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Abstract

The enthalpy of dissolution of magnesium oxysulfate compound 2Md&gD-3H,0 in approximately 1 mol dm? aqueous hydrochloric
acid was determined. From this result and the enthalpies of dissolution of Mg3® and MgO in the same solvent and the standard
molar enthalpies of formation of MgO(s), Mge®@H,O(s) and HO(l), the standard molar enthalpy of formation of 2MgS@g0O-3H,0
(—4132.07+ 0.57 kI mot!) was calculated. The standard molar entropy of formation of 2Mg8§0-3H,0 was calculated from the
thermodynamic relation with the standard molar Gibbs free energy of formation of 2MM80-3H,0 that was computed from a group
contribution methods.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction reported. In this paper, the standard molar enthalpies of for-
mation of 2MgSQ-MgO-3H,0 is determined by solution

Magnesium hydroxide sulfate hydrate (2Mg&xMg calorimetry.

(OH)2-(2—2x)H0O, x = 0.5-1.0) was discovered by Bischoff

and Seyfried[1] in their studies on the hydrothermal

chemistry of sea water at elevated temperatures and2. Experimental

pressures. Recently some new members in this series

of compounds, for example Mg3GMgO-8H0 [2], 2MgSQ;-MgO-3H,0 sample was prepared in labora-

MgSQy-1/3Mg(OH)-1/3H;0[3] and 2MgSQ-Mg(OH)2 tory according to method given in the literatuj@]. All

[4], were prepared by hydrothermal reaction. These mag- the reagents used in synthesis were of analytical grade

nesium oxysulfate compounds have useful properties, for (Xjan Chemical Factory, PR China). NaOH (3g) solu-

example, MgSQSMgOBFbO is a kind of material which tion (10 mol L_l) was dropped into 20g Mgsg)soh_]-

can be used for reinforced and fire-proof substances intion(3.2 molL1) to form a slurry solution without stirring.

the polymer productions. The main studies about these The mixture was sealed in a 90 chstainless steel autoclave

magnesium oxysulfate compounds have concentrated onand heated at 168 2°C for 21days, then quenched the auto-

their structure and thermal decomposition behajbef]. clave to room temperature, the solid phase was separated and
Thermodynamic properties play very important roles in ashed with distilled water, alcohol and ether, respectively. It

scientific researches and industrial applications. In our previ- was finally dried at room temperature to constant weight. The

ous pape(8], the standard molar enthalpies of formation of product was analyzed according to the methods outline in the

MgSQ4-5MgO-7H,0 and MgSQ-5MgO-8H,0O have been |iterature as follows: magnesium content was determined by

titration with a standard solution of EDTA, sulphate content

* Corresponding author. Tel. +86 2150554773; fax: +86 2159552530, Was determined by a gravimetric method by usingBto
E-mail addressyuet2002cn@yahoo.com.cn (Y. Tao). precipitate BaS@and HO content was calculated by dif-
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Fig. 1. The XRD pattern of 2MgS£HMgO-3H,0.

ference. The powder X-ray diffraction data (Fig. 1) of the spectrometer using KBr pellets. The composition of samples
synthesized sample were obtained by using Rigaku D/MAX- is given inTable 1. It is shown the compound that was ob-
Il with Cu Ka radiation (A= 1.5418&). Thermogravimetric tained is a pure one of general formula 2Mg3@g0O-3H,O
analysis (TGA) and DSC were conducted on a NETZSCH- and itis suitable for calorimetric measurements. The impurity
Geratebau STA 449c, current obNvith a heating rate of  corrections were unnecessary.

10°C min~L. FT-IR spectrum (Fig. 2) was recorded within High-purity MgSQ;-7H20 (mass fraction > 0.9999, made
the 4000-400 cmt region on a Nicolet NEXUS 670 FT-IR  in the PR China) was used without further purification. An-

% Transmittance

4000 3000 2000 1000
Wavenumbers (cm-1)

Fig. 2. The FT-IR spectrum of 2MgS@MgO-3H,0.
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Table 1 Table 3
The chemical composition of magnesium oxysulfate compound Enthalpies of solutionAgissHS of MgSQs-7H,O in approximately
(2MgSQy-MgO-3H,0, mass fraction) 1 mol dn3 aqueous hydrochloric acid solutiont 298.15 K
MgSQOy MgO H,0? No. m/mg AdissHS (kJ molt)
Analytical 0.2678 0.1195 0.1070 1 2.72 36.30
Theoretical 0.2686 0.1203 0.1074 2 2.73 35.93
a Calculated by difference. 3 2.74 36.04
4 2.76 36.15
5 2.80 36.37
alytical grade HCI and distilled water were used for prepa- Mean = 36.16+ 0.36

ration of the calorimetric solvent and its concentration was in each experiment 2.00 crd of HCI(aq) was used.
determined by titration with standard sodium carbonate.
Thermochemical reaction used for obtainingH,, of

2MgSQy-MgO-3H,0 is as follows: the average experimental result of 17:240.06 kJ mot?
agrees very well with the recommended value of 17.241
2MgSQ, - MgO - 3H,0(s)+ 2HCI(aq) 0.081kJ moTl[lo].
= 2MgSQy(aq)+ MgCly(aq)+ 4H,O(l) (1) Tables 3 and 4jive the results of the calorimetric experi-

ment. In these tablemis the mass of the sampl&issH,) is
the molar enthalpy of dissolution of the referring compound,

The standard molar enthalpy of 2Mg$®IgO-3H,0 and the uncertainty are twice the deviation of the means of
could be obtained by solution calorimetry in combination fjye replicate measuremerfiable 5gives the thermochemi-
with the standard molar enthalpies of formation of MgO(s), cal cycle for the derivation of the standard molar enthalpy of
MgSQy-7H20(s) and HO(l). A RD496-III precision mi-  formation of 2MgSQ-MgO-3H,0. The molar enthalpies of
crocalorimeter was used. An additional glass reaction cell gissolution 0fMgSQ-7H,0(s) 0f—36.16+ 0.16 kd motin
which was putin the stainless steel cell of the microcalorime- approximately 1 mol dm3 HCI(aq), and MgO(s) of-149.78
ter was used due to the corrosion of the stainless steel cell byt .32 kI mot?in approximately 1 mol dm?® HCl(aq) were
the HCI solution. The RD496-I1l precision microcalorime-  taken from literaturg11]. The standard molar enthalpies of
ter was calibrated for the Joule effect; the calibration was fgormation of HO(l), MgO(s), MgSQ-7H,0(s) were taken
repeated after each experiment, and the average calibratiofrom the CODATA Key Valueg12], namely —285.83 +
constant was used. The glass tube containing the sampley 04, —597.984+ 0.32 and—3388.71+ 0.04 kJ mot?, re-
in the reaction cell was broken by a glass rod after ther- gpectively. The enthalpies of dilution of HCI(aq) were calcu-
mal equilibration for at least 2h, and thermal effect was |ated from the NBS tablfL3]. Therefore, the standard molar
recorded. Total time required for the complete reaction was enthalpy of formation of 2MgS®MgO-3H,0 could be cal-
about 1h, depending on the samples. There was no solidcylated and resultis4132.07+ 0.47 kJ mot . Applying the
residue observed after reaction in any of the calorimetric group contribution method developed by A.T.M.G. Mostafa
experiments. et al.[14] for the calculation of thermodynamic properties of

salts, we calculateds H2 of the 2MgSQ-MgO-3H,O to be

—4078.868 kJ moit. This value agrees with our experimen-
3. Results and discussion tal result. The relative error is 1.29%. Because of no avail-

able experimental data an; G2, of 2MgSQy-MgO-3H;0,

To check the performance of the RD496-l precision mi- we used the group contribution method to Ca|cuM§?ﬂ to
crocalorimeter, calorimetric measurements of the enthalpy he —3656.824 kJ mofF. Combining the standard molar en-
of dissolution of standard KCl was made, and the results thalpy of 2MgSQ-MgO-3H,0, the standard molar entropy
are listed inTable 2. FromTable 2, it can be seen that of formation has been calculated -a.593.98 J K1 mol—1

Table 2 Table 4
Enthalpies of dissolutiomgissH,, in water, of KCI at 298.15R Enthalpies of solutiom gissHS of 2MgSQy-MgO-3H,0 in approximately
No. m/mg AdissH® (kJ mol2) 1 mol dn3 aqueous hydrochloric acid solutionBE 298.15 K
1 801 1723 No. m/mg AdissHS (kJmol?1)
2 12.02 17.29 1 3.97 —176.53
3 13.32 17.25 2 3.98 —176.45
4 15.00 17.21 3 3.95 —176.39
5 15.02 17.24 4 4.02 —176.38
5 3.96 —176.43

Mean AgissHC = 17.24+ 0.08

a |n each experiment 8.00 ctA of water was used. Mean =—176.44:+ 0.12

b Uncertainty is twice the standard deviation of the mean. In each experiment 2.00 cr of HCI(aq) was used.
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Table 5

Thermochemical cycle for the derivation afjissHy, of 2MgSQi-MgO-3H,0

Reaction AdissHS (kJ mol1)2

1. 2MgSQ-MgO-3H,0(s) + 2HCI-55.829H0 — 3Mg?t(aq) + 2SQ? (aq) + 2CI (aq) —176.444+0.12
+ 4{H20}insol + 111.658H0

2. 2M¢t(aq) + 2SQ* (agq) + 2Cr(ag) + 14{HO}nso + 111.658HO — —72.32+0.32
2MgSQy-7H,0(s) + 2 HCI-55.829H0

3. Mg?*(aq) + 2Cr (aq) +{H20}nsol + 111.658H0 — MgO(s) + 2HCI-55.829H0 149.784+ 0.32

4, 2MgSQ-7H,0(s) — 2Mg(s) + 2S(s) + 11e(g) + 14Hx(g) 6777.42+0.04

5. MgO(s)— Mg(s) + 1/2Q(g) 597.984+ 0.32

6. 2HCI-55.829H0 + 11H,0(l) —2CI~ (aqg) + 11{HO}insol + 111.658HO —-0.22+0.01

7.11/2Q(g) + 11H:(g) — 11H,0(1) —3144.13+£ 0.04

8. 2MgSQ-MgO-3H,0(s)— 3Mg(s) + 2S(s) + 6@(g) + 3Hx(g) 4132.07+ 0.47

2 Reactions 1, 2, 3 and 6 are enthalpies of dissolution; reactions 4, 5, 7 and 8 are enthalpies of formation.

according to the following equation: [3] D.K. Keith, H.W.S. Bernard, Acta. Cryst. B37 (1981) 1003.
AcH® — A:GO [4] M.E. Fleet, S.W. Knipe, Acta. Cryst. B B53 (1997) 358.
AfSo — 2y — 2tbm [5] M.F. Hochella Jr, K.D. Keofer, M.F. Jong, Geochim. Cosmochim.
m T Acta. 47 (1983) 2053.
Finally, the standard molar entropy of 2Mg$O [6] V.P. Danilqv, I.N. Lepeshkov, S.D. Litvinov, O.N. Krasnobaeva, Zh.
) . 300l 1 Neorg. Khim. 25 _(1980) 1432. .
MgO-3H,0 has been calculated to be 191.953. [7] P.H. Ma, Z.Q. Wei, G. Xu, J.Q. Bao, X.M. Wen, J. Mater. Sci. Lett.
according to reaction (8) ifable 5. The standard molar 19 (2000) 257.
entropies of the elements were taken from CODATA. Key [8] T. Yue, L.X. Zhu, Z.H. Liu, S.Y. Gao, S.P. Xia, Thermochim. Acta.
Values as 32.68, 31.80, 205.43 and 130.571 9ol for 402 (2003) 237.

[9] T. Yue, S.Y. Gao, L.X. Zhu, S.P. Xia, K.B. Yu, J. Mol. Struct. 616
(2002) 247.

[10] M.V. Kilday, J. Res. Natl. Bur. Stds. 85 (1994) 467.

[11] H. Shomate, E.H. Huffman, J. Am. Chem. Soc. 65 (1943) 1625.

Mg(s), S(s), @(g) and H(g), respectively.
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