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Abstract

The enthalpy of solution of teepleite, Na,B(OH),Cl, in approximately 1 mol dm™3 aqueous hydrochloric acid was
determined. Together with the previously determined enthalpies of solution of HyBO; in approximately 1 mol dm > HCl(aq),
and of NaCl in aqueous (hydrochloric acid+ boric acid), the standard molar enthalpy of formation of
—2007.98 4+ 0.84 J K ' mol ™! for Na,B(OH),Cl was obtained from the standard molar enthalpies of formation NaCl(s),
H3BOs;(s), and H,O(l). The standard molar entropy of formation of —700.59J K ' mol™! and standard molar entropy of
190.62 J K=" mol~" for Na,B(OH),Cl were calculated from the thermodynamic relations. The group contribution method by
Li is applicable to teepleite. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Teepleite, being of structural formula Na,B(OH),Cl
[1], is an important borate mineral found at several
boron deposits around the world [2]. In former series
papers on the thermochemistry of hydrated borates
[3-10], we reported the standard molar enthalpies
of hydrated magnesium, calcium, potassium, sodium,
and lithium borates, as well as ulexite (NaCa[BsO¢-
(OH)¢]-5H,0) and K,0-Ca0-4B,03-12H,0, and pro-
posed a group contribution method to correlate and
predict thermodynamic properties of hydrated borates.
With group contribution method, once the structure
of a hydrated borate is known, the unknown standard
molar enthalpy of formation and standard molar
Gibbs free energy of formation of this borate can
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be calculated from that of metal ions in aqueous
solution, borate anions, and water molecules. The
method can also be applied to double metal borates
such as ulexite and K,0-Ca0-4B,03-12H,0. But the
applicability of group contribution method is not
tested to other complicated borates consisted of multi-
ple anions such as teepleite, because no experimental
data are available. Here, we present the standard molar
enthalpy of formation A¢HY of teepleite and check if
the group contribution method can apply. There is no
report on the standard molar enthalpy of formation of
teepleite in the literature.

2. Experimental

The Na,B(OH),Cl was synthesized at laboratory
according to the isotherm of system NaBO,-NaCl-
H,0 at 20°C [11]. The synthetic sample was charac-
terized by chemical analysis (Table 1), X-ray powder
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Table 1
The chemical composition of Na,B(OH),Cl (mass%)

NaCl NaBO, H,0
Expected 36.12 40.59 22.96
Calculated 36.46 41.06 22.48

diffraction (Fig. 1), FT-IR spectrum (Fig. 2), FT-
Raman spectrum (Fig. 3), and thermal analysis. The
FT-IR spectrum was recorded on a Nicolet 170SX FT-
IR spectrometer with KBr pellets; X-ray powder
diffraction on a Rigaku D/MAX-B with Ni-filtered
and Cu-radiation; FT-Raman spectrum on a Nicolet
Raman 910; thermal analysis on a TA Instrument 2100
with the heating rate of 0.17 K s~ ' at the N, flow rate
of 2.5 cm® s™'. All spectra are being of high quality
and match existed data. The results show the sample is
a pure compound being of formula of Na,B(OH),Cl,
and suitable for calorimetric experiment. The impurity
corrections were unnecessary.

Thermochemical reaction designed for the deriva-
tion of AfHI?1 of Na,B(OH)4Cl as follows:

Na,B(OH),Cl(s) + HCl(aq)
= 2NaCl(s) + H3BOj3 (aq) + HO(1) 1)

The standard molar enthalpy of formation of
Na,B(OH)4Cl could be obtained by solution calori-
metry in combination with the standard molar enthal-
pies of formation of NaCl(s), H3BO5(s), and H,O(l).
The solution calorimetric procedure used here is simi-
lar to that used in our previous paper [7]. The H3BO;
and Na,B(OH),Cl were dissolved in approximately
1 mol dm— aqueous hydrochloric acid, respectively,
then, the stoichiometric amount of substance of NaCl
was dissolved in aqueous (hydrochloric acid 4 boric
acid) which consisted of approximately 1 mol dm >
HCl(aq) and the calculated amount of substance of
H3;BO;. The temperature of the calorimetric experi-
ments was 298.15 + 0.02 K.

In the previous paper, we have carried out the
determination on the enthalpy of solution of H;BO;
in HCl(aqg) [3], and NaCl(s) in aqueous (hydrochloric
acid + boric acid) [5]. In this paper, we only determine
AsoH,y, of Na;B(OH)4Cl in HCl(aq). The aqueous HCI
solution was prepared from analytical grade hydro-
chloric acid and deionized water, and its concentration

was determined by titration with standard sodium
carbonate.

An LKB 8700 precision calorimeter was used, and
has been described in detail previously [3]. The cali-
brations were repeated after each experiment. There
were no solid residues observed after the reactions in
each calorimetric experiment.

3. Results and discussion

Table 2 presents the results of the calorimetric
experiments. In this table, m is the mass of sample,
AsoiH,, the molar enthalpy of solution of solute, and
the uncertainty twice the standard deviation of the
mean. Table 3 gives detailed thermochemical deriva-
tion of the standard molar enthalpy of formation of
Na,B(OH)4Cl. The molar enthalpies of solution of
H;BO5(s) of 21.83 +0.08 kJ mol ! [3] in approxi-
mately 1 mol dm™ HCl(aq), and of NaCl(s) of
5.14 + 0.02 kJ mol ™! [5] in the mixture of HCI and
H3;BO5; were taken from our previous works sepa-
rately. The enthalpy of dilution of HCl(aq) was cal-
culated from NBS tables [12]. The standard molar
enthalpies of formation of —(285.830 & 0.040) kJ
mol " for H,O(l) and of —(1094.8 + 0.8) kJ mol '
for H3BOs5(s) were taken from the CODATA key
values [13], and of —(411.153 +0.100) kJ mol '
for NaCl(s) from NBS Tables [14]. The standard molar
enthalpy of formation of HCl(aq) was calculated from
the NBS tables [14]. Therefore, the standard molar
enthalpy of formation of Na,B(OH)4Cl could be cal-
culated and the result is —(2007.98 + 0.84) kJ mol .

Table 2
The molar enthalpies of solution AgyH, of Na,B(OH),Cl in
approximately 1 mol dm~> aqueous hydrochloric acid at

T =298.15K*

No. m (mg) Aoty (kKJ mol ™)
1 807.6 1.48

2 800.8 1.44

3 802.0 1.50

4 802.0 1.48

5 800.6 1.51

Mean 1.48 + 0.02°

? Determined with an LKB precision calorimeter; in each
experiment, 100.10 cm® of HCl(aq) was used.
® Uncertainty is twice the standard derivation of the mean.
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Fig. 1. The XRD of synthetic Na,B(OH),Cl.
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Fig. 2. The FT-IR spectrum of synthetic Na,B(OH),Cl.

Combining with the A¢G®, of —1799.1 kJ mol™" cal-
culated from solubility data by Felmy and Weare [15],
the standard molar entropy of formation of Na,B-
(OH),Cl was calculated to be —700.59 J K~ ' mol .
Applying the group contribution method developed by
Li [10] for the calculation of thermodynamic properties

of hydrated borates, we calculated the AfH? and A¢G?,
of Na,B(OH),Cl to be —1992.86 and —1814.88 kJ
mol ™!, respectively, these two values agree with the
experimental results quite well.

Finally, the standard molar entropy of Na,B(OH),-
Cl of 190.62 J K~ " mol~! was obtained according to
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Fig. 3. The Raman spectrum of synthetic Na,B(OH),CI.

Table 3

Thermochemical derivation of Ang (Na,B(OH),Cl, 298.15 K)

No. Reaction AH,, (kI mol ™)
1 Na,B(OH),Cl(s) + 20.96(HCI-51.878H,0) = 2Na"(aq) + 2Cl (aq) + H3BOs(aq) + 19.96(HCI-54.527H,0) 1.48 £+ 0.02
2 H3;BOs(aq) + 19.96(HCI1-54.527H,0) = H3BOs(s) + 19.96(HCI1-54.527H,0) —21.83 £ 0.08
3 2Na'(ag) + 2CI (ag) + H3BOs(ag) + 19.96(HCI-54.527H,0) = 2NaCl(s) +H;BOs(aq) + 19.96(HCI-54.527H,0) —10.28 + 0.04
4 20.96(HC1-54.527H,0) = 20.96(HCI-51.878H,0) + 55.527H,0(1) 1.10 £ 0.04
S 0.5Hy(g) + 0.5Cly(g) + 54.527H,0(1) = (HCI-54.527H,0) ~165.42 + 0.10
6 2NaCl(s) = 2Na(s) + Cly(g) 822.30 £+ 0.20
7 H;BOs(s) = B(s) + L5Hy(g) + 1.504(g) 1094.8 + 0.8
8 H,0() = Hy(g) + 0.50,(g) 285.83 £ 0.04
9 Na,B(OH),CI(s) = 2Na(s) + 0.5CL(g) + B(s) + 2Ha(g) + 204(g) 2007.98 + 0.84
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