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Abstract Electrotopological state index (ETSI) for atom types was used to describe the structures of 35
organophosphates and a quantitative linear relationship between the ETSI descriptors and gas chromato-
graphic retention indices (RI) was developed using the variable selection and modeling based on prediction
(VSMP). It was found that some main structural factors influencing the RI of organophosphates are 7 sub-
structures such as =CH,, =C—, aaC— (where “a” refers to a chemical bond in the aromatic ring), =0,
0, CI and Br, which were related to the molecular skeleton of organophosphates, substituent groups on phe-
nyl ring, and alkyls binding to the bond of P—O. Three best 7-variable models, with the calibrated correla-
tion coefficient of »>>0.99 and the validated correlation coefficient of ¢>>0.98 for three stationary phases,
were built by multiple linear regression, which shows a good estimation ability and stability of models. A
prediction power for the external samples was validated by the model built from the training set with 28 or-
ganophosphates.
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Figure 1 Molecular skeleton for dialkylphenylphosphates
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Table 1 Structures of 35 OPs and their retention indices (RI) on three stationary phases

RI (OV-101) RI (DB-1701) RI (DB-WX)
o R Observed Estimated Observed Estimated Observed Estimated
1 CH; H 1420 1376 1680 1637 2140 2127
2 CH, 3-CH; 1488 1508 1758 1753 2219 2226
3 CH; 4-CH; 1504 1514 1768 1759 2245 2230
4 CH; 4-OCH; 1637 1650 1840 1812 2350 2399
5 CH, 3-Cl 1560 1555 1816 1809 2300 2312
6 CH; 4-Cl 1574 1568 1830 1821 2314 2320
7 CH, 3-Br 1652 1659 1910 1913 2392 2395
8 CH; 4-Br 1666 1669 1924 1922 2410 2401
9 CH, 3-CN 1678 1686 2003 2031 2625 2618
10 CH; 4-CN 1706 1705 2041 2049 2662 2634
11 CH; 3-NO, 1795 1807 2065 2156 2720 2734
12 CH; 4-NO, 1810 1827 2085 2172 2737 2747
13 CH,CH; H 1502 1483 1756 1725 2210 2223
14 CH,CH; 4-CH; 1617 1621 1847 1848 2310 2326
15  CH,CH; 3-Cl 1667 1657 1891 1894 2390 2406
16 CH,CH; 4-Cl 1675 1671 1912 1906 2410 2415
17  CH,CH; 3-Br 1777 1766 1996 2002 2490 2492
18 CH,CH; 4-Br 1790 1776 2010 2011 2510 2498
19  CH,CH; 3-CN 1780 1785 2096 2113 2725 2713
20 CH,CH; 4-CN 1800 1805 2140 2132 2762 2729
21  CH,CH;, 3-NO, 1880 1893 2264 2226 2820 2819
22 CH,CH; 4-NO, 1895 1917 2284 2246 2838 2834
23 CH,CH; 2,4-Cl 1837 1832 2031 2033 2490 2487
24 CH,CH; 2,5-Cl 1844 1823 2044 2024 2502 2482
25 CH,CH,CH,CH; H 1889 1910 2103 2122 2596 2548
26 CH,CH,CH,CHj; 3-CH; 2025 2044 2202 2240 2614 2649
27 CH,CH,H,CH;, 4-CH; 2047 2050 2224 2245 2630 2652
28  CH,CH,CH,CH; 4-OCH, 2183 2178 2239 2289 2861 2818
29  CH,CH,CH,CH; 3-Cl 2065 2079 2270 2285 2730 2728
30 CH,CH,CH,CH; 4-Cl 2085 2094 2295 2298 2774 2738
31 CH,CH,CH,CH;  4-Br 2190 2204 2417 2408 2810 2825
32 CH,CH,CH,CH; 3-CN 2215 2202 2515 2501 2989 3036
33 CH,CH,CH,CH;  4-CN 2228 2224 2552 2521 3020 3052
34  CH,CH,CH,CH; 3-NO, 2326 2290 2637 2595 3112 3128
35  CH,CH,CH,CH; 4-NO, 2345 2320 2674 2619 3180 3145
all
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Table 2
descriptor, and ETSI symbol

12 atomic types and their coding number, substructure,

No. Atom type Substructure Descriptor ETSI
1 sCH; —CH; X SsCHj;
3 ssCH, =CH, X3 SssCH,
6 aaCH aCHa X6 SaaCH
9 stC =C— X9 SstC

11 saaC aaC— X1 SsaaC
18 N = X8 SN

22 sddN =N= X2 SsddN
25 dO =0 X25 SdO
26 ssO —0— X26 SssO
32 sssdP =Pp= X3 SsssdP
39 sCl —Cl X39 SsC1
40 sBr —Br X40 SsBr
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Figure 2 Plot of the root mean square error versus the number of variables
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Table 3 The values of 7 ETSI descriptors for 35 OPs
No. X3 X9 X11 X25 X26 X39 X40
1 0.0000 0.0000 0.4533 11.4534 14.2153 0.0000 0.0000
2 0.0000 0.0000 1.4847 11.5647 14.3759 0.0000 0.0000
3 0.0000 0.0000 1.5600 11.5383 14.3308 0.0000 0.0000
4 0.0000 0.0000 1.0787 11.5766 19.2748 0.0000 0.0000
5 0.0000 0.0000 0.8250 11.5216 14.2053 5.7087 0.0000
6 0.0000 0.0000 0.9478 11.5054 14.2062 5.6635 0.0000
7 0.0000 0.0000 1.2503 11.5494 14.3153 0.0000 3.2622
8 0.0000 0.0000 1.3425 11.5266 14.2866 0.0000 3.2721
9 0.0000 1.9378 0.6736 11.5701 14.1879 0.0000 0.0000
10 0.0000 1.9579 0.8132 11.5429 14.1886 0.0000 0.0000
11 0.0000 0.0000 —0.1272 32.5173 13.9627 0.0000 0.0000
12 0.0000 0.0000 0.0785 32.2791 14.0151 0.0000 0.0000
13 0.5637 0.0000 0.4748 11.9159 15.1637 0.0000 0.0000
14 0.5618 0.0000 1.5889 12.0008 15.2792 0.0000 0.0000
15 0.4957 0.0000 0.8564 11.9841 15.1536 5.7765 0.0000
16 0.5096 0.0000 0.9767 11.9679 15.1545 5.7181 0.0000
17 0.5382 0.0000 1.2818 12.0119 15.2636 0.0000 3.2963
18 0.5433 0.0000 1.3714 11.9891 15.2349 0.0000 3.2994
19 0.4349 1.9658 0.7051 12.0326 15.1363 0.0000 0.0000
20 0.4594 1.9802 0.8420 12.0054 15.1369 0.0000 0.0000
21 0.2901 0.0000 —0.0957 33.2045 14.9111 0.0000 0.0000
22 0.3418 0.0000 0.1074 32.9269 14.9635 0.0000 0.0000
23 0.6108 0.0000 3.1622 12.1868 15.6577 0.0000 0.0000
24 0.6158 0.0000 3.0545 12.2169 15.7197 0.0000 0.0000
25 4.3736 0.0000 0.4990 12.4656 16.0695 0.0000 0.0000
26 4.3679 0.0000 1.5534 12.5769 16.2300 0.0000 0.0000
27 4.3683 0.0000 1.6232 12.5505 16.1849 0.0000 0.0000
28 4.2513 0.0000 1.1419 12.5888 21.2351 0.0000 0.0000
29 4.2076 0.0000 0.8937 12.5338 16.0594 5.8759 0.0000
30 4.2391 0.0000 1.0110 12.5175 16.0603 5.8006 0.0000
31 4.3224 0.0000 1.4057 12.5388 16.1407 0.0000 3.3405
32 4.0544 2.0064 0.7423 12.5823 16.0421 0.0000 0.0000
33 4.1108 2.0137 0.8764 12.5550 16.0427 0.0000 0.0000
34 3.6945 0.0000 —0.0585 34.0948 15.8168 0.0000 0.0000
35 3.8137 0.0000 0.1417 33.7642 15.8692 0.0000 0.0000

25
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Figure 3 Relationships between some atomic types and sub-
structures of compound of No. 6

HE 35 4 OP b &W? S5 REKW, 7E 7 4 ETSI 5K %



1048 % %

Eibd Vol. 64, 2006

B, 35 A4S OP AL AR & AH B2y 8511, T
PIAS OP Z [AIFAIRK ECRE B #K T2, 4 B U X HUR
FE(—CHa) FE AR IR R 55 0V 22 S (1) 26 26 K127 5 OP 2
1) {2 B AT AR B i (s 7= 0.0076), X785 7 ME
1k ETSI HAESEA 0 35 A OP (b Mmsita 2 #EbE.
[, SXA B T VSMP i £ AL AL B I m] SEPE.
23 REG5KHE

M 2 Je g PRI (MLR) J7ik, 57 7 A fefd ETSI
R T 15 OP WA WAE A A [ e A7 IR 9 Fir Eioe A
KA (QSRR):

RI= b+ bs s+ by ixe+ by Dy 1+ bos Lvas+

4
b26 Dx26+ b39 DX39+ b40 D)‘740 ( )

= QSRR BLAY 1[IV R (b,) 5 AH N A5 e 22
(FEMEH) . FEAK(n) TR B () 5 TR %
75 (RMSE) . LOO #& 56 41 % & # (q) 5 ¥ 7 i % 22
(RMSV). Fisher iit#(F) 45 R IR 4. R0, 54
QSRR FEAVES HAT AP TH5 LOO 28 HAT I Se vl 1.
FE[E €A OV-101, DB-1701 A1 DB-WX _E [R5 14
KRB 54 0.9980, 0.9921 AT 0.9961, A LOO
A R B (g) 7> WA 0.9965, 0.9859 F10.9916. KB &
R BAT R APl v Re ) S AE vk, s =AW A
QSRR AL 1) OP th &R e E (W& 1 |
“ Estimated ” %) 55 J5U 52 56 00 R B AR B (WL E 1
“Observed” F)FIEAAIIAEOLHHE 4 45, & 1 1)
A1, 5T DB-1701 [AEAH, i QSRR HBEALTHI)EE 11
IS 12 %5 OP LB R 22K, 23 mlik 291 F187, K

KHEH T ARUEIR ZE0 2 £%5, T T SR T8 77 R
ZEMKRMSE=32). Wi kX 2 MuEY e EHih
5, 73 RMSE=24, 77 H¥i% 2 K K.

—ANUFH QSRR BERYER T HAT RFR ESui Y
FasEME 2 AN, Db S5 AT R AN AR AS 1K) B4 T i
NI, K35 AMEEY I U GREERA IR AR, LAY de st
SEARR, ARG TN I SRR A, S AR B R BON N HE T IS
KI5 B 28 N OP A B WME M I GREEREAR, KT 74
OP f1F N AR I EEREA. [FAEN T VSMP J5¥k, LA
LOO a8 77 i 22 A An B Aw, X IIZREE AT AN M)
AR B AR BB, VSMP T 45 R R,
OV-101 [E 4l EPEM A & 45 N A 35
MEEYTAFEE AR, BT 7 A ETSLIE T xs, xo,
X11, X5, Xo6, X30 AN Xgo [ELE, IXULHH 28 NMZREES 35
A OP [HHEAREHE AL HAT A M) QSRR MUAH:. —/MIIZk
BRI (VAT ST i 5 A 35 A OP Ak & W 7 (1B 7Y
ol MEAT RE S, W GRAERAL RIA R AT
M AE D SRaE . i H AR AP I AN REA
TR A

35, RT OV-101 [E5EAH, AR Rd o
RAAE 7 AR EALE, H5 5 WA BT A 2
AT xo BT x5 FKRATAJRP? S M A A
Z A B AR RECR I, H A REOEE] 0.9999,
FERADG. BT B R LA g B AR xps, BEASGETHPEAS N AT
BEVEAAL. N MLR 759507 5 B8 oo A1 xy HRHASE
RSt

K4 OPALBIIAEAIF I & AH L IR R B TR B SRR S A7 R i
Table 4 Models for predicting the retention indices of OPs on three stationary phases

Statistic oV-101 DB-1701 DB-WX
by (493.218+47.714) (973.853 £ 96.409) (1121.72£70.33)
by (98.8053 42.0289) (94.4854 4.0996) (70.2066 == 2.9905)
by (145.630+5.1668) (190.032 = 10.440) (242.317£7.616)
by (118.926+5.9729) (106.219 £ 12.069) (86.0354 -8.8038)
bas (24.1771 £0.6069) (27.8357 £ 1.2264) (31.7164 £0.8946)
bas (38.8447+2.7783) (20.8178 £5.6139) (42.4047£4.0951)
by (233571 £ 1.7236) (23.0379 +3.4827) (26.4565+2.5405)
buo (55.8445+3.0071) (57.3720£6.0761) (58.899614.4323)
n 35 35 35
» 0.9960 0.9843 0.9922
r 0.9980 0.9921 0.9961

RMSE 16 32 23
F 959.74 242.50 493.17
7 0.9931 0.9720 0.9833
q 0.9965 0.9859 0.9916

RMSV 21 43 34
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n=28, m="7,r=0.9980, RMSE=16, F=702.69,

¢=0.9954, RMSV =24

(B x9 N x15)

n=28, m="7,r=0.9980, RMSE=16, F=704.51,

¢=0.9955, RMSV =24
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Figure 4 Plot of estimated by QSRR versus observed RI of 35 OPs on various stationary phases
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Figure 5 Plot of estimated versus observed RI of 28 OPs in training set on various stationary phases
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