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ABSTRACT 

The central region of a small, low density molecular cloud, which lies to the south of the Pleiades cluster, 
has been studied through the use of molecular line observations. Column densities for CH, OH, 12CO, and 
13CO are derived from the radio data. The CH and OH data yield a visual extinction through the center of 
the cloud of about 3 mag. The ratio of the antenna temperatures for the OH main lines is consistent with 
optically thin emission; therefore, the OH results are a good indication of the total extinction through the 
cloud. The analysis of the carbon monoxide data produces a relatively high kinetic temperature of at least 20 
K, a low total gas density of ~300-500 cm-3, and a column density of ~4 x 1017 cm-2 for 12CO. Thus this 
small molecular cloud is not typical of the molecular material generally studied in Taurus. 
Subject headings: clusters: open — interstellar molecules 

I. INTRODUCTION 

The chemistry of the carbon monoxide, CO, molecule has 
been studied in the direction of diffuse clouds by means of 
ultraviolet absorption line measurements (Federman et al. 
1980) and toward dark clouds using millimeter wavelength 
transitions (see, e.g., Dickman 1978; Myers, Linke, and Benson 
1983). These observations typically indicate column densities 
of N(CO) < 1015 cm-2 in diffuse clouds and iV(CO) ~ 1018 

cm-2 in dark clouds. Most investigations of CO in interstellar 
clouds have focused on the more opaque clouds, largely 
because of the relative ease of detecting millimeter wavelength 
lines from these denser regions. However, few measurements 
have been made to study CO in the transition in density from 
diffuse clouds to dark clouds. Combes et al. (1980) have 
obtained limiting values for iV(CO) of >3-5 x 1017 cm 2 in 
several clouds seen in the direction of extragalactic radio 
sources. A small cloud in the vicinity of the Pleiades, first 
observed by Cohen (private communication), offers the 
opportunity to study CO in an intermediate density cloud. 

In this paper we present radio wavelength observations of 
CH, OH, and J = 2-1 12CO and 13CO in the direction of this 
small molecular cloud. The cloud was mapped by Cohen 
(private communication) in the J = 1-0 transition of12CO and 
was found to have an angular size of ~ 30' by 60'. The reflec- 
tion nebulae within the Pleiades cluster are probably due to the 
effects of the radiation field of the stars interacting with the 
surrounding gas (Arny 1977; Jura 1977; Federman 1982a; 
White 1983a, b). Because of its close proximity to the Pleiades, 
the molecular cloud also provides the opportunity to study the 
chemistry of molecular gas which is interacting with the stars. 
In § II we present our observations of CH, OH, and CO toward 
the region, and in § III we use the CH and OH data to infer the 
column densities N(CH) and N(OH). In addition to studying 
the chemistry of CH and OH, the observations of these two 
molecules yield constraints on the analysis that determines 
N(CO) because CH and OH have been correlated with optical 
obscuration in both diffuse clouds and dark clouds (Rydbeck et 
al. 1976, and Lang and Willson 1978 for CH; Crutcher 1979 for 

OH). The carbon monoxide results are given in § IV from 
which we calculate the 12CO column density, the 13CO abun- 
dance, and the molecular hydrogen density. These parameters 
are determined from two independent methods: the optically 
thin approximation for 13CO emission and the 13CO data 
together with a large velocity gradient model for the radiative 
transfer. Finally in § V we discuss our basic results. 

II. OBSERVATIONS 
Observations of the F = 1-1 2n1/2J = i A doublet tran- 

sition of CH at 3335.481 MHz were made in 1982 July using 
the 43.5 m antenna of the National Radio Astronomy Observa- 
tory.1 At this frequency, the half-power beam width of the 
antenna is 9'. Two 512 channel autocorrelators were operated 
in parallel with 1.25 MHz bandwidths and individual channel 
resolutions of 0.22 km s_1. Observations were made on a grid 
of positions whose center [a = 3h43m00s(1950.0), 0 = 
+ 23o30'00"(1950.0)] coincides with the peak of the J = 1-0 
12CO emission (Cohen, private communication). The spectra 
were obtained by frequency switching at ±0.625 MHz within 
the band. The spectra from both autocorrelators were aver- 
aged, shifted, and Hanning smoothed to yield an effective 
resolution of ~0.4 km s~1. Each resulting profile was fitted by 
a least-squares iteration with a linear baseline and a Gaussian 
function to obtain the peak antenna temperature, TL, the full- 
width at half-maximum, ÄF, and the radial velocity with 
respect to the local standard of rest, FLSR. The results of this 
analysis are given in Table 1. In Figure lb a Hanning- 
smoothed spectrum of CH observed at the 12CO J = 1-0 peak 
of the cloud is shown. 

Observations of the F = 1-1 and F = 2-2 transitions of the 
2n3/2 J = 3/2 doublet transition of OH at 1665.402 MHz and 
1667.359 MHz were made in 1983 March using the same 
antenna. At these frequencies, the half-power beamwidth of the 
antenna is 18'. For the OH observations, the autocorrelator 
was also divided into two 512 channel spectrometers with 

1 The National Radio Astronomy Observatory is operated by the Associ- 
ated Universities, Inc. under contract with the National Science Foundation. 
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TABLE 1 
CH Measurements 

Position3 Tl 
(K) 

^LSR 
(km s - 

AV 
(km s- 

N(CH) 
(cm“2) 

(0,0)    
(0, -4.5)   
(0, 4.5) ........ 
(0,-9)   
(0,9)   
(0, 13.5)   
(4.5, -4.5) ... 
(4.5, 0)........ 
(4.5, 4.5) ...... 
(4.5, 9.0)  
(9,-9)  
(9, -4.5) ..... 
(9.0)   
(9, 4.5)   
(13.5.0)   
(18.0)   
(-4.5, -4.5). 
(-4.5, 0)   
(-4.5, 4.5) ... 
(-4.5, 9) ..... 
(-9, 0)  
(-9, 9)  
(-9, 13.5) .... 
(-13.5, 9) .... 
(-18,0)  

0.058 ± 0.0Í1 
0.037 ± 0.008 
0.042 ±0.010 
0.017 ± 0.008 
0.036 ± 0.008 

<0.015 
0.032 ± 0.008 
0.050 ± 0.006 
0.047 ± 0.010 
0.019 ± 0.009 
0.025 ± 0.008 
0.026 ± 0.007 
0.040 ± 0.008 
0.019 ± 0.008 
0.028 ± 0.007 

<0.015 
0.023 ± 0.009 
0.039 ± 0.009 
0.046 ± 0.009 
0.034 ± 0.009 

<0.016 
0.030 + 0.007 
0.015 ± 0.007 
0.026 ± 0.008 

<0.015 

10.37 ± 0.08 
10.04 ± 0.07 
10.38 ± 0.10 
10.09 + 0.16 
10.57 ± 0.08 

9.97 + 0.10 
10.23 ± 0.05 
10.41 + 0.06 
10.85 + 0.14 
10.16 + 0.08 
10.22 ± 0.10 
9.95 ± 0.08 

10.25 ± 0.12 
9.59 + 0.09 

9.92 + 0.15 
10.39 ± 0.08 
10.57 + 0.06 
10.42 + 0.10 

10.49 + 0.09 
10.73 + 0.17 
10.47 ± 0.09 

1.61 ±0.18 
1.05 ± 0.16 
1.56 ± 0.23 
1.16 ± 0.38 
1.17 ± 0.18 

1.47 ± 0.23 
1.45 ± 0.12 
1.10 ±0.15 
1.19 ± 0.33 
0.95 ± 0.19 
1.52 ± 0.22 
1.57 ± 0.20 
1.13 ± 0.29 
1.05 ± 0.20 

1.36 ± 0.34 
1.09 ± 0.19 
0.93 ± 0.14 
1.40 ± 0.23 

1.27 ± 0.21 
1.16 ±0.40 
0.91 ± 0.22 

4.8(13)b 

2.0(13) 
3.4(13) 
1.0(13) 
2.2(13) 

< 7.8(12)c 

2.4(13) 
3.8(13) 
2.7(13) 
1.2(13) 
1.2(13) 
2.0(13) 
3.3(13) 
1.1(13) 
1.5(13) 

< 7.8(12)c 

1.6(13) 
2.2(13) 
2.2(13) 
2.5(13) 

<8.3(12)c 

2.0(13) 
9.0(12) 
1.2(13) 

< 7.8(12)c 

3 (Aa, A<5) offset in arcmin relative to a(1950) = 3h43mOOs and ¿(1950) = 
+ 23°30'00". 

b 4.8(13) = 4.8 x 1013. 
c Used AF = 1 km s-1 in equation (1). 

Fig. 1.—Sample spectra from the central position of the cloud, {a) OH emission at 1667 MHz in terms of TL; {b) CH emission (TL); (c) CO J = 2-1 emission {TR); 
and (d) 13CO J = 2-1 emission (Tr). 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
84

A
pJ

. 
. .

28
3.

 .
62

6F
 

FEDERMAN AND WILLSON 

TABLE 2 
OH Measurements 

Vol. 283 628 

1667 MHz 1665 MHz 

Position3 Tl 
(K) 

klsr 
(km s-1) 

AV 
(km s- 

N(OH) 
(cm-2) 

Tl 
(K) 

^LSR 
(km s- 

AF 
(km s~ 

(0,0)   
(0,-18)  
(0,-9)  
(0,9)   
(0, 36)   
(9,-9)  
(9,0)   
(9,9)   
(18, 0)   
(-9, -18) .. 
(-9, -9) ... 
(-9, 0)  
(-9, 9)  
(-18, -18) . 
(-18, -9) .. 

0.047 ± 0.006 
<0.020 

0.043 ± 0.005 
0.038 ± 0.006 

<0.012 
<0.013 

0.033 ± 0.006 
<0.012 

0.028 ± 0.007 
<0.016 

0.036 ± 0.005 
<0.014 
<0.011 
<0.010 
<0.018 

10.05 ± 0.11 

10.09 ± 0.10 
10.09 ± 0.08 

10.77 ±0.11 

9.44 ± 0.14 

9.58 ± 0.10 

1.80 ± 0.30 

1.60 ± 0.20 
1.00 ± 0.20 

1.30 ± 0.30 

1.14 ±0.20 

1.40 ± 0.20 

2.8(14) 
<6.6(13)b 

2.3(14) 
1.2(14) 

< 3.9(13)b 

<4.3(13)b 

1.4(14) 
<3.9(13)b 

1.0(14) 
<5.3(13)b 

1.6(14) 
<4.6(13)b 

<3.6(13)b 

<3.3(13)b 

<5.9(13)b 

0.029 ± 0.005 9.90 ± 0.12 1.60 ± 0.30 

<0.014 

3 (Aa, A<5) are the same as in Table 1. 
b AF = 1 km s-1 used. 

0.625 MHz bandwidths and individual channel resolutions of 
~0.2 km s-1. Frequency switching at ±0.312 MHz was also 
employed, with each bandwidth centered on the rest frequency 
of one of the OH transitions. The spectra were then processed 
identically to the CH spectra. The OH line parameters are 
given in Table 2, and in Figure la we show the 1667 MHz OH 
spectrum obtained at the center of the cloud. 

The carbon monoxide data were obtained using the 4.9 m 
antenna of the Millimeter Wave Observatory2 near Fort 
Davis, Texas. Observations of the .7 = 2-1 rotational tran- 
sition of 12CO (hereafter CO) at 230.538001 GHz were made in 
1980 April and those of 13CO at 220.398714 GHz were made in 
1983 April. The beam is approximately L3 at these frequencies. 
A Schottky diode mixer, developed at the University of Massa- 
chusetts (Erickson 1981), was used for these observations. A 
typical value for the single sideband temperature, including 
atmospheric effects and antenna loss, was 1500 K. For the CO 
observations, 128 channel filter banks of 62.5 kHz and 250 kHz 
per channel (~0.1 km s-1 and ~0.3 km s-1) were used, while 
only the 250 kHz (~0.3 km s-1) filter bank was used during 
the 13CO observations. The spectra were obtained by position- 
switching 30' north and 30' east of the cloud whose center is 
given above. Figures 1c and Id show the CO and 13CO spectra 
at the position of the peak. 

III. CH AND OH RESULTS 

In Figure 2 we show contour maps of CO in the J = 1-0 line 
of Cohen relative to the CH intensity (Fig. 2a) and relative to 
the OH intensity (Fig. 2b). The peak of the J = 1-0 CO emis- 
sion lies approximately 10' south of the star 23 Tau (Cohen, 
private communication). The angular extent of the CO cloud 
at the 2 K level is about 30' x 60'; the region of enhanced 
emission covers an area of about 15' x 15' and has a peak 
radiation temperature, TR, of ~15 K. Recent observations of 
CO and 13CO confirm the results of Cohen (Bally, private 
communication). Our measurements of CH and OH indicate 
that the emission from these two molecules is detected only 

2 The Millimeter Wave Observatory is operated by the Electrical Engi- 
neering Research Laboratory of the University of Texas at Austin, with 
support from the National Science Foundation and McDonald Observatory. 

from the region of enhanced CO emission, as shown in Figures 
2a and 2b. Furthermore, the contours of CH intensity follow 
the CO contours quite closely, but the large beamwidth of the 
OH measurements prevents us from making a detailed analysis 
of the correspondence between OH and CO. 

+ 30' +15' 0 -15' 
Aa 

Fig. 2.—Contour maps indicating the intensity of molecular emission, (a) 
comparison between CO emission in the J = 1-0 line (Cohen, unpublished) 
and CH emission. The CO contours of radiation temperature are in steps of 2 
K with the outermost contour being 2 K. The CH contours of TL are in steps of 
0.015 K; {b) comparison between the CO emission and OH emission at 1667 
MHz. The CO contours are the same as those in (a); the OH contours of TL are 
in steps of 0.020 K. The beam sizes for the three maps are 2!6 for CO, 9' for 
CH, and 18'for OH. 
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For CH, the peak antenna temperature is 0.058 K, signifi- 
cantly greater than the upper limits of ~ 0.015 K several beam- 
widths away. The column density of CH can be calculated 
using the expression (Rydbeck et al. 1976): 

_ 2.9 x 1014-7^(CH)TL AF 
Af(CH) /on t \ (1) 

Here, TJCH) is the CH excitation temperature, TB ( = 2.8 K) is 
the brightness temperature of the microwave background, rjm is 
the main beam efficiency (0.6), and Qc and QA are the solid 
angles subtended by the cloud and the main beam of the 
antenna. Using the data given in Table 1, and equation (1), CH 
column densities that range from 4.8 x 1013 cm-2 at the peak 
to <7.8 x 1012 cm-2 in the outer region of the cloud are 
inferred. In deriving these .estimates, we assumed that = Qc, 
i.e., the CH was not clumped on angular scales smaller than the 
antenna beam, and that the excitation temperature, TX(CH), 
was equal to 40 K, the approximate kinetic temperature (see 
below). A smaller excitation temperature would yield a some- 
what larger value for the column density. A velocity width of 1 
km s"1 was also assumed for those positions where no line was 
detected. The sharp decrease in column density north of the 
peak is consistent with the upper limit of AT(CH) < 3.3 x 1012 

cm-2 obtained by Federman (1982a) from optical measure- 
ments toward the star 23 Tau. Although no satellite transitions 
of CH were measured, masing, which could affect the values for 
iV(CH), is not likely to be significant in regions without strong 
sources of radio continuum (cf. Genzel et al 1979). 

Because of the larger beam width of the antenna at the fre- 
quency of the OH transition, fewer points were measured. OH 
emission from the stronger 1667 MHz transition was detected 
at only six positions, including the peak of CH and CO. The 
antenna temperature at the peak is 0.047 K, and typical upper 
limits are again 0.015 K. The column density of OH was deter- 
mined using a relationship similar to that for CH with the 
appropriate molecular constants. The optical depth, t, and 
excitation temperature, Tex(OH), can be found using the 
expressions : 

Tl = rçm[rex(OH) - Tß][l - exp (-T)] K 
and 

Tl(1665) = [1 - exp (-5t/9)] 
Tl(1667) [1 — exp ( —t)] 

The results for the cloud peak yield a ratio for the main-line 
temperatures, 7^( 1665)/TL( 1667), of 0.62, and thus t is about 
0.5, indicating emission that is slightly optically thick. The 
excitation temperature derived using the above equations is 
3.03 K. With a beam efficiency of 0.6, the column density for 
OH is 2.8 x 1014 cm-2 at the cloud peak and is less than 
4.9 x 1013 cm-2 in the outer regions of the cloud where no line 
was detected. 

We also note that, within the uncertainties in measurement, 
the ratio of main-line antenna temperatures is consistent with 
the optically thin value of 0.55. [When the errors in TL are 
considered, t is less than 1.5 and Tex(OH) is at least 2.9 K. Since 
Tex(OH) may be as large as TX(CH), an uncertainty of a factor 
of about 3 in iV(OH) arises.] Thus, because the emission is 
optically thin, the OH observations sample the gas through the 
entire cloud. The CH observations probably also sample the 
gas through the whole cloud as indicated by the similar velo- 
cities and line widths for CH and OH emission at the cloud 
peak. 

IV. CARBON MONOXIDE RESULTS AND ANALYSIS 

a) Results 
Both CO and 13CO were observed in the J = 2-1 transition 

so that a comparison with measurements of the J = 1-0 tran- 
sition could be made. With a main beam efficiency of 0.65 at 
the frequencies of the J = 2-1 CO line (Mundy, private 
communication), our observations indicate a radiation tem- 
perature of Tfl ~ 15 K at the cloud center. TR includes the 
effects of atmospheric and antenna losses, as well as the effi- 
ciency of the antenna at 230 GHz. Since observations at the 
Millimeter Wave Observatory of the J = 1-0 transition also 
indicate a radiation temperature of ~15 K (Cohen, private 
communication), we infer that the cloud is optically thick in 
CO. The 13CO J = 2-1 line, however, has a radiation tem- 
perature of only ~3 K compared with a of 5 K for the 
J = 1-0 transition (from measurements at Bell Labs by Bally, 
private communication), indicating that this transition is not 
saturated. These conditions regarding the optical depth are 
reinforced when an analysis using a large velocity gradient 
(LVG) model (Goldsmith, Young, and Langer 1983) is applied 
to the 13CO data. 

b) Optically Thin Approximation 
The column density of CO cannot be obtained directly 

because the emission is optically thick, but must instead be 
inferred from the 13CO data. Since the 13CO lines are optically 
thin, the determination of iV(13CO) is straightforward. The 
excitation temperature of the 13CO transitions is assumed to 
be the same as that for CO which has a value of ~20 K when 
the contribution from the universal background is included. In 
order to derive the 13CO column density, it is necessary to 
know the quantities F1 and F2, which represent, respectively, 
the relative population of the J = 1 and J = 2 rotational levels. 
The results for the J = 1-0 lines are consistent with the 
J = 2-1 results only when values for F1 and F2, appropriate at 
low densities are used; F^^ ~ 0.5 and F2 ~ 0.1. Densities of 
n ä 300 cm_ 3 are required for consistency, indicating that in 
addition to being optically thin, the 13CO emission is sub- 
thermal. Under these conditions we derive a column density of 
iV(13CO)~7.5 x 1015 cm-2. Because the excitation tem- 
perature is not especially low, the effect of subthermal emission 
on the determination of A(13CO) is minimal. This value for 
iV(13CO) incorporates a factor that takes account of the mod- 
erately large optical depth of the J = 1-0 line (t ~ 0.4). Finally, 
under the assumption that the isotopic ratio 12CO/13CO is 
equal to 60 (cf. Wannier 1980), we find N(CO) = 4.5 x 1017 

cm-2. 

c) Large Velocity Gradient Model 
The density of the gas and the abundance of 13CO can be 

obtained from an analysis of the 13CO data using the LVG 
model of Goldsmith, Young, and Langer (1983). These quan- 
tities are determined for a specific kinetic temperature with the 
LVG model by comparing the radiation measured in both the 
j = 1-0 and J = 2-1 lines for the molecule of interest. For the 
model of Goldsmith et al. the ratio of the emission in the lines 
and the radiation temperature of the J = 1-0 transition are 
needed. At the center of the cloud, the ratio TR(2-l)/TR(l-0) for 
13CO is approximately 0.6. A kinetic temperature that is higher 
than the excitation temperature of ~ 20 K is possible because 
the low density inferred above indicates subthermal emission, 
and because the nearby cluster probably heats the gas. In 
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TABLE 3 
LVG Model Results 

FEDERMAN AND WILLSON 

V. DISCUSSION 

Vol. 283 

T n 
(K) (cm-3) x(13CO) 

20  1000 2.2 x 10-6 

40  500 3.5 x 10" 6 

60  350 4.4 x 10- 6 

Table 3 we show the results of the LVG model for kinetic 
temperatures of 20 K, 40 K, and 60 K. A velocity gradient of 1 
km s“1 pc-1 is assumed in the determination of x(13CO). The 
results for higher temperatures are similar to those for 60 K. 
Our results show that the derived values for the density, n, and 
abundance, x(13CO), do not change significantly with tem- 
perature. Typical values are n ~ 500 cm-3 and 
x(13CO) ~ 3.5 x 10-6. 

In order to derive iV(13CO) and thus iV(CO), it is necessary 
to estimate the column density of molecular hydrogen, V(H2). 
We can obtain an estimate of V(H2) by first using a relation- 
ship between the CH and OH column densities and the optical 
extinction, Av (Sandell et al 1981; Crutcher 1979), and with a 
value of 3.1 for the selective extinction then using a general 
relationship between E(B— V) and V(H2) (Bohlin, Savage, and 
Drake 1977). This method assumes that all of the gas is in 
molecular form; thus we obtain an upper limit for N(H2) and 
hence Af(CO). 

The column density of H2 required to convert x(13CO) into 
N(13CO), and then V(CO) will be derived from the CH data; 
OH measurements are used as a check. With N(CH)/AV = 
2 x 1013 cm-2 mag-1 (Sandell et al 1981; Federman 1982h) 
and with N(CH) = 4.8 x 1013 cm-2 at the cloud center, we 
find Av = 2A mag and E(B—V) = 0.77 mag. The column 
density of hydrogen, 2AT(H2), is then found from the results of 
Bohlin, Savage, and Drake (1977), namely N(Yl)/E(B—V) = 
5.8 x 1021 cm-2 mag-1. This relationship predicts iV(H2) = 
2.2 x 1021 cm-2 and 13CO and CO column densities of 
7.7 x 1015 cm-2 and 4.6 x 1017 cm-2, respectively. We note 
that these values are in excellent agreement with the values 
deduced from the optically thin line approximation. 

d) Consistency of Av Determination 
The estimate for V(H2) that was obtained from the CH mea- 

surements can also be compared with estimates derived from 
the OH emission, the optically thin approximation for 13CO 
emission, and directly from extinction measurements of a star, 
HD 23512, that lies behind the cloud and in the direction of the 
cloud center. The visual extinction is obtained from the rela- 
tions N(OH)/Av and N(13CO)/Av found, respectively, by Crut- 
cher (1979) and by Dickman (1978). These relations are 
N(OY[)/Av = 8 x 1013 cm-2 mag-1 and N(13CO)/Av = 
2.5 x 1015 cm-2 mag-1 from which we derive Av = 3.5 mag 
and 3.0 mag, respectively. Furthermore, uvbyß photometry of 
the star HD 23512 (Crawford and Perry 1976; McNamara 
1976), which lies a few arcminutes away from the molecular peak, 
indicates a reddening of E(B— V) = 0.36 ± 0.01, and a visual 
extinction of 1.1 mag. Thus the extinction estimates that were 
derived using the molecular line and photometric data all give 
consistent results. The consistent results among the molecular 
data also indicate that the abundances of CH, OH, and CO are 
similar in dark clouds and the intermediate density cloud 
studied here. 

Two comments regarding our analysis are necessary. First, 
the column density of CO could not be obtained directly from 
the LVG model because the data fall toward the upper right- 
hand portion of the plots of Goldsmith et al, an indication that 
the lines are saturated. In this portion of the plots, the curves 
only produce limiting values for the gas density and the abun- 
dance of CO. Second, the column density of CO from the 
analysis of the 13CO data may be an upper limit. Since the 
thermal energy probably is similar to the zero point energy 
difference between CO and 13CO, and since the nearby 
Pleiades cluster may be a source of ultraviolet radiation so that 
sufficient ionized carbon is available, fractionation may be 
present. That is, an isotopic ratio 12CO/13CO of less than 60 
may be more appropriate (Langer 1977; Liszt 1978). For 2-3 
magnitudes of extinction, the theoretical results indicate that a 
ratio of 25 or 30 may be more likely. The selective photo- 
destruction of 13CO over CO may take place, however, 
because if photodestruction of carbon monoxide occurs 
through the absorption of line radiation, the rarer isotope 
would have less optical depth in the absorption lines (Bally and 
Langer 1982; Chu and Watson 1983). Selective photo- 
destruction may thus compensate for any fractionation 
present. 

There is some evidence for fractionation in the Pleiades 
cloud. If N(13CO)/Av for the warm p Oph cloud (Frerking, 
Langer, and Wilson 1982) is used in place of the relationship of 
Dickman (1978), a significantly larger value for Av is obtained 
(AK ~ 10 mag). Because a single CH beam lies within the CO 
contours with the highest radiation temperatures, beam dilu- 
tion should not be a severe (factor of 4) problem. Most of the 
factor of 4 difference can be eliminated if fractionation is con- 
sidered (see above); the remaining differences are well within 
observational uncertainties. 

The column density of ~4.5 x 1017 cm-2 is larger than the 
values measured in diffuse clouds, but is lower than those mea- 
sured toward centers of dark clouds. Even though Federman 
and Willson (1982) argued that diffuse clouds with large molec- 
ular contents are probably the outer regions of the more 
opaque, dark clouds, our results for the molecular cloud near 
the Pleiades are not an indication that we are observing the 
intermediate zone between diffuse clouds and dark clouds. This 
cloud is instead a much less opaque cloud than is generally 
investigated in the Taurus complex. Our observations sampled 
the densest, most opaque portion of the cloud, but both the CO 
column density and the hydrogen density are significantly 
lower for the cloud in our study when compared to the den- 
sities derived for other clouds in Taurus. The cloud is still 
predominantly molecular because for the diffuse gas like that 
toward ( Oph (Av ~ 1 mag), at least 30% of the gas is in 
molecular form (Savage et al 1977). It appears reasonable to 
suggest that a cloud with N(CO) a factor of 100 larger than the 
Ç Oph cloud (Morton 1975; Liszt 1979) should be nearly all 
molecular. 

In Taurus, the molecular clouds are generally small and 
filamentary, as is the cloud that we have studied. Because of the 
presence of reflection nebulae, the large number of H2 mole- 
cules in excited rotational states and the large amount of CH + 

seen toward several members of the cluster, Arny (1977), Jura 
(1977), Federman (1982a), and White (1983a, b) have suggested 
that the cloud may be interacting with the radiation field of the 
stars. It appears that the cluster is moving into the cloud at a 
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velocity of approximately 10 km s -1 and may be in the process 
of generating a shock. The shock may be necessary in order to 
explain the large amount of CH+ and possibly the populations 
of excited H2 rotational levels (Federman 1982a). There is, 
however, no evidence for the presence of a shock from the 
molecular emission, such as broadened lines in the vicinity of 
the cluster, although a velocity gradient of about 0.5 km s_1 

pc-1 in the northwest-southwest direction may indicate fluid 
motion. There is no apparent correspondence between the 
small velocity gradient and the location of cluster stars. The 
sharp drop in intensity of the CO emission between the center 
of the cloud and the star 23 Tau suggests that photodestruction 
has taken place, but a molecular dissociation front need not 
lead to a shock (see, e.g., Hill and Hollenbach 1978). Moreover, 
there is still evidence for a substantial amount of CO in front of 
the cluster stars, since Federman et al. (1980) determined a 
lower limit of 3 x 1013 cm-2 for N(CO) in the direction of 20 
Tau. Because a 1 K line observed in the J = 1-0 transition of 
CO corresponds to a column density of ~ 1015 cm“2 (cf. Liszt 
1979), emission is therefore unlikely to be observable in the 
direction of the stars in the cluster. 

White (1983a, b) recently suggested that a dissociation front 
is taking place near the bright members of the Pleiades. In his 
analysis, H2 is destroyed by the stellar UV radiation, thereby 
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also populating the excited rotational levels through optical 
pumping (see also Jura 1977), and CH+ is formed from the 
intense photoelectric heating of grains at the front. It should be 
noted that his model requires densities of ~ 300 cm“ 3. 

In conclusion, we have deduced from our observations of 
CH, OH, and CO the presence of a low density (n ~ 300-500 
cm-3), thin (Av ~ 3 mag) molecular cloud in the vicinity of the 
Pleiades. The various methods of analyzing the molecular data 
lead to similar values of n and Av, thereby strengthening the 
reliability of each of the techniques. Line emission was detected 
from all three molecules at the core of the cloud, whose posi- 
tion is approximately 10' south of the star 23 Tau. The cloud is 
currently interacting with the cluster; optical data indicate the 
presence of mass motion in the form of a shock (Federman 
1982a) or a dissociation front (Jura 1977; White 1983a, b), but 
no definitive evidence is seen in the molecular line data for such 
fluid motion. 
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