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SUMMARY. - The limits of the Debye model of rotational Brownian motion
éhd of the rotational randem jump model when appliéd to the calcu-
lations of the electron resonance line shape ¥or slowly tumbling
paramagnetic molecules, are discussed. A more general model, which
for molecules having very large or very small mean radii, reduces

to the previous ones, is proposed.

RIASSUNTC ~ Vengono discussi i limiti del modelle di Debye per il moto
Browniano rotazionale e del modello dei sz2lti casuali rotazionali
nei riguardi della loro applicazione al calcolo della forma di ri-
ga degli spettii di risonanza elettronica per molecole paramagne-
ti;he in riorientazione lenta. Viene inoltre proposto un modello
pid genérale che, per molecole aventi raggi medi molte piccoli o

molto grandi, si riduce ai due precedenti,

The study of the line shape in an electron resonance experiment,
may give useful information on the molecular reorientation in viscous
solvents. A paramagnetic melecule reorienting in solution may be con-

sidered as a spin syétem interacting with a bath. In the case of



] A

viscous liquids this interaction is strong enough to make necossea-
Ty tn. cunai@ér—in detail the dynamic of the reorientetion nroéeSE
Ii-a » If we assume, for the. sake of simolicity, to dcal] with &
" molecule having cylindrical synmefry and tumblinq in an isotropic
~medium, its orientation is completely specafzcd bv thc ansle ¢
between the mulecular axis and the direction of the.maunetxc fzeld
By dividing the total range of or;gntatznns into k sectors ‘denti-
u_fieﬂ by the angle éi bisectino the ith seﬁtﬁf,'thﬁ nunber of mole
culég_ih each site will be, assuﬁing'an isotropic distritution of
" population, W, = sin 01[5]. The zeorientation orocess induces tran
sitions from one site to the other, pertufbing the equiiibr{ﬁm di-
stributinn uhich is restored only after a certain tiﬁe. |

When try:ng to calculate the esr spectrum of the naranaunati: s0
':lute we fa:e uzth tuo prnblems: the evaluation of the pnssibla fre-
~quencies from the'spin Hamiltonian and the determination of the li-
ne shapé from a stochastic reorientatihn-mndel. The line shape fun-
'cfipn in ‘a  frequency sweep experiment may be written, accnéding to

the stochastic theory [G-E] v 883 ’

Toe Ré(S,I[i(mJ,_ -£0)- _1_‘]"‘[5,)' |

where the -bai' denotes the average nvﬁr all 'o:.-ientatinns;.‘._g- is _thf .
. Licuville superoperator and ﬁx and .!T nre.thu tran;iiinh'and_evn-
.1utihn npuratn;s'reuﬁectiﬂzly. When the spin Hahilinnian contains
-u,psaudbséculﬁr and n;naecular'tgtms. the Liouville operator if non- |

- =.diagonal so that the stechastic and spin asnectq_nf_the proilem
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‘can not be separated [1,8] .

-

Since we are interested -in ?ha dynamic of the molecular renriun-
tation and then in the stochastic part of the problem, it is useful
to separate the two aspects by using the adiabatic apprnkinatién-
which seems to be appropriate when daaling.ui{ih very viaf.;nul sol-

vents [9] The line shapa function for each trnnsitinn than becowes

fia]
Iw = Re< W [it1-2)-1]"|1>

where (H' is a row vector containing the nccupntinn- probabilities
of the sites in equilibrium, > is a.unit vector and 2 is a dis-
gonal matrix containing the frequencies Wy for each site."

The eianunti of II are
. [ o

I;=F; I, =-3 P,
. i)
being Pij tha transition probability par “unit tine fru- the ith to
the jth site.

The transitinn prnbabilitial dapend on. the nodala aasunad for the
molacular ranriuntatinn; those which have rucaivad mors -ttantinn
are essentially the Dabyu rntatinnal diffusion and the ltrong col-'.
lision model uhich however, are approprinta%for very diffarant phx
sical aituatinna. The rotutiunul diffuliun Indul curraspondn to tha
simplest casu of random walk, uhara-trnnlitionl may occux unly bst-

ween -djacent |1tul uith rnflect:l.ng bnrrier - 0 lqu.l ‘zex0 and

"/2 [‘i 1]. In this cna, fnr -ufficiently 1 t.i.lu hnldt thn dif=-



fusion equation

IP(8,19,1) 2
o = Dy P(3|2,t)

for the time evolution of the conditional-probability P(®q/ &,°

L4

subject to tﬁe initial condition
P(319,0)=8(0-9,)

“being

_ ‘ P";i (siln 1))"'_3_",‘[5"0 (ﬂ?)]

and D the rotational diffusion canstant.
The finite dlfference approxlmatxon to the d1ffus;on term [}é]
"gives the elements of the trana;tlon matr;x as

1,141 7 A2 sin ¢, - I<I<

"711’1_";: oy ili [ «H_l'.’ht * | Ul_._l-‘l]

uh"eré‘—Aa Prpq = By = /N

Since the trzd;agnnal matrzx is not symmetrxc, is more conue=- -

ru.ent to uae the :.ndepe.ndent vara.able X = ccaé ' _:.nsﬂteadl of ¢ _:
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the new E matrix is now symmetric uitﬁ elements [1] .

D 2
1,141 ‘A*?_“ s "1A’ = H1+1,1
H = {1 - xf) l = 2'3| ooop_N-i

II D 2 '
| "A_ZU 1 "1&’

"

Hﬂ.ﬁ = —A-LJZ- (1 - xﬁ - xNA)

‘The st:r:cmq! coll;s:.nn model assumes that, as a result of a cnllk:.-
s:.on, the mal cule jumps to a new ur:.entat:.nn whmh is completely
mdepend&nt J; the previous one. |

One should point out that, while in the diffusion model 't':'nl_y'_i;j-'
fin'itgs'imal changes of directio.n'are -allowed, here the Iorientation

may change relevantly in a single steb. In this case the glements

of the transition matrix are

= k[un- Jmn]

where

N
W, = s8in ¢ /.2 sin ¢, _
. i=1 i _ <
and k is a first order rate constant. The asymmetric 1’1 matrix can

be .easily symmetriie& replacing 0n with the independent variable



X =Vein 3"-_ ¢ . This is equivalent to perform the similarity

transformation

IT'. p'/2 . I 172

B o »~

by the diagonal matr;x 1/2

Even if the rotational dszus;an aﬁd atrnnq collision models
have been largely employed in a number of 1nveatxgat10ns on di-
electr;c and spin relaxat;on, there are no "a priori" reasons for
preferrzng these madala to others. Also the choice between these
'two mndals in apec;fic cases is not obvzous and is usually justi=-
fied on the basis of the agreement with the experlment However,
we can expect that the diffusion moa®l is mainly valid for mole=
cules large enough in resbect to the dimensions of thé surfoundinc
solvent mnlecules, so that they can be treated as Brownian parti-
cles J.mmsedman homogeneous continuous medium. [3] Th:.s seems
to be confi.rmed by the good agregment with the experimental re-
sults obtained by McConnell and couqueré [}é]luhep usiﬁg this
‘model to interpret esr §pectra of paramagnetic macromolecules.

For smalihholeculea for which the-Brawnian ﬁotion'cunaist of a
lnumber of jumps by finite distances, the strong collis;on model
seems more appropriate. Unfnrtun;tely in this model no parameters.
depend;ng nn the molecular dimensions -are conaidered. and also in
the diffun;onal rntatlnn model, althougth the hydrodynamic radiust of
thafmo;e;u;gxappearsin Hbe‘d;ffuainnal constant D, the increase of

D uhen"reduciﬁg the radius iﬁpliea only a fsdﬁning of the motion
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while the elementary step remains infinitesimal.

It seems then convenient to develop a more general model cone-
taining explicity the molecular dimensions which will determine
the average elementarv step. A good model should give the stronng
collision and the rotational diffusion models as limitino cases
when dealing with very small or verv large molécules. A rotatio-
nal jump model with the transition orobabilities modulated by a
stgP disfribution function will satisfy these requirements tn a
reaéaﬂable extent., The elements of the transition prebabilitQ can

be writtgn as
Hmn = k{wnoexp[-{ d - Gmlz./a] - b, gm}

where

§. = 2

n

W exp [-{ én- éml?/a] ,
a=c/cd |

being r the hydrodvnamic radius.

It can be noticed that b# evngneine the evnnne~tiz]
" A a2 = 2/ _\" 2 4
“P[—Aﬂ/ﬂ:Z(-d#/a)/nl = 1-49%a + A9 /23’..., L
)

-nd takinr only the firsi term of the exparsion, which can be dore
for large values of a, i.e., for verv small molccules, the ;I mae
trix become identicalrto that of the strona collision model, fFar

very large r, wn is modulatdd by a sharo gaussian and only tran-
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sitions between neighbouring sites are possible, thus de#cribinq a si
tuation very similax to that encourmtered in the rotational diffusion
model ,

Fﬁrther work in in oronress to apply the‘bresent theory to specie-
fic cases; the sensitivity of the esr Spectra to the model assumed

for reorientation is presently being checked for triplet and quartet

states,

Acbnnw]edtemnnt

Thin work han heen firanecially suppnrted by C.N,R, (Rnwre).



