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bstract

Hydrated strontium borate, SrB O ·3H O, has been synthesized and characterized by XRD, FT-IR, DTA-TG and chemical analysis. The molar
4 7 2

nthalpy of solution of SrB4O7·3H2O in 1 mol dm−3 HCl(aq) was measured to be (21.15 ± 0.29) kJ mol−1. With incorporation of the previously
etermined enthalpies of solution of Sr(OH)2·8H2O(s) in [HCl(aq) + H3BO3(aq)] and H3BO3 in HCl(aq), and the enthalpies of formation of H2O(l),
r(OH)2·8H2O(s) and H3BO3(s), the enthalpy of formation of SrB4O7·3H2O was found to be −(4286.7 ± 3.3) kJ mol−1.
2008 Elsevier B.V. All rights reserved.
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. Introduction

We have determined the enthalpies of formation
f strontium borates SrB2O4·4H2O, SrB2O4, and
2Sr[B4O5(OH)4]2·10H2O by solution calorimetry [1,2].
s part of the continuing study of the thermochemistry of

he strontium borates, this paper reports the synthesis and
etermination of the enthalpy of formation of a new hydrated
trontium borate SrB4O7·3H2O, which is the precursor of the
uminescent material SrB4O7 [3].

. Experimental

.1. Synthesis and characterization of SrB4O7·3H2O

All reagents used in the synthesis were of analytic
rade (made in Xi’an Chemical Factory, China). 0.54 g of
r(OH)2·8H2O (98.0%), 0.62 g of H3BO3 (99.5%) and 30 ml
f H2O were put into a small autoclave (40 ml), and placed
n an oven at 373 K. The autoclave was cooled naturally and
pened after 7 days. The solid phase was separated, washed

horoughly with hot distilled water, and then with alcohol and
ther. Finally, the solid phase was dried at room temperature
o constant mass. The synthetic sample was characterized by
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-ray powder diffraction (Rigaku D/MAX-IIIC with Cu target
t 8◦ min−1), FT-IR spectroscopy (Nicolet NEXUS 670 FT-IR
pectrometer with KBr pellets at room temperature), and TG-
TA (TA-SDT Q600 simultaneous thermal analyzer at a heating

ate of 10 K min−1 in flowing N2). The chemical composition
f the sample was determined by EDTA titration for Sr2+, by
aOH standard solution in the presence of mannitol for B2O3,

nd by difference for H2O.

.2. Calorimetric experiment

Thermochemical reaction designed for the derivation of
rH

◦
m of SrB4O7·3H2O is

Sr(OH)2·8H2O(s) + 4H3BO3(s)

= SrB4O7·3H2O(s) + 12H2O(l) (I)

The 1 mol dm−3 HCl(aq) solvent rapidly dissolves all com-
onents of reaction (I).

The designed thermochemical cycle is given in Table 1.
he molar enthalpies of solution of H3BO3(s) in 1 mol dm−3

Cl(aq), Sr(OH)2·8H2O(s) in (hydrochloric acid + boric acid)
queous solution which consisted of 1 mol dm−3 HCl(aq) and
he calculated amount of H3BO3(s), and the SrB4O7·3H2O(s)

n 1 mol dm−3 HCl(aq) were measured, namely �rH

◦
m (1),

rH
◦
m (2), �rH

◦
m (4), respectively. In all these determinations,

trict control of the stoichiometries in each step of the calori-
etric cycle must be maintained, with the objective that the
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Table 1
Thermochemical cycle and results for the derivation of �fH

◦
m (SrB4O7·3H2O, 298.15 K)a

No. Reaction �rH
◦ (kJ mol−1) References

1 4H3BO3(s) + 107.924(HCl·54.506H2O) = 4H3BO3(aq) + 107.924(HCl·54.506H2O) 87.32 ± 0.32 [5]
2 Sr(OH)2·8H2O(s) + 4H3BO3(aq) + 107.924(HCl·54.506H2O) = SrCl2(aq) + 4H3BO3(aq) + 105.924(HCl·55.629H2O) −51.69 ± 0.15 [1]
3 107.924(HCl·54.506H2O) + 12H2O(l) = 107.924(HCl·54.617H2O) −0.24 ± 0.01 [6]
4 SrB4O7·3H2O(s) + 107.924(HCl·54.617H2O) = SrCl2(aq) + 4H3BO3(aq) + 105.924(HCl·55.629H2O) 21.15 ± 0.29 This work
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Sr(OH)2·8H2O(s) + 4H3BO3(s) = SrB4O7·3H2O(s) + 12H2O(l)

a �fH
◦
m (SrB4O7 · 3H2O, s) = �rH

◦
m (5) + �fH

◦
m (Sr(OH)2 · 8H2O, s) + 4�

b Uncertainty of the combined reaction is estimated as the square root of the

issolution of the reactants gives the same composition as those
f the products. Applying Hess’s law, the enthalpy of reaction
5) (�rH

◦
m (5)) can be calculated according to the following

xpression:

rH
◦
m (5) = �rH

◦
m (1) + �rH

◦
m (2) − �rH

◦
m (3) − �rH

◦
m (4)

here �rH
◦
m (3) is the enthalpy of dilution of HCl(aq).

The enthalpy of formation of SrB4O7·3H2O can be obtained
rom the value of �rH

◦
m (5) in combination with the molar

nthalpies of formation of H3BO3(s), Sr(OH)2·8H2O(s), and
2O(l).
The RD496-III heat conduction calorimeter (Southwest Insti-

ute of Electron Engineering, China) used was described in
etail previously [4]. Calorimetric experiment was performed
ve times at 298.15 K as previously described [1].

. Results and discussion

.1. Characterization of the synthetic sample

The chemical analytical data of SrB4O7·3H2O are
calcd/found, %), SrO (34.90/34.98), B2O3 (46.90/46.67), H2O
18.20/18.35).

The XRD pattern of synthetic sample is given in
ig. S1 in Supplementary data files. The characteristic d val-
es are 0.7029, 0.6622, 0.6243, 0.5152, 0.4771, 0.4548, 0.3940,
.3877, 0.3604, 0.3550, 0.3485, 0.3173, 0.3112, 0.3050, 0.2897,
.2962, 0.2897, 0.2845, 0.2702, 0.2624, 0.2569, 0.2508, 0.2481,
.2390, 0.2324, 0.2265, 0.2212, 0.2148, 0.2125, 0.2105, 0.2077,
.2055, 0.2032, 0.1989, 0.1949, 0.1933 and 0.1899 nm. No
eaks from H3BO3 or Sr(OH)2·8H2O were observed.

FT-IR spectrum is given in Fig. S2 in Supplemen-

ary data files.

The simultaneous TG-DTA curves of synthetic sample
Fig. S3 in Supplementary data files) indicate that the total
ass loss is 18.48% from 303 to 1273 K, which corresponds

[

[

14.72 ± 0.46

(H3BO3, s) − 12�fH
◦
m (H2O, l).

f the squares of uncertainty of each individual reaction.

o the loss of 3 water molecules with the calculated value of
8.20%.

.2. Results of calorimetric experiment

The enthalpy of solution of SrB4O7·3H2O in HCl(aq) at
98.15 K is (21.15 ± 0.29) kJ mol−1 where the uncertainty is
stimated as twice the standard deviation of the mean with n = 5.

Table 1 gives the thermochemical cycles used for the
erivation of the standard molar enthalpy of formation of
rB4O7·3H2O. The enthalpy of formation of Sr(OH)2·8H2O(s)
f −3352.2 kJ mol−1 was taken from the NBS tables [6]. The
nthalpies of formation of H3BO3(s) and H2O(l) were taken
rom the CODATA Key Values [7], namely −(1094.8 ± 0.8) and
(285.830 ± 0.040) kJ mol−1, respectively. From these data, the

tandard molar enthalpy of formation of SrB4O7·3H2O was cal-
ulated to be −(4286.7 ± 3.3) kJ mol−1.

ppendix A. Supplementary data

Supplementary data associated with this article can be found,
n the online version, at doi:10.1016/j.tca.2008.02.014.
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