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Rate coefficients for the gas-phase thermal decomposition oNI@(peroxynitric acid, PNA) are reported
at temperatures between 331 and 350 K at total pressures of 25 and 50 TorrRethl coefficients were
determined by measuring the steady-state OH concentration in a mixture of known concentrationl©op HO
and NO. The measured thermal decomposition rate coeffidief(t§ P) are used in combination with previously
published rate coefficient data for the K@D, formation reaction to yield a standard enthalpy for reaction
1 of AiH®05k = —24.0+ 0.5 kcal mot™ (uncertainties are®values and include estimated systematic errors).
A HO,NO; standard heat of formatiom\H® 95 «(HO2NO,), of —12.6 4 1.0 kcal mot? was calculated from
this value. Some of the previously reported data on the thermal decompositionNf)dB@ave been reanalyzed
and shown to be in good agreement with our reported value.

1. Introduction studies. They measured the rate of disappearance eNB®
in the presence of excess NO using Fourier transform infrared
absorption in large-volume reaction chambers between 261 and
295 K and at pressures of-Z60 Torr, N or O,. The measured

Peroxynitric acid (HGNO,, PNA) plays an important role
in atmospheric chemistry as a gas-phase reservoir fQr(RNO
and NQ) and HQ (=OH and HQ) in both the stratosphere e . i
and troposphere.HO,NO, is not directly emitted into the loss rate coefficient, attributed to thermal decomposition,

atmosphere but is formed via the association reaction of HO depended on both the total pressure and temperature.
with NO, The thermochemical parameters for HND, have been

determined through a second-law (van't Hoff) analysis of the
HO, + NO,+ M <~ HONO, +M (1, 1) calculated equilibrium constant for reaction 1 obtained using
independently measured forward and reverse rate coefficients
and the reported thermochemical data ford#@d NQ. Sander
And Petersdi used their measurements kf(T,P) and the

thereby providing a link between the H@nd NQ, families of
reactive species. The dominant atmospheric loss processes fo
HONO, co.n.S|st of thermaldecomp05|t!6rﬁ photodlssouanon thermal decomposition results from Graham et al. to derive
(UV and visible/near-IR¥, 8 and reaction with the OH radi- AH° — —23.0 kcal mot? and A.S — 37.9 cal K1
cal®1The contribution of each of these processes to the total mroljgfe};ding toAfH° (HONO) =r_igzsg 19 OIkcaI mofL
loss rate of HGNO, depends greatly on the location and time. ' 298 K > y )
The lifetime of HQNO, at middle .Iat'itudes in the upper  _ heat of formation). Subsequently, Zabelombined his
troposphere and Iower stratosphere is in the range o20h. thermal decomposition rate coefficients da€l,P) from Kurylo
However, at the higher temperatures found in the lower and Ouellett to deriveAH®,e5x = —23.8-+ 0.7 kcal mott
. r - . .

troposphere and.even the middle to upper strqt.ospherg\lﬁp and AS03 = 40.7 + 2.6 cal KL molL In this paper, we
!?ﬁs c?n be dom|nstedtbyéherm?ltgecor:npqs;non grezgtﬂ?)n will use the third-law method to analyze our data because in

erefore, our understanding of the chemistry of2NO; in the van't Hoff method there is a strong correlation between

the atmosphere f_rom the Earth’s surface up to _the lower ArH 2058 k aNdA;S 295 k (See€ the Results and Discussion section).

stratosphe_rg requires an accurate accounting of its thermalMore recently, Regimbal and Mozurkewiéhmeasured the

decomposition k;net'cs' . thermal decomposition of HNO; in an aqueous solution with
Graham et at:* and, more _recgntly, Zab’eha_ve examined a CuSQ catalyst using a spectro-iodometric method. They quote

the thermal decomposition kinetics of H@0, via laboratory a value for the gas-phase standard heat of formation G\

of —12.94 0.6 kcal mot™. Their value forA¢H98 (HO-NOy)

(AH° = enthalpy of reactionA;S* = entropy of reactionsH°
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K and 25 and 50 Torr of p The use of a different measurement TABLE 1. Reaction Mechanism Used in Numerical
method provided a means to minimize potential systematic Simulations®

errors. The measured thermal decomposition rate coefficients reaction k(T)® (cm® molecule s7%)
were used in combination with literature values Iq{T,P) Thermal Decomposition

(measured over the same temperature and pressure ranges) anflo,NO, + M — HO,+ NO, + M this worke

AS’298 k for reaction 1 (calculated using statistical thermody-

Hydroxyl Radical Reactions

namics) to determinéH°,9g xk and A{H® 295 (HO2NO,). Some OH — loss 2504
of the previously reported data are reanalyzed and shown to be OH + PNA— H,0 + O, + NO, 8.8 x 107 T2 exp(11307)°
consistent with our values. OH + PNA— HO, + HNOs
OH + PNA — H;0; + NO3
; ; OH + H0, — HO, + H,0 2.9x 10 2exp(—110/)e
2. Experimental Details OH + NOL+ M —HNGa -+ M Tav 1012
The experimental approach that we used to determine the OH+ HNOz;— H,O + NO3 1.0x 10"
thermal decomposition rate coefficient of KNXID, differs OH+NO+ M —~HONO+ M 6.2 1078
significantly from the methods used in previous studies. In our OH +HONO—H0 + NG, _ 1'5_3X 107 exp(=390M)
approach, NO was added to K0, (in equilibrium with HO, HOL 4 NGL 4 M Hg?\?gaﬂﬁ\' Rea](.:téllonsl(TB
initiati i - i . 2 2 - 2INU2 A X
and NQ), initiating the following gas-phase reactions: HO, + NO — OH + NO, 3.5 % 1012 exp(2507)
HO + NO_’OH+ NO (2) H02+ H02+M_’H202+OQ+M 1.3X 1012
2 2 NOs; Radical Reactions
H+ X — pr NOz + NO— 2 NO, 1.5x 10" exp(~170IT)
o products ®) NO;3; + NO; + M— N2Os + M 45x 10718
In reaction 3, X represents all of the species in the gas mixture NOs + HO, —~ OH + NO, + O, 35x 107
(HO2NO,, NO, NGO, and HO,) that react with OH. The OH aUnless noted, the rate coefficients are taken from Sanderét al.
radical concentration was described by the rate equation b Pressure-dependent rate coefficients are for 50 Torr.aitN840 K.
¢Units: s 9 Typical first-order loss rate coefficient measured in this
d[OH]/dt = production rate- loss rate ()  work.©Jimenez et al?
4

In excess NO, where HQOs immediately converted to OH,

d[OH]/dt = k_;[HO,NO,] — k;'[OH] (1 "-‘g 3
whereks' = kg[X]. The reaction system rapidly reaches steady- g
state in OH, d[OH]/d= 0, and eq Il yields the HINO, thermal ”g 24 OH
decomposition rate coefficieRt 1(T,P) in terms ofks', [OH]ss = b
and [HOQNO,], which are each experimentally measurable S
guantities. g1 "
8 :Il HOZ
k_1(T,P) = (k;'[OH])/[HO,NO,] (tn Tl Nemeeeooos
0 T T T
A key requirement for the applicability of this approach is 2 40 o 2
that OH must be in steady-state. This condition was evaluated Time (10°s)

using numerical simulations of the rate equations and was Figure 1. Numerical simulation of the temporal profile of OH (solid
verified experimentally, as will be shown in the Results and line) and HQ (dashed line) in the presence of NO and MO, using
Discussion section. A numerical simulation of the OH temporal the reaction mechanism outlined in Table 1 witk= 340 K, k-1(T,P)

T . =1.1s% [NO] = 2.1 x 10'® molecules cm?®, and [HQNO;] = 5.4
profile in the presence of NO and HRO,, using the rate x 10" molecules cm?. The calculation demonstrates that OH and;HO

coefficients given in Table 1 and concentrations representative rapidly reach steady-state concentrations and rapidly return to the same
of our experimental conditions, is shown in Figure 1. For this prephotolysis values following a pulsed photolysis perturbation.
calculation, only HONO,, NO,, and NO were present initially.
The calculation shows that, in less than 0.5 ms,;NO, was apparatus used for the determinatiorkof(T,P) was nearly the
close to its equilibrium value (reaction 4,1) and that, within same as that used in our recent study of the kinetics of the OH
2 ms, the OH radical reached a steady-state concentration. At+ HO,NO, reaction'® A schematic of the experimental ap-
t = 0, the OH and H@ concentrations were instantaneously paratus is shown in Figure 2. The key features of the apparatus
perturbed. Experimentally, the perturbation resulted from the included (1) a source of gas-phase #D,, (2) a Fourier
248 nm pulsed laser photolysis of H{0,, H,O,, and HNGQ transform infrared spectrometer used for the determination of
in the gas mixture. The OH concentration initially increased the HQNO,, H,O,, NO,, and HNQ concentrations prior to
following the conversion of H@to OH (reaction 2) and decayed entering the reaction cell, (3) a temperature-regulated reaction
by reaction 3. Within several milliseconds, dependent on the cell where OH was measured via LIF, (4) a diode array
value of kg', the [OH] returned to its initial steady-state spectrometer used for UV absorption measurements and quan-
concentration, [OH}, Through these simple model calculations, tification of the HQNO, concentration after the reaction cell
we have demonstrated that a steady-state OH concentrationin some experiments the optical path was through the reaction
should be established rapidly everywhere in the reactor with a cell, as described below), and (5) a 248 nm excimer laser used
value representative of the temperature ¢NO, thermal for the photolysis of the HEINO, gas mixture and perturbation
decomposition rate coefficient) of that location in the reactor. of the steady-state OH radical concentration.

The following sections describe the experimental details of  The pulsed LIF apparatus has been extensively used in our
the LIF apparatus and the techniques used in the determinationlaboratory® and is only briefly described here. OH radicals were
of temperatureks', [OH]ss and [HGQNO,]. The experimental detected by pulsed LIF by excitation at282 nm from the
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Figure 2. Schematic of the experimental apparatus used in the

determination ok-4(T,P). measured approximately 10 times and the average value was
used to calculate [OH] The values of [OH}were in the range

frequency-doubled output of a Nd:YAG-pumped dye laser (0.1-4.0) x 10! molecules cm? during the course of our

(probe laser). The OH fluorescence signal was detected with agxperiments.

photomultiplier tube (PMT) that was oriented perpendicularto  2.1.1. Photolysis Laser Power Meter Calibratiothe pho-

the probe beam. A band-pass filter (peak transmission at 309¢olysis laser fluence was measured using a power meter at the

nm; fwhm band-pass of 20 nm) that was mounted in front of exit of the LIF reactor, as shown in Figure 2. The power meter

the PMT was used to isolate the OH fluorescence. The PMT yas calibrated using two independent actinometry methods using

signal was fed into a gated charge integrator and then to aNO, and Q as reference compounds, as described separately

personal computer for data acquisition and analysis. The reactorpe|ow.

consisted of a jacketed Pyrex reactor approximately 15 cmin 2111, NQ Actinometry. Laser fluence (power meter)

length (along the axis of the gas flow) with an internal volume calibration using pulsed photolysis of N@s a reference gas

of ~150 cn?. The detection limit for OH in this system, defined  has been used in our laboratory previously and is described in

asSN = 1, whereSis the signal andN is equal to twice the  qetail by Gierczak et df Using a small volume absorption cell,

standard deviation of the mean of the background signal, was 3 mixture of NQ in a N, buffer gas (ca. 90 Torr) was photolyzed

ca. 2x 10° molecules cm? in 100 Torr of N for 100 laser  py the excimer laser while monitoring the laser fluence with a

shots. power meter. The laser fluencExs nn) is determined from the
The reactor was maintained at a constant temperature byslope of the loss of N& monitored by UV absorption using a

circulating a fluid from a heating bath through its jacket. The diode array spectrometer, as a function of the number of laser
temperature profile along the axis of the gas flow within the pyises ):

reactor was measured using a retractable calibrated thermo-
couple. The temperature of the gas mixture within the volume IN([NO,]/INO,],) = (0248 irPiosF 248 nmdN V)
where the probe and excimer laser beams crossed each other
(i.e., the location where [OJwas measured) was measured whereoz4snmis the NGQ absorption cross section at 248 nm
before and after each experiment using a retractable thermo-and®,ssis the quantum yield for N@loss. In our experiments,
couple, as shown in Figure 2. The thermocouple was fully [NO;] was ca. 1x 10*® molecules cm? and the laser fluences
retracted when the OH signal was measured. At the highestwere in the range 1:312.7 mJ cm? pulse® (similar to those
temperature of this study, the difference in temperature betweenused in the thermal decomposition rate coefficient measure-
the reactor wall and the center was 4 K. The gas flowing through ments). The quantum yield for NCOphotolysis (Pno,) was
the reactor essentially reached the reactor temperature within aassumed to be unity:
couple of centimeters of entering it. The temperature of the
reaction volume was accurate to 0.2 K. NO, + v — O+ NO (4)

2.1. [OH]ss The steady-state OH signaf{.) was mea-
sured using pulsed LIF in a mixture of H®O,, NO, and carrier
gas. The determination of [OKJequires an absolute calibration

Under our conditions, the O atom generated in reaction 4 will
react with NQ:

of the LIF detection system. We used photolysis ook at .

248 nm to create a known concentration of OH and signal. This O+ NO,~NO+0, ®)

signal was used to convert the measugglf* to [OH]ss using resulting in®jyss = 2P0, The NG absorption cross section

the following formula: at 248 nm was measured in this work, relative to its infrared

peak cross section of 5.58 10717 cn? molecule! at 1600
%’,\_"A Ho cm~1, to be (2.14 0.3) x 10-2° cn? molecule'?; this value is
[OH]= S;_zoz%zozazfafm["'zoz] Ef (V) in reasonable agreement with the value reported by Schneider
H

et al.}” o243 nm= (1.8 & 0.2) x 1072 cn? molecule™™.

2.1.1.2. Q Actinometry. An extensive description of theg O
where §3* is the OH signal at = 0 from H,O, photolysis, actinometry at 248 nm is given elsewhé$eriefly, we used a
@0, is the quantum yield for OH from photolysis of;6, quartz cell that was positioned perpendicular to the photolysis
(Pr0, = 2), Ohig2mis the HO, absorption cross section at 248  beam and equipped with quartz windows (see Figure 3). The
nm (photolysis wavelength} is the photolysis laser fluence cell window facing the photolysis laser beam was covered with
(photons cm? pulse?) measured using a power meter, &nd  an aperture to precisely define the area of the photolysis beam
is the measured correction to account for the difference betweenthat traversed the cell &€ 3 cm). A beam of UV radiation from
laser fluence in the center of the reactor and that measureda high pressure mercury lamp traversed through the quartz
behind the reactor. In each experiment, ﬁf\ signal was windows of the celllf = 7 cm) at a right angle to the 3 cm
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wide photolysis beam. A monochromator isolated the 254 nm of the HQNO, concentration from the measured UV absorption
radiation, and it was detected by a PMT. The output of the PMT spectrum was somewhat dependent on the concentration ff NO
was monitored using an oscilloscope. A mixture af 8, and H,0,, and HNQ present in the sample (see Jimeez et all for
O; (total pressure= 200 Torr; 195 Torr of N and 5 Torr of details and examples). The®, and HNQ contributions were
0O,) was flowed through the cell. Nvas used to rapidly quench  calculated from their concentrations, which were measured using
O(D), produced by @photolysis, to OP). Subsequently, €R) infrared absorption. UV absorption cross sections reported in
reacted with @ ([O2] ~ (4—16) x 10 molecules cmq) to the literature for HGNO,,2? H,0,,'4 and HNG!* were used in
re-form ozone. The PMT signé) was measured prior to adding  the spectral analysis. N®eference spectra were recorded under
ozone, @was introduced, and the signal leveivas measured.  identical experimental conditions and using approximately the
Once the signal was stable, the mixture was photolyzed. same NQ concentrations as observed in the thermal decomposi-
Photolysis of @ increased the PMT signal from to I, in a tion experiments. The contributions ob®, and HNQ to the
quick step, reflecting the loss of ozone §]{) in the photolysis total absorption signal near 250 nm were small; in most cases,
beam. Then it relaxed to its previous valdg) @s a result of they were less than 15% of the KO, absorption signal. The
the re-formation of @ We calculatedr,4s nmusing the following NO; absorption depended on the temperature and, therefore,
equation; the amount of HGNO, decomposition in the reactor. At the
highest temperatures of our study, the concentration of NO
exceeded that of HDIO,. The HGQNO, concentration in the
reactor was calculated using the pressure and temperature in
The absorption cross section of ozone at 248 npag(= 1.07 this region and the HENO, concentration measured in the
x 10717 cm? molecule’?) was taken from Sander et ®IThe absorption cells.
calculated laser fluence was corrected for the attenuation by  While using the first optical arrangement, which was only
the two quartz surfaces of the windows. The two methods of used when the loss of O, in the reactor was smalk20%),
laser power meter calibration are in good agreement. In the final the average of the HDIO, concentration measured by IR
thermal decomposition rate coefficient data analysis, an average([HO,NO,]ir) and UV ([HONO;]uy) was taken to be the
of the fluence calculated using the two methods was used.  concentration in the reactor. The second arrangement was used
2.2. [HO.NO;] Measurement. The HO:NO, concentration  for the higher temperature measurements, where the loss of
was measured using two different optical methods; Fourier HO,NO, in the reactor was larger (up to 80%). The concentra-
transform infrared absorption was used before the reactor, andtion of HO,NO, in the reaction zone inside the reactor was

diode array absorption was used after the reactor. The\KIp calculated assuming that [HNO,] decreased exponentially
concentration at the center of the reactor, where the OH radicalthrough the reactor.

concentration was measured, was derived from these measure- 2.3.ks' Measurement.Laser photolysis was used to produce
ments. Two different configurations were used for the UV a pulse of OH. Measuring its temporal profile, as it returned to
absorption measurements. The first arrangement was identicalts prephotolysis steady-state concentration, yieldgd The
to that used in our previous study of the OH HO,NO; individual contributions to the OH decay rate coefficient need
reactiont? In this configuration, the UV absorption cell spanned not be identified to extract the thermal decomposition rate
the LIF reactor with equal optical path lengths on each side. coefficient; that is, the measured value laf is used in the
This configuration presented a problem at the higher temper- analysis. Values oks' ranged from 3 000 to 11 000 5 and
atures used in this study because of the significant losses ofwere determined using a nonlinear least-squares fit of a
HO2NO: in the reactor. In the second and preferred configu- biexponential expression to the OH temporal profile. Reaction
ration, as shown in Figure 2, the UV absorption cell was with NO contributed the most to the measured value ©f k
positioned after the LIF reactor. This configuration enabled a followed by NG, and then PNA.
direct measure of the loss of PNA in the reactor by comparing 2.4, Materials. He (99.9999%), N(>99.99%), and NGBF,
[HO2NO,] measured by UV absorption after the reactor with were used as supplied. Concentrated hydrogen peroxi@@)
that measured before the reactor via infrared absorption. was prepared by bubbling dry>Nhrough an initially 60 wt %

2.2.1. Infrared Absorption Measuremeritgrared absorption H,0, sample for several days prior to use. TheOkl purity
spectra were measured at room temperature using a Fouriefyvas determined by titration with a standard solution of KMnO
transform spectrometer. Spectra were recorded from 500 to 4000 PNA was synthesized by slowly dissolgir8 g of NOBF,
cmtat 1 cnt! resolution with 100 coadded scans. A 15 cm  in 8 mL of H,O, (>90%) while keeping the reaction mixture
long Pyrex absorption cell with germanium windows was used at 273 K023 HO,NO, was introduced into the gas flow by
for all measurements. The infrared band intensities used topassing a small flow of He over the HIO, solution while
quantify the HQNO, concentration were taken from Smith,  maintaining the reservoir at 273 K..8, was introduced into
Smith et alf and our previous HENO; study? Infrared band  the apparatus by bubbling a calibrategifléw through the HO,
intensities for N@, HNOs, and HO, were taken from the  sample. Gas flow rates were measured using calibrated mass
HITRAN databasé® The concentrations of HMO,, HNO;, flow transducers. Pressures were measured using 100 and 1000
and HO; in the LIF reactor, derived from the IR absorption Torr capacitance manometers. Experiments were performed at
measurements, were corrected for calibrated dilution factors andtotal pressures of 25 and 50 Torr using & the carrier gas.
pressure and temperature differences between the IR absorption . ]
cell and the reactor. 3. Results and Discussion

2.2.2. UV Absorption MeasurementdV absorption mea- In this section we present (1) our measured valuds (f,P),
surements used a 30 Woxmp light source and a 1024 element the HGNO, thermal decomposition rate coefficient; (2) the
diode array detectdt The spectrograph covered the wavelength determination of the thermodynamic quantitidsH,9s k,

Fosgnm= [IN(1/1 )1 1]/ 044 (V1)

range 200-450 nm with a resolution of~1.5 nm. The
absorption spectrum of a HRO, sample recorded by a diode

ArS 208 k, AtH 208 K(HOQNOQ), andS’,9g K(HOzNOz); (3) an error
analysis undertaken to assess the uncertainties in the thermo-

array spectrometer was the sum of the absorptions due todynamic data derived in this work; and (4) a comparison with

HO,NO,, NO,, H,O,, and HNQ. The accurate determination

the results from previous studies.
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TABLE 2: HO ,NO, Thermal Decomposition Rate Coefficient Measurement Conditions and Results

flow
T P velocity [PNA]atied ks' k-1(T,P)
(K) (TOFI’, N2) (Cm gl) [NOZ]IRa [NO] reactof [PNA] beforea’tl [PNA]aﬂer{;"C [PNA] before [PNA] reacto?’d [OH]ssa (371) (Sil)
331.3 53.0 64 2.2 21 6.4 6.9 1.08 6.6 3.0 5380 0.23
51.7 65 5.7 36 5.7 6%4 1.12 6.0 2.5 5920 0.24
51.1 65 4.9 30 8.0 9¢7 1.21 8.9 2.6 6760 0.20
52.4 67 3.7 29 3.1 33 1.06 3.2 1.5 4390 0.20
52.5 66 3.7 29 5.6 60 1.07 5.8 2.2 5215 0.20
0.21+0.02
331.7 25.0 99 3.9 22 9.1 7.5 0.82 8.3 4.2 5050 0.26
25.0 99 2.2 22 8.8 7.0 0.79 7.9 4.7 5250 0.32
25.0 99 1.9 22 8.2 6.5 0.80 7.3 5.2 4750 0.34
25.0 104 2.8 20 4.3 29 0.67 3.6 4.2 2980 0.35
25.1 104 1.5 20 6.5 4.6 0.71 54 6.3 3860 0.45
0.34+ 0.07
334.4 51.8 63 4.8 37 7.4 7.45 0.97 7.3 4.1 6620 0.37
50.2 66 3.8 34 7.3 7°8 1.07 7.6 4.1 6900 0.37
0.37
337.9 51.3 47 4.7 48 10.1 16.3 1.02 10.2 8.2 9050 0.73
341.6 25.1 104 3.8 21 7.6 55 0.73 6.5 11.0 4640 0.79
25.1 109 3.6 20 3.2 2.0 0.65 2.6 9.4 2890 1.06
25.2 108 3.0 20 4.8 3.0 0.63 3.8 14.3 3040 1.14
25.0 108 3.0 20 3.3 1.6 0.48 2.3 9.8 2860 1.22
25.2 106 1.9 20 5.8 3.6 0.62 4.5 14.2 3460 1.08
1.064+0.16
342.4 53.3 49 7.4 45 8.8 2.4 0.27 4.6 9.1 8540 1.69
53.0 51 8.5 45 3.5 0.9 0.35 1.8 6.3 5630 2.02
53.0 51 9.2 44 4.6 1.3 0.28 25 7.6 6185 1.91
53.2 49 6.7 47 8.1 2.3 0.28 4.3 11.3 7500 1.97
53.0 49 6.3 46 8.0 2.1 0.26 4.1 10.1 7195 1.78
1.87+£0.14
343.2 525 100 2.5 22 4.3 2.7 0.62 3.4 9.2 4365 1.17
52.6 100 2.4 21 3.1 1.4 0.45 2.1 7.4 3360 1.20
52.4 98 2.9 22 4.4 2.4 0.56 3.3 7.1 3780 0.82
52.4 97 1.5 23 4.2 2.6 0.63 3.4 10.9 3680 1.19
1.14+0.18
347.3 25.0 109 2.8 20 6.6 4.4 0.67 5.4 24.0 3680 1.63
25.1 110 2.0 20 4.5 2.8 0.63 3.6 18.8 3200 1.69
25.1 105 0.9 21 6.7 4.9 0.73 5.7 19.4 3430 1.17
25.1 110 1.4 20 4.3 2.7 0.61 34 21.3 2150 1.35
25.3 110 0.8 20 55 3.2 0.59 4.2 252 2550 1.53
1.47+0.21
349.9 52.5 52 5.3 43 9.6 2.1 0.22 4.5 19.5 8260 3.60
534 54 5.9 42 4.8 1.4 0.29 2.6 13.3 4910 2.47
53.0 53 5.7 43 5.8 1.3 0.22 2.7 14.9 6030 3.29
52.9 51 5.7 45 6.2 1.5 0.24 3.0 15.4 6730 3.43
53.1 49 4.7 47 8.3 1.9 0.23 4.0 18.5 6675 3.12
3.18+0.44

a[HO2NO], [NO4], and [NO] are in units of 1¥ molecules cm?; [OH] are in units of 18° molecules cmd. P [HO,NO,] was measured by
Fourier transform infrared absorption before entering the reatfBiO.NO,] was measured by UV diode array absorption after the reactor unless
noted.? [PNA]eactorwas calculated (1) as an average of [PNAInd [PNA]y for UV measurements made through the reactor or (2) assuming an
exponential decay of HDIO, through the reactor (see text for details) for UV measurements made after the refd@NO,] was measured by
diode array absorption through the reactekveragek_,(T,P) value.

3.1. Measurement ofk_1(T,P). The thermal decomposition  with standard deviations on the order of-116%. A complete
rate coefficientsk_1(T,P), measured in 25 and 50 Torr of,N  error analysis including estimated systematic errors is presented
between 331 and 350 K, are summarized in Table 2. A later.
representative OH temporal profile used in the determination The temperature range used in our study, 33B49.9 K,
of k_4(T,P) is shown in Figure 4. The OH profile shows the was established as a result of our ability to accurately determine
key characteristics that were outlined in the numerical simula- [OH]ssand [HONO]reactor [OH]ssdecreases significantly with
tions that were described in the Experimental Section and showndecreasing temperature. The low temperature limit was therefore
in Figure 1. [OH}s was measured prior to the photolysis established using the criteria that [Qklbe greater than k
experiment, and the values shown are only superimposed for10° molecules cm?® (SN ~ 5). The highest temperature was
comparison purposes. Following photolysis of theJNO, gas established by the extent of HRO, decomposition in the
mixture, the OH temporal profile is well represented by the reactor. The determination of [HNO;] in the center of the
biexponential fit shown in the figure, with the OH signal reactor required an accurate measure of JNO,] at the exit
returning to the prephotolysis steady-state value. This is of the reactor. Separate measurements made with the entire
consistent with OH indeed being in steady-state prior to the apparatus at room temperature demonstrated thalBglosses
photolysis pulse. Values dé-1(T,P) ranged from 0.20 " at outside of the heated reactor were insignificant. Therefore, the
331.3 K to 3.60 st at 349.9 K. The determination &f 1(T,P) concentration analysis did not require any corrections to account
at a given temperature and pressure showed good reproducibilityfor HO,NO, losses outside of the reactor. Only experiments
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10 (reaction 1) to obtain the equilibrium constafd = ki(T,P)/
Photolytic OH k—1(T,P). For the present calculations, we tokKT,P) values
calculated using the “fall-off” parameters recommended by
Sander et a¥¥ These parameters were based on the work of
Kurylo and Ouellett&24 at 25, 50, and 100 Torr of Nover
the temperature range 35828 K and Sander and Petersbn
IS, S : at higher pressures. These parameters reprodusg(The) data
4 of Kurylo and Ouellette within 5% at the pressures and
) temperatures used in the present work. More recently, Chris-
s Photolysis Pulse tensen et & reported ky(T,P) values measured over the
temperature range 22@98 K at 45-200 Torr of N.. The “fall-
off” parameters obtained in their work yieldég(T,P) values
0 T T T T in good agreement with earlier measurements carried out at the
o0 s 223 temperatures and pressures used in this study. It should be
Time (ms) pointed out, however, that the analysis presented below can
Figure 4. Experimentally measured OH radical temporal profile easily be updated when more accurate valudg(@P) in this
showing (1) the initial OH signal level (open squares and dashed line) temperature and pressure range become available. The choice

gﬁgvsvtijrzgdpﬂisoer;oléggrp;rlﬁgl)?ggtglfytsri eé‘ri";gmbl(g);{‘;%"'nig”a' and sensitivity of theky(T,P) parameters used in our analysis
RO, . . . K .
(open circles), and (3) a biexponential nonlinear least-squares fit to will be discussed further in the Eror Analysis section.

OH Signal (V)

OH,

the OH profile (solid line). This measurement was made at347.3 The third-law method was used to derive the standard
K with [HO,NO;] = 5.4 x 10" molecules cm?, [NO] = 2.0 x 10 enthalpy for reaction 1 based on our temperature-dependent
molecules cm?®, P = 25.0 Torr of N, and a 248 nm photolysis laser  thermal decomposition rate coefficients. A summary of the
fluence of 1.44 mJ cn? pulse™. obtained thermochemical data is given in Table 3. The entropy

) ) and heat capacity changes for reaction 1 were calculated using
with a ratio value greater than 0.15 for [HRIO,] measured  the molecular parameters listed in Table 4. The calculated
before and after the reactor were used in the final data analysis.gntropies for NQand HQ [S2es (NO2) = 57.3 cal motl K1

For residence times in the reactor used in our measurementsg S0s (HO,) = 54.7 cal mot! K—1, respectively] are in

this corresponded to a temperature~a50 K. excellent agreement with the values quoted by Sanderét al.
[HO2NOz]reactorwas calculated from the measured IR and UV The yalue for AHa0sk Was calculated fromAH°r using
absorption and is given in Table 2. At each temperatur€T,P) Kirchoff's law:
was measured using several different fNQ;]; concentrations
ranged from 3x 10" to 12 x 10 molecules cmd. The AHO(T,) — AH(T) = ACo(T,— T) )
r r r

measuredk_1(T,P) values were found to be independent of
[HO2NOg]reactor Although less accurate than the IR and UV
absorption measurements, values of pNO;]eactorwere esti- - !
mated from the measured magnitude of the OH sig8al, for reaction 1, to yield an average valueH®0s k = —24.0

and the first-order loss rate coefficiekg.. Photolysis of HO, + 0.5 keal mof™ (20 uncertainty). Values ofH"29 (HONO),

and HNQ, along with HQ from HO,NO, photolysis, all also given in Table 3, were obtained frafH®,95 k USINg the
contribute to the measureSyn. A biexponential fit of the valuoes of AtH%08(HO;) = 3.3 & ?'8 kcal mot* and
measured OH temporal profile following photolysis yields [@H] Afﬂ 208 (NO7) = 8.17+ 0-1(1 kcal mot* quoted by Sander et
and [HOJo. However, using the measured concentration of &l-*An average value of\iH®2 ((HONO,) = —12.6+ 1.0
H,O, the OH signal from H®@ produced from HGNO, kcal mol! (20 uncertainty) was obtained.

photolysis could be estimated. We used our recently measured 3.3. Error Analysis. In this section, we discuss the contribu-
OH and HQ quantum yields in HGNO, photolysis at 248 nrf. tions of various possible error sources to our derived values of
Alternately, the first-order rate coefficient for OH loss in this K-1(T,P), AH®208k, and AfH®20s (HO2NO). In an effort to
reaction system, simply described by reaction 3, is due to the minimize possible systematic errors in our measurements,
loss of OH via reaction with NO, N§ H,O,, HNOs;, and special attention was paid to the following key parameters: (1)
HO,NO,. Using the measured NO, NOH,0,, and HNQ the NO concentration (and its role in altering or introducing
concentrations and our recently reported rate coefficient for the Secondary reactions), (2) the temperature in the reaction zone,
OH + HO,NO; reactiont® we could estimate [HENO2] eactor (3) the HQNO; concentration and, especially, its value in the
In most cases, the [HBIO] eactor €Stimated from these two ~ reaction zone, and (4) the laser fluence that is necessary for
methods agreed{30%) with those presented in Table 2. We calculating the absolute OH radical concentration.

note that [H@NO,]reactor€Stimated using these indirect methods In all of the experiments, the NO concentration wa@—4)

are less precise than the concentration determined by IR andx 10 molecules cmd. The ratio of [NOJ/[NQ] must be kept

UV absorption, but they do provide a valuable consistency test large to prevent H@from reacting either with N@to re-form

and an evaluation of possible systematic errors. The linear HO,NO; or with itself. In our experiments, the [NOJ/[ND
velocity of the gas through the reactor was also changed fromratios were between 3 and 10 and the ratio kgfNOJ/

47 to 110 cm st over the course of the experiments. Although ki [NO,][M] was between 30 and 200. Therefore, more than 97%
the loss of HQNO, in the reactor was dependent on the of the HGQ, reacted with NO. The conversion of H@ OH

whereACp is the difference in heat capacity at constant pressure

residence time within the reactor, the determinatiokqfT,P) (reaction 2) leads to steady-state concentrations of KQO0™

was not. This provides another indirect confirmation for our molecules cmg, as shown in the simulations, such that the,HO

accuracy in determining [HENO] eactor self-reaction kK = 1.7 x 10712 cm?® molecule’! s™1) accounted
3.2. Thermodynamics.The rate coefficients for HINO, for, at most,~2% of the HQ loss. Therefore, secondary

thermal decomposition obtained in this study were combined reactions of the H@radical did not significantly contribute to
with the rate coefficients for the association of H@ith NO» the measured value of [OKJand, hencek—(T,P).
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TABLE 3: Experimentally Determined Thermochemical Data for Reaction 1 and HONO,

Gierczak et al.

P AGF AST  AHT ACer
T (TOIT, k]_(T,P)a kfl(T,P) ch (kcal (caI K1 (kcal (cal K1 AH 208 ° AfH 208 K(HOzNOg)d
(K) N2) (10713 (s (10713 mol~?) mol~?) mol™Y) mol™)  (kcal mol?) (kcal mol™)
3313 525 161 02008 7.7+31  -109603 —4L1 -245805 0791 —24610% —13.10%
3317 250 082 034013 24+10 -10.2693 —41.0 -—23835 0801 —23.8470% 12,405
3344 510 151 03%014 41+16  -106403% —410 -—243805 0836 —24410% -12.99%
3379 513 146 0.7%027 20+08 102693 —41.0 -—241133 0887 —24147%% 12705
341.6 251 073 10604 069+028 -—9647335 —410 -2364%42 0917 —23.685% -12.205;
342.4 531 144 18%07 0.77£0.3 —9.740% —41.0 -—237¢%% 0951 —23820% —12.470%°
3432 525 141 11804 12805 -101103 —410 -—24180% 0963 —24229% —12.87%
3473 251 068 14Z06 04602  —95103% —41.0 -237505 1.016 —23.800% -12.39%;
349.9 530 132 31812 042£02 -95205 —410 -—238635% 1049 2391705 ~12.49%

aUnits: cn? molecule™ s7%; values calculated from parameters given in Sander‘étaUnits: cn? molecule. ¢ Asymmetric 2 (95% confidence
limits) uncertainties based on quoted uncertaintig&jm\ S, A/Cp 1, AiH295 (HO2), andAsHa05 (NO;) (see Table 5 and below) AsHagg (HONO,)
= —RTIn(Kp) + TASt + ACp1(298 — T) + AiH20s(HO2) + ArHa0s (NO2), whereR = 1.987 cal K* mol™%; K, = K(RT)A", whereAn = —1
andR = 1.363 x 1022 atm cn? molecule* K=% AfHzg5 k(HO,) = 3.3 & 0.8 kcal mof! and AfHaos (NO2) = 8.17 + 0.1 kcal mot?, taken from
Sander et a* Note: 1 kcal mof! = 4.187 kJ moi and 1 Torr= 133.3 Pa.

TABLE 4: Molecular Parameters for HO -NO,, NO,, and
HO, Used in the Calculation of Entropy and Heat Capacity

rotational
mol mass  vibrational band constants
molecule (g mol™?) energies (cmt) (cm™) spin
HO,NO? 79.0 3540, 1728, 1397, A=0.3998 0
1304, 945,803, B=0.1555
722,654, 483, C=0.1132
340 310 145
HO,® 33.0 3436,1392,1098 A=20.357 Y,
B=1.118
C=1.056
NO.? 46.0 1318, 750, 1618 A =28.001 1,
B=0.434
C=0.410

aVibrational band frequencies and rotational constants taken from
Friedl et al?” unless noted® Roehl et af ¢ Vibrational band frequen-
cieg® and rotational constants from Charo and Li€id! Vibrational
band frequencié$ and rotational constants from Herzbéfg.

The absolute temperature in the reaction zone where {OH]
and [HONO,] eactor are determined is a critical parameter in
determining accurate values &f;(T,P). The temperature of

a function of its location within the reactor. The KO,
concentration in the reaction zone needed to be estimated in
experiments where the HO; loss was significant. We have
assumed, consistent with numerical simulations of the gas
phase chemistry, that [HO,] decreased exponentially along
the length of the reactor. We conservatively estimate that
[HO2NO,] eactor was measured with an uncertainty o25%.

As noted earlier, the [HENO,]eactor €Stimated from the
measured first-order rate coefficient for OH loss agreed (within
+30%) with the values discussed above; this agreement further
supports our estimated uncertainty in [BMD2]reactor

The laser fluence was measured at the exit of the LIF reactor
using the calibrated power meter. The power meter was
calibrated in a separate set of experiments, as described in the
Experimental Section. We estimate the uncertainty of this
calibration to be~10% at the 95% confidence level.

The uncertainties in the quantities described above contribute
to the uncertainties in the calculated valuesA@f 295 k and
AtH®298 K(HO2NO,). The overall uncertainties in/H®298 k and
AtH298 K(HO2NO,) were obtained by propagating the errors
sequentially in [OHJs k-1(T,P), K¢, K,, and the thermodynamic

couple before and after each experiment in exactly the sameParameters used in their calculation are given in Table 5. We
location where the photolysis and probe beams intersected. Thecalculated the uncertainty in the [Oflineasurement to be 25%.

temperature inside the cell was constant to withinK.i the
reaction volume (of about 1 cin Therefore, we believe that

Using the uncertainties for [HDIO,] quoted in Table 5, we
estimate the uncertainty ik-1(T,P) to be ~35%. Kurylo and

the temperature for thermal decomposition in our experiment Ouelletté® report uncertainties in the measured valuels (,P)
is accurate to within 0.2 K. The gradient in temperature between at 25 and 50 Torr to bes25%. Their rate coefficient (300
the reactor wall and the reaction zone did not contribute any K, 50 Torr)= (2.32+ 0.56) x 10~*3cm® molecule™* s™%, differs
error because the steady-state in OH is reached rapidly and thdrom the value derived by Sander and PeterSda(300 K, 50

measured [OH} is representative of the temperature in the
volume where OH was measured.
In the majority of the experiments, [HRO,] was measured

before and after the LIF reactor (see Table 2 and footnotes).

The measured ratio of [HDIO] aste/[HO2NO,]petore fOr these
measurements ranged betwee®.9 and 0.2, depending on the

Torr) = (3.054 0.53) x 10712 cm® molecule’? s™1. Recently,
Christensen et & measured the rate coefficients for reaction

1 from 220 to 298 K and from 45 to 200 Torr of,NThese
measurements were made in the same laboratory as that of
Sander and Peterson and yield valuek;¢T,P) that agree with

the values from Kurylo and Ouellette (within 5%) under our

temperature and residence time of the gases in the reactor. (Théémperature and pressure conditions. This good agreement
measurements listed in Table 2 and made using UV absorption€nsures us that the uncertaintieski(T,P) for our calculation
through the LIF reactor, but at similar temperatures, have slightly are no more than 20%.

higher ratios; we do not attach any significance to this higher
value and view it as an experimental uncertainty.) However,
we do not have a direct measurement of the loss ofNHD) as

We estimate the uncertainty€295% confidence limit) for
K¢ to be~40%. Assuming the uncertainty for temperature mea-
surement and entropy and heat capacity calculations of 0.06%,



Thermal Decomposition of HDIO,

J. Phys. Chem. A, Vol. 109, No. 4, 200593

TABLE 5: Estimated Uncertainties Used in the Derivation 4350 340 330 (K
of the Overall Uncertainty of A;H°,95k for Reaction 1 and i
AfH 298 (HO2NO,) 2
uncertainty 7_|
(20, 95% confidence level) ~ 10 83
i 64
relative E 4] %
quantities (%) absolute/source - .
power meter calibration 410 +1 x 10" photons crAimJ?* * 1
H,0, absorption cross +15 +1.35x 102°¢cn? 10°
section molecule? 83
laser power measurement +£10 +0.3 mJ cm? e
Sive +5 2 x 10° molecules cm?3 4 T I
28 29 3.0 31
202 +5 2 x 10° molecules cm® B
[OH]<c 105 1000/T (K™)
ks’ +5 +100 st Figure 5. Temperature dependence of the equilibrium cond{a(i)
[PNA] +25 40.1 x 10" molecules cm3 derived in this work using our measurkd(T,P) values and literature
k_1(T,P) +35 derived from [OHJ ks’ values ofky(T,P) (see text for details). The experimental data were
and [PNA] recorded at 50 Torr (] (circles) and 25 Torr (B (squares). The solid
ki(T,P) +20 analysis of literature values line is a weighted least-squares fit of the data.
Ko(T) +40 derived fronk_4(T,P)
andk(T,P) -11.0
temperature +0.06 +0.2K - a
S1(HO:NO,) +0.9 +0.7 cal Kt mol™* . 115F + T -
ACp(T) +10 40.1 cal K1 mol?® g _
3%, and 3%, respectively, we calculate the overall uncertainty s 1201 T
for A;H®295  to be+-0.5 kcal mot! and A¢H° 295 K(HO2NOy) to 5: ¥ e I
be +1.0 kcal mof! where the uncertainties are at the 95% 6& 251
confidence level. Z,
Figure 5 shows the temperature dependence of the equilibrium o' 1301 |
constantkp(T) given in Table 3. Only the lowest temperature EM -
data point measured at 25 Torr shows a significant deviation % 135 |
of Ky(T) from the van't Hoff relationship. Figure 6 shows the C )
calculatedA{H*,93 K(HO,NO,) dependence on temperature and §~ 4.0
pressure. As shown in Figure 6a, there is no dependence of 145 { {

AtH298 K(HO2NOy) derived from the data over the temperature 28 29 3.0 3.1
range used in this work. The value BfH®29g (HO-NO,) at 1000/T (K)

25 Torr (see Figure 6b) is perhaps slightly systematically 110

different from that at 50 Torr. This could be partly due to a b
systematic error ifk; taken from the literature. If we calculate sk T -
AtH®298 (HO2NO,) at 25 and 50 Torr separately, we obtain 2
—12.34 0.2 kcal mot™ (3 data points) and-12.7 4+ 0.6 kcal E 120 R
mol~1 (6 data points), respectively, where the uncertainties are s
20. These two values agree well within the combined errors. < i
< -125|

The difference may indicate a small systematic dependence of »&
our thermal decomposition rate coefficient determination on 2, 130l
pressure. % ! i

3.4. Comparison with Previous StudiesBecause of the ~ 1351
differences in temperatures and pressures used, it is not possible g +
to directly compare the thermal decomposition rate coefficients &‘_ 40 1
k—_1(T,P) measured in our study with those measured by Graham <
et al23 and Zabef Therefore, we have chosen to compare the a5L1 1 1 1

values ofA;H°,9s k derived from the thermal decomposition rate 20 30 40 50 60

coefficient data. It is better to compargH°,9s k rather than p (Torr)

AtH° 293 (HONO,) because the former does not depend on the gigyre 6. Values ofAHzes (HO,NO;) determined in this work plotted
values of AfH208 (NO2) and AfH208<(HO2). These values,  against the experimental temperature (a) and pressure (b) used in the
especiallyA{H®295 K(HO,), have been changed markedly in the measurements. The data obtained at 25 Tos) @e shown as squares
past 15 years. However, the determinationAg®,9s k does and the 50 Torr (B data as circles. The error bars are taken from the
require an evaluation oA;S’gg k. analysis given in Table 5.

Graham et ak® and Zabeél measured, using essentially 1. OH radicals produced in their system were mostly removed
identical experimental methods, the KD, thermal decom- via reactions with NO and N However, the conditions used
position rate coefficients currently available. They used tem- in the Graham et &.study were not sufficient to eliminate
perature controlled reaction chambers equipped with multipassHO,NO, loss via reaction with OH. Using the recent rate
Fourier transform infrared absorption to monitor the loss of coefficient for the OH+ HO,NO, reaction from Jimeez et
HO,NO, in the presence of high concentrations of NO. The al.!° a reanalysis of the data of Graham et al. reduces their
high concentration of NO rapidly converted BHi@ OH via reported thermal decomposition rate coefficients by approxi-
reaction 2 and suppressed re-formation of,NO, via reaction mately 25% (at all temperatures and pressures). In the Zabel
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study, the measured HNO, depletion rate was not significantly
influenced by loss via its reaction with OH; that is, it truly
reflectedk—_1(T,P). Graham et al. measurdd(T,P) between

261 and 295 K with N or O, pressures between 1 and 760
Torr. Zabet measuredk-4(T,P) between 261 and 307 K with

N, pressures between 10 and 770 Torr. Although the rate
coefficients of Graham et af. and Zabél agree within their
combined error limits, extrapolation of their data to temperatures
and pressures typical of the upper troposphere yield values that
differ by a factor of~2.

The equilibrium constant as a function of temperature can
be analyzed foAH° using either the second-law method (van’t
Hoff analysis) or third-law method. Previous reports have used
the second-law analysis, where the slope of a plot dfJn(
versus 1T yields A(H® (at the median temperature). However,
becauseK;, is usually determined over a limited temperature
range, because of experimental constraints, the obtained value
of A/H° could have large errors; that is, there is a correlation
betweemAH® andA,S’. The entropy of reactio,S* can now
be calculated more accurately using statistical thermodynamics
than it can by an extrapolation of the van't Hoff plot. Using
the third-law method, as done in this work, therefore reduces
the uncertainty imAH°.

Statistical thermodynamic calculations 8fgg k for HO,,
NO,, and HQNO; provide the most accurate method for the
determination ofA;S’,98k for reaction 1. The availability of
accurate molecular parameters (vibrational frequencies and
rotational constants) for each of these species makes the
calculatedA,S’,98 Kk More accurate than current experimental
determinations. The calculations presented in this work yield
AS 208k = —41.1 cal moft! K1 where S’,gg K(HOQ) =54.8
cal mol? K71, S,95«(NO;) = 57.4 cal mot! K~1, and
S 298 (HO:NO,) = 71 cal motl K—1 (see Table 6). The results
for HO,NO, compare very well with the similarly calculated
value of Chen and Hamiltéh [S298 (HONO,) = 71.1 cal
mol~1 K~1] and the average value & 95 ((HO:NO,) = 70.3
+ 0.7 cal mot K~ reported by Regimbal and Mozurkewith.
The difference of 0.8 cal mot K~* between the two calculated
values is also roughly the uncertainty quoted by Regimbal and
Mozurkewich; this difference results mostly from the differing
treatment of the, vibrational torsion in HGNO,. The larger
value 0fS’295 K(HO2NO,) is obtained by taking the, frequency
to be 310 cm?, as done in our calculation. Note that this
vibrational band has not been observed experimentally and the
frequency is obtained from ab initio calculations. Regimbal and
Mozurkewich calculated a lower limit fd8°29s (HO2NO,) of
69.3 cal mot! K1 by treating thev, vibration as a hindered
rotor. We have used our calculat&thgg (HO.NO,) (using a
low frequency torsion) but have adopted the estimated error in
ArS293 k 10 be 0.7 cal mot! K~1in the error analysis given
above and in Table 5. It is worth noting that this difference is
still much smaller than the uncertainty iS’,95 k Obtained
using the van't Hoff analysis. The previous experimental
determinations oA\;S’,95  @re in reasonable agreement, within
their quoted uncertainties, with our value; see Table 6 for a
comparison. In the discussion &fH®,gg k to follow, we need
to keep in mind the significance of differencesAi8’ 295 k Wwhen
comparing values reported in the literature. To enable a more
direct comparison of experimental values, Table 6 also contains
AH®98 values obtained from a reanalysis of the reported
kinetic data usingA;S’29sx = —41.1 cal mot! K~1 and the
currently recommended values laf{T,P) where possible.

A summary of the thermodynamic values obtained in this
work together with those obtained by others is given in Table

TABLE 6: Summary of Reported Thermodynamic Parameters for HO,NO, (PNA) and HO, + NO, <= HO,NO,, Reaction B

S208k(NO2) S’208k(HO2) S208k(PNA)  AtH%208k(NO2)  AsH208 (HO2)  AfH2058 (PNA)

method

reference

—35.4 Cox and Patrick

AiH%208 G(PNA)  AH%208d  ArS 208k

AH 2908k

calculation: based on rate
coefficient pre-exponential

factors

—40.3 Golden and co-workefs® calculation: RRKM theory

—37.9 Sander and Petergén

—40.7 Zabdl

-23.9

—12.4

76.2

—24.Z
—24.2
-24.0

—-12.F7
-12.7
-12.5

25

7.9

71.9
73.8+2

1.4

54.8

57.4

second-law analysis
second-law analysis

calculation: ab initio

—23.8+£0.7

—22

Chen and Hamiltch

Regimbal and

71.1

—12.9+ 0.6

54.8 70.3: 0.7

57.4

liquid-phase decomposition
with calculated entropy

data compilation

MozurkewicH3

Sander et &t
this work

—12.7+ 0.6
—-12.6+1.0

70.3: 0.7 8.17+ 0.1 3.3+0.8
8.17+ 0.1

54.8

57.4

—41.1

—24.0+ 0.5

3.3+ 0.8

54.8 71.6£ 0.7

57.4
aUnits: S in cal moit K=t andAH® in kcal mol?; 1 kcal mol! = 4.187 kJ mot*. Recalculated thermodynamic parameters using the currently derived valte® @§ « and the enthalpies and entropies

of NO, and HQ quoted in Sander et &t.(see footnotes for details specific to each stuéijalculated using ouk_,(T,P) andky(T,P) from their work measured at 283 K and adjusted to 298 K using tl
temperature factor from Kurylo and Ouelletfe¢ Calculated using their calculatéd at 298 K. ¢ Calculated usindl. calculated from theik,(T,P) and Graham et &lthermal decomposition data with a 25

reduction to account for the OH HO,NO, reaction (see text for details)Calculated from their\H205 x and A;S295 . * Calculated using<, from a fit of K, versus 1T data reported in his work.

third-law analysis

3

%

rczak et al.
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6. Sander and Peters@rused theirky(T,P) values with the In our experiments, we are “blind” to this channel because the
k_1(T,P) values from Graham et &ko obtainA;S 295 = —37.9 first-order decomposition rate coefficient measured is only for
cal molr! K=t and A\H,95 k = —23.0 kcal mot?; these are the channel that produces HHowever, the UV absorption
only in modest agreement with the values obtained in our study. spectra of the sample after the reactor indicate that less than
Zabef usedk,(T,P) values from Kurylo and Ouelletiéand his 10% of the HGNO, lost via thermal decomposition in the
k_1(T,P) values and obtainet;H°,95 x andA,;S’298 k Values for reactor is converted to HONO. The valuekof(T,P) measured
reaction 1 in good agreement with our results. Regimbal and by Graham et al.and Zab€élis the sum of the rate coefficients
MozurkewicH3 have reportedz9g K(HO2NO,) = 70.3+ 0.7 for the channels that yield HO+ NO, and HONO+ O,. The

cal K= mol™t and AfH®298 (HO2NO,) = —12.9 & 0.6 kcal good agreement in the value AfH®,95 « derived by us, on the
mol~L. Their values are in good agreement with our work. Note one hand, and that of Graham et al. and Zabel, on the other

that the methods used in thA{H,9s (HO.NO,) deter- hand, suggests that channelb is not very important. It is
mination by Regimbal and Mozurkewich and those used in worth noting, however, that a heterogeneous conversion of
this work differ significantly. The values oA{H°,95« and HO,NO, to HONO may be possible with some significant

AsH®298 (HO2NO,) obtained in this work are also in good consequences to H@roduction.
agreement with the recalculated values from previous studies.
On the basis of the above discussion, we recommend Acknowledgment. This work was supported in part by
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