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Ahstrééi' Agreemeht betwéen calculated andvobserved rotationa1
'-strengths for so1ut1on monomers of chlorophyll, bacteriochlorophyll,

and re]ated molecules has been improved by an order of magnitude

| through the usevof a model which distributes the n-n* transitions

over the porphyr1n ring. Using the‘Kirkwood-Tinoco coupled oscillator
approach the electron1c transitions are described using point mono-
-poles 1ocated at the porphyr1n macrocyc]e nuclej, Asymmetrically-placed
substituehts are replaced by_anfsdtropic po]arizabi]itieéland the sum

of monopoleépolarizabi1ity'potentia]s {s used to calculate the rotational
strehgthsi'hAnvimphbved.geometry foh the chlorin ring system is based on
recent X-ray diffraction data. The discussion considers the possibili-

- ties fOr’theofetical treatment of more complicated systems of molecules.

The app11cation of c1rcu1ar dichro1sm measurements to mater1a1s of
photosynthetic orlg1n prom1ses to prov1de 1mportant 1nformat1on about
the 1nterna1 orgqnizatwon and structure.of:the photoactive pigmented
membhanes.]-'ln'hrder:to provide a sound basis for interpreting the CD
‘sbéCtra'of these tomplex biological materials, it is important to develop
a. ‘better understand1ng of the correspond1ng propert1es of the individual

(1solated) molecules.

Thevpresent paper is an eXténsion of a preVious study of the origins “'

. of molecular: opt1ca1 activity in ch]orophy]] and related molecules. 2
| _These mo]ecules consist of an extended, p]anar porphyrin chromophore,

rwhose symmetry can be-considered to be pprturbedaby substituents placed
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'asymmetric centers in many of these molecu]es is known,™’

-3-
asymmetrfca11yvaround the periphery The abso]ute conf1gurat1on at the
3.4 wh1ch enables

them td'bfdvide:a'nigofous'test for the theoreticeT treatment. The

. agreement between exper1ment and- calculatlons ut111z1ng a mode] 1nvo]v1ng

a po1nt monopo]e approx1mat1on for the electric trans1t1on moment is a
cons1derab1e’1mprovement over that resu]ting from'thevuse of point di-
pdle tnansition mOments, but therevis-still some diSchepancy in‘the

quentftatiVe nature of the calculations.

Theorx
‘In the K1rkwood coupled osc111ator mode1 the origin of optical

activity is the 1nteract1on potent1a1 between,eleCtric transition dipoles

1ocated7asymmetkica]1y with respect to one another.5 Tinoco has derived

| e genera] forma]ism'for the rotational strength (RA)'for the case of an

e]ectrica]]y a]]owed magnet1ca11y forb1dden transition, a«o, 1ocated

6

on group 1, starting from perturbatwon theory The pert1nent equat1on

contains two sets of terms:

R = - 'gg t £ Yioajjob Ya'b (R R;) ,]ob,x Ljoa) (1a) o
A 1 ¢ j#i bfa h(v N 2) ,
' _ - b a
oy g Im vioa*7 b Va Yioa * Mibo :
+2 ;Job "a —ioa _ —jbo _ (1b)
3#1 ‘b#a o h(“bz _ Y |

where R. and R ‘are pos1tion vectors of the jth and 1th group respect1ve1y, o

J
and H_s are electr1c d1po]e trans1t1on moments in groups i and j for tran-

sitions afo and b«o where the‘subscr1pt o represents the ground state.

viea-jdb is thevCOulomb potential energy due to the interaction of
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trensftiodtcharge densities in group i with those in greup-j. v, and vy
are the frequencies of the transitions a<o and beo, h is Planck's ‘con-
étant,'ahdkc:fs the’veloCity'of’light Im means "the imaginary part of"
and Eﬂbb is: the magnet1c dipole trans1t10n moment for the trans1t1on
5;6 6n group J. The second term in this formula is extreme]y difficult
toteelculate.énd is usually ignored. It is expected on theoretical
'groﬁnds7 to be much smaller than the first term and one explicit calcu-
'fatiors hesfiffaccounting for about 1/10 of the QBserved rotatidnaljstrength
in Cyelepehtanoﬁe derivatiyes.' Hence, only the more familiar first term,
"equ1Va1eht to the Kirkwood contribution;'wi11*be considered in this paper.
" For each bf_the_pigments the long wave1ength Qy and Q, transitions

are eXaminedtg’]o These eleCtrically allowed transitions are ﬁ—n* in
nature'and are. deleCaiized over.the porbhyrin chromophore For eachIOf

the molecules cons1dered here the Q band is Tower in energy and has a
greater absorpt1on 1ntens1ty (Tab]e I). The x- and y-axes are def1ned.1n
'F1gr 1,' Typ1ca] absorption and circular dfchroism spectra'ére'shown'in

ng '2'v'fhe baﬁd assignments are from experimenta] studies of f]uores-

11,12

cence polar1zat1on and linear dichroism, and from the theoretical

stud1esvof Gouterman.9 10

Each of the bands is s1lght1y comp]1cated by
‘higher'vibretional_components. These components, however, are not |
strongly polarized,]ofdde to mixing with higher electronic states..
Because qt this, the higher vibrational components tend not to contribute }_e |
to the circular dichroism and are ignored in the ealeulatibns "The shortert
'wavelength Soret bands (occurr1ng in the range 350-450 nm) overlap one

- another strong]y, and no calcu]at1ons were attempted on them.



‘Q

-5

From fhe fundamental equation of rotational stv‘*ength:]3
Ry = Impy, = Myg | (2)

a moleeuTe.musf‘poseeeé‘nqn-perpendicuTar electkic'ahdvmagnetic transftipn

dipo]efmemehts in drder‘tO'be optically active. Electrically allowed

trans1tlons of planar aromatic chromophores, such as the Q-transitions

of the s1mp1e porphyr1ns, cannot possess the requ1red magnetic dipole

from symmetry cons1derat10ns. The necessary magnetic dipole, in the.case

of chlorophyllkand related bio]ogical_pigments;_is supplied as a pertur-

bation resu]ting'from ihteraction with asymmetrically-placed substituents.
With th1s fn mind, we can make the form of eq (1a) seem plausible.

The 1nteract1on potent1a1 V1oa : job® and the dependence on frequency

' orig1nate‘1n the perturbation method. The vector relationships come

from equatibns_suchiés:'

i

where i /”T' The two summations of eq. (1a) 1nd1cate that the transi-

tion of interest is 1nteract1ng with all the trans1t1ons, b<«o, of

4 E-iba’

‘each of the asymmetrica11y~p1aced'substituents, J.

The specific molecdies for which calculations were done are chloro-
phy11 a (Chl a), pyrochlorophyll a (pyroChl a), bacterioch]ordphy]l (BCh1),
and-pykbbacterioch]orOphyll (pyrQBChl). Calculated rotational strength
is compéred with eXperimehtai circular dichroism (CD) fesu]ts for the

first three of these for both the Q and Q bands The relevant experi-

'mental absorption and CD data for these molecu]es are shown in Table I

The molecular structures of these molecules differ in two important
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'féspeéts: (1) the number of asymmetric substituents‘aﬁd (2) the humber
of rings which have reduced outer bonds. As shown in Fig. 1,_BCh1 has
five borphyrih ring carbbn atoms substituted aéymmetrically at positions
c-3, C-4, C-7, C;B, and C-10. In pyroBChl, the carboxymethyl group is
feb]écéd with'a'hydrogen atom and so the c-10 position is no longer
éSymmétrica11y’substituted. Likewise Chl a and pyroChl a are asymme-
trically substituted at positiohs Cfi,'C-B,‘C—10, and at C-7, C-8,
'féspectively.' The absorbtion'spectra of these molecules, in contrast
to the CD, aré”relativé]y insensitive to the nature of the asymmetric
Subsfituehts and are more a. function of the ektent of'unséturation of
' the pyrrole rings. Therefore, it is expected, and found experimentally,
that the absorption spécfrum of Chl_g_c]dse]y resembles that of pyroChl a.
The samE'relaiiohshib holds between BChl and pyroBChl. |

" In a pkeviéusvmodel used to cé]culate thé_interaétfon potential,_’

vfoa;jéb‘ was evaluated by treéting the porphyrin transitions as point.
dipoles, substituting-a dipole-dipole interaction expression in eq. (la)
‘ahd'fhén-usidg‘the;Kirkwood-po]arizability approxima_tion.2 The actual.
men* transitibns involved, however, are de]bcalized over the entire
--porphyrin ring, which has a radius of the order of 5 K, while the dis-

tance between the asymmetric centers and the nearest carbon of the

aromatic part of the porphyrin ring can be as small as 2 8. Thus, a

‘more realistic attempt must take into account the effect of this delocali-.

zation of the transition on the interaction potential. For the results
preséhfed here, this was done by considering the transition dipole to
be the sum of transition electric monopole moments located at each of

the conjugated atoms of the ring. The potential can then be determined

R S

i



i f1e1d molecu]ar orbvtal ca]cu]at1ons of we1ss,

" .spectra was obtained. The monopole charge at the t

' mo]ecular orbita] coeff1c1ents at the t

7~

by treatihg‘seperateiy the interaction of each of the monopoles of the

porphyrin ring with the effective transition dipoles of the asymmetric

centers according to the equation:

oy . q1toa Bqtoa,J “job (4)
- 'ioasjob t ' ' |

where'qitdaiis the e]ectric:trahsition monopole located at the tth.atom

for transition a;d”(the'Qy or Q* transition) for group i (the porphyrin .

r1ng) and R, is a position vector from the_j_th asymmetrically-placed

—itoa;j ‘
substituent to monopole t.

The trans1t1on monopo]es were obtained from the self-consistent

14 who used the conf1gura-

‘tion 1nteract1on methpd of Par1ser, Parr and{Pop]e (SCMO—P'PP—CI).]5

Goothualitative agreement with the visible and near-UV absorption

th atom of a n system

'1s proport1onal to. Cto Cta for a trans1t1on from the ground state to a

S1ngly exc1ted state, a, where C, ~and C a ares respect1ve1y, the
th centeh for the grohnd end ex-
cited state molecular orb1tals The mon0polesh(Tab1e II) for BCh1 and
pyroBCh] were derived from a’ calcu]at1on for 2,6- d1carbony1 OPP-
tetrahydroporphin and‘those‘for Ch1 a and pyroChl a from 2-vinyl-6-
carbonyl chlorin. The calculated monopoles were scaled so that the
summation: ., | | o
t Ritoa Ytoa

equalled,the experimental valde for Bioa® In order to improve the

approximation to the transition charge densities of = type orbitéls,
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each monobo]e strength was separated.into twd parts. New monopoles,
with magn1tudes equal to half those of the calculated monopoles, were
1aced 1 K ‘above and below the conaugated atom. 16 The number of mono-
poles used; therefore, was actua]ly twice the number of conjugated

atoms. -Molecular orbital calculations on protochlorophyll were not

very successful. For this more symmetric molecule polarized transitions -

‘for the long wavelength abSofption bands, in contrast to experiment,2
were: not prediéted and therefore a'rotational strength calculation was
~not attempted. ,
. If we now substitute eq (4) into eq (1a):

__Ja’b %toa
h (vbz-vaz) I R.

1toa 3J
| , | | - (8)
we'find.that'any éalcu]atidh wouid‘be'extremely diffiéU]t,'bécause'khow-
lédge'Of the transition dipoles of each of the asymmetricvgrbups,‘j; for
-ai]vtfansftions; b«o, is needed. A majority of thesé'tkanSitions}occur
in the far ultraviolet region and have never been classified. To over-

come this, we use Kirkwood's polakizability'approx1mation:

(Z/h“ e E-Job Ejob (a3 - “11) —ﬂ-ﬂ o (6)

where Vo is an average frequenqy of the tkansitions, a3g and @)y are the

polarizabilities para11e1 and perpendiéu]ar.tovthe axis'df'symmetry for

- each group (assumfng cylindrical symmetry), and & is a unit vector

pointing along the axis of cy]indrica] symmetry. Each covalent bond in',

-an asymmetric center is considered in the calculations to be a group, j.

A polarizability anisotropy (a33 - a”)j is associated'with each bond,

Iy Ry toa; 3" Lj0b) [Ljob Rioasj X 2iga)]

, é



"values IS found 1n the 11terature The values used for the C-H,

~ and its magnitude is based on values found in the Titerature. By con-

sidering'eéch'bdnd separateiy,-ahd'therefore distributing'ea;h asymme— .

"~ tric substituent in space, better results can be expected than if each

group is approXiméted by a-single polarizability value. Bond polari-

zabilities are . difficu]t tO’determine'and considerable variation in
17-19

20,21 21 22

c-C, C= 0 2] 22 and C-0 bonds are shown in Table III and are

' judged;toibe_the best available. By putting eq. (6) into eq. (5) and

by using the good approximation

3z~ ]
Vo " Va
. we obtainloqr fina]_equationi
LA R S qltoa
“c jfi t ' '3 (°33 “11)j (R1toa 3J = e )[e (R R1oa) X Hﬂoa]

| (7)
Coord1nates for the molecu]es (Table II are taken from a recent

crystal structure determ1nat1on of methyl ch]orophy111de a23 (Chl a

| with the central Mg atom removed and w1th a methyl group replacing the

phytol chain). Thus, the geometny of the side groups in solution is

taken to be the same as that in the crysta]. A]though this may seem to

be a crude approximétibn, molecular models show that each side group has

significant steric hindrances. Thus, the assumptibnfused is that,veven‘

in solution, the side groups are unable to rotate freely. Becaﬁse eq. (7)
predicts_a dependence of rptaﬁional strength on the inverse square of

the distance of separation, the part of the side group which makes the



- -10-
greatest contribution to the optical activity is expected to be that
which is c]Osest to the. conjugatedfring, and it is precisely this part

' of the group which will feel the bulk of the ster1c forces. Calcula-

tions 1n wh1ch all side groups were allowed to rotate free]y (Tab]e Iv) !

‘were also attempted. In all cases the agreement with experiment was
ﬁottso'gobd as that in uﬁich the "cnyStal conformation in solution”
was assumed- In certain cases the resu]ts did. not even agree with the
s1gn of the exper1menta1 rotational strength

The phyto]-cha1n is 1gnored in the calculations. This probdb]y ,

introduces no serious error since this substituent is a larger distance

from the'pdrphyrih ring than any other group, thereby decreasing its

24,25

.1nteractlon potent1a] Ev1dence from NMR measurements 1ndicates

| that the phyto] does not strong]y 1nteract w1th the other subst1tuents |

Measurements in this laboratory show that the CD of methyl chloro-
'phy11ide g_is-tdentical to that of Chl a, implying that the phytol
may‘safely<be ighored in a theoretical treatment. This result would
seem to reso]ve a conf11ct between the- resu1ts of Houssier and Sauer2

on pheophytin a and those of Briat et al. 2

on methyl pheophorb1de a -
’(pheophytin a with a methyl nep]acing'the phytol). The difference in
‘the magnitude of the cD reported‘for these molecules can most likely

Abe attributed to a calibration problem of one of the\spectrometers or
to a partial epimerization of the substituents-at'c-lo; as has already

been sugge‘sted.2

Results

Results of the ca]culat1ons are g1ven in Table Iv. A1l -experi-

2,27

mental measurements“’“’ were made on solutions in ether and, to account
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for the d1e1ectr1c effect of the so]vent,28

all calculated rotational

- strengths were-mu1t1p11ed by (n + 2)/3, where'n is the refractive
index of the solvent In all cases there is qua1itative agreement
'between the theoret1ca11y derived rotat1ona1 strengths and the experi-

2 in which the Q transitions

menta].va1ues. In the previous study,
were approximated by a boint dipole, the eXperimental heasurements
-'gave'Targer rotatidha] strengths than the calculations by factors from.'
8 to 40. In one case (Chl a; Qy'tranéition) the wrong sign was pre-
dicted. In the peint'monopele ealcu1ations (Table_iv) the range of
.dfscrepancies is reduced to 1.5 to 6 and the signs are all correctly
predicted. Most of the’imprOVemeht reported here can be attributed to
| the use of monopoles and the use of a flxed geometry for the substituents.
It is clear that in calcu]atlons, such as these a hlghly delocalized
trans1t1on cannot be accurate1y represented as a po1nt d1pole

Resu]ts are also presented for a ca]cu]at1on in which all monopoles
Were p]aced in the p]ane of the chromophore (for al] other calculations,
monopoles were d1v1ded by two and p]aced 1 K above and below the plane;
see above). It is seen ‘that th1s can change the contribut1on of an
individde]'asymmetr1c center hy as much as a factor of two. The impli-
cation’from this is thet if the true wave fenction (with the transition '
.charge densities distributed continuously through space) was used to
'calCulatewthe‘interaction potentiaT, the result would be an improvement
over that obtained by‘using mohopdles (even if the'monopoles were an

extremely accurate set) That is, there is st111 an 1nherent1y large

approximat1on in the use of point monopoles.
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‘A calculation is presented for Chl a in which BCh1 monopoles

were used. ‘This changes the result by a large amount and appreciably

"redhéesfthe agreemeht with experiment. Since Chl a and BChl are
chsely‘related molecules with monopole patterns which are rather
SimiTar,’this testhshoWs_thet relatively smal)’changes'infmonopoles

~can cause large Changes in the calcu]ated‘rotational-strengths

'Fairly accurate monopoles are, therefore essential for this type
of calcu]at1on

Attempts were made to prepare and to obta1n a CD spectrum for
pyroBChl For this molecule the contr1but1on to the rotational

| strength 1ndﬁced by thevgroups at C-3 and C-4 is expected approxi-

mateiy t6 cancel the contributions of the asymmetric centers at C-7

and C-8 (these groups'are related by an approximate center of‘inversion)

and afsma11 CD_signa1 is expected However,'just the'opposite result
0740 . '

.(Rv ='37 Z'X 10 . for the Q transition in pyroBChl) was ob-

ta1ned A]though the infrared spectrum conf1rmed the absence of the‘

C- 10 carboxymethyl group and. the v1s1b1e and near- ~infrared absorpt1on '

- was v1rtua11y 1ndlst1ngu1shab1e.from that of BCh], the extraord1nar11y
]arge_CD peaks 1ead us to doubt whether we had the correct molecule.
- As a'cqnsequence, the experimental rotational strengths for pyroBChl

are not included in Table IV.

Conclusions ‘
| The nature of the optical activity of the chlorophyll molecules.
studied“cen.how be considered to be reasonably well understood. The

CD spectra can be accounted for in terms of the interactions described
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by the’Kirkwood-Tinoco-abproach. It is possible that this type of

: caléulation'may prove usefu] in assigning absolute conf{gurations |

to mo]ecu]es where this’ 1nfonmat1on is not known.

The orig1n of the circular dlchroism of chlorophy]]s in photo--
synthetvc membranes d1ffers from that described here Exciton inter-
act1ons between chlorophy]ls cause rotat1ona1 strengths of a much -
TaFgEr ﬁagnifude:than thosefexhibited By'monomefs.”‘NeveEtheless,
the theory for such interaétions has much in common with that pre-

sented hefe; The results preseﬁtedvaboVe thus make calcUJations on

~more complicated systems feasible.
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~ Table I: EXpekimehfal Values of Absorption and Rotational Strengths (in Ether)

. . Chla  opyroChla -  BChI . pyroBChI . -
* Apax (nm) Q  er el 70 L
. o, 55 §58 570 . 583
”mma* (emly _Qy 15,130 15,130 12,987 12,987
| o, 130 17,300 17,560 17,150
-~ Bandwidth o, C o390 420 850 490 @
) 0, 760 780 910 920
107 ey (olern)en™ (o 8.3 8 9 %
q, 6.8 8 22 22
Oscillator strength (o, 0.155 - 0.155 0.309 ©0.30
f = 4.33x107 s cu)do 0, 0.024 0.029  0.110  0.110
:Rotatiénal strength | ‘Qy.‘- : -8.7 -14.3 5.0 ———-
E 3040 RA (cgs) Qy v YV Y
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‘ TabTe II:i Atomic Codrdinates and Transition Monopoles

062

o e ' Trahsition mc»nopoles]4
Afdma qur41nates (R) for23 BCh1 | Chia
~ methyl pheophorbide a™~ Qy ‘ QX -Qy Qx .
NS (.20, -2.01, .02) -.035  .007 -.049  .001
N, (2.10, 0., -.04) .001 115 .005 .055
Ns (-.13, 2.07, -.08) .035 .007 .047 -004
N, (-2.16, -.06, .06) -.001 115 .004 .109
C, (2.33, 2.46, -.03) .03 -.129 .107 112
C, (2.63, -2.40, .03) -.033  -.124 -.086 136
e (-2.30, -2.45, -.02) -.035 129 -.054 .08
€ (-2.57, 2.35, .03) .033 123 044 109
c, (-.85, 4.25, .02) -.051  .037 - -.039  .029
C, (.52, 4.26, -.01) -.046  -.035 -.028  -.041
-Gy (4.26, .83, .07) .000  .000 .040  .027
Cy (4.36, -.54, .07) .000  .000. -.046  .017
G (.80, -4.20, -.02) .051  -.037 .045 .037
Ce (-.61, -4.11, -.03) .046 .035 - .036 .031
€, (-4.38, -.92, .30) .000 . .000 .000  .000
Cg - (-4.46, .61, .01) .000  ,000 ~ .006  .000
Cq (-1.83, -4.88, -.09) .000  .0017 -.001 .002
€0 (-3.02, -3.81, -.13) .000 .000 .000 .000.
(-9, -2.73, -.02) 081  -.078 067 -.079
¢, (.30, -2.89, .02) .091 .070 .075  .059
C;3  (2.99, -1.06, .01) 112 - .055 .069
Cy (2.85, 1.13, .01) -.103.  .063 ..084. . .050
Cis  (1.00, 2.87, -.02) 2.081  .078 -.085  .050
Cig  (-1.26, 2.84, -.00) -.091  -.070 -.075  -.085
C,7  (-3.01, 1.00, .04) -.112 -.055 S -1 -.058
Cia (-2.92, -1.19, .08) .103 .063 .106 .056
Clg (1.43, 5.43, .00) .000  -.001 .000  .000
08y (1.2, 6.61, -.22) -.015  -.008 .000 .000
0, (-2.01, -6.09, -.11) .015 .008 . .019

010

2 See Fig. 1 for numbering system
b.czo s replaced with an oxygen in BChl
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~ Table III: Bond-bond Polarizabilities

‘ Polarizability
; : Anisotropy
‘ ' 10 (_033" G]]), cm

e o 7
c=0 . 1.24
S0 | 96
C-H L2
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Table'IV: Comparison'of'Calculated and Experimenta] Rbtational Strengths.
R . VPofnt digo]e Ca]culated;R V(x1040 cgs). contri- CélcuIated S L
Molecule Transition  Model bution for edch asymmetry center . . ..sum . Experimental:

Ry (x10%0cgs) €3 c-4 o7 8 c-10 Ry (x10% cgs) Ry (x10% cgs)
BCh Q 13 e e 33 23 52 . 34 5.0
| Q -0 =005 .31 .4 20 -3 <30 -4
PyroBCh1 Q, 0 19 19 -33 23 a8 -
| Q- 0o -.005- -.31 .4 .20 I R
Chl a Q5 | 2.9 =20 3.6  -1.4 8.7
o, 02 BRI 7 A T Y 1Y S
- o o o . 1 v,
~ pyroChl a Q 04 2.9 2.1 5.0 43
| Q. 3 7 2 -
Bch] @ - 32 39 50 -41 52 28 5.
(monopoles . Y . oo . :
in plane) o 7 _
chl a Q, o - 16 -1.0 2.4 -.2 Y
(with BCh1 Y R . - . - | | -
monopoles)
BChT - Q ' 1 8 -4 -8 .4 1 5.0

(with freely Y
rotating side -
groups)

calculated from déta in"Ref;.Z_ .
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Figure Legends -

Fig.,]. : Mo]ecu]ar structures of chlorophy]l a, pyroch]orophy]1 a,
| bacteriochlorophy]l and pyrobacter1och10rophy]1, ShOW1ng the

abso]ute configurat1on of the asymmetr1ca11y p]aced ring sub-

stituents R = phytyl.

Fig. 2.   Ciréu]ar dichroism’and”absorptibn spectra of-Chlorophyl]ig

Avand~pyrochiorqphy]1 a in ether (from Ref. 2).

o
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o = OZR: : B "COZR _ | R
R':-C-OCHz ~ CHLOROPHYLL-A  BACTERIOCHLOROPHYLL

R'-=H  PYROCHLOROPHYLL-A  PYROBACTERIOCHLOROPHYLL
| XBL709-5392

Philipson, Tsai & Sauer -

Figure ]
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Opfico| activity of Chl-a and pyroChli-g in ether

CD scales
104 x 9M

1+8

150 - - . 4?8 pyroChi-g
100 |-
IO'-3x€‘ . ,
' 50 |~ R
200 300 400 _ 600 700
ST " A(nm) B

XBL 709-5393
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: . :

A. Makes any warranty or representation, expressed or implied, with

respect to the accuracy, completeness, or usefulness of the informa-
‘tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages

resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission’’
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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