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Abstract

The enthalpies of solution of magnesium oxysulfate compounds M@M@O-7HO and MgSQ-5Mg0-8H,0 in ap-
proximately 1 mol dm® aqueous hydrochloric acid were determined. From these results and the enthalpies of solution of
MgSQy-7H,0 and MgO in HCl(aq) respectively, the standard molar enthalpies of formatie6#96.00+ 0.73) kJ mot*
for MgSQy-5MgO-7H,0 and—(680017 + 0.55) kJ mott for MgSO,-5MgO-8H,O were obtained by using the standard
molar enthalpies of formation of MgO(s), Mgg@@H,O(s) and HO(l). The standard molar entropies of formation of MgSO
5MgO-7H,0 and MgSQ-5Mg0-8H,0 were calculated from the thermodynamic relation with the standard molar Gibbs free
energy of formation of MgS@5MgO-7H,0 and MgSQ-5Mg0-8H,0 computed from a group contribution methods.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction production. The main studies on these magnesium
oxysulfate compounds were concentrated on their
Magnesium oxysulfate compounds belong to a structure and thermal behavipr—9]. There are no
rather large group of hydrated metal sulfates which reports on the standard molar enthalpies of formation
exhibit retrograde solubility upon cooling. Most of of magnesium oxysulfate compounds in the literature.
them were synthesized in the MgO-Mg&®i,0 Thermodynamic properties play very important
and Mg(OH»-MgSQy—H,0 ternary systeni1-3]. roles in scientific researches and industrial applica-
Recently, some new members in this series of com- tions. In this paper, the standard molar enthalpies
pounds, for example, MgS&MgO-8H,0 [4], Mg- of formation of MgSQ-5MgO-7H0 and MgSQ:-
SO4-(1/3)Mg(OHY-(1/3)H,0 [5] and 2MgSQ-Mg- 5Mg0-8H,0 were determined by solution calorime-
(OH); [6], were obtained by hydrothermal reactions. try.
These magnesium oxysulfate compounds have useful
properties, for example, MgS&MgO-8H0 is a
kind of whisker which can be used for reinforcing
and giving them fireproof properties in the polymers

2. Experimental

MgSOy-5Mg0-8H,0 was prepared at laboratory
"+ Corresponding author. Tekt86-29-5535340; according to me_thod givenin the literatuyrg. A_II the
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grams NaOH solution (10 mott) was dropped into The standard molar enthalpies of formation of
8009 of a MgSQ solution (3.2molt?!) to form a MgSQy-5MgO-7H,0 and MgSQ-5MgO-8H,O could
slurry solution after stirring. The mixture was sealed be obtained from the enthalpies of reaction, (Z%,)

in a 2dn? stainless steel autoclave and heated at and the standard molar enthalpies of formation of
140+ 2°C during 8 h followed by quenching of the MgO(s), MgSQ-7H,O(s) and HO(I). A RD496-IlI
autoclave to room temperature. The solid phase was precision microcalorimeter (made in Southwest Insti-
separated and washed with distilled water, alcohol tute of Electronic Engineering, China) was used. A set
and ether, respectively. Finally, it was dried at room of additional glass reaction cell which was put in the
temperature at constant weight. The compounds werestainless steel cell for the microcalorimeter was used
characterized by chemical analysis, X-ray powder because of the corrosion by HCIl(aq) of the stainless
diffraction, and FT-IR spectrum, and the results were steel cell. The RD496-IIl precision microcalorimeter
in agreement with the literatuf@]. Two and a half was calibrated for the Joule effect; the calibration was
grams of NaOH solution (10 mott) was droped repeated after each experiment, and the average cali-
into 559 of a MgSQ solution (2.5molt?) to form bration constant was used. The glass ampoule in the
a slurry solution after stirring, and the mixture was reaction cell was broken by a glass rod after thermal
sealed in a 90 chstainless steel autoclave and heated equilibrium for at least 2h, and thermal effect was
at 160+ 2°C during 16 h. The preparation and char- recorded. Total time required for the complete reac-
acterization process of MgS@MgO-7H,O were tion was about 1 h, depending on the samples. There
similar to that of MgSQ@-5Mg0O-8H0. The com- was no solid residue observed after reaction in any of
position of the compounds is given ifable 1. The the calorimetric experiments.

compounds are pure and have the general formulas:

MgSQOy-5MgO-7H,O and MgSQ-5MgO-8H0O, and

they are suitable for calorimetric experiments. The 3. Resultsand discussion

impurity corrections were unnecessary.

High-purity MgSQ:-7H,0 (mass fraction >0.9999, To check the performance of the RD496-11l preci-
Xi'an Chemical Factory, PR China) was used without sion microcalorimeter, the enthalpy of solution of KCI
further purification. Analytical grade HCl and distilled  (mass fraction >99.99%) was measured, and the re-
water were used for preparation of the solvent system sults are listed iffable 2, the experimental value of
and its concentration was determined by titration with 17.24+ 0.06 kJmot! is in agreement with that of

standard borax. 17.2414 0.081 kJ mot?, the recommended value in
Thermochemical reaction used for the derivation of the literaturg[10].

A, Hp, of MgSQy-5MgO-7H0 and MgSQ-5MgO- Tables 3-5give the results of the calorimetric ex-

8H,0 was: periment. In these tables)is the mass of the sample,

AsoiHm is the molar enthalpy of solution of solute,
MgSQ, - 5SMgO - nH,O(s)+ 10HCl(aqg)
= MgSQ,(ag) + 5MgClh(ag) + (5+n)H,0 (1)  Table 2
The molar enthalpiesAsoHn of solution of KCI in water at
Table 1 298.15 K
The chemical composition of magnesium oxysulfate compounds

1
(mass fractionw) No. m (mg) AsolHm (kJmol™)
1 8.01 17.23
MgS MgO H,O
955 9 2 2 12.02 17.29
MgSOs-5MgO-7H,0 3 13.32 17.25
Analytical 0.2678 0.4495 0.2827 4 15.00 17.21
Theoretical 0.2686 0.4500 0.2814 5 15.02 17.24
MgSQy-5MgO-8H,0 Mean 17.24+ 0.08
Analytical 0.2589 0.4323 0.3088 a - - — - - .
Theoretical 0.2583 0.4326 0.3091 Determined with a RD496-11I precision microcalorimeter, in

each experiment, 8 chof water was used.
aCalculated by difference. bUncertainty is twice the standard deviation of the mean.
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Table 3

The molar enthalpies of solutiohsoHm of MgSQOy-7H,0 in
approximately 1 moldm?® aqueous hydrochloric acid solution at
T =298.15K
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Table 5

The molar enthalpies of solutioAgoHm of MgS0Oy-5Mg0O-8H,0

in approximately 1 moldm?® aqueous hydrochloric acid solution
at 7 =298.15K

No. m (mg) AsoHm (kJ mol1) No. m (mg) AsoHm (kJ mol1)
1 2.72 36.30 1 4.99 —576.82
2 2.73 35.93 2 5.02 —576.98
3 2.74 36.04 3 4.98 —577.08
4 2.76 36.15 4 4.96 —576.99
5 2.80 36.37 5 4.97 —577.30
Mean 36.16+ 0.38 Mean —(577.03+ 0.39)

aDetermined with a RD496-11I precision microcalorimeter, in
each experiment, 2 chrof HCl(ag) was used.
b Uncertainty is twice the standard deviation of the mean.

Table 4

The molar enthalpies of solutiofseHm of MgSOy-5MgO-7H,0

in approximately 1 moldm?3 aqueous hydrochloric acid solution
at T =298.15K

No. m (mg) AsoiHm (kJ mol1)
1 5.02 —595.04
2 4.98 —595.60
3 4.96 —595.44
4 4.96 —595.47
5 4.96 —595.20
Mean —(595.35+ 0.4%)

aDetermined with a RD496-I11 precision microcalorimeter, in
each experiment, 2 chof HCl(ag) was used.
b Uncertainty is twice the standard deviation of the mean.

and the uncertainty is twice the standard deviation
of the mean.Tables 6 and ®ive the thermochem-
ical cycle for the derivation of the standard molar
enthalpies of formation of MgS£BEMgO-7H,O and
MgSOy-5Mg0O-8H,0. The molar enthalpies of solu-
tion of MgSQy-7H,O(s) of —(36.16+ 0.36) kJ mot !

in approximately 1 moldm® HCl(aqg), and MgO(s)

Table 6

aDetermined with a RD496-11l precision microcalorimeter, in
each experiment, 2 cirof HCl(aqg) was used.
b Uncertainty is twice the standard deviation of the mean.

of —(149.78 + 0.32)kJmot?! in approximately

1 moldnT 3 HCl(aq) were taken from literaturd 1].
The standard molar enthalpies of formation of{l),
MgO(s), MgSQ-7H,0O(s) were taken from the CO-
DATA Key Values[12], namely, —(285.83+ 0.04),
—(597.98+ 0.32) and—(3388.71+ 0.04) kJmot?,
respectively. The enthalpies of dilution of HCl(aq)
were calculated from the NBS tabld3]. There-
fore, the standard molar enthalpies of formation
of MgSOy-5MgO-7H0 and MgSQ-5MgO-8H,0
could be calculated and result ar€6496.00+ 0.73)
kdmol1, —(680017 + 0.55)kJmott. Applying a
group contribution method developed by Mostafa
et al. [14] for the calculation of thermodynamic
properties of salts, we calculatedsH, of the
MgSQOy-5MgO-7H,O0 and MgSQ-5Mg0-8H0 to

be —6511.935kJmol! and —6810.868 kJ moit.
These values agree with the experimental results very
well. The relative errors are 0.24 and 0.16%, respec-
tively. Because of no experimental data AnGy, of
MgSQy-5MgO-7H,0 and MgSQ-5Mg0-8H,0 avail-
able, we used a group contribution method to calculate

Thermochemical cycles and results for the derivatiomet,, of MgSQO4-5MgO-7H,0

No. Reaction ArHm (kImol 1)
1 MgSQy-5MgO-7HO(s) + 179.144(HCI-55.829pD) —595.35+ 0.45
— 6Mg?t(aq) + SOy (aq) + 10CIH (aq) + 169.144(HCI-59.20150D)
2 Mg?*(aq) + SO42~(aq) + 179.144(HCI-55.8685D) — MgSOs-7H,0(s) + 179.144(HCI-55.829p0) —36.16+ 0.36
3 5Mg?+(aq) + 10CI(ag) + 169.144(HCI-59.201b0) — 5MgO(s) + 179.144(HCI-55.868kD) 748.90+ 0.32
4 MgSQy-7H0(s) — Mg(s) + S(s) + (11/2)Qu(g) + 7H2(q) 3388.71+ 0.04
5 5MgO(s)— 5Mg(s) + (5/2)0x(g) 2989.90+ 0.32
6 MgSQy-5MgO-7H0(s) — 6Mg(s) + S(S) + 802(g) + 7Ho(q) 6496.00+ 0.73
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Table 7

Thermochemical cycles and results for the derivatiomet,, of MgS0Os-5MgO-8H0

No. Reaction ArHm(kImolt)

1 MgSQy-5MgO-8H,0(s) + 181.946(HCI-55.829pD) —577.03+ 0.35

— 6Mg?T(aq) + SOu2(aq) + 10CI(aq) + 171.946(HCI-59.151pD)

2 Mg?*(aq) + SOs2~(aq) + 181.946(HCI-55.868b0) — MgSOs-7Ho0(s) + 181.946(HCI-55.829b0) —36.16+ 0.36

3 5M¢?*(aq) + 10CH (aq) + 171.946(HCI-59.151bD) — 5MgO(s) + 181.946(HCI-55.873bD) 748.90+ 0.32

4 MgSQy- 7H20(s) — Mg(s) + S(s) + (11/2)0x(g) + 7Ha(g) 3388.71+ 0.04

5 5MgO(s) — 5Mg(s) + (5/2)0x(g) 2989.90+ 0.32

6 181.946(HCI-55.873pD) — 181.946(HCI-55.8680) + Ho0(l) 0.02+ 0.01

7 H20(l) — (1/2)0x(9) + H2(g) 285.83+ 0.04

8 MgSQy-5MgO-8H,0(s) — 6Mg(s) + S(s) + (17/2)0x(g) + 8H2(a) 6800.17+ 0.55

At Gy, to be—5822.44 and-6066.76 kJ motl. Com- [2] V.P. Danilov, I.N. Lepeshkov, S. D Litvinov, O.N.

bining with the standard molar enthalpies of formation Krasnobaeva, Zh. Neorg. Khim. 25 (1980) 1432. _

of MgSQs-5MgO-7H0 and MgSQ-5MgO-8H,0, [3] §8D(1L9|tf\;/:|3r)1o:;/2(\)/lP Danilov, I.N. Lepeshkov, Zh. Neorg. Khim.

their standard molar entropies of formatloq havelbeen [4] H. lwanaga, T. Ohyama, K. Reizen, et al., J. Ceram. Soc.

calculated as—2259.13 and—2459.87 JK* mol~ Jpn. Int. Edt. 102 (1994) 438.

according to the following equation: [5] D.K. Keith, H.W.S. Bernard, Acta Crystallogr. B37 (1981)

1003.

AfSO — AtHp — AtGy [6] M.E. Fleet, S.W. Knipe, Acta Crystallogr. B53 (1997) 358.

f - T ’ [7] M.F. Hochella, K.D. Keofer, et al., Geochim. Cosmochim.

. _ Acta 47 (1983) 2053.
Otherwise, the standard molar entropies of [g] jL. Bischoff, W.E. Seyfried, Am. J. Sci. 278 (1978) 838.

MgSOy-5MgO-7H,0 and MgSQ-5Mg0O-8H,0 have [9] P.H. Ma, Z.Q. Wei, G. Xu, et al., J. Mater. Sci. Lett. 19
been calculated to be 523.091 and 555.45 3ol 1 (2000) 257.

according to reaction (6) iffable 6 and reaction  [10] M.V. Kilday, J. Res. Naatl. Bur. Stds. 85 (1994) 467.

(8) in Table 7. The standard molar entropies of the [11] H. Shomate, E.H. Huffman, J. Am. Chem. Soc. 65 (1943)

1625.
elements were taken from CODATA Key Values as [12] 3p. Cox, D.D. Wagman, V.A. Medvedev, CODATA
32.68, 31.80, 205.43 and 130.5713%nol~! for Key Values for Thermodynamics, Hemisphere, New York,
Mg(s), S(s), Q(g) and H(g), respectively. 1989.

[13] V.B. Parker, Thermal properties of agueous uni-univalent
electrolytes, Natl. Stand. Ref. Data Ser.-NSRDS-NBS 2, US
References Govt. Print. Off., Washington, DC, 1965.
[14] AT.M.G. Mostafa, J.M. Eakman, S.L. Yarbro, Ind. Eng.

. Chem. Res. 34 (1995) 4577.
[1] T. Demediuk, W.F. Cole, Aust. J. Chem. 10 (1957) 287.



	Thermochemistry of magnesium oxysulfate
	Introduction
	Experimental
	Results and discussion
	References


