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Figure 1 Interstellar extinction curves of the Milky Way (Ry = 2.5,
3.1, 4.0, 5.5). There exist considerable regional variations in the
galactic optical/UV extinction curves, as characterized by the
total-to-selective extinction ratio Ry, indicating that dust grains on
different sightlines have different size distribution. Taken from ref. [2].
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Figure 2 The time evolution of temperature within a day (~8.6x10*
s) for PAH/graphitic grains of different sizes, @, in the solar
neighbourhood interstellar radiation field. 7, denotes the mean time
between photon absorptions. Grains with radii ¢>20 nm have large
photon absorption rates 1/z4,, and large heat capacities so that a
single photon cannot significantly alter their temperature. Heat
capacities and photon absorption rates are small for grains with radii
a<5 nm and temperature fluctuates strongly. Taken from ref. [14].
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Figure 3 Equilibrium temperatures for graphite (dotted lines) and
silicate grains (solid lines) in environments with various starlight
intensities, ymwmp, in units of the solar neighbourhood interstellar
radiation field [17]. Grains larger than 10-20 nm attains temperatures
12 K<7<25 K and therefore do not emit appreciably at 1<60 um.
Temperatures of grains with a<20 nm do not depend on their size.

Taken from ref. [2].
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Figure 4 (Color online) Observed diffused emission of interstellar
dust normalized to the hydrogen column density Ny~5.1x10**erg s™'
H™'. Bars at the bottom indicate the relative contributions of the
spectral intervals to the total IR emission The data are form the
Infrared Astronomical Satellite (IRAS), the Infrared Telescope in
Space (IRTS), the Spitzer Space Telescope (Spitzer) and the Cosmic
Background Explorer (COBE) satellite with its Far Infrared Absolute
Spectrophotometer (FIRAS) and its Diffuse Infrared Background
Experiment (DIRBE). The crosses denote observations from IRAS
[15] and the heavy curve from IRTS [16,17]. Taken from ref. [14].

Bl Ax 32, 5 ) 2 3 AR T L1 A A A e 1 A0 K R
5T W] 2 2R 1R (a>25 nm)#E 100-3000 pm [#)3E
ST AN SR A0 1 2 5 ipt 0 3 Ak 1 1) 1) a8 S LG UL N i
BEANTIZ (L 6). DRI, AT [ FH v e % 11
YK AR S5 U 1) P A 0 2 S A AR TR X e S R Ak
BeARAT.

— AN AR AR A A e 1) B T 2R 3R OB 1) A 4 ) 2
H P=2w*u’sin®013¢%, Horb e G, 0 MY o 5
TR L 211, MRS w=J/1, J EfEE, 112455
. KT a MERBLEURL, To<a®, FT LSS
R RN Gl N8 I 4 NS B s e e
o U R R R B AT % 14D e B TP T A il
WA | k2 M A e



R PR )t RO

20124 a2 Fol

10% |
T :
@ "".t__
—rn 10 3 L
o E
o F
g _
0 L R, a=35A,30A;0=04. "
E NS a=50A, ,,=0.01;
! 8, b;=60 ppm
] Xune=1; (Eos.E77,E52)=(3,2,2)
102 PR R W WPl PRI [l Sl S iy ar | A
2 5 10 50 100 500
4 (um)

5 (MEEBAFEERRE-AE-PAH BEE55RE X
(|b]>25°) 5718 2 BR N BB 20553 5 X0 £ 48 /Y X b
FRACA Bat Bl Beay B2 242 KT 25 nm FOHE IR 35 F0 25 B BURL 216
SR PRIC A Sgi A Sean A2 VA8 a<25 nm [FIFE TR 30 R0 25 T ORE
(3G PAH)MHE SRS 4. = MBR SRR R, RN
% DIRBE ¥(R™); 17 TBARR AR KW A FIRAS®Y. SR [ 3¢
FR[2]

Figure S (Color online) Comparison of the model to the observed
emission from the diffuse ISM at high galactic latitudes (|b|>25°).
Curves labeled By and B, show emission from “big” (a>250 A)
silicate and carbonaceous grains. Curves labeled Sy and S, show
emission from “small” (a<250 A) silicate and carbonaceous grains
(including PAHs); Triangles show the model spectrum (solid curve)
convolved with the DIRBE filters. Observational data are from
DIRBE (diamonds) [25] and FIRAS (squares) [24]. Taken from
ref. [2].
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Figure 6 (Color online) Galactic foreground microwave emission
in comparison to calculated rotational electric dipole emission of the
nanograins that account for the “UIR” (see dashed line in Figure 5).
Symbols: observational determinations of “anomalous microwave
emission”. Dot-dashed line: model rotational emission spectrum of
nanodust [26]. Dashed line: low-frequency tail of the emission from
large grains (mostly with a>25nm). Taken from ref. [14].
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Figure 7 The photoelectric heating rate I'pg of the interstellar gas in
the Orion Bar photodissociated region as function of PAH size. The
lower axis shows the number, Nc of carbon atoms and the upper axis
the graphite-equivalent spherical radius. The rates are presented in
such a way that equal areas under the curve correspond to equal
contributions to the heating. Typically, approximately half of the
heating originates from PAHs and PAH clusters (with Nc<10® or a<
1.3 nm). The other half comes from grains with sizes 1.3 nm<a<10
nm. Larger grains do not contribute noticeably to the heating. Data
taken from ref. [2].
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Figure 8 The time dependence of the temperature of a very small
interstellar grain exposed to diluted starlight. Taken from ref. [47].
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Figure 9 (Color online) Temperature distribution function dP/dInT
for carbonaceous grains in ISRF with U=1. Curves are labeled by
grains radius a. Taken from ref. [50].
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Nano-grains in the interstellar medium
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Interstellar grains, an essential component of the universe, play an important role in modern astrophysics. Their sizes
range from several angstroms to several submicrometers; consequently, their thermal properties also vary
significantly. For large, submicrometer-sized grains, when exposed to the interstellar radiation field, they are
expected to attain equilibrium temperatures determined from the balance between the absorption of starlight and
emission of longer-wavelength photons. Their emission spectra are simply the Planck function at the equilibrium
temperature multiplied by the dust emission efficiencies. For nanometer-sized (or even smaller) grains, due to their
small heat capacities, a single starlight photon would heat them to high temperatures and the grains would then
rapidly cool down by radiating longer-wavelength photons. Because of their small absorption cross sections, it takes
much time for them to absorb another starlight photon—before encountering another starlight photon, the grains have
already radiated away the absorbed photon energy. Therefore, for nano-sized grains, we need to consider the
stochastical-heating process and calculate their temperature probability distribution functions. They will not attain an
equilibrium temperature, instead, they will undergo “temperature fluctuation”. Their emission spectra are obtained by
integrating over the temperature probability distribution function.

nano-grains, single-photon heating, temperature fluctuation, temperature distribution function
PACS: 98.38.Cp, 98.38.Am, 98.38.Bn, 82.60.Qr
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