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SUMMARY

React1on centers of the photosynthet1c bacter1um thggpseudomonas

Ehaero1des R-26, giveriseto large triplet state EPR s1gnals upon
“at Tow temperature (11 K)

11]um1nat1on/ Utilizing monochromatic polarized light to generate the
EPR spectra (magnetophotoselection) we,have shown that the intensities
of the obser?éd triplet signa]s}are stfong]y dependent upon the wavelength -
'énd'polérization direction of.the excitation. These data can be used to
»ca]cu1ate the orienfations-of the excited transition moments with.respect’
to.ééch other and with respect. to the triplet state principal magnetic
axes system. .Our quantitative approach is to follow the procedure out- -
lined in a previous'publiCation (Frank,iH.A., Ffiesner, R;, Nairn, J.A.,
Dismukes, G.C. and Sauer, K. (1979) Biochim. Biophys. Acta, submitted)
- where computer simulations of the obsérved trip]et.state spéétra'were
emp]oyed. | ' |

‘The results presented in fhe present work 1ndicafe that the transition

moment at 870 nm which is.assocfated with the bacteriochlorophyll fspeciai
pair" lies almost entire]y‘along one of the principa]‘magnetic axes of
the triplet state. Also, the 870 nm tranSition moment makes‘an'angle of
~ 60° with the 546 nm transition.moment which fs associated with a
bacteriopheophytin. This latter fesu]t i; in agreement with previous
 photose1ectiQn studies on the same bacterial species (VermegTio,.A.,
Bretoﬁ, J., Paillotin, G. aﬁd’Cogdel], R. (1978) Biochim. B{ophys. Acta
501, 514-530). | |



~ INTRODUCTION
Magnetophotoselect1on is a techn1que which comb1nes the optlca]

ephotose]ect1on and e]ectron paramagnet1c resonance (EPR) exper1ments !

The‘method is accomp11shed by exciting a random]y ordered_system of mo]ecu]ar
o specjes with.boTarfzed light'and reedrding its light induced EPR spectrum
~ with the excitation parallel and perpendicular to the static EPR field direc-
- tion. Initially prdpoéed'by Kottdsvand Léfebvre2 thiS'teehnique has been.
“used extenSive1y in'assigningtthe prinéipa] magnetic axes_of the photoexcited
3,4,5,6

triplet'states of aromatic molecules”’ 1nc1ud1ng ch]orophyl]s7 and for

the study of tr1p1et trlplet energy transfer between d1fferent aromatic

compounds 5 8, 9 10

Magnetophotoselection experiments have'also been performed on chromato-

phores of the photosynthetic bacter1um, Rhodosp1r11]um rubrum, and a

qua11tat1ve 1nterpretat1on of the resu]ts was offered. n We have expanded on
the app11cat1on of this techn1que'to photosynthet1c systems.v When:treated
>IQUantitative1y, the method cangprovide’information about‘the'relative orientae :
_tidns of thé_variodévreaction center pigments.v A]so,vthe method can serve
’.ae the link that binds obtica] photoselection studies on whole ee11s~of
magnetfta11y a]igned bacterialzitq EPR eXperihents performed dn the same
systems.]3 Clearly, the determinatfons'of the orientatfohs_that the various
primary photoreactants in bacteriaT_photosynthesis have with respect to the_'
‘membranes as deduced from optical photoselection measurements)"2 and from}
EPR’exneriments]3 should be- cons1stent with the magnetophotose]ect1on resu]ts
Recent]y Vermeg]1o and coworkers],4 using optical photose]ect1on- |
techn1ques have calculated the relative or1entat1ons of the trans1t1on

_moments of the chromophores in react1on centers of Rhodopseudomonas sphaero1des

They found that the absorbances at 870 . nm and 546 nm which . belong to the



bacterioch]orophy]] “special pair" and a‘bacteriopheophytin brespective]y,
represent single transitions whose moments make an angle of approx1mate1y
60° w1th respect to each.other.

In this paper we present a_magnetophbtose]ection stﬁdy on.the same
‘bacterial species. IWe have examined the Tight inducéd triplet state EPR

spectra of reaction centers of Rps. sohaeroides excited by 882 nm and 550 nm

1ight polarized parallel and perpendicular to the static EPR field direction.
We haVe observed a dependence of the triplet 1ineshépe on the wéve]ength of
' extitaiion-and on thé direction of polarization of the light.
Following the procedure outlined in a previous pubh’cation,]3 we
have computer simulated the observed triplet state spectra and calculated
~ the orientations of the 870 nm and 546'nm transition moments‘with respect
to the principal magnetlc axes of the tr]p]et state. Our approach is to

derive d1str1but1on funct1ons D(s, ¢) that_satxsfy the equation

T 2%

Y(I&jl) /0/0 1(8,¢,[H|)D(6,9)d6do B )

and calculate the triplet state EPR spectral intensity, Ekiﬁ!), for the broadband
or polarized light excitations. I(e,¢g|ﬁl)'is the intensfty of the triplet
bsigna1 at fié]d. lﬂ[, when the. static EPR field is specified by the angles
8 and ¢ (see below). | ' | | |

In addition to the orientation of thé_transitfon moments, zero-field
'sp]itting paraméters_and-re]ative rate const&hts of intersystem crossing

for the triplet state are calculated.

MATERIALS AND METHODS | | o

Reaction centers from Rps. sphaekoides strain R-26 were prepared by

~the mefhodfof Clayton and wang;]s

The final anmonium sulfate precipitate



. Qas-dia1ized’against 0.01 M Tris-HCll(pH, 7.6), reprecipitated and suspended
-in 2% Triton X—100;‘0.025'M Tris HC1‘(pH,‘8.0). .501id sodium dithionitedh '
was added to aboutvlo'mg/m1,and~the so]utioh was diluted with an equal
_vyo]umedof.ethyTenevg1ycol. *The final Cdncehtrafion ofireactioh_centers
fanged from~10'4 to 107° M. Careful cooling to 77.K gave clear glasses in
- quartz sample tubeé (3 mm 1.D.). The samples_cduld be stored in liqdid
nitkdgen for several months. | |
| The tr1p1et state spectra were detected by ]1ght modu]at1on at 33 5 Hz
as descr1bed prev1ous1y 13 For exc1tat1on at 882 nm light from a 900 w
“xenon-or a 1000 w mercury-Xenon dc arc lamp was filtered through 5 cm of a 6% w/v
aaqueous'501ution-df ehrdmiUm botaséium éuifate (Cr2(304)3 K2504o24 HZO) '

and a Baird-Atomic interference filter with a bandwidth of 10 nm at half
| maXimum transmittahce.f The light was’focused into an Qpeh ended3f1angé‘con—
‘siructed from wavegdide'and affixed to thé front of a VarianiTE micfdwave
caVity to allow 100% transmission of 1i§ht. Immediately prior to the
Canty'Wae ]oeated-a Polaroid type HN-7 sheet polarizer which could be !

| rotated thtbugh 360°.' The amplitude ratios given in Table 1 were cdrreeted

~for incomplete poTarization.(At:882fnmﬂthe principal transmittance ratio is
3'27') For exCitation at 550 nm light from the MercdrnyenQn lamp was filtered
v‘.by 5 cmof a O.Z%yéglution of'para-nitrophenolvih Z%Négdium bicarbonate‘and
focdéed through a Corning g]ass}fi]ter‘1-69 an interference fi]ter (550 nm)
ahd a‘Po1arbid type HN 38 sheet po]arizer For the broadband exc1tat1on, a

-'tungsten 1amp f11tered by 5 cm. of water was used at 1nten51t1es below

_.25 mW/cm



_RESULTS
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Ca1cu]at1on of d1str1but1on funct1ons

rC“"_:-'- - - e . - :._.'

o When polarlzed ]1ght 1mp1nges upon a random sample of absorb1ng mo]ecu]es,

v

a d1str1but1on o. or1entat1ons of tne exc1ted spec1es 1s proauceo The c1str1but1on
functlons descr1b1ng the ensemb]e of tr1p1et states exc1ted by po]ar1zed 11ght

‘are der1ved from the probab1]1ty that a transition moment, U, is exc1ted

by light having its electric vector, E exther para]]e] or perpendicular to

-the EPR fle]d.d1rectlon, ﬂ.. Once these distribution functions are formulated,
.they can be used to»specify.the orientation-of E nithin the principal magnetic
axis system of the tr1p1etstate o | .

We begin by wr1t1ng the dot product of u and H

weH= lullH] coss @

-~

- where B is the angle between n and H. Squaring and rearranging this equation

-~

we get
cos B "":ET"‘T? [3]
ul? 1l
Decomposing R into its components along the principa1‘magnetic axes yields
, sinfcos¢ | ' o '
H = |[H| [sin6sing : , [4]
. - cosf

where 6 is the angle between H and the k: magnet1c axis and ¢ is the ang]e

between the component of H in the xy plane and the X magnet1c axis, - Similarly

for u we obtain



;.ré r . . . . :
b.‘ ) - o . . P L
Lo i i sin0cos¢'J__ _ X1 o \
.Vl- ~w | e . B = L lEI ‘ SinUSindr' = lEl Py - | [5] |
...j.__.,.‘-‘ .‘.‘A-—- T cosel . | |
(. : ITTootTen : | b
L SR |

L sotE T _ v
-, where 8' and ¢' are the angles locating u in the magnetic axis system and are
_defined in the same manner as 6 and ¢. Px’ Py, and PZ represént the

< o . . . . .

. projections of 1 onto the three principal magnetic axes.

“For 5 }|'5, the probabi1i£y that'g'is eXcited.is given by cbé?s.

" The distribution |
function is obtained by substituting equations [4] ahd.[S]’into equation

'[3]_and by'qdnsidering the approprféte sd]id ahqlege1emeht.. Théfre5u1t'is
| Dll(e,¢):.= (Px sinecos¢ + Py sinfcosd 4'PZ cose)z-sinQ - '[6]

' We‘may-now choose the best Pa,Py, and Pz values that calculate the observed
I

The distribution function forﬂfhe,case of E | His different.ffdm the

trmt X

~ triplet state spectrum when

parallel case in that the nrobability of i being excitcd'ih this
_configuration is given by % sin’g. . This leads to a

distribution function,

tu}e,¢)‘,%' K0 - sinocose + P, sinosing + P, ;@se)za sine. (7]

 after considering the appropriate 5011d angle element. We may now use.

;equatiOn'[jj ih eva]Uafing equationv[lj"for“thé case where"E 1 H..

- Simulation of the observed triplet state spectra.
T Ourbhethod essentially follows that deScriBed'in a previous pubiicatidn]3

.=‘whefe.COﬁpufek simulation of thé;émplitude ratios (Table 1) exPerimentaily ‘

4



~ determined at,é number of key field positions (Fig. 1) were celcu]atéd
prior to simulating the entfre'trip]et state spectra. we proceed by
discussing individually the simulefipns of the experimental spectrn taken
under three different excitation conditions.
1) Broadband excitation

Broadband unpolarized 11gnt excites numerpus transition moments of the
reaction centers. This gives rise to a random]y ordered d1str1but1on of
magnet1c systems with respect to the EPR f1e1d d1rect1on Th]S is ev1denced
by the fact that the broadband spectrum agrees with a rundom spectrum g nerated by
monochromatic polarized 1ight: the sum of one "parallel” spectrum plus -
two "perpendicu]ar”.spectra equa1s‘a'random'spectrum. Following ref. 13
we set D(0,6) = sin6 in equation [1] and vary the zerp—fie]d splitting
parameters, |D| and |E|, and the re]atfve rate constant for intersystem
crossing, k s ry,'and k., until a good fit to the ekperimenta] spectrum is
obta1ned The va]ues that best fit the random tr1p1et state spectrum of
_ps sphaeroides reaction centers are g1ven in Tab]e 2. The calculated
spectrum is shown .in Fig. 2.
2) .882 nm excitafion

As previously mentioned; the transition moment associated with the
absorption band at 870 nm represents a pure electronic transition arising
from the bacterioch1orophy11 "special pair". This absorption is shifted to
longer wavelengths at Tow temperatdres.]s.'Ercitation of the mo]ecples into
their triplet states by monochromatic 1ight at 882 nm generates an ensemble
of these species whose distribution is described by equations [6].and [7].
we‘assume that the |D], |E|, k,» k , and k, values are fixed by the broad-

x>y
band simulation (see Table 2).- Therefore, P*, Py, and P are tne parameters



to be varied in ca1cu]ating the amplitude ratios andbsimU]ating the
'experimentaltspectra (see Figs 3a and 3b). We substitute equations'[é]
_and’[7] into eQUation’[1]aand'ca1cu1ate}the ratios for-thelexcitation
para]]e] and perpend1cu1ar to the stat1c EPR f1e1d respect1ve1y The:

. values for Px, Py, and P that best f]t the exper1menta1 results are g1ven '

~in Table 3. :The calculated spectra are shown in Figs. 4a and 4b.

3) -SSO nm_excitation
At Tow temperatures absorbances associated with two different bacteriopheo—

14,16

,bphytinS'are resoﬁved at'530 nm and'546 nm- Ut111z1ng ]1ght centered

at 550 nm, we exc1te pr1mar1]y the lTatter spec1es Because the trlp]et

state is 1oca11zed on the bacter1och1orophy11 “special pair," we assume
that it res1des in a fixed geometric relation to the bacter1opheophyt1n

Th1s a]lows us to use equat1ons [6] and [7] to calculate the or1entat1on
~of the 546 nm transition moment w1th,respect to the triplet magnetic axis
:vframe. The values for P_, Py, and Pidthatnbest fit the amplitude ratios and
the observed spectra (see Figs. 5a and 5b) are given in Table 3{ The

~ computer simulated'spectra for the extitation parallel and perpendicuiar

hto'the static EPR fje1d*direction'are shownttn-Figs,»Ga and 6b respectively.

DISCUSSION
The 51mu1at1on of the broadband exper1menta1 spectrum ylelded va]ues

for the-lD] and |E| parameters that agree well w1th measurements from other

Agroups.””]g’]9 (See Tab]e 2.) More 1nterest1ng, however, are the values -
forvk ky, and k extracted by our method Recent]y, there have been
'ser1ous d1screpanc1es 1n the numbers reported for the decay constants of

17,18 0ur method, which prov1des an

‘jRps. sphaero1des by dtfferent groups.

independent measurement of the re}ative-intersystemvcross1ng rate constants,



‘falls within the.éxperiménta] error of those reported in Ref. 18.
The resu]ts‘that we obtained from the simu]at{ons of the‘trip]ét state spectra
excited at 832nm . provide the most striking examplé of the accuracy in

our quantitative approaéh.' Figure 3a.Shows_that fér E [ H "the largest
component of the 870 nm t}ansition moment 1ié$ along the x principal
magnetié axis.* The spectrum is déminated by the tfansitibns associated
with reaction centers where the X axis iS a]igned‘aiong-the static EPR
field direction. We have determined the precise value for the projection,

P*, of the 870 nm tkansifion'moment onto the x magnetic axis to be 0.99 1;0.01.
The'high degree of'certaintyain this measuréhent is a cbnsequenté of the |
facts that the z*/X* ratio is véry small for E || H and that the Zt/Y]t ratio
is positive for E||H and negative for E | H. Figures 3a and 3b show that
the Y]+ and Y]- experiméntal intensities are indeed pésitive for E | ﬁ»and
negative for E | H while the Z~ and Al ampiitudes are positive in both cases.
. This feature-is‘reproduéed‘in the.simu1ét1ons'9glx_when‘the projection of
the'tranéitiop moment along the X prihcipa1_mégnetic axis is greater than
0.98. ThiS result must arisé from. the suﬁmation‘of EPR Tine intensities
over the ensemb]e'distributionband is i]]uétfative of the utility of speétra].
simulations in thésevanalysé§; l

t

a amplitudes are reduced significantly

The observation that the'Y]- and Yy
“in absolute magnitude when the pb]arizer'is rotated from E | HtoE [lﬂ :
indicates a small projection of the 870 nm trqhsitipn moment_ohto the y

principal magnetic axis. This is borne out in the calculation showing Py = .014.

*The x axis defined in the'preSent work (Figs.-1 and 7) is referred to as

the y axis in Ref. 7.



"This‘reSult'also argues against any'significant depoiarization effectsr_

»'.arisihgeih our system These’ wou]d substant1a]1y reduce the magn1tude of

+
the observed or1entat1on effect From tne si nd] amp}1tudes at tne A and z

' f1e1d positions we have ca]cu]ated a prOJect1on of 3. ]4 for tae trans1t1on moment

-onto the z

,prlnc1pa] magnetic. axis. The-reg1on of solut1on spanned by the ' two 11near1y
- independent‘parameters Px ahd Pz; (Py is'iineéfiy-dependent because sz +

| Py2,+ pzz 5'1) is shown in Table 4. No solution outside the.boundaries of
~this rectahg1e fell within the expefiméhta]'efrof.

For the 550 nm excitation, however, the’rectangular region of so]ution

" is-not so compact. The progect1ons of. the 546 nm trans1t1on moment onto

 the triplet. state magnetmc axes’ are much more uncertain owing to a 1ess
favorable signal-to-noise rat1o in ‘this determ1nat1on Neverthe]ess, the
spectral simulations .indicate a narrow range of acceptab]e values for the
prOJeet1onvof the 546 nm trans1t1on moment -onto the z triplet state axis.

' A]thQUQh the,aCCeﬁtab1e va]ﬁee for:‘"Px ehd:Py span a fairly broad range,

it is clear froﬁ the-spectral;sfm01ations ﬁhat the:majOrecompOnent ofethei
S46'nm’tfansjtion'momeht-1ies a]ong the z triplet difection'and has a

_projeetion‘of approximate]y 0.82 onto fhis axis.

Using the values of Px;~Py, and P, listed in Table 3, we can calculate
the'éng1e between-thej546'nm and 870 nm transition moments. . The angle is |

given by

Yy = arccos lV] ~21' | "fg' 8]

PR
-

where Y= (+ 405 + 405 + 82)and v, (+ 99, + .‘014,.1_.14) are the



n

vectors represent1ng the 546 nm and the 870 nm translt1on moments
respect1ve1y, within the pr1nc1pa1 magnetlc axis system. The va]ues for '

y calculated from equation [8] are;SO‘ (120°) and 72°_(108°)wh1ch are in
agreement with the 60° vaTue'determined by Vermeg]io 'etfaT ]4v The orlenta-
tions of the ‘transition moments in the pr1nc1pa1 magn1t1c ax1s system are

" given in Fig. 7. | -

We feel that the full potential of magnetophotose]ection, which is a
straightforward exten51on of the tr1p1et state EPR method has not prev1ous1y
been fu]]y real1zed in its app11cat1on to photosynthet1c systems When
coupled with computer simulations. of thevobserved spectra, the technique
becomes a powerful anaTyticaT tobl forvdecipheringvthe orientations of the
various donors and acceptors involved in the pfimary light reactiens of
' photosynthesis. | |

Fina]ly; ahy determination of the“orientation of the'two'bacteriochloro—
phy]] monomers with respect to each other in the “"special pair"

| must account for the tran51t10n
moment at 870 nm lying preterentia11yfalong the X pr]nc1pa1 magnetic axis of

the triplet state.
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TABLE 1

EXPERIMENTAL TRIPLET STATE SIGNAL AMPLITUDE RATIOS

‘The amplitudes were measdred at the key field positions indicated
bin Figs. 1, 3, and 5. The pairs of méaéured intensities (g{g. X+,and
7 X") were found to_be equal within experimentaf error. The amplitudes
are therefbre'designétedvby a superscript,i_(e.g. Xi). Numbers in
parentheses indicate the nangé_of acceptable ratios calcutated frbm a

fixed value for the Uncertainty in the experimental amplitude determina-

tion.
. > £, % : t,y *
XA T,

Broadband | -2.4 (-2.7,-2.2)  -4.0 (-4.6,-3.5) 6.2 (7.7,5.2)
882 nm |

1) parallel.  -0.28 (-.35,-.22) 3.7 (13.0,1.8) 2.2 (4.3,1.3)

2) perpendicular -6.0 (-8.2,-4.0) -3.6 (-4.3,-3.1) 9.0 (14.0,6.5)
550 nm | | ‘}' ' 

1) parallel  -2.8 (-3.6,-2.2) = -8.8 (-23.5,-5.1) =%
2) perpendicular -1.6 (-2.4,-1.1) -3.2 (-7.3,-1.8) 1.6 (2.4,1.1)

*Yzi amplitude was‘approximately zero.



TABLE 2
ZERO-FIELD SPLITTING PARAMETERS AND RELATIVE RATE
| CONSTANTS FOR INTERSYSTEM CROSSING.

~ The |D] and |E| zero- f1e1d splitting parameters are given in cm -1

Un1ts. kx’ ky,_and k. refer to rate constants for depopu]at1on of the
vtripTet Spih sub]evels assOciated w1th the X‘.’Yi, and Z triplet peaks

A compar1son of the present resu]ts w1th pub11shed values' 1s g1ven

: Rps} sphaeroides R-26 T ‘_191_ S »lEL 'A kx;kx:kz'
The present work .0187 + .0002  .0031 + .0002  8.3:7,1:1.0
Reference 17~ - .0187 #.0002  .0031 + .0001  1.7:2.0:1.0

Reference 18 .01872+.00002 ~.00312+.00002  6.4:5.7:1.0



TABLE 3

\ PROJECTION OF THE OPTICAL TRANSITION MOMENTS ONTO THE
3 PRINCIPAL MAGNETIC AXES OF THE TRIPLET STATE

The best fit of the ca]cu]‘ét_ed spectra to the experimental results
are given _b_y the projections PX,’P' s avnd Pz-.

e

| X by Pz
870 nm - .99 .014 | 14
546w 1405 |
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TABLE 4
~ BOUNDARY CONDITIONS FOR THE RECTANGULAR REGION OF SOLUTION -
" The regions of so]utionlare givén by rectangles, the dimensions

- of which are detérmined by ngand;Pz whi¢h ére the projections of the

transition moments onto the x-and z principal magnetic axes, respectively.

870:nn1) E ""9‘8..<"Px.'<'>];00_ . ' . f.j.0r< .Pz <E-'IG
546 o .33<P < .63 .73< P, <.85
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FIGURE CAPTIONS

1. fxpekimenta] tkip]et'state spectrum of thdopseddomonas_sphéeroidés R-26
gengrated by broadband uh@o1arizéd light. Spectrum of reduced reaction
céntefs Was_takén with the'fo]]owing'conditions:‘ sweéb time, TG:min;
fieid modu]ation_freﬁuency,'100 kHz; fjéid modulation amp1itude, 16 G,
receiver géin, 325 temperaturé,‘1]'K;vmiérowave power, SOSQ 'K
microwave frequency, 9.069 GHz; light modu1aﬁioh frequency, 33.5 Hz;

recorder time constant, 10 s; tungsten lamp excitation. The light

~induced free radica]_Signa1 at g = 2.0 has been omitted.

2. Computer sinu]ated'triplét state spectrUm:of Rhodopséudomonas snhaeroides

R-26._ The spectrum was calculated assuming a random distribution of
tripTet stétes with'fespect to the EPR field direction. The parameters

~used to calculate this spectrum are given in Table 2.

- 3. Experimehtd] triolet state srcectra of Rhodopséudomonas'sphaeroides R-26

vgenerated by 882 nm polarized 1ight.‘ a) Spectrum taken with E,ll H.

b) _Spectrum'taken with E J_ ﬁ.' Other conditions are as follows: sweep
time, 1 h; field modulation frequeﬁcy, ]06 kHz; field modulation amplitude,
16163 - receiver gain,’63; température,il] K; microwave power, 50 U oW
microwave frequency, 9.109 GHz; light’modu]atfon freduency 33.5 Hz;'recofder
time cpnstant; 30.5; xénon“]amp excitation. The light-induced free
radical signal at g=2.0 has been.omfttedfﬂ . '

4. Comouter sirulated 882 nm excited trinlet state spectfa of Rhodonseudoimonas

4 R-26 o '
snhaeroides/. The spectra were calculated assuming a) E || H and b) E 1 H.

The parameters used to ca]cUlate_these spectré are given-in Tables 2 and 3.

A1l computer simulations are'horma]ized.to the |2*] + |X*| peak amplitudes.

?



~ sphaeroides R-26.
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ExperimentaT’triplet state spectrum of Rhodopseudoronas "sphaeroides R-26

generated by 550 nm polarized 1ight:‘ a) Spectrum taken with E [| H.

b) Spectrum taken with E | H. Other conditions are as follows: sweep
time, 1 h; field modulation frequency, 100 kHz; field modulation amplitude,
16 G;  _receiver gain,.80; temperature, 11 K; microwave power, 50 u W,

microwave frequencys; 9.117 GHz;'light'modulation}frequency 33.5 Hz;

‘recorder time constant, 30 s; mercury-xenon lamp excitation. The light

induced free radicai signal at g = 2.0 has been omitted.

o

Computer simulated 550 nm excited triplet state spectra ovahodopseudomonas‘

The spectra=were.ca1¢u1ated assuming a) E I ﬂ

and b) E | H. The parameters used to calculate these spectra are given

in Téb]es 2 and 3.

The orientation of the transition moments at 546 nm and 870 nm with

respect to the principal magnetic axis system (X,y,2) 0f°the tfip]et

- state. The .angles were caTcu]ated from the projections given in Table

3-USing the relations 6, = arccos P , etc. vy was calculated from

‘equation [8] in the text.
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Rps.éphderoides R-26  882nm excitation
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Rps. sphoeroides R-26 550n'm excitation .
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