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ESTIMATES OF CORRELATION TIMES OF DISSOLVED COMPLEXES FROM 
"ROTATIONAL TRACER" EXPERIMENTs*· 

D. A. Shirley 

Department of Chemistry and 
Lawrence Radiation Laboratory 

University of California 
Berkeley, California 94720 

F:ebruary 1970 

Recent angular-correlation studies have demonstrated the efficacy of 

ga.mma-emittirag., "rotational tracers" in detecting the tumbling of labeled 

macromolecules in solution. 1 •2 The purpose of this note is to point out 

that the perturbation factor3 G
22

(t) in the time-dE':pendent angular correlation 

function W(8,t) = 1 + A2 G22 (t) P2 (cos 8) can provide a rough estimate of 

.·the rotational correlation time T . 
c 

4 
In the theory of Abragam and Pound 

(applicable for short T ) T is defined as the characteristic decay time 
c c 

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

governing spin relaxation in the intermediate nuclear state. 

. 1 2 
Experimentally G22 (t) shows either "static" or "dynamic 11 behavior. ' 

The static G
22

(t) curves (in which, however, G
22

(t) is itself time-dependent) 

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

expected to be time-independent, e.g., very large molecules, solids, or 

~ . ( )(static) frozen·solutions.' G
22 

t falls quickly to zero, then rises to.a 

low maximum at timeT and remains essentially constant. Under certain assump­

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

the 
111

cd spin-5/2 state the relation is (e2qQ) = 20 h/3T. 6 For solutions 

of lllmCd-labeled N-benzyliminodiacetic acid (NBIDA) frozen and cooled to 

2 2 -18 
77°K, T = 36 nsec and (e qQ) = 1.23 x 10 erg. 
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The "dynamic" G
22

(t) decays exponentially with decay constant .A. 2 , 

given by 

A. = ___§]__ 
2 1000 

2 
(eqQ) 

h2 
1 ( 1) 

c 

for the spin 5/2 case, using the Abragam-Pound theory. 7 Here 2 (eqQ) is 

the ~verage square (time-dependent) quadrupole-coupling constant that relaxes 

the nuclear spin. This "dynamic 11 G
22

(t) was observed for several small 

molecules in solution2 : derived .A.
2 

values are given in Table I. 

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

to molecular rotation should be the chief contributor to (e2qQ) 2 . 

thus relate Tc to ~2 by assuming (e
2

qQ)
2 ~ (e

2
qQ)

2 
Values of 1 

c 

mated for several complexes by combining (e
2

qQ)NBIDA wi-th Eq. (1). 

We may 

were esti-

Figure 1 

- -1 
is a plot of the time-integral attenuation factor G22 = ( 1 + .A. 2 TN) _ 

=:=====:= 
8 (e2aQ)2 versus 1 . The actual values of 1 are not very accurate because _ c . c 

is probably overestimated, but this plot illustrates the range of 1 that 
c 

has been studied. 

It is a pleasure to acknowledge the collaboration of J. D. Baldeschwieler, 

T. K. Leipert, R .. G. Bryant, and C. F. Meares in obtaining the experimental 

data used iri Table I. 
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FOOTNOTES AND REFERENCES 

* Work performed under the auspices of the U. S. Atomic Energy Commission. 

1. T. K~ Leiper:t:, J. D. Baldeschwieler, and D. A. Shirley, Nature 220, 

l,.~ 907 ( 1968). ' 

2. C. F. Heare9, R. G. Bryant, J. D. Baldeschwieler, and D. A. Shirley, 

Proc. Nat. Acad. Sci., to be published. I 

3. A good summary of angular~correlation theory is given by R. M. Steffen 

and H. Frauenfelder, in "Perturbed Angular Correlations," ed. by 

E. Karlsson, E· Matthias, and K. Siegbahn, (North-Holland Publishing Co., 

1964). 
·.·· .. ( 

4. A. Abragam and R. V. Pound, Phys. Rev. 92, 943 (1953). 

5. E. Matthias, W. Schneider, and R. M. Steffen, Phys. Letters.!:_, 41 (1963). 

6. Reference 3, pp. 19-24. 

7. Reference 3, p. 46.: 
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Table I. 

Complex a T, OK \2 (MHz)b f' 

NBIDA 77 . (static) ~)' • 

NBIDA 273 71 

NBIDA 295 37 

NBIDA 328 12 

NBIDA 358 8 

EDTA 295 0.7 

ATP 295 3.6 

IDA 295 1.5 

APO-CA 295 (static) 

BSA 295 (static) 

aAll were labeled with lllmCd (Ref. 2). NBIDA = N-benzyliminodiacetic acid, 

EDTA = ethylenediame tetraacetic acid, ATP = adenosine triphosphate, 

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

serum albumin. 

b Accuracy is about ±10%. 

f 
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FIGURE CAPTION 

Fig. l. Variation of G
22 

with Tc. The points'are constrained to lie on the 

curves by our assumptions: both parameters are <J.erived from :A
2

. Dashed 

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

in 
1

G
22

, where not shown, is ±0.05. 



-6- UCRL-19552 

~·· 

XBL698- 3619 

' 
Fig. 1 

I 1 



.. 

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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