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 8 

TGA vs TC conversion  9 

TC is considered to be a less biased instrument to determine the total amount of carbon present in 10 

the sample. This becomes evident in the case of samples treated in air, where carbon is eliminated 11 

at a slightly lower rate than predicted by TGA, reaching full conversion with a small delay. In the 12 

case of samples treated in N2, a similar delay in conversion is observed but full carbon removal is 13 

not achieved under the examined conditions (up to 900°C). Conversion is calculated using the 14 

classical definition (1- reactant current concentration/ reactant initial concentration). The 15 

discrepancy in the values between TGA and TC for the N2 atmosphere is due to the different bases 16 

used for each. On one hand TGA conversion is based on the minimum of the weight measured. 17 

On the other hand TC conversion is based on the absolute value reported by the instrument. 18 

 19 

Determination of EA 20 

Most of the kinetic methods used in thermal analysis consider the reaction rate to be a function of 21 

only two variables1:  22 



     
𝑑𝛼

𝑑𝑡
= 𝑘(𝑇)𝑓(𝛼)                     (1) 23 

, where k is the reaction rate constant, α the conversion, and T the temperature. Since 24 

isoconversional methods are based on the idea that the reaction rate at a constant conversion is 25 

only a function of temperature, we compared four sets of data using different heating rates, defined 26 

by: 27 

    β =
dT

dt
= constant                       (2) 28 

, where β is the heating rate, T is the temperature and t is time.  29 

Since the Kissinger method uses only the peak rates providing single point values for EA, we 30 

extend our analysis to include two isoconversional methods: the Kissinger-Akahira-Sunose (KAS) 31 

method and the Ozawa-Flynn-Wall (OFW) method used to obtain EA as a function of temperature.   32 

 33 

Kissinger Method  34 

Under the condition of maximum reaction rate: 35 
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Rearranging 37 
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, where β is the heating rate in °C/min, R is the gas constant (8.314J/molK) and EA the activation 39 

energy (J/mol), m indicates values corresponding to maximum rate, The assumption for the 40 

Kissinger method1 is that f (α) m is independent of the heating rate so the term f´ is constant. This 41 

assumption is valid for n-th order kinetics and Avrami-Erofeev models1. 42 



 43 

Ozawa-Flynn-Wall Method 44 

    𝑙𝑛(𝛽) = 𝐶𝑜𝑛𝑠𝑡 − 1.052 (
𝐸𝐴,𝛼

𝑅𝑇𝛼
)    (5) 45 

The value of the coefficient equal to 1.052 is known as the Doyle approximation2. 46 

 47 

Kissinger-Akahira-Sunose Method 48 

    𝑙𝑛 (
𝛽

𝑇𝛼
1.92) = 𝐶𝑜𝑛𝑠𝑡 − 1.0008 (

𝐸𝐴,𝛼

𝑅𝑇𝛼
)    (6) 49 

The coefficient 1.0008 represents the Starink et al. approximation3.  50 

 51 

Figure S1 (a) and Figure S1 (b) show the OFW method plots for obtaining the activation energy. 52 

Similarly, for the KAS method Figure S2 (a) and Figure S2 (b) were used. The Kissinger method 53 

produces only one EA per the given peak whereas isoconversional models provide EA for all the 54 

range of reaction temperatures which make it more suitable. However, a combination of both gives 55 

more certainty in the accuracy of the EA determination. 56 

 57 
Figure S1. OFW method to calculate EA (a) in air and (b) in N2. High regression values are 58 

observed 59 

 60 



 61 
Figure S2. KAS method to calculate EA (a) in air and (b) in N2. The data quadruplet shows 62 

consistency and a high linear regression value indicating experimental data reliability. 63 

 64 

Figure S3 compares the reaction rate with the values of the normalized rate by dividing it by the 65 

concentration and also dividing it by the concentration to the phenomenological power law model. 66 

The objective of this is to show the behavior of rate when the concentration effect is eliminated, 67 

as if the reaction rate proceeded without conversion. A sharp slope indicates exothermicity 68 

whereas a less steep or even a change in the slope sign is an indication of endothermicity.  69 

 70 
Figure S3. Normalized reaction rate in (a) air and (b) in N2.The sharp slope indicates both 71 

reactions are predominantly exothermic. 72 

 73 

PEG literature discussion 74 



The degradation mechanism of PEG is complex.  It decomposes endothermically under pyrolytic 75 

conditions according to Arisawa et al.4 but  exothermically in oxidative processes according to Lin 76 

et al.5  In addition, even under oxygenic conditions, the degradation inside a thick sample would 77 

still be a pyrolysis process. Several authors have reported EA ranging from 129 to 209 KJ/mol  for 78 

the decomposition of PEG with MW from around 103 to 105 g/mol at temperatures  of 315°C – 79 

410°C  as summarized by Arisawa et al.6 The degradation temperature of PEG rises as the MW 80 

increases, but after about 1000 Da the maximum degradation temperature is rather constant at 81 

about 350°C according to Voorhees et al.7 The primary degradation is above 325°C while the 82 

secondary is after 450°C. They also suggest that PEG undergoes a series of homolytic cleavages 83 

between the C-C and the C-O bonds followed by disproportionation and reactions of hydrogen 84 

abstraction. Arisawa et al.4  report that C-O and C-C homolysis occur approximately at the same 85 

rate between 370 and 550°C. Saint de Claire et al.8 suggest that the reaction mechanism initiates 86 

by hydroperoxide dissociation, propagates by alkoxy radicals and chain growth, and terminates 87 

when two radicals neutralize each other. However, this last step is heavily diffusion dependent.  88 

 89 

According to Han et al. 9, one of the specific degradation mechanisms for PEG is the volatile 90 

formation from random chain scission phenomena, in which PEG reacts with oxygen to form a 91 

thermally sensitive peroxides that decompose via a radical mechanism to produce formic esters. 92 

Regarding the random chain scission phenomena, there seems to be dispute about which bond 93 

breaks at the initial stage of polymeric pyrolysis. Fares et al.10 indicate that C-O homolysis 94 

dominates over C-C homolysis in the first stages of pyrolysis. Lattimer et al.11 also report that at 95 

relatively low temperatures (150°C) homolytic cleavage of C-O bonds is the most important 96 



degradation step. Arisawa et al.4 on the other hand suggest that the rates of both cleavages are 97 

comparable. 98 

 99 

Pielichowski et al.12 found that PEG non oxidative decomposition yielded an apparent EA of 145-100 

180 kJ/mol, in agreement with our own results for N2 decomposition (120-170 kJ/mol). Kitahara 101 

et al.13 on the other hand reported EA for  three PEG pyrolysis products ranging from 155 to 214 102 

kJ/mol and a reaction rate peak at 470°C instead of our observed 350°C. Kithara’s higher EA 103 

compared to ours can be explained by the MW of their PEG being 2 million atomic units, whereas 104 

ours is below a few thousand. The expected C-O bond strength is around 335 kJ/mol, much higher 105 

than the measured value. This is due to several reactions with differing EA occurring in parallel. 106 

The complex reaction likely includes hydrogen abstraction reactions that display negative EA
8. As 107 

a result, the apparent EA of the global reaction is significantly changed. 108 

 109 

Volatiles characterization  110 

Regarding the volatiles, the cyclized dioxolane products are formed from intramolecular radical 111 

recombination reactions where -O-C- radicals have a fundamental role4.  Lattimer et al.11 112 

determined that the main PEG pyrolyzates are: dihydroxyl, methyl ether, vinyl ether, aldehyde, 113 

ethyl ether, methyl ether aldehyde, methyl vinyl ether, dialdehyde, and ethyl vinyl ether. 114 

According to Arisawa et al.4 2-methoxy-1,3-dioxolane forms from radicals produced by C-O 115 

homolysis of PEG and afterwards it undergoes intramolecular cyclization and finally complex 116 

radical recombination. This contributes to the higher EA. On the other hand 1,3-dioxolane forms 117 



by simple intramolecular cyclization of radical recombination after C-O homolysis of PEG 118 

displaying a lower EA.  119 

 120 

SEM characterization 121 

To observe the effect of thermal treatment on morphology, SEM characterization was 122 

performed. Figure S4 (a) shows dried kerf, Figure S4 (b) displays kerf processed in air atmosphere 123 

at 900°C and Figure S4 (c) presents kerf after exposure in N2 atmosphere at 900°C. No evident 124 

morphological changes are visible for the different processes. This supports the idea that the 125 

particle size does not change and introduce modifications into the silicon peaks. 126 

       127 

Figure S4. SEM of dried kerf at (a) RT, (b) heated to 900°C in air and (c) heated to 900°C in N2. 128 

No significant differences are observed in the flake shape after thermal treatment. 129 

 130 

XPS preliminary results 131 

Nitrogenated compounds evolved as volatiles were observed to occur both in air and N2. 132 

Preliminary results using XPS (not reported) show that the N2 level decreases for a sample treated 133 

at a higher temperature suggesting that N2 is part of the lubricant formulation and is located inside 134 

the polymeric chains rather than either adsorbed on the surface or extracted from the inert 135 

atmosphere or air. These nitrogenated compounds might be incorporated into the PEG as 136 



antioxidants in the form of aromatic aminated additives since their properties against polymer free 137 

radical oxidative degradation14  would extend the lubricant life span.  138 

 139 

FTIR peak assignment  140 

The assignments for peaks used in Figure 3 were based on the following table and references 141 

Table S1. FTIR peak assignment 142 

Molecular motion Peaks FTIR 

this study (cm-1) Other studies (cm-1) 

Si-O-Si bending vibration 805 800 15 

CH2 bending, rocking and twisting 960 964 5,12 

Transverse optic (TO) SiO2  1070 1074 16 

1050 17 

1060 18 

1070 19 

C-O stretching 1149 1149 Wang et al. 

1153 12 

Longitudinal optic (LO) SiO2 1230 1235 18 

1250 19 

1230 17 

CH2 scissoring 1460 1470 12 

Stretching and bending modes of 

aromatic hydrocarbon tar, soot or coke  

1510 1500 20 

1300-1600 21 

Al-O vibration 1615 1612 22 

 143 

  144 



Table S2 Group assignment based on GCMS for the air atmosphere 145 

Air atmosphere 

Retention 
time (min) 

Relative 
abundance 

Mass spectra data characteristic ion (70eV) 
m/z (%) 

Tentative 
formula 

Group 
assignment 

200°C 

4.911 53.45% 
193(100), 209(41), 133(13), 194(11), 135(8), 

179(3), 195(2), 44(2), 210(1), 151(1)  C6H18O3Si3 CnHmOlSik 

6.943 8.54% 94(100), 67(69), 40(30), 39(11), 41(4), 44(3) C4H4N2 CnHmNl 

8.264 9.23% 
42(100), 55(52), 39(40), 41(38), 98(29), 

69(22), 70(6), 43(6), 40(2)  C17H28OSi CnHmOlSik 

8.508 2.51% 
267(100), 268(20), 193(16), 251(12), 269(7), 

126(5), 283(4) C5H6N2 CnHmNl 

9.904 7.24% 43(100), 44(11), 74(9), 45(8), 42(5), 41(2) C5H6O2 CnHmOl 

10.312 3.64% 
105(100), 51(83), 77(73), 50(67), 106(67), 

78(24), 74(16), 52(15), 39(6), 62(2)  C13H22O3Si2 CnHmOlSik 

10.763 2.58% 
42(100), 45(89), 43(66), 41(13), 44(12), 

58(12), 39(6) C3H6O2 CnHmOl 

11.371 8.49% 
55(100), 43(73), 41(66), 83(30), 70(28), 
39(23), 69(21), 56(13), 77(12), 44(10)  C7H6O CnHmOl 

12.891 2.48% 
207(100), 77(67), 45(21), 208(20), 209(12), 

133(10), 191(7), 96(2), 59(1), 62(1)  C5H12O2 CnHmOl 

14.939 1.84% 
80(100), 53(68), 52(63), 51(40), 39(10), 79(7), 

43(6), 50(5), 42(5), 40(4)  C6H10O CnHmOl 

230°C 

4.927 53.00% 
193(100), 209(24), 133(11), 194(6), 208(4), 

135(3) C6H18O3Si3 CnHmOlSik 

6.959 13.11% 
0(9), 999(6), 591(4), 490(3), 198(5), 42(5), 

52(5), 41(2), 44(2) C4H4N2 CnHmNl 

8.28 3.31% 45(100), 73(61), 267(39), 355(24), 43(16) C8H7N3O4 CnHmNl 

8.503 3.77% 
42(100), 55(89), 41(51), 39(28), 98(26), 

70(19), 69(19), 40(10), 43(9), 56(5)  C5H6N2 CnHmNl 

9.57 1.67% 
43(100), 45(18), 41(18), 74(14), 42(11), 44(7), 

39(7), 67(3), 82(3), 58(3)  C10H30O5Si5 CnHmOlSik 

9.904 12.54% 
41(100), 57(74), 39(58), 43(46), 55(32), 

44(20), 96(8), 73(8) C6H10O CnHmOl 

10.769 4.24% 
42(100), 45(71), 43(63), 41(36), 39(9), 44(8), 

58(8) C2H6N2O CnHmNl 

12.047 1.48% 
41(100), 44(41), 43(22), 57(22), 55(9), 39(7), 

42(7), 68(6), 81(6) C6H10O3 CnHmOl 

12.902 1.39% 
0(4), 999(5), 705(4), 558(6), 447(5), 70(24), 

83(23), 42(22), 56(22), 97(18)  C5H12O2 CnHmOl 

13.512 1.20% 
67(100), 39(67), 54(54), 41(45), 82(35), 
207(32), 51(19), 50(18), 53(16), 79(4)  C9H14O4 CnHmOl 

14.939 4.29% 
207(100), 73(91), 43(76), 45(49), 44(9), 58(1), 

42(1) C8H18O CnHmOl 



300°C 

3.983 10.87% 
207(100), 43(16), 77(14), 208(12), 41(5), 

42(4), 39(3), 209(2), 45(2), 133(2)  C6H10 CnHm 

4.455 1.41% 
88(100), 43(82), 58(79), 42(40), 57(28), 

44(20), 41(15), 39(1), 45(1) C12H18O2Si CnHmOlSik 

4.974 3.05% 
73(100), 45(48), 41(13), 42(12), 43(12), 39(7), 

57(2) C17H30OSi CnHmOlSik 

5.914 5.71% 
41(100), 59(99), 87(78), 43(76), 57(55), 
39(51), 42(30), 45(27), 58(23), 44(21)  C4H8O2 CnHmOl 

6.232 1.93% 
87(100), 59(73), 43(45), 41(35), 42(32), 

57(30), 39(25), 72(18), 45(10), 44(8)  C5H10O2 CnHmOl 

6.508 11.61% 
43(100), 41(55), 52(52), 51(46), 39(44), 
80(44), 42(40), 45(40), 53(35), 79(29)  C6H12O2 CnHmOl 

6.731 6.29% 
43(100), 39(47), 42(39), 114(26), 41(25), 

45(12), 40(10), 44(5), 73(4), 55(4)  C6H12O2 CnHmOl 

7.002 11.31% 
42(100), 45(79), 43(72), 41(71), 39(30), 

116(15), 40(5), 72(2), 101(1)  C8H12O2 CnHmOl 

7.532 13.02% 
41(100), 39(62), 43(48), 98(41), 55(29), 

69(25), 51(7), 42(6) C4H10 CnHm 

7.718 2.40% 
43(100), 94(60), 41(41), 39(40), 40(37), 

67(33), 42(30), 45(24), 53(3), 52(3)  C4H8O2 CnHmOl 

7.941 0.76% 
41(100), 55(64), 43(44), 69(38), 39(26), 

56(25), 44(13), 93(8), 70(7), 63(6)  C6H10O CnHmOl 

8.588 7.02% 43(100), 45(22), 39(12), 74(11), 53(3), 42(3) C5H6N2 CnHmNl 

9.089 2.19% 
43(100), 42(10), 86(5), 67(4), 41(3), 44(3), 

116(3) C7H14 CnHm 

9.373 0.71% 
42(100), 55(76), 39(58), 41(57), 43(15), 

98(15), 40(14), 70(14), 69(13), 53(6)  C3H6O3 CnHmOl 

9.793 2.54% 
43(100), 45(19), 41(18), 42(12), 74(9), 58(6), 

39(6), 44(5), 69(2), 97(2)  C4H6O2 CnHmOl 

9.916 2.98% 
42(100), 41(74), 39(20), 40(18), 86(9), 56(8), 

44(6), 43(5), 55(4), 53(2)  C5H10 CnHm 

10.797 2.25% 
41(100), 43(44), 55(36), 39(29), 57(24), 

44(22), 42(15), 67(6), 53(5) C3HnO3 CnHmOl 

11.769 6.29% 
42(100), 43(52), 41(29), 45(28), 39(23), 

44(14), 40(2) C4H6O2 CnHmOl 

12.048 0.73% 
41(100), 43(59), 57(46), 55(40), 39(31), 
44(27), 67(16), 56(12), 70(10), 42(10)  C6H10O3 CnHmOl 

12.859 1.38% 
41(100), 43(62), 55(50), 69(45), 56(41), 
70(33), 57(29), 42(23), 83(21), 68(17)  C4H6O2 CnHmOl 

13.512 1.29% 
54(100), 39(97), 67(90), 41(65), 82(55), 
51(54), 50(28), 207(27), 53(17), 79(15)  C12H24 CnHm 

14.939 4.24% 41(100), 44(22), 39(16), 43(15), 42(3) C10H20 CnHm 

350°C 

4.067 27.82% 
88(100), 43(58), 58(51), 44(24), 42(18), 

57(10), 41(1)  C6H10 CnHm 



5.261 4.02% 
52(100), 51(81), 79(77), 50(57), 80(53), 

53(24), 39(22), 43(12), 40(10), 41(9)  C3H8 CnHm 

5.908 5.97% 
43(100), 42(33), 41(25), 281(21), 39(21), 

114(12), 45(3), 40(1), 44(1), 282(1)  C3H4O3 CnHmOl 

6.938 18.71% 
41(100), 55(40), 39(26), 67(22), 94(19), 

43(17), 56(16), 42(15), 69(12), 40(9)  C5H5N CnHmNl 

7.521 7.04% 
41(100), 55(83), 43(37), 39(9), 56(7), 140(6), 

44(6)  C4H10 CnHm 

8.588 5.42% 
93(100), 39(65), 41(44), 66(28), 55(27), 

92(18), 65(10), 67(8), 63(7), 43(7)  C7H12O CnHmOl 

8.901 1.16% 39(100), 43(50), 53(47), 82(46), 54(25) C12H20O4 CnHmOl 

9.103 3.22% 43(100), 67(27), 39(6) C6H7N CnHmNl 

9.373 0.66% 
55(100), 42(87), 39(54), 41(49), 98(28), 70(6), 

43(5), 40(5) C5H6O2 CnHmOl 

9.782 0.68% 
75(100), 103(73), 133(71), 43(31), 45(27), 

59(24), 61(22), 117(19), 77(13), 44(6)  C8H14O2 CnHmOl 

9.92 1.93% 68(100), 39(43), 40(16), 96(6), 42(5) C5H10 CnHm 

10.811 2.61% 
42(100), 41(75), 39(29), 40(19), 56(15), 

86(15), 44(9), 55(4), 43(4), 53(3)  C6H16O2Si CnHmOlSik 

11.039 0.96% 
42(100), 44(82), 43(75), 45(23), 41(20), 

102(11), 58(8) C4H4O CnHmOl 

11.745 13.98% 42(100), 41(41), 44(36), 43(21), 39(9), 45(3) C4H6O2 CnHmOl 

12.583 1.16% 
41(100), 44(53), 43(52), 55(39), 39(23), 

57(19), 42(9) C4H10N2O CnHmNl 

12.865 1.59% 
41(100), 55(58), 43(53), 70(31), 42(29), 
39(29), 57(26), 56(25), 69(20), 44(14)  C4H10O2 CnHmOl 

13.501 1.10% 
79(100), 52(68), 50(50), 51(41), 281(29), 

44(18), 80(6), 53(5), 39(5) C4H8O2 CnHmOl 

14.939 1.97% 
117(100), 59(30), 89(24), 75(21), 44(17), 

103(12), 45(4), 43(4), 101(3) C7H16O CnHmOl 

450°C 

6.928 30.47% 
75(100), 103(68), 133(54), 43(39), 45(34), 

61(33), 77(33), 117(31), 59(24), 44(18)  C5H5N CnHmNl 

10.424 12.33% 
42(100), 41(75), 44(16), 39(13), 56(6), 86(4), 

40(2) C5H12O2Si CnHmOlSik 

10.817 29.52% 
103(100), 76(47), 44(47), 50(29), 43(27), 

51(17), 61(10), 75(4), 39(3), 40(3)  C6H16O2Si CnHmOlSik 

11.756 21.57% 
117(100), 89(58), 75(43), 59(39), 101(28), 

103(27), 77(26), 45(25) C4H6O2 CnHmOl 

11.991 6.10% 
103(100), 75(96), 133(61), 45(42), 43(41), 

117(36), 77(33), 61(33), 44(26), 59(19)  C5H6N2 CnHmNl 

550°C 

10.419 13.84% 
77(100), 105(86), 51(77), 106(76), 50(56), 

78(18), 52(5), 39(4), 74(4) C8H20OSi CnHmOlSik 

10.811 32.71% 
103(100), 43(63), 44(56), 50(42), 76(41), 

61(37), 51(17) C6H16O2Si CnHmOlSik 



11.374 18.78% 
103(100), 43(63), 44(56), 50(42), 76(41), 

61(37), 51(17) C7H6O CnHmOl 

12.008 34.67% 
103(100), 43(63), 44(56), 50(42), 76(41), 

61(37), 51(17) C7H5N CnHmNl 

 146 

Table S3 Group assignment based on GCMS for N2 atmosphere 147 

Nitrogen atmosphere 

Retention 
time (min) 

Relative 
abundance 

Mass spectra data characteristic ion (70eV) 
m/z (%) 

Tentative 
formula  

Group 
assignment 

200 °C 

6.986 14.32% 
51(100), 41(89), 39(87), 52(77), 53(67), 
50(60), 44(58), 79(51), 40(42), 56(40)  C6H10 CnHm 

7.474 9.28% 
281(100), 43(31), 282(25), 73(22), 193(20), 

44(20), 283(14), 192(14), 42(10), 56(8)  C8H24O4Si4 CnHmOlSik 

8.211 7.11% 
56(100), 43(59), 42(31), 41(29), 39(22), 

44(14), 50(9), 51(7), 77(5), 99(3)  C4H10O CnHmOl 

8.577 6.98% 
39(100), 41(90), 55(78), 40(59), 82(51), 
56(49), 94(48), 67(44), 44(43), 42(42)  C6H12O CnHmOl 

9.108 2.83% 
44(100), 39(88), 70(68), 66(26), 56(25), 
57(18), 65(18), 41(15), 355(15), 73(14)  C5H13N CnHmNl 

9.57 4.41% 
73(100), 267(42), 355(17), 44(13), 43(11), 

268(8), 77(4), 266(4), 45(3), 78(2)  C10H30O5Si5 CnHmOlSik 

9.904 6.10% 
42(100), 39(93), 41(69), 55(50), 40(38), 
70(37), 44(33), 69(21), 43(20), 98(18)  C6H10O CnHmOl 

11.374 3.81% 
77(100), 106(73), 50(69), 44(61), 51(45), 
52(36), 73(28), 39(27), 105(25), 78(14)  C7H6O CnHmOl 

11.75 12.46% 
73(100), 41(92), 341(53), 42(45), 44(37), 
93(37), 39(30), 40(26), 325(19), 429(16)  C12H36O6Si6 CnHmOlSik 

12.461 6.82% 
41(100), 40(39), 68(31), 39(27), 42(21), 

44(17), 55(17), 83(8), 69(6), 58(5)  C4H5N3O2 CnHmNl 

12.886 2.64% 
43(100), 41(87), 44(83), 42(72), 45(50), 
98(27), 39(23), 57(16), 58(16), 51(14)  C4H8O CnHmOl 

13.337 7.13% 
68(100), 55(66), 39(54), 42(32), 44(25), 
43(22), 126(21), 83(20), 41(19), 40(14)  C5H6N2O2 CnHmNl 

13.926 3.99% 
73(100), 44(33), 281(28), 95(21), 41(21), 
40(15), 147(14), 74(14), 42(13), 54(12)  C14H27NOSi2 CnHmOlSik 

14.854 12.10% 
68(100), 39(69), 98(41), 53(38), 41(37), 
44(33), 40(30), 42(24), 43(22), 96(20)  C6H6O3 CnHmOl 

230°C 

6.948 30.08% 
39(100), 42(67), 41(53), 45(50), 43(34), 
40(23), 44(22), 52(22), 51(16), 50(11)  C6H8N2 CnHmNl 

8.508 15.06% 
94(100), 67(62), 40(56), 39(47), 52(28), 
41(26), 42(22), 44(18), 51(17), 53(13)  C5H6N2 CnHmNl 



9.909 38.11% 
42(100), 39(70), 55(60), 40(26), 98(24), 
41(17), 108(15), 107(14), 52(14), 70(13)  C6H10O CnHmOl 

11.373 9.83% 
105(100), 50(98), 51(96), 77(87), 106(52), 

52(40), 39(35), 74(35), 63(35), 78(24)  C7H6O CnHmOl 

11.766 6.92% 
42(100), 41(87), 39(63), 40(55), 44(50), 51(7), 

45(7), 55(7), 86(7), 73(7)  C3H6 CnHm 

300°C 

4.014 27.00% 
39(100), 67(97), 54(67), 41(62), 51(55), 
82(31), 53(26), 50(22), 52(15), 65(14)  C6H10 CnHm 

5.871 5.72% 
88(100), 43(56), 58(54), 42(45), 57(38), 

44(30), 41(9), 45(4), 87(1), 65(1)  C4H8O2 CnHmOl 

6.535 9.22% 
41(100), 87(97), 59(81), 42(70), 43(66), 
39(43), 44(22), 58(21), 72(18), 45(18)  C6H12O2 CnHmOl 

7.007 11.70% 
42(100), 45(50), 39(48), 43(47), 51(41), 
52(40), 41(38), 50(32), 53(22), 40(21)  C4H8N2O2 CnHmNl 

7.532 2.69% 
43(100), 42(61), 39(46), 44(39), 41(30), 
281(27), 45(13), 114(10), 40(7), 193(7)  C3H8 CnHm 

7.691 5.12% 
42(100), 41(60), 45(42), 39(35), 43(32), 

40(18), 116(10), 44(9), 57(6), 72(6)  C4H8O CnHmOl 

8.195 2.99% 
56(100), 43(50), 41(22), 42(19), 39(8), 44(6), 

99(4), 87(2), 52(2), 51(2)  C6H13N CnHmNl 

8.583 7.99% 
41(100), 55(36), 39(32), 56(20), 43(17), 

57(15), 70(13), 42(12), 69(10), 53(9)  C8H16 CnHm 

8.896 2.38% 
41(100), 55(71), 43(57), 39(51), 44(49), 

42(24), 56(17), 54(11), 115(8), 45(7)  C7H12O CnHmOl 

9.092 1.64% 
41(100), 55(79), 39(62), 43(38), 93(28), 
44(27), 42(24), 51(24), 69(16), 70(14)  C6H8O2 CnHmOl 

9.909 9.54% 
42(100), 55(65), 39(52), 41(35), 40(24), 
98(21), 107(20), 70(15), 51(15), 43(14)  C6H10O CnHmOl 

10.328 2.32% 
41(100), 42(91), 44(78), 82(59), 55(35), 
40(33), 96(28), 43(24), 39(23), 51(19)  C6H11N CnHmNl 

11.363 2.33% 
77(100), 50(91), 106(46), 39(37), 51(24), 

105(23), 40(19), 44(18), 52(8), 78(8)  C7H6O CnHmOl 

11.761 4.86% 
41(100), 42(66), 39(38), 44(20), 40(14), 

56(10), 53(9), 55(7), 45(4), 43(3)  C4H6O2 CnHmOl 

12.047 2.23% 
41(100), 43(66), 39(59), 56(35), 44(31), 
42(30), 57(27), 40(16), 55(15), 69(15)  C9H18O CnHmOl 

13.507 1.17% 
41(100), 43(52), 44(50), 55(34), 67(29), 
42(22), 39(21), 56(21), 95(18), 69(12)  C8H16O CnHmOl 

15.422 1.10% 
42(100), 41(65), 55(65), 39(32), 40(24), 

44(17), 51(7), 56(7), 52(4), 91(3)  C5H10 CnHm 

350°C 

5.866 8.83% 
88(100), 43(82), 58(74), 42(47), 57(37), 

44(25), 45(13), 41(8), 87(6), 39(4)  C4H8O2 CnHmOl 

6.222 2.68% 
73(100), 41(44), 45(31), 39(28), 57(18), 

42(17), 55(12), 40(12), 43(10), 72(6)  C5H10O2 CnHmOl 



6.529 9.39% 
43(100), 41(95), 87(60), 42(57), 39(54), 
59(53), 57(41), 45(21), 44(18), 55(17)  C6H12O2 CnHmOl 

6.715 15.03% 
87(100), 59(72), 41(69), 43(45), 42(43), 
57(35), 39(33), 72(13), 45(12), 55(11)  c6H12O2 CnHmOl 

7.537 1.93% 
43(100), 39(37), 41(36), 42(32), 40(12), 

114(10), 45(6), 85(4), 57(3), 56(3)  C4H10 CnHm 

7.697 2.39% 
42(100), 41(65), 43(60), 45(42), 39(37), 
40(17), 116(13), 72(11), 101(11), 57(8)  C6H12O2 CnHmOl 

7.93 4.58% 
41(100), 39(83), 98(40), 55(40), 50(30), 
53(30), 51(25), 66(21), 52(16), 69(16)  C6H10O CnHmOl 

8.381 1.90% 
41(100), 43(68), 42(31), 39(28), 57(27), 
69(20), 71(20), 55(18), 56(17), 98(16)  C10H22 CnHm 

8.588 19.85% 
41(100), 39(61), 55(43), 43(35), 56(26), 
70(21), 57(19), 42(19), 69(18), 53(15)  C10H20  CnHm 

8.89 8.19% 
41(100), 55(69), 43(44), 39(42), 56(26), 
69(22), 67(19), 53(19), 42(16), 54(16)  C10H20  CnHm 

9.087 7.62% 
41(100), 55(62), 39(60), 43(40), 56(35), 
70(28), 69(24), 53(21), 42(21), 67(20)  C10H20  CnHm 

9.914 4.66% 
42(100), 39(58), 41(41), 55(29), 40(17), 
98(16), 69(14), 56(12), 51(11), 70(10)  C6H10O CnHmOl 

10.323 2.21% 
107(100), 108(56), 52(49), 51(45), 39(41), 

80(29), 53(22), 40(21), 50(17), 42(15)  C6H8N2 CnHmNl 

11.469 2.92% 
94(100), 42(70), 121(65), 39(63), 52(56), 
122(44), 51(40), 53(39), 41(38), 50(23)  C7H10N2 CnHmNl 

11.75 4.32% 
41(100), 42(97), 39(61), 40(26), 93(13), 

44(12), 43(11), 56(10), 53(10), 55(9)  C4H6O2 CnHmOl 

13.512 0.53% 
41(100), 43(66), 42(35), 55(33), 39(30), 
44(25), 56(23), 77(23), 40(21), 57(17)  C10H20O CnHmOl 

13.995 0.94% 
41(100), 43(78), 57(45), 55(34), 39(27), 
44(26), 42(19), 56(16), 69(11), 71(11)  C8H18O CnHmOl 

14.616 0.46% 
41(100), 55(76), 43(44), 69(32), 42(28), 
111(27), 83(25), 51(19), 54(18), 57(18)  C10H20 CnHm 

15.077 0.97% 
106(100), 77(30), 39(22), 41(18), 135(18), 

65(12), 79(12), 51(11), 43(10), 315(9)  C9H13N CnHmNl 

15.427 0.60% 
42(100), 41(64), 55(50), 56(25), 393(24), 
43(17), 40(16), 114(15), 44(13), 122(12)  C6H10O2 CnHmOl 

450°C 

4.852 11.52% 
207(100), 208(21), 191(13), 39(13), 41(9), 

209(9), 103(7), 96(7), 133(6), 43(6)  C6H18O3Si3 CnHmOlSik 

5.935 2.58% 
88(100), 43(65), 57(34), 58(33), 42(30), 
41(29), 44(29), 45(17), 39(15), 51(11)  C4H8O2 CnHmOl 

6.264 2.59% 
91(100), 92(72), 39(48), 63(22), 65(21), 

51(21), 50(13), 41(9), 40(6), 62(6)  C7H8 Unsat. HC 

6.916 14.98% 
51(100), 52(83), 50(59), 79(49), 80(49), 
53(41), 39(34), 49(19), 40(15), 281(14)  C6H8 Unsat. HC 

7.468 4.83% 
281(100), 193(43), 282(29), 73(24), 283(14), 

43(13), 39(11), 191(9), 207(8), 280(8)  C8H24O4Si4 CnHmOlSik 



8.004 6.77% 
39(100), 93(94), 51(92), 66(88), 91(86), 
50(83), 63(60), 92(50), 40(45), 65(42)  C6H7N CnHmNl 

8.588 12.08% 
41(100), 55(51), 39(49), 43(34), 56(27), 
42(22), 57(17), 69(16), 70(14), 83(11)  C10H20  CnHm 

9.092 7.41% 
41(100), 39(67), 55(47), 93(45), 43(42), 
56(32), 67(32), 65(30), 40(25), 63(23)  C8H14O CnHmOl 

9.575 8.01% 
73(100), 267(55), 355(24), 39(14), 356(13), 

357(10), 268(9), 53(7), 251(7), 106(6)  C10H30O5Si5 CnHmOlSik 

9.917 0.79% 
39(100), 42(89), 55(72), 41(36), 98(18), 
51(16), 40(12), 43(12), 50(11), 53(10)  C5H6O2 CnHmOl 

10.026 2.87% 
107(100), 108(55), 51(51), 39(49), 80(37), 

106(36), 79(34), 52(34), 53(23), 77(20)  C7H9N CnHmNl 

10.307 5.95% 
53(100), 39(69), 96(57), 67(53), 51(43), 
42(37), 41(36), 40(29), 80(25), 50(23)  C6H8O CnHmOl 

10.747 1.25% 
107(100), 65(99), 92(98), 51(91), 50(74), 
39(60), 44(42), 106(40), 52(38), 78(35)  C7H9N CnHmNl 

11.851 16.23% 
73(100), 341(31), 42(27), 93(20), 39(19), 

41(18), 429(15), 325(13), 74(9), 66(8)  C12H36O6Si6 CnHmOlSik 

13.941 2.15% 
73(100), 281(18), 41(18), 327(17), 147(15), 

44(10), 39(7), 43(7), 40(6), 415(5)  C19H54O7Si7 CnHmOlSik 

550°C 

3.059 7.74% 
41(100), 40(77), 39(35), 52(6), 44(6), 42(5), 

51(4), 53(4), 132(1) C2H3N CnHmNl 

4.041 3.25% 
207(100), 78(98), 54(89), 50(77), 52(66), 

51(62), 44(60), 39(55), 40(53), 41(17)  C24H36O2Si2 CnHmOlSik 

4.322 9.91% 
78(100), 50(33), 51(28), 52(24), 207(18), 

39(18), 63(11), 77(8), 44(6), 54(6)  C6H6 Unsat. HC 

4.757 5.83% 
207(100), 208(29), 133(18), 44(8), 191(5), 

96(5), 209(4), 43(4), 40(2), 177(2)  C6H18O3Si3 CnHmOlSik 

6.258 8.83% 
91(100), 92(53), 63(53), 39(33), 51(32), 

65(26), 50(16), 62(14), 52(9), 40(7)  C7H8 Unsat. HC 

6.943 7.38% 
52(100), 51(49), 79(49), 50(41), 80(20), 

53(18), 40(18), 39(17), 49(8), 44(6)  C5H5N CnHmNl 

7.452 2.40% 
281(100), 193(30), 73(28), 282(22), 44(14), 

283(11), 43(7), 194(6), 39(5), 191(3)  C8H24O4Si4 CnHmOlSik 

8.015 5.36% 
91(100), 51(49), 93(40), 39(38), 78(31), 
50(29), 66(19), 106(19), 77(18), 92(14)  C8H10 Unsat. HC 

8.593 5.21% 
41(100), 43(30), 55(23), 56(23), 69(19), 
39(17), 57(17), 53(14), 70(14), 83(13)  C8H10 Unsat. HC 

8.757 5.14% 
80(100), 39(97), 81(86), 51(78), 41(74), 
52(68), 50(58), 91(58), 53(47), 56(29)  C5H7N CnHmNl 

9.092 4.31% 
78(100), 104(91), 51(86), 50(58), 77(44), 
39(38), 63(35), 44(34), 102(26), 103(21)  C8H8 Unsat. HC 

9.575 2.02% 
73(100), 267(34), 355(18), 251(12), 40(11), 

74(11), 59(9), 44(7), 78(6), 95(6)  C10H30O5Si5 CnHmOlSik 

10.058 1.23% 
107(100), 44(86), 39(78), 106(54), 52(52), 

51(50), 40(37), 50(30), 108(26), 54(16)  C7H9N CnHmNl 



10.424 1.68% 
39(100), 51(60), 94(47), 107(41), 44(37), 
106(34), 120(28), 40(27), 80(26), 53(24)  C6H8N2 CnHmNl 

10.763 1.25% 
107(100), 50(96), 77(71), 51(69), 92(45), 
44(43), 106(43), 39(42), 52(39), 117(39)  C7H9N CnHmNl 

11.368 1.65% 
50(100), 77(64), 105(63), 51(58), 44(48), 
106(46), 52(39), 91(22), 39(20), 49(17)  C7H6O CnHmOl 

11.803 10.63% 
41(100), 93(93), 39(85), 66(72), 73(65), 
42(63), 65(39), 44(34), 40(32), 341(24)  C6H7N CnHmNl 

12.201 1.53% 
115(100), 116(37), 63(23), 89(21), 50(19), 

117(18), 114(14), 51(13), 39(10), 44(9)  C9H8 Unsat. HC 

13.236 3.98% 
107(100), 106(98), 52(53), 77(52), 44(47), 

51(46), 63(37), 50(35), 53(33), 41(32)  C7H9N CnHmNl 

13.995 4.81% 
107(100), 106(92), 52(53), 77(52), 44(47), 

51(41), 63(37), 50(35), 53(33), 41(32)  C9H18O CnHmOl 

14.621 1.58% 
41(100), 55(62), 39(51), 44(34), 43(18), 
83(18), 53(14), 70(13), 51(10), 118(10)  C6H10O CnHmOl 

15.072 1.80% 
106(100), 77(28), 44(21), 41(20), 51(17), 

39(12), 135(9), 65(6), 78(4), 40(4)  C9H13N CnHmNl 

16.265 2.47% 
129(100), 69(79), 135(57), 58(54), 44(43), 

51(43), 65(38), 63(33), 315(29), 75(25)  C5H7N CnHmNl 
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