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Thermodynamic Study of Thermal Decomposition of Magnesium Chloride Compounds
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Abstract: The thermal decomposition mechanism of magnesium chloride compound was studied by quantum
chemical theory, with Gaussian 03 package at RHF/6-31G (d) level. To four kinds of bischofite dehydration
technology, the equilibrium geometries of reactants and products were calculated, and the standard
thermodynamic parameters of main and side reaction paths in different temperature ranges were optimized
respectively. The thermodynamic calculation results show that all above reactions are endothermic process and
can take place non-spontaneously when reaction temperature is less than 1000 K and pressure is 1.01x10° Pa.
Analyzed from thermodynamic theory, the thermal decomposition of magnesium chloride compounds favors to

produce to the reaction of complex thermal decomposition method by aniline.
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Table 1 Reaction paths of compounds thermal decomposition

No. Method Main reaction Side reaction

R1 H,0 MgCl,- H,O0 — MgCl+H,0 MgCl,- H,0 — Mg(OH)CI+HCI

R2 CH;OH MgCl,-CH;0H — MgCL+CH,0H MgCL- CH;0H — Mg(CH;0)Cl+HCI
R3 NH; MgCl,- NH; — MgClL+NH; MgCl,- NH; — Mg(NH,)Cl+HCL

R4 CeHN MgCl,+ CeH;N — MgClL+CeHN MgCl,+ CH;N — Mg(CoHeN)Cl+HCL
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Fig.1 Optimized structure of reactants and unimolecules
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Table 2 Optimized structure parameters of reactants and unimolecules

Bond length / nm Bond angle / (°) Bond length / nm Bond angle / (%)
H,0 MgCly- H,0
0-H 0.094 7 H-0-H 105.5 0-H 0.095 1 H-0-H 109.8
MgCl, Mg-0 0.203 8
Mg-Cl 0.219 2 C1-Mg-Cl 180.0 Mg-Cl 0.2229 Cl-Mg-Cl 1532
CH,0H MgCl- CH,0H
C-HI 0.108 1 0-C-H1 107.2 C-HI 0.107 7 0-C-H1 106.7
C-H2 0.108 8 0-C-H2 112.0 C-H2 0.108 1 0-C-H2 109.6
C-H30.108 8 0-C-H3 112.0 C-H3 0.108 1 0-C-H3 109.6
C-0 0.140 0 C-0-H5 109.4 C-00.143 1 C-0-H5 112.1
0-H5 0.094 6 0-H5 0.095 1
Mg-0 0.202 4
Mg-CI7 0.223 1 C1-Mg-Cl 150.9
Mg-CI8 0.223 6
NH;, MgCL-NH;
N-H 0.100 3 H-N-H 107.2 N-H 0.1006 H-N-H 107.5
Mg-N 0.216 3
Mg-Cl 0.223 5 Cl-Mg-Cl 147.8
CoHN MgCl+ CoHN
C-N 0.139 7 C-N-H 1142 C-N 0.144 4 C-N-H 110.6
N-H 0.099 7 H-N-H 110.6 N-H 0.100 5 H-N-H 107.4
Mg-N 0.217 1
Mg-Cl 0.223 7 Cl-Mg-Cl 147.5
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Table 3 Standard thermodynamic parameters of four reaction at 298.15 K

R1 R2 R3 R4
Reaction method
M1 S1 M2 S2 M3 S3 M4 S4
AER 114.07 203.47 130.28 207.75 128.08 290.16 115.55 266.18
AUP 114.18 204.96 128.57 208.30 12791 290.86 112.92 266.58
AH® 116.66 207.44 131.05 210.78 130.39 293.34 115.40 269.06
AG® 86.22 172.86 95.61 172.87 105.39 263.44 79.85 231.01
AS® 102.11 115.98 118.88 127.17 83.84 100.29 119.25 127.62
AGS; 86.64 77.26 158.05 151.16

Unit of AES, AU®, AH®, AG® is kJ-mol™ and the unit of AS® is J-mol™-K™.
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Table 4 Standard thermodynamic parameters at different temperatures

R1 R2 R3 R4
Reaction method
Ml S1 M2 S2 M3 S3 M4 S4
400 K
AER 114.07 203.47 130.28 207.75 128.08 290.16 115.55 266.18
AUP 112.59 203.92 126.96 207.03 126.56 290.41 111.44 265.9
AH® 11591 207.25 130.28 210.35 129.88 293.73 114.76 265.90
AG® 75.92 161.07 83.62 159.98 96.92 253.16 67.80 217.99
AS® 99.99 115.46 116.68 125.96 8241 101.45 117.43 128.12
AGS 85.15 76.36 156.24 150.19
600 K
AER 114.07 203.47 130.28 207.75 128.08 290.16 115.55 266.18
AUP 108.96 201.33 123.48 203.93 1233 288.82 108.15 263.91
AH® 113.95 206.31 128.46 208.92 128.29 293.81 113.14 268.90
AG® 56.33 138.16 60.66 135.08 80.76 232.82 44.65 192.40
AS® 96.05 113.60 113.01 123.08 79.23 101.66 114.16 127.50
AGS 81.83 74.42 152.06 147.75
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800 K
AEP 114.07 203.47 130.28 207.75 128.08 290.16 115.55 266.18
AUP 105.07 198.31 119.67 200.54 119.66 286.51 104.52 261.31
AH® 111.72 204.96 126.32 207.19 126.31 293.16 111.17 267.96
AG® 37.46 115.64 38.38 110.72 65.21 212.57 22.11 167.03
AS® 92.83 111.67 109.93 120.60 76.39 100.75 111.34 126.17
AGS, 78.18 72.34 147.36 144.92
1 000 K
AEP 114.07 203.47 130.28 207.75 128.08 290.16 115.55 266.18
AUP 101.05 195.06 115.62 197.07 115.82 283.73 100.7 258.34
AH® 109.37 203.37 123.93 205.38 124.14 292.04 109.02 266.65
AG® 19.16 93.49 16.67 86.81 50.18 192.54 0.09 141.95
AS® 90.21 109.90 107.27 118.58 73.96 99.51 108.93 124.72
AGSy 74.33 70.14 142.36 141.86
Unit of AE®, AUS, AH®, AG® is kJ-mol™ and the unit of AS® is J-mol™-K™.
M1 AT M2 9 A HBEZE AGOIR T M3, & fER—IR PR T 398~823 K 13 A IR P9 B &, f5c i s oz T 3

&b TR

JEVE N AGOHL B2 ;M4 (1 A i REZE AGOH
ik, WBUE & M1 M2 M3 7£ 298~1 000 K I H
HBEZE AGSS0 , 1t W AE 3% — Il B 0 T 9 A s o R 2
T 3 AN N TE T H & #EAT ;M4 7E 1000 K B
M H H B AGPHR T 0, ZRNAE 1000 K PL 1
PRUEIRASTS | RN U6 A & AT ; Ul B BE & TR 1
Fhie SRR 3 SO IR T 25 A B R TE AR IR
BTFOLLARIEAT, AR 4 4 Fh N0 A H
AEAE AG®. 4 T=298.15~875 K B, F= 5 1 F H1 AR
AGOWINIF Jy M4<M1<M2<M3; 4 T=875~1000 K
W, ERN A BB AGOR T K MA<M2<M1<
M3 ; B MCP- A £ B R F00 i aok R v 9 32 5 g 05 i)
TIRERE(R 4 kA, TR 542 4 Fh
F= 5 LB AR TR S A0 R oML TE 673 K B TG K

HCl A T K ;M2 78 723 K B BB, M3 7E &S

)
100

& = ®
= = =
T T T

AG® / (kJ-mol™)

[
=
T T

P R R NP RN B R G
300 400 500 600 700 800 900 1000
Temperature / K

K2 ERNEA b AGOR i B 72 4k
Fig.2 Relation between changes of Gibbs free energy of

ab TR
RE AR

four main reactions and temperatures

b1 823 K;M4 £ 453 K BF Wil R e £k s 20,
M4 Il B e AR 5 B R A SR — 2,
3 4 BRI N H B REAE AGOR T AR 1L
KRE AR EF 4 @ RN H RS AGSH
FIEAE, BERHFE 298~1000 K i B 7 Bl N AR IR 2
TR ABTCYE B & #E1T ;S3 il S4 1 A HAEAE AGO
KT S1 182, 1 S1 A1 S2 19 B HAEAS AGOHL 342
I NEUE EE 4 FPEIOV G A B REAE AGOR) T
H7:S3>84>S1 =823k F W 7F 298.15~1 000 K i &
YU PN | A2 R v R T I ) SN L e u e A

270

240

AG® / (kJ-mol™)
@
=}

[55]
=4

o
=

300300 500 600 700 800 900 1000°
Temperature / K
3 RO A REE AGORE I EE 1972 1L
Fig.3 Relation between changes of Gibbs free energy of

four side reactions and temperatures
Kl 4 24 300~1000 K LGN 4 Fh R
N Z 8] B B BEAR 22 1H AGS,, HETTLIE 1 AGS,
FIASALAE L . R3>RASRI>R2,  BIVA b i A3 1 3
B, —Iu A I3 it S Y e 24 7
Y1k MgCl, FlZb & MgO, T LLBR MgCl, 2 B2 4h 2% it



%8 M B

PEAF  — LA B A W A i B 3T 2R T 1535

MgO & it 1Y % 580 2 il o S T 4 I F Bz
=, SCHR T Y 52 58 B 2R B 45 B T R TR MgO
) 2 4 43 B M R1(0.1%~0.5%),R2 (<1.5%),R3(<
0.1%) , AL R R =) e /b | 53D 0 R 2
FFA . T R4 BRI N 7= 4 4 i A UL Sk 438

160 —o5

©-0-00 ????9009

2888aa

S
O
T

[y
S
T

—a—R1
---¢--- R2
@ R3
-—o—— R4

W
T

=]
=
T

Difference of Gibbs free
energy changes / (kJ-mol™")

0
%3
T—

r v

L, 1, 1, JYYVYVYvy L
300 400 500 600 700 800 900 1000
Temperature / K

Kl 4 2RI AR 22 (B RE I A9 728 1k
Fig.4 Relation between difference of Gibbs free energy

70

changes of four reactions and temperatures
i R BN AT A e A A5 R T LIAS L A
S5 AEAT S R R A BB 7K S A B K
PR BRI AER LT A L Rk Rk
PO PR A R R B AR BRI T e ik
BRI A 20 ORI AR T RE

4 £ B

—JC EH AL AL A W i LR B AR A T AR
B, 5 H,0 s 20 745 & TR i — oo s e B4k
B, Hor T LT R B 55 568 07 () B 1 R UM HE &
AT ()RR R B AR Mg-Cl AR B T R Al 2 A
Mg-C1 2 [i] 52 30— 2 19 Ff1 B A7 7 ; HL,O B 5] v
1 N.O 5T 43 55 Mg B F 456 T8 i & 4, Mg-
N B () B K KT Mg-0 E  HLO MBh 32 7 1) O-
H S N-H 55 51 A K TF 0.001 nm ML

X — e A EE AL A W A 53 ik N 1 4D 2
FELE R 7F 298.15~1 000 K i B 5 [l 4, BT A7
2N 357 SRy W BRI 5 i T RE O T A% R B A
19 A RS AGOZ Wi s /Iy s V-1 M E R, 0 1
T AR R N AT SR T R AR A kA T AR
RN AT R S B ME A2 TR S i RS R
H K S BE A K F AR Rk M T
BU R A B AT 2R R SR ) i
BT R N A RERE /N DA S Bl R 2
ihik . NHLA SCHORE | BIE T3 45 1 5 5056 2%
R

WA DL E SRS — O R T 2 L E T

— JL IR iR S L ) o K A BE Y S R ALER O D
#— AT B S A AR AL T 5k R T 0 —
77 T AN 3 T B AR A T ok ) B 2 B iz AL B
AGEE IR — 25 B A3l g 2 b H AR ) g BB
HEFT I3 BT 58 A0 30 0020 B ) 345 At 88 45 S o 15 100 i
7 Lo Ar

SE K

[1] LIU Ji-Ling(XI 1 ), ZHANG Yu-Kun(5K E 3. Inorganic
Chemical Industry(Wuwji Gongyeyan), 2007,39(8):10-12

[2] ZHOU Huan(J# 45), YUAN Jian-Jun(3€ # %). The Chinese
Journal of Process Engineering(Guocheng Gongcheng Xuebao),
2004,4(3):276-281

[3] Dolezal H. US Patent, 3962408. 1976-06-08.

[4] WANG Hui(F H), YANG Hai-Feng(# i If£), RAN Xin-
Quan(f#1#0), et al. Chinese J. Inorg. Chem.(Wuji Huaxue
Xuebao), 2001,17(4):538-544

[5] HUANG Jin-Bao(#% 42 f&), LIU Zhao(X1 %), WEI Shun-An
(BRI %2). Acta Chimica Sinica(Huaxue Xuebao), 2009,67
(18):2081-2086

[6] CUI Yan-Bin(# E &), WANG Hui(E ), RAN Xin-Quan
(FHTEL), et al. Chinese Journal of Organic Chemistry(Y ouji
Huaxue), 2004,67(9):1075-1081

[7] ZHAI Gao-Hong(# i £L), ZHU Ka-Ke(“& K 5&), WANG Hui
(F ), et al. Materials Science and Engineering (Cailiao
Kexue Yu Gongcheng), 2000,18(4):10-15

[8] ZHANG Shi-Guo(i == ), LIU Ming(X) ), LI Hong(%*£L),
et al. Acta Chimica Sinica(Huaxue Xuebao), 2007,65 (20):
2266-2272

[9] LIU Gou-Sheng(X| % ), SONG Xing-Fu (K > ffi), WANG
Xiang-Tian(-EAH H), et al. Computer and Applied Chemistry
(Jisuaryi Yu Yingyong Huaxue), 2005,22(7):509-511

[10]WANG Jin(7Ei#), SONG Xing-Fu(K>44#), LU Qiang(fili #2),
et al. Sea-Lake Sdlt and Chemical Industry (Haihuyan Yu
Huagong), 2001,30(5):12-14

[11]Frish M J, Trucks G W, Schlegel H B, et al. Gaussian 03,
Gaussian, Inc., Pittsburgh, PA, 2003.

[12]Dkhissi A, Adamowicz L, Maes G J. Phys. Chem. A, 2000,
104(10):2112-2119

[13]Krish Y, Yariv S, Shoval S. Thermal Anal., 1987(32):393-408

[14]Frish A, Frish M J. Gaussian 03 User's Reference, Gaussian
Inc., Pittsburgh, PA, 2003.

[15]LONG Guang-Ming (& 3¢ M), Thesis for the Doctorate of
Institute of Salt Lakes, The Chinese Academy of Science(F
) A 5 B A& o 33 BT 50 T 3t ). 2004,

[16]FU Xian-Cai(f #k %), CHEN Rui-Hua (B 3 4). Physical
Chemistry (4 22 4L % ). Beijing: People Education Press,
1982:191-200,366-369

[17]ZHOU Ninf-Bo(J& 7° ). Thesis for the Doctorate of Central
South University(F # X % 1 £ ). 2005.



