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Chuantenl uvolution;hud bé¢n sugsented as the proéuuq prcccding,biologlcgi
av@lusi@n.g'c Althaurh.littla 10 hknown with gariniaty about the utmoaphcza of
¢ He Colvin, dacileon £ fantint, b, 208 (1998)

6. Mo Cnlvin, Evolution, 13, 362 '(19,@)

wialtiva warth, Lt 46 genorally assumed that reducing atmosphuric conditions

e

, ‘ ) | , | e
prevallad at that t.imu.('8 Uver uinea mixtures of glumple gascs which were cone

s H. rej, in Handbueh der ”nyuik, 8. Tlugsa, qd. upliuguf, b'“lin (1959),
A " Vol 5a.

8, i, Holland, Aty Guophys. Unfon Trano., 1961, p. 29.

gidoced as olnmwluting prizordial condlilons were i"rudiutud in l);ll and DD,.uLJ

i l)P"' ko, the raoulty hava. aivun riuu Lo further ﬂxnuvments axd more factual

_.9; S.‘L. Millur, J. Aa. Chen, Goc, 77,f23§l (1953);'

;lO.‘ o Lo Mlllar and M. C ULuy, Suiunuu, 11_) 2h5k(19§9).

- basis Tor diccusslons of chemleal evolution, “Hot.only have»mixtures of cimnld
Ja8e0. 1ike i) Cﬂh,'CO, COﬁ, NH,; and Hx0 bk\u ’puﬁCd Lo vurLLu courcud o“ Lweﬂgy,f
but alco G023 LIL0 'evoLvrd' c0npouuds waich haa bL 21 *ound or w Cu su&ud to b”

LnVulVad in thewe {lrot \hy‘ﬂim nto.

Buta enioslon, notably ifrow putnuuium-ho, nlght hovo contributed a
pall part Lo tho overall speetrun of availlable onebgy soMICQs four 1o live -

“villfon §J“V ago.d - 1ey connaetion vith ihevpo ibl/ cataljaxr' minﬁrdl'curfdbés

Zvll. A d mnllow, asdintion Chemlatry of Orwanio Qowpoundu, Pc bdmon'Pveﬁn;
. Iltd., mndOn (l)uO), 1)0 ”'1“0 . E

mane ft particulurly intcrcatinv. ulcctxon irfﬁdiauiOd nlco p:0vcs Lo 1
convuaient encrgy courca. o far, 01ly tno b‘in mLHuiuhﬂ of thcczoq ior adiuuLon':

»Hror thts‘purpoaa hiG‘ l“,‘Thc cagong for 1rrndkating d?, C“h) Nﬂﬂ, axd Hao ratnuf}‘Q

1 P. hﬂ"’ﬁldthd und M (1957)-f1"“

C,-_-Hq sy, Bids nau, 3
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rih&ﬁ“CO, Hi, And-nao Qhail ﬁdt be dincuusua’hure bayohd the désumptlon of Hy in
thg’ﬂrimltivé ntmcnphuhc.- It should ba emohnsizud, houcvuz, that the 1fzauxat10ab
J?w#gs<ns§4 heru can onl/ huln to undurstnnd chomical cvulurion, not ndéce aarily
,?q?fﬁﬂutg Lt | | :

-The nuabes of idcntixied coumoundu formed by pricoralel chunistry {8 8% Ll
L YGFY limitud.‘ Thuy wegount for only o cmall f:acpion of all the organic motier -
pEéﬂUgéd iﬁ thcsa,e#p e duwento. Tho lacgu variety of LC&uCiOnu anu coupoundsih&s;
t:uly LaUh u limitation in thiu thmiUblj of producta d~zivca lnr qoly fxom Ch |
' HEN) h“,, HQO, und onergy. Too fow COJpouﬂda uru focmed in anounts uauflj fug-
@qulhlﬁ to vedinary nnulJuLu.' For thtn rcanon,»tho use of cuzbon 14 labrlcd C%u
lu A ATITITON huxu as 1t will ellow woro detalled analysis of thc latu of ca:bon.~
Thu xormation of nnino acido has buun uull hhtablibhfd in prinordial

"e)gglstry.)'lo 13=16 ong of tho un;n 1nonntivau Or the present work hﬂo Len to'
13. J. 00, A, Py Kimball and F. Hover, Arnh. Biochcm. Biophyu. gﬁu 114° (19)))
e J. 0rd and S. 8. Kamat, Nature, _52, Lo (1961
15. B, Fraus, Chem. Bor. 23, Who (1960) |

T R Pavloskeya and A. G. Pasyuki, Int. Union of Bio;nvh *"/ %/mn. bcz.,f

Vel. 1, 'The Ovigin or Lifu on the Larth ) Purdamon Prcuu, Ltd., Lonaan L
(13907, 151, , e
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coantribute to thu diocusaion on the etill unaolVLd problu of how rcudily'hézero? '
eyelte buauu, Loy, purineu and pjximiainou, might bu formed 1n Buch hyﬁtomb., 50
kfar, none of thege huve been rcportud to ba. round An Leactxona involvinl compounu-;'

"@z gumplexity no greatcr than Ho, CHh, H,O, and NH, (Na, Co,. 002)17 It was only

I 8. L Millcr,vibid, 126.,

au&ingfthO'progves the prasant 1nvest1bahions that ¢videncc avpeared that by o

huatizh a Lonuuntratad uquuoua bolution of NduCN adoninu und h-gminuimidgzole-se-;*_T!fﬁ




easbormaldd oro fbrmed.lS(lgk Also, mulic aeld and urca, together with poly-
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10, J. 0rd arnit n;i?. K1aball, Avotrects ACY Mtz., Supt. 1960, Division of
. Blologienl Ch'miutry, Abutraot 63, Page 25C. J. Ord, Nature, 19l, 1193
'kffl)ul) ; -

: "ig"jJ. o.u, Blochem. Blophys. Hen. Coms, ¢ 2, Lot (1560) . J. 0ré and A. R. Kiwbell,
. hven, Blocheas Blophys., 93, 166 (1961). SR o

phivaphoric acid, have been reported to ytold urucil by a thermalrreaction.zo

&% B . Fox and K. Harada, Science, 33; 192 (1901\.

The velua of a dummnntrnﬁion of'the syﬁthesiébof purines and pyriﬁidines
‘nsﬂ-simplu gaouns lise {n thetr xuxdamvntal funct;on. Fox stressof the convi“uity‘
of hio bjubunﬂ,go jut tbe continuity iu Jinitud by tbe polyphos“hoxic ocid and
the temporature. Thu uoneuntratious und thu immnnuc varxotj of oomvetiw; :,.
&uticnn which vill oceur in o more natural mizture uUJt also bo COQuidC”"<k

- Binaa soue genuralizatlons have resulted from the eleétron irradiations
—fhieh were corrdied out havb, th&aw uill first be reported in the pveshnu pdput- f:
| The rore apecific qpcutlon concorning thu pouuible furmaticn;of pur;nes ana‘:

pyirlatdines will bc publiuhud elowwneru;zl o

al. C. Pola and Molvin Calvin, to by published.

Exporimental

' Cgﬁﬁﬁﬁltlﬁn'ﬂl irrald nuﬁd nygtrmg

Al the gas nixturen to be frradiated con°1chd of Cdz (Cl*HL) and Nﬁ

in. cumpa:ahlu QuoUNto (’0-50 em Hr), omall umounts of Hy (O -5 o Hy 1), and VHZO

vnﬂo. proueut ovor o liquid phaso dcpcndunt uvon LQHDLLQ»UFQ (”ablc 1), an

: uttcmpt was nade to det cﬂt poauiblu surfuca catal;sis.’ xher1nfldcndéiof’ré§&cedj?f?"f“

phpsphoruaruao qlno,Quturminad.




TABLE I

Composition of Reactlon Hixturco

: Eﬂyyrgmgnt:ﬂc.vv . O MLGHT 425 M2S o M2Y M30  M20F  MZ2 . MRT. M3L
~',Cﬂn p?uBU~. em iy ar 30.75 25.55 35.45 32045 bo 50.6° 38 . 28,2
e wstiviy, ue S L 11550.89 23b WL 0093 1.0 2705 a7l
~Np praso., cu Hg | S50 92 b 19 ks 500 02 2.2 2
“Rify press., calig 2% 0 20 20 20 30 20 18 o
1,0 Bl 1iquid ot 18 20 0 18 20 13 10
. Oliving, gmn R 3. 1.95 1.3 1.35 ' '

‘ ' | '(Ilifz,Pég)x 14

{, prees., e Uy

| CPanperaturs oi‘» ;0, ¢, 30
CTey of h’m&, hus. | 2
‘Tc‘ﬁalrohcrgy ézb‘qoz*ﬁc:i,'gr\:ga 1‘011‘

Activity in aquooun phase, .
arter Leecadtation, pe 78

-Paprcent eonyersion f'ronm

origlnal cthm, - 5.55

. .:3'.4-7 ,2-(3; ‘11.03‘.

%0 80 8 B0 30 & 80 &

2k

N
()
)
n
o
n

108 241011 10t oMt

L2l 5.28 1.06 1.1b 1.65 2.5 1.2h BRT

S _20‘cmrck>fy P uloo have:buen ‘presqnt._

“* Flask volwse 657 ml, all others 810 ml,



S To oo Gerien of cxpurimuntu,,u'powdurud gilieats, oliviae [(Mg,r ').yicL]

S'wéé'ﬁéﬁ@d. Oliving 1o widcl/ diuttlbutcu in tho osolac UjDL“h, witheos tho Ltouf

'badtgﬂﬁitua,‘pl.LisVlﬁPJ/ the cuxbonuuuouu chondxitcs.

“1n u u"cond Juriuu of Lﬂﬂufimuntb, phoaphorua CQMLOqun wera adacd to the

:v@istng 0 Ly fr"ud;GVQd. Tho i1por'unt role which phosphorus compounds haVarin
eiytlgul ﬁjuLhmu today suggoeuts Lhat any entorad thmiual avolution carly. A

;@23&&? touph\;u, (hdhvuj) ) Van added to tho aqueous phase ond to cor.gsnn“d

% the preswsed ceducing constionu, phouphinu (PJ lgna)_wus used, (nJIPO

3)x SR
. wau obtained from Kuirol Salt (NaHO3)x,“3 by exchangc in emnonia. Its asbectos

I

€2, Hondbueh der Prap. /anurg. Cheniu, G BrauuL, cd., ‘F. Bncge Vcbldg,iStuttgéft:
(1),)), e 5)4, hog,. , ; S

yh@ﬂ&ﬁjﬁ@ Andteates thy ntvinr]i?o molecular suvuctuzo. Phosphine, obtained byrl
) Y c v .

hydr);ygLa of uaj., ? 10 a convenient way to introduce zore soluble reducsd

ﬂmmmmuocmmmmﬂm ‘ 7 | . e T

Aﬂﬁnvdtun.nnd Jrredintion nrovidure

For tho ir;ndiubion uxpc"imgnLo a ccalcd Pyrox glasa uube of Lhu diqﬁn- 5:“
vluns fndleatoed fn Figure 1 (A)," uo(d. Tha ond of the Lubo Coﬂﬂiﬁucd of

thin (0.1 ) bull-shaped window through'which thc'olucuuonb ortvrc uhu vbnocl. ,';

For {rsadiation the tube vao kgpt in a horizbntal’posi;iou; th¢ cxit w1nggw oz
»thc Linvar accolorator being ulightly'a@aller thﬁn thé diameucr éf the*;ﬁbg;:'A:f
ﬁaﬁlfléutian (B) wus uﬁed in lateb'egpcrimunt"'(u«poridgnuu Mez jl); :Thé.bo££§&i~zaﬁ'“
7 woll cén be hcuted~to‘ref1ux the vater and thus 1nurea,u tnc partial‘pr‘ sure of |
'uqt§r vapar. At thu cane timc, nout of the nonvolatilu uow1ounds foraed duLing
.tha eﬁp e fuant ure washud down and out of tho awtual izrodiation LOnG . ‘hu wull
fu;u protncted by u lend covc; duanJ ivraAiuuions.:

Tha irrmILQt'on vag cnrricd out with 5 muv-élcotbons;f"fho;linear 

f The lincar huuhl rator vas: maintainwd and opuruufa bJ nilliam ’vczette o thef ! ~:f
Lawrence Rudiat&on Lnbo:ator ’ to whom wa are. G/urumuly graterul.ri - i




@ luv&.ur dulivu:ud JO pulnns/auc, uncn pulau lustinﬁ 6 poee.  The integrated

™

dogy ratc WOL Y jiuapn. ,Anuuming a Fouthqr yelationship for‘the energy lob; ﬁaf
&léct;Qﬁ incid$ §h¢ Qasebuurmixture; iv could be culculated'that’thcitc?al dose
w&s,&ﬁpYOAiiutﬂlj 0.5 = Lx10Md crg‘wiihin Lo hoﬁ-s._ Ho attunpt wao @53¢l¢o'
évéluﬁtu»hha uxucz_douu rnioiwith nvchemiculrdocimstav; |
‘Phﬁqruacbion tuhu wusmfillﬁd and uv“nwu aL w; hudhiuLd frecautions
‘uura tuuun w uvoiu contumtnuuioa 01 Lhemical or biulo“iga- u;ig;n. The tube
way cleunud with hot cluoning solution und subuch(ntly neated ona sTean bath:
Tor ‘wa to tour hou"s at 125°C. It vian -then attachcd 1o the mnnifold'and'
avacugt W Lo less Lhan 100 micranckp;gb-ufo whlle hyatinJ ulbh & blue flm
huy solid nLnlJntu WL udded'ut thiu timc.v As the ulivinu eauny ;ro@ nauural
‘:;-ﬁuuvug:, 4t vwag aleo clvanod buiore ugce in s.leuniuu solutiOﬁ.‘ | e
Thu evacuated ll&b& vay thﬁn cooled with dlj Lco and th@ p:gviouslykv
ifbglleu water condenued-into i{t. If phosphines were used, t“ay wore evolved
froia Cu3Po in the atuachvd vater. (lush and. trnnsfcrred toy;t her Qiﬁﬁvfhg'QSte?,:
at tha Luan:zatuno ol liquid nitrouln. . The CJBPQ may bo uzou t‘inbcontactrzi

with the vater only uftmr avacuation of thc manifold.»'Lniu cqn bu achicvod by

| ST

fuuplh“ 1% in n sl pivoted ll&hu connucuud to tho water bupplj.‘ hglmani-.

[

,“old uae thon zu-cvacuutcd and the Clun“ 1nuzoduccd f**m a: storago £ &gyé...f‘if
Cadditional amounte or Ci), and Hp were . 'uﬁpl;nd in ana lyticql ;:udp frog'éyiindeysg
: Thuy e uddcd uhilu the wvater vas 6till fro.en."Tnﬂ By as put in»rgpiély -
after LP" A * hud welted and 1t cUuld not ve MuﬁSuFUu aceura buly. 'Befo:§1f5é1~ 5
uddition Of,each aas, tha wanifold ond- tgbin\,aﬁrc uitwrpv “ly vqcugtég'aﬁdiftf3ls
owept to avold contamiﬁation by oxygsh. E ' | R B
Tho’y;néﬁion‘tubé vas then uuulud and irru&iaucd.;xThé ifrodiatzon Luo&
ﬂIACc ut tcmpvruturon oifuJOOC us th? the‘ aud Lupu;iully ;hu nindoh, \ere-fif""
coolud by-un air‘utremn.; In'dxpc}imants M2 und lat&:, ho ever, tho ootuoﬁvif

- vcll wag huatud to«VJODC in o‘dur to allow rcilux;nv oi uhc wa‘er at thﬂ corrwu-‘;fj“

\ndlng preasures.,




Ao cnn be seun irﬁm the c0ﬁ“LlutLoa in ahle I,‘se#ural diff¢rant munG
hBVu been carriud out. .The dutu refer .ninlj to thu aﬁounts and prgssuvcd'of,~_”

'convound. unad. In bonerol, thu Vasos wely ouppliud to a total P"“dbure of less

o

than 1 au.. AL ?OQ the - partial proasure of water amounts o 32 mm '5, at 8o°
) 35) Nﬂ Hh

Ar*lv»iaal mnthha

In zunyral, t}f an 31 ] u of hoth t)kcb ot r;actxua toJJtiu _an, Qith éﬁd
wi&haut ;honpnozub uOJpOdndn, wao p‘r ‘omaed {n the sant manner.. In thio fi;st
cfpuctmgutb Ln whic h carbon-lu @u not used iﬁ becana obhvicue uhgt‘thejamoﬁnts dft
'; pr@ductu synthenlzed “ould hazuly allow pﬂx\xu*‘anul'1jcal methiods Lo Lo used.

Thé crudu ruu!duc,'for exnmple,fnhm Jd ninbydxin-pou;uivc ruqctiors, Lut in o“‘/
'QHQ’QIAG could vvvurul uupnrntud npotq he OPVLCde artex poper Cn?DM@uO”ID\hV.

. Cuxbov-lh van theccelorn used in untivitica uhown in Tublb I. uinot Aanj LOMPDQELB

~

‘u zorund, the xudionctivity uppliua at the o: ikiu of & two-dincn5¢onnl cnrpmato- 
| gvma maut be at lwnct 5 x 107 qpm par 100 0 c;uda produc Lo, S
Por unalyain, Lhm rradiated uuncs WOXe coancctod to th@,mani?éld th§ f;; 
ﬁéul p;n‘d and the grues GOJl“Cu”d in o otor:ﬁd flask. There wan onlj on;_i:
Qrsgry eraaination for theie composition*in thévmiua éraétromn é}; Lesiaea
ta o?igihal Fa025 643l amounts of Iq(CO), COQ, C»Ar, Cefh» 0O aLd Cﬁ-uv
'hydrocurbéns weee found in appr Aiuntel/ this quunuitauivu oraur- The 1rrad;dtgdfu;'
"Dhaspainc-vonualninf uix turon had reacted 6o Lhat no ruli-JMnitiOn occu"red;ﬁ Th§5 T
Acticn LolutionJ were then CL?Ong and stored in air, though qare WA S tnkéﬁvﬁo‘ i
‘ kcep'the solutlpns ﬁtoppcred nnd'rafcigu auud be‘vuun nnalJ\gc.
. | Thé‘colérlcsé; or béc unally nlibhtly )LllOd, oM uuionb havv a'putraflc
‘:Odorg A camphorly e bmull could also bo dctnct¢d; Tha oﬂor we s ga”uiéularl/
t Unplcanantkwhun Cy hydrocnfbons_ycrcluﬁcd. Beeausu o the_e (ﬂg;dﬂ3:phg prwas

:clva'q ovar 11.
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An uliouoy por Lon or Lhu aquwouu phnuz WA removed and ovaporated 1o

‘urynu"" n v .“10. Tiio Wak dOno in'mn»inverted U-shapcu wbe in order o wrad
. N o

. vsl&nila in ,urﬁul The gl content of the oriviral Lolutiun and tnu gonuunudgu

wnﬂ;ﬁa,hrminu¢ f Tha uotal activity WaG. uauuu»d to rcprcbunu GuuVuLSiOu uf -
S ‘ _

A ALL netld v civ" vere measured by Liguld seintillation counting,

'Clhunlco higher molecular weight material. luu difrecence botvenn Lhe tptuiv
iduulvity &n@ that found in .he LOﬂdUﬂuﬂL« wad ascitied to :cﬁbv‘~qtrcompoun&s
none-volatlle under alinline uonqitionu. Anj CQlUuilluj o ¢ ; in the uauc#ﬁs 
phase w&s‘disrcaafdci.kahu convecsion duta ave c0mpilcd 1n‘Tablo I{ Thc amﬁuntsi

4

et non-volaui ¢ readdue oy W ibut VI alwu/s ali htly H rhf; Lhun quse calculutvd

f;-.‘ud the zaaioactiviuy uORVUIbLOH- Wu asuumu thiJ tu bo due ma;njy to dissolqu,."

ilicau 4 Jrom the gluso tubo.

e Papcr ehromat raphy

After the dlstribution between volatilg ond - noa-vol. ile compounds wﬁﬂ”g
dotezmlncu, the rcuiduu coqu bu redispolved 1n Llub and liquut povv;unn vere
chiroad ogvuphud on wh9\~un ho. 1 or Mo,‘h,filter pupex in-ordcf;to~obtaia rﬁaicé
sutogruphs,  The folloviny solvent sysiens haveybc&n-uscd:'-phindl-wdtcr~(PH, e

,,'-, b 1 V ; oy \"- P, : Z O . 54 . ;1_‘. ‘ r".v
lrlo:bo:) and n-p:OPunol-meonin-wauur (uA,o:j:l)/,uuscuna‘ngrin the {irot.

'ui"o"‘ion ard, aenorally, a=butanol-=proydanle ucid-wuncr (op ,S'SLIUOzahb)f,

(&)

A The nuabers corr oupond to solvent volume ratios. PH is ﬁhcnolu,utur‘ PAL L

mropanol-mamonia, and BP is butanol-propionic acid.

dese uxutn in the second “adne asion. Zxamples of ndiouutOgraphs~for esch Lyps

}cf r*ncuion m¢Atuvu aru givun in Vibuvu d.‘,Thcy DDUEuAJGiatO tha-idca that:'

n sgi'ous c,umpouru.s L"‘JU.J.u fro.n L‘lv drr uii ion Of mix Lur—‘b o.. bll‘lplt. lbuf}. o
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Iﬁyqﬁould bc‘uﬁphnsizqdfthut in,u@ditién,to thc'wall~dofiu_u sopareted spots
s ,v.tbyva:lu I\ buck;roundxof bu&idacti?ify over ot of Lhc'dh}omutogzﬁm., Thisg
'uctivity~increau¥u with thoiﬂf véluo; Thus, in uddition Lo poiymériﬁcdimitérial
ménf’compauhdc of small /ield“ are inuiuutud &nd on lj‘l“PJ of them uill ve con~
untratud enough in yhc cu;geodinr frnctionationb 1o bLCuTQ: ‘ctinguishablg.
| lo upucinl ultraviolet abro:pulon vas ob,orvod on or in tﬁc PApCT. ‘whﬁu,
it vuc ﬂpru/u& with ninhjdrin, poaitxve xeacyionu wore secﬁ oniy Tor two spofa
1in the phosphino GerUB (and this onlJ for Lha acid bolvuwt palr PI LL) Siacav:
:tho papers could be bpottnd with about J.OO'71 ol carbonaceous n tc:iul the v
tunts (ul»raviolu and ninhjdrzn) could onlj indiC' yiclds above ;w.

L. Ton exchones. ﬂfiﬂ"’

Taa nuxt otnp in the Ggpuzation an& conbbnt. ation of the compsunds in the

'uuullor fvuctioao was thﬂ ugg of 1on uxwhan"o runiws. “Thiz wes rirst done in an. .

“-uxploruto;y vay at indicated in schemuu'l and 2 for oxpurimunts MLG and M2a, -

e Eoparotion Schemoe for H18%

reaction esolution

volatile = by
ovaporate VI 1/lo'r~ HCL 60wl 13.62%
v T e T W oo
Dowez 50 (i*) CHDL VIII I, l H nyl I J ml _o.ocg :
S vak . - . Lo o e
(25 cc) CXIT 2 HECL 135wl o5
29.85%

Aclds + neutral componcnta
l- IV, 80 ml HzO
v 3bsh




e Soparation Schosa for ’2?

renctibn bolqtion’ 
v

1 e
: voolwmel s3m s 4

Dowex 50 (B*) S
e 7

20 cc , v : S

, VI & yiHc1 253 ml  12.95

I-11I | 68 ml Hpo

IaCl

£\ 2
ol
-

NV o AN
Dovcz l 03”) 10 NaCl o2 ml Lo b%

i

VII + VIII neutral )a 5 ml Hy0
21,046

S ————————

o 'Tha Roonn nuT¢rulu idcntify particulnr 1xaﬂtlona, Lhu parcunu ses are of total
CanQrt’d_C i, LT

————
FOPJMIG, in contrnnt o HQQ, Lxu o vxnal solutioﬁ was first eveporated, then

the whole was prosed through a cotfon e change rcsin Dowex SO (H*). "I brses

werg eluted vith Lonereasing molﬂﬂitics of_hydrachldric'&cid; Iu‘MZE th“va§u¢ous

Vaxiluunt of the neids and noniomic comyounds wa, further "Lﬁ&‘&ugd owgr the

anton e wehange rcain Dowvei l (CO ). prcriment 30 whicn had inﬂluafd (hihfo )
at- tha utnrc, but no phosphine, vas passed throuyh onl/ DOWd/ l Ln Oldcp to ObL&ini
basen [rec of PO|= ag ei'fluent.

—d kK e

Chv v"uograms of the concentrates ox ve"y 1ructioa were thon pr'n*‘“'

Diruru 3 shows those of U\Wuilﬂhﬂtu MLG II, VI end AIL MED V1 and'Ix;'and‘the
“basic and nouurul fractlon of H“O The g ncral distrlbu ;on of buﬂic, u¢id end 2  ‘

neutral fractions will bw'ulqcun"“d b»low wit xvmore data from experiments MO7-M3L.

Yot one-other mD*uOd airfure ence butwécn thcfdliv{nc»énd p“; Lh¢n¥-sontain*n0
eiperdnints bwcovu" ouvioua hﬂr | Tha dominatin' Lon*ouﬂd in. tﬁﬂ o‘ivine e#pe%i«

ento (ilG) (7L gu ‘”) appears in the basic 1ract<on upan (’wtiuA wiuh O l‘" “Cl

"It is ninhydrin-negativaar In ufphlim nt va (contdinznf LJ?), elutlonrwiuh °Ni

-

 'HUl produccd Lwo mnjor compoundu 1n tha bauic Lruction ‘h 0ﬂ1b05~dﬁd10&llj simi*a



- to the one from MLE. Thcsu are Lho nLuhyurin-pOJiciVu LOMUOuPQb Jchtlulun B

uavliér. Th&y aid ntri anJy dif‘evcnt from the uOLLAUﬂL bage from M6 on >4

H:amnbo""aphy ia prupunol-nmmonia (P,A oincc thoy nre'volatilc'unda“*hcsw
conditionu. ”hh main compound of MEO Lo idnntical vith that of ﬁhh oliv;no
exparimcntﬂ nnd not volatile frun P,A.

Thc principal Uil dlovctivitj in H16 ond 142 O could be shown to bu due to
urea by (a) nitrouu aéid r‘“ction, (v) cochFOﬁaLogrupn/ with unldbeled urea, |
(¢) dlucutlon with urease to produuu Cl*Oq “Tha two major Vvasle camﬁaundu~
(S.l and,S.l%) in the nhouphine exporinoat HZQ are thouvﬁt to be emines b;
r.nlnuaal (\ln;ﬂ fxOA thoir volo»illtj in &l;alinu systema, thqugh ﬁo»n;fﬁous
uuid or pu"iodatn rb‘ution could bc uonrlln.d. Th higx ure a contvnu in tnc
. ol;yine uxpcbimnntg (18% of total iL Alu, jOp in Lh,, )p iu _”‘)'wﬂa 80 stri‘ ng
.ﬁﬁ;f a speelal effort vas made to_goufirm'itvin Maz,  lNo ureu»wasffound{th&rc |
cithur by cochirnuaatography or b/ dilution analjcis via the urea nitrate.

| Tho acid and nuutral fractions were no» tuxuhcr'nd.l : t *hiﬁ point;
';thohghltﬁo‘majpr compounds (13. bih and G l ) urc c&silj uistiﬁ*u;onnblc Ln thﬂ‘
neid Fruction'I‘ or aﬂp.zifanu HPE. (Eiguru 3). 7 o |

¢e  Othur methods

Paper cochromatography was undertuhcnvwith'a fev.oanino aclds and ascids.

added to tha basic end acid fractionu of @(nvLLn mts M6 and M22.  The presence |

Or-glycinu,(o.laﬁ), Alaning (0.397), and loctic acdd vag COnfirx¢d in Mls} o
:,Glyciu“ (O th), ulaninu (0.184), as particracid (QFQ#%); and lactié,aci&»(O??}ﬁj}fﬁ‘
Vi ﬂ)und in oxperim nt M2, The pos;€ignu:of thééc cpous ar“ in divauoh ia,
’Fisuve 3. ‘ N | . |

DilutLon analjJiJ was used: to ovaluat the HCWi wtcni in Lnra‘lmeht7m225f“

e ———




“ie1G=

- cnrrlcr LN was uddcd and DlQCipiu&tLL as AgCF;tOwuLuLF with an aliquot ol thu

‘,’;oc dinul Loluuion.: After the wP‘FiIiC activity'had bcun,dcté;min<d the “ﬂdd
bwul dlscovad in~ lOp N, OH, xlltcrc', nd icprctlpitauud by aciaipyiw;. Dc;er-
Viminlna th Mp‘uiiic uctivit/ cuch uime, this. pFQchu nd repcatcd o u&dlﬁional
i-tlmcs. nitur the second reprecipltation, the HuciLic UCuiViuJ Su&jgd con%t“nt
 The CNT contcnt was thus datermincd-£o ba about 0.&5%. A corrcsponding evalua«
$t10nbof J' in thu acid fruCuionu of ;‘( uzd i&& ceveals thuir‘cﬁf contcnt £o ﬁex
S0k und h.lnp, LahpuczchlJ, ol the. total organiy 904gouuua.

A flrst utt«mpt by paper cuuhru:utowraphy wa g tnen made iﬁ:order 1o
untlmut~ the llmits of a pogsiblu onthion for ulurlnc and h-“mxnoimzaunole “hem
anhOAnnide, While the ultruviolct up ctza o thu an‘rac»¢onatph.fi*tf"ésﬁa;i
;"uluo ﬁhdué of tha busic xuctlonu hed not ylcldcd un; Lpuciliu ubsorptiuﬁ otn»r

‘tnun W gencral Lngr‘Luc oelow Lo0O i, it Lould by concluded zlua'the data withf

thu whol; basic fraction of 7M22 that an uppuf limit exi%t‘ of O.kﬁ for ad?nine?
u:und 0.1% for - -aminoimldacole-9-caz bovnmide umonb the ba 1c COupuundo- vThiQ
ﬁcubimnté Q;ll be oy thoroughly dusepibad lqﬁar.“l,

Analysio of cxpseluents M27-431

{une W27 thronvh hjl ware pJLfOTMLd 1n urdcr uO ob»ain mozu mate“i_l 10&
ifhnalysis} Avain, only the 'anzal ‘c,ulbu arg innluued nyco, s&ncu “the pfinulydl
. uxmninauion was for purxnc and njﬂlutdineb._j |
The reuction mixturcs}of N27 an& 128 we u_seﬁurntca into basic, aciu and
'inéutrdl fractionarin tha'following way: Aliquot e ohnta (10 ml uacn) were
uvanorat;d to near dryness.and Ehun pleccd on uOg o; an ion ufchﬁn 2 colum;,'
Dowex 50 (EY) (25 ml). ‘Tncjacida and nonionic materials werc wushsd‘off‘éith
"iiﬁatcr,‘the_bdaeu:elﬁted with 3 NFHCI;:'Tno ucids viera uhcn-aeparatcd f:o“‘thu

f‘ﬁoutral éompoundé By washiﬂL through a Dowa l (OH ) (2) ml) column and w*r




and the menswred UV abporption from thd ndd:u hdﬂvﬂ (a 280 m:) wre gilven in

Plgure B, The wlution polnt of urea is ulso'indicatcd.

method o comparison for varied oxpdriments in primordial éhemiutry, but Lhis‘can“‘

©opect that the con)ObimLon or corr's“onding f:actions would b comp;rable,l,Thek

vbelow. EVMD tnough uree s Lno”n to Oﬂcur ln ru1 A3O buu not in W31 thL" wou’d

!J‘ : i H { / H } \.: J

-17-

ulutud bj 5% NapSoy (cee Table I1).

In runs M30 and M31, a quL‘“ diifu ent wethod of fractionction was used,

-naaely, ion u.changa:chromatogruphy. This'mathoa following a proceduce by

,Cvumouon, et al 2k h&J tho advantafu af nhnaxutinu, in one run, thu bases

2l L f. CruuﬁLOn, I. 3. Frankel, A. M. Benson, and A. Wade, Annl. Biochem;

caky) (1960).

e ——

‘uracll, thysine, guanine, cytosi nc, h-naineiaidazolesf-carboxanlde, and adentine.

Mawing use of an automatlce fraétidn collector and an cutomatle ultraviolet abe=

sosplion reconder, it was posoible by aliquot counting to correlate tae C;h'

detlvity with the distribution of these bases. Fon“LaLs puAyoﬂﬁ the resin cone

aisted of L0H ml Dowex 50-x2, 200-L0Q mesh, arrangad in a column 60 o nigh and

l.; em dfameter.  Blutlon was echieved at 25°C with a gredient of 0.2 I to 1.0 N.

'Ammanium uormntc bulfcr TH h, frﬁm a';OD ml mixing chasmber,

The oupurimposed tvaCCu of both the C ol uctith/ from the bAf a;aion ai&tuzc

&

At flrst the fon wichonge - :lution divgr,”ﬁ uppuar to presmt o convenid v

N

be done only with sowe rescervations.
Flgure 5 showe the chrometograns of 1La~tiox 6% in ecach of thg above éuns‘f

Althouzh 5cneral diffurcnccs in the elution Alograss are apparent, one'mi;ht LI

chromntog:emm ot corrcuponding fvuctions réveul,thau uluﬂ”u IR tuuﬂo are ’ﬁieéd_ s

major componentic, thase ara not id nutcuL nnd in udditxoq there sie o multit o

rof othera. At thisrboint»thnrcvidanco obba&nud fzom Lhe dierraus cunnotfbewd,r-*i~”“

£ 05

1:194 b*yond their obvious dizxarunce in acid-basc‘dis* ’uciun, a»'will b strésundp




EORRORNET IS FE I
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TABLL IT

Distribr noof yoldtilen, bases, acids, and nonionic#

W1thautfvn3
M6
CoMa8
30
Vith A

Mt

volatile

34,85
37.W

23.9

17.3
17,0

25.65

._bﬁﬂic, v ctid.  oonzuerals
2.6 33k
Y 16Es e
TR  20}5§‘ 0.8
17 e 4G, L : 21.8*% 

764 63.1’ 3.5

18,1 53.34 ek

®odin Y% of,Cl“ in the tqueous rasetion colution. -

¥ the volatile fraction vas not-evaporated prior to fractionation,
but determined coparately. ' ; ' '




nvf‘:'l_\"a

»B;~i;:4 tg PRI ;uixu oo thc clution dingzans ulonu.
ﬁ%ﬂ rirat en iragtionu can b runuhcc‘acparated on & Dovex 1 column
foe au.u &nd,nonianlc csnpounduf Tvbla II includes all o2 whe dase on tha

’ﬁﬁisﬁ#,gntipn’oY bach,_ucid und nontonic fractions obtalned by 6ll mithods.

Thay aro arsangad according to tnﬂlr init;al paoupa ne countent,
uﬁ&?pb fou thu Crpriarss t;onalin el M3 wb chiare no:ma'izcd, it is

Bsen t“wt,thc ;ruCEions do not add un to lQOﬁ. ihig ﬁcsults'from a holdbuck
o thg‘ealuﬁnn’and 18 coneldored due i Ainly to pulv wrloed dater ial., Heverthe-
lasi, L% wise possible Uicough cl“ activity to account For ncarly‘all the Ciy
céﬁ?ertud‘ln tosan of the compounds foraed and to. ulGub t.bm torgértaih quctiouér
Imhiu hau not boen nehioved in experinents zcrm:**d hvrctoforu.
o Gnu diffur aQa bQCOmau obviouu vhen the runs with anu hi‘houu it ‘~pxihc ;';
'arg eosn n:;d. The diﬁtxibution of’ bq”n and oeids in invaritaed, Thubﬁmahin; 03 :>‘

the higaas eontant of volatile compounds fn the oliving cuns Le not wo cleor, &g

shose have nod bhoen analysed, Frow expnrimunt 1.h 1t appears that the valatiles

=2 valnly neswral aoopounds. Hydvocnibono andvnlcoholc'would not nuve basn rue

talned under the awwnilacal conditions of avaporation.

CIn onder to obtaln a genersl view of what com noundu Ji’hu poseibly be
. . y? LY

@ﬂtainﬂd In-tho nonvolatile neutral fractlons of 430 and 1431, o onu~diminsional

lvéﬂﬂtu'ﬂﬂﬂ vas n tugether vith the products of a Ca(OH)g,candcnﬁatibn:uf,

[T ) ‘
o ;ldqlfﬂa.4)'““ This condensation jltlda niztu* 6 oorf aldosuu Lng’ revurﬁf 26

e ::..-.,u ‘and L. Yacscko, Licbiou. Ann. c,ne 6'3""3, ,1!;5 (1950),
&G vLapuULkbuQQ viperinents by d bwzriex.

in Flguee § the upnroxlmato range for the vuriouo sugars i& incAuaucd bj *hci"‘

rc&éhan musbar, ”hc pousibility axloto LhaL uarbohyd~atu in the tnlosa-to o

"‘hqzasc ranga :a/ be formad by cluCUPOD 1rrad1ntion.



I)iu"‘h" '*iC"

any of the p.dniLlL reactions of primitive mixtwros have been divcussed

’bg:g=q.3'h3‘ku(;¢¢» The forzation of uren in lavge @aounty 1t one of the irradiated

@1. U4 Fox, Ko Hareda, nnd A. Vegotszy, Baperientia, 15 Slv(lﬁsj).
C88, 8. W, Fox, Selence, 132, 200 (1920).
L ‘ ,
Cayatusn hsro, wlth none found in a nccond nyctem is notevworthy. BL”L&HF of the
1,3 ni;rcgan pﬁnltion, wren 4o uned in p/rimldinw synthesle and 1ts pocsiblo"

Auportuney Ln prlmitive uractl formation vas pointed out cecently. <o

We suzgont the synthaenis of urca by the reaction®?

HON % <O (Hp0,) Heew

HOCN + Hi)p0H- (HAl) L0 + 10

D. Manoun, J.o Cheam. Soe. U, Lh49 (1507).

v i pooolble that phosphine, or other hig hly zuduocd phosﬁhu"uu LOLnounum,
tee able to seavenze O radicals and thorerove prevens the formntiun of urea.
'vvum thic £t rollows thai'urcu'shéﬁld.Bo formad_upén';rfadia;ioh of‘ééuﬁous'ﬁcﬁ;
and, inducd, thin could be coufiraxd | R o |
Pabhnps,thu wost astonishing result vnich OﬁpuaLCd in tniu-xni ﬁl QAumi;._
;natlun in tno iact that VUJJ nearly wll, that is over 9)p; of the'materidl %hich
‘hus re ctud undur this set of LOHQitiOﬂJ hlo been uccountud fo*yiﬁ teiméiof! "' 
inution ol the productsf One mivht huv\ 'Kpdbtvd q.mo:u or l@sé_éontinuous épqg¢m§§H ;
'fofipolymdrlc/mntoriul'au»a raoult of indiScfimihntc frcerradgéal'ahd ioni;iﬁé'*
fuynthéaiu) bﬁtvﬁhié ocu‘nob appoar to bﬁ th ~gso, T |
. ,_/>w> nﬂ J“t, xc HnVu idOAuiiiOd 0111 a few of thug; comnoﬁudw; bﬁt e a";i> ,1

'pvoc=ﬂdinuiv1th the idﬂntiiicat*on of otheru. It l\j be-¢ xpoctﬁd»pnqt‘qs;thé :




nuwmbor of fdentifiled cheniical species {neroases, a pattern of eliamlcul tranp-

formatioﬂ thub ﬁhO;iﬁtluencé éf cle@trdn'bomburdmwnt (aa_#ell Qs ézbﬁr hi”hi:'

:éncruy_a@uy¢c6) Vill emorge vhich vill help us in the ceconetoustion  of paés;blé
modqafbfvprluﬁ;ﬂiul QEguni¢ uynthcuiu, Bothywith thc:clcét%on buis and yiaﬁ othus
enesrgy s@uﬁced nucnjucyclac;§ic dischurdu'und ultraviolet lishv; these latiur'tw;

pfogcsuca have heretorore been considercd oo the priacipal energy sources in

'ﬁrimordial'eynthdsc<.;'






