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Enthalpy of solution measureme nt s of four potassium salts in H20 were made in either an adiabatic or an 

isope ribol calorimeter or both . The following summari zes the measured and recomme nded values: 

Salt .:lW( 00, 298. 15 K), kJ 'mol 1 

Isoperibol Adiabatic Recommended 

KBr 19.851 ± 0.027 19.709 ± 0 .045 19.78 ± 0.08 
KI 20.145 ± 0.024 20.15 ± 0.20 
KI03 27.628 ± 0.059 27. 65 ± 0. 10 

KIO. 63. 49 ± 0 .20 63 .50 ± 0.30 

The value for KIO. has been corrected for the hydrolys is of the peri odate ion. The .:lC " = - (82. 5 ± 
4.3)J ·mol - I·K- 1 for the unh ydrolysed reaction. For the reaction of KBr in H20 , .:lC" was measured as - (166.6 
± 7.2) ]-,nol - I·K- I in the temperature range 298 K to 319 K. 

Measure ments with the iso peribol calorimeter are also reported for the e ndothermic reacti on of 
tri s(hydrox ymethyl)aminomethane, SRM 724a, in aqueous NaOH (0.05 mol·L - I). 

Compari sons of measurement s by different calorimeters on the same samples revea l unide ntified calorimetri c 
eITors for e ndothermic reactions which are greater than the imprec ision of the measurements. 

Key Words: Endothermic solution reacti ons, enthalpy of solution, KBr, KI, KI03 , KIO. , tris(h ydroxy
methyl)aminomethane, solution calorimetry, thermoc hemistry. 

1. Introduction 

Parker [lJl has summarized enthalpy of solution data 
Ithrough 1963 for KBr, KI, and KI03 . Since then other 
Imeasureme nts [2-6] have been made, but differences still 
exist in the measured values beyond the assigned uncertain
ties which are undesirably large. This work was undertaken 
rn an attempt to resolve or explain some of these differences 
since accurate enthalpy of solution data are needed for 
, alculating the enthalpy and entropy of formation of the 
mons. 

Only one other measurement of the enthalpy of solution of 
I! 104 has been reported pre viously [7] and more information 
~ bout this material was needed. However, the solution of 

104 in water proceeded slowly and measurements with an 
soperibol calorimeter proved unsati sfactory. Therefore, the 

I Figures in brac kets indicate literature references at the e nd of this paper. 

adiabatic solution calorimeter was used for the measurements 
reported here . 

Measurements of the enthalpy of solution of the same 
sample of KBr were made with the isoperibol (at Moscow) 
and the adiabatic (at Washington) calorimeters. Both of these 
calorimeters are capable of calorimetri c imprecision of less 
than 0.01 kJ'mol- 1 for this reac tion, and yet the mean values 
for the enthalpy of solution differed by more than 0.14 
kJ'mol-1 when using the same sample of KBr. This large and 
unexplained discrepancy has necessitated the assignment of 
overall uncertainties to the recommended values which are 
larger than normal, and may be an indication of presently 
unknown systematic errors. 

The enthalpy of solution measurements made by E., K., 
and M. at the Institute of High Temperatures (USSR) with 
KBr, KI, KI03 and SRM 724a are described in section 2; 
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those made by M.V.K. at the National Bureau of Standards 
(USA) with KBr and KI04 are described in section 3. The 
1975 Atomic Weights [8] were used in calculating the 
following molecular masses for this work; KBr, 119.0023; 
KI, 166.0028; KI03 , 214.0010; KI04 , 230.0004; and H2 0, 
18.0152. Energy conversions are made using 4.184 joules 

1 thermochemical calorie. 

2. Measurements with the Isoperibol 
Calorimeter (USSR) 

The potassium salts used in the calorimetric measurements 
were treated as follows: commercial "chemically pure" sam
ples of KBr and KI03 were thrice recrystallized from double
distilled water. A similar sample of KI was not recrystallized. 
The salts were ground in an agate mortar, dried in vacuum 
(approximate pressure: 0.1 Pa or 10- 3 mm Hg) at 373 K to 
constant mass, and stored with a desiccant. These materials 

were all prepared by E., K., and M. in Moscow, were 
assumed to be pure, and were not analyzed. 

An LKB 8700 Precision Calorimetry System2 was used for 
the enthalpy of solution measurements at Moscow. The mean 
temperature of each experiment was 298 K, the water (-100 
g) in the reaction vessel was weighed to the nearest mg, and 
the mass of the calorimetric samples of the salts in glass I 
ampoules (filled in air) was estimated to be uncertain by 50 
/Lg. The energy of breaking the ampoules and comparisons of 
measurements with standard materials were determined pre
viously [9]. 

The energy equivalent in each experiment was determined i 
as the mean of two electrical calibrations, one before and one 
after the chemical reaction. During the endothermic solution 
reactions the vessel temperature decreased over approxi-

2 Commercial materials are ide ntified in this paper in order to specify the 
experimental procedure adequately. Such identification does not imply recommenda
tion nor endorsement by the National Bureau of Standards (U.S.A.) . 

Table 1. Data for measurements of the enthalpy of solution of KBr(c) in H20( £) with the isoperibol ca l or ime t er ( USSR ) 

I 
Kllr Conc . (m) £ 1I R/Rav -Q i - Q amp ~11)(T) T I QT <H'. lI H'(oo , 298 . 15 K) I ; 

xl05 xlO5 x101 xl0 7 x10 3 i x103 x103 I xlOO x102 I xlOO x100 x100 

I I I 
-

g mol/kg J/temp. unit temp. unit J J J /g J/mo1 K J/mo1 J/mo1 J/mol 
! 

Series I: 

120030 10064 111822 180923 202312 26 168529 20055 29843 45 280 19820 

100035 8356 111246 151829 168904 30 168814 20089 29840 41 278 19852 

90038 7598 111223 136917 152283 32 169097 20123 29838 37 275 19885 

70064 5894 111397 106348 118469 35 169036 20116 29850 58 266 19908 

50060 4211 111575 75816 84591 38 168903 20100 29832 28 247 19881 

40010 3350 111612 60571 67605 40 168868 20096 29831 27 233 19890 

30013 2515 111906 45205 50587 42 168414 20042 29829 24 216 19850 

25016 2105 111426 37782 42099 43 168117 20006 29823 13 203 19816 

20019 1683 111318 30221 33642 44 167830 19972 29827 20 187 19805 

14979 1260 111396 22640 25221 44 168078 20002 29826 19 164 19857 

9992 838 110684 15160 16780 45 167472 19930 29823 14 146 19798 

Mean 19851 
sdm 11 

Uncer t a inty (95%) 25 

Series II: 

<I 

54073 4551 112003 81363 91129 38 168459 20047 29846 51 249 19849 

49758 4189 112013 74951 83955 39 168648 20070 29828 21 245 19846 

53544 4508 112090 80580 90322 38 168616 20066 29830 24 249 19841 

Mean 19845 
s dm 2 

Uncertainty (95%) 10 

a 
Calculated f rom one elec trical calibration fo llowing the solu tion r eaction. 
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ately the same range as the temperature increase for the 
lectrical calibrations. Con ect ion to the temperature change, 

_ T, for the heat exchange with the e nvironment was calcu
ated by the Dick inson method. The thermi stor of the 
alorimeter was calibrated by compari son with a quartz 

thermometer which was standardized at the fi xed triple point 
of water (accuracy> 0.005 K). The measured enthalpy of 
solution for each experiment was correc ted to 298. 15 K us ing 
IlC p values calculated from the heat capac iti es of the crystal 
salts [10] and of their solutions Pl. 

able 2. Data for measurements of the enthalpy of solution of KI(c) i n H20(1) with the i soperibol ca lorimeter (USSR) 

KI Cone. (m) E 6 R/Rav -Q -Q amp 6Hm(T) T QT $0 
L 6HO(oo , 298 . 15 K) 

x105 xl05 xlOl xl0 7 xl0 3 xl0 3 
----:- ---

xl0 3 x)OO ><10 2 xl00 xlOO xlOO 

g mol/kg J/temp . unit temp. unit J J J/g J/mol K J/mol J/mol J/mol 

120060 7160 

I 
112869 130502 147296 29 122661 20362 29838 37 247 20 ) 52 

I 

99991 6082 

I I 
112451 108798 122345 32 122324 20306 29836 34 

I 
242 20098 

90029 5475 112496 98381 110675 33 12 2896 20401 29835 33 239 20195 

I I 

70035 4189 112405 76401 85878 36 122571 20347 29833 30 
! 

231 I 20146 

50040 2991 112345 54454 61176 40 122175 20281 29842 45 215 i 20111 
, ! 

39983 2399 112178 43765 49095 41 122685 20366 29829 23 206 1 20183 
i 

30011 I 1803 111902 32892 36807 42 122502 20336 29828 187 : I 22 20171 
I ! 24970 

I 

1503 113219 27034 30607 43 122402 20319 29727 20 177 20162 
I 

20009 1197 112307 21826 24512 44 122282 20299 29827 20 161 20158 
I I 15013 

I 
901 111929 16392 18348 45 121913 20238 

I 
29825 17 145 I 20110 

10012 I 602 I 111564 10970 12238 46 121781 202 16 29825 17 126 I 20107 

Nea n 20145 
sdm 10 

Uncertainty (95%) 22 

Table 3. Data for measurements of the en thalpy of solution of KI03 (c) in H20( £) with the isope ribol ca lorimeter (USSR) 

KI °3 Cone . (m) £ 6 R/Rav -Q -Q amp 6 ~(T) T QT $i'. 11 11°(00 , 298 . 15 K) 

05 xl05 xl01 x107 xl0 3 x10 3 
r-------;----

xlOO xl0 2 xlOO xl 00 x lOO xl01 xl 

g mol/kg J/temp. unit temp. unit J J J/g J/mol K J/mo1 J/mol J/mol 

20 022 5574 112578 136744 153944 32 128237 I 27443 29866 96 -123 27662 

00 014 4627 112917 114134 128877 35 128824 
I 

27568 29838 44 - 71 27684 

90 028 4205 111902 103334 I 115633 36 128402 I 27478 29838 44 - 33 27555 

015 3280 111328 81361 

I 
90578 I 38 129316 27674 29832 33 - 3 27710 

002 2336 I 111624 57807 64527 

I 
41 128967 27599 29832 34 39 27594 I 

026 1872 111509 46457 51804 42 129322 27675 29831 32 53 27654 

70 

50 

40 

29 494 1366 11 2201 34523 38735 43 131186 28074 29827 I 
I 

24 68 28030* 

25 009 1165 112286 28820 32361 44 129224 I 27654 29828 26 7J 27607 
I 

9 978 924 112934 22974 25945 45 129644 I 27745 29826 22 78 27689 

997 696 11 2266 17287 19407 45 129 105 I 27629 29826 22 81 2757 0 

I I 006 469 11144 2 11628 12958 46 129037 I 27615 29825 I 21 83 27553 o 

Nean 27628 
sdm 19 

Uncer t ainty (95%) 43 

mit ted from mean 
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In tables 1 , 2 , and 3 are the data for 11 enthalpy of 

solution measurements each of KBr, KI , and KI03 in water 
made early in 1975. The respective concentration ranges are 
8 to 101, 6 to 72, and 4 to 56 mmol ' kg- t ; the experiments 

are listed in order of descending concentration . 
Three additi onal measurements of the KBr reaction (li sted 

as Seri es II) were mad e in September 1977 to chec k the 
effects of long term storage of the sample in a closed 
container over a desiccant. The KBr sample in the first 
experiment of Series IT was used without further treatment. 

For the second experiment, the sample was again ground in 

a n agate mortar a nd heated in air at 373 K for 25 h. The 

sample in the third expe riment was reground but not heated. 
The values obta ined in Seri es II agree well with each other , 

but are lower than the value obta ined in Seri es I at the same 
concentration by approxima tely the combined uncerta inties 
for the two seri es. Thi s problem will be di scussed later in 
greater deta il. 

The sample mass and the concentration of the final 

solution are given in the firs t two columns of the tables. E is 

the mean of the elec tri cal energy equivalents for the initial 
and fin al systems expressed as joules (temperature unitt t ; 

!1R /R (I" is the ratio of the increment in the thermi stor 

resistance to the average resistance (thi s value is proportional 
to !1T) and is expressed in tempera ture units; Q is the 

measured heat of the solution reacti on and Q = E(!1R /R fI .,,); 
Q (l 1Il1' is the e nergy for breaking the ampoules plus a 
vaporizati on correcti on for th e a ir space in each ampoule; 

a nd !1H ".(T ) is the enthalpy of solution at the concentration, 
m , and at the mean temperature of reaction , T. Q T is the 

correction to T = 298.1 5 K, 1>1 ° is the correcti on to infinite 
dilution [1] , and !1Ho (00, 298. 15 K) is the enthalpy of 

solution at infinite diluti on at the standard temperature of 

reaction. For eac h group of experiments the mean and th 0 

uncertainty at the 95 percent confidence interval are given 

The values in the last column were treated by dispersal 
analysis, i. e . , a value was omitted from the mean if i 

differed from the mean by more than permitted in the norma 

r-distribution [l1J; the value in table 3 marked * was thu 
omitted from the mean . 

In table 4 are the data for six measurements of th ' 
enthalpy of solution of the endothermic reaction of NB 

Standard Refere nce Materi al No . 724a , tris(hydroxYl 
methyl)aminomethane, in aqueous NaOH (0.050 mol · L - I) 

These values will later be compared with previously pub 

lished measurements with the adiabatic calorimeter. For th ' 

correction to the s tandard temperature, Q T , in table 4, !1C i 
= 1.025 ± 0.025 J' g- I'K- t [12]. The correction to th1 

standard NaOH concentrati on, 0.050 mol, L - I, is -87'1 

(0.05-m) + 43.2 (0.05-m)2 [12] . The concentration of th 
NaOH stoc k solution used for the calorimetric solutions wa j 
measured before the firs t experiment , and after the third anq 

sixth experiments; the six experiments were completed withir 
a peri od of three days . An overall uncertainty of 0.13 1-g
in the mean value is the sum of the followin g uncertainties 

sample mass, 0.014 1-g- t ; correction to standard te mpera 
ture, 0 .004 J' g-I; correcti on to standard concentration , o.ol 
J- g- \ and experimental uncertainty (9 5%), 0.072 J'g- I. 

3. Measurements with the Adiabatic j 
Calorimeter (USA) 

The platinum-lined , adiabatic solution calorimeter use 

by M. V. K. for measuring the enthalpy of solution of KBr ane 
KI04 in H20 was described in detail previously [13]. Th ; 

KBr was from the same sample described in section 2 01 

Table 4 . Data for measurements of the en t halpy of solution of tris(hydroxymeth yl )aminomethane. SRM 724a. in aqueous NaOH (0 . 05 mol · L - 1) 
with the isoperibol calorimeter (USSR). 

I 
Carr. to 

0.050 
SRM 724a mol/L Cone. (m) £ ~ R/Rav - Q Q amp MI",(T) T QT ~ H(298.15 K, 0 . 050 mol/L) !'tass NaOH 

xl0 6 xl04 xl01 xl08 xL04 xl04 xl0 3 xl 02 xl03 xl0 3 x103 

g mol/L J/temp . unit t emp . uni t J J J /g K J/g J/g J /g kJ/mol 

505222 494 112255 640193 718649 295 142186 29831 164 53 14 1969 17198 

50977 5 493 112299 645362 724735 293 142110 29832 174 61 141875 17186 

503170 492 112263 637789 716001 295 142239 29831 1 64 70 142005 17202 

501369 490 112301 635122 713248 296 142201 29831 164 88 14 1949 17195 

513528 487 112286 650938 730912 292 142275 29832 174 114 141987 17200 

501019 485 ll2199 634918 712372 296 142126 29831 164 132 141830 17181 

Mean 141936 1 7194 
sdm 28 3 

Uncertainty (95%) 72 9 
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which measurements were made with the isoperibol calorim
eter. Three portions of this material were vacuum dried for 
26 h at 375 K; in each portion the loss in mass was less than 
0.01 percent. Therefore no co rrections to the calorimetric 
results were made for volatile matte r. The KT04 was a 
commercial sample of chemically pure grade obtained from 
a Hungarian firm; it was not further purified, but was dried 
in vacuum at about 373 K by the coauthors (USSR). (Some 
Ipreliminary experiments with a commercial sample obtained 
in the U. S. without any further treatment gave very erratic 
results - this may have been caused by non-uniformly dis
tributed H20.) 

I 
Attempts to determine the purity of the KBr and KI04 

samples from freez ing temperature measurements were un
successful. The KBr apparently sublimed before melting, 
and the KI04 und erwent decomposition and loss of mass 
before melting. 

The calorimetric samples of both KBr and KI04 were 
transferred In the laboratory at;nosphere to the platinum 
sample holder (see [13]). The sample holder has interchange
able cylinders of differen t capacities; the 3.0-cm3 cylinder 
was used in the KBr work, and the 0.7-cm3 cy linder, in the 
KI04 work . The calorimeter contained approximately 300 
mL of H20 weighed to the nearest mg. 

Each experiment consisted of electrical calibrations of the 
initial and final systems, and precisely measured elec trical 
energy was added during the endothermic solution reactions 
to prevent a decrease in the calorimeter temperature. De tail s 
of the measure ment procedures and calculations were give n 
previously [12, 13]. The measurements reported here were 
completed between December 1976 and May 1977. In 

ugust 1975 the quartz oscillator th e rmometer was last 
! alibrated by comparison with a calibrated platinum resist
, nce thermometer. Previous observations of this quartz 
thermometer system indicated that the freq uency change of 
; he quartz oscillator with temperature was linear between 
~95 and 350 K. During a previous period of 19 months the 
slope of the frequency-temperature line changed by less than 
'. 01 per cent and the intercept, by ± 0.01 K; these changes 

. re within the measurement uncertainties. (In the experimen
,al measurements, the absolute temperature is needed only 
10 the nearest 0.01 K for the temperature of reaction; and the 
lope for I1T over a relatively small temperature range must 

I, emaln constant only during the course of the experiment 
mce each system IS calibrated electrically.) The NBS 

I alibrations of the electrical ene rgy measurement standards 
r 'ere as follows: 0.1-0, 10-0, and lO-kO standard resistors 
in January 1973 and December 1977 , and the saturated 
i tandard cell in March 1973 and January 1978. Records of 
rrequent calibrations of these standards over a period of more 
'han a decade provide confidence in the values used to better 
han 0.005 percent. 

The data for measurements of enthalpies of solution of the 
eBr in H2 0 (7 experiments) are given in table 5, and of KI04 
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in H20 (20 experiments), in table 6. In these tables the Expt. 

No. is a serial number of experiments with the adiabatic 

solution calorimeter. The electrical energy equivalents, E, of 

the initial (Ei) and final (Ef) systems are given. The net 
temperature change, !1T, is the result of the endothermic 
solution reaction and the addition of precisely measured 

electrical energy, Elt. A correction, q vup, is made for the 
heat absorbed during the vaporization of water into the air 
space in the sample holder when it is exposed to the 

calorimetric solution. qvuP = !1H vup( V - ~) (1 - RH) 

where !1H vap is the enthalpy of vaporization of water per unit 
volume [14] , V is the volume of the sample holder, s is the 

mass of sample, d is the density of the sample, and RH is the 
relative humidity of the atmosphere where the sample holder 
was filled (in this work RH = 0.35 ± 0.10). The endothermic 
heat of the solution reaction is 

20.0 

19.0 

E 18.0 
"
-:> ... 
I

:I: 
<I 17.0 

o 

o 

E; + Ef 
Qreact = -2- (!1T) - (EIt) - qvap 

The enthalpy of solution at the mean temperature of reaction 

T, is !1H(T) = -Qreaet/s . Buoyancy factors of 1.00029 fo 
KBr and l.00018 for KI04 were used to obtain the mass 0 

sample; the densities were 2.75 g'cm- 3 for KBr [15], an 
3.66 g'cm- 3 for KI04 which was the mean of two measure 

ments (3.648 and 3.662 g'cm- 3) on this sample by displace, 

ment of CCl4 as previously described [I6a]. 
The reaction of KBr in H20 was rapid at the moderat 

stirring rate of 550 rpm and the reaction period for a"1 

experiments in table 5 was about 15 min. The arrangement i, 

chronological according to experiment number. The data fo 
T and !1H(T) in the first five experiments at a concentrati OJ 
of 42 mmol' kg- I are plotted in figure 1. A least squares fit l 

a linear equation to these data (temperature range 298 K t., 

o 

16~~--______ ~ ________ -L ________ ~ ________ ~ __________ L-~~ __ ~ 

295 300 305 310 315 320 325 

T reaction' K 

FIGURE 1. PLot of the enlhaLpy of soLution of KBr(cr) in H2 0 at a concenlration of 42 mmol'kg- t as afunction of the mean 
temperature of reaction. 

The line shown is the result of a least squares fit of a linear equation to the data: the slope or.ac p = -(166.6 ± 7.2) J·mol - 1• K- 1• 
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tv 
-..J 
\0 

Expt . 
No. 

1246 

1245 

1284 

1296 

1295 

1241 

1244 

1293 

1247 

1292 

1242 

1282 

1287 

1243 

1281 

1239 

1240 

1238 

1283 

1291 

Table 6 . Data fo r measurements of enthalpy of solution of KI04 (c) in H20( ~ ) with the adiaba tic solution calorimeter (USA) . 

Reaction 
£ x 102 Cal. 

, 
KI04 Conc. (m) LIT EIt -qvap - Qreact lI H (T) T Period un e . r--
xl05 xl05 Initial Final xl06 xl0 3 xl03 xl03 xl02 xl0 3 xlOO xl03 

min . g mol/kg J/K K J J J % J/g J/mo1 K 

I 
178 82714 1182 173197 17310 7 318005 882587 19 222755 14 271077 62348 298273 

218 85118 1224 173161 173108 376419 882981 18 231252 19 271684 62487 I 298443 

43 89687 1290 173370 173298 376125 894781 24 242804 6 270724 I 62267 1303340 

73 88~81 1280 173312 173219 365507 874242 24 240920 8 270755 

I 
62274 1303367 

48 89769 1291 173416 173372 368176 880914 27 242492 5 270129 62130 1306047 

12 3 87131 1253 173400 173367 372211 881455 31 236072 10 270939 I 62316 308464 

58 86949 1250 173420 173330 3744 64 883342 36 234079 6 269214 61919 311190 

23 50232 722 173438 173432 430024 880822 48 134962 6 268677 61796 313165 

33 ! 23830 343 173465 173416 471669 882464 54 I 64345 12 270016 62104 313498 
I 

53 I 89502 1287 173581 173463 371240 884798 41 1240574 5 268792 

I 
61822 314038 

93 87750 1262 173414 173340 363712 868036 42 237401 8 270542 62225 314136 

38 87771 1262 173524 173495 375862 887655 45 ! 235454 4 268259 61700 315579 
I 

I 
23 87598 1260 173495 173452 376191 887637 45 1235000 3 268271 61702 316418 

53 83036 1194 173510 173398 379450 881129 49 222099 6 268448 61743 316585 

38 ' 90276 1298 173480 173423 377623 896365 49 241323 267317 61483 317733 

53 88064 1266 173554 173479 372397 881641 52 235419 267327 61485 318605 

53 87531 1258 173532 173576 376843 887898 52 233820 267128 61440 318622 

83 87188 1254 173576 173500 374264 882490 52 232948 267179 61451 318630 

33 88294 1270 173746 173656 371929 881014 63 234907 266050 61192 3n760 

18 89565 1288 174083 174002 368830 875508 103 233484 3 260687 59958 334314 

QH 11IH(T) cerro 

xlOO I xlOO 

J /mo1 J/mo1 

1105 63453 

1095 I 63582 

819 I 63086 

817 I 63091 

699 62829 

--- ---

522 62441 

--- ---

--- ---

446 62268 

--- ---

409 62109 

391 6209 3 

387 62130 

364 61847 

348 61833 

347 61787 

347 61798 

278 61471 

155 60113 



319 K) gave the slope or /j.C p = -(166.6 ± 7.2) 
j·mol- J·K- 1 where the uncertainty is at the 95 percent 

confidence level. This value was used in calculating Q T, the 
corrections to T = 298.15 K given in table 5. It is in 
excellent agreement with -167 j · mol-I·K-1 calculated from 

the heat capacity of the pure crystal [17] and the apparent 

molal heat capacity at the mean concentration [1]. The 
corrections to infinite dilution in table 5 were obtained from 

Parker's Table XV A [1]. 
The last two experiments in table 5 at other concentrations 

confirm Parker's cPL. values within the uncertainties. 
The reaction of KI04 in H20 was slow and required about 

3 hours at 298 K. Therefore, experiments were done at 

higher temperatures in order to reduce the time and the 

experimental uncertainty. Because of the relatively high 
density of KI04 a high stirring rate, 700 rpm, and the 
smallest sample cylinder, 0 .7 cm3 in volume, were used. The 

experiments in table 6 are arranged according to ascending 
temperature of reaction, T. The experiment number indicates 
the chronological order of the experiments. In general the 

calculations. Linear equations were fitted to the data for th 

10 points below 317 K and the 6 points above 317 K by th 
method of least squares with the following result (i 
kj'mol- I): 

/j.H(T) 62.447 0.0401 (T - 298.15 K), 

±0.047 ±0.026 ±0.0021 
298 K s, T < 317 K (1 

/j.H(T) 61. 710 0.0938 (T - 316 K), 

±0.07 ±0.041 ±0.0050 
316 K s, T < 335 K (~ 

(The uncertainties are the standard deviations.) The fit of th 
data for all 16 experiments to a quadratic equation resulte · 

in 62.399 ± 0.034, -0.0151 ± 0.0042, and -0.00144 -:i 
0.00012 for the constants of the first, second, and thin 
terms, respectively; the standard deviation of the fit wal 
0.057 kJ·mol- 1• This partially hydrolysed reaction may br 
expressed by the following equation: 

duration of the reaction period decreases with increasing KI0 4(cr) + (4400 + 2x)H 20(l) 
temperature, however, it is also dependent on the sample 
mass and the manner in which the sample holder opens. The = [K + + (1 - x)I04 - + xH 4I0 6- + 4400 H 20 ]eslnl (2 
estimated calorimetric uncertainty for the individual experi
ments given in table 6 was calculated as a percentage of the 

temperature change of the solution reaction, /j.T react 

Q ( Ei+Ef) d' h 1'11' . react --2- , accor Ing to t e 10 oWing equatIOn: 

2(sds)(/j.t) 
Cal. unc. = X 100 

/j. Treact 

where sds is the standard deviation of the slope of the rating 

period following the reaction , and /j.t is the time interval 

from the mid-time of this rating period back to the time of 
initiating the reaction. This calculation has been described 

in detail [16b] and is a useful indicator for sources of error 
beyond the measurement error. 

In table 6, Q H is a correction for the heat of hydrolysis of 

the periodate ion (to be discussed in section 4), and 

/j.H(T)corr is the enthalpy of solution of the unhydrolysed 

reaction. 
Figure 2 is a plot the data from table 6 for /j.H(T) and 

/j.H(T)corr as a function of T. The concentration was about 12 
mmol ' kg -I in all except two experiments which were not 

plotted nor included in averages. The circled points represent 

the enthalpies of solution under the experimental conditions, 
/j.H(T) . The radius of the circle is equal to the estimated 
calorimetric uncertainty of the individual experiment. An 

appare nt change of slope occurred at about 317 K. The two 
points marked "A" at 308 K and 314 K (Expt. Nos. 1241 
and 1242) deviate from the line by more than the ir individual 

experimental uncerta inties; this suggests sample inhomoge
ne ity. These two experiments were not included in the 

The points shown as "x" in figure 2 represent the values j 

/j.H(T) corr given in table 6 which are the measured enthalpiej 
of solution corrected for the hydrolysis of the periodate i0

1 
(to be discussed in section 4). Obviously the hydrolysis wa 
the cause of the apparent change of slope observed In th 
experi mental results. 

4. Discussion and Summary 

Parker summarized and evaluated the published dat' 

through 1963 for the enthalpies of solution in H20 of KB~ 
KI, and KI03 • Her selected values are given in table 7 wit1' 
the individual values on which her selection was based, a 
well as the results of measurements since 1965. The uncer 
tainties assigned to the various values were estimated b 

Parker and ourselves based on the experimental procedures 
the number of measurements, the experimental imprecision 

the magnitude of the corrections to the standard temperature 
etc. The uncertainties given for this work include th 

experimental uncertainty at the 95 percent confidence level 
10 )- mol- J for uncertainty in the sample mass, an, 

10 j'mol- I for uncertainty in the cPLo values for KBr and Kl 

the latter uncertainty was estimated to be 40 )-mol- 1 fo 
KI03 • For KI04 , an additional uncertainty of 80 )-mol- I wa 

added because of the unknown sample purity and homoge 

neity. 
The experimental results for the solution of crystallin. 

KI04 in H20 given in section 3 include a partial hydrolysi 
reaction for which a correction must be made in order t' 

obtain only the periodate as the anion product. Crouthamel 
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~'ayes, and Martin [33] have re ported tlH 
,5.6 kJ) from 0 °C to 70°C for the reacti.on 

10.9 kcal (or 

(4) 

lfrom their work, Parker [34] deri ved the followi ng equation 

ime nts given in tabl e 6 was multiplied by 45600 l mol- 1 we 

obtained the cOITections, Q '" whi ch were added to tlH(T). 
The fit of 15 temperature and corrected enthalpy values, 

tlH(T) com to a linear eq uation by the method of least 
squares gave the following equation : 

2382 

T 
- 9.59] 

tlH (Tlco,.n kJ- mol- I 

±0.059 
= 63.528 

±0.031 
0.0825 

±0.0020 
(7' - 298.15 K) (5) 

\rom whi ch the ionization constant for the hydrolysis reaction , 

~: H, can be calculated at various te mperatures. When the 

. K 
Jegree of ionization , a = __ H_ ,calculated for the exper

KH + 1 

where the un certainti es are the standard dev iati ons. (Expt. 
No. 1291 was not included he re because of its la rge res idual 
deviation.) Thus , tlC v = -(82.5 ± 4.3) J · lllol- l . K- I for the 

o 
E 

>
:I: 

64.0 r-------,-------,-------,-------,-------,-------,-------,-------, 

<l 60.5 

60.0 

59.5L-______ L-______ L-______ L-______ L-______ L-______ L-____ ~L-____ ~ 

295 300 305 310 315 320 325 330 335 

Treoction. K 

FI GU RE 2. Plot oj the entlUllpy of solution of KiO'cr) in H2 0 as a function of the mean 
temperature oj reaction. 

The point s s urrounded by a c ircle represent the measured values . AH(,I1. from table 6; the rad ius of the c ircle is eq ual to the 
estimated calorimetri c uncert ai nl y for the experime nt. The points marked "A" were om itt e<J from the calculations because of the ir large 
displaceme nt fro m the group whic h may indicate sam ple inhomoge neity. The values corrected for the partial hydrolysi s of the perioOtlle 

ion, .6.H(T)(.orr. afe shuwn us X's. 
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Table 7. Comparison of this work with other publi s he d values, and recommended values for 
entha1pies of solution of KBr, KI, KI03' and K104 

Authors, Year, and Reference 

KBr 

Thomsen, 1883 [18] 

Br~ns ted, 1906 [19] 

Walden , 1907 [20] 

Wust and Lange, 1925 [21] 

Popov, Bunde1, a nd Cho11er, 1930 [22] 

Chipman, Johnson and Maass, 1929 [23] 

Fedorov and Si1 ' chenko, 1937 [24 ] 

Lange and Martin, 1937 [25] 

Popov, Skuratov, and Stre1'tsova, 1940 [26] 

Hietala, 1960, [27] 

Parker's "Best " value , 1965 [1] 

Krestov and Abrosimov, 1967 [2] 

Tsvetkov and Rabi novich, 1969 [3] 

Jo1y, Thourey, and P ~rachon, 1973 [5] 

01ofsson, 1977 [6] 

This work (USSR) 

This work (USA) 

Recommended Value 

KI 

Thomsen, 1883 [18] 

Wust and Lange, 1925 [21] 

Lange and Martin, 1937 [25] 

Popov, Shuratov, and Strel'tsova, 1940 [26]1 

Bobte1sky and Lairsch, 1950 [28] 

Kapustinskii and Drakin, 1952 [29] 

Parker's "Bestt! value, 1965 [1] 

Tsvetkov and Rabinovich, 1969 [2] 

Jo1y , Thourney and Perachon, 1973 [5] 

This work (USSR) 

Recommended Value 

KI03--

Berthelot, 1878 [30] 

Thomsen, 1883 [18] 

von Stacke1berg, 1898 [31] 

Spencer and Hep l er, 1960 [ 32] 

Parker's "Bes t" value, 1965 [1] 

Masa1'skaya, e t aI, 1971 [4] 

This work (USSR) 

Recommended Value 

~-

Shid10vskii and Voskresenskii, 1965 [7] 

This work (USA) 

Recommended Value 

T 

K 

292 . 8 

293 . 2 

289.8 

298.15 

273 . 

289.0-300 . 2 

296 . 6 

273.6 

298.15 

298.15 

298.15 

298 .15 

298.15 

298 .15 

298.15 

298.15 

298 . 15 

292. 

298.15 

298 . 15 

293.6 

297.6 

298.15 

298.15 

298 .15 

298.15 

298.15 

298.15 

285 . 2 

292.2 

289.2 

298.15 

298.15 

298.15 

298.15 

298.15 

298.15 

298.15 

298.15 
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INo . of 
. Meas . 

8 

31 

30 

1 

11 

24 

1 

1 

1 

11 

1 

4 

5 

8 

10 

16 

Concentration 

mol/kg 

0.28 

0.08 

0.28 

5.25-0.37 

0.19 

0 . 43- 0.09 

0.56- 0 . 14 

0.13 

0 . 12 

0 . 28 

0.042 - 0.009 

0.111 

0.0174 

0.07-0.05 

0.1-0.008 

0.042-0 . 015 

0.28 

7.95-0.29 

0.11 

0.09 

0.30 

0 . 0008 

0.111 

0.0184 

0 . 006- 0 .07 

0 . 12 

0.13-0.10 

0.22-0 .11 

0 . 01-0.006 

0.005-0.06 

0.015 

0.012 

6 HO(oo , T) 

kJ/mol 

19 . 95 + 0 . 40 

19.90 + 0.20 

19.78 + 0 . 20 

19.99 + 0 . 20 

19 . 60 + 0.25 

19.89 + 0.40 

20 . 46 + 0.50 

20.01 + 0 .20 

19.00 + 0.40 

19.828 + 0.085 

19.874 + 0 . 084 

19.790 

19.80 + 0.20 

19.581 + 0.088 

19.813 ±. 0 . 044 

19.851 + 0.027 

19 . 709 + 0 . 044 

19.78 + 0.08 

20.21 + 0.40 

20 . 49 + 0.25 

20.39 + 0.25 

20.04 + 0 . 40 

21.00 + 0.80 

20.21 + 0.30 

20.33 .. 0.13 

20 . 18 + 0.25 

20.58 + 0 .21 

20 .145 + 0.024 

20.15 + 0.20 

23.43 + 0 . 85 

27.78 + 0.40 

27.66 + 0.40 

27.74 + 0.20 

27.74 + 0.21 

27 . 30 ±. 0.20 

27.628 + 0.059 

27 . 65 + 0 . 10 

64.6 + 0.8 

63.49 + 0.20 

63. 50 ±. 0 . 30 



I 
, unhydrolysed reaction . Parker [34] estimated 0.04 kJ'mol- 1 

for the correction to infinite dilution and we obtain for the 
un hydrolysed reaction 

KI04 (cr) = K + + 104 -

LlHO(298. 15K) = (63 .49± O.lJ)kj-mol - 1 (6) 

From the ir solubility data, Crouthamel e t a1. [33] calculated 
63.2 kJ'mol- 1 which is in good agreement with eq (6). 

Unfortunately, little information is available regarding 
experime ntal procedures or sample purity for most of the 
values given in table 7. We do know that "This work (USA)" 
is the onl y work done with an adiabatic solution calorimeter; 
all others used isoperibol calorime ters. Without knowing the 
experimental procedures for the othe r values li sted in table 
7, it is imposs ible to rela te them to the undes irably large 
difference in the KBr results from the two calorimeters in 
this work. The experimenta l imprec is ion for the calorimete rs 
in thi s work is certainly smaller than for any of the others, 
however, the accuracy is uncertain by at least the difference 

. in the two KBr values . 

The degree of purity of the samples used probably contrib
utes to the spread of the results in tabl e 7 , but not to the 
difference in KBr results in thi s work which were made with 
the same sample. Since this sample was recrys tallized three 
times and vacuum dried to constant mass, it is probably of 

I high purity. The recommended value for KBr is the mean of 
I the two values obtained in thi s work, and the uncertaInty IS 
! large e nough to include both values from thi s work as well as 
. a majority of the other measurements at the standard temper-

ature. 
A larger uncertainty was assigned to the recommend ed 

I value for KI t~an for KBr because of the u~known purity; the 
I sample 111 thIS work was not recrystalbzed. ThIS reco m
I mended value and its uncertainty are now within the assigned 

unceltainties of most of the other measurements at the 
standard temperature. 

The KI03 sample in this work was recrystallized and 
vacuum dri ed, and is assumed to be of high purity. The 
uncertainty of the recommended value is primarily due to the 
calorimetric uncertainty. 

The KJ04 sample was not purified nor analysed and the re 
was evidence of sample inhomogene ity in some of the 
experimental results. Therefore, the unce rta inty on the 
recomme nd ed value is large enough to include the other 
measure ment of the enthalpy of reaction, 63.6 kJ'mol- 1 [7] , 
plus the correc tion for hydrolysi s of the periodate ion. 

The measurements reported here were made by two 
calorimeters of different types using different measurement 
procedures . Both calorimete rs are capable of high precision 

I and reproducibility in the measurements. The results ob
tained for the enthalpy of solution in water from the same 
sample of KBr are an indication of the accuracy of the 

measurements . The difference of 142 J'mol- I between the 
mean e nthalpies of soluti on obtained with the two calorime
ters is a more realisti c uncertainty in the accuracy of the 
measurements than the estimated experimental uncertainty 
of less than 50 J. mol- I. 

The reason for the di scre pancy in the KBr results is 
unknown. The poss ibility of a systemati c error was consid
ered since the procedures used with the two calorimeters are 
significantly different. In the adiabati c calorimeter the ad i
abati c shi eld follows closely the temperature of the reac ti on 
vessel so that there is essentiall y no heat exchange between 
the vessel and the shi e ld. In the isoperibol calorimeter the 
constant temperature of the jacke t is below the calorimeter 
temperature for endothermic reactions , and above for exo
thermi c reactions [35]. Both calorimeters are calibrated 
before and after the reaction with the addition of elec trical 
energy whic h results in an inc rease in the calorimeter 
temperature (as in exothermic reactions). However, the 
procedures differ for endothermic reactions. In the isoperibol 
calorimeter, the vessel temperature is allowed to decrease in 
the same temperature range as the increase for the electrical 
calibrations . In the adiabatic calorimeter, prec isely mea
sured electrical energy is added during the endothermic 
reaction to maintain an increase in the calorimeter tempera
ture (as with exothermic reactions) and to insure operation of 
the shi eld temperature control which operates by the addition 

of electrical energy. 
The measurements of an exothermi c reac tion by the two 

calorimeters were in excellent agreement. The poss ibility of 
errors resultin g from a reversal of the direction of the 
calorimeter temperature chan ge in e ndothe rmic reacti ons led 
to the measurements in the iso peribol calorimeter (USSR) of 
another endothermi c reac tion , tri s(hydroxymeth yl) amino
methane or SRM 724a3 in aqueous NaOH (0.050 mol·L- I), 
reported in section 2. In addition, seven measurements of 
the e nthalpy of solution of the same sample of KBr used in 
this work were made by Olofsson in Sweden [6] using another 
isoperibol calorimeter (LKB 8721) whi ch was s imilar to that 
used for the USSR work. The results of her measurements 
are as follows: 

Expt. No. mmol KBr MI(oo, 298.15 K) , kJ'mol - ' 

892 6.4124 19.807 
893 5.3143 19.842 
894 6.2843 19.835 
895 7.5081 19.857 
902 6.8160 19.760 
903 6.4580 19.738 
904 6.7984 19.851 

Mean = 19.813 
Sdm= 0.018 

3 Standard Reference Material 7248 for solution calorimetry is available through 
the Office of Standard Reference Materials at the National Bureau of Standards, 
Washington, DC 20234. 
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In each experiment the calorimetric solution was 102.6 mL 
of distilled water at 297.6 K. The first three measurements 
used the KBr sample as received; the last four used the same 
KBr sample which was finely ground in an agate mortar and 
dried at 413 K for 2 h; there appears to be no significant 
difference in the results. The procedure at this laboratory is 
to maintain the jacket temperature above the temperature of 
the calorimeter for both endothermic and exothermic reac
tions. 

The results of these and some previous enthalpy of solution 
measurements of exothermic and endothermic reactions 
where the same samples were used, are summarized in table 
8. It is evident that there is good agreement in the values 
obtained by all three calorimeters for the enthalpy of solution 
of the exothermic reaction of SRM 724a in aqueous HC!. For 
the endothermic reaction in aqueous NaOH, the agreement 
is also good between the two isoperibol calorimeters, but the 
value from the adiabatic calorimeter is a little low although 
still within experimental uncertainties; the Swedish value is 
between those of USSR and USA. For the KBr reaction the 
difference in the values for the two isoperibol calorimeters is 
more than twice the sum of the standard deviations of the 
means; the two values reported in this work differ by nearly 
five times that amount, and again the adiabatic calorimeter 
has the lowest value with the Swedish value in the middle. 

It is difficult to explain this disagree ment. The reaction is 
rapid and complete within 15 min. It was shown in section 2 
that grinding and heating the sample did not affect the 
enthalpy of solution significantly. However, the disagreement 
between earlier (Series I) and later (Series II) measurements 
at the same concentration were puzzling. Comparison of the 
mean values and the imprecisions for the KBr reaction does 
not give a full picture of the problems involved. 

Figure 3 is a plot of 1:lH0 (00, 298.15 K) as a function of 
the final concentration for the reaction of the KBr in H20. 
The 7 triangles represent the USA measurements; the 7 
squares, the Swedish measurements; and the 14 circles, the 
USSR measurements. In Series I (open circles) the data 
points form a surprising curve which indicates an apparent 
concentration dependence. Similar plots of the data for KI 
and KI03 did not show any concentration dependence. The 
following is the result of a least squares fit of a quadratic 
equation to the data plotted in figure 3 for Series I (table 1): 

IlH(oo, 298.15 K), kJ·mol- 1 

±0.22 = 19.765 + 4.60(m) 
±0.020 ±0.99 

4O.5(mjl 
±9.2 

where m is the final concentration in mol· kg- I and the 
uncertainties are the standard errors. The chronological order 
of these experiments was random over a period of about two 
months. 

The scatter of the USA values in figure 3 is greater than 
can be attributed to the estimated calorimetric uncertainty 
which is equal to the radius of the circle circumscribed by a 
triangle. The scatter of the Swedish values is also abnormally 
large. It should be noted that in table 8 the standard 
deviations of the mean for the KBr reactions are 2 to 5 times 
larger than those for the endothermic reaction of SRM 724a 
in the three different calorimeters. This is possible evidence 
of occluded moisture in the samples which was not removed 
by vacuum drying at 373 K. 

The curvature in the Series I values shown in figure 3 
would appear to be the result of inadequate ~L corrections. 
The Series I data have a maximum between 0.04 and 0.07 
mol·kg- 1 • In Parker's table XVA [1] there is a maximum for 

Table 8. Values reported for some measurements of the enthalpies of solution of exo thermic and e ndothermic reactions 
where the same samples wer e used in differ ent calorimet ers. 

M(298.15 a -1 
K), kJ·mo1 

Isoperibo1 Adiabatic 
Reaction 

LKB-8721 LKB-8700 
(Sweden) (USSR) (USA) 

bSRM 724a in aqu eous HC1 - 29.76 + 0 .01 [36] {-29.77 ± 0.01} [9] 
- 29.75 + 0.01 - 29.77 + 0.02 [12] 

bSRM 724a in aqueous NaOH 17.189 ± 0.004 [37] 17.194 + 0.003 [This work] 17.177 + 0.007 [12] 

KBr in H2O 19.813 ± 0 .018 [ 6] 19.851 + 0.011 [This wo rk] 19.709 ± 0 .018 [This work] 

aThe unce rtainties are the standard deviat ions of the mean. Only the KBr values are co rrected to infinite dilution. 
The concentra tion of SRM 724a is 5 g·L-1 in HC1 ( aq, 0.100 mo1·L-1) or in NaOH (aq, 0.0500 mo1·L-1). 

bSRM 724a is a standard reference material for solution ca l orimetry, tris (hydroxymethyl) aminomethane , available at 
the Nationa l Bureau of Standards (U.S.) Washington , DC 20234. 
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FIGURE 3. Plot of the res ILlts oj measurements oj the enthn ip), oj solution oj the same sample of 
KBr(cr} in H2 0 b)' 3 calorimeters as aJunction oj concentration. 

Isoperibol calorimeters of I he same type were used in Sweden and USS R; a n adiaba ti c calorimeter was lIsed in USA. The radius of a 
c ircle c ircumscribed by a triangle is equal to the estim at ed ca lorimetric uncertainty fo r a n ex p(' rirncnl. The radi us of a c irc le or a c ircle 
c ircumscribed by a sq uar~ is eG lInl to the stllndard dev iat ion of the mean for the group of measurement s wi th the respecti ve calorimeter. 

I KBr in the range of 0.09 to 0 . 14 mol·k g- 1; he r dilution data 
for KI and KCl show maxima a t 0.06 to 0.08 and 0.15 to 
0.20 mol·kg- t , respective ly. Since we would expec t the 
maximum for KBr to be between thos e for KI and KCl , it 
appears that the Series I maximum is in error. The fact that 
the value near the maximum was not reproduced in Series II 
also suggests a systematic error rather than an error in the 
dilution corrections. 

I The curvature in the Series I points, apparently with 
concentration, and the discrepancy between values measured 
with the three different calorimeters are probably the result 
of several variables or errors. Certainly the unusually high 
imprec ision of the measurements in Sweden, in the USA, 
and in the USSR at the lower concentrations, can be 
attributed to sample inhomogeneity. Some poss ible sources 
of error are changes du e to aging the sample, variations in 
particle s ize (hence different probability of occluded impuri
ties), cold spots due to inadeq uate stirring, and calorimetri c 
errors such as that discussed above or others. 

I The data give little evidence that aging the sample is a 
I source of error. The chronology of the various sets of 
measurements and the mean values for "enthalpy of solution 

at infinite dilution" corresponding to the concentrati on range, 
30 to 80 mmol·kg- I are as follows: 

Place Date " t.H (oo , 298. 15 K)" , kJ·rnol- ' 

USSR Early 1975 19.89 1 (Se ri es I) 
USA January 1977 J9.724 
Sweden June 1977 19.813 
USSR September 1977 19.845 (Seri es II ) 

Certainly sample aging is not the major cause of the 
discrepancy between values althGugh for an unkn own reaso n 
the USSR Series II value is s ignificantly lower tha n the 
corresponding value in Seri es L 

The KBr sample was cru shed in a mortar but it was not 
sieved. Therefore some variation in pa rticle s ize might be 
expected. Conce ivably, vibra tion could cause some separa
tion with th e coarser particles above the fine r particles. For 
the USA measurements whi ch are arranged chronologically 
in table 5, the first four experiments gave the highest values 
and the fifth , next to the lowest value. The lowest value was 
obtained with a small sample which was the last in the bottle 
and was observed to be quite finely divided. This result 
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would be expected if surface energI es were s ignificant 

a lthough it is contrary to our prevIous experi e nce with 

ade nine where somewhat larger values for the e nthalpy of 

soluti on were obtained with more finely divided materials 

[16b]. 
The stirring ra te is not necessarily a measure of the 

effec ti veness of s tirring in different calorimeters s ince the 

s ize and s hape of the vessel and stiner propeller are 

importa nt factors. However, in Olofsson's measure ments the 

highest stirring rate was used. In iso peribol calorimeters it is 

esse ntial that the stirring be suffi c ient to prevent the forma

tion of "cold s pots" which invalidate the assumptions made 

in calculating correcti ons for heat transfer between the 

reaction vessel and the cons tant-temperature jacket. Thi s 

may be a cause for the disagreement betwee n the two 

isoperibol calorimeters. However, in the adi aba ti c calorime

ter, cold spots - especiall y at the bottom of the vessel, are of 

little importance, because the only possible heat transfer 

occurs at the top of the vessel where th e e ffects of the rmal 

grad ie nts have been di ss ipated in th e solution and in th e 

heavy silver coating on the outer surface of the vessel. 

I n summary, the abnormally large experimental imprec i

s ion obtained in each series of the measurements of the 

e nthalpy of solution of KBr in water can probably be 

attributed to sample inhomoge ne ity. The re latively large 

discrepancy in the values obtained by th e different calorim

eters mus t at present remain an unexplained uncertainty in 

the calorimetry. However, it is important to recognize the 

exis te nce of these poten ti al errors in order to avoid overesti

mating the accuracy of measure me nts. The measuremen ts in 

thi s work have been made with concern for high accuracy as 

well as hi gh precision and ye t the uncertainti es in the 

recommended values for the enthalpi es of soluti on of KBr, 

KI, KI03 , a nd KI04 have not been significantly reduced. 

The authors (USSR) are grateful to C. M. Poltoratskii for 

sending the tables with the results of hi s work on KI03 . All 

of the authors express the ir appreciation to C. Olofsson for 

permitting the use of her KBr results for our com pari son, and 

for her valuable suggesti ons in thi s work. 
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