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Preface

O —

The macroscopical properties of a substance are related closely with the interactions
between the molecules in the substance. At present time, there are two ways for
describing the molecular interactions, they are;

The first is the microscopical molecular interactions method, that is to research the
interactions between two molecules.

The second is the macroscopical molecular interaction method, that is to research the
regularity of collective movements under the condition of large quantities of molecules in
macroscopical state, which is called as statistical regularity in statistical mechanics.

The approaches of the two research fields are different, but both play the same role
to promote the development of science and technology.

The research method of microscopical molecular interactions is to start from the
microscopical information, such as the microscopical characteristics of molecules,
translation and turning of molecules, energy order of vibration and molecular interactions
etc. The above information can be used to predict the macroscopical properties of system
through the treatments of statistical mechanics.

The professor Hu Ying points out that the “prediction” here is indicated specially as
the prediction of macroscopical properties according to the microstructure.

The research method of macroscopical molecular interactions starts out from
macroscopical properties, and by means of statistical mechanics, find out appropriate
statistical regularity to be used to understand, analyze, explain, and change the
macroscopical properties and the laws of its variation.

Here “find out” is indicated specially as the finding of statistical regularity from the
macroscopical properties.

The both methods have applications in the current statistical mechanics theory. For
instance, if you want to calculate the internal energy of a system, the research method of

microscopical molecular interactions is to calculate the instantaneous energy of each
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molecule, then the instantaneous energies of all molecules are added up to predict the
internal energy of the macroscopical system.

The research method of macroscopical molecular interactions thinks although the
energy of each particle in every moment is different, but in equilibrium state its average
energy is certain. Namely, it is possible to use statistical mechanics methods, such as
statistics, distribution, fluctuation etc., to found out the average internal energy of
particle from the internal energy properties in macroscopical state, and then according to
the particle numbers of system, the internal energy value of the system is obtained.
Therefore this method is to use the statistical regularity of discussed macroscopical
properties, to found out the microstructure of the discussed macroscopical properties.

By comparison, the research methods of macroscopical molecular interactions are
more closely contact with the macroscopical properties, also more closely linked with the
practice phenomenon, therefore, the possible difficulties will be relatively less in the
theory research, and mathematical problems also may be less.

The discussion methods of the two kinds of molecular interactions all have been
involved on the existing statistical mechanics, statistical physics and molecular
thermodynamics, and already possess a lot of meaningful work. But microscopical
molecular interaction theory, from its purpose is to predict macro properties, should has
certain practical significance, however, because its starting point is the microstructure,
naturally more focus on theoretical discussion, While the starting point of macroscopical
molecular interaction theory is macroscopical property, its purpose is to find the
statistical regularity of the macroscopical property, and it can be used to explain, analysis
and change the macroscopical properties, therefore, may be combined more closely with
practice. Therefore, we think; it is rewarding that the macroscopic molecular interaction

theory systematically is summarized, summed up and sorted out, and is introduced to

readers,
The mainline of this book is macro properties — pressure and microscopical
properties — molecular pressures, this mainline is used to string together the

macroscopical molecular interactions, statistical regularity, the influence of
microstructure on macroscopical properties as well as the variation rules and other related
contents. Thus it is made that the contents of this book is not only single theoretic
discussions, but also association between the theory and practice. There are many
calculating examples and charts in the book to facilitate readers’ reading and

understanding.

002



=+++ Preface

The main content of this book consists of three parts eight chapters: the first part
introduces the difference between macro and micro molecular theories of interaction, thus
discusses the characteristics of macroscopical molecular interactions, the second part is
the simple introduction to some concepts of statistical mechanics related with macro
properties — microscopical nature, and explains why pressure is selected as the
macroscopical properties discussed. Finally, the third part comprehensively goes about
the analysis and discussion of microscopical structure of pressure — molecules pressure.

The first chapter introduces the basic characteristics of the interactions between
molecules in microscopical state, the basic concepts of long-distance forces and the
molecular acting forces between various substances etc. , which foreshadows the further
discussion,

The main contents of second chapter are the discussion and analysis about the basic
characteristics of interactions between large quantity of particles, long-distance forces of
mass molecular interactions, molecular interactions in multicomponent system and
dynamic molecular pressure related with moving molecules and static molecular pressure
related with settled molecules in system, etc.

The third chapter discusses the foundations of statistical mechanics for macroscopical
molecular interactions. Because the macroscopical molecular interactions closely relate
with the macroscopical properties, and the microscopical properties discussed in this book
are various kinds of the molecular pressure, so the macroscopical property — pressure
related with dynamic molecular pressure in micro properties is discussed emphatically.

The fourth chapter put forwards the concept of molecular pressure, and calculations
and discussions of molecular pressure by using state equation and statistical mechanics
theory.

The fifth chapter discusses the molecular pressure of pure gas substances. In its
content there are the characteristics of the molecular pressures of gas under different
thermodynamics process, the influence factors of the molecular pressures of gas, and the
relations of the fugacity which represents the influence of the molecular interactions in
classical thermodynamics with the molecular pressure.

The sixth chapter discusses the rules of molecular pressures for real and ideal gas
mixture,, thereof discusses the mixed rules of molecular pressures in a mixture of gas and
the microscopical characteristics of Virial coefficient for gas.

The seventh chapter discusses dynamic molecular pressure and static molecular

pressure. This chapter gives emphasis to discuss the properties and the influence factors
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of the dynamic pressure of liquid. In addition, according to the viewpoint of the
macroscopical molecular interactions, Virial equation is led in the liquid substances, the
applicability of Virial equation for liquid and the relations of Virial coefficient of liquid
with the molecular pressures are discussed, and the Virial coefficient of liquid is compared
with the Virial coefficient of gas.

The eighth chapter discusses the influences of multimolecular interactions and liquid
structure on the molecular pressures in solution — mixtures of liquid substances by using
classical thermodynamics theory, phase equilibrium theory and statistical mechanics
theory, and discussed the characteristics of molecular pressures and mixed rules of
perfectly ideal solution, approximate ideal solution and practical solution according to
different solution conditions.

The macroscopical molecular interaction theory of this book can be concluded as the
following theoretical results; The first, the relations between macroscopical properties —
the micro structure of pressure — molecular pressures are proposed. The second, the
principle and the methods of the molecular pressures of pure substance and mixtures in
the state of gas or liquid are proposed. The third, the solution conditions and the solution
characteristics of different types of solution are proposed and expounded. The fourth,
with the aid of molecular pressure, the microcosmic information of molecular interactions
(attractions and repulsion between molecules) can be used quantitatively to analyze and
discuss the thermodynamics processes of macroscopical matter, It is believe that above
molecular information will be helpful to provide some theoretical ideas about the
improvement of parameters of production process, the improvement of quality and
quantity of products and the development of new technology and new materials and new
products for the researchers in metallurgy, chemistry, chemical engineering, petroleum
chemical industry, medical science, life science and other areas.

Therefore, the suitable readers of this book are students, master or doctors,
teachers and researchers in physics, chemistry, physical chemistry, metallurgy, welding,
glued joint, chemical engineering, biochemistry, medicine, metallic and non-metallic
materials, technicists and researchers related with manufacturing technique in the fields
of high and new technology and various industrial technology.

Molecular interaction theory is developed in modern times, which involves new
numerous knowledge especially when the molecular interactions theory was combined
with statistical mechanics and developed into molecular thermodynamics. As above

mentioned, there exists many theoretical difficulties, therefore, the shortcomings and
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errors in the book must be unavoidable due to the limit of author’s ability and level, for
these, hope readers can give to correct and understanding.

In addition, author greatly appreciates readers and researchers’ concern and support
to the macroscopical molecular interactions theory and molecular pressures conception,
sincerely thanks Professor Li Zheng Bang, Professor Liu You Mei, and Professor Chen
Guo Bang those experts of the older generation for their support and help during the
preparation of this book, and sincerely thanks Professor Liu Hong Lai at East China
University of Science and Technology, who checks and approves the contents of this book

and gives many precious suggestions.
Zhang Fu Tian

2011, 4. 20 in Shanghai

Nate: The author’s Email address: zftzq2 @ yahoo, com. cn. The author welcomes any

comments for future revisions.

005



V)

B S TFEIAATIER «oorreerrerrrrrrmrrstien it ts st e 001
1-1 BRI THEFHEAER  cerrererereiiiiiiiiiiiiiis . 003
1-1-1 ZERKATFRAATAER rervrrrrrosnnininniiiiiii. 003
1-1-2 BT EAEAER oo 007
1-1-3 E=2BTFRIAHEHAER -orereereerrrrerrecircceneeee 013
I L -y AL T T e T P PP P P T T P PP R P PP PP PP RIP PP LEPREPPRPTRPRIR 013
1-2-1 FHL ]  cereercresercnistasniseiiicrtiiiisissniiiiiissaiseisisstiitsstsiacenssiaces 013
1-2-2 #MUESTEMEMEFUBELS) oo 018
1-2-3 BMESTSIERMELSTHEEBGERIMERS) e 021
1-2-4 AEBHES T SIMES FHTARR (ERIERITD e 024
1-2- B ovan der Waals 7 remrererecmmeeamiinicre e 025
1-3 ﬁﬁ@ﬁi}’?‘lﬁ]ﬁ ........................................................................... 031
1-3-1 ﬁ%j} ........................................................................... 031
1-3-2 ﬁ;ﬁ%ﬁ ........................................................................ 033
1-3-3 HMAATAIER  ccorereremerciainiii e 036
1-4 Kﬁ%}ﬁlﬁlﬁ%rﬁ]ﬂ ..................................................................... 039
ETE EWMOFRIFHTIER corerrerrrntiiiiiiciiiiiiiiiiniiisisiisiesiiisisiase 043
2-1 ﬁ%l‘ﬁ]jj e S et = T T T R R R PP Ly PR S P PRIV P ETP PR TEYTPITSPRIPR 046
2-1-1 %-%ﬁ}%rﬂ*ﬂfﬁ%ﬁﬁbﬂﬁ‘@ ................................................ 046
2-1-2 EKOTFEMHEIERINFIME cooreeriiciniiii.. 051
2-92 kﬁﬁ?ﬁ;% ppﬁ%lﬁjﬂgmﬁﬂgﬁﬁ ................................................... 052
2-2-1 KRBT THIFEUH  ceeeremrecrerrerererintoiititiaiiiitieiiiisinisiinciiere. 053
2-2-2 RBBIrTHIEENH  reveverrrrerirnitiinitiiiiitiitintiiiiiiniitiicsieiiiiiiaeenas 055
2-92-3 ﬁ}?ﬁif}{[&@%ﬂﬁ .................................................................. 061
2-92-4 E%Béﬂﬁﬁmﬁ ..................................................................... 067



ERHFHIIEREL---

g£=

002

2-3 MR STEASME A corveceeerartensiiiiiiiiiiiiiiiiitctiiee e eee 079
2-3-1 HAHLE creoreererarsieiiiiiiiiiiiciiciicitistis st e e 079
2-3-2 FHEEERS coerrrcrccriiiiiiiiiiiiiiiiiiciiiiciisinicniisc e canns 083
2-3-3 q:lgjﬁ%ﬂg%ul‘u] .................................................................. 085
2-3-4 RESDFINRIER—DTFEIREM  corcecacccercnrncctieicssnisacecssacnns 089
2-3-5 [Fl—HMRATFRTRTEAFFHIELU ooeeerreoseerreonnnsonsriomnsiinsineannnn 095
2-3-6 REOTFELETREBAHS v 098

2-4 AR GIEIARTS seevrrrecrrrrscciiiiiiiiiiiciciiciiseiniitassesiicneinecnee 100
2-4-1 Eﬁﬁ%fﬁ ........................................................................... 100
2-4-2 SKRBYHIOIEITI  ceeceroecrmmrnieimirniiiitcioiaiiisionstiisnreseittnasssatsionas 103
2-4-3 VETSHPL eeevovvevrensercrnccnireiinioicationiaisetiioiiiiiiitiiectitiootetcetreanas 108
2-4-4 ﬁﬁ;ﬁ%@ﬁﬁ .................................................................. 112
2-4-5 PR TFTEEES ceerererrrininiiiiiiiciiiiieniiiinieen 118

BH R FEEEEEG T HEEER oo coeeeeeerrnnmiininin e 129

R B 2 = P P T 132
3-1-1 %i—i—i}iﬂg{é ........................................................................ 134
3-1-2 ﬂ{ﬁ?@ ................................................................................. 135
3-1-3 %ﬁillifa{ﬁﬂﬁfmiﬁﬂ‘l&*(l) ......................................................... 137
3-1-4 %i—}-s*zj{g{gmﬂu*nﬁ(z) ......................................................... 139

3—2 FRAPERHI coeevevrereresrrretentotninanintiiiotaiiniiiiiiieniiiatiiiiiseiiiiiiieseitsasees 147
3=2=1 AP ceeveveecrerecettttiattnietticiitiitiinitiiniteiieitttietinieitisisiseetttieres 148
3-2-2 Eﬂ?ﬁ%ﬁ}?ﬁl&ﬁﬁ ............................................................... 149
3-2-3 FEUJJLAPAR  eveovrercrosrecscnntiatnictieiiicntiiitsititittetitiitiiiitetstistinaes 150
3—2-4 PRATRREL errereeerrrnennenrenetiicie ittt ittt sttt s st s a e 153
3-2-5 ﬂﬁ%i%mﬁ.%& ............................................................ 155
3-2-6 A TIRIFILNER] -oeeeererrereeseenmmmiiininiiiiioieieiiioiettneana. 169

3-3 S FaAEEAER - SRR coeerereeserrorerrareiiciriicitiicecincettianateacanesens 176
3-3-1 ATFHAHEVERSYRMER ccoreerrrmrmrrrrrrssiiiiiin. 176
3-3-2 LIS eererroreerecercnsercattocaiiaitntiatiiiiieiiiiiisieiisiiiisiiiisiane 177
3-3-3 JEJJ ceevecrecccccrecttiiteiiiiiiiciiititiaietitiiiiattiiittiittittetetststtstnans 182

3-4 BRI RBG TR THELE ] coeeverrerressrrtrtoreieiiiciiniaseneane, 188
3-4-1 FTIFEEHSHFEMBIEER oo, 188
3-4-2 KIFGEHMEHEFEMBIIEF roeeerereerrnnontce, 193
3~4-3 Ornstein-Zernike jj‘ﬁ ............................................................ 198



%E s o & 2 IULT T T T T P T P TP PP P P T P P PP P PP PP YT PRV P PR PP PR P OPYS PR PRI 203
4-1 S FIEIBIFEAHEL cooovorereeetttmsiiiiiiiiiciiiiiiiniiiiiiiiiieeainnaesn. 205
4—2 AP TFEITTHE coecrrrocnecctcienaiciiiiiniiiiiiciiiiiiettiiitiiiiiiiiiiiaiiiiionanans 211

4-2-1 SIHEDREF BRI -oeeeeerererrmcrmmiciinn e 212
4-2-2 SIFHEURATTEIBGIE +ooorerrrorrssrorsressrarnnteenioretitietnisiitiiineneones 214
4-3 AYFIEH ST RIRAS TR cororeesrrsrsntnteisimssonsianninsnesisssissserinsaissns 219

BHEE AR SHS TS cooooeeroorrersrreeotormniiiiiii s teesntan 231
5-1 HEIEEFEAPTH ST -rovvreerererrenaiiiciiiniiiiiaiiiiieiiitiiisiiieos 233
5-2 BEYIFAARAY TR <oooeverroserereossossnetsneisanstsnisinsatsiessatonssiasseecssne 244

5—2-1 {EHIEIIRR covreecrrorersrectincatntiiiatciiaitornetsiinissotecenrarsiitatscsaies 244
5-2-2 fHIEITRR ceeevereerresertenconrmienitituniiituiiiiititeinieeaaaa. 246
5-2-3 ‘Eﬁﬁﬁ ........................................................................... 251
5-3 BHAFESBEUEPEIER coreereerecccttiniiiiciiaicisiiiiniesiitiniseicistateciecee 254
5—3-1 BRMPIESFFHT] coererrescctcsnttaniarinccnnniiiniasesaieseninsasenssccases 254
5-3-2 IEFFBUBEME eveeveerorasnroeronnrariaroterniecicirotiiiteitecietsetciaiecencaces 257
5-3-3 JEFBYBLMH ceevevvecrreccottatictiiictntiarcsncisottessoscssscocnscsstccnssncases 262
5-3-4 %;‘:ﬁﬁ?ﬁjﬁj—iﬁ ............................................................ 264
5-4 JREEEAPTIES] cooreeeeeremrmmntitiniiiiiiniiiiii et e ettt e s 279
5-4-1 YREEFBEEREL ceeverrorereoreontenetnmmmmmiiiiiiieneeseesanses 273
5-4-2 %‘ﬁ;ﬂg ........................................................................... 274
5-4-3 HMAISEBRESAFTFET crovrereresnniiiiieiiiciiscnisees 275
5-4-4 FREMEBFE G TFET] corverrrecrrrcaaninoniniii. 286

AT SEBAMEISTIET o 295

6-1 Eyﬁﬁ?ﬁ’%%ﬁ'?‘ﬁj} ..................................................................... 206
6-1-1 Eﬁ%ﬁ:iﬁ%%ﬁ?gﬂ ...................................................... 206
6-1-2 EIESEBESYGTFHT  crercocecceratccriinnieiniiia, 300

6-2 ECMWE’%% BRIV G T =eeoeceesacoriecsonrerinsieancrantitiincintcssnntusctassnnianane 301
6-2-1 FAESIEIBGHIM ccoocccesrecccesacrosarnrarntarciairrricriiitiiececicns 304
6-2-2 HIELEAKBEGHIM oreccccescociscecrcosararanncrninecsicisnsesiccncasercececnns 310
6-2-3 EEEESTESBATM oveererreroreeermmnii. 316
6-2-4 WRBEGRESHIM -ooeeoeeesescrmmmrariiataciiiiinicciiotsinterciiececiecaeene 325
6-2-5 “ﬁﬁ,ﬁ%giﬁﬁfgﬂmq ......................................................... 332
6-2-6 Xittﬁ%&(ﬁé‘ﬂ'ﬂﬂ ............................................................ 341



ERHD FHEERER---

6-3 Virial ﬁﬁ_@ﬁ»%ﬁﬁ .................................................................. 350
6-3—1 Virial JFFR scererecreresraiiriiciitiiiiiciiiniiiiaietiontiiiciisscncisisancnes 351
6-3-2 Virial HERE AP FHE ST -oerrerreeeereeerneresnnitistiiiiiiioiniisiiciiinoinicnes 353
6-3-3 Virial HHBITIE errererereraerecriomiiiiiiiiiiiiiitiiiiicniiiiiitiiiiiiiisaene. 357
6—3-4 Virial HRBREETTIISTHE cooerrrererrercnsiiiiinticmiiiniiiiiisce. 374

6-4 SAKIBEYIBET] crorrrrrererertrartinicitsciiicristnisnicisisicicaceserstccsescsces 378
6-4-1 MARASBESSEABUESGIBCHLI] cooocreorrcertnannnanniena. 379
6-4-2 THREBBOEEEHUESBGHIM cooveecrrrecnrnniimniiiiieanee.. 382

B R 1 T 1 ) BTN RS 387

T-1 FEAEBAP T-Ho S crevececereecorarscestsnnennnmiiiantiicitoiiiiieticainiaesttenacaneans 389
7-1-1 AFaMEAFGTEERE ST oo, 389
T-1-2 4 FBhESTRIRITZEATHR  rrverereereencctiiiniiiii.. 394

7-2 WA FENESBHBIEZ coovereeeresrssnnnmimmnininniiisnsiisnsssssiassannane 405
T—2-1 HBUFIIELE --ovevovemseressnsniimnniiiiiiieiiiiittsisesitsisittisiasssctiasacessces 405
T=2-2 FEZEHEK -oreeeeorroememmmrrencnotonmiiicricitictitncettiaisntiesenen s 409
7-2-3 i&ﬁ;ggﬁ@%_ﬁﬁ%gﬁ ...................................................... 412

7-3 ﬁ%ﬁ.ﬂ;_‘jj Bﬁ%ﬂiﬁﬁ .................................................................. 415
7-3-1 BEDTEEIBDT rovererrerrererersmraniinenmiiiii e cectneaseaes 416
7-3-2 L‘E%&—'ﬁi@?& ........................................................................ 419
7—3-3 VIRIETRATHLER cecereerremrecsiiiciciiiiiiiiiiiieeie. 423
T—3-4 A4FFPIHES] cececerrcrercnnmncnninrrancosaiiecatcccrsetcrsoncesnossinssasarecns 428
7-3-5 WK FHETTHE -ococevcerccmimi. 430

T-4 AR BUIE TGP TR coeererererermesesssesissosssessssssssssnsasnnsnsnnennnnans 435
7-4-1 mﬁmwmﬁﬁ .................................................................. 436
T-4-2 N THIENSTHAREEEAGEIIE  coooeeerrerrrernrmrniniiitiieeniieiieenan... 437
7-4-3 ﬁ%WEﬁ—'ﬁﬁ%'ﬁ%lEﬁ ................................................... 444
T—4-4 BRI TFHIET] corverecerccccentiiiioiniiiiiiicaa.. 446
7-4-5 Eﬁ&%ﬁgﬁﬁ%gﬁ ...................................................... 452
7-4-6 Egﬁ*ﬁﬁ;%ﬁ%mﬁﬁ ......................................................... 453

7-5 ﬁ%mgﬁﬂg%uﬂgi .................................................................. 456
7-5-1 ZFREHGEEE cccccccrrrmemmmniiiniiiiieeieina.. 456
7-5-2 ﬁ%mﬂ?‘jj_bjﬂgj] ............................................................... 464

7-6 Virial ﬁﬂxﬂ»ﬁﬁ;ﬁgmm ............................................................... 467
7-6-1 mﬁg Virial FFFR  crecorerersesscnsrciteciiiiicetacecasisisesiiiiatettiiiiacanecen, 467

004



