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Table 1 BDE of oxygen-oxygen and 10h-HLT of Peroxides

No. Organic peroxide CAS registry 10h-HLT* BDE*
number () (k] /mol)
1 Diisobutyryl peroxide 3437-84-1 21(B);25(TCE) 129.1292
2 3-Bhydroxy-1, 1-dimethylbuty! 95718-78-8 37(TCE) 130.8861

peroxyneodecanoate
3 Tert-cumyl peroxyneodecancate 26748-47-0 38(TCE) 125.7828
4 Tert-cumyl peroxynecheptanoate 104852-44-0 43(TCE) 143.1004
5 Tert-amyl peroxyneodecanoate 68299-16-1 46{TCE) 128. 8782
6 Tert-butyl peroxyneodecanoate 26748-41-4 48(TCE) 129.924
7 Di{2-ethylhexyl) peroxydicarbonate 16111-62-9 49(TCE) 108. 06469
8 Diisopropyl peroxydicarbonate 105-64-6 50(TCE) 123.6495
9 Dif sec-butyl) petroxydicarbonate 19910-64-7 S50(TCE) 118.0861
10 Di(2, 4-dichlorobenzoy! }peroxide 133-14-2 54(B) 132.0991
11 Di(3,5, 5-irimethylhexanoyl)} peroxide 3851-87-4 59(B);:61(TCE) 107.8796
12 Didecanoyl peroxide 762-12-9 61(B);65(TCE) 194 7187
13 Didodecanoyl peroxide 105-74-8 62(B);64(TCE) 173.8873
14 Dhacetyl peroxide 110-22-5 69(B) 163.0952
15 Tert-amyl 2-ethylperoxyhexanoate 686-31-7 75(D) 127.2469
16 Tert-butyl 2-ethylperoxyhexanoate 3006824 77(D) 128.9201
17 Dibenzoy! peroxide{ BPO) 94-36-0 73(B) 203.3775
18 Tert butyl proxyliscbutyrate 109-13-7 §2(D) 122.0599
19 1,1-Di( tert-amylperoxy) cyclohexane 15667-10-4 93(D} 96.37632
20 1,1-Di( tert-butylperoxy)-3, 3, 5-trimethylcyclohexane 6731-36-8 96 (D) 101. 1449
21 1,1-Di{ tert-butylperoxy) eyclchexane 3006-86-8 97(I 98.92795
22 QOO-tert-butyl O-isopropyl monoperoxycarbonate 2372-21-6 99(B) 140.3815
23 OO-tert-butyt O-(2-ethylhexyl) 34443-12-4 100{D} 133.2286
monoperoxycarbonate

24 2, 5-Di{ bezoylperoxy }-2 , 5-dimethylhexane 2618-77-1 10¢(B) 125.1972
25 Tert-butylpercxy-3, 5, 5-trimethylhexane 13122-18-4 102(B) 128.5436
26 Tert-smy! peroxyacetate 690-83-5 100{D} 145.0246
27 Tert-amyl peroxybenzoate 4511-39-1 100{D) 111.8953
28 Tert-butyl peoxyibenzoate 614-45.9 104(D) 113.443
29 2, 2-Di( tert-butylperoxy Ybutane 2167-23-9 107(D} 101.2286
30 2,2-Di{ tert-amylpeoxy ) propane 3052-70-8 108(D) 105. 4953
31 Ethyl 3, 3-Di{ tert-amylperoxy } butyrate 67567-23-1 112(D} 93.90835
32 Ethyl 3, 3-Di{tert-butylperoxy} butyrate 55794-20-2 114(D) 96.92011
33 1,3-Di[ a-{ tert-butylperoxy ) -isopropyl ]-benzene 25155-25-3 119{D} 110.724
34 2,5-Di( tert-butylperoxy)-2 , 5-imethythexane 78-63-7 120(D) 103.2364
35 di-tert-amyl peroxide 10508-09-05 123(D} 100.5175
36 2, 5-Di( tert-butylperoxy) -2 , 5-dimethyl-3-hexyne 1068-27-5 131{D} 109.1763
37 p-Menthane hydroperoxide 26762-92-5 133(B) 139.1266
38 2,5-Dihydroperoxy-2 , 5-dimethythexane 78-63-7 154(B) 136. 9096
39 a-Cumyl hydroperoxide 80-15-9 158(B) 143.6861
40 Tert-amyl hydroperoxide 3425-61-4 165(B) 135.822
41 Tert-butyt hydroperoxide 75-91.2 172(R) 137.2442

* B; benzene, ID: dodecane, TCE ; trichloroethylene ; All the solution coneentrations are 0. 2mol/L

b The bond dissociation energy (BDE) is calculated using the computer method
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Fig. 3 Relationship between oxygen charge of radicals
from peroxides separating :-amyl and their 10h-HLT in
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Table 2 Comparison of linear regressing results for 10h-HLT via oxygen-charge of radicals with or without calibration®

No. Q AQ 10h-HLT exp  10b-HLT1 (cal’} AT* 10h-HLT2 (cal') AT,"
16 —-0.2948 - 0.002 77 101 24 78
18 -0.2902 -0.0019 82 101 19 82
20 -0.2667 [} 96 102 6 102
21 —-0.2589 0 97 102 5 108 11
23 —0.084 -0.21 100 109 9 106 6
28 -0.122 -0.1781 104 108 4 97 -7
29 —(.2495 0 107 103 -4 116 9
33 —0.2634 0 119 102 -17 105 -14
34 -0.2523 0 120 102 - 18 114 -8
36 -0.238 0 131 103 -28 125 -6

* The solvent is dodecane, the free radicals are separated from z-hutyl oxygen

b Calculated using the function T=40.9x Q@ +112.8
¢ The difference between 10h-HLT1 and 10h-HLT

4 Calculated using the function T=812.1X Q +688.2XAQ +318.7

* The difference between 10h-HLT2 and 10h-HLT

Tabk 3 Comparison of linear regressing results for 10h-HLT via oxygen-charge of radicals with or without calibration®

No. Q AQ 10h-HLT exp  10h-HLT1 (cal) AT, 10h-HLT2(cal’} AT,
15 —-10.2948 —0.002 75 94 19 84 9
19 —-0.261 0 93 98 5 97 4
26 -0.256 -0.018 100 98 -2 94 -6
27 -0.122 -0.1781 100 113 13 101 i
30 -0.214 0 108 103 -5 113 5
31 —0.1996 0 112 105 -7 119 7
35 —0.2394 6 123 100 -23 104 -19

* The solvent is dodecane the free radicals are separated fromt-armyl oxyge

b Calculated wsing the function T=111.1> @ + 126.8

¢ Calculated using the function T=359.3x Q+258.0x AQ +190.3
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EHFRR:
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Table 4 Comparison of calculated eand experimental 10h-HLT in benzene'

10h-HLT
No Q1 aQl1 Q2 AQ2 AT
exp (cal)

1 —0.2925 0 -0.2925 0 21

10 -0.1014 —0.2103 -0.10t4 -0.2103 54 56 5
t1 -10.2808 -0.0013 -0.2808 -0.0013 39 60 1
12 -0.28 - 0.0029 -0.28 -0.0029 61 60 -1
13 -0.2799 —0.0048 -0 2799 —0.0048 62 58 -4
14 -0.256 -0.018 -0.256 -0.018 69 71 2
17 -0.122 -0.1781 -0.122 -0.1781 73 67 -6
22 -0.1149 -0.1287 -0.2391 0 99 105 6
24 -0.122 -0.1781 -0.2479 0 100 9% -4
25 -0.2801 —0.0044 -0.239 0 102 106 4
37 —0.2453 0 -0.187 0 133

38 -0.253 0 -0.187 0 154 162 8
39 —-0.2627 0 -0.187 0 158 161 3
40 —0.2394 0 - 0.187 ¢ 165 162 -3
4i -0.2391 i} -0.187 0 172 162 -10

Delete compoundl and compound37 in the regression

FARBEILER  FERERENZ, SEEKN
B/ R2=0.987,10h-HLT M43 EMEH 6.6C ;
MAXERERERAR, FERRAFEMN R? =
0.985; T WIrHEME 6.7C. #— SR HEA N

BREES 10h-HLT #HE48 />, B % 10h-HLT
MERNEESHFFH. EWMEMRP, 4 XK
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EFFECT OF OXYGEN NET CHARGE OF FREE RADICAL ON
THE REACTIVITY OF PEROXIDES

ZHANG Xiangyu® ,CHENG Jiecheng ™ , GUO Dawei, HOU Yanjun” , YANG Xiaozhen, WU Zuwang**
( Polymer Physics Laboratory , Center jor Molecular Science , Institute of Chemistry , Chinese Academy of Sciences , Beijing  100080)

Abstract In order to explore structural specialty on reactivity of peroxides, the oxygen-oxygen bond
dissociation energy,the oxygen net charges and the calibration charges of free radicals have been caculated
wia molecular mechanics and AM1 method for decades of organic peroxides. Multiple linear regression was
performed for the calculated data with 10h-HLT, which is a kinetic parameter in literature. Results show
that the oxygen-oxygen bond dissociation energies of the examined peroxides are not correlated with their
10h-HLT parameters. Since the thermal homolytical cleavage of the peroxide is a reversal process, it includes
the decomposition of the parent peroxide and the recombination of the oxygen-centered free radicals. The
interaction of the free radicals in the recombination was considered significant. Obtained results indicate that
the electronic structure and the spatial topology of radicals mostly influence reactivity of the peroxides. The
more the absolute of oxygen charge densities in the free radicals, the easier the dissociation of the parent
peroxide. It was found that the oxygen net charge and the calibration charge of radicals play the key roles in
characterization of the reactivity of the peroxides. In the same solvent the four factor linear regression is
mostly obeyed between the 10h-HLTs of the parent peroxides and the two oxygen net charges and the two
calibration charges for two free radicals. The 10h-HLT values have thus been predicted by using a
correlation with the four factors.

Key words Organic peroxides, AM1 ,Bond dissociation energy, 10h-HLT

+ Institute of Chemistry & Engineering, Hei Longjiang University, Harbin 150080
%% State Key Laboratory of Dey & Surfactant, Dalian 116012



