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AFFINITY OF PLANT AUXINS IAA, IBA, IPA AND NAA TO METALS

S.S. SAWHNEY and N. CHANDRA
Department of Chemistry, DAV(P.G.) College, Dehra Dun 248 00! (India)
(Received 10 September 1986)

The views of researchers investigating plant auxin activity are at variance.
Some have concluded that chelation is a possible mode of action of plant
auxins [1-3]. Jensen [4] expressed other opinions on the issue. Research has
been initiated to resolve the puzzle and to arrive at some conclusion. This
contribution is devoted to the solution study of the systems involving either
IAA, TPA, IBA or NAA with either Ce(II), Pr(III), Nd(III) or Sm(III),
considering the determination of stoichiometries, stability constants and
thermodynamics of the systems and their explanation.

EXPERIMENTAL

All the ligands and metal salts used were of analytical grade. The whole
study has been carried out in 50% aqueous acetone at an ionic strength of
0.01 M KNO,. Three sets were prepared and pH-metrically titrated against
0.1 M NaOH (50% aqueous acetone): (a) 4.00 X 10~° M HNO,, 1.00 X 10~
M KNO;; (b) 4.00 X 107* M HNO,, 1.00 X 1072 M KNO;, 20.00 X 107* M
auxin; (¢) 4.00 X 10~* M HNO,, 1.00 X 1072 M KNO;, 20.00 X 10™* M
auxin, 4.00 X 10* M metal ion. The ratio of metal /auxin concentrations
was maintained at 1:5 in order to satisfy the highest ligancy.

A Beckman pH-meter equipped with glass and calomel electrodes was
used to record pH value. Each pH value was corrected for volume, and a
correction due to Van Uitert and Haas [5] for non-aqueous media was
applied.

RESULTS AND DISCUSSION

Plant auxins are monoprotic (I-1V). Protonation constants (FK™) of
auxins were determined following the Henderson and Hesselback equation
[6], which reduces to pH = pK =log FK™ at half neutralization; a sample
plot is shown in Fig. 1 (Table 1).
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Fig. 1. pH-metric titrations of solution of a mixture of strong acid (HNO,, 0.04 M) and a
weak acid (IAA, 0.001 M) with 0.1 M NaOH medium: 50% acetone in water, ionic strength

0.01 M KNO,.

The metal-auxin stability constants were evaluated following Bjerrum’s
concept [7]. The systems as shown by formation curves (n vs. pL) could not
acquire the condition necessary for Bjerrum half integral method {7]
(log k,/k, > 2.5), since the difference between log k; and log k, was far
less than 2.5. To make the data more reliable, pointwise calculation and
graphical methods, reported earlier by Sawhney et al. [8,9], were applied

(Table 2).
TABLE 1
Protonation constants of plant auxins
Auxin LogPk ™

28°C 38°C
IAA 5.35 5.00
IBA 6.05 5.30
IPA 6.10 5.40
NAA 5.80 4.75
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TABLE 2

Stability constants and thermodynamic parameters of systems involving Nd(III), Pr(IIl),
Ce(11I), Sm(III) and 1AA, IBA, TPA and NAA

Temp. log log log log log AG AH AS
(°C) K;* K,* K, /K, K;* B (kcal (kcal {cal mol ™!
mol™!) mol™!) °C™hH

Nd(IIT)-TAA

28 466 349 326 1141  —15.72
(465 (360) 105 3.28
47.55
38 520  3.99 333 1252 1782 210.18
(518) (390) 128 (3.31)
Pr(III)-I4A
28 480 397 320 1197 —16.49
475 (395) 080 (3.30)
10.71
38 484 397 341 1222 —17.39 90.35
(477 (395) 082 (3.30)
Ce(III)-IAA
28 469  3.80 330 1179 —16.24
(4.62) (397) 0.65 (3.30)
24.85
38 500 407 330 1231 —17.60 136.49
(495) (400) 095 (3.30)
Sm(IIT)~IAA
28 538 394 0932 —12.84
(525 (3.88) 137
—67.68
38 418 356 0774 —11.02 -182.23
(405 (3.53) 052
Nd(IIT)~IBA
28 480 415 326 1221 —16.82
(480) (4.15) 0.70 (3.33)
12.85
38 499 417 335 1251 —17.80 98.56
(493) (410) 083 (3.30)
Pr(III)~1BA
28 516  3.93 334 1243 -17.12
(513) (3.90) 123 (3.30)
—38.55
38 454 383 316 1153 —16.41 —71.20

(448) (373) 0.75 (3.28)

Ce(IIl)~ IBA
28 503 372 334 1209 —16.65
(495 (3.60) 1.35 (3.30)
-13.71
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TABLE 2 (continued)

Temp. log log log log log AG AH AS
(°C) K;* K,* K /K, Ki;* B (kcal (kcal (cal mol !
mol™!') mol™!) °C™
38 503 3.66 308 11.77 -—16.75 9.78
(5.05) (3.60) 1.45 (3.33)
Sm(IlI)- IBA
28 519 4.6 935  —12.88
(5.15) (4.10) 1.05
—-56.97
38 442 360 802 -11.41 —146.49
(4.35) (3.53) 082
Nd(IIl)-IPA
28 436  3.60 326 1122 —15.45
4.35)  (3.60) 0.75 (3.30)
31.27
38 493 374 328 1195 —17.01 155.23
(4.88) (3.63) 125 (3.30)
Pr(III)- IPA
28 426  3.70 323 1119 -15.41
(4.13) (3.58) 055 (3.28)
—~12.85
38 420  3.54 315 1089 —15.50 8.51
(4.13) (3.58) 055 (3.33)
Ce(I1I)- IPA
28 472 370 335 1.7 -16.21
@.75) (3.58) 117 3.27)
—~29.99
38 415  3.64 328 1107 -15.75 —~45.76
(413) (3.55) 0.58 (3.30)
Sm(IIl)-IPA
28 425  3.64 789  -10.99
(4.15) (3.55) 0.0
57.40
38 503 420 923 -13.14 226.81
(5.00) (423) 0.77
Nd(I1I)-NAA
28 418  3.60 339 1117 -15.39
(415 (3.58) 057 (3.30)
—-5.14
38 416  3.57 332 1105 —15.73 34.04
412) (355 057 (3.30)
Pr(I1l)-NAA
28 478  3.70 339  11.87 —16.35
4.70) (3.62) 1.07 (3.30)
—35.98
38 416  3.63 324 1103 -15.70 —65.23
(410) (3.59) 0.1 (3.30)
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TABLE 2 (continued)

Temp. log log log log log AG AH AS
(°C0) K * K,* K,//K, Ky B (kcal (kcal {cal mol !
mol™!) mol™!) °C™1

Ce(I1I)- NAA
28 416  3.60 336 1112 -15.32
(410) (355) 0.5 (3.30)

-9.00
38 408  3.53 330 1091 —1553 21.00
(4.05) (3.52) 053 (3.30)
Sm(I1I)- NAA
28 433 365 - 798  —10.99
(425) (3.58) 067 -
—~13.71
38 406  3.60 - 766  —10.90 -9.02

(4.05) (3.52) 053 -

® Values in parentheses are from the formation curves of various systems.

In the systems involving Sm(III) and one of the plant auxins, n ap-
proached 2, justifying the presence of two complex species of 1:1 and 1:2
stoichiometries in solution. For the rest of the systems this value approached
3, indicating 1:1, 1:2 and 1:3 (metal /auxin) complex species in solution.

A close look at stepwise formation constants revealed a decreasing trend,
ie., log k, > log k, > log k;, evincing the decrease in strength of
auxin-metal bonds with the successive attachment of the ligand molecules.

A clear separation of the metal-auxin curve from the auxin curve led us
to believe in the involvement of the auxin’s carboxylic group in complexa-
tion. ,

The study was carried out at near infinite dilution. Under these condi-
tions the formation constant determined at any specific concentration
becomes the thermodynamic formation constant since all the activity coeffi-
cients of the chemical species involved are equal to unity.

CHZCOOH CHZCHZCH 2COOH

NH NH
IAA IBA
[§9] (Im)
CH,COOH
CHZCHZCOOH
NH
IPA NAA

(Im) (I™)
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In the systems Sm(III)-IAA; Pr(III)-, Ce(III)- and Sm(III)-IBA; Pr(III)-
and Ce(III)-IPA; and Nd(III)-, Pr(III)-, Ce(III)- and Sm(III)-NAA,
logarithmic values of ky, k, and k, decreased with increasing temperature
favouring a low temperature for complexation. A decreased number of
collisions gives a decrease in kinetic energy of the molecules, and hence the
stability is lowered with increasing temperature; in the remaining systems
the reverse was observed. AG® values for all the systems are negative,
indicating the spontaneity of the reactions. The reactions Nd-, Pr— and
Ce-IAA; Nd- and Ce-IBA; Nd-, Pr— and Sm-IPA; and Nd- and
Ce-NAA, were more feasible as this value became more negative at higher
temperatures; the opposite was true of the other reactions. The reactions
given at the start of this paragraph were endothermic whereas the rest of the
reactions acquired positive AH® values making them exothermic in nature.
These findings matched the conclusions drawn earlier on these systems. The
reactions between Nd /Pr/Ce and IAA, Nd/Ce and IBA, Nd/Sm and IPA
are accompanied by an increase of entropy (+AS°) and tend to be sponta-
neous; a decrease in entropy in other systems may be attributed to solvent
effects.
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