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A T-jump study of the 3,5-dinitrohydroxybenzoic acid (DNSA)/ammonia system has been undertaken, as a
function of the nature and concentration of the added salt. Rate constants for the different possible proton-
transfer reactions have been obtained from the experimental relaxation curves. The mechanism has been
analyzed with the aid of a theoretical model based on Marcus- like free energy surfaces for each elementary
step. Despite possible uncertainties in the estimations and approximations used, two conclusions seem to be
well founded: first, the stepwise character of the proton-transfer reactions involving DNSA, and second, the
possible change in the mechanism connected with the change in the final proton acceptor in the deprotonation
of DNSA. This result, not previously assessed in the literature, is relevant for analyzing the salt effects, as
is discussed in this work, and also for the hypothetical application of such a system in a molecular protonic
device, an area of current research interest. Finally, the use of the well-known plotldfietgusApK, for

analyzing the negative or positive salt effects on the proton-transfer reactions is suggested.

Introduction repeated, resulting in the same relaxation curve, thus meeting
In previous papers we have studied the proton-transfer the requirements of reproducibility and repeatability needed for

equilibria and kinetics of the title system and its dependence a Tosf"_ble application in moI_(la_c_uIar prOtgn'CfdiV@T'
on the nature of an added supporting electrohfteThe study (;' L ISI papehr we reportda -Jump stu 3:10 the t'tfe systemh
of salt effects on proton-transfer reactions is of interest not only and analyze t” € cor?certtla ?fr stepwss character °Tht € mec I-
because proton-transfer reactions appear ubiquitously enougtf'SM. as well as the salt effects on this system. The contro
in naturé but also because they take place in ionic environ- of th? proton-transfer reactions s of Interest forits hypothe_tlcal
ments® It has been shown that salt bridges may accelerate or usein a molecular protonic deviéeEven if glectromagnenc
slow charge-transfer processes by 2 orders of magnftude radiation is used as a wire to connect the different components
They are usually very fast processes, controlled by diffusion; of a ”?O'ecu'?f _computéf’,_ these are Io_cated on a supporting
thus, their rates can be estimated with Smoluchowski equations,mate”al’ p_rOV|d|ng an enw_ronment, which should be considered
but sometimes they are even fasteiThe proton mobility in in the design of such devices.
water and in ice is several orders of magnitude faster than ] )
expected based on the Smoluchowski equations for diffusion, EXPerimental Section

due to the special mechanism of proton mobifityAccording Reactants. 3,5-Dinitro-2-hydroxybenzoic acid (3,5-dinitro-

to this mechanism, the enlarged conductivity of the proton in- gajicylic acid, DNSA) was purchased from Fluka and used as
solution is due to the concerted vibration of adjacent water oceived.

molecules, which allows an extremely fast proton transfer from
one place to another in the solution.
Consequently, proton-transfer reactions are usually investi-

P y NH3 was used as a buffer to stabilize the pH and to act as a

by sevgral orders of r_nagnlt_ude, such as Whe.n the t.ranSferreddonor/acceptor in the proton-transfer equilibria. The desired
proton is embedded in an intramolecular cavity as in proton

. L . . concentration was prepared with a diluted ammonium hydroxide
criptates or when the proton is involved in an intramolecular standarized solution. The pH of the solutions were always in
gﬁgr?r?znszzgid I;lteere, {::Zt ﬂ:gtgzdtrrg%es?e?%]g nlgitebelggkgp’the range 7.88.2. These pH values were obtained by neutral-

=P, P Y P aizing the ammonium hydroxide solution with perchloric acid.
concerted mechanism could be favored due to a smaller According to the conditions employed by other autHéthe

activation energy through this way. As a result, the process is concentrations of DNSA and ammonia were varied in the ranges
slower than when no intramolecular hydrogen bond is |nvolvede(1_5) % 104 and (2.5-30) x 10-3 mol dm3, respectively.

and can be studied by conventional relaxation techniques. Sinc o

in these techniques an equilibrium situation is perturbed and _PH Measurements and Determination of the Proton

the relaxation to the new equilibria is observed, the system mustConcentrations. To obtain proton concentrations in the dif-

be reversible. This also means that the experiment can peferent electrolyte solutions, the following procedure was used,
since the solutions had rather large salt concentrations. Thus,

*To whom all correspondence should be addressed. F#84-95- the pH reading does not correspond to the pH in the solution,
4557174; E-mail galan@cica.es. due to the liquid junction potential. Besides, the pH cannot

Sodium perchlorate was from Merck, quality P.A., and used
as received. Lithium perchlorate was purchased from Aldrich,
quality P.A., and used also without further purification.
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0,695 enthalpy for the different equilibria involved can be obtained.
The present system has been investigated by several authors.
0,690 , . . . From the general scheme for proton-transfer reactions between
00000 00007 00014 00021 00028 00035 a donor and an acceptor in water, which includes direct proton
Time /s

transfer between donor and acceptor and hydrolytic and pro-
Figure 1. Experimental relaxation curve with LICas supporting  tolytic pathways the direct proton transfer and the protolytic
electrolyte: [LICIG] = 0.3 mol dnm®, [NH3] = 7.5 x 107 mol dm™, pathways explain the experimental findings, as summarized in
[DNSA] =5 x 104 mol dm 3, pH = 8.0.
Scheme 1115

easily be converted into Hconcentrations, because the activity ~ In this scheme L stands for the completely unprotonated
coefficients are not unity under these conditions. Therefore, a DNSA molecule, a species with two negative charges; B
correction is needed to convert the pH-meter readings into protonfepresents ammonia, and H represents the proton. The charges
concentrations. have been omitted throughout, for simplicity.

This was done by measuring the pH of solutions containing  This scheme produces the following expression for the
a known concentration of a strong acid (perchloric acid was €xperimentally determined relaxation time,
used). For each salt concentration a linear correlation was found

between the log of the concentration of acid and the pH reading 1/t = kF 2)
of the pH meter. The slope was always close to unity, while
the ordinate was not zero, due to the liquid junction potential. KyKys

These correlations were then used to interpolate the H 3)

concentration. The pH was measured with a Crison 2000 pH

meter previously calibrated with Merck buffer solutions in the

range 4-10. F=[B] + [HL] + (Kyg/Ky )(HB] + [L])

T-Jump Experiments. For the T-jump experiments a Hi-

Tech TJ-64 apparatus was employed. The cell was thermostatedvhere B stands for ammonia and L represents unprotonated

at 20°C with a Techne C-400 thermostat and a TECAM 1000 DNSA; the k; are the rate constants for the corresponding

heat exchanger. The T-jump unit achieved, according to the proton-transfer reactions shown in SchemeKl,s andKy, are

technical specification, a &C temperature jump with a heating  the acid dissociation constants of ammonia and DNSA in the

time constant smaller than &s by discharging two 0.02F different electrolyte solutions. The acid dissociation constants

capacitors loaded with 11 kV. Thus, relaxation times of about of ammonia were found in the literatutéand those for DNSA

30 us are the shortest one that can be measured with ourwere measured in a previous wark.

equipment. The heating time is directly related to the resistance The rate constants for the different reactions have been

of the solution and capacitance through calculated by fitting the experimentally determined relaxation

times with several ammonia and DNSA concentrations to eqs

7, = RQ2 (1) 2 and 3. The rate constants obtained this way are given in Table

1 for the two salts employed. Notice that similar salt effects

are observed with both electrolytes, although as the salt

=t i + kBl

Thus, a supporting electrolyte is required to lower the resistance
of the solution. To achieve the heating time mentioned above, ., centration increases some specific effects were found. So

an ionic strength of about 0.3 mol dfhis always needed. | shows a decrease in both cases, but in LigiGlutions this
Measurements with a lower ionic strength were not intended yorease is more marked than with NagIQ\Iso, ks, Shows

because of this limitation. The result of a T-jump experiment itterent trends, with a larger decrease in Nag$0lutions than
is a relaxation curve, where the absorbance changes are recordeg LiCIO4. Curiously enough, the salt effects & and ko

versus time, as shown in Figure l.' . , show opposite trends, although both processes imply breaking
Since the absorbance changes in relaxation experiments argy 4 intramolecular hydrogen bond and transfer to water or
not large, the measurements for a given concentration Were,mmania respectively. We will deal with this in the discussion.
repea}ted angl averqged over 20 repetitions to improve the §|gnal- Much care must be taken in a study of salt effects on the
to-noise ratio. This way the uncertainty in the determined pNga/ammonia system, because of the possible complexation
relaxation times is lower than 5%. of DNSA with cations. This is, in fact, the situation found with
different transition-metal ions such as Ni(ll), Fe(lll), Mn(ll),
Cu(ll), and Zn(l1)13 So the UV-vis spectra of DNSA in the
T-jump experiments provide experimental relaxation curves. different salt solutions were recorded. Remarkable changes
From these curves, through a mathematical analysis involving were not observed, suggesting that with the salts used in this
irreversible thermodynamics considerations, rate constants andstudy no such complexation occurred. Perchlorates of bivalent

Results
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TABLE 1: Rate Constants with Different lonic Strengths at SCHEME 2
298.15 K
@ ([ ﬁ
K1z x ka1 x kiz x Kaz x ka2 x N, Icl; NO, c
| 10 10a 10°3b 10 10a Kai 1062 10°3b \?_ x No-
. PN —— 5 + NHj

LiClO4 M H
0.3 4.9 5.9 33 19.1 3.1 12.9 o’ : :o/
1.0 3.3 7.0 2.6 9.2 4.3 7.0 No, NO,
1.5 2.3 4.7 2.2 6.2 51 7.1
2.0 1.2 2.1 1.7 3.6 6.1 7.2 y
2.5 1.0 1.4 1.2 1.9 6.7 7.5
3.0 0.7 0.7 0.9 1.0 7.1 8.1

w O w 0

NaClO, Il It
0.3 5.6 5.4 3.8 19.0 3.3 17.1 o "= o
1.0 5.3 51 3.6 11.9 3.1 10.7 ! .
15 2.7 3.2 2.2 5.7 4.4 9.4 H—NHy + N
2.0 2.6 3.5 1.8 3.6 5.2 7.5 a” o=
2.5 1.3 3.0 1.2 1.9 7.3 4.9 N NOg
3.0 0.6 2.1 0.4 0.5 8.1 2.5

aRate constant in units of mdl dm® s, P Rate constants in units The concerted reaction is represented by eq 6,

fsL.
oe G=ax+ ¢+ yy + Oy + exy (6)
cations (C&" and B&") were also tried, but precipitation of

. ) S where an additional parameterepresents the coupling between
salicylates prevented further investigatidfs. P P Ping

the two coordinates. Thus, as in Marcus theory, two magnitudes
are needed for each coordinate, namelyand S (for the x

Discussion coordinate) andy and ¢ (for the y coordinate). These
magnitudes are related to the free energy change for each
Mechanism According to Scheme 1, processes2and independent stepAG°, and the intrinsic barrier to the proton

2—3 are very similar in the sense that, in both equilibria, the transfer if AG® values were zero. This intrinsic barrier is the
intramolecular hydrogen bond present in the protonated DNSA Well-known reorganization energy in the Marcus model.
molecule is broken in the proton-transfer process. To analyze 1he following relgtlons can be derived to calculate the
the salt effects on the proton-transfer reactions involved in the different parameters:
present system, a mechanistic analysis is needed to identify the

elementary steps, since the question of whether the proton- AG=a+p

transfer reactions involving DNSA occur in a stepwise or -~ 2

concerted fashion “is not clear, so faf’. Attempts to analyze AG™, = —o’/4p (7)
the mechanism based on Eigen’'s pioishere logarithms of

the rate constants are plotted vergysK, (ApKs= pK/cceptor AG® =y + 0

— pKgPoron 15 need experimental data in the region of the

crossing point of the two expected lines (see ref 5 for full AG¢y= —y2140 (8)
details), as the deviation of this crossing point from the position

whereApK, = 0 is the basis of the mechanistic analy$ihis The two possible steps are shown in Scheme 2, wkarel

in turn is a difficult experimental task. Besides, all the y are two unitless variables that define the reaction coordinate
reactions considered in the analysis of the mechanism must befor each step of the reaction. This scheme shows the inifial (
between reactants of the same charge, since otherwise theand final situationsl{/ ), which are equivalent to states 2 and 3
experimental results are not expected to lie on the same lines.in Scheme 1, when ammonia is the species involved, or states
Thus, an analysis not relying on these plots could be very 2 and 1, if the proton transfer occurs to a water molecule. When
helpful. ammonia is the acceptor, the two possible intermediates are

The mechanistic analysis developed by Gutfiriean be statesll, where the intram_ole_cular hydrogen bonc_i is broken,
useful in assessing the stepwise or concerted character of théindlll, where the proton is first transferred, and in a second
processes involving DNSA. This analysis assumes Marcus Step (going fromlll to IV), the hydrogen bond is broken. So
parabolas for reactants and products in each possible stepthe relation from Scheme 2 to Scheme 1 s clear: as the proton
However, these parabolas for reactants and products can bdransfer is not a simple direct process, the rate constants
substituted by one parabola where the reactants and the product@nd kes are not elementary rates, and Scheme 2 provides the
are points in this parabola and the transition state correspondsdetailed mechanism for these two reactions.

to the maximé? It can be shown that this simplified picture is Finally, ¢ can be obtained from the total free energy change.
equivalent to the traditional Marcus model, since the energies This change is just
of reactants and transition states are correctly given within this AG =0+ f+y+0+e )

model. The proton-transfer dynamics in the wells is, however,

not considered. Thus, possible dynamic solvent effects are not fqr the present system, the proton-transfer step, once the
taken into accourf’ Equations 4 and 5 represent these jntramolecular hydrogen bond has been broken, is diffusion
parabolas for a proton-transfer reaction occurring in two steps: controlled when ammonia acts as acceptor, SiNgK, as
defined above, is positive. With water this second step is slower
G=ox+ ¥ (4) than diffusion controlled as shown below. In both cases, this
hydrogen bond introduces an important stabilization of the
G=yy+ oy (5) protonated DNSA! This stabilization can be estimated from
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y It (water) TABLE 2: Estimation of Free Energies and Free Energies
21 4 of Activation Used in Guthrie’s Modela

. acceptor  AG° AG¥ AG°y AGYy,  AG°uu

H>0 +17.5 +50.2 +69 +85 +40.1
NH3 +17.5 +50.2 +16.5 +33 —13.0

a All data in kJ mot?. See text for details.

~107% 5™
7.02 L + HO* [l is acceptor dependent. Itis more stable when ammonia acts
as the proton acceptor than when water is involved. This is
due to the different sign oAG® for both processes.
At this stage, kinetic data are needed to apply eg$ 4o
our results® For the procesk— Il the kinetic data were taken
from the literature for a similar system involving salicylalde-
hyde, where only breaking and formation of the hydrogen bond
can occuk® Accordingly, the rate constant for breaking the
hydrogen bond i%; ~ 10* s, as shown in Scheme 2. The
rate constant for the step H | is diffusion-controlled, ag\pK,
> 05 Thus, using the Smoluchowski equation, this rate constant
is estimated to b&_, ~ 10'° s71, and sinceKa = ko/k—», the
value ofk; is approximately 1%? and ~10° s~1 when water
resclion coordinote and ammonia act as final acceptors, respectively. These results
Figure 2. Free energy diagram showing, ifkpunits, the relative and estimates for the elementary rate constants of the second
positions of the different intermediates and final products in the proton- Step with the two acceptors are summarized in Figure 2. The
transfer reactions-21 and 2-3. back rate constants can be easily obtained throughkKheglues
of the different species. Assuming that the elementary rate
the difference between the large second, palue of DNSA constants have a preexponential factor given by conventional
(7.02) and the K, of a similar phenol without intramolecular  transition-state theoryw(= kgT/h), the activation free energies
hydrogen bond stabilizatiof?,as for example the 2,4-dinitro-  can be calculated and eqs @ solved to obtaim, 3, v, 6, and
phenol (K, = 3.963). € values. The free energy results have been summarized in

Thus, we have estimates based on experimental data for thred able 2, and Figure 3a,b shows the free energy surfas&sy
of the possible structures proposed in Scheme 2. A sensible= 50.2 kJ mof? is a typical barrier for breaking an intra-
estimate of the free energy of the intermediate struclilirés molecular hydrogen bor@. In both cases no concerted
needed, to solve egs—6. This is certainly a high-energy reactions are expected for the system studied in this work, as,
intermediate, since the less acidic group (the phenol group) isin the framework of Guthrie’s model, concerted pathways would
deprotonated and the proton interacts with the carboxylate group.equire higher activation energies. The proton transfers to water
To find experimental data in order to estimate the free energy and to ammonia show quite distinct features, despite the large
of such a structure seems to be a difficult task; therefore, we Uncertainty in the free energy of the intermediate structilire
have done a theoretical calculation of structtite with the The proton-transfer reaction to water occurs through intermedi-
program SPARTAN as follows: First, the original DNSA  atell, where the intramolecular hydrogen bond is first broken,
monoprotonated molecule, structurés calculated in waterand ~ and then the proton is transferred to water. With ammonia
the geometry fully optimized. This calculation has been done intermediatdll seems more likely, since the activation energy
with the AM1 semiempirical Hamiltonian and SM2 model for barrier to achieve this structure is smaller than through the other
the solvent (water). Then structuilé is also optimized atthe ~ Possible intermediate. However, the other possible pathway
same level of calculation. This way the total energies of cannotbe completely discarded, because of the rough estimate
structured andlll in water have been obtained, and assuming Of this structure.
that the free energies are not very different from the total So, concluding the discussion in previous paragraphs, we
energies, a value 6f69 kJ mol! can be obtained as a rough expect the proton-transfer reaction to proceed through a two-
estimate of this intermediate. Cdtalet al>4 have very recently  step mechanism with both acceptors. With water, the first step
done several theoretical calculations at the ab initio level, is breaking the intramolecular hydrogen bond (which is the rate-
including electronic correlation corrections in their calculations determining one), and in the second step the proton is transferred
on the kete-enol equilibria in 2-hydroxybenzoyl compounds. to water. With ammonia, the mechanism may proceed through
Their estimates for this process yield results with a mean value both possible intermediates. However, according to our calcula-
of ~60 kJ mot?, in good agreement with our calculations. (A tions, the reaction pathway going through the intermediate
rough experimental estimate could be made from the difference seems more likely, since the activation barrier is lower than for
between the first and seconKpvalues of DNSA and the  the other one. The second step is diffusion-controlled, if
addition of the energy of the intramolecular hydrogen bond, ammonia is the proton acceptor, when the reaction goes either
since this is broken in intermediatk . The resultingAG® is through intermediat#l or through intermediatél .
55 kJ mofl) These results are shown in Figure 2 Kyjpinits It is worth pointing out the main advantage of the present
(ApKa = AG°/2.3RT). When the acceptor is ammonia, the mechanism analysis, as compared to the classical one based on
stabilization due to the proton transfer to ammonia should be log(k) versusApK,5 In the classical analysis, all possible
considered. Thus, in this case the free energy of intermediatedeviations from the simple direct proton transfer, despite its
Il is AG = +69 — 2.3RT x 9.2 = +16.5, since the proton  origin, cause the loss of the symmetry in these plots (see ref 5
has been transferred to ammoni&{p= 9.2 for ammonia). for details). In the present analysis, as the different possible
Notice that, in contrast to the intermediate structurestructure routes are explicitly analyzed, a detail picture can be achieved.

3.04 -

~10* o
~8pK 29

~7%10° mol™ dm® s
~107 mol™t dm®\3™"

LH

0.0 A

22 Lo+ NHS
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TABLE 3: pK,at 298.15 k&
NHz° DNSAc®
[salt]/mol dnT? LiClO, NaClOy LiClO, NaClO,
0.3 9.30 9.30 6.92 7.02
1.0 9.46 9.48 6.67 7.01
15 9.55 9.59 6.69 6.92 -
2.0 9.67 9.71 6.74 6.87 3
25 9.80 9.83 6.85 6.66 m
3.0 9.94 9.96 7.00 6.45 3
«
aThe error was estimated to He0.02 K, units. ® Taken from ref =
11. ¢ Measured spectrophotometrically in a previous work, ref 2.
However, additional information is required to solve eg%4

In our experience, it is not always possible to gather these data
from experimental results.

Salt Effects Analysis

Proton-Transfer Reaction between DNSA and HO. Since
this reaction goes through intermedidte we can apply the
steady-state hypothesis to the concentration of the DNSA species
where the intramolecular hydrogen bond is broken'jLH he
following expression can be derivé#:

kiky

ko1 =i Tk

(10)

wherek; andk-; are the rate constants for breaking and forming
the intramolecular hydrogen bond, respectively, kntthe rate
constant for tansferring the proton to water. AS;p< 0, ko
should be proportional tapKa. In Table 3 the K, values of
DNSA and NH are given. For DNSA there is a minimum when
LiClO4 is used as supporting electrolyte, and a clear decrease
is found for NaCIQ. Accordingly, the clear decrease observed
with LiClO4 and the decrease with NaCj©@annot be related

to ApKa. Thus, we conclude that the salt effects observed on
ko1 should be associated with the salt effects on the first step in Figure 3. Free energy surfaces in Guthrie’s model for the proton-
the mechanism and thus the salt effect«pandk_;. For both transfer reactions-21 and 2-3: (a, top) reaction between DNSA and
salts a decrease ik, and/or an increase ik_; explains the ~ water; (b, bottom) reaction between DNSA and ammonia.
negative salt effects observed. Therefore, on increasing the
amount of added salt, the DNSA monoprotonated species is
stabilized with respect to the species without an intramolecular
bond. This can be understood on the basis of the structure-
making effect of both cations on the water structure that would
slow the formation of intermediatié, in favor of the original
DNSA species, LH.

Proton Transfer between DNSA and Ammonia. The
mechanistic analysis has shown that this proton-transfer reactio
may occur through intermediaté or Il , but not through a
concerted reaction path. If intermedialieé is realized in
solution and applying the steady-state hypothesis to the inter-
mediate, the following expression is obtained for the rate:

ks Ky 0 1/ (13)
2 K Tk (11) N . . . .
-1 T K3 Sincen increases on increasing the concentration of Li33©
NaClQ,, if this were the only salt-dependent rate constant in
wherek; andk-1 represent the forward and back rate constants (11) and (12), a decrease would be expected. In eq 12 as stated
from 1 to intermediatell . If Il were the intermediate realized apovek; andk_; are the same elementary rate constants as in
in solution, then the expected expression for the rate would be(lo), and we have assumed that they are responsible for the
negative salt effect observed &n. Thus, a consistent picture
— Kiks (12) for the whole experimental data cannot be achieved this way.
k_; + kg[NH,] This again suggests that this proton-transfer reaction occurs
through intermediatél . From the X, values for ammonia in
ki andk-; would certainly have here the same meaning as in Table 3, it can be seen that, on increasing the salt concentration
eq 10, andks would be the diffusion-controlled rate constant and according to the previous estimateA? for speciedll , a

ABioug 9814

between LHand NH;.. Notice that ifll were the intermediate,

a dependence d&3 on [NH3] should be observed. However,
although this ammonia concentration has been varied in the
range from (2.530) x 1072 mol dn13, that is, 1 order of
magnitude, no deviation from eqs 2 and 3 has been observed,
and as far as we know, no such deviation has been observed in
previous studie$13215 This would be consistent with the
nproposed intermediatil .

Note in Figure 2 thaks is expected to be diffusion controlled,
and as one reactant is uncharged g\khe salt effects on this
elementary rate constant should be dominated by the viscosity
dependence on the salt:

o8
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3 is broken, or (c) a concerted pathway as a combination of both
extreme situations.

With the aid of a theoretical model based on idealized free
energy surfaces, it is possible to distinguish between these
possibilities and to determine the most plausible one. We find
1 for the present system that the basic character of the final proton
acceptor may change the mechanism from a two-step mechanism
where the intramolecular hydrogen bond is first broken and then
01 the proton is transferred (the case with water) to a mechanism
where the proton is first transferred and in a second very fast
step the intermolecular hydrogen bond is broken. For this
mechanism to be preferred, a strong base is required as proton
acceptor to lower the free energy of intermedidite According

log (k 4, /s™)

1 4

-2 . . . . . " . to our calculations, ammonia has enough basic character to favor

92 83 94 98 86 a7 88 98 100 this pathway. According to the present results, no concerted

ApK, pathways are expected, and this should be ascribed to large

Figure 4. Plot of logks/s™) versusApK, ®, LiClO,; B, NaClQ,. reorganization energies for the steps along the dimensionless

coordinatesx andy.?* It is also well-known that, when water
stabilization of this intermediate is expected with both salts. is the solvent, charge-localized species are stabilized compared
As the forward process is not diffusion controlled, this stabiliza- t0 charge-delocalized ones, as would be the intermediate in a
tion of the intermediate would cause an increase in the rate concerted mechanis.

constank; in eq 11, whilek_1, for the same reason &g should The salt effects further support our conclusions concerning

also decrease. Thus, the observed incremepfvould be  the reaction mechanism, since the opposite salt effecteon

justified. andkps can be easily understood based on this change in the
Proton Transfer between Ammonia and Water. Finally, mechanism.

the salt effects orkiz and ks; will be discussed. These rate Finally, the salt effects on the proton-transfer reactions

constants are the direct proton transfer from water to ammoniabetween water and ammonium ions have been studied. The
and the backward reaction. (It corresponds to a one-stepdeviations in the slopes of the plot of lég{versusApKa have
process, in Guthrie's model.) The first one is diffusion- been employed as a useful criterion to assess the salt effects
controlled, asApK, ~ 9.2 is larger than zerd,and no observed.
intramolecular hydrogen bond impedes the proton-transfer
reaction. As expected for a diffusion-controlled reaction, there ~ Acknowledgment. The financial support of the Ministerio
is a decrease of the rate constant on increasing the saltde Educacio y Ciencia (PB95-0535) and Junta de And&uci
concentration. This decrease is larger for Ligltan for s gratefully acknowledged. We thank Prof. F. Secco for helpful
NaClOy, in good agreement with the larger viscosity decrement discussions.
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