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Abstract. The enthalpies of solution of K, O+ MgO « 6B, O, « 10H, O in approximately
1mol » dm™* aqueous hydrochloric acid ,and of KCI in aqueous (hydrochloric acid +boric
acid +magnesium oxide)were determined. Together with the previously determined enthal-
pies of solution of H,BO, in approximately 1 mol * dm®HCl(aq), and of MgO in aqueous
(hydrochloric acid+boric acid) ,the standard molar enthalpy of formation of- (12250. 35+
9.68)kJ « mol™' for K,0 « MgO + 6B,0, « 10H,0 was obtained from the standard molar en-
thalpies of formation of MgO(s), H,BO,(s) ,KCI(s), and H,0(1). The standard molar en-
tropy of formation of- 3848. 23J » K~' « mol™'and standard molar entropy of 765. 96
J « K™' «mol™' for K,0 « MgO « 6B,0, « 10H,0 were calculated from the thermodynamic
relations.
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1 Introduction

Besides lots of single metal borates found
in nature and synthesized in laboratory, there
are many double metal borates ,mostly consist-
ed of alkali and alkaline earth metals or alka-
line earth and alkaline earth metals!'). These
double metal borates could be triborates, tetra-
borates,.pentaborates, and hexaborates, f. e.
triborate MgO « CaO « 3B,0, » 11H,0 (inde-

rborite) tetraborate, K, O« CaO -+ 4B,0, -
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12H,0, Na,0 » 2Ca0 « 5B,0, * 16H,0 (ulexite
pentaborate . In former series papera of the

thermochemistry of hydrated borates [2—el

»We
reported the standard molar enthalpies of

hydrated alkali and alkaline earth metals bo -
rates and two kinds of double metal borates u-
lexite and K,0 + CaO + 4B,0, * 12H,0, and
proposed a group contribution method to corre-
late and predict thermodynamic properties of
hydrated borates. In this paper, we present the
standard .molar enthalpy of formation A,Hm°
for K,0 » MgO - 6B,0, « I0H,0, There are
several double potassium and magnesium bo -
rates[""'°), Possibly, K,O+ MgO + 3B,0, *

9H,0 and K,0 » MgO » 3B,0, * 15H,0 are tri-
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borates; K,O - MgO « 6B,0; » 10H,0O and
K,0 » MgO + 6B,0, * 15H,0 are hexaborates,
while kaliborite is a more complicated borate.
By comparing IR spectrum of K,O VMgO .
6B,0, « 10H,O with that of MgO + 3B,0,
7.5H,0, Gode ['“assumed that K,0 « MgO -+
6B,0, « 10H,O is a kind of hexaborates and as-
signed its structure to be K,Mg[B,0,(OH),], *
4H,0. There is no report on the standard molar
enthalpy of formation K,0 « MgO « 6B,0, -

10H,0 in the literature.

2 Experimental

The sample K,0 « MgO « 6B,0, « 10H,0,
used in this work was synthesized in laboratory
according to the method in the literature ['1,
All the reagents used in synthesis were analyti-
cal grade (made in P. R. China).19.6 g

KOH,53.4 g H,BO,, and 66. 8 g KCl were dis-
solved in approximately 211 cm® of H, O;
213. 6g MgCl, » 6H, O was dissolved in

106. 8cm® of H,0, then these two solutions we-
re mixed, transferred into a flask ,and stirred
at 75°C. Drystallization began after a few day-
s. The solids were separaied after 15 days,and
washed thoroughly with distilled water then
with acetone, and dried at room temperature to
constant weight finally. The sample was char-
acterized by chemical analysis (Table.1) ,X-
ray powder diffraction (Fig. 1) ,FT-IR spec-
troscopy (Fig. 2) ,and thermal analysis. Tht X
-ray powder diffraction was recorded on a Rig-
aku D/MAX-B with Ni-filtered and Cu-radia-
tion, FT-IR spectrum on a NICOLET MAG-
NA-IR 760 spectrometer with KBr pellets, and
thermal analysis on a TA Instrument 2100 with
the heating rate of 0. 17K ¢+ s™' at the N, flow

rate of 2.33cm® « s™'. Except for a little dif-

ference in X-ray powder diffraction with that

reported by Godel'J, the IR spectrum of our
sample is as the same as that by Gode. We
think the synthesized sample is a pure com -
pound being of formula of K, O+ MgO
6B,0, = 10H,0, and suitable for calorimetric
experiment fron all physical and chemical
characterizations. There was no need for impu-
rity corrections. ‘

Thermochemical reaction designed for the
derivation of AH_° of K,0 » MgO « 6B,0O, -
10H,0 as follows .

Table 1 The chemical composition of K,O «

MgO « 6B,0, « 10H,0 (mass%)

K,0 MgO B,O, H,0
theoretical 13. 04 5. 64 56. 15 25. 17
determined 12. 86 5.50 57. 04 24. 60

K,0 « MgO + 6B,0, « 10H,0(s) +4HCl(aq) +7H,0(1)
=2KCI(s)+MgO(s)+12H,BO,(s) QD)
The standard molar enthalpy of formation of
K,0 « MgO - 6B,0, * 10H,0 could be obtained
by solution calorimetry in combination with
the standard molar enthalpies fo formation of
MgO(s),H,BO,(s) ,KCl(s),and H,0(1). The
solution calorimetric procedure used here is
similar to ':that in our previous paperm. The
H,BQ, and K,0 « MgO + 6B,0, - 10H,O were
dissolved in approximately 1 mol +d m™?
aqueous hydrochloric acid ,the stoichiometric
amount of substance of MgO (s) was dissolved
in aqueous (hydrochloric acid +boric acid )
which consisted of approximately 1 mol « dm™*
HCIl (aq ) and the calculated amount of sub-
stance of H,BOQ,, and then the stoichiometric
amount KCl was dissolved in the former mixed
solution (hydrochloric acid +boric acid +mag-

nesium oxide ). The temperature of the calor-
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imetric experiments was(298. 15+ 0. 005)K.
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Fig. 1 The XRD ol synthetic K,0 + Mg0. 68,0, » 10H,0
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Fig. 2 The FT—IR spectrum of synthetic K,0 » Mg0. 68,0, « 10H,0
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In the previous paper,We have carried out
the determination on the enthalpy of solution
of H,BO, in HCl(aq), and MgO(s) in aqueous
(HCl+H,BO,)[. Here,we only determine A,
H,, of KCl in aqueous (HCI+HBO,+MgO)
and of K,0 » MgO « 6B,0, « 10H,0 in aqueous
hydrochtoric acid. The KCI (mass fraction >
0. 9995, made in P. R. China) was heated at the

temperature 700 K for 2 h and stored in a desic-

cator. Analytical grade HC! and deionized wat-
er were used for preparation of the solvent,and
its concentration was determined by titration to
standardized sodium carbonate.

An LKB 8700 precision calorimetric
system was used , and as described in detail
previousl ym . The calibrations were repeated
after each experiment. No solid residues was

found after the reactions in any of the calorim-
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etric experiments.
3 Results and discussion

Figure 2 is the FT-IR spectrum of K,O «
MgO « 6B,0, » 10H,0. Actually,this spectrum
is very similar to that of MgO +« 3B, 0, -
7.5 Hz(i[“] .Gode’s assignment that K,0 «
MgO « 6B,0, « 10H,0 is a kind of hexaborates

is reasonable,and we adopted his assignment.

The most possible
MgO - 6B, O, * 10H, O Should be K, Mg

[BO,(OH) ], * 4H,0.

structure of K, O~

Tables 2 and 3 present the results of the
calorimetric experiments. In these tables, m is
the mass of sample, A H, the molar egthalpy
of solution of solute, and the uncertainty twice
the standard deviation of the mean. Table 4
gives the thermochemical cycle for the deriva-
tion of the standard molar enthalpy of forma-
tion of K,0 »MgO - 6B,0O, « 10H,0. The
addition of MgO (s) of 4.17 X 107" mole into
the aqueous (HCI+H,BO,)has little influence
on the enthalpy of solution of KCl compared
with that in aqueous (HCl+ H,BO,)"). The
molar enthalpies of solution of H;BO,(s) of
(21.83+ 0. 08) kJ « mol™' in approximately
1 mol » dm™?* HCl(aq), ans of MgO(s) of
-(146.2040. 36) kJ « mol™' in the mixture of
HCl and H,BO; were taken from our previous
works separatelym. The enthalpy of dilution of
HCI (aq )was calculated from NBS tables!'?.
The standard molar enthalpies of formation of
-(285. 830+ 0. 040) kJ « mol™"' for H,0(1), of

- (601.60+0. 30)kJ » mol™' for MgO (s) and
of- (1094. 8+0.8)KJ ¢« mol™' for H,BO,(s)
were taken from the CODATA Key Values ['¥

The standard molar enthalpy of formation of
HCI( aq) was calculated from the NBS

tables!). Thus the standard molar enthalpy of
formation of K,0 « MgO « 6B,0, » 10H,O cou-
1d be calculated and the result is— (12250. 354+
9.68) kJ » mol™".
bution method developed by Lil®for the calcu-

Applying the group contri-

lation 'of thermodynamic properties of

hydrated borates, we calculated the A,H. of
K,0 « MgO - 6B,0, « 10H,0 to be-12051. 91
kJ » mol™'.

imental result quite well. This calculation giv-

This value agrees with the exper-

es the additional support for the structural assi-
ghm ent of K,0 « MgO « 6B,0, « 10H,0. Be-
cause of no experimental data on A,G) of

K,0 » MgO - 6B,0, * 10H,0 available, we used
the group contribution method to calculate it to
be-11103 kJ » mol™'. Combining the standard
mola.r enthalpy of formation of K,0 « MgO

6B,0, - 10H,0,the standard molar entropy of
formation of K,0 » MgO ¢ 6B,0, * 10H,0 has
been calculated at-3848.23 J » K~' » mol™',
Finally , the standard molar entropy of K,O

MgO * 6B,O, » t0H,O of 765. 967 « K~' «
mol™' was obtained according to reaction (11)
in Table 4.
the elements were taken from CODATA Key

Valuest'* as 64. 68, 32. 67,5. 90,130. 571, and
205.043J « K™' « mol™' for K(s), Mg(s).B
(s),H,(g), and O,(g) .respectively.

The standard molar entropies of
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Table 2 The molar enthalpies of solution A H, of
KCl in aqueous (HC1+H,BO3,MgO)at T=298. 15K

No. m/mg AuHp/ (k3 + mol™)
L 62. 1 20. 14
2 64. 0 20. 41
3 61.7 20.51
4 63.2 20. 40
5 62.8 20.18
Mean 20. 334-0. 14"

® Uncertainty is twice the standard derivation of the mean.

Table 3 The molar enthalpies of solution A, H, of K,0 « MgO » 6B,0, « 10H,0

in approximately 1 mol » dm~? aqueous hydrochloric acid at T=298. 15K

No. m/mg AwHo/(kJ » mol™)
1 303.2 123.71
2 313. 3 124. 01
3 306. 4 123.11
4 311.1 124. 45
5 307.2 123. 33
Mean 123.7240. 48°

* Uncertainty is twice the standard derivation of the mean.
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