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Abstract: Pure monoclinic MgBO,(OH) nanowhiskers were synthesized by room temperature co-

precipitation followed by hydrothermal treatment at 220—240°C for 6. 0—30.0 h, using MgCl, « 6H,0,

H;BO;, and NaOH as raw materials with molar ratio of Mg : B: Na=2 : 3 : 4. Enlightened by mechanical

mixture model and group contribution method, a novel subunit contribution model for the assessment of

thermodynamic properties such as A; H, and A;G,, of borates was developed, by introducing correction

factor £ and reasonably decomposing the complex double salt metal borates into constitutional subunits

according to mass conservation. The as-developed model was utilized to assess A;jH,, and A;G,, at various

temperatures for precipitate Mg; B, O,; » 7H,O and hydrothermal product MgBO, (OH) , based on which
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the values of A,H,, and A,G,, of the co-precipitation of Mg;B,0,; * 7H,O and hydrothermal conversion to

MgBO, (OH) were obtained. The results show that, the room temperature co-precipitation can occur

spontaneously whereas the hydrothermal conversion can only be performed spontaneously at high temperature. The

feasibility for the co-precipitation as well as the hydrothermal conversion turns to be higher with the increase in the

temperature and time. The subunit contribution model is beneficial for the analysis and prediction of

controllable synthesis of other complex double salt nanostructures wia the soft-chemistry based method.
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Fig. 1 XRD patterns of hydrothermal products
obtained at different temperatures for different

hydrothermal growth times
temperature/ 'C ; a—100; b—140; ¢—180; d—220; e—240
time/h: a~d—6; e—30

(a) TEM

K2 JKPEG=YIES (240°C, 30 h)
Fig. 2 TEM and HRTEM images of hydrothermal
products obtained at 240°C for 30 h
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Table 1 Thermodynamic properties of constitutional

subunits of magnesium borates?’

Constitutional S, (298.15 K) ArH,, (298.15 K) A(G,(298. 15 K)

subunit /Je(mol+K) ! /kJ ¢ mol ! /kJ] » mol !
MgO(s) 26.95 —601. 6 —569. 3

B, 05 (s) 53.97 —1273.5 —1194. 3
H,O) 69. 95 —285. 83 —237.14
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Table 2 Constitutional subunits and thermodynamic properties assessment of common magnesium borates

Number of subunits v,

2y« AtHY)  AfHY,(298.15 K)

Correction  Relative

Molecular formula Structural formula /kJ » mol™! /kJ * mol™! factor & rror) %

MgO(s) B, 05 (s) H:OD by Eq. (7) in literature weror crrore
MgB,0O7 « 9H, O MgB, 05 (OH), « 7TH,0O 1 2 9 —5721. 07 —5939. 21012] 1. 04 0.18
MgBs Oy « 6H, O MgB; O; (OH)4 « 3H,0O 1 3 6 —6137.08 —6294. 70012] 1.03 0.42
MgBs Oy » TH, O MgB; O; C(OH) 4 » 4H, O 1 3 7 —6422.91 —6588. 78L12] 1.03 0.41
MgB; O + 7. 5H, O MgBs O (OH)g » 4. 5H,0 1 3 7.5 —6565. 83 —6735. 29012] 1.03 0. 41
Mg;Bs; O11 + 15H, 0 MgB;0; (OH)5 » 5H, O 2 3 15 —9311.15 —9631. 90L12] 1. 04 0. 54

MgB; O, « 3H,0O MgB, OC(OH)¢ 1 1 3 —2732.59 —2842. 6812 1. 04 —0.03
Mg;Bs Oy « 17H, O MgB; O3 (OH)5 « 6H, 0O 2 3 17 —9882. 81 —10272. 061121 1. 04 0. 06

Mg:B,05 « 2H,O Mg, (OH) (B, O, (OH)) « H;O 2 1 2 —3048. 36 —3185. 7824 1. 04 —0.49

Mg B 05 » HoO Mgy (OHD (B, Oy (OH)) 2 1 1 —2762. 53 —2884. 36016 1. 04 0. 39
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Table 3 Constitutional subunits of magnesium borates in this work

Constitutional subunits & numbers ArHY, /k] » mol ™! ArGY/k] + mol ™!
Magnesium Double salt Subunit Subunit
o Group o Group
borates format MgO B, H,O contribution ) ) contribution . .
contributions contributions
model model
Mg;B,013+7H, O 7Mg0O+2B,05+7H, O 7 2 —9109. 37 —9154. 19 —8355. 03 —8399. 71
Mg, [B, O, (OH)»]  2MgO+B,O3-H, O 2 1 —2873.03 —2869. 69 —2672. 84 —2672.39

x4 MBRERFSIETAREETHAZEMEE

Table 4 Thermodynamic properties of constitutional subunits of magnesium borates in different temperatures

ArH .y, /keal « mol !

AiGr /keal » mol !

Temperature/C

MgO(s) By O3 (s) H; O MgO(s) B2 03 (s) H; O
25 —143.760 —304. 398 —68. 315 —145.68 —308. 244 —73.299
50 —143.532 —304. 009 —67.955 —145.85 —308.582 —73.732
75 —143.294 —303.597 —67.582 —146. 039 —308. 951 —74.193
100 —143. 047 —303. 165 —67.196 —146. 245 —309. 351 —74.681

Note:1 kcal=4. 18 kJ.
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Table 5 A, H,, of coprecipitation at different temperatures

AfH .y /keal « mol ™!

Temperature/C

A H., (1) /keal « mol ™!

7Mg?t (aq) 4H5BOs () 140H (aq)  —> MgB,Oy3 » TH,O(s)  6H,O(D
25 —111. 600 —261. 600 —55. 000 —2177. 054 —68. 315 10. 656
50 —110. 016 —261. 114 —56. 336 —2171. 964 —67.955 23.578
75 —108. 304 —260. 628 —57.779 —2166. 659 —67. 582 37. 395
100 —106. 465 —260. 142 —59. 33 —2161. 152 —67.196 52.115

F6 AEBETHRE

R B Gibbs B HEEZT K

Table 6 A.G,, of coprecipitation at different temperatures

AtGp /keal « mol !

Temperature/C - A:Gr (1) /keal + mol !
7Mg?t (aq) 4H;BO; () 140H (aq)  — MgrB,Oy; « 7TH,OCs)  6H,O(D
25 —98. 780 —267.921 —55.716 —2235. 315 —73.299 —131. 941
50 —97.768 —268.471 —55.722 —2240. 415 —73.732 —144. 439
75 —96. 885 —269. 058 —55. 621 —2245. 907 —74.193 —157.944
100 —96. 128 —269. 68 —55.412 —2251.792 —74.681 —172.493
7 AEABRETARAEHRRENRMEEE
Table 7 A, H,, of hydrothermal synthesis of MgBO, (OH) at different temperatures
ArH,, /kcal » mol !
Temperature/C ArH,(2) /keal « mol !
2Mg7 B, O3 « 7TH,O(s) 6H;BO; (s) ——  7Mg; (OH) (B, O, (OH)) (s)  16H, O
25 —2177. 054 —261. 600 —686. 642 —68. 315 24.171
50 —2171. 964 —261.114 —685. 389 —67. 955 25.608
75 —2166. 659 —260. 628 —684. 078 —67.582 27. 230
100 —2161. 152 —260. 142 —682.713 —67.196 29.028
125 —2155. 484 —259. 656 —681. 305 —66. 800 30. 969
150 —2149. 659 —259. 170 —679. 857 —66. 392 33. 065
175 —2143. 694 —258. 684 —678.372 —65.975 35. 286
200 —2137.595 —258.198 —676. 853 —65. 548 37. 641
225 —2131. 371 —257.712 —675. 301 —65.112 40. 121
250 —2125. 029 —257.226 —673.717 —64. 667 42.723
*8 AEBETKHEHRER Gibbs B HAEEL
Table 8 A.G,, of hydrothermal synthesis of MgBO, (OH) at different temperatures
AtGy /keal « mol !
Temperature/C A:Gn (2) /keal « mol !
2Mg7 B, O3 « TH,O(s) 6H;BO; (s) ——  7Mg; (OH) (B, O, (OH)) (s)  16H, O
25 —2235. 315 —267.921 —699. 819 —73.299 6.637
50 —2240. 415 —268.471 —700. 977 —73.732 5. 107
75 —2245. 907 —269. 058 —702.231 —74.193 3.458
100 —2251.792 —269. 68 —703. 583 —74. 681 1. 687
125 —2258. 042 —270. 335 —705. 025 —75.195 —0. 204
150 —2264. 665 —271.021 —706. 560 —75.735 —2.226
175 —2271.629 —271.735 —708.179 —76.299 —4.373
200 —2279. 447 —272.477 —710. 031 —76. 887 —6.652
225 —2286. 559 —273.244 —711.669 —77.497 —9.051
250 —2294. 507 —274.035 —713.534 —78.13 —11.591
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Fig. 3 Variation of A, H,, and A,G,, of hydrothermal

synthesis of MgBO, (OH) with temperature
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