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Synthesis
1.5H,0

Characterization and Thermochemistry of 2Mg(O B,0O3
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A new magnesium borate 2Mg(OQ B,0Oz 1.5H,0 has been syn-
thesized by the method of phase transformation of double salt
under hydrothermal condition and characterized by XRD IR
Raman spectra and TG. The enthalpy of solution of 2MgO:
B,0; 1.5H,0 in 2.9842 mol L-! HCI was determined. From
a combination of this result with measured enthalpies of solu-
tion of H;BO; in 2.9842 mol L-! HCl aq. and of MgO in

HCI + H3BO3 solution together with the standard molar en-
thalpies of formation of MgO s H3;BO3; s and H;O 1 the
standard molar enthalpy of formation of — 3019.76 +1.79
kJ mol~! of 2MgO B,0; 1.5H,0 was obtained.
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Introduction

2Mg0 B2 03 Mgz Bz 05 and 2Mg0 B2 03' HzO
might be prepared as whisker materials.! 2MgO- B, O3
H,0 named szaibelyite is a magnesium borate mineral with
a structural formula of Mg, B,04 OH , .21t is difficult to
synthesize this compound in the laboratory. Recently we
obtained a similar compound 2MgQ B,0z 1.5H,0 when
we tried to prepare whisker of 2MgO- B,0z H,0 by the
phase transformation of 2Mg0O- 2B,03 MgCly 14H,0 in
H3BOj3 solution under hydrothermal condition. It is hope-
ful to prepare whisker of 2MgO B,0j3 through the dehydra-
tion of 2MgQ B,03 1.5H,0. In this paper the synthetic
method and the standard molar enthalpy of formation of

2MgO B,03 1.5H,0 are reported.
Experimental

Reagents and instruments

and HCI were of analytical grade and KCIl was spectral

purity. X-ray powder diffraction meter Rigaku D/MAX-
[IIC  FT-IR spectrometer Bruker Equinox 55 with KBr
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pellet  Dispersive Ramanmeter Nicolet Almega  ther-
mograph analyzer Perkin-Elmer TGA7 at a heating rate
of 10 C/min in flowing N,  Abbe refractometer 2WA-
J Shanghai China and heat conduction microcalorime-
ter  RD496-[ll Southwest Institute of Electron Engineer-
ing China were used.

Synthests of 2MgO B,03 1.5H,0

1.86 g of 2MgO 2B,05 MgCly; 14H,0 synthesized
by the modified method in literature’>  1.85 g of H3BO;
and 20 mL of H,O were put in the lining of a small auto-
clave then placed in an oven at 140 C. After 3 d the
solid phase was separated and washed thoroughly first
with hot distilled water then with alcohol and ether. Fi-
nally the obtained solid was dried at 80 °C to constant
mass and characterized by X-ray powder diffraction FT-
IR spectroscopy Raman spectroscopy and TG. The chem-
ical composition of the synthetic sample was determined by
EDTA titration for Mg?>* by standard NaOH solution in
the presence of mannitol for B,O; and by difference for

H,0.
Method of calorimetric experiment

2MgO B,03 1.5H,0 can be regarded as the product
of the following reaction 5  and the thermochemical cy-
cle was designed as Fig. 1.

2MgO B0z 1.5H,0 is difficult to dissolve in HCI
aq. so the enthalpies of solution of 2Mg0O- B, Os
1.5H,0 of H3BO3in 2.9842 mot L='HCI aq. and of
the calculated amount of MgO in aqueous hydrochloric
acid + boric acid which was consisted of 2.9842 mol-
L='HCl aq. and the calculated amount of H3BO; were
determined. The two solutions after reactions 2 and 3
had the same value of refraction index n* of 1.3555 in-
dicating that their thermodynamic states were the same
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Fig. 1 Schematic drawing of the thermochemical cycle.

and the designed thermochemical cycle was correct. The
standard molar enthalpy of formation of 2MgO- B, Oj3-
1.5H,0 could be obtained by solution calorimetry as stat-
ed above in combination with the standard molar en-
thalpies of formation of MgO s  H3BO3; s and H,O 1 .
The HCI solvent was prepared from analytical grade hy-
drochloric acid and deionized water and its concentra-
tion 2.9842 mol L~' was determined by titration with
standard sodium carbonate whose density 1.053 g-
em 3 was taken from Soviet Chemical Handbook .

The RD496-1ll heat conduction microcalorimeter was
used and described in detail previously.* The temperature
of the calorimetric experiment was 298.15 K. Additional
double-layer glass tubes were put in the 15 mL stainless
steel sample cell and reference cell of the calorimeter.
The device of double-layer glass tubes used for calorimetry
was referred to the method of literature . This was done to
prevent corrosion of the stainless steel sample and refer-
ence cell by HCl aq. . The lining in the double-layer
glass tube containing HCl aq. was broken by a rod after
thermal equilibrium for at least 2 h and the HCl aq.
was mixed with solid sample in the outer glass tube then
the heat effect was recorded automatically on a computer.
Total time required for the complete reaction was about
0.5 h for H3BO3 s and MgO s 1 h for 2MgO B,03
1.5H,0. There were no solid residues observed after the
reactions in each calorimetric experiment ended .

To check the performance of RD496-[[[ heat conduc-
tion microcalorimeter calorimetric measurements on the
enthalpy of solution of KCI in deionized water were made.
The experimental mean value 17.23+0.04 k} mol~'of
A HSS is in excellent agreement with that of 17.234 k}
mol ~ ! reported in the literature.” This shows that the de-
vice for measuring the enthalpy of solution used in this
work is reliable.

Results and discussion

Characterization of synthetic sample

Anal. caled for 2MgO B,03 1.5H,0 MgO 45.48
B,03; 39.28 H, 0 15.24 found MgO 45.54 B, 0;
39.30 H,0 15.16 molar ratio of MgO : B,03:H,0 is
2.00:1.00:1.49. TG curve Fig. 2 indicates that the

total mass loss is 14.87% in the range of 191—608—785
°C  which corresponds to the loss of 1.5 water molecule
and can be compared with calculated value of 15.24% .
XRD spectrum of synthetic sample has the following char-
acteristic d nm values 0.6412 0.6285 0.6095

0.5242 0.3024 0.2988 0.2709 0.2684 0.2668

0.2653 0.2617 0.2590 0.2534 0.2510 0.2435

0.2320 0.2311 0.2220 0.2094 0.2001 0.1990

0.1980 0.1550 0.1542. FT-IR spectrum Fig. 3 of
synthetic sample exhibits the following absorptions and
they are assigned referring to literature.® The bands at
3562 and 3436 cm~! are the stretching of O—H. The
band at 1636 cm ™! is assigned to the H—O—H bending
mode which shows that the compound contains the crystal
water. The bands at 1461 1387 cm~'and 1013 981

923 c¢m ™ 'might be the asymmetric and symmetric stretch-
ing of B 3 —O respectively. The band at 1224 cm~!is
the in-plane bending of B—O—H. The strong bands at
627 710 cm ™! are the out-of-plane bending of B 3 —O.
The weak band at 836 ¢cm ™! might be the characteristic
peak of B,04 OH , *~ which also appears in that of
Mg, B,04; OH , .° The weak band at 562 ¢cm ™ !is the in-
plane bending of B 3 —O. In Raman spectrum the
weak band at 617 ¢cm~! is the out-of-plane bending of
B 3 —O. The strong band at 833 ¢cm~' might be the
characteristic peak of B, O; OH , *~  which also
appears in that of Mg, B,04 OH , .2 The band at 1606

% =285.13
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Fig. 2 TG curve of synthetic sample.
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Fig. 3 FT-IR spectrum of synthetic sample.

em ™! is the H—O—H bending mode. The bands at 2519
and 3560 cm ™! are the stretching of O—H. The results of
chemical analysis and TG indicates that the synthetic sam-
ple is pure 2MgQ B,03 1.5H,0 and is suitable for the
following calorimetric experiments.

Results of calorimetric experiment

The results of the calorimetric measurements are giv-
en in Table 1 to Table 3 in which m is the mass of sam-
ple A, HS is the molar enthalpy of solution of solute
and the uncertainty is estimated as twice the standard de-
viation of the mean.

Table 1 Molar enthalpies of solution of H;BO3 s in 2.9842 mol

Table 2 Molar enthalpies of solution of MgO s in HCI + H3BO;
solution at 298.15 K

No. m mg nucl mol 0 mol A HS kJF mol !
1 1.40 5.9684x 1073 0.1049 -148.19

2 1.49  5.9684x 103 0.1049 - 148.44

3 1.47 5.9684x 1073 0.1049 - 148.71

4 1.46 5.9684x 1073 0.1049 - 148.52

5 1.44  5.9684x 1073 0.1049 - 148.64

Mean - 148.50+0.18°

¢ In each experiment 2.00 mL of HCI aq. was used. ® Uncertain-

ty was estimated as twice the standard deviation of the mean.

Table 3 Molar enthalpies of solution of 2MgO B,03 1.5H,0 in
2.9842 mot L' HCI at 298.15K¢

L-!'HCI at 298.15 K* No. m mg nycl mol H,0 mol Ay HS kF mol~!
No. m mg npc mol 10 mol A HO k} mol~! 1 0.98 5.9684x 103 0.1049 -196.12
| 591 59684x10 01049 560 2 1.03  5.9684x 103 0.1049 - 196.06
2 6.26 5.9684x10->  0.1049 2 81 3 1.05 5.9684x10°%  0.1049 ~195.93
3 614 5.0684x10-3  0.1049 » 73 4 1.04 5.9684x10°3  0.1049 ~195.84
4 6.15 5.9684x10-7  0.1049 » 3 5 1.08 5.9684x107%  0.1049 - 196.41
5 6.17 5.9684x103  0.1049 22.53 Mean = 196.07 +0.20"
Mean 22 600 17" “In each experiment 2.00 mL of HCl aq. was used.  Uncertain-

“ In each experiment 2.00 mL of HCl aq. was used. ® Uncertain-
ty was estimated as twice the standard deviation of the mean.

ty was estimated as twice the standard deviation of the mean.

Table 4 Thermochemical cycle and results for the derivation of A{HY 2MgO B,03 1.5H,0 298.15 K

No. Reaction AHS kF mol~!

1 2H;BO3; s + 1057.664 HCF 17.576H,0 =2H;3;B0; aq. + 1057.664 HCE 17.576H,0 45.20+0.34
2MgO s +2H;BO; aq. +1057.664 HCH 17.576H,0 =

2 , B -297.00+0.36
IM@* aq. +4Cl- aq. +2H;BO; aq. +1053.664 HCH 17.645H,0

2+ - p -

; Mg+ aq. +4Cl- aq. +2H;BO; aq. +1053.664 HCH 17.645H,0 = 196.075.0.20
Mg,B,0s 1.5H,0 s +1057.664 HCt 17.577H,0

4 1057.664 HC}F 17.577H,0 =1057.664 HC} 17.576H,0 +1.5H,0 1 0.03+0.01

5 2MgO s +2H3BO; s =MgB,0s 1.5H,0 s +1.5H,0 1 -55.70+£0.53
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Table 4 gives the thermochemical cycle for the deriva-
tion of the standard molar enthalpy of formation of 2MgO
B,03 1.5H,0. The standard molar enthalpies of formation
of HLO I  MgO s and H3BO; s are taken from the
CODATA key values ' namely — 285.830+0.040 k}
mol ™! - 601.60+0.30 k} mol ™! 1094.8 =
0.8 kJ- mol™' respectively. The enthalpy of dilution
HCIl aq. is calculated from the NBS tables.!! From these
data the standard molar enthalpy of formation of 2MgO
B,03 1.5H,0 is calculated to be - 3019.76 = 1.79
kF mol ~ .

and -
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