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Reaction Kinetics of NO, with Resorcinol and 2,7-Naphthalenediol in the Aqueous Phase at
Different pH

Lukas Gutzwiller,™ Christian George/ Elfriede Rtssler; and Markus Ammann*-*

Laboratory for Radio and Esironmental Chemistry, Paul Scherrer Institute,
5232 Villigen, Switzerland, Laboratoire d’Application de la Chimi¢Environnement (LACE),
CNRS-UCBL, 43, Boulard du 11 Neembre 1918, 69622 Villeurbanne Cedex, France

Receied: June 5, 2002; In Final Form: October 7, 2002

The uptake coefficients of NQon buffered solutions containing-dihydroxy benzene (resorcinol) or 2,7-
dihydroxynaphthalene (Np(Ob))were determined over the pH range from 3 to 11 using the wetted wall
flow tube technique. The nominal reactant concentration was also varied by several orders of magnitude.
Taking into account gas phase as well as liquid-phase diffusion, the uptake coefficients were interpreted
using a simple model of stepwise deprotonation of these two weak bivalent acids. This model yields the rate
constants for the reaction of N@ith the neutral, singly, and doubly deprotonated forms of both compounds.
While the reaction of N@with the neutral form is very slow (i.e., with rate constants of a few timéi ¢t

s 1), the reaction of N@with the deprotonated species is much faster (rate constants are reaching levels of
several 1O6M~1s™1). The rate constant of 3.8 10° M~* s~ for NO, with the doubly deprotonated resorcinol

ion is in good agreement with the one found by Alfassi, the only reported literature value (Alfassi, Z. B.;
Huie, R. E.; Neta, PJ. Phys. Chem1986 90, 4156).

Introduction In a recent paper we have shown that semivolatile organic
compounds contained in diesel exhaust are involved in the
heterogeneous reduction of M@ nitrite, the aqueous phase
precursor of HONG? To extrapolate those qualitative results
to the atmospher®,it is very important on one hand to quantify
these semivolatile compounds in the atmosphere and to deter-
mine, on the other hand, their heterogeneous rate constant with
respect to N@ Therefore, we report here uptake rate measure-
ments of NQ into solutions of resorcinol and Np(Oglin the

pH range from 3 to 11 using the wetted wall flow tube
technique.

In solution, nitrogen dioxide (N& may undergo several types
of reactions with organic substance®.g., hydrogen-atom
abstraction from €&H bonds, addition to unsaturated bonds,
oxygen-atom transfer, addition to free radicals, and electron
transfer. One of the most prominent M@lectron transfer
reactions is the one with phenoxide ions, which has been initially
investigated by Alfassifor methylphenols and hydroxyben-
zenes. Several authors have also studied the kinetics of reaction
of NO, with phenol-derived biomolecules such as amino acids
(e.g., glycyltyrosine¥, as well as antioxidants such as ascor-
bate24 cateching,and hydroxycinnamic acid derivativésVith
little exception, the above studies were carried out at only one
pH 2 although the reaction of phenols is expected to be strongly ~ The uptake of N@ into aqueous resorcinol solutions was
pH dependent due to their acidic nature. To apply these resultsstudied using the wetted wall flow tube (WWFT) technique
to the natural environment or biological systems, it seems to Which has been extensively described for this purpose by many
be important to measure the kinetics over a larger range of pH. authors'¢-2 The WWFT consists of a 50 cm long, vertically
Both resorcinol and Np(OH)might be formed in the atmo- aligned, sand blasted glass tube o0f=21.2 cm inner diameter
spheric oxidation of benzene and naphthaleties latter being ~ (Figure 1). Using a peristaltic pump, the reagent solution was
the most abundant polycyclic aromatic hydrocarbon (PAH) injected at the top of the WWFT and evenly distributed over
found in urban aif. Moreover, resorcinol has been identified the inside walls using an annular reservoir dispenser system,
in emissions from wood burnifg® and Np(OH) in smog made from Teflon, which leads to a homogeneous film flowing
chamber experiments addressing naphthalene oxidtién. downward on the inner walls of the flowtube. At the bottom of
The reactions of all the above-mentioned substances with NO the tube, the reagent solution is pumped out for ion chromato-
result in nitrite ions, the conjugated base of nitrous acid graphic analysis (Dionex AS11 column, gradient pump GP40,
(HONO). In the atmosphere, HONO seems to be an important Detector CD20) with respect to nitrate and nitrite.
early morning precursor of OH radicals in the troposphere due  The residence time of the solution in the flow tube was
to its photolysis by sunligh Field studies indicate that HONO  between 30 and 50 s, depending on the liquid flow (see Table
is mainly formed heterogeneously from BN®n ground or 1). The maximum liquid surface area established in these
airborne surfaces such as aerosol particles and cloud dropletséxperiments was 188 ¢mNitrogen dioxide in synthetic air,
from a certified cylinder (10 ppm, Carbagas), was diluted with
| *_t(:torr%szgoznc\i/irlmlg authgr._MalrIkusd Amhmann;LOFLA6 %0% Pgugl) Scherrer the carrier gas (see Table 1) using mass flow controllers. Before
e 50 4‘{3'3?Ev_m?‘;‘i’l'ztzemr;rllu-s.';m%]g;néts‘r’i.Ch.1 4049. Fax: jnjection into the WWFT, the reactant gas passed a denuder
t Paul Scherrer Institute. coated with sodium carbonate in order to remove trace species
* Laboratoire d’Application de la Chimi¢ EEnvironnement (LACE). such as HONO and HNg£and was also prehumidified to about
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i . three different resorcinol concentrations at 80 ppb,NIhe value of
Figure 1. Experimental setup of the wetted wall flow tube (WWFT), corresponds to the NGignal at 15 cm exposed length. The uptake

see text for details. coefficienty can be calculated from the decay of the N@ynal using

. the CKD tion.
TABLE 1: Experimental Wetted Wall Flow Tube © equation
Parameters of the NQ analyzer. This decrease in the N®ignal was

resorcinol 2,7-dihydroxynaphthalene  attributed to the partitioning of nitrite into the gas phase as

gas flow/dilution ~ 350/350 300/300 HONO which was then trapped by the carbonate denuder,
after WWFT (sccm) lowering the NQ signal compared to the case where both gases
liquid flow (mL/min) 0.5 0.3 reached the NQanalyzer. Moreover, for resorcinol at pH 2.6,
residence time (s) 365 S0£5 about one-third of the total NQost appeared as NO, possibly
carrier gas nitrogen synthetlc alr d t ndar r involving HONO. which were not
buffer, above or phosphate or b5O, KOH or H,SOy ue 1o secondary processes Involving HONO, ch were no
below pH 6 systematically investigated further. No significant change in the

NOy signal due to HONO was observed for 2,7-dihydroxynaph-

60% relative humidity (at ambient temperature). After interaction thalene (Np(OH) down to a pH of 3. In the present study, the
with the liquid film, the reacted gas at 100% relative humidity UPtake coefficients were derived using the “real” Nfoncen-
was extracted using a moveable outlet (made from Teflon). tration, i.e., when the carbonate denuder was in place and any
Before analyzing the gas with respect to NGy means of a  HONO interferences removed. _
NO, chemiluminescence analyzer (Monitorlabs, ML9841), the ~ Aqueous solutions (milliQ water) of resorcinol or 2,7-
extracted gas was diluted by adding the same amount of carrierdihydroxynaphthalene were prepared using reagent grade chemi-
gas (doubling the total flow) so that the resulting gas stream €als in the concentration range of ¥do 1 M and 5x 10~5to
had a relative humidity of 50%. This dilution procedure was 10~°M, respectively. Using a pH-meter (Schott CG 817, Orion
chosen in order to minimize the quenching effect by water in Electrode 8103), the various pH values of the Np(&X¢jutions
the chemiluminescence detector, which is known to occur at Were adjusted between pH 6 and 11 with KOH. Since the
very high relative humidity and which may lead to up to 20% resorcinol solutions were observed to degrade w_nh time when
lower NO, values. Moreover, a T-connector open to the €xposed to laboratory air, they were prepared in a glovebag
atmosphere was placed in front of the Néhalyzer so that the under N in order to a\{0|d any oxidation of resorcmol prior to
entire flow system was slightly above atmospheric pressure. the experiment. The size of the glovebag did not allow the use
The decay of N@ was followed by extracting the reacted of the pH-meter so that the pH valugs beﬂtween 6 and_ll were
gas at five different tube positions corresponding to 15, 20, 25, Set using phosphate buffers according tosten and Thiet!
30, and 35 cm gas/liquid interaction lengths, leading to contact The low pH-solutions for both reactants (below pH 6) were
times between 14 and 70 s. The first 15 cm were not used for Prepared using sulfuric acid.
the analysis because the laminar flow profile may not be fully
established within the first few cm of tube length and because
this length is required for the relative humidity to reach 100%.  The determination of uptake coefficientsvas based on the
After that “injection zone”, the gas flows are well established relative NQ concentration decays as a function of extractor
and the vapor pressure is in equilibrium with the liquid film, position, respectively, reaction time (Figure 2). The concentra-
allowing kinetic measurements to be made under reproducibletion, n, of a trace species undergoing a first order wall reaction
conditions. in a cylindrical flow reactor, when limited by gas-phase
In reference experiments, the WWFT was bypassed so thatdiffusion, can be described by a solution of the differential
the NG inlet concentration could be measured. In other control equations for transport and diffusion as given by Cooney €t al.
experiments, a carbonate denuder was set up between thgfurther called CKD equation):
WWFT and the N@ analyzer. In that case, any change in
nitrogen oxide concentrations would be related to gaseous n/n, = B, exp(— Alzz*) + B, exp(— Azzz*) +.. ()
HONO formation in the WWFT. As anticipated from the acidic
constant of HONO, K°N° = 3.5, no HONO was detected in ~ whereny is the initial NG, concentration ang* a dimensionless
the gas phase for the experiments at pH 6 or above, because alteaction length. The eigenvaluAs are available from Murphy
nitrite ions remain in the liquid film. However, in experiments and Fahey? they depend on the uptake coefficienand gas-
with a liquid film at pH below 6, the N@signal decreased by  phase diffusion coefficientgas The gas-phase diffusion
about 5 and 10% in the case of resorcinol at pH 4.6 and 2.6, coefficientDgasfor NO. in air under standard conditions, derived
respectively, when the carbonate denuder was positioned in frontusing the Lennard-Jones potentials, were taken from MasSman
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speed (37 000 cm™3 for NO, at 298 K) andSV = 2fr =
3.3Xm ~ lis the surface-to-volume ratio of the flow tube. In
this case, the pseudo first-order rate conskairt the aqueous

w05 i:gx e A/: /' phase is obtained from eq 2:
e
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Figure 3. The uptake coefficieng as a function of pH and for three
different resorcinol concentrations. The presented uptake coefficients  |f, however, the liquid-phase reactions are becoming fast
correspond to the average of three values obtained in the range of 8oen0ugh compared to the diffusion of N@® the solution, then
t0 100 ppb N@ the reaction will not take place across the entire liquid film but
rather in a surface layer, meaning that the uptake becomes
diffusion limited; accordingly, a concentration gradient builds
o . . . up from the film’'s surface to the inner tube walls. In such a
by fitting _the CKD equation to the experimental data, with situation, bulk kinetics equations cannot be applied and one has
as an adjustable parameter. to consider the solution of the mixed diffusion-reaction equa-
Figure 3 shows the uptake coefficieptsf NO, on resorcinol  tions. The approximate distance within the liquid over which
containing solutions ?S a flénction of pH. The ck())rresponding the reaction is taking place can be expressed by the so-called
2nd 90 pbb, where X0, 5 negiigible, and accorcingly no o fiuso-reactve length = /DyyK 24 whereDiq is the liquic-

P . 99 gYNONY —  phase diffusion coefficient equal to 1.8510°° cn? s for
gas-phase concentration dependence was observed within thi 0,25 This length can be compared to the thickndssf the
small range of concentration. At 1600 ppb biCbncentration rea(Z:.tion medium, i.e., of the reactant film in the WWFT, which
the uptake coefficieny was about two tim_es smaller than at based on geom’et.riéyal considerations, is givendoy: i:"q/ '
80 ppb, eventually dug to surface saturation. Reported experi- o whereFiq is the flow of the reactant solution through
ments were systematically performed on!y in the lower con- the denuderzgenis the residence time of the film in the denuder
centration range (from 50 to 90 ppb), and since no concentration , 1o — 186 cn? the denuder surface. For an average residence
dependence was observed in this range, the valueg faere time of 40 s, this thickness becomes 2103 cm, leading to
averaged when all other parameters remained constant. Thean upper Iin’1it ofkl = KIX = Dyg/I2 < Dyo/c? = l.,85x 105/
values of the uptake coefficients are contained in Fhe range from(zl2 x 1032 = 3.8 51, above 3vhich thqe reaction is diffusion
4> 107" to 2 x 107 for the whole set of experiments. The limited. Accordingly, if the reaction is fast correspondingkto
uptake coefficient for the blank experiment using the buffer . 3 g<1 e liquid-phase diffusion has to be taken into account
solution without reagent was a few times-I@orresponding when plc;ttingy as a function ok' and eq 2 takes the form
to the detection limit. As expected, the uptake of ]\ the

solutions containing resorcinol and Np(QHhcreased as a I
— HNOZRT I(IDNOZ
4 4

and calculated fof = 295 K, assuming an ideal gas (for which
Dgs depends orT?). The uptake coefficients were evaluated

function of pH as well as reactant concentration, since more
deprotonated species are available at higher pH.

The uptake of a gas species into a liquid is characterized by
the four consecutive processes of (a) mass transfer to the quuidWhereR anaT are the gals constant and the temperature,
surface (characterized by the gas diffusion coefficizgp), (b) respectively:* Resolved fork, this yields
mass accommodation (characterized by the mass accommoda- £
tion coefficienta), (c) diffusion in the liquid phase (character- Y4
ized by the diffusion coefficienbyq), and (d) the liquid-phase K=K'X= (5)
reaction. Gas-phase diffusion is accounted for by the CKD HnooRT] Doz
equation. We assume that> y under all conditions considered
here, and that the surface concentration of;f& the 15 cm
position of the extraction tube is in equilibrium with the gas- 4H. R
phase concentration. For slow liquid-phase reactions, the liquid- y = (M) 4/k”XDNO2 (6)
phase diffusion can be neglected. In this case, the loss rate of ¢
NO; from the gas phase is given by

(4)

2

To check whether the present reaction takes place only in the
top surface layer of the film or homogeneously over the whole
S bulk of the film, y was fitted in two ways according to the two
vV [NOZ" = k'XINOF"IHyo, = K'XINOS] extreme possibilities described above, i.e., as a function of the
(2) concentration (linear dependence of eq 3) or as a function of
the square root of the concentration (as given by eq 6). This
where [NG*] and [NG| are the NQ concentrations in the  fitting procedure was performed over a reagent concentration
gas and liquid phase, respectively,is the excess reactant range covering 4 orders of magnitude at pH 6 (see Figure 4).
concentration (in our case the hydroxy substituted aromatics), To perform such a fit over 4 orders of magnitude of reactant
k' the second-order rate constant in the liquid phébe,; is concentration, a loglog plot had to be chosen in which both
the Henry’s law constant for NQOC the mean thermal molecular  the linear and the square root dependence appear as straight

d[NO,%*
a7

Nl
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107 _ KaKaz _
g 0= 7 ¥ -
[H ] + Ka][H ] + KalKaZ
10°3 1
- — (12)
L =A*Sqrt(X) 1 + 10fPKaz=PH) 4 1 ofPKartPKaz—2pH)
1074
- The second deprotonation is treated likewise so that the pH
. dependence df can be written as
1074
=B K=K'X=[(1—0,— 6k + 0k + 6k]X (13)
10° ey : : : :
10t 10 10° 10" 1 where k;, ko, and ks correspond to reactions 8, 9, and 10,
nominal reagent concentration X (M) respectively;#:X and ,X are the actual concentrations of

Figure 4. Assessment of liquid-phase diffusion limitation: the uptake ArOHO~ and ArO O~, whereX is the nominal concentration
coefficienty is plotted as a function of resorcinol concentration at pH of Ar(OH),. Combining eq 5 and eq 13 yields a relationship
6, and fitted according to eq 3 (not diffusion limited, dotted line) and petween the experimentally determined valuekbfand the

eq 6 (diffusion limited, solid line). Note that due to the tolgg scale unknown rate constants, k, andks as a function of pH and
the slope of both fitting lines is fixed and differs by a factor of 2. nominal reactant Concen'trazti()h Tl;sis relationship is gFi)ven by

lines. The slopes of both lines are fixed, and only their offset _

can be varied by means of the paramefeadB, respectively: V% 1
K' = =[(1 — 0, — 0k, + O:k, + 6.k

log(Av'X) = log(A) + (1/2)log(X) and HnooRT] DyoX 14)

log(BX) = log(B) + log(X)

and allows fitting the experimental data using the three rate
As can be seen from the above algebraic relations, their slopesconstants,, k, andks as parameters. This expression, derived
differ by a factor of 2. Figure 4 Clearly evidences that the S|Ope under the assumption of an uptake rate affected by aqueous
of the square root dependence, corresponding to the diffusion-gjffusion, allows fitting the experimental uptake coefficients
limited regime, is in good agreement with the experimental data using the three rate constakisk,, andks as parameters. Figures
over the whole range of reagent concentration X. We thus 54 and 5b show the experimental as well as the fitted values
conclude that the kinetics of the present experiments need to(least-squares fit) o' as a function of pH for resorcinol and

2

be corrected for liquid-phase diffusion. Np(OH), respectively. Thanks to the normalization with respect
. . to the nominal reactant concentratidh(see denominator on
Discussion left side of eq 14), the values &' essentially coincide for a
In addition to the disproportionation reaction, i.e., given pH, which was not the case when plottjngs a function
of pH (Figure 3). For both substancés,andks are practically
2NO, + H,0 — HONO + HNO, ) determined byy at extreme pH values around pH 3 and 11,

respectively, so that the entire intermediate range,afthere
most data points are available (the number of paipts given

the next three reactions have to be considered: . . . .
in Table 2), is used to determine. Moreover, using the

. previously reported value ofs = 3.8 x 108 M1 s1 for
NO, + Ar(OH), — products (8) resorcinotl at pH 12 as input into the kinetic model yields a
- - very good fit fork!' above pH 9. Table 2 summarizes the results
NO, + ArOHO — NO, + ArOHO’ 9) obtained by a least-squares fitting procedure in which the values
of k, at a given pH were weighted I#}. In fact, since the values
NO,+ ArO" O~ — NO,” + ArO'0” (10) of K cover a range of 5 orders of magnitude, they had to be

divided by a weighing factor before determining the least-
squares fit. The use @k as a weighing factor yields reasonable
results, i.e., a homogeneous distribution of the relative errors
over the whole range df'.

In the case of resorcinol, the twépvalues are quite similar;
therefore, the second-order rate constidhin the transition
regime of pH 9 to 11 is smooth. In the case of Np(@H)
however, a clear step function fklt is apparent, indicating that
%he two values of K. are further apart than in the case of
resorcinol. The only literature value oKg; for Np(OH), was
N assessed using UWis spectroscopy more than forty years ago
_ Kag[H'] _ and amounts to 9.3%:2° Moreover, only a value for i, but
- [H+]2 +K ]IH+] + KK - not for pK,2 is given in these studies, which might be due to

a altaz the interference experienced when the two ionizing groups lie
1 (11) within 3 pK, units of one anothé® Applying the same technique
1+ 10PKaPH) 4 g ofPH-PKa) to determine the values ofkp in our lab did not yield a
conclusive result. Using the above value of 9.37 did not allow
and reproducing the step function fd¢', therefore two different

where Ar(OH} is the undissociated form of resorcinol and Np-
(OH),, respectively, ArOHO is the singly deprotonated form,
and ArO O™ is the doubly deprotonated form. Similarly,
ArOHO* and ArOO~ are the corresponding radicals on the
product side. Knowing the values oKp and Ka. for both
acids, the relative amourt; and 6, of the singly and doubly
dissociated species at a certain pH can be calculated using th
Hendersor-Hasselbalch formul&

1
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Figure 5. Overall second-order rate constattas a function of pH according to eq 14 for resorcinol (a) and Np¢@b)) The experimental data
points are obtained from the uptake coefficients corrected for liquid-phase diffusion (left side of eq 14). The fit is calculated using theanstie const
ki to ks as fit parameters according to the right side of eq 14. The horizontal dotted line correspkthdsbimve which the overall reaction becomes
diffusion-limited in the case of thiewestnominal reactant concentration corresponding to*M and 5 x 10°5 M for resorcinol and Np(OH)
respectively.

TABLE 2: Second Order Rate Constants Obtained by a Least-Square Fitting Procedure

ke ka ks
pKaz pKaz M-1s) M-1s) np (M~ts)
resorcinol 9.3¥% 11.1% 205+ 24 (1.3£0.2) x 107 14 3.8x 1081
Np(OHY); 9.37%8 undefa 1.8+ 1.1)x 10° (4.4+0.7)x 10° 13 undeft
scenario |
Np(OH); 7.5 11 (1.8+ 1.1) x 10° 8.4+ 2.7)10° 13 6.3x 10°
scenario Il

2In scenario |, Ka2z andks are redundant, since the experimentally observed two step deprotonation cannot be fitted appropriately.

fitting procedures were tested, referred to as scenario I and Il 3 400

in Table 2. In the first one, the literature value dff was % 350 .
taken as input and Ky, was adjusted; and in the second 8 300 o
procedure, both values oKgwere adjusted. To get a reasonable cZS‘ 250 ¢

fit for scenario |k, has to be chosen so large that reaction 10 ¢ |

involving the doubly deprotonated species becomes redundant, < Y.

i.e., Kaz andks are not needed to get a good fit (they do not g 1504

improve the fit). Applying the second procedure, a good fit was § 100 Dm%’

obtained by setting ., = 7.5 and Ko, = 11. It has to be S s &

noted that the depth of the step occurring around pH 8 is mainly ¥ o ‘ '
given by the difference of K, and @Ka2 rather than their 0 100 200 300 400
absolute values. Comparing the results of both procedures measured nitrite (ppb)

reveals thale ob.talneq in the first procedure, in Wh!Cngg Figure 6. Product analysis: correlation between measured nitrite and
andks are undefined, is of the same order of magnitud® (10 he expected amount of nitrite if all the N@st from the gas-phase

M~1s71) asks obtained in the second procedure, which better reacted to nitrite in the liquid-phase according to eqgs 7 to 10. Diamonds
captures the bivalent acid nature of Np(QH) and open squares correspond to resorcinol and Np{@éBpectively.
The reactivity of both substances, resorcinol and Np(QH)
seems to be similar sinde and ks in the case of Np(O . e .
(second procedure) are (cj)%ly a lefctor of 2 larger thael(thlz)onesso that the reactions were dlﬁUSlon-Ilmlted despite the low
for resorcinol. Moreover, the value of, for the singly values ofk'!. For product analysis, the effluent from the WWFT
deprotonated Np(OH)is in excellent agreement with the rate Was sampled and analyzed, after storing in a freezer for a few
constantk, = 8.6 x 10° M1 s71 of a functionally similar days, for its nitrite content by ion chromatography. For both
species, the phenoxide idrRegardingk;, however, the value resorcinol and Np(OH) this analysis showed almost a one-to-
of k; for Np(OHY), is a factor of 9 larger than for resorcinol, one correspondence of the measured nitrite and the expected
which may also be attributed to the larger error at low pH where nitrite due to NQ loss from the gas phase. The slight deficiency
the detection limit is reached. of measured nitrite can be explained by the relatively large and
The hypothesis of diffusion limitation can now be verified yariaple nitrate background: it is known that nitrite may be
numerically by applying the conditiokl = k'X > 3.8 s (see iqized to nitrate in the freezing process of a solufi®Since

Results sect|on) to the data in Figure 5. The hon_zontal dotted the amount of products formed was very low compared to the
line shows the limit above which the overall reaction becomes o o .
reactant concentration in the liquid phase, further reactions of

diffusion-limited in case of thdowestinvestigated nominal . i | .
reactant concentratioX. In the case of 10 M nominal NO. with ArOHO* and ArOO" were not considered. For

resorcinol concentration, only one point lies below this limit, NP(OH), however, an increased uptake of N@as observed
and in the case of % 10" M Np(OH),, none. Close to the ~ When N> was used as carrier gas instead of synthetic air. This
detection limit, i.e., below pH 7, the uptake coefficients were might indicate that, in the second case, some of the AOHO
obtained using large enough nominal reactant concentrationsand ArO O~ ions may have reacted with,Gnstead of NG.
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Conclusions (4) Forni, L. G.; Mora-Arellano, V. O.; Packer, J. E.; Willson, R.J..
) ) o Chem. Soc., Perkin Trans.1086 1.
Using the wetted wall flow tube technique, the liquid-phase (5) Miao, J. L.; Wang, W. F.; Pan, J. X,; Lu, C. Y.; Li, R. Q.; Yao, S.
kinetics of two weak bivalent acids, resorcinol and Np(@H)  D. Radiat. Phys. Chen2001, 60, 163. ' '
with NO, were investigated over the pH range 3 to 11 and for Rad(igélzé‘:s”ig%é ;go,lg.: Lin, W.; Wang, W. F.; Jin, Y.; Lin, Neree
nominal reactant concentrations varying over four (resorcinol) (7) Olariu, R. I.; Bames, I.: Becker, K. H.; Klotz, Bat. J. Chem.
and two (Np(OHj)) orders of magnitude. These substancgs SEIVe Kinet. 200Q 32, 696.
as model compounds for the understanding of,M&uction (8) Arey, J.; Atkinson, R.; Zielinska, B.; McElroy, P. &nwiron. Sci.
to nitrite, the liquid phase precursor of atmospheric nitrous acid. Technol.1989 23, 321. _ _ _ _
The results were interpreted using a simple model taking into 200(192)5':'2865'3' M.; Cass, G. R.; Simonetit, B. R.Hhwiron. Sci. Technol.
account thg stepwise deprotonatlon of these two weak bivalent (10) Rogge, W. F.. Hildemann, L. M.: Mazurek, M. A.; Cass, G. R.:
organic acids. From the six determined rate constants, only onesimoneit, B. R. T.Environ. Sci. Technol1998 32, 13.
can be compared to a literature value with which it is in good  (11) Lane, D. A;; Fielder, S. S.; Townsend, S.Palycyclic Aromat.
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