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Table 3.2. Yields from sparking a mixiure of CH, NE,, H, O, and H, . The ~ o+
percentage yields are based on carbon (59 mmoles [710mg] of carbon wasl ,
added as CH ),

Tor o~ B5%, YIELD
Compound (L moles) [ o
— Hoop
# Glycine 630 2l «— By-c-~c-on
Glycolic acid 560 1.9 i #H ?
Sarcosine 50 0.25 B ~C ~Cop
# Alanine 340 1.7 T @
Lactic acid a0 1.6 K‘—‘S«J—E’,.—t': o8
N-Methylalanine 1] 0.07 CH,y
e-Amino-n-butyric acid 50 0.34
a-Aminoisobutyric acid 1 0.007 . ok
o-Hydroxybutyric acid 50 0.34 ?
B-Alanine 150 0.76 ':z“
Succinic acid 40 027 g4 o
# Aspartic acid 4 0.024 uN '-; ~Con
# Glutamic acid 6 0.0514
Iminediacetic acid 55 0.37
Iminoacetic-propionic acid 15 0.13 i
—= Pormic acid 2,330 40— HUH
Acetic acid 150 051 @aﬂ
Propionic acid 130 0.66 2
Urea 20 0.034
N-Methyl urea 15 0.051

Total 15.2

AL shregly wade le ;Mo

h'l-b:-; FII.LE - PW“J\S {"Ul’f-’?’fd\ :
0°C, and 4 x 10 atm at 25 *C). Thus, at least a small amount of atmospheric
NH, would seem necessary for amino acid synthesis. A similar estimate of the
NH," concentration in the primitive ocean can be obtained from the equilib-
rium decomposition of aspartic acid, a prebiotically produced amino acid
(Bada and Miller 1968). Ammonia would have been decomposed in the early
environment by ultraviolet light, but mechanisms for its resynthesis are also
known. The details of the ammonia balance on the primitive Earth remain to
be worked out.

In a typical electric discharge experiment, the partial pressure of CH, is
0.1-0.2 atm. This pressure is used for convenience, and it is likely (but has
never been demonstrated) that organic compound synthesis would work at
much lower partial pressures of methane. There are no estimates available for
pCH, on the primitive Earth, but low levels (10 tol0-? atm) seem plausible.

.é-'jiﬂ-hi«!jj T‘Ll“ﬂ: {l;l'.q The I“ﬂa[ew'k.f ﬂri&w 451—L;{g F-Sﬁ«




The endogenous synthesis of organic compounds 69

4\2 1or the curves with N, but no NH,, and it contained 100 ml of 0.05 M NH,ClI for the curves with N, + NH, (0.2 torr). The
flask was kept al room temperature, and the spark generator was operated continuously for 48 hours.

lamead U ml H

Table 3.3. Yields from spar 336 mmoles), N, and H, O, with traces
of NH, * dy :.L'm
pomoles
h
# Glycine 440 0.2 % r.’-ﬂ” AHS
¢ Alanine 90 &1 %o 1A%
a-Amino-n-butyric acid 270 '
a-Aminoisobutyric acid ~30
® Valine 195 0017
MNorvaline 61
Isovaline -5
@ Leucine 11.3 & UﬂEq'?
Isoleucine 43 0.001%,
Alloisoleucine 5.1
Morleucine 6.0
tert-leucine <0.02
® Proline L5 srell
o Aspartic acid 34 0.016%
° Glutamic acid 7.7 0.003%
® Serine 50 p.002%
@ Threonine -08 small
Allothreonine ~0.8
¢, ¥-Diaminobutyric acid 33
a-Hydroxy-y-aminobutyric acid 74
o, f-Diaminopriopionic 6.4
Isoserine 55
Sarcosine 55
N-Ethylglycine 30
N-Propylglycine =1
N-Isopropylglycine =2
N-Methylalanine =15
N-Ethylalanine =(.2
B-Alanine 18.8
f-Amino-n-butyric acid ~0.3
B-Amincisobutyrie acid =03
¥- Aminobutyric acid 24
N-Methyl-B-alanine ~5
N-Ethyl-B-alanine -2
Pipecolic acid 0.05

* Yield based on the carbon added as CH,. Glycine = 0.26%; alanine = 0.71%; total

yield of amino acids in the table = 1.90%.
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Table 6.1. Carbon distribution in the &m m

Form Amount
Total carbon 2.12%, 1.96% (1,2)
Interstellar grains
Diamaond 400 ppm (3)
Silicon carbide 7 ppm (4)
Graphite <2 ppm (5)
Carbonate minerals 2%—10% total C (6)

Macromolecular carbon (_ *“Li"'}
Organic compounds

Aliphatic hydrocarbons
Aromatic hydrocarbons
e Polar hydrocarbons
Volatile hydrocarbons
Aldehydes & ketones
Alcohols
Amines
Monocarboxylic acids

#++ »100 ppm ++ >10

B
Carboxam

70%—80% total C
10%—~20% total C
Dicarboxylic acids

Sulfonic acids
Phosphonic acids

+
+

e g

Hydroxy acids
{Amino acids

tpap

+ =1 ppm

1. Jarosevich 1971. 2. Fuchs, Olsen and Jensen 1973, 3. Lewis ef al. 1987;
Blake et al. 1988, 4. Tang et al. 1989. 5. Amari et al. 1990. 6. Grady et al. 1988,

material. This macromolecular carbon, along with the exotic carbon phases,
can be obtained by digesting the insoluble fraction with HF=HC| mixtures, a
process that dissolves most inorganic minerals, including the carbonaies.

Macromolecular carbon

The macromolecular carbon of the Murchison meteorite has been shown by
both chemical degradation (Hayatsu et al. 1977, 1980) and '*C NMR
(Cronin, Pizzarello and Frye 1987) to have both aliphatic and aromatic
character and to be similar to the more aromatic (type III) terrestrial kero-
gens (Miknis et al. 1984). High resolution electron microscopy (HREM)
has shown this material to occur predominantly in irregular clumps having
both amorphous and spiral layered structures (Lumpkin 1986). The clumps
are composed of particles in the range 0.01 to <0.1 pm (Reynolds et al.
1978). Some portion of the macromolecular carbon may occur in fluores-
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