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Abstract

The enthalpies of solution of two hydrated lithium monoborates in approximately 1 mdlaimueous hydrochloric acid were determined.
From these results and the enthalpies of solution4B®} in approximately 1 mol di?® HCl(aq), and of LiCI-HO in aqueous(hydrochloric
acid + boric acid),combining with the standard molar enthalpies of formation of-Hg(s), HBOs(s) and BO(l), the standard molar
enthalpies of formation of1627.464 0.90 and—3397.004 0.94 kJ mot* for LiBO,-2H,0 and LiBG,-8H,0 were obtained. The standard
molar entropies of formation of LiBO2H,O and LiBG,-8H,0 were calculated from the thermodynamic relation with the standard molar
Gibbs free energy of formation of LiBER2H,0 and LiBG,-8H,0O computed from a group contribution method.
© 2004 Published by Elsevier B.V.
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1. Introduction 2. Experimental

The synthesis, structural, and dehydration studies of All the reagents used in the synthesis were analytic
borates and especially of hydrated lithium borates have grade. The LiBQ-2H,O and LiBG-8H,O were synthe-
attracted great attention in these past few years. The mainsized at laboratory according to thermodynamic equilib-
reason is that lithium borates have various physical prop- rium state phase diagram of J0-ByO3—H,O system
erties like, piezoelectricity for LB4O7 [1] or non-linear at T = 313K [3]. The compounds were characterized
optical behavior of LiBOs [2]. There exist three hy- by chemical analysis, powder X-ray diffraction, FT-IR
drated lithium borates, namely monoborate, tetraborate andspectrum, Raman spectrum and thermal analysis. The
pentaborate, in LIO-B,O3-H,O system[3] at different powder X-ray diffraction data of the synthesized com-
temperature, among which the standard molar enthalpiespounds were obtained using Rigaku D/MAX-2400 with
of formation of LpB40O7-3H,0O and LiBsOg-5H,O have Cu-Ka radiation (A, = 1.5418 A)(Fig. 1). Thermogravi-
been reported by Lj4]. There are no reports on the stan- metric analysis(TGA) and DSC were conducted on a
dard molar enthalpies of formation of hydrated lithium NETZSCH-Geratebau STA 449c, in a flow of; Nvith a
monoborates in the literature. As a part of the serial stud- heating rate of 10C min~1. FT-IR spectra were recorded
ies [5-9] on the thermochemistry of hydrated borates, in the 4000-400cm! region on a Nicolet NEXUS 670
in this paper, the standard molar enthalpies of formation FT-IR spectrometer using KBr pellets; Raman spectra on
A¢HY of hydrated lithium monoborate LiB£2H,0 and a Nicolet Almega Dispersine Raman spectrom&tigr(2).
LiBO2-8H,0 have been determined by solution calorime- All spectroscopic data are in excellent agreement with the
try and other thermochemical parameters have also beeniterature[10,11]. The analytic data of two compounds are
calculated. given in Table 1. The data shows that the compounds ob-

tained are pure and have the general formulas Li28,0
and LiBO,-8H,O and they are suitable for calorimetric

* Corresponding author. Tel486-29-85535340; experiment. . . . L
fax: 186-29-85520341. Thermochemical reaction used for getting the derivation
E-mail address: gaoshi@pub.xaonline.com (Z. Lixia). of At H,% of LiBO2-nH>0 was:

0040-6031/$ — see front matter © 2004 Published by Elsevier B.V.
doi:10.1016/j.tca.2004.01.037



106 Z. Lixia et al./ Thermochimica Acta 419 (2004) 105-108

Table 1
The chemical composition of hydrated lithium monoborates (mass%)

Borate Experimental Calculated

Lio,O B203 H,O2 Li»,O B,O3 H,O

LA

LiBO2-2H,0 17.34  40.68 41.98 17.43 40.59 41.98
LiBO2-8H,0 7.73 18.04 74.23 7.71 17.97 74.32

Intensity/cps

a Determined by thermal analysis method.
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are saved and processed by using a computer. A detailed
200 description is given elsewhefé2]. A glass ampoule con-
taining a sample to be measured, put in the stainless steel

Fig. 1. The XRD of hydrated lituium monoborates (A) LiB@HO, (B) reaction cell of the microcalorimeter and broken after ther-

HBO2870. mal equilibrium was reached for (at least 2 h). The total time
required for the complete reaction was about 1 h, depend-
LiBO2 - nH20(s)+ HCl(aq) ing on the samples. No solid residues were observed in the
= LiCl (aqg) + H3BOz(ag) + (n — 1)HyO(l) (1) solution after the calorimetric experiments.

The standard molar enthalpies of formation of LiBO
2H,0 and LiBG-8H2O could be obtained by solution 3. Results and discussion
calorimetry in combination with the standard molar en-
thalpies of formation of LiCI-HO(s), HsBO3(s) and HO(l). To check the performance of the RD496-1Il mi-
The HsBOj3(s) and LiBG-nH>O(n = 2 and 8)(s) were dis-  crocalorimeter, the enthalpy of solution of KCI in deionized
solved in approximately 1 moldn? aqueous hydrochloric ~ water was measured 4t = 298.15K. The experimental
acid, and the calculated amount of LICbBI(s) was dis- value 17.24+ 0.06 kJ mot! is in excellent agreement with
solved in aqueous(hydrochloric acid boric acid) which the value 17.24% 0.018 kJ mot! reported in the literature
consisted of approximately 1 moldr HCl(ag) and the [13]. This result indicated that the device used in this work
calculated amount of $B80O3. The HCI standard solution  was reliable.
was prepared from azeotropic hydrochloric acid and deion- Table 2gives the results of the calorimetric experiments.
ized water, and its concentration was determined by titration In this table, m is the mass of the samplesoiHnm is the
with standard borax. molar enthalpy of solution of solutdables 3 and 4jive

An RD496-1ll microcalorimeter(made in the Southwest the thermochemical cycles for the derivation of the stan-
Institute of Electronic Engineering, PR China) was used. The dard molar enthalpies of formation of LiB@H,0(n = 2
sensitivity of the instrument was measured through electrical and 8). The molar enthalpies of solution ogB{3(s) of
calibration and the accuracy and precision were determined21.83+0.08 kJ mot ! in approximately 1 mol dm? HCI(aq)
by chemical calibration. The temperature of the calorimet- and of LiCl-H,O (s) of —14.36+ 0.11 kJ mof* in the mix-
ric experiments was 298.150.05 K. The experimental data  ture of HCl and HBO3 were taken from our previous works
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Fig. 2. Raman spectra of hydrated lithium monoborates (A) Li28,0, (B) LiBO,-8H,0.
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Table 2
The molar enthalpies of solutiofsoHy, of hydrated lithium monoborates
in approximately 1 moldm? HCl(aq) atT = 298.15 K&

No m (mg) AsoiHm (kJ mol1)
LiBO2-2H,0(s)

1 4.00 —8.16

2 4.03 —8.18

3 4.05 —8.07

4 4.04 —8.19

5 4.06 —8.22

Mean —-8.16+ 0.11
LiBO,-8H,0(s)

1 6.17 46.32

2 6.15 46.23

3 6.13 46.44

4 6.16 46.41

5 6.19 46.39

Mean 43.36+ 0.16

a |n each experiment, 2.00 énof HCl(aq) was used.

separately4,5].The standard molar enthalpies of formation
of H2O(l) and HBO3(s) were taken from the CODATA
Key Values[14], namely—285.830+ 0.04 and—10948 +

0.8 kJmol L, respectively. The standard molar enthalpy of
formation of LiCl-H,O(s) of —71258+ 0.36 kJ mol ! was
taken from NBS tablefl 5], and that of dilution of HCl(aq)

at a given concentration was also calculated from the NBS
tables[15]. Therefore, the standard molar enthalpies of for-

mation of LiBO,-2H,0 and LiBG-8H,O(s) could be cal-
culated and the results are —1627:4®.90 kJmol ! and
—3397.00+ 0.94 kJ motL, respectively. Applying a group

Table 3
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contribution method developed by [16] for the calcula-
tion of thermodynamic properties of hydrated borates, the
AsHY and AtGY, of a hydrated borate should be the sum
of the contributions of the corresponding cation in aqueous
solution, of the polyborate anion and of liquid water, and
could be expressed tBgs. (2) and (3):

AfHQ(LIBO; - nH20) = AfHO(Li, ag)

+AfHO{[B(OH)4] "} + (n — 2) At HO(H20, 1) (2
AsGO(LIBO; - nH20) = AfGY (Lit, ag)
+A;G{[B(OH)4] 7} + (n — 2 A1 G, (H20.1) (3)

wheren = 2 and 8.

we calculatedA HY, of LiBO2-2H,0 and LiBQ,-8H,0
to be —1623.94 and —3366.46 kJmot!, respectively.
These values agree with the experimental results. The rel-
ative errors are 0.21 and 0.90%, respectively. 'Eheﬁ%
of LiBO2-2H,O and LiBG-8H,O have also been cal-
culated to be—1453.17 and—2876.85kJmot!, respec-
tively. By using experimental standard molar enthalpies
of formation of LiBG;-2H,0 and LiBG-8H,0, the stan-
dard molar entropies of formation of LiB&@H,O(s) and
LiBO2-8H,0O(s) have been calculated as584.57 and
—1744.59 J K1 mol~1, according to the following equation:

(AtHY — AfGY)
- 4)

Otherwise, the standard molar entropies of LiBZMH,O(s)
and LiBO,-8H,0(s) have been calculated to be 121.68 and

Ang1 =

Thermochemical cycles and results for the derivatiomoHr% (LiBO2:2H,0, T = 298.15K)

Reaction ArHm (kJmol 1)
1. LiBO2-2H,0(s) + 41.86(HCI-54.530H0) = Li*(aq) + CI-(aq) + H3BOs(aq) + 40.86(HCI-55.889H0) ~8.16+ 0.11
2. HyBOs(aq) + 40.86(HCI-55.864H0) — H3BOs(S) + 40.86(HCI-55.864H0) ~21.83+ 0.08
3. Li*(aq) + CI(aq) + H3BOs(ag) + 40.86(HCI-55.889H0) = LiCl-H,0(s) + H3BOs(aq) + 40.86(HCI-55.864H0) 14.36+ 0.11
4. 41.86(HCI-55.864b0) = 41.86(HCI-54.530H0) + 55.841H0(l) 1.14+ 0.04
5. (1/2)Mb(g) + (1/2)Ch(g) + 55.86450(l) = (HCI-55.864H0) ~165.43+ 0.08
6. LiCI-Ho0(s) = Li(s) + (1/2)Ch(g) + H2(g) + (1/2)0x(q) 712.58+ 0.36
7. H3BO3(S) = B(S) + (3/2)Hx(0) + (3/2)02(0) 1094.80+ 0.80
8. LiBO,-2H,0(s) = Li(s) + B(s) + 2Ha(g) + 20,(q) 1627.46+ 0.90

Table 4

Thermochemical cycles and results for the derivatiomet? (LiBO2-8H,0, T = 298.15K)

Reaction ArHm (kImol 1)
1. LiBO,-8H,0(s) + 63.033(HCI-54.530K00) = Li*(aqg) + Cl~(aq) + H3BOz(aq) + 62.033(HCI-55.52210) 46.36+ 0.16
2. HsBOs(aq) + 62.033(HCI-55.506b0) = H3BO3(s) + 62.033(HCI-55.506K0) —21.83+ 0.08
3. Lit(aq) + Cl~(aq) + H3BOs(aq) + 62.033(HCI-55.522p0) = LiCl-H,0(s) + H3BO3(aq) + 62.033(HCI-55.506K00) 14.36+ 0.11
4. 63.033(HCI-55.5060) = 63.033(HCI-54.530K0) + 61.520H0(l) 1.18+ 0.04
5. (1/2)Hb(g) + (1/2)Ch(g) + 55.506H0() = (HCI-55.506H0) —165.43+ 0.08
6. LIiCI-H,0(s) = Li(s) + (1/2)Ch(g) + H2(g) + (1/2)0x(q) 712.58+ 0.36
7. H3BO3(s) = B(s) + (3/2)Hx(g) + (3/2)0(9) 1094.80+ 0.80
8. 6H0O(l) = 6Hz(g) + 302(9) 1714.98+ 0.24
9. LiBO,-8H,0(s) = Li(s) + B(s) + 8Ha(g) + 50x(g) 3397.00+ 0.94
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360.21 JK I mol~1, respectively, according to reaction (8)
in Table 3and (9) in Table 4. The standard molar en-
tropies of the elements were taken from CODATA Key Val-
ues as 29.12, 5.90, 130.571, and 205.043 3ol for
Li(s),B(s), Hx(g), and Q(qg), respectively.
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