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Abstract. We report optical extinction properties of dust for a samuie26 early-type galaxies based on the analysis of
their multicolour CCD observations. The wavelength deped of dust extinction for these galaxies is determinedthaed
extinction curves are found to run parallel to the Galactkitinetion curve, which implies that the properties of dusthe
extragalactic environment are quite similar to those ofltiky Way. For the sample galaxies, value of the param&egr
the ratio of total extinction iV band to selective extinction iB & V bands, lies in the range 2.03 - 3.46 with an average of
3.02, compared to its canonical value of 3.1 for the Milky Waydependence dR, on dust morphology of the host galaxy
is also noticed in the sense that galaxies with a well definesd ldne show tendency to have smalgr values compared
to the galaxies with disturbed dust morphology. The dustertrof these galaxies estimated using total optical etitinds
found to lie in the range ¥to 1 Mg, an order of magnitude smaller than those derived from IRASdEnsities, indicating
that a significant fraction of dust intermixed with stars eéns undetected by the optical method. We examine the oakitip
between dust mass derived from IRAS flux and the X-ray luniipnaxf the host galaxies.The issue of the origin of dust in
early-type galaxies is also discussed.
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1. Introduction tures (Leeuw et al. 2004; Temi et al. 2004; Xilouris et al. 200

) ) ) The dust masses derived from ISO data are at least an order
Recent imaging surveys using both ground and space-bageghagnitude larger than those estimated using IRAS fluxes,
telescopes across the electromagnetic spectrum have amplych in turn have been found to be on average an order of

demonstrated that early-type galaxies, ellipticals (E)lantic- -y agnitude higher than the dust mass estimated using optical
ulars (SO) contain complex, multi-phase interstellar medi gytinction.

(ISM). In particular, a large fraction~ 50 - 80%) of E-SO
galaxies, at least in our local universe, are now known te pos The study of physical properties of dust such as extinction,
sess dust features in a variety of morphological forms, as f@ddening and polarization help in deriving important imfia-
vealed from high quality optical imaging, thanks to the &vaition about the total dust content, size of the dust grainsaes
ability of sensitive array detectors (Goudfrooij et al. 48&; sible for extinction and its variation with environment, tale
van Dokkum & Franx 1995; Tran et al. 2001; and refeficity, star formation history and redshift of the host gaja
ences therein). Dust attenuates the radiation at opticaéwapust properties in galaxies at high redshift are noticealifly
lengths and re-radiates at infra-red (IR) wavelengthse-esperent from those found at later cosmic times, because the du
cially in far-infrared (FIR) bands. FIR emission from eati{pe  grains are smaller in size due to theiffdient formation his-
galaxies detected using thefra Red Astronomical Satellite tory (through type Il Supernovae) and also due to the short
(IRAS) (Knapp et al. 1989), and now with thefrared Space  time available for accreting heavy atoms and coagulatigh wi
Observatory (ISO) and Spitzer Space Telescope is attributed g@her grains (Maiolino et al. 2004). Thus, detailed studthef
thermal emission from dust having a wide variety of tempergust properties in the extragalactic environment provickesul
clues not only for understanding the origin and fate of dast i
Send offprint requests to: S.K.Pandey external galaxies, but also for the subsequent evolutidrosf
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Our knowledge of dust properties largely relies on the intefrinchieri 1998), pointing to a possible physical connecte-
action of dust particles with the electromagnetic radiatie., tween hot, warm and cold phases of ISM in early-type galaxies
on attenuation and scattering of starlight, collectiveipln as In the multiphase ISM, dust grains can act as flicient agent
extinction, and re-radiation by dust at longer wavelengths. Thie transporting heat from hot gas to cold gas giving rise to th
spectral dependence of extinction, termeadsiction curve, observed warm phase of ISM (Trinchieri et al. 1997). Again a
is found to depend strongly on the composition, structuie adetailed investigation of dust properties is called for.
size distribution of the dust grains. Therefore, the firgpsn We have an ongoing program of detailed surface photomet-
understanding the physical properties of dust in the eateag ric study of a large sample of early-type galaxies contagnin
tic environment s to derive the extinction curves for thepie  dust to investigate dust properties in the extragalactiren-
galaxies. For our own Galaxy, thedependence of extinctionment and compare them with those of the Milky Way. This
is derived by comparing the spectral energy distributidep paper reports on dust properties in a sample of 26 early-type
of a pair of stars of identical spectral and luminosity clath galaxies, based on their deep, broad band opti®\dR(| ) imag-
and without dust in front of them (Massa et al. 1983). Any difing observations§2 describes the sample selection, observa-
ference in the measured magnitude and colour of these stavss and preliminary reduction of the acquired dd&ta,de-
is attributed to the dust extinction. The standard extorctaw  scribes the properties of dust for the sample galaxie$4 ire-
thus derived is found to be uniformly applicable in our Gglaxsults obtained are discussed. Our results are summarizéd in
from optical to near-infrared wavelengths. Over the UV te faThrough out this paper we assumgH50 km s Mpc™.

IR wavelength range the standard extinction law is characte

ized by a single parametBy, the ratio of total extinctiody in 2 Opservations and data reduction

V band to the selective extinctionB& V bandsi.e.E(B-V),

with Ry = 3.1 (Savage & Mathis 1979; Rieke & LebofskyWWe have carried out multiband optical imaging observations
1985; Mathis 1990). However, within the Milky Way, the valu®f 26 dusty early-type galaxies (11 E and 15 S0) as a part
of Ry is found to vary between 2.1 to 5.6 depending on the lifd our ongoing program studying dust properties in a large
of sight (Valencic et al. 2004). Similarly, the extinctionrges Sample of early-type galaxies taken from Ebneter & Balick
have also been derived for a few neighbouring spiral gataxid 985), Véron-Cetty & Véron (1988), Knapp et al. (198%nv
using this method and thR, value is found to vary consider- Dokkum & Franx (1995). The objects were chosen depending
ably for these galaxies (Brosch 1988), and even within axyala®n the availability of observing nights and weather conodiit
from one location to another. and as such no strict criterion has been applied for the sam-

In the case of external galaxies, as individual stars caple Selection. Tablel1 gives the global parameters suchas co
not be resolved, the above method is not applicable; instedlthates, morphological type, heliocentric velocity, lmmsity,

a variety of indirect methods have been proposed to est&i€ and environment of the target galaxies.

lish the A-dependence of the dust extinction, and to estimate Deep CCD images of the program galaxies were obtained
RV values. In one of the W|de|y used methodsy Comparisgﬁing various ObserVing facilities available in |ndia., Idgl’

of light distribution of the original galaxy with its dustde December 1998 to August 2003. Table 2 gives details of the
smooth model gives an estimate of the extinction caused ip§truments used duringfiiérent observing runs and Talple 3
dust present in the original galaxy. The extinction law fer e 9ives the log of observations. Except for the IAO observing
ternal galaxies can be deduced by performing this exer¢isd&, Where Bessel), B,V,R | filters were used, observations
different wavelengths. The absence of spiral armsregions Were made in Johnsdd, V and Cousing | filters. Generally,
and other inhomogeneities results in a fairly smooth light d €xposure times were adjusted so as to achieve roughly equal
tribution in early-type galaxies. This allows one to easid Signal-to-noise (&) ratio for a galaxy in dierentbands. Apart
accurately construct the dust-free model of the galaxyiredu from the object frames, several calibration frames suchies b

to study dust extinction properties. Despite this rathewee twilight sky flats etc. were also taken in each observing run.
nient situation, dust extinction properties have beenstive For photometric calibration of the data, open cluster M6d an
gated only for a handful of galaxies, most notably by Brosdfandard stars from Landolt's list (Landolt 1992) were obse

& Loinger (1991), Brosch & Almoznino (1997), Goudfrooij etduring photometric nights.

al. (1994b,c) and extended to a few more individual galdsjes ~ Standard preprocessing steps such as bias subtraction and
Sahu et al. (1998), Dewangan et al. (1999), Falco et al. Olggfglﬁt fielding were done using the standard tasks availablanvit
Keel & White (2001), Motta et al. (2002) etc. In all these StudRAF@]. Multiple frames taken in each filter were geometrically
ies it has been observed that the optical extinction curvess  aligned to an accuracy better than one tenth of a pixel by mea-
extragalactic environment closely resemble that of thekylil Suring centroids of several common stars in the galaxy feame
Way, with Ry values comparable to the canonical value of 3.8nd were then combined to improve th@&l$atio. This also en-
Dust being an important component of the ISM, it is essenti@ipled easy removal of cosmic ray events. The cosmic ray hits

to extend this kind of ana'ysis to a |arger Samp'e of dusttyearthat were left after Combining the frames were further elimi
type galaxies. nated using theosmicrays task in IRAF. Sky background in

It has been shown that the morphology of dust closely: |Rar is distributed by the National Optical Astronomy

matches that of the iopized gasinalarge fr.action of gataikie Observatories (NOAO), which is operated by the Associatén
50 - 80 %) (Goudfrooij et al. 1994b, Ferrari et al. 1999), and Universities, Inc. (AURA) under co-operative agreementhwthe

some cases with the X-ray emitting region too (Goudfrooij &ational Science Foundation.
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Table 1. Global parameters of the program galaxies

Object RA DEC Morph. BY Vhdio size CfA Group
(J2000.0) (J2000.0) RC3(RSA) (ks) (arcmin)
@ &) 3 4) ®) (6) @) 8)
NGC 524 01:24:47 09:32:21 B/a) 11.17 2509 2.8x2.8 GH13 (8), dominant in group
NGC 984 02:34:43 23:24:46 SO 13.35 4435 3.0x2.0 -
NGC 1172 03:01:36 -14:50:13 E30;) 12.56 1502 2.3x1.8 -
NGC 1439 03:44:50 -21:55:21 EAT) 12.18 1568 2.5x2.3 HG32 (21), Eridanus group
NGC 2128 06:04:34 57:37:40 SO 12.66 3226 1.5x1.1 -
NGC 2534 08:12:54 55:40:24 E1l 13.38 3732 1.4x1.2 Isolatéakga
NGC 2563 08:20:35 21:04:09 SO 13.01 4592 2.1x1.5 In dense@p@ancer cluster
NGC 2672 08:49:22 19:04:30 EHZ) 12.12 4164 3.0x2.8 Brightest in group, pair with N2673
NGC 2693 08:56:59 51:20:51 H37) 12.61 4923 2.6x1.8 GH39 (4)
NGC 2907 09:31:36 -16:44:09 B(S0) 12.35 1892 1.8x1.1 Brightest in group, several dEs coiopal
NGC 2911 09:33:46 10:09:09 ) 12.25 3062 4.1x3.2 GH47 (6)
NGC 3078 09:58:24 -26:55:34 E28) 11.94 2283 2.5x2.1 HG29(4), in cluster
NGC 3489 11:00:18 13:54:08 S8/ a) 11.15 613 3.5x2.0 GH68 (28)G56 (30), Leo grp
NGC 3497 11:07:18 -19:28:21 SO 13.03 3672 2.6x1.4 In clustaracting pair
NGC 3585 11:13:17 -26:45:20 HB(S0) 10.64 1206 4.7x2.6 -
NGC 3599 11:15:27 18:06:46 SO 12.70 713 2.7x2.1 GH77 (13)
NGC 3665 11:24:43 38:45:47 KN 11.69 2072 2.5x2.0 GH79 (4), pair with N3658
NGC 3923 11:51:02 -28:48:23 E3(S0) 10.62 1487 5.9x3.9 HG28 (4), at least 7 dEs
NGC 4459 12:29:00 13:58:46 SBQ) 11.21 1154 3.5x2.7 GH106 (248)
NGC 5363 13:56:07 05:15:19 180) - 1113 4.1x2.6 HG55 (3), pair with N5364
NGC 5485 14:07:11 55:00:08 Ei0)] 12.31 2107 2.3x1.9 HG77 (4), pair with N5484, N5486
NGC 5525 14:15:39 14:17:02 SO 13.78 5569 1.4x0.9 GH134 (8)
NGC 5898 15:18:13 -24:05:49 ES0Q) 11.92 2153 2.2x2.0 In pair with NGC 5903,
several dEs, dSOs companion
NGC 5903 15:18:36 -24:05:06 E2(S0) 12.20 2565 2.7x2.1 In pair with NGC 5898,
several dEs, dSOs companion
NGC 7432 22:58:06 13:08:00 E 14.41 7615 1.5x1.2 In pair
NGC 7722 23:38:41 15:57:15 SO 13.19 4197 1.7x1.4 In pair wishiral

Nortes: Column (2) and (3) list galaxy co-ordinates, Column (4fslisorphological classification of the galaxies, RSA typgiven in the parenthesis.
The total, corrected blue luminosity of the program galsaee listed in Column (5), while Column (6) lists heliocéntrelocity and Column (7)

optical size of the galaxies, all taken from RC3 (de Vaucauéd al. 1991). Column (8) lists CfA group membership HG or IBkted by Huchra &

Geller (1982; HG82) and Geller & Huchra (1983; GH83), numibehe parenthesis represents number of galaxies in a givepg

Table 2. Details of telescopes and instrumentation

Observing Run Dec.98 Dec.99 Mar.2k Mar.01 Apr.01 May 03 AGBg
Observatory ARIES ARIES VBO VBO VBO IAO IAO
Telescope size(in m) 1.04 1.04 2.34 2.34 2.34 2.0 2.0
CCD Type TEK TEK Phot Phot Phot Phot Phot
Format (# pixels) < 1k 2k x 2k 1k x 1k 1k x 1k 1k x 1k 1k x 1k 1k x 1k
Binning 2x2 2x2 1x1 1x1 1x1 1x1 1x1
Scale (//bin) 073 073 0772 0”72 0772 Q0”285 Q7285
Field of view 13 x 13 13 x 13 10 x 10 10 x 10 10 x 10 5 x5 5 x5

Nores: Telescope - 1.04 1.04m Sampurnanand Telescope of Aryabhatta Researctutaestii Observational Sciences
(ARIES), Naini Tal; 234 = 2.34m Vainu Bappu Telescope of V.B. Observatory (VBO), Kavaluf) 2 2.0m Himalayan
Chandra Telescope of Indian Astronomical Observatory jJIAD. Saraswati, Hanle.

CCD type - TEK: Tektronics, Phot: Photometrics.

the galaxy frame was estimated using the box method (spegcessing techniques like quotient image, unsharp mgskin
e.g., Sahu et al. 1998); median of a%pixels box at vari- colour-index image, etc., to confirm the presence of dust fea
ous locations in the frame, generally away from the galaxdy atures and their spatial distributiorB ¢ V) and B8 — R) colour

not dfected by the stars, was estimated and its mean value wadex images were constructed using geometrically aligned
taken as a measure of the sky background which was then ssdring matched direct image® € V) colour index images
tracted from the respective galaxy frame in the correspandiof some of the dust lane galaxies are shown in Eig. 1, where
band. As the total field coverage of the CCDs used was laigeghter shades represent dust occupied redder regiorrs. Ou
compared to the optical size of the program galaxies, the baxalysis confirms the presence of dust in all the 26 galaxies
method for sky estimation was found suitable for the presestudied here. Dust is present in variety of forms; five g&axi
study. Cleaned, sky subtract&lV, R, | images of individual have multiple dust lanes parallel to the major axis, twelve o
galaxies were convolved with a Gaussian function to mateh tlects show a well-defined dust lane aligned either along majo
seeing of the best frame with that of the worst frame to coor minor axes, three galaxies show dust rings or arcs, wttile o
struct colour-index images of the galaxies. ers show nuclear dust patches. NGC 2907 and NGC 7722 have
at least four extended dust lanes running parallel to thiealpt
major axis. NGC 5363 has two lanes, the inner one is short and
aligned along minor axis, while the other one is extended and

Even though the program galaxies were known to contdlfS Parallel to the major axis of the galaxy.
dust features, we re-examined them using a variety of image

3. Properties of dust: the method and results
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Table 3. Observing log

Galaxy Exposure time (sec) Seeing () Notes
B \Y, R I B \Y, R

@) 2 ®3) 4 (®) (6) @) (®) 9) 10)
NGC 524 900(4) 900(3) 400(3) 400(3) 2.65 241 2.14 211 #1
NGC 984 900(4) 600(4) 400(3)200(1) 300(4) 3.01 2.72 271 291 #2
NGC 1172 900(4) 900(3) 400(3) 400(3) 2.66 2.55 2.46 2.61 #2
NGC 1439 600(4) 600(3) 200(4) 200(3) 2.55 1.93 1.86 1.95] #2
NGC 2128 900(4) 900(3) 400(2) 4002y 2.81 2.46 2.39 2.09 #1
NGC 2534 900(4) 900(3) 600(3) 600(3) 2.51 2.25 1.79 2.06| #1
NGC 2563 - 600(4) 400(3) 400(3) - 4.98 4.52 4.32 #3
NGC 2672 900(4) 600(3) 300(3)200(1) 300(3) 1.90 1.87 2.08 1.88] #2
NGC 2693 900(4) 600(3) 360(4) 3004y 3.30 3.33 3.07 2.96| #4
NGC 2907 900(4) 600(3) 300(4) 300(3) 3.46 2.61 2.57 2.46| #2
NGC 2911 1200(3)600(1) 600(4) 300(5) 3004y 2.62 2.30 2.00 1.86] #1
NGC 3078 600(4) - 300(2) - 2.87 - 3.29 - #4
NGC 3489 500(3) 400(3) 400(1) 360(1) 2.97 2.75 2.77 2.87 #2
NGC 3497 - 700(3) - 420(2) - 2.38 - 241 #7
NGC 3585 600(4) 600(3) 300(2) - 3.16 3.07 2.90 - #3
NGC 3599 600(3) 300(3) 300(3) 200(3) 2.59 2.54 2.47 221 #2
NGC 3665 600(3) 400(3) 300(2) - 211 1.96 1.82 - #6
NGC 3923 900(4) 600(4) 300(4) - 3.24 3.60 3.19 - #3
NGC 4459 900(4) 600(3) 360(4) - 2.50 241 2.20 - #5
NGC 5363 600(4) 600(3) 300(4) 3002y 2.12 1.96 2.42 1.82 #6
NGC 5485 600(6) 600(3) 300(4) 300(6) 2.11 1.96 1.54 1.52 #7
NGC 5525 600(6) 500(4)280(1) - - 2.01 211 - - #7
NGC 5898 800(3) 400(3) 300(2) 3002y 3.25 2.61 3.06 2.89 #3
NGC 5903 800(3) 400(3) 300(2) 3002y 3.25 2.61 3.06 2.89 #3
NGC 7432 600(6) 600(3) 300(6) 300(6; 1.41 1.37 1.25 1.48] #6
NGC 7722 600(5) 600(3) 400(3) 400(3 1.45 1.75 1.30 1.61 #4

Notes 1o TaLe [3 Column (1) lists sample galaxies. Columns (2)-(5) lisp@sure time in seconds for B, V, R, & | bands, respectively,
number in parenthesis represents the number of exposiugesextin a given band. Seeing (in arcsec) ifiefient bands are listed in columns
(6)-(9). Column (10) lists observing run and instrumenisdigtl= ARIES, 1998; #2= ARIES, 1999; #3= VBO, March 2000; #4= VBO,
March 2001; #5= VBO, April 2001; #6= IAO, May 2003; #7= IAO, August 2003 (see Tablgl 2).

NGC 5363 NGO 5485 NGC 5525

Fig. 1. (B - V) colour index maps of some of the prominent dust lane gadakieghter shade represents dust occupied regions

3.1. Extinction maps STSDAS package, which is based on a procedure described

. o . by Jedrzejewski (1987).
To estimate theféect of dust extinction, we compare the light Starting with trial values of ellipticity, position angland

distribution in the original galaxy image with its dust free . . . .
; ) centre coordinates of the galaxy image, an ellipse was fitted
model. As early-type galaxies have a fairly smooth and sy

e isophote at a given semi-major axis length after masiin
metric stellar light distribution with respect to the nugde P g J 9 g

. . he obvious regions occupied by foreground stars and icttera
one can easily construct its smooth, dust free model by fﬁﬁg galaxies, which were ignored during the ellipse fit. Tie fi

B e g T ol was corlnued by incremening e em-najoristeng
0 i
1991; Goudfrooij et al. 1994c; Sahu et al. 1998, and refemncy 10% until signal reachess3level of the background, and

! o . . continued inward until the centre of the galaxy. A model im-
Eir::egil\;zct(r)];tggty extinction properties of dustin the egalac- age constructed using the best fit ellipses was then subtract

We have fitted ellipses to the isophotes of the observed STSDAS is distributed by the Space Telescope Scienceutestit
galaxy images using thalipse fitting routine available in the operated by AURA, Inc., under NASA contract NAS 5-26555.
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hGEC 1172

hﬂﬂ -aﬂﬂ-?-

FGC K25

hGC TTE2

Fig. 2. Extinction maps; brighter shades represent dust occupgdns. North is up and East is to right.

from the original galaxy image and its residual image was gezoordinates were used to fit ellipses to the isophotes inrothe
erated. The residual image was examined and regions octupnands.
by dust and other hidden features were flagged and rejectedThe “dust free” model of the program galaxies thus gen-
in the next run of ellipse fitting. As the majority of galaxiegrated were used to construct “extinction maps” in mageitud
from this sample contain complex dust lanes or patches passale using the relation
ing through their centres, accurate estimation of centoedio
nates was not possible. To minimize the error in this esémaf, = -2.5 x log Lobs ] (1)
isophote fitting was first carried out fd& or | band images, A.model
which are least fected by dust extinction among the availwhere A, represents the amount of extinction in a particular
able bands and centre coordinates were determined by aband (= B,V,R 1) while 1,0ps @and |y model represent ADU
aging those of the best fitted ellipses. Centre coordinatgs tcount levels in the original and model galaxies, respelstive
determined were kept fixed in the second run and the above de-Extinction maps for the sample galaxies are shown in
scribed ellipse-fitting procedure was repeated. The samtesce Fig.[2, where brighter features represent regions of higher
tical depth associated with the dust extinction. Asymnestri
seen in the dust features of NGC 5903 and NGC 7432 are due
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to the masking of foreground stars present near the centrepoted by Mathis et al. (1977) serves as a good approximation
galaxies. for this purpose.

Fig.[3 shows thaR; [s %] varies linearly with the
inverse of the wavelength and is consistent with the result
Qex « 47! expected for small grains i.e., for < 1, where

The next step involves the quantification of total extinetioX = 22 ais the grain radius an@ex is the extinction #i-

in each band and deriving the extinction curve. For this pufency factor. Thus, for a giveQex value, the mis-match be-
pose, masks were set on the regions occupied by dust in extif¢een the extinction curve for the Milky Way and those for the
tion maps generated above, and numerical valugs, qfvith ~ Program galaxiesis attrlb_uted to thefdr_ence in grain size be-
1= B,V,R& I) were extracted as the mean extinction within &{veen the program galaxies and the Milky Way. Therefore, one
square box of & 5 pixels (comparable to the size of the seeingn estimate the relative grain size in such cases by shtfiin
disk) and the box was slided over the dust-occupied regionJRServed extinction curve along* axis until it best matches
each galaxy. To avoid seeingiects, we excluded nuclear relhe Galactic extinction curve (cf. Goudfrooij et al. 1994ic)

gions (radius< 5”) of the program galaxies from analysis. Théhe sense that the extinction curve lying below (above) the
values of extinctions\,(x, y) thus measured at fiérent loca- Galactic curve will correspond to smaller (larger) grainesi

tions in individual bands were used to estimate the localegl €lative to that of Galactic dust grains. The relative gsires
of selective extinction or colour exceBél — V) = A, — Ay as thus derived for the sample galaxies are listed in Column 6 of
a function of position across the dust-occupied region. Tablel4.

A linear regression fit was performed between various local
values of total extinctionAg, Av, Ar, A)) and the slopes of the 3.3. Dust mass estimation

best fits were assigned to be the average slope okrsush, ) . .
(wherex,y = B,V,R& I x # y) and the reciprocal slope @, We have estimated dust content of the program galaxies using

versusA, (Goudfrooijet al. 1994b; Sahu et al. 1998; Dewangem optical extinction studied here and (ii) IRAS quxes at/fﬂ_ﬂ
etal. 1999). Likewise, slopes of the fitted lines of the regien 2nd 10Qum taken from Knapp et al. (1989), as described in the
for A, (1 = B,V,R& 1) andE(B - V) were also derived. The following subsections.

best fitting slopes were used to deriRg [= %jv)] for the

dust occupied regions in the program galaxies and are lis®.1. Using optical extinction

in Table[4 along with their associated errdRs.values for the

Milky Way taken from Rieke & Lebofsky (1985) are also listed© estimate dust mass using total optical extinction, we fol
in the table for comparison. lowed the method described by Goudfrooij et al. (1994c)civhi
The extinction curves for the program galaxies are givenis outlined here. For a given grain size distribution fuouti

' §1(a) of the spherical grains of radiasand extinction &iciency

Qext(a, 1), the extinction cross-section at wavelengtis given

3.2. Extinction curves

demonstrate that the extinction curves for the majorityadag-

ies run parallel to that of the Galactic curve, except forva fe y

cases (NGC 1439, 2534, 2693, 3585, 5363) for which we see

“concave” extinction curves. The fact that, on averagdnext Cext(1) = f

tion curves for the sample galaxies are parallel to that of ou

Galaxy implies that the dust extinction properties in the@x wherea_ anda, are the lower and upper cufs of the grain

galactic environment are similar to those of the Milky Wayize distribution, respectively. Assumimga) to be the same

HoweverRy for program galaxies is found to befidirent from over the entire dusty region and using the definition of the ef

the canonical value of 3.1 for the Milky Way, as evident frorficiency factor,Qex(a, 1) = Cex(a, A)/7a? (ratio of extinction

Table[4. cross-section to the geometrical cross-section), thédgtac-
Assuming that the chemical composition of dust grains fion due to dust at wavelengthis expressed as

the extragalactic environment is similar to that of our Qgla

smaller (largerRy values imply that the dust grains respons'ré‘ﬂ = 1.086 Cext(4) X l4 3)

.ble forinterstellar reddenlng are smaller (larger) thamghams wherely is the dust column length along the line of sight. The
in our Galaxy. This allows one to compute the relative grain o ) .
o : ; ) cdnlumn length density in units of g crhfor the dust is then
size in the sample galaxies by making use of available mod-
. " : §xpressed as
els of chemical composition and shape of the dust grains. Ou
of several “dust models” a two-component model consisting o a,
spherical graphite and silicate grains, with an adequate mid = f
ture of sizes (Mathis et al. 1977) is able to explain the ob-
served extinction curves in the Milky Way as well as in therherepy gives the specific grain mass density which is taken
Local Group (e.g., Clayton et al. 2003). This model assum@sbe ~ 3 g cnt3 for graphite and silicate grains (Draine &
uncoated refractory particles having a power law sizeiflistr Lee 1984). This is then multiplied by the total area occupied
tion n(a) = ny a~>°, wherea represents grain radius. As theby dust to obtain the dust massgM Xq x Area, expressed in
present study is restricted to the optical regime, the mpael solar mass units.

" Qux(a. ) wa?n(a) da @)

a

gna@ pan(@) dax g (4)

a
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Table 4. R, values and relative grain sizes

Dust properties in early-type galaxies

Object Rs Ry Rr R %

@) @ 3 4) [©) (6)
NGC 524 4.46+0.39 346+ 0.16 221+ 047 157+ 0.45 106+ 0.02
NGC 984 4.19+0.36 319+ 0.21 243+0.19 206+ 0.17 108+ 0.08
NGC 1172 4.25+0.17 325+ 0.19 239+ 0.19 195+ 0.14 107+ 0.05
NGC 1439 345+ 021 245+ 0.17 201+ 0.15 176+ 0.13 093+ 0.08
NGC 2128 4.37+0.28 337+ 0.27 206+ 0.29 159+ 0.30 104+ 0.06
NGC 2534 3.03+0.19 203+0.28 161+ 0.30 118+ 0.38 080+ 0.04
NGC 2563 — 3.10+0.00 229+ 0.74 119+ 0.51 096+ 0.03
NGC 2672 4.27+0.14 327+0.28 248+0.14 177+ 0.15 106+ 0.02
NGC 2693 4.46+0.23 346+ 0.26 287+ 045 259+ 0.36 130+ 0.04
NGC 2907 325+ 040 225+ 048 119+ 0.29 049+ 0.23 077+ 0.03
NGC 2911 3.84+0.35 284+0.29 198+ 0.31 113+ 0.37 092+ 0.04
NGC 3078 4.10+0.17 — 2.39+0.19 — 1.02+0.03
NGC 3489 4.38+0.25 338+ 0.21 264+0.19 170+ 0.15 109+ 0.02
NGC 3497 - 3.10+ 0.00 - 153+ 0.65 102+ 0.02
NGC 3585 4.45+0.44 345+ 0.33 300+ 0.24 — 1.17+0.04
NGC 3599 349+0.15 249+ 0.09 212+ 0.06 157+ 0.14 093+ 0.06
NGC 3665 4.29+0.20 329+ 0.13 233+0.23 — 1.03+0.02
NGC 3923 416+ 0.43 316+ 0.39 203+ 0.16 — 0.98+ 0.04
NGC 4459 394+ 024 294+ 0.18 226+ 0.16 — 0.90+ 0.02
NGC 5363 3.78+0.27 278+ 0.16 218+ 0.36 189+ 0.28 092+ 0.04
NGC 5525 4.15+0.29 315+ 0.17 — — 0.99+0.01
NGC 5898 4.15+0.30 315+ 0.46 246+ 0.29 184+ 041 104+ 0.03
NGC 5903 4.07+0.30 307+ 0.22 228+ 0.39 201+ 0.34 105+ 0.08
NGC 7432 3.89+0.28 289+ 0.21 246+ 0.19 194+ 0.22 105+ 0.09
NGC 7722 389+ 025 289+ 0.20 203+ 0.14 178+ 0.10 094+ 0.02

Rs Ry R R

NGC 5485 438+0.24 365+0.21 265+ 0.17 186+ 0.12 140+ 0.18 092+ 0.04
The Galaxy 4.10 3.10 2.27 1.86 1.00

Notes ox TasLe[ & Column (2) to (5) lists th&r, [E

AL
EB-V

] values withd = B, V, R, & |I. Column (6) lists the relative (mean) grain size

in the program galaxies with respect to that responsibléhferGalactic curve. NGC 5485 represents data in five bands AR & 1). For
comparison, GalactiR, values are listed in the last row.

The measured total extinction i band @y) can be used regions withry > 0.02. The computed dust masses for the sam-
to compute dust mass using the size distribution of Mathis e galaxies using total optical extinction {Mica) are given

al. (1977) as in column 6 of Tabléb.
n(@ =ny a>° (a<a<a,)

) 3.3.2. Using IRAS densities
wherea_ = 0.005um anda, = 0.22 um for the Milky Way

with Ry = 3.1 (cf. Draine & Lee 1984). Since the observe®sing IRAS flux densities measured at 60 and 400 we first
extinction curves in the program galaxies refer to the dugtlculate the dust grain temperature in the program galaxie
grains at the upper end of the size distribution (Goudfrebij using relation, T = 49 56;) (Young et al. 1989). The dust

al. 1994c), upper limits of the grain size in the target g@lax content (Myras) in the sample galaxies was then computed
were scaled accordingly using the relation using the relation (Hildebrand 1983):

_<a> 4 , F,

& = 5o X022um ®) Mg = 320D’ 5 oY) (6)
where =2 s the relative grain size for the program galaxiewherea, pq andD are the grain radius, specific grain mass den-
and are listed in Tablg] 4. sity and distance of the galaxy, respectivély, Q, & B,(Tq)
Further, to estimate the extinctioffieiency of the dust grains are the observed flux density, grain emissivity and the Rlanc
we assume spherical grains composed of silicate and geapfuhction of temperature c,Tat frequencyy, respectively. We
with nearly equal abundance (see, Mathis et al. 1977). The vadoptedog = 3 gem™ and a”d = 0.04 gcm2 for 0.1 um
ues of the extinctionféciency for silicate and graphite grainggrains at 10Q:m (Hildebrand 1983) The derived dust masses

are taken as
Qext slicate = 0.8a/agjicae fOr a < agicate,
exdslicate = 3 0.8 fora > agiicate

Qext araphite = 2.0a/agraphite for a < agrapite,
lext,graphite =
grap 20 fOI’ az> agraphite

from IRAS flux densities are listed in column 5 of the Table 5.
Due to the fact that IRAS was insensitive to the dust emitting
at wavelengths longer than 106 (i.e., dust cooler than about
20K), these estimates of dust masses using IRAS flux desisitie
represent the lower limits (Tsai & Mathews 1996).

4. Discussion

with agiicate = 0.1um, andagapiite = 0.05um. Using these
parameters and the dust column density, the total dust maEgtinction curves derived for the sample galaxies reveat th
(Mgoptica) contained in the program galaxies was estimated. In the Ry value lies in the range between 2.03 to 3.46 for el-

determining the mean visual extinction, we included allstho

lipticals, and 2.25 to 3.46 for lenticulars, with an average
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Fig. 3. Extinction curves for the program galaxies (filled squasefid lines) along with the canonical curve for the Galaxydb
circles, dashed lines) for comparison. Th&set (shift of the curves along the X or Y axis in order to sefgathem) for the
X-axis is 4, that for the Y-axis is 3.

of 3.01, compared to 3.1 in the case of the Milky Way. values exhibit irregular dust morphologies (Goudfrooij et
For some of the sample galaxies tRg value is close to al. 1994c).

the classical Galactic value, while for some of themRye Dust masses derived from optical extinction are found to lie
value is significantly less than 3.1. Interestingly, allgaés in the range~ 10* to 1P Mg and are in good agree-
(e.g., NGC 2534, 2907, 2911, 5363, 5485 and 7722) show- ment with the earlier estimates for the early-type galaxies
ing smallerRy values exhibit well-settled dust lane or lanes  (Brosch et al. 1990; Goudfrooij et al. 1994c; Sahu et al.
with an averag®, equal to 2.80, implying that the “larger”  1998; Ferrari et al. 1999; Dewangan et al. 1999; Tran et
grains responsible for the optical extinction are roughly al. 2001; Patil et al. 2002). The dust masses derived using
25% “smaller” in size compared to the grains responsible the optical methods depend on the assumption of a fore-
for the extinction curve in the Milky Way. For a sample of ground screen in front of the background light. Therefore,
10 elliptical galaxies, Goudfrooij et al. (1994c) arriveld a  this method is not sensitive to any dust embedded or inter-
Ry in the range of 2.1 to 3.3, with characteristic dust grains mixed with the stars within the galaxy and hence the opti-
up to 30% smaller in size compared to the canonical grains cal method always provides a lower limit of the true dust
in the Milky Way. Thus, our results are in good agree- content of the host galaxy. Comparison of the dust masses
ment with those of Goudfrooij et al. (1994c). For a few of derived from IRAS flux densities and optical extinctions
the remaining galaxies (e.g., NGC 524, 2672, 2693, 3489, reveals that Miras is larger than Mgpical by a factor of
3585) extinction curves are found to lie slightly above the 7.8 for the sample of galaxies studied here. Goudfrooij &
Galactic extinction curve, implying marginally larger val ~ de Jong (1995) for a sample of elliptical galaxies alone re-
ues ofRy, and these are found to have ring or arc shaped ported this ratio to be equal to 8.4. In the case of SO galax-
dust morphologies. Thus, our results seems to indicate that ies, as pointed out by Sahu et al. (1998) and Dewangan et al.
the galaxies havingy values smaller than the canonical (1999), this mass discrepancy is less significant compared
value (and hence smaller grains) exhibit smooth, regularly to that for ellipticals. Using ISO data Temi et al. (2004)
distributed dust lanes, whereas the galaxies with laRyer estimated a dust content of NGC 1172 and NGC 5363 of
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Table 5. Dust properties

Object dust morphology IRAS flux (mJy) Log(My,ras) Log(Md,optical) Tq M T4
60+ err 100+ err Mg) Mg) (K) Meyr™) (10 yr)
1) 2 3) 4 (5) (6) () ()] (9)
NGC 524 dust rings 780+34 182&:114 5.95:0.11 4.9%0.14 35+4 1.06 7.8
NGC 984 maj. dust lane 14037 12Q-106 4.85:0.88 4.5@:0.07 <30 <0.89 55
NGC 1172 nucl. dust 0+41 0+72 <435 4.16:0.18 - <012 135
NGC 1439 min. dust lane 0+32 30Q:35 < 5.80 5.43:0.19 <20 < 0.04 23.0
NGC 2128 min.dust lane 870+37 2163166 6.22+0.11 4.420.12 34+3 0.10 -
NGC 2534 min.dust lane 380+50 800-184 5.71+0.28 4.10:0.18 36+4 0.15 -
NGC 2563 min. dust lane 0+27 0+ 187 <4.70 3.75:0.15 - <051 3.3
NGC 2672 nucl. dust 0+45 440:45 <6.30 5.3G:0.30 <20 < 0.69 -
NGC 2693 min dust lane 210+37 79Q:114 6.09:0.20 4.840.15 29+4 0.02 5.8
NGC 2907 multi. lanes 310+26 109G:194 5.70:0.21 5.0%0.22 30+2 0.47 -
NGC 2911 maj. dust lane 290+28 56Q:79 5.59+0.19 5.54:0.14 38+5 0.10 8.8
NGC 3078 nucl. dust - - - 3.91:0.08 - - 11.0
NGC 3489 dust clouds - - - 3.94:0.26 - - 18.5
NGC 3497 multi. lanes 278 < 1347 < 6.49 5.08:0.14 <26 - -
NGC 3585 nucl. dust 160+42 0+ 70 <4.24 3.730.25 <30 0.37 14.7
NGC 3599 min. dust lane - - - 3.73:0.23 - - 24.0
NGC 3665 maj. dust lane 196Q:40 669Q:163 6.60£0.07 5.020.28 30+3 0.19 23.1
NGC 3923 nucl. dust 0+35 0+120 <4.70 4.46:0.08 - 0.61 10.6
NGC 4459 dust ring 192067 428@119 5.71+0.12 3.66:0.14 36+8 0.48 23.2
NGC 5363 multi. lanes 1700:46 445@45 5.72+0.18 5.050.14 33+13 0.01 23.1
NGC 5485 min. dust lane 150+34 850:-88 6.01+£0.17 4.36:0.11 25+4 0.16 13.0
NGC 5525 maj. lane+ ring - - - 5.99:0.10 - - -
NGC 5898 min dust lane 130+37 200:64 4.85:0.41 4.480.07 41+9 0.25 5.4
NGC 5903 nucl. dust 0+23 0+112 <6.31 4.05:0.08 - 0.43 5.2
NGC 7432 min. dust lane - - - 3.98:0.09 - - 5.8
NGC 7722 multi. lanes 820+34 284Q:159 6.82:0.08 6.19-0.16 30+2 1.72 -

Nortes To TasLe [B Column(2) lists morphology of dust: dust ring(s) - facedwst ring(s); maj.dust lane - dust lane along the opticabmeis; min.
dust lane - dust lane aligned along minor axis; multi. lamesikiple dust lanes; dust clouds - dust distribution in e of clouds; nucl. dust - nuclear
dust. Column (3) & (4) list IRAS flux densities at 60 and 10@m (taken from Knapp et al. 1989). Column (5) and (6) list duasses derived from
IRAS flux densities (M ras) and optical extinction values (Mprcal), respectively. Column (7) gives dust temperaturg) (While column (8) lists the
present day mass-loss rate from the evolved, red-giarst istéine program galaxies. Column (9) lists life time of dustigs derived using Ed{ 8).

9.9x10° Mg & 2.00x 1P Mg, respectively, these estimates

panion donates gas and dust either via direct merger, accre-

are roughly an order of magnitude larger than our estimates tion or tidal capture. Dwek & Scalo (1980) have demon-

from IRAS fluxes. This in turn implies that although ISO

strated that evolved red giant stars are the dominant source

data acts as a more reliable tracer of the true dust content in of dust injection into the ISM of the early-type galaxies. To

the extragalactic environment, it renders the dust mass dis
crepancy even more significant than using IRAS flux den-
sities.

There are several processes that may alter fieetéve dust
grain size in the external galaxies, like destruction ofrtgga
due to sputtering in supernova blast waves, grain-grain col
lisions, sputtering by thermal ions (warm and hot) etc.,
as has been discussed by Goudfrooij (1999). But, which
one of these would work as the dominant process for de-
struction of grains leading to smaller grain size depends on
the conditions of specific galaxies. In particular, for gala
ies immersed in hot X-ray emitting gas, sputtering by hot

check the significance of internal sources, using the ptesen
day mass-loss rate we estimated the total amount of dust
accumulated over the lifetime of a galaxy under the as-
sumption that the properties of the evolved, red-giansstar
in the Galactic bulge closely resemble those in elliptical
galaxies. For most of the K & early M giant stars with ef-
fective surface temperatures about 4500 K and with no cir-
cumstellar material, one fin@i2,m/S22,m = 0.08 (Knapp
etal. 1992), while for the stars with circumstellar mattes (

in elliptical galaxies) this ratio is 0.13, about 38% larger
than expected from stars in the Galactic bulge (Knapp et
al. 1992). This excess flux measured a2 in elliptical

ions is expected to be the dominant process for destruction galaxies is attributed to the emission from the circumatell

and alteration of the grain size. In order to investigate thi
point further we collected X-ray flux for the sample galax-
ies from the literature, and examined the relationship be-
tween the dust mass and X-ray luminosity, both normalized
to the blue luminasity. The result shown in Hig. 4(a) reveals
a marginal anti-correlation suggesting that hidk ALg)

galaxies harbour less dust, in agreement with the predic-

tions of Goudfrooij et al. (1994c).
The issue of the origin of dust in early-type galaxies iseath

shells produced by mass-loss from the evolved stars, and
thus provides a reasonable estimate for the total mass-loss
Following Knapp et al. (1992), we adopt the following re-
lation for the mass-loss rate:

D
Mpc

M =6x 106(

2(3,, - 0.042S100
mJdy

] Moyrt (7)

The term 0.042 o gives the correction to the excess flux

controversial. Suggested sources by which galaxies may at 12um emission due to contamination from the interstel-

acquire dust include (i) internal: in the form of mass-loss lar dust heated to an equilibrium temperature of about 20 K

from evolved stars distributed throughout the galaxy more by the ambient ultraviolet interstellar radiation field.€Th

or less uniformly, and (i) external: in which a gas-richcom inferred values of the mass-loss rates in the sample galax-
ies are listed in column 8 of TaHlé 5.
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Fig. 4. The ratio of dust mass to blue Iumlnos(ty‘“—) as a function of (a) ratio of the X-ray-to-blue luminositpda(b) blue

luminosity (filled squares are for E, while open triangles$0).

Dust injected into the ISM by the evolved stars through

For illustration, we examine the accumulation of dust for

mass-loss is also destroyed simultaneously by a variety of the case of NGC 5363 (logx= 40.38 ergs s, ny = 2.2x

processes. In the absence of hot, X-ray emitting gas, the 10-3cm~

life time of the 0.1um refractory grains against sputtering
through low velocity shock waves or grain-grain collision
is ~ 10° yr, while that in the presence of hot coronal gas
(Te ~ 107 K) against collision with the hot protons and
particles is of the order of 10° — 10’ yr (cf. Draine &
Salpeter 1979, Goudfrooij & de Jong 1995). A majority of

the galaxies from the present sample are detected as X-ray

emitters, and therefore, we estimate the lifetime of the dus
grains (column 9 of Table 5) of radiasagainst such colli-
sion using the relation

T lox 10“(Cm a ®)

i a’da -3 ;
4= gt ny /10.01um y
(Draine & Salpeter 1979), wherg, is the proton density
in the plasma and is the grain size. Herey = 0.83ng, ne
being the electron density estimated using

(2 ~3/4
Ne(r) = ne(0) (1 + (—) }
ay
and
) Ly 1/2 a ~3/2 .
ne(0) = 0'061(1041ergs sl) (1 kpc) cm

whereng(0) is the central number density over the X-ray

core radiusax( = 10( T ) 8kpc) (see, e.g., Canizares
et al. 1987, for detalls). X- ray luminosities reported by

Bettoni et al. (2003) were used to derive these parameters.

For the grains of radius 0/m this time scale is found to
lie in the range between£x 107 yr and 33 x 1P yr which
correspond to NGC 3599 and NGC 2563 having the lowest

8,7q = 23 x 10" yrand M = 10°Myyr* and
gas-to-dust ratio of about 100), taking into account the two
competing processes, namely mass-loss in the form of dust
from the evolved stars and destruction of dust. The rate of
accumulation of dust is

OMgy(t)  IMgs
ot ot

- Ma(t) 73t

where(9 == is the rate of mass loss in the form of dust from
red glant stars and‘1 is the destruction rate. Integrating
this dust accumulation rate over time, the total build up of
dust mass in NGC 5363 over its life time is shown in Eig. 5
and is found to be equal to 8:610° M, which is about

a factor of 100 times smaller than the observed dust mass.

10000

8000 — -
=¥ 6000 [ s
e L il
=7 4000 - -
2000 -
0 L L L

0 108 2x108 3x108

Time (yrs)

and highest X-ray luminosities, respectively, in the pnéseFig. 5. Total build up of dust mass within NGC 5363 over its

sample.

life time
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For other galaxies, where X-ray flux was available in the lit- group (see, Tran et al. 2001 for details). The group mem-
erature, comparison of the build up mass and the observedbership and group harmonic radius is plotted as a function
mass shows a similar discrepancy except for NGC 3585 and of dust mass in Fid.]6. The scatter plots betwéénvs.
NGC 3923, for which the two estimates are roughly equal. N & Ry indicate the absence of any significant correlation
This in turn implies that internal sources are noffisient between dust mass and the two quantities. As group mem-
to account for the observed dust and therefore an external bership in these catalogs mostly relies on the radial veloc-
source plays a dominant role in the supply of dust into the ity measurement of high-luminosity galaxies, small (dyarf
ISM of early-type galaxies. galaxies are often missing from these catalogs, and hence
There are several other indicators that support the exXterna log N may not be representative of the real situation. If the
origin of dust in the early-type galaxies. If it is of inteina  donors of the dust are supposed to be galaxies similar to
origin, it should exhibit the same global rotational dynam- those present in the group catalogs mentioned above, this
ics as that of the stellar system (Kley & Mathews 1995). would make the possibility of dust originating from neigh-

However, kinematical studies of dust lane galaxies have bouring companions through merger or tidal capture more

shown that the angular momentum vectors of the inter- complicated. However, one should interpret these results

stellar gas are often orthogonal to those of the stars, im- with caution, as a given dusty galaxy might have acquired
plying that the ISM must have afirent origin (Caon et dust stficiently long ago that no signature of merger or in-

al. 2000). Another good argument in favour of an exter- teraction is visible at the present epoch (Tran et al. 2001).

nal, merger-related origin of dust in early-type galaxes i

the lack of significant correlation between thgg or dust

mass (M ras) and optical luminosityl(g), Fig.[4(b). This

suggests that at least some of our sample galaxies have\gg-have reported properties of dust in a sample of 26 early-
quired dust externally in a merger-like event. Similar CORgpe galaxies based on their multicolour imaging obseoveti
clusions were also arrived at by Forbes (1991), Goudfro@ijr results are summarized here.

& de Jong (1995), Temi et al. (2004). Extinction curves derived for galaxies studied here run par
allel to the canonical curve of the Milky Way, implying that
properties of dust in the extragalactic environment ardlaim
to those of the canonical grains in the Milky Way. TRgvalue,

5. Conclusions

2 i‘ e ‘j which characterizes the extinction curve in the opticalaeg
g E is found to vary in the range 2.03 - 3.46 with an average of
2 1F ‘ : E 3.02, and is not very much fiiérent from the canonical value
o . <t = of 3.1 for our Galaxy. However, several galaxies studiea her
; Lt b e L L f exhibit smalleRy values suggesting that the “large” grains re-
R L L B sponsible for the optical extinction are significantly siein
- E X . size than the canonical grains in the Milky Way. Our resuits i
w S . . - dicate thaRy values largely depend on the morphology of dust
el 0 E Lottt sa Lt B in the host galaxies, in the sense that galaxies with weihded
. | | | | | ] dust lanes exhibit much smaller grains compared to thode wit

5.5 6 6.5 ~ -5 irregular dust morphologies.
' log [M ' 1 (M) ' The dust content derived by the optical extinction method
5 sl T for the program galaxies is found to lie in the rangé 10

Fig.6. Environmental dependence of dust mass; upper ah&f Mo and is, in general, less than the dust mass derived from

lower panels represent dependence on group members (N) §HyS flux densities. This discrepancy is more significantia t
group harmonic radiusR;), respectively case of ellipticals than lenticulars, in good agreemernt wie

results obtained by other researchers for early-type gadax

o o Galaxies with well settled dust lanes contain high dust
To explore the possibility that dust could originate thrb@g 5sses and are weak X-ray sources, in agreement with the

direct merger or accretion or tidal capture of gas from thelfe jiction of Goudfrooij (1994c). Further, galaxies witlelw

encounter with neighbouring galaxies, we searched the @yed dust lanes have smaller value®ef and are found to
vironment of the program galaxies and found that the Mas in genser environments.

jority of the galaxies are either a part of a grguuster, or £ origin of dust in early-type galaxies, internal massslo

form interacting pairs with their neighbours. Relevant dgz, 1, eyolved stars alone cannot account for the observed dus

tails on the environment of the galaxies taken from Huchjgese galaxies and therefore points towards an exterigitio
& Geller (1982), Geller & Huchra (1983) and Garcigq, the dust in these galaxies.

(1993) are given in the column 8 of Table 1. Following Tran

etal. (2001), we also examined the relationship between th&non edgements. The authors thank Drs. Ram Sagar, Vijay Mohan,
dust content and environmentof the program galaxies usi@@hendra Singh and the &taf ARIES, VBO, IAO for their help
parameters like group membershiy) @nd group harmonic during the observing runs. We are grateful to the anonymefesee
radius Ry); Ry provides a rough measure of the size of thehose insightful comments helped us to improve the paperaldée
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