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Fig. 1 Optimized geometry of the stationary points (Reactant I, Molecular Ion II, Intermediate I, Product IV, V) of MSTFA

rearrangement reaction.

ic H "oty I
10F asC 2&31{ 6C
D_sc I D5 Y o -
< N 151 C”
9F ’HF . 1 1H 2 S
VI 12H VI oll

El 2 MSTFA BT 03 S0 i B R R K= 9V F0 7=
VIR AL TL T Hy B

Fig.2 Optimized geometry of I-cleavage reaction Product VI
and Product VII induced by MSTFA charge center.
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Fig.3 Resonance structure formula of compound 1II..
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Fig.4 Reaction process of MSTFA skeleton rearrangement.
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Tab. 1 Energy related data of each stationary point

EY Ey (kJ-mol ™) E/ (kI-mol ™) H/ (kJ-mol ™) G/ (kJI-mol™)
C¢H,,ONF,Si —2 508 387.489 —2508346.713 —2508 344.233 —2 508 499.238

[C6H,ONF;3Si]* —2 507 520.662 —2507 478.344 —2507 475.864 —2507 640.29
[CsHoONF;Si]* —2402 805.868 —2402 770.159 2402 767.679 —2402914.836

CH;~ —104 604.652 1 —104 596.596 1 -104594.113 9 ~104 654.926 4

C;H,0NF, ~1170875.824 -1170858.467 -1170855.985 —1170957.085
[C,HFSi]* —-1231757.938 —-1231740.213 —1231737.734 —1231841.721
C;H;0NF, —1433242.923 —1433221.537 —1433219.055 —1433334.024
[C3H,Si]" -1074136.156 -1074115.392 -1074112.913 -1074222.828

[CsH,,ONF;Si]*
[C,H,ONF;Si]*

C,HONF,
C,HONF,

—2405218.898
—2404300.218

—2299619.74
—1067 673.082
—1330003.416

—2405 181.589
—2404 260.884

—2299587.395
-1 067 660.242
—1329985.302

—2405179.11 —2405333.492
—2404 258.402 —2404415.169
—2299584.916 —2299726.805
—1067 657.763 —1067 747.886
—1329982.82 —1330089.531
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Tab.2 Natural charge distribution of N-(trimethylsilane) trifluoroacetamide molecular ions

J5F 2R ISR HLfif W= HIE IZHE HLpEERHIE ait
Si 1 1.752 46 9.999 96 221473 0.03285 12.247 54
N 2 —0.879 94 1.999 99 5.865 67 0.01428 7.879 94
C 3 0.613 49 1.999 99 3.34045 0.046 07 5.386 51
o 4 —0.469 93 1.999 99 6.458 79 0.01114 8.469 93
C 5 —1.098 18 1.999 99 5.084 60 0.01359 7.098 18
C 9 —0.690 56 1.999 99 4.676 16 0.01441 6.690 56
C 13 —1.056 97 1.999 99 5.043 09 0.013 89 7.056 97
C 17 1.040 59 1.999 99 2.896 44 0.062 97 4.95941
F 18 —0.35793 2.000 00 7.354 49 0.003 44 9.35793
F 19 —0.309 11 2.000 00 7.305 05 0.004 07 930911
F 20 —0.32742 2.000 00 7.32377 0.003 65 9.32742

Mt 1.000 00 29.999 89 64.767 80 0.23231 95.000 00




558 THIREASAR CERBEARR)

http://www.yndxxb.ynu.edu.cn

543 %

O U 24 S5 O Fi iy L oy 200 —0.702 545 16
B b 5T BT O LT £ —0.693 28; T A
Y e B O ML 20 —0.873 56. A It 3K
T4 2 45 5 50 A R, T LAUE B4R 8 19 1E
k.

3 #ig

A S o A S5 (AL A B 2R At L, >R ] DFT
Ji ik, X MSTFA JH 55 G AR 1 Jocis v 280

N HLEEIEAT T IR ARG 43 5% 45 3 S AT 454
Al #iz 3o b F e & 115, DL NBO6.0,
X BE AT T A R b AR, T 018
T 11 H ey s B S RO Y SR S ST R A
H 22 R NO) b, HZ2RTF M o A IERLE 17
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Tab.3 Natural charge distribution of compound a molecular ions

JEr i FI SR HL WZBLIE WIZHE PR BIE “it
Si 1 1.802 15 9.999 96 2.166 37 0.031 51 12.197 85
C 2 0.93230 1.99999 3.009 68 0.058 03 5.06770
(0] 3 —0.42197 1.99999 6.409 04 0.01293 8.42197
C 4 —1.103 25 1.99999 5.089 80 0.013 47 7.103 25
C 8 -1.110 62 1.99999 5.09705 0.013 58 7.110 62
C 12 —1.109 54 1.99999 5.09599 0.013 56 7.109 54
C 16 0.564 31 1.99999 3.393 67 0.042 03 5.435 69
F 17 —0.324 38 2.000 00 7.31825 0.006 13 9.324 38
(0] 18 —0.702 54 1.99999 6.689 11 0.01343 8.702 54
C 19 —0.47220 1.99999 4.45474 0.017 47 6.47220
C 22 —0.472 08 1.99999 4.454 56 0.01753 6.472 08
C 25 —0.55219 1.99999 454010 0.012 11 6.552 19
C 29 —0.55225 1.99999 4.540 16 0.01210 6.55225

Mt 1.000 00 33.999 85 76.706 75 0.293 40 111.000 00
x4 WEMD N TETHEREENS
Tab. 4 Natural charge distribution of compound b molecular ions

JEf ETES FI R LA NJZHE HrZHE HpESRHIE a“it
Si 1 1.802 31 9.999 96 2.166 34 0.031 39 12.197 69
C 2 0.92943 1.999 99 3.01175 0.058 83 5.070 57
(¢} 3 —0.417 46 1.99999 6.404 43 0.013 04 8.41746
C 4 —1.10493 1.99999 5.091 39 0.013 55 7.10493
C 8 -1.11185 1.999 99 5.098 29 0.013 57 7.11185
C 12 —1.11087 1.99999 5.097 32 0.013 57 7.110 87
C 16 0.549 89 1.99999 3.41127 0.038 85 545011
F 17 —0.310 62 2.000 00 7.304 89 0.005 74 9.31062
(¢} 18 —0.693 28 1.99999 6.679 73 0.013 56 8.693 28
C 19 —0.666 66 1.99999 4.65097 0.01571 6.666 66
C 23 —0.666 71 1.999 99 4.65101 0.01571 6.666 71

Bt 1.000 00 29.999 87 64.746 55 0.253 58 95.000 00
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Tab. 5 Natural charge distribution of compound ¢ molecular ions
By G FIIRHLfr WIZELE IZHE Lk 27 e &it

Si 1 1.934 43 9.999 96 2.023 60 0.042 01 12.065 57
C 2 0.753 24 1.999 99 3.199 10 0.047 67 5.246 76
(0] 3 —0.458 99 1.99999 6.446 86 0.01213 8.458 99
C 4 —0.53102 1.99999 451611 0.01492 6.53102
C 8 —-1.123 31 1.999 99 5.108 09 0.01523 7.12331
C 12 —1.105 74 1.999 99 5.091 46 0.01429 7.105 74
C 16 1.030 04 1.99999 2.907 36 0.062 62 4.969 96
F 17 —0.343 24 2.000 00 7.33972 0.003 52 9.34324
F 18 —0.313 16 2.000 00 7.309 16 0.004 01 9.313 16
F 19 —0.328 40 2.000 00 7.32473 0.003 68 9.328 40
(0] 20 —0.873 56 2.000 00 6.863 25 0.01031 8.873 56

St 1.000 00 29.999 89 64.760 90 0.23921 95.000 00
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N(O) B4y 1 J2 A7 AE 34 R et 7. R It
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Density functional theory study on fragmentation mechanism of

MSTFA and its fluorine-containing derivatives

SUN Peng-liang!, CAI Wan-cang', LIU Shi-xi'™, CAO Qiu-¢', WANG Yi?
(1. School of Chemical Science and Technology, Yunnan University, Kunming 650091, Yunnan, China;

2. Xi’an Manareco New Materials Co.,Ltd., Xi’an 710077, Shaanxi, China)

Abstract: N-methyl-N-(trimethylsilane) trifluoroacetamide (MSTFA) is an important derivatization reagent,

the attribution of its mass spectrum peak is of great significance for the further study of its reaction mechanism.
Therefore, density functional theory (DFT) is used for the first time in this work, at the B3LYP/6-311G** level, the

mechanism of mass spectrometry cracking reaction of MSTFA and its fluorine-containing derivatives and the

competition of cracking reaction were studied. Through the structural optimization, vibration analysis and layout

analysis of each stationary point, as well as the calculation of bonding process and energy, the correctness of the

experimental GC/MS chromatogram is verified, and the most possible cracking path is determined, and the results

are consistent with the spectral analysis. It is due to the skeleton rearrangement reaction after a-cleavage, resulting

in the formation of even electron ion fluorinated dimethyl silicon positive ion (m/z 77) and a neutral molecule. This

not only verified the correctness of mass spectrogram analysis, but also showed the important role of skeleton

rearrangement in the generation of m/z 77. Therefore, computational chemistry will be a more convenient, direct,

accurate and systematic alternative to the effective implementation of analytical mass spectrometry reaction

mechanism.

trimethylsilane derivative; skeleton rearrangement

Key words: density functional theory (DFT); N-methyl-N-(trimethylsilane) trifluoroacetamide (MSTFA);
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