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How are observed interstellar a-C:H ?

LA
B
O

A
ST

R
O

Spectral signatures of aliphatic C-H vibrations

CH2 asym.

CH2 sym.

CH3 sym.

CH3 asym.

CH3 
bend.

CH2 
bend.

«3.4 μm»
6.9 μm

7.3 μm

Dartois et al. (2007)



Detection of the 3.4 μm band in the diffuse ISM

To detect interstellar a-C:H 
➫ high quantities of diffuse ISM 
➫ lines of sight with high visual extinction (AV)
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Comparison of observations with laboratory analogs spectra

Laboratory a-C:H (produced by plasma)

Observation of interstellar medium (Milky Way, toward Galactic center GCIRS7)
Observation of interstellar medium (external galaxy IRAS08572)
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Dartois et al. (2004)

➫ a-C:H are excellent analogs
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Optical properties of a-C:H

UV-Visible Infrared
➫ Absorption

➫ Emission

Substrate 
without a-C:H

Substrate 
without a-C:H

Illuminated by visible light Illuminated by a UV Lamp

Godard & Dartois (2010)

Visible photoluminescence (induced by UV-visible absorption)

Band gap energy

Models of a-C(:H)

Jones et al, A&A (2013)

Jones, A&A (2012, a-c)optEC(s)(a) 
➫ model of the optical constants 
➫ function of the band gap 
➫ size-dependent properties

Model :  
evolution of interstellar a-C(:H)



Evolution of the 3.4 μm band carriers 
in the interstellar medium

Diffuse 
interstellar 

medium

Dense 
interstellar 

medium

3.4 μm band 
not observed

Evolution of dust due to: 
Hydrogen atoms exposition 

UV irradiation 
Cosmic rays irradiation 

...

➫ Evolution/processing of a-C:H in interstellar medium

3.4 μm band 
observed

Very low upper limit : 
Muñoz Caro et al. (2001)



Exposition to H atoms

Mennella et al, ApJ (1999, 2002, 2006)

➫ 3.4, 6.9 & 7.3 µm absorption band � 
➫ Formation of aliphatic C—H bond by exposure to H atoms flux 
➫ C—H formation cross section :    σf,H = 1.7 10−18 cm2/H atom     for T = 100 K 
➫ σf,H ↘︎ when T ↘︎ 

Formation of aliphatic C-H dust component occurs in diffuse ISM

changes that do not depend on FH in the relative peak inten-
sity of the C”H stretching components. As an example, in
Figure 2 we report the average C”H stretching profile, nor-
malized to the intensity of the band at 2928 cm!1, with the
extreme profile variations we have found in different experi-
ments for ACARL exposed to 6:4" 1019 H atoms cm!2.
These variations reflect those of the ratio between the num-
ber of the CH3 and CH2 groups. We note that the variations
of the asymmetric C”H stretching mode in the methyl
group seem not to be correlated with those of the symmetric
C”H stretching mode in the same functional group, as one
can infer from the intensity changes of the bands at 2955
and 2870 cm!1. The band at 1730 cm!1, attributed to the
C»O vibration, is probably caused by air exposure con-
tamination. The detailed evolution of the mass-absorption
coefficient at 2928 cm!1, K0(2928 cm!1), with FH is reported
in Table 1 and in Figure 3. After a fast initial increase,
K0(2928 cm!1) reaches a plateau value of 1:6" 103 cm2 g!1,
indicating a saturation of the process of C”H bond
formation.

The integrated mass-absorption coefficient of the 3.4 lm
band

k ¼
Z

band

K 0ð!Þ
!

d! ð2Þ

is defined as the cross section per unit mass of the material,

k ¼ "nCH ; ð3Þ

where " is the integrated band cross section per C”H bond
and nCH is the number of C”H bonds per unit mass of
material. The latter quantity can be expressed in terms of
the H/C atom ratio as

nCH ¼ 1

mH þmC= H=Cð Þ ; ð4Þ

wheremH andmC ¼ 12mH are the mass of the hydrogen and
carbon atoms, respectively. Note that nCH ¼ 1=mCH, where
mCH is the mass of material per C”H bond as defined by

TABLE 1

C”H Stretching Parameters after H Processing

FH

(H atoms cm!2)
K0(2928 cm!1)

(cm2 g!1)
k

(cm2 g!1)
nCH

a

(1022 bonds g!1) H/Ca

9.2" 1016 ............ 617 21 1.2 0.25
7.1" 1017 ............ 1077 38 2.2 0.45
4.2" 1018 ............ 1538 54 3.1 0.65
1.1" 1019 ............ 1667 59 3.4 0.72
2.1" 1019 ............ 1485 50 2.9 0.60
4.2" 1019 ............ 1501 52 3.0 0.63
6.4" 1019 ............ 1661 59 3.4 0.72
1.3" 1020 ............ 1596 57 3.3 0.69

a Upper limit estimations.

4000 3000 2000 1000

0

500

1000

1500

2000

2500

Fig. 1.—Average mass-absorption coefficient after continuum subtrac-
tion of ACARL (a) as produced, and after H processing of (b) 7:1" 1017 H
atoms cm!2 and (c) 6:4" 1019 H atoms cm!2. The spectra (b) and (c) are
shifted in ordinate for the sake of clarity.
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Fig. 2.—Average C”H stretching profile, normalized to the 2928 cm!1

band intensity, of ACARL after H processing of 6:4" 1019 H atoms
cm!2(solid line). The extreme deviations from the average (dotted and
dashed lines) are also shown.
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a-C grains before H exposure

a-C:H grains obtained by H atoms exposure



Exposition to UV photons
Mennella et al, A&A (2001)
➫ Dehydrogenation (3.4 µm absorption band ↘︎) 
➫ C-H destruction cross section :                        σd,UV = 10−19 cm2/photon  
Destruction of aliphatic C-H dust by interstellar radiation field in diffuse ISM, 
but this effect is counteracted by H exposure.



Exposition to UV photons

Gadallah, Mutschke & Jäger, A&A (2011)
➫ Dehydrogenation (3.4 µm absorption band ↘︎) 
➫ Graphitization 
➫ Production of a new absorption band at 217,5 nm 
UV-irradiated a-C:H involved in the UV bump at 217,5 nm ? 
(C abundance problem)

A&A 528, A56 (2011)

Fig. 9. The Panel a) shows the original spectra of S4, S7, S8, S21 and
S23 before UV irradiation while the panel b) shows the spectra of
S4, S7, S8, S21 and S23 after UV irradiation. In panel c), the inter-
stellar extinction curves of DISM (Fitzpatrick 1999) and the average
galactic extinction curve, as well as for the objects HD 698, HD 3191,
NGC 457 Pesch9 and Cr 463-5 (Fitzpatrick & Massa 2007) are shown.
The curves labeled P5 in panel b) are the extracted UV bump profiles
around 4.6 µm−1.

positions of the UV bump by extrapolating the results of
Mennella et al. (1996) up to the expected UV dose in the diffuse
cloud time-scale. For the doses that we have reached experimen-
tally, the measured peak positions are very close to the predicted
ones.

There is a good agreement for these samples with the high-
est irradiation dose, at which the central wavelength (λ−1

0 ) of the
bump is relatively constant. The column number 4 in Table 4
shows a small deviation (∆λ−1

0 = λ−1
0 –(λ−1

0 )DISM) at the low-
est values of the UV irradiation dose. This deviation is accept-
able in comparing with those values of some observed objects.
For diffuse medium environments, the full width at half maxi-
mum (FWHM) of UV bump varies considerably from 0.77 to
1.25 µm−1 or from 36 to 60 nm (Fitzpatrick & Massa 1986).
The FWHM values of P5 (the third column of Table 4) lie in
this extent and it seems that an increase of the UV irradia-
tion dose makes this peak narrower and better fitting with the

Fig. 10. The upper panel shows the extracted component P5 (4.6 µm−1)
from spectra of irradiated HAC materials (S4, S7, S8, S21 and S23).
The bottom panel shows the extracted bump (4.6 µm−1) of the interstel-
lar extinction curves of DISM (Fitzpatrick 1999) and the average galac-
tic extinction curve, as well as towards the stars HD 698, HD 3191,
NGC 457 Pesch9 and Cr 463-5 (Fitzpatrick & Massa 2007).

Table 4. Parameters of the UV bump at 4.6 µm−1 (217.5 nm) in the
spectra of irradiated HAC materials in comparison with those of the
astronomical data.

λ−1
0 FWHM ∆λ−1

0 ∆FWHM NC/N
(a)
H

µm−1 µm−1 µm−1 µm−1 ppm

S4irr.(33%D) 4.595 1.04 –0.001 0.05 164

S7irr.(33%D) 4.607 1.041 0.011 0.051 269

S8irr.(21%D) 4.69 1.15 0.094 0.16 236

S21irr.(21%D) 4.639 1.12 0.043 0.13 108

S23irr.(33%D) 4.608 1.11 0.012 0.12 115

DISM 4.596 0.99 0.0 0.0 ....

average FM07 4.592 0.922 –0.045 –0.03 ....

HD698 4.551 0.96 0.04 –0.05 ....

HD3191 4.636 0.94 –0.018 0.08 ....

NGC457 P. 9 4.578 1.07 –0.019 0.12 ....

Cr463-5 4.61 1.08 0.014 0.09 ....

Notes. (a) The last column gives the required carbon abundance to match
the band strength in diffuse ISM.

parameters derived from the astronomical data. A little increase
of the width (∆FWHM = FWHM − (FWHM)DISM) of the bump
appears in our processed-samples in comparing to that of the dif-
fuse ISM as shown in the column number 5. Clustering of grains
in the sample could cause a broadening of the bump (Schnaiter
et al. 1998). Considering the results of the laboratory measure-
ments, we should take into account that high carbon abundances
would be required to match the strength of the DISM band. The
required values of the (NC/NH) ratio, shown in the last column

A56, page 12 of 13

Mennella et al, A&A (2001)
➫ Dehydrogenation (3.4 µm absorption band ↘︎) 
➫ C-H destruction cross section :                        σd,UV = 10−19 cm2/photon  
Destruction of aliphatic C-H dust by interstellar radiation field in diffuse ISM, 
but this effect is counteracted by H exposure.



Exposition to UV photons

Gadallah, Mutschke & Jäger, A&A (2011)

➫ Dehydrogenation (3.4 µm absorption band ↘︎)  σd,UV = 3 10−19 cm2/photon 
➫ Efficient production of H2 molecules                  96% of broken C—H => H2 
➫ within the bulk of a-C:H 
➫ Production of small hydrocarbons (CH4) 
Photo-processed a-C:H is a efficient source of H2 and small hydrocarbons, 
at low to high T

Alata, Cruz-Diaz, Muñoz Caro & Dartois, A&A (2014)
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Mennella et al, A&A (2001)
➫ Dehydrogenation (3.4 µm absorption band ↘︎) 
➫ C-H destruction cross section :                        σd,UV = 10−19 cm2/photon  
Destruction of aliphatic C-H dust by interstellar radiation field in diffuse ISM, 
but this effect is counteracted by H exposure.

a-C:H in diffuse ISM: 
Hydrogenation by H 

Dehydrogenation by UV

H atoms

H2 molecules



 TANDEM accelerator 
(IPN Orsay)

A large range of ≠ ions and energies were used to simulate cosmic rays :

Exposition to energetic ions

TANDEM 
Ions

Analogue

IR

≠ Energies (10 MeV→160 MeV) 
≠ Ions (H→I)

Godard et al, A&A (2011)
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Aliphatic C-H ↘︎ 
➫ Dehydrogenation
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➫ characteristic destruction time of aliphatic C-H by cosmic rays:  
∼ a few 108 years 

>> 107 years : lifetime of an interstellar cloud

sp3 carbon (aliphatic) :

Aliphatic C-H ↘︎ 
➫ Dehydrogenation

Godard et al, A&A (2011)



Evolution of the 3.4 μm band in interstellar medium

Bare grains Ice coated grains

Interstellar 
Medium Diffuse Interface Dense

3.4 μm band observed Not observed

Destruction time by 
cosmic ray 108 years 108 years 108 years

Destruction time by 
UV photons 4 103 years ��107 years

Formation time by  
H atoms 2 103 years inefficient

Destruction/Formation 
of aliphatic C-H Efficient formation Efficient destruction ? Slow destruction

Godard et al, A&A (2011)
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Conclusion
a-C:H are a major component of interstellar carbonaceous dust in the diffuse ISM 

a-C:H dust constantly evolve in response to their interstellar environments 

a-C:H evolution could lead to formation of other interstellar components 
(H2, small hydrocarbon molecules, link with PAHs, …)

IAS (Orsay) 
E. Dartois 
R. Brunetto 
L. d’Hendecourt

CSNSM (Orsay) 
J. Duprat 
C. Engrand

IPN (Orsay) 
M. Chabot

ISMO (Orsay) 
T. Pino 
P. Bréchignac  
G. Féraud 
Y. Carpentier

Gemini Obs. (Hawaï) 
T. Geballe

CAB (Madrid) 
G. Muñoz Caro

Collaborators


