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!he data ill thiti report wer. DeC081U7 tor the develop­

IJUlt of a method tor .et1Jat1Dg the ohief p1pent. found ill pbJtOQl

plaDktCllo 'file .'thod .e 11m1"eel to 88Id-Bicro d1meD11oD8 ~ which

_de the a1Jm1t8MoUl Bp&otrophotomeVio deter1JdJ2a"loD of the

p1p8ntca in 'the plaUtOD extraot the 1lO8" .proa1e1111 proapecto

1loRvez-g tb8 epectropbo'omDtrl0 t801mlq:ae rcqu1reo prior Jmcmledge

at the absorption spectra of the compO.de involVed, leedmg to the

rGlDuroh reault1q1D tbB data m tb18 I'eporto

~hloropa;,119A~ ,A, bGta aarote~» Jl8otucoxanth1D A

aDd BS) fuofJDDtbiD D diadinoxanth1D ad d1atoxanth1D are the most

1mportant p1pantD ocourr1Jlg in diatoms, and tha firC!Jt three aro

alIJo 1IIpartQJ1t 1D d1notlapnatotil aDd br01ll1 a1pe. Then compound.,

he" been p-.~4 aDd their absorption spectra determ:1.me4 over the

ranp 350-700 ~, 1n 90~ acetone eolnt1oDo At 1IfAve lugths ahorter

thaD JPJ ~ the speotra depended upoll the mothad or FIp'rQtlOJ1J

1Jlvest1pt1oD revealGd evidence that ohromatograpb1aallr Hpaft\bl.$

.olvstecl moleoulela of o'Um1l1M identical compolmds are tormed dur1q

the preparst1oDo

Tho oompoUlldtl ..re PNFH b7 lJolftllt p&rtlt1on aDd

ohromatop-apb1o acimorpticm from oztract. ot d1atoma and brown algae.
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The absorption 8ptDotra of plant pigments are ot :lnterGot in

studies ot photosynthesis, identification and olaes1f1oatioD of planta ,

amalJf3Gs of solutions of the pigments (either alone or in mixtures) I

and in the identification aDd de'terrdDation ot the purity of pigment

preparat1onso ThafilG oompounds have oharaoteristia speotra whioh vary

with the solwDt, tilO that f~ thQir spectrophotometrio analyaie it

is DeOGsBal7 to knoll the spectra in some single Bolvent~ There are

reported herein the absorption speotra of a number of the pigments

found in diatoms, dinotlegellates, and brown algae, in 90S' acetone

801ut1on~

In g9neral i eolvent I=BrtitioD and ohromatographio adaarptioD

vere used to prepare the compounda 0 These methods have beeD reported

, by Strain and hie oO....lIorkers (8,9,10), by Pace (5) and other8\~

Speotral data reported b1 previous workers, and chromatographio and

ohemical behavior were used as arlteria of the purlty and 1dent1t7 of

the OompotmdSIl After the absorption speotra 0: tho oompoUlldm were

i determined ill a solvent as reported in the literature, that solvent

was removed b7 oVQpora~1on D DOUD at room temperature, and the

spectra them determ!ned in 90~ aoeton8 iolut1~~ It spo1tic absorp­

tion coeffioients were availablo from the lit.-.tur. g the, vere UQed

to caloulato OODOGJltr&tiODll and apeo1f1o absarption ooefficient. 111

90~ aoetoneJ othervilJo 9 :ralat1w aboorpt10D cceff101eDts were

4eterlDine4 tmcJ are reported, eiDce the. p1gmeDts are d1ftioult to

pre~ in II filuft1oiollt17 pure Qtate m ac1equata quant1tT to determ1D8
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the:lr speoif'io absorpti011 ooeff1c1eDte 0 NinetJ' par oat acetone

"81 ohOS8l1 bGoause ot ita UHtulnelll in the extraotion of p1gmant(J

tl'om plant cellI, ill .hiah it 18 more effective than 80~ or abeolute

,aoetOJ180
I

All the optical measurements were made 1D Q Beekman Madril
,

DU Spaotrophotometer, UtlJ1Dg one centimeter gl&se-ratoppare4 Car_
I
loonl 8\nd • tunglteD filament light sourCQo The 111t and ban4
I

~tha uaead ue Ihovm in Tabla 10 The "red 88J18itlve" tube wao used

for Bl8Al1urementm trom 6250 700 IJA, the "blue cellmitive" tube tor

shorter wve l&~. In the raqe 320-399 ~, the Corn1J3g Boo 9863

Bed Purple Oorex filter supplied nth the ir1strumant was 1Duerted ill

;the light patho
I

I

FPlorophtlla s
!

, To prepare ohloro~ll AI !reuh fronds of the brOUD alps

llerepcl@tia 1,utk8IM wero extracted 91th absolute methanol in the

pres@lloe of magnesium aarbcmatG. .After dilution with atar, most ot

the p1gmQnte were tranef~d to petroleum ether, then WBShed first

i,~nth methanol (to.romove xethopbyllp), and t1mlll3 with _ter (to

~emovo aloohol) and dried over anlvdrOUD soQium sultatf>" The p1gments
i

Iiin the petroleum ether solution were 8opu-stmd by- ohromatograph1o
,

:cdaorptiOD aD C1 powdered sup%' oollDM, develop1J1g the ohromatogram
I

ldth petroleum ether conta1n1!2g small &mOunt. (1-2oS$) Df "methanol.

Ohloroplv'll & was oolleotGd 8&parate:l7 as it V&ehQd throqh the bottom
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ot tho oolumno ChlorophJll.Q remained strongq adsorbed at the top

ot the oolumD p the carotenes preceded the chlorophyll a through the

eolumnD and xan+,hophylla were adaorbed between the ahlaroplwlls S and

I Rl- The e;ama procedure was used to prepare ohlorophyll!, from thG
I -

I diatom !anon]f3 JriPG0pmDl, except tbat a oolumn ot two parts pov&red

, sugar to one plrt Jo1meJ-lanvllle ~lo SUpor-C!l we used, and the

part of the oolUl'm holdq ohlcrophf111 Me extruded mate.it! of

olutedo

The preparation or chlorophJll Q. by the above mrathod preoonted

little ditf1cult19 and the spectra of diotbJl ether 801ut1rnw or the

produot tAgr~d ~elJ. with that of ohloropb:ll m. prepared bJ Parr!" and

ZsoheUe <:3. 12) by a more elSlborate methoQ.

The proparation ot o1Uoro~ll .g by the method of strain, at

'1.1, 18 oonsiderabl1' more ditt~oult ~n that of ohloro~ll ib 8md will

be deacribed in DorQ) detdld ApproximatG>17 four grau of the dimtom
- -

I

I ffayic.m1a ar§J1eo§Ym were blotted to remove' exoess lIater. One atraotion

:with absolute and three with SO" methanol eonta1D1Ds Oo2~ cl1m9~1

aniline r.(MU0V8d f.ao~t of tbe p1pentl_~ Two htmdrod ml of the extr&ot

were c!iluted with :37 ml 'Sater I and ertraateCl with 200 ml of petroleum

I ether to r~e the bu1:k of t1w cbloroI'b711 i. and carotenes. One

.hundred e1ri7 J'J1 of at&%', ca large quantity of Bolid sodium ohlorlde,

and 100 ml diQthyl ether were addoci to~ alooholio larer I and the

ethereal 1aJer disoordedo SUoceediDg extractions were made u1th 75 ml

! portions or diethyl ether, add1l3g aodium ohloride and aaturated sodium



chloride solution until the tiDal volume _8 700 m1 and saturateci nth

sodium ohloride, and all the pigment was remcmad from the alcoholia

lqer. ThcD ether larvs, except the first two, were eomb1necl, \lashed

8ix t1mea with water, and dried~ a mtMI\ll quantlty of ~oum

sodl\l1B sultmte, avoidiDg a large exoerla ot the ealt, sinco it adsorbs

ohloropbylls tJ.-om ~OWJ eolutionDo '.rhil oOGaQioned some ditfiaul"7J

because on 8'V8porat1Dg the etherGJal solution to a sman volUDa (in

vacuum at :room temperature), some ~atsr separated out. It _a tOUIld

D806Sm&ry to stop the evaporation before alV' ot the p1pent preelpi-

tated, ar to redil.olva :1t in dieth11 ether before the 9441t10:o of

petroleum etherp The concentrated ethereal solution ~8 dilutecl tAt

least 20 to 1 with petrolGUD1 ether, poured over Q 2.7 x 25 am oolUDID

I ot powdered sugar (tuo parts) aDd JOJmsdBaIlVU1.& B7f1o SupGr-cel (eme

part) anel mucked through b1 vaOUWDo

Tbe pilmants, adaorbad 111 the top three am, were \lashed with

P'l~olGum ether ocmt&1"ing Oo~ dimatb71 aniline, followed by thiG

m1xturCD oOllta1DiJJg '2 to 4$ D8thaDol (p-&C1~ mareae1Dg the a1aoho110

content of the tlixturel). A light J'Gllow bane! was waahed tbrough the

column, aDd thwa bluish-green band t1mlJl' sepaz-atea ~om the top

].mfR. Wh8D this band was well .eparat8d from the top light 78UOldah.

green 1a1C' the dBvelopumt .8 stopped aM the latter dug out ana the

ohlaropbJ'll .Q eluted tdth c1ietlv'l ether and a oma11 amount at methulol.

!he tn:st tormtiOJ1 and ear17 developmmt of the cbramatosrama

&111&75 len Ii mixturo of obiorophJ'll A and £\ in the top band. Spaotro-
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~otomatrio agam1 'DatioD of the eluted pigmenta showd that 0D1J upon

extensive washing with petroleum ether oonta1rW2g up to 4% methanol

was ohloroplv'll ~ removed frcm thica bando When chlarophJll Ii bad been

remands the adsorbed ohlorophJll a appeared as a ta1ntq colored,

unpromising looking rel1owish-green band. This apparent oo-adaarpt1on

of chlorophflla Ii and g" not desar1bed b7 Strain and his oOCIIWarDre,

_s alwqe observed br the writero The reoovery at UI'lOontem1Mted

ohloropb;yll S1 _s never acoomplished, and it _s necessary to correct

this epeotral data for the amall amount ot ohloropbJll £\ preiJeDt.

The correction for the ohloropbJll A present in ohloroptv'll .2

preparations wal mdo bJ calculating the con06Dtrations of the two

~ oomponents (expreaa1J2g the ooncentration of ohloropbfll S in arbi­

tr8z7 unite) from optical densities ot the methanol solution at 665

~ and 635 ~, us1J)g abaurptioD ccettio1entc) reported b7 .oldJm8Y (4)

and StrQing YaJUdrJg and Bard1D (8 p 9). InowiDg the concentration of

chloroph;yll il, its contribution to the absorption was caloulated over

the spectral range end 8UbtrQote~ tram the observed optical dcmll1tiello

The "peo'trum of the mixture eluted trom the top green ban4 of

! Ii ohromatogram prepared b7 the method of &08 (5) eho\1Gd it to be

ahlorophTlls a $ond St !'JOt oblarc~l1 11 8S Pace esemaed. Sm00 the

spectra ot chlorol'hl'lls 12 ca .Q are quit. different II the results of

! hie a~.1 o~ the ahlaropbJU. ot the diatom mt@iOh'e C198terium ere
. 1

! probeb17 111 error &B to tbe 1dent1t, aD4 amount of the seoond ohloropb;rll

oomponent 0



BetA Carota!\! I

Beta am-otene haa been reported as the pr1no1Jal CU'ot0l'JiD

Jr8sent in mr1rle plants (10). Although the absorption speotrnm1n

9O:S acetone has Dot prGV1ous17 been reported, those tor hexane am

other bJdroosrbon molvont. haft beeD published b7 soveral workers

(1~ 2, 7, 11, 16).

A cO!Dltero1al Pl'ep&rQt1OD__of beta 8U'otene (Eimer and Amend) p

. described bJ the manufaoturers 8S xanthoplv'll, chlorop!qU, 011 am. .
tat t.Ne, gave 8 blue oolor. oharacter1stio of the xantho~llGJ (2),

when shaken with S~" phosphoric acid. This reaction mal have reilUltecl

from produots or exiaatlO1l formed after leav1JJg the manutaaturwGJca The

. material &s treated ill two 818 to remove these compounds. A hEiaaaDCl
I

! solution was (a) sb8Jcen nth 90" methanol, then washed with water and

I dried over mJ1h1droue tBod1\D1l e\1ltate and (b) shaken w1th 8S" phosphoriC!
I
I

! &o1d and then washed with water and dried over aDh7drou sodium mulf'at0o

Absorption spectra of hexane solutions at the CCJ11DU'cdel ClarO­

i tene and of two portioDS tiz'eated &8 abovQ dittere4 sreat17 iD thm
; -
: rsqGt 320-370~. !exane soluticma of tho matMnolvasheCl matQriml

: uhcme4 unusuallJ' h18h absorptions 1D this raqe, l'JOD8iblT C&Wlod by
I

!

methanol lolvate8o TheM propm1'biou nre Dot dried after the methsnol

washiq, aDd tho Qolvstos sprentq persiatGd. 81DoV per aeDt a"tODe

loluticma of the untr.te4 .terSal pbcm04 a GUddon 1noroan in a'b8orpo

t10ll 'be1ov 350 m.,.,u wh1ah •• Doil oblGl"'f84 1D sample. prrf1o~..ted

. with e:1ther IIOtbaDol or phoaphm-10 acid, aDd evapmlteac1 to di7nelfl

: under rf)duoed pressure at room temperatureo
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Xanthomyl1s I

The upectra of 90% acetone solut1oD8 of neotucoxanthiD A and.. .-
BJ tucaxanth1n, d1adincmantb1D and diatOXaDtb1D have not 'been reported,

the isolAtion and rolative speotrc of these oompounds in methanol were

reported by str~in, et al, (10). Theee OcmpoundB prepared by thdr

i methods trom JDhed dimtoms oollmctod in tide poola at Pri_ Ifarbor,

Waah1mgton, showea UDusUBll1' high absorptionu in the Ipaot!111 raJlP

I 32O-36O~" Three posa1ble O&WJ8Ci1 of these anomalies 'Bere o0118idared.

(1) Absorption b7 reai<b2al dimetlv'laldJ:Jna (whiah showm a b1gh sb!aarpo

tiOD :In this nmge), added to the PDtrole~ either used to develop the

'chromatogrwna, (2) Absorption b7 methanol or d1e_l ether solva't!sD

o.nc1 (3) Absarpticm by 1n6ompletIJ~ removed naturallT ooonrr!J2g tiaXeS

obeGrvud to aome through the adlOZ'ptiOD oolumnra wbile ablaropb;vll i.
I

! VIaS ~1Dg _shed throush. Thess h1Ih ."sarptiou could be ."nrlm'ted

. :bl exhauatlw dr11IlI and b7 avo1diDg dimetql aniline, Q]1m4M tirJg th<a

latter pose1b1l1Va 'fo imestipte the remBimng po.s!bll1tiGs,

xanthophJllo woro pl'Spa'e4 trom cUatoms .b7 the tollcm1JJg mod1t104

methods'

10 El1wdMticm of diuthfl en"15m •

The method of StNiDp at 81, .s Altore4 bJ omittiIJI

41mstb71 ani]9"8 ent1req, uUg po'Jdere4 III&lP8s1U1l oebol28te to

prevent aolc11V9 Ibcm DO II'Iota1 cIJ71mI ptooe4ure .. ucel, thea.

p.relU't1~ Dhow.a h1Ih ab8arpt1on 8' the ehon. wave lfQ21tb8 1Il

aaetone aolutiouo
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20 E11m4J)8ticm of lethanol.

Pace' .. &8etone extraotion methoCl _8 used to prepare

JW1tho~lllJo To avoid contaat nth methanol, aD attempt _8 made

to develop the ohromatop-am with first acetone aDd t~ d1etbJ'l

ether in petroleum ether. The.e mixtures "salted in a 81011 JIlO'Ii)-

I mellt of the pipents down the aolumll, with little or 110 leparatioD

of the xanthowUsp and t'na]l'T the ohroatogram was developed

with isoproWl aloohol 1D petroleum ether0 N:1Ilety per cent acetcms. .

solutions ot these preparations showed high absorptions at the

shorter wave longths which were not shown b7 ethanol 801uticm8 of

mimilmrq treatt!d materialso

30 &daUBtiw c1r11J:I8, to decompose possible solvatel.

Ninety per cent acetoDe liIolutioJ18 of xanthoph;ylll

haviq UIlWJuall1' bigh absorptions in the apectral raDP 320CQ)60 ~

uor~ dried under reduced prelsur. at room temperatura tor three hourilt

fhis resulted iD a marked· docrease 111 the absarpticm 'betweeJl .320 and

JIJO f!,A4o When dried tor .10 hours, there 88 no ~omal0U8 absorption

in solut1ODS of nootuoaxanth1n A al\d B and tucamnthiD prGparatiODlJ

made bF the method ot strah, et al, subat1tut1!Jl povdere4 JIIIIII1esiua

carbollatea taf' d!methJl 81)11'n.o

40 Attempt to tom .o1vate. at low GODoeDtntiOllllo

A emall 8II01Dlt of (a) methuol rm4 (b) d1etbJl etber9

I a4decl to the so1utiODa ot redl'1e4 materJal d8aar1bed 1D (3) above SJ

reeul1zG4 !D too &II1IJ.l • o1mIp 1D the abeQl'ptlon to aocoUllt tor the

high absorptioJl8 obl0rve4 before rech71Dlo



50 Attempt to farm cather eolvatf.e at high Oon08l'1tratiems"

!be p4smente were ap!llredr1ed and redissolved 111

Metbtrl ether, tlWI t1me stopp!Ds the evaparat10D B8 80011 ae the

mater1a1 appeared al78tal1,• cmd dqo WhoD reeU.eaolve4 iD aoetone,
I

i

~ absarbaldlltlea W81'8~ elilh~ mares.ea.

The reeulta of (1) and (5) above ahem that,

(a) Whtm 811 aloohol was used to develop the obromatogram,
I

adatcme solutioD. of the p1pents had high optical deDCiJitles at the
i --

81iorter vave leDgthe UDless the material waG lBub3eote4 to exbaU!ltive

ro (b) <>Dee a Jift)lm\i1ion had baeD dr1sc1 axbaust1vel¥, the
I

ajdit101l of SIIIIl11 amoUllta of methanol r:sr dietb,yl ether to the acetone

eolut1on8. did not C8UW8 unusually h1Ih optical dens!ties 0

I

I (0) PrGperatloDll sho'riq high. optical dena1tiss 1D 90"
a$etone did not nhow CDrr8IDpond1Dll1' high den"ities in alooholle

I

8Qlut1on8o

(d) The rel6\tivelJ" DODuvolatile diIztlJth;yl aDil1ne must be

avo1Cic4 it the espectral ra~ UDdtll' 350 ~ 119 to be iJlftat1g&te4o

Solfttion of leaf mmthopb;rllrs was investigated b7 strain (7)

del found to have 80me effeot OD the speotrum in the range 400-500 ~
I

At ahorter waft 1eDgths the eftect 18 muoh more pronounced. The
I

~1ter'. fiDdbse 8U1J18St that 801vatee are formed on1T at h1Ih o02l~
I

c~trat1oDB (euoh 88 wheD beimg dried) J the7 are s~t lBtable ill
I .

acetcma, UDBtable in alcohoUa solutions It Bnd can be d00trOJed bT
Iprolcmp4 dz7;izJg !D ftouma at room temperature 0
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In ODe ames I rHdaorption ofaxanth~ll fraction on a

powdered sugar oolumn resulted 1D the separation ot three c11st1.not 'bands

of very similar appearanoQ)e Thesa three bandl, when eluted and subjected

• to three hours'~ under reduced pressure, had essential1;V ld8nt1oal

spectra (that ot fuoaxanth1D) in 90~ aCGtone, although both aoatone and

ethanol solutions ot the three fractions mm Bub3eated to this c1ryiq

procedure had very high and inoonsistent absorptions at the shorter

wave l81lgthso Their CiJeparation on the adsorption oolumn could be

attributed to the formation ot different metb6mol solvatee ot t1u>

pigment 0

RESULTS

The absorption spectra of the oompounds diS0U88Sd above are

tabulat9d in Tables 2 to 4Q Eltcept tor tShloro~ll& and be.... carotsne,

logarithma of relative absorption coefficients, oomputed from ob8RVed

optical densities&) arb1~ aS81sn'ng the value 20400 to ths> 78Uaa.. .

max1mum are giV8Do Logarithms of specific absorption ooeftio1ents of

ohloropqll a and beta carotene were calculated trom cODosntraticm

values determined aa indicated in the tables e The Beer-Lambert law

i was used in the form

lOS E =lOS 10/l - (lOS L + lOS 0),

wh1Gb, tor a one am light path (L =1). re4uoem '0
lOS I II lOS 10/% .. loa o.



Table 1

Slit en' lfomipaJ. Band Wid"' tlMd ill .k'M
Absorption • aur8!ll!l1t ! on the Beotgge, Spegtrophotometer

Wave IaDgth Raz:S8 Slit (mm) NomiDal Ba1d
Width, ti))1nd orOJ1l

90" Acetone Solutlou

320-32204 108 90 0 904
32205-324 10' 60 76 6089
)25-329 OQ8 4024- 4052
330-334 003 1 0 69 1~75

335w339 002 1017 1022
340-359 0015 .92 1e12

. 36050'399 Oe10 '.75 1.05
400-700 0004 042 2.00

!" Methanol Solutlou

320-3.24 0 03 lD50 lCl69
325-334 002 1 0 06 1.17
335-354 0.15 088 1806
355-399 0.10 .71 1005
400-~ 0.05 052 056
410-599 0004 045 1 036
6OOa6l9 0007 2038 2080
620-'100 0004 1 0 60 2 0 00

B8xIple Solutions

320...324 003 1050 1059
'25<8334 .00 2 10 06 1017
'35-349 O~lS 088 096
350-399 0.10 064- 1005
400-599 0004 042 1036
600-'100 0007 2038 3050

ltIwlol SolutiODl

320-32204 0 03 10S0 10'6
3220'-334 00 2 le04 1017
335-349 0015 088 096
350-'99 0010 064- l e05
400-409 0005 e52 0'6
410-700 00 04 045 2 0 00..



Table 2

Ab@otpt1onS~otra of Chlorophyll! g and 0
..j

Chlorophyll g in 90~ Chloro~ll .9. in
aoetone. C~eoted Methanolct Oorreoted

i
Ohlorol'h¥ll ~ tor ohloroplvll ~ for ohloroph;rll l-

I in 90~ ·Acetone oontent oontent
I 19m Soln 1 Soln 2 Solnl Soln 2

WfiV8 Lbngth LogE 1om ~ B 1 em1Ac S 1 J9l ~~om logR 1em
I ny~

320 10449 10449 10528
325 1·)453 10448 10526
330 10399 10362 10394
,:3; 1Q419 1,,305 10281
340 10403 1(28) 10279
345 1,,264 1~2'7
350 1&464 1&241 lCll24S
3;5 10/;99 1~221 10233
360 1:1552 10236 1023'
365 l~S99

3'10 1 0 648 10262 10257
z· 375 10685

380 lG697 1,,307 1 0302
38S 10701

~ 390 1<)701 1,,361 10;52
395 10714
400 11)764 10378 1..373 lc299 10271
40S 1&829
410 1 0 8S9 le441 lo~6 10362 10331
415 1 0 654
420 108.49 1~572 140573 lC/461 lo~4
42; 1"89/,,,
430 1 0 940 10730 10733 10626 10605

41~O 10696 1 0 88;3 1,,8S9 10748 10718
445 10347 10922 10922 10764 1(1764
45(, 0949 1&695 10899 10763 10751
4;; :t62S
460 .40' 1.677 le674 1\)635 1~622
465 ~3J3
470 ,,276 lCi216 1,,202 10342 1 0 317
480 $278 .732 1!J7J.7 .929 0910
490 ~36S 0468 ,,44]. 0452 0442
;00 9410 0368 0344 C1237 0216
505 ~414
510 ~412 0329 0295 Q201 elJ3
515 Q325 0286
520 6J(J.'1 0353 41320 .,220 ,,192
530 oJ;J7 0415 0238

t



contim1eci
:rable 2

,;40 ~S91 0519 0499 0384 0352
SSO 0567 0545 0529 Q442 0414
560 0706 .654 0645 0502 04'1J
570 0855 0763 ,,736 0580 0'39
580 ~942 0867 0857 0703 0685
S8S 0843 0834 0720 0693
590 c.915. 0757 0748 0684 0560
600 0986 .0583 0560 0'" 0560
i605 oS'4 0541 .492 0456
610 10144 05'13 0563 0483 QM2
615 10119 0646 0637 .,,8 0539
620 10172 0760 .760 0638 0618
62S 1 0138 0931 0914 0779 0776
630 10076 10015 10024 0856 0846
631 10021
634 0869
635 1003' 0985 0983 111868 0851
640 10074 08.4l 0837 0821 0'194
64S 1 0 215 0642 0621 0720 0700

~ 6'0 10417 0444 0441 0547 0493
655 107.30 0268 0268

I: 10838 0036 0043· co o383 -046l
10 8'1

:665 10824 .>020 0043
1670 1~;34

:67' 10378
1680 0972
~6SS 0548

I

iCOIlCl8lltratiOJlS of chloropb;r11 .. 80lut1ODJJ O~d trQDI apec1tio
absorption ccettia1entl reported by Zsohel11e 13) •
I .
i Valu9;D of the relative ablGl'ptioD ooett1cient of the
~a8toDe solutiou of chloropbJll A at 445 JD.)J ubitrar1l3 g1vrm the
Isame value found for the speait1c CAbsorptiOll aoottio1ent of ahlaro-
~11 11 at its maximum 'Value (1.922 at~ t). Va1\1811 tor ohloro~
plv'll A are thus of 8'P'gifiO absorption ace fio1ata, those tar
iohllll'OPb¥11.A are relative abllOll'pt1cm ooettloimlts.

I

1

I

I

I

I

I

I

I

or



Tabla 3

Spjcific Ab@orptiop Goaft1oientp of

Beta Carotene ip 901 Agetone

I

Wave Lusth
I

320
322.5

i 3'25
330
335

I 340
345
350
355
360
370
380
390
400
410
420
425
.lc30
440
44S
450
452
453
45;
456
460
46;
470
475

Log E 19m
.... 10m

10216
1 G163
1 0 181
10205
10227
1 0 248
19238
1~248
10227
10253
10377
1 0 554
llJ725
1~906

20033
, 20170

2CD212
20251
20309
28355
20388
20400
2CDl,OO
20400
20400

. 20385
2.;1351
20332
20339

LogE]gm
lam

480 2~349
4SS' 2~'7
490 20285
500 2c042
510 10 658
520 10181
530 00771
540 0 0 570

Ooncentrations of solutions
determined from aliquot mamples
in hexane p usiDg speo1tl0
absorption ooeffioients reported
b1' Zeohmeieter and Polgar (11) 0

In 90% acetone the maximum 10 Q

little lower (ot 2tt410) and diuQ
plaoed slight]; toward the longer
waVa leqths (of 4SO ~) than 111
hexane solutions.



M" ..

AbaarptioD 8peotn of Diatom J8Dthop1\yll&t m Etbe1301 aDd~ Acotcme Solutioa• •~~;; ~ tar~
------glvea ---------~--~ - .. ,-~ ---

llive BaQfUcQmDtJdD A me_B - - DIa_
L8DgtJl ~ 90J ~ - -J;M Bthuaol Aceteme ItbaDol AcetaDe EtJvmo1 Aoeteme BtJwnal A..... Bt;hannl AaetaDe

'SO 1 0 657 10 667 10 581 10S53 10328 10312 10 494 10 521 10808 lolklS
355 10 675 1 0 568 103,6 10340 10464 10472 10757 1G765
360 1 0 688 1 0 706 1 0 620 1 0 608 10402 10400 1 0 494 10_ l.m 1.'134
365 10465 1 0 552 10537 10'131 10'7J4
370 10761 1 0 '789 10'T.l4 1 0 721 1 0 550 1 0 S67 10 622 10610 1 0 m. 10156
375 1062l 1 0 687 1.B08

'SO 1
0
868 . 1 0 892 1 0 833 1 0 846 1 0 700 1 0 726 1.753 107" 1.8?9 10846

390 10966 1 0 996 10950 10974 1.854 1 0 88S 1~9U 1090'1 1.95? 10946
400 20081 20110 2.0'10 2~099 10994· 2 0 027 2 0 022 28027 2.070 20066
410 20166 2.196 20178 2 0 206 20114 20148 20 157 20157 2.171 2.162
420 2 0 244 2 0 2'79 2~251 2 0 • 20 216 20252 2.239 2 g 2S8 2.266 2.264
4'0 20302 20330 20316 20 341 20283 20316 20272 2•• 2029'1 20314
4/JJ 20352 2 0381 2~3S9 2.392 2Gt346 2.371 20365 203'16 2.354 20353
444 2 0 398 20368 2 0 375 20400 20371
445 20367 20397 20313 20398 2e3~ 20394 20372 20400 20373 2.381
446 20369 20398 2,,3'14 20400 20368 2e398 2.365 20399 203'13 20384
448 2e»370 2.400 20375 20400 2 0374 2 0 400 2 Q354 20'7' 20392
449 20'74 2~'99 2037J 2$395 2$400
450 2 Q375 20397 20374 20398 2.336 203'19 20371 2;,396
453- 20 374 2,,3'14 2Q4OO
452 2 o''7J 20371 2&37S 2()317 2 0 363 2.,396
4SS 2 0369 203'19 2 0 367 20385 20373 2.387 2.28' 2 0330 2.'.0 20388
460 20360 2 Q374 2G358 2 0 374 20364 2 0373 2.258 20389 2.'08 2.360
465 20,66 218361 20358 20366 20272 2.389 2.288 20329
470 20'46 2 0359 20336 20351 2o~S2 2 0 362 20299 20320 2(29) 2.314
472 20300 20328 2$317
475 20337 20 287 2 03rt 20318 20 318
476 2 0 321 2.317 2.'22
"-78 20324
.480 20304 20312 20m 202'18 20305 2 0 308 20201 20. 20275 20322



!able 4 <_>

48S 2 0 257 2 0 213 20259 20246 20037 20139 2 0m 20294
490 20206 20184 2 0160 2.135 203>1 2Q l71 10 '193 10933 2 0 091 20 198
son 20056 1D998 leW) 10931 2o~ lo9lR 10229 10362 1 0?l5 10905
510 10890 1 0 '192 1 0 808 1.'110 10866 10753 0 0 871. 0 0 953 10322 1 0 52'7
520 1 0 67.3 10583 10. l.~ 106.45 10494 00649 0 0 '706 1 0 021 10187
530 104/:2 1 0 306 10346 10 192 10409 1 0 222 0 0 514 Oe417 0 0 817 O~960

~ lQ2ll 10049 1 a101 00939 10 152 0 0 960 0.376 0 0 379 00662 0 0 797
560 0 0 734 0 0 634 00592 0 0 448 0 0 637 Oe358 0 0 251 00254 00516 0 6 659

" Val~. of Los ~cm oamp!ted b7 arb1trarU7 a.sipSDg the value 2.,375 ~o tile
marl. of etJumol aoJ.u.t1oDs, ud 2~ 1D~ aoetoDa.-- !he tGi"lll8r ".].'i1& is
close to the value tomd b7 stra1D 6) tar elght leaf xaDtboPw'lls ill ethaD.o1J
the latter aD average ob881'V8d tar aliquot tJIIJllP1es ill acetone eolut1oa.



Logarithms are reporteel, tollow!ml the :srao~iae at Stra1ll, beoa••

the obape of the plot ot log E ap1nst .w 1fmIth 1s 1ndependellt

of the oOD08IlVat1OJl.
I •

I The ooeftio1ent. giftD 1n fable 4 were determ1Jled em

oompounds !"pared 111 the presenoe or d1metbl'l aD1li11e, aDd therefore

the data exteld 0D17 to 350 ~ 0

I

! 'the abporption speotra presented herein represent c02IIpINble

~ata t~ the ma3~ pipellt. found in a groUp ot pJaIlt. p the d1atomfll.
I
~h1oh are r8apcmeible tor a very lar,e proportioD of the worlda•

photOQllthetic produotion of orpDio o~.. As 18 11811 Jmoe, tho

;apao'tN at these oompo1D1da after th&1r .traotion from the plaDt ce11I
I

~7 dUfer from their ~baorpt1OD ill the liv1Dl pJaIlte. JlOutheleu,

ithe speotra ot whole extraot. are more 1Datruot1ve lIheD ODe haa at
I

lhaDd the speotra ot the 1ndid4ual COIl])OUDdao !he.. data haft 'beez1
I
I

:us8c1 ter the ep8ctrophotometrlo eat1maticm of componat. of IIUCh

lextract. b7 a met~ to be sa'b1lcthecl iD a tartJwm1"1 Plper.
I

I •

I It should be of 1Ilterelt to the evo1utiOld.et that oblaroa

11'b711 a abllorba 1'91at1...~ muah Il101'8 blue than red UP-. 00llIJI8re4

:w1th ohlorophJlla • and 119 Tbu, t11e d1atou, cU.Ilot1qe11ate., all
I

Ibrovm alp. pola.as a JX'pat adm1rab~ aU1te4 to tbD~0Il of
I

!JJ.sht of the _ve 1eDItb& whla!l pme". deepen tDto the -0
Beoaue8 ohlaroplv'll A 18 Dot SD'Mnael7 1NaD, aDd 40es 80* tthow up

well em obromatopu18, it. UOUDt 18 apt to be umdeelt!llatd, t,.

-11-



'tibie r_eJOI1, 1t has been generally ignorGd b7 oceanographers rm4

l1mIlolog1ste in studies ot photo&l1lthGsie , although S1zra1D, "nn~'DI

aDd Barc11n brave come to the conclusion that ftohlorofU.o1ne (ChlaropbJ'U Al
~ be aD importaDt pipeDt in the carbon eoOllOlQ' of mture.n

I
: Thra s~c1tio absorption ooefficient. of ohloropb;rU a
and the d1stom XUlthopbJ'lls remain undaterm1lledo Probab17 the
i ••
!

!

~pitud0 of theBe ooettio1ente ot the xanthopbJlls are all vf1Z7
i '-

:s'm1Jar at their maxima, ooourrhtg around 4'0 !,.tIl e1:Doe_StNh (6)
I

~oUZ1d but little d1fterQUl08 111 the sild:1ar1r located maximum speo1t1o

absorption ooeff'ioients ot eSght leat xanthopb;rlls.
I

Solvation etteote mish1i aooount tor the ~eriOWI 1dentio

lfication of oarotenolda which -7 beg in NmliV, dittereDtJI" solwted
!

jlllplloiefB of otborwimEl identical moJ.eoulllllll. Chromatogaph1o separaticm

lis eouider0d l'J'dD fa. evidenoe of the ncm=1den'tiV of ohem1oal

jcompoundw, but then ita no reaeon to rG3eot the probab:U1V that
I

jd1ttarent solvatee of the Sti118 moleoula a&Il be aep&ra1ie4 ohromatograp!d.­

loall7~
I

ChloropbJ'llm fl..and A, D80fuocmaDthiD A aDd B, tuaazamtlWl.

41atinmamthin and diattmaDtIWl have beaD pre~ cm4 theiJ' ab...p­

ticm apeotl'a, G8 18611 as tbat ot beta carOtGD8, iD 90~ aoetcae

solution, baVG..be8D cleterldJle4 cm4 repor1se4o Pr~ou17 1'8po1'te4 8peotn

of the diatom xaDtho~U. !II ethaDal haw been erieDSed SDto 1;ha Dear

ultra-violet.

lv1denoe ot thQ tOl'Bllt1OD, ohroma'tographio ••paratioD, aD4

doootRpositicm at solvated oaroteno1d moleouJar Dpeo1ee 18 PNBente40
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