Influence of NH3 on atmospheric particle formation
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Introduction Experimental setup

For more than a decade the formation of new aerosol particles in the atmosphere has been the subject of  Experiments have been performed in the atmospheric pressure flow-tube IfT-LFT

intense studies in the field and in the laboratory. The formation mechanisms and the participating sub-  (1.d. 8 cm; length 505 cm) at 293 +/- 0.5 K. The first tube section (56 cm) includes iz S o g
stances, however, have not been resolved yet (Kulmala, 2003). Large discrepancies between model- an 1nlet system for gas entrance (humidified air premixed with CO, SO,, and Os5. o ol B | %
predicted nucleation rates for the favored binary system H,SO, / H,O and much higher atmospheric =~ The middle section (344 cm) is equipped with 8 UV lamps for a homogeneous irra- L Nl ST S B
nucleation data were explained by various supportive additional participants such as NH5 or organic mol-  diation. A non-irradiated end section (105 cm) holds the sampling outlet. Gas- AT U e |

ecules. phase analysis was carried out using analyzers for O3 and SO, (Thermo Environ-

mental Instruments: 49C and 43C), a butanol-based UCPC (TSI 3025), a H,O-

based UCPC (TSI 3786) as well as pulse height CPC for integral particle measure-
ments, and a differential mobility particle sizer (Vienna-type DMA with UCPC,
TSI 3025) for monitoring of size distributions. The pulse height CPC (PH-CPC)
comprises a TSI-3025A ultrafine CPC with modified optics and a multichannel
analyzer, e.g. Weber et al. (1998), allowing particle detection for sizes well below
2 nm 1n mobility diameter (Sipilé et al., 2008). NH; concentrations in the carrier
gas were measured before entering the flow tube as well as at the outlet by means

In a previous 1nvestigation of our laboratory under near-atmospheric conditions, experimental evidence
for the formation of new particles in the system H,SO, / H,O was found for H,SO, concentrations of
107 molecule cm=3 if "H,SO,"" was produced in-situ via the reaction of OH radicals with SO,
(""H>SO,4"" stands for all products of converted SO,), Berndt et al. (2005). In contrast, taking H,SO,
from a liquid reservoir concentrations of 109 - 1010 molecule cm-3 are needed for new particle formation
(Ball et al., 1999, Zhang et al., 2004). The accepted mechanism of atmospheric SO, oxidation 1s as fol-
lows:
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Head of the flow tube: Non-irradiated first
section with the gas inlets as well as the

OH + SO, — HOSO, (1) of a trace gas monitor TGA 310 (OMNISENS) with a stated detection limit of 2.5  gas mixing devices
- 102 molecule cm-3.
HOS0, + 05 — 503 + HO; (2) The effective photolysis rate coefficient k4 was determined in each
SO; + 2 H,0 . H,S0, + H,0 (3) Determination ot ["H,SO ] experiment measuring the O3 decay. With the knowledge of k4
O3 — ==t 20H (4) along with ks — k7 taken from literature as well as the concentrati-
In competition to pathway (2) HOSO,0, can be formed via: OH + CO = products (5) ons for O3, CO, and SO the resulting “H>SO4” concentration in
HOSO, + O, + M —— HO0S0,0, + M (2a) OH + SO2—— ...— “H2S04” (6) the tube was calculated solving the resulting differential equations.
“H2SO4” — wall (7) All experiments have been done in the absence of organics.

[t can be hypothesized that HOSO,O- or its hydrated species HOSO,0O,(H»O),, play a role for the nucle-

ation process explaining the different threshold concentrations for nucleation starting from liquid H,SO,4
or from OH + SO.

The activities focused on experimental studies regarding the influence of NH5 on new particle formation.
Theoretical studies predict strong enhancement of the nucleation rate for NH5 mixing ratios at pptv-level

Results 1n presence of NH5

“Real” particle numbers

(Coffman and Hegg, 1995). Ball et al. (1999) showed experimentally an increase of the nucleation rate for 105_;
NH5 mixing ratios of 0.08 — 0.17 ppb and a relative humidity in the system of 5 - 15 %. In their study ] 167 =
H>SO, from a liquid reservoir was used. Subject of this experimental study is the role of NH5 in the pro- = 10* -
cess of new particle formation starting from OH + SO,. A comparison with atmospheric measurements g i
includes also recent results obtained 1n the absence of NH5 additions. 3 - § ot -
. 5 o5
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U 10 - ..{g,j' "% O:,'r}(“ F Figure 4a: Total particle numbers vs. “H>SO4” concentration  Figure 4b: Size distributions measured in absence and pres-
© : N'(,‘«:g:’(’o /!‘,./“'61, in absence and presence of NH3 using TSI 3025 and PH-CPC, ence of NHs fqy a “HZSQ4” concentration of 9:-107 molecule
S5 0° .9‘»‘!:@. Q',,".{’ ",J 19.3 sec Figure 1: “Apparent” nucleation rate  I-h.: 22%, total flow rate: 3.33 standard litre min-1 (residence cm-3, cf. conditions as given in figure 4a.
= : e {‘JO':/‘ ( 6?:0"# as a function of "H,SO4” concen- time 1n 1rradiated middle section: 290 sec).
R (": ,‘/“«v '%v’ A tration for different residence times . o
s 103 AT o in the flow tube. The nucleation rate Influence of relative humidity
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_ GO residence time 1n the irradiated - Qé%‘ . 13%
w0 T middle section, r.h.: 22%, TSI 3025. e @ -
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Nucleation rate vs. ["H,SO,”’] shows a clear dependence on the residence time, the increase of residence ‘Ez j
time results in an increase of the observed nucleation rate. Obviously, for longer times a larger fraction of = 10° E
nucleated particles 1s able to grow up to the detectable size. Furthermore, insufficient CPC counting effi- & ] Figure 5: Total particle numbers vs. “H>SO4” con-
ciency 1s more important for smaller particles ( relatively low ["H,SO,] ) than for larger particles i 101_: centration in absence of NH3 (< 2.5-10° molecule
(higher ["H>,SO,’] ) leading to an overestimation of the slope log N vs. log ["H>SO,’] and, conse- S : cm-3) and pregence of NH3 (ei%trance: 1.2'10132
quently, also for log J vs. log ["H,SO,”]. Both effects are the cause of the “Apparent” nucleation rates. | 5 molecule cm™=; outlet: 1.1-10 = molecule cm™>) .for
10° - O open:w/o NH, (<2.5-10°cm’”) three different relative humidities, total flow rate:
- A M = 1 P 3Q standard. litre min-1 (residence time in irradiated
“Real” particle numbers s n Nl middle section: 32 sec) TSI 3025.
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a In agreement with former results, a distinct increase of total particle number with increasing r.h. was observed for the mea-
é surements performed in the absence of NH3. NH3 addition increased the total particle number by about one order of magni-
~ tude at r.h. = 13%, by a factor of 3 — 5 at r.h. = 22% and by a factor of less than two at r.h. = 47%. From mechanistic point of
3 Figure 2: Measured total particle Vi.CW it 1s highly speculative tp explaiI} this r.h. dep.endence. A poss‘i.ble reason could be t.he competing st.eps 1) reac.tion pf SO3
§ number using three different types with 2 water molecules (or with the dimer) producing H>SO4 and 11) reaction of SOz with NH3 producing sulfamic acid. Sul-
= of CPCs for integral measurements  famic acid can significantly contribute to particle formation and growth.

O O TSI 3025 as well as from DMPS. Given
S A TS13786 tuned numbers represent the slopes N vs. : :

3 A TSI3786  default ”H,S0,”, (TSI 3786: N > 50.000 Application to the atmosphere
O DMPS (TSI 3025) cm-3; DMPS: N <750.000 cm-3), ch.22%. w/o N4
® PH-CPC corrected r.h.: 22%, total flow rate: 3.33 stan- i 3
O PH-CPC raw dard litre min-1 (residence time in Lot £h.:64% w/o NH DMPS (TSI 3025)
- A NN LS P = irradiated middle section: 290 sec). 7513786 ’ \ Laboratory:
10° o o o 19 \ @9@ slopellog I(;I VS. hog [“HQIEHOAL“]dZ 1-2
: : r.h.:22%, NH, added Aﬁ nearly mdependent on addition
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107+ (= : ogs r.h.:222%, w/o NH_
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6 AODDEO = g ] L : . :
I 2 Hooa.. O N S 104. € rh.22%, w/oNH, P;}I%Iurgg ',?Oén e ofCles.h[HZS?4] N
V- ® = ; ) . ["H>S0,”] data measured either in lower at-

i i . 9.?' RS - O 1] mosphere or in laboratory. Ambient measure-
= loss ‘.:! B § 10" 3 ments from Heidelberg (28.2. - 3.4.2004) and
2 ol Q I 2] from Hyytiala (5.4. - 16.5.2005) were adopted
_Oo_ 104 ) g 10 § ambient measurements from Rllplnen et al. (2007) Ambient data can
- : SUlEe ® 0% 2 . Heidelberg be described with a power-law dependence on
g Q5 Figure 3: Examples of DMPS size , UL e Hyytiala H,S0,4 with typical powers of 1 - 2, cf. Ri-
> 10° - ['H_SO,"] / molecule cm” _ 5 distriblutiong.r.ecorded for experi- Rt e L R —— ipinen et al. (2007).

T : PR P 5 mental conditions as given in 10° 10° 10° 10° 10’ 108 10°

2 > 108 figure 2. In the case of PH-CPC
10 —0—2.5-10 | : measurements, simulations yield [H.SO ] or ['"H.SO"] / molecule cm
—0—16-10° O 5 mean particle diameters in the s e
olll ~ range of 1.5 -2 nm. References: rAY
1 10 Ball, S.M. et al., J. Geophys. Res., 104, 23709, (1999). Riipinen, I. et al., Atmos. Chem. Phys., 7,1899, (2007). - .
Berndt, T. et al., Science, 307, 698, (2005). Sipili, M. et al., Atmos. Chem. Phys., 8, 4049, (2008). Lel b Nniz
Coff J. and DA . Geophys. Res., 100, 7147, (1995). ber, R.J. et al., J. Aerosol Sci., 29, 601, (1998). -
dp / nm offman, D.J. and D.A. Hegg, J. Geophys. Res., , 7147, (1995) Weber, R.J. et al., J. Aerosol Sci., 29, , ( ) GemeInSChaft

Kulmala, M., Science, 302, 1000, (2003).

Zhang, R.I. et al., Science, 304, 1487, (2004).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2592.000 3456.000]
>> setpagedevice


