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SEARCH FOR PORPHYRINS IN LUNAR FINES FROM APOLLO 11 AND 12
By

B. Balpern and G. W. Hodgson

ABSTRACT

Evidence for porphyrins was obtained in Apolloe
11 and 12 lunar fiunes samples. The pigments-
from samples collected near Fhe lu#ar lander
were probably due to contgmination by_rocket
exhaust products. A porphyrin-like pignent

(v 5 x lO“5 ug/g) was also found in an Apollo
12 sample, which had been collected-at-a

point well removed from the iunar landing site.



SEARCH FOR PORPHYRINS IN LUNAR FINES FROM APOLLO 11 AND 12

B. Halpern and G. W. Hodgson
SUMMARY

Lunar fines from Apollo 1l and 12 samples contain porphyrin-
like pigments as indicated by fluorescence spectrometry and analytical
demetallation. The pigments from close in samples of Apollo 11 and 12
were probably products of rocket combustion which were introduced
during landing of the lunar module. Porpﬁyrin—like pigments were also
found in a sample of lunar soil collected on the Apollo 12 mission at
a sampling point well removed from the lunar landiné site. Fluorescent

demetallation analysis indicated that the pigments were present as

metal complexes. Abundance was estimated to be 5 x iO_S ug/e.



IRTRODUCTION

The COparin-Haldane hypothesis postulates that organic molecules
were synthesized by the action of various forms of "energy on
primeval atmospheres.: An orderly process of chemical evolution
led to the living organism of today. The lunar samples provide
us with an opportunity of examining this postulate in tye case

of samples outside the earth.

Under WASA grant NAS9-9439 we have tried to establish answers
to the following questions:
1. A;e porphyrins present in the Apollo 11 and 12
samples?
2. If porphyrins are present, can they be identified as

biogenic pigments.

The prior art, scope, experimental techniques used and the significance
of "the material piesented are summarized in the attaébed publications

and reports.



SEARCH FOR PORPHYRINS IN LUNAR TFIHRES FRO&'APOLLO 11 AND 12
. B}r

B. Halpern and G. W. Hodgson

ABSTRACT

Evidence fog-po-rp?lyrins was obtained in Apolle
1i and 12 iunar fines samples._ The pigments-
fr;; sampies collected gear fﬁe“luéér lander
%q?e érobabiy'dué to-conéamihati;;‘by‘ropkeL
éxhéust.prpdﬁcég: A #srphyri?glike pigment
K¢ 5-\‘.3:- iOFS‘ug/g) was”f;tl’si) f‘o'ur;c_i' 1n an. 'Al—:zollo‘
'lZ_sample, whiﬁh‘had been ;ollecté&"at.a o

point well removed from the lunar- landing site.
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Seaxch for Porphyrins in Lunar Dust

Abstract. Evidence for porphyrins was obtaied in the Apollo 11 bulk sample
of lunar dust by fluorescence spectrometry and analytical demetallation. The
indicated porphyrins showcd major fluorescence excitation al 390 nanomiefers.
Abundance was abows 107'° gram of porphyrin per gram of dust. Similar pig-
ments were found in exhaust preducts from fests of a lunar descent engine. The
similarity of results suggests that most if not all of the indicated porphyrin aggre-
gate of the lunar sample probably was synthesized from 10cket fuel during the
Ianding of the lunar modude. These compounds may be the product of a novel
high-temperature synthesis of cosmochemical interest.

The present study was undertaken (o
determine whether porphyrins, tetrapyr-
role organic pigments, were present in
the Apollo 11 bulk sample and whether
their presence in the sample was indica-
tive of a biclogical origin (). The re-
sults of the analyses show that pigments
with spectral and chemical characteris-
ties resembling porphyrins are present
in the lupar bulk fines, but it appears
that the compounds may have been
introduced by the lunar descent rocket
engine fueled with unsymmetrical di-
methylhydrazine. Thus, while the analy-
ses reported here evidently failed to
reveal porphyrins which were unequivo-
cally indigenous, the findings suggest
that the poiphysins can perhaps be
synthesized through a novel reaction
involving simple compounds containing

- carbon, nitrogen, hydrogen, and oxygen.

The pigmenis have also been detected °

in cxperiments simulating primitive
(prebiotic) planetary conditions (2),
and similar compounds evidently exist
extraterrestrially, because porphyrins
have been detected in a number of sam-
ples of carbonaceous chondrites (see 3).

The analyses reporfed here are part
of a comprehensive analytical program
established by the Chemical Evolution
Branch of the NASA Ames Research
Cenfer for the examination of all
organic matter in the returped lunar
samples (4). The group arranged to
pool samples of lunar dust received by
the principal investigators involved in
the program. The particular sample dis-
cussed here was designated *10,085
bulk A fines” by the Lunar Receiving
Laboratory.

Prior to receipt of the lunar samples,
a simulation experiment was carried out
on a sample of the Pueblito de Allende
meteorite. Although analyses on a num-
ber of specimens of this meteorite
showed porphyrins to be present in very
small amounts (5), no porphyrins wers
detected in the particular sample used
in the control run, and the results were
substantially the same for a blank of

Ottawa sand which had been fired at
1000°C for 48 hours.

The overall analytical procedure for
the lupar sample is described by Pon-
namperuma ¢/ ¢l. (4). The lunar dust
(54.6 g) was extracted directly with
benzene-methanol (9:1}, and 23 per-
cent of the extract was made available
for porphyrin analysis.

On concentration of the solution to
a volume of 1 mi, weak emission bands
at 600 and 630 nm for excitation at
400 and 425 om (Turner 210 spectro-
fluorometer) appeared. Clear-cut excita-
tion peaks for emission at 600 nm were
observed at 390 and 455 nm, the latter

"~ Lunar dust

Rocket exhausl >

Fluorescence at 600 nm

\_'-\_,-q- Sand blank

T T " T Allende metecnite
] !
400 . 500

Exciing waveleagth (nem)

Fig. 1. Flucrescence excilation spectra for
extracis of (i) lunar dust from the bulk
sample, (ii) dunile exposed to the exhaust
of a rocket engine fired at NASA White
Sands Test Facility, (iii) crushed Pucblito
de Allende carbonaceous chondrite, and
(iv) Ottawa sand igmted at 1600°C for
48 hours. Instrument cperating parameters
were set for highest sensitivily in all cases
excepl that of the rocket e¢xhaust, in which
fluorescence was suppressed by a factor
of 20,

being much more intense. Correspond.
ing readings for the blank of Otrayy
sand showed only a low backgiound apg

1o discernible peaks. Absorption speca

trometry (Cary 14, 0 to 0.1 ontical
density) showed ne distinct spectral
features,” only a gently rising back.
ground with decreasing wavelength, The
solution was examined in an improved
magnetic circular dichrometer with a
superconducting magnet of 50,000
gauss; the data were cvaluated by com-
puter. Detection limits for the system
were estimated to be 7 ng/ml for recog-
mtion of porphyrin compounds in
metal-complexed form. Magnetic cir-
cular dichroism spectra of the concen-
frated extract solution, however, did-
not show the presence of metallopor-
phyrins above detlection limits.

Free-base porphyrins fluoresce freely,
but most nieial complexes fluoresce only
fainily, Thus, conirolled demetallation is
useful for the deiection of iraces of
porphyrin metal compiexes (6). The
extract solution was divided info two
portions, one four times the volume
of the other. Each was reduced o dry-
ness in a specirofluorometer cell and
taken up in 1 mi of diethyl ether. The
smaller sample showed a faint excifa-
tion band at 410 nm for emission
measured at 660 nm upon addition of
2 perceat of the demetallating reagent,
methanesulfonic acid (MSA), The in-
tensity of the band increased at 7 per-
cent MSA, and at 19 percent MSA the
band was replaced by an excitation peak
at 388 nm, which became more intense
on further addition of MSA,

Recovery of the presumed free-hase
porphyrins  was accomplished by
neutralizing the solution with sodium
acetate and extracting with ether, The
ether layer showed faint excitation
bands at 385 and 450 nm, Transfer
to 6N BCI also showed a weak peak
at 390 om for cmission measured at
600 nm, and this peak was interpreted
tentatively as a Soref band of porphyrin
pigments. To extend the identification of
the apparent porphyrin, it was com-
plexed with copper to quench its fiuores-
cence. This was dope by transferting
the porphyrin to glacial acetic acid and
adding cupric sulfate, The excitation
band disappeared after a2 few minutes
at room temperature, in accordance
with the behavior of authentic porphy-
rins. .

The same’ analysis was repeated on
the other porlion of the lunar exiract,
which corresponded to 10 g of lunar
dust. Essentially the same results were



obtained, with the emergence of a band
at 390 nm for emission at 600 nm on
.ihe addition of 20 perceni MSA, After
demetaliation, the [luorescence of the
pigments in ether was still weak, but
definite emission could be detected at
630 nm for excitation features at 390
and 415 om. Extraction with 6% HCI
produced an aqucous layer with emis-
sion peaks at 600, 628, and 685 nm.
A slrong excitation peak was observed
at 390 nm, and it appeared to be ac-
companied by a much weaker peak at
550 pm, The *“porphyrins” were trans-
ferred back to ether and reextracted
with HCI of increasing concentration.
The zcid strength necessary to transfer
the pigments {rom the organic layer was
4N HCIL; from this we tentatively con-
cluded that few polar substituents were
preseat to promote the solubility of the
pigment in the aqueous phase. Forma-
tion of the copper complex resulied in
the complete suppression of fluores-
cence, On the assumption that the pig-
ment was porphyrin, the amount pres-
ent was estimated to be I ng for a
concentration of 102 g of porphyrin
per gram of lunar dust.

The sand blank was examined in the
same manner, and it showed no indica-
tion of porphyrins above background.
In addition, reagents, glassware, and

Lunar dust

23

<

33%MSA

handling proceduics were checked for
possible contaminants.

A similar demetallation analysis was
carried out on the benzene eluate from

silica-gel chromatography of the major.

portion of the benzene-methanol ex-
traci of the lumar dust. The hexane
and methanol eluates were not available
for porphyrin analysis, The benzene
eluate left after the completion of other
tests appeared to show the presence of
a small amount of porphyrin pigments.
- Samples of rocket exhaust were made
available from the fest firing reported
by Simoneit ef al. (7). These comprised
samples from frap A, a trap for the
exhaust gases cooled to liquid-nitrogen
temperatures, and trap E, one confain-
ing dunite, Material {rom {rap A
showed an intense fluorescence back-
ground on which a broad excitation
band (in methanol and ether) appeared
at 450 nm for emission in the range
600 to 700 nm. In HCI, the exhaust
products turned a bright yellow, and
an excitation band at 390 nm for emis-
sion at 610 nm was clealy present.
Absorption spectrometry showed only
the vellow color. While the foregoing
resulls suggested porphyrins in the free-
base state, MSA demetallation of the
total exhaust material-—that ig, without
any chemical fractionation—showed

Rocket exhaust

- 33%HSA
& ,
=
o Allende
et 17
o~ meteorite
—
z Sand blank
o
- \/33%”5"“/\/10 23
\/\—— 335%MSA
\5
= = 20
& 3 \/25
T~ %
\ 17
20 10
- 5 TN 10
-\"‘\_,-—-10 4]
-~ e - 3 s
N~ 1 —
0 3
[P
] I o t f L I 1 L 1 @
350 400 450 350 400 450 380 400 450 350

Exciting wavelength (pm}

Fig. 2. Demetallation analysis of exiracts showing emergence of excitation peaks in the
region of the Soret band of porphyrins with increasing content of methanesulfonic acid
(MSA). Operating parameters of (he instrument were the same in all cases; portions
taken for the analyses of lunar dust and rocket exhaust were, respectively, 75 and 11

percent of the total exiracts.

evidence for metal complexes with a
412-nm excitation band appearing at
4 percent MSA. This spectral feature
persisted to a concentraticn of 23 per-
cent MSA; at higher concentrations of
KMSA a much stronger band emerged
at 385 nm and shifted gradually to 352
nm. Attempis to recover {rec-base
porphyrins from the foregoing aqueous
acid layers were unsuceessful, however.

Material [rom irap E gave similar
results. Extraciion of the sample was
carried out in the same mananer as that
for the lunar sample. A broad excita-
tion band was evident at 450 nm, as
in the case of frap A malerial, bul en
an intense backgrouad. Addition of
MSA. gave typical demetallation 1esults

- for metalloporphyrins. At a concentra-

tion of 25 percent MSA a strong peak
emerged; it increased in infensity with
increasing acid content up fo 50 per-
ceni MSA. Final location of the band
was at 387 nm, and the corresponding
cmission peak was at 595 nm, Magnetic
circular dichroism analysis of material
extracted from trap E showed a large
numbey of compounds, but none could
be definitely identified 2s porphyrins.
Te confirm and extend the previous
results and to demonstirate adequate

3?0

Lunar dust

focket exhaust

Fluorescence at 600 nm

~<x Allende meteorite
/A\é% Sand blank

1
400 S00
. Exciting wavelength (nm)

-Fig. 3. Fluorescence cxcitation specira In

Soret region for pigments recovered from
MSA demetallation analysis. Operaling
parameters for spectrofluorometer were the
same in all cases. Solvent, 6N HCI.



control over laboratory proceduies, an
additional set of samples was analyzed.
Approximately 10 g each of the same
lunar dost, trap E dunite, Pueblito de
Allends meteorite, and Ottawa sand
were extracted with a solution of ben-
zene-methanpol (9:1). The extracts were
identified by a code unknown to the
analysts (G.W.H. and E.P.}, and com-
plete analyses were carried out, Figure
I shows fluorescence excitation curves
for the extracts. Demetallation caused
by the addition of MSA is illustrated
in Fig. 2, and Fig. 3 shows the results
of procedures for the recovery of free-
base porphyrins. The results from the
Ivnar and exhaust samples confirmed
the earlter analyses, and what appear
to be free-base porphyrins were re-
covered from the products of MSA
demetallation of both the lunar dust
and the rocket cxhaust, Results for ex-
tracts from both the sand and meteorite
were negafive,

Organic matter is undoubtedly syn-
thesized extraterrestrially, as indicated
for example by the carbonacecus matter
of chondrites and {he generally ae-
cepted graphitic interstellar dust (8).
Simple compounds containing nitrogen,
catbon, hydrogen, and oxygen are re-
ported in inferstellar dust clouds (9)
and in stellar aimospheres {76}, Recent
theories (7/) postulate that much of
interstellar space is occupied by ther-
mally stable gas phases at 10f°K,
which suggesis that high-temperature
synthesis of organic matfer including
porphyrins throughowl space is within
Ieason.

Gorpon W, Hopcson
University of Calgary,
Calgary 44, Alberta, Canada
ETTA PRTERSON
Krrrg A, KvENVQLDEN
NASA Antes Research Center,
Maoffert Field, California 94035
EpwaARD BUNNENBERG
B. HaLpeRN
Stanford University,
Stanford, California 94305
C. PONNAMPERUMA
NASA Ames Research Center
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Carbon compounds in hunar fines from Mare Tz:anquillitatis-——ﬂ.,
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L Gorpon W. HoocsonN
Exobiclogy Rescarch Group, University of Calgary, Calgary 44, Alberta, Canada
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Stanford University, Siznford, California 94305

and

Erra Pererson, Keitid A. KvenvoLpEN and CYRIL PONNAMPERUMA
Chemical Evolutibn Branch, NASA Ames Rescarch Center, Moffett Ficld, California 94035

(Receiped 28 January 1970; accepreéf in revised forni 20 February 1910)

tical demetallation. Major {luorescence eacitation at 390 nm was cbtained for 600-690 nm
Wision. The abundance of porphyrin-fike material was cstimated to be about 107* pugfp. Similar
pigments were found in exhaust products from a lunar descent engine. Although the infall of metcor-
itic dust to the unar surface is appreciable and may be eapected to contain considerable carbon and
associated organic compounds including porphyring, the data suggest that most if not all of the
content of porphyrin-tike pigments of the lunar samples was probably introduced during landing of
the Junar module. I the pigments in the lunar fincs are indecd the product of rocket combustion,
_a novel synthesis has taken place. Anajogous types of syntheses perhaps occur in the cosmos where
simple compounds of carbon, hydrogen and nitrogen interact at lugh temperatures.

‘aci—{un:\r fines contain porphynn-like pigments as indicated by fluorescence spectrometry and

INTRODUCTION

PorPHYRINS in meteorites were once regarded as a strong criterion for the existence
of extraterrestrial life (BernalL, 1961), but more recent work has shown that such
pigmenis can arise in experiments simulating prebiotic planetary conditions (HobGson
and PONNAMPERUMA, 1968), and the existerice of prophyrins in extraterrestrial samples
now has a much broader implication. The appearance of simple organic compounds
in interstellar space (SNYDER et al., 1969; CHEUNG ef af., 1969), the condensation of
graphite from cool stars (DONN ef al., 1968) and cvidence for molecular absorption of
organic compounds in intersteliar space (JornsoN, 1967) suggest that astrochemical
synthesis of organic matter of considerable complexity is within reason. The current
study based on analysis of Junar fines produced evidence that prophyrin-tike pigments
were present. These pigments may have been synthesized from unsymmetrical di-
methylhydrazine at the temperatures of rocket engines—2000 to 3000°C. Analogous
types of syntheses may occur naturally in stellar atimospheres and interstellar space,
-This report presents a part of the results obtained by a group of investigators
.‘:b]ishéd as the- NASA Ames Rescarch Center Consortium to analyse the lunar
nple labelled **10086-3 Bulk A fines”. Results on the search for porphyrins by the
Consortium were recently published in abbreviated form (Hopcsan ef al., 1970}, and
.the object of this report is to provide more details of the data and to discuss more fully
the implications of the findings. Related analyses for porphyrins in lunar dust were

1829 )



1830 : G. W. Hopgson ef al.

LUNAR DUST | Lunar puUST

101 Gm
546 0m BENZEKE-METHANOL
BENZENE-METHANOL EXTHAGTION
EXTRACTION
. JU JRVUTE Y
- : EXTRACY : H EXTRACT

3

AT 3% .-
T ’ 3 3
CHROMATOGRAPHY Y o
uss " MSA
‘rsct 2.6 6

. ) CuP “

*21 68g” ‘256" “1vo 6"

Fig. 1. Left, partial fiow sheet for detection of perphyrins in three portions of overall
extract obtained for comprehensive organic analysis of lunar sample; right, flow shect
for confirmatory analysis of porphyrins in second sample of {unar fines.

carried out by Rro er al. (1970) who used a sequential extraction procedure and gross
demetallation by methanesulfonic acid, but no porphyrins were observed.

ANALYTICAL SCHEME

Porphyrins were sought in [unar fines by absorption spectrometry, magpetic circular dichroism
{MCDj} and ftuorescence spectrometry. In addition to passive observations of such spestra, several
ehemical and physical transformations were carried out on extracts of lunar fines to test the identifica-
tion of lunar pigments as porphyrins, The analytical approach was brigfly outiined by PONNAMPERUMA
ef al, (1970}, and in Part I of this series (KvENvoLDEN ef al., 1970).

A flow sheet retauing the analyses for porphyrins to the overalt analytical scheme is given in Fig. L.
In the course of eaamining the lunar samples for porphyrins, five specific portions of lunar extracts
were examined as cutlined in Table 1. in addition to these, numerouvs blank runs were made on sol-
vents, reagents and glassware; parallel analyses were done on two sand blanks and on a sample of

Table 1, Description of extracts analysed

: ! Equivalent Sample
Item Extraction Portion for porphyrin analysis . lunar fines (g) designaiion
i L. 15 abquoi of 23 % of exiract 25 25G
2 Firsty 546 g 415 aliquot of 23 %, of extracy . 100 . . 100G
3 1/2 of benzene cluate of 71% of extract | 210 21 GBE
g] Second: 101 3/4 aliquot of tolal exiract . 75 75G

14 ahguot of total extract . 26 . 226G




Curbon compounds in lunar fincs from Mare Tranquillitatis—II 1831

the Pucblito de Allende carbonaccous chondrite. Similar anaiys'cs were performed on substances
pertaining to the landing of the lunar module: unsymmetrical dimethylhydrazine, and-rocket
exhaust products collected in tiaps A and E described by Stsonwm e el (1969), With the exception
of some of the control analyses and the MCD measw ements, all of the work was done in a “clean™
laboratory which was cstablished specifically for analyses of lunar samples. )
Absorption and fluorescence speciiometry have been extensively used m prevsous studies of

"porphyrins in numerous terrestnal and extraterrestrial samples (Hooason et al., 1968; KYENVOLDEN
and Hopasown, 1969; Hobgsow and Bakir, 1969). The fluorescence technique has been especiaily
uselul in detecting nanogram concentrations of porphyrins in geochemical substances (Hopcson
wial., 1969). The technique involves incremental demetallation of the extracted porphyrin complexes
with methanesulfonic acid and the measurement of eacitation and emission spectra at cach demetal-
lating step. The use of magnetic circular dichroism is novel in its applcation to the identification of
porphyrins. This type of spectrometry was applied 1o lunar extracls in the hope that confirmation
could be obtained for the presence of the porphyrin structure suggested {rom the fluorescence spectra,
Because of this novel application of MCD it will be described in some detail.

Absorption spectromietry

Absorption spectra were obtained directly on lunar extracts using a Cary 14 spectrophotometer
with seou-miera cells and a 0-0 1 aptical density stidewire.

wetic circular dichroisn

agnetic circular dichroism is a sensitive nondestructive spectroscopic method for the detection
or nicialloporphyrins, which show thrce prominent absorption bards i the 350-700 nm region. The
positions of these three bands depends on thie metal and on the ring substituents. Adopting the
nomenclature of PLATT (1956), the transitton of lowest energy, at about 570 nm, is designated Qy_o;
the transition at about 535 nm is a vibrational overione of the 0-0 band; and the much more intense
transition around 400 nm is designatled B. The analytically important featurces in the MCD spectra
of metalloporphyrins arc the shapes of the MCD bands associated with the Q4 and B transitions,
¥ The cfleciive symmetry of metalloporphyrins is D, and all bands are degenerate. In a magnetic.
ficld the degencracy is lifted, and one observes the S-shaped MCD bands characteristic of A terros
(Bucxingtaxt and STEPHENS, 1966). Previous studies (STEPHENS ef al., 1966) as well as the reference
sspectra collecied for this profect (Hopcson and BUNNENBERG, unpublished) show that the magnitudes
of the A terms of the B and Qoo bands are comparable even though the absorption coefficients of
these bands ciffer by an order ol magnitude. As a representative example, the MCD curve for
Mg(1I} deuteroporphyrin 1X dimethyl ester is shown in Fig. 2. Some metalloporphyrins {e.g. Cu(ll)
porphine], however, exhibit considerably more intensc A terms in the B band than in the @ band.
The utility of MCD for detecting small amounts of metaltoporphyrins derives from: (1) the intensity
of the two prominent MCD bands, (2) their characierisic S-shape, and (3) the observation of two
such bands in parlicular regions of the specirum. It should be noted that MCD could also be used
for the detection of metal-free porphyrins. However, since the MCD bands are much weaker a
considerably larger sample would be required. . . .
MCD data were displayed dircctly in analog form, and in addition were processed by computer
in order to gain increased sensitivity. The most secure and conservative sampling mode was used for
the lunar sample measurcments. The visible portion (335-650 nm) of the spectrum was scanned,
The raw data obtained from the Iunar sample and the sand blank measurcments were carrected for
the reference blank (cell plus solvent). The resclting curves were smoothed and are presented in
Fig. 3. Measurcments were made on a specially constructed MCD instrument {to be described
elsewhere) at ambient temperature in a magnetic field of 49,500 G, The [ight~paih length of the cells
was | cm. .

afiuoremetry and deniciaflation

pectrofluorometry was done with an unmodified Turner 210 instrument using standard stoppered

1 x 1 emcells. For demetallation analysis, the procedures previously described were used (Hongson
sef al,, 1969},
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REesuLTs

Abundance of spec:ﬁc pigmented compounds in extracts of lunar samples was so
low that absorption spectrophotomctry failed to reveal any spectral features in the
range of porphyrin compounds, i.c. from 350 nm to 700 nm, from which it is concluded
that porphyrins, if present, were less than 100 ng per sample. For 10 g samples, the
indicated content was less than 10~% pgfg. While magnetic circular dichroism and
spectroﬂuoromctry arc substantially more sensitive than absorption spectrophotom-
etry, it is clear that any data obtained by the latter methods were not far above their
limits of detection, and for that reason were not of customary precision nor entirely
rcc of spcclra! and chemical noise. In the light of this, a certain subjectivity in treating

he data is to be expected, but the major fi f ndings are above such questions, with
only auxiliary data open to variable mtcrprctauon In some instances, extracts were
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i EXTRACT OF LUNAR FINES

]

1 EXTRACT OF SAND BLANK

L0D(x104)

400 500 600
WAVELENGTH - NM
Eig. 3. Plot of magnetic circular dichroism data obtained from lupar and blank
extracts as measured 1n a magnetic field of 49,500 G. The curves have been corrected

for the cell plus solvent reference blank. A cell of I-cm light-path length was used;
' solvent, methanol.

identified to the analysts only by a code designation, in an attempt to promotc com-
.plete objectivity.

Absorption spectrophotometry
* Mo evidence of Soret nor non-Soret bands was obtained.

Magnetic circular dichroism

A critical examinalion of the MCD curve of the lunar extract (in methanol)
shown in Fig. 3 reveals that:

1. The A term in the vicinity of 570 nm is definitely not present

2. The approximately equal spacing between the positive and negative signals in

the 335-475 nm region strongly suggests that these signals are actually instru-
mental artifacts, notwithstanding their relatively greater intensities as compared
to the MCD curve of the sand blank.

On the basis of the criteria established, we conclude that the amount of metallo-
porphyrins, if any were present in the lunar extract, must have been less than 7 ng.
Thus, examination of the total of samples 2:5 G and 10:0 G before thcy were divided,
i.e. the eatract corresponding to 12-5 g of lunar soil, failed to show any spectral re-
sponses that could be attributed to porphyrins and thei: concentration in the lunar
Sallas therefore less than 6 x 10™% upfg.

FTGrescence spectromelry

¢ Two extracts of lunar dust corresponding respectively to 12-5- and 10-1-g aliquots
of the lunar fines showed considerable fuorescence, as illustrated in Fig. 4. For



1834 G. W. Hopason ef al.

emission at 625 nm, excitation scans through the Soret region of the spectrum showed
a major peak at about -f60 nm, with a distinct peak at about 387 nm and a shoulder
at about 482 nm. Similar scans were obiained for other emission wavelengths,
and in general the practice was adopted of doing multiple excitation *“cross scanning”
through regions of interest in the emission range, in order to discern more sensitively
any emission maxima which on direct observation were badly obscured by background
noise. In this manner, families of excitation curves were obtained from which could
be established the location of emission maxima.
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Fig. 4. Excitation spectra of lunar extracts, Solvent, methanol.

Porphyrins do not commonly have Soret absorption above 430 nm, and the excita-
tion features at 460 and 481 nm were not believed to be due to porphyrins. The
smaller peaks at 387 nm were tentatively regarded as possible Soret excitations of
porphyrins, cither frec-base or complexed with diamagnetic metals. Complexes with
paramagnetic metals were unlikely, since, if present, their Sorct bands would have
been detected in absorption spectrometry at the levels of fluorescence sensitivity
involved. ’ e

While information on the chromatographic bzhavior of the observed pigments
would have been helpful, paucity of material precluded such an approach. Some
information, however, was available from the examination of solution 21GBE,
equivalent to a 21-g sample, which had been chromatographed on silica gel (Part I
of this series). Sample 21GBE was the benzene eluate, and it contained some of the
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samte pigments but in substantially lower quantitics, from which it is concluded that the
p;nmcms of Fig. 4 would, have cluted with either n-hexane or methanol. Compiexcs
of porphyrins in terrestrial geochemical samples are generally nickel, vanadyl or iron,
and these compounds elute respectively with n-hexane-benzene (9/1 vfv), benzene
and methanol (HobGsox et al., 1968).

Analytical demetaliation
" Methanesuifonic acid was added incrementally to the extracted pigments in diethyl
ether with fluorescence monitoring for the onset of demetallating reactions. Figure 5
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Fig. 5. Demetallation analysis of lunar extract “2-5 G" showing cmergence of very
wezk fluorescence early in the reaction, followed by the major reaction at about
205, MSA.

shows data typical of this approach for the lunar samples. For sample 2:5 G, it shows
a short initial period in which no change in fluorescence is noted, after which 2%
methanesulfonic acid (MSA) produced a very small excitation feature at 410 nm
for emission at 660 nm. This weak band remained unchanged in intensity until
-about 209, MSA had been added, at which point it was replaced by a much stronger
excitation peak emerging at 390 nm. This increased in intensity until 30 % MSA was
reached, after which it remained nearly constant. Similar behavior was observed for
the demetallation of authentic porphyrins of terrestrial rocks (HODGSON er al., 1969) -
and for porphyrins of carbonaceous chondrites (HopGson and BaKer, 1969). Of
particular interest was the obscrvation ti{;at the process involved two steps. The
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other four é:unplcs listed in Table | showed similar demctallation patterns with the
same two-stage increase in fluorescence, Summary data for these samples are given in
Tdble 2. )

Demetaltation at about 25 % MSA for the emergence of a Sorct band at 388 nm
for 660 nm cmission is not commonly obscrved for naturally occurring terrcstrial
complexes of prophyrins. Threshold values are normally highery generally in the range
above 40 %, MSA. Sorct bands generally appear at longer wavelengths, commeonly at
410 nm.

Free-base recovery

The response observed in the course of MSA demetallation analyses was probably
duc to the generation of {rec-base porphyrins, and an attempl was made to recover
them for further spectral examination and chemical processing. Partition of the prod-

'
Table 2, Demetallation of lunar pigments

‘Demetallation threshold (S4MSA) Soret position {(nm)
Sample Initial . Major Early Late
25G 2 19 . 410 388
100G 3 31 410~ aes
21 GBE k- 25 384 386
5G 5 26 388 387
246G _ 25 (400) 39§

Note: “Imtial™ threshold in all instances was very weak, and estimation of the position
of an cmerging Soret band was difficult to make. -
( ) uncertain.

ucts of the MSA treatment betwéen ether and saturated aqueous sodium acetate
was used for this purpese. . .

Tn the ether layer, excitation attributable to porphyrins was barely discernable.
Extraction of the ether layer, however, with 6 N HCI transferred free-base pigments to
the aqueous layer where ﬂuorcsccnce‘ was clearly detectable. For example, Fig. 6
shows a family of excitation curves in addition to an emission curve for presumed
free-base porphyrins recovered from sample 10-0 G. Emission bands were evident at.’
600, 630 and 680 nm. Threc-band emission spectra are not common for crdinary
terrestrial geochemical porphyrins in acid solution, and it remains to be seen whether
the observed pigments.represent a single class of compounds or a group of two or more
with different fluorescent spectra. Terrestrial geochemical porphyrins generally
show a single inlense cmission band at about 660 nm in aqueous acid solution.

Fluorescence characteristics of free-base pigments recovered from the four
other samples are shown in Table 3. These data again are different from those for
terrestrial geochemical porphyrins in detail, viz. 389 vs. 410 nm for Soret excitation.

orphyrins of carbonaceous chondrites in HCI show a range of positions with a num-

ir of samples exciting at 390 nm, closely resembling the pigments of the lunar fincs.

Transfer of the lunar pigments to glacial acetic acid for subsequent complexing
with copper caused a shift of a few nanometers toward longer wavelengths, as shown
in Table 3. This kind of behavior is not unexpected for free-base porphyrins.
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Table 3. Fluorescence of free-base porphyrins aftcr
demetallation

Solvent
Sample Ether SN HCE HOAc
253G 3857660 389/660 395/660
390/660
100G 390/625 389/630 390/630
- 3881625 -
21 GBE 387/690 389/600 392/660
TS5 G 387625 njat nfa¥
226G nfa 388/620 nfa

® 385/660: Excitation maximum at 385am for

emisston at 660 simn.

t Pigment appacently destroyed by trace of H,;S in

HC! solution prepared from HCl gas.
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Complexing with copper

To further demounstrate behavior of the [unar pigmenfs consistent with that of
authentic porphyrins, the recovered frec-base pigments were reacted with cupric
acctate in glacial acetic acid to produce non-fluorescing metal complexes. Thus,
Fig. 7 shows excitation in the Soret region before the reactions, foilowed by appar. -
ently complete suppression as a result of the complexing reactions,

Abundance

On the assumption that the pigments detected in the demetallation analyses were
porphyrins—the spectral data were not consistent with those for azaporphyrins .
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Fig. 7. FIuorcsccncc spectra before (solid lines) and afier (dotted Imcs) complcxmg with
. copper, in glaciaf acetic acid. .

(Ervibce, 1956), nor phthalocyanines (MOSER and Tuomas, 1963)—ithe amount
present in the larger samples was estimated to be 1 ng. The smaller samples showed
smaller amounts, and the general concéntration was therefore indicated-to be §0-¢
- pgfg in the lunar fines.

Blanks

(i) Solvents and reagents: diethyl ether was purified by distillation; MSA was
used as received. Considerable variation was noted, however, in the quality of the
MSA as received from the supplier (Eastman #6320) and occasionally [reshly-opened
bottlés could not be used beeause of the appearance of strong excitation at 380-3%0 nm
in the course of blank runs involving only ether and MSA. In the best blank runs, &

-small excitation was always observed, and this could not be preveated by ordinary
purification procedures involving adsorption or distillation. No evidence of spurious
fluorescence was noted for blank analyses invelving the other reagents: hydrochioric
acid, sodium acetale, cupric acetate and distilled water.
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(i) Complete procedural blanks were run in parallel with analyses of lunar extracts.
For lunar samples 2-5 G and 10-0 G a single sand blank was used. It consisted of
Ottawa sand fired at 1000°C for 48 hr 1 the atmosphere. Another aliquot of the same
sand blank solution was used with sample 2IGBE. A further sand blank prepared in
the same manner was used in connection with lunar samples 26 G and 75 G.
Although, as noted above, minor cxcitation at 380-390 nm was always present in
demetallation analyses at high concentrations of MSA, the data obtained for the -
lunar extracts were always significantly stronger. This is clearly illustrated'in Fig. 8
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Fig. 8. Comparison of Allende and sand blanks with demetallation analysis for lunar
. and rocket exhaust determinations.

by a direct comparison of the lunar resulis with those for a sand blank, which shows
that the peak height for the tunar extract was more than 12 times greater than that for
the blank.

(iii} Figure % also illustrafes the difference between the lunar resvlts and those
obtained for the demetallation of an eatract of a sample of the Pucblito de Allende
carbonaceous chondrite included in the same overall analytical program (Part I of
iris series). Although some samples of this meteorite showed detectable amounts of
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porphyrins (HODGSON ef al., unpublished), the pacticular sample included in the present
sindy gave demetallation results in which no evidence of the pigments was observed,
Thus, the Aliende results provided a further check on the control of spurious sub-
stances in the course of the analysis for porphyrins.

While the behavior of procedural blanks as outlined above showed that confidence
could be placed in the observations obtained for the lunar substances, the 380-390
excitation for emission in the red was unfortunate. The unknown substance which
exhibited this fluoreseence (which typically amounted to 1-3 per cent of the baseline
ftuorescence at 33 % MSA) did not however, follow porphyrins in subsequent recovery
operations for free-base porphyrins and as a result, the likelihood of misinterpretation
of demctallation daia becausc of trace impurities in the MSA. was very small

Rocket fuel and exhaust

(i) Rocket fuel (unsymmeirical a’rmetﬁyilzydrazme) The lunar descent rocket
engine was fueled with unsymmetrical dimethylhydrazine, and while the possibility
that this substance contained porphyrins was very slight, it was nevertheless examined
for fluorescence responses similar to those observed for the lupar fines. To | mi of
cther was added 100 ub of unsymmetrical dimethylhydrazine and the customary
demetallation analysis carried out. No evidence of porphyrins was obtained, nor was
any similarity with the lunar analyses noted.

(i) Trap A Exhaust. A sample of exhaust products from a test firing of a rocket
descent engine described by SIMONEIT ef al. (1969) was obtained from Trap A, through
the courtesy of Dr, A. L. Burlingame, University of California, Berkeley, It was
collected in the first trap of a series cooled by liquid nitrogen, and contained 2 wide
variety of decomposition and polymerization products involving carbon, nitrogen and
hydrogen. As shown carlier {(HopGsoN e al., 1970), on direct examination by
fiuorescence spectrometry it exhibited broad excitation at 450 nm and minor excitation
“at 385 nm, with a shoulder at 510 nm for emission measured at 600 nm. These data
are similar to those for the lunar fines illustrated in Fig, 4 measured under essentially
the same conditions. Direct extraction of Trap A material with 6 N HCI gave a
strong peak at 390 nmn; smaller peaks were observed at 470 and 527 nm, as shown in
Fig. 9. These results suggest that the compounds tentatively identified in the lunar
extracts as porphyrin-like pigments were present in the rocket exhaust to a large
degree as free-base porphyrins (or perhaps as metal complexes readily demetallated
by 6 N'HCI). Inaddition, the 470 nm peak resembled that of the immediate precursors
of porphyrins generated fron ammonia, methane and water (HopGsoN and Ponn-
AMPERUMA, 1968).

MSA. demctallation analysis of Trap A material was obscured by background
substances, but initial excitation at 412 nm for emission at 630 nm was detected at
5% MSA. Thisincreased in intensity and persisted until a concentration of about 20 %
MSA. was reached. At approximately 309 MSA the customary 3%0 nm excitation
band appeared and intensificd with further additions of MSA. The data obtained on
this sample suggest that the pigments detected in extracts of lunar fines were derived
directly from the exhaust of the lunar medule rocket engine.
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Fig. 9. Fluorescence of trap A rocket exhaust showing evidence for frec-base porphyrms
in poruon soluble in hydrochloric ac:d

(iii) Trap E. Exhaust products collécted in Trap E (SIMONEIT of al., 1969) supplied
by Dr. D. A. Flory,-Manned Spacecraft Center, Houston, were extracted from the
dunite contained in the trap and treated in the same manner as the lunar fines.
Spectrophotometry revealed strong absorption bands at 385 and 365 nm. Figure 10
shows the progress of demetallation analysis aflter initial examination. It gave cssen-
tially the same excitation pattern as for Trap A, as summarized in Table 4. Compari-
son of the demetallation analysis for this sample with that of a lunar sample is afforded

Table 4. Demctallaiion of rocket-cxhaust pigments ‘

- Demetallation threshold (¥ MSA) Soret position (nm)
| Sample Initial Major Early Late in HC!
Trap A 5 30 : 412 350 nfa

Teap E 3 29 - : 430 387 . 38e
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Fig. 10. Analytical demetallation of pigmicnts extracted from trap E.

in Fig. 8 and again, there can be little doubt about the similarity betwaen the behavior
of the two samples. The amount of fluorescing pigment in the dunite from Trap E
was estimated to be about 50 times that present in the Junar fines,

MCD analyses on rocket exhaust substances failed to confirm the presence of
porphyrins. A large number of compounds were indicated to be present, however,
and an S-shaped spectral feature was observed at 380 nm. In detail, the band was
reversed in sign and rather sharper than iscustomary for metal complexes of porphyrins.
Chromatography on silica gel of rocket products extracted from the Trap E dunite
resolved the mixture to some degree with the 380 nm material appearing in the n-
hexane eluate. Subsequent cluates (n-hexane-benzene and benzene) were nearly free
of this substance and showed much broader bands, but these could not be confidently
attributed o porphyrins. Absorption spectrophotometry showed strong absorption
at 383 and 361 nm for the hexane eluate, in good agreement with the foregoing data.

CONCLUSIONS
The analytical data collected in the ana[yses of the lunar fines for porphyrms may
be summarized as follows:
I Fiuorescent pigments were present in the lunar fines returned by the crew of
- Apollo 11
2 A portion of the pigments appeared to bc porphyrin-like.
3. The porphyrin-like pigments of the lunar fines resembled porphyrins detected
in carbonaccous chondrites.
4. Rocket cxhaust products contained pigments which were smmar to thosc in the
tunar fines.
The conclusions to be drawn from the 2nalyses are:



Caibon compounds in lunar fines from Mare Tranquillitatis—IX 1843

{a) The lunar porphyrin-like pigments were probably derived from exhaust

roducts of the lunar landing module; and

(b) Porphyrin-like pigments appeared to be synthesized from simple compounds
conlaining carbon, nitrogen, hydrogen and oxygen under conditions of very high
temperatures,

1t is possible that indigenous porphyrins exist on the surface of the moon. , These
may result from (a) incorporation of carbonaceous primordial matter during the
accunulation of the moon (Urty, 1968), and/or (b) the infall of extra-lunar materials
during the lifetime of the moon. Little can be evaluated with respect to (a), but (b}
can be briefly tested on the basis of indicated infall (KEeays et ai., 1970} and the por-
phyrin content of carbonaceous chondrites (HopGson ef al., 1969), from which 2
porphyrin content of about 107% wgfg of lunar fines is estimated. This is an order of
magunitude lower than the measured level, and is therefore in keeping with attributing
the bulk of the indicated porphyrins to the combustion products of the rocket.

If a synthesis of porphyrin-like compounds at the temperatures of rocket engines
(2000-3000°C) takes place from simple precursors of carbon, nitrogen, hydrogen and
oxygen, such & synthesis appears to be a novel process. 1t is not clear whether the
carbon-nitrogen-carbon bond of unsymmetrical dimethylhydrazire remains intact
in the process; if it were to do so, it would give rise to a major part of the pyrrole
subunits making up the structure of the porphyrins. While the synthesis itself is of
interest, it has interesting implications in the context of the generation of moderately
complex organic matter wherever simple compounds of carbon, nitrogen, hydrogen
and oxygen exist together 2t very high temperatures. Such conditions may prevail
in the cosmos (VARDYA, 1966; FIELD ¢t al.; 1969).
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REPORT ON THE ANALYSIS OF ORGANIC EXTRACTS OF LUNAR SAMPLES
H~5 AND CP-10 FROM APOLLO 12 FOR METALLOPORPHYRINS
BY MAGNETIC CIRCULAR DICHROISM SPECTRQSCOPY°

By E. Bunnenberg, W..E. Reynolds, 6, H. Scott, R. A, Stillman,
and D. L. Elder

Abstract: The magnetic circular dichroism spectra of samples H-5 and CP-10 did not
provide evidence for the presence. of metalloporphyrins. The detection limit, with

veference to the Soret band of Mg(II) deuteroporphyrin IX dimethyl ester, is 1 ng/ml.

Introduction

The unique utility of magnetic circular dichroism (MCD) as an analytical speciro-
scopic technique for the detection of small amounts of metalloporphyrins that may be
present in lunar soil can be seen from the MCD spectrum of Mg(II) deuteroporphyrin
IX dimethyl ester shown in Figure 1. First, since the molar magnetic ellipticities
of the prominent MCD bands have large values, .ve'ry small amounts of sample are re-
quired. Second, the MCD bands have a characteristic and well defined S-shape. Third,

the observation of two S-shaped bands in particular regions of the spectrum (around 400

-and 580 nm) can be considered to be diagnostic of metalloporphyrins. Finally, the

method is nondestructive.

*Experimental

The operation of the magnetic circular dichrometer and the data sampling techniques
employed were discussed in some detail in the previous reportl on MCD measurements on.
extracts from Apollo 11, Consequently, only those experimental details which are.
pertinent to the Apollo 12 measurements are included in the present report.

Improvements in the mégnetic circular dichrometer as well as_optimization of the
scan conditions with respect to inherent instrument instability have resulted in the

establishment of a new detection limit. The detection limit is now 1 ng/ml referred

To the Soret band at Mg(II) deuteroporphyrin IX dimethyl ester. Direct plots (i.e.,

not smoothed) of the MCD curve cbtained in the Soret region from a solution containing
1 ng/ml of ¥g(II) deﬁteroporphyrin_IX dimethyl ester in 95% ethanol are shown in Figure
2. It should be noted that the diagnostic detection limit is about 3 ng/ml because of
the difference in the intensities of S-shaped MCD band in the éoret vegion and the

more prominent one at longer wavelengths.



In order to obtain an optimum balance between the measurement time required fon
+he detection of weak signals under high noise conditions and the inherent insTi;ment
long-term instability, the measurement procedure involved separate sample and s\lvént
baseline measurements in the Soret region (350-450 nm) and in the red region {kiy-

650 nm). Since no evidence was obtained from the direct data plots of the MCD vupves
from either sample in the Soret region measurements were not made in the 450-853 npn
region.

Two sampling modes were used for each of the two lunar samples. In the fisngt
mode, MPS, the monochromator was stepped from 450 to 350 nm in 0.5 nm steps. AT each
measurement point 32 cycles of data were taken, In the second mode, RSA, the eutire
wavelength region (350-450 nm) was scanned repetitively (32 scans for H-~S and 6% scans
for CP-10) in 1 nm steps and the data obtained after the repetiti@e scan cycle was
completed were averaged. In each mode the most sensitive scéle of the Brower Lowk-in-
Voltmeter was used (A OD = 0.00005 Full-scale). The Brower rise-time was 0.1 Sevonds.
The monochromator slit width was 0.5 mm. Separate baselines corresponding to gaweh
sampling mode were obtained. The curves discussed in the next section have been

corrected for the solvent baseline.

Results
Direct data plots of the MCD curves obtained from sample H-5 are shown in Ijgures
3a (MPS) and %4a (RSA). The smoothed curves (11 point) are shown in Fipures 3b and ub.
Corresponding curves obtained from sample CP-10-are presented in Figures 5 and 6, .
: Comparison of the MCD curves obtained from samples H-5 and CP-10 with the calibra-
tion spectra shown_ip Figure 2lreveals that metalloporphyrins are not present in {he

amounts greaater than 1.0 ng/ml. -
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LUNAR PIGMENTS: TPOSSIBLE PRESENCE OF

PORPHYRINS IN AN APOLLO 12 SAMPLE

fbstract. Porphyrin*like.pigments were found in a sample of lunar
fines (12053) collected on the Apolle 12 mission at a sampling poiné
well removed from the lunar landing vehicle. - Abundance of the pigments
was estimated to be 5 x 10735 pg/g. This sampie appeared to bé'free of
rocket exhaust products whereas a saﬁple of lunar fines taken from near
the lupar module (12001) showed counsiderable amounts of fluorescent

pligments whicll are attributed to the exhaust of the rocket engine.

J

The_prese?ce of carbénaceous matter and specifie organic compounds
“4n meteorites (1), in comets (2) and interstellar séace (3) indicates
that organic matter-is generated extraterrestrially (4). Lunar fines
were examined for organic compounds (5), and evidencé was obtained for
the presence of porphyrins in the fines of the Sea of Tranquillity (6).
.Thgse pigments were thought, however, to be due in part at least to a
novel synthesis of porphy;in—like‘compounds from unsymmetrical dimethyl~
hydrazine taking place in the fixing of the retro~rocket of the lunar
module (LEM). In that investigation tﬁe quéstion of whether .porphyrins
were indlgenous to the.lunar surface was not answered. The present stu&y
afforded a further opportunity to attempt to resolve the question through
the availzbility of-twoléample; of lunar-fines from widely spacea locations
visited during the extravehicular ;ctivﬂty of the Apolleo 12 wmission. One
sample (12001,27) was collected near the LEM, and was designated as the -

¢lose-in sample; the other was taken at.a location most remote from the

landing point, 440 m from the LEM and 500 m from the site of Surveyor 3 (7).
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Xt was a portion of sample 12023 t-':h:f:ch fhiad been packaged in the lumar
environment sample contalner {LESC_)._ This sample was taken froma; trench

20 cm below the lunar surface. It was designated as the remote sample. Thus
the likellhood of contamination from the retro~rocket was high In the

case of the close-in sample a;ld low for the remote sample. The close~in
sample exhibited fluorescent §igments characteristic of rocket eadua\:tst
similar to the findings in Apollo.ll; the remote sample was free of such

contaminants and showed the presencé' of porxphyrin-like compounds.

The methods used in the present study were substantie;lly the same

‘as those used in the Apollo 11 seaxch for porphyrims (6). The overall
organizatioﬁ of the analysis of :the lunar sample.é was the same as before,

- The samples used are listed in Table 1 along with the blank samples

* dncluded in the study: Pueblito de Allende meteorite, basalt lava fron
Hawail and tektite from Thailand. The lunar samples were extracted

- directly in the benzene-methanol (9:1}) and the <J;rganic extractes were
subjected to spectral ar.lalysis involving fluorescence, zbsorption and
magge;tic cir.cular dichroism (¥CD) spectrometry. This wag f_ollbwed with
analytical demetallation for porphyrins (8), after which free~base
Yecovery and remetalla:tion procedures were undertaken. Improvements
in the methods centered on a shayp increase :L-n sensitivity for the MCD
examination, and on more extensive remetallatiocn of the f;'ee-base. pigments.
Attempts were also made to determine if any fluorescent organic plgments

were imbedded within the mineral grains of the lunar soil.

Blank analyses involving solvents and reagents were consistently

negative, Sample sizes'for the blank deteu;minétiona rénged from 5

JUL 17 1970
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to 10.g, and results for all of these were below détection‘limits.
Detecéion limits for porphyéins vere re—determined‘from those reporéed
earlier (8) by using deuteroporphyrin dimethyl ester lu free-base foim

in 6 N HCI im such a manner that the results would apply directly to the
lunar analysis samples. Excitation spectral responses were clearly
_discernable above background noise for 0.05 ng of free-base porphyrius,
and considering all of the analytical factors involved in analyses of
lunar samples the de%ection limits for such samples were taken to be

¢.1 £ 0.05 ng. Work with the authentic porphyrin was done after. all

of the lunar and blank analyses had t;een' .completeci. to avoi‘d possible
cqntamiﬁation of the analytic;l system. Detection limits were &étermined
for the impioved ¥CD meé@od using the magnesium cémplex of deuteroporphyrin
under the same éﬁnditions as were used for the analysis of the lunar
extracts. The-MCD detection limit fo;;ﬁetalioﬁorphyriﬁé was taken to be

3 ng.

:Direct spectroflﬁorometry of the extraét from the sample of lunar
fineé'taken from near the LEM showed nearly-the same type of response as
that for the Apollo 11 samples, naﬁely a strong broad excltation band
at 450 nm for emission at 680 nm'(6):' Paréitioning between ether and
hydrochloric zcid res;lted in all of the fluorescing pigﬁents zempalining
dn the organic phase and accordingly there was no dindication of-free—base
porphfrins at £his stage. A Weak excitatlion band observed at about 390 am
in the Apollo 11 analyses was not clearly detected in the present determination.
Reither absorption nor MCD spe;tromntry showed the preseace of porphyrins.

The 4507660 nm fluorescence was probably due to rocket exhaust as suggested

in the Apollo 1l1-analyseg (6).
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Methanesulfonic acid (MSA) was used to éemetallate any porphyrin
complexes present in the extract of the close—in sample. Porphyrins
did not appear above the background fluorescence, in contrast to the
results for Apollo 11 in‘which pbrphyrinwlike plgments were obsexved to
demetallate at this stage with a threshold of zbout 257 MSA in ether.
Regular recovery procedures were used to search for free-base pigment§
in tﬁe products of the MSA reactlon, but little if any igdication of

such pigments was cobtained.

" Direct spectrofluorometry of the oréauic matter extracted from
‘the remote sample showed no discernable -excitation in the region
from 350 to 500 nm for emission in the red end of th; visible spectrum.
There was no indfcation of frée—base pofphyrins, nor of fluorescing
plgments asgociated with rocket exhaust. Figure 1 shows the marked
différence between the extxacts of this sampie and ghose of the sample
taken from near the lunar module. Absorptioﬁ spectfophotometry showed
notﬁing. MCD spectrometry, after data.aquisition and reduction by computer,

did not show bands that could be attributed to metal complexes of porphyrins.

The extraordinary low background of fluorescence in the extract of

i

the remote sample made it possible to detect the onset of a %éak'excitation
band in the ﬁsg demetallation analysis. This gand emerged at about 420-425
nm for emlssion in the 600;700 nn raﬁge. The thieshold for the reaction
was about BOZ'MSA and the intensity of the ﬁand increased moderately

during the latter part of the analysis. Recovery of presumed free-base
pigments was accomplished in the ﬁsual manner after th; c;ncentration of

HSA reached 70%. ¥ree-base recovery showed no specific fluorescence in

ether solution probably because of extensive gquenching commonly observed
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during this stage of tha analysis. Extractgén'of the ether solution
;?ith 6 N HCl revealed a fluorescent pigment excitir;g at 390 nm for
emission in the cuéﬁﬁmar& porphyrin range. Cross-piotting of the
excitation data to reduce the effect of background fluorescence showed
emission maxima at 590 nm:&minor band) and 623 an émajor band) &s
illustrated in Figure 2, Authentic porphyrins commonly show double-banded
emission in the red end of the spectrum in Hbl s‘olution, e.g., dentero—
porphyrin dimethyl ester, a; 606 and 660 nm. Coﬁparison of similarly
plotteé excitation data for the porphyrin-like éompéunds of the Apollo 11
samples showed maxima’ at 625 and 580 nm and for this reason were clearly
distinguishable from those of the remote salﬁple of Apollo 1Z. on the
8ssur.nptn'jon that t'r.le Apo]:lo 12 pié,ments wvere porp'n‘yr'ins, th'eir abundance
was estimated to be 0.5 ng, corresponding to 5 x 107° pg/g. The amount

detected wés aﬂouf 5 times zbove the datection limit of the method.

The pigments recovered from the remote sample wexe. subjected to

" remetallation procedures_ {contact with metal acei;ates in glacial acetic

acid at 100°C for about 10 min.) involving copper and zinc to give non-
fluorescing and fluorescing complexes respectively, after the manner of

) ;uthentic porphyrins. -Although the amounts of presumed free-base porphyfins
available for the test were very small, major quenching was observed for tlie

copper complex, and minor quenching for the zinc complex.

Table 2 summarizes the several fluorescent pigments encountered in the
search for porphyrins in lunar samples and related samples fiom the Apollo
11 and 12 missicns. Four classes of pigments were-detected: ™AW, MBY,
"C" and “?". Pigment "Aﬂ.cémprﬁsed organic substances fluorescing at 450/600 nm

(450 nm excitation for 600 nm éﬁ:ission)e They were present in close~in Apollo

JUL 17 e
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11 fines and rocket exhaust, gnd_also in the close—-in sample of Apolle 12.
These compounds were not po%phyrinic. The other three groups of pigments
resenbled porphyrins. " "B" behaved like a free-base porphyrin, and “Cf
was probably the same pigment complexed with metals. Both were present in-
the several samples analysed from the Apollo 11 mission., Pigment "DV
appeared also to be a metal complex of a porphyrin, but it was distinguishable
from "C" since (1) the MSA demetallation threshold was 50% contrasted with
25% for "'C", and (2) that the pairs of'emission bands were not only diffgrent
in position but different in relative Intensity.

Whethexr the poxphyrin-like pigments are surficial ‘or imbedded has
implicationé with regard to the origin of the material. The clgse-in
sanmple was exhaﬁstivel& extracted in the as-received state and then re~
extracted after crushing the mineral grains in a mortar and pestle.
In additlon, the fines were etched with hydrofluoriec acid. Neither approach
appeared to release ad&itio;al pigmaﬁts. Crushing of the remote sample -
also‘failed to release more fluorescent pigﬁants. It is concluded that all
of-the fluorescent pigments are either on the surface of the mineral -
grains or exist in porous particles readily penetrated by organic solventé.
The results suggest-that the porphyriﬁ-like pigments D" may have)éome féom
extralugar.particles with physical structures similar to types I and II
carbonaceous chondrites. At least 1% of the lunafhregolith.is helieved
to be due to the infall of extralunar maferials resembling carbonaceous

‘meteorites (9).
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“TABLE 1

SAMPLES ANALYZED

Descriptilon.

Lunar, Apollo 12 ~ close-in to lunar module

Lunar, Apollo 12 - remote from lunar module:'-

Pueblito de Allende — interior of large

. individual (qunvolden et al., ref. 5)

2

Basalt - Kilauea eruption; Hawail, Aloi-Alae,
February, 1970

Tektite - N.E. Thailand

Tdentification

12001,27
ARC 12023.03

NASA 31-44

NASA 040270

NASA 040770

Wt. Analyzed, g.

5.0147
10.111
10.00

10.40

3.03
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TABLE 2

Sunmg;y of Presence of Fluorescent Pigments Iin

Lunar Samples from Apollo 11% and 12 and Related Blanks

Fluorescent Pigments

VA “B* S G ‘ -t
Exc?tation/emission . 450/600 nm :390}600 nm © 350/625 nm - 390/625 nm
cmetallation threshold . OZ.NSA 0% MS& - 257 MSA T 507 MSA
iigﬁent characteristics not porphyrin porphyrin-like porphyrin~like porphyrin-like
Solvent partition test . organie . free-base ’ coup lexed comple;ed
. Apollo '11 10,086 (i) fines PRESENT#% .PRESENT . PRESENT /M
(41) fines . PRESENT . PRESENT - PRESENT - B/
Apollo 11 Trap A, .exhaust‘ " PRESENT PRESENT ~ °~  PRESENT P/M
) Trap E, exhaust _ PRESENT ~°  PRESENT PRESENT  P/M
‘Apollo 12 Basalt blank DL BDL ‘ Comm . .- BDL
Apollo 12 Lunar dust, close-in PRESENT om0 om0 e
Apollo 12 Tektite blavk 7 UBDL : L . BBL ,‘ T
Apollo 12 .Lunar dust, remote- " BDL o ~ IBDL * BDL - " PRESENT
Apollo 12 Allende blank - S e mmw BIL

%  Apollo 11 data summarized from reference (6).

%% Notes: "PRESENT" - pigment is present-at levels significantly above detection

" limits.
P/Y. - plgment may be present but masked by other pigments.
BDL « = below detection limits.
DL- -~ pigment possibly present, but only near detection levels =-

_ detection very uncextain.

x
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FIGURE CAPTIONS

Figure 1. Direct fluorescence examination of extracts of two samples
of lunar soil from the.Apollo'lz mission. Included alsec are
corresponding data for a procedural blank, Note that fluorescing
pigments evidently from rocket.exhaust are not present in the

remote sample.

Figure 2. Cross-plotted data fox apparent free~base porphyrins -
recovered from demétallation analysis of rempte-sample of lunar soil,
Removal of backgrpund fluorescence reveals clear-cut minor band
(590 nm) and major band (625 nm). Curve for porphyrin—liké-pigments
of Apollo 1l samples was constructed from data previously given : )
in figure & of yef. 6; that for deuteroporphyriq fr;m divect emission

for 400 nm excitation. -6 N HCl solvent in all cases.
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REPORT ON TIE AFALYSIS OF AN-ORGANIC EXTRAGT
(ARC) OF THE LUNAR SAMPLE FOR METALLOPORPHYRINS
BY MAGNETIC CIRCULAR DICHROISM

by E. Bunnenberg and W. BE. Reynolds

Abstract
The magnetic clrecular dichroism spectra of sample ARC did not provide

evidence for the presence of metalloporphyrins. The detection limit, with
reference to Mz(II) deuteroporphyrin IX dimethyl ester, is about 7 nz/ml.

Introduction

The purpose of this investigation has been to provide a sensitive
nondestructive spectroscopic method, magnebic circular dichroism (MCD),
for the detection of metalloporphyring in lunar extracts. MCD is a
particularly useful technigue for this purpeose sinee the observation of
two Seshaped bands in the MCD spectrum of the Junar extract would provide
more secure evidence for the pregsence of these compounds than is available
from other spectroscopic technigues. A very brief discussion of the
electronic transitions and MCD spectras of metalloporphyrins will indicate
the analytical application of this method. N

- Metalloporphyrins shov three prominent gbsorption bands in the
350-700 nm region., The positions of these three bands depends on the
metal and on the ring substituents.Ll Adopting the nomenclature of Platte,
the transition of lowest energy, at sbout 570 nm, is designated Qp._o; the
transition, Qp.1, ab sbout 535 nm is a vibrational overtone of the 0-0
band; and the much more intense transition around 400 nm is. designated B.
The anglytically important features in the MCD spectra of metsglloporphyrins
are the shapss of the MCD bands associated with the Q-g.0 a&nd B transitions.
" The effective symmetry of metalloporphyrins is Dy, and al; bands are
degenerate. In a magnebic field {he degeneracy is Iifted; and one observes
the S-shapsd MCD bands cparactéristic of A terms.3 The A terms associated
vith the Qp_p and B bands are indicated in the MCD spectrum of Mg(II)
deutercporphyrins IX dimethyl ester shown in Fipure 1. Previous studies%
* as well as the reference spectra collected for this project? show that the
magnitudes of the A terms of the B and Qy.p bands are comparable even
though the absorption coefficients of these bands diffeér by an order of
magnitude. The MCD curve for Mg{II) deuteroporphyrin IX dimethyl ester
was recorded under the experimental conditions used.for the lunsr sample,
measurcment. Under conditions suilable for larger samples the magnitudes
of the A terms are more nearly comparablc (sce expzrimental section).
Some metalloporphyrine (e.g., Cu{II) porphine), however, exhibit considerably
more intense A terms in the B band than in the @ band. The utility of MCD-
for delccting =wmall amounts of metalloporphyrins derives from: (1) the
intensity of the two prominent MCD bands, (2) their characteristic S-shape,
and (3) the observation of 1wo such bands in particular regions of the
spectrum. ’ -



Tigure 1. Magnetic civcular dichroism spectrum of Mg(II) deutero-
porphyrin IX -8imethyl ester in 95% ethanol recorded under
the condations used for megsurement of the lunar sample
ARC. {c = 2.24 micrograms/ml, 1 = 1 cm)
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Exporimental

The maghetic circular dichromeler used in this project was built by

+ 3- M. -Scott (Department of Chemistry), The computer interface vas
engineered by W. E. Reynolds (Genetics Department Instrumentation Recearch
Laborabowy) with programming assistance from R. A. Stillmsn. Reference
spectra measurements were made by R. Records.

The light from a 450 wait xenon arc lamp was focused on the entrance
slit of a Cary 1% monochromator. The exiting beam was collimated, linearly
polarized by a Rochon prism, and circularly polarized by means of a Pockels
modulator constructed from potassium dideuteriuvm phosphate and driven at
1000 nz. ‘the beam of alternately left and right circularly polarized light
was passed through the sample cell loeated in the hot hole of a 50,000
gauss superconducting magnet. 1In regions of absorption, the sbsorplion
coelfTicient ol the sample for left .and right circularly polarized light is
gifferent (the Faraday effect). This difference in light intensity .is
detectad by a photomultiplier. The resulting 1,000 Hz signel is amplified
and phase sensitively detected by a Brover Lock in-vVoltmeter (model 131).
The 10° mv output of the Brower vas monitored with an X-Y recorder and the
10 v output was connected ‘to the computer interface. An electronic loop
controls the voltage applied to the photomultiplier so that the gain of
the photomultiplier is held constant as the stepping motor drives the
monochromator through the spectyral region of interest.

fhe Brower has a rather wide range of sensitivity scales. These zre
calibrated for either circular dichroism or magnetic circulsr dichroism in
the following manner: {1) The magnetic field is turned off and a standard
solution of camphor sulfonic acid in & 1 cm. cuvelie dis placed in the
sample compartment. The magnitude of the circular dichroism signal
associated with the isolated n—qg carbonyl absorption band at 290 nm is
known from absolute measurements. (2) The loop gain is roughly optimized
and a sensitivity setting on the Brower is chosen such that the signal
meter (center zero) is approximately 90% of full scalé. (3) The loop gain
is then finely ‘adjusted to the 90% reading. (4) The gain of the X-Y
recorder is adjusted to give a deflection of 90% of full (zero cenuerg
scale. (5) The compuier plotc arée- scalcd ‘such that 1 inch = 1 X 10" A.

As noted prevzously, the 10 v output signal from the Brower is connected
to the computer interface. The signal goes to four operational amplifiers.
The first is an integrator whose band pass is a sin x/x function (where
X =%f7); the second one is a high gain (X10) amplifier; the third one is
a X1 amplifier; and the Tourth one is a time integrator. The measuremeny
cycle starts with the wavelength scanning syctem at rest at the long
vavelength limit of the spectral region to be scanned. The signal and
time integratorc are also at rest. The first step of the cycle is to
release the integrator resets on both the signal and time integrators.
AL some time T, depending on the signal slrength, either the signal
inteprator reuches s presel absolute threshold or the time integrator reaches
that Lthrechold. At that time Lhe inlegrators are converted to hold
emplificrs.  The computer ic then called vpon Lo read four values via an
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analog~lo-digital converter.. After the time of integration, the integrated
signal, the high gain emplifier, and the lov gain amplifier velues are

read: the inteprators are then reset and held. The stepping motor is given

a set mumber of pulses (21) resulting in an increment of scan of approximately
1.05 nm. At this point the mecasurement cycle at a particular wavelength

has been complcted. The measurement scan is completed after the stepping

motor har Griven the monochromator to the short wavelength limit desired.

Although several sampling modes have been incorporated, the most secure
and conservative one was used for the lunar sample megsurenments. In this
mode data was taken at 300 discrete wavelengths in steps of 1.05 nm. At
each vavelength position 16 cycles of data were taken. The analog-to-digital
converter readings were immediately converted to nanoseconds and the simple
averdge was filed. A separate data point was recorded for the average of
the intégrated signal divided by time and the X1 amplifier output. The
high gain amplifiers vere often in saturation and no record was made of
those rcadings. . ) '

** The sensitivity enhancement achieved permits the use of a sensitivity
scale of 5 X 10"2AA. - Since Thé maximum sensitivity scale available to

us at the start of this project was 1 X 10 3{;A,'a sensitivity increase-

of 20 has been achieved. It should be apprecisted however that although
the 5 X 10-° scale provides useful informaticon for relatively strong signals,
the credibility glven to very weak signals 1s limited by such factors as -~

-the small changes in cell position obtaining between the sample measurement

and the solvent baseline measurement and by source erc wander durlrg very
slov scans.

’

Under the comditions used for these measurements the detection limit,
relative to. Mg(II) deuteroporphyrin IX dimethyl ester, is 22 ng. /ml Thﬂs
limit is based on the condition imposed of observing both'4 termsg. The
detection limit based on observing the A term associated with the B band
is 3 ng./ml. Data obtained for establishing this detection threshold will
be found in Appendix A. During these measurements the’ detection limit in
the Q region was degraded (1/3) by the necessity of using a wider than

‘optimal slit width in order to avoid ove*loadlng the Brower. If an A term

bhad been detected in the B reglon, ‘a-noise limiting eircuit of the Brover
would bave been energized. - The slit width of the monochromator would
have been reduced and the scan repeated. Under these conditions the
detection limit is 7 ng/ml. -

Results

The MCD results obtained on the lunar extract ssmple ARC are chown
in Fipures 2a-2d. The corresponding computer recorded data are collected”
in the appendiz. This data as well as all other recorded duta are on
permanent compuber files. ’

The instrusent was .adjusted to give the besl possible solvent bascline
(mlnlmum 1opc) on Ocelober 7. ‘The baseline was apgain measured on Oclober
8, prior to the arrival of the lunar sample. Sample ARC was placed in ile
cell and the MCD spectruh vas recorded (Figure 2a) during an eighty-minute
scan. The cell was emptied and filled wilh methanol. The baseline date

" obtained are shown in the computer plot presented in Figure 2b. It will
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be noted that neither the sample nor the baseline curves are Tlat. This

_ feature is a characteristic of the particular photomultiplier tube used

and does not degrade the information obtained. The raw data MCD curve

of the sample corrected Tor solvent baseline is shown in Figure 2e¢ end

the smoothed dilTercnce curve is shown in Figure 24. The data and computer
plots obtained from the X1 analog channel are collected inthe appendiz

and vwhan compared with the data taken from the integrator channel, Figures
2a-2d, reflect the exbtremely conservative data hendling, techniques used.

The same procedure was Tollowed for the sand blank sample. Tne MNCD
results are presented in Figures 3a-3d and the corresponding computer
recorded daota are collected in the appendix. In the smoothed sand blanik
MCD curve shown in Figure bd it will be noted that the observed "signal
does not average about zerc. This may have been caused by a very graduzl
movement of the zrc during the time reguired to scan the. sample and the
solvent blank. The lunar extract MCD curve (Figure 3d) does not, however
exhibit this feature. )

2

Discussion and Tvaluation

The criteria established for the detection of a metalloporphyrln

(1). The observation of an S-shaped A term around 570 nm.
The long wavelength lobe will be negative with respect

- to the sign convention adopted.

(2). The observation of a second S-shaped A term at about
10O nm.
The long Eavelength lobe of this A‘term.will also be
negative. - ; . .

A critical examination of the MCD curve of the lunar-extract ARC '
shown in Figure 34 reveals that:

(ﬂj. The A term in the vicini ty of 570 nm is definltely not

present. .

“(2). There is an- apparent A term around hOO .nm. As noted in
a previous section some metalloporphyrins exhibit a
Tsignificantly more intense A term in the B band than
in the Q band. Hovever, the wabelength separation (23 nm)
betueen the maximum of the negative lobe at 424 nm and
the positive lobe at UOL rnm is twice that observed in
the reference metalloporphyrin spectra eollected for this
project. Furthermore, the approximately egual spacing
between the positive and negative signals in the 335-L475 nm
region strongly suggests that these signals are actually
instrumental artifactc.

On the basis of the criteria cstabliched, vwe conclude that the amcunt
of metalloporphyrine precent in the lunar extract ARC-is less than Tng./ml.
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Figure 2a. Magnetic cireular @ichroiem curve of the lunar extract
ARC from the integrated signal divided by time.
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Figure 2b. Methanol baseline for lunar sample ARC from the integrated
signal divided by time.
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¥igure 2c. Magnetic circular Qichroism curve of the lunar extract
sample ARC corrected for the solvent baseline.
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Figure 2d. Smoothed .(21 point ) magnetic circular dichrolsm curve of
the lunar extract sample ARC corrected for the solvent
baseline.
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Flgure 3a. Magnebic circular dichroism curve of the sand blank sample
from the integrated signal divided by time.
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Figure 3b. The corresponding solvent baseline.
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Figure 3c. Magnetic ecirceular dichroism curve of the sand blank sample
. corrected Tor the solvent baseline.
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Figure 3d. Swoothed (21 point) magnetic circular dichroism curve of
the zand blank sample corrected for the solvent baseline.
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Appendix A

Al. Digital recorded vhluea Tor the lunar sample ARC ploited in Figure 2a.
(LU‘\EAOS 3) _

A2. Digital recorded values for the methanol blank. The five wild points,
indicate errors in recording or digitizing. (LUMAOS )i~

A3. Ddgital recorded valueg Tfor the methanol blenk plotted in Figure 2b.
The wild points have been eliminated by taking the average of the
sdjoining values. (LUNPAC k)

Al Digital values for the plot (Figure 2¢) ‘of the MCD curve of the lunax
" sample ARC corrected for the methanol baseline. ;

AS. Ccomputer plot and digital recorded values taken from the Xi analog
channel for the lunar sample ARC- (LUNAOS ) 3)

A6. Computer plotb and dlgltal recorded values taken from the X1 analog
channel for the methancl blenk. The wild points were eliminated by
taking the average of the adjoining values. (LUNPAC _ﬁ) )

AT. Computer plot gnd digital recorded values taken from the X1 analog
channel for the lunar sample ARC corrected for the methanol baseline.

AB. The smoothed difference plot corresponding to AT.

A9. This plot reflects the extremely conservative data handling techniques
used. This plot is the Qifference between the data derived from the ~
integrator channel and the X1 analog channel. The negligible difference
betveen the two data channels indicates that the scanning time could
have been decreased without degrading the informstion.
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Appendix B

The digital recorded values obtained during the sand blank measurement
are not inecluded in this report. They are, however, on permanent computer
file:

Sand sample SANDBLNK
Background (MeOll) - LUKO9_BX.



Appendix C

Additional data obtained is graphically presented in this section. Each
run mey be reconstructed from the division of the integrated sigral divided by
the integration time and from the X1 analog channel directly. In the dual
plots the data from the two channelks are sceparated by a one inch zero level.
The borizontal scale is from the 650 dial reading t0 the 335 disl reading.
Wavelength is equal to the dial reading plus 1C. The vertical scale of the
dual plots is different from that used in the body of the repert. Unless
otherwise noted, one inch corresponds to 0.000025 delta A Approprigte
comments have been included before each set of curves.
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Figures Cls through Cle are four runs made during the morning
of 8 October with background of methanol. The sample cell leaked
and later ACHME crashed. However the fowr runs look all right.
Figure Cla is the.average (sum and divide by 4) of the four runs.
This set of data bas not bteen used because of the leaking cell.
Howvever, note the Brouer setting of this set and the next set. The
Brower was at different setiings, but the signal and the plot were
end are essewntizlly the same.



Figure C2a is bthe sum of 2o through 2e. This was the sccond
run on kethanol background., This time the sawple cell held the fiuid
with no apparent lealks :

These, and all other runs not designated TREAK, were taken in
the primary mode: One cycle of data recorded by the computer and
the wvave length advanced 1.05 dial reading.
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The fMlgures are from the first runs on the lunar extract.
Figure C3 is the averaged sum of C3a through €3h. A check of
the consisience .of the runs is made in Figure Cha and CIB. In
one case Lhe first four runs of seb C3 were subbraced from the lasi
four runs. fThe difference and the smoothed difference are plovted.
In Figures CHA the scale is given in delta A. Then the 0dd runs
uwere sublzagted from the.even runs. The results are in other set
of differwvnce and smoothed differences. These and thelr comparicons
are a meamwre of the consistency of this type of data acquisition.

The averapge of set €2 (background ) is subtracted from the average
of set C3 (lunm sample). The result is shown in Pigure C5 and
Figure Cb. . )

Figure €5 is the difference, and hence the assumed signal from
the lunar sample. This has been derived from the integrated channel.
Figure CO is similar, but from the analog channel. These figures
should be compared with SAS and BKU of the Oct. 9 report. Figure C5
and C6 repvesent the second reduced values of the luner runs. The
delta A scule is consistent, 0.00001/per inch, as read on the Brower.
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Figure C7 is enother set of lunzr runs. The lamp had been changed,
and the maegnet rwn dovn and the liguid helium replenished. Only two

runs vere obtained. ’

The corresponding background for set CT is set C8. Figure C8 is
the average of the first six of the set. Tnstrument settings were
changed Tor the last two and the results are meaningless.

This set is reduced in Figures (9 and C10. These again are
repregentations of ‘the sighal due to the lunar sample.
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