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1. I n t r o d u c t i o n 

Elevated t e m p e r a t u r e s in molecular clouds can result e i ther from hea t ing by ul t raviolet 
pho tons or from t h e passage of shock waves. T h e effect t h a t these processes have on t he 
chemical abundances is not well establ ished observationally, bu t is of great i m p o r t a n c e for 
t h e in te rp re ta t ion of molecular l ine observat ions not only in our own Galaxy, bu t also in 
ex te rna l galaxies. We present here init ial resul ts from our s tudy of two " t e m p l a t e " regions: 
t h e p h o t o n - d o m i n a t e d region IC 63 and the shocked region IC 443 . 

In order t o derive molecular abundances , it is necessary t o have accura te cons t ra in t s on 
t h e t e m p e r a t u r e and density in t he sources. These have been ob ta ined from observat ions of 
(sub)mi l l imeter lines of C O ( 2 - > l , 3-+2) , H C N , H C O + (1-+0, 3-+2, 4-+3) , CS ( 2 - + 1 , 5->4, 
7—>6) and H2CO (various l ines), combined wi th detai led s ta t i s t ica l equi l ibr ium calculat ions . 

2 . P h o t o n - d o m i n a t e d r e g i o n : I C 6 3 

IC 63 is a reflection nebula located close t o the s ta r 7 Cas ( type BO.5 IV, D « 200 pc ) , in 
which fluorescent ul t raviolet H2 emission has been detected ( W i t t et al. 1989). T h e cloud is 
exposed t o several hundred t imes t he general Galact ic UV background rad ia t ion . Our CO 
2—>1 observat ions show a small ( 1 ' x 2 ' « 0.05 X 0.1 pc) , isolated molecular cloud coincident 
wi th t he br ightes t nebulosity. T h e line widths are of order 2 k m s " 1 , so t h a t the re cannot 
be an i m p o r t a n t shocked component . From the relat ive s t r eng ths of t he C O , CS , H C O + 
and H C N lines, we find T w 35 K and n « 3 x 1 0 4 c m " 3 . T h e derived abundances at this 
t e m p e r a t u r e and density are l isted in Table 1. 

3 . S h o c k e d r e g i o n : I C 4 4 3 

IC 443 is a wel l -known supernova r e m n a n t , which has been s tudied before by W h i t e 
et ai. (1987) and Ziurys et al. (1989). I ts in te rac t ion wi th t h e molecular cloud shows 
u p as s t rong and broad ( A V > 2 0 k m s " 1 ) molecular lines in small c lumps . Observat ions of 
shocked H2 reveal a r ing-l ike s t ruc tu re (Bur ton et al. 1988). Compar i son of CO 1—»0, 2—>1 
and 3->2 line s t reng ths along the ring shows t h a t t he l o w - J C O lines are optical ly th in . 
We have concent ra ted our searches for o ther molecules on th ree posi t ions: one in c lump B , 
and two in c lump G (nomencla ture from Huang et al . 1986). 

From the model ing of t he relat ive s t rengths of t h e CS, H C N , H C O + and H2CO lines (see 
F igure 1) , we find t empera tu re s of abou t 100 K and densit ies a round 5 x 10 5 c m " 3 , wi th 
l i t t le var ia t ion between t he c lumps . Our column densities for C S , H C N and H C O + (see 
Table 1) agree wi th those of Ziurys et al. wi th in a factor 2 a t t h e same posi t ions . 
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Fig. 1. Spectra of IC 44$ G obtained at the Caltech Submillimeter Observatory 

4 . C o n c l u s i o n s 

T h e pre l iminary resul ts presented in Table 1 show t h a t wi th in factors of a few, the re are no 
significant differences between t h e abundances in IC 63 and IC 443 , and da rk clouds like 
L134N and T M C - 1 , for t h e molecules s tudied in this work. In IC 63 , t he abundances m a y 
be slightly lower due t o t h e enhanced photodissocia t ion r a t e s . In IC 443 , t h e shock has 
clearly compressed and hea ted t h e sur rounding molecular cloud, bu t has ha rd ly affected 
t h e chemistry. In par t i cu la r , t he H C O + abundance is no t significantly enhanced , con t ra ry 
t o earlier specula t ions . Volatile molecules such as C H 3 O H , and su l fur -bear ing molecules 
such as SO and SO2 have low abundances in b o t h clouds. 

T a b l e 1 . Column densities N (in cm 2 ) and relative abundances X (CO / H 2 = l x l 0 4 ) . 

IC 63 IC 443 B IC 443 G L134N TMC-1 
TV X N X N X X X 

H 2 
3(21) 1.0 5(21) 1.0 7 (21) 1.0 1.0 1.0 

CO 3(17) l ( - 4 ) 5 (17) l ( - 4 ) 7 (17) l ( - 4 ) l ( - 4 ) l ( - 4 ) 
1 3 C O 2(15) 7 (-7) 8 (15) 2 (-6) 2(16) 3 (-6) 4 (-6) 4 (-6) 
CS 1(13) 3 (-9) 5 (13) l ( - 8 ) 3(13) 4 (-9) 7 (-10) l ( - 8 ) 
HCN 4(12) 2 (-9) 4 (13 ) 8 (-9) 1(14) l ( - 8 ) 3 (-9) 2 (-8) 
HCO+ 5 (12) 2 (-9) 4 (13 ) 8 (-9) 8 (13) l ( - 8 ) 6 (-9) 3 (-9) 
H 2 CO 8(12) 3 (-9) 3(13) 6 (-9) 6(13) 9 (-9) 2 (-8) 2 (-8) 
CN 3 (13) l ( - 8 ) < 3 (13) < 4 (-9) < 3 (-9) 3 (-8) 
SO < 1 (12) < 3 (-10) 5 (-9) 5 (-9) 
S 0 2 < 1 (13) < 3 (-9) < 1 (13) < 1 (-9) l ( - 9 ) < 1 (-9) 
C H 3 0 H < 4 (12) < 2 (-9) ... ... ... 2 (-9) 2 (-9) 
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