aboratory evaluation of the effect of
nitric acid on chilled mirror hygrometer
asurements in the UT/LS
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Motivation

UT/LS water vapor mixing ratio profiles :
e Disagreement among UT/LS

water vapor measurements at
mixing ratios < 5 ppm

1 February 2006

80 - » Laboratory and field
mane measurements have shown
HNO; is readily taken up by

ice surfaces

Pressure (hPa)

MLS —x—

-
-
—_—
—_—

-
= -

- - CFH balloon i} ; ' (Szaka”
— HWV (WB-57F final descent) I. , ES&T, 200 1)

— Aura MLS

H,O (ppmv)
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CSD Water Vapor Efforts

» Funding in FY2010 for additional water vapor research efforts

» Development of CIMS instrument for UT/LS water vapor
- eq|§urem nts from aircraft

- I r
In

. yjht zero and multi-point calibration
ment of national water vapor standard for

)n basis for in situ water vapor measurements

¢ commercial frost poir_Lt instrument (MBW)

S, MLS) to study long term
or [Rosenlof, Davis]

water vapor
ers
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Laboratory Frost Point Instrument

Photodioclie

Thermistor |

Heater - - : Microprocessor !
Coil i

Stable frost point temperature i
using an approximation to the sat

D... = exp(9.550426 — 5723.265/T

to water vapor partial pressure
apor pressure over ice

068 In(T ) — 0.00728332T)
Murphy and Koop, QIRMS, 2005




CFH Frost Images

A

NOAA ESRL Global Monitoring Division Annual Conference 2



Experimental Configuration

MFC

HNO3 10 scem

Pump Diversion
Valve MFC
J 20 sccm

HNO, MFC

NO, Perm Source 0-10 slpm
Instrument Source

' \/
- CFH#2 CFH#1 ¢ "
@' M T St
e =

—

® on/off valve (5 needle valve @) 4 port flow diversion valve

@ variable valve (pressure control) ® pressure transducer

e Vacuum system allows ope H units at UT/LS pressures
and H,O mixing ratios with flo S similar to balloon instruments

« HNO, added between the two CFH units




Frost point with ppb levels of HNO,

P =133 hPa, Q =2 slpm

—— HNO;4
— CFH#1
—— CFH#2 (exposed)

— b

N WROIG) OCOMNDO

€
Q.
&
e
©
o
o
£
=
=
Q

[8Y]
I

CFH Mirror Temperature (°C)

—

13:00 14:00 15:00
Local Time

» No observed effect from exposure to 4 ppb HNO, for > 2 hours




Detecting the Presence of HNO,

P=128hPa,Q=2slpm —— CFH#1 (unexposed)
——— CFH#2 (exposed)

(qdd) *ONH

2.51 +0.11 ppm

CFH Mirror Temperature (°C)

15:00
Local Time

» Stable measurement agreemenbetween the two CFH units ~3%

 Frost layer removal by mirror héating allows direct measurement of
the HNO; Iin the frost layer

-



HNO,; Desorption Peak

P =128 hPa, Q =2 slpm

CFH1
- CFH2 (exposed)
—A— HNO4

CFH Mirror Temperature (°C)
(rqdd) EONH

13:04:30 13:05:00 13:05:30 13:06:00 13:06:30
Local Time

* NO, instrument sees a ~1 nd wide peak in signal

 Can integrate the NO, signalto’determine the mass of HNO; in
the frost layer




HNO; Accumulation on Frost

R, 'hﬁ"ai,' dm='é.#élﬁr}i;'2'.6”;3;5&}}-];0”@ O SO S S S OE SO
slope = 0.036 +0.004 ng/(ppb-min)

P =128 hPa, Q = 2 slpm, 2.5 ppm H,0
slope = 0.031 +0.003 ng/(ppb-min)

HNO; Desorbed Mass (ng)

50 100 150 200 250
Frost Layer HNO3; Exposure (ppb+min)

pver 3 hour timescale

« 8 ng HNO, corresponds to appreximate monolayer
coverage of mirror geometric surface area, but...




Frost Structure

- por deposition at

, Int. Rev. Phys. Chem., 2009
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Conclusions

* No detectable interference on CFH water vapor
measuremt from atmospherically relevant gas-phase
HNO. exposures

Nde s/adsorbs on the frost layer, as expected
boratory studies of HNO, uptake onto ice

of HNO; in cirrus cloud particles

fro asffahase uptake is
xperiments and thus
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Summer 2010

» Further experiments of frost point performance including
additional interference tests (sulfuric acid aerosols and
ternar
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