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SUMMARY.
The photoreductlon of protoch]orophy]l1de to ch]orophy]]xde in holo-

‘chrome preparat1ons from etlolated bean seed11ngs (Phaseo]us vu]gar1s L.)

? produces a ch]orophylllde holochrome that exh1b1ts po]ar1zat1on of

~ the ch]orophy]]1de fluorescence at 7°C. If the ho]ochrome is suspended

in 2 M sucrose in order to prevent the usual dark spectral shifts that
fo]]owkphdtoconversion,’then the fluorescence polarization observed is

about 50% df the value for chlorophyll a in a viscous solvent. In the

absence of sucrose, on the other hand the chlorophyllide fluorescence

is 100% po]ar1zed by the time it is f1rst measured (ca. 20 min) These

observat1ons, together with the c1rcu1ar d1chro1sm spectra measured in

_Part 1 of the study]. lead to the conc]us1on that protoch]orophy]11de and,

when flrst formed, ch]orophy]]1de are present in an: aggregated probably
djmerlc. form,xn ‘the holochrome. 'Follow1ng the photoconversion, the

ch]orophyl]ide‘association'rapid]y breaks up and forms a,proteih partic]e'

that:is mohomeric in chlorophyllide. Thecre1atienship of this rearrahge-

ment to the process of membrane development in greening p]astids-is dis-

cussed.

Abbreviations:-_Ch],‘ch]orophy]l; Chiide, chlorophyllide; PChl, protof

| -:chlorophy11; PChlide, prqtochiorophyTlide;,PCH, protochlorophyllide

hciochrome;-CH,-ch]orophy]]ide holochrome; CD, circular dichroism.
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The fikst’i]]umination of dark grown (etio]ated)'seedlings of
angiospe?msbihdoces a Sequénce of profound changes, including the forma-
tion of ch]orophyl], a thorough reorgan1zat1on of the 1nterna1 structure
of the etlop]ast and the steps 1ead1ng to the format1on of the photosyn-
thetic enérgy¥cOnvefsiOn'apporatus. ‘The first part of this study1
desorioéd fhg-eVidence”of absorption-and circular dichroismetud{es
‘bearing on’ this major pigment:pfotein reorgoniiotion;v
F]uorescende intensity ond, eSpeCial]y,-fluOrescenCe depo]arization
also provide.sénsitive indications of.pigmentvintefactions and the changes
in these'iﬁferaotions atcompanyiﬁg proplastid development. Latimer and
Smith observed strong f]uoresoehce oolarization,'comparab]e to that of
Chl a ih‘a'viscous solvent, from ﬁhe'Chlidé produced;Qia the photoconver-
51on of protoch]orophyl]1de in the ho]ochrome2 Goedheér”ahd Smi th applied
increasing durat1ons of 111um1nat1on ‘to etiolated 1eaves and observed
a progressive decreaSe in theﬂpo]arization‘of fluorescence of the holochrome
extraots'prépared from the 1eéves3. 'BecauSe their'resu1ts'extrapolated
,to a va]he indicating_SO% of,the maximum polarization at the first Stége
fo]lowing photoconversion, they concluded thaf the observed depolariza-
 tion réSUlted’from'roﬁation,of the Ch]ide-mofecu]es wfthin the holochrome
framework. This was_sobéeqoently shown not ‘to be the case by Losev and
Gurinovitch, who observed strong (80-100%) f]uofesceoCe polarization in
leaves at e1ther 20° or -100°C 1mmed1ate1y fo]]ow1ng photoconverswn4
| They attr1buted the po]arlzatlon decrease upon 1onger 111um1nat1on to

exc1tatlon transfer among assoc1ated Chlide molecu]es. rather than to

‘rotational dlffusion.



During the greening process the yield of Chlide fluorescence
decreases approximatelyvlo-fold,.starting at a level Characteristic_of

chl g_in'Organ{C°so1vents5: |

The'intensity decrease presumably results
from duenching processes'that become more probable as the COncentrationA
and” extent of aggregat1on of Chl 1ncreases in the developing. p]ast1d
F]uorescence excxtat1on spectra offer ev1dence of the occurrence or
absence of energy transfer amongst’ d1fferent pigment molecules. For
‘exampie, caroten01ds present in et1op1asts_are not effective in transfer-

6,7

ring excitation energy for the photdreduction of PChlide ", nor are they

‘effective in stimulating PChlide or (for several hours following photo-

4,5

reduction) Chlide fluorescence Carotenoids are absent in the puri-

_‘fied'PCh1ide holochraie preparation®.

'Wevpresent»here‘a_detaiied study of the ffuorescence excitation and
emission spectra, re]ative flqoreScence yields and fluorescence polariza-
._tion of holochrome preparaciOns before and'following the PChlide to Chlide
conversion. These observations supp]ement the c1rcu1ar dlchr01sm spectra

1

presented 1n Part I of this research R and they prov1de c]ear support for

the molecular 1nterpretation of the CD spectra.

EXPERIMENTAL

Ho]ochrome preparat1ons

The preparat1on of PCH and CH from etiolated bean seedlxngs was car-
rled out as described prev10us]y1 In the present study PCH(suc) was
prepared by diluting PCH with an equa] volume of -4 M sucrose, 0.02 M
K tr1saC1 CH(suc) was formed by max1ma] transformat1on of PCH(suc; samp]es |

- at O°C using brief 11]um1nat1on from a 150 W f]ood]amp]

\



F1uorescence measurements

An Am1nco Bowman spectrophotofluorometer (Amer1can Instrument Co.,

’ i
vBa1t1more Md ) was mod1f1ed as fol]ows The em1551on monochromator
'grat1ng was replaced with one blazed for opt1ma1 eff1c1ency at 700 nm,

' wavelength ca]1brat1on wa5>carr1ed out u51ng a low pressure mercury

Cwl

. arc. The exc1tat1on beam was modu]ated us1ng a v1brat1ng slit operating

v at 200 Hz (Amer1can T1me Products, WOods1de N v, Type 40 nght Chopper)
Hand phase detected (Prlnceton App]led Research Corp., Prxnceton N. J.

Model 210 se]ect1ve amp]1f1er, Model 220 lock-in amplifier and Mode] 221
h1gh vo]tage power “supply). A red- sensxt1ve photomu1t1p11er (RCA 7102,
.Type S-1 photocathode) was coo]ed by solid CO2 Excitation and em15510n_v
spectra_were recorded‘uslng an XY-recorder (Mose]ey/Hew]ett Packard; :

Palo Alto, Ca]ifornia,'ModellZD-ZA) and'were-not'COrrected for’Wave]ength
varlatlon of the efficiency of the optlca] system. MohOChromator band-
widths (at ha]f max1ma) noted in the flgure captlons were estimated from
the w1dths of the peaks reSUItihg from Iight scattering., Sample tempera-
turestwere.cohtrolled to about 7°C. Cuvettes withffour‘c]ear sides had
square'cross-sectionsiof 10.0 mm’i.D. | |

Excitetfon spectra were recorded using’a.supp]emehtary-sharp-cut glass

jfi]ter (Corhing C.S. v3¥73) in'the em155ion beam just before'the bhoto- |
mU]tip]ier. F]uorescence po]ar1zat1on spectra were recorded using similar
f1]ters (Corning C.S. 3- 68 or 3-66). G1an,type crystal polarlzers (American "
vInstrument Co.) were used in ‘both ‘the excitetion and emission beams.
Po]arxzat1on values were measured and corrected as described by Hou351er

eand Sauer9
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RESULTS

F]uorescence em1ss1on spectra

The measurement of f]uorescence spectra of PCH and PCH(suc) is-com?
pTicated_by the effxcrent phototransformation caused by the excitation
light. The flndrescenCe spectra at 7°C were measured with'nc more than 12%
accompanying‘transfcrmation through the introduction of neutral density

filters (transmission 0.008)_into the excitation beam. ‘Typical fluores-

v cence'emission-spectra for PCH(sUc) anc CH(suc) are shown in Fig. 1. The

correspdnding.absorptfon spectra are shown in Fig. 2. The extent of
transformatiEn of PCH(suc¢) during the fluorescence measurement is esti-
mated from the absorhance at 678 nm due to Chlide. Comparison of Figs. 1
and 2 shows that the Chlide formed initial]y has a substantiaily greater

fluorescence eff1c1ency (> 3x at 685 nm) than does the Ch]lde in the fully

trans formed CH(suc)

The ‘shorter wave]ength emi551on peak of PCH(suc) occurs at 642 nm,

whereas that of'the residua] (inactlve PChlide in CH(suc) occurs at

. 637 nm. The difference results from the loss of the weak]y f]uorescent,

active PChlide in the latter material and perhaps. in part, from some

‘decrease . in self—absorpt1on with1n the samp]e. Based on the corresponding

absorbance changes, the'uncorrected relative fluorescence efficiencies of
inactive and active PChlide in PCH(suc) are in the approximate ratio 3.3:1.
‘The emission spectrum of this same sample of CH(suc) measured using

unattenuated excitation light is shown in Fig. 3. In addition to the

~ maxima at 637 (inactive PChTide) and 684 (Ch]ide) there appears a dis-

tinct shoquer at 745 nm. The 1atter 1is undoubted]y a v1bratlona’ com-

ponent_(o-él) of the Ch11de emISSlon
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'F]uorescence exc1tation spectra

" The exc1tation spectra of CH(suc) fiuoreSdence‘measured at 637, 685"

and 745 nm are shown in Fig. 4. The«emiSSion at the latter two wavelengths

result from identicai'exciiatidn’speeira,'whereas the fluorescence at

637 nm has a distinctly different excitation spectrum. These observations

~confirm the association of the 745 nm shoulder with the Chlide emission.
They'aisd argue againstithe occUrrence-df substantiai excitation transfer
from 1nactive PChlide to Chlide in CH(suc)

In the absence of sucrose, the transformed ho]ochrome CH, undergoes’
a dark shift in the absorption maximum from 678 to 674 nm during about
’20 min at room temperature . This absorption shift and the concomitant
change invthe.fiuoreSCence emissiondspectrumiare depicted‘in Fig._5. The
decrease in maénitude by 8% in the‘emission spectrum is accdmpanied by a
small decrease in the absorption and is probab]y not Significant

"Fiuorescence poiarization

The f]uorescenceupo]arization of CH_was'studied using a fully con-
yeriedmsamp]e with A (lvcm) = 0;15 atithe:red maximum; ‘Although the
sample was'maintained at'about £°C, the dark shift of the absorption from
677 to 673 nm continued during the course of the measurements The

po]arization va]ues, = (Iy -{L)/(I,,+{L), for emission at 680 nm are

plotted as a function of excitation wave]ength in Fig. 6a. Because there o

was'no'meaSurabie ehange in the po]arizatidnvvaiues during_the'course'of

. the dark.shifi, the measurements at different times are ndt distinguished _
from one another on the plot. The p values and their dependence on
excifation'waveiength‘aQree generally with tndse obtained for Chl a in
,Viscous solvents, however, there are significant differences among the

several published poiarization spectra]O -13,

& .
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The fluorescence polarization spectrum of CH(suc) under the same
cdndiiions is shown in Fig. 6b*. In the wavelength regions where

comparisons can be made, thé-p values of CH(suc) are approximately half

| thoée of CH. The wavelength dependences are qualitatiyeiy similar,

however.

"The,polakiiation'bf'the'PCH(suc)'fluorescence at 642 ﬁm was measured :
using neutYa1 density'fi1ters}(transmission 0.008) in thé ekcitation beam
in order td retard thé phototthersibn. With the excftat{on wavelength
at 440 hm; p'va1ues of +0.06»t 0.14 were observed. The Targe Uncertainty’
fesu]tediprfmafily from the Tow signal Tevel under these experimental con-
ditions. PCh1 a in mineral oil exhibits a'po]ariiation of.+o.23 at the

corresponding wave]engthsg.

DISCUSSION

Protoch]droph&]]ide holochrome fluorescence

The protochlorophyl1(ide) molecules in etiolated leaves or holo-

chrome preparations occur in at least three distinguishab]e spectral

14,15

forms . These are best characterized at liquid nitrogen tempera-

tures, where the resolution of the components and the fluorescence

efficiencies are enhanced. The fluorescence emission spectrum at 7°C
shown in Fig. 1 for PCH(suc) contains a small component (~10%) of

Chlide a formed during the fluorescence measurement. Neverthe]éss,

*The presence of the asymmetric sucrose molecule introduces some rotation

of the plane of po]ar%zed light. This was calculated to be less than 2°

- under the conditions of the expekiment.
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there is an apparent sh1ft of the PCh11de f]uorescence peaktfrom 642. to

|
637 nm and a decrease 1n 1ts magnltude in the’ fu]]y converted CH(suc)

preparat1on The Ch]lde a f1uorescence shou]d not 1nterfere s1gn1f1cant1y 1
in thls short wave]ength region. The s1mp1est explanat1on of the spectra
is that the short wave]ength component P630 (1nact1ve), is strong]y B
f]uorescent, whereas the 1onger wavelength component, 639 (actlve), is
at mos t weak]y f]uorescent at 7°C.  If the f]uorescence em]ss1on at

642 nm orlginates in the component absorblng at 639 rm, then its 3 nm
Stokes shift wou]d be sxgn]facant1y-sma11er than those (6-8 nm) observed‘

It may be, therefore that.this emission at 7°C

for P C

630> “678 °" Ce74-
;_resu1ts from a h1dden component correspondxng to the centra] absorptlon

band observed by Dujardin and S1ronva] at,l1qu1d n1trogen'temperature in

etiolateduleave§14. At -196°C, where the“PCh]ide 15 unable to-undergo

‘photoconvers1on the long- wave]ength component becomes hlghly f]uores-

14~ 18, and the 1ntermed1ate wavelength component transmits its excita-

14

bcent
tion rather than fluoresc1ng

Whlle the polar1zat1on of PCh]lde f]uorescence in PCH(suc) cou]d not
‘be measured accurately under the cond1tlons of low excitation intensity
necessary to prevent photoconversxon the obser/ed value p = 0.06 is Tow
in compar1son ‘with the value p = 0.23 for 1so]ated_PCh1 a in mineral

9 .

oil”. Présumab]y, the measurement for PCH(Suc) applies primarily to the

’fluorescence from PCh]lde (1nact1ve) o - - ‘ : | ,.“

But]er and Br1ggs have attrlbuted the two - pr1nc1pa] spectral forms of
X

PChlide to monomeric (short wave]ength) andvaggregated (long wave]ength)

| spec1esjg. The Tow f]oorescence yte]d of P639 relative to that of'P636

~ at room temperature'may result from qUenching by the aggregatee in the
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fofmer casé..»The CD.spethqm'Of PCH reported in Part I of thisAstudy is \

interpretable on this}baéis1; In the region from 600 to 700 nm, there

‘appears to bé a (+,;) CD centered near 630'nm_that'cou1d be attributed

to monomeric‘PChlide'supeffmposed on a more complex CD pattern (- at the |

llbngest'ané1éhgths) which résults. from the aggregated Pé39 form.

o

a high quantum efficiency

_ order processes

Chlorophy1lide holochrome fluorescence

Light absorbed by active PClide leads to the formation of Chlide with

ZO.ALHowever, the process does'hot follow simple

firSt-okdér kinetics, but appears to result from the sum of two first-

21; Thevunder1ying reason for this behavior is still

obscurezz. v
"_Compérisoh of Figs. 1 and 2 indicates that thé=Ch1ide formed during

the initial 10% of photoconversion of PCH(suc) is over three times more

. fiuoreSCent than is the Chlidg of the fully converted”CH(suc) at 7°C.

This can be understood on the basis of a model in which active PChlide in
PCH(sué)“occhs in an aggregated (dimeric?)‘form, If the initial stages
of the photoconVerSion>resu]t in the transformation‘of only one of the
aggregatéd PChlide (actfve) MOTecu1es; theﬁ the resu]tihg.Chlide molecules
initially occur singly and their f]uofestehce is not quenched. In the
fully converted CH(suc).-the}Chlide molecules are now essentially all in

1

an aggregated state and their'f]doreScence is partly quenched at 7°C.

' The role of the sucrose is probably similar to that of glycerol in high

- concentrations in preventing the subsequent rearrangements that lead to

16

>va blué shift of the absorptfdn and fluorescencé’maXima, ._N

At 79C'we find_(ng; 6)fa‘re1ative1y lqw:po1arization of the Chlide

fluorescence ffom'CH(suc). This iséconsistent with the pkesenceIOf Chlide
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aggregates (dxmers) in th1s preparat1on By contrast, rLatiner and Shithz
and Losev and Gur1nov1tch4 found essentlally comp]ete polarxzatlon of
.Chllde fluorescence at the- ear11est stages of PCh]lde to Chlide conversion.
We conclude that the stage of the photoconversxon correspond1ng to our |
CH(SQC)'preparation Wasdpassed‘tnrough“toosqniek]y'te'bevobserVed by these
“workers. | "‘ a |
“The distinctive excitation spectra of fluorescence emitted either at

637 or at 685*(245) nm are consistent with the conclusions that photons

absorbed'by PChlide (inactive) in leaves or in CH are ineffective in stimu-

]atlng Chlide. ﬂuorescence23 24. This may be either because the two speciesn

are spatially separated from one another, or because the fluorescence
of PChlide (jnattive)‘itse]f'oecurs rapidly at 7°C in:comparison with

15 that exc1tat1on transfer from

excitation transfer. The observation
'PChlide to Chlide does occur at -196°C favors the second expTanatlon.
_weber has formulated a method of“enUmerating'the'components having

distinct absorption and fluorescence spectra in complex systems22. The -

number of components is determined fro. the rank of a matrix of sufficientl_,

size to account for the fluorescence intensities of the system measured at
severa! excitation andiemiss{on wavelengths. by application of Weber's
method to fhe_sbectra of CH(suc)'shown in Figs. 3 and 4, we feund that
vthere are two, but not three, distinct f]ﬂbrescentlcomponents‘in the cdm«l
pletely photoconverted holochrome at 7°C.  These components are PChlide
(1nact1ve) and Ch]1de | |

The exc1tat10n transfer from PChlide to Chlide at 11qu1d nltrogen

15 26

temperature reported by Kahn al. '~ and by Thorne - may resu]t from the.

S



" be neg]1glb1e at these,dlstances

'accompanying transformation from a double to a single CD .

max1ma,,prev1ous]y the only ev1dence available to support the proposa]

e

longer range of ‘interaction assoc1ated with Fbrster transfer27. Tweet

28

et-al. and Trosper et a] 29 report d1stances of transfer of the order

of 65-85 R in Chl a mono]ayers whereas the weak exciton interaction
respons1b1e for the mu1t1p1e €D of PCH(suc) and CH(suc) would certainly

0 1t s ]1ke]y, therefore, that the

low temperature fluorescence properties of post#etiolated leaves results

from the transfer of excitation via a Fdrster*meohanism,among nearby
holoohrome partic]es - Whether there-exists in.the ]eaves'a-particu]ar
cooperat1ng unit of 20 PChlide mo]ecu1es, as proposed by Thorn26, must
be determ1ned by further experiments. | |

: In the absence of sucrose, the fully converted CH exhibits a blue
shift in the Chlide absoqption maximom from 678 to»674 nm (Figp 5), a

parallel shift in theeemiSsion'maxima from 684 to 682 nm, and an

V. The shape
of the f]uoreSCence emission spectrum is unchanged during this process,
and its intensity is s]lghtly decreased (F]g 5). The f]uorescence

po]arlzatlon (Fig. 6) on the -other hand, is increased by about a factor

~of two in CH compared with that of CH(suc). The po1arxzat1on of Chlide

fluorescence in CH is‘indiStinguishab]e from that of Chl a in viscous

11-13

solvents The strongly polarized fluorescence is consistent with the

‘conclusion reached on the basis of the CD_spectrum,'that CH contains

essentiaﬁ]y monomeric Chlide, at least by the time these measurements

can be made at 7°C. ‘The'increase in f]uorescence‘po]arization and the

: changes in the CD spectra are much more direct evidence of this decrease

in aggregat1on than were the b]ue shlfts in absorption and f]uorescence

18,31
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| The monomer1c form of Ch11de 1n CH IS presumab]y responsxble for the hlgh

2,4

polar1zat1on values prev1ous]y reported B a]though our va]ues of

'poiar1zatlon excxted at 405 nm are somewhat hlgher than those reported
by Latlmer and Sm1th2 | S I
: The one observat1on that‘appears to be 1ncons1stent with the | A‘p'
plcture of . Ch]lde dlsaggregatlon accompanyxng the b]ue Shlft of the
'absorptlon is our fallure to observe a concomitant increase in f]uores-'
d'cence eff1c1ency 1n CH (Flg 5) The simptest eXp1ahation of this is
that the 1ncrease 1n efflctency has a]ready occurred by the time we are
ab]e to make the f1rst fluorescence measurements on CH Goedheer foundi
~ the fluorescence efficiency of Ch11de'1n‘green1ng beahh1eaves 1n1t1a]]y_
“to beicomparabie’to,that‘ofVChi g;in'methanoTs;. It will be of interest.
‘to détermtne whether a lTower: value can be detected if measurements are |

v'made very rapidly following a Strong'flaSh_of'actinic Tight.

"CONCLUSION

From the measurements of absorptlon fluorescehce excitation,
emtss1on and po]ar1zatlon spectra together w1th the CD spectra a |
con51stent plcture emerges of the 1n1t1a1 stages of PChl\de to. Ch]lde
convers1on 1n etiolated p]ants. If we accept the sto1chlometr1c data t‘

8

of Schopfer and Siegelman™, the process can be descrlbed as fol]ows

NY
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R+ R

V-P,CHe.4o S VCH578(s'uc)* \ CHg77 674

XBL716-520I

The PCh]lde ho]ochrome PCH64O’ contains (at least) two PChllde mole-

cules that 1nteract suff1c1ent]y at c]ose range to glve a negatlve )]

for the ]ong wave]ength band These must be on the same ho]ochrome

‘particle. Immediately fo]lownng.photoconversion, the CH678(suc) produced

contains -two strongly interacting Chlide mo]ch]es, on the basis both

of CD and f]uorescence polar1zat1on spectra “The siting of the pigmenf

on the ho]ochrome prote1n may be essent1a]1y unchanged from that in

I

PCH Very rap1d1y f0110w1ng photoconver51on in the absence of h1gh

640"
concentratlons of sucrose or g]ycero] the Chlide ho]ochrome undergoes a
rearrangement or d1ssoc1at10n ThlS resu]ts 1n the d1sappearance of the

double CD feature, a two fo]d 1ncrease in the f]uorescence depo]arlzatlon

and’ eventua]]y a sh1ft of the absorptlon and f]uorescence emission maxima
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to shorterrane1éng£hs. The schéme‘abové indiéatés thrée.poésible )
-exp]énatiOns: 'ﬁ)’airearrangement dfﬂthé'CH particle leading to decreased
intetactidn’befween the Chlide molecules, B) dissociation of CH into two
eqUivaTeht parts, and C) disSociation”of‘small ChTide-broteiﬁ fragments
from the maJor prote1n component The aﬁternatives'are'hot mutually
exc]u51ve, for structure A could precede B or C. This would account %Or
the observat1on that the CD and f]uorescence depolarization changes appeér
to occur more rapid1y than does the blue shift in the absorption band.
Alternative C would be consxstent w1th the observat1ons of Boardman32 and
of Bogorad et al.’ 33 that the final Chllde -containing species has ‘a
mo]ecular welght much d1fferent from that of the ‘holochrome proteln;
In the intact etioplast, the major protein ébmponenffof.the'ho]ochrome
.would thén‘be availab]e for thé placement of two more PCh]ide molécu1es34

and the Ch]xde prote1n fragments could be transferred into the newly - formlng

Tamellar structures.
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spectrum (——-—_—-0 and CH(suc) after comp]ete photoconversxon (:

" wavelengths 637 nm (— - —), 685 nm (= - - =), and 745 an (

?Exc1tat1on wave]ength 440 nm.

-17-
FIGURE CAPTIONS |
Fig..l. F]uOreSCence emission spectra of PCH(sue)'and:qf CH(suc) .at
750. Excitation.waveIethh,ﬁ440 nm; 'Monochromator bandwidths, 20 nm.

The‘PCH(suc)'spectrum'exhibits a peak’at'685'nm owing‘to a small amount

-of Chlide formed by the exc1t1ng llght durlng the process of obta1n1ng

the em1551on spectrum.

Fig. 2. Absorption spectraﬁof PCH(suc):before'f]uorescente'emission

' spettrumzshown in Fig. 1 (- -\-];) PCH(suc) after f]Uore5cence emission

).

0pt1ca] path]ength 1.0 cm.

- Fig. 3. F]uorescence em1551on spectrum of CH(suc) at 7°C. Excitation

_rwavelength 440 nm; excxtat1on 1ntens1ty 125X greater than: that used in :

Fig. 1. _Monochromator bandwidths, 18 nm.
|

Fig. 4;»'F1ubrescence exeitation spectra of CH(suc) at 7°C at the emission

). Mono-
chromator banHWidths, 16'nm‘ Instrument gain has been adjusted to facxll-

tate comparlson of the spectra o : f
[ ‘_. .‘. ;\

Fig. 5. Absorpt1on and emission spectra of CH at the beg1nn1ng (—————0'

~and at the end (= = = =) of the dark Shlft fo]]owxng photoconverSIOn

F1g 6 F]uorescence po]ar1zatxon spectra at 7°C .n\a) CH Emission \
wavelength 680 nm. ') CH(suc) v Emlss1on wave]ength ‘682 nm. Meno—

chromator bandw1dths, 25 nm.

Ty
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LEGAL NOTICE=

This_report was prepared as an account ofgwork sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or Iimplied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights. :
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