7906800 Based on 71GIN/GUB with correction
59ROL/COH 404 677  Thermal analysis this study
61COH/MIC, 404 677 Thermal analysis
61MIC
61RES/ROM 404 677 Thermal analyiBTA) TABLE 10. Thermal functions of KOH:I’) below 298.15 K
63LUX/BRA 416 689 Thermal analysi®©TA) -
66MIT/GRO  399-404 672-677 Thermal analy@isTA) CQ(T) H*(T)—H°(0K) s°(T)
67MIC,68MIC  405.20.3 678.35 Thermal analysi®TA) TK  JK*mol™t kJ mor* JK tmol™
67RES/BAR 406-407 679-680 Thermal analysis, visual method 20 2073 0.0147 0.943
67RUB 404 677  Thermal analys(BTA) o5 3.311 0.0279 1.524
67TSE/ROG 401 674  Thermal analy$iBTA) 30 4.294 0.0463 2195
68RUB/SEB 405 678  Thermal analy:{TA) 35 6.903 0.0747 3.066
71DIO/RES 405 678 Thermal analys.ls 40 9.365 0.115 4.139
SOBAI 407 680  Thermal analysi®TA) 45 1221 0.169 5.407
Reviews _ 50 14.93 0.237 6.836
82MED/BER 678-3 Based on 14 stud!es 60 19.96 0.412 10.010
82GUR/VEI 678-2 Based on 20 studies 70 24.48 0.634 13.432
85CHA/DAV 679  Based on 67RES/BAR 80 2850 0.900 16.969
and 67MIC 90 32.03 1.203 20.534
Adopted 679+2 Based on 54KHI, 61KOH/MIC, 100 3508 1.539 24.071
this study 67MIC, 120 39.99 2.202 30.921
67RES/BAR, 68RUB, 71DIO/RES 140 43.90 3132 37.387

160 47.48 4.045 43.483

180 51.33 5.033 49.293

200 56.10 6.104 54.935

210 59.86 6.683 57.755

220 66.56 7.311 60.679

225 74.21 7.659 62.241

226.7 78.16 7.789 62.816

230 66.70 8.029 63.870

240 65.73 8.686 66.662

260 66.81 10.012 71.970

280 67.81 11.358 76.957

298.15 68.93 12.600 81.250

8a—f transition.
TaBLE 8. Enthalpy of3—1y transformation of KOH
Reference A HJmolt Comments TaBe 11. Differences _(.J K'mol™Y) between the thermal functions of
st KOH(cr&lig) calculated in the present work and[B2GUR/VEI, 85CHA/

Original studies DAV]
10HEV2 6360 Thermal analysi®TA)
5APOW/BLA 5630 Enthalpy measurements [Present Work[82GUR/VEI [Present Work[85CHA/DAV]?
67RES/BAR 6440 Thermal analysiBTA) TIK ACYT) A®(T) AS(t) ACLT) A®(T) AS(T)
71GIN/GUB 5150 Enthalpy measurements P P
71GIN/GUB, 5600 See Sec. 2.1 298.15 4.030 0.870 2.350 4.036 0.877 2.343
with correction 500 —0.522 1.782 3.399 -0.102 1.832 3.678
Reviews 1000 4.0 1.494 1.375 3.893 2.004 2.828
82MED/BER 5650+ 420 Based on 54POWY/BIA 1500 4.0 1.742 2.996 3.893 2.560 4.406
82GUR/VEI 6450+ 500 Based on 67RES/BAR 2000 4.0 2.207 4.148 3.893 3.168 5.527
85CHA/DAV 6443+ 630 Based on 67RES/BAR - -
Adopted 5600+ 600 Based on 71GIN/GUB with correction 2The values OfA(I)o(T) tabulated |n[85CHA/DAV] are ad]USted to the

reference temperatufe=0 instead of 298.15 K.
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TaBLE 12. The enthalpy of formation of KOfdr) from measurements of the enthalpies of solution of potassium
hydroxide in water

Al AH°(KOH,cr,

age !

Moles of No. of A H° 2 at 298.15 K, 298.15 K,°

Authors H,O,F T/K measurements kJmol? kJ mol! kJ mol!
1875BER, 260 284.55 1 —52.1 —55.5 —426.7
1875BER2
1886THO 250 290.42 1 —55.6, —57.5 —424.6
01FOR 170 294.65 1 —54.2 —55.5 —426.7

170 294.65 5 —48.9' —-50.2£2.0 —432.0
46VOS/PON 310 298.15 2 —31.4, -32.0 —450.2
61RES 620 298.15 6 —-57.17 —57.6:0.4 —-424.5-0.4
88KON/COR 6040 298.15 4 —58.59+0.1§ -58.8-0.2 —423.4-0.2

®Reaction is KOHcr)+nH,0(1) =KOH(soln,nHO).

bReaction is KOHcr) +H,0(1) =KOH (solngeH,0). Calculations were carried out by us with the exception
of the Berthelot, Thomsen and Forcrand resg#tse Sec. 2)1 The enthalpies of dilution of KOHsoln,
nH,0) to infinite dilution were taken from Parker's bo¢&5PAR).

°The CODATA values 4;H°(OH,solngoH,0,298.15 K = —230.015-0.040 kJ mol* and A{H°(K*,soln,
©H,0, 298.15 K = —252.14+ 0.08 kJ mol * [89COX/WAG]) were used in processing the experimental data.
The uncertainty was calculated as a square root from the sum of squares of uncertainties of the
A, dH:..(298.15 K, A{H°(OH",s0lnH,0, 298.15 K and A{H°(K*,solngH,0, 298.15 K values.

9The value was obtained by extrapolating the experimental [@4f&OR| for the enthalpies of solution of the
KOH-nH,O samples containing different amounts of wafeom n=0.25 to n=1.55 to zero moles of KO.
®The uncertainty was increased conditionally-t®.4 kJ mol ! owing to the opportunity of presence of some
impurities in the KOH sample.

The uncertainty was recalculated using the Student's criterion. AutH88&KON/COR uncertainty is
+0.11 kI mof %,

Y9Author's [88KON/COR value is —423.57-0.14 kJmol L. It seems that these authors do not take into
account a difference,H>— A,H°) (see columns 5 and 6 of Table)12
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TaBLE 13. Thermodynamic properties at 0.1 MPa: K@k&liq)

Cp —(G°—=H°(OK)/T S H°—H°(0K) A{H° AG°
TIK JK I mol™?t kJ mol!
0 0.000 0.000 0.000 0.000 —421.518 —421.518
25 3.311 0.410 1.524 0.028 —422.243 —419.739
50 14.928 2.097 6.836 0.237 —423.257 —416.849
75 26.430 5.032 15.192 0.762 —424.098 —413.450
100 35.080 8.681 24.071 1.539 —424.662 —409.809
150 45.692 16.614 40.477 3.580 —425.291 —402.225
200 56.100 24.415 54.935 6.104  —425.492 —394.496
250 66.331 31.974 69.359 9.346  —425.052 —386.787
300 69.028 39.251 81.677 12.728  —424.561 —-379.177
350 71.668 46.101 92.516 16.245 —426.381 —371.562
400 74.284 52.522 102.257 19.894 —425.798 —363.769
450 76.885 58.549 111.157 23.673 —425.075 —356.058
500 79.478 64.227 119.392 27.582 —424.214 —348.435
517crpB 80.358 66.085 122.064 28.941 —423.890 —345.864
517cry 80.000 66.085 132.895 34.541 —418.290 —345.864
600 80.000 76.171 144.806 41.181 —416.702 —334.357
679cry 80.000 84.744 154.702 47.501 —415.195 —323.610
679liq 87.000 84.744 166.336 55.401 —407.295 —323.610
700 87.000 87.232 168.986 57.228 —406.749 —321.031
800 87.000 98.193 180.603 65.928  —404.177 —308.961
900 87.000 107.931 190.851 74.628 —401.663 —297.211
1000 87.000 116.689 200.017 83.328 —399.236 —285.736
1100 87.000 124.647 208.309 92.028 —475.788 —269.883
1200 87.000 131.939 215.879 100.728 —472.480 —251.310
1300 87.000 138.667 222.843 109.428 —469.212 —233.012
1400 87.000 144,913 229.290 118.128 —465.980 —214.965
1500 87.000 150.740 235.292 126.828 —462.786 —197.146
1600 87.000 156.202 240.907 135.528 —459.627 —179.540
1700 87.000 161.342 246.182 144,228 —456.503 —-162.131
1800 87.000 166.194 251.154 152.928 —453.414 —144.902
1900 87.000 170.791 255.858 161.628 —450.361 —127.848
2000 87.000 175.157 260.321 170.328 —447.344 —110.953
298.15 68.930 38.989 81.250 12.600 —424.580 —379.457
Uncertainties in Functions
300 0.700 0.600 0.800 0.100 0.200 0.300
500 1.000 0.700 1.000 0.200 0.300 0.400
1000 3.000 1.200 2.000 0.700 0.700 1.000
1500 5.000 2.500 3.000 2.000 2.000 4.000
2000 7.000 4.000 4.500 5.000 5.000 8.000
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2.2. Potassium Hydroxide in Gaseous Phase estimated, or accepted in the following studies, are listed in
Table 14.
2.2.1. Potassium Hydroxide Monomer [53SMI/SUG
Molecular Constants of KOH(g) Smith and Sugden estimated the molecular constants of

The molecular constants of KOH, measured, calculatedKOH assuming a linear model of the molecule with

TasLE 14. Bond lengthgA), bond angledeg, and frequencieécm™1) of KOH in the ground electronic state

Reference r(K-0) r(O-H < (K-0-H) 12 v,(2) V3 Note
[53sMI/SUG 2.27 0.97 180 400 340 a
[58SPI/MAR] 408 b
[5gguc] 3611 c
[GOSNY/KUM] 3600 c
[61W|L] 3600 c
[66JEN/PAD 2.48 0.96 112 401 1300 3610 ¢
[66KUC/LID] 2.18 0.97 180 e
[69TIM/KRA] 2.18 0.97 180 408 395 3740 f
[71BEL/DVQ] 2.18 0.97 180 408 300 3600 ¢
[71KEL/PAD] 2.18 0.96 180 408 325 3600 f
[72KAM/MAE] 3561 c
[73PEA/TRU 2.2115  0.9120 180 h
[75KUI/TOR] 2.2115  0.9120 180 390 320 i
[76PEA/WIN] 2.212 0.912 180 408 300 i
[78BEL] 180 407.5 300.5 k
[78BEL] 413 3755 !
[78ENG] 2.2711 0.936 180 m
[78LOV] 2.2115  0.9120 180 n
[8ONEM/STH 2.23 0.96 180 401 783 3804 °
[BONEM/STH 2.23 0.96 180 399 716 3804 P
[8OPIE/LEV] 2.158 0.988 180 a
[82GURI/VEI 2.2115  0.9120 180 408 300 3700
[84DEV/CAR] 412 S
[84KAM/KAW ] 3542 t
[85CHA/DAV] 2.18 0.97 180 408 340 3610 U
[86BAU/LAN] 2.235 0.9472 180 455 .- v
[86BAU/IAN] 2.208 0.9472 180 467 - w
[87ALI/VEN] 2.2115 0.912 180 408 300 3700 T
[90KON] 180 406 280 b
Adopted in the 2.212 0.912 180 408 300 3700 '

present work

dEstimated.

bR spectrum of vapor.

IR spectrum of solid.

“Taken from the old JANAF Thermochemical Tablgefore 1971 for nonlinear configurationy, is nonde-
generate.

*Microwave spectrum.

The data fron[58SPI/MAR, 66KUC/LID| and estimates of, and v5.

9, and v, from IR spectra in Ar matrixy; is estimated; bond lengths frof66KUC/LID].

"Millimeter wave spectrum.

iMicrowave spectrumy, and v, are assumed.

IMillimeter wave spectrumy; and v, are assumed.

KAr matrix IR spectra; assignment for a linear molecule.

'Ar matrix IR spectra; assignment for a bent moleculgjs nondegenerate.

MAb initio calculation.

"Bond lengths fron{ 73PEA/TRU.

°Diatomics-in-molecules method; parameters of potential surface are calculated us{G$BiuE/PEY] ap-
proach.

PDiatomics-in-molecules method; parameters of potential surface are calculated using an alternative approach.
9STO-3G theoretical calculation.

'Bond lengths fron{ 76PEA/WIN], v, from [58SPI/MAR), v, from [71BEL/DVO], v; estimated.
Electronic emission spectra of gas.

'Raman spectra of crystal.

“Bond lengths fron{66KUC/LID]; v, from [58SPI/MAR]; v, and v from [70JEN.

YSCFab initio calculation.

YWCI(SD) ab initio calculation.
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r(O—H) = 0.97 A. The value off (K—O) was taken to be [69TIM/KRA]

equal to that for the KO molecule as estimated by Brewer Timoshinin and Krasnov listed the molecular constants of
and Mastic49BRE/MAS]. The value ofv(K-0) was esti- KOH using the datd58SPI/MAR, 66KUC/LID| and some
mated by comparison with the vibrational frequencies forestimates.

diatomic metal oxides listed by Herzbi8PHER]; the value [70JEN

of »(K-O-H) was calculated in the ionic model approxima- = jansen estimated; = 3610 cn® for a linear configura-

tion. tion of the KOH molecule and accepted the other molecular
[58SPI/MAR] constants from literature data.

Spinar and Margrave studied the IR spectrum of the equif71BEL/DVO]

librium vapor over potassium hydroxide at 690—900 °C and Belyaevaet al. reported preliminary results of an investi-
assigned an absorption at 405-410 ¢rto (KOH), where x  gation of the IR spectrum of KOH and KOD in Ar matrix at
= 1 or 2. The authors tentatively attributed this absorption tc#.2 K in the range 200-4000 cm. The observed bands at
the K—O stretching vibration of the linear KOH molecule 408 and 300 cm' were attributed, respectively, to; (the
with the uncertainty of 10 cm'. The ultraviolet and visible K—O symmetric stretchingand v, (the K-O-H bending
spectra were also observed from 2000 to 7400 A and nfundamental frequencies of linear KOH. The force field cal-
absorption of the KOH molecule was detected. culation was made on the assumption that = 3600

—1
[59BUC] om
Buchanan investigated the near IR spectrum of crystalliné7 1KEL/PAD]

potassium hydroxide and assigned an absorption band at Kelly and Padley accepted the molecular constants for a
3611+4 cm ! to v; (the O—H stretching frequengyf  linear configuration of KOH using literature data and some

KOH. estimations.

[59SCH/POR [72KAM/MAE] .
Schoonmaker and Porter assumed a linear structure for the Kamisuki and Maeda observed the IR absorption spectrum

KOH molecule but did not exclude a nonlinear one. of KOH films on a quartz carrier at 165 °C and assigned a

[60SNY/KUM] band at 3561 cm" to the O—H stretching frequency.

Snyderet al. observed the vibrational spectrum of crystal- [73PEA/TRU

line potassium hydroxide at 23 °C and assigned a wide band In the millimeter wave spectral region, Pearson and True-
at 3600 cmi? to v (the O—H stretching frequenppf KOH ~ blood observed several rotational transitions of KOH and

and a band at 643 ¢t to a lattice mode. KOD in the ground vibrational state. The measured frequen-
cies were interpreted in the terms of a linear model. The

. . . , rotational constants in the ground state were found to be in
Wilmshurst investigated the IR reflection spectra of pOtaS'disagreement with the microwave results [66KUC/LID]

sium hydroxide in the range 200-4200 ctrand assigned a which could be spurious as it had been privately communi-
band at 3600 cm' of the solid at 23 °C and a band at 3360 cated by one ofpthe author[566KUC/LID%. Theyauthors

cm ! (centej of the liquid at 440 °C ta/; (the O—H stretch- [73PEA/TRU recommended, = 8208.67910) MHz and

ing frequency of KOHI. D; = 12.186) kHz. The resulting interatomic distances were

[66JEN/PAD calculated as 0.9120 A for the O—H bond and 2.2115 A for
Jensen and Padley adopted all molecular constants dfie K—O bond.

KOH recommended in an earlier version of the JANAF[?SKUI/TOR]

Thermochemical Tables where a bent configuration of the Kuijpers et al. measured more than 50 lines of the rota-

molecule had been selected.

[61WIL]

tional transition J= 6 — 5 for a large number of vibrational

[66KUC/LID] states in the microwave spectrum ¥KOH and “KOH.
Kuczkowskiet al.carried out a preliminary analysis of the The vibrational frequencies’; = 39040) cm ! and v,
rotational transitions & 1 — 2 and 0— 1 for the ground = 320(30) cm ! were determined from the intensity ratios

vibrational state of KOH in the microwave spectrum. Theof the (0,0°,0, (0,2° 0, and(1,0,0 transitions. The rota-
authors obtained the evidence for an effective linear structional constants, and D, for linear >k OH were found in
ture, though they did not exclude the possibility of a quasi-complete agreement with those reported TBPEA/TRU.
linear structure with a small potential hump on the linearThe vibration-rotation and -type doubling constants were
configuration. Assuming 0.970.05 A for the O—H distance, also obtained.

they obtained the K—O distance as 2801 A. [76PEA/WIN]

[69ACQ/ABR] In the millimeter wave spectral range, Pearsbral. mea-
Acquista and Abramowitz made an unsuccessful attempsured rotational transitions for a number of excited vibra-
at obtaining the IR spectrum of Ar matrix-isolated mono-tional states of KOH and KOD. The data obtained in
meric KOH. They observed several bands below 350 tm [75KUI/TOR] were included in the analysis. As a result, the
which could be ascribed only to polymeric species of KOH.rotational and vibration-rotation constants of potassium hy-
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droxide were calculated for several vibrational states. Thenated from the short wavelength peak separations the
valuesv; = 408 cm ! and v, = 300 cmi ! were assumed. ground state K—O stretching frequeneyas 41218 cm L.
For the ground state, the valuBs = 8208.69117) MHz [84KAM/KAW ]

~1 o _ —7 —1
(0.273812 cm”) andD,, = 2.226(75)kH#4.08 10" cm ™) Kamesaka and Kawahara observed the Raman spectra of

were determined. The structural parameters were found aSystalline KOH and KOD at 77 K and at room temperature
ro=22132) A andr, = 2.1962) A for the K-O bond and  zq assigned a double peak band at 3531/3553

ro = 0.91210) A andr, = 0.96010) A for the O—H bond. cm™ to the O—H stretching mode of KOH.

[78BEL] (see alsd91BEL)) [85CHA/DAV]

Belyaeva investigated IR spectra of KOH and KOD Chaseet al. adopted a linear structure of KOH for calcu-
trapped in Ne, Ar, Kr, and Xe matrice$ & K in therange lating the thermal functions and selected the bond lengths
200-4000 cm?. Analysis of the spectra was carried out on from [66KUC/LID]. v, was taken from58SPI/MAR]; v,
the assumption that in gaseous phase there are both lineand v5 were estimates made by Jen$@0JEN.
and bent monomeric molecules of potassium hydroxide. Th 5KAN/HIR]
assignment of.the bands observed |n.the Ar matrix was made kanno and Hiraishi investigated a Raman spectrum of
for the stretching K-O £,) and bendingK-O-H (v) Vi-  aque0us solution of KOH in the glassy state and observed a
brational frequencies of both configurations. The bands at,nq at about 285 cnt,

407.5 and 302.5/298.5 cm were assigned to; and v,,
' 86BAU/LAN]

respectively, of linear KOH; the bands at 413 and 375 ] o
cm ! were assigned te; and v, respectively, of nonlinear Bauschlicheret al. calculated ab initio the values of

KOH. r(K-0), v(K-0), andDy(K—OH) of the KOH molecule in
the linear ground electronic state assuming the rigid OH sub-
[78ENG] (see alsd 77ENG]) unit with a fixed O—H bond distance 0.9472 A. The calcula-

Er_lgland calculatedb initio er_lergies and dipole moments ions were made using both the self-consistent fi@&H
for linear geometry and obtainedK—0) = 4.2913 a.u. 4nq singles plus doubles configuratig®iSD) levels and the

(2271 A andr(O-H = 1.7688 2.u.(0.935 A with an  oytended Gaussian basis set of at least triple-zeta plus double
accuracy about 2%, but decided that the calculations did nCBolarization quality.

unambiguously establish the linearity of the KOH molecule.
[87AL'/VEN]
[78LOV] ) ) ) Al'tman et al. in the review of the geometry and vibra-
Lovas, in the review of microwave spectra data, reCOMyjqng| frequencies for triatomic molecules recommended mo-
mended the structural parameters of KOH obtained iNgcylar constants of KOH selected from literature data.

[73PEA/TRU.
[87TRAW/YAM]
[BONEM/ STE , ) o Raw et al. studied a hyperfine structure of the rotational
Nemukhin and Stepanov applied the d'atom'cs"n'transitionsJ= 2 — 1inthe(0, 0°, 0, (1, 0°, 0, and(0, 1*
molecules approach to calculating the geometry and vibray) \jiprational states of*KOH in 32 GHz microwave region.

tional frequencies. The structure of the molecule in 'the The results provided additional support for a linear structure
ground state was found to be linear. The values of the equis the molecule.

librium bond lengths and vibrational frequencies were ob-
tained using two sets of parameters for the potential surfacéQOKON]

The authors noted some limitations of this method for pre- Konings investigated the IR%pectrum of KOH vapor at
dicting the bending frequency. 1015 K in the region 50—600 cmnt. Two strong absorption

maxima at 4064 and 28&2 cm ! were assigned to;

[SOPlE/LEV] _ L ) (the K-0O stretchand v, (the K-O—Hbend fundamentals
Pietro et al. carried outab initio calculation of the KOH of linear KOH.

molecular geometry using the STO-3G basis set and ob- ,
tained for a linear structuréC.,, symmetry the values Discussion of the Molecular Constants of K@

r(K—0) = 2.158 A andr(O—H) = 0.988 A. Over a long period of time suppositions about the geom-
etry of the KOH molecule have been rather controversial.
[82GUR/VE]] Smith and Sugdefb3SMI/SUG assumed a linear structure,

Gurvichet al. adopted a linear molecular model for calcu-

, : while Jensen and Padley[66JEN/PA0 adopted
lating the thermal functions of KOfd) and selected the ro-

! < (K-0O-H) = 112° following the recommendation given in
tational constanB, from [76PEA/WIN], v, from [S8SPI/ o early JANAF Thermochemical Tables. Later Jensen
MAR], and v, from [71BEL/DVO]. The value ofvs was  [703EN revised this opinion and adopted a linear model of
estimated to be the same as in the other alkali metal hydroXz o The existence of both linear and bent molecules of
ides. KOH in gas phase was assumed by BelyagR@BEL].
[84DEV/CAR] The earliest attempt of the experimental determination of
Dever et al. observed the first electronic emission spec-molecular structure of KOH was made by Kuczkowskial.

trum of KOH in the K + H,0, diffusion flame and esti- [66KUC/LID]. They reported preliminary results of the mi-
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crowave investigation of KOH and came to the conclusionbeen proved experimental{gee abovg but also because the
that the molecule was linear but did not exclude a possibilityvalue 375.5 cm? is too small for a deformation frequency in
of a quasi-linearity. Later, Pearson and Truebl¢@@PEA/  a bent triatomic molecule.
TRU] declared that the worl66KUC/LID] did not appear to In addition to the above-mentioned spectral investigations,
be reproducible. The spectral data, obtainelBPEA/TRU, there are a number of IR and Raman spectra studies of KOH
75KUI/TOR, 76PEA/WIN for a large number of the rota- and KOD in a crystalline state and solutiofgeveral ex-
tional transitions in several vibrational states, were successsmples are given in Table L4From these studies one can
fully interpreted in terms of a linear structure of KOH. The see thats; for KOH(cr) is in the vicinity of 3600 cm*. This
rotational constants and bond lengths of the molecule werffequency was not observed in IR spectra of gas or in matrix
obtained with a high degree of accuracy by Pearson witlbecause of strong @ band overlapping.
co-workers[73PEA/TRU,76 PEA/WIN. The theoretical calculation8ONEM/STE, 86BAU/LAN|
The investigation of the nuclear quadrupole structure ofid not yield for reliable predictions of vibrational frequen-
the J= 2 «— 1 transition[87RAW/YAM], as well as the cies of KOH. Nemukhin and Stepang80NEM/STH ap-
results of theoretical calculations78ENG, 80NEM/STE, plied a diatomics-in-molecules method using two different
80PIE/LEV, 86BAU/LAN], provided additional support for sets of parameters for potential function. In both cases the
a linear configuration of KOH. Nevertheless, in alm initio ~ values ofy, are in good agreement with the experimental
investigation of the geometry and dipole moment of KOHdata, but forv, the calculated values are more than twice as
[78ENG] a linearity of the molecule still was called in ques- large than known experimental or estimated values for a lin-
tion though a promised study apparently was not publishedgar molecular configuration of KOH which had been shown
For linear KOH, there are three fundamental frequenciesin [BONEM/STH. Bauschlicheret al. [B6BAU/LAN] in ab
K—O stretching ¢;), K—-O—H bending {,), and O—H initio calculations using different levels obtained obviously
stretching ¢5). The frequencies; and v5 are nondegener- €xaggerated values of,. The authord86BAU/LAN] ex-
ate: v, is doubly degenerate. plained it by the fact that the theoretical values were derived
There are several spectral investigations of the vibrationa®ssuming a rigid OH unit, which neglected any coupling be-
frequencies KOH in gas pha$8SPI/MAR, 84DEV/CAR, tween low-frequency bending and high-frequency stretching
90KON] and in inert matrices[71BEL/DVO, 78BEL, Mmodes.
91BEL]. The ground electronic state of KOHI& * . The existence
Spinar and Margravé58SPI/MAR] detected in the IR of low-lying excited electronic states of the molecule is not
spectrum of potassium hydroxide a vapor band at 405-418xpected. This was confirmed by Spinar and Margrave
cm ™1 but could not definitely assign it to either monomeric [58SPI/MAR] who did not observe any features in ultraviolet
or dimeric KOH molecule. In any case, a valu¢k—O) and visible spectra of potassium hydroxide vapors. Dever
= 408+ 10 cmi !, given in[58SPI/MAR)], was still consid- €t al. [84DEV/CAR] assumed that a weakly bound excited
ered to be due to the monomer. electronic state of KOH with the energy about 25 000

Dever et al. [84DEV/CAR] investigated the electronic cm ! was responsible for the electronic emission spectrum

emission spectra of the K+ H,0, diffusion flames and ©f KOH observed in their study. _
estimatedv, =412+ 18 cn ! from peak separations. A linear configuration of KOH in the ground electronic

Konings [90KON] reportedy, = 406+4 cm ! and v, state 13" with r,(K-0) = 2.212+0.002 A andr o(O-H)
= 280+2 cm! from the analysis of IR spectrum of KOH = 0-912+0.010 A according t§76PEA/WIN] is adopted in
vapors. However, in a subsequent publication Konings_the pre.sent work. The corresponding value ng moment of
[94KON] stated that his assignment of was not correct, Inertia is calculated as + (10.233:0.01010 " g cm .

. _1 . . .
and the band at 280 c¢m should be attributed to the dimeric 1h€ value ofv, is taken as 4085 cm * which is consistent
molecule. with all experimental data[58SPI/MAR, 71BEL/DVO,

In the preliminary publication of the IR spectrum of po- /SBEL, 84DEV/CAR, 90KON. The selection of; is not so

tassium hydroxide isolated in Ar matr[Z1BEL/DVO], the definitive. It is accepted in the present work that the value
assignment o, = 408 cmi * and v, = 300 cni  for linear Y2 = 300+ 10 cmi ! based on the assignment made by Be-

KOH was made. Later Belyaea8BEL, 91BEL] obtained ~Yaevaetal. [71BEL/DVO, 78BEL, 91BE[ from the IR
the spectra in the other inert matrices for H and D isoto-SPectrum in Ar matrix. This value is consistent with those for

pomers and interpreted the obtained data in terms of botH1e other alkali me}alllhydroxide's.' For; , a characteristic
linear and bent configurations of the KQ&DD) molecule. value 3708-100 cmi* is taken similar to the other hydrox-

In Ar matrix spectra, the bands at 407.5 chand 302.5/ ides. .
298.5 cm'! were assigned to, respectively, and v,, of The molecular constants of KOH adopted in the present

linear KOH. A double-peak structure of the band attributedwork for calculation of the thermal functions are summarized
to v, was convincingly explained by the removal of degen—below:
eracy of the deformation vibration in matrix. The assignment

of the bands at 413 cnt and 375.5 cm? to »; and v,, ro(K-0)=2.212-0.002 A;
respectively, of nonlinear KOH is objectionable not only be-
cause a linearity of KOH in the ground electronic state has ro(O—H)=0.912-0.010 A;
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<(K—O-H)=180°; cally coincide because the molecular constants used in both
2 calculations are the same. The data tabulate@85CHA/
1=(10.233-0.01010 ** g cnrf; DAV ] differ from those calculated in the present work due to

the use of somewhat obsolete valuesygfand bond lengths

symmetry numbero-=1; statistical weight: p=1; ; )
in that review.

— =1 —1-
v1=408=10em™, dy=1; Enthalpy of Formation of KOH(g)—Experimental Investiga-
v,=300+10 cm &, d,=2; tions of Equilibria in Flames

v3=3700+ 100 cni'L, dy=1. [66JEN/PAD, [70JEN .
Jensen and Padley performed photometric measurements
Calculation of the KOH(g) Thermal Functions of potassium hydroxide formation inH O, + N, flames.
The thermal functions of KOtg) in the standard state are |t was found that the logarithmic plot of potassium first reso-
calculated in the "rigid rotor—harmonic oscillator” approxi- nance doublet emission intensity against tleviated from
mation with low-temperature quantum corrections accordinginearity at temperatures exceeding 2250 K. Part of this de-
to the equations given iB9GUR/VEY]. The molecular con-  viation was caused by formation of 'Kions. lonization of
stants used in calculation of the thermal functions are giverp)otassium atoms was partly suppressed by means of addition
in in the previous subsection. The calculated values obf a high concentration of cesium chloride to the atomizer
Co(T), @°(T), S°(T), H*(T) —H°(0) in the temperature solution. Unlike measurements with sodium, in the case of
range 0—6000 K are given in Table 23. potassium it was not possible to attribute the remaining de-
The uncertainties in the calculated thermal functions ofviation from linearity entirely to formation of KOH mol-
KOH(g) are mainly due to uncertainties in the molecularecules. It was found that a fractidd.15 of the remaining
constants. At high temperatures the uncertainties, because @éviation from linearity for the principal flame with the tem-
the approximate method of calculation, become more subperatureT = 2475+ 15 K arose from unsuppressed ioniza-
stantial. These uncertainties are estimated on the basis of tien. The remainder, 0.85, was attributed to hydroxide for-
differences between the thermal functions for the linear trimation. Finally the valudKOH][K] = 0.22+0.06 was
atomic moleculegN,0O, CG,, CS,, OCS, HCN, FCN, and calculated. To this value corresponds the equilibrium con-
CICN), calculated in[89GUR/VEY, 91GUR/VEY in the  stant valuek°®(2475 K) = 6.7-10 2 for the reaction
“nonrigid rotor—anharmonic oscillator” approximation, and
those calculated in the “rigid rotor—harmonic oscillator” ap- K(g)+H20(g)=KOH(g)+H(g). 1)
proximation. Since the value of the constant of centrifugal . . ,
distortion, D;,, of KOH is known[76PEA/WIN], it is pos- Third-law cal_culatlon performed ||ﬁ66JEN/PAIj_, using a
sible to estimate the corresponding contribution to the therp%m hydroxide -molecule m?del, resulted 'nl the value
mal functions. It amounts to from 0.005 to 0.XKImol)~*  Do(K-OH) = 81+2 kcal mol * (3398 kJmol™"). Later
in ®°(T) atT = 298.15 and 6000 K, respectively. The total J€NS€rL70JEN recalculated théo(K—-OH) value from the
uncertainties in the thermal functions of KQ3) are pre- equilibrium data obtained by Jen;en and Padley using a lin-
sented in Table 23. ear model. The results of calculations for both models were
o _ 1 -
The thermal functions of KOHy) were calculated earlier Cl0S€ and a valu®o(K-OH) = 3399 kJmol * was fi-
in [82GUR/VEI, 85CHA/DAV] in the range 100-6000 K. Nally recommended.
The differences between the thermal functions, calculated il68FEU/QUH
the present work and those tabulated [B2GUR/VEI, Feugier and Queraud measured attenua@#grdecibe) of
85CHA/DAV] are shown in Table 15. The thermal functions microwave § = 4.16 mn) and intensity(l) of potassium
calculated in the present work and i[B2GUR/VEI| practi-  resonance line emission at 7665 A in the butane—oxygen—

TaBLE 15. Differencegd K- mol~?) between the thermal functions of K@# calculated in the present work
and in[82GUR/VEI, 85CHA/DAV]

[Present Work[82GUR/VEI]? [Present Work[85CHA/DAV P

TIK ACK(T) AP°(T) AS°(T) ACK(T) A®°(T) AS(T)
298.15 0.001 0.006 0.004 0.654 1.067 1.908
1000 0.001 0.004 0.004 —0.026 1.828 2.210
2000 0.001 0.005 0.005 -0.104 2.005 2.149
3000 0.001 0.005 0.006 —0.069 2.046 2.114
4000 0.001 0.005 0.005 -0.044 2.060 2.097
5000 0.001 0.005 0.006 —0.030 2.067 2.089
6000 0.000 0.005 0.006 -0.022 2.070 2.085

#The values ofP°(T) andS°(T) tabulated if82GUR/VEI are recalculated to standard pressure 0.1 MPa.
bThe values ofb°(T) tabulated if85CHA/DAV] are adjusted to the reference temperailire 0 instead of
298.15 K.
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nitrogen flames seeded with potassium compounds. The 10 (2nd law, lineay ; 352 (3rd law, lineay; 344 (2nd law,
flames used were of the fuel to oxygen stoichiometry of 1.0(en); 335 (3rd law, bent They recommended as the best
and 0.80. Attenuation A depends on the electron concentrasalue Dy(K—OH) = 352 kJ mol! based on the 2nd- and
tion in a flame. Under operating conditions, a linear relation3rd-law treatment for the linear model.
between | and A was found. Using this experimental &ViEnthalpy of Formation of KOH(g)—

. . : i . Mass Spectrometric
dence, an expression was derived for intensity of emission &4, jies of Equilibria in Flames

as a function of total potassium concentration in a flame and
equilibrium constant for the reaction [58POR/SCH, [S8POR/SCH2 )
Porter and Schoonmakdb8POR/SCH? carried out a
KOH(g)=K(g)+OH(g). mass spectrometric study of potassium hydroxide vaporiza-

o ) _tion (preliminary account was published jB8POR/SCH).
The equilibrium constant values were calculated using statisthe effusion cell consisted of a metal crucible with the inte-
tical thermodynamics for a set @q(K-OH) values. For g \valis lined with a pressed layer of magnesia. Most of the

every pair of temperatures, the valDg(K-OH) was found  jat4 were obtained in the temperature range between 300 and
fitting the experimental ratio of emission intensity. The val- 4 oc.

uesDy(K—OH) = 3.40+0.13 eV (328+13 kJ mol') and

D(K—OH)=3.20-0.10 eV (309+10 kJ mol' were ob- The major ions observed in the mass spectrum wefg K

. — U. — + + [TPNH H ” T
tained for the flames with 1.00 and 0.80 stoichiometry, re.KOH ", and K,OH™. Under “slightly reducing” conditions,
spectively. when the outer crucible was made of stainless ste€lysis
[69COT/JEN the major ion observed, with appearance energy in agree-

) ) ) o ment with the ionization energy of potassium atoms. Under
Cotton and Jenkins determined the dissociation energynear neutral” conditions, when the outer crucible was

Dy(K—OH) using measurements of the concentration of ponade of platinum, K ion intensity was greatly diminished.
tassium atoms as a function of hydrogen atom concentratiop yas concluded that at least at reducing conditiorisvikas

in hydrogen—rich, hydrogen oxygen-nitrogen flames. A Seformed in the process of ionization of potassium atoms.
of six isothermal flamesT( = 1800 K) of varying composi-  k_ OH* jons were attributed to ionization of #,H, mol-

tion was used for the measurements. The equilibrium congqjes.

stant for reaction(1) was evaluated from the slope-to- |, contrast to sodium hydroxide, the ratio ob®H* to
intercept ratio of a linear fit of relative metal atom versusxoH* ion intensity remained substantially constant for
hydrogerl-ftom concentration. The mean vaki®(1800  yariations in cell temperatures and experimental conditions.
= 8.510 " was obtained for the equilibrium constant of the prom these observations Porter and Schoonmaker came to
reaction(1). Third-law calculations were made with the data ihe conclusion that at least a large fraction of the KOibhs
from the 1961 JANAF Tabletsee[71STU/PRQ) for abent a5 formed by dissociative ionization of the dimer mol-

model of KOH molecule. The foIIowin'g yalue of disspcia- ecules, KO,H,. From the total KOH ion current taken as

tion energy with the total error limit was obtained: 5, upper limit on the amount of KOH formed from K@,

Do(K~OH) = 85.2+2 kcal mol* (356.5+ 8 kJ mol™?). the authors[58POR/SCH2 calculated an upper limit for

[71KEL/PAD] KOH partial pressure af = 626 K: RKOH) < 1.4.10°°
Kelly and Padley made flame photometric studieskof atm. Using an estimated valueAg,[G°(T) — H°(298]/

emissionin H + O, + CO,and H, + O, + N, flamesinthe T = 37 calK ! mol™! the authord58POR/SCH2 calcu-

temperature range 1950—2750 K. To suppress ionization déated a lower limitA H°(298 > 40 kcal mol'* (> 167

potassium atoms, cesium chloride was introduced in flamekJ mol™ 1) on the enthalpy of reaction

together with the potassium salt. Thirty-two values of the

equilibrium constant for reactiofi) were obtained. The data

were presented in the graph which showed pronounced d‘fSSPOR/SCH$

viation from linearity for six points at temperatures exceed- |, studying the NaOH—KOH system, Porter and Schoon-
ing ~2500 K. The authors attributed this deviation o Unsup-y5er presented sufficiently conclusive evidence that the pri-
pressed ionization of potassium atoms. They fitted themary source of KOH ions must be simple ionization of
equilibrium constant values for the reactigh) with the KOH molecules, because KOHK,OH™ ion intensity ratio

KOH(cr)=KOH(g). (2)

equation was dependent upon composition of the system. For the
K°(T)=A exg — A H°(235K)/RT], _KOH—N_aOH system of unspecifi_ed composition, the follow-
ing partial pressures were obtain€él;= 641 K, RKOH)
where log A = 1.61, —A,H°(2350 K) = 168 kJmol'l. = 6.2.10 & atm, RK,0,H,) = 3.1.10 & atm; T = 666 K,
They regarded this equation as appropriate for the temper&®&KOH) = 9.7.10°® atm, RK,O,H,) = 5.4.10°¢ atm.
ture range 1950-2750 K. These values were used [[BBPOR/SCH3 to calculate the

From the enthalpy of reactiofl) at the mean temperature enthalpy of dimer dissociation into monomefsH° (650 K)
of the range;T = 2350 K, Kelly and Padley calculated the = 46.5+5 kcal mol! (see previous subsectiprCombining
2nd- and 3rd-law values of dissociation eneB(KOH) for  this value with the enthalpy of sublimation of the dimer, 36
linear and bent models of this moleculle mol'?) : 351  +2 kcal mol ! [58POR/SCH, Porter and Schoonmaker ob-
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tained the enthalpy of sublimation of KOH\ H°(626) Third law:
= 41.3+ 3 kcal mol ! (172.8+12 kJ mol'1). Using an esti- s N

mated value\C, = —10 cal K"* mol~* for the sublimation AsugH®(0)=44.8+0.6 kcal mor (1.87.4
process, they found the valukg,H°(298.15 = 44.6+3 +2.5 kd mor'%).

kcal mol! (186.6+12 kJ mol'%). _
To calculate theAg,H°(0) values, thermal functions from

[68GUS/GOR _ the 1965 JANAF Tablegsee[71STU/PRQ) were used for
Gusarov and Gorokhov carried out a mass spectrometnROH(cr). For KOH(g), results of calculation for a linear

study of potassium hydroxide vaporization. The effusion celly,5qel were usedcalculations were carried out by Dr.
was made of platinum. Mass spectra were obtained at ioniz\7.Yungmar).

ing electron energy of 50 eV. The ions detected werg K

KOH*, K,0", and KOH"; K* ions were the most abun- [82FAR/SRI, see als¢83FAR/SRI
dant. KO* and KOH" ions were attributed to fragmenta- Farberet al. conducted a mass spectrometric study of po-

tion of K,O,H, molecules. K ion intensity was ascribed (@sSium hydroxide vaporization and KQ3j thermal disso-

mainly to ionization of K atoms. At the end of the sample Siation using a quadrupole mass spectrometer with a
vaporization, a slow fall of ion intensities was detected, due
to decrease of potassium hydroxide activity because of accu- KOH(liq)=KOH(qg) €)

mulation of less volatile impurities, e.g.,,8&0;. At this . . .
stage of the experiment, the ratio of ion intensitiesVas investigated in the temperature range 703—-853 K. An

KOH*/(K,OH*)¥2 remained nearly constant at constant&lumina effusion cell was used. The measurements were
made at an electron energy 1-2 eV above the appearance
energy of the ions. The authdi@2FAR/SR] stated that the
i ) _mole fraction of the dimer KO,H, was less than 10% and
To remove atomic potassium from the vapor, potassiumyny contribution to the KOH intensity was negligible. lon
superoxide was added to the sample of h+ydrOX|de.' It Wagiensities obtained were converted to partial pressures and
concluded that under oxidizing conditions,”Kons origi-  he second- and third-law values of enthalpy of vaporization

nated from fragmentation of KOH and,®,H, molecules.  5n4 enthalpy of formation were calculated using data from
Attributing all K* ions either to monomer or to dimer, an JANAF Tables[74CHA/CUR:

estimate of lower and upper bounds of the ratio of dimer and

monomer pressure was obtained for the mean temperature AyaH°(298.15 K =185.4+4.0 kJ mol %;
646 K: 0.32< P(d)/P(m) <. O.66[_th§ valluea(d)/a(m) = 2 A{H°(KOH,g,298.15 K= —227.2

was assumed for the ratio of ionization cross sections of
dimer to monomgr Comparison of KOH*/KOH™" ion in- +4.0 kJmol'! (2nd law);
tensity ratio under oxidizing conditions, with that without . 1

potassium superoxide added, demonstrated that addition of Avag?(298.15 K =184.2-0.5 kJ mol
superoxide led to the decrease in the potassium hydroxide A H°(KOH,g,298.15 K= —228.0

activity by a factor of 1.82. For the hydroxide of unit activ-

ity, the lower and upper bounds of dimer to monomer pres- +2.0 kI mol™* (3rd law).

sure ratio were calculated to be 0.58 P(d)/P(M) < 1.20.  The partial pressure values for KQ§J are presented in
With the uncertainties in ionization cross sections estimateggpje 16 and are included in Fig. 6.

double-boiler” high temperature assembly. The reaction

temperature, indicating that the KOHons were formed in
the process of simple ionization of KOH molecules.

as a factor of 1.5, it was finally accepted: [B¢)/P(m)] The dissociation reaction
= —0.08+0.34 (T = 646 K).
Results of KOH ion intensity measurements in the tem- KOH(g)=K(g)+OH(g) (4)

perature range 598-653 K were used for calculation of thgyas investigated using a double-boiler experiment in the
second-law enthalpy of sublimation of the monomer. Thetemperature range 1200-1375 (4 points. The KOH
third-law enthalpy of sublimation was calculated using thesample was heated first in the low-temperature part of the
value logP(KOH)/atm] = —2.16 + 0.12 forT = 1068 K,  apnaratus and the vapor was then introduced into the effu-
obtained from the data of Jackson and Mord@1JAC/  gjon cell with substantially higher temperature, necessary to
MOR] on the total vapor pressure of potassium hydroxide gissociate KOKg) into K and OH. The third-law value
The value lo§P(d)/P(m)] = —0.40*0.40 extrapolated from A e (298.15 = 355.6+2.0 kJ mol'* was obtained for re-

T = 646 K was employed to calculate the monomer presyction(4). The values of partial pressures for the dissociation
sure. The results of calculations for reacti®) with total  reaction(4) are listed in Table 17.

error estimates are summarized below:

[84HAS/ZMB]
A H°(625=43.5+1.7 kcal mol(182.0= 7 kJ mol ™), Hastieet al. carried out a study of vaporization of potas-
sium hydroxide with a transpiration mass spectrometric ap-
Second law: paratus, described in detail [FOBON/HAS]. The apparatus
consisted of a chamber for transpiration and a second cham-
AgH°(0)=47.0+1.7 kcal mol %(196.6+ 7kJ mol'?), ber in which modulation of the molecular beam and mass
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spectrometric analysis were performed. A quadrupole mas o
filter was used. In addition, the mass of sample transporte 1 e

[

could be determined gravimetrically and the carrier gas vol- ] %%éﬁ% &
ume could be calculated from the gas flow rate and transpol 73'075 (33
time. A sample container was made of platinum. 0 .

In the mass spectrum of the vapor of potassium hydroxide , ~*°7 ¢ e
supersonic molecular beam obtained at 30 eV electron er = o
ergy, K, KOH*, K,OH*, and K,0" ions were detected, in  o=5°+ o
decreasing order of ion intensity. The first two ions were & ] o,
assigned to KOH and the latter two ions tg@H, mol- e °y
ecules. KOH and K;OH" ion intensities were used as mea- 1 0000 [82FAR/SEI] %o
sures of the monomer and dimer partial pressures. Small io  -703 20020 [B4HAS/ZME), Rund ©
signals corresponding tog®,H, were tentatively attributed ]
to the trimer species §O3H5; at 1000 K the partial pressure _aoOTQW“OHBMH5

ratio of trimer to dimer was=0.05. The ratio of dimer to wéozo/r
monomer remained constant during isothermal total vapor-
ization experiments. Thus the K@lid)) activity remained at Fic. 6. Partial pressure of KOlg) over KOH(iq).
unity throughout experiments.

For calibration of apparatus sensitivity, the weight loss
measurement af = 1024 K was conducted. The absolute [21WAR/ALB]
vapor pressures of monomer and dimer,(KGH) Von Wartenberg and Albrecht measured the total vapor
= 2.8x10°% atm, RK,0,H,) = 1.2:10 2 atm, were calcu- pressure over liquid potassium hydroxide with the boiling
lated using the value(B)/P(m) = 0.42 extrapolated from the point method at different pressures of nitrogen in the tem-
data[6BGUS/GOR. Two separate experiments were per-perature range 1170—-1327 °C. A platinum tube with closed
formed on potassium hydroxide vaporization as a function ofower end was used in the measurements. The lower part of
temperature with fixed Npressure: Run 1,(R,) 0.2 atm, the tube was made of Pt—Ir alloy and the temperature was
T = 840-1060 K(25 points; Run 2, FN,) = 0.16 atm,T measured with a thermocouple calibrated against melting
= 955-1066 K(26 pointg. From the second-law analysis point of sodium chloride. The temperature dependence of the
the authord 84HAS/ZMB] obtained the following enthalpy vapor pressure was approximated by the equation:
of vaporization values:

RUN 1, A,aH° (1000 K/ =39.2¢ 1 keal ol log(P/atm)= — 32450/4.5T + 4.4467.

(1674.0t4 kJ molY); The normal boiling point, corresponding to this equation,
was found to be 1324 °C. The results are listed in Table 21
Run 2, A, H° (1000 K)=40.7+ 2 kcal mol ! and are presented in Fig. 7.
(170.3=8 kT mol™Y). [21JAC/MOR

Jackson and Morgan measured vapor pressure of potas-
The authord84HAS/ZMB] recommended\ ,H°(1000 K)  sium hydroxide with a transpiration technique. A sample
= 164.0:4 kI mol'! and calculated corresponding value
Dy(K—OH) = 84.1+1 kcalmol'! (351.9-4 kJ mol?).

The data obtained for KOH pressure are listed in Table 1¢ 10 -
and included in Fig. 6. 1 2292 [74KUD), (apparent, Knudsen cftusion)
— gcoooag i
Enthalpy of Formation of KOH(g)—Experimental Determi- ~ °° 7 ®a BIDUB/MIL (abparents tranapiaion)
py g p ] [NV 21WAR/ALB} Etotal, boiling point)

nations of the Total or Apparent Vapor Pressure

In the papers annotated below, results of boiling point,
transpiration, and Knudsen effusion measurements are pre s
sented. For the two latter techniques the results representn <
total pressures, but apparent pressures, calculated assumi C§>
presence of only one speci€ssually monomerin vapor. B

For the case of monomer and dimer, the apparent pressui  -40] °
P(app is related to the true monomer pressutepPthrough ] X
following expressions: 597 .
—6.0 T UL UL T T T T T T 1
transpiration, Fapp =P(m)[ 1+ 2P(d)/P(m)] o o 1000/7 " -
Knudsen effusion, @pp=P(m)[1+2°%P(d)/P(m)]. Fic. 7. Total and apparent pressure over K@.
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(weighted of KOH was placed in a boat of silver foil. This Enthalpy of Formation of KOH(g)—Miscellaneous Data
inner boat was placed in an outer boat also of silver foil. Th€[69GOR/GU3 [70GOR/GUS

temperature was measured with a thermocouple with an ac- 54rokhov. Gusarov. and Panchenkp\69GOR/GUS |

curacy of£10 °C. The weight loss of sample was measured,,jeq out mass spectrometric measurements of the appear-

at different nitrogen flow rates and the KOH pressure calcu:,jmce energy of ions in mass spectra of potassium and cesium

lated was extrapol_ated to zero flow rate. The value of KOthdroxides(an abstract of deposited pap§9GOR/GUS
pressures so obtained was 8 mm Hg at 795dCaveraged | o published if70GOR/GUS). Partially hydrolyzed su-
value from nine measurements at 793795 Jackson and peroxide samples were used to obtain vapors of hydroxides
Morgan believed that the error was not more than 25%. free from atomic potassium and cesitsee]68GUS/GOR).
[69DUB/MIL] Vaporization of the potassium hydroxide sample was per-
Dubois and Millet determined the potassium hydroxideformed from effusion cells made of silver. The appearance
vapor pressure using transpiration technique. Details of thenergy of K" ions was found to be AEK*/KOH) = 7.80
experiment were described [68DUB/MIL]. The flow rates +0.15 eV. Combining this value with the ionization energy
of carrier gas(argon were in the range 12—35 &min L. of potassium atom, 4.34 eV, the following value was ob-
Assuming KOHg) to be present, the results obtained in thetained: Dy(K—OH) = 80+3 kcalmol'! (335+12 kJ
temperature range 850—1350 K were presented in a graphol !); the uncertainty presents an estimate of the total er-

and were approximated with the equation: ror. Combining this value of dissociation energy with that
from the papef68GUS/GOR, 84.7+ 2 kcal mol %, the au-
log(P/atm=4.993-0.7692 10%T. thors[69GOR/GUS recommended the valuz,° (K—OH) =

. . L .. 82+3 kcal mol'! (343+12 kJ mol'!) as the most reliable.
The graph corresponding to this equation is included in Fi

7 g'[84DEV/CAR]
Dever et al. obtained electronic emission spectra of

[74KUD] KOH(g) in a study of gaseous reactions of potassium vapor

~ Kudin measured the potassium hydroxide vapor pressurgih hydrogen peroxide over a wide pressure range, from
in the temperature range 760-844 K using Knudsen effusmnsing'e collisions” to “diffusion flame” conditions. From

method. The_ amount of substance vaporized was determinqge short-wave length limit of the KOHchemiluminescent
from the weight loss measurements. Employirig)A(m) spectra, they found a lower bound for the dissociation en-

vglue of 0.68 derived fronﬁGBGUS/GQF}, he calculated a ergy: D3(K—OH) = 88.2 kcal mot® (= 369 kJ molY).
third-law value of the enthalpy of sublimation for the mono-

mer: AgH°(0) = 46215 kcalmol! (193.3r6 [86BAU/LAN]

kJ mol1). Total (apparentvapor pressure values calculated Bauschlicheret al. calculated dissociation energies of the
assuming presence of monomer are listed in Table 20.  alkali hydroxide molecules MOH into Mand OH ions by

ab initio methods at both the self-consistent-fi¢BCH and
[88KON/CORZ

singles plus doubles configuration-interaction le§@l(SD))

Konings and Cordfunke measured vapor pressure of PGjging extended Gaussian basis sets of at least triple zeta plus
tassium hydroxide using the transpiration method. The KOHy e nolarization quality. The following values of the dis-

sample contained JCO; as the major impurity0.6 mass s, iation energy were obtained for KOBL(K—OH) = 3.56
%). The transpiration apparatus consisted of a silica reactiop,, (SCP , D, (K—OH) = 3.66 eV(CI(SD)). As the “best,”
1 e . . y

tube, a silver boat, a silica thermocouple pocket, and a nickeﬂ)o(K_OH) = 3.61+0.10 eV(348+ 10 kJ mol'Y) was cho-

. . 0
condenser tube which were placed in a temperatureéen, as calculated with zero-point correction taken equal to

controlled furnace. The temperature was measured with 207 eV and a correction of 0.02 eV based upon the errors

calibrated Pt—PtRh thermocouple to within 0.1 K. In severalin the computed bond lengttthe computed bond lengths
experiments the carrier géargon was saturated with water were slightly too long and bond energies were underesti-
vapor. 23 measurements were carried out in the range 866'8rﬁated

1087.0 K. The authors indicated that the presence of water . ]

vapor had no influence on the KOH vapor pressure, thu&iscussion of the Enthalpy of Formation of KOH(g)
indicating the congruent vaporization of the hydroxide. As- The authors of this review have recalculated all equmbrla
suming only gaseous monomeric species to be present, tfigom the papers annotated in the enthalpy of formation sub-

vapor pressure over liquid KOH was represented by th@ections with the thermal functions from this work and with
equation: auxiliary data from[82GUR/VEI] and[89GUR/VEY]. The

recalculated values of enthalpies of reactions and the values
log(P/Pa= — (7586+ 243)- (T/K) 1+ (9.838+0.025. of enthalpy of formation of KOKlj) are collected in Table

22. For the enthalpies of reactions, results of the 2nd-law and
The third-law enthalpy of sublimation was calculated in3rd-law treatment are presented; error assessments represent
[88KON/CORZ using thermal functions fronf82GUR/  statistical uncertainty(95% confidence levgl If both the
VEI]: AgH°(298.15 = 189.6-0.8 kImol'l. The total 2nd- and 3rd-law values of the enthalpy of a reaction are
(apparent vapor pressure values are listed in Table 21 andavailable, the 3rd-law enthalpy of formation is presented in
are presented in Fig 7. Table 22. Error assessments for the enthalpy of formation
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values represent total uncertainty estimates, obtained on ttsirements were fulfilled under equilibrium conditions are
basis of all error constituentstatistical uncertainty, estimate lacking; (ii) vibrational components of the KOH and OH

of systematic error in equilibrium constant values, uncer-artition functions were not taken into account in derivation
tainty of thermal functions and auxiliary thermochemical of an analytical expression for equilibrium constant of KOH
dat3. dissociation.

Flame photometric studigg66JEN/PAD, [69COT/JEN, Spectroscopic evidence for a lower bound value
[71KEL/PAD]) are to be regarded as an important source oDy(K—OH) = 369 kJ mol ! [84DEV/CAR] seems to be er-
information on the stability of KOkY). However, the very roneous; other chemiluminescent pathways than those con-
high temperatures employed in flame photometric studies residered in [8B4DEV/CAR] cannot be excluded84HAS/
sult in substantial increase of uncertainties for the-3etv. = ZMB]. The only quantum-mechanical calculation of the
enthalpies of reactions. Results of the condensed phase-gd®©H dissociation energy86BAU/LAN] is in agreement
equilibria studies, performed at substantially lower temperawith the most reliable experimental values.
tures, seem to be more appropriate in evaluating the enthalpy From the papers annotated, resyBgtHAS/ZMB] (Run
of formation. The mass spectrometric studies by Porter and), [21WAR/ALB], [69DUB/MIL], and [88KON/CORZ
Schoonmakef58POR/SCH, 58POR/SCH2, 58POR/SGH3 seem to be the most reliable. An average value of the KOH
provide insight into the main features of the alkali hydroxideenthalpy of sublimation from these papers is
vaporization. However, the quantitative aspects are weak. A, H°(KOH,cr,0 K) = 192.45+-3 kJ mol *. To this value

For selection of the KOKY) enthalpy of formation, two corresponds Ay, H°(KOH,cr,298.15 K = 191.5:3
mass spectrometric studieg38GUS/GOR and [84HAS/  kJ mol~ . Combining this latter value with the adopted value
ZMB], appear to be the most important. The main result ofor the enthalpy of formation of the KQfdr), the value
the work[68GUS/GOR consists in evaluation of the dimer A;H°(KOH,g,298.15 K = —231.9+3 kJ mol ! is obtained.
to monomer pressure ratio over K@d). Later the results of On the basis of the above discussion, the values
the pape[68GUS/GOR were used for interpretation of ex- o _ 1
periments with transpiration mass spectromei@dHAS/ AfH"(KOH,g,298.15 K=—232.0+3 kJ mol
ZMB]. In this work the partial pressures of monomer andand
dimer over KOHlig) cover a wide temperature range. Using . _ 1
the data from both papers, the enthalpyH°(0 K) = 16.0 Do(K—OH)=357.03 kJ mol
+3 kJ mol ! for the reaction are adopted in this review.

KOH(cr)+KOH(g)=K,0,H,(g) (5 2.2.2. Appendix. Tables of Experimental and Evaluated Data for
KOH(g)
was obtained and monomer and dimer partial pressures for

the data of the boiling point measuremef@8 WAR/ALB],
Knudsen effusion74KUD] and transpiration experiments ~ TABLE 16. Partial pressure of KQlg) over KOHiq), [82FAR/SR]
[21JAC/MORY, [69DUB/MIL], [88KON/CORJ were cal-

. No. TIK P/Pa No. T/K P/Pa
culated. The enthalpy of formation values for K@ ob-

tained from the enthalpies of sublimation so calculated, are 1 703 1-23'102 [ 1-76-10i
in agreement with the flame photometric data. 2 718 2'29'102 8 783 2'64'101
Results obtained by Farber and Srivasta8aFAR/SR] 3 23 27910 9 802 458410
esu oy : 4 733 420-10° 10 824  8.95-10}
are in agreement with the data discussed above. Neverthe- 5 742 6.36-102 11 833 1.10
less, they cannot be regarded as reliable because dimer mol- 6 753  9.54-10° 12 853 2.06

ecules were not detected in this work, possibly due to inter-
action of the sample with the effusion cell material, aluminaTABLE 17. Partial pressures of KG8), K(g), and OHg) for the reaction
[84HAS/ZMB]. It is possible to assume that transfer of jon- KOH(©@ = K@ + OH(g), [B2FAR/SRI

ization cross sections estimated for the maxima of ionization

e _ No. T/K 10°P(KOH)/Pa 1G8P(K)/Pa 16P(OH)/Pa
efficiency curves, to the ion currents measured 1-2 eV above
corresponding appearance energy, resulted in significant ! 1200 4.63 0.800 0.761

o . . 2 1210 4.66 0.984 0.958

qvergstlmatlon of the KOH4) partial pressure. This overes- 3 1240 4.78 128 128
timation compensated for the decreased KOH activity and 4 1253 4.83 157 158
resulted in “correct” RKOH) values. It is to be expected 5 1270 4.90 2.07 1.91
that the appearance energy of thé kons [69GOR/GU$ 6 1273 4.91 2.16 2.12
and correspondingDy(K—OH) value is too low by an ; g;g j'gé g'is 3'421421
amount of the ordekT, due to the thermal excitation of 9 1293 4.99 287 267
neutral KOH molecules. 10 1300 5.01 2.98 2.98

Results obtained by Feugier and Querg68FEU/QUH 11 1323 5.10 391 4.19
are in reasonable agreement with the mass spectrometric and g ggg g;g g-g; 2-22
total vapor pressure data. However, they cannot be regarded 14 1375 = 30 814 708

as accurate at least on two reasamsany proofs that mea-
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TaBLE 18. Partial pressure of KQlg) over KOH(liq), [84HAS/ZMB] TaBLE 20. Apparent vapor pressure of potassium hydroxidéKUD]
Run 1 Run 2 No. TIK P/atm
No. T/K Platm 10° No. T/K Platm103 1 760 4.06- 10°°
2 816 1.92-10°°
1 870 0.06 1 955 0.58 3 820 2.90. 10°5
2 903 0.10 2 957 0.61 4 803 2.77. 10°5
5 971 0.65 5 979 1.11
6 971 0.67 6 1002 1.59
7 993 1.24 7 1002 1.58
8 996 1.35 8 1001 1.61
9 1023 2.17 9 1001 1.62
10 1024 2.14 10 1012 1.99
11 1059 4.12 11 1011 2.22
12 1060 4.12 12 1024 2.70
13 1044 3.23 13 1024 3.20
14 1043 3.15 14 1024 3.87
15 1014 1.90 15 1041 4.11
16 1013 1.89 16 1042 4.42
17 982 1.01 17 1066 5.99
13 323 (1)28 18 1828 i;i -(I;/g;Ez] 21. Apparent vapor pressure over potassium hydroXi@8KON/
20 958 0.73 20 1049 4.34
21 958 0.70 21 1028 3.16
22 922 0.30 22 1027 2.99 No. K P/Pa
23 889 0.14 23 1005 2.16 1 866.8 13.38
24 859 0.06 24 1004 2.76 2 871.1 13.42
25 840 0.04 25 975 1.31 3 872.3 11.95
26 974 1.36 4 889.9 27.44
5 918.4 33.31
6 937.0 61.80
7 946.3 94.25
8 953.6 57.22
9 971.3 122.72
10 1002.3 142.28
11 1004.4 187.94
TaBLE 19. Total vapor pressure over potassium hydroxi@éWAR/ALB] 12 1027.2 340.31
13 1027.6 256.20
No. P/mm Hg teC 14 1039.1 388.88
15 1046.9 488.98
1 250.9 1170 16 1051.3 498.69
2 255.0 1168 17 1055.3 523.55
3 277.5 1180 18 1075.2 602.57
4 513.1 1260 19 1080.5 512.23
5 524.1 1265 20 1087.0 650.39
6 534.6 1278
7 744.0 1324 21 926.6 31.33
8 755.4 1318 22 1004.2 158.95
9 7600 1327 23 1048.1 409.52

&Carrier gas saturated with water vapor.
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TasLE 22. Results of experimental determination/gH°®(KOH,g,0 K), kJ mol !

Reference

Method

AH° (0 K)

2nd law 3rd law  A;H°(0 K)

Equilibria in flames
[66JEN/PAD

[67FEU/QUH

[69COT/JEN

[71KEL/PAD]

Flame photometry,
K(9)+H;0(g)=KOH(g)+H(g),
2475 K (one poin}

Attenuation of microwaves in K
seeded flames,
KOH(g)=K(g)+OH(g), 2125-2370 K
Flame photometry,
K(g)+H,0(g)=KOH(g)+H(g),
1800 K (one poing

Flame photometry,
K(9)+H,0(g)=KOH(g)+H(g),
1950-2750 K(32 points

Mass spectrometric studies of equilibria

[58POR/SCH

[68GUS/GOR

[82FAR/SR]

[84HAS/ZMB]

Knudsen effusion mass
spectrometry,

KOH(cr)=KOH(g), 626 K (one poin}
Knudsen effusion mass
spectrometry,

KOH(cr) =KOH (g), 598-653 K
(13 pointg

Knudsen effusion mass
spectrometry,

KOH(liq) =KOH (g), 703-853 K
(12 pointg;

Double-boiler experiment,
KOH(g)=K(g)+OH(g), 1200-1375 K
(14 pointg

Transpiration mass spectrometry,
KOH(ligq) =KOH (g),

Run 1: 840-1060 K25 pointsg

Run 2: 955-1066 K26 pointg

Total vapor pressure measurements

[21WAR/ALB]
[21JAC/MOR
[69DUB/MIL]

[74KUD]

[88KON/CORZ

Miscellaneous data
[69GOR/GUS

[84DEV/CAR]

[86BAU/LAN]

Boiling point, KOH(1lig) =KOH (g),
1443-1600 K(nine point3
Transpiration, KOHiliq)=KOH(g),
1068 K (nine point3
Transpiration, KOKliq)=KOH(g),
850-1350 K(64 pointg

Knudsen effusion,
KOH(liq)=KOH(g),

760—-844 K(6 pointg
Transpiration, KOKliq)=KOH(g),
866.8—1087.0 K23 points

Appearance energy measurements,
KOH(g)=K(g)+OH(g)

KOH*(g), electronic emission,
KOH(g)=K(g)+OH(g)

Ab initio calculation,
KOH(g)=K(g)+OH(g)

155.5 —209.5+12

318+20 —189+20

137.7 —227.3+8

143.6 1443 —220.8£11

>166 > —254

196:® —223.7+7

195:@.7 197.3:0.2 —223*10

354.8£6.5 350.5-2.5 —221.5:10

1945-6.7 190.6:0.4 —229.7+5

204.3-14 188.8:0.4 —231.5-5

189.9-6 194.4-2.5 —225.9t5

187.6c2 —232.75

189.2 191.80.3 -—228.5-4

188.7+2.5 —234.3t5

185.85 193.0:0.8 —227.3+3

333 —206x12
=369 =-240

34810 —219+10
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TaBLE 23. Thermodynamic properties at 0.1 MPa: K@H

Cp —[G°—=H°(OK))T S H° —H°(0K) AH° AG°
TIK JK tmol™?t kJ molt
0 0.000 0.000 0.000 0.000 —228.012 —228.012
25 29.101 121.333 150.390 0.726 —228.039 —229.256
50 29.331 141.486 170.591 1455 —228.533 —230.312
75 31.059 153.331 182.747 2.206 —229.148 —231.066
100 34.162 161.890 192.089 3.020 —229.675 —231.624
150 40.449 174.569 207.179 4.891 —230.474 —232.413
200 44.784 184.304 219.457 7.031 —231.059 —232.968
250 47.504 192.394 229.765 9.343 —231.549 —233.386
300 49.237 199.376 238.591 11.765 —232.018 —233.708
350 50.386 205.538 246.273 14.257 —234.863 —233.859
400 51.179 211.063 253.056 16.797 —235.389 —233.680
450 51.749 216.071 259.118 19.371 —235.871 —233.437
500 52.179 220.654 264.594 21.970 —236.320 —233.142
600 52.805 228.798 274.166 27.221 —237.156 —232.427
700 53.296 235.877 282.344 32,526 —237.945 —231.576
800 53.759 242.141 289.490 37.879 —238.720 —230.613
900 54.230 247.762 295.849 43.279 —239.506 —229.553
1000 54.714 252.862 301.588 48.726  —240.332 —228.403
1100 55.203 257.534 306.826 54.222 —320.088 —222.553
1200 55.687 261.845 311.650 59.766 —319.936 —213.691
1300 56.154 265.850 316.126 65.358 —319.776 —204.843
1400 56.599 269.592 320.304 70.996 —319.606 —196.009
1500 57.017 273.105 324.223 76.677 —319.431 —187.188
1600 57.406 276.416 327.915 82.399 —319.250 —178.376
1700 57.765 79.549 331.407 88.157 —319.068 —-169.577
1800 58.095 282.523 334.718 93.951 —318.885 —160.788
1900 58.398 285.354 337.867 99.775 —318.708 —152.011
2000 58.675 288.055 340.870 105.629 —318.537 —143.243
2200 59.159 293.115 346.485 117.414 —318.226 —125.728
2400 59.563 297.781 351.651 129.287 —317.981 —108.239
2600 59.901 302.111 356.432 141.235 —317.827 —90.769
2800 60.186 306.152 360.882 153.244 —317.793 —73.306
3000 60.427 309.941 365.043 165.306 —317.899 —55.841
3200 60.632 313.508 368.949 177.413 —318.170 —38.363
3400 60.807 316.878 372.630 189.557 —318.626 —20.857
3600 60.958 320.073 376.110 201.734 —319.285 -3.325
3800 61.088 323.110 379.410 213.939 —320.167 14.253
4000 61.202 326.004 382.546 226.168 —321.282 31.879
4200 61.302 328.768 385.535 238.419 —322.644 49.574
4400 61.389 331.414 388.389 250.688 —324.266 67.328
4600 61.466 333.951 391.119 262.974 —326.152 85.172
4800 61.535 336.388 393.737 275.274 —328.301 102.100
5000 61.596 338.732 396.250 287.587 —330.720 121.125
5200 61.651 340.991 398.667 299.912 —333.398 139.255
5400 61.700 343.171 400.994 312.247 —336.334 157.481
5600 61.744 345.276 403.239 324.592 —339.509 175.829
5800 61.784 347.313 405.407 336.944 —342.917 194.292
6000 61.820 349.284 407.502 349.305 —346.529 212.881
298.15 49.185 199.133 238.287 11.674 —232.000 —233.698
Uncertainties in Functions
0 . . . 3.000 3.000
300 0.200 0.300 0.500 0.100 3.000 3.000
1000 0.500 0.600 0.800 0.200 3.000 3.000
2000 1.000 0.700 1.200 1.000 3.000 3.000
3000 1.500 0.900 1.600 2.000 4.000 3.000
4000 2.000 1.100 2.000 3.500 5.000 4.000
5000 2.500 1.300 2.500 6.000 7.000 6.000
6000 3.000 1.600 3.000 8.500 9.000 9.000
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2.2.3. Potassium Hydroxide Dimer
Molecular Constants of [KOHJ]Q)

[58BAU/DIN]
Baueret al. assumed for KO,H, a model consisted of a

square planar KOKO part with two hydrogen bridges be-

tween the oxygen atonithe HOHO rhombus is perpendicu-
lar to the KOKO squarne

[58SPI/MAR]

Spinar and Margrave studied IR spectrum of equilibrium
vapors over potassium hydroxide at 690-900 °C and as*P®

signed an absorption at 405-410 chto (KOH), where x
= 1 or 2. The author$58SPI/MAR] tentatively attributed
this absorption to K—OH stretching vibration.

[59SCH/POR
Schoonmaker and Porter assumed fgOkH, a square

1059

plane O—H vibrations/g (290 cm 1) and vg (290 cmi 1),
The ionic model calculation of the geometry and vibrational
frequencies, - v1pandv,, of K,O,H, confirmed the assign-
ment and resulted in the value(K-0) = 2.38 A and
< (O—K-0 = 94°.
[82GUR/VEI

Gurvich with co-workers accepted a planay,Ronfigura-
tion for K,O,H, with structural parameters and vibrational
frequencies reported by BelyaeN&BEL] on the basis of IR
ctra in Ar matrix and the ionic model calculation.The
valuer (O—H) = 0.97+0.03 A and the O—H stretching fre-
quenciesr; and vy, (both are 3708100 cm' ) were esti-
mated.

[83GIR/VAS] (see alsd81GIR/VAS))
Girichev and Vasilleva investigated the structural param-

planar model without hydrogen bonding, but did not excludetters of dimeric potassium hydroxide molecule in vapor at

a nonplanar configuration as well.

[67BUE/STA
Buechleret al. studied the deflection of sodium and ce

tric field and found that the dimeric molecules of these hy-

droxides are nonpolar. This indicated that at least

M,0, part of the dimers had a planar structure. The authors
assumed that the alkali hydroxide dimers from sodium to

cesium should have a planar rhomboid configuration.

[69ACQ/ABR]

Acquista and Abramowitz made an unsuccessful attem
at obtaining the IR spectrum of Ar matrix-isolated KOH.
They observed several bands below 350 érahich could
be ascribed only to polymer species of KOH.

[71BEL/DVO]
Belyaevaet al. reported preliminary data obtained in IR

spectra of Ar matrix isolated potassium hydroxide at 4.2 K in

the range 200—4000 cm. The authors analyzed a possibil-
ity of either planar or bipyramidal configuration of
K,0,H, (both are of B, symmetry and adopted the latter.

a

720+ 50 °C using the electron diffraction method. In analy-
sis of thesM(s) function, the authors accepted the molecular
constants of the monomeric molecule KOH from the litera-

. : . . " ture data and assumed a planar configuration with
sium hydroxides molecular beans in an inhomogeneous elec- P g A,

a rhomboid KO, part (D,;, symmetry. The average struc-
tural parameters corresponding to temperature of the experi-
ment(bond lengths 4 and vibrational amplitudels, are in A
were found ag4(K-0O) = 2.41911), I4,(K-0O) = 0.141),
r4(K=K) = 3.602), I4(K-K) = 0.182), r((K-H) = 3.52),
l(K=H) = 0.3 6, and< (O-K-O) = 83.8°.

F;t85CHA/ DAV]

Chaseret al. selected a &, configuration for KO,H, with-
out hydrogen bonding similar to a model for,O,H, sug-
gested by Berkowitet al. [60BER/MES. The structural pa-
rameters of KO,H, and the frequencies corresponding to the
K,0, part were estimated by comparison with related mol-
ecules including KOH, KF,, and HO. The O-H stretching
and bending frequencies were taken frf@OBER/MES as
estimated for LjO,H, .

[86GIR/GIR]

They assigned the bands at 520, 375, 350, 294, and 272 Girichev et al. reanalyzed the experimental electron dif-

cm L to five By, B,,, and By, fundamentals for this model

fraction data on the ¥O,H, molecule obtained if83GIR//

calculation  with  estimated values of r(K-0)
22 A r(O-H = 1.8 A, < (0O-K-O = 90°, and
< (H-0O-K) = 52°.
[78BEL] (see alsd91BEL])

Belyaeva investigated IR spectra of®H, and K,O,D,
trapped in the Ne, Ar, Kr, and Xe matrices & K in the
range 200—4000 cit. Analysis of the spectra was carried

out on the assumption that in gaseous phase the alkali h

structural parameter®ond lengths 4 and vibrational ampli-

tudes Iy are in A: ryK-0) = 2.4238), I4(K-0)
= 0.1605), r(K-K) = 3.582), I(K-K) = 0.17I),
r(0-0 = 3.1010, 140-0 = 0.152, ry(K-H)

= 3.6510) andl (K-H) = 0.361). Based on a planar rhom-
boid configurationD,,, symmetry and using the IR spectral
data [78BEL], Girichev et al. calculated the equilibrium

)f_tructural parameters and fundamentals of th®Xpart.

droxide dimers had a planar rhomboid configuration with thd 89GIR/LAP]

HOOH atoms lying on a straight lin@,;, symmetry. Tak-

Girichev and Lapshina corrected the analysis made in

ing into account the isotopic shifts and the spectral data fof86GIR/GIR] for the electron diffraction data onJ0,H, and
the other alkali hydroxide dimers, Belyaeva assigned threebtained somewhat different values of the molecular con-
observed bands in the Ar matrix to two in-plane stretchingstants for the KO, portion of the molecule. Particularly, they

vibrations K—O in the KOKO ringy, (270.5 cm') and
v1, (2945 cm?), and two bending out-of-plane and in-

calculatedr (K-0) = 2.3749) and < (O-K-0O) = 83.0
+0.1°.
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[8ILAP] [83GIR/VAS, 86GIR/GIR, 89GIR/IAP, 89LAP(see Table

In this thesis, summarizing the results of previous electror?4) was sometimes poor. In particular, the value of
diffraction investigations of[83GTR/YAS, 86GIR/GIR, r(K-0), calculated front (K-K) andr(O-0), turned out to
89GIR/LAP], Lapshina reported somewhat different effec-be 2.38 A instead of 2.43 fBILAP]. Moreover, the value of
tive parameters of the JO,H, molecule(bond lengths g and r (O-H), calculated fromr (K—H) andr(O-0), was abnor-
vibrational amplitudedy are in A: r{K-0) = 2.432), mally large (about 1.5 A in comparison with characteristic
|4(K=0) = 0.16]), ry(K-K) = 3.603), | (K-K) = 0.173),  value 0.97 A expected for a configuration without hydrogen

r{0-0 = 3.1325), 14(0-0 = 0.1813), ry(K-H) = bonding. Therefore, the reliability of numerical dd&GIR/
3.51(50), andl (K-0)=0.3533). The equilibrium structural VAS, 86GIR/GIR, 89GIR/LAP, 891APis doubtful.
parameters were given asy(K-0) = 2.412) A and The equilibrium structural parameters of,BH, were
< (0-K-0 = 83(l)°. calculated by Belyaeve/8BEL] using the ionic model. The

valuer (K—0) = 2.38 A, obtained in this calculation, seems

[S0KON] to be reliabl h considering the tendency of changi
Konings investigated the IR spectrum of potassium hy-0 € refiable enough considering the tendency ol changing

droxide vapors at 1015 K in the region 50—609 ¢and the valuesr (M—0O) for dimeric molecules of alkali metal

i . : _ hydroxides.
assigned an absorption maxima at 3® cm ! to a
K,O,H, fundamental. The planar KO,H, molecule of B, symmetry has 12

nondegenerate fundamental frequencies:

The molecular constants of ,R,H,, measured, calcu- i
lated, estimated, or accepted in all above-named studies, are v1(Ag)-O—H stretching;
listed in Table 24. vy(A,) - K—O stretching;
Discussion of the Molecular Constants of [KEGIt)

The possible molecular models of,®,H, contain a
(KO), rhombus(squarg¢ and differ only in positions of the v4(B4g) - in-plane O—H bending;
hydrogen atoms. Bauet al.[58BAU/DIN] assumed a bipy-
ramidal model with bridge hydrogen bonding. In this model,

v3(Ag) - in-plane ring deformation;

v5(B1g) - K=O stretching;

the (KO), plane is a square and tkidO), plane is a rhombus 15(By,) - out-of-plane O—H bending;
perpendicular to thgKO), plane (D,, symmetry. Chase _ _
et al. [85CHAS/DAV] accepted a model, proposed by v7(Byy) - out-of-plane ring deformation;

Berkowitz et al. [60BER/MES for Li,O,H, with two H at-
oms intrans position above and below th&iO), rhombus
(C,,, symmetry, but assumed that théKO), plane is a v9(B>,) - in-plane O—H bending;
square. Schoonmaker and Porfe®@SCH/POR adopted a
planar rhomboid configuration of ¥0,H, without hydrogen
bonding (D,, symmetry. The same configuration was pre- v11(B3,) - O—H stretching;
dicted by Buechleet al. [67BUE/STA] on the basis of the ]
results obtained for the deflection of sodium and cesium hy- v12(Bg)) - KO stretching.
droxide beams in the inhomogeneous electric field. This conThe IR spectral study of JO,H, inert matrices, performed
figuration was confirmed by the analysis of the IR spectra irby Belyaeva[78BEL, 91BEL], provided the assignment of
inert matriced 78BEL, 91BEL and by the electron diffrac- four frequenciesyg, vq, v19, and vy,. At the same time,
tion measurements in vapdi83GIR/VAS, 86GIR/GIR, Belyaevd 78BEL] calculated the frequencies ob®,H, (ex-
89GIR/LAP, 891AR. The possibility of the other configura- ceptr, andv,,) using the ionic model. The calculated values
tions was considered Y8BEL, 91BEL] and rejected on the for vg, vg, v19, and vy, are in rather good agreement with
basis of the experimental data and the ionic model calculathe experimental ones. Koninl8OKON] attributed a band
tion. It should be noted, however, that a bipyramidal con-at 3308 cm ! in IR spectrum of potassium hydroxide va-
figuration of K;O,H, was considered to be preferable by Be-por to K,O,H, without an assignment, but this value can
lyaeva et al. [71BEL/DVQ] in preliminary analysis of IR hardly match any IR active frequency reported by Belyaeva
spectra of the potassium hydroxide molecule isolated in Af78BEL, 81BEL]. Girichev with co-workers[86GIR/GIR,
matrix. 89GIR/LAP, 89LAR carried out a combined analysis of
Structural parameters of K,H, vapor were studied by their electron diffraction data and the spectral daZi8BEL].
Girichev with co-worker$83GIR/VAS, 86GIR/GIR, 89GIR/ The analysis resulted in the values of six frequencies for
LAP, 89LAP] using the electron diffraction method. The val- vibrations of the KO, ring. Unfortunately, these values are
ues of the same bond lengths for a planay Eonfiguration  not the same in different publicatioiikke the values of the
of K,O,H, were slightly changed from one publication of bond lengths, see aboyeand cannot be considered as reli-
these authors to another because of some corrections in théle.
structural analysis. In addition, it is necessary to emphasize The frequency 408 cit, found by Spinar and Margrave
that interdependence between the values r¢K—0), [58SPI/MAR] in the IR spectrum of potassium hydroxide
r(K-K), r(0-0), r(K-H), and < (O—-K-0) in any set vapor, is thought to be related to a monomer.

vg(Byg) - out-of-plane O—H bending;

v10(B2y) - K—=O stretching;
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TaBLE 24. Bond lengthsA), angles(deg, and vibrational frequencieem 1) of K,O,H, in the ground

electronic state

Constant  [71BEL/DVOR  [78BELJ [78BEL]°  [82GUR/VEI" [83GIR/VASE

r(K-0) 2.2 2.38 2.38 2.419

r(K=K) 3.60

r (O_O) e

I'(K—H) 35

r(O—H 1.8 0.97

<(0-K-0 90 94 94 83.8

<(K—O—H) 52

vy 3700

vy 362 360

Vs 163 165

v, 303 300

Vs 250 250

e 350 290 308 290

vy 520 122 120

vg 295 295

Vg 375 290 307 290

V10 272 2705 275 270

Vi1 3700

o 294 294.5 342 294

Symmetry B Doy Dan Dan Dan
[85CHA/DAV]" [86GIR/GIR [89GIR/LAP|"  [89LAP] Adopted in

present work

r(K-0) 2.43 2.423 2.37 2.43 2.38

r(K=K) 3.58 - 3.60

r(0-0 3.10 3.13

r(K=H) 3.65 3.51

r(O—H) 0.96 0.97

<(0-K-0 90 83.0 90

<(K-0-H) 110

vy 3700 3700

v, 273 292 300 295 360

Vs 150 111 204 203 165

vy 1250 300

Vs 235 304 310 317 250

Vg 1250 290

Vs 150 92 120 124 120

V10 255 270.5 291 290 270.5

viy 3700 3700

V1a 258 294.5 324 317 2945

Symmetry G D2n Dan Dan Dan

3R spectrum in Ar matrix; the bands are assigned assuming a bipyramidal configuration; the equilibrium

structural parameters are calculated using the ionic model.
PIR spectrum in Ar matrix.

“lonic model calculation assuming a planar configuratigystructure.

96, vg, V19, andvy, from IR spectra in Ar matrif78BEL]; equilibrium structural parameters amg - vs,

vy, andvg from the ionic model calculatiofi’8BEL]; r (O—H), v,, and vy, are estimated.

“Electron diffraction in gast, structure.

fEstimated.

9Electron diffraction in gast structure; the frequencies from combined treatment of electron diffraction data
and IR spectral datefC78BEL]; authors{C86GIR/GIR suppose that; is overestimated due to separation of
the K—O and O-H vibrations and it should be 260 ¢m

PElectron diffraction in gast structure; the frequencies from combined treatment of electron diffraction data
and IR spectral datg78BEL]; authors[86GIR/GIR] suppose thats is overestimated due to separation of the
K—0 and O—H vibrations and it should be 240 ¢

iElectron diffraction in gast 4 structure; the frequencies from combined treatment of electron diffraction data
and IR spectral dateZ8BEL].

Ivg, vg, V10, andvy, from IR spectra in Ar matriX78BEL, 91BEL]; v, - vs, v;, andvg from the ionic model
calculation[78BEL]; r (K-0), < (O—K-0), r(O-H), v;, andv;, are estimated.
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No excited electronic states oL,&,H, have been detected Calculation of the [KOH}(g) Thermal Functions
and none are expected. The thermal functions of JO,H,(g) in the standard state
The molecular constants of,R,H, selected in the present are calculated in the “rigid rotor—harmonic oscillator” ap-
work are based on a planar rhomboid configuration gf D proximation with low-temperature quantum corrections ac-
symmetry. This has been proved to be valid for dimeric mol-cording to the equations given i89GUR/VEY]. The mo-
ecules of all alkali metal hydroxides. lecular constants of }O,H, used in these calculations are
The values of (K-0) = 2.38 A and< (0-K-0) = 90° given in the previous subsection. The calculated values of
are based on the electron diffraction data obtained by Gir€,(T), ®°(T), S (T), andH°(T)) — H °(0) at the tem-
ichevet al.[83GIR/VAS, 86GIR/GIR, 89GIR/LAP, 89LAP  perature 0—6000 K are given in Table 28.
and the ionic model calculation by BelyaeV#8BEL]. The The uncertainties in the calculated thermal functions of
O-H bond length is estimated as 0.97 A similar to the otheK,0,H,(g) are due to the uncertainties of the adopted mo-
alkali metal hydroxide dimeric molecules. The uncertaintiedecular constants, presumably of the calculated vibrational
are estimated as 0.05 A in the bond length of K-O, 0. 03 Afrequencies. At high temperatures, the uncertainties due to
in the bond length of O—H, and 10° in tl@-K-O angle. the approximate method of calculation become more sub-
Corresponding value of the product of principal moments ofstantial. These uncertainties are roughly estimated taking
inertia is calculated a€3.4+0.3) 113 g% cm®. into consideration the uncertainties in the thermal functions
The vibrational frequencies, and v,; are characteristic for monomers. The total uncertainties in the thermal function
O-H stretching frequencies and are estimated as 3706f K,O,H,(g) at are given in Table 28.
+100 cm ! each. The frequencieg, vq, 19, andv,, are The thermal functions of O,H, were calculated in ear-
experimentally based, obtained by Belya¢v8EL, 91BEL] lier reviews[82GUR/VEI] and[85CHA/DAV] in the tem-
from analysis of IR spectrum in Ar matrix. For the other perature range 100—-6000 K. The comparison of the thermal
frequencies ¢, - vs, v, vg), the accepted values are the function for K;O,H,(g) calculated in the present work and in
rounded values calculated by Belyagw8BEL] using the [82GUR/VEI, 85CHA/DAV] is shown in Table 25. The data
ionic model. The uncertainties in the experimental values caitabulated in[82GUR/VEI] and in the present work are in
be estimated as 10 ¢m and in the calculated ones as 20 good agreement because the molecular constants used in
cm L, both calculations are practically the same. The large differ-
The molecular constants of ,R,H, (Dy, symmetry  ences, when compared with the early review[86CHA/
adopted in the present work for calculation of thermal func-DAV ], are due to the use of an obsolete structural model and

tions are summarized below: molecular constants.
r(K—0)=2.38+0.05 A; r(O—H)=0.97+0.03 A: gtntgglpy of Formation of [KOHJ(g)—Mass Spectrometric
udies
<(0-K-0)=90+10°%; [58POR/SCH, [58POR/SCH2

Porter and Schoonmakdb8POR/SCH2 carried out a

I alglc=(3.4+0.3)107 113 g3 cmf;
alslc=( ) g mass spectrometric study of potassium hydroxide vaporiza-

symmetry numbero=4; statistical weight: p=1; tion (a preliminary account was published[BBPOR/SCH).
Most of the data were obtained in the temperature range
v,=3700+100 cni’?, d;=1; between 300 and 400 °C. The major ions observed in the

mass spectrum were 'K KOH" and K,OH*. A small cur-

v,=360+20 cm !, dy=1; rent of KO' was also detected. JOH' and

v3=165+20 cmi %, dy=1;

—300+20 et dy=1: TasLE 25. Differences(J K-* mol~!) between the thermal functions of
V4= —cucem=s, g, =4, K,0,H,(g) calculated in the present work and [B2GUR/VEI, 85CHA/

DAV]
vs=250+20 cm %, dg=1;
[Present Work[82GUR/VE[? [PresentWork[85CHA/DAV] P
vg=290+10 cmi i, dg=1; -
IK ACy(T) A®°(T) AS(T) ACK(T) A®(T) AS(T)
v7=120+20 cm Y, dy=1; 29815 0032 0081 0125 24149 1743  14.863
1000 0.005 0.121 0.143 7.069 20.660 34.812
vg=295+ 20 cmi %, dg=1,; 2000 0.003 0.132 0.146 2.000 28.663  37.632
3000 0.002 0.138 0.146 0.911 31.765 38.194
vg=290+10 cmi %, dg=1; 4000 0002 0139 0147 0518 33401  38.395
5000 0.001 0.141 0.148 0.333 34.410 38.498
v10=270.510 e L, dyp=1; 6000  0.002  0.142  0.148 0.233 35094  38.539
1 #The values ofP°(T) andS°(T) tabulated if82GUR/VEI] are recalculated
v11=3700£100 cm 7, dy;=1; to standard pressure 0.1 MPa.
bThe values of®°(T) tabulated if85CHA/DAV] are adjusted to the ref-
v1,=294.5+ 10 cm %, dj,=1. erence temperatuie = 0 instead of 298.15 K.
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K,O" ions were attributed to ionization of JO,H, mol-  was found: AH°(KOH) — AH°(NaOH = 6.1+0.7
ecules. The existence of stablg®H molecules was ruled kcal mol* (25+ 3 kJ mol ). Combining this result with the
out. lon currents KOH* were measured as a function of the value AH°(NaOH) = —54+5 kcal mol'! (—226+20 kJ
cell temperature for ionizing electron energies of 10 and 2Gnol~ 1) previously obtained, Schoonmaker and Porter found

eV. From the slopes of Iof(K,OH")-T] vs T"! curves av-  the value A,H°(KOH)= —48+5 kcal mol'? (—201+20
erage enthalpy of sublimation of dimer was found to be 36«J mol 1).

+ 2 kcal mol'! (151+8 kJ mol'Y). From the KOH™ ion
[68GUS/GOR
current the authorg58POR/SCHZ calculated KO,H, par- Gusarov and Gorokhov carried out a mass spectrometric

; _ ) —20.1(16
tial pressure al = 626 K: RK,OpH;)=3.9-10" atm. The study of potassium hydroxide vaporization. Results of

sensitivity of the apparatus was calibrated from the isin K.OH" ion intensit tsin the t i
) ) : . K, y measurements in the temperature range
intensity measurement for potassium evaporation, assumingye oo« \were used for calculation of the 2nd-law en-

equal ionization cross sections folds and K,0,H(Q). Us- thalpy of sublimation of the dimer. The 3rd-law enthalpy of

i i — -1
L?]gl_%nfoistﬂrg?;clﬂ\éilue 08 5(626 = 32.48 calK sublimation was calculated using the value[R¢{OH)/atm|
= —2.56+0.28 forT = 1068 K, obtained from the data of
2KOH(cr) =K,0,H(g), Jackson and Morga21JAC/MOR) on the total vapor pres-
( 20259

. . f potassium hydroxide. The di Icu-
the author§58POR/SCH2obtained a rough third-law value sure of potassiuim hydroxide © dimer pressure was caicu

. . . lated using the value I¢§(d)/P(m)] = —0.40+0.40, ex-
for the enthalpy of dimer sublimation,H° (626 K) = 36 | fronT = 646 K. Th Its of calculati f
+ 6 keal mol L (151+ 25 k mol %), trapolated from 646 K. The results of calculations for

the reaction
[58POR/SCH3 B
For the KOH-NaOH system of unspecified composition, 2KOH(cr)=Kz0:H,(g)
Porter and Schoonmaker obtained partial pressures afre summarized below:
KOH(g) and K,O,H,(g) at temperatures 641 K and 666 K. Ay H°(625 K)=43.9

Using an estimated valueA,S(666 = 40=5
ool Kg,l o tor the reaction " ( K +1.5 kcal molt (183.7+ 6kJ molY),
K20,H2()=2KOH(g), Second law:

AgH°(0)=52.9+1.5 kcal mol'? (221.3+6 kJ mol'?),
Porter and Schoonmaker obtained an averaged value for the sutH”(0) ( )

enthalpy of dimer dissociation into monomefsH° (650 K) Third law:

= y+ 1 1
[5::;;;? mol* (194.6-20 kJ mol ). A H°(0)=43.8+ 1.4 kcal mol * (183.3+6 kJ mol ).

Schoonmaker and Porter carried out a mass spectrometrTJ‘e total errors indicated for 2nd-law values were evaluated
study of alkali hydroxide binary mixtures with the aim of &S twice standard deviation plus 0.3 kcal molan estimate

obtaining differences in dimerization enthalpies. Effusion®f Systematic error To calculate thedg,41°(0 K) values,
cells were constructed of platinum lined with a pressed magtheérmal functions from the 1965 JANAF Tables were used.
nesia or of pure silver. In the case of silver effusion cells th§ 84HAS/ZMB]
degree of reduction of condensed hydroxide was diminished Hastieet al. carried out a study of vaporization of potas-
substantially, and the authors concluded that under these exium hydroxide with a transpiration mass spectrometric ap-
perimental conditions the major portion of Mions was paratus. The experimental procedure involved heating the
formed by dissociative ionization of MOH molecules. sample in a carrier gas streamtroger) and measuring the

To determine the difference in the dimerization enthalpiednténsities of positive ions produced by electron impact from
A,H°(NOH)-A H°(MOH) for the MOH and NOH pair of molecules present in supersonic molecular be_am. Two sepa-
hydroxides, the equilibrium constant was measured for th&2€ experiments were performed on potassium hydroxide

gaseous reaction vaporization as a function of temperature with fixegpxes-
sure: Run 1, AN,) = 0.2 atm, temperature range 840—-1060
2NOH+M,0,H;=2MOH+N,0,H,. K (25 point3; Run 2, RN,) = 0.16 atm, temperature range
Equilibrium constant for this reaction was approximately ex-295—1066 K(26 points. For the reaction
pressed in the form of a combination of ion currents: 2KOH(liq) =K,0,H(g)
. [I(M~+)+I(MOH™)T>-1(N,OH™) the authors obtained the following enthalpy values from the
~ [I(NT)+I(NOHM)J2-I(M,OH ") 2nd-law analysis of results:
For the NaOH-KOH system, four measurements were per- Run 1, A fH°(1000 K =37.9+ 1.3 keal morll
formed at 883 KK°(T) values were in the range 12.2—24.3. (158.6-5.4 kJ mol™);

Using an estimated valu,S°(KOH) — A,S°(NaOH) = 1.
15 cal K ! mol™?! calculated for a planar rhomboid dimer
structure, the difference in dimerization enthalpies (154.4+ 11 kJ mol'%).

Run 2, A, H° (1000 K)=36.9+ 2.7 kcal mol !

J. Phys. Chem. Ref. Data, Vol. 26, No. 4, 1997
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K,O,H,(g) were found from the dimer partial pressure val-

2'55 . ues. The results of calculation are collected in Table 27.

7302 T g, Enthalpy of Formation of [KOHJ(g)—Miscellaneous Data

. [89GIR/IAP]

353 & & Girichev and Lapshina carried out an electron diffraction
3 1 ® o ° investigation of KO,H,(g) structure. In the process of refin-
o407 CI ing of the theoretical molecular scattering intensity curve
3 o o sM(s) they obtained the best agreement between theoretical

~459 o o and experimental curves using the valuempPP(d)

1 59900 [aeHas/ME, Runt = 0.67:0.33, or RI)/P(m) = 0.49 (T = 990 = 20 K). Com-

—5.0] o bining the electron diffraction data on geometry and vibra-

] tional frequencies with spectroscopic data fof¥H,(g), the

5 ] ‘ : authors [89GIR/LAP] calculated the 3rd-law enthalpy

oso’ T oss 160 1&8%/T wloT ST e AH°(0 K) = 181.6";3 kJ mol* for the reaction
K,0,H,(9)=2KOH(g).

Discussion of the Enthalpy of Formation of [KOJ{)
The authors of this review have recalculated all equilibria
The authors recommended the valug,H°(1000 K) from the papers annotated in the enthalpy of formation sub-
= 158.6+ 5.4 kJ mol 1. The data obtained for JO,H, pres-  sections with the thermal functions from this work and from
sure are presented in Table 26 and in Fig. 8. [82GUR/VEI and[89GUR/VEI].

Similar to the case of KOHj), two mass spectrometric
studies|68GUS/GOR and[84HAS/ZMB], appear to be the
most important for selection of the,R,H,(g) enthalpy of
formation. Using the data from both papers mentioned, the
enthalpyA,H°(0 K) = 16.0+=3 kJ mol ! or A,H°(298.15 K
= 17.1+3 kJ mol ! was adopted for the reaction

Fic. 8. Partial pressure of O,H,(g) over KOH(iq).

Enthalpy of Formation of [KOHJ(g)—Experimental Deter-
minations of the Total Vapor Pressure

[21WARJ/ALB], [21JAC/MOR, [69DUB/MIL],
[74KUD], [88KON/CORZ

Results of the total pressuf@lWAR/ALB] and apparent
monomer  pressure [21JAC/MOR, [69DUB/MIL],
[74KUD], [88KON/CORZ measurements for potassium hy- KOH(cr)+KOH(g) =K,0,H4(g). @)
droxide were used to calculate dimer partial pressures. Thﬁ
ratios Rd)/P(m) were found as equilibrium constants for the
reaction

s was mentioned in the enthalpy of formation subsections,
monomer and dimer partial pressures for the data of the boil-
ing point [21WAR/ALB], Knudsen effusior{74KUD] and
KOH(cr)+KOH(g)=K,0,Hx(g). (6) transpiration measuremenf21JAC/MOR), [69DUB/MIL],
[88KON/CORZ were calculated with this value. Results of

The calculations were performed with the vallg4° (0 K) the 2nd- and 3rd-law calculations for the reaction

= 16.0 kJ mol'! adopted for this reaction. The enthalpy of
sublimation for the dimer and the enthalpy of formation of 2KOH(cr)=K,0,H(9)

are presented in Table 27. The 3rd-law values differ from the
corresponding values for monomer vaporization by the
amount of 16.0 kJ mol*, as it follows from the method of
calculations employed. Hence these calculations are useful
only as an illustration of the agreement of the 2nd- and 3rd-
* law values. In general, agreement between 2nd- and 3rd-law
values is good.
. Combining the enthalpy of reactidb) with the enthalpies
. of formation for KOHcr) and KOHg) adopted in this re-
. view, the value for the enthalpy of formation ob®,H, was
obtained:

AH®(K,0,H,,9,298.15 K=—641.3-8 kJ mol ™.

. As indicated earlier, results of mass spectrometric studies by
a Porter and Schoonmakdgib8POR/SCH, [58POR/SCH?,
T/K [58POR/SCH3are very informative as to the understanding
A A 1 of the main features of alkali hydroxide vaporization. How-
40 60 80 100 120 ever, the papers mentioned only contain rough estimates of
partial pressures. At the same time, it seems likely that val-
Fic. 9. Heat capacity of CSOH at 5-100 K. ues of differences in dimerization enthalpies presented in the

50

+++++ [90KON/COR]

40

(J KT mol™)
30

(

P
20

TN I B B W
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10

¥
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paper[59SCH/POR are more reliable due to mutual com-  The results of Girichev and Lapshif@9GIR/IAP] are in
pensation of possible experimental errors in derivation of theagreement with the enthalpy of formation obtained from the
expression for the equilibrium constant. The value ofcalculations for reactio5) in combination with the enthal-
K,0,H,(g) enthalpy of formation was calculated from the pies of formation for KOHKcr) and KOHg).

data of[59SCH/POR in combination with the adopted en-  On the basis of the above discussion, the value

thalpies of formation for NaO#t), NaO,H,(g), and
KOH(g). The value obtainedA;H°(K,0,H,,9,298.15 K

= —671+25 kJ mol %, is in reasonable agreement with that
derived aboveA{H°(K,0O,H,,9,298.15 K =— 641.3+8 kJ
mol~ L. is adopted in this review.

A{H°(K,0,H,,9,298.15 K=—641+8 kJ mol !

2.2.4. Appendix. Tables of Experimental and Evaluated Data for [KOH] -(9)

TaBLE 26. Partial pressure of JO,H,(g) over KOH(iq), [84HAS/ZMB]

Run 1 Run 2

No. T/K Platm10° No. T/K  Platm 1C°
1 870 0.03 1 955 0.32
2 903 0.05 2 957 0.30
3 929 0.18 3 976 0.43
4 933 0.10 4 978 0.45
5 971 0.22 5 979 0.49
6 971 0.23 6 1002 0.78
7 993 0.40% 7 1002 0.50

8 996 0.47 8 1001 0.69
9 1023 0.79 9 1001 0.76
10 1024 0.79 10 1012 0.88
11 1059 1.50 11 1011 0.89
12 1060 1.50 12 1024 0.87
13 1044 1.16 13 1024 0.89
14 1043 1.16 14 1024 1.07
15 1014 0.71 15 1041 1.14
16 1013 0.71 16 1042 1.19
17 982 0.33 17 1066 1.83
18 982 0.35 18 1066 1.77
19 959 0.28 19 1049 1.60
20 958 0.19 20 1049 1.48
21 958 0.19 21 1028 1.03
22 922 0.11 22 1027 0.99
23 889 0.05 23 1005 0.61
24 859 0.03 24 1004 0.62
25 840 0.01 25 975 0.22

26 974 0.20

A value, corrected for an obvious misprint i[B4HAS/ZMB].
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TasLE 27. Results of experimental determination/gH °(K,0O,H,,g, 0 K), kJ mol*

A{H°(0 K)
Reference Method 2nd law 3rd law  A{H°(0 K)
Mass spectrometric studies
[58POR/SCH2 Knudsen effusion mass spectrometry, 170.7+5 —626.7+6
K,0,H,(g)=2KOH(g), 641 and 666 K
[58POR/SCH3 Knudsen effusion mass spectrometry,
2KOH(cr)=K,0,H,(g), T(av)=595 K 177 —664=10
626 K (one poing 172.9 —668*+10
[59SCH/POR Knudsen effusion mass spectrometry, —-32.3+t5 —-662+8
2NaOHg)+K0.Hx(9)=
2KOH(g) +Na,O,H,(g), 883 K (four pointg
[68GUS/GOR Knudsen effusion mass spectrometry,
2KOH(cn =K,0,H,(g), 598—653 K(13 pointy 211.3+6 —629.4+6
K,0,H,(g)=2KOH(g), 600—770 K(14 pointy 176.7+2 —632.7+3
[84HAS/ZMB] Transpiration mass spectrometry,
2KOH(liq) =K20,Hx(9),
Run 1: 840-1060 K25 pointg 223.6c9 207.1+0.7 —633.6:6
Run 2: 955-1066 K26 pointg 201.6-14 204.3:0.4 —636.4£6
Total vapor pressure measurements
[21WAR/ALB] Boiling point, 2KOH(iq)=K,0,H(g), 205.9 210.43 -—630.3:6
1443-1600 K(nine point3
[21JAC/MOR Transpiration, 2KOKiq)=K,0,H,(q), 203.6 —637.1+6
1068 K (nine point3
[69DUB/MIL ] Transpiration, 2KOKliq)=K,0,H,(q), 205.2 207.80.3 —632.9:t6
850—1350 K(64 pointg
[74KUD] Knudsen effusion, KOHigq)=KOH(g), 204.7-4 —637.2-6
760—-844 K(six pointg
[88KON/CORZ Transpiration, 2KOHKliq)=K,0,H(g) 201.955 209.0:1.0 —631.7+5
866.8—1087.0 K23 point3
Miscellaneous data
[89GIR/LAP] Electron diffraction, KOHg)=2KOH(g), 181.6-7.5 —638+10
990 K -4.9
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TaBLE 28. Thermodynamic properties at 0.1 MPa§H,(g)

C, —[G°—H°(OK)JT S H° — H°(0K) AH° AG®
TIK JK tmol™? kJ mol™*
0 0.000 0.000 0.000 0.000 —632.061 —632.061
25 33.714 154.815 188.128 0.833 —632.734 —632.352
50 39.453 178.213 212.900 1.734 —634.279 —631.423
75 50.543 192.846 230.859 2.851 —635.894 —629.634
100 63.312 204.407 247.159 4.275 —637.152 —627.347
150 83.268 223.728 276.925 7.980 —638.786 —622.051
200 94.902 240.324 302.630 12.461 —639.755 —616.315
250 101.621 255.039 324.594 17.389 —640.432 —610.371
300 105.714 268.245 343.513 22.580 —641.023 —604.301
350 108.352 280.202 360.021 27.936 —646.341 —597.950
400 110.141 291.109 374.613 33.401 —647.007 —590.990
450 111.411 301.125 387.663 38.942 —647.578 —583.953
500 112.357 310.378 399.452 44,537 —648.079 —576.857
600 113.715 326.990 420.065 55.845 —648.945 —562.528
700 114.759 341.575 437.675 67.270 —649.709 —548.064
800 115.722 354.569 453.062 78.794 —650.440 —533.493
900 116.688 366.287 466.748 90.415 —651.191 —518.830
1000 117.673 376.960 479.093 102.132 —652.021 —504.079
1100 118.664 386.764 490.355 113.949 —810.708 —480.008
1200 119.640 395.835 500.722 125.865 —809.575 —449.993
1300 120.583 404.277 510.336 137.876 —808.429 —420.074
1400 121.478 412.177 519.305 149.980 —807.261 —390.246
1500 122.318 419.602 527.715 162.170 —806.083 —360.501
1600 123.099 426.609 535.635 174.441 —804.893 —330.832
1700 123.821 433.244 543.119 186.788 —803.699 —301.240
1800 124.484 439.547 550.216 199.204 —802.505 —271.716
1900 125.091 445,551 556.963 211.683 —801.320 —242.261
2000 125.647 451.283 563.394 224.220 —800.148 —212.869
2200 126.618 462.030 575.416 249.450 —797.866 —154.252
2400 127.429 471.945 586.469 274.857 —795.715 —95.835
2600 128.108 481.153 596.696 300.412 —793.748 —37.595
2800 128.678 489.750 606.212 326.093 —792.018 20.501
3000 129.161 497.814 615.106 351.878 —790.569 78.484
3200 129.571 505.408 623.456 377.752 —789.450 136.384
3400 129.923 512.586 631.322 403.702 —788.700 194.227
3600 130.225 519.391 638.757 429.718 —788.356 252.032
3800 130.487 525.860 645.805 455.790 —788.458 309.836
4000 130.715 532.026 652.504 481.910 —789.026 367.648
4200 130.914 537.916 658.886 508.074 —790.089 425.515
4400 131.089 543.555 664.981 534.274 —791.670 483.420
4600 131.244 548.962 670.811 560.508 —793.781 541.431
4800 131.382 554.156 676.400 586.771 —796.415 599.539
5000 131.504 559.154 681.766 613.060 —799.590 657.762
5200 131.614 563.969 686.925 639.372 —803.284 716.141
5400 131.712 568.616 691.895 665.704 —807.494 774.645
5600 131.801 573.105 696.686 692.056 —812.183 833.325
5800 131.881 577.446 701.313 718.424 —817.334 892.191
6000 131.954 581.650 705.785 744.808 —822.897 951.233
298.15 105.593 267.780 342.859 22.385 —641.000 —604.528
Uncertainties in Functions
0 . 9.000 9.000
300 3.000 2.500 5.000 0.800 9.000 9.000
1000 4.000 6.000 8.000 3.000 10.000 7.000
2000 6.000 8.000 10.000 4.000 10.000 12.000
3000 8.000 10.000 12.000 6.000 11.000 25.000
4000 10.000 12.000 15.000 12.000 15.000 40.000
5000 12.000 13.000 18.000 20.000 20.000 60.000
6000 15.000 15.000 20.000 25.000 30.000 80.000
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3. Rubidium Hydroxide [82MED/BER)], [82GUR/VEI]
In these books the heat capacity, enthalpy, and entropy of

RbOH were estimated using the various empirical methods

At ambient pressure RbOH has three crystalline modifica®"d the experimental data for Li, Na, and K hydroxides. For
tions: orthorhombic &)—stable below 265 K, monoclinic ¢-RPOH the  following _vlalue§1 were  received:
(B)—stable at 265—508 K, and cubigY—stable above 508 80(2%8'15 K = 92+8 JK TOI 5 H®(298.15 K
K, see Table 1, Part |. There are experimental data on the ':'1 © 'f)l = 14.5-1.0 kImol *, C,(298.15 K)_j 69
enthalpies of formation, transition, and fusion of RbOH, but? K_l mol_l, and C,(T)= (51.24 + 59.56610°° T)
no experimental data on the heat capacity and the enthalpy< ~ Mol " at 298.15< T < 508 K. Theiclonste}qt values
content are available for RbOH. Thus the thermal function®! the heat capacity, 806 and 838 JK"“mol ~ were

of RbOH were calculated using the estimated values of th@ccepted fory-RbOH and RbOKliq), respectively. Simi-
heat capacity, enthalpy, and entropy of this substance. larly, estimated values for CsSOH were in good agreement
with the experimental data obtained later.

3.1. Rubidium Hydroxide in Condensed Phases

3.1.1. Heat Capacity and Enthalpy Measurements for Discussion of Heat Capacity and Enthalpy Data
RbOH(cré&liq) The heat capacity, enthalpy, and entropy values of RbOH
) ) ) estimated in the literature differ significantlgee Table 2P
Since no experimental values of heat capacity, enthalpyrhe accurate measurements of the CsOH heat capacity and
and entropy of RbOH are available at the present time, th%nthalpy[QOKON/CO@ (6—683 K and more accurate de-
corresponding values estimated in the literature are listed barmination of the heat capacity of KOIB8WHI/PER (15—
low. 340 K) permit us to define these values for RbOH by the
[61DRQO| interpolation. Thus we obtaine@,(298.15 K = 69+2
Drozin estimated the entropy of RbOH at 298.15 K based) K" mol™%, $°(298.15 K = 94+3 JK!mol!, and
on the principle of Berthelot and obtained the val8® H°(298.15 K — H°(0 K) = 13.5+0.3 kJ mol'%. The heat
(298.15 K = 19.9 calK *mol™? = 83.3 JK'! mol™®.  capacity of monoclinic modifications of KOH and CsOH in
This value is highly underestimated. the range 298 K T, are very similar to each othéin the
[71KRA/FIL] limits 1%—2 and fit satisfactorily by the linear equations.

Krasnov and Filippenko estimated the heat capacity valueSherefore, the analogous equation:

of RbOH (and CsOH as well as the enthalpy increment

H°(298.15 K — H°(0 K) extrapolating the experimental C;(T)/J K 1mol?!

data in the series LIOH-NaOH—-KOH- They obtained for

RbOHcr): H°(298.15 K — H°(0 K) =15.8 kJmol?, 5

+ 74.610°3T (298 < T < 574 K), and for RbOHliq):

C,(T) =92 JK * mol~*. Comparison of the corresponding was derived for RbOH, using the val@,(298.15 K (see
values estimated ifi7 IKRA/FIL] for CsOH with the experi- abové and estimated valu€ (508 K) = 79 J K * mol™™.
mental data shows that estimated values are 5%—20% higherThe value 764 JK ! mol~! was adopted for the heat
than obtained if90KON/COR|. capacity of cubic modification of RbOH. It is the average
[77KUB/UNA] value between the experimental heat capacities of cubic

Kubaschewski and Unal suggested an empirical methoftedifications of KOH and CsOH. For the heat capacity of
- - S : liquid RbOH the value 865 J K- mol~! was adopted, the
for estimation of the heat capacity of ionic inorganic com-'"d pted,

pounds at 298.15 K. They calculated the heat capacity incre?V€ag€ betweeln the_lexperimepta] heat capacities oflliquid
ments for ions Rb and C§ (26.4 JK * mol~!) as well as KOI:|1 (87 JK*mol™) and liquid CsOH (85 JK

for OH (31.0 J K- mol~1). The values for the heat capacity M0l -

of RbOH and CsOH at 298.15 K were equal 57.4 JK Phase Equilibrium Data

mol~! and are about 12.5 J*nol~ ! lower than the experi- [10HEV], [10HEVZ]

mental one for CSOHI90KON/COR). Hevesy determined the temperatures and enthalpies of
[79RIC/VRE| transition and fusion by a thermal analysis method. Unfortu-
Richter and Vreuls estimated the entropy of Rb@hd  nately, he studied a commercial sample of RbQHKahl-
CsOH at 298.15 K based on the linear dependence of thbaum™)  which  was  highly  contaminated by
entropy on the radius of the cation constituent of the comRb,CO; (—5.2%. The sample was dehydrated in a silver
pound. They determined the entropy increments of idms container at-450 °C “for many hours.” The cooling curves
JK tmol™Y): Rb" (55.9, Cs' (62.1), and OH (25.1) and  made with the rate 12 °C/min gave the transition and fusion
obtained for RbOH S$°(298.15 K = 81.0 JK?! temperatures 245 0.5°C = 518 K and 301+ 0.9°C
mol~ . This value is highly underestimated. For CsOH the= 574 K, respectively. The latter value is about 80° lower
estimated value is about 17 J K mol~?! less than the ex- than the value adopted in this review on the base of experi-
perimental oné90KON/COR. mental studies. The enthalpy of transition and fusion of
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RbOH (16.8 cal gt = 7.12 kJ mol! and 15.8 calg* [87JAC/MAC]
= 6.75 kI mol'! were determined by quantitative thermal  Jacobset al. measured the temperatures and the enthalpies
analysis. of transitions and fusion of RbOH by DSC. Preparation of
[54BOG] the sample was described earlj[86JAC/KOJ. According
Bogart measured the density of molten RbOH in the tem{© the chemical analysis, the sample contained 83.3% Rb
perature range from 400 °C to 850 °C and the melting poinfcalculated 83.4%and 16.5% OH ions (calculated 16.6%
of RbOH. The sample of RbOH, which contained 2 105 ThE daFa concerning |mpur|t|es in the sample were not given.
Rb,CO;, was dehydrated by heating in a nickel crucible at”h Perkm—EImer calorimeter, DSC2, was used for measure-
~500 °C. The fusion temperaturd@{ = 383 °C = 656 K) ments in the temperature range 15.—637 'K. The thermo-
was “more accurately” determined by thermal analysis. ThecouPles were calibrated by the melting points ofC In
temperature was measured by means of two chromel-alumé&#29-8 K, Pb(600.3 K), and Zn(692.7 K) with an accuracy
thermocouples that were immersed directly into the RboH" 0-2 K. The measurements of the enthalpies of phase tran-
melt. The cooling curves were made with the rate aboufitions were based on the enthalpy of fusid8.26

1°C/min. The author noted that in an earlier Sti#9HEV?2] kd mol1). The following values for the temperatures and
the sample of RbOH was not completely dehydrated. the enthalpies of phase transformations of RbOH and RbOD

were measured and are summarized in the table:
[58ROL/COH, [59ROL/CCOH

Rollet et al. prepared a sample by electrolysis of RbOH a-B ? B—y
wat_er sol_utlon ina s_tream of hydrogen, then purified it from T.UK 265 367 511 T.JK — 637
CO;, CI” and CIG; ions and dehydrated up to the constant A, H/kImor® 03 036 44 AyH/kImol'=3.6
fusion temperature. After purification the sample containekboD  T,J/K 300 369 513
about 0.5% RECO; only. The authors of58ROL/COH in- AgH/kImol* 01 117 36

vestigated the system RbOH-®l and obtained for RbOH _ _ ) _

Tys = 235°C = 508 K andTy,s = 380+1°C = 653 K by ~ NO information was given on the accuracy of listed values.
DTA. In [S9ROL/COH the temperature was measured with The results of x-ray investigations of RbOH modifications
a copper - constantan thermocouple that was calibrated b§f€ given in Table 1, Part I. The authors[87JAC/MAC]

the melting points of S1231.85 °G and of Zn(419.45 °G noted that the thermal effects at 367 K for RobOH and at 369
with an uncertainty 0.3 °C. From cooling and heating curved< for RbOD were not accompanied by the changes in the
Tus = 235°C = 508 K, andTy,s = 382 °C = 655 K were  Structure and the lattice parameters.

obtained. [89HEN/LUT]

[59RES/UNZ Henning, Lutzet al. studied the phase transitions of RbOH

Reshetnikov and Unzhakov prepared a sample by evapéand RbOD measuring the temperature dependence of the
ration of the solution mixture RSO, and B4OH), and by IR and Raman spectra in the range 100-370 K. A sample of
dehydration of RbOH in a stream of dry,kt 450 °C. The RPOH was prepared by the reaction of Rb®HO with
sample of RbOH was not analyzed chemically for impurities. RONH; in liquid ammonia in an autoclave as was described
The fusion point was determined a$,s = 301°C in [87JAC/MAC]. The temperature ofx—f transition of
= 574 K by thermal analysis. RbOH at 265 K was confirmed by the temperature shift of
[61COH/MIC] frequencyvgy.; the analogous transition of RbOD was de-

tected at 300 K.
Cohen—Adadet al. studied the system RbOH-RRO; ;
. A shift of frequenc - was also detected at 367 K. The
and obtained for pure RbOH the value; = 235°C quencyvon

. authors interpreted it as due to order—disorder transition of
= 508 K andTy,s = 382°C= 655 K. the monoclinic modification of RbOH. The analogous
[67RES/BAR, [69RES/BAR anomaly of RbOD was obtained at 369 K.

Reshetnikov and Baranskaya investigated a sample
RbOH containing about 98.5% RbOH, 0.46%,RD; and

0.1% HO. They otztalned the valud,s = 225°C= 498K 14 clinic modification of RbOH at 265 K and the enthalpy
and Tp,s = 385£1°C = ?58 K by DTA. 'I;he enthalpy of ot this transition, 0.3 kJ molt, were originally measured by
transition (1.29 kcal mor = = 5';1 kJ mor =) andlthe €N~ psSC[87JAC/MAC]. The accuracy of these values was not
thalpy _Of fUS'O”(z-l? keal mol © = 8.9 kJmol' ") were estimated. Based on similar measurements for CsOH by the
determined by quantitative DTA. same authorg87JAC/MACZ, one can estimate the error of
[690ST/ITK], [75ITK/POR] measurements of,; as+ 3 K. The value ofT,, obtained
Itkina et al. studied the system RbOH-LIOH and obtainedfrom the frequency shifts dependence upon temperature in
for RbOH the valuesT,; = 235°C = 508 K andT,s IR and Raman spectf89HEN/LUT], being less accurate,
= 380 °C = 653 K. Determinations of the transformation does not contradict to the887JAC/MAC] measurements.
temperatures were carried out in a gold container by DTA The thermal effect at 367 K for RbOkand at 369 K for
(heating curves were made with a heating rate 10 KRbOD) was determined if87JAC/MAC] by DSC. How-
min~1). ever, the authorl87JAC/MAC] found that the parameters of

cBiscussion of Phase Equilibrium Data
The a—pB polymorphic transition from orthorhombic to
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the monoclinic lattice of RbOH have not been changed afusion enthalpy of RbOH in[87JAC/MAC] seem to be
this temperature. The thermal effect at 367 K for Rb@iHd  greatly underestimated because the samples of RbOH con-
at 369 K for RbOD may be caused by fusion of RbOH- tained essential amount of waisee above For that reason,
RbOH-H,0 eutectic. Presence of,8 (or D,O) impurity in ~ we prefer to assume the value that have been estimated on
RbOH sample is confirmed by the fact that the obtained futhe basis of accurate calorimetric data for KOH and CsOH
sion point(637 K) is about 20 K lower than the more precise (see the table, the estimated values are in brackets

value 658+ 3 K (see below.

Measurements of the temperature of RbOH monoclinic— ApH  ApS
cubic (B—7y) transition (see Table 3Dresult in the values Ted  ApH AysS Tod kI JK1
ranging from 498 to 518 K. The average value of the datsSubstance K kimol™ JK™mol™ K mol™*  mol™!
obtained by DTA in[58ROL/COH, 61COH/MIC, 73PAP/ koH 517 56 10.83 679 7.9 11.63
BOU, 73TOU, 75ITK/PORis equal 508+ 3 K. The value  RbOH 508 (5.5 (10.83 658 (8.0  (12.)
Tys = 511 K obtained by DSE87JAC/MAC] is in satisfac-  CsOH 4982 54 10.83 6155 778  12.64

tory agreement with the above mentioned, but the purity of

the sample of RbOH ii87JAC/MAC] is doubtful (see be- The uncertainties of these adoptédr RbOH) values have

low). been estimated as 0.5 kJ mbland 1.0 kJ mol? for Aq,H
There is a large scattering of the measured valueb,gf andAH, respectively.

becguse of difficulties in dehydration of _the samples. Indeedy | culation of Thermal Functions of RbOH(cr&liq)

heatmg at 400-450 °C ,does not result in complete qlehydra- The thermal functions of RbO(dr&liq) at the tempera-

tion of RbOH. HO admixture may reach up to 10% in this a5 298.15-2000 KTable 35 were calculated using the
case[73ITK]. Therefore, we do not consider the results of 3yopteq values and equations presented in the previous sec-

several studieg10HEV, 59RES/UNZ, 87JACIMAG in  ion The uncertainties of the tabulated values are given in
which only partially dehydrated samples were investigateqdne Taple 35.

and the corr_esponding values were 2_0—80 K unde_restimated. The following values are adopted:
The other eight studie@ee Table 3)1y|e!ded theTy,s in the C; (298.15 K = 69+2 J K-1mol 1,
range 653—.658 K. In the. present review an average value o (298.15 K = 94+3 J K L mol 2,
_655 + 3 K is adopted. This value coincides with that found H°(298.15 K—H°(0) = 13500+ 300 J K * mol1,
in [59ROL/COH, 61COH/MIC, 71TOU i o )

The enthalpy ofa—g transition (orthorhombic - mono- Heat Capacity Equationgin the following temperature
clinic) of RbOH, A, H(265 K) = 0.3 kJ mol'?, was deter- ranges: R .
mined in only one study87JAC/MAC]. The information B-cr, (298515_508 K CpdK™" mol™* = 54.792
about the uncertainty of this value obtained by DSC was not 47.653 10°T, . 1 1
given. y=Cr, (508-658 K: Cop/J Kf1 m0|,1 = 76.0,

The “transition” within the monoclinic modification of ~ 1d: (658-2000 K: C,/J K== mol™* = 86.0.
RbOH at 367 K withA,JH = 0.36 kJ mol'* [87JAC/MAC]  Phase Equilibrium Data:
was not taken into consideration in this review because this @—g8 transition:T,J/K = 265 andA¢H/J mol ! = 300,
thermal effect may be explained by fusion of RbOH-RbOH B—y transition: T,JK = 508+3 and A,H/J mol*
-H,O eutectic (see above The literature datd10HEV], = 5500+ 500,
[67RES/BAR, [87JAC/MAC] concerning the enthalpy of  Fusion: T,dK = 658+3 and AgH/Jmol'* = 8000
B—1 transition (monoclinic—cubi¢ and the enthalpy of fu- =1000.
sion (see Tables 32 and Bare in poor agreemeriapproxi- The calculated values of thermal functions of
mately twofold divergence takes plac®ata[10HEVZ2] and  RbOH(cr&liq) differ from those listed in the earlier review
[67RES/BAR were determined by quantitative DTA which [82GUR/VEI|, (see Table 3% due to the use of different
is not precise. The sample of RbOH investigated inestimation schemes for the heat capacity, entropy and enthal-
[10HEVZ] was not completely dehydrated. Its melting point Pies of transition and fusion.
was about 80° below correct value. The DSC-data of
[87JAC/MAC] are also not accurate enough. The measure- 3.1.2. Enthalpy of Formation of RbOH(cr)
ments of enthalpy of transformations of CsOH made in ) ] o
[87JAC/MACZ| by the same method may be compared with. The enthalpy. of format|'on of crystalline rul:pdu.,m hydrox-
the more precise calorimetric data of Koning al. ide can be obtained from its enthalpy of solution in water and

[90KON/COR. The enthalpy of transition of CSOH at 511 K a@PPropriate auxiliary data. The enthalpy of solution of

obtained in the former stud§7.12 kJ mof %) is 30% higher RPOH(CN in water was determinated by Forcraf@sFOR

than that obtained if9OKON/COR] (5.4 kJ mol'%). On the ~ ONIY-

contrary, the enthalpy of CSOH fusidii.4 kJ mol'l) ob-  Experimental Study

tained in[87JAC/MACZ is 5% lower than the more accurate [06FOR|

value 7.78 kJ mol! [90KON/COR. Forcrand measured the enthalpy of solution of RHGH
The results of measurements of tffe-y transition and in water in a calorimeter at 288.15 (ne experiment For
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the reaction RbOKtr)+111H,0(1)=RbOHsoIn,11150), kJ mol* from the Forcrand data for reaction
the author obtainedA ,H°(298.15 K = —59.7 kJ mol *. - _
Parker[65PAR] recalculated this value taking into account RbOH(Ccn=Rb"(ag +OH"(aq).
the changes of atomic weights and the corrections for tranwe also approximatly calculated the enthalpy of formation
sition to a standard temperature and infinite dilution. Forof RbOH(cr) using the equatiom\;H°(MOH,cr,298.15 K
reaction RbO¥Kkcr) = RbOH (soln, »H,0) it was obtained: = f(N), whereN is atomic number of alkali met&M) in the

A, H°(298.15 K= —62.3-0.8 ki mol *. Information on  periodical System of Elements; MeNa, K, Rb and Cs. The
the purity of the RbOH sample and other experimental des, ) e A{H°(RbOH,cr,298.15 k= —420 kJ mol * was ob-

tails was not given. tained by a graphic interpolation from the data adopted for

Discussion of the Enthalpy of Formation Data NaOH(cr), KOH(cr), and CsOHcr) in this review. The un-
The enthalpy of formation of RbOler) was calculated  certainty of this value was estimated as 4 kJ mol?

“32'2% OE;%A(LA(‘) k(il]ata T“%fH d((A)HH;(RTJ(i' 29%;;’ 15KB'~: (~*1%). The value obtained is in satisfactory agreement

- ' : mol~ andAy »aq, ) ~ with the value calculated from Forcrand measurements

_ 1 i .
251.12+0.10 kJ mol * [89COX/WAG]). The uncertainty The value of the enthalpy of formation of Rb@d) is

of the values was recalculated by authors of this review an . .
was increased ter 1.5 kJ mol %, The latter value was evalu- %ased on the Forcraril@6FOR data. This value is

ated by a comparison of the results of Forcrand measure- AH°(RbOH,cr,298.15 K=—418.8+1.5 kJ mol L.

ments for hydroxides of other alkali metals with the data of__ . . .
more accurate and modern measurements. Thus we obtainga'S value and the values recommended in other reviews are
the value AH°(RbOH,cr,298.15 K = -418.8-15 compared in Table 29.

3.1.3. Appendix. Tables of Experimental and Evaluated Data for RbOH(cr)

TaBLE 29. Comparison of the heat capacity, enthalpy, entropy, and enthalpy of formation values fofdRbOH

at 298.15 K

C;(298.l5 K $°(298.15 K H°(298.15 K—H°(0 K)  A;H°(298.15 K
Reference JKtmol™*  JK!'mol™? Jmol?t kJ molt
61DRO 83.3
71KRA/FIL 71.1 15800
79KUB/UNA 57.4
79RIC/VRE 81.0
82MED/BER 69+ 4 92+8 14500+ 800 —418.7+1.7
82GUR/VEI 69 928 14500+ 1000 —418.8+4.0
82WAG/EVA —418.19
89KON/COR —-418.8+ 1.0
Adopted 692 94+3 13500+ 300 —-418.8+ 1.5

TasLe 30. Temperatures of phase transformations of RbOH

Reference tyd/°C TIK Comments

Original Studies TaBLE 31. Temperature of fusion of RbOH

10HEV2 245-0.5 518 Thermal analysis
58ROL/COH, 235 508 Thermal analygiBTA) Reference td°C  TudK Comments
59ROL/COH
61COH/MAC 235 508 Thermal analysiBTA) Original studies
67RES/BAR 225 498 Thermal analysiBTA) 10HEV, 10HEV2 30%1 574 Thermal analysis
690ST/ITK, 235 508 Thermal analysiBTA) 54BOG 383 656 Thermal analysis
75ITK/POR 58ROL/COH 381 653 Thermal analysi€(DTA)
73PAP/BOU 2352 508 Thermal analysi€DTA) 59ROL/COH 382 655 Thermal analygBTA)
73TOU 2352 508 Thermal analysis 61COH/MIC 382 655 Thermal analys{pTA)
87JAC/MAC 265 (rh-monla—B) DSC-method 67RES/BAR 3851 658 Thermal analysi€DTA)
?367 (monl-monll) DSC-method 69TSE/DOB 380 653 Thermal analySBTA)
511 (monll-cubB—-vy) DSC-method 690ST/ITK, 380 653 Thermal analysipTA)
Reviews 75ITK/POR
82MED/BER, 508+ 2 Based on several studies 71TOU 3822 655 Thermal analysi€DTA)
82GUR/VEI 87JAC/MAC 637 DSC-method
Adopted 265+ 3(a—pB) Based on 87JAC/MAC Reviews
508+3(B-7) Based on 58ROL/COH, 73TOU,  81MED/BER, 658+3 Based orf{67RES/BAR
61COH/MIC, 73PAP/BOU, 82GUR/VEY
75ITK/POR Adopted 6553 Based on eight studidsee text
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TasLE 32. Enthalpy of8—vy transformation of RbOH

TasLE 33. Enthalpy of fusion of RbOH

Reference AyH®, I mof Comments Reference AyH®, I mor?t Comments
Original studies Original studies
10HEV 7120 Thermal analysi®TA) 10HEV, 10HEV2 6750 Thermal analysipTA)
67RES/BAR 5400 Thermal analysiBTA) 67RES/BAR 8900 Thermal analysiBTA)
87JAC/MAC2 4400 DSC-method 87JAC/IMAC 3600 DSC-method
Estimation(this study 5500 Estimation based akS, see text  Estimation(this study 8000 Estimation based aky,S
Reviews (see text
82MED/BER, 5406500 Based on 67RES/BAR Reviews
82GUR/VEY 82MED/BER, 890800 Based on 67RES/BAR
Adopted 5506500 Based on estimation, this study 82GUR/VEY

Adopted 800a:-1000 Based on estimation

in this study

TaBLE 34. Differences(J K™ mol 1) between the thermal functions of
RbOH(cr,lig) calculated in the present work and[B2GUR/VEY]

TIK ACY(T) AD(T) AS(T)

298.15 0.0 5.354 2.000
500 —2.405 3.917 1.432
1000 3.0 2.079 0.443
1500 3.0 1.750 1.659
2000 3.0 1.840 2.523

TasLE 35. Thermodynamic properties at 0.1 MPa: RiOi&liq)

C, —[G° — H°(OK)J/T Y H° — H°(0K) AgH° A{G®
TIK JK tmol™? kJ molt
0 0.000 0.000 0.000 0.000  —416.237 —416.237
300 69.088 49.001 94.427 13.628 —418.784 —373.592
350 71.471 56.280 105.256 17.142  —420.503 —365.832
400 73.853 63.018 114.955 20.775 —419.897 —358.062
450 76.236 69.287 123.791 24527 —419.169 —350.375
500 78.618 75.150 131.947 28.398  —418.327 —342.776
508 crB 79.000 76.054 133.198 29.029 —418.181 —341.568
508 cry 76.000 76.054 144.025 34529  —412.681 —341.568
600 76.000 87.473 156.675 41521 —411.292 —328.808
658 cry 76.000 93.887 163.688 45,929  —410.441 —320.876
658 lig 86.000 93.887 175.846 53.929 —402.441 —320.876
700 86.000 98.966 191.167 57.541 —401.416 —315.702
800 86.000 109.974 192.651 66.141  —399.023 —303.620
900 86.000 119.734 202.780 74.741  —396.697 —291.835
1000 86.000 128.500 211.841 83.341 —466.141 —277.835
1100 86.000 136.455 220.038 91.941 —462.895 —259.163
1200 86.000 143.736 227.521 100.541 —459.687 —240.783
1300 86.000 150.450 234.404 109.141 —456.519 —222.671
1400 86.000 156.677 240.777 117.741 —453.387 —204.799
1500 86.000 162.484 246.711 126.341 —450.293 —187.151
1600 86.000 167.923 252.261 134.941 —447.235 —169.708
1700 86.000 173.039 257.475 143.541 —444.212 —152.455
1800 86.000 177.868 262.391 152.141 —441.224 —135.380
1900 86.000 182.440 267.040 160.741 —438.273 —118.468
2000 86.000 186.781 271.452 169.341 —435.360 —101.713
298.15 69.000 48.721 94.000 13.500 —418.800 —373.871
Uncertainties in Functions
300 crB 2.000 3.000 3.000 0.300 1.500 1.800
500 crB 3.000 4.000 4.000 1.000 1.800 2.500
1000 lig 4.000 6.000 8.000 3.000 3.500 6.000
1500 6.000 8.000 10.000 6.000 6.000 12.000
2000 8.000 10.000 12.000 10.000 10.000 20.000
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3.2. Rubidium Hydroxide in Gaseous Phase linear RbOH using the datd8SPI/MAR] for v, and some
estimates.
3.2.1. Rubidium Hydroxide Monomer [7OJEI\]
Molecular Constants of RbOH(g) Jensen estimategy = 3610 cm ! for a linear configura-
[53SMI/SUG tion of RbOH and accepted the other molecular constants

Smith and Sugden estimated the molecular constants dfom literature data.
RbOH, assuming a linear model of the molecule with
r(O—=H) = 0.97 A. The value of (Rb—O was taken in the [71KEL/PAD]
same way as that for the RbO molecules estimated b}{io
Brewer and Mastick49BRE/MAS]. The value ofy(Rb—-0O
was estimated by comparison with the vibrational frequen{78BEL] (see alsq91BEL2))

Kelly and Padley accepted the bond lengths and vibra-
nal frequencies of linear RbOH from literature data.

cies for diatomic metal oxides listed by Herzb¢B9HER]; Belyaeva investigated IR spectra of RbOH and RBOD,
the value ofv(Rb—O—-H was calculated in the ionic model trapped in Ne, Ar, Kr, and Xe matrices at 8 K, in the range
approximation. 200-4000 cm?. The spectra was analyzed on the assump-
[58SPI/MAR] tion that the rubidium hydroxide molecules are linear. The

Spinar and Margrave studied IR spectrum of equilibriumba”ds in the Ar matrix at 354.5/3&houldey and 310/303/
vapors over rubidium hydroxide at 690—900 °C and assigned99-5 cm* were assigned, respectively, to the Rb-O
an absorption at 362—368 crhto (RbOH), where x= 1 or  Stretching ¢;) and the Rb—O bendingwt) frequencies of
2. The author§58SPI/MAR] tentatively attributed this ab- RbOH.
sorption to Rb—OH stretching vibration of the linear RoOH[78L0V]
molecule and defined(Rb—O = 365+20 cm . Lovas in the review of microwave spectra recommended
[66JEN/PAD the structural parameters of linear RbOH obtained in

Jensen and Padley estimated molecular constants of RoQl@SLID/MAT ].
assuming a bent configuration with< (Rb—O-H [SONEM/STH

= 114°. Nemukhin and Stepanov applied the diatomics-in-
[69ACQ/ABR] molecules approach to calculating the ground-state equilib-

Acquista and Abramowitz observed the IR spectra ofrium geometry and vibrational frequencies of the RbOH
RbOH and RbOD isolated in Ar matrix and attributed two molecule. The structure of the molecule was found to be
strong absorption features at 354.4 and 309.0 tio the linear. The values of the vibrational frequencies were ob-
Rb—O stretching ;) and Rb—O—Hbending ¢,) funda- tained using two sets of parameters for the potential surface.
mentals, respectively, of the. RbOH molecule. The ass'gr:plPlE/BLU]
ments were made on the basis of the temperature dependenc
of the band intensities and on the values of isotopic shifts iq

. . . . . he

conformity with a linear configuration of the molecule.

[69LID/MAT]

Lide and Matsumura applied a new approach to th . . .
vibration-rotation interaction in linear triatomic molecules to (Zurlvflch V\I"thl Eo-vi?‘rk(ta;s adi)][c)tedt_a Ilnl?aRrb molec;ular
explain the anomalies found in the microwave spectrum ofnodel for cajcufating the therma functions o @ian

RbOH [69MAT/LID]. The authors concluded that a linear selected the rotational constaj from [6SMAT/LID |, v,
equilibrium configuration is very probable for all alkali hy- M [69ACQ/ABR], and v, from [78BEL]. The value of

droxides. The value; = 3600 cm * was assumed for har- 73 was estimated as in the other alkali metal hydroxides.
monic force field calculation. The refined values of the equi{86BAU/LAN ]

ietro et al. calculatedab initio equilibrium geometry of
RbOH molecule using extended STO-3G minimal basis
set.

JBZGUR/VEI]

librium bond lengths were found as(Rb—O = 2.301 Bauschlicheret al. calculated ab initio the values of
+0.002 A andr (O-H) = 0.95,+0.01 A. r(Rb—0), »(Rb—0), andDy(Rb—OH of RbOH in the linear
[6OMAT/LID] ground electronic state assuming the rigid OH subunit with a

Matsumura and Lide investigated the microwave spectr&ixed O—H bond distance 0.9472 A. The calculations were
of the RbOH and RbOD molecules and observed 3 — 3 ~ made using both the self-consistence fi€S€CH and singles
as well as some other transitions. The rotational constants ¢flus doubles configuratioCISD) levels and extended
8RbOH were calculated aB, = 6290.15 MHz(0.209817 Gaussian basis set of at least triple-zeta plus double polariza-
cm ) andDj = 0.006 MHz(2-107 cm™1). Corresponding tion quality.
values of the bond distances iRb-0 andr(O-H) (in A) [86LUT/HEM] (see alsd82LUT/ECK])
were, respectively, 2.316 and 0.9@m B,) and 2.305 and Lutz et al. investigated the IR and Raman spectra of solid
0.965(from By). RbOH and RbOD at 95 and 300 K in the range 200—4000
[69TIM/KRA] cm ! and assigned the O«B) stretching frequencies of
Timoshinin and Krasnov listed the molecular constants othese molecules.
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TABEE 36. Bond_ lengths(A), angle (dg@, and vibrational frequencies investigation. They found that the molecule had an essen-

(em™) of RhOH in the ground electronic state tially linear structure with a rather low-frequency bending
Reference  1(Rb-O r(O—H) <(Rb-O-B v, 1,3 v, Note vibration. In the supsequent publlcatlcﬁ.ﬁngD/MAT]. the.

same authors applied a new formulation of the vibration-

53SMI/lSUG - 2.37  0.97 180 350 330~ 4 rotation interactions in linear triatomic molecules to the mi-
22?;5%’2\% 260 086 14 363569 "1300 3610 crowave datd69MAT/LID] and refined the values of the
69ACQ/ABR - 180 354.4 309.0 -~ @ bond lengths. Theoretical calculations for the Rb—O bond
69LID/MAT  2.301  0.957 180 R length in the linear molecul¢8ONEM/STE, 81PIE/BLU,
69MAT/LID 2316  0.913 150 e e 8 86BAU/LAN] as well as the estimatioi53SMI/SUQG
6OTIMIKRA 230 0.97 180 365 375 3740; yielded somewhat exaggerated values.

;2&ET/P AD 22 ,311 0.96 lfgo 33551_ 4 3339 322809 The investigation of IR spectra of RbOldnd RbOD) iso-
78BEL 180 3545 304 --- d lated in Ar matrix was performed by Acquista and
78LOV 2301 180 e e e 4 Abramowitz[ 69ACQ/ABR] and Belyaev478BEL, 91BEL].
80ONEM/STE ~ 2.39  0.968 180 335 716 3809 The spectra were interpreted for a linear model of the mol-
BONEM/STE ~ 2.39  0.968 180 332 676 3805 ecule. The assignments of the Rb—O stretching frequency,
222'55\5% ;:222 é:g?g 128 254 309 3700 v, and the Rb—O—Hbending frequencyy,, are in excellent
S6BAU/LAN 2.349  0.9472 180 380 - e | agreement between both studies. The valug(Bb—0), ten-
86BAU/LAN 2.323  0.9472 180 398 - ... oM tatively attributed by Spinar and Margraj{88SPI/MAR] to
86LUT/HEM - 180 3598 " the RbOH molecule when investigating IR spectrum of ru-
87ALIVEN 2301  0.957 180 354 309 3700° bidium hydroxide vapor, is consistent within the limits of
Adopted in 2316  0.913 180 354 309 3700

experimental errors withr; for RbOH according t¢69ACQ/

t work
present wor ABR, 78BE1l, 91BEL. The theoretically calculated

Z'IERS“S”;;‘Ef:‘U-m of vapor [BONEM/STE, 86BAU/LAN and estimated 53SMI/SUG,
“Estimated for a bent configuration; is nondegenerate. 69TIM/KRA] values ofyl_and v, are less reliable, tho_th
4R spectrum in Ar matrix. the estimate ofv; by Smith and Sugdef53SMI/SUQG is
®Microwave spectrum. very close to the experimental value. The O—H stretching
fy, from [58SPI/MAR]; other constants are estimated. frequency, v, of RbOH was observed only in solid state

9Literature data.
"Diatomics-in molecules method; parameters of potential surface are calcépeCtra(See’ for example[82LUT/ECK], [SGLUT/HEN])'

lated using thé66BUE/PEY] approach. There are several known estimat@9TIM/KRA, 70JEN,
'Diatomics-in molecules method; parameters of potential surface are calcl82GUR/VEI, 87ALI/VEN] which predict the value of; in
lated using an alternative approach. the range characteristic for this frequency, 3610-3740

IAb initio STO-3G calculation. 1
kBond lengths fronf69MAT/LID]; »; and v, from [69ACQ/ABR, 78BE], ~ ¢M -

v3 estimated. The ground electronic state of linear RbOH'%". Simi-
'SCFab initio calculation. lar to the other alkali metal hydroxides, low-lying excited
CI(SD) ab initio calculation. electronic states of RbOH are not known, nor expected.

"IR spectrum of solid.

A linear configuration of RbOH with ;(Rb—O = 2.316
+0.002 andr ,(O—H) = 0.913+0.010 A is accepted in the
present work according {@9MAT/LID]. The corresponding
[87AL’/VEN] value of the moment of inertia i913.36+0.0210 %°

Al'tman et al. in the review of geometry and vibrational g cn?. The values ofy; = 354+10 cm ! and v, = 309
frequencies for triatomic molecules recommended the mo="10 cm ! are taken as average of the IR spectral data
lecular constants of RbOH selected from literature data. [69ACQ/ABR, 78BE1, 91BEl and v; = 3700+ 100 cmi *

The molecular constants of RbOH, measured, calculateds estimated.
estimated, or accepted in above-named studies, are given inThe molecular constants of RbOH adopted in the present
Table 36. work for calculation of the thermal functions are summarized

Discussion of the Molecular Constants of RbOH(g) below:

Smith and Sugdefb3SMI/SUG were apparently the first ro(Rb—0=2.316-0.002 A; 1(O—H)=0.913+ 0.010 A;
who assumed a linear structure for the RbOH molecule and

estimated its bond lengths and vibrational frequencies. On <(Rb-O-H=180%

the other hand, Jensen and Pad@gJEN/PAD on analogy _ _ 39 )

with an early JANAF Thermochemical Tables recommenda- | =(13.36-0.0310" glent;

tion for KOH adopted< (Rb—O-H = 114°. However, later symmetry numbero=1; statistical weight: p=1;
Jenser{70JEN revised this point of view, and after the re- .

sults of microwave investigation§69MAT/LID, 69LID/ v1=354+10cm~, di=1;

MAT ], adopted a linear configuration of the molecule. Mat- v,=309* 10 e Y, dy=2:

sumura and Lide[69MAT/LID] obtained experimental

evidence of the RbOH linearity from the microwave spectral v3=3700+ 100 cm %, dy=1.
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TaBLe 37. Differences(J K mol™?!) between the thermal functions of pjidium were present as ions and hydroxide molecules. In

RbOH({g) calculated in the present work and[B2GUR/VE addition to photometric measurements, a procedure based on
[Present Work[82GIUR/VET 2 the glectron concentration determination was employed to
TIK ACy(T) A®°(T) AS*(T) obtain a[RbOHJ/[Rb] value. The mean value gRbOHJ/

[Rb] = 0.38+0.1 was finally adoptedT = 2475+15 K).

igg'ols g'ggi 8'88(75 8'88? This value corresponds to the equilibrium constant value

2000 0.001 0.006 0.007 K°(2475 K) = 0.012 for the reaction

3000 0.001 0.007 0.007

4000 0.001 0.006 0.008 Rb(g)+H,0(g)=RbOHg)+H(g). (6)

5000 0.001 0.007 0.008

6000 0.001 0.007 0.008 Third-law calculation performed ifi66JEN/PAD using a
2The values ofb°(T) andS°(T) tabulated if82GUR/VE( are recalculated  bent hydroxide molecule model resulted in the value
to standard pressure 0.1 MPa. Dy(Rb—OH = 83+2 kcal mol'! (347+8 kJ mol ). Later

Jenser{70JEN calculated theD,° (Rb—OH value from the
equilibrium data obtained by Jensen and Padley using a lin-
Calculation of the RbOH(g) Thermal Functions ear model of MOH molecules. The results of calculations for
The thermal functions of RbOlg) in the standard state both models were close and he finally recommended the
are calculated in the “rigid rotor—harmonic oscillator” ap- value Dy(Rb—OH = 347=9 kJ mol L.
proximation with low-temperature quantum corrections ac-
cording to the equations given B9GUR/VEY]. The mo- [69COT/JEN
lecular constants of RbOH used in calculating the therma?
functions are given in previous subsections. The calculate
;/:rlrzje;g:ﬁrpe(-%nq) ((;——)GSOE)TI)( andl—! (T)._THbe)s'g the of hydrogen atom concentration in hydrogen-rich,
b nge o- are given in 1avle 0. ydrogen—oxygen—nitrogen flames. The mean value
The uncertainties in the calculated thermal functions Of¢e(1570 K) = 5.3-10 was obtained for the equilibrium
RbOH(g) are mainly due to uncertainties in the molecular .\t ot reaction). Third-law calculations were made
constants. At high temperatures the uncertainties, because \?/?th the data from JANAF Table@ee[71STU/PRQ) for a

the approximate method of calculation, become more SUbE)ent model of RbOH molecule. The following value of dis-
stantial. These uncertainties are estimated on the basis of t & ciation energy with the total error limit was obtained :

differences between the thermal functions for the linear tri--. _ 1 1

atomic moleculegN,O, CO,, CS,, OCS, HCN, FCN, and Do(Rb—OH = 872 keal mol~ (364=8 kJ mol™).

CICN), calculated in[89GUR/VEY, 91GUR/VEY in the  [71KEL/PAD]

“nonrigid rotor —anharmonic oscillator” approximation, and ~ Kelly and Padley carried out flame photometric studies of
those calculated in the “rigid rotor—harmonic oscillator’ ap- Rb emission in H+ O, + CO, and K, + O, + N, flames
proximation. Since the value of the constant of centrifugalin the temperature range 1950—2750 K. To suppress ioniza-
distortion of RbOH is knowfi69MAT/LID], it is possible to tion of rubidium atoms, cesium chloride was introduced in

estimate the corresponding contribution to the thermal funcflames together with the rubidium salt. Thirty-two values of
tions. It amounts to from 0.001 to 0.1 JKmol ! in  the equilibrium constant for reactiqe) were obtained. The

®°(T) at T = 298.15 and 6000 K, respectively. The total data in [71KEL/PAD] were presented on the graph. The

uncertainties in the thermal functions of Rb@are pre- 9raph shows pronounced deviation from linearity for 13
sented in Table 36. points at temperatures exceeding?2400 K. This deviation

The thermal functions of RbOlg) were calculated earlier Was attributed to unsuppressed ionization of rubidium atoms.
in [82GUR/VEI (100-6000 K. Since the molecular con- Kelly and Padley fitted the equilibrium constant values for
stants adopted in the present work are practically identicaléaction(6) with the equation
with those in[82GUR/VEI], the differences between both
calculations are negligiblésee Table 3)if one takes into
consideration different values of standard presgliratm in

where log A= 1.70,A,H°(2350 K) = 160 kJ mol'. They

[82GUR/VEI)). ' _ )
. i . regarded this equation as appropriate to the whole tempera-

Ent_halpy of Fo_r_mgtm_m of RbOH(g)—Experimental Investi-{ e range 1950—2750 K.
gations of Equilibria in Flames From the enthalpy of reactiof6) at the mean temperature
[66JEN/PAD, [7T0JEN of the range,T = 2350 K, Kelly and Padley calculated the

Jensen and Padley performed photometric measuremeriad- and 3rd-law values of dissociation energy
of rubidium hydroxide formation in hydrogen—oxygen— Dy(Rb—OH for linear and bent models of this moleculel
nitrogen flames. The analysis of the suppressed-ionizatiomol™ !): 360+12 (2nd law, lineay; 362 (3rd law, lineay;
logarithmic plot of the rubidium resonance doublet emission352.5 (2nd law, bent 343 (3rd law, bent They recom-
intensity against I/ was analogous to that for the potassiummended as the best valuy(Rb—OH = 362 kJ moi?,
data but more complicated, since greater proportions of rubased on the 2nd- and 3rd-law treatment for the linear model.

Cotton and Jenkins determined dissociation energy
o(Rb—OH using atomic absorption spectroscopic measure-
ments of the concentration of rubidium atoms as a function

K°(T)=Aexd —AH°(2350 K)/RT],
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Enthalpy of Formation of RbOH(g)—Mass Spectrometrictions from this work and with auxiliary data fropf82GUR/

Studies of Equilibria in Flames VEI] and[89GUR/VEY]. The recalculated values of enthal-
[75PAN] pies of reactions and the values of enthalpy of formation of
Panchenkov carried out a mass spectrometric measur&POHQ) are collected in Table 38. The mean value from all
ment of the equilibrium constant for the reaction data presented isAH°(RbOH,g0 K = -232.7£5
kJ molt. Tha valueDj(Rb—OH = 356.0+ 5 kJ mol ! cor-
Cqg)+RbOH(g)=CsOHg)+Rb(g). responds to this enthalpy of formation. In contrast to other
From the valuek® (1243 K) = 9.01, the third-law enthalpy @alkali hydroxides, in the case of rubidium the data for the
for this reaction was calculateds,H°(0 K) = —5.1+2.4  equilibria between condensed and gaseous phase are lacking.

kcal mol! (—21.3+10 kJ mol'l). Combining this value Under these circumstances, it appears expedient to draw ad-
with the valueD{(Cs—OH = 90.5+ 2 kcal mol ! selected ditional information for obtaining the most reliable enthalpy
in the same work[75PAN] as the most reliable, the ©f formation. In particular, it is helpful to compare dissocia-
value Dy(Rb—OH = 85.4+3.3 kcal mol'! (357.3-14 tion energies of alkali hydroxides and related alkali halides.
kJ mol"1) was obtained. Thermal functions used in the third-The comparison shows thé Do(M—OH) values are sys-

law calculation were taken from materials prepared for andematically lower tharbo(M—F) for approximately constant
later included in the reference bop82GUR/VEI. amount for all alkali metal$89GOR/MIL]; (i) Do(Rb-F
and Dy(Rb—C) values are several kJmdl lower than

Dy(K—F) and Dy(K—Cl). Ab initio calculations[86BAU/
[86BAU/LAN] LAN] support these observations. Using the value
Bauschlicheret al. calculated dissociation energies of the Dy(K—OH) = 357 kJ mol'! corresponding to the adopted

alkali hydroxide molecules MOH into Mand OH ions by value for KOHg) enthalpy of formation the value
ab initio methods. As the “best,” Bauschlichet al. have Dy(Rb—OH=355+5 kJ mol ! is selected as the most sat-
chosen the valu®,(Rb—-OH = 3.58 + 0.10 eV(345+10 jisfactory choice conforming to regularities described. It is
kJ mol™ ) obtained from the valu®(Rb—OH = 3.60 eV  very close to the mean valu@,(Rb—OH = 356 kJ mor .
(CI(SD) level) with zero-point correction taken equal to The following enthalpies of formation correspond to the se-
—0.06 eV and a correction of 0.04 eV based upon the errorgected value:A{H°(RbOH,g,0 K = —233.75 kJ mol'%;

in the computed bond lengths. The computed bond lengthgH°(RbOH,g,298.15 K = —238.0+5 kJ mol .

were larger than those experimentally determined and the On the basis of the above discussion, the values

bond energies turned out to be slightly underestimated. AH°(RbOH,g,298.15 K= — 238.0+5 kJ mol %
Discussion of the Enthalpy of Formation of RbOH(Q) . 1

The authors of this review have recalculated all equilibria Do(Rb—OH =355 5 kJ mol
from the papers previously discussed with the thermal funcare adopted in this review.

Enthalpy of Formation of RbOH(g)—Ab Initio Calculation

3.2.2. Appendix. Tables of Experimental and Evaluated Data for RbOH(g)

TaBLE 38. Results of determination dfH;(RbOH,g,0 K, kJ molt

AH;(0 K)
Reference Method 2nd law 3rd law AH;(0 K)
[66JEN/PADQ Flame photometry, 145.0+8 —227.8+8

Rb(g)+H,0(g) =RbOH(g)+H(g),
2475 K (one poin}
[69COT/JEN Flame photometry, 124.5¢6 —248.3t6
Rb(g)+H,0(g) =RbOH(g) +H(g),
1570 K (six pointg
[71KEL/PAD] Flame photometry, 133.6:6 —239.2+6
Rb(g) +H,0(g)=RbOH(g)+H(g),
1950—2750 K(32 pointg
[75PAN] Knudsen effusion mass spectrometry, —31.8+10 —224.3+10
Cs(g)+RbOH(g)=CsOHg)+Rhb(g),
1243 K, (one poin}
[86BAU/LAN] Ab initio calculation, 345+ 10 —224+10
RbOH(g)=Rb(g)+OH(g)
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TasLE 39. Thermodynamic properties at 0.1 MPa: RHQH

Cy —[G°—=H°(0K)]T S H° —H°(0K) AH° AG°
TIK JK tmol™? kJ molt
0 0.000 0.000 0.000 0.000 —233.697 —233.697
25 29.101 131.053 160.120 0.727 —233.825 —235.102
50 29.314 151.210 180.317 1.455 —234.420 —236.172
75 31.098 163.055 192.471 2.206 —235.083 —236.902
100 34.388 171.617 201.849 3.023 —235.633 —237.502
150 40.925 184.331 217.088 4,914 —236.445 —238.126
200 45.265 194.121 229.507 7.077 —237.033 —238.594
250 47.912 202.268 239.916 9.412 —237.525 —238.925
300 49.569 209.302 248.809 11.852 —238.020 —239.142
350 50.654 215.510 256.537 14.359 —240.746 —239.023
400 51.398 221.073 263.353 16.912 —241.220 —238.744
450 51.930 226.115 269.439 19.496 —241.660 —238.408
500 52.330 230.726 274.932 22.103 —242.082 —238.024
600 52.914 238.916 284.527 27.367 —242.906 —237.134
700 53.379 246.032 292.720 32.682 —243.735 —236.108
800 53.823 252.324 299.876 38.042 —244.582 —234.960
900 54.281 257.968 306.242 43.447 —245.451 —233.706
1000 54.756 263.087 311.986 48.898 —318.044 —229.882
1100 55.238 267.774 317.227 54.398 —317.898 —221.074
1200 55.716 272.099 322.054 59.946 —317.742 —212.278
1300 56.179 276.116 326.532 65.541 —317.579 —203.496
1400 56.621 279.868 330.712 71.181 —317.407 —194.726
1500 57.036 283.390 334.632 76.864 —317.230 —185.970
1600 57.422 286.709 338.326 82.587 —317.049 —177.226
1700 57.780 289.849 341.818 88.348 —316.865 —168.492
1800 58.108 292.829 345.130 94.142 —316.683 —159.770
1900 58.410 295.665 348.280 99.968 —316.506 —151.056
2000 58.685 298.371 351.283 105.823 —316.338 —142.353
2200 59.168 303.440 356.900 117.610 —316.036 —124.968
2400 59.570 308.114 362.066 129.485 —315.807 —-107.610
2600 59.908 312.450 366.848 141.434 —315.683 —90.265
2800 60.192 316.496 371.298 153.445 —315.693 —72.928
3000 60.432 320.290 375.459 165.508 —315.866 —55.582
3200 60.636 323.861 379.366 177.615 —316.233 —38.221
3400 60.811 327.236 383.047 189.760 —316.820 —20.829
3600 60.961 330.434 386.528 201.937 —317.654 -3.391
3800 61.091 333.474 389.827 214.143 —318.759 14.093
4000 61.205 336.370 392.964 226.373 —320.156 31.649
4200 61.304 339.137 395.952 238.624 —321.869 49.282
4400 61.391 341.785 398.806 250.894 —323.915 66.997
4600 61.468 344.324 401.537 263.180 —326.306 84.822
4800 61.537 346.763 404.154 275.480 —329.046 102.753
5000 61.598 349.109 406.668 287.794 —332.142 120.804
5200 61.652 351.369 409.085 300.119 —335.587 138.997
5400 61.701 353.550 411.412 312.455 —339.376 157.318
5600 61.746 355.657 413.657 324.799 —343.488 175.788
5800 61.785 357.695 415.825 337.153 —347.909 194.404
6000 61.822 359.668 417.920 349.513 —352.606 213.185
298.15 49.520 209.058 248.502 11.760 —238.000 —239.135
Uncertainties in Functions
300 0.300 0.400 0.700 0.150 5.000 5.000
1000 0.500 0.700 1.000 0.300 5.000 5.000
2000 1.000 0.800 1.300 1.000 5.000 5.000
3000 1.500 1.000 1.700 2.000 6.000 5.000
4000 2.000 1.200 2.000 3.000 6.000 6.000
5000 2.500 1.400 2.500 5.500 8.000 8.000
6000 3.000 1.700 3.000 8.500 10.000 10.000
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3.2.3. Rubidium Hydroxide Dimer model. The values af(O—H), v,, andv; were estimated in
Molecular Constants of [RbOH{g) [82GUR/VEI.
[58SPI/MAR] [89GIR/LAP]

Spinar and Margrave studied the IR spectrum of equilib- On the basis of the data on M-O) obtained for
rium vapors over rubidium hydroxide at 690—900 °C andk,0,H, and CsO,H, from electron diffraction investigation,
assigned an absorption at 362—368 ¢rto (RbOH), where  Girichev and Lapshina estimategRb—0 = 2.52 A for Rb
x = 1 or 2. The author$58SPI/MAR] tentatively ascribed ,0,H, of planar Oy, configuration.
this absorption to the Rb—OH stretching vibration of the ”n'[QOGIR/LAP] (see alsd89LAP])

€ar monomer. Girichev et al. investigated saturated rubidium hydroxide

[S9SCH/POR vapor at 873 10 K by the electron diffraction method. The
Schoonmaker and Porter assumed that thgOg, mol-  |east-square analysis of the experimental funcsivl)Swas
ecule was of a square planar configuration without hydrogegarried out accepting the molecular constants of RobOH ob-
bonding but did not exclude a nonplanar model. tained in the spectral studig¢§9LID/MAT, 69ACQ/ABR,
[67BUE/STA 78BEL] and assuming a planar,p configuration for the

Buechleret al. studied the deflection of sodium and ce- RP202Hz molecule. The following effective structural pa-
sium molecular beams in an inhomogeneous electric fielf@Mmeters of REO,H, were found(the bond lengths 4 and
and found that the N&®,H, and CsO,H, molecules are non- ViPrational amplitudes, values are in A ry(Rb-0 = 2.49
polar. This indicated that at least the,® part of the (2 lg(Rb-O = 014 (1), ry(Rb-RH = 3.733),
dimeric molecules should be planar. In the authors’ opinion,lg(Rb_Rb = 0.212), rg0-0 = 2.5943), 140-0
it was likely that the alkali hydroxide dimers from sodium to = 0-210), rg(Rb—H = 3.1033), andly(Rb—H) = 0.342).
cesium have a planar rhomboid configuration in analogy tdcombined analysis of their electron diffraction data and

lithium halide dimers. spectral datd78BEL] in the harmonic force field approxi-
mation resulted in the values of the equilibrium structural
[69ACQ/ABR] arameters (Rb—O = 2.502) A, < (O-Rb-Q = 83(2)°,

Acquista and Abramow.itz observed _the IR spectra of . six vibrational frequencies of the RY part of the
RbOH and RbOD trapped in the Ar matrix and detected twoRb202|_|2 molecule.

strong absorption features at 285 and 299.5 tniThese The molecular constants of Rb,H,, measured, calcu-

features were presumably ascribed to polymeric species cf<I;\ted, estimated, or accepted in abovenamed studies, are
rubidium hydroxide, but the authof$9ACQ/ABR] could listed in Table 40.

not make definite assignments. i .
Discussion of the Molecular Constants of [RbQ{d)

[78BEL] (see 'alsdgilBEL]) Schoonmaker and Port¢s9SCH/POR assumed for the
Belyaeva investigated IR spectra of RbH, and  pp o 1 molecule a square planar model without hydrogen
Rb,0;D, in inert gas matricests K in the range 50-4000 bonding, but did not exclude a nonplanar configuration. Ac-

qm‘l. The analysis of th_e specFra was made on the assum[a—ording to Buechleet al. [67BUE/STA], the RBO,H, mol-

tion of a planar rhomboid configuratioiDz, symmetry of o6 “jike the other dimers of alkali metal hydroxides,

the f“?'d"%m hydroxide d|m¢r. , i should have a planar rhomboid configuration. That was con-
Taking into account the isotopic shifts and the spectralﬁrmed by Belyaeva78BEL, 91BEL] in analysis of IR spec-

data_obtaineq in d_ifferent inert matriceg and for the othet i A/ matrix and by Girichev with co-workef@9LAP,
alkali hydroxide dimers, Belyaeva assigned the Observe@OGIR/LAP] in electron diffraction measurements.

bands to five fundamentals of K,H,. The assignments Structural parameters of RB,H,, reported by Girichev

are the. foIIovying:'one out-of-plane bending and two in-plane ;i co-workers[89LAP, 90GIR/LAR on the basis of elec-
Stre,tfhmg vibrations ofﬁlEE—O—Rb—O ring, ”771(99/92 tron diffraction measurements in vapor, contain an obvious
cm ), vig (247'5/241_ cm*), and V12 (253.5 cm ),_and inconsistency. The values of(Rb—H), r(Rb—Rb, and
two out-of-plane and in-plane bending O—H vibratiomg, r(O—0), obtained in these studies, yigitO—H) about 1.2 A

_1 _1 . .
(278 cm °) and g (284.5 cm 7). The ionic model calcula-  hich s unusually large for a ) configuration without hy-
tion of vibrational frequencies confirmed the assignment angjrogen bonding. The values ofRb—Rb andr(0—0), ob-

resulted in the equilibrium structural parametegRb—0O tained in [89LAP, 90GIR/LAF, actually result in
=250 Aand< (O-Rb Q = 93°. < (0O-Rb-Q = 69.5° and' (Rb—O = 2.27 A instead of 83°
[82GUR/VEI and 2.49 A, respectively, according {89LAP, 90GIR/
Gurvich with co-workers accepted for Riy,H, a planar  LAP]. Similar to the other alkali hydroxide dimers, the
rhomboid configuration of B, symmetry with equilibrium  Rb,O,H, molecule has 12 nondegenerate vibrational fre-
structural parameterg(Rb—O and< (O—Rb-Q calculated quencies. Five of six frequencies of J&3H,, active in IR
by Belyaevd 78BEL] using the ionic model approximation. spectrum, were assigned t@, v, vg, v19, andv;, by Be-
The vibrational frequenciesg, v, vg, v19, and v, were  lyaeva[78BEL, 91BEL in Ar matrix spectrum. In addition,
taken from the IR spectral daf@8BEL]. The adopted values Belyaeva[78BEL] carried out the ionic model calculation
of v,—vs andvg were calculated if78BEL] using the ionic  and obtained the frequencies of RbH, (exceptv; and
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TaBLE 40. Bond lengthgA), angles(deg, and vibrational frequencieem™') of Rb,0O,H, in the ground
electronic state

Adopted in

Constant [78BEL]? [78BEL]” [82GUR/VEIF [891AP,90GIR/LAR present work
r(Rb-0 2.50 2.50 2.49 2.49
r(0-0) 2.59
r(O-H 0.97 0.97
<(0-Rb-0Q 03 93 83 90
v 3700 3700
vy 306 306 265 300
V3 111 111 92 110
vy 290 290 290
Vg 218 218 269 220
Vg 278 308 278 278
vy 96 106 100 98 96
Vg 296 295 290
vy 284.5 290 284 284.5
27 244 251 244 267 244
o 3700 3700
Vio 253.5 279 253 274 253.5
Symmetry B D2y Dan, Dan Dan

4R spectrum in Ar matrix.

®lonic model calculation.

“ve, V7, Vg, V10 and vy, from IR spectrum in Ar matri¥78BEL]; r, (Rb—0O, < (O—-Rb=-0), and v, - vs,

vg from ionic model calculatiof78BEL]; r (O—H) and v, , v,; estimated.

dElectron diffraction in gas; structure; frequencies from combined analysis of electron diffraction data and IR
spectral data in Ar matrik78BEL].

v, V7, Vg, v1pandvy, from IR spectrum in Ar matri{78BEL, 91BEL]; and v,-v5, vg from ionic model
calculation[78BEL]; r (Rb—O, < (O—Rb-0, r(O-H) andv,, v, estimated.

v11, the O—H stretching frequencieshich are in agreement are based on the results of the electron diffraction data
with experimental ones. Six frequencies, belonging to[89LAP, 89GIR/LAP, 90GIR/LAR and the ionic model cal-
Rb,O,H, part (v,, v3, vs, v7, v1p, andvy,) , were evaluated culations[78BEL, 91BEL. The values ofvg, v;, vg, V10,
by Girichev with co-workerg89LAP, 90GIR/LAF from  andwv;, are taken from the analysis of IR spectra in Ar ma-
combined analysis of their electron diffraction data and IRtrix [78BEL, 91BEL]. The vibrational frequencies,—vs and
spectral data[78BEL]. However, because of the above- vg are taken from the results of the ionic model calculation
mentioned inconsistency in their results of their structuraby Belyaevd 78BEL]. The values of (OH), v,, andv,, are
analysis, these values of frequencies are scarcely reliablestimated. The uncertainties in the molecular constants of
though they are not in disagreement with those obtained iRb,0O,H, can be estimated as 0.05 A and 0.03 A in
[78BEL] except the value ofs (269 cmi Y). By the way, in  r(Rb—0 andr (O—H), respectively, 10° i< (O—Rb-0, 10
their earlier investigations of JO,H, and CsO,H,, Gir- cm™! in experimental values, 20 ¢m in calculated prob-
ichev and co-workers recognized that the valuesofalcu-  ably did values, and 100 cm in estimated values of fre-
lated for these molecules were overestimated and reconguencies.
mended lower values. The molecular constants of RB,H, (D,, symmetry
Two bands at 285 and 299.5 chin IR spectra of ru- adopted in the present work for calculation of the thermal
bidium hydroxide isolated in Ar matrix, observed by Ac- functions are summarized below:
quista and AbramowitZ69ACQ/ABR] and presumably as-
cribed to polymeric species, can be possibly assignesto r(Rb—0=2.49+0.05 A; r(O-H)=0.97+0.03 A;

and Vg Of szOsz . <(O—Rb—Q: 90i 100;
The band at 362—268 cm, observed by Spinar and Mar-

grave [58SPI/NAR and tentatively assigned to(Rb-0), |l gl o= (1.8+0.310" 12 g crrf;
probably did not belong to dimer.

There are no data on any excited electronic states of symmetry numbero=4; statistical weight: p=1;
Rb,O,H,, nor are any expected.

A planar rhomboid configuration of f) symmetry is v;=3700=100 cni’?, d;=1;
adopted for REO,H, in the present work. The adopted struc-
tural parameters(Rb—0 = 2.49 A and< (O—Rb- =90° v,=300+20 cni %, dy=1;
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TasLe 41. Differences(J K™* mol™*) between the thermal functions of Enthalpy of Formation of [RbOH[g)—-Experimental Inves-
Rb,0O,H,(g) calculated in the present work and[B2GUR/VEI tigations

[Present Work[82GUR/VE] @ [59SCH/POR
Schoonmaker and Porter carried out a mass spectrometric

TIK ACK(T AD°(T AS(T _ . . . . :
o) ™ ™ study of alkali hydroxide binary mixtures with the aim to
298.15 0.092 0.422 0.601 obtain differences in dimerization; enthalpies of pairs of hy-
1000 0.011 0572 0.647 droxides. A silver effusion cell was used in experiments with
2000 0.004 0.611 0.652 - . S
3000 0002 0625 0653 rubidium hydroxide. The measurements of the equilibrium
4000 0.002 0.633 0.654 constants for the gaseous reaction
5000 0.002 0.637 0.655
6000 0.002 0.640 0.654 2MOH+RB,0,H,=2RbOH+M;0,H,
aThe values ofb°(T) andS®(T) tabulated if82GUR/VEI are recalculated ~ Were performed for M= Na, K, and Cs at temperatures 823
to standard pressure 0.1 MPa. K, 774-790 K, and 673 K, respectively. The following dif-
ferences in dimerization enthalpies were obtained from the
third-law treatment of data:
v3=110+20 cm' L, dy=1; AH°(NaOH)— A,H°(RbOH)
va=290+20 e, d,=1; =10.5+0.7 kcal mol* (43.9+3 kJ mol™);

vs=220+20 cm !, ds=1; AH®(KOH) = A(RbOH)
=3.0+0.2 kcal mol'}(12.6-0.8 kJ mol'Y);
ve=278+10cm %, dg=1;
AH°(RbOH) — A H°(CsOH
v;=96+10 cm %, d,=1;
=4.5+0.3 kcal mol'! (18.8+1.3 kJ mol'}).

— =1 —1-
vg=290+20 cm 7, dg=1; Estimated values of entropies of dimerization were used in

calculations. From all data obtained, Schoonmaker and Por-

_ 1 4 1.
ve=284.5-10em ., do=1; ter selected the dimerization enthalpyH°(RbOH) = —45

vyg= 244+ 10 cni'L, dyg=1; +5 kcal mol* (—188+20 kJ mol'").
[90GIR/LAP]
v1;=3700+ 100 cm %, dy;=1; Girichev, Lapshina, and Tumanov carried out an investi-
. gation of RBO,H,(g) structure by the method of electron
v1,=253.5:10 cm 7, dyp=1. diffraction. In the process of refining of the theoretical mo-

lecular scattering intensity curngd(s)they obtained the best

Calculation of the [RbOHJ(g) Thermal Functions . :
agreement between theoretical and experimental curves for

The thermal functions of H,(g) in the standard state i i !
are calculated in the “rigid%gczjrir?armonic oscillator” ap- the dimer relative concentration of 2&1‘8 'mol %, or Rd)/
proximation with the low-temperature quantum correctionsp(m) - 0'82_ (T = 873-10 K). Comblnlng the geometry
according to the equations given[iBOGUR/VEY]. The mo- d_ata _ obtained f_rom electron d|ffra_ct|0n and
lecular constants of RB,H, used in the calculation are vibrational - frequencies from spectrosc_op|c data for
given in previous subsections. The calculated values oBbZCO)ZHZ(g)' the :ﬂ{chors callculated the third-law enthalpy
C;(T), ‘I)o(T), SO(T), andHo(T)_Ho(o) at thetempera- ArH (0 K) = 159,14 kJ mor for the reaction
tures 0—6000 K are given in Table 43. Rb,0,H,(g)=2RbOH{g).

The uncertainties in the calculated thermal functions of ) o
Rb,0,H,(g) arise from the uncertainties of the adopted mo-An esu_mated value c_)f the total vapor pressure of rubidium
lecular constants: the calculated vibrational frequencies anydroxide was used in the calculation.
the angle< (O—Rb-Q. At high temperatures the uncertain- Discussion of the Enthalpy of Formation of [RbGk])
ties due to the approximate method of calculation become The authors of this review have recalculated equilibria
more substantial. These uncertainties are roughly estimatdcbm the papers previously discussed with the thermal func-
taking into consideration the uncertainties in the thermations from this work and with auxiliary data frof82GUR/
functions for monomers. The total uncertainties in the therVVEI] and[89GUR/VEY]. The recalculated values of enthal-
mal function of RBO,H,(g) are presented in Table 43. pies of reactions and the values of enthalpy of formation of

The thermal functions of R®,H, were calculated earlier Rb,O,H,(g) are presented in Table 42. The dg&®SCH/
in [82GUR/VEI] (100-6000 K. The data presented in that POR] for the KOH-RbOH and CsOH-RbOH systems ap-
reference book and calculated in the present Weele Table pear to be the most reliable. Taking into account more accu-
41) are in good agreement because the molecular constantgte values of the enthalpy of formation for potassium
used in both calculations, practically coincide. hydroxide monomer and dimer, a weighted mean value
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A{H°(Rb,0O,H,,09,0 K) = —630+10 kJ mol'! is selected.
The value A;H°(Rb,O,H,,9,298.15 K = -639+10
kJ mol™* corresponds to the setected one.

In the case of the NaOH—RbOH system, a substantiallyi/K
more negative value of enthalpy of formation was obtained

analogously to the NaOH—-KOH system. D§8GIR/LAP]

cannot be regarded as reliable due to uncertainty in estimay
tion of the total vapor pressure of rubidium hydroxide andzs

large error limits.
On the basis of the above discussion the value

AH°(Rb,0,H,,9,298.15 K= —639+10 kJ mol *

is adopted in this review.

3.2.4. Appendix. Tables of Experimental and Evaluated Data for
[RbOH] »(9)

TaBLE 42. Results of determination afH°(Rb,0,H,,9,0 K), kJ mol*

A¢H°(0 K)
Reference Method 2nd law 3rd law A{H°(0 K)
[59SCH/POR Knudsen effusion mass —52.1+6 —654+20
spectrometry,
2NaOHg)+Rb,0,H,(g)
=2RbOHg)+N&0,H(g),
823 K (three points
2KOH(g)+Rb,0,H,(g) -12.9-4 —631+8
=2RbOH(g) +K;0,H(9),
774-790 K(three points
2RbOHg)+Cs,0,H.(g) -18.1x5 —628+12
=2CsOHg) +Rb,0,H,(g),
673 K (three points
[90GIR/LAP] Electron diffraction, 159 —626
Rb,0,H,(g)=2RbOHg), +41 +41
873 K —-14 —-14
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TaBLE 43. Thermodynamic properties at 0.1 MPa:,Q5H,(g)

C, —[G°—H°(OK)/T S H°-H°(0K) AH AG®
JK mol™? kJ mol?

0 0.000 0.000 0.000 0.006630.281—-630.281
25 34.881 169.291 202.823 0.83831.153—-630.770

43.637 193.233 229.471 1.812632.825-629.771

55.975 208.719 249.401 3.051634.414—-627.886
100 68.929 221.158 267.311 4.61%35.584—-625.683
150 87.747 241.997 299.169 8.57837.028—-620.140
200 98.127 259.740 325.983 13.24%37.857—614.375
250 103.957 275.309 348.564  18.31438.447—-608.431
300 107.453 289.166 367.852 23.66639.025—602.340
350 109.686 301.629 384.596  29.03%44.059—595.646
400 111.191 312.940 399.347  34.56%44.587—-588.693
450 112.258 323.285 412.508 40.15®45.048—-581.677
500 113.053 332.811 424.379 45.784645.472—-574.614
600 114.207 349.849 445.099 57.15®46.282—-560.366
700 115.125 364.749 462.774 68.61%47.103—-545.983
800 116.004 377.987 478.204 80.174647.960—-531.478
900 116.912 389.898 491.920 91.81%48.863—-516.864
1000 117.855 400.728 504.286 103.55893.213—-497.205
1100 118.815 410.663 515.564 115.39792.088—467.661
1200 119.767 419.843 525.943 127.32(090.942—-438.217
1300 120.691 428.379 535.566 139.34789.783—-408.871
1400 121.572 436.359 544,543 151.45788.606—379.611
1500 122.400 443.855 552.959 163.65687.419—-350.440
1600 123.171 450.924 560.884 175.93%86.223—-321.349
1700 123.884 457.615 568.372 188.28885.025—292.329
1800 124.541 463.967 575.472 200.71083.827—-263.383
1900 125.142 470.014 582.222 213.19%82.640—234.498
2000 125.693 475.787 588.655 225.73781.471—205.683
2200 126.656 486.602 600.682 250.97579.203—148.211
2400 127.461 496.576 611.738 276.38977.081 —90.942
2600 128.135 505.833 621.968 301.95075.170 —33.843
2800 128.702 514.472 631.485 327.63673.527 23.114
3000 129.181 522.573 640.381 353.42572.210  79.969
3200 129.589 530.199 648.732 379.30371.279 136.746
3400 129.939 537.405 656.599 405.25770.789 193.483
3600 130.239 544.236 664.034 431.27670.792 250.205
3800 130.499 550.728 671.083 457.35071.340 306.935
4000 130.726 556.915 677.783 483.47372.471 363.710
4200 130.924 562.823 684.166 509.63974.234 420.571
4400 131.099 568.479 690.261 535.84176.663 477.507
4600 131.253 573.901 696.092 562.07779.782 534.592
4800 131.390 579.110 701.681 588.34783.597 591.815
5000 131.512 584.121 707.047 614.63288.126 649.205
5200 131.621 588.948 712.207 640.94%93.353 706.814
5400 131.718 593.606 717.176 667.27999.269 764.617
5600 131.807 598.105 721.968 693.63805.829 822.660
5800 131.886 602.457 726.595 720.00813.009 880.932
6000 131.959 606.670 731.067 746.38820.739 939.479
298.15 107.351 288.680 367.188  23.40%39.000—602.566
Uncertainties in Functions
0 10.000  10.000
300 1.000 1.500 2.000 0.200 10.000 10.000
1000 2.000 2.000 3.000 1.000 10.000 10.000
2000 3.000 3.000 4.000 5.000 11.000 11.000
3000 4.000 4.000 7.000 10.000 14.000 14.000
4000 6.000 5.000 9.000 15.000 18.000 20.000
5000 8.000 6.000 10.000 20.000 22.000 30.000
6000 10.000 8.000 12.000 25.000 30.000 50.000
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4. Cesium Hydroxide [90KON/COR

This study of Koning®t al. consists of two parts. The first
part dealt with the measurements of low-temperature heat

At atmospheric pressure CsOH exists in three crystaf@pacity made in the University of Michigan, USA; the sec-
phases: low-temperature orthorhombic modification, spac@nd part was devoted to determination of the enthalpy incre-
group Pmnb &-CsOH), stable below 234 K; room tempera- Ments for the solid and liquid CsOH made in Netherlands
ture orthorhombic modification, space group BmmbEnergy Research Foundation.

(B-CsOH), stable at 234—498.2 K; and high-temperature cu- 1he preparatiop of CsOH from cesium metal was made by

4.1. Cesium Hydroxide in Condensed Phases

498.2-615.5 K, see Table 1 Part I. samples were used: CsOH-1 contained 0.27%CCs;
CsOH-2 and CsOH-3 contained less than 0.02%CCs.
4.1.1. Heat Capacity and Enthalpy Measurements of The heat capacity of CsOH-1 sam®1.4469 g at 5—-344
CsOH(cr&lia) K was measured in the Mark Xl adiabatic calorimeter
[87JAC/MACZ [6BWES/FUR. The accuracy of measurements was about

Jacobset al. measured the heat capacity of CsOH by DSC0.5% in the range 10-15 K, increasing to about 0.1% be-
at 180-640 K. The sample was prepared by reaction ofween 30 and 350 K. The results of these measurements are
CsOH-HO with CsNH, in liquid ammonia in an autoclave listed in Table 45 and shown in Figs. 9—11. A reversible
at 443 K and 900 bar during six days. The only information\-type transition with a wide pealmaximum at 233.96 K
given about this sample is that it looked like a white powderwas observed in the heat capacity of CsOH. This transition is
of long needles. No information concerning the purity of theconnected with antiferroelectric ordering. The authors
sample was given. A Perkin—Elmer DSC calorimeter wag90KON/COR calculated the following values of thermody-
used for measuremenf87JAC/MAC]; the uncertainties of namic functions of CsOH at 298.15 K:
the heat capacity obtained were estimated as about 2%. C:,(298.15 K = 69.96+0.10 JK 1 mol ™,

The results were presented as smooth heat capacity valuesS°(298.15 K = 104.22-0.08 J K 1 mol™?,

(10 K incrementy see Table 44 and Figs. 10 and 11. The H°(298.15 K—H°(0) = 14103 Jmol ™.

heat capacity of the orthorhombic modification rose sharply The high-temperature enthalpy was measured from 440 to
from 49 to 69 J K mol™! in the range 180-270 K, re- 683 K by drop calorimeter. An isothermal diphenyl-ether
mained nearly constant in the range 270—400 K, and thenalorimeter described i{79COR/MUI] was used. The
rose again with acceleration from 74 to 89 J%mol! in samples CsOH-27.81521 ¢ and CsOH-34.90927 ¢ were

the range 400-497.5 K. Heat capacity of the cubic modifi-enclosed in aspherical silver ampoules with a 0.25 mm wall
cation of CsOH was increased almost linearly fromthickness. The ampoules were heated in a furnace whose
C;(497.5 K =725 toCE(GOO K =92JK 'mol ™t The temperature was measured by Pt-Pt/Rh thermocouples with
heat capacity of liquid CsOH was determined in the narronaccuracy = 0. K. The calibration of the calorimeter was
temperature interval 612—-640 K; it was nearly constanimade with the USA NBS reference material synthetic sap-
(from 87.5 to 88.5 JK! mol~1) within the limits of the phire. The results of 6 measurements for orthorhombic modi-
experimental uncertainties. In addition, the temperatures anfication (3-CsOH, 439.5—-488.3 K11 measurements for cu-
enthalpies transition and fusion were determined. bic modification ¢-CsOH, 508-597.7 K and nine
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700 K.

measurements for liquid CsOf822.8—683.4 Kare listed in
Table 46 and shown in Fig. 12.

These data were fitted by the following equatiofis
Jmol1):

B-cr, (298.15-498.2 K H°(T) -
= 57.825@ + 20.349510 °T2-19049.6,

vy-cr, (498.2—615.5 K H°(T) — H°(298.15 K = 72.676
T-15997.7,

lig, (615.5-683 K. H°(T)—H°(298.15 K = 85.027
T-15816.7.

H°(298.15 K
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[90KON/COR are adopted in this review. In the vicinity of
T=294 K, the heat capacity undergoes a smooth-minimum
[90KON/COR. The minimum is caused by the fact that the
decreasing of the anomaly part of heat capacity C¢@bixi-
mum of \-curve is at 234 Kbecomes comparative with the
increasing of the lattice heat capacity. The fitting of the data
[90KON/COR by using a spline proceduf®4LUT/GUR]
results inC,(294 K) = 69.92 JK* mol™* and C},(298.15

K) = 69.93 J K ! mol~*. The latter value is a little less than
that given inf90KON/COR (69.96 J K * mol~1). Calcula-
tion of the integral values using the spline method yields
about the same results as given {®OKON/COR|
$°(298.15 K = 104.20 J K1 mol~ ! and H°(298.15 K—
H°(0 K) = 14102 J mol . In the present work the values of
[90KON/COR are adopted for the range 5-298.15(¢€e
Table 52, except a value';;(298.15 K: 69.93 instead the
value 69.96 JK!mol . The value 69.93 is used for the
fitting of heat capacity of3-CsOH data by the equatiqsee
below). The values of thermodynamic functions at 298.15 K
adopted in this review are compared with those recom-
mended in different reference books in Table 47.

Figure 11 shows the heat capacity data of solid and liquid
measured if87JAC/MACZ (298-640 K, and calculated in
[90KON/COR using the experimental enthalpy d&489.5—
683.4 K. The enthalpy data taken frofBOKON/COR and
calculated using the heat capacity and the enthalpies of trans-
formations from[87JAC/MACZ are shown in Fig. 12. In the
range 298-400 K, the heat capacity data reported in these
two studies are in sufficient agreemdabout 1%—2% but
above 400 K the heat capacity dd@&7JAC/MACZ] were
considerably higher than that froBfOKON/COR). The dis-

The authors did not discuss the accuracy of their measurerepancies are about 20% near the transition temperature
ments. The maximum deviations of the experimental point§498 K), and about 26% near the fusion temperaté@o K).
from the values calculated using these equations werghe corresponding deviations of the enthalpy increments
0.25%, 0.5%, and 0.4% , respectively, and the average dgsee Fig. 12are about 5% at 500 K and 8% at 650 K.

viations were 0.14%, 0.20%, and 0.22%, respectively.
Discussion of Heat Capacity and Enthalpy Data

The reason for such large differences is unknown. It is
possible that sharp increase in the heat capacity curves for

Figures 9 and 10 show the low-temperature heat capacitp-CsOH andy-CsOH in[87JAC/MACZ is connected with

values obtained in the range 5.63—-344[9%0KON/COR,

impurities in the sample. On the other hand, the values of

and the values obtained by DSC in the range 180-340 K, obtained in[87JAC/MACZ and [90KON/COR are
[87JAC/MAC2. There are considerable differences betweerclose to each other. This last fact permits us to conclude that

these data. The heat capacity d@@@JAC/MACZ) are lower

the samples of CsOH used in both studies contained either

than those obtained i®OKON/COR.. In the range 180—260 minor impurities or similar amounts of them. Most probably,
K, the differences are about 3%—7%. At higher temperaturethe above-mentioned deviations of the data from these two

the heat capacity curvé87JAC/MACZ2 and[90KON/COR|
cross each other at 285 K and then the cyB&IAC/MACZ]

works are caused by imperfection of the DSC-calorimetric
method used in87JAC/MAC2. Besides, comparably small

goes about 1%—2% higher than another one. The resultsystematic errors in calorimetric measurements of the en-
[87JAC/MAC2 did not confirm the phase transformation, thalpy increment§90KON/COR may result in significant

which was detected in earlier work of Jacaddsal. [81JAC/
HAR] (at 232 K and then confirmed ilQOKON/COR (at

233.96 K. The author$87JAC/MACZ did not comment on

this contradiction with the da{@1JAC/HAR]. The transition

distortions of the heat capacity curves obtained by differen-
tiation of the enthalpy data. The authd@7JAC/MACZ|
noted that sharp growing of the heat capacity is typical for
solid compounds containing molecular anions.

in CsOH is connected with antiferroelectric ordering, with The result of the measurements of the enthalpy of the
the anomaly in heat capacity being very broad, about 210 KB—+y transition is strong evidence in favor of the data
The calculated values of transition entropy and enthalpy arf90OKON/COR]. The valueA,H = 7.12 kJ mol'! obtained

4.095 JKmol™! and 958 JK!mol™!, respectively

in [87JAC/MACZ is 30% larger than value 5.4 kJ mdl

[90KON/COR|. The low-temperature heat capacity dataobtained inff90KON/COR. The higher reliability of the lat-

J. Phys. Chem. Ref. Data, Vol. 26, No. 4, 1997



1084 L. V. GURVICH ET AL.

ter value measured calorimetrically is obvious. Thus the datf65RES/BAR, [67RES/BAR
[90KON/COR are adopted in the present review. The equa- In the first study, Reshetnikov and Baranskaya investi-
tion for heat capacity off-CsOH gated the system CsOH-CshOThe sample of CsOH was
. _1 1 5 prepared by reaction SO, with Ba(OH), in a water solu-
Cp(T)/I K" mol™"=—46.55# 395.68210 °T+24.848 tion. Dehydration of CsOH was carried out by heating at
.10°T2—331.16510 612 450-470 °C in a silver container. According to the chemical
} S analysis, the sample contained 99.5% CsOH and 0.3%
was derived by approximation of the d@80KON/COR for g co,. The authord65RES/BAR detected the following
enthalpy incrementsix points, 439.5—-488.3 Kand for heat values: Ty = 223 °C= 496 K andTy,, = 316 °C = 589 K.

capacity of3-CsOH at 260-340 Keight points ofH°(T)- |, the second work, slightly different valugl,s = 220

H°(298.15 K obtained by integration of the heat capacity + joc = 493 k andT,. = 315+1 °C = 588 K were ob-
. N . . . — us —

measured if90KON/COR). This equation fits the experi- 5ineq The enthalpy of transition 1.45 kcal mbl= 6.07

mental heat capacity valugSOKON/COR) at 300-340 K 13 11611 and the enthalpy of fusion 1.09 kcal mdl= 4.56

within 0.1%, while the linear equation for heat capacity of kJ mol"* were measured by quantitative thermal analysis.
B-CsOH derived if 90KON/COR fits the ones within 0.5%
[74POR/ITK], [75ITK/POR]|

only. For the heat capacity of cubic modificatiop-CsOH Rl ) )
the rounded value 72.7 Jnol~? is adopted. This value Portnova and Itkina investigated the system CsOH-LiOH.

was calculated from 11 enthalpy poinfSOKON/COR The sample of CsOH was dehydratgd in a stream of dry and

(508-597.7 K. CO.-free argon at 400—450 °C during 12 h. For the pure
The heat capacity of liquid CsOH obtained in these twoCSOHTys = 220 °C = 493 K andTy,s = 340 °C = 613 K

studies were in satisfactory agreement: 85.027 J#ol"1 ~ were detected by DTA.

from the enthalpy datf90KON/COR in the range 622.8— [74TOU]

683.4 K, (nine points, and about 88.0 J K" mol™* [87JAC/ Touzain investigated the system CsOH-Cs. For a sample

MAC2] measured by DSC in the range 612—-640 K. Theof CsOH that contained about 2% ©;, the following

rounded value 85.0 JK mol~! [90KON/COR is adopted  values were detected by the thermal analy3ig; = 220

in this review. +3°C =493 K andTy,s = 3404 °C = 613 K.
Phase Equilibrium Data [81JAC/HAR]
[10HEVZ] Jacobs and Harbrecht reported for the first time that CsOH

Hevesy determined the temperatures and enthalpies é@s a low-temperature transition. The temperatures-of
transition and fusion by a thermal analysis method. A comand 8-y transitions were obtained at 232 K and 497 K by
mercial sample of CsOH‘Kahlbaum”) that had no impu- DTA.
rity of Cs,CO; was studied. The dehydration of the sample[g7BAS/ELC]
was made in a silver apparatus at about 450 °C “for many Bastowet al. confirmed the low-temperature transition of
hours.” The cooling curves made with the rate 12 °C/minCsOH at 232 K by DTA and by measurements of the tem-
gave the transition temperature 226.5°C = 496 K and  perature dependence of the dielectric constant. Structural pa-
the fusion temperature 272:3.3°C = 545.45 K. The last rameters obtained from high resolution neutron powder dif-
value is about 70° lower than the one adopted in this reviewWgraction data demonstrated that transition of CSOH at 232 K
The enthalpy of transitiofi1.8 cal g* = 7.4 kImol *) and s an antiferroelectric ordering. For CsOD the transition tem-

ghe entha|gyb0f fusion10.7 Cﬁ' gt I: 6-T kimol'*) were  perature 262 K was detected in the same investigation.
etermined by quantitative thermal analysis. [87JACIMAC

[48HAC/THO] . Jacobset al. measured the heat capacity, temperatures,
Hackspill and Thomas measured the fusion temperature Qfnq enthalpies of transition and fusion of CsOH by DSC. For
a commercial sample of CsOH by the thermal analysis anghe polymorphic transition of CsOKorthorhombic—cubic
detected the valugy,s = 272 °C = 545 K. they determinedT,s = 497.5 K andA,H = 7.12 kJ
[63ROL/COH mol~%, and for fusionT, = 612 K andAgyH = 7.4 kJ
Rolletet al.investigated the system CsOH,®and mea- mol~ 1. The uncertainties of these data were not estimated in
sured by DTA for the pure CsOH the following valudl;;  the study. The authors also investigated the crystal structures
= 215°C= 488 K andTy,s = 346 °C = 619 K. of CsOH(and CsOD modifications using the x-ray analysis,
[64COH/RUB), [66COH/RUB neutron diffraction experiments, IR and Raman spectro-

Cohen-Adad and Ruby investigated the systems CsOHSCOPIC measurements.
Cs,CO; and CsOH-CsF. The pure CsOH was prepared by90KON/COR|
electrolysis of CgCO; water solution in a stream of dry ni- Konings et al. measured the temperatures and the enthal-
trogen and then was dehydrated up to constant melting poinpies of phase transformations. The transition and the melting
The authors detected the transition temperature 215 °@mperatures were recorded directly in a Mettler DSC appa-
= 488 K and the fusion temperature 346 2C619 K, using ratus(type TA-13 by heating the sample in a sealed silver
thermal analysis. crucible at a heating rate 5 K mif. The T, and T, were
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obtained as sharp and reproducible peaks at 498.2 K  Calculation of Thermal Functions of CsOH(cré&liq)

and 615.5-0.5 K, respectively. Listed uncertainties are the The thermal functions of CsQler) at the temperatures
standard deviation of a number of DSC runs. The enthalpy 0p—298.15 K(Table 52 were taken from the daf@OKON/
transformationsA,H = 5.4 kJmol't and A, H = 7.783  CORI. The thermal functions of CsQkré&liq) for the tem-
kJ mol~* were calculated from the equations for enthalpiesPeratures 0-2000 KTable L56 were calculated using the

of 8-, y- and liquid CSOH. qdopted values and equations presented in the previous sec-
] ) o tion and the data of Table 52. The uncertainties of the tabu-
Discussion of Phase Equilibrium Data lated values are listed in Table 56.
The antiferroelectric transition of CsOHe¢B) at 232 K The following values are adopted:

was detected for the first time [81JAC/HAR] by DTA and C;(298.15 K = 69.930.10 J K 1mol L

was confirmed in87BAS/ELC]. More detailed investigation $°(298.15 K = 104.22+0.10 JK * mol™ 1,

of this transition was made by calorimetric measurements of H°(298.15 K—H°(0) = 14103+ 10 J mol ..

the low-temperature heat capac[§OKON/COR. The au-  peqr capacity Equationgin the following temperature
thors detected\-type anomaly with a peak maximum at ranges

233.96 K. The width of this\-anomaly is very broad, about B-cr, (298.15-498.2 I C;/J K 1lmol"l! = 46557

200 K, indicating a non-isothermal effect. +395.68210 3T +24.84810°T 2 - 331.16510 °T2,
The results of different measurements of the temperature y-cr, (498.2—615.5 K c;/\] K 1mol ! = 727,

of orthorhombic-cubic g—v) transition were in the range lig, (615.5—2000 K C;/J K 1mol™1 = 85.0.

frqm 48.8 to 498.2 K(see Table 4}3 The value adopted in Phase Equilibrium Data:

this review, T, = 498.2-1.0 K, is based on the data by a—pB transition: T,JK = 233.96 andA,H/J mol
Konings et al. and was detected by the Mettler DSC- _ 958,

apparatus for a pure sample of CsOH, see above. This value g_,, transition: T,/K = 498.2+1.0 andAH/J mol?
is in a good agreement with the value 497.5 K detected in= 5400+ 300,

[87JAC/MACZ2. The results of other determinations Bfs Fusion: Ty,dK = 615.5+1.0 andAq,H/J molt = 7780
are less accurate. +400.

As in the case of RbOH, there is great scattering in the The calculated values of thermal functions of
measured values of the melting point of Cs@tdm 545 up  CsOHcr&liq) differ from those listed in earlier reviews
to 619 K), see Table 49. We do not consider the measurel82GUR/VEI and[85CHA/DAV] (see Table 58 due to the
ments with the samples of CsOH that were not completely!se of new experimental daf@0KON/COR for the heat
dehydrated 10HEV2, 48HAC/THO, 65RES/BAR, 67RES/ capacities and the enthalpies of transition and fusion of
BAR]. The results of the other eight studies gave the value&sOH.
of Ty, from 612 to 619 K. In this review we adopt the value
615.5+ 1.0, which is based on the data by Koningsal.
[90KON/COR. These authors suggested that an uncertainty
of their determination ist0.5 K. As they did not give the ~ Two methods have been used for determination of the
amounts of water and other impurities in the sample, wenthalpy of formation of CsO#gr). One is based on calori-
have increased the uncertainty of fusion temperature up tmetric measurements of the enthalpies of solution of
+1.0 K. CsOHcr) in water. The results of such studighree work$

The enthalpy of antiferroelectric transitio{3) (AyH are presented in the Table 54. The second method was used
= 958 Jmol'!) was derived from integration of the excess in the work[88KON/COR only. It is based on calorimetric
heat capacity in the range hfanomaly centered at 233.96 K measurements of the enthalpy of reaction C&OH
[90KON/COR. The integration of the excess function THCL(soln=CsClsoln+H,O (soln and the enthalpy of
C;/T gave the value of entropy of transitiaky,S= 4.095 solutllon of CsCl(cr) in the solution obtained after indicated
JK~1mol~1. Both values were taken into account for calcu-€action(see Table 58
lating the thermodynamic functions below 400 K. Experimental Studies

The data concerning the enthalpy ¢f—y transition [1892BEK]

(orthorhombic—cubicand the enthalpy of fusiofsee Tables Beketov measured the enthalpy of solution of C$&Hin
50 and 5] are in poor agreement. All these data exceptwater in a calorimeter at 289.15 Kone experiment No
[90KON/COR were measured by insufficiently precise information regarding a purity of cesium hydroxide sample
methods—DTA and DSC. More exact were the measureand other important experimental details was given in the

4.1.2. Enthalpy of Formation of CsOH(cr)

ments of the enthalpy increments for thes-, paper.

y-modifications and liquid CsOH90KON/COR). The val-  [06FORP

uesAyH = 5.4 kI mol' * andAgH = 7.78 kJ mol * were Forcrand carried out one measurement of the enthalpy of
adopted in this review with uncertainties 0.3 and 0.4solution of CsOHcr) in water at 288.1 K. Information on the

kJ mol %, respectively. experimental detailéurity of the CsOH sample, the method
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of analysis of final solution, a precision of temperature meaused in this study to determine the enthalpy of formation of
surements and so pwas not given. CsOHcr), and the results obtained were very close.
[88KON/COR 'Somef small corrections Were.lnserted by the authors of
Koningset al. have used two methods for determination ofthIS review in the resulots of Koningst al. [BBKON/COR:
the enthalpy of formation of CsQler). One method is based (1) The value [A4dH*(CSOH, CHSsOO'—bQ’ng'ls K
. . . —A,H°(CsOH,cr—~H,0,298.15 K)] was estimated to be

on (_:alorlmetrlc.megsurements of the enthalpy of solutlon_ of qual+(0.18+0.10 kJ mol * as the average from the Park-
cesium hydroxu_je n water. F?ur experiments were carrlecgr,s [65PAR] data on corresponding enthalpies of dilution of
out for determination ofA,H°(CsOH,cr,298.15 K (see MOH (soln,5500H0), where M= Li, Na and K. Konings
Table 54. The second method was based on the results of; 5 [88kON/COR erroneously estimated this value as
measurements of the enthalpies of processes 1 dndrge- equal—(0.15+0.03 kJ mol L; therefore, their data were re-
sponding reaction scheme is given in the Tablg. e  calculated.(2) The uncertainties of all88KON/COR ex-
precise isoperibol calorimeter was used. Its energy equivayerimental results were also recalculated using the Student's
lent was determined electrically. The precision of temperacriterion.
ture measurements was0.0002°. The cesium hydroxide  After these recalculations, two new values were obtained:
sample was prepared from elemental(@ade mark “Merk,  A;H°(CsOH,cr,298.15 K)= —416.1+0.6 kI mol'! (first
reinst”) . The cesium metal was heated at 525 K in argonmethod and A{H°(CsOH,cr,298.15 K)= -416.4-0.9 kJ
saturated with water vapgpartial pressure was about 1.3 mol~! (second method The weighted mean of these two
kPa. The product was subsequently heated under higlvalues is—416.2+0.5 kJ mol %,
vacuum at 700 and 605 K to yield anhydrous Cs@#thout The adopted value of enthalpy of formation of crystalline
CsOH-hydratels The Cs content in the CsOH sample wascesium hydroxide is the weighed mean of the two values
found to be 88.410.06 mass%(the calculated value is obtained from the studies by Konings al. [88KON/COR
8865% The CsCl Samp|e was prepared from C%Q@de with the use of two eXperimental methd%e Tables 54, 55,
mark “Merck, p.a.1] and contained 79.000.04 mass% of ~and the previous subsectjon
cesium(the calculated value is 78.94%rhe x-ray powder-
diffraction analys.is showed that other phasescept CsOH AH°(CSOH,cr,298.15 K=—416.2+0.5 kJ mof'L,
and CsClI accordinglywere absent in the samples prepared.
The chemical analysis also proved that the samples were free
from impurities apart from a small amount of LLO; (0.27  This value and the values recommended in the other reviews
+0.06 mass%in the CsOH sample. The @Oamount was are compared in Table 47.
determined by titration with standard H&t) . The presence
of Cs,COs-impurity was taken into account in calculations.
The 0.10095 molar HCI solution was used as solvent in calo-
rimetric measurements. ' '

The A{H°(CsOH,cr,298.15 K) values obtained by Kon- 4.1.3. Appendix. Tables of Experimental and Evaluated Data for

. . CsOH(cr’
ings et al. are —416.45-0.55 kJ mol'! (first method and (0
—416.42+0.63 kIJmol! (second method (The former
value included a small mistake, see the next subsetgtion.
Taking the weighted mean of two results, the authors '
[88KON/COR recommended the value\;H°®(CsOH,cr, TaBLE 44. Smoothed heat capacity of CsQ87JAC/MACZ
298.15 }Q - _416.44-'__ 0.41 k\] mOTl. T/IK C; ,J K71 molfl T/IK C:) ,J K*l mol*l T/IK C‘;J ,.J K*l m0|71
Discussion of the Enthalpy of Formation Data 180 190 350 725 500 3.0
The results obtained by Beketp¥892BEK] and Forcrand 199 52.0 360 72.5 510 73.5
[06FOR have only a historical interest because at that time200 54.5 370 73.0 520 74.5
experimental techniques, methods and materials were of #9 57.5 380 73.0 530 76.0
. . : 220 60.0 390 73.5 540 78.0
poor quality. Moreover, many important details of measure- 625 400 740 550 80.0
ments were not given in their papers. The data obtained by,q 65.0 410 745 560 82.0
Koningset al.[88KON/COR appear to be the most reliable. 250 66.5 420 75.5 570 84.5
These authors used a precise isoperibol calorimeter, and thei#0 68.0 430 76.5 580 87.0
70 69.0 440 77.5 590 89.5
CsOH and CsCl samples were rather pure and carefully chag—80 695 450 790 500 920
acterized. Corrections for the presence of@3; impurity  5gq 70.5 460 81.0 610 (975
in the samples were taken into account. Two methods wergoo 71.0 470 83.0 613 (99.5
310 71.0 480 84.5 618q) 87.5
320 71.5 490 86.5 620 88.0
PThe results were recalculated by Park8BPAR] taking into account the 330 72.0 497.56) 89.0 630 88.5
changes of atomic weights and the corrections for transition to a standargyg 72.0 497.5¢) 725 640 88.5

temperaturg298.15 K and infinite dilution(see Table 54, column)6
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TaBLE 45. Experimental heat capacity values of Cs{39KON/COR| TaBLE 46. Experimental enthalpy valué$®(T)— H°(298.15 K of CsOH
[90KON/COR)

N  TK CydK?*mol™™ N TK CyIK*mol
1 5.63 0.172 53 162.95 50.53 H (29815
2 6.20 0.250 54 169.09 51.42 N TIK J mol?
3 6.86 0.380 55 175.23 52.37
4 7.55 0.563 56 181.63 53.44 1 439.5 10305
5 8.28 0.805 57 188.28 54.63 2 449.3 11033
6 9.13 1.137 58 194.93 55.97 3 458.9 11774
7 1012 11.586 59 201.56 57.61 4 468.4 12474
8 1111 2.115 60 208.18 59.66 5 478.5 13268
9 1213 2.724 61 214.77 62.39 6 488.3(8) 14074
10 1330 3.519 62 219.22 65.03 7 508.0(y) 20999
11 14.60 4.469 63 221.25 66.52 8 517.8 21605
12 1593 5.489 64 221.41 66.65 9 521.8 22394
13 17.30 6.563 65 221.54 66.73 10 537.8 23019
14 1870 7.660 66 223.24 68.17 11 547.5 23789
15 20.12 8.776 67 225.28 70.62 12 558.4 24628
16 2157 9.892 68 227.36 73.80 13 567.9 25149
17 23.04 11.00 69 228.39 76.40 14 573.2 25620
15  24.79 12.28 70 228.88 76.70 15 582.4 26350
19 26.80 13.71 71 229.87 78.48 16 588.3 26756
20 28.83 15.09 72 230.84 82.87 17 597.7¢) 27533
21 31.05 16.57 73 23179 85.90 18 622.8liq) 36995
22 3347 18.11 74 232.70 90.91 19 626.3 37569
23 3590 19.58 75 233.58 96.78 20 633.1 38060
24 3853 21.10 76 234.45 92.80 21 643.5 38994
25 41.36 22.63 77 235.16 84.35 22 653.4 39643
26 4421 24.11 78 235.38 80.27 23 663.4 40478
27 46.71 25.36 79 236.36 76.25 24 673.5 41492
28 49.63 26.75 80 237.37 74.43 25 678.7 41829
29 5301 28.25 81 238.39 73.16 26 683.4 42389
30 56.39 29.66 82 239.41 72.80
31 60.03 31.07 83 240.92 72.41
32 6393 32.46 84 24257 72.06
33  67.85 33.74 85 242.92 71.96
34 7204 34.99 86 244.92 71.46
35  76.49 36.23 87 246.93 71.06
36 80.95 37.42 88 248.94 71.02
37 542 38.51 89 249.10 71.09
38 90.17 39.55 90 250.22 71.01
39 9520 40.50 91 257.53 70.56
40 100.23 41.37 92 264.81 70.27
41 105.27 42.22 93 272.09 70.10
42 110.33 43.05 94 279.36 70.02
43 115.40 43.86 95 286.62 69.95
44 120.49 44.65 96 293.88 69.91
45 125.83 45.43 97 301.14 69.95
46 131.42 46.24 98 308.37 70.05
47 137.03 47.02 99 315.60 70.30
48 142.64 47.77 100 322.82 70.58
49 144.81 48.04 101 330.06 70.84
50 148.29 48.52 102 337.29 71.07
51 150.68 48.82 103 344.04 71.32
52 156.81 49.67
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TaBLE 47. Comparison of the heat capacity, enthalpy, entropy, and enthalpy of formation values fofc@sOH
at 298.15 K

C)(298.15K  S°(298.15K H°(298.15 K— H°(T) AH°(298.15 K
Reference JK tmol™ Jmol? kJ mol?
82MED/BER 73.204.0 102.5-8.0 1590G- 800 —416.56+1.67
82WAG/EVA —417.23
A
82GUR/VEI 73.0 102.62.0 1600@- 1000 —416.6+4.0
85CHA/DAV 67.872 98.%4.2 —416.73+0.8
89KON/COR —416.440.41
90KON/COR 69.96:0.1 104.22-0.08 14103
Adopted 69.930.1 104.22-0.10 1410310 —416.2+0.5

TaBLE 48. Temperature of phase transformations of CsOH

Reference tyd°C TydK Comments
Original studies
10HEV2 223-0.5 496 Thermal analysis
63ROL/COH 215 488 Thermal analysiBTA)
64COH/RUB, 215 488 Thermal analygBTA)
66COH/RUB
65RES/BAR 223 496 Thermal analySBTA)
67RES/BAR 2261 493 Thermal analysi€DTA)
T4POR/ITK, 220 493 Thermal analysiBTA) TaBLE 50. Enthalpy of3—y transition of CSOH
75ITC/POR
74TOU 2203 493 Thermal analysis Reference AH, kI mol? Comments
81JAC/HAR 232(a-pP) Thermal analysis
497(B—v) Thermal analysis Original studies

87BAS/ELC 232(a-P) Thermal analysis 10HEV2 7400 Thermal analysi®TA)
87JAC/MAC2 497.5B-7y) DSC method 67RES/BAR 6070 Thermal analysiBTA)
90KON/COR 233.96(@-p) Calorimetric 81JAC/HAR 7100 DSC method

498.2+0.5(8-7y) DSC method 87JAC/MAC2 7120 DSC method
Reviews 90KON/COR 5400 Enthalpy measurements
82MED/BER 493-3(B-7) Based on 67RES/BAR Reviews
82GURI/VEI 497 1(B-7y) Based on 81JAC/HAR 82MED/BER 6100 600 Based on 67RES/BAR
85CHA/DAV 493+ 1(B—7y) Based on 67RES/BAR  82GUR/VEI 710@=500 Based on 81JAC/HAR
Adopted 233.96¢—) Based on 90KON/COR  85CHA/DAV 6070+ 630 Based on 67RES/BAR

498.2¢1(B-v) Based on 90KON/COR  Adopted 540@:300 Based on 90KON/COR
TaBLE 49. Temperature of fusion of CsOH

Reference trd/C TrdK Comments
Original studies
10HEV2 272.3:0.3 545.45 Thermal analysis
48HAC/THO 272 545 Thermal analysis
63ROL/COH 346 619 Thermal analy4iBTA) TaBLE 51. Enthalpy of fusion of CSOH
64COH/RUB, 346 619 Thermal analySiBTA)
66COH/RUB Reference AH, kJ mor? Comments
65RES/BAR 316 589 Thermal analygiBTA)
67RES/BAR 3151 588 Thermal analysi€DTA) Original studies
74PORI/ITK, 340 613 Thermal analysiBTA) 10HEV2 6700 Thermal analysi®TA)
75ITK/POR 67RES/BAR 4560 Thermal analysiBTA)
74TOU 3404 613 Thermal analysis 81JAC/HAR 7300 DSC method
87JAC/MAC2 612 DSC method 87JAC/MAC2 7400 DSC method
90KON/COR 615.5-0.5 DSC method 90KON/COR 7783 Enthalpy measurements
Reviews Reviews
82MED/BER, 616+3 Based on 6 studies 82MED/BER 4560- 600 Based on 67RES/BAR
82GURI/VEI 82GURI/VEI 7300-500 Based on 81JAC/HAR
85CHA/DAV 588+ 1 Based on 67RES/BAR  85CHA/DAV 4560+ 420 Based on 67RES/BAR
Adopted 615.5+1 Based on 90KON/COR  Adopted 7786400 Based on 90KON/COR
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TABLE 52. Thermal functions of CsQldr) below 298.15

Cp(M) H*(T)-H*(0) S:(T)
TIK JK tmol™* Jmol™* JKtmol™?
5 0.125 0.00016 0.058
10 1513 0.00338 0.449
15 4.773 0.01853 1.638
20 8.680 0.05214 3.542
25 12.43 0.1051 5.887
30 15.88 0.1760 8.464
35 19.03 0.2630 11.156
40 21.90 0.3659 13.890
45 24.53 0.4820 16.616
50 26.92 0.6106 19.320
60 31.04 0.9012 24,610
70 34.40 1.2289 29.660
80 37.19 1.5873 34.440
90 39.49 1.9710 38.922
100 41.36 2.3755 43.220
120 44.56 3.2353 51.040
140 47.42 4.1555 58.140
160 50.10 5.1309 64.640
180 53.15 6.1619 70.710
200 57.19 7.2627 76.500
210 60.32 7.8488 79.360
220 65.55 8.4758 82.280
225 70.36 8.8144 83.785
230 79.27 9.1865 85.420
233.96 98.00 9.534 86.918
235 84.97 9.630 87.328
240 72.38 10.007 88.870
260 70.51 11.430 94.630
280 69.97 12.834 99.830
298.15 69.93 14.103 104.220

1089

TaeLE 53. Differences(d K™ mol™!) between the thermal functions of
CsOHcr,lig) calculated in the present work and [B2GUR/VEI, 85CHA/
DAV]

[82GUR/VE] [85CHA/DAV]
TIK ACKT)  A®(T)  ASAT)  ACyT)  AS(T)
298.15 —3.070 8.582 2.220 2.058 5.478
500 —7.300 5591 —2.890 —10.980 0.567
1000 2.000 1.188 —2.645 3.412 4.921
1500 2.000 0.055 —1.834 3.412 6.305
2000 2.000 —0.342 —1.259 3.412 7.285

TaBLE 54. The enthalpy of formation of Cs@ét) from measurements of the enthalpies of solution of cesium

hydroxide in water

A H: P A¢H°(KOH,cr,

Moles of A He.? at 298.15 K 298.15 K°
Authors H,O,rf TIK measurements  kJ mol? kJ mol? kJ morlt
1892BEK 325 289.15 —66.4 —-69.0¢ —-419.0
06FOR 111 288.15 —68.7 -71.5 —416.5
88KON/COR 5500 298.15 -71.,+0.3 -71.9+0.4 —416.1*+ 0.6

gReaction is CsOktr)+nH,0(1)=CsOHsoln,nH0).
PReaction is CsOktr) +%H,0(1)=CsOHsolngH,0).

°The CODATA values §{H°(OH™,solngeH,0,298.15 K=—230.015-0.04 kJ mol'! and A;H°(Cs",soln,
©H,0,298.15 K=—258.00+0.50 kJ mol'! [89COX/WAG]) were used in treatment of experimental data.
The uncertainty was calculated as a square root from the sum of squares of uncertainties of the
A,H%(298.15 K A{H°(OH™, soln,~H,0,298.15 K andA{H°(Cs',soln,~H,0,298.15 K values.

YRecalculated by Park¢65PAR] (see Sec. 4)1

®Recalculated by authors of this study, using the Student's criterion; the original valuglis,+0.2; kJ

mol 1.

Recalculated by authors of this stutsee Sec. 4)1the original value is—71.5,+0.23 kJ mof 2.
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TaBLE 55. Reaction scheme and results of determination of the enthalpy of formation of(€¥QMtained in
the study[88KON/COR) (second method

No. of AH°(298.15 K),
Reaction measurements kJ molt References
1. CsOHcn+HCI1(soln= 3 —127.68+0.76 88KON/COR
=CsClsoln +H,0(soln?
2. CsClcr)+(soln=CsCisoln 3 17.73:0.10° 88KON/COR
3. Cqcr)+0.5ChL(g)=CsClcr) —442.27 0.5 82GUR/VEL,
89COX/WAG
4. 0.5H,(g)+0.5CL(g)=HC1(soln) —166.26+0.10' 82WAG/EVA,
89COX/WAG
5. Hy(g)+0.50,(g)=H,O(soln) —285.830-0.04C 89COX/WAG
6. Cqcr)+0.50,(g)+0.5H,(g)=CsOHcr); —416.42+0.93
AHg=—AH;+AH,+AH3;—AH,+AH;5 (the original value
is —416.42+0.63
kJ moi™?%)

&The authors [B8KON/COR assumed that the enthalpy of proce$€sCH-H,0}(soln=CsClsoln
+H,0(soln) was equal to zero. It seems to be well-founded because corresponding solutions are very diluted.
bThe original values of uncertainties were recalculated, using the Student's criterion.

‘The value was calculated from,H°(CsCl,cr—*H,0,298.15 K as evaluated by Gurvickt al. [82GUR/
VEI] and the CODATA selections for the standard enthalpies of formation of (€dtheH,0O) and
Cs"(solngeH,0) [89COX/WAG].

“The value was calculated from the CODATA selection for the enthalpy of formation afs@hgH,0)
[89COX/WAG] and the enthalpy of dilution of HG&oln, 556H0) to infinite dilution[82WAG/EVA].

€It was taken in the papgB8KON/COR) that A¢H°(H,0,1,298.15 K=A:H°(H,0,s0In,298.15 K It could not
be a source of errors because the solution was very diluted and its composition,@@&®lH, 5400 HO
-10HC1: CsCl).
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TaBLE 56. Thermodynamic properties at 0.1 MPa: Cg0#liq)

TIK C,  —[G°-H°(OK)JT s H°—H°(0 K) AH® AG®

0 0.000 0.000 0.000 0.000 —414.018 —414.018
25 12.430 1.687 5.887 0.105 —414.842 —412.099
50 26.920 7.100 19.320 0.611 —415.698 —409.017
75 35.820 13.347 32.080 1.405 —416.333 —405.528
100 41.360 19.460 43.220 2.376 —416.742 —401.865
150 48.720 30.543 61.450 4636 —417.199 —394.312
200 57.190 40.185 76.500 7.263 —417.337 —386.652
250 71.020 48.936 91.820 10.721 —416.727 —379.018
300 69.952 57.211 104.653 14.232 —-416.185 —371.523
350 71.648 64.783 115.541 17.765 —417.838 —363.777
400 74.259 71.746 125.276 21.412 —417.281 —356.090
450 76.710 78.195 134.169 25188 —416.582 —348.482
498.2 cr3  78.387 83.997 142.065 28.929 —415.794 —341.228
498.2 cry  72.700 83.997 152.904 34.329 —410.394 —341.228
500 72.700 84.246 153.167 34.460 —410.373 —340.978
600 72.700 96.871 166.421 41730 —409.193 —327.209
615.5cry  72.700 98.646 168.276 42.857 —409.007 —325.094
615.51liq  85.000 98.646 180.916 50.637 —401.227 —325.094
700 85.000 109.251 191.851 57.820 —399.164 —314.777
800 85.000 120.301 203.201 66.320 —396.730 —302.888
900 85.000 130.079 213.212 74.820 —394.338 —291.302
1000 85.000 138.848 222.168 83.320 —459.765 —276.280
1100 85.000 146.797 230.269 91.820 —456.619 —258.085
1200 85.000 154.066 237.665 100.320 —453.512 —240.174
1300 85.000 160.762 244.469 108.820 —450.444 —222.521
1400 85.000 166.968 250.768 117.320 —447.413 —205.101
1500 85.000 172.753 256.633 125.820 —444.422 —187.899
1600 85.000 178.169 262.118 134.320 —441.469 —170.894
1700 85.000 183.260 267.271 142.820 —438.554 —154.071
1800 85.000 188.063 272.130 151.320 -435.679 —137.420
1900 85.000 192.610 276.726 159.820 —432.848 —120.927
2000 85.000 196.926 281.085 168.320 —430.063 —104.584
298.15 69.930 56.918 104.220 14103 —416.200 —371.798
Uncertainties in Functions

300 0.100 0.100 0.100 0.010 0.500 0.500
500 1.000 0.500 0.800 0.300 0.600 0.600
1000 2.500 2.000 3.000 2.000 2.000 2.000
1500 5.000 4.000 5.000 4.000 4.000 6.000
2000 7.000 6.000 7.000 8.000 8.000 12.000

4.2. Cesium Hydroxide in Gaseous Phase ecule, though did not exclude the possibility of a quasi linear

structure. Assuming 0.9% 0.05 A for the O—H distance,

4.2.1. Cesium Hydroxide M . .
esium Rydroxide Monomer they obtained the Cs—O distance of 2:200.01 A.

Molecular Constants of CsOH
[53SMI/SUG (g) [67LID/KUC] _— |
As with the other alkali metal hydroxides, Smith and Sug- Lide and Kuczkowski studied the microwave spectra of

den assumed a linear model and estimated molecular co§35€0US CSQH and CsOD. The spectra were |.nterpreted In
stants of CSOH. terms of a linear molecule or nonlinear one with a large-

amplitude low-frequency bending vibration. The bending
[59SCH/POR . ] ~ mode was assumed to be in the range 250—350%anith a
Schoonmaker and Porter accepted a linear configuration ‘P{igh degree of anharmonicity; the, stretching mode was

CsOH but did not exclude a nonlinear one. estimated as 40080 cm L. For CsOH, the rotational con-

[66JEN/PAD stantB, = 5501.08 MHz(0.183496 cm?) and correspond-
Jensen and Padley assumed a nonlinear configuration aimy bond distances ,(Cs—OQ = 2.403 A andr,(O-H)

estimated molecular constants for CsOH. = 0.920 A were calculated. The equilibrium values were

[66KUC/LID] calculated as 2.395 A and 0.969 A, respectively.

Kuczkowskiet al. reported preliminary results of investi- [68ACQ/ABR] (see alsd67ACQ/ABR])
gations of the microwave spectrum of CsOH. They obtained Acquistaet al. investigated the IR spectra of CsOH and
the evidence for an effective linear geometry of the mol-CsOD in the Ar matrix and assigned a band at 335.6 tito
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the Cs—O stretching mode and a band at 309.8librium bond lengths obtained by Lide and Matsumura
304.2shoulde)/302.4 cm' ! to the Cs—O—Hbending mode [69LID/MAT] from microwave spectrum and vibrational
of a linear CsOH. The frequency of the O—H stretching vi-frequenciesr; and v, obtained by Acquistat al. [69ACQ/
bration was estimated in the neighborhood of 3600 tm ABR] from IR spectra in Ar matrix. The value af; was
[69LID/MAT] taken as estimated by Jend&@JEN.

Lide and Matsumura applied a new approach to th§86BAU/LAN]
vibration-rotation interaction in linear triatomic molecules to Bauschlicheret al. calculated ab initio the values of
explain the anomalies found in the microwave spectrum of (Cs—0O, »(Cs—Q, andD{(Cs—OH of CsOH in the linear
CsOH[67LID/KUC] and refined the values of the equilib- ground electronic state assuming the rigid OH subunit with a
rium bond lengths in the molecule(Cs—Q = 2.3912) A fixed O—H distance 0.9472 A. The calculations were made

andr(O-H) = 0.96010) A. using both the self-consistent fie(8CPH and singles-plus-

[69TIM/KRA] doubles configuratiofiCISD) levels and extended Gaussian
Timoshinin and Krasnov estimated molecular constant?aSiS set of at least triple-zeta plus double polarization qual-

using empirical approaches and literature data. ity.

[70HOU/BUN] [86LUT/HEN] (see aIsc[82LUT/ECK])

Hougen et al. derived an expression of the vibration- Lutz et al. investigated the IR and Raman spectra of solid
rotation Hamiltonian for any triatomic molecule. The proce- CsOlH and CsOD at 95 and 300 K in the range 200-4000
dure was applied for the microwave data on CsOH andM ~ and assigned the O~B) stretching frequencies of
CaOD [67LID/KUC] and it resulted in the calculation of these molecules.
force constants, harmonic frequencies and bending vibratiorf87ALL/VEN]
rotation constants for four various approximations of the Alltman et al. in the review on molecular constants of tri-
force field. atomic molecules recommended for CsOH the geometry and
[70JEN vibrational frequencies from the literature data.

Jensen reinterpreted the equilibrium d466JEN/PAD  [90KON]
assuming a linear configuration for CsOH with the molecular Konings investigated the IR spectrum of CsOH vapors at

constants fronj67LID/KUC] and[68ACQ/ABR]. 875 K in the region 50—-609 cnt. Two strong absorption

[71KEL/PAD] maxima at 336+ 2 and 230+ | cm™! were assigned to
Kelly and Padley accepted a linear structure and selecteth (Cs—O stretchingandv; (Cs-O-H bendingfundamentals

molecular constants from literature data. of linear CsOH.

[78BEL] (see alsd91BEL?2)) [91KON/BOQ|

Belyaeva investigated the IR spectra of CsOH and CsOD Koningset al.investigated IR spectra of CSOH and CsOD
in the Ne, Ar, Kr, and Xe matricest®8 K in the range at 875 K in the range 50-600 ¢m. The strong adsorption
200-4000 cm?. Analysis of the spectra was carried out on band observed for each molecule at 340-360 toould not
the assumption that in gaseous phase there are linear morieg interpreted straight forwardly, but the authors came to the
meric molecules of cesium hydroxide. The assignment wagonclusion thatv; = 360+10 cm ! (the Cs—O stretching
made for the stretching Cs—f@ band at 336/338houldey  mode and v, = 320+20 cm ' (the Cs—O-Hbending
cm 1], bending -O—H(a band at 310/304.5/302 ¢rt),  mode.

and stretching O—Ha band at 3705 cit) vibrations. The molecular constants of CsOH, measured, calculated,
[78LOV] estimated, or accepted in above-named studies, are listed in
fTable 57.

Lovas in his review of microwave spectra recommended
equilibrium bond lengthsr(Cs—OQ = 2.39142) A and Discussion of the Molecular Constants of CsOH(g)
r«(O—H) = 0.96010) A according to[69LID/MAT]. Prior to experimental and theoretical investigations of the
[82GUR/VEI molecular (_:ontants of CsQH, some empirical estimates were
Gurvich et al. adopted a linear structure. The rotational made, particularly by Smith and Sugdgg8SMI/SUQ for a
constantB, was taken fron{67LID/KUC], the vibrational inear structure and by Jensen and Pa@é8JEN/PAD for a

frequencies were selected on the basis of IR Ar matrix spedioniinear onellater Jenseii70JEN adopted a linear struc-

69LID/MAT ] carried out a thorough study of the microwave
[840GD/BOW spectra of CsOH and CsOD and came to the conclusion that

~ Ogden and Bowsher briefly reported the results of matriXpe molecule is linear. This conclusion was supported by the

isolation IR spectral studies performed on CsOH. The bandg,qoretical analysis made by Hougehal. [7O0HOU/BUN].

at 316, 310, and 304 cnd in Ar matrix and 330 and 316  The result of arab initio calculation[86BAU/LAN] for the

cm™= in N matrix were detected. Cs—0 bond length satisfactorily agrees with the microwave

[85CHA/DAV] data. As for the O—H distance, which is suspiciously short in
Chaseet al. adopted a linear configuration with the equi- the ground vibrational staté.920 A), the author§67LID/
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KUC] connected that with an unusual large amplitude of the v,=306x=10 cm %, d,=2;
bending mode. ,
The vibrational frequencies were determined both in vapor v3=3705-100 cm -, ds=1.

[90KON, 91KON/BOQ and in Ar matrix [67ACQ/ABR,
68ACQ/ABR, 78BEL, 91BEL The assignments of the
Cs-0 stretching frequencyy;, made in[67ACQ/ABR,
68ACQ/ABR] (335.6 cm %), [78BEL, 91BEL] (336 cni}),
and[90KON] (336 cmi 1), practically coincide. The values

Of the Cg—O—I—bending frequencyy,, found in th%{'\r Ma-  stants of CsOH used in calculation are given in the previous
trix studies[67ACQ/ABR, 68ACQ/ABR (302.4 cm ) and subsection. The calculated values GEO(T), @°(T),

[78BEL, 91BEL] (306 cm'1), are also in good agreement. S°(T), andH°(T)— H°(0) at thetemperatures 0-6000 K
These values of; and v, are well supported by the results are given in Table 63.

of matrix isolation spectral investigation. performed by The uncertainties in the calculated thermal functions of
Ogden and BowshgB4OGD/BOW. The assignment of the CsOHg) are due to the uncertainties in the adopted molecu-

_1 . .
band at 230 cm" to v, made in[90KON], was obviously lar constants. At high temperatures the uncertainties due to

incorrect because this value does not match with those fo[rhe approximate method of calculation become more sub-
the other alkali metal hydroxides. The later investigation of

p / did stantial. These uncertainties are estimated on the basis of the
IR spectra of CsOH and CsOD vapd@1KON/BOQ di differences between the thermal functions for the linear tri-

not provide more reliable results. The authd&lKON/ .0 i molecule$N,O, CO,, CS,, OCS, HCN, FCN, and
BOO] interpreted a wide absorption band as overlapping  ¢icn), calculated in[89GURIVEY, 91GUR/VEY in the
and v, and estimated, = 360 cm ~ and v, = 320 cm “nonrigid rotor—anharmonic oscillator” approximation, and

without many grounds for th‘;’]‘t' The. Val;’eﬁ of gnd Y2 those calculated in the “rigid rotor—harmonic oscillator” ap-
reported in[67LID/KUC] on the bg3|s of the MICTOWaVvE 1 qximation. The total uncertainties in the thermal function
spectral data, also should be considered as rough estimat ‘CsOHg) are presented in Table 63

The values o, for CsOH, calculated by Bauschiicher al. The thermal functions of CsQl) were calculated earlier
timated similar to the other alkali hydroxide molecules. As Ok The comparison of the thermal function calculated in the

the O_.H strchhing frequencys, which was never ob- present work and if82GUR/VEI and[85CHA/DAV] for
served in matrices or vapor for the other alkali metal hydrOX'CsOI—(g) is shown in Table 58. The differences are very
ides due to overlapping strong.@ speptrumz Belyaeva small when compared witfB2GUR/VEI] and slightly larger
[78BEL, 91BEL appalr:fr)tly succegded In assigning a veryg,, [85CHA/DAV]. These differences are due to insignificant
weak band at 3705 cfit in Ar matrix spectrum to this fre- discrepancies between the adopted molecular constants in the

quency. . calculations.
Selection of the molecular constants of CsOH for calcula-

tion of the thermal functions in the present work is entirely Enthalpy of Formation of CsOH(g)—Experimental Investi-

based on reliable experimental data. The structural paran$@tions of Equilibria in Flames

eters are determined in the microwave spectral investigation$3SMI/SUG

by Lide with co-worker§66KUC/LID, 67LID/KUC, 69LID/ Smith and Sugden calculated the difference in dissociation

MAT]; the vibrational frequencies are taken from the IRenergies of lithium and cesium hydroxides from (H&§OHJ/

spectral studies in Ar matrif67ACQ/ABR, 69ACQ/ABR, [Li])/([CsOHJ/[Cs]) temperature dependence in flames with

78BEL, 91BEL. These values of the molecular constantsalkali compounds adde@(Li—OH) — Dy(Cs—OH = 11.0

were supported by the sophisticated force field calculationgcal mol™t. Using the valueDg(Li—-OH) = 102+1 kcal

performed by Hougeet al. [70HOU/BUM]. mol~! obtained in the same work, they selected as the most
The ground electronic state of linear CsQElL,, symme-  probable the valud®j(Cs—OH = 91=1 kcal mol ! (381

try) is '3 *. There are no data on the existence of low-lying =4 kJ mol ).

excited electronic states of CsOH, nor are any expected.
The molecular constants of CsOH, adopted in the preselg%JEN/PAq' [70JEN

work for calculation of the thermal functions, are summa-

rized below:

Calculation of the CsOH(g) Thermal Functions

The thermal functions of CsQf) in the standard state are
calculated in the “rigid rotor harmonic oscillator” approxi-
mation with low-temperature quantum corrections according
to the equations given ilB9GUR/VEY]. The molecular con-

' Jensen and Padley performed measurements of potassium
hydroxide formation in H + O, + N, flames. The
suppressed-ionization techniques used in the case of sodium
ro(Cs—0=2.403-0.002 A; r (O-H)=0.920+0.10 A;  and potassium appeared inappropriate to of@sOH|/[Cs]
value: even at the highest concentration of rubidium intro-
<(Cs-0-H=180°; duced into the flame, together with cesium, the ionization of
the latter was not sufficiently suppressed. Hence, it was not

— — 39 .
|=(15.255-0.03010 * g cn; possible to obtain the hydroxide concentration as a differ-

symmetry numbero=1; statistical weight: p=1; ence betvv_een total concentration of_cesium in a flame and
photometrically measured concentration of cesium atoms. In-
v, =335.6- 10 cm ¢, dy=1; stead, the experimental evidence was used that H, &Dsl
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TaBLE 57. Bond length$A), angle(deg, and vibrational frequencigsm™1) of CsOH in the ground electronic
state
Reference r(Cs-0 r(O—H) <(Cs-0-H 21 v5(2) V3 Note
[53sMmI/sug 2.78 0.97 180 300 300 a
[66JEN/PAD 2.75 0.96 117 330 1300 3610 a
[66KUCI/LID] 2.40 0.95 180 b
[67LID/KUC] 2.403 0.920 180 400 300 ¢
[68BACQ/ABR] 180 335.6 306 36000 d
[69LID/MAT] 2.391 0.967 180 b
[69TIM/KRA] 2.40 0.97 180 355 3740 €
[OHOU/BUN] 180 3355  307.7 35485
[70HOU/BUN] 180 335.5 306.1 3500.7 f
[70HOU/BUN] 180 322.6 307.7 3728.1 f
[7OHOU/BUN] 150 351.8 307.7 37042 f
[70JEN 2.40 180 336 310 34120 a
[71KEL/PAD] 2.40 0.96 180 333.6 309.8 3600 a
[78BEL] 180 336 305.5 3705 d
[78LOV] 2.391 0.960 180 9
[82GUR/IVEI] 2.403 0.920 180 336 306 3705 n
[85CHA/DAV] 2.391 0.96 180 306.5 306 3610 i
[86BAU/LAN] 2.448 0.9472 180 350 i
[86BAU/LAN] 2.419 0.9472 180 378 k
[86LUT/HEM] 3562 |
[87ALI/VEN] 2.391 0.960 180 336 306 3705 m
[90KON] 180 336 230 n
[91KON/BOQ] 180 360 320 n
Accepted in 2.403 0.920 180 335.6 306 3705 °

present work

8Estimated using literature data.

PMicrowave spectrum, structure.

‘Microwave spectrumt, structure;v; and v, are estimated.

4R spectrum in Ar matrix.

°Bond lengths fronf66KUC/LID]; v, and v5 are estimated.

fForce field calculation in four approximations using experimental pBitaID/KUC] and[68ACQ/ABR].
9From [69LID/MAT].

fr, structure from{69LID/KUC]; frequencies froni78BEL].

fre structure from[67LID/KEJC]; v, and v, from [58ACQ/ABR]; v, estimated i 70JEN.
ISCFab initio calculation.

kCI(SD) ab initio calculation.

'|R and Raman spectrum of crystal.

"From literature data.

"IR spectrum of gas.

°r, structure from{69LID/KUC]; v, and v, from [68ACQ/ABR]; v5 from [78BEL].

Cs concentrations all achieved almost steady values at ®sLe 58. Differences(d K mol™) between the thermal functions of
height of about 3 cm above the reaction zone of principalcsOHg) calculated in the present work and [82GUR/VEI, 85CHA/
flame (designated 3.4/1)2 and were therefore very close to PAV]

their equilibrium values. Electron concentratigequal to
Cs' concentration was measured by means of a resonant

[Present Work[82GUR/VE( 2 [Present Work[85CHA/DAV®

cavity. Cesium concentration was calculated from the ionizal’K =~ ACy(T) A®*(T) AS'(T) AC,T) A®*(T) AS(T)
tion equilibrium constant and the valy€sOHI[Cs] = 2.1 208.15  0.003 0.005 0.008 0.000 0.056—0.052
+0.6) was obtained. To this value corresponds the equilib41000 0.006 0.009 0.012 —0.099 0.052 0.028
rium constanK® (2475 K) = 0.065 for the reaction 2000  0.007 0011  0.017 -0.123 0.015 -0.061
3000  0.004 0.013  0.019 -0.078 -0.018 -0.102

C4g)+H,0(g)=CsOHg)+H(g). (8 4000 0.002 0.015 0.020 —0.050 -0.041 —0.120

. . . ) 5000  0.002 0.017  0.020 -0.034 -0.058 —0.130

A third-law calculation performed ifl66JEN/PAD using a  ggqq 0.001 0.017 0.021 —0025 —0007 —0135

bent hydroxide molecule model resulted in the value - . -
DS(CS—OH — 91+ 3 keal mol (381+ 12 kJ mol 1). #The values ofb°(T) andS°(T) tabulated if82GUR/VEI] are recalculated

. . to standard pressure 0.1 MPa.
Jenser{ 70JEN recalculated thd®,(Cs—OH value using  The values ofd°(T) tabulated i85CHA/DAV] are adjusted to the ref-

a linear model for the CsOH molecule. He found results of erence temperatufé = 0 instead of 298.15 K.
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calculations for both models to be close and recommendec
the valueD(Cs—OH = 380+ 12 kJ mol L.

[69COT/JEN 1
Cotton and Jenkins determiné2f,(Cs—OH value using 74,05
measurements of the concentration of cesium atoms by 1
atomic absorption spectroscopy as a function of hydroger ¢ .
atom concentration in a set of six isothermal hydrogen-rich, 2 . ;]
hydrogen—oxygen—nitrogen flames of different composition. Cg ]
Equilibrium constant values for reactiqi) were evaluated N
from the slope-to-intercept ratio of a linear fit of relative
metal atom vs hydrogen-atom concentration. The mean valui
K°(1570 K) = 9.0-10 % was obtained for the equilibrium
constant of reactior{7). Third-law calculations carried out ]
with the data from the JANAF Table€l961) for a bent T - A P TAR R AR N
model of CSOH molecule resulted in the valD§(Cs—OH 1000/T

= 90+ 2 kcal mol'! (3778 kd mol'?).
. . Fic. 13. Partial pressures of monomer and dimer over GiGH 88BLA/
Enthalpy of Formation of CsOH(g)—Mass SpectrometricyoH].

Studies of Equilibria

[69GOR/GUS, see alsd70GOR/GUS
Gorokhovet al. studied the gaseous equilibrium CUR] the enthalpy of monomer vaporization and the en-
thalpy of formation of CsOky) were obtained:
K+CsOH=Cst+KOH AH®(298.15 K) = 36.330-0.448 kcal mot! (152.00
at temperatures 795, 997, and 1044 (K2 point3. K*, +1.87 kI mol'!); A(H°(CsOH,g,298.15 K= —60.7+0.5
KOH™, Cs’, and CsOH ion currents were measured at 50 kcal mol™ ! (—254.0+ 2 kJ mol%). The partial pressures of
eV electron energy for the temperatures 997 and 1044 K. IitsOH(g) are listed in Table 60 and are presented in Fig. 13.
the case of measurements at 795 K, the electron energy w
reduced to 6 eV, to eliminate fragmentation of KOH and
CsOH molecules with formation of atomic ions. Thermal
functions for KOH and CsOH calculated by Dr. Yungman [88KON/COR2
for a linear model of MOH molecules were used in the third- Konings and Cordfunke measured vapor pressure of ce-
law treatment of data. The following value was obtained:Sium hydroxide using the transpiration method. In several
D;(Cs—OH — Dj(K—OH) = 7.63+1.1 kcal mol'! (31.9 experiments the carrier gaargorn was saturated with water
+4.6 kJ mol'Y). The total uncertainty indicated was calcu- Yapor. 31 measurements were carried out in the temperature
lated taking into account twice standard deviation and uncer‘@nge 675.7-975.6 K. The authdi88KON/CORZ found
tainties in ionization cross sections and in temperature medbat the presence of water vapor had no influence on the
surements. The equilibrium constant values are listed if?SOH vapor pressure, thus indicating the congruent vapor-
Table 59. ization of the hydroxide. Assuming only gaseous monomeric
Combining the valudj(Cs—OH — Dj(K—OH) = 7.63  SPecies to be present, the vapor pressure over liquid CsOH
+1.1 keal mor * with that from appearance energy measure-Was represented with the equation:
ments, & 1 kcal mol %, a slightly rounded value 71 kcal log(P/Pa=—(6414+148-(T/K) 1+(9.769+0.180.

mol~ ! was recommended {l69GOR/GUS. Combining this ) o ]
value with the dissociation energy recommended The third-law enthalpy of sublimation was calculated in

D (KOH) = 82+3 kcal mol %, the author§69GOR/GUS [88KON/CORZ using thermal functions from the reference

adopted the valueD3(CsOH = 89+3 kcalmol'! (372  POOK [§ZGURNEH: AH°(298.15 K = 158.2£0.7
+12 kJ mof'1) as the most reliable. kJ mol *. The vapor pressure values are listed in Table 61

and are presented in Fig 14.
[88BLA/JOH]

Blackburn and Johnson carried out a mass spectrometrfchthalpy of Formation of CsOH(g)—Miscellaneous Data

study of cesium hydroxide vaporization. The sensitivity cali-[67EME/GUY

bration of the apparatus was performed through the weight Emelyanovet al. studied the ionization of cesium hydrox-
loss measurement of the sample in the Knudsen effusion exde molecules by electron impact. Cesium peroxide sample
periment with the simultaneous measurements of",Cs contaminated with cesium hydroxide was used as a source of
CsOH", and CsOH" ion currents at ionizing electron en- cesium hydroxide vapors. Cesium peroxide was obtained by
ergy of 30 eV. The ratio of dimer to monomer ionization thermal decomposition of partly hydrolyzed cesium superox-
cross sections was assumed to be 2. Partial pressures ide directly in the platinum effusion cell. Beginning from the
CsOHg) were obtained in the range 654—77213 point.  temperature~ 400 °C, C$ (8), CsOH" (I), Cs; (0.1,
Using thermal functions from the JANAF Tabl§84CHA/  Cs,0" (0.1), and CsOH* (1.0) ions were detected in the

-3.0q

0000 P(CsOH)
asssa P(Csp0.H;)

-6.0 ]

%?nhalpy of Formation of CsOH(g)—Experimental Determi-
nations of the Total Vapor Pressure
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5e0 Discussion of the Enthalpy of Formation of CsOH(g)
] The authors of this review have recalculated all equilibria
from the papers discussed in the previous with the thermal
. functions from this work and with auxiliary data from
Cae [82GUR/VEI and [89GUR/VEY]. The recalculated values
o8, of enthalpies of reactions and the values of enthalpy of for-
i mation of CsOHjg) are collected in Table 62.
w o Similar to the case of KOt), the high temperatures em-
o ployed in studies of equilibria in flame§53SMI/SUG,

2.50 °

1.50 4

logP /Pa

] . [66JEN/PAD, and [69COT/JEN) resulted in a significant
0.50 7 ° increase of uncertainties for the 3rd-law enthalpies of reac-
1 > tions. Results of the condensed phase-gas equilibria studies
1 [88BLA/JOH] and [8BKON/CORJ, performed at substan-
=080 T T T e tially lower temperatures, seem to be more appropriate for
1000/T selecting the enthalpy of formation. To calculate the enthalpy
of sublimation from the results of transpiration measure-
Fic. 14. Apparent pressure of CsQl over CsOHliq) [88KON/CORJ. ments, it is necessary to have information on the dimer to
monomer ratio in the vapor of cesium hydroxide. This infor-
mation can be gained from the mass spectrum of cesium
hydroxide vapor. The following ratios of ion intensities
Cs": CsOH'": Cs,OH" were obtained forT ~ 700 K:
5.3:1.0:6.8[59SCH/POR, 8:1:1 [67TEME/GUS; 50:1:0.06
[88BLA/JOH]. Taking into account that Csand CsOH
ions result from CsOH fragmentation and assuming the ratio
CsOH+e=Cs"+0OH+2e. of ionization cross sectiong(d)/o(m) = 1.5, the following
o ] ] ~_ estimates of Rl)/P(m) values were obtained59SCH/POR,
Qomblnlng this value of appearance energy with the ionizag 7. [67EME/GUS, 0.07: [88BIA/JOH], ~ 103, The ion
tion energy of atomic cesium(3.89 eV, thel value jntensity ratio from the88BLA/JOH] seems to be signifi-
Do(Cs—0OH N 3.57+0.14 eV = 82+3 kcal mol'~ (344 cantly distorted, probably due to mass discrimination effects
+12 kI mol'*) was calculated. of the quadrupole mass analyzer. The valu@)P(m)
[69GOR/GUS, see als70GOR/GUS = =~ 0.03 employed in88BLA/JOH] was apparently calcu-
Gorokhov et al. performed mass spectrometric measuredated from the CgOH*: CsOH' ion intensity ratio, without
ments of appearance energies of ions in mass spectra of ptaking into account Cs ion intensity. Very probably the
tassium and cesium hydroxides. The vajgCs—OH = 86  spectrum obtained if67EME/GUY corresponds to unsatur-
+3 kcal mol ! (358+ 12 kJ mol 1) was calculated from the ated vapor, because a partially hydrolyzed cesium peroxide
appearance energy of Csion, AE(Cs"/CsOH = 7.6 was used as a source of cesium hydroxide vapor. At the same
+0.15 eV. Combining this dissociation energy with thetime the value Ri)/P(m) = 0.7 seems to be too high on the
value Dy(K—OH) = 80+ 3 kcal mol ! obtained in the same ground of comparison with the potassium hydroxide vapor
work, the authors [69GOR/GUS adopted the value composition. As a compromise, the valuPP(m) = 0.2
Dgy(Cs—OH — Dy(K—OH) = 6=1 kcalmol'! (23=4 kJ  was accepted, corresponding to the geometrical mean of the
mol~1). Uncertainty in the difference of dissociation ener- minimum and maximum values, 0.07 and 0.7. The third-law
gies was assumed to be close to reproducibility error, 0.0§alueA,H°(0) = 21.2+5 kJ mol ! for the enthalpy of reac-
eV, due to close values of appearance energies foaKd tion
Cs' ions and mutual compensation of systematic errors.

[86BAU/LAN]

Bauschlicheret al. calculated dissociation energies of the was calculated using this estimate dfiPP(m).
alkali hydroxide molecules MOH into Mand OH  ions by The value of A,H°(0 K) so obtained was employed in
ab initio methods at both the self-consistent-fi¢RCH and  calculation of monomer and dimer partial pressures from the
singles plus doubles configuration-interaction lef@I(SD))  data of transpiration experiment88KON/CORJ. The en-
using extended Gaussian basis sets of at least triple zeta pltisalpy of sublimation for the monomey,H°(0 K) = 162.5
double polarization quality. As the “best,’Dy(Cs—OH +5 kJmol %, is in good agreement with the valdeH® (0
= 3.78+0.10 eV(365+ 10 kJ mol ') was chosen, as calcu- K) =163.9-5 kJ mol ! calculated from the date8B8BLA/
lated from the valu® (Cs—OH = 3.77 eV(CI(SD) level) JOH] corrected for the dimer contefptlue to low relative
with zero-point correction taken equal t60.06 eV and a concentration of the dimer the enthalpy of sublimation for
correction of 0.07 eV based upon the errors in the computethe monomer depends very weakly on the)fP(m) value].
bond lengths(The computed bond lengths were slightly too From the papers annotated, resu[@8KON/CORZ and
long and bond energies were slightly underestimated. [88BLA/JOH] are the most reliable. A rounded mean value

mass spectrurtrelative intensities are given in parentheses
Formation of C$ ions with the appearance energy of 7.46
+0.14 eV was attributed to fragmentation of CsOH mol-
ecules under electron impact:

CsOHcr) +CsOHg)=Cs,0,H,(g) (€)
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of the CsOH enthalpy of sublimation from these papers is TasLe 60. Partial pressure of Cs@ij over CsOHliq), [88BLA/JOH]
AH°(0 K) = 163.0=5 kJ mol L. To this value corresponds

AH®(298.15 K = 160.7+5 kJ mol . Combining this lat- No- K Plaim 16)
ter value with the adopted enthalpy of formation of 1 654 0.782
CsOHcr), the enthalpy of formatiom\(H°(CsOH,g,298.15 2 684 1.68
K) = 255.5+5 kJ mol ! was obtained. Corresponding value i ggg i'gi
for T = 0 K is AfHo(CSOH,g,O & =— 251.0+5 kJ 5 714 3:23
mol~ L. Most other values in Table 67 are in good agreement 6 622 0.0560
with that given above. A more negative value calculated 13 772
from exchange reaction between (g and CsOHg) 7 672 0.553
[69GOR/GUS s probably due to difficulties in evaluation of g ;gg ifg
equilibrium constants from ion intensities, especially for 10 702 3.19
molecules inclined to deep fragmentation under electron im- 11 681 1.49
pact. Measurements of appearance energy of [6AEME/ 12 743 8.04
GUS] resulted in a more positive valukH°(CsOH,g,0 K 13 772 171

= —226+12 kJ mol'! possibly because of some errors in
calibration of electron energy scale using a standel)
with the appearance energy substantially higher than that for
ions under studyCs"). Results of appearance energy mea-
surements [69GOR/GUS and of ab intio calculation
[86BAU/LAN] are in good agreement with the the most re-
liable data] 88KON/CORZ and[88BLA/JOH].

On the basis of the above discussion, the values

A{(CsOH,g,298.15 K= — 256.0+ 5 kJ mol'%;

TABLE 61. Apparent vapor pressure over cesium hydroxi@3KON/

Dy(Cs—0H =368.6+5 kJ mol ! CORZ

No. TIK P/Pa
are adopted in this review. 1 675.7 1.40
2 686.4 2.42
3 699.1 5.08
4 705.6 3.13
5 737.3 12.22
6 756.9 21.50
7 769.4 20.73
8 781.6 38.34
9 799.6 67.16
4.2.2. Appendix. Tables of Experimental and Evaluated Data for 10 801.3 88.29
CsOH(g) 11 804.8 85.09
12 819.4 124.57
13 820.0 106.76
14 854.6 191.77
15 880.5 267.36
TaBLE 59. Equilibrium constant values for the reaction(@s+ KOH(G) 16 902.6 432.60
= K(g) + CSOHg), [69GOR/GUS 17 919.4 575.43
18 922.2 723.88
No. TIK K° 19 922.3 720.23
20 922.4 633.74
1 795 713 21 940.8 972.77
2 795 65.0 22 958.1 1199.93
3 795 70.0 23 975.6 1627.13
4 795 126 24 741.4 15.71
5 997 58.4 25 748.8 13.96
6 997 77.0 26 771.6 21.62
7 997 59.1 27 800.0 64.08
8 997 78.1 28 832.4 100.38
9 997 86.6 29 869.8 178.96
10 997 128 30 909.3 364.59
11 1044 46.6 31 959.7 1048.40

12 1044 80.4

&Carrier gas saturated with water vapor.
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TasLE 62. Results of determination af;H°(CsOH,g,0 K, kJ mol?

AH°(0 K)

Reference Method 2nd law 3rd law AH°(0 K)

Equilibria in flames

[53sMmI/sugd lonization in flames, 42 —265+10
Cyg)+LiOH(g)=Li (g) +CSOHg)

[66JEN/PADQ Flame photometry, 112.3 —264.6+10
Cog)+H,0(g)=CsOHg)+H(g),
2475 K (one poin}

[69COT/JEN Flame photometry, 119.0 —257.9+8
Cyg)+H,0(g)=CsOHg)+H(g),
1570 K (six point9

Mass spectrometric studies of equilibria

[69GOR/GUS Knudsen effusion mass —4+13 —-32.5+2.5 —272+10
spectrometry,
Csg(g)+KOH(g)=CsOHg)+H(g)
(12 pointg

[88BLA/JOH] Knudsen effusion mass 16820 163.9-1.1 —250.1+8
spectrometry,
CsOHlig)=CsOHg), 622-772 K
(13 pointg

Total vapor pressure measurements

[88KON/CORZ Transpiration, 15618 162.5-0.6 —251.5-10
CsOHlig)=CsOHg),
675.7-975.6 K(31 points

Miscellaneous data

[67TEME/GUY Appearance energy of ions, 3442 —226+12
CsOHg)=Cgg)+OH(g) (three points

[69GOR/GUS Appearance energy of ions, 3582 —241+12
CsOHg)=Cs(g)+OH(g)
(13 pointg
Appearance energy of ions, —23+4 —263+10
C4g)+KOH(g)=CSOH(g) +K (g)

[86BAU/LAN] Ab initio calculation, 36510 —248+10

CsOHg)=Cs(g)+O0H(g)
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TaBLE 63. Thermodynamic properties at 0.1 MPa: CSGH

C‘;, —[G°=H°(0K)]T S H°—H°(0 K) AH° A{G®
TIK JK tmol™?t kJ molt
0 0.000 0.000 0.000 0.000 —251.549 —251.549
25 29.101 136.896 165.968 0.727 —251.751 —253.011
50 29.344 157.056 186.169 1.456 —252.384 —254.046
75 31.280 168.907 198.361 2.209 —253.060 —254.726
100 34.722 177.488 207.813 3.032 —253.617 —255.199
150 41.328 190.261 223.210 4.942 —254.424 —255.800
200 45.602 200.113 235.736 7.125 —255.006 —256.169
250 48.174 208.315 246.212 9.474 —255.505 —256.394
300 49.771 215.394 255.147 11.926 —256.022 —256.509
350 50.813 221.639 262.903 14.442 —258.692 —256.207
400 51.525 227.233 269.738 17.002 —259.222 —255.816
450 52.034 232.301 275.837 19.591 —259.710 —255.361
500 52.415 236.934 281.340 22.203 —260.161 —254.853
600 52.974 245.159 290.949 27.474 —260.980 —253.713
700 53.423 252.300 299.149 32.794 —261.721 —252.443
800 53.856 258.613 306.311 38.158 —262.423 —251.069
900 54.305 264.273 312.680 43.566 —263.123 —249.607
1000 54.774 269.406 318.426 49.020 —331.596 —244.369
1100 55.251 274.104 323.669 54.521 —331.449 —235.654
1200 55.725 278.438 328.497 60.070 —331.293 —226.952
1300 56.186 282.463 332.975 65.666 —331.129 —218.264
1400 56.625 286.222 337.155 71.306 —330.958 —209.587
1500 57.039 289.750 341.076 76.990 —330.783 —200.925
1600 57.424 293.074 344.770 82.713 —330.607 —192.273
1700 57.780 296.219 348.262 88.474 —330.431 —183.633
1800 58.108 299.203 351.574 94.268 —330.262 —175.003
1900 58.409 302.043 354.724 100.094 —330.105 —166.381
2000 58.684 304.753 357.727 105.949 —329.965 —157.769
2200 59.166 309.827 363.344 117.736 —329.753 —140.558
2400 59.569 314.505 368.510 129.610 —329.67 —123.362
2600 59.906 318.846 373.291 141.559 —329.787 —106.170
2800 60.190 322.895 377.742 153.569 —330.130 —88.956
3000 60.430 326.692 381.903 165.632 —330.752 —-71.710
3200 60.634 330.266 385.809 177.739 —331.696 —54.413
3400 60.809 333.643 389.491 189.884 —332.995 —37.046
3600 60.960 336.843 392.971 202.061 —334.682 —19.589
3800 61.090 339.884 396.270 214.266 —336.782 —-2.024
4000 61.203 342.783 399.407 226.496 —339.310 15.655
4200 61.303 345.551 402.395 238.747 —342.282 33.475
4400 61.390 348.200 405.249 251.016 —345.703 51.444
4600 61.467 350.740 407.980 263.302 —349.570 69.584
4800 61.536 353.180 410.597 275.602 —353.867 87.898
5000 61.597 355.527 413.111 287.916 —358.579 106.400
5200 61.652 357.789 415.528 300.241 —363.677 125.099
5400 61.701 359.971 417.855 312.576 —369.131 143.995
5600 61.745 362.078 420.100 324.921 —374.892 163.111
5800 61.785 364.117 422.267 337.274 —380.927 182.423
6000 61.821 366.090 424.363 349.634 —-387.177 201.965
298.15 49.724 215.148 254.840 11.834 —256.000 —256.506
Uncertainties in Functions
300 0.300 0.400 0.700 0.150 5.000 5.000
1000 0.500 0.700 1.000 0.300 5.000 5.000
2000 1.000 0.800 1.300 1.000 5.000 5.000
3000 1.500 1.000 1.700 2.000 6.000 5.000
4000 2.000 1.200 2.000 3.000 6.000 6.000
5000 2.500 1.400 2.500 6.000 8.000 8.000
6000 3.000 1.700 3.000 9.000 10.000 10.000
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4.2.3. Cesium Hydroxide Dimer try). The recommended effective structural parameters of
Molecular Constants of [CsOH]g) Cs,0,H, were (bond lengthsry and vibrational amplitudes
[67BUE/STA lg in A) ry(Cs—0 = 2.6211), 14(Cs-0 = 0.132),

Buechleret al. studied the deflection of @8,H, molecu- rg(Cs—C$ = 3.953), 14(Cs-C3 = 0.222), r4(0-O

lar beam in an inhomogeneous electric field at 500 °C an :(5.875’381, (ljggcj(;g) G QIZ%P?O)iI‘\IQ@S_thz 3.288E;E?_nd
found that the molecule was nonpolar which indicated a pla;[?1 S_th B 8§ GIR/LA;Ing | E’; ¢ dst)hec ra _l_ag[a_v t],
nar structure for at least the £3;, part. On the basis of the e authorg | calculated the equilibrium struc-

similar result for sodium hydroxide, it was assumed that thé[ural parameters and the fundamentals of thglgpart

alkali hydroxide dimers from sodium to cesium should havel 91KON/BOQ]|

a planar rhomboid configuration. Konings et al. investigated the IR spectra of CsOH and
[68ACQI/ABR] (see alsd67ACQ/ABR]) CsOD at 875 K in the range 50—-600 cfand assigned an

Acquista et al. observed the IR spectra of CsOH and adsorption feature at 230 cmto the in-plane Cs—O stretch-

CsOD isolated in the Ar matrix and detected the absorptior"d M0d€:¥12 (Bay), of C50:H,.
The molecular constants of &3H,, measured, calcu-

features which presumably were attributed to polymeric spel- : : .
cies of CsO,H,. The authors[68ACQ/ABR] could not f':\ted, _estlmated, or accepted in above-named studies, are
make definite assignments of these bands. listed in Table 64.

[78BEL] (see alsd91BEL2)]) Discussion of the Molecular Constants of [CsQH)

Belyaeva investigated the IR spectra of ,OsH, and A rhomboid planar configuration without hydrogen bond-
Cs,0,D, in the Ar matrix @ 8 K in the range 50—4000 ing was assumed for the &3,H, molecule by Schopnmaker
cm~ L on the assumption that the cesium hydroxide dimer ha&nd PortefS9SCH/POR although these authors did not ex-

a planar rhomboid configuratiotD,, symmetry. Taking clude the possibility of a nonplanar configuration. Buechler
into account the isotopic shifts and the data on spectra of thgt &l- [67BUE/STA studied the deflection of the &3,H,
other alkali hydroxide dimers, Belyaeva assigned the obMolecular beam in an inhomogeneous electric field and came

served bands to five fundamentals of the@s#l, molecule. 0 the conclusion that at least aZCg part of the molecule
These are an out-of-plane bending and two in-plane stretch¥aS P'énar- The au_thor[éi?BUE/STA] predicted a planar _
ing vibrations in the §~0—Cs—Qring, v, (B1), ¥10 (Bay), rhomboid configuration for the molecule as a whole. This
and V12 (B3u)a and two Out-of-p|a_ne and in_p|ane bending planar Conﬁguration of R Symmetry was confirmed by Be-
O-H vibrations, vg (B;,) and vy (B,,). The ionic model lyaeva [78BEL, 91BEL in the analysis of IR spectra of

calculation of the structural parameters and vibrational fre£%0O2H; and CsO,D; in Ar matrix, supported by the ionic

[82GUR/VEI 89LAP] came to the same conclusion as a result of the elec-

. ., tron diffraction investigation of G&®,H, vapor. It should be
Gfl.”v'd:. et al;, adopted fotr C§3tzk|]‘| 2 @ .';’.';‘T‘af rhtom$0|dl noted however that the structural parameters ofOgH,,
con |gurta |or(1Co B sy(;n;ne((r)y VCV' gqun mljlm Str#c ;Jra obtained in[89GIR/LAP, 89LAP, are not consistent with
parameters $=0 an —&S=H) as Well as e e~ h other. The values ofCs—C3 andr(0-0) (see Table
quenciésy; - vs and vg calcul_ated_ by Belyaev@?SBl_EL] 64) actually yield< (O—Cs—-Q = 72° instead of 81.3° and
using the ionic model approximation. The frequencigs [(Cs—O — 2.44 A instead of 2.62 A. An overestimated
vy, Vg, V19, @ndvq, were taken as measured in Ar matrix IR : : '

B value ofr (O—H) (about 1.2 A is obtained from the value of
spectra[78BEL]. The values off (O—H), v, and vy, were r(Cs—H given in [89GIR/LAP]. Nevertheless, the equilib-

estimated. rium value ofr(Cs-0, calculated if78BEL] and[89GIR/
[85CHA/DAV] _ _ IAP, 89LAP], are in good agreement.
Chaseet al. selected a ¢, configuration for CgO,H, The CsO,H, molecule of B, symmetry similar to

similar to the model for LiO,H, suggested by Berkowitz K 0,H, has 12 nondegenerate vibrational frequencies six of
et al. [E0OBER/MES. The O—H stretching and bending fre- \ynich are active in IR spectrum.
guencies were taken the same as estimat¢60BER/MES Belyaeva[78BEL, 91BEL] investigated IR spectrum of
for Li;OH,. The other molecular constants of OsH,  Cs,0,H, isolated in Ar matrix and assigned five bands to
were estimated by comparison with related molecules mclud;,e, V7, Vo, v10@Nndvy,. It should be noted that the assigned
ing CsOH, CgF,, and HO. value of v, for Cs,0,H, is unexpectedly larger than for
[89GIR/LAP] (see alsd89LAP)) Rb,O,H,. There is no reasonable explanation of this
Girichev and Lapshina investigated the structural paramanomaly(if the assignment was corrgdbut the matrix ef-
eters of the cesium hydroxide dimer, £OsH, in vapor at fect. In addition, Belyaev@78BEL] calculated the frequen-
803+ 10 K using the electron diffraction method. In analysis cies of CgO,H, (except the O—H stretching frequencies,
of the sM(s)function the author§89GIR/LAP] accepted the andw;4) using the ionic model.
data on molecular constants of the monomeric molecule The frequencies of the @3,H, part (v», vs, vs, vy,
CsOH known in literature and assumed a planar configurar,y, and v1,) were calculated by Girichev and Lapshina
tion of Cs0,H, with a rhomboid CgO, part (D,, symme-  [89GIR/LAP, 89LAR from a combined analysis of their
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TaBLE 64. Bond lengthgA), angles(deg, and vibrational frequencieem ) of Cs,0O,H, in the ground
electronic state

Constant [78BEL]? [78BELJ]° [82GUR/VEI [85CHA/DAV] [89GIR/LAPJ®
r(Cs—-0 2.61 2.61 2.63 2.62
r(Cs—-Cs 3
r(0-0) 287
r(Cs_H ees eee 3.28
<(Cs-09 110
<(0-Cs-0 92 92 90 81.3
v1(Ag) 3700 3700
vy 275 275 299 251
V3 85.8 86 110 71
vy 275 275 1250
Vg 185 185 210 282
Ve 272 291 272 1250
vy 113 97.1 113 120 85
vg 281 281 1250
vy 278.5 278 278 1250
27 227 217 227 220 253
vy 3700 3700
Vio 235 238 235 230 255
Symmetry Dn D2y Dan Doy Dan
Constant [91KON/BOQ]"  Adopted in present wobk

r(Cs-0 2.60

r(Cs-Cs

r(0-0

r(Cs—H

r(O—H) 0.97

<(CS—O—H

<(0-Cs-0 90

v1(Ag - 3700

vy 275

Vs 85

V4 275

Vs 185

Vg 272

vy 113

Vg . 280

Vg 278.5

V1o 227

vy 3700

V1o 235

Symmetry Bn D,y

3R spectrum in Ar matrix.

Plonic model calculation.

“ve» V7, Vg, V1pa@ndry, from IR spectrum in Ar matrix78BEL]; v,-vs, vg and structural parameters from ionic
model calculatiof 78BEL]; v4, v4;, andr(O—H) are estimated.

‘Estimated.

% 4 structure from electron diffraction measurements; the frequencies from combined treatment of electron
diffraction data and IR spectral daf@8BEL]; authors[86GIR/GIR] suppose thats is overestimated due to
separation of the K—O and O—H vibrations and it should be 200'cm

fIR spectrum of vapor.

9, V7, Vg, V19, and vy, from IR spectrum in Ar matri{78BEL, 91BEL]; v, - vs, vg from ionic model
calculation[78BEL]; structural parameters and, v, are estimated.
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electron diffraction data and the IR spectral data in Ar matrixTAsLe 65. Differences(J K™* mol™*) between the thermal functions of
[78BEL]. Reliability of these frequencies is rather question-C%Cz2(Q) calculated in the present work and [B2GUR/VEI, 85CHA/
able although the discrepancies from corresponding IR spec-
tral data[ 78BEL, 91BEL] are not very large. [Present Work[82GUR/VEI @ [Present Work[85CHA/DAV°
The value ofy,, for Cs,0,H, obtained by Koning®t al.
[91KON/BOQ from the analysis of the IR spectra of cesium
hydroxide vapor, is in excellent agreement with value ob-298.15  0.006  0.243 0.266  25.484 5.352  20.512
served in Ar matri{78BEL, 91BEL]. 1000 0.001 0.261  0.268 7.206  26.058  41.128
Acquistaet al.[68BACQ/ABR] observed in IR spectrum of 2888 _8':(?11 (?'22:; (?'22213 02';2219 3?;%35()3117 jjg’:g
Cs?llﬁ isolated in Ar. matr_nf, several band; bglow 3C.)O4000 0001 0262 0.260 0523 39524 44758
cm™ - whose relative intensities decreased with increasingooo 0.000 0.262 0.260 0.260 40589  44.863
the temperature. These bands were evidently due to poly000 0.000 0261  0.259 0.233  41.301  44.914

meric species of CSOHT'OSt prObably to dime}r but it was aThe values of tab°(T) andS°(T) tabulated if82GUR/VEI] are recalcu-

T/IK ACL(T) A®P°(T) AS(T) ACKT) A®(T) AS(T)

not pOSSib|e to make definite aSSignmentS. lated to standard pressure 0.1 MPa.
There are no data on the existence of low-lying excited'The values of®°(T) tabulated i[8SCHA/DAV] are adjusted to the ref-
electronic states of G&,H,, nor are any expected. erence temperatufe = 0 instead of 298.15 K.

A planar rhomboid configuration of @3,H, (D,,, symme-
try) is adopted in the present work. The structural parameters
of the moleculer (Cs—0 = 2.62+0.05 A, r(O-H) = 0.97
+0.03 A, and< (0O-Cs—-Q = 90+10° are based on the
electron diffraction data by Girichev and Lapshif@®GIR/ ) )
LAP, 89LAP] and the ionic model calculation by Belyaeva Calculation of the [CsOH] (g) Thermal Functions
[78BEL]. The corresponding value of the product of princi- 1he thermal functions of G&;H(g) in the standard state
pal moments of inertia i€5.4+ 0.510 12 g cnf. The vibra- ~ are c_:alcqlated_ in the “rigid rotor—harmonic oscnlat(_)r” ap-
tional frequenciesss, v7, vo, 10, and v, are those mea- Proximation with Iow—tempgrature guantum corrections ac-
sured in IR spectra in matri{78BEL, 91BEL]; their  cording to the equations given [89GUR/VEY]. The mo-
uncertainties are estimated as 10 ¢mThe values ofy,— lecular constants of Q_@sz used in calculation are given in
vs and vg are accepted from an ionic model calculationthe previous subsection. The calculated valuesCHfT),
[78BEL] with average uncertainties about 20 cmThe val-  ®°T(T), S°(T), andH*(T) — H®(0) at thetemperature

v1,=235+10 cm L, dj,=1;.

ues ofy; and v, are estimated. range 0-6000 K are given in Table 68. .

The molecular constants of €%H, (Dy, Symmetry The uncertainties in thus calculated thermal functions of
adopted in the present work for calculation of thermal func-C$0O2H2(g) are because of the uncertainties of the adopted
tions are summarized below: molecular constants, presumably of the calculated vibrational

frequencies and structural parameters. At high temperatures
r(Cs—0=2.62+0.05 A; r(O-H)=0.97+0.03 A; the uncertainties due to the approximate method of calcula-
<(0-Cs-0=90+10°: tion become more substantial. These uncertainties are
roughly estimated taking into consideration the uncertainties
I Alglc=(5.4+0.5010 2 ¢ crr; in the thermal functions for monomers. The total uncertain-
- ) ties in the thermal function of G&,H,(g) are presented in
symmetry numbero=4; statistical weight: p=1; Table 68.
v, =3700 100 et dy=1; The comparison of the thermal function for OgH,(Q)
calculated iM82GUR/VEY] and[85CHA/DAV] is shown in
v,=275:20 cm 1, dy=1; Table 65. There is a good agreement of the data presented in

this work and reference bodlB2GUR/VEI. Small differ-

— il =1
v3=85:10 cm™, dy=1; ences between the values @°(T) and S°(T) are mainly

v,=275+20 cmi L, dy=1; due to a slight correction of the value oilglc in the
., present work. Large differences when compared with the ref-
vs=185+20 cm -, ds=1; erence book85CHA/DAV] are due to selection of an obso-
pe=272+10 e, dg=1; lete model of the G©,H, molecule and molecular con-
stants.
v;=113+20 cm ', dy=1; Enthalpy of formation of [CsOHIg)—Experimental Investi-
vg=280+20 cn L, dg=1: gations
. [59SCH/POR
vg=278.5£10cm *, dg=1; Schoonmaker and Porter carried out mass spectrometric
V1= 22710 cm?, dyp=1; study of. alkali hyd.roxi.de bjnary mixtures. with thg aim to
obtain differences in dimerization enthalpies of pairs of hy-
v1;=3700+100 cm %, dj;=1; droxides. A silver effusion cell was used in experiments with
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cesium hydroxide. For the KOH-CsOH, system measure- Cs,0,H,(g)=2CsOHg).
ments of the equilibrium constants for the gaseous reaction

2KOH+Cs,0,H,=2CsOH+K,0,H, An estimated value of the total vapor pressure of cesium

hydroxide was used in the calculation of the equilibrium con-
were performed at 692 K. Equilibrium constant values weresignt for this reaction.

in the range 51-68.5. The difference in dimerization enthal-_. . .
pies A H®(CsOH —A H®(KOH) = 6.3+ 0.2 kcal mol * (26 Discussion of the Enthalpy of Formation of [CsQK{])

1 . . The authors of this review have recalculated all equilibria
=08 kjmol™) was found using an estimated value from the papers disscussed in the subsections with the ther-
A,S°(CSOH-A,S°(KOH) = 1.0 calK *mol™t. Similar bap

mal functions from this work and with auxiliary data from

measurements were made for the RbOH-CsOH system
673 K. Equilibrium constant values were in the range 18.9—%ZGURNEI] and [89GUR/VEY]. The recalculated values

27. Using AS°(CSOH—A,S°(RbOH) = 0.45 calK ! of e_nthalpies of reactions and the yalues of enthalpy of for-

molL the value A,H°(CsOH—A H°(RbOH) = 4.5+0.3 Mmation of CsO,H,(g) are collected in Table 67.

kcal mo! (18.9+ 1.2 kJ mol%) was obtained. Combining In an earlier subsection the authors of this rleV|eW calcu-
. ) o lated the enthalpyA,H°(0 K) = 21.2+5 kJ mol - for the

the differences found with the dimerization enthalpy of KOH .

(—48+5 kcalmol'l) and RbOH (—45+5 kcalmol'l), — '€action

Schoonmaker and Porter selected the valyel°(CsOH

= 40+ 5 kcal mol'* (—167+20 kJ mol'%). CsOH(cr)+CsOHg)=Cs,0,H,(9). (10

[88BLA/JOH]

Blackburn and Johnson performed a mass spectrometridecalculation toT = 298.15 K resulted in the value
study of cesium hydroxide vaporization. Partial pressure valdH®(298.15 K = 19.2+5 kJ mol . Combining this value
ues of CsO,H,(g) were obtained in the temperature rangeWith the adopted enthalpies of formation of Cs@H and
681—772 K(six point3. Using thermal functions from the CSOHg) the enthalpy of formation was calculated:
JANAF Tables[74CHA/CUR] the third-law enthalpy of AH°(Cs0,H,,9,298.15 K = —653.0+8 kJmol *. The
dimer vaporization and the enthalpy of formation of data[59SCH/POR are in good agreement with this value.

Cs,0,H,(g) were obtained: The datd 88BLA/JOH], as was expected, give more positive
_ value of enthalpy of formation, due to low(d/P(m) ratio.
2CsOHliq)=Cs,0,H,(9), The datd89GIR/LAP] are also in agreement with the results

obtained using the reactid®). They cannot be regarded as

o _ 1
AyH®(298.15 KW =37.199-0.727 kcal mot reliable, however, due to use of roughly estimated total vapor

X (155.64+3.04 kJ mol'Y); pressure of cesium hydroxide.
From the discussions on the enthalpy of formation of
A{H°(Cs,0,H,,9,298.15 K=—156.9+3 kcal mol™* CsOHg) and CsO,H,(g) it follows that the adopted value

1 for Cs,0,H,(g) is to be obtained from a combination of the
X (—656.5=3 kJ mol™). enthalpy of reactiori9) with the adopted values of enthalpies

The partial pressures of @3,H,(g) are listed in Table 66 ©Of formation of CsOHcr) and CsOHg). On the basis of

and are presented in Fig. 13. these discussions the value
[88KON/COR2 . .
Konings and Cordfunke measured totapparent vapor AH®(C0,H,,9,298.15 K=—653.0-8 kJ mol”

pressure of cesium hydroxide using transpiration technique.

The authors of this review estimated vapor composition ois adopted in this review.
cesium hydroxide and calculated the enthalpy of formation

of Cs0,H,(g) from the dimer partial pressure. The results

are presented in Table 67. 4.2.4. Appendix. Tables of Experimental and Evaluated Data for
[89GIR/IAP] [CsOH] x(9)

Girichev and Lapshina carried out an investigation of
Cs,0,H,(g) structure by the method of electron diffraction.
In the process of refining of the theoretical molecular scat- 1, ¢ 66, partial pressure of g8,H,(g) over CsOHiiq), [88BIA/JOH]
tering intensity curvesM(s) they obtained the best agree-
ment between theoretical and experimental curves for the No. T/K P/(atm 16)
dimer relative concentration of 33® mol%, or Rd)/P(m)

= 0.45 (T = 803* 10 K). Combining the electron diffraction ; ;gg igg
data obtained on geometry and vibrational frequencies with 3 681 0.394
spectroscopic data for g3,H,(g), the author$89GIR/LAP] 4 743 181
calculated the third-law enthalpyH°(0) = 14617 kJ 2 ;Sg géi

mol~1 for the reaction
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TaBLE 67. Results of determination a@f;H°(Cs,0,H,,9,0 K), kJ mol™*

A{H°(0 K)
Reference Method 2nd law 3rd law AH°(0 K)
[59SCH/POR Knudsen effusion mass spectrometry, —26.2+8 —653+10
2KOH(g)+Cs,0.H,(9) =
2CsOHg)+K;0;Hx(9),
692 K (four pointg
[88BIA/JOH] Knudsen effusion mass spectrometry, 148D 197+1.1 —-631+20
2CsOHliq)=Cs,0,Hx(g)
681-772 K(six pointg
[88KON/COR Transpiration, 17810 183.72-0.6 —644.4+10
2CsOHlig)=Cs,0,H,(9),
675.7-975.6 K31 pointg
[89GIR/LAP| Electron diffraction, 146" —649+ 20

Cs,0,H,(g)=2CsOHg), 803 K
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TaBLE 68. Thermodynamic properties at 0.1 MPa,Gs1,(g)

Cy —[G°-H°(OK)JT S H°—H°(0 K) AH° AG®
TIK JKtmol™? kJ mol*
0 0.000 0.000 0.000 0.000 —644.367 —644.367
25 35.332 178.629 212.276 0.841 —645.384 —-644.911
50 45.159 202.764 239.517 1.838 —647.111 —643.793
75 58.731 218.563 260.322 3.132 —648.675 —641.778
100 72.020 231.381 279.090 4,771 —649.796 —639.307
150 90.227 252.953 312.110 8.874 —651.126 —633.734
200 99.886 271.277 339.534 13.651 —651.879 -627.817
250 105.217 287.285 362.450 18.791 —652.436 —621.720
300 108.385 301.478 381.937 24.138 —653.027 —615.494
350 110.398 314.204 398.807 29.611 —657.926 —608.508
400 111.750 325.726 413.642 35.167 —658.549 —601.405
450 112.707 336.242 426.863 40.779 —659.091 —594.228
500 113.421 345.910 438.776 46.433 —659.563 —586.996
600 114.467 363.169 459.553 57.831 —660.345 —572.406
700 115.316 378.234 477.263 69.320 —660.979 —557.698
800 116.149 391.598 492.715 80.893 —661.537 —-542.904
900 117.026 403.610 506.446 92.552 —662.094 —528.041
1000 117.946 414.523 518.823 104.300 —798.201 —505.718
1100 118.888 424.525 530.108 116.142 —797.067 —476.526
1200 119.827 433.762 540.493 128.078 —795.916 —447.436
1300 120.741 442.347 550.121 140.106 —794.753 —418.444
1400 121.614 450.369 559.101 152.224 —793.573 —389.539
1500 122.435 457.902 567.520 164.427 —792.388 —360.723
1600 123.201 465.003 575.446 176.710 —791.198 —331.983
1700 123.910 471.722 582.937 189.066 —790.013 —-303.317
1800 124.563 478.100 590.038 201.490 —788.839 —274.723
1900 125.162 484.170 596.789 213.976 —787.691 —246.190
2000 125.710 489.963 603.224 226.520 —786.576 —217.721
2200 126.670 500.814 615.251 251.761 —784.485 —160.937
2400 127.472 510.818 626.309 277.178 —782.666 —104.333
2600 128.144 520.100 636.539 302.742 —781.218 —47.870
2800 128.709 528.761 646.057 328.428 —780.239 8.499
3000 129.188 536.880 654.954 354.219 —779.818 64.822
3200 129.595 544,524 663.305 380.099 —780.039 121.131
3400 129.943 551.744 671.172 406.054 —780.972 177.482
3600 130.243 558.588 678.608 432.073 —782.681 233.906
3800 130.503 565.092 685.657 458.148 —785.216 290.451
4000 130.729 571.289 692.357 484.272 —788.608 347.148
4200 130.927 577.207 698.740 510.438 —792.889 404.039
4400 131.101 582.871 704.835 536.641 —798.065 461.147
4600 131.255 588.301 710.666 562.877 —804.136 518.522
4800 131.392 593.517 716.255 589.142 —811.064 576.173
5000 131.514 598.535 721.621 615.433 —818.825 634.125
5200 131.622 603.369 726.782 641.747 —827.357 692.416
5400 131.720 608.032 731.751 668.081 —836.601 751.036
5600 131.808 612.537 736.543 694.434 —846.461 810.019
5800 131.888 616.893 741.170 720.804 —856.866 869.355
6000 131.960 621.111 745.642 747.189 —867.702 929.075
298.15 108.293 300.981 381.267 23.937 —653.000 —615.725
Uncertainties in Functions
300 1.000 1.500 2.000 0.200 8.000 8.000
1000 2.000 2.000 3.000 1.000 8.000 8.000
2000 3.000 3.000 4.000 5.000 10.000 9.000
3000 4.000 4.000 7.000 10.000 13.000 13.000
4000 5.000 5.000 9.000 15.000 17.000 20.000
5000 6.000 6.000 10.000 20.000 22.000 30.000
6000 8.000 8.000 12.000 25.000 26.000 50.000
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5. Recommendations for Future 06FOR

Measurements
10HEV

Based on our critical review of thermodynamic and spec-
troscopic properties of the potassium, rubidium and cesiunfOHEV2

hydroxides, we recommend the following investigations.
15SCA

(1) Measurement of the heat capacity of KOH at low tem-
peratures, especially @t< 60 K, the heat capacity or the 155ca2
enthalpy increments oj-KOH (517-679 K and liquid
KOH (in the region of 300—500 K above the fusion tem- 51 3ac/MOR
perature.

(2) Measurement of the heat capacity of RbOH at low tem->1\wAR/ALB
peratures and the thermal properties of solid and liquid
RbOH (including heat capacity, enthalpy increments, en-53ewL
thalpies of transition and of fusigrin the range from 39HER
298 to 1000-1200 K.

(3) Measurements of the thermal properties of solid and lig-
uid CsOH in the range from- 500 K to 1000—-1200 K.

(4) Measurements of the enthalpy of formation of Rb©H 39TEIKLE
from its enthalpy of solution in water.
(5) Mass spectrometric study of potassium, rubidium and46VOS/PON

cesium hydroxides to obtain reliable quantitative data on
vapor composition, including relative concentration of47GIN/COR
trimeric and possibly tetrameric molecules.
(6) Measurements of totdaapparentpressure over rubidium
hydroxide, e.g., by transpiration and/or Knudsen effu-
sion method. 49BRE/MAS
(7) To improve the accuracy of the calculated thermal func-
tions of gases, it is desirable that: 49SEW/MAR
(@) the structure of dimeric molecules should be de-
fined more explicitly;

(b) the vibrational frequencies of the dimeric mol-
ecules, active in Raman spectra, should be detected1RED/LON
spectroscopically.

48HAC/THO

51DIO

51VED/SKU
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