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The proton affinities of 15 chlorophenols are calculated by ab initio methods. Straight correlation between
proton affinities and changes in the electronic structure is observed. The proton affinities decrease linearly
with the electronic density gain on the chlorine atoms, as the liberation of the proton increases. To confirm
the importance of the proton affinities on the toxicity of chlorophenols, calorimetric responses of these molecules
and related ones where the acid proton is changed to a methyl group (anisol and its chlorinated derivatives)
were used to verify their effects @hromobacteriumviolaceum The results confirmed that the chlorophenols

are more toxic than the respective chloroanisols and suggest that high proton affinities are associated with
low toxic activity. The toxicity of the chlorophenols can be associated with the respiratory mechanism in
some microorganisms.

1. Introduction Qualitative and quantitative correlations between proton affini-

Increasing exposures to toxic wastes have motivated scientistdi®S @nd properties associated with chargeédistribution can be
to study mechanisms to minimize the degeneracy of life quality found in the literature. For instance, Souza étlzdve observed
on our planet. As an example, of a set of approximately 100 000 an almost linear correlation between proton affinities and
chemical compounds commercially available in 1994, 20 000 9eneralized atomic polar tensor (GAPT) charges for hydrides
were considered dangerous and only 2500 had been effectivelynV0IVing elgments from groups 14 to 17 of the periodic table.
classified and analyzed in terms of their toxicibamong this ~ V0ets et ak observed a linear correlation between proton
large number of compounds, chlorophenols are an importantaﬁ'n't'es and Mulliken charges for some 2-subtituted pyridinium

class of organic molecules that play a major role in the chemical NS using AM1 calculations. Howard and Platstudied a
industry even though their impact on living organisms is relatlpnsh|p bet_ween _phosphlne, proton affinities and lone pair
alarming, when their toxic effects are considered. The enormousdensity properties using Bader's Atoms-In-Molecules theory.
interest in their biological activity in vitro, in vivo, and in the The present work has three objectives: (&) to employ
possible alternatives to eliminate them from the environment theoretical ab initio methods such as the HartrBeck (HF)

is demonstrated by a variety of research in recent years asanpl _d_ensny functional theories (B3LYP) to estimate the proton
reported in the literature. A simple search in the literature shows affinities of 15 chlorophenols, most of which have not been
that chlorophenols were studied or cited in approximately 110 determlned'experlmentally, '(b) to use these values to assess our
papers in the year of 20034 Despite all these efforts, present understan_d!ng of the substituent effects and_ also to relate _the
knowledge is still unsatisfactory and little is known about their Proton affinity of chlorophenol compounds with the electronic
action in living organisms or even more fundamental information distribution of their chemical structures ,and (c) to associate
like thermochemical or molecular properties of compounds of the influence of this property on toxic action of the chlorophe-
this family. Current studies, using a diversity of modern NOIS on microorganisms.

experimental and computational tools, have been concentrated

on the kinetic and thermodynamic stabilities of the phenolic 2 computational Methods

bond (O-H bond dissociation) and how these stabilities are

affected by the number, nature, and position of the substituents High-level ab initio methods using Gaussian basis functions
in the aromatic ring. One of the interesting perspectives on and complete basis set schemes are remarkably accurate,
the biological activity of substances like chlorophenols suggests typically providing acidities within 2 or 3 kcahol™ of the

that their ability to cross membranes can be associated with €xperimental value!®~** For this reason, in this work ab initio
the acid-base properties of the substant¥eak organic acids calculations are performed to determine the molecular structure
and bases are usually more lipophilic and diffuse across theand proton affinity of a set of 15 chlorophenols.

lipid regions of membranes more quickly than stronger ones. ~ The proton affinities reported are calculated from differences
In organic chemistry, this dependence of proton affinity on of absolute enthalpiesH) of products and reactants for the
structural features is often explained in terms of mesomeric or reaction:

electrostatic substituent effects and is also associated with

electronic reorganization when a molecule releases a pfoton. Ag + H(g;r —HAg AHyge (1)

* Corresponding author. E-mail: roger@igm.unicamp.br. Telephone:
+55-19-37883001. Fax:+55-19-37883023. whereAHzggx = H(HA(g) — H(A«g™) — H(Hg").
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Thus, the proton affinities are calculated by the equation:

AHpggx = AE®*+ AE\;E?BK + AEgsK + AEtzrggi +A
(PV)208x (2)

where AE€lec = ESe(CIPhO") — E®'¢{CIPhOH), which repre-
sents the difference between the total energy of the neutral
chlorophenol (CIPhOH) and the energy of the unprotonated
molecule (CIPhO) for each basis set at two levels of theory:
Hartree-Fock and density functional theory (DFT) through the
B3LYP hybrid functional. The structures of the neutral and
anionic species are fully optimized at the two levels of theory
for each different basis sefAEVP is the vibration energy
computed using harmonic approximation, standard statistical
mechanical formulas and computed using the respective level
of theory and basis seAE™! and AE""S are rotation and
translation contribution, respectively, and computed classically.
A(pV) is replaced byAnRT, using the ideal gas law.

Compact effective core potentials (CEP) developed by
Stevens, Basch, and Krau$are used along with three basis
sets: CEP-31G, CEP-3H#G**, and a basis set modeled by
the generator coordinate method (GCM¥éwhich provides a

more general procedure based on the adjustment of basis sets

with the CEP pseudopotential, reducing considerably compu-
tational demands when compared with calculations employing
all electrons. The GCM basis set for C, O, and Cl, including

polarization and diffuse functions, are presented in Table 1. Sets

of 5d functions are used when polarization is considered either
using CEP or GCM basis sets. The cc-pVDZ basis set is used
for hydrogen. Only B3LYP calculations are carried out with
the GCM basis set.

All the calculations are carried out with the Gaussian/2003
programt®

3. Effective Charges

Two different methods are used to determine the atomic
charges of the chlorophenols: (a) Mulliken population analysis
and (b) the generalized atomic polar tensor (GAPTGAPT
considers that the effective atomic charges are obtained from
the isotropically averaged atomic polar tensor:

e
3 0z,
whereQa is the effective charge of atody, ux, 1y andu, are

components of the dipole moment arg, ya andzy are the

Cartesian coordinates of nucleus A. Applications of GAPT have
presented interesting correlations with experimental properties
allowing the interpretation of tendencies through simple physical

pictures’ Another important aspect is that GAPT have proved
to be not very sensitive to the basis set or correlation effécts.
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TABLE 1: GCM Basis Set for C, O, and Cl Including
Diffuse and Polarization Functions to Be Used along with
SBK Pseudopotential, Where the cc-pVDZ Basis Set Was
Used for Hydrogen

s function p function d function
o Ci o C Qi G
GCM Basis Set for Chlorine Atom [4s29Bp2p1p]

0.06782 1.00000 0.04660 1.000 00
0.17129 0.35906 0.12084 0.258 49
0.43262 0.77153 0.31333 0.51703
1.09264 —0.00665 0.81245 0.36105 0.81245 1.000 00
2.759 64 —0.29359  2.106 65—0.02878
6.96989 0.04655 5.46246-0.02262

17.60354 —0.00950
GCM Basis Set for Carbon Atom [432$552p1p]
0 00

0.036 75 1.00000 0.02859 1.0
0.08868 0.16119 0.06931 0.10322
0.21402 0.50786 0.16805 0.33334
051649 0.42699 0.40742 0.39032
124645 0.04271 0.98778 0.25107 0.987 78 1.000 00
3.00807 —0.13580 2.39480 0.116 10
7.25942 —0.03713 5.80605 0.03203
14.07641 0.01598
GCM Basis Set for Oxygen Atom [4sZ$ﬂiprlp]
0.07018 1.00000 0.04350 1.000 00
0.16896  0.161934 0.10350 0.068 55
0.406 77  0.489018 0.24623 0.26235
0.97932 0.437239 058579 0.36197
235773 0.056543 1.39361 0.30955 1.39361 1.000 00
5.676 30 —0.138682 3.31547  0.166 68
13.66585 —0.040101 7.88766 0.067 51
18.76512 0.017 55
44.64331 0.007 50

level improves significantly the results and usually provides
deviations not larger than 3 keedol™%, regarding the experi-
mental results. It is worth noting that the inclusion of diffuse
and polarization functions either at the Hartré®ck or B3LYP
levels provide small improvements of the final proton affinities.
The differences between results expanding and not the basis
sets are proportional to the number of chlorine atoms. The
deviation between calculations with and without diffuse and
polarization functions at the same level of calculation are
approximately 0.5 kcamol™! for monochlorophenols, 2.0
kcalmol~? for dichlorophenols, and up to 4.0 kealol! for
trichlorophenols.

To carry out an appropriate analysis of the chlorophenol
tendencies, the molecules are divided into three categories:
monochlorophenols (CIPhOH); dichlorophenols (DCIPhOH) and
trichlorophenols (TCIPhOH).

Monochlorophenols. The theoretical and experimental se-
guence of proton affinities follows the tendency:

Therefore, the correlation between atomic charges and protonp a.  3_c|PhOH< 4-CIPhOH< 2-CIPhOH

affinities is analyzed for the set of 15 chlorophenols.

4. Results and Discussion

This sequence can be interpreted in terms of the capacity of
the molecules to form hydrogen bonds and the accommodation

Table 2 summarizes the theoretical and available experimentalof the electronic density after proton elimination. Therefore, the

proton affinities (PA) of 15 chlorophenols. The absence of largest proton affinity of 2-CIPhOH is a consequence of an
experimental data for all the compounds significantly limits the intramolecular hydrogen bond between the oxygen and the
analysis of the accuracy of the theoretical calculations. However, chlorine atoms in neighboring positions. The optimized geom-
Table 2 shows that calculated proton affinities are systematically etry of the 2-CIPhOH at different levels of theory shows the
larger than the experimental. Hartreleock proton affinities presence of the hydroxyl proton in a position compatible with
calculated with CEP-31G or CEP-3%#G** reveal differences a hydrogen bond. The 4-CIPhOH and 3-CIPhOH proton
as large as 10 kcahol™! compared with the experimental affinities can be understood considering an electronic rearrange-
results. The inclusion of electronic correlation at the B3LYP ment before and after proton extraction. Table 3 illustrates the
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TABLE 2: Experimental and Theoretical Proton Affinities (PA, in kcal mol~1) of Chlorophenols (CIPhOH) Obtained from
Different Levels of Theory at the Temperature of 298.15 K

molecule PA PA? PA3 PA* PAS expt
2-CIPhOH —348.1 —348.9 —341.5 —341.0 —340.3 —337.1+£ 2.0
3-CIPhOH —345.6 —346.8 —338.3 —338.3 —337.7 —335.0+ 2.0
4-CIPhOH —346.8 —348.0 —340.1 —339.7 —339.1 —336.2+ 2.0
2,3-DCIPhOH —340.3 —342.8 —333.8 —335.2 —334.4
2,4-DCIPhOH —339.4 —342.4 —333.2 —334.8 —334.0
2,5-DCIPhOH —338.1 —341.0 —331.3 —333.3 —332.5
2,6-DCIPhOH —337.8 —340.6 —331.5 —333.2 —332.3
3,4-DCIPhOH —338.7 —341.4 —332.0 —333.4 —332.7
3,5-DCIPhOH —336.0 —339.1 —328.8 —330.9 —330.2 —327.5+ 2.0
2,3,4-TCIPhOH —333.8 —337.7 —327.8 —330.8 —329.9
2,3,5-TCIPhOH —331.2 —335.4 —324.8 —328.2 —327.3
2,3,6-TCIPhOH —330.7 —334.8 —324.4 —328.0 —326.9
2,4,5-TCIPhOH —331.8 —336.1 —325.6 —328.8 —328.0
2,4,6-TCIPhOH —330.1 —334.6 —324.2 —327.6 —326.6
3,4,5-TCIPhOH —331.1 —335.1 —324.6 —327.7 —326.9 —323.9+ 2.C¢

a2Key: CIPhOH, chlorophenol; PAHF/CEP-31G; PA HF/CEP-3%+G**; PAS, B3LYP/CEP-31G; PA B3LYP/CEP-3%+G**; PAS B3LYP/
GCM. Harmonic frequencies are calculated for neutral and ionic forms at the respective level of calctiRéference 22 Reference 23.

TABLE 3: Mulliken ( Qu) and GAPT Charge Distributions
of the Chlorine Atom in Monochlorophenols (CIPhOH) in
the Neutral (n) and lonic Form (CIPhO™), and the
Electronic Density Gains on the Chlorine Atom (EDGCI)
with Respect to the lonic Form, Obtained Using

TABLE 4: Mulliken ( Qu) and GAPT Electronic Density
Gains in the Chlorine Atom (EDGCI) with Respect to the
lonic Form in Dichlorophenols (DCIPhOH < DCIPhO~) and
Trichlorophenols (TCIPhOH < TCIPhO™), Obtained Using
B3LYP/GCM

B3LYP/GCM

EDGCI EDGCI

net charges on CI EDGCI dichlorophenols Qv  GAPT trichlorophenols Qu  GAPT
molecule Qu GAPT Qu GAPT 23-DCIPhOH 0239 0228 23.4-TCIPhOH 0347 0268
2-CIPhOH 0118  -0333 34-DCIPhOH 0258 0246 2.35-TCIPhOH 0.365 0347
2-CIPhO —0249  —0448 0.131 0.116 24-DCIPhOH 0264 0212 3.45-TCIPhOH 0365 0347
3-CIPhOH 0097  —0.346 25-DCIPhOH  0.265 0264 2.45-TCIPhOH 0368 0323
3-CIPhO" —0245  —0521 0.149 0.175 26-DCIPhOH  0.277 0242 23.6-TCIPhOH 0384 0335
4-CIPhOH  —0105  —0341 35-DCIPhOH 0282 0309 2.4.6-TCIPhOH 0403 0321
4-CIPhO" —0.248  —0454  0.143 0.113

. . . ) molecules can confine the hydrogen from hydroxyl group due
charjges in the electronic densr[y.on the chlorine atom from ;. hydrogen bonding, which would suggest stronger forces
Mulliken and GAPT charge analysis calculated at the B3LYP/ acting on this proton. 3,4-DCIPhOH suggests that the net effect
GCM level of theory. _ is not only a predominance of hydrogen bonds over the proton

The results obtained from other levels of calculation present energy but the combination of more complex balances in these
the same qualitative tendenpy. The electroplc.densn)./.galn ON molecules. 2,6-DCIPhOH presents the second lowest proton
the chlorine atom (EDGCI) is correlated with its position on - afinity with respect to other DCIPhOH though it is able to form
the benzene ring and also with the proton affinity; in other nyqrogen bonds with both of the chlorine atoms. The presence
words, the largest electronic density gain on the chlorine atom uf o chiorine atoms close to the hydroxyl group removes
is directly associated with the |.O\.NeSt proton affinity and vice gjectrons not only from the benzene ring but also from the
versa. The order of proton affinity (PA) follows exactly the pyqroxyl group, which minimizes the attractive effects over the
opposite tendency of the electronic density gain of the chlorine proton, reducing the magnitude of the proton affinity.
atom after proton abstraction. Changes in the electronic distribu-" A excellent correlation between proton affinity and the sum
tion associated with other atoms do not present as gooduf the electronic density gain of the chlorine atoms is also
correlation with the proton affinities when all mono, di and  ,ptained for this class of molecules. Table 4 shows the chlorine
trichlorophenols are analyzed. In some sense the results suggegtharges and the electronic density gain on the chlorine atom
that large dispersions of the electronic density on the phenol fom Mulliken and GAPT methods calculated at the B3LYP/
ring favors stronger attractive forces acting on the hydroxyl cm level of theory.
proton. _If the chIorlne_te_nde_ncy to withdraw electrons is  \yhile the individual charges do not present any specific
emphasized after the elimination of the hydroxyl proton, then engency, a comparison between proton affinities and the total

it can be considered that the electronic distribution was being gjectronic density gain on the chlorine atoms shows an interest-
localized in a position where the proton was subjected to ing correlation (see Tables 2 and 4):

stronger attractive forces, preventing its elimination from the
molecule.

In summary, there is a direct correlation between the acidity
of CIPhOH and the capacity of the chlorine atom to attract
electronic density after the elimination of the hydroxyl proton.
The electronic density displacement depends on the position oftotal EDGCI Q)
the chlorine atomdrtho, metaandpara) on the aromatic ring. 3,5-DCIPhOH> 2,6-DCIPhOH> 2,5-DCIPhOH>

Dichlorophenols.The analysis of the tendency of the proton 2,4-DCIPhOH> 3,4-DCIPhOH> 2,3-DCIPhOH
affinities for DCIPhOH is not as simple as for CIPhOH. For
example, 3,4-DCIPhOH presents a larger proton affinity than  In general, the information obtained for monochlorophenols
2,6-DCIPhOH and 2,5-DCIPhOH (see Table 2). The last two is also satisfied for dichlorophenols considering Mulliken’s

A:
3,5-DCIPhOH< 2,6-DCIPhOH< 2,5-DCIPhOH<
3,4-DCIPhOH< 2,4-DCIPhOH< 2,3-DCIPhOH
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charge: the proton affinity is directly correlated with the total  (a) -s26
electronic migration to the chlorine atoms after the elimination pep————
of the hydroxyl proton. Changes in the level of calculations -328 4 ® ocProu
and charge model modify the sequence presented above for a _

pair of molecules. This is consequence of the small differences
in the calculated proton affinities, which can be smaller than

0.5 kcal/mol. However, even with such small differences

between the proton affinities, the general trend between acidity
and the total electronic density gain on the chlorine atoms is
observed.

Trichlorophenols. The same analysis applied for trichlo-
rophenols shows that the sum of the electronic density gain on
the chlorine atoms presents a significant correlation with its 3404
proton affinity. In other words, the smallest sum of the electronic —
density gain on the three chlorine atoms confers the largest 0.15 0.20 0.25 030 035 0.40
proton affinity to the molecule and vice versa (compare Tables Electron Density Gain on Chlorine (Mulliken)

2 and 4) (b 326 v

The proton affinity sequence for the trichlorophenols mol- ; 246
ecules in general follows the tendency -328 @ TCIPhOH 3

® DCIPhOH 45
o CIPhOH

-330

-332

-334 4

-336

Proton Affinity / kcal.mol

-338

N2

3

PA: 330 -
2,4,6-TCIPhOH< 2,3,6-TCIPhOH< 3,4,5-TCIPhOH<

2,3,5-TCIPhOH< 2,4,5-TCIPhOH< 2,3,4-TCIPhOH

284 350

-332 4
2596250

while the order of the sum of the Mulliken electronic density 4] 4%
gain on the three chlorine atoms of trichlorophenols molecules

after the proton liberation follows the same tendency:

-336

Proton Affinity / kcal.mol”

-338—- 4
EDGCI Qy): 15
2,4,6-TCIPhOH> 2,3,6-TCIPhOH> 2,4,5-TCIPhOH> -3401
3;415'TC|PhOH> 21315'TC|PhOH> 21314'TC|PhOH 0.10'0.112'04l14'04l16'0.118'0.120'0.122'0.'24'0.'26'0.'28'0450'04132'0.134'0.36

. . . Electron Density Gain on Chlorine (GAPT)
Table 4 also shows the results of the electronic density gain o
atomic in chlorine atoms obtained at the B3LYP/GCM level. Figure 1. Proton affinities calculated at the B3LYP/GCM level of
These results are analyzed via Mulliken charge and GAPT for Lﬁg{%;’safgwu"mken and (b) GAPT electronic density gains in the
the chlorine atoms of chlorophenols in neutral and ionic species. '
These methods show the same good correlation between theTABLE 5: Linear Regression for Chlorophenol Proton
proton affinity of the trichlorophenol molecules and the Affinities (PA) and the Electronic Density Gains on the

; ; ; ; Chlorine Atom (depcci) With Respect to the lonic Form,
electronic density gain on the chlorine atoms after proton Obtained Using B3LYP/CEP-31G, B3LYP/CEP-33+G**,

liberation. _ L and B3LYP/GCM
Figure 1 presents a general picture of the proton affinities vs
method a2 b? rb SD*

charge density gain for the 15 chlorophenols. The linear
correlation is common to all the molecules and both charge B3LYP/CEP-31G —350.39 5827 0.994  0.660
models, suggesting a strong association between the electronic B3LYP/CEP-3%+G**  —346.74  54.58  0.963  1.242
distribution and the energy necessary to remove a proton. GAPT B3LYP/GCM —346.65 5745  0.980  0.936
presents a smaller standard deviation than Mulliken charges. 2PA=a+ bdepcci  Correlation coefficient® Standard deviation.
Table 5 shows the linear regression for chlorophenol proton
affinities (PA) and the electronic density gains in the chlorine (succinate dehydrogenase, NADH dehydrogenase, and ATP
atoms calculated with B3LYP and the three basis sets used insynthase), by uncouplers of oxidative phosphorylation, and also
this work. All three calculations present excellent correlation by the presence of drugs that cause damage to the mentrane.
coefficients and standard deviations suggesting that the proton  Classical uncouplers are moderately weak acids, characterized
affinity of any other chlorophenol can be estimated from any by the presence of a bulky hydrophobic aromatic system, with
of the three methods. Once again it is worth noting that the electron withdrawing substituerts These compounds, com-
presence of diffuse and polarization functions at the present levelmonly called protonophoric uncouplers, act by translocating

of calculation are not very significant. The linear regression protons across the lipid bilayer of the mitochondria inner
indicates B3LYP/CEP-31G as the best fitting between proton membrane. In the mitochondria, stored energy in foods is

affinity and the electronic density gain. converted to a flow of electrons, which convert ADP to ATP.

i L . ATP is essential for all biological activities that require energy
5. Proton Affinity Influence on the Biological Activity of for all aerobic organisms, Figure 2a, and death will result if the
Chiorophenols process is stopped.

Several mechanisms describing the chemical action of The chlorophenols are considered protonophoric uncousiers.
substances on microorganisms, which may influence their They are weak organic acids witlKpvalues that range from
mitochondrial respiratory functions, have been suggested in the5.4 to 8.9; consequently, at the working pH of the medium for
literature?* Reverse electron transfer can be affected by inhibi- bacterial assay (pH 7.5) the concentration of the neutral form
tors of the enzymatic complexes involved in this process is larger for the monochlorophenols than for di- or trichlorophe-
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Intermembrane space Matrix TABLE 6: Calorimetric Responses (CR) of Phenol, Anisole,
Fo ADP Pi and Chlorinated Derivatives on the Respiration ofC.
. C>C>/ N violaceum Compared with Controls in Which the Maximum
A H = H Value of (CR) Represents 100% of the Microcalorimeter
C> Baseline Deflection

molecule CRAW) % molecule CRiW) %

control 92 100 control 92 100
phenol (PhOH) 73 79 anisole (An) 86 93
4-CIPhOH 68 74 4-ClAn 71 77
OH OH 3,4-DCIPhOH 29 31 3,4-DCIAn 68 74
2,4,6-TCIPhOH 16 18 2,4,6-TCIAn 67 73
2,3,4,5-TCIPhOH 7 8 2,3,4,5-TCIAn 53 58
PCIPhOH 6 7 PCIAn 70 76

€D aKey: 4-CIPhOH, 4-chlorophenol; 3,4-DCIPhOH, 3,4-dichlorophe-
1 nol; 2,4,6-TCIPhOH, 2,4,6-trichlorophenol; 2,3,4,5@H0OH, 2,3,4,5-
tetrachlorophenol; GPhOH, pentachlorophenol; 4-ClAn, 4-chloroani-
sole; 3,4-DCIAn, 3,4-dichloroanisole; 2,4,6-TCIAN, 2,4,6-trichloroanisole;
2,3,4,5-TCIAn, 2,3,4,5-tetrachloroanisole; PCIAn, pentachloroanisole.

ATP ATP
Synthase

Acidic side Basic side

(CDy

methoxyl and hydroxyl groups, and also on the number of
chlorine substituents, reveals that, in general, chlorophenols are
more toxic than chloroanisoles and that pentachlorophenol is
(Chy (Chy more toxic than the others (see Table 6). The highly toxic
behavior of this fully chlorinated phenol is presumably a result
of its greater lipophilicity* and acidity, which facilitates proton
transfer across the inner mitochondrial membrane.

An overview of the physicochemical properties of chlorophe-
nols can be helpful for the interpretation of the results described
above and for elucidation of the mechanism of action of these
compounds. The results of our investigation on chlorophenols
confirm that their high or low biological activity is associated
with their proton affinity, considering the acidity difference
between chlorophenols and chloroanisoles. However, it is clear
d that the toxicity of these compounds is not only associated
O|exclusively with the proton affinity but also depends on a
combination of other effects, such as chlorine content, hydro-
phobic interaction, partition coefficient, heat of formation,
molecular volume, etc.

-—
Inner Mitochondrial membranes

n=0-5
Figure 2. Schematic illustration comparing (A) ATP synthesis driven
by proton motive force, (B) a possible mechanism to explain the
uncoupled effect of chlorophenols inside living cells@frviolaceum

nols. As a result, the presence of chlorophenols in the culture
medium (Figure 2b) inhibits or decreases ATP synthesis.

One of the most important responses related to the inhibition
mode of phenols, which profoundly affects the microorganisms,
is their proton affinity?” For this reason, we focused our
attention on the proton affinity of phenol, some of its chlorinate
derivatives and the respective molecules, changing the aci
proton to a methyl group (anisol and its chlorinated derivatives)
in order to understand the biological activity of these com-
pounds. The influences of these compounds were tested
experimentally onChromobacteriumuviolaceum respiration 6. Conclusion
metabolic rate, to verify if the calorimetric response can be
partitioned into contributions of the acidic property of chlo-
rophenols.

Ab initio calculations are used to estimate and interpret the
proton affinity tendencies of 15 chlorophenols. Electronic
AN . e . correlation effects are significant to describe proton affinities
The inhibition mode and acidity characteristics were inves- with an error smaller than 3 kcal/mol with respect to the

tigated using a flow mlcrocalorlme_tn_c methbdicrocalorim- . experimental results. At the HartreEock level of theory, the
etry has been proposed because it is a general, nondestructive

. on . O . error can be as large as 10 keoabl™2.
_and hl_ghly sensitivity technique anq, in pf'”c'p'e’ IS cap_able of Linear correlations between the mono-, di-, and, trichlorophe-
Investigating any process or reaction, smce_all chemical and nol proton affinities and the respective electronic density gains
physical mechanisms give rise to changes in enth@@n

isothermal twin conduction flow microcalorimeter Thermomet on their chlorine atoms after the liberation of the proton are
- . : A rved. The proton affinity is directl i with th
rics 2277 TAM (thermal activity monitor) was used for these observed e proton affinity is directly associated with the

: ; ) city of the chlorine atoms to r the electroni nsit
studies. A continuous flow of a buffer solution between the capacity of the chlorine atoms to reduce the electronic density

. - o . ._of the aromatic ring. Consequently the number and the geomet
calorimeter and an external reactor is maintained by a peristaltic 9 d y 9 v

mb tablish the experiment baseline. Then nsi r?f chlorine atoms bonded to the aromatic ring determine the
pump to establish the experiment basetine. Then, a Suspensio larger or smaller capacity of the phenol to release its proton.
of microorganism in buffer solution without chlorophenol is

- . . . . Experimental tests comparing the behavior of chlorophenols
ggnggﬁg;rrough the calorimeter and this experiment is defined and chloroanisols o&hromobacteriunviolaceumrespiration

. . . . . metabolic rate confirm that their biological activity can be
The variable calorimetric response, CR, is defined by 9 y

comparing the maximum deflection of the baseline or the height associated with the proton affinity. The toxic behavior of

of the thermal power vs time curve for each compound with chlorophenols is probably a result of the number of chlorine
. ) X atoms bonded to the aromatic ring, which change lipophilicit
the maximum height of the control cur¢®&The calorimeter was g ge pop Y

. . : . -~ . and acidity, facilitating proton transfer across the inner mito-
chemsg:ally callbratgd acpordlng procedure descrlqu by O'Neil chondrial membrane. Of all possible factors, proton affinity
et al3® Each calorimetric experiment takes 45 min and was

. X L seems to be one of the most important aspects responsible b
always repeated more than two times with a reproducibility of the toxicity of these compoundsp P P y
4%, '
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