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copolymer of PI-VP, AS* is characterized by large negative 
values of -58.0 eu. For MI-VP polymer, AV* values are -20 
cm3/mol for NBBA and NPeBA, irrespective of the alkyl chain 
length of the substrates, and -19 cm3/mol for PNPA as shown 
in Table 11. If the rate-limiting step were the acylation of the 
polymer catalyst, the observed activation parameters would 
correspond to the acylation process in eq 13 since kacyl << 

Kunitake and Shinkai14 concluded that  the large negative 
AS* of -58 eu was caused primarily by the rupture of the 
hydrophobic interaction in the transition state for the PI-VP 
system. However, i t  is expected from the negative AV* that  
the intracomplex process of MI-VP is predominantly caused 
by the increasing polarity in the transition state. The AV* of 
-16 cm3/mol accompanying the hydrolysis of PNPA catalyzed 
by Im free from the hydrophobic interaction is due to  the 
polarity increase in the transition state and only the difference 
of -4 cm3/mol ( = A V * ~ l . v p  - AV*Im) would be expected to  
be caused by the rupture of the hydrophobic interaction in the 
transition state. As this amount is between a half and one third 
of the contribution to  the hydrophobic interaction of the 
substrate binding, the hydrophobic interaction still partially 
exists in the transition state of the MI-VP system. I t  is con- 
cluded that these negative values of AV* may be attributed 
mainly to polarity increase and partly to  the breaking of the 
hydrophobic interaction. 

The entropy of the activation accompanying the deacylation 
process from the study of the hydrolysis of acetylimidazole 
is -30.2 eu.21 This result strongly favors a rate-limiting bi- 
molecular attack of water on the acetylimidazolium cation 
rather than a monomolecular formation of acetylium cation. 
The activation volume of -16.0 cm3/mol for the Im-catalyzed 
reaction also seems to  correspond to  the deacylation process, 
because of the same rate both of acylation and deacylation 
steps and the large negative entropy of activation. If the 
rate-limiting step were the deacylation process in the MI-VP 
systems, the activation volume of -20 cm3/mol, irrespective 
of the alkyl chain length of the substrates, would be explained 
to be the bimolecular attack of water on the alkylimidazolium. 
On the other hand, the A V *  accompanying the deacylation 
process of acyl-a-chymotripsinZ2 depends on the kinds of 
phenyl esters of aliphatic acid, which shows -6 cm3/mol for 
acetic, -3 cm3/mol for dimethylacetic, -2 cm3/mol for tri- 

k deacyl. 

methylacetic acids, respectively. Catalysis by a-chymotripsin 
belongs to the general acid-base catalysis with Im (His-57) 
inducing a proton transfer from the hydroxy group (Ser-195) 
to the carboxylic acid (Asp-102). Therefore, the large differ- 
ence between the AV* values of the hydrolysis of phenyl esters 
catalyzed by synthetic polymer containing Im and by a-chy- 
motripsin is due to the difference of the reaction mechanism. 
Further study is required to  probe the meaning of the differ- 
ence of AV*. 
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ABSTRACT: A series of monoexponentially decaying single clipped photon autocorrelation spectra of the laser light 
quasielastically scattered by monodisperse solutions of macromolecules was analyzed in different ways to find out 
how the relaxation times, which are related to the diffusion coefficient of the macromolecules, can be determined ac- 
curately in spite of distortions of the spectra. Following various computer fitting procedures different values for re- 
laxation times and quality parameters were obtained from the individual spectra; the best estimate for the relaxation 
time was then found from a plot which combined all the  results. 

Diffusion coefficients of macromolecules can be deter- 
mined accurately by intensity fluctuation spectroscopy.1 Laser 
light scattered by a dilute, monodisperse solution of macro- 
molecules which are small compared to the wavelength of light 
yields the intensity autocorrelation function 

0024-9297/78/2211-0832$01.00/0 

G(2)( iT)  = A' exp(-r iT)  + C 

with A' the amplitude, which depends on the geometry of the 
experimental setup,2 i a number varying from 1 to the total 
number of channels of the correlator, T the sample time, C a 
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Table I 
Description and Results of Measurements and Data Analysis 

Solution no. 1 2 
Temp, "C 30 25 
Scattering angle, deg 90 90 135 
No. of spectra 18 18 14 

r T  x 103 (i45)= x 2  A x 103 r T  x 103 (96) rz- x 103 (131) 

g(2);q(iT) - 1 = A exp(-riT) + 6 145 f 2 41 f 23 4 8 0 f 4  95.4 f 1.2 129 f 2 
In [ g @ ) k ( i T )  - 11 = In A - r ( iT)  131 f 3 71 f 54 456 f 10 94.7 f 1.4 124 f 2 
In [ g c 2 ) k ( i T )  - 11 = In A - r ( iT)  + X( iT I2  148 f 6 69 f 61 488 f 8 95.3 f 2.7 128 f 3 
In [ g ( * ) k ( i T )  - 11 = In A - T(iT)  + X ( i T ) 2  + Y(iT)3 141 f 8 131 f 6 33 f 22 481 f 8 95.9 f 3.0 

The values of rT  = 2DK2T calculated from the Stokes-Einstein relation are indicated in parentheses. . 
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Figure 1. The mean number of counts per sample time nlN as a 
function of B ( 0 )  and Q (01, which indicate deviations from mo- 
noexponential decay, for 18 autocorrelation spectra of the light 
scattered at 90" by solution 1 of polystyrene latex spheres. 
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Figure 2. Correlation between the quality parameters 6 and Q of 
autocorrelation spectra of the light scattered at  90" by two different 
solutions of polystyrene latex spheres: 1 (0 )  and 2 (0) (cf. Table 
I). 

constant background, and r = 2DK2, where D is the diffusion 
coefficient of the  macromolecules and K the  modulus of the  
scattering vector. In  particular, the  efficient single clipped 
photon-count autocorrelation spectroscopy yields the nor- 
malized correlation function 

g(2)k( iT)  = A exp(-riT) + 1 

where k indicates the clipping level.3 
However, quasielastic light scattering in general is com- 

plicated by the presence of "dust" in the scattering volume 
(see, e.g., ref 4). Therefore the spectra g(2)k( iT)  have been 
fitted according to  

In [g(2)k(iT) - 11 = In A - r ( i T )  + X( iT )2  

from which the  quality parameter Q = 4X/P could be de- 
rived; spectra for which I Q I exceeded a certain value (e.g., 1 Q I 
5 0.02) were then r e j e ~ t e d . ~  We found that all the  data  ob- 
tained from linear fits can be taken into account by combining 

them in a plot of D vs. Q 6  or equivalently of I'T vs. Q, which 
gives then the best estimate for TT at Q = 0 (as illustrated 
further in Figure 3). Analogously, i t  was reported in this 
journal7 that the  diffusion coefficient of polystyrenes could 
be obtained accurately by fitting spectra according to  

g ( 2 ) k ( i T )  - 1 = A exp(-riT) + 6 

r was then almost independent of the small "misnormaliza- 
tion" 6. 

Here we compare the results of the application of different 
methods for the analysis of the monoexponentially decaying 
correlation spectra g ( * ) k  (iT) of the light scattered by dilute 
solutions of small monodisperse polystyrene latex spheres, 
which were contaminated by dust. It is concluded that both 
Q and 6 can serve as quality parameters in Q, r T  andlor 6 ,  r T  
plots from which an accurate value of r can be derived in spite 
of the  distortions of the spectra. 

Experimental Section 
Laser light was scattered by aqueous, dilute solutions of monodis- 

perse polystyrene latex spheres (Dow Chemical Co.) with a diameter 
of 91 nm to obtain monoexponentially decaying autocorrelation 
spectra. The cylindrical, glass Malvern scattering cells were placed 
in a Malvern index matching glass bath which contained dust-free 
water and was thermostated at 30.0 or 25.0 f O . l  "C with a Malvern 
temperature controller. Three series (see the upper part of Table I) 
of single clipped photon-count autocorrelation spectra3 were taken 
with a Malvern photon correlation spectrometer which included an 
intensity stabilized coherent radiation argon ion laser, operating at 
488 nm, and a ITT FW130 photomultiplier. Each measurement 
yielded 24 unnormalized spectrum points G ( * ) k ( i T )  (with i = 1, . . . , 
24), the total number of counts n ,  clipped counts n k ,  and sample times 
N .  All data were recorded on paper tape and analyzed using a PDP 
11/45 computer. First g @ ) k  (iT) was fitted as summarized in the first 
column of Table I to obtain TT. The first direct fit to an exponential 
curve plus a background 6 0 was based on an iterative procedure.8 
Also linear fits were performed of In [g@)k(iT) - 1) to polynomial 
curves of different order.g 

Purified PP7 virus in 15 mM Tris/HCl buffer (pH 7.2), 150 mM 
NaCl, and 1 mM MgC12 was a gift of Dr. M. Van Montagu. The par- 
ticles were further subjected to a zonal centrifugation through a linear 
10 to 30% sucrose density gradient in a Spinco SW27 rotor in this 
laboratory. The top fractions were collected and dialyzed exhaustively. 
The solutions were diluted with buffer which was made dust free by 
centrifugation. Prior to light scattering the cell was put in a special 
adapter and centrifuged at 6000 rpm for 1 h in a Spinco JA20 fixed- 
angle rotor. The temperature during the measurements was 25.0 
"C. 

Results and Discussion 
Dust particles in the scattering volume contribute to  the 

number of photon counts in every measurement. However, 
Figure 1 shows that a high nlN does not always reflect the 
distortion of a spectrum which is indicated by nonzero 6 and 
Q.  So nlN should not be used as a quality parameter. Figure 
2 shows that 6 and Q correlated well. Thus both of these 
quality parameters can be used to decide whether a mea- 
surement should be rejected or not, but they can better be 
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Figure 3. Decay rates rT  of three series of autocorrelation spectra 
g@)k of the light scattered by polystyrene latex spheres as a function 
of the corresponding quality parameters 6 and Q. Values of rT ob- 
tained after fitting of g @ ) k  - 1 to  a monoexponential curve plus 
background 6 were plotted as a function of 6 ( 0 )  and those obtained 
after fitting In [g(2)k - 11 to  a straight line (O), a quadratic (o), or a 
cubic curve ( A )  were plotted as a function of Q: (a) solution 1, scat- 
tering angle 90’; (b)  solution 2,  scattering angle 90’; (c) solution 2, 
scattering angle 135’. T h e  horizontal lines indicate the respective 
values for rT  calculated from the Stokes-Einstein equation. 

used so that all the spectra are taken into account by plotting 
the data as shown in Figure 3; the best value for rT is then 
found from an interpolation or extrapolation to 6 = Q = 0. As 
the spread of the values for I’T obtained from the fits to cubic 
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Figure 4. Decay rates TT of autocorrelation spectra of the light 
scattered a t  90’ by solutions of PP7 virus as a function of their 
“misnormalization” 6. Concentrations were 0.44 (01, 0.23 (m),  and 
0.15 (A) mg/mL. 

curves was too large, they were only plotted in Figure 3a and 
fits to polynomial curves of higher order were not performed. 
It  is seen tha t  values of rT  from the fits of In [ g @ ) k  (iT) - 11 
to straight lines tend to decrease with Q, while those from the 
fits to quadratic curves tend to increase with Q; this confirms 
our earlier observations.6 The values of r T  obtained from the 
direct fits of every spectrum to an exponential curve plus 
background 6 show only a relatively small dependence of 6; this 
is in agreement with the findings of Lacharojana and Caro- 
line.‘ When the possibility to make plots such as in Figure 3 
is not exploited and mean values are simply calculated from 
all the data, one obtains the results summarized in Table I. 
Inclusion of a small background 6 in [gi2)k (iT) - 11 (or alter- 
natively a small deviation X ( i T ) *  of In [ g ( 2 ) k  (iT) - 11 from a 
straight line) clearly yields better results than fitting [ g @ ) k  (iT) 
- 11 to a pure exponential curve. The autocorrelation function 
need in fact not even be normalized for the fitting to an ex- 
ponential curve plus background; so n,  n k ,  and N need not be 
determined. 

Following the data analysis procedure for monoexponential 
autocorrelation spectra with plots as shown in Figure 3, the 
available information is used more efficiently than when more 
simple methods are applied. Therefore it has been used in this 
laboratory in the determination of the diffusion coefficient 
of bacteriophage MS2,1° Artemia salina ribosomes,ll and 
small, spherical RNA viruses; Figure 4 is a typical plot, made 
for the determination of the diffusion coefficient and its 
eventual concentration dependence of PP7 virus in 15 mM 
Tris/HCl buffer (pH 7.2), 150 mM NaC1, and 1 mM MgC12. 

Our computer program in Fortran IV is available on re- 
quest. 
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