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298.15-348.15 K.
In the case of SrCl,, no literature "’Cp(T,m) data at higher
temperatures are available for comparison.

Conclusions

We have obtained the heat capacities (C, and #C,), densities
{d) and volumes (*V) of MgCl,, CaCl,, and SrCl, in water as a
function of temperature and concentration. Our ¢Cp(T,m) data
for all three electrolytes are in good agreement with 298.15 K
data available in the literature (5-8). Our "’Cp(T,m) data at
348.15 and 373.15 K differ considerably from the sparse data
(9, 23) for MgCl, at relatively higher concentrations. This large
discrepancy in the two sets of data is attributed to the much
lower precision (£60 J*K"mol~! in the "’Cp value at 0.22
mol-kg™") attainable by bomb calorimetry C, measurements in
the literature (9). The present data are used in an accompa-
nying paper (18) to determine reliable C°, ,(T) functions, which
can then be used to calculate the thermodynamic properties of
ions in water over an extended temperature range.

Reglstry No. MgCl,, 7786-30-3; CaCl,, 10043-52-4; SrCl,, 10476-85-4,
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Heat capacities and densitles of aqueous MgCl,, CaCl,,
and SrCl, from the accompanying paper are combined
with literature data up to 473 K to yleld
temperature-dependent equations by using the
lon-interaction model of Pltzer. These heat capacity
equations have been Integrated to yleld the enthalpy and
the Gibbs energy. The enthalpy parameters for 288 K are
evaluated in separate calculations using published
high-temperature osmotic data as well as heats of dilution,
while the Gibbs energy parameters for 298 K are taken
from the literature. The range of validity of the final
equatlons Is described.

Introduction

We (7) have recently completed a study where thermody-
namic data on a number of 1:1 aqueous electrolytes have been
analyzed using the ion-interaction model. Apparent molar heat
capacities and volumes up to 373 K were fitted to the Pitzer

T Issued as LBL-21304 and as AECL-9042.

0021-9568/87/1732-0076$01.50/0

equations and the resulting heat capacity equations were inte-
grated to obtain the enthalpy and Gibbs energy functions. In
the present paper, we extend the study to the 2:1 electrolytes
MgCl,, CaCl,, and SrCl,. In each case the heat capacity and
density have been measured to 373 K by Saluja and LeBlanc
(2), and are reported in the accompanying paper. We have
fitted these data, together with some values from literature, to
the appropriate equations.

There is special interest in these results for MgCl, because
they can be combined with similar values for Na,SO, (3, 4) and
NaCl (§, 6) to yield indirectly the properties of infinitely dilute
MgSO,. Phutela and Pitzer (4, 7) have completed measure-
ments of the heat capacity and density of aqueous MgSO, to
473 K and used these indirect results for the infinitely dilute
standard state of MgSQ, in their general treatment of the
thermodynamic properties of aqueous MgSO,. In the case of
MgCl,, we have heat capacity data to 453 K from Likke and
Bromley (8); thus, our treatment for MgCl, is valid over this
extended temperature range.

Our data bases for the apparent molar volumes of all three
saits include the measurements of Ellis (9) which extend to 473
K and 1.0 mokkg™'; thus, our volumetric equations are valid over
that range.

© 1987 American Chemical Society



We did not undertake comprehensive treatments simultane-
ously fitting all of the types of data interrelated by thermody-
namics. When our heat capacity equations are integrated twice
to yield the Gibbs energy, there are two sets of integration
constants. The second set, for the Gibbs energy, is accurately
known from osmotic measurements at 298 K for all three salts
and can be taken from the literature. We had hoped also to
take the enthalpy constants from the literature but found it
worthwhile, instead, to make new evaluations based primarily
on the high-temperature osmotic data but considering also se-
lected heat-of-dilution data.

After this research was in progress, a more extensive
treatment for CaCl, which extends to very high molality and to
373 K was published by Ananthaswamy and Atkinson (710).
Since their equation is more complex, with 33 parameters, it
seems worthwhile to report our simpler equation which repre-
sents the heat capacity (with seven parameters) to 0.9 molkg™".
With the six integration constants, the integrated equation will
be adequate for many applications to mixtures containing CaCl,,
as well as to pure CaCl, at dilute and moderate molality.

Review of Avallable Data

Heat Capaclty Data. There are heat capacity measure-
ments for aqueous MgCl, at saturation pressure by Likke and
Bromley (8) to 453 K and at 0.6 MPa in the accompanying
paper by Saluja and LeBlanc (2) to 373 K in addition to those
at atmospheric pressure (0.1 MPa) and 298 K by Perron,
Desnoyers, and Millero (77) and Perron, Roux, and Desnoyers
(12). After this research neared completion, we received un-
published data from Wood (713) for 10 MPa to 573 K and for
17.5 MPa to 598 K. We decided not to use these additional
data in the present fit because the pressure dependence varies
dramatically with temperature. Professor Wood will undoubtedly
present a comprehensive treatment based on his and other
data.

In the case of CaCl,, data to 298 K and 0.1 MPa of Perron
et al. (77, 12) and Spitzer et al. (74) in addition to those of
Saluja et al. (2) to 373 K and 0.6 MPa were used. For SrCl,,
298 K data of Perron et al. (77) and those of Saluja and Le-
Blanc (2) were used. The data of Perron, Desnoyers, and
Millero (77) in all the three cases were corrected as suggested
by Desnoyers et al. (75).

Volumetric Data. In comparison with the heat capacity,
there are extensive investigations of the volumetric properties
of the systems under present study. For MgCl,, the data used
are fromref 2, 9, 11, 12, 16-25. There are only two studies
at high temperatures. One is by Saluja and LeBlanc (2) at 0.6
MPa which extends to 373 K and 0.53 mol-kg™' and the other
is by Ellis (9) at 2 MPa which extends to 473 K and 1 mol-kg™".
The other studies are in the range 273-323 K with the bulk at
298 K. In the low-temperature range, we had high-concen-
tration and high-pressure data available from various refer-
ences. But we have data only to 1 molkkg™' and only at low
pressure for high temperatures; consequently, we decided to
limit ourseives to the range 273-473 K, to 1 mokkg™', and to
2 MPa. All the available data in these limits from the above
references were used in the present study.

For CaCl, and SrCl,, the Saluja and LeBlanc (2) data extend
to 373 K and Ellis (9) data to 473 K. In addition, we have used
CaCl, data at 298 K and 0.1 MPa to 1 molkg™" from the ref 717,
12, 16, 25, 26 and from 278 to 308 K and 0.1 MPa to 1
mol-kg™~' from Kumar and Atkinson (27). For SrCl,, 298 K and
0.1 MPa data of Perron et al. (77) were included in the final fit.

Revlew of Equations. High-temperature activity properties
can be calculated by integrating twice the temperature-de-
pendent equation for the heat capacity and by using enthalpy
and activity data at 298 K to evaluate integration constants.
The basic equations for the osmotic and activity coefficients (¢
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and v.), the apparent molar enthalpy (L), the apparent molar
heat capacity (°C,), and the apparent molar volume (*V) have
been derived by Pitzer (28) and are summarized in Table I.
Here B, B, and Cyx are the virial coefficients related to
short-range interionic forces. The subscript MX is omitted
hereafter. The temperature dependence of these coefficients
is determined from the heat capacity data.

The temperature-dependent equation for the apparent molar
heat capacity can be integrated to yield the apparent molar
enthalpy

;
oL(T,m) = j;sa[%,,(r’,m) - ®C,(T7,0)] AT’ + °L(298,m)
(18)

Here and elsewhere 298 is an abbreviation of 298.15 K. The
total excess enthalpy HEX = L = n,%L, and L is given by

L=H-nH® - n,A° (19)

where n ; and n, are numbers of moles of components 1 and
2 (H,O and salt, respectively) with standard molar enthalpies
H?®, for pure water and H°, for the salt at infinite dilution.

A second integration of eq 18 gives the excess Gibbs energy

GT.m)/n,T=
T
- £96[¢L(T’,m)/(T')2] dT’ + G®4298,m)/298n, (20)

Appropriate derivatives of G with respect to m yield the activity
and osmotic coefficients.

The temperature-dependent equation for the apparent molar
volume can be integrated to give the pressure dependence of
the Gibbs energy

P
GHTPm) /g = [ OV(T.P/m) dP' + GXT Pom)/n,
Py
(21)
Calculations and Results

Heat Capaclly. Equation 8 (see Table I) was fitted to the
experimental values of the apparent molar heat capacity. The
Debye-Hiicke!l parameters for various functions were taken
from the equations of Bradley and Pitzer (29) for the dielectric
constant of water and from equations of Table I. The other
properties of water were taken from the equations of Haar,
Gallagher, and Kell (30).

Since the data for all the solutions extend only to about 1
mokkg™', the parameter C’ was not needed. Thus the eq 8 was
reduced in practice to

%C, = C°,, + (3A,/b)In (1 + bI""?) - 4RT’m B -
8RT?mB™[1 - (1 + aI"? exp(-al'?)] /a?l (22)
where
BOV = (38" /aT), + (2/ T)BO* (23)
g = (389 /0T )p (24)

with similar definitions for 8™t and 8'V. Different forms of
temperature-dependent equations for C°,,, 3%, and 8"~ were
considered, but each of these coefficients could be expressed
in terms of the following equations

C%2=p/TH+po+psT+p,T?+pT® (25a)
BN =pe/T+p; + psT (25b)
BN =pog/TH+p+puT (25¢c)

where p’s are fitting parameters and T is the absolute tem-
perature.

The entire array of data at all temperatures was then fitted
in a least-squares calculation adjusting the 11 parameters in eq
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Table I. Pitzer Equations for the Thermodynamic Properties of an Aqueous Electrolyte Solution®

Osmotic Coefficient

(1 & - 1 = ~|ZyZx|A V(1 + bI'?) + 2(vpex/v)mBix + 4((nwx)¥?/ )| ZZx]"/*m* Cryx
2) Bk = B + 8 exp(-al'/?)
Activity Coefficient
(3) In vy = -|ZuZx|A,[13/(1 + bIY%) + (2/b) In (1 + bIVY)] + 2(vywx/v)mByx + 6((vmrx)¥2 /0| ZpZx | *m*Cyx
(4) Bux = 28 + 280k /a®D [1 - (1 + al'/? - a?/2) exp(-al'/?)]
Apparent Molar Enthalpy

(5) °L = y|ZyZx|Ay In (1 + b1V /2b - 2\ RT}mBYx + m¥(ryyZy) Ciix]

(6) Blx = (38x /9T, + (3884 /9T), (2/a2D[1 - (1 + al'/?) exp(-al'/?)]

(7 Clix = (8Cnx/3T),

Apparent Molar Heat Capacity

(8) °C, = C°,y + v|ZyZx|Ay In (1 + bI'V%)/2b - rxRTHMBYx + m2(ryZan) Cdix]

9 Bix = (3 ﬂMX/aT)pJ (2/T)Bix
(10) Ciix = (8Ckx /0T, + (2/T)Ciix

Apparent Molar Volume
(11) oV = V°, + p|ZyZx|Av In (1 + bIV2)/2b + 2u\pxRT[mBx + m2(vmZy) Cix]
(12) Blix = (98%x/0P)+ + 2(88x/9P)7(1 - (1 + /¥ exp(-al'/?)]/a?l
(13) CMX = (Cmx/0P)r
Debye-Hiickel Slopes

(14) Ay = 1/3(27 N d,,/1000)/[e2(DET)]%/?
(15) Ay = 4RT*04,/8T),
(16) Ay = (845/3D),
an Ay = ~4RT(6A,/6P)7

e Definition of symbols: b = a general constant with value 1.2 kg'/%mol™/% a = 2.0 kg!/%mol /% s and C are ion-interaction parameters

specific to each solute MX; m = molality of the solute; I =

ionic strength (1/23"mZ; 2); » = total number of ions formed from dissociation of

salt MX (v = vy + vx); Zy and Zx are the charges on ions M and X. C°,, = apparent molar heat capacity of the solute at infinite dilution;
V°, = apparent molar volume of the solute at infinite dilution; D = dielectric constant of water.

Table II. Parameters for Eq 25 for the Apparent Molar Heat
Capacity

Table III. Parameters for Eq 27 for the Apparent Molar

Volume

parameter MgCl, CaCl, SrCl,

parameter

MgCl,

CaCl,

SrCl,

p1/ (Jmol™)

P/ (Jmol K™
p3/ (J-mol K%
P4/ (Jmol ™ K3)
P/ (J-mol - K)
pe/ (kg-mol LK)

~7.39872 x 10°
7.96487 x 10*
-3.25868 X 107
5.98722 x 10!
-4.21187 x 10
3.10184 x 102
-2.26558 X 107

-1.26721 x 10°
7.41013 x 10°
-1.15222 x 10!

-1.31585 x 10!
7.37742 X 107

-8.26896 X 10°
4.58928 x 10%
~7.05950

-2.19115 X 107

5.66565 X 107°

P/ (kg-mol K2
ps/ (kg-mol ™ K?)
py/ (kgemol™K™)
P10/ (kg:mol K™®)
P11/ (kgrmol™-K)
range

-1.03737 x 10°®
—6.72129 X 107
2.54614 x 1074

3.83769 % 1077
-4.68652 % 107!
2.90617 x 1073
—4.27438 x 1078
009 m
298-453 K

5.24873 x 10°%

0-1m
298-373 K

0-1m
298-373 K

25. All 11 parameters were needed in the case of MgCl, (Table
II). For CaCl, and SrCl,, only the first three parameters were
needed for the intercept, C°,,,. For CaCl,, 3V could be ex-
pressed by the constant term P,. For SrCl,, the 8% and 8™V
each required first two terms of eq 25b and 25¢.

Initially, all the data points were given equal weights. How-
ever, we found that for MgCl, the values of Saluja and LeBlanc
(2) and Likke and Bromley (8) differed by as much as 15 J.
K-“mol-' at 373 K. Hence, all the data in the region 353-373
K were given lesser weights. All the data for CaCl, and SrCl,
were given equal weights. The weighted standard deviation of
the fit for MgCl, was 3.6, for CaCl, 5.4, and for SrCl, 4.8 J-
K-*mol-".

Volumetric Propertles. The treatment of the data for the
apparent molar volumes was similar in that the parameter CY
was not required because the data extend only.up to 1 molkg™.
Hence, eq 11 was reduced to the following

oy = V7°, + (34, /b) In (1 + bI '} + 4RTMBOV +
BRTMBWVI[1 - (1 + al V3 exp(-al V3] /a?I (26)

g1/ (em%K-mol™)
qo/ (em®mol™?)

g3/ (em3mol K1)
q4/(cm3mol 1K)
g5/ (em*mol LK)

g6/ (kg-K-mol™
MPa™)

g7/ (kgmol™
MPa!)

qs/ (kg-mol K™%
MPa™)

qo/ (kg-mol K™%
MPa™?)

10/ (kg-K-mol ™
MPa™)

4/ (kgmol™
MPa)

range

-3.85979 X 10°
4.30260 x 108
-1.80513 X 10!
3.44723 % 1072
~2.55222 x 1078
6.31185
-5.59578 x 1072
1.64166 X 107*
-1.57572 x 1077
2.82852
-9.85529 x 1073

0-1m
273-473 K

-3.96192 X 10°
4.24159 x 103
-1.72824 x 10!
3.26408 x 1072
-2.42826 x 1075
-4.97093
4.23731 x 10°?
-1.17984 x 107
1.07995 x 1077
2.55671
-8.90863 x 1078

0-1m
278-473 K

1.19602 % 10°
-1.22812 x 108
4.26680
-4.80302 x 1078
7.65753 % 107!

~2.14925 x 1073

-7.54375 x 1074

0-1m
298-473 K

where 8OV = (3 8/3P)T, with a similar definition for 3.
Again different parametric forms of the fitting parameters were
tried, and the necessary parameters in this case could be de-
fined by the following equations

Ve, =q/T+ q,+qT+ q, T2+ qsT°  (273)
BV =qe/T+ q;+ qgT+ q,T? (27b)
BV = qu/T+ g4 (27¢)

where g's are the fitting parameters. All 11 parameters were
required for MgCl, and CaCl, (Table I1I). For SrCl,, only seven
parameters were required to fit the whole array of data.

For MgCl,, a bulk of the points up to 323 K were given equal
weights except a few points at very low molality, which showed



large deviations and were assigned lower weights. The data
of Dunn (76) and Vasilev et al. (78) at 298 K showed larger
deviations and were assigned smalier weights. The high-tem-
perature data of Ellis (9) were assigned lower weights with
decreasing molality and with increasing temperature. For CaCl,
and SrCl,, all the data points were given equal weights except
those of Ellis (9), which were weighted the same as for MgCl,.
The standard deviations of the fit for MgCl,, CaCl,, and SrCl,
were 0.18, 0.62, and 0.71 cm®mol-", respectively.

Pressure Dependence of Thermodynamic Propertles. One
can obtain the pressure dependence of the thermodynamic
properties from the volumetric results using the following rela-
tionships:

BG/dP); = V (28)
(OH/OP); = V - T(AV/T), (29)
(8C,/9P); = -T(8?V/3T?), (30)

(88 /8P); = (628%Y/9T?), + (2/TX9B?Y/8T), (31)

A relation similar to eq 31 follows for the pressure dependence
of 8", Equation 30 gives the pressure effects on the heat
capacities described in this paper.

Enthalpy and Gibbs Energy. The enthalpy parameter, 3%,
is given by

.
Tegot = (T'FEOY AT’ + 2083504 (208)  (32)

where 3% (298) is the value of enthalpy parameter at 298.15

K. Substitution of eq 25b into the above equation yieids

BOL = [(T? - 298%)pg/2 + (T° - 298%p, /3 + (T* -
298%p g/4+ 298230k (298)]/T2 (33)

The pressure dependence may aiso be introduced by the rela-
tionship

BO%(P) = j; 0BV /9T, dP’ + BOLPy  (34)

where P, is the pressure at which 3% is known. By adding
this pressure dependence, eq 33 becomes

BOL = [(T2 - 298%)pg/2 + (T - 298%p,/3 +
(T4 - 298%p4/4 + 298230 (298,P )] /T2 + [-qs/T2 +
gs + 2q,TI{P - P,) (35)

Similar equations apply for 8" and ¢*. ¢’ and C¥ were found
to be unnecessary; thus, only the term 2982C*(298,P)/T? re-
mains.

A second integration yields the excess Gibbs energy. Again,
for the ion-interaction parameter, we get

,
8O = j; SO T+ 5298) (36)

The pressure dependence of 3 is given by
439 /9P = OV (37)
Combining equations 36 and 37, we get
8@ = (T/2 + 2982 /2T - 298)p, +
(T2/6 + 298%/3T - 298%/2)p, + (T3/12 + 298%/4T -
298°/3)p g + (298 - 2982/ T)BOL(298,P,) +
[qe/T+ g;+ qeT+ qeT?I(P- Py + 3(298,P) (38)
Again similar relations apply for 8 and C although in our case

the equation for C is simplified to the two terms in C~(298,P )
and C(298,P,).
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Table IV. Values for the Ion-Interaction Parameters and Their
Derivatives at 298.15 K

parameter MgCl, CaCl, SrCl,

B9 /(kg-mol!) 3.5093 x 3.0534 x 1071% 2,8344 X 107L¢
10-1-1

B0/ (kgmol™) 1.6508¢ 1.7083° 1.6256°

C/ (kg2mol™?) 2.301 X 10732 7.612 X 1074® -8.150 X 1074¢

BOL/ (kgemol LK 1) -9.8786 X 1.8215 X 107  4.3709 x 107
1078

BWL/ (kg-mol K1) 2.666 X 107  3.554 X 107 3.674 X 1078

C%/ (kg®mol 2K™1) -7.624 X 10° -4.754 X 10® -5.076 X 107

BOY/(kgmol VK2 - -8.101 X 10® -1.289 X 105 -1.684 X 10°*

B9/ (kgmol K% 5990 X 10°  5.249 X 10°  2.918 X 10

FOV/(kgmol \MPal) 1512 x 104 1236 X 10*  4.191 x 10~

BLY/(kgmol *MPa™!) -3.684 X 10# -3.334 X 10 -7.544 x 10~

¢From ref 31. *From ref 33. “From ref 32.

The integrations of C°p,2 to yield the enthalpy and Gibbs
energy as a function of temperature for the salt in its standard
state are similar and yield

H°, = In(T/298)p, + (T - 298)p, + (T? -298%)p,/2 +
(T® - 298%p,/3 + (T* - 298%p /4 + [-q,/T2 + g5 +
2q,T + 3q5T2(P - Po) + H°,(298,P,) (39)

G°,/T = [(n T/T+ 1/T - 1/298 - (In 298)/T]p, +
(1-298/T - In (T/298))p, +
(2(298) — T- 298%/Typ,y/2 +
((3/2)2982 — T%/2 - 298%/Tp,/* +
((4/3)298°% - T8/3 - 2984/ Nps/* +
AP (298,P)[1/T - 1/298] +
[@/TP+ @/ T+ gy + QT + g T°}(P - P)) +
G°,(298,P;)/298 (40)

Table IV gives the ion-interaction parameters and their de-
rivatives at 298.15 K. The Gibbs energy parameters for these
systems are known accurately and were used as such. The
parameters for MgCl, and SrCl, were taken from the work of
Rard and Miller (37, 32), whereas for CaCl, the parameters
were taken from the previous work of Phutela and Pitzer (33).
All of the remaining parameters were obtained in this study as
described above or in the following section.

Determination of Enthalpy Parameters. We initially ex-
pected to take values of the enthalpy parameters for 298 K
from the literature (34) but found that considerable improvement
was now possible in view of recent measurements. Although
a simultaneous fit of all parameters (including p  — p ¢4) could
be made, this is complex and we expect that publication of new
measurements would render such a treatment obsolete before
many years. Consequently, we took an intermediate course
and determined new enthalpy parameters for 298 K which yield
(in the integrated equations with p ; — p ;4 already determined)
quite good agreement with the high-temperature osmotic data
of Holmes and Mesmer (35, 36) and various measurements of
the heat of dilution (37-47).

In this relatively simple least-squares regression, the pa-
rameter 5("-(298) is sensitive to data at low molality and is
determined primarily by the heat-of-dilution data below 0.1
molkg™' from Lange and Streeck (37). The 3°-(298) param-
eter is determined primarily by data at intermediate molality (0.1
to 1.0 molkg™"). Both enthalpies and osmotic coefficients are
fitted quite well in this range of composition to 473 K for MgCl,
and SrCl, or to 445 K for CaCl,.

At molality above 1 mol-kg™' the tripie interaction parameter,
C, becomes important, but there is no guidance from the
present heat capacity data which do not extend into this range.
Nevertheless, for MgCl, there is good agreement to 2 mokkg™
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Flgure 1. Osmotic coefficients for MgCl, and CaCl, at 382.0 K and
445.4 K, and SrCl, at 382.96 K and 443.92 K. The points are ex-
perimental data from Holmes et al. (35, 36). The curves are calculated
from the equations and parameters of this paper.

Table V. Standard-State Heat Capacities and Volumes at
298.15 K

~C®,4/ (d-mol K1) V°,/ (cm3mol™)

this research lit. (0.1 this research lit. (0.1
(0.6 MPa) MPa) (0.6 MPa) MPa)
MgCl, 264.8 269,° 252,5° 13.96 14.49,° 14.02/
15.00%
CaCl, 275.5 282, 278,30 17.98 17.81,¢ 17.65,f
18.35,%
275.7,° 282.0¢ 18.86,% 16.1¢
SrCl, 288.3 289 18.22 17.50,¢ 18.26/

?From the single ion values from ref 16. ®From ref 12. ‘From
ref 10. YFrom ref 14. °From the single ion values from ref 42.
fFrom ref 11. #From ref 26.

for the osmotic coefficient (:0.010) to 473 K and for enthalpies
(£0.05 kJ-moi™") near 300 K. For CaCl, the good agreement
for the osmotic coefficient extends to 2 mokkg™' and 445 K.
For SrCl, the agreement is not as good (+0.02 for ¢ ), but it
extends in composition to 3.7 mol-kg™' below 420 K, to 2.5
mol-kg™' at 444 K, and to 1.3 mol-kg™' at 474 K. The only
heat-of-dilution data above 1 molkg™ for CaCl, or SrCl, are of
limited accuracy and were not used.

Figure 1 shows the osmotic coefficient for the three elec-
trolyte solutions at 382 K and 445 K. Even though our heat
capacity equations are valid only to 1 molkg™, the calculated
and experimental values of the osmotic coefficient are in good
agreement to 2 mol-kg™".

Standard-State Propertles. Table V compares our results
for the standard-state heat capacity and volume with values
reported in the literature for 298.15 K. In some cases single-
ion values are reported (75, 42) and these are summed as
appropriate. Strictly, our values are for 0.6 MPa while the
literature values are for 0.1 MPa, but the effect of this pressure
difference is small in comparison to the difference between

values in Table V where the agreement is quite good.
Registry No. MgCl,, 7786-30-3; CaCl,, 10043-52-4; SrCl,, 10476-85-4.
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