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Abstract

Today, nanotechnology is a rapidly growing modern technology widely researched in drug development. Picolinic acid
is interesting to the pharmaceutical industry because of its interaction with metal ions in the human body. Copper
nanoparticles (CuNPs) are widely used in consumer products and the human can be exposed to them. In this study,
the interactions between picolinic acid and copper (Il) and sodium were studied using the B3LYP/6-31G (d,p) method.
The structures, position of the O-O bond and N-O bond and the binding energy of the complex ratios of picolinic acid
to metal ions of copper (ll) and sodium of 1 : 1 were investigated. The results showed that binding ofpicolinic acid and
copper (ll) at the position between N-O bond had a binding energy of -493.838 kcal/mol, which is found to be more
stable than the position between O-O bond. While, the binding energy of picolinic acid and sodium at the position

between O-O bond was estimated to be -155.501 kcal/mol being more stable than at the position between N-O bond,
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due to the result of the energy calculation being decreased. Therefore, binding of copper (ll) with picolinic acid is more

specific than sodium. In addition, specificity between picolinic with copper (II) and copper nanoparticles was compared.

The results showed that picolinic acid and copper nanoparticles at the position between N-O bond were found to be

more stable than the position between O-O bond with the binding energy of -5850.242 kcal/mol. Due to the Copper

nanoparticles are smaller than copper (II) can occur the best specificity and the ability to bind the picolinic acid.

Keywords: Picolinic acid, Copper (Il), Copper Nanoparticles (CuNPs), Sodium, Complex
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Figure 1 Structure of picolinic acid.
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Figure 4 The interactions of picolinic acid-ionic form
with CuNPs at positions-XI and XII in the ratio
of 1:1.
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Figure 5 The interactions of picolinic acid-ionic form
with sodium at positions XI and Xl in the ratio

of 1:1.
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Table 1 The bond length (A) and bond angle (deg) of the picolinic acid neutral-1, neutral-2 and ionic form structures

calculated at the B3LYP/6-31G (d,p) method.

Picolinic acid structure

Parameters
Neutral-1 Neutral-2 lonic form
Bond lenght (A)
C7...08 1.202 1.341 1.247
C7...09 1.364 1.210 1.261
08...09 2.232 2.247 2.278
N6...08 2.854 2.628 2.801
09...H 0.968 - -
08...H - 0.981 -
Bond angle (deg)
08...C7...09 120.771 123.380 130.536

wenanitlassas picolinic acid ionic form
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g1RusELAna IR RsaEntay 1Hhosannlufwus:
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Neutral-2 mmm’;ﬁuﬁ:ﬁaﬂ“?iqmﬁammﬁﬁuﬁ:

lalasiaufidhunis 08-H sruyuszwivlasiasonay
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Table 2 uas Table 3 S9ganadasiiu Figure 3 aRa15an
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Table 2 The bond length (A) bond angle (deg) and binding energy (AEbinding, kcal/mol) of the picolinic acid-ionic-XI

structure where X are copper (lI) copper nanoparticles (CuNPs) and sodium obtained by B3LYP/

6-31G (d,p) calculations.

Picolinic acid-ionic-XI

Parameters
Cu (ll) Na CuNPs
Bond length (A)

XI...08 1.850 2.181 1.850
XI...09 1.862 2.187 1.862
XI...C7 2.224 2.465 2.224
C7-08 1.298 1.264 1.298
C7-09 1.299 1.277 1.299
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Table 2 The bond length (A) bond angle (deg) and binding energy (AEbimﬁng’ kcal/mol) of the picolinic acid-ionic-XI

structure where X are copper (Il) copper nanoparticles (CuNPs) and sodium obtained by B3LYP/

6-31G (d,p) calculations.

Picolinic acid-ionic-XI

Parameters
Cu (I Na CuNPs
08-09 2.165 2.248 2.165
N6-08 2.722 2.763 2.722
Bond angle (deg)
08...XI...09 71.377 61.933 71.377
XI...08-C7 88.082 87.124 88.082
XI...09-C7 87.562 86.548 87.562
08-C7-09 112.979 124.395 112.979
Binding energy (kcal/mol)
-474.992 -155.501 -5828.028

binding
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Table 3 The bond length (A) bond angle (deg) and binding energy (AEbinding, kcal/mol) of the picolinic acid-ionic-XlI

structure where X are copper (lI) copper nanoparticles (CuNPs) and sodium obtained by B3LYP/

6-31G (d,p) calculations.

Picolinic acid-ionic-XII

Parameters
Cu (ll) Na CuNPs
Bond length (A)
XII...N6 1.878 2.326 1.851
XII...O8 1.776 2.078 1.856
N6-O8 2.646 2.818 2.846
C7-08 1.344 1.277 1.300
C7-09 1.203 1.234 1.223
08-09 2.246 2.261 2.260
Bond angle (deg)
N6...XIl...O8 92.728 79.333 100.298
XIl...N6-08 42119 46.459 39.916
XIl...08-N6 45.153 54.208 39.786
XIl...08-C7 111.644 117.984 103.212
08-C7-09 123.687 128.389 127.195
Binding energy (kcal/mol)
-493.838 -154.491 -5850.242

binding
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Figure 6 The absorption intensity of the picolinic acid
at 264 nm.
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Figure 7 The absorbance spectra of copper ().
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Figure 8 UV-Vis spectrum of sodium.
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