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Fig.1 The model of polymers for the calculation
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0.8629. [R] s 1 7T LA £ B BE L 38 K, H ik 2K (),
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Table 1 The effect of the length(L) of side chain on 7,

L IL-1.335I T,
R, Eyomo(au.) E\pmoa-n) AE,(a.u.) a(a.u.)
nm nm K
CH, 0.437 0.898 -0.26907 0.01613 0.28520 47.70 283
C,H; 0.568 0.767 -0.26625 0.01810 0.28435 58.90 249
n-C,H, 0.692 0.643 ~0.26579 0.01853 0.28432 69.83 2
n-C,H, 0.824 0.511 —-0.26540 0.01881 0.28421 80.85 219
n-CH,, 0.948 0.387 -0.26518 0.01898 0.28416 91.91 216
n-CH,, 1.079 0.256 -0.26506 0.01908 0.28414 102.99 216
n-C.H,, 1.204 0.131 -0.26499 0.01912 0.28411 114.09 213
n-C,H,. 1.335 0.000 ~0.26494 0.01917 0.28411 125.22 208
n-C,H,, 1.460 0.125 ~0.26490 0.01918 0.28408 136.36 215
n-C, H,, 1.591 0.256 —-0.26488 0.01921 0.28409 147.51 233
n-C ,H,, 1.847 0512 ~0.26486 0.01923 0.28409 169.84 270
n-C,,H,, 2.104 0.769 -0.26483 0.01924 0.28407 192.21 297
n-C,H,, 2.360 1.025 -0.26482 0.01925 0.28407 214.59 308
*Rrg 0.4724 0.8629 -0.2482 -0.2459 0.2530 0.4741

*: Ry, represents the related coefficient between descriptor and 7.
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Table 2 The effect of the number (B)of branched chain of isomers on 7,

L Cy E T,
R, B — Eyomo(at) By pyo(an.) AE,(a.u.) —

nm J-mol™- K™ kJ-mol™ K
n-butyl 1 0.824 —-0.26540 0.01881 0.28421 162.00 567.89 219
iso-butyl 2 0.693 -0.26626 0.01792 0.28418 164.64 566.47 249
sec-butyl 2 0.649 —-0.26473 0.01927 0.28400 164.89 566.60 251
t-butyl 3 0.566 —-0.25926 0.01875 0.27801 169.87 563.58 316
n-pentyl 1 0.948 -0.26518 0.01898 0.28416 43.55 154.53 216
3-methylbutyl 2 0.827 —-0.26683 0.01811 0.28494 44.00 154.32 228
2-methylbutyl 2 0.822 —-0.26588 0.01819 0.28407 44.17 154.28 241
3-pentyl 2 0.689 —-0.26088 0.01754 0.27842 44.20 154.14 267
neopentyl 3 0.675 -0.26326 0.01480 0.27806 44.98 153.87 295

Ry, 0.9155 -0.8628 0.8138 -0.4538 -0.8818 0.1716 0.1407
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S0F-shee L shRe PRahRE R T4 AR R T
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i Iy R 2[R R AR B TR A RE B £, TR IR
FER R, T8
23 AEABRKREMTHZM
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Table 3 The effect of the number of branched chains on T, at the same length of side chain

L 107 Cy E T,
R, B Eyomo(an)  Ejyyo(au)  AE(au.) o(a.u.) —
nm C'm Jemol™-K" J-mol™ K
n-propyl 1 0692  -026579  0.01853  0.28432 6.36 69.820 141921 459126 236
iso-butyl 2 0.693  -026626 001792  0.28418 6.39 80263 104640 566463 249
sec-butyl 2 0649  —026473  0.01927  0.28400 5.79 80.003 164887 566597 251
3-pentyl 2 0680  -026088  0.01754  0.27842 6.52 90330 184498 646173 267
neopentyl 3 0675  -026326 001480  0.27806 6.85 90.170 188196 643817 205
Ry, 09212 -0.1574 06175  -0.9029  -0.8865  0.6613 0.8715 0.9011 0.8714
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Table 4 The effect of different substituent on 7,

L qo, 10% T,
R, Eouo(a.u.) [
nm (a.u.) C'm K
CH,-CN 0.567 —0.29410 —0.46608 9.65 433
CH,-F 0.518 -0.28223 —0.47346 3.95 288
CH,-CH, 0.571 —0.26625 -0.47833 6.13 249
CH,CH,-CN 0.715 —0.28471 —0.46580 14.85 388
CH,CH,-OH 0.665 —0.27257 —0.46971 6.17 258
CH,CH,-CH, 0.692 —0.26579 —0.47830 6.37 236
Rz, —0.0469 -0.9312 0.8515 0.7261

I 5 PR FUE BB (Evowo), OJ T~ BRI HLfT (go,),
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Fig. 3 The classification of T, (PLS method)
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Table 5 Statistic quality of QSPR models for the stepwise
and ANN methods
Methods Sets R F S
train 0.9801 84.71 15.45
test 0.9753 58.55 18.42
train 0.9989 14940.37 3.30
1019.25 425

R :coefficient of correlation; F':fisher significant test;

stepwise regression

ANN
test 0.9985

S':standard deviation
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2.4.4 F3%E 35 ANN 4 B b5
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Quantum Chemistry-ANN Methods Study on T, of Polyacrylates”

LIU, Wan-Qiang" WANG, Xue-Ye' LI, Xin-Fang' LONG, Qing-Ping’ WEN, Xiao-Hong' LI, Jian-Jun?
('College of Chemistry, Xiangtan University, Xiangtan 411105; *Jiangsu Entry-Exit Inspection and Quarantine Bureau,
Nanjing  210005)

Abstract The mechanism and affecting factors of the glass transition for polymers have been analyzed. The
structural units of thirty-eight polyacrylates have been optimized and their quantum chemical descriptors have
been obtained by DFT/6-31G(d) method. The calculated results indicate that the length of side chain, number of side
chains, polarizability, dipole moment, Eyomo, heat capacity at constant volume, and thermal energy are the main
factors affecting glass transition temperature(7,). The regularity of T, for polyacrylates are discussed by the pattern
recognition method (PLS) with quantum chemical descriptors as features. The two classes of polymers with
different 7, distribute in different regions. The quantitative relationship have been studied between these
descriptors and 7, by stepwise regression and BP-ANN (back propagation artificial neural network) methods. The
correlation coefficients between the predicted and experimental 7, for the two methods are 0.9753 and 0.9985, and

the standard deviations are 18.42 and results 4.25, respectively.
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