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(‘uomplete neglect mf diffene’mmtimml ooverlap (CN1)O) (-alculations simow timmmt protomuated (141?)-

iu(mro-pineph.rine c-mimie’xiuibit four mimmimum en(’rgy comufoonmtutioims, two trans auid two ga-ac/i.e.

Snmall relative e-no-ngy differ’mmces between tili- gauche milidi traits fornms were mmot-cl, in favor

of the gauche forms. Into’natonui(- distamices immtime’ two gauche amid iii time two loans forms wo’re

differemmt-. Tin’ nminimunm o-miergy commformatiomus of possible ini1)ortamuce immtime uptake process

of lu(mrd’j)in(’j)imnilut mit adr(-mmergic nerve tennummals of mouse cardiac tissue were foumid to ex-
hibit- a (liStamice of tip�)rooxinmateIy (iA betweoi’mm two imeto’noato)mims. A likely distimmctiomu between
(1411)- and (14S)-norepimuephnine is postulated. CNDO cttlcultitions oim protonated dopanmine

ammd dopanui mie free base ilm(hicat t’d t heir exist eimce iii t imnee minimunm energy confonnmatiomms,
omme hans amid two gauche. Agaimm, time approximtitely GA distance between possibl� biologi-

cally important atoms wtns mioted in omme of time gauche commformatioims. Calculations on the
meta and pai’a- aniomms of dopanmimne free base iimdicated timat time ineta anion was nuore sttuble
timamm the para ammion, and timat both aniomis dlispltiy(’d time sannme mininmum energy (-Oliforma-

t-ions as dopaminme free base-. Time net (‘lectrommic cimarge distnibut ions and imuterato omic dis-
tances, in minimum emio-rgy conuformations, are listed for till these o-onupounds.

IN’I’ROI)U( “lioN 1110 is omue dete-rnuimmaiut of timt’in bioloogical tic-
tivitv. Thins wo’ imave ro-ce-mmtlv calculated time

limo- assunmptmomm has oolto’mu bt’en made that - �.1 - -

thio’ confornmatioomm of biologictil molecuk-s in Mi(l(lle Atlantic Ite-giormal Me-etinig, Aiuuericanm

Chenuuio-aI Society, Wmushminugtonu, I). C.. Jmtnmuarv 14,
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mimmimum energy conformations , interatomic

bond distances, and charge distributions of 2,

4 , 5-t-rihydroxyphenethylamine (6-hydroxy-

dopamine) and other polyhydroxyphen-
ethylamines,2 some of which were found to

cause long-term depletion of norepinephnine
at cardiac storage sites,3 using the com-
plete neglect of differential oveI-lap met-hod
(1).

lior comparison with the structurally sim-

ilar polyhydroxyphenethylamines, we have
calculated the minimum energy conforma-
tioims, bond lengths, and charge distributions
of the neurotransmitt-ers norepinephrine (I)

and dopamine (3 , 4-dihydroxyphenethyla-
mine, II) in their salt form, as well as dopa-
IfliflC free base (III) and its meta anion (IV)
and pa-na anion (V), using the CNDO4

method. The meta and para anions were in-

eluded because hypotheses have been pro-

mulgated �ihich presume interaction of time
anionic species with an enzyme (2, 3). Each
anion was calculated as the base structure
with an appropriate proton removed. No

electrons were added.
Although X-ray structure determinat iomus

have shown that dopamine and norepineph-
rine exist, in the solid state, in the fully

extended (trains) form with the ethamo bond

perpendicular to the piano- of the bemmzemme
rimmg (4, 5), previou.s molecular orbital calcu-

lations indicated that it was energetically

possible for these nuolecules to assume other

conformations. These former calculatie omis
used the extended H#{252}ckel theory for both I
(6, 7) and 11(8, 9), empirical potential eu-

ergy calculations f(or I (9), perturbative cton-
figuration interaction u.sing localized orbitals

for both I and II (10), ammd intermediate

imegk-ct of differential overlap for I (11). We
�vihl note the major and milmor differemmces

between timese- results amid timose obtaiimed by

us usimmg CND(). \Vo- cimose thmo- CNI)O

Visiting Fellow, 1971-1973.

2 it. Katz amid A. H. Jmicobsorm, unpublished re-

snnlts.
� ,J. Lunudstronmu, 11. 0mg, J. i)aly, mmmd C. it.

Creveling, unpubl isimed results.
The abbreviations used mire: CNI)0 arid

INDO, conmplete arid instermediate neglect of

differential overlap; CPU, central proce.ssinig unit,

EPE, ennpirical potential energy; PCIL(), per.
0 mnrhat ive configurmut ionu i nutermict ions usi rug lcocmili ze-ci

orbitmils.

metimod because it- was known to give ent-rgy

values (12, 13), dipole moments (14, 15), amid
charge distributions (7) in at least quahita-
tive agreement with calculations ab initio or
experimental values. The extended HUckel

theory has been observed to occasionally ne-
glect possible conformations (9). We have

thus compiled amid int-erwoveim a series of
programs to enable us to make efficient use

of generative input to a DEC PDP-10 com-

putcr.

COMPUTER PROGRAMS AND SYSTEMS

To obtain time Cartesiamm coordinates nc-c-

essary for the CNDO/I N DO program we

used the xyz program of Gwinn (16). X-ray

crystallographic data were used as input for

the catechol nucleus (17), and standard bond
lemmgths and ammgles (18) were used to add the

extra atoms of mmonepimmephrnm(- amid dopa-

mine. We decided not to use the X-ray
crystallographic dat a tivailable for dopamine

and norepinepimrine (4, 5), since the combi-
nation of methods gave us time flexibility we

needed to) generate time structures of various
catecholamines , for which X-ray cnystallo-

graphic data wo-ne imot available, in a con-

sistent mannc-r foor future work. \\‘e foummd

littl(’ differe-mmce- iii tue results of tiit- CXDO
calculat ioomns iviiemm t his stalmdtird bond
lc-mmgths ti-mud anglo-s wt-n(- compared with
X-ray crystallographuic data. The trends in
total o-Iuergy amid t ho- elect nommic (list nibution
remanmc-d -ssc-imtiahly unaffc’ct o’d. Time huigimest

occupio-d and lowest umuoccupied molecular
orbit als were muIso essential lv ide-mit ical.

Timo’ (Output o)f time .ryz program wtus used

in time- 1)CRT X-ray modeling systenm (19),
whose opti(omns nmclude nuolo-cule amid bond

rotation amid a r(outimie to produce the input

necessary foor C_ND() ctilculation.

We used time onigimual I)arameterization of

time- CNI)()IXI)O program writtemm by

Doobosh (1, 20). Thmo- programmimug technique

for array variable pickup was modilied,5 and
this resulted iii a 1Q-15� savimmg imm CPU

tinme. Time majoor savimug iii CPU tinme oc-
curred on conv’nsioomm to single precisiomu, amud

when converge-mice hi time item’ative calcula-

� )ulodific’ationu by P. A. I)oboosh (Mount Holyoke

College, South Iladley, Mass.) mind R. J. Feldmnanurm,

I)ivision of Computer lie-se-minim and Teo’iumuology,
(I)CHT), INmit ioonumil Institutes oof health.
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t it)115 u of e’lectromiic emnc’rgy \\as set at 10�.

The oonigimmal j�rogranm used (Ioouble-l)rc-cisiOlm

words and conve-rged at a 10#{176}�level. Tests

usimmg double-precision words (72 bits)

shuowed timat fl() rouiid-o off errors occurred with
time molecules used iii this hitiper. Further-
mnone, calculations omu these molecules from
thus mimodified pnogranu were commmpared with

timose obtaine’d from time original program

amid foinmud to be thu’ same. However, it is

possiblo’ that systems with a large number
O)f oorbitals nmay imot comuverge in single preci-
sioumm. Thus single precision is muot gemmerally

i.e ‘commimo -ndc’d for large molecules for this amid
oot-ii#{128}rreasoons. Fimmal minimummm emmergy con-
fonmatiomus uvene displayed (0mm aim Adage
AGT-30 gnaphmcs ummit, and PLUTO plots6

(mimi option c)f time DCRT X-ray modeling
systemmm) immacle fnom timese imag(’s are simown

imm the various figures. Distauuces between

c-onnect ed atoms were obtained by additions
to time progranm contaming time output of the
(1XDO calcmnltitiomms, as were imet electronic

‘Flue PLUTO progrmcns wmms obtained fronm S�

\Io tAut-rwell (C luernis try 1)epm1 rtniuent, Cmimbridge

University, Enuglammcl) arid was adapted to the

X-ray nmodelinug s stenu by H. .1. Feldnmaninu.

ciitirge distribut iomis. Also, amuv interatomumic

distance desired c-uoimld bo’ ohtmmimuc-d through
the’ X-ray niodehmug systemmm.

For :m descniptiomm of our promgn’anms amid time

computer svstenm, winicim we bout-vt- to be a

simple and rapid method for data manipula-
tion necessary for CNDO calculatioims, an
author (S. H. H.) should ho’ cuonsulted.

DATA INPUT

Because of the ease of gen(’l’atilig time co-

ordiimates for rotations around boImds by time
system described above, there was no imeed

to input stru-tures in any specific conforma-
tiomi. Conupoummds I-V were inputted in the
extemuded (plaimar) form. Atomims 2, 1, 14, 13,

16, and 21 were plaluar, as were atoms 15,
14, 17, and iS in I. Time diimedral angle o--n-
closed! by atoms 2, 1, 14, amid 15 is referred

to as the rotatiouu aumgle aroumud the 1 , 14
bond; that enclosed by atoms 1, 14, 15, amid
16, as the rotation angle arouiud the 14, 15

bommd; and so on. Time minimum energy con-
formation of time various molecules will be
referred! to by time final rotatiomm angle of the
14,15 bond (e.g., time 120-degree minimum
emmc’rgy coumforniatiomm of protonated I repre-
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sents a 120-degree 14, 15 rotatiomm angle; time
1, 14 rotation angles are listed in the various

figures). Time iimcrements for bond rotation
were initially small (30 degrees). However,

for clarity, dihedral angle changes of 60 de-
grees are depicted in Figs. 1 and 3. We did

not obtain deviations from the curves uvimemm

the smaller increments were used. In mmocase
was the increment less than 3 degrees. After
initial energy minimalization of all the ro-

tated bonds, we again minimalized the vari-

ous rotatiorm angles with time object of oh-

tainiimg more accurate minimum energy

conformations.

RESULTS

Miii-iiii Uiii energy conformations. We did

not fiimd an impassable barrier to rotation
from time crystalline (trains) conformation, as
shown by X-ray crystallographic data, to

the minimum energy coumformation in com-
pounds I-V. Thus the calculated mimmimum
energy conformations are possible confonnma-
t.ions. Although a total etmergy is indicated

in Figs. 1 and 5 for the various molecules for

comparative purposes, omuly the relative cmi-

ergies are of importance for our discussion.
Protonated (14R)-norepinepimrine (I)

[I)( -) isomer] show’s four minimunm energy

0

0

w

coumformations, two ti’a-ns and two gauche

(Fig. 1). �11hme two gau(-ble commfo)rnmatiolms (1ff-

fe-n by a 1SO-degre-c rotation of time b’iiz’ne
rimig (l”ig. 2), as do time two trans comifonma-

tions. In one of the gauche comnfornu-rs time
1, 14 bond! was rotated by 90 degrees from

its original position (Fig. 2b) tumid the nmini-
nmu ni e-mmergy coon formation occunr’d at 240

degree-s (14, 15 bond notatiomi). Time other
gauche conifoinmer (i”ig. 2d) was cibtaimno-d by

rotatiomu of time 1, 14 bommd 270 (lo-grees fromum

its onigimmal pomsition and, finally, by a 120-

degree rotatiomm of time 14, 13 bomud. Figure 1

shows only sumall differeuuces between time i-c-

Imitive eno-rgio-s of time ga-ache amid trans forms

Some of time’ imito-ntmtomic distances bet-weemm

various atonms iii time two gauche (or two

trans) forms mint’, iuowever, quite different. Time

PLUTo plot of timese confonnmo-ns is simown in

Fig. 3. Time ‘�(+) (148)-muorepimmephnine must,
cmf course, display time same minimum energy

comufornmatioins as its e-pimer (Fig. 2e-hm).

Protomuato-d (10 opmmniimme displays t hmree nui mmi-

mum eumergy conformations (Fig. 4): a trans

or exteuuded confcmrmen (Fig. 4mm) and two

gauche conformers, at 120 degro-es (Fig. 4b)

and 240 degrees (Fig. 4c). It can be obso’rved
in Fig. 3 that time’ trans conformer is a some-

what imigim(-r o-mio’ngy forni (by 2.3 he-al ‘mumolo-)

Fmt;. 1. Ca!cnlated rc!atiro.’ c’ioergie.s of prot0000le(! (14R)-n-orepinep/orinu (I) (i’m a foi�uo’tiuon of sit/c chain

rotaliomn,

#{149},rotation around the 14,15 bormd cover time plane of the tx-muzcnue ring; 0, this ro)tmmt ion mnnmdo-r limo- pIano’

of t he- benzeune ring. Zero relmmt ive energy corresponds to - 132.7770 mu on, in talc ulmuto-ui tot :ml e nmergv.
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Fat. 3. PLUTO p/tots omf niinimum energy conformations in- promlon-ated (1411)-norepinephrin-e

timan time folded 120- amid 240-degree con-

formers. The energy btmrrier for time passage
from the gauche to the trans form is a maxi-

mum of 6.4 kcal/mole. A barrier of less than
2 kcal/nmole separates time gauche comuforma-
tions. Interconversion between the 120- and

240- degree conformers can probably occur at
room temperature. rrhe 3-imydroxyl group

doe-s not appear to influemice time various mimi-
imum energy conformations. That is, we ob-
served no preference for time 240-degree
gauche conformation.

1)opaniine free base (Fig. 6) aimd the meta

and para anions of dopamine show their min-
imum energy conformations in essentially
the same positions as protonated dopamine.

Energy barriers between these gauche and
trans forms, however, are low (maximum of

3.5 kcal/mole), amid no one conformer is more
stable than the other. The meta anion of
dopamine exhibits considerably greater sta-

bility (lower energy) than the para- anion

(approximately 17 kcal/mole).
It should be muoted that hydrogen bonding

to water in vitro or in- n’ivo could be expected
to affect the charged species more thaim lieu-
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FmG. 5. Calculated relative enoergies of proton-ated dopainine (11) as a fuioclion- cmf sit/c chain- rol(iliou

Zero relative energy corresponds to -1143390 au. in calculmited total energy.

Rotoooon Around 04, 05 Bond

Fza. 6. Calculated relative energies of dopamine free base (111) as a function of side c/cain rotation

Zero relative energy corresponds to - 113.8320 au. in calculated tot-al energy.
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tral molecules. Practically, this could change
the ratio of conformers in timese charged

species; we have no way of calculating this

effect theoretically by CNDO.
Net electronic charge distribution. Proto-

nated dopamine and the free base have al-

most identical charge distributiomms in mini-
mum energy conformations, except for the

(16)X atom and time associated protons. Time
positive charge in protonated dopamine is
mostly distributed among the ammonium
protons; somewimat less is present on time pro-

tons in the attached methylene group. The

(16)N atom in the free base displayed a net
negative charge of -0.21, which was almost
the same as the net n(’gative charge’ (us-



(1 )C
(2)C

(3)C

(4)C
(5 )C
(6)C

(14)C

(15)C

(3)()

(4)0
(17)()

(16)N
(22)11

0,01

-0.04
0.17

0.14

-0.03
-0.01

0.15

0.05
-0.26
-0.22

-0.23
-0.02

0.22

The three conformations of protoimated

dopamine (Fig. 4a-c) found by these CNDO
calculations were also found by Bustard and
Egaim (9) using botim extemmded HUckel theory

0.03 0.0:3 -0.04 )

-0 05 -0 �- -0 05 and LI E calculations, and also by Pullman
0’ 18 0’ � 0’ 10 et al. (10), using time PCILO method. Kier
011:3 0106 0112 and Truitt (8), using extended HUckel time-

-0.02 -0.03 -0.10 ory, found two of the above conformations,
-0.01 -0.09 -o.oi and two other comiformations umot confirmed
-0.01 0.00 0.01 b� any of these studies. They did not find a

0.08 0.10 0.10 trains minimum emuc-ngy conformer.
-0.26 -0.6() -0.29 The major difference between our CNDO
-0.22 0.28 0.60 calculations on compound II and those of

Bustard aimd Egan aimd of Pullman et al. lies

� � � in time relative stabilities of the conformers

- , . ‘ amid time energy barriers between them.

Atoms

TABLE 2

Interatomic Distances in Different Minimum Eooerg�j (?mnformation-s

Norepinephrine HC1

(3)0-(16)N 7.11 4.97

(4)0-(16)N 7.82 6.21

(3)0-(17)0 4.85 4.93

(4)0--(17)0 6.29 6.29

Dopamine HC1

ha lib lic

A .4 .4

6.87 6.02 4.97

7.81 6.24 6.21
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played by the oxygo’n mmt-oms. Time free base
amine protons had a net positive charge of

0.06. The co)mparable muet charges of -0.02
�mmmtime (16)N atom amid 0.22 on the protons
of time cimarged amine arc shown in Table 1.

Timo- net- electnommic chmarge distributions in

time 0-, 120-, amid 240-degree minimum energy
(-o)nfornmations of time molecules listed in

Table 1 were essentially identical, and timere-

fore oonly those of time 0-degree (trans) con-

formers tire shown.
The ineta- and para anions (IV and V), as

would be expected, show greatly increased
umo’t mmegative charge (higher electronic den-

sity) at the ammionic oxygen atom. The charge
redistribution �vimich is seen in these anions

(rfable 1) is timat whmichm would be postulated
by rc’sommtmnce timeory. The carbon atoms ortho

amid para to the- carbon atom bearing the ani-
onic group display a marked decrease in their

TABLE 1

Net eleu’Iroiuic charge distribution in the “Trans”

mioo-imurn energy conformation

Atom Norepi- Dopamine Dopamine Dopamine
No. n’uephrine HC1 oizeta anion para anion

HCI

net positive charge, or an assumption of net
negative charge. Those carbon atoms meta

to the carbon with the anionic oxygen show’
little or no change.

Th’ net. charge distributions in protonated
norepinephrine are similar to those in pro-
tonat-ed dopamine. The side chain (17)0

atom varies in electronegativity in the two

extended (trains) conformers (Fig. 2a and c).
When the (17)0 atom approaches the (3)0

atom in one of these trans conformations
(Fig. 2a) its electronegat-ivity is enhanced.
The variation in the net charge is from

-0.23 (Fig. 2c) to -0.28 (Fig. 2mm) for the
(17)0 atom.

Interatomic distances. The interatomic dis-
tances muoted in Table 2 are strikingly similar
in the 120-degree conformation of all the
listed molecules. This distance ranges be-

tween 5.97 and 6.32 A. The presumed im-
portance of this interatomic distance is dis-
cussed in the following section.

DISCUSSION

Ia lb Ic Id

A A A

6.84
7.80

5.97

6.31

A

5.97

6.21
5.97

6:32
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Bustard amid Egaim’s calculations simo)wo-d
that their trans form was more stable thmtmn

the gauche by approximately 2 kcal1 nuolo-,
usimig extended H#{252}ckel theory, and a slighit

0.39 kcal/mole by EPE calculation. Thuey

found emuergy barnio’rs at 60 and 300 do-gre-es
(approximately 3 heal/mole) atud at iSO
degrees (approximately 3 heal/mole) . Time

energy barrh-rs and differences between con-
formers found by Pullman et al.(PCILO) were

small, varying between 0 amid 3 kcal/nmole.
We did not flmmd a large 180-degree emmergy
barrier betweemu gauche fomm.s (Fig. 4b and c),

perhaps because CNDO may underestinmato-
some repulsive forces (21). As we have noted,
we found the gauche forms somewhat more
stable than the trains, and interconversion
between gauche conformers was likely.

The norepinephriime minimum emmergy coim-

formations were noted by Icier et al. (6, 7) to
be a trans and two gauche. Two of theso- coim-

formers (a ti-an-s and a gauche) were foumud by

our CXDO calculations (Fig. 2c and d) and
by Pedersen et al. (11), using IXDO. Pc-den-

sen et al. found that these two conformers
were energetically equivalemut and that little
barrier to interconversion (1.5 kcal/mole)
existed betweeiu timem. A large barrio’r (7
kcal/mole) was found at time 300-degree po-
sition.

Our results are consido-rably different from

those of Icier. The INDO calculatiomus of
Pedersen and colleagues gave results more

comparable to our CNDO. The difference
may lie in interpretation. We, like Pullman

et al. (10) (PCILO), believe that- four differ-

ent conformers of norepiimephrine can o’xist
(Fig. 2a-d). Unlike Pullman, we observed

small but real energy differences between
the gauche-trans pairs (Fig. 2mm and b, c and
d) of approximately 2 heal/mole amid foumid
that the gauche conformo-rs were more stable.
Our cmileulations also indicated that time en-

ergy barrier betweemu gauche and trans foornus
was not gre-at and t-imat mill four conformmuo-rs
can probably exist in solutioim.

Unlike all the- previomus workers, we noto-d
that there tire distimuct (lifferences in iimtc-r-

atomic distammco-s betweemm various atoms
(Table 2) in Fig. 2a and b vs. c and d. Time

previous cal(-ulat-ions on these cat-ecimola-

mimics appetired to use tue cc’Iut(-n of time tiro-

matic ring mis time-in re-fore-nec- p(oimmt, thus

nc-glo-(-timlg t hit- jooossiblo- spmtt ial no-lat-io)misliip

between tho- (3)0) titemni and time- miitnogemm or

( 17)0 mmtomnm. ‘l’imc- �)o)l�im�(Ir(ox�j)imo-Im(-tiuylmm-

numb-s ��‘iiicim are� takemi up timid cause long-

to-mi depletie mmi of muono-pimuo -pimm-ilie iii adremier-

gic miervo- tc-rnuimimtls (Of timo- mumomuso- heart htmve

heemm shiomwim tom (IiSplmi\’ ooiulv o)mie 120-degree

mimuimuni emu(-ngy f/au(’bu-e co aufonnuat ion �2 Both

jim time l)cml�’imydIroox�’Phic-muo-thiylamine series of

compounds2 and iii dopamino , t hue 1 20-degree

gauche con fo )rmat iou go-muc-nal ly nmaintains t hue
interatoomic (listance of 5.9:U-6.34 A betwo’eim

time (3)() on (4)0 and muitnog(-nu titonms. This

is also true for norepino-phmnimi(- but, additiomi-

ally, time- (3)() or (4)0 an(1 (17)0 atoms dis-

I)la�’ timis imuteratomic (Iistmtmlco- (Table 2).
\Ioreovo-r, imi micmne-pnme-pimnimio’ time trains comi-

former (F’ig. 2c.) displays time sanie (3)0 or
(4)0 amid (17)0 dhstamic(- as hi time gaucho-c

conformers mo-mmtioned above-. It seems prob-

able, timere-fore, that uptak(- of biogenic
amimies occurs only �vitIm spo cific co�mformo’rs
which have ti reciuired interatomic distance
between certaimm atoms; i.e., the approxi-

matelv GA distance betwo’o’mm 2 electronega-

tive oxygemu atonus or 0-N atoom pairs is mu-

port-ant. for time immto-rtm(-tio)mu of time catechmola-
mines at uptake- sit-s. tfiuis hypothesis is imu

accord �vitii dtita on ap�)aremmt ul)tako- mifl-iiii-
tieS of trihydroxy- timid diimydroxypho-nethyl-

amine-s3 mind indicat c-s t imat witim muorepinephu-
rine both eonfornmens C mInd! d imm Fig. 2 tire

biologictilly impcortant.

Ivo’nse-iu et at. (22) and otho-rs (23) have
sho\Vlm thin-it time’ uptako’ systo-m in norcpino-ph-

nimme td-rminals is stere-ocimo-mu-allv specific-

with a higher tuffinity for (- )-norpimuephnimme

than time (+) isomer imi isoltited, perfused

mouse amid rat imemmrt. Fromm (our calculat-iomis

it appo-tins that time- (17)0) atonm may be mm-

portaimt- feor time’ tictivity of both epinu(-ns a-t
tue upt ak(- sit(’s; diffo-remmt.iat-ioimuimu miorel)i-

Iue-l)imnimio- activity ou ouilcl ooocur ho’cattse (of time

spatial poositiomuing oof tiio’ amnuonium and
(17)imydrooxyl groups above and beloow the

plane- oof time aromatic ring. Timtit is, oommfor-
mat ie�mmus g amid Im (Fig. 2) of (14�S)-miorepi-

no-pimnimio-tue ombviously o-quivmmlemut too - and d
(Fig. 2) of the (14R)-noonepino-phnino- imi mill

molc’culmmr corbital oimmuraet c-nist ics. In mm t iue

viewpoimmt of an c’nzynmo- surface- or fixe-d

macronmolc-cule, how’evo-r, the-v 0(0111(1 ho- yo-ny

diff-rc-mit. in ( - )-mucono’pimuo-pimnino- (l”ig. 2d)
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time mmmmonium group is bc-bmw time- plane of

tho’ aronuatic rimig; tho’ o-pinmer (Fig. 2iu) dlis-

� lays time mmmnuo)Iumnm group above t imis plamue.
.%lt-imo )ugiu i iut o-na to omio chist amuo-es betwec-mu

o’lectromuegative atomnis art’ tiio- saint- in botim,

o’michi would present a (Iiflc’ro-nt- tilreo’-dnmu(’n-

siommual j)titto-rmm to a fixo-d mmio’romnolecuiar

surfaco-.
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