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DISCLAIMER -

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal 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. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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ESTIMATES OFVCORRELATION TIMES OF DISSOLVED. CQMPLEXES FROM
"ROTATIONAL TRACER" EXPERIMENTS
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Lawrence Radiation Laboratory
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February 1970

Becent angular-correlation studies have demonstratéd the efficacy of

gamma-emitting. ”rotationél‘tracerS" in detecting the tumbling of 1abeled :

‘macromolecules in solution.l’2 The purpose of this note is to point out

that the perturbation facfor3 Ggg(t) in the time-dependent angular'gbryelation

function W(8,t) = 1 + A, G22(t) P (cos 8) can proylde a roush estlmgte of

-the rotational correlation time Tc. In the theory of Abragam and Pound

(applicable for short TC) T, is defined as the characteristic decay time -

for the auto-correlation function of the random transition matrix elements

governing spin relaxation in the intermediate nuclear state.

1,2

Experlmentally G,..(t) shows either "static" or "dynamic" behaVior.

22

22(t) is itself timé—dependent)

are observed for samples in which the intermediate—state Hamiltonian is -

expected tQ be time-independent, e.g., very large molecﬁles, solids, or
5D )(sﬁat}c) falls quickly to zero, then rises.to,a

low maximum at time T and remains essentially constant.. Under certain assump-

: tions5 an ‘average quadrupole-coupling constant can be derived from T. For

111 . ‘ | : o
the Cd spin-5/2 state the relation is (equ) = 20 .h/3T'.6 For solutions
111 R o o
of “cd-labeled N-benzyliminodiacetic acid (NBIDA) frozen and cooled to

18

' 77°K,2 T = 36 nsec and (equ) = 1.23 x 10 7 erg.
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The "dynamic" G, (t) decays exponentially with decay constant X,

22
given by ' .
: : I
: 2 .
Yo _ 63  (eqqQ) : - , e
A2 = 1000 n2 oo 2 | L (1) &

' fér the spin 5/2 case, uéing-the Abragam-Pound'theory.7 Here (qu)2 is -
Ithe‘aVerage square (time-dependent) quadrupole~coupling constant that relaxes

the nuclear spin. This "dynamic" G (t) was obsérved for several small

22

‘molecules in solﬁtionE: derive'd-)\2 values are given in Table I.

For all cases studied, reorientation of the static e.f.g. tensor due

2.

to molecular rotation should be the chief contributor to (e2qQ
. ) i > 5 5 2 ‘ )
‘thus relate T, tor>\2 by assuming (e"gQ)” =~ (e"qQ) . Values of T, wvere esti-

We may

with Eq. (1). Figure 1

is a plot of the time-integrél attenuation factor 6&2 = (1 +-X2 TN)“l

: : - 2
mated for several complexes by cqmblnlng (e qQ)NBIDA

.'Versus Tc’8 The actual vaiues of Tc are not very acéurate’because (eggQ)g_
'  ié probably overesﬁimated, but this ploﬁ illustrates the range of TC thaﬁ
has béen S£udied.- |
It is a pleasure to acknowledge the collaborafion of J. D. Baidéschwieier,

’ T} K. Leipert; R.fG. Bryant, and C. F. Meares in obtaining the experimental

data used in Table I.
. : 29
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N is thé nuclear meanlife of 123 nsec. See_Fig. 23, Ref. 3, and

discussion.;vOur‘choice of e2qQ translates the curve'slightly.
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Table I.

Complexa : v T, °K . ‘ ' Xé (MHZ)b :'. p
~ NBIDA o 77 ‘ﬁ _ - (static) Y

NBIDA ~ _ 273 . 71

NBIDA _ 295 . | | 37

NBIDA . 328 | - {,"12

NBIDA _ ' 358 _ 8

EDTA . 295 - : 0.7

ATP ' v2§5f ﬁ _ - 3.6 o K

ma 295 15 N

APO-cA | 295 (static)

BSA e I 295 © (static)

Tlimeg (Ref. 2). NBIDA = N-benzyliminodiacetic acid,

#A11 were labeled with
EDTA = ethylenediame tetraacetic acid, ATP = adenosine triphosphate,

IDA = iminodiacetié acid, APO-CA = apo-carbonic anhydrase, BSA = bovine

‘serum albumin.

i:ZbAccuracy is about *10%.
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FIGURE CAPTION

.Fig. l;' Variation of G with‘Tc. The points are constrained to lie on fhe

22

'cﬁrves by our assumptions: bpth'parameters'are Qerived from X2. Dashed_

region is theoretically uncertain, as discussed 'in Ref. 3. The error

ian22, where not shown, is *0.05.
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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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