RGISLHE
NINERSIT
SESHMTH HS5CHUL

LWUPPERTHL
FRACHBEREICH S

PHYSIK

HEMI

Reaktionen von organischen Schwefelverbindungen

in der Atmosphire

K. H. Becker J. v. Patroescu

Bericht Nr. 35 Mirz 1996
pfl

6321



Contents
TEIEEOTUCEION. 1vvereeerererensnnessssssssssnssesesssnsenesssansansessssssstssssssssssssnisssssnsnsesssererseustatesossosantenteassasssssanses 1
1. Sulphur compounds of atmospheric iMPOFtANCE. ..o 3
1.1 Sources and sinks for sulphur compounds of atmospheric IMPOMtance..........ccoeierenininiinns 4
1.2 Atmospheric relevance of sulphur compounds.........oovvinieiniiinii 7
2. State of KNOWIBAZE.......ocoviiiiiiiiiiiiniriie et s e s 9
2.1 Atmospheric chemistry of dimethyl sulphide.........cccooviiiniiiiiii 9
2.2 The OH-initiated oxidation of dimethyl sulphide.........c.ccccovmmmiiiriiiiiinii 10
3. Aims Of the Present WOTK.... ..o 12
4, EXPerimental SECHOM.......ccovtiieiiiiieieneiteres sttt bbb bbb s n s 13
4,1 Reaction CRAMDELS.........uvuiriieiiiiiiiie it ieeseiassissssessssars s s sesssssarae s seseeeeacbatsnaaenaneeea e s s ansnnaes 13
4.2 ANAlYHCAl tOOIS....cccrciiinerriieiiruiniiiseisienst e stessans s ns s s s s s e e s s e s n s b s b e 16
4.3 Sources Of radiCal..........ooooiiuiiiiiiiiiiiiii e e 17
5. Product analysis of the OH-initiated oxidation of dimethyl sulphide.......cccccoruirurrrenrurrinrinnn 19
5.1 Product analysis of the OH initiated oxidation of DMS in the absence of NO,................... 19
5.2 Discussion Of the FeSUILS.......cceiiiiiiiiiiirieieee e e e e s e babas 24
5.3 Formation of dimethyl sulphoxide in the OH-initiated oxidation of DMS
in NOL-fTee SYSIEMIS....ceuiiiiieeieriieri sttt s 26

5.3.1 Discussion of the formation yield determined for dimethyl sulphoxide

in the OH-initiated oxidation of DMS in the absence of NO, ..o, 26
5.3.2 Discussion of the formation mechanism of DMSO in the

OH-initiated oxidation Of DMS........ccccceeirimiiiiiiiiiiiniiirie s 29
5.4. Formation of dimethyl sulphone in the OH-initiated oxidation of DMS

N NO,-free SYSIEMS. .....coiiiiiiiiiciitiniti et s 31

5.4.1 Discussion regarding the formation yield of DMSO, in the OH-initiated

OXIdation Of DIMS ... .iiiii it creiee e e e e e e e eeesas s se s mn e se s be s s sessanaassasbanaesaeens 31
5.4.2 The contribution of the OH-initiated oxidation of DMSO to the formation

yield of dimethyl sulphone in the OH-initiated oxidation of DMS............c..cccoiiiinnnnn, 32
5.4.3 Discussion of the formation mechanism of dimethyl sulphone

in the OH-initiated oxidation of DMS.........coceoiiiiiiimiiiinreirieie e e e s 33

5.5. Formation of SO, in the OH-initiated oxidation of DMS in NO,-free systems................... 34



5.5.1  Discussion of the formation yield of SO, in the OH-initiated

oxidation of DMS in the absence of NOx ...................................................................... 34
5.5.2  The contribution of the OH-initiated oxidation of DMSO to the formation
yield of 802 in the OH-initiated oxidation of DMS. ..., 35

5.5.3 Discussion of the formation mechanism of 802 in the OH-initiated oxidation of DMS...37
5.6. Formation of methane sulphonic acid in the OH-initiated oxidation of DMS

N NO,-fTEE SYSIBIMS....oeiiiriiiiiiii it ee s 39
5.6.1 Discussion of the formation yield of methane sulphonic acid in the
OH-initiated oxidation of DMS in the absence of NO,........cccocovuiciuiiuiueiincieiiie i 39
5.6.2 The contribution of the OH-initiated oxidation of DMSO to the formation
yield of methane sulphonic acid in the OH-initiated oxidation of DMS............coooovvv.oo..) 40
5.6.3 Discussion of the formation mechanism of methane sulphonic acid in
the OH-initiated oxidation Of DMS........ccocviieuiiiuiiiiceiiietieee e eeeeee et eeees e e esesres e, 40
5.7. Formation of methyl thiolformate in the OH-initiated oxidation of DMS
N NO, -free SYStemS.......ccvviricmiinieiiiieinsieiees e et e e ae s e eannees 42
5.7.1 Discussion of the formation yield of methyl thiolformate in the OH-initiated
0XIdAtion Of DIMS ..ottt et e et e e s e e s e 42
5.7.2  Discussion on the formation mechanism of MTF in the oxidation of DMS............o........ 45
5.8. Formation of carbonyl sulphide in the OH-initiated oxidation of DMS in
the NOL-fTee SYSIEMS. ..ottt ettt e et et eaeas 46
5.8.1 Discussion of the formation yield of carbonyl sulphide in the OH-initiated
0x1dation of DMS........ciimiiiiiiiiiie ettt 46
5.8.2 Formation yield determined for carbonyl sulphide in the photolyéis
of dimethyl disulphide (DMDS)..........ommimmeeeeoeeeeoeeeeeeeeeeeeeeeeeeeeeeoeeeeooo 49
5.8.3  Discussion on the formation mechanism of carbonyl sulphide in the
OH-initiated oxidation of DMS.......c.cooiimiimimiiieeeeeeeeeeeeeee e 50
5.9. Product analysis of the OH initiated oxidation of DMS in the presence of NO,................. 53
5.10 The influence of NO, presence on the distribution of the products of the
addition channel in the OH-initiated oxidation of DMS.........ccoceeoovemomemoeeooooo 55
5.10.1 Discussion of the formation yield of dimethyl sulphoxide in the OH-initiated
oxidation of DMS in the presence of NOy 55
5.10.2 Discussion of the formation yield of dimethyl sulphone in the OH-initiated
oxidation of DMS in the presence of NOy e 57
5.10.3 Discussion on the influence of reactants other than O, on the chemical fate
Of the DMS-OH addUct...........c.oooiiriiirieiceeeeeeeeeeee e 58

5.11 The formation of methylsulphonyl peroxynitrate in the OH-initiated
oxidation of DMS in the presence of 2 o O — fresesinnniassnasestessresssertetune senrs 61



5.11.1 Discussion of the formation yield of methylsulphonyl peroxynitrate in the

OH-initiated oxidation of DMS in the presence of NO, .....ccccoooviiiiiiiiniiiiiiie, 61
5.11.2 Discussion of the formation mechanism of the methylsulphonyl peroxynitrate
in the OH-initiated oxidation of DMS.........cooiiiiiiiiiiiiiiiicee e e 63
5.12 The influence of NO, on the formation yield of SO, in the OH-initiated
OxXIdation Of DIMS .. ..ottt e e e s e e s et e e st aeenseene e e e e e eneees e e e e e 65
5.12.1 Discussion of the formation yield of SO, in the OH-initiated oxidation
of DMS in the presence of NO, ......ccocooviiiiiiiiiiiiiii e, 65
5.12.2 Discussion of the influence of NO, on the formation mechanism of
SO, in the OH-initiated oxidation of DMS.............cccemiinininvininireriienisse e, 67
5.13 The influence of NO, presence on the formation yield of methane
sulphonic acid in the OH-initiated oxidation of DMS.........c.ccoovieveerivereeeeeeeeeereeeeeieeennn 69
5.13.1 Discussion of the formation yield of methane sulphonic acid in the
OH-initiated oxidation of DMS in the presence of NOy oo 69
5.13.2 Discussion of the influence of NO, on the formation mechanism of
methane sulphonic acid in the OH-initiated oxidation of DMS..........cccocvvvevveeeeerenenn. 70
5.14 The influence of NO, presence on the formation yield of methyl
thiol-formate in the OH-initiated oxidation of DMS........cccceeeveiierieeeereeeeeeeeeeeeoeseeren, 71
5.14.1 Discussion of the formation yield of methyl thiolformate in the
OH-initiated oxidation of DMS in the presence of NO i 71
5.14.2 Discussion of the influence of NO, on the formation mechanism
of methyl thiolformate in the OH-initiated oxidation of DMS..........ccovivereeveerisisern 73
5.15 The influence of NO, on the formation yield of carbonyl sulphide
in the OH-initiated oxidation of DMS...........c.coouiueueiueeeeeeeeeeee oo eees e 74
5.15.1 Discussion of the formation yield of carbonyl sulphide in the
OH-initiated oxidation of DMS in the presence of NOy o 74
5.15.2 Discussion of the influence of NO, on the formation mechanism
of carbonyl sulphide in the OH-initiated oxidation of DMS.........oovevevveoeeoeeeseoeoeooeo . 75
6. Kinetic and product analysis of the OH-initiated oxidation of DMSO.................ccooororvvr.... 17
6.1 Kinetic of the reaction DMSO+OH — PIOTUCES. ottt s s e eeeene e 77
6.2. Product analysis of the OH-initiated oxidation of dimethyl sulphoxide in
the absence of NO ettt e e et 79
6.3  Discussion of the mechanism of the OH-initiated oxidation of DMSO in
the absence of INO g ettt ettt 81
6.4  Product analysis of the OH-initiated oxidation of dimethyl sulphoxide
in the presence of NOx ...................................................................................................... 84



6.5 Discussion of the mechanism of the OH-initiated oxidation of DMSO

in the presence of NOy....c.ccvvrieiiiiiicmiiiiiii s 87
6.6 Discussion regarding the unidentified spectral features in the spectra

recorded during experiments on the oxidation of DMSO........cccocciiiiiiniiiniiinn, 88
7. Oxidation processes of methyl thiolformate...........ocoiveeiiiiiiiniiiiiiiiii e 90
7.1 Photolysis frequencies of methyl thiolformate..........cccevueeiiiiniiicniiniee e 90
7.2  Product analysis of the UV-photolysis of methyl thiolformate...........ccoccoveviiiiniininnnnnnn 91
7.2.1 Discussion of the chemical mechanism of the photolytic decomposition of MTF........... 94
7.3 Kinetic and product analysis of the reaction of MTF with OH radicals........................... 101
7.3.1 Discussion of the mechanism of the OH-initiated oxidation of MTF.........c.ccccecveiiunnne 102
7.4  Reactivity of MTF towards NOg radicals........ccoeiviiiiiniii i 107
7.5 Kinetic and product analysis of the reaction of MTF with Cl atoms.........cccovvrvuimiennannnnn. 107
7.5.1 Discussion of the chemical mechanism of the Cl-initiated oxidation of MTF................. 110
8. Conclusions.......... PP PP SRS 114
Appendix L. Synthesis of methyl thiolformate.........c.ccoevviiiiinieiiiiiiiic s 117
Appendix II.  Determination of rate constants using the relative kinetic method................... 119

Appendix III. Loss processes influencing the quantification of dimethyl sulphoxide,

dimethyl sulphone and methyl thiolformate..........ccccceeiiiiiiiiiiiiieieiececcciias 121
Appendix IV. Correction of the formation yields of dimethyl sulphoxide and

MTF in the OH-initiated oxidation of DMS to account for

OH-losses and other 10SS PrOCESSES.......ccviiieiiieeiiiiie s s s 125
Appendix V.  Gas phase IR-spectrum of methylsulphonyl peroxinitrate
(CHBS(0)200N02) and estimation of its absorption cross-section.................. 127

Appendix VI.  Synthesis of the methyl sulphenyl chloride (CH3SCI) and methyl
sulphinyl chloride (CHss(O)Cl). Calibration of the IR-gas phase

spectra of methyl sulphenyl chloride and methyl sulphinyl chloride............... 129
Appendix VIL. Origin and purity of the chemicals and gases used.........ccccccovervrrerccirneinnnnnnn, 133
Appendix VIII. Concentration UNits USEd........cceceuieiiieeeeiiriereeieeesieseereeeereesaee e eeseesaesnnneenes 134
Appendix IX. Reference SPectra USed..........cocccercieriiiirieeieseresrisessessessnssesseseessersessssaesannns 134

References......ccooeevvveveeevivnnivieeennnn. tererrereerarernareens e ereEaneteaieeanteten e araneenatena et et enanernnns 143



	Inhaltsverzeichnis
	[Seite 1]
	[Seite 2]
	[Seite 3]
	[Seite 4]
	[Seite 5]


