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SPECTROSCOPY OF SOLID CARBONACEOUS HATERIALS: IHPLICATIONS FOR DARK SURFACES OF OUTER BELT ASTEROIDS 

L.V.Horoz (11, C.H.Pieters (2) and H.V.Akhranova (1). 1 - Vernadsky Ins t i t u te ,  USSR Acadery of Sciences, Hoscow 
117975, USSR. 2 - Brown Universi ty,  Box 1846, Providence, R I  02912, USA. 

Presented here are laboratory spectra of sore t e r r e s t r i a l  organic so l i ds  f o r  the corparison with the spectra 
of dark surfaces of small bodies of the Solar Syster. The sarples are representatives of natural  continuous 
series of organic r a t t e r  with the d i f fe ren t  H content which i s  gradually decreasing i n  the fol lowing order: 
asphalt i te,  ker i te ,  anthraxol i te,  shungite. The specirens are described i n  the work of Nikolayeva e t  al. ( t h i s  
volure). The sample of 'kerogen" iso la ted from coal t a r  (received f r o r  Dr.J.Piscitelly) was studied f o r  the 
corparison. The sarples were powdered and sieved t o  obtain various p a r t i c l e  size fract ions. B id i rect ional  
ref lectance spectra were measured i n  the 0.3-2.6 18 using RELAB spectrometer (Brown University, USA). Biconical 
d i f fuse  ref lectance spectra were obtained with Ph i l i ps  PU 9800 FTIR spectrometer (Vernadsky Ins t i t u te ,  USSR). 
The l a t t e r  equiprent was also erployed f o r  transmittance reasurerents through KIlr p e l l e t s  (2.5-25 pr range). 

The spectrur of kerogen iso la ted from coal t a r  i s  s imi lar  t o  that  of asphal t i te  i n  the range of 0.3-25 pr 
(Fig 21, The term 'kerogen' i s  used f o r  the insoluble residue a f te r  the t reat rent  by usual organic solvents (11, 
but the asphal t i te  i s  e n t i r e l y  soluble i n  chloroforr,  so should be ca l led as 'bituren'. 

The gradual changes i n  the slope of spectral  continuur are observed i n  the range of 0.3-2.6 pr f o r  a l l  the 
sarples. The specimens with the highest carbon content (shungite, anthraxol i te i  have a low ref lectance f o r  a l l  
the range with a s l i g h t  increasing of ref lectance f r o r  0.3 t o  25 fir. The asphal t i te  i s  very dark i n  the v i s i b l e  
and very b r igh t  i n  the r id- in f rared.  The k e r i t e  i s  intermediate between above rentioned cases, The reddening i n  
the v i s i b l e  and near- infrared seers t o  be longwavelength wing of broad absorption band possibly centered i n  
the UV region, This feature ray be due t o  electronic t rans i t i ons  i n  polycondensed a ro ra t i c  hydrocarbons (2,3,4). 
We also propose tha t  progressive carbonization and gradual growth i n  size of condensed a ro ra t i c  s t ruc tu ra l  
u n i t s  are responsible fo r  the decrease of overa l l  ref lectance (and t ransr i t tance)  i n  the in f rared (4). 

Only asphal t i te  displays rarked absorption features i n  the near-infrared. The series of overlapping bands 
i n  2.1-2.6 p range and a weaker corplex feature near 1.7 pr correspond t o  various overtones and corbinat ions 
of a l k y l  (and possibly arorat ic )  fundamentals (5). The r o s t  intense absorptions near 2.31 and 2.35 p a  corre la te  
with CHZ and CH3 st re tch ing and bending corbinat ions and overtones (Fig.la). S i r i l a r  features are presented i n  
the ref lectance spectra of o i l  sands (5). 

The in f ra red  spectra show the considerable loss of a l i pha t i c  groups (Fig.lb,3; Table I), the increase of the 
f r a c t i o n  of a ro ra t i c  carbon and the decrease of the degree of arorat ic  subst i tu t ion i n  k e r i t e  as compared wi th  
asphalt i te.  Simi lar changes were documented f o r  heated coals ( 4 )  and were proposed t o  resu l t  from the gradual 
growth of po lycyc l ic  a ro ra t i c  u n i t s  with the increase of carbon content. Anthraxol i te and shungite are opaque 
and don't exh ib i t  any features (Fig.3). 

IHPLICATIONS FOR LOW ALBEDO ASTEROIDS. Sore asteroids f r o r  Outer Solar System are known t o  have reddened 
spectra both i n  the v i s i b l e  and i n  the near infrared. The degree of the reddening was found t o  increase with 
solar distance (6). Taking i n t o  account our resu l t s  and the l i t e r a t u r e  we suppose that  the reddening of these 
asteroidal surfaces ray be due t o  the broad absorption band of polycycl ic arorat ic  hydrocarbons. A t  the sare 
t i r e  the considerable content of a l i pha t i c  groups prevents f r o r  the ordering of aromatic layer s t ructure so the 
surfaces of the r o s t  reddened (and d is tant )  D-type asteroids are very b r igh t  i n  the in f ra red  and the longwave- 
length wing of broad a ro ra t i c  band i s  wel l  developed. As the solar distance decreases the progressive loss of 
t o t a l  and a l i pha t i c  hydrogen occurs. The loss of a l i pha t i c  groups prorotes the growth i n  size of condensed 
arorat ic  s t ruc tu ra l  units.  This process resu l t s  i n  the decrease of in f rared albedo so that  the spectral  slope 
i n  the v i s i b l e  and near i n f ra red  also decreases. 

Recently the weak absorption features near 2.2-2.3 pr were observed i n  the spectra of sore D-type asteroids 
(7). S i r i l a r  features were also found i n  the spectra of lapetus' dark r a t e r i a l  and sore comets. The band was 
assigned t o  Cs N-bearing corpounds, but we suggest tha t  t h i s  feature ray be due t o  the series of overlapping 
overtones and corbinat ions of a l i pha t i c  (CH2 and CH3 and possibly aromatic groups, as i n  the spectra of o i l  
sands (5) and asphal i te (Fig. 1).  
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Table I. Analysis of I R  absorption bands i n  the spectra of s o l i d  carbonaceous materials 

Frequency, cm- ' (Wavelength, microns) 
coal t a r  kerogen apshal t i  t e  k e r i t e  

a s s i g n m e n t  

overtones and combinations of 
hydrocarbons (mainly CH2 and CH3 I 
0-H st re tch 
aromatic C-H st re tch 
-CH, -stretch (asymm. 1 
-CH2 -s t re tch (asyna. 
-CH, -s t re tch (syra. i 

C=C, C=O stretch? 
-CH, and -CH3 bend (assyn.) 
mainly -CHs bend (symn. I 
C-C, C-0, Si-0 stretch? 
in-plane deformation v ibrat ions 
of aromatic C-H groups? 

iso la ted H atoms out-of -plane 
deformation 

two adjacent H atoms v ibrat ions 
more than two of aromatic 
adjacent H atoms C-H groups 

The bands a t  2340, 2360, 720, 678, 448 cm-' are due t o  atmospheric COe 
Fig.1. Normalized ref lectance spectra (a) and FTIR ref lectance spectra (b) of carbonaceous materials (b id i rec-  - 
t i o n a l  albedo a t  0.56 pm; p a r t i c l e  size, pm). 1. apshalt i  t e  (0.021; (100) .2. asphai t i te  (0.025; 100-200). 
3. k e r i t e  (0.022; (200). 4. anthraxoite (0.023, (100). 5. shungite (0.025; (100). Fig.2.FTIR d i f fuse  refectance - 
spectra-of (1) asphal t i te  ((100 um) and coal t a r  'kerogen' ((100 pn). Fig.3. FTIR transmittance spectra of - 
asphal t i te  (11, k e r i t e  (21, anthraxol i te  and shungite (3). 

25.00-. . , , . , . . , . , , 
. Organics 2 - 

,20.00 - 
0 

m 
4- 

g 1 aoo - - p h .  

~e roge n 
D 10.00 - 
Q) 

0 

0.30 0.60 0.90 L20 150 1.80 21 0 240 
Wavelength In Microns 

I 'I' p A 1pUJ 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


