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Abstract — A companson of effectivencss of micellar uul;'u\ 1n first., second: and third order re-

actsons has been made To this end the effect of sodium

yhulphate mcelles on the rates of pH-

independent and acxd-catalysed reactsons of hydrolysis and syntheus of beazyldencaniine has been
studsied The effect of the above detergent on the equihbrium of interaction between anihine and
benzaldehy de has also been investigated 1t has been found that

th

The apparent equihibnum constant (K. |/molc) increases at the optimal concentration of the
detergent approximately 10.fodd The shift of the equiibnum caused by the mxcelles s duc to a
heightening of reagents concentraton in the micellas phase The true equilibnum constant of the
reaction in the mucellar phase. K... practically cquals the cquiibnum constant. K,. determuned in
the absence of the detergent

When the aqueous medium 1s replaced by the mucellar one. pH-independent reactions of hy.
drolyus and syntheus of benzybdencanikne are retarded. the true rate-constants in the mxcellar
phase being approximately three times lower than thote in water Nevertheless, the fact that the
reagents are concentrated in the micclles results in a3 $-fold increase in the over-all rate of the
pH-independent syntheuis The acccleration of the acid-cataly zed hydrolysis and synthesis s
much greater, 20 and 12$.fold imes, respectively

These results are in good agreement with the kinetic conceptson proposed 1n terms of which anin
crease in the kinetx order of a chemacal reaction by umty should result 1n a P-fold increawe in the
cffeciveness of mucellar catalyms, P being the partiion cocfficient of the reagent for water mxcelle

system

INTRODUCTHON

Catalysis by an cnzyme requires the spectfic
binding of substrate molecule to a catalytc site and
a chemical interaction with this site. whch may
directly utihize the binding forces to decrease the
free energy of activation of the catalyzed reaction
(reviews' ! for example). Micellar catalysis may be
viewed as a model of the enzymatic process where
the non-covalent binding of the reagents with the
micelle (Cextraction’ of the reagents from water to
the micellar “phasc’™) results in a heightening of
reagents concentration 1n the micellar phase and,
thus. 1n an increase in the reaction rate., , These
views have been now developed 1nto a comprehen-
uve kinetic concept of micellar catalysss which
analyzes acceleration of the n-th order reaction in
the presence of micelles.

To compare cflectivity of micellar catalysis in the
reactions of different kinetic order we have studied
the effect of sodium dodecylsulphate (S1DS) mu-
celles upon the kinetics of synthesis and hydrolysis
of benzylxdencanihine.

CHOHO « HNCH, - CHCH—NCH, « H,O (D

The rate of the forward and backward reactions
does not depend upon concentration of H*™ 10ns1n
the 9-13pH-range and at pH - 9 there occurs
specific acwd catalysis.* * Farlier the effect of cat-
onx detergent, cetyltnmethylammonium bromde.
on acid-catalyzed hydrolysis of benzylidencaniline
was studied *

Studying reacton (1) we have clucrdated the
question, unknown heretofore of the effect of deter-
gent micelles on equilibnum between non-charged
molecules

THEORY
Micellar catalvsis in the n th order reaction
The apparent rate constant for the n-th order
reaction

nA » products

running both 1n the agueous and micellar “phases™

may be represented as follows:
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where k, and k. are the n-th order rate constants in
the aqueous and micellar ““phase’ respectively, P is
partition coefficient of the reagent between the two
phases, (', is concentration of the detergent from
which CMC is subtracted. V is molar volume of
the detergent.® How an equation of type (3) is
denved was exemplified earlier with a bimolecular
reaction.’ Bnefly, 1t is assumed the simultancous
course of the reaction in both phases between
which there soon establishes an equilibnum parti-
ton of reagents. the equilibnum is maintained
throughout the reaction. 1t is also assumed that the
reagents produce no effect on formation of mi-
celles and, among other things, they do not shift
CMC; that seems to hold only in the case of dilute
solutions.

Analyzing Eq. (3) we wish 1o deal only with the
case when the reagent concentrates greatly in the
micellar phase, i.c. when P » |. Bearing this in
mind and assuming also that C,,V ¢ |, Fq. (3) may
be presented as:

_kaPCLV e kg
s (] P(},V ) (C]]

With n | the dependence of the apparent rate
constant, k,,. upon the concentration of detergent
tends to the imiting value, k.. in accordance with
the hyperbolic law. At other values of n this func-
tion has a maximum and the maximal acceleration
in the presence of the detergent micelles is equal to:

Koy Lketn Do,
il S - P (B

This equation holds if the rate of reaction in the
aqueous phase is neglected, 1.¢. 1f itis assumed that
ke P*CoV > k,. As is seen from Eq. (5). micellar
effect upon the n-th order reaction is determined by
two factors: the changed reactivity of the sub-
stances on their being transferred from the aqueous
to the micellar phase (ko/k,) and by the reagents
being concentrated. The former factor depends
only on the mechanism of the reaction and on the
onentatron of the reagents in the micelles, whereas
the latter includes only the partition constant of the
reagent between water and mucelles (P) and de-
pends on the order of reaction (n) It 1s the latter
fact that makces it possible to use micelles for
cffective acceleration of high-order reactions.

l.et us sce what can be done with Eq. (5). At
usual values of P, from 107 to 10°, see? ', the maxi-
mal acceleration of the reaction amounts to 10-10¢
for a second order and 10°-10* for a third-order

*If the reagent s an oak or polar compound. the
weond, non-aqueous phave will be represented only by
the surface layer of the micelle which could be assumed
to have a certaun width and hence. volume Fq (1) wall
then be valid but the volume, V. will be “effective”

K Martivex. A K Yarsusminse, A P Osirov and | ¥V Bempsis

reaction only at the expense of the reagent being
concentrated in the micellar phase (1.¢. at kg = k,).
In the general case the effectivity of micellar cata-
lysis increases as the kinetic order of the reaction
grows. Ths is clearly seen from Fq. (6) which at
ka — ky may be denved from Eq. ($):

n=p

(K agp/Keha e 1 2 graer P _
(e (1)t

(k-’ka)a th arder mas -

This rate-constants ratso does not depend much on
n. when n changes from 2 to S the factor before P
in Eq. (6) acquires the values of 06 and 08
respeclively. In other words, when only the con-
centration effect is at play (1.e. at k, = k,) the ratio
of maximal acceleration observed for the reactions
of the (n- 1)th and n-th order in the presence of
micelles 1s almost equal to the P value.

(6)

Micellar effect upon equilibnum of a chemical
reaction
The equilibnum state in a chemical reaction

A-+B: AB M

1s descnbed by a usual expression whatever the
detergent concentratson:

[AB],
- - (8)
T [AL(B),

where [AB],. [A]. and [B], are total concentrations
of the reagents which have matenal balance rela-
tonship with actual concentrations of the reagent
in both phases.

(Al = (1 CoV)[A] » CuV[Ala
[B]. — 11 - CuVIB), « CoViBlg O]
[ABL. = (1 =CoVI[AB] + C,VIAB].

Here indices m and b should be referred to the mi-
cellar and aqueocus phase respectively. In the case
of equilibnum partition of the reagents between the
aqueous and micellar phases one may denve from
Eqs. (8) and (9) that

e Ky

Kow =Ko ), K.Cot(1 4 KaCp)

(10)
where A, - [ABJJAlB], 1 equihbnum constant
when the detergent 1s absent. Binding constants
K.n K, and K, arc described® ' by usual expres-
S1OoNs
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where P,,.. P and P, are partibon coefficients of
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the reagents between the two phases:

= [AlJIAL
Pn ' [BlaJ(B], 1)
P.  [ABJJIAB]L

The cquilibrium constant in the mcellar phase,
Ka — [ABlJ/[AlelBla and that in the aqueous
phase, K,. are intervelated in the following way:

PA’

Ke=Kipp
At m

(RE))

The mode of denving apparent equiibnum con-
stant expressed as (10) is basically the same as
that used to denve kinetic Eq. (4). Therefore,
the above cquations may be made use of only in the
case of dilute solutions.

RESULTS AND DISCUSSHON
tffect of SDS mucelles on equilibrium of the re-
action of benzvlideneaniline formation

Figure | shows the plot of the apparent equibb-
num constant, K,,,. against detergent concentra-
tion. Having analyzed this curve one may find the
parttion constants of the reagents if Eq. (10) s
used (Appendix). These values, K,. K, and K,,.
are given in the Table. To estimate partitton co-
efficients, P, from experimental constants K (see
Eq. (11)), we assumed the specific volume of SDS
in mucelles to be equal to 0-9 ml/g.* then V is equal
10 0-26 I/mole.

Knowing the partition coefficients of the re-
agents, one may calculate the true equilibnum con-
stant of reaction (1) in the micellar phase. It fol-
lows from Eq. (13) that K, equals S-1 M ' which
practically coincides® with the equilibnum con-
stant K, = 6 M ' measured without the detergent.
That means that the observed increase in the
apparent cquilibnum constant, K., (approx:-
mately. by one order), is due to the reagents and
product being concentrated 1n the micelle.

Fquation (10) is symmetncal in relation to con-
stants K, and K,. therefore one may ascnbe one of
them 1o aniline and the other to benzaldehyde only
after partition constants of these substances have

*It should be noted. however. that cstimation of the
vadue of P and, consequently, that of K, depends upon the
assumed value of the effective molar volume. V. There-
fore. the comncadence of the values of K, and K, should
not be overestimated Besdes. 1t should be taken mto
account that the equiibnum aho nvolves water, whose
concentrations 1n the mecellar and aqueous phase can
hardly be thought to comncsde Analyung the results
terms of Eq (7) we make an assumptson that the concen-
trations of water 1n the two phases are equal. The corre-
sponding correctson will by no means undermune the
vahdity of our conciunons as lower, and not higher. value
of K, will be obtamed
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Fig | Effect of sodmum dodecyhulphate on the equibib-

num comnstant of formabwon of benzybdencanihine. The
results were obtaned as ratos of rate constants of the
forward and backward reactwons (- . pH B0 and
-@- pH 105, from the data 1n Fygs 3 and 4) and also
from equbbnum measurements (/. equilibnum was
achueved both in the forward and backward reactions of
process (1) at pH 6-11) In the Iatter case the average
valucs of 4 measurements are given. Each measurement
dffenng from the average value not more than by 107
The curve i a theoretxcal one, drawn tn accordance with
Eq (10) Expenmental condiions. 207, Svol® of me
thanol, 0 04 M borate buffer, concentrations of reagents
anthne from 20x10* to 1 6x 10 ' M, benzaldehyde
from 10x10°' to $4x10 M. benzyhdencambline
110 ‘and2 =10 *M

been determined independently. This was done by
us using gel Altration. The experimental data ob-
tained are given in Fig 2. Constants K, and K,
found for benzaldehyde and aniline respectively,
are listed in the Table. One may see that these
values practically coincide with those found 1n
equilibnum measurements in terms of the K, t's
Cp plot (Fig 1). This coincidence should be inter-
preted to mean that EqQ. (10) is correct and. that
the above described coacept of the effect of mi-
celles on the equilibnum of a chemical reaction 1s
vald.

Effect of SDS mucelles on the rates of pH -indepen-
dent hydrolvsis and svathesis of benzylideneaniline
Figure 3JA shows the relationship between the
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Fig 2. Gel fitratron results for benzaldehyde ( )
and amiline ( @ —), given in the coordinates of Eq. (2%)
The points at C, = 0 are obtamned st SDS concentrations
pubdovthe(’\l(‘. Expenmental conditions: 2%°, pH
$-7 (0 006 M phosphate buffer). For detmls see Methods
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Table |
x., .\’ ' K.. s’ ! K.. M : x.. M ' KAI- M : PA Pl PAI
60" <1 B 0 S0 32 b 2120
[ 24
ku-- | N Kt Ks: kh!" ku-uu'-
mun ' mn M ' mn - min "M ' mun P M ! mun 'M?
63Ix)10V W~ 0 ¥ 210 ™ 4o 2 x 10

104-10 ™

‘Expenmental conditrons are givenin Fig |

akulated according (13) from P, P, P,, and K, values
‘Cakulated according Eqs (19) and (20) from reaction equilibrum-detergent con-

centration profile (see Figs 1. $)

‘Determined by gel-fiitration method Expenmental conditions are gaven in Frg 2
‘Calculated sccording (11) from K,. K, and K, , values with V taken as 0 26 Umole
In absence of SDS Other expenmental condibions are given m Fags 3 and 4.

respectively

“Cakulated from the data piven 1 Fig 3, assuming V = 0 26 Umole
‘Ko =9 7M :(26°. pH 10 4, 30 vol % of methanol) '*

%, — 0085 mun

apparent constant of the rale of hydrolysis of
benzylidencaniline and detergent concentration
The data obtained indicate that this relationship
has a limit at sufficiently high detergent concentra-
tion. This agrees with theoretical prediction (14)
which follows from Eq. (4) at n = 1. In Eq. (14)
Kaa: and kg, are rate constants of the first order
reaction in

. k_-a_K_u-(‘n + Ky
KanCypo» |l

the micellar and aqueous phases respectively. The
value of k.. found as the hmiting values of k .p.s.
at high concentrations of the detergent and also the
value of k,,, measured without the detergent are
presented in the Table

SDS micelles also produce some effect on the
rate of synthesis of benzylbdeneaniline, which fol-
lows from the data in Fig YB. The theoretxcal equa-
uon descnbing dependence of apparent rate
constant of a second order reaction upon detergent
concentration was denived carlier and may be
presented as follows:

Ky /VIK LK Cp @ Ky,
]« K, Cpitl « KaCpyd

14)

| JYS

as

Keoos

where ka.,, and k.., are rate constants of second
order reaction in the micellar and aqueous phases,
respectively. Basing on Eq. (15), from the datan
Fig 3B one may estimate ko, if the values of K,
and K, found by equiibrium measurements and
histed 1n the Table are used. The resulting value of
Ko/ Kanr = $ 2 M 18 practically equal to the value
of the equilbnum constant, K.. found from the
cquilibnum data (Tabie).

Pw M OT(26°, pH 10 3, 30 vol % of methanol) '

%0 )
(s0S) ma
Figl  Effect of sodium dodecylsulphate on the kinetxcs
of hydrolyss (A) and syntheus (B) of benzylhdencaniine
at pH 10 ¢ In the diagram there are averange valuesof 2 3
measurements, each measurement diffenng from the
average value not more than by 10 per cent The curves
are theoretxcal ones, drawn in accordance with Eqy (14)
and (1%) Expenmental condiions 20°, S vol % of me-
thanol, 004 M borate buffer. concentrations of the re
agents benzyhdencambine 2« 10 *M, aniline 1 6 x 10 *
M. benzaldchyde $ 4 < 10 ' M

As one may see from the Table, when the aqueous
medium 1s replaced by the micellar one, decelera-
tion of both the hydrolysis and synthesis reactions
of benzylidencambhne takes place, i.¢. ken - ke
and kg, - ky,. In both cases (hydrolysis and
synthesis) there occurs an almost equal decrease in
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the true rate constants (approximately a 3-fold de-
crease). As a result, the pseudo-monomolecular
reaction (hydrolysis). where the fact of the reagent
being concentrated in the micellar phase should not
influence the overall reaction rate, really retards
(FF1g 3A). Things are different in the case of second
order reaction. such as synthesis, as 1ts overall rate
1n spate of less favourable rate constant in the mi-
cellar phase, not only does not decrease 1n the
presence of micelles, but even increases 3-S-fold
(Fig IB). This is due to the fact that the reagents
(amiline and benzaldehyde) are concentrated i1n the
micelles. These data confirm the concept descnbed
above that effectivity of micellar catalysis increases
as does the kinetic order of the reaction. Sull
greater acceleration may be attained in a third-
order reaction, see below.

Eflect of SDS mucelles on the rate of acid-cataly zed
reactions of hvdrobvsis and svnthesis of benzvihi-
dencaniline

Figure 4A shows mucellar effect upon the acid-
catalyzed hydrolysis of benzylidencamhine. The
theoretical dependence of k ,p 4 * ) Upon C, may be
denved based on the same considerations as were
used for k.., (Eq. 4) or K, (Eq. 10), the only
difference being that 1t is not necessary to include
the matenal balance equation (should a buffer be
present) to determine the activity of H-™ ions in the
surface layer of the micelle. This value may be
drawn directly from the activity in the body of
solution using partiton coefficient P,-. The cqua-
tion denved in this way looks as follows:

kgsg',-x.upu'(‘p * Ky

. I e KanCo (16)

kwt.ﬂ'v

As 1s seen in Fig 4A the expenmental depen-
dence of the apparent rate constant, K peey 4 - . UpON
Cp has a maximum, which should not be the case
in accordance with theoretical expression (16). The
reason for this phenomenon seems to be the fol-
lowing. In the simplest case of the Boltzmannan
distnbution of 10n+'* the Py, - should be presented as:

P"' —¢ "7 (l’)
where ¥ 1s surface potential. For an anionx: deter-
gent. such as SIDS, ¥ - Ois cevident. The absolute
value of ¥ for this detergent depends, other things
being equal. upon concentration of countenons.'® '?
As the concentration of countenons increases, the
absolute value of ¥ decreases. In our expenments
the concentration of countenons increased as that
of the detergent went up. This entails a decrease in

*In the general case the value of ¥ i Eq. (17) depends
upon positionng the reagent molecule withen a mucelle !
The approzimaton that ¥ — ¢ u correct if the reaction s
believed to occur inthe aqueous surface layer of the micelle
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Fig 4. Effect of sodium dodecylsulphate on the kinetxcs

of hydrolysn (A) and synthess (B) of benzyldencaniine

st pH 80 The swid curves arc theoretical ones, drawn in

accordance with Egs. (16) and (18). Expenmental cond-

boas. 20°, 5 vol % of methanol. 0-04 M borste buffer. con.

centraion of reagents benrybdencamhne 2% 10 * M,

anihine from 2 x 10 *to S 4 ~ 10 * M, benzaldehyde from
1x10 *to2 > 10 *M

¥ and. hence. in Py, .. Therefore the maximum in the
curve (Fig 4A) may be accounted for by the vana-
ton of the value of P, - as the concentration of the
detergent grows. Besides, 1t should be noted that as
the concentration of SDS increases, CMC de-
creases and the micelles grow in size.'*'* These
facts did not allow us 1o consider SDS effect upon
acd-catalyzed reaction on sinctly quantitative
basis. The following approximation was suggested.
l.et us assume that ¥ = 100 mV, which corre-
sponds to the value of the ¢ potential® of SDS
micelle at CMC when no electrolytes were added.?
Then P, = $5. L.et us assume, that like in pH-inde-
pendent reaction, the true rate constant of acid-
catalysed hydrolyus 1n micellar phase 15 3 umes
lower than in the aqueous phase, i.e. let us assume
that keans, = 1:3 X 10° M ' min *. These assump-
tions were also made when the results pertaining to
acid-catalyzed synthesis of benzyhdeneanihine
were analyzed (Fig 48). The value of ko, .-, was
assumed to be equal 10 67 x 10*M "aun '. The
theoretical equation (18) fOf K eepes -, Will be denved
basing on the same concept as was made use of for
Eq. (16).
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The theoretical curves drawn basing on these

Bre (1£4) cad (1) com ;o cncmand

usumwi\nu and EGS. \10) @ani {18) are picsenica
in Fig 4A and 4B. As was 10 be expected, the re-
sults of these experiments agree with the theoreti-
cal predictions only at low detergent concentrations.

CONCLUSION

In spite of the fact that only semiquantitative
analysis of the expenmental results was possible,
the following conclusion may be drawn:

(a) The effect of SDS micelles on pseudo-mono-
molecular (pH-independent) hydrolysis of benzyh-
dencaniline is that of a 3-fold deceleration of the
reaction, whereas 1n pscudo-bimolecular reaction
(acwd-catalysed hydrolysis) there is a - 20-fold
acceleration of the reaction (¢f Figs JA and 4A).

(b) The effect of SDS micelles on second order
reaction of pH-independent synthesis of benzyli-
dencaniline is that of 3-5-fold acceleration. third
order reaction such as acid-catalyzed synthesis
becomes 125 more rapid (¢f Figs 3B and 4B).

These results agree with the concept descnbed
above (Theory). in terms of which the effectivity of
micellar catalysis increases with the increasing of
kinetic order of a chemical reaction. When the
latter increases by unity, the effectivity of mucellar
catalysis increases 30-60 imes in the reaction sys-
tem studied by us. This confirms the valdity of
theoretical prediction (6) as partiton coefficients P
for the reagents have the values between 30 and 80
(Tabile).

Micellar effect upon the equilibnum state of the
chemical reaction between two neutral molecules
which we have elucxdated allows an analysis of one
rather important aspect of micellar catalysis. 1f mi-
celles had affected only the free energy of the
transition state of the reaction, then the equilibnum
of a catalyzed reaction would not have shifted. But
such shift always take place in the presence of
micelles —for ionic equilibna this 1s a well-known
fact of pK shifts of acids and bases sorbed by the
macelles.! in this work there is an exampie of non-
wonic equilibnum. This means that micelles produce
a marked effect on the ground state of the reaction
Morcover. as was shown 1n the present work, the
fact of the reagents being concentrated in the mu-
celles may be the major reason for acceleration of
the reaction in the presence of micelles, whereas
the transfer of reaction from water to micelles
phase per se oflen causes a retardation of a re-
action.’ These facts indicate that a detailed kinetic
analysis of micellar catalysis should be based on a
general concept proposed which deals scparately

*The black pout 1n Fig SA does not i the hineas rela-
tonship whach 18 descnbed by Eq. (19), because at 'y, —
4% 10 * M conditon K ,,C, > | 1 not observed

AP Ourovand | vV Bruezis

with both processes: that of partiioning reagents
between water and micelles and that of the reaction
running in the mucellar phase.

APPENDIX

£ stimation of partition constanis of the reagenis between
the aqueous and mucellar phases using the data on equi-
Lbrium measurementis

At K uCp > 1 Eq. (10) may be transformed as 1s sthown
below (later when partiton constants have been found,
one may make an accurale estimation of the vabdity of
the above assumption)

Ko Cp !

K » K, K K.
— C U 19
Ko  Kun I

KA.

AR

The expenmental data are given 1n the co-ordinates of
EqQ (19)1n Fig SA When this dependence 13 extrapolated
to the zero value of (. we have 1/K,, —0-18 x 10 *M.*

Uung the value of 1/K,, Eq. (19) may be now trans
formed in the following way:

K. 1

_Ka oK KoKy
K-’ K‘.(.b

< (20)
Ko  Kaa °

Fig SB shows the expenmental data presented in the co-
ordmates of Eq. (20). The slope of the ine and the inter-
cept on the Y-axis are equal respectively to (K, + KoV
Kan = 005and K, Ky/K,p = 03 M ' From these expres-
1ons one may find K, and K,

EXPERIMENTAL
Matenals. Benzyhdencaniline was synthesized as de-
wcnbed. ' mp. S2°(It. $1-527)."* Anikne and benzaldehyde
used were freshly dintlled. Sodum dodecybsulphate

mAd

CoXe/ Rece

1XagCo

%o o0

(®)

(oo )]

8h-

C.

Fig S. Determnation of partitson constants of reagents
from the data on the cffect of SDS on the equilibnum con-
stant of benzyhdencantine formation (using the dats of
Fig 1). The expenmental results are presented: (A)
co-ordinates of Eq. (19). (B) in co-ordinates of Fq. (20).
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was a commercally avalable sample (Schuchardt), not
addibonally punfied. The cntxcal mucelle concentratron
(CMC 6> 10 * M at 20°, tn water) was estimated by the
dye mcthod,” uung Rodamune 6

Components of buffer solns used were analytscal grade
reagents of Soyuzhkimreacty

Ninetic and equilibrium measuremenis Acwd-catalysed
reactrons of hydrolysis and syntheus of benzybdenc:
anuline were studied st pH 8 0, measunng 1nitial reaction
rates which are respectively equal to

Ven' = Ko n'. [Denzybdencaniline |, a,-  (21)

Veu' — Kegoon [amhne ] [benzaldchyde |, a,: (22)
Here ay ' 13 hydrogen wa activity i bulk soluton.

At pH 10 % iutsal rates of hydrolysis and synthesis do
not depend upon concentraton of H® wns and can be
decnbed by following expressons

Vs = Keges [Denzylxdcneambine j, (23

V, = Kepeus: [aM11ine |, [ benzaldehyde |, (24)
The 1ntial rate of appearance or disappearance of beazylr
dencanihine was followed spectrophotometncally.

Equiibnum constant, K_,. was determuned by two
methods. as a ratso of rate constants of the forward and
backward reactions and 1n accordance with Fq. (8) using
the equuibnum concentratson of benzylsdencambine mea-
sured spectrophotometncally In the latter case the equs:
Lbnum state was attaned both i hydrolyss and synthesns
of benzybdencaruline Mcasurements were performed 1n
the 6-11 pH . range.

Spectrophotometrn Measurements were carmned out 1n
a Hitachi EPS-) recording spectrophotometer supphed
with a thermostate cuvette holder Molasr absorbance of
benzybdencaniline at 330 am s $ I 10°M “¢cm * (002
M borate buffer. pH 6-11. S vol % of methanol, 200, nt
increases swomewhat (nol more than by 20°%) 1n the pres-
ence of the detergent Therefore we introduced respective
corrections at every concentraton of SIS

pH Measurements pH was measured by meam of a
Radrometer insirument

Gel pltration Chromatographsc assay was camed out
in a column 1 6cm 1n a diameter with a bed height of
about 30cm The column was jacketed and operated at
2¢° Benzaldehyde capenments were camed out uung
Scphader (G 19 Since aniline was found to appear as an
asymmetrncal peak, gel fitraton of thes substance was
performed with Brogel P-4, In gel filtration expenments

%9

recommendations given in * ' were taken 1nto account

Efftuent volume, V,. comresponding to the maximum
concentralion 1n emerpng band depends upon the con-
centration of the detergent equihbrating the column The
following equation was used

1
v, V.,

—aK,C,ea 2%)

where a 1s capenmental constant * The movement of a
band contaning a sample of the enzyme. a-chymotrypun,
gave the excluded volume V, - 180ml for Scphadex
G lSand V, = 17 7ml for Brogel P 4
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