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Abstract The structural and thermodynamic properties of 76 polychlorinated naphthalenes
PCNs were fully computed at B3LYP/6-31G" level. Both structural and thermodynamic
parameters of PCNs obtained were consequently taken as theoretical descriptors and correlated
with their gas chromatographic retention indices RI so as to develop the relevant quantita-
tive structure-retention relationship QSRR regression model model I with r* of 0.995 7
which possesses high correlation high predictive power and clear physical interpretations.
Secondly another linear QSRR model model [I was achieved by employing the number and
position of chlorine substitution as descriptors of which ** was 0.9967 and also the main
factors affecting the retention time of PCNs were investigated.
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Table 2 Squared correlation coefficients of single
parameter and RI
Parameter 7 Parameter 7
v, 0.8750 S° 0.8637
1 a 0.9408 Ey, 0.9695
o 0. 0475 ZPE 0. 9666
B3LYP/6-31G” 76 PCN qH” 0.1703 v 0.9204
q- 0.0781 N, 0.3624
Exomo 0.3769 Ny 0.2823
RI E1umo 0.8989 N, 0. 6600
TE 0.9626 N, 0.5156
1 “ vol- H° 0.9626 N, 0.2528
» G° 0.9626 Ny 0.3556
ume
s s N, and N are the numbers of chlorine atoms at positions 1
6.8 e/nm” 0.001 e/bohr 4 5 8 o« positions and2 3 6 7 B positions respec-
“ Tight” V. tively. N, ¢ is the number of chlorine substitute at position 1
s ' 8 orposition4 5 N, N, and N, are the number of chlo-
nm Gaussian 98

Pentium [V 2.66G

1

Table 1 Symbols and units of parameters
No. Name Descriptor Unit
1 molecular polarizability a 10 7% esu
2 dipole moment of the molecules " Debye

energy of the highest occupied

3 : Eyomo eV
molecular orbital
energy of the lowest unoccupied

4 & . Eymo eV
molecular orbital
most negative partial charge in
molecule
most positive partial charge on a

hydrogen atom

7  molecular volume V; nm?
8  total energy TE Hartree
9 enthalpy H° Hartree
10  entropy S° J/ mol- K
11  free energy G° Hartree
12 zero-point vibrational energy ZPE kJ/mol
13 consta.nt volume molar heat ce 3/ mol-
capacity
14 thermal energy correction E, kJ/mol
number and position of chlorine
15 - N
substitution
QSRR
RlI=aD, +a,D,+ +a,D, 1
D, D, D, a, a, a,
SPSS 11.5 for Windows
7 SE

rine at ortho meta and para positions respectively.

4
I
RI=2644.3 +14 105.2E ;0,0 —
1715.7¢gH" +18. 8u +19. 6« 2
N=63 7 =0.9957 SE=16.1
N 1
”
variance inflation factor VIF VIF =
1/ 1= " r
VIF =1.0
VIF=1.0~5.0 VIF =
5.0~10.0 VIF > 10
I VIF 3 VIF
3. 057 5.0 2
3 I I r? VIF

Table 3 Self-correlation coefficients r’ and variance

inflation factors VIF for models I and I

Model Variable »? VIF
I Evomo 0.6729 3.057
qH " 0.3626 1.569

I 0.2794 1.388

a 0.6125 2.581

I N, 0.7859 4.671
NB 0.7807 4.560

N, 0.7601 4.168

N, 0.6914 3.240
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4 I " =0.9950 SE =16.7
ARI 125 6- 9 MEDV-13
39 2.00% " =0.9845 SE =29.61
1 B3LYP/6-31G"
I AM1
4 PCNs RI I I Neg©
Table 4 Observed RI values calculated RI values by model I and relevant descriptors model Il and N, *
¢ Model 1 Model II
Compound RI
RI, ARI  Eyono qH* o a RI,, ARI N, N, N, N, N, Ny

Naphthalene 1360 -0.2127  0.1295 0.000 99.0 1337 0 0 0 0 0
1 1481 -0.2191  0.1574 1.849  110.5 1471 1 0 0 0 0 0
2 1497 -0.2218  0.1548 2.130 112.8 1487 0 1 0 0 0 0
12 1661 -0.2259 0.1611 2.992  123.9 1666 1 1 1 0 0 0
13 1617 -0.2273  0.1764 2.300 124.6 1621 1 1 0 1 0 0
14 1617 -0.2245  0.1623 0.733  122.8 1605 2 0 0 0 1 0
15 1585 -0.2251  0.1633 0.000 122.4 1605 2 0 0 0 0 0
16 1618 -0.2277  0.1669 1.656  124.7 1621 1 1 0 0 0 0
17 1625 -0.2269  0.1801 3.017 124.3 1621 1 1 0 0 0 0
138 1725 -0.2203  0.1587 3.332  122.5 1702 2 0 0 0 0 1
23 1682 -0.2281 0.1611 3.195  126.3 1682 0 2 1 0 0 0
26 1637 -0.229 0.1594 0.000 127.5 1637 0 2 0 0 0 0
27 1639 -0.2311  0.1591 1.862 127.3 1637 0 2 0 0 0 0
136 1759 1747 12 -0.2359  0.1795 0.368 139.6 1771 12 1 2 0 1 0 0
135 1761 1764 -3 -0.2322  0.1846 1.955 136.7 1755 -6 2 1 0 1 0 0
137 1769 1795 -26 -0.2336  0.1826 1.642 139.4 1771 2 1 2 0 1 0 0
146 1772 1768 4 -0.2319  0.1837 1.374 137.1 1755 -17 2 1 0 0 1 0
124 1776 1790 -14 -0.2307  0.1819 2.240 136.4 1800 24 2 1 1 1 1 0
125 1796 1781 15 -0.2315  0.171 1.577  136.2 1800 4 2 1 1 0 0 0
126 1802 1808 -6 -0.2332  0.1692 1.291 138.9 1816 14 1 2 1 0 0 0
127 1812 1800 12 -0.2338  0.1822 3.085 138.4 1816 4 1 2 1 0 0 0
167 1812 1804 8 -0.2328 0.1863 3.171 138.2 1816 4 1 2 1 0 0 0
236 1819 1838 -19 -0.2356  0.1661 1.577  141.6 1832 13 0 3 1 0 0 0
123 1827 1853 -26 -0.2314  0.1647 3.398 137.5 1861 34 1 2 2 1 0 0
138 1842 1851 -9 -0.2284  0.1803 2.813  137.1 1852 10 2 1 0 1 0 1
145 1852 1852 0 -0.2257 0.1686 1.567 135.5 1836  -16 3 0 0 0 1 1
128 1896 1906 -10 -0.2263  0.166 3.965  136.1 1897 1 2 1 1 0 0 1
1357 1911 1936 -25 -0.2381  0.1869 0.000  151.8 1904 -7 2 2 0 2 0 0
1246 1950 1960 -10 -0.2371  0.1854 0.494  151.7 1950 0 2 2 1 1 1 0
1247 1950 1956 -6 -0.2381 0.1854 1.440 151.3 1950 0 2 2 1 1 1 0
1257 1950 1941 9 -0.2386  0.1864 1.410 151.0 1950 0 2 2 1 1 0 0
1367 1970 1974 -4 -0.2397  0.1886 1.150  153.9 1966 -4 1 3 1 1 0 0
1467 1974 1977 -3 -0.2368  0.1895 2.268 151.0 1950 -24 2 2 1 0 1 0
1256 1993 1954 39 -0.2369  0.1731 0.000 150.7 1995 2 2 2 2 0 0 0
1368 1993 2002 -9 -0.2363  0.1829 1.217  152.4 2002 9 2 2 0 2 0 1
1235 2000 1973 27 -0.2361  0.1898 2.700  149.9 1995 -5 2 2 2 1 0 0
1358 2000 2001 -1 -0.2328 0.1889 1.453  150.1 1986 -14 3 1 0 1 1 1
1236 2006 2004 2 -0.2389 0.1717 1.338 153.2 2011 5 1 3 2 1 0 0
1237 2017 2011 6 -0.2379  0.1844 2.449  153.0 2011 -6 1 3 2 1 0 0
1234 2018 2034 -16 -0.2345 0.166 3.083  149.4 2040 22 2 2 3 2 1 0
1267 2018 1997 21 -0.2386  0.1881 2.415 153.1 2011 -7 1 3 2 0 0 0
1245 2029 2016 13 -0.2319  0.1858 1.947  149.4 2031 2 3 1 1 1 1 1
2367 2034 2021 13 -0.241 0.1689 0.000 156.6 2027 -7 0 4 2 0 0 0
1248 2038 2033 5 -0.2312  0.1864 2.586  149.3 2031 -7 3 1 1 1 1 1
1258 2052 2046 6 -0.2313  0.1759 2.218  149.4 2031  -21 3 1 1 0 1 1
12638 2052 2053 -1 -0.2335 0.1828 2.618 151.6 2047 -5 2 2 1 1 0 1
1458 2086 2062 24 -0.2273  0.171 0.000  149.1 2067 -19 4 0 0 2 2
1238 2101 2100 1 -0.2316  0.1682 3.704  150.2 2093 -8 2 2 1 0 1
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Table 4 Continued
¢ Model | Model II
Compound RI
RIcal ARI EHOMO qH * y [ed RIcal ARI N{x NB No Nm Np Nl 8
1278 2114 2098 16 -0.2321 0.1688 4.004 150.3 2093 -21 2 2 2 0 0 1
12357 2145 2160 -15 -0.2421 0.1919 1.055 165.5 2145 0 2 3 2 2 0 0
12467 2145 2169 -24 -0.2422 0.191 0.989 166. 1 2145 0 2 3 2 1 1 0
12457 2168 2171 -3 -0.2388 0.1901 0.043 164.6 2181 13 3 2 1 2 1 1
124638 2178 2208 -30 -0.2376  0.1904 1.003 164.7 2181 3 3 2 1 2 1 1
12346 2186 2186 0 -0.2409  0.187 1.527 165. 1 2190 4 2 3 3 2 1 0
12356 2190 2161 29 -0.2417  0.1915 1.471 164.9 2190 0 2 3 3 1 0 0
12367 2217 2201 16 -0.2432  0.1901 1.153 168.2 2206 -11 1 4 3 1 0 0
12456 2227 2218 9 -0.2368 0.1882 1.368 164. 1 2226 -1 3 2 2 1 1 1
124738 2235 2231 4 -0.2366  0.1886 2.332 163.7 2226 -9 3 2 2 1 1 1
123538 2243 2229 14 -0.2358  0.1939 2.416 163.4 2226 -17 3 2 2 1 1 1
123638 2243 2247 -4 -0.2388  0.1847 1.844 166.2 2242 -1 2 3 2 2 0 1
12458 2261 2250 11 -0.2329 0.1895 1.413 163.0 2263 2 4 1 1 1 2 2
12345 2275 2273 2 -0.2347 0.1723 2.886 162.6 2272 -3 3 2 3 2 1 1
12378 2309 2304 5 -0.2367 0.1717 3.174 165.2 2288 -21 2 3 3 1 0 1
123467 2378 2382 -4 -0.2454  0.1924 0.051 180.2 2385 7 2 4 4 2 1 0
123567 2378 2370 8 -0.2455  0.1933 0. 000 179.9 2385 7 2 4 4 2 0 0
123457 2405 2424 -19 -0.2411 0.1918 0.975 178.4 2422 17 3 3 3 3 1 1
1235638 2405 2419 -14 -0.2413  0.1949 0.935 178.6 2422 17 3 3 3 2 1 1
123578 2415 2442 -27 -0.2405 0.1953 1.619 178.6 2422 7 3 3 3 2 1 1
1245638 2425 2442 -17 -0.238 0.1917 0.210 177.8 2458 33 4 2 2 2 2 2
1245738 2425 2447 -22 -0.2384 0.191 0.910 177.6 2458 33 4 2 2 2 2 2
123456 2472 2471 1 -0.2397 0.1792 2.065 177.6 2467 -5 3 3 4 2 1 1
1234538 2493 2502 -9 -0.2363 0.1746 2.153 176.3 2503 10 4 2 3 2 2 2
1236738 2505 2512 -7 -0.2413  0.1741 1.972 180.5 2483 -22 2 4 4 2 0 1
1234567 2694 2660 34 -0.2437  0.1965 0.839 192.9 2662 -32 3 4 5 3 1 1
12345638 2694 2678 16 -0.2414 0.1925 0.941 191.7 2698 4 4 3 4 3 2 2
123456738 2987 -0.2444  0.1433 0.000  206.2 4 4 6 4 2 2
* compound the number is the chlorinated position in polychlorinated naphthalene RI,, RI value observed from
reference 8 RI_ RI value calculated by model [ or model I ARI ARI =RI,, - RI_,. For other descriptors see Table 1
and Table 2.
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o' 2367 B I
N, Nﬂ 18 45 RI:1336.9+133.8NQ+l49.9Nﬁ+
N, . 45.3N, +97.5N, , 3
N, N N, N=63 7°=0.9967 SE =14.3
N, 4 4 VIF 3 VIF  4.671
72
5 PCN SE I
RI
v’ 5 4 II
« Eyomo 12 3- 34
E o V., 1.86%
Model I Model 11
I
2 PCN RI N, 89
4
5 r
Table 5 Coefficients of correlation equations of PCN parameters with the number and position of chlorine substitution
Parameter Constant N, N, N, N, N, N r
e 97.692 11.934 14. 860 -0.557 0.189 0.761 0.798 1.000
" 2.668 -0.122 -0.539 0.505 -0.320 -0.870 0.625 0.298
Eyomo -0.215 -0.005 -0.007 0.002 0.000 0.000 0.004 0.988
E umo -0.038 -0.010 -0.010 0.002 0.001 0.000 0.001 0.996
q- -0.182 -0.013 -0.006 0.006 -0.002 0.018 0.031 0.255
qH " 0.135 0.019 0.015 -0.009 -0.002 -0.003 -0.013 0.729
vV, 103.717 12.946 13.875 -1.891 0.061 0.607 -2.282 0.966
TE —-385.89436 —-459.59431 —-459.59525 0.00599 0.00140 0.00197 0.02000 1.000
H° -385.73900 -459. 60300 -459. 60400 0.00584 0.00133 0.00202 0.02000 1.000
G° —-385.77700 —-459. 60600 -459.60700 0.01636 0.00639 0.00163 0.00203 1.000
S° 341.57 31.38 32.05 -4.85 -2.63 -0.11 1.78 0.969
Ey 406. 23 -21.88 -22.10 -0.39 -0.18 0.14 -1.29 1.000
ZPE 388.50 -25.17 -25.58 -0.02 -0.13 -0.15 -1.20 1.000
Cy 120.78 15.87 16.61 -1.40 -0.28 1.13 -0.45 0.991
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