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QSPR Studies on Vinyl Polymers Based on Quantum Chemical
Descriptors
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(College of Chemistry, Xiangtan University, Xiangtan 411105)

Abstract Density functional theory calculations were carried out for repeated units of vinyl polymers, such
as polyvinyls, polyacrylates, polymethylacrylates, polystyrenes and polyalkenes. The calculated results of
the total energy E;, the internal energy E;,, the heat capacity at constant volume Cy, the entropy S, the quad-
rupole moment Q;;, the dipole moment |, the average polarizability of the molecule o and the most negative
net charge of atom q  were used to predict the molar volume at room temperature Vagg , the molar parachor
of Sugden Ps, the dispersion component F4 of the molar attractive force constant, the molar refraction of
Lorentz and Lorenz R_|, the molar diamagnetic susceptibility y, the molar viscosity-temperature function es-
timated as a sum of the structural units in the repeated unit Hys,m, the molar Rao ultrasonic velocity function
Ur and the molar Hartmann ultrasonic velocity function Uy. Eight quantitative structure-property relation-
ship (QSPR) models obtained from the training sets were evaluated externally using the test sets. Data of
correlation coefficient R? between the predicted values and experiment values are: 0.989 for Vaggk, 0.982 for
Ps, 0.975 for Fq, 0.997 for R |, 0.988 for y, 0.914 for Hysm, 0.988 for Ug and 0.972 for Uy. The results in-
dicate that the QSPR models constructed by such quantum-chemical descriptors can be well used to predict
the properties of polymers.
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tionship; polymer
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Tablel Experimental and calculated data of the training set for forty polymers®
No. Polymer Vaogk Ps Fa R X Hysim Ur Un
1 Polyethylene 33.1/360  78.0/794  540/646  9.298/9.915 22702565  S40/109% 17602051  1350/1732
2 Poly(vinyl acohal) 35.0/43.3 98.0/101.6 560/538 10.723/11.346  27.85/28.30  2208/1604  1930/1828 1545/1548
3 Poly(vinyl fluoride) — 86.6/90.0 570/615 — 26.95/27.04  1542/1605  1830/1911 1445/1600
4 Poly(vinyl chloride) 45.1/38.1 115.2/110.9 800/827 14.288/13.424  38.85/36.23  2750/2618  2480/2446 2125/1979
5 Poly(vinyl bromide) — 128.9/128.3 900/968 — 47.85/43.26  4969/5063  2610/2803 2125/2291
6 Poly(vinylidene fluoride) 40.0/41.4 95.2/101.4 640/635  9.025/11.562 31.55/31.88  2239/2476 1930/187  1575/1500
7 Poly(vinylidene chloride) 58.4/49.6 152.4/140.1 1100/1040 19.275/17.393 51.35/52.81  4580/4132  3230/2915 2710/2292
8 Poly(vinyl acetate) 72.4/71.6 182.0/185.9 1160/1131 — 48.85/48.85  2930/3097  3980/3736  3225/3009
9 Poly(vinyl ethyl ether) 76.7/76.3 176.0/180.9 1140/1163 20.199/20.455 51.20/50.60  2380/2449  4010/3989  3300/3210
10 Poly(N-vinyl pyridine) 88.9/92.9 246.9/2435 1660/1648 — 67.74/70.52  3985/3646  5272/5536 4181/4436
11 Poly(vinyl propionate) 98.1/96.0 221.0/225.9 1430/1390 24.864/24.739  60.20/63.31  3350/3511  4860/4684  3900/3751
12 Poly(vinyl n-butyl ether) 108.1/109.4 254.0/260.2 1680/1622 29.497/29.379  73.90/71.87  3220/3277  5770/5724  4650/4571
13 Poly(vinyl sec-butyl ether) 108.9/112.0 254.0/257.5 1640/1592 29.456/29.047 74.70/72.03  3440/3211 5860/5644  4800/4488
14 Poly(vinyl methyl ether) — 137.0/141.3 870/902 15.496/15.919  39.85/39.97  1960/2028  3130/3042 2625/2466
15 Poly(vinylide bromide) — 179.8/175.4 1300/1329 — 69.35/68.19  9112/9033  3490/3647  2710/2990
16 Poly(vinyl methyl ketone) 62.6/60.7 — — 18.696/18.567 — — 3630/3529  2925/2846
17 Poly(vinyl iso-butyl ether) ~ 107.7/111.0 — — 29.495/28.988 — — — —
18 Poly(vinyl n-pentyl ether) 124.4/125.9 — — 34.146/33.901 — — — —
19 Poly(vinyl n-octy! ether) 171.0/175.1 — — 48.093/47.575 — — — —
20 Poly(vinyl n-decyl ether) 208.7/201.5 — — 57.391/56.746 — — — —
21 Poly(vinyl n-dodecyl ether)  238.1/240.8 — — 66.689/65.937 — — — —
22 Poly(N-vinyl carbazole) 161.0/159.8 427.7/439.3  3196/3250 — 126.30/125.39 8565/8378 10261/10295 8138/8191
23 Poly(vinyl isopropyl ether) 93.2/94.2 — — — — — — —
24 Poly(o-vinyl pyridine) — — — — — — 5655/5487  4485/4371
25 Poly(vinyl benzoate) — 315.9/312.5 2170/2168 40.081/40.182 87.35/90.27  5470/5776  7230/6929 5745/5489
26 Poly(vinyl cyclohexane) 116.0/114.2  283.9/274.2 1970/1900 34.951/34.160 85.85/86.53  2728/3012 6380/6740 5045/5434
27 Poly(p-vinyl naphthalene) 140.0/128.4 — — — — — — —
28 Poly(a-vinyl naphthalene) 137.7/1349 360.0/357.3  2590/2767 — 103.97/105.22 6452/6513  8623/8763 6839/6971
29 Poly(vinyl butyal) 131.3/135.6  323.9/316.0 2130/2046 — 97.39/94.87 — 73017214  5790/5744
30 Poly(vinyl pivalate) — 298.8/297.7  1930/1809 — 84.85/84.62  4550/4166  6830/6310 5370/5005
31 Poly(vinyl chloroacetate) 83.1/87.2 — — 25.265/23.982 — — — —
32 Poly(vinyl cyclopentane) — — 1700/1683 — — — 5480/5899  4346/4755
33 Poly(vinyl sulfuric acid) — — 1042/1151 — — 4396/4723  3210/3781  2670/3334
34 Poly(vinyl 2-ethylhexyl ether) 172.9/174.6 — — 48.055/52.118 — — — —
35 Poly(5-vinyl-2-methylpyridine) — — — — — — 6584/6331  5222/5041
36 Poly(p-vinylpyridine) — 241.5/237.4 — — 69.01/70.19  3985/3646  5655/5543  4485/4415
37 Poly(vinyl n-hexy! ether) 138.6/142.1 — — 38.795/38.445 — — — —
38 Poly(vinyl trimethylsilane) — — 1624/1520 — — 5640/5315  4515/4219
39 Poly(vinyl methyl sulfide) 62.8/65.2 — — — — — 3280/3426  2765/2792
40 Poly(vinyl n-butylsulfide) 118.6/114.5 — — — — — 5920/6499  4790/5207

3 The data units are mLemol * for Vagsk, 10 ¢ mLeNY*emol “tecm ¥* for P, J¥2ecm*?emol * for Fg, mLemol * for R, 10 ® mLemol * for Ve goJm-molf‘”3 for
Hysum, €mM*%es™%emol ~* for Ug and Up. The data on the left of the slash are experimental values, the data on the right are predicted values.
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Table2 Resultsof multiple linear regression analysis

Statistical analysis®

n SD Rev®  VIFmx F R

28 4699 0980 1101 1607  0.996
22 6.344 0984  7.088 1643  0.998
24 74733 0964 1048 943  0.994
21 1306 0984 1000 2942 0.997
22 2218 0984 3390 1064 0.997
Hyaum= —1229.704—0.905E,— 34.878E;, 1 44.4535+63.585¢: 22 292125 0947 7890 264 0992
Ugr=1177.720+14.809E;,+55.429¢+2606.363q 30 283758 0955 3556 537  0.992
Uy =919.322+11.886E;,+43.055a+ 1857.806¢ 8 30 234228 0951 3556 484  0.991

2 nisthe number of sample; SD is the standard error; Rcv2 is the correlation coefficient by leave one out (LOO) method cross-validation; VIFjna is the maximum of

Regression equation No.

Vg8 =2.003+3.405C,— 2.716u

P,= —83.186+1.823a+ 1.900S+0.270E;,
Fq=592.167+21.5690+1016.768q
R..=0.469+0.412q
%=1.246+0.068E,,— 1.414Q; —2.186u

~N o o B~ W N R

variance inflation factor of models.

3 WAL 49 FhESW ) S ie s
Table3 Experimental data of the test set for forty-nine polymers

No Polymer Vagsk Ps Fq R X Hiam  Ur Uy
1 Polypropylene 495 117.0 770 13909 3485 1480 2730 2325
2 Polyisobutylene 66.8  156.0 — 18517 4735 2040 3730 3025
3 Poly(1,2-butediene) — 1450 950 18.180 3595 1663 3106 2587
4 Poly(1-butene) 652 1560 1040 18558 4620 1900 3610 3000
5 Poly(4-methyl-1-pentene) 1005 2340 1540 27.818 — 2880 5460 4350
6 Poly(methyl acrylate) 706 1820 1160 20.146 4885 2930 3980 3225
7 Poly(methyl methacrylate) 856 2208 1430 24754 6135 3490 4980 4325
8 Polyacrylonitrile 448 1246 780 13.793 3135 3452 2630 2195
9 Poly(acrylic acid) — 1428 880 15477 3935 2208 2790 2213
10 Poly(ethyl acrylate) 894 2210 1430 24933 60.20 3350 4860 3900
11 Polymethacrylonitrile 61.0 1636 1050 18401 4385 — 3600 2990
12 Poly(ethyl methacrylate) 1020 2598 1700 29541 7270 3910 5860 5000
13 Poly(methyl ethacrylate) — 259.8 1700 — 7270 3910 5860 5000
14 Polystyrene 99.1 2509 1780 33.679 7335 4020 5980 4725
15 Poly(methyl a-chloroacrylate) — — 1460 25.039 6535 4760 4730 4195
16 Poly(a-methyl styrene) 111.0 2899 2050 38.093 8585 4580 6980 5490
17 Poly(t-butyl methacrylate) 139.4 3378 2200 38591 9735 5110 7830 6620
18 Poly(p-methyl styene) 113.7 2899 2040 — 8485 4680 6830 5475
19 Poly(o-methyl styene) 1151 2899 2040 38359 8485 4694 6705 5318
20 Poly(ethyl a-chloroacrylate) 96.8 — 1730  29.826 — — — —
21 Poly(n-butyl acrylate) — 299.0 1970 — 8290 4190 6620 5250
22 Poly(N-methyl acrylamide) — — 1220 — — 3130 — —
23 Poly(isobutyl methacrylate) 136.1 — 2200 38.632 — — — —
24 Poly(sec-butyl methacrylate) 135.2 — — — 96.20 — — —
25 Poly(p-methoxy styrene) — 3099 2140 40613 89.85 5160 7230 5775
26 Poly(n-butyl methacrylate) 1348 3378 2240 38670 9540 4750 7620 6350
27 Polyacrylamide 54.6 — 920 — 37.35 — — —
28 Poly(p-chlorostyrene) — 288.1 2070 — 8885 5950 6580 5345
29 Poly(o-chlorostyrene) — 2881 2070 38489 8885 5906 6455 5194
30 Poly((1-phenylethyl methacrylate) 168.5 — — 53.753 — — — —
31 Poly(methyl a-cyanoacrylate) 852 2284 1440 — 57.85 5591 4880 4345
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No. Polymer Vogg K Ps Fq R X Hysum Ur Uy
32 Poly(p-bromostyrene) — 301.8 2170 — 9785 8112 6710 5345
33 Poly(p-t-butyl styrene) 168.7 4069 2810 52421 12085 6300 9680 7770
34 Poly(2-ethylbutyl methacryate) 163.7 4158 2740 47930 11890 5810 9470 7850
35 Poly(cyclohexyl methacrylate) 1532 3877 2600 45765 11235 4867 8630 7195
36 Poly(n-hexyl methacrylate) 1685 4158 2780 47968 11810 5590 9380 7700
37 Poly(diphenylmethyl methacrylate) 216.0 — — 73.619 — — — —
38 Poly(benzyl methacrylate) 149.4 3937 2662 49.089 111.20 6450 9110 7520
39 Poly(n-octyl methyacrylate) 2042 4938 3320 57.266 140.80 6430 11140 9050
40 Poly(2-hydroxyethyl methacrylate) — 2798 — 30.928 7705 518 5940 5045
41 Poly(cyclohexyl a-chloroacrylate) 151.0 — — 46.050 — — 8380 7065
42 Poly(n-propyl methacrylate) 118.7 — — 34.021 — — — —
43 Poly(isopropyl methacrylate) 124.1 — — 34.051 — — — —
44 Poly(p-flurostyene) — — — — — — 5930 4703
45 Poly(phenyl methacrylate) 134.0 — — 44.589 — 6030 8230 6845
46 Poly(1-pentene) 825 — — — — 2320 — —
47 Poly(1-hexene) 97.9 — — — — 2740 — —
48 Poly(dodecyl methacrylate) 273.8 — — 75.862 — — — —
49 Poly(1-octadecene) 293.6 — — 83.754 — — — —
WAL 8 PR Ge it o b 4 2R @
Table4 Statistic analysis results of the test set for 8 properties”
Property Vaogk Ps Fq R X Hysum Ur Uy

R? 0.989 0.982 0.975 0.997 0.988 0.914 0.989 0.972

Ry 0.987 0.978 0.972 0.997 0.983 0.907 0.988 0.971

R’ 0.988 0.980 0.974 0.997 0.985 0.914 0.989 0.972

k 1.037 0.989 0.954 0.978 0.996 0.966 0.959 0.929

K 0.962 1.009 1.045 1.021 1.002 1.025 1.042 1.073

n 37 32 35 37 34 36 36 36

ME/% 6.280 3.238 5.860 2.465 4.057 8.775 4.937 6.826

@ Ris the correlation coefficient between the predicted values and experimental values; RZ and Ry

are coefficients of determination of predicted versus ob-

served values and observed versus predicted values, respectively; k and k' are slopes of regression lines through the origin of predicted versus observed values and

observed versus predicted values, respectively; n isthe number of sample; ME is the average predicted error.
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M YOI FE, PRIE Ug K, I FLILIT 2 T 1) Vaogk
WK, M Vossk 5 a, En M g 1IEAIR, i Ugth 522
IEAHZE (W, Regression Eq. 7).
Un 5 Up HIEMLEF

Uy =~ 0.8017Ug (11)

A Uyt 5 a, B X q IEAHSC( Regression Eq. 8).

MRIEGETH R, 762 ek M, P L
FZHNVIFZ10 I, slASHE | 5HALS AR AR
ZEILAVER R, T RERR ek E TEX, W
SCHR[AS] AN 5 1 A 1 F00, 17 AN BEAE H AdRE, AN ST
TS HVIF<10 (L3 2), FFHREH S E S
fiRRE, DRI A AN AR 3R 20 TR 2P ) @, W] DAAE A B
A EVEY it

4 g

MG BT R TS E, En Cv S Qi
U, a P q SRR EEYN RiL, x Vassk, Ps Fa, Hysum,
Ur S Uy 8 Rl fE 200 FI & 28 [ 145 21 () QSPR #5284 AH
REAHE, brAEZE D, g AT EE. X a1 LA
gik . AL R T SRS B TS L A
AP B OIS, T H 20T DApRk i it e e o
AT, AITT LASR i B B A T A, W R E
ISR aa R IEv E SR a R A S L S i
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