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The secondary deuterium kinetic isotope effects (SDKIE) involving deuterated aniline nucleophiles are reported for
the reactions of benzyl bromides and chlorides and benzoyl chlorides in acetonitrile. The benzyl systems behave
normally as to the trend of changes in SDKIE with the magnitude of px(p..), whereas benzoyl system shows an
anomaly; |px| decreases with increase in the extent of bond making estimated by the SDKIE. This has been ascribed
to the negative charge accumulation at the reaction center carbon in the transition state. The magnitude of pyy is
found to decrease by ca. 0.03 with ten degree rise in the reaction temperature.

Introduction

Applicability of the magnitude of px(p...) as a measure
of the extent of bond making in the transition state (TS)
has an open question.! For example, py can change sign®
at certain oy, 6y at which px=0, as both ox and oy are varied
in an Spy2 type reactions, Scheme 1. It is absurd to interpret
this sign change of py at 6y as a possibility of the negative
degree of bond formation; in reality only the charge reversal
takes place, as we often encounter with py for Sy2 reactions
at a benzylic carbon.

The magnitude of px(pu.) in Sy2 reactions is, however,
often loosely related to the extent of bond formation in the
TS within a series of reactions® For example the magnitude
of py increases in parallel with that of pyy, Eq. (1), the cross-
interaction constant* between

log(kxy/kun)= pxox+ pyoy=+ pxyoxCy 0y)

substituents (X) in the nucleophile and those (Y) in the subs-
trate, as the substiruent Y is varied to a more electron-with-
drawing one for reactions of para-Y- substituted 1-°* and 2-
phenylethyl®* and Y-benzyl” arenesulfonates with anilines,

-'---‘.a..’f_‘___,‘ pn o

nucleophile leaving group

substrate

Scheme 1.

XC¢H,NH;. The magnitude of pxy is known to increase with
increasing degree of bond formation.* The parallel changes
in |px] and l|pxrl in fact correctly reflect that a greater
lpx| corresponds to a tighter TS for a more electron-with-
drawing Y substituent within the series of reactions.

In this paper, we show that for associative Sy2 reaction
series, in which negative charge developes at C,, in the TS
with py>0, an inverse proportionality between |px| and the
extent of bond making is obtained, in contrast to a proportio-
nality between |px| and the extent of bond making in the
TS for a dissociative Sy2 reaction series, in which positive
charge develops at the reaction center, C, in the TS with
pr<0. Hence care should be exercised in the interpretation
of the magnitude of py as a measure of bond formation wi-
thin a series of Sy2 reactions.

The secondary a-deuterium kinetic isotope effect (SDKIE)
involving deuterated aniline nucleophile, XC;H,NHx(D.), &y
/kp, has been shown to be useful in determining the relative
extent of bond making in the Sy2 TS.2 As a nucleophile,
XC¢H,NH,(D,), attacks the reaction center, C,, the two N-H
(D) vibrations, both bending and stretching modes,” are steri-
cally hindered and force constants(and hence vibrational fre-
quencies) increase in the TS.!® This results in an inverse
type of SDKIE, ku/kp<1/0.° in all normal Sy2-type reactions,
and the size of the inverse SDKIE values reflect the degree
of steric hindrance and hence the degree of bond formation;
the smaller the SDIKE value, the greater is the extent of
bond formation.

We have determined the SDKIE values for the reactions
of benzyl chlorides and bromides and benzoyl chlorides in
acetonitrile at one temperature. In addition, the rates are
measured also at other (1-2) temperatures and the tempera-
ture effect of various p values are discussed.
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The rate constants are summarized in Tables 1-3. The
kinetic isotope effects, ky/kp, and the Hammett reaction con-
stants, px and py, are given for the reactions of benzyl bromi-
des at 25.0C, benzyl chlorides at 55.0C and benzoyl chlori-
des at 25.0C, with anilines in acetonitrile in Table 4, 5 and
6 respectively. We note that all the SDIKE values are less
than unity, ie, an inverse type, correctly reflecting an inc-
rease in steric inhibition of the two N-H(D) vibrations as
the N-C, bond is formed in the TS in all cases. For the
two benzyl series, Tables 4 and 5, the ky/kp value decreases
with a more electron-withdrawing substituent (Y) in the sub-
strate (8oy>0). and with a more electron-donating substi-
tuent (X) in the nucleophile (80x<0). The variation of |px! (8
[px]>0) is consistent with the decreasing trend in kn/kp ref-
lecting a greater degree of bond making for a substituent
with 86y>0. The decrease in the negative py for a substituent
with 80x<0 is an indication that the increase in the extent
of bond cleavage is greater than that in bond formation.

Table 1. Second order rate constants, k; X 10* dm®mol~'s™}, for
the reaction of Y-Benzyl bromides with deuterated X-Anilines
in Acetonitrile at 25.0C

X Y p-CHs H p-Cl m-Cl  p-NO,

p-CH; H° 434 375 288 234 15.5
+02° 01 %01 +0.1 +02

D* 46.6 404 311 254 16.9

+02 01 02 +0.1 0.1

H H 26.3 20.0 155 12.3 7.76
+001 £002 02 $005 003

D 280 214 16.7 13.3 841

+01 =006 01 +01 003

pCl H 120 9.77 6.76 5.13 3.02
+001 £003 002 001 *002

D 12.7 10.4 7.20 549 3.24

+002 =001 =*001 £002 002

m-Cl H 8.04 6.31 3.89 3.24 1.60
+001 002 =*001 £003 001

D 8.38 6.61 4.10 342 1.70

+001 =*002 £001 001 =001

p-NO, H 2,19 150  0.977 0.661 0.316
001 +£001 +0003 0002 +0001

D 2.26 1.55 1.02 0.692 0.332

+001 002 £001 0001 =£0.001

*With XCsH,NH,. *With XC¢HyND,. <Standard deviation.

Table 2. Second order rate constants, 2, X 10° dm®mol s}, for
the reactions of Y-Benzyl chlorides with deuterated X-Anilines
in Acetonitrile at 55.0C

X Y p-CHs H »-Cl m-Cl  p-NO;

p-CH:O H° 46.8 355 28.8 25.1 174
+02° 01 01 +0.1 102
D?® 478 36.4 29.6 25.8 17.9

02 =01 +02 +0.1 +0.1
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pCH; H 331 251 204 174 121
02 03 +02 +0.1 03

D 337 25.7 20.7 17.9 124

02 01 02 *0.2 +01

H H 20.0 15.8 12.0 9.78 6.61
+001 £002 *02 005 +0.03

D 20.2 16.0 12.2 9.94 6.72

01 006 01 +01 *003

p-Cl H 120 9.32 6.03 4.68 2.88
001 *003 +£002 +001 £002

D 12.1 9.42 6.12 4.77 2.93

002 *001 001 002 £0.02

m-Cl H 8.32 575 3.98 331 191
001 *002 001 003 £001

D 8.37 5.79 4.01 3.34 1.93

+001 +£002 *001 +0.01 +0.01
¢With XC¢H,NH,. *With XCsH,ND,. ‘Standard deviation.

Table 3. Second order rate constants, k;(dmmol~'s™1), for the
reaction of Y-Benzoyl chlorides with deuterated X-Anilines in
Acetonitrile at 25.0T

mm-

X Y pCH; H p»Cl m-Cl p-CN p-NO, (NO»)z

p-CHsOH* 239 65.2 186 401
£01° *02 +1 +4
D 264 71.8 202 432
+02 +0.06 +2 +2
p-CHs H 153 38.7 110 233
+01 02 t1 +2
D 17.0 42.8 120 253
+02 02 +1 +1
H H 6.03 140 345 631 238 386
+001 02 02 03 2  *2
D 6.73 156 380 688 256 408
+001 *006 +£01 02 +2 *2
p»Cl H 2.01 428 106 202 634 107
+001 *003 =*£02 *03 03 *2
D 2.26 478 117 222 689 114
+002 *£001 +01 01 =02 =*1
m-Cl H 1.08 237 513 896 274 422
+001 *002 *001 £003 =02 =02
D 122 266 567 98 300 456
+001 £0006 +£001 001 +£01 01
m-NO, H 0204 0397 0706 117 271 401 255
+0.002 +0004 £0004 +001 +0.03 £003 £03
D 0244 0474 0814 133 305 449 276
+0002 +0001 +£0001 +001 *001 +£001 +01
p-NO, H 0150 0248 0482 0789 173 252 154
+0001 £0002 £0003 £0.001 *+002 +002 £02
D 0183 0301 0572 0914 197 287 172
30001 +£0002 +£0002 +0001 *£001 +001 01

*With XCsH,NH,. *With XCsH,ND,. <Standard deviation.
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Table 4. The kinetic isotope effects (kx/%p) and Hammett reac-
tion constants for the reaction of Y-Benzyl bromides with deute-
rated X-Amilines in Acetonitrile at 25.0C
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Table 5. The kinetic isotope effects (ky/kp) and Hammett reac-
tion constants for the reactions between Y-Benzyl chlorides and
deuterated X-Anilines in Acetonitrile at 55.0C

X\Y p-CH; H p-Cl m-Cl  p-NO, pY XN\Y p-CH; H bp-Cl m-Cl  p-NO, oY
»-CH;0 0.932 0928 0926 0921 0917 —048 p-CH:O 0979 0975 0973 0973 0972 —0.44
+0.008¢ +0.007 *£0.007 *£0.007 +0.004 (—046Y +0.009° +0.006 *+0.009 +0.005 +0.007 (—044)°
H 0.939 0935 0928 0925 0923 —055 p-CHs 0.982 0977 0976 0972 0976 —045
0009 £0.008 0008 +0.005 =*0.003 (—0.55) +0.007 £0.004 0004 +0.005 +0.003 (—045)
p-Cl 0.945 0939 0939 0934 0932 —065 H 0.990 0988 0984 0986 0984 —0.51
+0.007 £0.003 +0.008 *0.007 *0.006 (—0.64) +0.004 £0.009 *0.004 +0.003 +0.005 (—0.51)
m-Cl 0.959 0955 0949 0947 0941 —0.75 p-Cl 0.992 0.989 0985 0985 0983 —067
+0005 £0.009 +0.008 +0.003 *0.009 (—0.74) 10009 £0.004 +0.005 *+0.006 =+0.003 (—0.66)
b-NO, 0.971 0966 0964 0958 0955 —091 m-Cl 0.994 0993 0993 0991 0990 —066
+£0.005 £0.009 10003 *0.009 *0.008 (—0.90) +0.004 +£0.005 +0.008 +0.004 =0.004 (—0.66)
py —1.37 —145 —-155 —163 —179 px’ -L15 —-119 —-134 -138 -—151
(—1.39)° (—146) (—157) (—164) (1.81) (=116 (—120) (—1.35) (—140) (—153)

“Standard error=1/kp[{Aky) + (kulkpY(Akpy]V?-® *The o val-
ues were taken from “Handbook of Organic Chemistry” McG-
raw-Hill, New York, 1987, Table 7-1. The correlation coefficients
were better than 0.996 in all cases. “py and py values are for
reactions with XCsH,ND;.

It has been shown that for benzyl systems, the cross-inte-
raction constant pyz, Eq. (2), is negative* so that a stronger
nucleophile (30x<0) and/or nucleofuge (8o7>0) lead to a la-
ter TS along the reaction

- alog kxz — 6pz — apx (2)
Px2= 50490z dox 0oz

coordinate, i.e., the extent of bond-making and/or -breaking
is greater,* which is indeed what we observed for the trends

values.

of changes in the ku/kp, |pxl

and |py |

For benzoy!l series, Table 3 reveals that the ky/kp value

*bcSame as the footnotes in Table 4.

becomes systematically smaller, and hence the degree of
bond formation becomes systematically greater in the TS,
with a weaker nucleophile (g X=p-NO,) and with a more
electron-donating substituent in the substrate (eg ¥Y=p-CHj)
exhibitinng the smallest value (24/kp=0.82) for the reactants
with X=p-NO; and Y=p-CH;. These trends indicate that
the extent of bond making is the greater the weaker is the
nuclophile and the stronger is the elctron-donating power
of the substituent (¥) in the substrate. The fromer trend
is consistent with that expected from the More O’Ferrall-Jen-
cks diagram" and from a positive px; value, Eq. (2), but
the latter trend is contrary to the putative proportionality
between [px| and the extent of bond making; |pxl in fact
decreases, in contrast to an increase expected from the propo-

Table 6. The kinetic isotope effects (¢x/kp) and Hammett reaction constants for the reaction of Y-Benzyl chlorides with deuterated
X-Anilines in Acetonitrile at 25.0C

Ny p-CH, H p-Cl m-Cl H-CN p-NO, m,m-(NOx), pY
p-CH;0 0.905 0.908 0.921 0.928 2.23
* 0.008° + 0.008 +0.010 +0.010 (2.21y
p-CHs 0.900 0.904 0.917 0.921 2.16
+0.012 + 0.006 +0.011 £ 0.009 (2.14)
H 0.896 0.897 0.908 0.917 0.930 0.946 1.89
+0.003 +0.013 +0.008 +0.004 +0.010 + 0.007 (1.87)
p-Cl 0.889 0.895 0.906 0.910 0.920 0.930 181
+ 0.009 +0.007 +0.010 +0.009 + 0.005 +0.012 (1.79)
m-Cl 0.885 0.891 0.905 0.910 0.913 0.925 1.66
*0.010 + 0.008 +0.004 +0.002 +0.007 - +0.009 (1.64)
m-NO, 0.836 0.838 0.867 0.880 0.889 0.893 0.924 1.31
*0.010 +0.009 + 0.005 +0.010 +0.010 +0.007 +0.011 (128)
p-NO, 0.820 0.824 0.843 0.863 0.878 0.878 0.895 124
+0.012 + 0.009 + 0.006 +0.001 +0.010 +0.008 +0.012 (1.24)
px —211 —228 —.246 —2.57 —2.77 —2.84 —~3.22
(—2.07y (—2.24) (—243) (—2.54) (—2.74) (—2.80) (—3.02)

*t and ‘Same as the footnotes in Table 4.



The Magnitude of p; (Puo in Sx2 Reactions

Table 7. Temperature dependence of the Hammett (px and py)
coefficients and the Cross-interaction Constants (pxy)

Reaction Solvent T/TC px py pxy

XCsH,NH; MeCN 250 —145 —055 —047 0999

+YC¢H,CH,Br 350 —147 —-056 —043 0.999

450 —147 -—-0.56 —040 0.999

XCe¢HNH; MeCN 350 —122 —-051 —044 0.998

+YCsH,CH,Cl 450 —123 —-051 -—042 0998

550 —119 -—-051 -039 0.998

XCsH,NH; MeCN 250 —226 189 —0.85 0999

+YCsH,COCl 350 213 186 —0.81 0.999
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Table 8. Second order rate constants, k,X 10* dm®mol~'s~%, and
Hammett reaction constants for the reaction of Y-Benzyl bromi-
des with X-Anilines in Acetonitrile at 35.0TC

X\Y p-CH; H pC m-Cl p-NO; pr
p-CH,4 724 60.3 47 39.8 257 —048

+03* 02 +01 +0.2 +02  (0.999)°
H 437 346 269 219 129 —056
+001 +002 =£02 +01 +0.02 (0.999)
»-Cl 20.0 15.5 12.8 9.55 490 —064
+001 +003 *002 +0.01 001 (0.993)
m-Cl 12.6 9.77 6.61 513 269 —0.71

+0.03 *03 +0.1 +01 +02 (0999

?Correlation coefficients.

rtionality, as the degree of bond formation increases, ie.,
the inverse SDKIE decreases, with increase in electron-do-
nating power of substituent Y.

For the benzoyl series, in Table 6, py is positive indicating
that bond making is more advanced than bond cleavage so
that the carbonyl carbon (C,) atom becomes more negatively
charged in the TS. For this series, the variation of TS struc-
ture is expected to be consistent with that predicted from
the More O'Ferrall-Jencks diagram,!! which in trun is consi-
stent with a positive pxz value*®; a weaker nucleophile (§ox>
0) should therefore lead to a greater degree of bond forma—
tion,* 8lpxl>0. This is in agreement with a smaller ku/kp
value observed for a weaker nucleophile (50x>0) in Table
6. According to the More O’Ferrall-Jencks diagram, however,
a more electron-withdrawing Y substituent (86y>0) should
lead to a greater degree of bond formation and a lesser
degree of bond cleavage. The increase in |px|] seems to
reflect correctly these TS variation for the Y substituent pre-
dicted by the More O'Ferrall-Jencks diagram. However the
kufkp value increases for a ¥ substituent with 8oy>0 contra-
dicting the prediction of the More O'Ferrall-Jencks diagram,
te, the increase in |pxl| . Since the N-H(D) vibrations become
sterically hindered, but cannot become in any way sterically
released, as the nucleophile, aniline, approaches C, in the
TS, the increase in ku/kp should be the true reflection of
the decrease in the extent of bond making. This kind of
anomaly was also observed for the reactions of arenesulfonyl
chlorides with anilines.!?

The decrease in the [px| value with a more electron-do-
nating Y appears to result from an accumulation of negative
charge at C, in the TS? (py>0) due to a relatively strong
electronegative, or electron-attracting, carbonyl oxygen atom
in benzoyl chlorides. The accumulation of negative charge
at the C,-O moiety leads to an inefficient charge transfer
from the nucleophile even at a closer N-C, distance. Indeed,
the inefficient charge transfer requires a closer approach of
the nucleophile in the TS.? Hence the inverse proportionality
between |px| and the extent of bond making is intimately
related to the negative charge accumulation in the TS for
an associative Sy2 reaction series in which bond formation
is ahead of bond cleavage (py>0) with a relatively tight TS.

For the benzoyl series, the selectivity plots, loglkn/kp) vs
oy, give positive slopes,” indicating that the reactions pro-
ceed via the Sy2 mechanism.* It is also interesting to note

Px —141 —147 -151 —163 —181
(0.999Y (0999 (0.996) (0.999) (1.00)

¢Standard deviation. * Correlation coefficients.

Table 9. Second order rate constants, 2, X 10* dm*mol~'s~!, and
Hammett reaction constants for the reaction of Y-Benzyl bromi-
des with X-Anilines in Acetonitrile at 45.0C

X\ Y p-CHg H p-Cl m-Cl P-NOZ Pr

p-CH; 103 856 63.5 56.5 365 —048
+2¢ +2 +1 +06 05 (0999
H 62.1 49.1 382 311 183 —0.56
+1 106 +02 +0.2 03 (0999
»-Cl 284 220 17.1 13.6 6.96 —0.64
+05 +03 +02 +0.1 01  (0.997)
m-Cl 16.9 139 9.39 7.29 382 —0.69

+02 +0.2 0.1 +0.02 +02 (0.999)

px —-145 —147 —153 -—163 —1.81
(0.999Y (0.999) (0.998) (0.999) (1.00)

4Standard deviation. *Correlation coefficients.

that the least reactive reactant pair with X=p-NQ, and Y=p-
CH; has the least SDKIE value, ie., the most selective, in line
with the reactivity-selectivity principle (RSP)."® The magni-
tude of the first-order selectivity parameters, px and py, is
smaller for the more reactive processes with XCsH;ND;, ra-
ther than with XC¢H,NH,, which is again consistent with
the RSP. The cross-interaction constant, pxy, is however, ide-
ntical for the two reaction series with XCsH,NH, and XC¢H,
ND; (for both series, pxy=—0.85 with »=0.999), demonstra-
ting that the TS structure, i.e., the degree of bond formation,
is not affected by the isotopic substitution (—NH;——ND,).16

For the benzyl series, however, the RSP does not apply.
The pxy values are collected in Table 7. We note that pxy
is negative in all cases but the magnitude of pyy is greater
for the benzoyl series than for the benzyl series indicating
the extent of bond making is greater for the benzoyl series.
This is in agreement with the general trend of the smaller
ku/kp values for the benzoyl series. A small increase in the
magnitude of pxy for benzyl chloride than bromide also refle-
cts a somewhat greater degree of bond making for the chlo-
ride.

All first-order susceptibility factors, p, B, m, s, etc, are
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Table 10. Second order rate constants, k;X10° dm®mol s,
and Hammett reaction constants for the reaction of Y-Benzyl
chlorides with X-Anilines in Acetonitrile at 35.0C

X\Y p-CH; H p-Cl m-Cl  p-NO, pr

p-CH;0 158 135 109 9.54 661 —040
+03° *02 +0.1 +0.2 +0.2 0.999)
p-CH; 12.2 9.54 7.75 6.61 460 —044
+0.3 +0.2 01 +0.2 0.2 (0.996)

H 7.60 6.01 4.56 3.72 251 —051
+001 *002 *02 +0.1 +002 (0.997)

p-Cl 4.56 3.16 2.29 1.78 109 —065
+001 £003 *002 001 =001 (0.994)

m-Cl 3.16 2.19 151 1.26 0.726 —0.66

+001 02 0.1 +002 *02 (0.995)

Px -108 —-122 —-134 -138 -152
(0.999¥. (0.999) (0.999) (0.998) (0.999)

Standard deviation. ®Correlation coefficients.

Table 11. Second order rate constants, 2;X10° dm®mol !s7},
and Hammett reaction constants for the reaction of Y-Benzyl
chlorides with X-Anilines in Acetonitrile at 45.0C

XN\Y p-CH; H p-Cl m-Cl  p-NO, pr

p-CHsO 334 25.1 19.9 17.3 120 —045
+03¢ +02 +0.1 +0.2 02  (0.993)
p-CH; 229 17.3 14.1 12.0 835 —045
+03 +0.2 101 +02 02 (0.994)

H 138 109 8.71 6.75 456 —051
+001 £002 *02 +01 +0.02 (0.997)

p-Cl 8.28 5.74 4.16 3.23 198 —0.65
+001 +£003 002 001 001 (0.994)

m-Cl 5.74 3.97 2.75 231 1.20 —0.70

+001 +£02 01 +002 £02 (0998)

Px -121 -123 ~134 -—138 —156
(0994 (0999) (0999 (0.998) (0.999)

¢Standard deviation. ¢ Correlation coefficients.

Table 12. Second order rate constants, ky(dm®mol~!s™), and
Hammett reaction constants for the reaction of Y-Benzyl chlori-
des with X-Anilines in Acetonitrile at 35.0C

X\Y p-CH; H p-Cl m-Cl Py

pCHO 340 69.3 252 221
+0.1¢ +0.6 +1 (0.997)

H 144 333 82.2 151 1.86
+0.1 +02 0.7 +03 (0.999)

p-Cl 4.79 10.2 252 480 1.83
+0.01 +0.03 +02 +03 (0.999)

m-Cl 2.58 5.64 12.2 21.3 1.66
+0.01 +0.02 +0.01 +0.03 (0.998)

m-NO; 0.458 0.931 1.68 2.65 1.37
+0.002 + 0.004 + 0.004 +0.01 (0.995)
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px =211 —213 —-243 —248
(0.999y (0.999) (0.998) (0.999)

“Standard deviation. ®Correlation coefficients.

known to decrease at h\i\gher reaction temperature,”” but the
trends in the changes of |px| and |pyl in Table 7 are not
so clear-cut. In contrast, the magnitude of pxy decreases uni-
formly by ca. 0.03 per 10C rise in temperature, which is
again a correct reflection of a decrease in the extent of bond
making as the reaction temperature rises.

Experimental

Materials and kinetic procedures were as described pre-
viously.*"? The rate data, Tables 8-12, are presented as Supp-
lementary Materials,
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A comparative investigation of the complexations of divalent metal ions (Cd, Cu, and Pb) by a well characterized
soil humic acid (HA) from Okchun Metamorphic Belt was carried out in 0.05 M KNO; and pH of 4.5 using ion
selective electrodes. A continuous distribution model based on the Scatchard Plot was used to determine the stability
constants, because the constants obtained by this modeling technique takes the variations in binding energies into
consideration without regards to the manner in which M(II) ion is bound on HA. The mean value of log K; were
4,05+ 0.60, 4.92+ 0.36, and 5.63* 0.34 { mol™! for Cd(II)-, Pb(II), and Cu(Il)-humate complexes respectively. The values
of intrinsic constant (log K,; binding at strongest site) were 7.12+0.30, 6.59%0.32, and 5.07+0.56 / mol™' in the

order Cu(Il)>Pb(D>Cd(II) ion.

Introduction

The rapidly industrialization nations of Asia are becoming
more aware of the consequences of the discharge of heavy
metals into freshwater systems, and their subsequent migra-
tion to other environmental compartments such as irrigated
agricultural lands.! The bioavailability of environmentally se-
nsitive metals (e.g. Cd, Cu, Pb, Zn, and Ni) is strongly influe-
nced by the chemical speciation of a given metal, defined
as the partitioning of total metal into all possible chemcial
forms in a given system. In an irrigated agricultural land,
one of the major components is the species of metals com-
plexed to humic substances. There are many investigations
of the complexation of divalent Cd, Cu and Pb with humic
(HA) and fulvic (FA) acids reported in the literature.?~% How-
ever, conflicting information has been obtained regarding the
nature of M(II) binding by humic substances.>#® Many types
of modeling techniques have been used in the calculation
of stability constants of the complexes thus formed.>*~* The
humic and fulvic acids used in these investigations are diffe-
rent, and their properties depend on their origin and on
the source materials.? All these factors make it difficult to
compare the results of one investigation with those of others
carried out with different humic substances or methods.

A recent study of the probe of metal binding sites on hu-
mic acids were carried out using ®*Cd NMR spectroscopic
method, and the preliminary results seem to suggest that
there are several types of carboxylate moieties for binding
of Cd(ID) ions on HA. Therefore, the stability constants of
M(D-humate complexes were evaluated using a continuous

distribution model based on the Scatchard Plot. This mode-
ling technique was chosen because this method takes into
consideration the variations in the binding energies without
regards to manner in which M(II) ions are bound on HA.

The purpose of this work is the determination of the stabi-
lity constants of the complexes between environmentally se-
nsitive divalent metal ions (Cd, Cu, and Pb) and a represen-
tative soil humic acid from the Okchun Metamorphic Belt
in Korea. The concentrations of Cd(II), Cu(Il), and Pb(ID)
species were determined using ion selectve electrodes (non-
separation method).

Experimental

Materials and reagents. The humic acid used in this
investigation was extracted from topsoils (0-5 cm) obtained from
Okchun Metamorphic Belt by base digestion (1 M NaOH, 48
h) under N, atmosphere. The HA was recovered by acid preci-
pitation (HCI), then was washed repeatedly with acid to remove
trace of inorganic impurites, followed by extensive dialysis agai-
nst double deionized water to remove other impurities such
as Cl™ ion, and the final product was freeze-dried in protonated
form. It has been characterized by chemical and spectroscopic
methods.”

The stock HA solution was prepared by dissolving 0.0548
+0.0001 g of accurately weighed HA with a minimum quan-
tity of 0.1 M KOH (~3 m/, 1 h) and further diluting it with
0.05 M KNQ; to 100 m/, and pH adjusted to 4.5 with HNQ,
and KOH solutions. The stock Cd, Cu, and Pb solutions were
prepared by dissolving accurately weighed nitrate salts in



