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Dimethyl Ether and Methyl Formate
(DME & MF)

Mimi e Coco: inseparable friends
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HISTORYCAL BACKGROUND: old days

> DME & MF HAVE BEEN DETECTED IN THE ISM ALREADY
IN 1974... SO THEY ARE OLD FRIENDS OF ASTROCHEMISTS

L. E. SNYDER ET AL.
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HISTORYCAL BACKGROUND: nowadays

> DME & MF HAVE BEEN DETECTED IN THE ISM ALREADY
IN 1974... SO THEY ARE OLD FRIENDS OF ASTROCHEMISTS
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LOW MASS IS SIMPLE & BEAUTIFUL

acooca,—x; 141.653 GHz 142,403 GHz
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DME & MF ORIGINATES FROM THE SAME REGION
(IN THIS CASE THE HOT CORINO OF IRAS4A)
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DME & MF: MIMI & COCO
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THE DME & MF ABUNDANCES ARE ABOUT THE SAME
OVER A LARGE RANGE OF ABUNDANCES (AND OBJECTS)
=>» SISTERS OR MOTHER-DAUGTHER RELATIONSHIP €=
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HOW DME & MF ARE SYNTHETISED?

ALTHOUGH KNOWN SINCE A LONG TIME, WE STILL DO NOT
KNOW HOW DME & MF ARE SYNTHETISED IN THE ISM
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Taquet, Ceccarelli, Kahane 2012

Taquet, Wirstrom, Charnley 2016

MODELS STILL UNABLE TO REPRODUCE THE OBSERVED ABUNDANCES
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SYNTHESIS OF DME & MF: models

IN VOGUE UNTIL 2003/5 IN VOGUE UNTIL 2012/3

GAS PHASE GRAIN SURFACES

reactions in the gas phase, often reactions on the grain surfaces
started by the injection of between radicals during the
hydrogenated molecules formed warm-up of the dust; radicals are
on the grain surfaces formed in the cold phase

Step 1 Step 2 Step 3 Step 1 Step 2 Step 3

H.CO ice HCOCH20H H.CO HCOCH20H .

CH3OH NH3 sublimation CH3OCH3 CH3OH NH3 CH3OCH3 sublimation
NH2CHO NH.CHO

10K
TEMPERATURE

NOTE: IN BOTH SCHEMES MOLECULES ARE THERMALLY DESORBED FROM GRAIN MANTLES
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SYNTHESIS OF DME & MF: models

STEP 1. HYDROGENATION

Egarrier ¥ EXPERIMENTS SAY ~ 400K, THEORY SAYS ~1100K
= LABORATORY EXPERIMENTS + THEORY
ARE NECESSARY TO UNDERSTAND WHAT HAPPENS

Example of the methanol formation on the grain surfaces

CH,0..-CO,.,_TS e

10¢ 10° 107 10" 10°
Xice(CH;OH)X,(.(H,0)

¢ Cocearelli- ATROMOL (pac C-Ceccarelli-Mars 2016, Pisa 3. The prestellar phase



SYNTHESIS OF DME & MF: models

IN VOGUE UNTIL 2012/3

GRAIN SURFACES

reactions on the grain surfaces
between radicals during the
warm-up of the dust; radicals are
formed in the cold phase

Step 1 Step 2 Step 3
H.CO HCOCH,0OH ice

CHsOH NHs CH3OCHs sublimation
NH.CHO

10K
TEMPERATURE

NOTE: IN BOTH SCHEMES MOLECULES ARE THERMALLY DESORBED FROM GRAIN MANTLES
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DME & MF: grain-surface formation
Garrod & Herbst 2006; Garrod et al. 2008; Oberg et al. 2009; Kalvans 2015

Phase |: hydrogenation

-

H H I'H

gas CO : : ——> CH,OH
I

HCOOCH,

C.Ceccarelli, 10-11 Mars 2016, Florence: Italian Workshop on Astrochemistry




SYNTHESIS OF DME & MF: models

STEP 1b. RADICALS FORMATION ON THE ICY

MANTLES FROM FUV SECONDARY PHOTONS
(DISCUTABLE) HYPOTHESIS: RADICALS CREATED AT THE
SAME RATE OF FUV PHOTODISSOCIATION IN THE GAS

PHASE fff :

s " |
SPAQN .
o adl
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= LABORATORY EXPERIMENTS + THEORY
ARE NECESSARY TO UNDERSTAND WHAT HAPPENS
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SYNTHESIS OF DME & MF: models
STEP 2. RADICAL S COMBINATION INTO ACOMs

(DISCUTABLE) HYPOTHESIS: RADICALS ACQUIRE
MOBILITY AT T5,r>30K AND RECOMBINE
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SYNTHESIS OF DME & MF: models
STEP 2. RADICAL S COMBINATION INTO ACOMs
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=> LABORATORY EXPERIMENTS + THEORY
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SYNTHESIS OF DME & MF: models

STEP 2. RADICAL S COMBINATION INTO ACOMs

EXAMPLE OF ACETALDEHYDE
(DISCUTABLE) HYPOTHESIS: RADICALS ACQUIRE
MOBILITY AT T5,r>30K AND RECOMBINE

=> LABORATORY EXPERIMENTS + THEORY
ARE NECESSARY TO UNDERSTAND WHAT HAPPENS
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SYNTHESIS OF DME & MF: models

STEP 2. RADICAL S COMBINATION INTO ACOMs

EXAMPLE OF ACETALDEHYDE
(DISCUTABLE) HYPOTHESIS: RADICALS ACQUIRE
MOBILITY AT T5,r>30K AND RECOMBINE

of

Enrigue-Romero, Rimola,
Ceccarelli, Balucani 2016

=> LABORATORY EXPERIMENTS + THEORY
ARE NECESSARY TO UNDERSTAND WHAT HAPPENS
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SYNTHESIS OF DME & MF: models
STEP 2. RADICAL S COMBINATION INTO ACOMs

EXAMPLE OF ACETALDEHYDE
(DISCUTABLE) HYPOTHESIS °‘
MOBILITY AT T,,,<>30K AN

Enrique-Romero, Rimola,
Ceccarelli, Balucani 2016

=>» LABORATORY EXPERIMENTS + THEORY
ARE NECESSARY TO UNDERSTAND WHAT HAPPENS
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SYNTHESIS OF DME & MF: models

IN VOGUE UNTIL 2003/5

GAS PHASE

reactions in the gas phase, often
started by the injection of
hydrogenated molecules formed
on the grain surfaces

Step 1 Step 2 Step 3

H.CO ice HCOCH20H

CH3OH NHs[ < bimation Bl CH3OCH:
NH2CHO

TEMPERATURE

NOTE: IN BOTH SCHEMES MOLECULES ARE THERMALLY DESORBED FROM GRAIN MANTLES
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DME & MF: gas phase formation

Balucani, Ceccarelli & Taquet 2015

Grain mantle
desorption
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DME & MF: gas phase formation

Balucani et al. 2015

e ALL CONSIDERED REACTIONS ARE o Stondard moces ™7
EITHER COMPUTED OR MEASURED

(EXCEPTION CH, + CH,0)

MF DAUGHTER OF DME -> NATURAL
EXPLANATION OF OBSERVATIONS

* IT WORKS AT LOW TEMPERATURES

¢) Physical conditions
ey = 3x10° cm™? CHy

| Grain mantle | T Ll
desorption L S s
[ ey o e
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DME & MF: gas phase formation

Taquet, Wirstrom, Charnley 2016

THE AMMONIA ROLE: BUILD e
UP COMs TAKING THE
PROTON .
(theoretical computations in
Perugia going on to verify the
rates and products)
T, = 100 K
T = 150 K
L. ,l....n"".'.T.c?'...lz 200 K ol
0-* - ““1123“" 1077 10°® 107° 1(
X(CH;0H)
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WHAT NEXT (on our side) ?

MORE ASTROCHEMICAL MODELING
INCLUDING THE RESULTS FROM THE EXPERIMENTS OF
THE TRENTO GROUP (Ascenzi, Cernuti, Tosi and Pirani)

ON THE DESTRUCTION OF DME & MF
AND TEH NEW COMPUTATIONS ON THE AMMONIA

=>» AND USE THE BID DATA APPROACH BY Serena Viti !

@@’% ;_
| (GOODBYE STAMPS COLLECTION ERA)
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WHAT NEXT (on our side) ?

IRAM NOEMA LARGE
PROGRAM (interferomete
ACOMs
Pl: C.Ceccarelli & P.Caselli

[ ars 2016, PISA




