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ABSTRACT

The types o‘f -data to be obI:ained from the Mariner Ma‘,rs‘ 71
Infrared Interferometer Spectromete_r (IRIS) experinlent ha\fe“ been
examined for the inI'erential. informatien they mé;y yield regarding the
possibility of Martian surface biota. T»he IRIS v&iIl analyze the types and
concentrations of trace gas }eo‘nstitnen{:s;i—n"the Martian atmosphere and,
in wa&elength regions W‘here.no, g.a,ses“a‘bs"orb, the‘ IRIS will also obtain’
‘r‘ef‘le‘c.tance data frem the snrface of Ma.r's. ' |

Regarding‘ surface feerctance;_ eu;'.resulte indicate the.t neither
| | biolegieel nor -eréanie nnaterivall exhibif .cheracferisnic r'eflectenee signa-
tures in the range of the IRIS other than a black body response.. 'I‘he se

_f1nd1ngs make it unhkely that def1n1t1ve b10Iog1ca1 1ni'erences een be drawn |
"I'from the IRIS reﬂectance data.. : Hnnvever blologleal materla,Is w111 quench

- the S1Oz reststrahlen wh:.ch w111 rea,d11y appear in one IRIS w1ndow. Thus

; vthe poss1b1]’m of 1nfeari*1ng Bmlogmal orv»:orgamg: materlal by quench 9; | .

| Si;Qz reststrahlen, Whlleremote’does e‘x"kiwfsvik;_".f ﬁThe‘ sgece Ts:'s“_.Q:f}t.hi’s

a},pp:'re:aic‘:‘hA wﬂldepend upon a relatwelyumform vdi;:si‘r‘i“bfufien of‘ Sioz on -

= tvhe" MarI:ian" surfé‘ace-and'npen.ttﬁe‘ rehableehmlnatmnof .‘otihef poss:.ble Q:
vquen}cr:hl agents. : One uxIpoftaIxt pleee. ef enrface ‘1nIoI'ma‘tIen‘tl'1at’ w111 Be

obtamed from the IRIS relevant to bmlogy W111 be the deterrmnatxon of

: .-' '>:~f
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Inferential information related to life on Mars may be obtained
from analysis of atmospheric constitutents, The IRIS is capable of

detecting small amounts of trace gases in the Martian atmosphere which |

would reflect both biological and non-biological processes on the planet.
A study of terrestrial metehelisnl has indicated the most important

‘ b1010g1ca1 gases to be Oy, HZO CO HZ' CO CH4, H S, S,0, N2, NO,

27 2

NZO,» and NH3. - Most of these gases' are found to varylng degrees1n the

- Earth's atmesnhere. : Other gases of mterest 1nc1ude 03, NO,, N203,

SOZ ’ and SO

3° " While these do not pla'y,a.significant role in terrestrlal |

- metabohsm they could concelvably play a role in extraterrestnal 11fe

'processes. Of these gases the IRIS can detect all except the dlatomlc

gases lackmg a dlpole moment (02, H , and NZ) and CO and NO which lack

2’
fundamental absorptwn bands 1n the range of the IRIS ‘Also appearmg in

the Earth's‘ atmosPh_ere as a"result of :terrestrial,metabqlisrn are a.irariety' :

“of organic compounds, including hydrocarbons, terpenes, and their
exygenated derivatives, Terpenes occur '_widely as natural pr,%o&’uct}s. and

‘.faiee;oxidized in the Earth's‘.atrnd’sphe:re?ther’e‘b‘y"'preducingI'a éﬁa’;ra-c‘*téristi;; ey

, "blue haze" often seen 1n the country and over areas o:i:' heavy fohage. e e
" .'Absorptmn spectra of ty'pzcal terpenes are also thhin‘ the range of the“f et

s

 Onthe basis of these studies, we have recommendad that signa-
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established prior to analysis of the IRIS .dataA. First priority for signature
analysis has heen assigned to:-03, HZO," QOZ, ‘C‘H4-,' HZS' NZO’ and NH3.
Second priority organic compounds incIude the terpenes isoPrene, ‘

ol -pmene, myrcene, citral, geramol 11monene, camphor and farnesol.

Finally, s1gnatures should also be estabhshed ior NOZ’ NZO 37 ’SOZ, SO3, :

-~

and SZO. : In .addition, since recent studies }withb,v.a simulated.Martian atmo-

sPhere have indicated that formalldehyde and acj.etaidehyde me,y be present

on Mars, these compounds are also recommended for signature study.

Detection of any of these compounds;' f particularly in disequilibria, may be

- indicative of metabolic processes on Mars,

= W’hile. detection of a.tfrace rga',s Vmay be' biologically significant,

it may also be poss1b1e to obtaln more def1mt1ve 1nd1cat10ns of surfa.ce

o

_metabohc act1v1ty from the IRIS data._ g']:'hus., : Variations in 'gas. conCentra- -

| "t1ons or in. 1sotop1c ratzos w1th t1me anu 1ocat1on could reﬂect hi‘e processes.

;Meta.'boli’c'acti'vity' could al‘so be ifﬁpﬁed f_ro’m" "vertivcall co_nCentration gradieﬁtse

n

-of gases or from certam anomahes 1n the concentratlon of a part1cu1ar gas. A

a2

T.Of the se approaches, detectmn of anomahes based on a thorough knowledge e

.

of '_'atmojs'pheri.c 'fpho'tocher:énstry, offers theﬁ hlghest promlse. o X
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I. ‘INTRODUCTIQN
: The pﬁrpose of this program is’ to design and condu‘ct:an experiment
to obtain }inferenti‘al information concerning the possibility of life on Mars

, _‘from 'th‘e Mariner Mars "7_1 -Infra’rédvI'n{:‘erfe.rometer Spectrometer (IRIS)

data, Two approaches to the problem are being followed. First, reflect-.

T
. -

ance spectra will be examined for the possibility of making biological -
inferences from the Martian surface. Second, a study is under way to
e‘kplore pbvs siblé results of biological significance that may be obtained

frbm data ”o'nA atmospheric arialysis of gaséous constituents in the Martian

' afmbsphére. ~This _repor't.summarizes our findings to date.
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- II, BIOLOGICAL STUDIES

A, Inferences to be Made from Surface Phenomenon

1. Reflectance of Inorganic, | Organic, and Biological Samples
To obtain biological inferences from surface phenomenon,

it is first necessary to examine inorganic, organic, and biclogical samples

A3
-

for characteristic réflectancé. spectral signatures. To this end, éample
holders énd a rotating reﬂeci:ance unit were fabricated at Goddard for

the Cary 90. The reﬂe.ci*;an.ce.uni‘t‘ a‘nd} éafnple holder Wéi'e designed to

| ‘minimize reﬂectance bf thé sarnplé holder itself and héating of the sample |
di;li‘ing spectral analysisf Sevéral samples-';}véfe ,theh sellect’ed to illustrét,e
tﬁe reststrahlen éffect éxhibited by certain inbrggnicé, r‘eﬂecfance of
éfgénic-and bi"c‘:logical samﬁles,f ; a;id effects ofvnlfli;cing inbrganié'Samples

with organic or biological material, o

- é, .Inorganic ‘Re"ststralbl_en Effect
- For this 'paft of the invesvtig'ation," finelyvgrOuﬁd ‘SiiOzj,
B I»Sandy soil, and S‘erpenfine' TO‘ij Wereused t»b_'bbtain'i spectra; ) ',Bof‘:h;sa‘k-,l}dy‘

- soil and serpentine rock contained.SiO, although the content in serpentine

f

" is considerably less. The spoctra obtained from these samples are

. schematically illustrated in Figure 1. - The spectfum of sandy soil contains .

SR

ey

A similar spectrum is obtained for serpentine, =~

Ithough the position of the double peak is shifted toward longer wayelengths, . -
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1100 to 800 wavenumbers (10 - 10, 'V,L). On the otherhand, no reflectance

is obtained with finely ground (100 mesh) Si0,. The following principles |

are illustrated by these data: _ i ‘
i

o S5iO; has a characteristic double peak g

reststrahlen from 1300 to 1000 wave- '

numbers, - 4

o . The position of this reststrahlen effect

: depends upon the concentration of SiO,
~in the sample. As the concentration
decreases, the reflectance is sh1fted

0 e e T kit
EMAREEORS e LA
N

toward longer Wavelengths. :é
0 As the size of the reflecting particle g
decreases, the extent of the reflectance ?
also diminishes, Thus, finely ground ,,!
SiOz has no reflectance whatever. i
o A rotating sample shows maore ''noise'" : g
than a stationary one because of the . .
lack of a homogeneous reﬂ.ectmg surface ' v /
(data not shown). . R . !

’ Acce’rdi‘ng to Dr, Warren Hovis ét the Godaard
Space Flight Center, | other 'inorganics showing restst\rféhlé.n (provided
N they are of sufficient’ part1c1e 51ze) are diamond, saphne ¢! 5/;,), SiOp
' contammg quartz (two bands at 8 8 and 18 ZS/L), and gypsum (i.e.,
| Ca,SO4 or CaCO3, 9/.'.) Of these SIOZ is the only 1norgan1c that shows

' the sh:.ft in wavelength reﬂectance w1th concentramon,

The datafobtained from'the ‘_' C:a»ry' 90 rep\rese.nt.‘

reflectanice spectra while those obtained ffrorz?;‘"the IRIS W111 .r‘eprefsent"*f

[y
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E =1 -R (emission equals one minus reflectance). Emission surface

spectra appear as black body curves which are interrupted only by |

atmospheric gases which absorb in the wavelength region of the IRIS

(5 - 5(3/),). "Windows'' to the surface occur in areas where there is no
gaseous absorption. In these "windows'", any material reflecting from
the shrfe_ce will cause small de\tiatiens from the.perfect emissivity

(E =1) spectre at the wavelength of the. characteristic rveststrahlen.
The inorganics discussed in this section would thus be detectable pro-
vided they are present in suff1 eient quantity (the amount of reﬂectance
depends on the percent of reflecting aree) and are suffieientiy iarge in

particle size,

'b. . Reflectance of Organic and Biological Samples

Glucose, glycine, pepsin, lyophilized whole cells

. of Micrococcus luteus'v, lettuce leaves, and walnut leaves have been

examined to determine whether organic and biological material have a

characteristic reflectance. It should be noted that, while the first four

of these siamplevs' are small in particle size, the leaf samples are large.

- During the 'coﬁrse of the~se scans, th_e rotating reflectance unit ‘adapted“
'.for 'use' in the Cary -790, eom’bined With a low s'oﬁrc‘e and a rapid scan

= speed, was successful in ma1nta1mng a relatlvely low temperature

(approxrmately 35 - 40°C) The results show that each sample falled to

R exhlblt any reﬂectance throughout the vvavelength range of the IRIS |
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In each case, the spectrum obtained was essentially identical to that
obtained for finely ground SiO, (Figure 1). According to Dr. Hovis,
biological reflectance has never been observed in these wavelengths,

although other investigators have also looked for it,

c. Effect of Combining Inorganic with Organic |
. or Biological Material ‘

The following three experiments were conducted to

study the effect of organic material on the reststrahlen of sandy soil:

o Sterile, autoclaved, sandy soil was compared
to sandy soil known to contain microorganisms,
No significant difference in reststrahlen was
observed between the two samples. |

o Since sandy soil p:?dduces.a reststrahlen effect

' while glucose exhibits no reflectance, mixtures
of glucose and sandy soil were prepared and
examined, Figure 2 schematically presents
the results of this experiment. As shown, the
presence of glucose decreases the extent of
sandy soil reststrahlen. -

o Sandy soil was completely covered with walnut

' leaves. These leaves resulted in a complete
guench of the SiOp reflectance. When the leaves
only partially covered the soil sample, the
‘spectrum shown in Figure 3 was obtained. This

- spectrum detects the rotation of the sample; as

the sample rotates, first sand and then a leaf
comes into the reflecting beam. Thus, the
spectra "jumps' from that characteristic of
sand to that characteristic of a leaf. = =

It may be concluded from'thi$ series of experiments

that organic or bioldgical mai:erial Will quench reststrahlen. rOﬁghly in

- ‘p;?dportion”to the field of view covered by the organic material.

: ;‘.".65 B
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" 2. Materials or Phenomenon Y1e1d1ng Black
Body Spectral Responses

The spectral range of the IRIS dées not include the tegibn
in 'Whicil‘ signatures have been repbrted for o:ganic or biological materials,
Indeed, it seéms probable that the'.verj inaterials of paramount interest

to us charécteristiéally yield-black body 'respons‘es. Other materials and
co‘nvditions producing or tending towafd a black ?ié'Ody response are shown

in vTable I. This list is based onbuf fééult's and én additional data.and
informAatio.n'v o‘btained from coﬁversatipns with Dr. Hovié; As éan be

"seeﬁ}, a bléc%kn i::ody response is nof uniciue. to} :nlaferials with 'b'iol-ogical
implicationé.‘: 'vIn additiofx, Dr;' Y-H_ovi.s menti‘c;ned thé.t a lai‘ge vé.riety of
indrganics from f‘eagevnt béttles, suéh‘ Ea_sApotas‘siu‘m hitrate ,- produce black
body responée_; in thé. raﬁge ‘Q'.fvtilé} IRIS | |

'3, Development of a Strategy from Surface Data

Sinée’ .Aa,v‘ar’iefty_.o'f. rn.’aterié,l_sil.alnd phenbméﬁéh produce a. .
black body 'reéponse , the ideﬁfﬁficétidn of biblogi’cai.lly,re‘le,Vavnzt’ surface
’nr‘lé.t'eﬁ'al; muét.iié in a srtrat»:e‘g‘y} v‘of cpmiaarisoi; and eliminatidn, .Onel
- pos _sﬁi}b‘ility' fo‘i-“ ébtaiﬁin.g‘bidlbigiéa‘l V'iaj'xformatior}l from su.rfé;ce épecira lie'l.vs‘
- iﬁ‘- tﬁé possible ﬁnivérsal disti‘*i'butioﬁ;.Of .'ieéts‘trahlen;-pfo&ucihg"'SiO?_zy.  -

',clmA the“ surfacé of Mars. Aséﬁmlng thé&ﬁtﬁbuﬁon of S:.Oz 15 umférﬁi
’or; fhe Mé£t1an surf ace, anvyvabrupt“s;pata.‘al or térﬁporél changreis;v wﬁ.ereby

“,_the S102 szgnal is elther reduced or ehmmated could be attnbuted to

. g Ll wr e . AT AR L . = .
- 3

iy oo

-
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Table I

Materials Producing or Tending Toward a Black Body ResPon'se s
in the IRIS Range . S : .‘ Lo

Organié Matter

Biological Matter - ' ‘ o

'Liquid or Solid Water

Any finely divided material (as the
material becomes smaller, the
-reststrahlen effect is reduced
accordingly) such as dust |

- Deviations from flatness (such.
- deviations tend to reduce the extent =
of the reststrahlen effect)
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'quench by one of the items cited in Table I, It is of interest to note one
other way in which the infrared spectrum of SiO, can be altered by phe-

nomenon of biological relevance. It was recently reported1 that the

microorganism, Peﬁiéillium simplicis sirﬁum, can attack a variety of
rock ‘ty-pes and, by producing acid, ’cavnf solubilize a va,rie"cy 6f minerals
from the rock, including silic;ates. This fungal attack and solubilization
of the rocks actually resulted in an alteiféd infrared spectrum in the
silicon;dxyg'en vibration r‘egi‘o‘n. o

= Sinc;’e’ both biol_ogic?,l arvldj nqh-biological matefials and -
phenoméxion will alte;r, r'edu-ée}, br _fiuen;:e‘SiOZ reéf:gfrahlen, the likéiihood
of making Abiolog’.i-caI' infe_fenéeé vf}rb;ri‘sﬁuffzttce phenomenon dépeni,'ls on the
eliminati;nv:érc_‘)ce'ss. By cbr‘;r’glvéftix‘lg our ‘da‘ta, vs;ith those clibtainedA from
| t’he uv ‘speléti:os;:ovpj/;_ imagéfy, andIR ’fadiom:etry- exPefimepts, i‘t'v'may
be pos‘éiblé to d;{gt’err'nine'v‘é'rhéth‘cvé'rudbsie.vz;'x;ed black body‘.fe As‘pd'nses' came
B from such surface i"é‘at'uxj';eks" aswater, ‘ice,A’-‘p”iv" (iéViationé from ﬂatness |
. Fuz’-the":‘:; the :fi“x}lképé'ss' b,f'thé’ Vs;ir.if.’a,.c':le :ma',te‘xy'}i‘a‘l may be de’t}errﬁined “Ey
.};’nic';ow»avvépr} ovth;e:"";mev’airlx_s.‘ Th1sknow1edgecou1d reduce the ‘sts'ible"

uses to organic or biological material. Further distinction between

' organic and biological material, however, may not be possible. Either, =

"+ howsver,, would be of biclogical significance. = |
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4, Probable Distribution of SiO» on the Surface of Mars

The strategy outiined abbve'depends upon a uniform

' distribution of SiOz over the surfece of Mars., Considerations of distri-

‘bution of elements in the universe and extrapolation from the two planetary

samples which have been examined (Earth and the Moon) tend to support
this hypothesis' . Indeed, the "official't NASA engineering model of Mars

presumes the surface material of Mars to be similar in composition to

that of the moon,

. Further information on this subject was obtained on

March 31, 1971 when Dr. Straat rnetwith Dr. Rudy. Hanel and Dr. S. L
Rasool a geophys:.crst from the Instltute of Space Studles in New York
o at Goddard Spa.ce thht Center to dlscuss the relatlve d1str1but1on of

S102 on the Earth the Moon, ‘and on Mars. , Dr. Rasool has stuéhed the

2 and is considered to

“be an exPe'rt in-theffield,-of pla‘netary,r'e}“séarch., A.cc’or'ding to Dr. A;RaSool B

| plenets cons1st marnlf of oxygen | s111eon » and rron althongh the ratio, of
| these ‘eleme,_ntsOn 'dlffer‘e‘nt planets 1s .not;;neees s‘arﬂryﬁoon-s.;tant« : 'I‘he
dens1ty of‘ a,ny g1venwn1an‘et dependsiup«on the .rron/ siﬂrcon rat1o,k “The i
: h1gher den51ty of the planet the h1gher the percentage .of 1ron, Thns
‘-<rv-dense Mercury cons1sts of 50 percent 1ron whereas less dense Eerth

con‘sists. of‘ionlyso*p‘ercent iron. f--?Ma‘rs, ~,"Vl?iich,«:‘Ls'Zt‘e's*s ':.den'se’fthari‘.E:ja'rth;,,'
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Regarding the surface distribution of silieon', the amount
on the .surface reiaﬁve to tne amount ‘throughout an entire planet reﬂ‘ects
the geological hietory of the planet. Earth, for example, differentiated
on cooling and the heavier e.lements, suoh as iron, concentrated in tne
center core while tne lighter elements, such as silicon, remained in the
crust, Thus, on Earth, While the average percentage of silicon throughout
the planet is 15, 2 Apercent,- the petce.ntage in the crust is 27. 7 percent.
Correspond1ng1y, the 1ron content of the core is 100 percent but only
| " 6 percent in the crust, Accordlngly to Dr. ‘Rasool, if Mars did not

‘ dz.fferenuate the dtetr1butlon of S111con on the Mart1an surface would be
o thev same }as that tnroug‘hout the Ialanet ’body.Av' This value may be’ about
15 percent (A.sitniAlar,‘tQ‘ Ea,‘ifth)l,' ‘o’r perhapsi more than 15 percent since
. Mai's‘is“ le.s-s clensethan ‘E.:arthv.'li Cn the othevr hand, if Mars has differen-
ti_ated; *the }per.'centa'g.ez ofs;.hcon on the sutface will be considerably
o ‘higjhe:}l".. ..,‘Ho'wevet',f-'at present, this isSue, cannot be resolved. In this
regatd ‘it is of interest»to.note‘ that iron ie relatively ‘abnndant on the
surface of Mar.: and 1s. ptobably respons:.ble for the red -color of the

- pla.net ' The d1.=tr1but1on of szllcon on the Moon on the other hand would

B be governed ‘by an ent1re1y' d1fferent set of factors, Since 'the' surface

“ -of the Moon 1s constantly bombarded by meteontes. Dr. Rasool beheves '
| "that the s111con content of the surface of the Moon would reﬂect that of

'*~metﬁe‘orites’, ;\ 'name.ly; »1 7‘;'pgiej};§;;ent. : (See ref 3 for further detalls)
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The above discussion concerns the elémént silicon., The
amount of siiicates present, on the othor hand, reflects the amount of
oxygen present. On Earth, éilicates are the most abundant components
and t'eprosent about 60 percent of tho crust r_riateri-al. Further‘, the total

amount of silicates throughout Earth is 15 percent, indicating that oxygen

is abundant on Earth even in the core of the planet. However, the amount

PR IS

of oxygen on Mars is completely uhkn’own; and, ‘consequently, it is not <.

known how much of the available silicon is present as silicate. It should

be noted that the fact that little or_no,-oxygve'n exists in the Martian atmosphere 4

does not inoply that oxygen is not é;buodant in the _Ma._rtian crust. ; ‘
| | With regards to ‘the‘ onifor‘rhity.vof d‘istri_boti}on of silicates
o.n-the‘ .Ma:ftia'n surface; }}Both Dr. R-as‘ool and Dvr.' Hanel oopour that it is
unlikely that ‘sili'con distribution w111 loe k'l'le’lif(')I"m., - The e:.x,iste.nce of areas :
'ﬂ | .of Vdift:éie:rit.eie,v;tiox.x,‘ vo'f :difforeot~to':;:tﬁro ,,.. and .of‘ difforoot degrees of .
darkness indicates ‘consider‘a‘ble‘flaol_c' of}tomogeneity- iﬁr’t}te Martian surface.
, Both c.r'ust' movoments and eroszﬁ’odhave uodoﬁbtodly contriboted to he’cero- |
B ge.ne‘ity‘of‘tlllo silicon diétiibﬁé}a ntthartlan lsuﬂace. Thu.,, they
?'Vantzcipa,te a non-umforn:t dlstnbu‘uon of olilcon on Marr‘s as on Eaﬂ:h ,

L 5. Status of Obtammg B1olog1ca1 Inferences from
Surface Phenomenon '» RO '

=At the moment 1t is doubtft.l that b1010g1¢a1 1nferences

""‘{;’can be made from surface reﬂectance spectra of Mars.‘ Our results

; '.‘;‘s‘ugge'st. tha_t the ‘_mat}e_ri‘al.o.of, biolojgi’oal'\}o:\;o:rgani,ox,orlg‘in:iéha;racte.ris;tij’callyr ;f:j,; i
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yields a black body response in the range of the IRIS. Unfortunately, a
| black body response is not unique to materials of biological relevance.
‘ It appears that the best hope for obtaining information of significance for
biology is to follow the characteristic reststrahlen effect of SiOZ which
would show up clearly in the IRIS window around 190.. Reduction or

G
A B
~
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disappearance of this signal may reflect quench by biological material

similar to the results described in Figures 2 and 3. The success of this

-

strategy lies in t.he' reliability of the elimination of the other non-biological
factors which typically yield black body responses and on the uniformity
of silicate distribution over the Martian surface. Since successful elimi-

nation appears improbable and since uniform SiO, distribution seems

unlikely, the chance of success for this strategy appears remote. None-

thelfes\s, the Ma'rtian Si‘OZ surface distribution will be mapped by the IRIS. .

BT S A T T e
"Hm’mlm.‘.e‘v.\;!;m*_ L

Should this distﬁbuti_on be more u‘niform-tha'n éurrent_ly anticipated, and

otherwise unexplained interruptions}encountei-ed, such a s’trategy may,

become valuable for making biological inferences.
It does appear, ‘howeve'r,i ‘that one valuable piece of |
interential information will be ,_’Qb%:a}in}e.dv‘froin the IRIS regarding surface

ph‘e:‘fn_‘oi‘rienon' of biplogical inte,i'e'st.. " The pressur'e and temperature measure-

ments td be ma,d,é“on the Martlan Asu':}facé_- will mak'e it pdssiblé to determine -
whe'thé;g\}r, or not liquid water can éxiSt ‘o_r;VMa-_";z s. Such information is 3
" extremely relevant to decide whether or not it appears poss’ile for life s

B R
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to exist on Mars. Further, if liquid water were limited to only certain

locations on the Martian sullface, this finding probably would influence

the selection of the landing site for the Viking Mission of 1975

Inferences to be Made from Atmospheric Analysis

B.
The probability of obtaining biologically relevant information

-

from analysis of the constituents of the Martian atmosphere is considerably

higher than from surface phenomenon. The IRIS offers high promise of

detecting atmospheric gases by characteristic signatures, Therefore, we

have placed our major emphasis on preparing a list of biologically important
gases for which signatures would be established prior to analysis of the IRIS

data. In addition, we have examined a variety of ways in which detection

of trace gases can imply life proeesses.
| 4-17

Gases Involved in Terrestrial Metabolic Pathways

1.

Ultimately, the energy derived for continuing life

processes must come from the sun 7, implying a photosynthetic reaction

for energy fixation. On Earth, the photosynthetic fixation of carbon dioxide

by green plants in the presence of light proceeds as follows:

(1.) 6CO, + 6I—IZO + 674 KCal ‘ASSImLatmn
Respiration

The reverse reactibh:, respiration, 6ccurs in most
' het<erotrophic organismS. | Variat‘iens‘o'f this} photosynthefic reaction are
. known i?o occur, For example, certain"ar@érobic perple sulfur bactene .
perfdr}'ﬁ ‘the vfoillo;win'g.photosyntheti‘c, reactions: | -

C6H1206 + 602 |

e AT
e bbb

v SR
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(2.) CO, + 6HZS + 295 6 KCal._.__) CgH120¢ + 30, + 3/4 Sg
(Chlorobacteriaceae, th1orhodaceae)

(3.) CO, + CzH

2 COOH‘ + HzOﬁ 5(CH,0)

7
While these are the only known photosynthetic
. proceSseS'on Earth, other photosynthetic reactions are possib1e8:

(4.) 6CH, + 6H,0 +214.5 KCal ——3 CgH + 12H;

| 4 | . 12%%
(5.,)_- 6CO, + 12Hzo + 1280 KCal —»6CHy4 + 120,
| .Rea.ction (4.) allows a life process corresponding

to (1.) to occur in a reducing atrﬁoéphere; “VReaction (5.) is hypothetically
possible on Mars anci provides anv even better energy lift than the two
processes known on.];Z‘arfn‘. ;[t,has ’;hé disadvantage'"that the resulting

-'. methané is notfarticularly re'acti\vre‘ for further metabolic pafhways‘ In
surf_xmary,‘ the biologically impqrtant gas :; involved in these processes

are: CO,, O, HéO, H,S, CH,, and H,.

Several ‘gas‘es' are involved in biological pathways

- concerned with nitrogen metabolismg' 10- Nitrogen fixafion, the process

by which atmospheric nitrogen gas is converted to organic form, is

accomplished by several i‘nicroorganisms including Azotobacter,

i

Clostridium pasteuranium, vblué-green algae, and by legumes living

symbiotically with Rhizobium, Nitrogen gas is also known to be a metabolic
. end product of anaerobic nitrite or nitrate reduction by denitrifying

bacteria such as Pseudomonas aeruginosia, Bacillis subtilis, and

Coa7-.
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Micrococcus denitrificang. Other denitrifying bacteria are known which

produce instead the gases NZO or NO as end products. One unusual ig
; A
| , i

denitrifying bacteria is Thiobacillus denitrificans which produces nitrogen g

gas according to reaction (6).

(6.) 5S + 6HNO; + 2H,0—3 5H, SO, + 3N

In addition to these three nitrogen containing gases,

ammonia is also involved in biological pathways. The chemoautotrophic :

soil bacteria Nitrosomonas derives energy by the aerobic oxidation of

Sl NP A

ammonia to nitrite as in reaction (7.).
(7.) NH;3 + 3/2‘02__> HNO, + H,0

With other microorganisms, ammonia is an end
‘product resulting from the decayand&ecomposition of urea an& plant,
animal, and mi#robia;l proteirlls.. Thus, in addition to the previously
mehtioned gases, N, N,O, NO and NHj are aléo biologically importanto'

Of the géses involved in sulfur metabolism4,
hydrogen sulfide is utilized both photosynthetically (Reaction 2) and non-

photo synthetically by ox1dat10n by the sulfur bacteria Begglatoa alba:

(8.) ZHZS + O, __> 2H,0 +25 | -

Hydrogen sulf1de is also produced by sulfate reducing

.- bacteria such as Desulfov1br1o desulfuncans (Reactxon 9) and Sporovibrio

(Reaction 10). These bacteria are strict anaerbbes.

A LT e ST ST

18-
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(9.) 2CH; CHOH COONa + sto4._...> 2CH3COONa + st
: + ZCOZ + ZHZO

(10.) 4H, + H,SO4——3 H,S + 4H0

With Desulfovibrio desulfuricans, the production of

sulfur monoxide (S;0) has also recently been noted and it is postulated that

this gas may be an intermediate in the reduction of sulfate 11 . Thus, in

addition to the above gases, sulfur monoxide is also of biological importance.

Carbon monoxide is an additional gas of biological
implications. It is readily produced non-biclogically by the photochemical
reaction: ,

(11.) (:‘-O2 —> CO +0
Carbon monoxide is also known to be i)roduced meta-

bolically in large quantities by brown kelp, ‘marine algae 12, I3

the .
ﬂ‘ .
_ 14 ‘ 15 c 1 g
Portuguese man-of-war ~, and some s1phonophores . Reoxidation
of carbon monoxide to carbon dioxide as in reaction (12.) is known to

provide an energy source for both B ohgocarboph1hs and Carboxydomonas.

(12f) CO +1/2 02._____‘>cc>2 + 74 KCal
It has beevn postulated 7,16 that such a réoxidation could

provide an energy source for M;artian_rlifé if the reaction were coupled to

sulfite reduction as has been observed in cell -free extracts of Desulfovibrio 17

»(1 3.} H‘?‘SO3 + 3CO .____.>3C02 + HZS
In add1t1on to the hypothetxcal reactmns (4 and 5),

methane is also known to be both ut111zed'and produced by terrestna'l

-19-
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microbes, | Thus, inethane is Produced in one bacterium according to the
following reactions:
(14.) 4H2 + COZ——‘? CH, + ZHZO

(15.) 4HCOOH-—_—) CH4 + 3C02 + ZHZO

It is likewise utilized by B. methamcusva'ccording
to reaction -(16. ). | o |
- (16.) CH4 + 202_'_'_ _'.'>,¢02' + 2H,0
o Th‘e‘final gas to be,‘c}:onsi.der>ed is hydrogen which
is known to e uti}ized by a’ ‘vrari‘e“.i:y‘of micrbbes accbrding to the féllbwing )

reactions:.

(17.) 2H, + CO, ——-—-)HC'HO + H;0 (green alga Scenedesmus) |

, (18, ) 2H2'+ Oz__'_'_é ,ZHZO‘ (Hydrogenomonas)

"(19.) . 4H + 80,47 - - ST + 4H o (§pofoﬁibrio desulfuricans)
- 4H, + 804 2

(ZO’.') 4HZ + NO3 ———> NH3 + ZHZO + OH™

(21, )"' 4H2 + ZCOZ———Q CHZ Ccoo- + HZO + H3O Clostr1d1um} | :
(22} )' 45y + coz____? CHy + ZHZO |

The enzyme respons1b1e for hydro‘g’en ut:.hzatmﬁ is
' kﬁown as ”hydrogenase" and tlﬁs ‘evnf?zym,é pr‘o,bably catalyses the reve;rvse
re.action under cert.ai‘n cohditién;s,. In a;dd-iti‘oni to thes‘e -'r‘_evie‘rsal‘s,v |

Clostridium.butylicum is one of ‘sevferal microbes known to produce

17

hydrogen gas as-a metabohc end product
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(23.) CH3;COCOOH + H,0 — CH3COOH + CO, + Hy
| These, then, corhprise the gases known to be involved

in ’cerrestriai metabolic pathways: O,, H,, HpO, CO", CO,, CHy, H;S,
S,0, NZ; NO, Nzo; | and NH3.' ‘Most of these gases are both utilized and
prodnced'metaboliqally_.. It 1s of interest to note in passing that many of
. the reactions which utilize. a particuiar gas ‘also.produce another gas as an
end p'rodu-ct.. In addition to fhese }gases, it may be of yalue to consider
su’ch'gases as NO,, NZO3; ’SOZ; ‘andSOV3. . .’W'hile these 'do not play a
signiﬁcant‘role in terrestrial metabolisrn, | the‘y‘ could conceivably play a

role in extraterrestrial life processes.

‘2. Gas Detection by the IRIS
- On thve basis of the foregoing discussion the gases of

Z’Z

b1010g1ca1 1nterest are Oz, H H O CO COZ’ CH4, HZS SZO Nz, NO,
" NgO, ‘and NH3 Gther gases of 1ntere st include 03, NO

and 803. Many of these gases have strong a‘bsorptlon bands in the IRIS
range (Table II) with the exceptmn of CO and NO which do not have funda-
mental bands in thm range.: Unfortunately, Oz, 25 and NZ, lack a dipole |

: moment and cannot be stud1ed by 1nfrared spectroscopy The gases

'theoretically detectable by the IRIS then are HzO COZ’ CH4, 'H S - SZO’ '

 N,O0, NH 03, NO N,O SOZ’ a.nd SO3. Of these H O, COZ’ CH

"2 ) 2* 273 , 2 4’

- | HZS NZO NH3, and 03 are cons1dered most 1mportant.v
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Table II
" @ WAVE NUMBER (cm™') o . S
10,000 . 1,000 , , 100
. L ! ! T LR rl LI B ¥ T ™ T >
mm s ssm FFm ! SUREE ‘ '
NHx SO D 11 11 1 ..
. n F .
cO { : ,'
m F =
HF . ! !
' £ s F m F
st 1 { 1 .1 i
. . . .
NO ! —
- m F F
NOz 1 1 i §
: . m mm F Fm F
N,O ! 1.3 11 L. .
N,Og4 1 .’ 1
' w w s F F F
. we w  .Fw F w Fw
soz [ L t 1 [
‘ m m FF m F
H,0 . - S o {
) m mm s F oam F
o2 11 I P 1] 1 o
| | w ooF . :
' _y i y l'|ll._ll i 1 % 'itt_tn'a '

- WAVE LENGTH ( m!cron) ot

Absorptmn bands of several gases. Strength of absorptmn is indicated by

followmg notation. F-fundamental (very strong); m-medium; w-weak. '
(from Herzberg, G., 1950: Molecular Spectra and Molecular Structure. van Nostrand,

632 pp)
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3. Gases Detected in the Earth’”s 'Atmosphere '
Table III presents the concentration of the gaseous vcomponen}ts
of the Earth's atmosphere. As ‘shown, many of .these components are bio-v‘
logically significant. In addition to these gases, .a variety of hydrocarbons

18

have also been detected in our atmosphere , as mentioned above.

Most of the gases shown in the preceding section of this

report to be bioiogically signiﬁcaht are found ‘in our atmosphere to varying
extents.‘ However, these gases vavlso reﬂect processes-‘.other than metabolic.
activity. Thus, CO results frvomnpho‘tocher’hical dissociation o!_;'v COz, C3,
~arises from VOZ} 'by the action of eiect;r‘tcal‘».discharges, nitrogen gases‘ result
from volcanic actionzj, and' hydro}carbons‘ arise from deep oil véells, The
gases Hz and CH4 ma;t 'be remnants from the early reducmg atmosphere
‘beheved to be as soc1ated W1th the or1grn of the planets ?2, Many other

gases 1nc1ud1ng Oy, HZ’ and Nzo are also produced non-b1olog1ca11y 19. 73‘.

Oxygen, for example, is pw duced in the upper atmosphere by the photolysm , w
of water although it is pnmanly a b1010g1ca1 product

‘*4. Relat1onsh1ps Between Atmosphenc Gases and
Surface Metabohc Act1v1ty

—c

- Because atmosphenc components are produced both b1olog1cally
and non-biologically, the mere detectlon of a 'part‘;cular" component is not

‘conclusive evidence of life processes. 'Threefufays 1n Which‘g_‘a“sf.es could

-~ reflect a surface bicta are discussed below.’,‘_;_v e
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TABLE III

| 19,20 =
Components of the Ea,rth's AtmOSphere |

- Metabolic

Component Content (%) ~ Significance

- N, | 78 . . Yes
o5 21 1 Yes
co, | 3x107%2 . . Yes

A ,.9x10’1~ | No

Ne - 18x10 -4 R No

- He -] bxi0~4 S No = -

" Kr S I 5 1 s R | ‘No =

‘ Xe = ' 9x10"‘6' - ' No = :
H,0 | 1to10” -3 . Yes

H, 510 - | Yes

CH, 2x104 Yes =
N,O - -} sx107® | Yes

co ©] sx107® . Yes
O3 - 10~5 to 10-6 | Yes
' NO, NO, | 5x1078 to 2x10"6 | - Yes

[peeeer : ' . ) - &
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Ca. 'Diurnal Fluctuations ‘iri-Ga;s Concentrations
It may be possible to detect a diurnal ﬂuctuatiqn in
the concentration of a particular gas;' Such ﬁuctuations in CO, concentration
have, in Yfact,' been detected b‘y IR _écannilbm’g’ éver heavy foliage. Fluctuations.

such as these may be éxpected for any life systefn whose energy is ultimately

derived from the sun,

b. Isotopic Ratios of Elements

Isoto.pic ratios of elements which have natural isotopes

~ma,y also provide evidence of metabolic proces ses. Planetological processes
have long since reached an équilibﬂum with respect to isotopic ratios.

Biological processes, howevér, continuously enrich these ratios with the

lighter isotope by virtue of mass kinetics. For example, the dissimilatory

reduction of sulfate by Desulfovibrio desulfﬁricans fractionates the isotopés e
: of sulfur, fesﬁlfing in an enrichment .in: tﬁe 3ZS content of reduced sulfur
J cpmﬁounds. . Since this biological Aproéess‘iS the Only process known to
fractionate these isotopes, a high ratié of 325/343 has been takén as evidence-
| of life 2,4. ‘Similafexamplegs”may be cited regarding -othe:,eléme.ni:s. Thus,
. es(idencé of iife_ coﬁld' be ’.o;bta'.ined b&r oﬁsér%ring _différences}in tﬁe~isoto§ic

ratio in a pa,rt'icula-’v,r compou'nd at diff_eréf;t points along the surface or at e
the same _pbint at dif,ferént_fitﬁeéﬁof the diurnal cycie; ,g'Al,te'rnai,ti_v‘elyi,‘.‘a:s;, ‘. S " -
| v"‘pointed dﬁt by Hitchcock and Lovélaék 19, when a pﬁ‘tﬁi(:xﬂa;f element 'exi_éts o -

“in more than one atmospheric component, differences in the isotopic ratio - .
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'among fhese coinpoﬁents would imply a meté,bolic process. For example
if different 14N/15N ratios were found in N and N, O, the d1fference may
result from metabohc enrlchment in the 15N content of only one of these
gases. Likely candidates for such isotopic analysis in gases are carbon
and}nitrogé’n compounds, Unfortuna&:ely, although isotopes do differ

25; ‘the resolution power of the IRIS

somewhat in absorption properties
may not be sufficiently high to detect concentration differences among

~ isotopes of the same element,

c. The Hitchcock/Lovelock Theory

B A théory for ‘thé’ detection of life by atmoépheric
apélysig has. recently. beén'pfes‘entéd by Hitchcock' and Lofelock' 19, 23,
The as sumﬁtiont behind .thi:s fheory ié that thé eﬁf‘:‘lr‘opy of li.ving systems is
low }i‘elative to thatAof their nonli%fing ens}ironniénts. Conééquéhfly, living
_systems will drive the'i..:t'" envi"réﬁr‘r.ie‘nt“s‘, into physical or chémicé;l disequilibrium
and there will alwayé exiét an Ae‘nt‘rop'y, gradient between living systéms é.nd
their nonliving en%rironriients. , Thus, the significahée of a pérficular
. atmosPheric ‘component»fo:r. life'iAprocvélsses ’lie‘s iﬁ a discrepaxﬁcy} between
its' ekistirig ccﬁ;ilcentratiq;l and that expected from its non-biological 1**ea;.,<_:i;.1'.0ns°
lele« foilowing e-i:avmpl‘e‘s taigén fréiri»'.thé Eaith's iatmosphefe‘ are ’citeﬁd:.

o “:o ‘The ‘s1mu1tar‘1e’c:;15 presence of H, and OZ ‘ |

o 1mp11es that they are contmuously produced
L from the surface. S
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o The simultaneous presence of CH, and O,
also implies the biological production of CHy
at the surface. It is known that methane is
irreversibly oxidized by oxygen and that more
methane is present in our atmosphere than can
be accounted for by the known half-life of methane
toward -oxidation. The authors mention that this
argument may be applicable to Mars unless its
atmosphere is partially reduced.

o Both CO and H, are produced in the upper atmo-
sphere by photodissociation of CO, and H;O.
However, the concentrations of both gases in
our atmosphere are too high to be accounted for
strictly by non-biological production.

I T RN <3 i 908 & e S e < s s
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o Oxygenis also produced non-biologically by the
photolysis of water in the upper atmosphere,
However, the concentration present in our

“atmosphere is considerably greater than can
be accounted for by this non-biological process.

: - o The gas N O is short lived due to its rapid

- ' - destruction by long UV radiation. Thus, its
“ o :  existence in our atmosphere suggests that it
' ‘ is constantly replenished biologically.

It is possible that similar -diséigpancies in ga‘swcon- . J

centrations in the Martian atmésphere fnay imply surface bi.ot}a.v‘ ‘Furthe.r,

’ 1f a VértiCal cdncentratiori pr#ﬁle could be obtained for each component, | P
| this information v;}ould be quité valuable.’ in determining where a gas is

produced-’a;nd where it is removed.

-d. Limitations of IRIS in Utilizing Theories to
. Make Biological Implications : '

| Reg’a.rdiyng” our studies felated_fo the cofnpositiori of

- ' ’t'he‘Ma;r,_tién atmosphere,‘ it is unlikely that the IRIS is sufficiently sensitive . 1
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to detect gas cqncentrati'on gradients or diurnal fluctuations in gas con-
centrétions. Further, although it may be possible to detect the presence
of various isotopes, the detection will probably not be sufficiently reﬁnea

&
to determine differences in the isotopic ratios of v?rious elements as a
function of time or location.” Thus, while the IRIS data will allow calcu-
lation of a 12¢/13¢ atmospheric rétio, the error in this determination will
probably be so large that ﬂuctuatiops in this ratio with time or distance
variation cannot be detected. The IRIS can, however, yield biological informa-

tion if sufficient information can be gleaned on Mars atmospheric photochemistry.
Anomalies in the atmospheric constituents which will be detected by the IRIS
W&Uld thfen}be indicative of céhstant rezplénishment or utilization at the
sﬁrface of Mars, Hopefﬁlly, iother data to be obtained from the Mariner
Mars '71 woul‘d‘ supply the necessary information to distinguish between
biological repleniéhment and non-biological replenishment (as from a
volcano) of a particular g‘é.seo’us constituent. Particularly pertinent to

our study of atmospheric photochemistry are the review articles by Cadle -

and Allen®® and by Donahue?’.

5. DPresence of Hydrocarbons and Related Derivatives

in the Earth's Atmosphere

‘a, - Comments on '"Blue Haze"

A so-called '"blue haze" has been postul'atedﬁto exist

| as either an absorbi..ng} Or"s‘.éatte‘ri;ig afmoépheri;: la.yefl.av.»j'rtzund Mars.
Althbugh the existence of thié haze is.h’qi:l.ité controversial 28’ it ‘iAs not |

}i}mpss sible that such a lay'_efr".coulvd be 6f Aconsic}l‘e.rable biologic{al siignificénce. |

.‘.-28;Kjaf  
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Relevant to this concept are several articles published by F. W, Went29-3l,
Sent commeﬁted on the existence of a blue haze often seen in the Earth's
atmosphere and hypothesized that it may be due to the presence of naturally
occurring hydrocarbons. According to Went, a variety of volatile organ.ic
substances is produced from various types of vegetation such as meadows
and sagebrush., The fragrance of a pine forest, -for example, results from
the production of the volatile terpene, pinene. In model experiments cited
by Went, a blue haze re;sulted when volatile organics (petrol and olefine)
were rﬁixed with ozone, or when terpenes, pine needles, or ofher aromatic
plant Amé,terial were placed in an}ozone—containin.g atmosphere. Other gases,
such as nitrogen oxides, aré also éapable of catalyzing olefin'oxidation in
the preéence of light eﬁergy.. - Whﬂé it is nbt yet known whether traces of
oxidizir;g gases exist in the Martian atmosphere,} it is of interest that
oxygen and o_zone.havre been teﬁtatively identified by Belton and Hupten 32

and by Barth, et. al. 33, ~Thus, the Martian '""blue haze phenomenon'

could reflect the presence of hydrocarbons which in turn may be biologically

produced. These facts have directed us toward an investigation of terréstrially

pertinent hydrocarbon end products.

b. Terpene End Products on Earth
Térrestrial land plants produce approximately 108 tons
29-31 L

of volatile organic compounds annually ° ~~ . These products may be

éeparated ,i’rﬁxn_plant material by steam distillation and are known as

. _}-2-9‘—’ ‘
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"essential oils''. They are generally regarded as waste products of plant
metabolism and are highly aromatic, giving the cha;acteristic odor and
flavor of plant parts such as fragrant flowers, mint leaves, cinnamon bark,
clove buds, sandalwood, nutmeg seeds, and pine needles.,, The fragrance of
meadows, sagebrus}n and other types of vegetation of dunes and semi-arid
regions is due to such volatile organic substances. Many of these products
are economically important in perfumes, cosmetics, flavoring, varnishes,
énd medicines, Common aromatic example‘s include anethole (anise oil),
eugenol (oil of cloves), safrole (oil of sassafras), ana cinnamaldehyde (oil

of cinnamon). Coumarin has been isolated from many plants and is responsible

for the order from newly mown hay.

CH=CHCHO

Luci-ch, . CHCH=CH, |
ANETHOLE ~ EUGENOL  SAFROLE  CINNAMALDEHYDE COUMARIN

| Many essential oils are hydrocarbons, especially
terpenes. and their oxygenated derivatives. Terpenes, composed of isoprene

units (CSH8)' are of the following composition:

Cio0H;¢ =  Monoterpenes
CisHpgy =  Sesquiterpenes
CpoH32 =  Diterpenes
- C3 0H4 8 | = Trif:e rpen}e s
= Tetréte rpenes

C40Hga
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"Of these, onlv monoterpenes and sesquiterpenes and

their oxygenated derivatives can be obtained by steam distillation, They

are widely distributed in nature and hence of greatest interest., Di- and

triterpenes are neither volatile nor widely distributed; tetraterpenes are

L P A

more common and include carotenoids.,
Monoterpenes may be either acyclic, monocyclic,
or dicyclic in structure. Acyclic monoterpenes are abundant in exudates

of conifers and in oils from citrus fruit and from eucalyptus trees, 5i-

Common acyclic monoterpenes include the hydrocarbon myrcene (from
oil of bay), the aldehyde citral (oil of lemon grass), and the corresponding

alcohol geraniol (from rose oil and ginger grass). Each of these is quite

T T, 35 AT e T, T e
e G S AR
L
3

important and widely distributed a;mong plants. | . ‘»/f

. Clls CHs CH CH, CH ¢, M S
/ / / \ . /N 70 : ® |
RALA, KA, \WAVAN, |
én | I I I

O, | CH, HCCHO CH, HCCHOH i

MYRCENE = CITRAL GERANIOL
Other acyclic monoterpenes indude nerol (orange o
ks

blossom o0il), citronellal (oil of citronella), and linalool} (oil of a Mexican
soéd and of flowers of the Philippine ylang-ylang trée).

The rhost imﬁortant monocyclic monoterpene.is the
hydrocarbon limonene. This terpé-ne is the main constituent of oil of

lemon, orange, carraway, dill, bergamot and others, With the possible - ._5;;;_;,

l31-
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exception of ©f -pinene, no terpene is present in more varieties of plants. i

Common oxygenated derivatives of limonene include menthol (mint oil) and

carvone (spearmint oil),

EH;, L CH, ;
, . C 'd |
P %
lCH \?Hz eff, KTHL lcﬂ/ \i:—o 3

ol eH, ' o cn,, CHOH cH éu

. - S

Ser” > \CH ST
w4
LIMONENE 3 MENTHOL - CARVONE
Of the dicyclic monoterpenes, the hydrocaﬂ?on }
0L -pinene is perhaps the most widely distributed of all te rpene.s. This ;’%

sy

e terpene is derived from pine trees and is the main constituent of oil of

terpentine. Other common dicyclic monoterpenes include d-éamphor from -

= the wood of the camphor tree Cinnamomum camphora, d-borneol from

hemlock oil, and d- A 3--carene from pine needle ocil.

B e g
| | L r
cH/q}w (‘ e ' cue{ I \CHOH .cn//’ \CHL
("x"—“sl . fCHsC'C”a ‘H l CHST% I
| . cH CH,, ¢, ed, | M ¢ CH
Wt et G e
B | S c,n?,

®-PININE  d-CAMPHOR  d-BORNEOL  d-&- CAREN

N
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The final category of volatile terpenes to be considered
are the sesquiterpenes, composed of thi-ee isoprene units. The best known
example is the acyclic compound farnesol whi»ch is widely distributed among
plants but found in small amounts, A monocyclic sesquitgrpene that occurs
in many plants‘ is bisabolene, a hydrocarbon made from the dehydration of

-

farnesol. Examples of dicyclic sesquiterperies are cadinene (from

Juniperus oxycedrus), ﬂ -selinene (oil of celery), and eudesmol (eucalyptus

34-36

oils)

CH,

M,

N CHsL.\CHg o C CH,
FARNESOL - .~ BISABOLENE CADINENE

CH,
CH, e |
e | cnt>r—
| H, i o 7 “on
AB-SELINENE ~ EUDESMOL

In addition to terpenes, the hemiterpene isoprene has

CH,

recently been reported to be present both in natural plant products and in

the atr.houpherfe over foliage areas 37. This cdmpound, in fact, has a

C33..

B ——————
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frequency of occurrence similar to.that of o -pinene and, consequently,

is of major importance as a volatile plant product.

U

i,

-~

ISOPRENE

These volatile organic compounds, then, comprise some -

of the major compounds which have been derived from the essential oils of
plants. As a final illustration of how widespread is the occurrence of

terpenes in plants, Table IV shows the number of known species in which

each of several monoterpenes occul.rs38 . As shown,, & -pinene is by far

the most prevalent compound. It should be noted, however, that this table

was compiled before the discovery of isoprene as an end product and that ) /
. 27 ;

current indications are that isoprene is at least as common as  -pinene .

c. Detection of Terpenes on Mars

The anticipated Martian atmosphere consists of a

mixture of carbon dioxide and up to 25 precipitable microns of water, A

theoretical spectrum of this mixture (using ten precipitable microns of
water) was constructed at GSFC and élearly reveals a large spectral
"window'' existing between 800 and 1300 wavenumbers. That terpenes do

- absorb in the range of the IRIS is shown in Figure 4 by the absorption

* 3 .‘ . o Y N
spectrum of camphor 9. As seen, prominent bands occur within the

- large spectral window (800 - 1300 wavenumbers) expected for the Martian i | fr—
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F | - | SR TABLE IV -
Number of Species in Which Each of the Following Monoterpenes has
' ‘ Been Identified>S S
Monoterpene . No. Species
- S o o -pinene o 412
' | ) » ~ cineocle | | . 218
I - limonine o 272
z - S - phellandrene - = 152
’ : : geraniol L e ’ 123
borneol : 108
linalool : i 96
A ~terpineol - 86
'~ camphene . 85
-cymene 11
citral ‘ ) 67
D -pinene ' | . 67
camphor D 62}
thymol : B 43
. carvacrol - 40
terpinene (64.',/3) - 36
citronellol o - 33
' piperitone = 33
~ menthol 32
menthone = 30
pulegone o 27
~ citronella . - 26
thujone o 24
. sabinene ' | ' 22
- carvone . . 16
. myrcene - , 16
terpinenol R 14
| carene( A A )y Y
~ methyl heptenone o ‘ 11
~ - thujyl alcohol | 11
~ ocimene 10
dihydrocumic alcohol | 9
fenchone 8
peperitol 8
fenchyl alcohol 6
" fenchene N 4
- methylheptenol -4
- pirillaldehyde -4
‘terpinolene 4

3B
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atmosphere. Likewise, strong absorption bands occur for isoprene at 990,
908, and 895 wavenumbers 37,

Figure 5 shows the relationship between temperatﬁre
and vapor pressure for each of these terpenes. Knowing the Martian tempera-
ture and the minimx‘;m amoun.t detectable by the IRIS, we can establish which
of these compounds could be discerned in the Martian atmosphere. As seen

in Figure 5, the compound most likely to be detected is isoprene whereas

that least likely is farnesol. Vapors from these compounds would not escape

from the Martian atmosphere because their molecular weights are all greater

than that of carbon dioxide which is known to be captured by the Mars gravi-
tational field. Isoprene, the smallest compound, has a fnolécul.ar weight of
68.

The detectioﬁ of a terpene in the Martiar; atmosphere'
would be highly indicative of life prdqesses. On E}a.rth, direc.t measurement
of the volative ‘organics in ~the atr’n.osphere'showvfi;hat an av‘erage concentra-

tion of 10 x 10~ (10 ppb) exists in the air‘31. Higher localized concentra-

- tions have been reported. Thus, t'hfe‘ concentration of isoprene alone over
Mango foliages in Panama has been measured 37 at 0.5 to 24 ppb., The

_concentration of all terpenes combined over a particular area can be

considerably higher.‘ Detection of a terpene on Mars would be e"specliallyl

significant if its presence were found to vary' spatially, Spétial variation.

_in both type and conc,enti'ati‘on would be: e_Xpected‘ on Earth where foliage

a3t
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areas are not uniform. Further, Rasmussen and Went 31 have reported
seasonal variation in volatilAe o:lganics over country and forest air from
10-8 in the summer fo 2x10"9 2 ppb) in the winter.

While terpene concentrations are not particularly
high in the Earth's atrnosphere? these concentration levels do nof reflect
pessible levels on Mars and their abundance in terrestrial metabolism
warrents-their study. (If should be mfentioned that numerous cyclo
pentanoid monoterpenes are also foupd in the 4terrestria1 insect kingdom38. )
Thus, it seems important to establish signatures at lease for those terpenes
most common and abundant terréstrially. Those r.e.cominended for study
are: isoprene, C{ -—pinené, myréene, éitral, geraniol, limonene, camphor,
and farnesol, Because of their widespread abundance, isoprene and
Q{ -pinene are probably the most important compounds on this list.
Furthéi', it rﬁight bé of considerable value to study these compounds both
in the form of gasés anci in the fo:rni of‘ submicroscopic pafrticles formed by

reaction with ozone (''blue haze!'').

6. Current Knowledge of Gas Constituents on Mars

a. Gases Detected dr Postulated in the Martian
Atmosphere

The Martian atmoéphere consists almo stv entirely of
carbon dioxide, Water vapor énd cafbon monvaide 'are the only othér
'constitueﬁfs which have ’bv.een pdsitiv‘e‘ly identified“25 in the Martian ai:_rno— h
‘sp}"L‘ere and both ar.e presént ohly in small amounts. ‘ 'I:hﬁg,, the amount of

-39.
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water vapor present averages to only about 15 precipitable microns,
Carbon monoxide undoubtedly arises, at least in part, from the photolysis
of.carbon dioxide. : Oxygen is also expected to be present in the atmosphere
as a result of tlﬁs reaction and, in fact, has been tentatively identified

in the Martian atmosphere 32, 33. A recent report has also suggested that
nitrogen gas may be present to the extent of 0.5 to 5 percent of the tofal
carbon dioxide confent 4 .

In addition to these gases, other minor constituents
have been sought and the upper limits of abundances have been established
fo1j a variety of possible constituents. These upper limits are shown in
Table V 25.

b.. Organic Compounds Formed in a Simulated
Martian Atmosphere

A recent paper by Hubbard, Hardy, and Horowitz 4!

describes an experiment in which CO,, CO, and water vapor are mixed
and irradiated with ultraviolet light in the presence of soil (simulated
Martian conditions). The three organic compounds tentatively identified

as the main products of this reaction are formaldehyde, acetaldehyde,

and glycolic acid. Thus, it seems highly possible that these compounds may

exist on the surface of Mars, F ormaldehyde and acetaldehyde may, in
addition, exist in the Martian atmosphere since their boiling points are

-21 and +21°C, respectively. The higher 3ne1ting point of glycolic acid

- -40-
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TABLE V
(from Ref. 25)

Upper Limits on Abundances for Possible Minor Constltuents
: in the Martian Atmosphere

Pafh Length

Molecule (cm-atm) References

O3 - 0.004 Belton and Hunten, 1968

NO 20 Kuiper, 1964 '

NO, 0.0008 Marshall, 1964

N,O 0.08 Kuiper, 1964

NHO» 0.16 Sagan, Hanst, and Young, 1965

HCHO 0.3 " Kuiper, 1964

CcOs 0.2 Kuiper, 1964

H,S - 7.5 Kuiper, 1964

CHy 0.1 Kuiper, 1964

CzHy 3 Kuiper, 1952
CoHy 1 Kuiper, 1952 5
" NH3 0 : '

.1 | Kuiper, 1964

(/o
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( %630;/9 79°C) makes it less likely that this compound would be present

in the Martian atmosphere.

7. Status of Obtaining Biological Inferences from Atmospheric
Analysis and Recommended List of Gases for Signature Study

The IRIS experiment will be quite able to detect trace
constituents of the Martian atmosphere provided their concentrations are
sufficiently high. Detection is, in fact, facilitated by large spectral
windows created by the absence of large quantities of ozone and water
vapor in the Martian atmosphere. For those constituents not detected, the
upper limit of abundance will most certainly be lowered.

- The mere presence of a trace comi:bnent is of considerable
importance since it provides insight into the.evolution of the atmosphere and
may also reflect biological activity of the planet. While the présence or
absence of a particular constituent does not establish metabolic pathways,
it does impose cerfain restrictiohs on types of metabolism which are theo-
retically possible,

To obtain more direct 'evidence for metabolism, it would
be necessary for the IRIS to detect fluctuations in gaseous concentrations
or in isof:opic ratios Whi(‘:h océur either with temporal or spatial variation.
Vertical gaseous covncentrat‘ion gradients could also be indicative of life

. - A I
processes, While it is not impossible that such information will be b,

obtained, this type of evidence is not likely to be found by the IRIS.

Alternatively, establishment of the presence or absence o'fr a gas, .'coupléid o
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with a thorough knoﬁledge of a.tmosPhe;'ic' photochemistry, could indicate
anorﬁalies in the concentration of that gas, This, in turn, would be
indicative of continued utilizétion or replenishment of the ga.s, perhaps
by meté.bolic processes, It is by this approach that the IRIS ekperiment
has the highest probability of detecting metabolic processes., Further
distinctions between metabolism and such non-biological gas evolving
processes as volcanoes could undoubtedly be made frem additional data
tc be obtained by Mariner Mars '71.

Because of the high prbbability of the IRIS detecting trace
compo'nents in thg Martian atmosphere, it is necessary to establish infrared
absorption sigﬂé.tures for possible Martian atmospheric constitﬁehts. On
the basis ;)f the. studies reported herein, we have prepared a list of gases
and organic compounds for which we feel signatures should be established.
The complete list is shown in Taﬁle VI'along with recommended priorities
for each., Of the gases we have selected for }signature study, O3, H O,

2

CO,, CH,, H

ZS’ NZO’ and NH

5 are considered imperative, Since NO,,

N203, SOZ’ SZO’ and SO; do ndt seem to play a significant role in

terrestrial metabolism{ they have been relegated to a position of lower
priority.’ Signatures for a variety of hydrocarbons should also be established.
Sinée many terpenes are found in the Earth's atmosphere, it would b.e of
value to @stabl'ish signatu:re's for those most common. Such conipounds,’

if merely detected in the Martian atmo‘sph‘ere.,f would be indicative of vlife‘
// - | . . . :
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TABLE VI

Gases and Organic'Compounds Recormmended
for Signature Study ‘

1st Priority 2nd Priority 3rd Priority
‘03 (02) - . .  Formaldehyde NO,
H0 . " Acetaldehyde | . N0,
coO, C o Isc.)-prene B - . S0,
PZH 4 '0.(‘-Pinene " ' . SO3
- HpS Myrcene : .50 B
NpO | ) Citral
‘NHS ’ Geraniol
| Limonene )
Camphor
Farnesol |
) . ! i
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processes. In view of the rather large number of these compounds, however,
the study should be restricted .to the most common and abundant terrestrial
examples: isoprene, 0 -pinene, myrene, citral, geraniol, limonene,
camphor, and farnesol, Of.theée, isoprene and ¢ -pinene are the most

important terrestrially. In addition, other organic compounds which may

.

-

be present in the Martian atmosphere, such as formaldehyde and acetaldehyde,
should be characterivzed. |

Signature studies of various trace gases is currently being
conducted at the Goddard Space F light Center., To date, information regarding
the signatures of 03, HZO’ and ("JOA2 héveﬁeen obtained and placed on ma,gﬁetic
tape for computer usAe in the construetién of theoretical gas absérption
spectra. The gases yet té be plat*;ed in‘thke theoretical tape.atlas are N0, .
CHy, and NH,. In addition to conSfructi;ng the theoretical tape atlas, a
labo'ratdry atlas of various tracé gases is é,lso being const‘rﬁ;"'ct’ed and will
include several of the additionai‘ gases which we previously recommended
for study. Preliminary rabvsorption- spectra have élready been obtained on
the Cary 90 tecnrding spe.‘ct.rOphotomete’r ‘for NO, NZO’ NOZ’ C-H4, NH3, ’
H,S, SO,, CO, COZ," and N,0,. C—ufrentiy., each bf these gases is being

re-examined by Dr. Gene Welker on a Perkin Elmer ‘instrument' with a -

ylonger, pathlength (IO‘meters)'aﬁd at low pressure".‘ This will improve “

spectral re~s01ution and will "a'ppifoxima‘t'e: c‘o“nditidns to be Se'i.er'a_]]:‘iﬁr theIRIS

e Y e
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ITI. CQNC-LUSiONS
Our investigation concernihg possible ways in which biological ”
inferences may be obtained from the Marinei‘ Mars '71 IRIS experiment i
has encompassed data to be ‘obtained from both surface reflectance and |
from aitmospheric qnalysis. . |
Regarding surface phenomenon, the IRIS.Will be able to determine E
i Cod
whether or not it is possible for liquid‘water to exist on .the surface of 5
Mars, | This determination ié of fundamental importance for considerations , i

of possible metabolic schemeé. It is unlikely, however, that surface data
will yield additional biological inferences, Our results and those of others
indicate that both biological and organic material show a characteristic

blady body response in the i’ange of the IRIS. The possibility of inferring

Biological oxr organic matei'ial by quench of SiO, reststrahlen also appears
rerﬁofg, althbug.h’not‘impossi'ble. -~ Thus, if the 'distributién of SiO, is
_ uniform on l\Aars,‘.a#d if,}vo;thervpos‘sible s;)urces of quench can be reliably
estimated, then quench }ovf 5102 may pi‘ovide information related to life on
Mars. | o | |
| ‘A‘tmos’ph‘er-.ic é.nalty‘sis prbvides gre"atér,:hopé for 'bEtai‘ning inferential g

information related to life on Mars. '..‘-Thé,-ims. is capable ofAdet‘e’cﬁng’smau |

- ;@@ounts of trace fgas’es in the Mé_.ff_ién’ atﬁﬁos{p;h‘e vre} WhICh 'wQuld', reflect both |

= \‘/{nologmal and npn—biolyc}_)}g.icaulrb proi:'e s»sesj‘on the ,plfahé’éf.{‘ That nia_n‘y_ of vthe-'}-f‘f_ - -

: ga;sfe_s'invoived in terrestrial metabohsmare ‘p‘r:e~s_enf‘fi_nf‘§he',‘Ea‘:!."-th'fé“"‘; :




- bislogical inferences, it is recommended that future efforts be focu
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atmosphere has been shown in this report. It should Ee kept in mind,
however, that the atmbsphere of a planet does not necessarily reflect
the most prevalent metabolic pathway on that planet. Thus, on Earth,'
the most prevalent gas is nitrogen whereas the most metabolically
important gases are oxygen and carbon dioxide,

While mere detection of a trace gas would be biologically signifi-
cant, evidence of surface metabolic activity could be obtained if the IRIS
detects variations in gas concentrations or in isotopic ratios with time
and location. Metabolic activity could alsc be implied from vertical
concentrétioh gradients of gases or from certain anomalies in the con-

-centrations of a particular gas. ' The latter approach offers considerable
promis‘e.

In addition to gases, many organic compounds, if detected. in the
Martian atmosphere, would be indicative of life processes. Térpenes, for
example, ére common end products of terrestrial plant metabolism and
are prevalent in the Eartil’s- atmosphere." ‘T}hése and other hydrocarbons

‘are oxidized By ozone and may, ivf'fact,‘«be ieSponsible for the '"blue haze"
é‘eén in the Eér’th's atmosp’h‘ere ‘over‘follia.ge} aife;a,'s. lOthe-r hydrocarbpns
- éiesent 1n the Martian a‘,t_r/nospl‘}e-re. could also bé 'indi;cj;ativé _,céf'types of

cbmpounds }'a'vai_llablej to Mart;ian ‘Qrganisms for ,me‘t‘a;bolism. e
v In view of th‘é\poss:‘i‘oiliti}eébf'atmq’spheri.c,v':analysi;s' for making
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in this direction. Imperative fbr analyzing atmospheric data to be obtained
by IRIS will be the prior establishment of signatures and detection limits
of all anticipated atmospheric constituents. These include a variety of
gases, terpenes, and other organic compounds. In additi'on, further
efforts should be made to obtain information about cher gases or organic

-

compounds which could play a role in Martian metabolism and consequently !

may be present in the Martian atmosphere, Finally, to interpret the IRIS

P P, S

data showing the trace constituents, it will be necessary to acquire a

{

thorough knowledge of atmospheric photochemistry., This knowledge may
point out some anomaly in the presence or absence of a particular gas
which will provide insight into Martian metabolic processes,

Respectfuily submitted,

- - Patricia Ann Straat, Ph.D. | :
| ' i Research\jioche t :

Gilbert V. Levin, Ph.D.
Principal Investigator
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