
CONTENTS 

Preface to the Second Edition 

Preface to the First Edition 

Acknowledgements 

Chapter 1. Introduction 

A. Properties of polymers 

B . Group contribution techniques 

1. Basic technique 

2. An extension 

C. Topological technique 

1. Topology and geometry 

2. Graph theory and connectivity indices 

3. Nature and scope of the new approach 

D. Outline of the remaining chapters of this book 

References and notes for Chapter 1 

Chapter 2. Topological Method for Structure-Property Correlations 

A. Review of connectivity index calculations for simple molecules 

B . Extension of connectivity index calculations to polyrners 

C. General forms of the correlations in terms of connectivity indices 

D . Backbone and side group portions ofthe connectivity indices 

E. Sportest path across the backbone of a polymeric repeat unit 

F . Extensions for the calculation of sorne conformation-related properties 

References and notes for Chapter 2 

Chapter 3. Volumetric Properties 

A. Background information 

B. Correlation for the van der Waals volume 

1. Development of the correlation 

2. Nature ofthe correction terms used in the correlations 

3. Examples of the predictive use of the correlation 

c. Correlation for the molar volume at room temperature 

XI 

v 

VII 

IX 

1 

3 

3 

5 

6 

6 

7 

8 

12 

15 

17 

17 

21 

40 

45 

46 

48 

49 

50 

50 

54 

54 

62 

65 

65 



XII 

D. Final equations for temperature dependences of volumetric properties 

l. Introductory remarks 

2. Polymers with T é:!298K 

3. Polyrners with T g<298K 

E. Pressure-volume-temperature relationships 

References and notes for Chapter 3 

Chapter 4. Thermodynamic Properties 

A. Background information 

1. Thermophysical properties 

2. Thennodynamic properties 

3 . Heat capacity 

B. Improvements in the ability to predict the heat capacities of polymers 

C . Rotational degrees of freedom of the backbone and the side groups 

D. Correlation for the heat capacity of "solid" polymers at room temperature 

E. Correlation for the heat capacity of "liquid" polymers at room temperature 

F. Correlation for the change in the heat capacity at the glass transition 

References and notes for Chapter 4 

Chapter 5. Cohesive Energy and SoIubility Parameter 

A. Background infonnation 

1. Cohesive energy 

2. Components of the cohesive energy 

3. Solubility parameter 

4. Components of the soIubility parameter 

5. Improvements in the ability to predict the cohesive energies 

and solubility parameters of polymers 

B. Correlation for the Fedors-type cohesive energy 

C . Correlation for the van Krevelen-type cohesive energy 

D . SoIubility parameter caJculations 

E. Correlation for dispersion component ofthe molar attraction constant 

References and notes for Chapter 5 

Chapter 6. Transition and Relaxation Temperatures 

A. Background infonnation 

B. Correlation for the glass transition temperature 

Contents 

74 

74 

7S 

75 

76 

78 

80 
80 

80 

81 

83 

85 

87 

90 

95 

100 
105 

108 

108 

108 

109 
110 

112 

113 
114 

119 

126 
130 
136 

137 

137 

141 



Contents 

1. Outline 

2. The structural parameters 

3. The correlation 

C. Effects of number-average molecular weight 

D. Effects of plasticization 

E. Effects of crosslinking 

F . Effects of tacticity 

G. Secondary relaxations 

H. Crystalline melting temperature 

References and notes for Chapter 6 

Chapter 7. Surface Tension and Interfacial Tension 

A. Background information 

B. Improvements in the ability to predict the surface tensions of polymers 

C. Approximate "master curve" as a function of reduced temperature 

D. Correlation for the molar parachor 

E . Interfacial tension andadhesion 

References and notes for Chapter 7 

Chapter 8. Optical Properties 

A . Background information 

1. Types of optical properties 

2. Refractive index and molar refraction 

3 . Opticallosses 

B. Improvements in the ability to predict the refractive indices of polymers 

C. Correlation for the refractive index at room temperature 

D. Example of application: specific refractive index incremertts of solutions 

E. Calculation ofthe molar refraction 

References and notes for Chapter 8 

Chapter 9. Electrical Properties 

A. Background informa~on 

B. Correlation for the dielectric constant at room temperature 

C. Calculation of the molar polarization 

D . Calculation of the effective dipole moment 

E. Dissipation factor 

XIII 

141 
145 
153 

167 
172 

173 
180 
182 
185 
189 

193 

193 

198 
199 
200 
208 

212 

213 

213 

213 

214 
216 
218 

219 
. 227 

233 
238 

240 

240 
244 

250 

253 
256 



XIV 

F . Dielectric strength 

References and notes for Chapter 9 

Chapter 10. Magnetic Properties 

A. Background inforrnation 

B . Correlation for the molar diamagnetic susceptibility 

References and notes for Chapter 10 

Chapter 11. Mechanical Properties 

A. Stress-strain behavior of polymers 

B . Small-strain behavior: moduli, compliances, and Poisson's ratio 

1. Definitions and phenomenology 

2. Structure-property relationships for glassy polymers 

a. Introductory remarks 

b. Correlations by Seitz for the elastic moduli 

c . Bulk modulus via molar Rao function 

d. Shear modulus via molar Hartmann function 

3 . Structure-property relationships for rubbery polymers 

a. Shear modulus 

b. Bulk modulus and Young's modulus 

C. Large-strain behavior: failure mechanisms 

1. Phenomenology 

2. Structure-property relationships for the brittle fracture stress 

3 . Structure-property relationships for the yield stress 

4. An attempt to account for rate dependence of the yield stress 

5. Structure-property relationships for the crazing stress 

6. Stress-strain curves of elastomers 

7. Ductile therrnoplastics at large extension ratios 

8. Therrnoset resins 

D. Creep, stress relaxation and fatigue 

E. Improvements in the ability to predict the mechanical properties 

References and notes for Chapter 11 

Chapter 12. Properties of Polyrners in Dilute Solutions 

A. Background inforrnation 

1. General considerations 

Contents 

266 
268 

270 

270 
272 

279 

280 
280 

281 

281 
284 

284 
285 
288 
295 
302 

302 
306 
307 
307 
315 
316 
318 
320 
322 
325 
326 

327 
329 

330 

336 

336 
336 



Contents XV 

2. Steric hindrance parameter 337 

3. Characteristic ratio 338 

4. Intrinsic viscosity under theta conditions 339 

5. Intrinsic viscosity away from theta conditions 340 

6. Solution viscosity at small but finite concentrations 341 

B. Correlation for the steric hindrance parameter 346 

1. Definitions of the fitting variables 346 

2. Development ofthe correlation 347 

C. Calculation of the characteristic ratio 352 

D. Correlation for the molar stiffness function 355 

References and notes for Chapter 12 361 

Chapter 13. Polyrner MeIt and Concentrated Solution Viscosity 363 

A. Definitions and general considerations 363 

B. Dependence of melt zero-shear viscosity on average molecular weight 365 

1. Dependence on critical molecular weight 365 

2. A correlation for the critical molecular weight 366 

3. Altemative correlation for critical molecular weight 367 

C. Dependence of meltzero-shear viscosity on temperature 368 

1. General relationships 368 

2. Estimation of E"oc without using group contributions 370 

D. Dependence of melt zero-shear viscosity on hydrostatic pressure 379 

E. Melt zero-shear viscosity: summary, examples and possible refinements 381 

F. Combined effects of shear rate and polydispersity on melt viscosity 385 

G. Zero-shear viscosity of concentrated polymer solutions 388 

References and notes for Chapter 13 390 

Chapter 14. Therrnal Conductivity and Thermal Diffusivity 393 

A. Background infonnation 393 

1. Definition and gener..~ considerations 393 

2. Temperature dependence of the thennal conductivities of amorphous polymers 395 

3. Thennal.conductivities of amorphous polymers at room temperature 397 

4. Improvements in the ability to predict the thennal conductivities of polymers 398 

B. Direct correlation for the thennal conductivity at room temperature 398 

References and notes for Chapter 14 401 


