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Table 1 Main property of microcosmic structure of each fraction
Property P> P3 Py Ps Ps Pz Ps
heat of formation/ kJ 605. 39 12.56 - 60. 68 112. 29 - 598.73 - 634.77 128. 33
dectronic energy/ eV - 27902. 92 - 35319. 57 - 44037. 51 - 64664. 76 - 76209. 68 - 23013.81 - 105377.56
core-core repulsion/ eV 24449. 40 31243. 80 39265. 23 57999. 68 68238. 04 19022. 10 94998. 99
ionization potentid/ eV 8.31 6.72 6. 48 7.67 7.94 8.981 7.60
dipole moment/ D 1.17 1.61 1. 00 4.93 2.10 7.53 6.80

Note: 1D =3.33564 x 10~ ¥C. m.



54 4 - 481 -
, 13 4.1868kJ- mol ~ ! Cody!*"]
. N max <537, , ; NMR
13 (
H 1 _O_ )
Marzec [28 ,
MINDO  ZINDO (Foly-
cyclic Aromatic Hydrocarbon, PAH) PAH
PAH : /
. [31] [32,33]
PAH PAH (341 (12 4 (3]
; 371 CHaArCHzN H,*!
PAH
, PAH
2.2
b (
: 3 ),  Guasian98
, UAM1 UHF/ 321G’
Mulliken
Shinn UB3L YP/ 321G~
[29]
c—C c—S C—N c—oO AU’ AH® AG® AS
, , , ., QST2 ,
(IRC)
Barckholtz  [%! B3L YP/ 631G A E°* A H? AGPF ASY
(d) ,
C—H C—N (Bond . ,
Disociation Energy , BDE) UB3L YP/ 321G’ A H°
( L
) ( ).
C—H BDE AMPAC AM1
(t‘C4H9—O—R)
( (391,
)
). ,
BDE

BDE,



. 482 - 2003 4
Ci—Ca  Cu—C4 :
. Q 3 +He cC—<€ GCi—G4
QC /QCH e , , :
@.HCH c—C ,
QC“J He , Ca—Cq Car —Ca

Fg.3 Dedgn of toluene pyrolyss reaction path

, c—<C cC—oO
1 T-[_ H
[40]
, Tohru Kamo [4!]
( 4
Gaussan98 HF/ STO-3G
, B3L YP/ 6-31
. 4
, kep = 1022 x
exp(- 64.7/ RT) , Keg =

10" 3exp (- 63.5/ RT) ,

O~ Q.O

OH OH O

2.2 -diphenol
10—
HO OH o

2,2 -dihydroxyldiphenylmethane

Fig.4 Himination modd of adacent hydroxyl groups

2.3

Hou [0

, Gausgan98 STO-3G

, B3L YP/ &
31G . ,

(Radica Hydrogen Trander,
] RTF

RTH)
Franz
UHF/MP2/631g " MNDO-
MP3, - -
, RHT
, C—H
RTH
(PE)
(PPE) ,
PPE Cod PE Cod
, RHT
PE* PPE’ 4 (1
) . Ades [B4I
MOPAC
TBMD (Tight Binding Molecular Dynamics)

80 %

. , PE PPE
B C_C 3
2.10 eV 1.52 eV,

BDE

, PPE
PE . Sato [10% ,
fr(R)
(Frontier Electron Dendty for Radicd) Mulliken
AOBP (Atomic Orbital Bond

Population) ,

fr(E) fr(N)



54 4 - 483 -
) : CO
>9,10- > > > 1- , (
> > Yokono 1% z ) TPD ,
, INDO CO, ) z
C—H , ,
1.4 >1,2 >1,2,3 4
> ’
H\(‘:E/H
s
Koh [4] " "
(b) (©)
. Fig.5 (a Modd of surface (002) of graphite;
MOPAC ! AM1 (b) modd of cod surface;
, , (c) orientation of methane molecule on cod surface
( ) > >
) [53] [54 55]
STO431G
) , 5(a) (002)
, Ades 4] ,
FeS Fei. xSy , 6
1- , o 5(b)
ASED-MO (Atom Superposition and BEectron (002) (
Delocdlization Molecular Orhital)
Ca —Ca . ASED-MO ) C—H c—<C
Anderon!®!  EHMO o[ 5(c) ]
, R,
Ca —Ca R E(R), E(R)
) U(R) = E(R) - E(®).
FeS Fer. «S, Morse U(R)-R
, , U(R) = D[1- &R P12. p, (3)
De » Re
2.4 B
Morse 2. .
, [49] , 1
Bennett!5] Cus , De . L ukovitg®®! 133
(002) , EHMO CNDO/2 H C 4 De =
O N F . , -11.8 kJ-mol "', Re=0.354 nm; Phillips
Montoya , De= - 13.8 kJ
[51,52]

-mol !, Re=0.328 nm.



. 484 - 2003 4
L Z
, 3 c—C
, , C—O0—K
[57]
Table 2 Marse parameters o adsorption potential curve
Upright trigond Reversed trigond K K
Adsorption pyramid pyramid o o (l) (I)
parameter  Edipsed form  Crossform B
@=0)  (9=60) =05
Dd kJ- ol 1 - 2.65 -1.31 -1.95
R¢/ nm 0.309 0.324 0. 330
B/nm™? 20.1 20.1 16.5
Chen (58] CNDO structure | structure 2
-0 —O0O-—K Z K K
\ /
0. O (0] O
, Z ( 6 )
1 3 2 4
QCPE NO. 584 . 6 structure 3 structure 4
, Fig.6 Modd substrates with zigzag face
(120°) (structure 1, 2) and armchair face
( ’ ) ’ (structure 3, 4) on graphite
Chen [% MOPAC
. ’ z c—C
c o« ’ , G (0)
’Z CcC—oO —K' (o)
G (0) —(0)
1 Z ’
C—O—K (6 2 (7.
K
), - 0.468. )
(6] (6]
c—<C , So
c—C
VA
' ' Fig. 7 Steof adsorbed oxygen atom
1




54 4 : . 485 -

[63] .

PC , 100
(abinitio) , ,

’ [GO] ’
[61] ,
1 ( ) 1 1
, ( )
, Mulliken
[62]



486 -

2003 4

CH,

CO2 —

0, —

CHy4

CO,

Fig.8 Reationship between the change of chemical bondsin coa and coa reactivity

( [11]
[27] )

Ref erences

), Go Fa ( ) . Principle of Bioinorganic
. Beijing: Sdience Press, 2002.

Yang Rin (
Chemistry (
463 —465
Wang Zhizhong ( ) , Li Xiangdong ( ) . Theory
and Application of Semi-empirica Molecular Orbit Method (

) . Bedjing: Science Press, 1981. 4—14
Pople J A. Theory of Molecular Orbit Approximate Method (

) .Jiang Yuansheng (
Beijing: Science Press, 1976. 64 —74
Dewar M SJ. The Molecular Orbitd Theory of Organic Chemistry
( ) . Da Shushan ( ), Liu Youde
( ) , trans. Bejing: Science Press, 1997. 114 —124
Heilbronner E, Bock H. The HMO Moded and Its Application.
Vol. 1 ( , )
Zongmu ( ), Chen Yinyi (
Science Press, 1982. 104 —110
Dewar M SJ. The Molecular Orhita Theory of Organic Chemistry

~

), trans.

. Wang
) , trans Bedjing:

10

11

12

13

14

15

16

17

18

( ) .Da Shushan ( ), Liu Youde
( ) , trans Beijing: Science Press, 1997. 549 —552
Pan Yugang ( ), LiJunging ( ), ZhuJikang (

) ,LiDu ( ) . Theory and Application of X Method (XX

) . Bdjing: Scence Press, 1987. 36 —56
Cheng Xin ( ), Chen Yaming ( ) Preliminary
Applicationsof Cdculation Method of Quantum Chemistry in Feld
of Materid Science. Journal of Shandong Institute of Building
Material ( ),1994,8 (2): 14
Zhu Weiliang ( ) ,Jiang Hudiang ( ) , Chen Kaixian
( ) ,Ji Ruyun ( ) . Quantum Chemistry Caculation
Methods of the Intermolecular Interactions. Progressin Chemistry
( ), 1999, 11 (3): 247 —253
Takanohashi T, Nakamura K, lino M. Computer Smulation of
Methanol Swelling of Cod Molecules. Energy & Fuels, 1999,
13: 922 —926
Takanohashi T, Kawashima H. Construction of a Modd Structure
for Upper Freeport Cod Usng ® CNMR Chemicd Shift
Cdcuations. Energy & Fuels, 2002, 16: 379 —387
Qdven P H. The Digribution of Hydrogenin Codsand Its Relation
to Cod Structure. Fuel , 1960, 39: 147 —153
Slomon P R. Cod Sructure and Therma Decompostion. ACS
Symposium Series, 1981, 169: 61 —1
ShinnJ H. From Cod to Snglestage and Two-stage Products: a
Reactive Modd of Cod Structure. Fuel , 1984, 63: 1187 —
1196
Ades H F, Subbasvamy K R. Theoreticd Modding of
Coliquefaction Reactions of Cod and Polymers.
Technology , 1996, 49: 207 —218
Sato Y, Inaba A, Uemasu |, Kushiyama S. Molecular Orhita
Sudy of the Hfect of Hydrogen Donating Solvent on the Cod
Liquefaction. 1CCS, 1985, Vol. : 730—733
Carloon G A. Computer Smulation of the Molecular Structure of
Energy & Fues, 1992, 6: 771—78
) , Huo Weidong ( ) , An Zheng

( ), Xiao Zgun ( ) , Wang Qianfeng ( ) , Da
Zheng ( ), Cui Yubao ( ) , Zhang Xugun ( )
. Hoatation Theory and Practice of Different Volatile Cod. Coal
), 1999, 27 (1): 46—

Fuel Processing

Bituminous Cod .

Guo Mengxiong (

Science and Technology (



54 4 487
48 Precursor Used for Carbon Materid. ChineseJournal of I norganic
19 Shao Xuxin ( ) , Ren Shouzheng ( ), LiJdun ( Chemistry ( ) , 2000, 16 (6) : 880 —887
) , Zhang Jinhong ( ) . Desulfurization of Fine Coad by 33 Wang Hui ( ) , Zha Gaohong ( ) , Ran Xinquan (
Hotation Method. Journal of China Coal Scciety ( ), ), Shi Qizhen ( ), Wen Zhenyi ( ), Lw
1997, 22 (2) : 182 —186 Ruiying ( ), Yang Yanging ( ) Quantum
20 Hou XJ, YangJL, G YD,Li YW,LiB Q. Theoreticd Sudy Chemistry Research of Pyrolyss Mechanism of Carbon Matrix
on the Reactivity of Cod Structure, ICCS, 1999, Vol. Precuror. Journal of Inorganic Materials ( ),
295 —298 2001, 16 (2) : 230—236
21 Hou Xinjuan ( ), Yang Jianli ( ), Li Yongwang 34 Wang Hui ( ) , Yang Hafeng ( ), Zha Gaohong (
( ) . Ab Initio Study of Cod Sructure. Journal of Fuel ), Wen Zhenyi ( ), Shi Qizhen ( ), Lw
Chemistry and Technology ( ), 1999, 27 Ruiying ( ) , Ran Xinquan ( ), Yang Yanging (
(Suppl.) : 142 —148 ) . DFT Kinetic Sudy of the Pyrolyss Mechanism of
22 Zhang Jinga ( ) . Quantum Chemisry Sudy on Hfect Toluene Used for Carbon Matrix. Acta Chimica Sinica (
Mechanism of Polymer on Cod Surface. Journal of University of ) ,2001, 59 (1): 17—21
Science and Technology Beijing ( ), 2001, 23 35 Qiao Zhanping ( ), Wang Hui ( ), Zhao Liwen (
(1):6-8 ), Ran Xingquan ( ) . Theoreticd Sudy on Pyrolyss
23 Li Fan ( ) , Zhang Yongfa ( ) , Xie Kechang ( Mechanism of Toluene. Journal of Fuel Chemistry and

24

25

26

27

28

29

30

31

32

) . Sudy on Smdl Molecuar Phase in Macronolecules of
Journal of Fuel Chemistry and
Technology ( ), 1993, 21 (3): 293 —297

Li F, Zhang Y F, Xie K C. Characterization of the Macro-
molecular Structure of Pingshuo Coad Macerds Usng>CNMR,
XPS, FTIRand XRD. Fuel Sci. and Tech. Int’ |, 1993, 11
(8) : 11131131

Li F, Xie KC, Zhang Y F. Sructure Sudies of Pingshuo Cod
Extracts Usng 'H and ®*CNMR Spectrosoopy. Fuel Sci. and
Tech. Int’ |, 1994, 12 (9) : 1150 —1168

WangBJ, WuZM, Li F, Xie KC. The Sudy on the Hectronic

Fingsuwo Bituminous Cod.

Structures and Molecular Modelsof Cod Macerds. ICCS, 1999,
Vol. 1 271274
Chen Changguo ( ) . Sudy on Hectron Spectra of Fused

Ring Sructure of Cod Molecue Usng Quantum Chemicd DV-X
Method. Journal of Chongging Teaching College (

) . 1999, 18 (2) : 5—8
Marzec A. Intermolecular Interactions of Aromatic Hydrocarbons
in Carbonaceous Materias. Carbon, 2000, 38 (13) : 1863 —
1871
Barckholtz C, Barckholtz T A, Hadad C M. C—H and N—H
Bond Disociation Energies of Smal Aromatic Hydrocarbons. J.
Am. Chem. Scc. , 1999, 121 (3) : 491 —500
Cody GD, Saghi-Szabo G Cdculation of the G13 NMR Chemica
Shift of Ether
Congrantson The Preservation of Lignin Primary Sructure with
Geochi mica Et Cosmochimica Acta, 1999, 63 (2) :

Linkages in Lignin Derived Geopolymers:

Diagenes's.

193 —205

Deng Weigao ( ), Han Kdi (

( ) , He Guozhong ( )

High Temperature. Chinese Journal of Chemical Physics (
), 1998, 11 (4) : 339 —347

) , Huang Jianhua
. The Pyrolyssof Benzene at

Wang Hui ( ) , Zha Gaohong ( ), Ran Xinquan (
), Shi Qizhen ( ), Wen Zhenyi ( ), Lw
Ruiying ( ), Yang Yanging ( ) Theoreticd

Research of the Pyrolyss Mechanism of the Carbon matrix

36

37

38

39

40

41

42

43

Technology ( ), 2002, 30 (1) : 4953
Wang Hui ( ), Luwo Ruiying ( ), Yang Yanging (

) , Zha Geohong ( ) , Ran Xinquan ( ), Wen
Zhenyi ( ) . A Theoreticd Sudy on Pyrolyss Mechanism

of a Series of Compounds 2, 4-Dimethyl-hdogenbenzene. Journal
of Northwest University, Natural Science Edition (
) ) , 2001, 31 (1) : 33—36

Zha Geohong ( ), Wanghui ( ), Yang Haifeng (

) , Ran Xinquan ( ) ., Wang Yubin ( ), Wen
Zhenyi ( ) . Pyrolyss Mechanism of Cyclohexane. Acta
PhysicoChimica Sinica ( ), 2001, 17 (4):
348 —355
Wang Hui ( ) , Zha Geohong ( ), Yang Haifeng (

), Wen Zhenyi ( ), Shi Qizhen ( ), Ran
Xinquan ( ) , Luo Ruiying ( ), Yang Yanging (

) . Sudy on Thermodynamics and Kinetics about Pyrolyss
Mechanism of Carbon Matrix Precursor CH3ArCH,NH,. Chemical

Journal of Chinese University ( ), 2001, 22
(5) : 800 —804
Hong Sangwo ( ), Fu Xiaoyuan ( ) . Quantum

Chemicd Study of Thermolyssof t-Butylether. Chemical Journal

of Chinese University ( ), 1994, 15 (9):
13811384

lino M, Takanohashi T, Ohsuga H, Toda K. Extraction of Cods
with CSyN-methyl-2-pyrrolidinone Mixed Solvent a Room
Fuel , 1988, 67: 1639 —1647

Kamo T, Bi J C, Yamaguchi H, Sato Y. Theoreticd and
Experimental Study of Influence of Non-Covaent Bond in Therma

ICCS, 1999,

Temperature.

Decomposition of Cod Moded Compounds
279 —282

FranzJ A, Ferris K F, Camaoni D M, Autrey S T. Are Srong
Bonds Cleaved During Cod Liquefaction via Radicd Hydrogen
Trander ?An Ab Initio Theoreticd Study of Thermoneutra Radica
Hydrogen Trander. Energy &Fuels, 1994, 8: 1016 —019
Ades H F, Subbasvamy K R. Theoreticd Modding of

Coliquefaction Reactions of Cod and Polymers. Prepr. Pap. Am.



488 -

2003 4

44

45

46

47

48

49

50

51

52

53

Chem. Soc. , Div. Fuel Chem. , 1996, 41 (3) : 1027 —1031

Sato Y, Inaba A, Uemasu |, Kushiyama S. Fundamenta Study of
the Efect of Hydrogen Donor Solvent on Cod Liquefaction. Fuel
Processing Technology , 1986, 14: 67 —/8

Yokono T, Obara T, Sanada Y. Chemica Sructure and Kinetic
Properties of Hydroaromatic Compounds. J. Chem. Soc. Perkin
Trans. , 1982: 979 —982

Kidena K, Murata S, Nomura M. Sudy on the Chemicd
Structurd Change during Carbonization Process.
Fuels, 1996, 10: 672 —678

Ades H F, Companion A L , Subbaswamy K R. Molecular Orhita
Cdcuationsfor Iron Catdysts. Energy & Fuels, 1994, 8: 71—
76

Anderson A B. Derivation of and Commentson Bonaccors- Scrocco-

Energy &

Tomas Potentidsfor Hectrophilic Additions. J. Chem. Phys. ,
1974, 60: 2477 —2479

Wang Zenghui ( ), Gao Jinsheng ( ) . Carbon
Materids ( ) . Shangha : Pressof East China Ingtitute of
Chemicd Technology, 1991. 31

Bennett A J, Mccarroll B, Messmer R P. Molecular Orhitd
Approach to Chemirption: -Atomic H, C, N, O and F on
Grgphite. Phys. Rev. , 1971, B3 (3) : 397 —404

Montoya A, Truwong T, Mondragon F, Truwong T N. CO
Desrption from Carbonyl Surfaces Secies in the Gadfication of
Cod. Prepr. Chem. Soc., Div. Fue Chem. ,
2001, 46 (1) , 215—216

Montoya A, Mondragon F, Truong T N. CO, Adsrption on
Carbonaceous Surfaces: A Combined Molecular Modding and

Symp. -Am.

Experimenta Study. Prepr. Symp.-Am. Chem. Soc., Div.
Fuel Chem. , 2001, 46 (1) : 217 —219
Chen Changguo ( ), We Xiwen ( ), Xian Xuefu

( ) . Ab Initio Sudy on the Intereaction Between CH, and
the Cod Surface. Journal of Chongging University,
Science Edition ( , ), 2000, 23 (3):

Natural

54

55

56

57

58

59

60

61

62

63

64

77—9

Sun Peide ( ) . Study on the Mechanism of Interaction for
Cod and Methane Gas Coal ( ), 2000,9 (1): 18—21

Sun P D. Sudy on the Mechanism of Interaction for Cod and
Methane Gas J. Coal. Science & Engineering, 2001, 7 (1) :

58 —63

L ukovits I. Harmonic Force Feld Between the (001) Surface of
Grgphite and Adsorbed Methane.  Vib Spectros, 1990, 1: 135 —
142

Sefanik Y V, KopiletsV |, Biletskaya GA. Computer Smulation
of the Process of Cod and Methane Interaction with Air. Geol.

Geokhim. Goryuch. Kopalin, 2001, (1) : 86—91

Chen S G, Yang R T. The Active Surface Secies in Alkdi-
Catayzed Carbon Gasfication: Phenolate (C—O—M) Groups vs
Clugters (Particles). Journal of Catalysis, 1993, 141: 102 —
113

Chen S G, Yang R T. Unified Mechanism of Alkdi and Alkdine
Earth Catdyzed Gadfication Reactionsof Carbon by CO,and H,O.

Enery & Fuels, 1997, 11: 421 —427

Sheng Liusd ( ), Qiu Wenyuan ( ), Du Qishi (

) . New Progress of Quantum Chemistry- Introduction of
Computationa Microscope. Chemistry ( ), 1996, (7):
1849
Xie Kechang ( ) . Cod Sructure and Its Reactivity (

) . Bejing: Science Press, 2002. 181 —184
Xie Kechang ( ) . Cod Sructure and Its Reactivity (

) . Beijing: Science Press, 2002. 85—86

Frisch A, Frisch M J. Gausdan 98 User’ s Reference. Httsburgh:
CGaussan Inc, 1999. 115

Hu Wenxiang ( ), Chen Yongjian ( ), Yun
Liuhong ( ) Computer Software Commonly Used in
QSAR and Drug Desgn. Bulletin of Academy of Military
Medical Sciences ( ), 1995, 19 (2):
136 —143



