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Ethane mole fractions on Neptune were determined from infrared heterodyne spectro­
scopic measurements of the C2H6 RR (4,5) emission line at 840.9764 cm- 1• The measured 
line was fit using existing atmospheric models and C2H6 mixing ratio profiles for Neptune. 
The value of the ethane mole fraction retrieved, using a profile consisting of a constant 
mixing ratio with altitude above the saturation region, was lower than that obtained by 
G. S. Orton et al. (1987, Icarus 70, 1-12), but was within the 2u error bounds of their 
results. Nonconstant mixing ratio profiles derived from the photochemical model of P. N. 
Romani and S. K. Atreya (1989, Geophys. Res. Lett. 16, 941-944) were also tested. Our 
results require 2.0 to 5.8 times more ethane in the 0.02-2 mbar pressure region than the 
model predicts. Ethane mole fractions -3 x 10-6 were retrieved near the 0.27-mbar 
pressure level (line center contribution function peak) for all models tested. The cumula­
tive uncertainty on the retrievals, excluding that associated with the temperature profile, 
is 30%. Better agreement with the model can be achieved if the eddy mixing is reduced 
in the lower stratosphere and/or the stratospheric temperature is increased by > 10 K 
above the 6-mbar level. © 1990 Academic Press, Inc. 

INTRODUCTION 

Ethane (C2H6) was first detected in infra­
red emission from Neptune by Macy and 
Sinton ( 1977) and by Gillett and Rieke 
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(1977). Gillett and Rieke reported a mixing 
ratio Q of about 5 x 10- 1 . Macy (1980) de­
rived an abundance relative to H2 of - 10-6, 
with an uncertainty of a factor of 5. Orton 
et al. (1983) obtained a mixing ratio of 3 
x 10-6

. More recently Orton et al. (1987) 
deduced an ethane mixing ratio on Neptune 
of 6 x 10-6 with a total uncertainty factor 
of3.2. Recent recalibration of their data (Or­
ton et al. 1990) has not changed their re­
trieved mean C2H6 mixing ratio. 

Orton et al. (1987) used a constant mixing 
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FIG. I. Ethane mixing ratio profiles for Neptune. The 
constant mixing profile used by Orton et al. (1987) with 
Q = 6 x 10-6 above the saturation curve (dashed line) 
is shown along with the K = 105 and K = 106 mixing 
profiles derived from their photochemical model by 
Romani and Atreya (1989). Note that the lower eddy 
mixing coefficient model increases the C2H6 abundance 
in the lower stratosphere, where the observed lines are 
formed. The shapes of these profiles were used to fit 
our observed spectrum. 

ratio profile in the upper stratosphere down 
to the saturation level in the lower strato­
sphere, below which it followed the satura­
tion mixing ratio profile (see Fig. 1). Numer­
ical models of methane photochemistry on 
Neptune that include a condensation loss 
for ethane (Romani and Atreya 1989) predict 
more realistic nonconstant ethane mixing 
ratio profiles above the condensation level. 
The model profiles given in Fig. 1 are based 
upon an assumed 2% methane (CH4) strato­
spheric mixing ratio. Ethane is produced 
from methane photolysis near the microbar 
pressure level. It is then transported down­
ward to its condensation level. The resultant 
ethane mixing ratios (mole fractions) remain 
less than 2 x 10-6 . The extent of depletion 
of C2H6 above the condensation layer is de­
termined by the strength of eddy mixing in 
the lower stratosphere. This is illustrated in 
Fig. 1, where cases for two different values 
of the eddy diffusion coefficient, K (105 and 
106 cm2 sec- 1), at the CH4 homopause are 
presented. In both cases K was assumed to 
be proportional to the inverse square root 
of the atmospheric number density. 

Infrared observations on Neptune to date 
were made at relatively low spectral resolu­
tion (resolving powers < 100), measuring 
only broad molecular band structure with 
peak intensities diluted by the low resolving 
power. Such spectra can also be strongly 
affected by the shape of the underlying mo­
lecular and aerosol continuum contribu­
tions. Measurement of single emission lines 
(e.g., ethane in the 12-µ,m v9 band) would 
yield higher brightness temperatures, repre­
sentative of the region of line formation. 
Such measurements are not subject to possi­
ble confusion with spectra from other con­
stituents and are weakly affected by changes 
in the continuum. Thus analysis of the line 
profiles should retrieve more precise values 
for ethane abundance, as was demonstrated 
in the case of Jupiter (Kostiuk et al. 1983, 
1987). 

We report here on the measurement of 
the ethane v9 RR(K = 4, J = 5) emission 
line doublet at 840.9764 cm- 1 from Neptune 
using infrared heterodyne spectroscopy 
with a spectral resolving power > 105. Eth­
ane abundances retrieved from the observed 
data were compared to the most recent ob­
servational results obtained by Orton et al. 
(1987) and were used to test the combined 
photochemical-condensation models devel­
oped by Romani and Atreya (1989) (see 
Fig. 1). 

OBSERVATIONS 

Measurements were made May 29-June 
1, 1989 at the NASA Infrared Telescope Fa­
cility on Mauna Kea, Hawaii. The instru­
mental diffraction limited field-of-view at 12 
µ,m was -1 arcsec full-width-at-half-maxi­
mum (FWHM). Neptune's angular diameter 
was 2.28 arcsec at the time of the observa­
tions. The center of the planetary image 
from a visible tracking system (incorporat­
ing an intensified television camera and 
monitor) was actively maintained on refer­
ence crosshairs conjugate to the heterodyne 
detector/mixer. The reference crosshairs 
were aligned with the detector position us­
ing several reference stars. From the stellar 
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images, visible seeing was estimated to be 
~0.5 arcsec. The infrared seeing is signifi­
cantly better. Combining the instrumental 
field-of-view, infrared seeing, and our rms 
tracking errors ( ~0.5 arcsec) in quadrature 
yields an effective beam on Neptune ap­
proximated by a Gaussian profile with a 
FWHM of 1.2 arcsec. This indicates that 
emission from the entire planetary disc con­
tributed to the measured spectrum as dis­
cussed below. The measured signal was cali­
brated using the Moon and a calibrated 
blackbody reference. The resultant uncer­
tainty in Neptune's absolute radiance was 
less than 10%. This translates into :st K 
uncertainty in the retrieved brightness tem­
perature and~ 15% maximum uncertainty in 
the final mole fraction retrieval. The infrared 
heterodyne spectrometer and the measure­
ment technique are described in Kostiuk 
and Mumma (1983), Kostiuk et al. (1987), 
and Kostiuk et al. (1989). 

The results of the observations ( ~5.5 hr 
of integration) are presented in Fig. 3. Radi­
ance and single-sideband brightness temper­
ature are plotted versus frequency relative 
to the RR (4,5) line center position. Each 
step in the histogram corresponds to 100 
MHz (0.0033 cm - 1), except the two extreme 
right steps, which correspond to 150 and 125 
MHz, respectively. The total instrumental 
bandwidth is 1600 MHz (0.053 cm- 1). Also 
given in the figure is the frequency position 
(841.0007 cm- 1) of the P30 line of the 14C160 2 
laser local oscillator (LO). The data in the 
first 100 MHz from the LO is lost due to 
relative shifting of the individual 7-min 
scans, which compose the resultant spec­
trum. These data shifts are necessary to ac­
count for changes in the frequency position 
of the measured lines due to the changing 
line-of-sight velocity of Neptune over the 
period of integration (5.5 hr over 3 days). 
The markers on the abscissa are positions 
of ethane lines. These lines are all doublets 
( ~0.003 cm - 1 separation) formed by tor­
sional splitting (Susskind et al. 1982). Line 
rest frequencies and absolute intensities at 
296 K were taken from Daunt et al. (1984). 

The frequency of the stronger RR(4,5) line, 
840.9764 cm- 1, corresponds to the "O" on 
the frequency scale. 

RESULTS 

To compare our measurements to existing 
data, the line spectrum from Neptune in our 
instrumental bandwidth was calculated 
from a solution of the radiative transfer 
equation using a 32-layer atmosphere ex­
tending between the 100- and 0.001-mbar 
pressure levels, and an appropriate thermal 
structure and ethane mixing profile. Line 
intensities at 296 K used for the C2H6 

RR(4,5) lines were 0.016 and 0.004 cm- 2 

atm - 1, with an uncertainty of ~ 10% (Daunt 
et al. 1984). The known lower state energies 
and a rotational partition function tempera­
ture dependence of r- 312 were used to scale 
the line intensities to the temperature at 
each atmospheric layer. 

The signal detected by the spectrometer 
depends on the distribution of emitted inten­
sity across Neptune's disc, the seeing/track­
ing profile (beam dilution) on the planet, and 
on the instrumental field-of-view due to the 
heterodyne sensitivity distribution of the de­
tector/mixer matched to the diffraction limit 
of the telescope optics (1 arcsec FWHM on 
the source). The ethane emission lines are 
nearly optically thin, thus a significant con­
tribution to the total planetary stratospheric 
emission comes from the outer limbs of the 
planetary disc (2.28-arcsec diameter). The 
amount of this limb contribution to our de­
tected signal is increased by the Gaussian 
seeing/tracking profile on the planet. It is 
reduced by the heterodyne detector sensi­
tivity profile which can be assumed to be a 
Gaussian matched to the 1-arcsec diffrac­
tion limit and truncated at the detector edge 
(equivalent to 2-arcsec diameter on the 
source). The resultant convolution of these 
three effects is equivalent to a mean repre­
sentative viewing angle of 47°. The line spec­
trum was calculated using this viewing 
angle. An uncertainty of ±5° results from 
the uncertainty in the heterodyne sensitivity 
profile of the detector and seeing/tracking 
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profile. This corresponds to + 7, - 12 per­
cent variation in the retrieved C2H6 mole 
fractions. 

The calculated spectrum was convolved 
with a broadening function, resulting from 
the range of velocities in our field-of-view 
due to Neptune's rotation, weighted by the 
effective beam ·distribution on the planet. 
Taking Neptune's period of rotation to be 
17.7 hr (Hammel 1989), line broadening of 
-210 MHz (FWHM) is expected within our 
field-of-view. This value of the rotation pe­
riod is within the range determined from 
recent Voyager 2 Imaging Science results 
(16-18.3 hr; Smith et al. 1989) and within 
10% of the period determined from plane­
tary radio emission (16.11 hr; Warwick et 
al. 1989). The width of the line broadening 
function is inversely proportional to the pe­
riod of rotation and a 10% variation in the 
rotation period results in a 6% increase in 
the retrieved C2H6 mole fractions. 

Three different input mixing ratio profiles 
were tested using our data, a constant mole 
fraction above the condensation level (as 
used by Orton et al. 1987), and the profiles 
from the K = 105 and K = 106 cases of 
Romani and Atreya (1989). The optimal mix­
ing ratio profiles were obtained by scaling 
the input profiles by a factor constant with 
altitude in an iterative procedure until a best 
fit to our observations was obtained (see 
Kostiuk et al. 1983, 1987). Results of such 
fits are given below. In all cases the contri­
bution functions for the RR (4,5) line peaked 
between the 0.2- and-2 mbar levels. 

Constant mixing profile. To compare to 
the Orton et al. (1987) result, their retrieved 
constant mixing profile for C2H6 of6 x 10- 6 

(Fig. 1) and their temperature profile shown 
in Fig. 2 (G. S. Orton, 1989, personal com­
munication, Jet Propulsion Laboratory, 
California Institute of Technology, Pasa­
dena) were used to calculate the modeled 
spectrum shown in Fig. 3. The best fit solu­
tion to our data (mole fraction Qfit = 3 .0 x 
10-6) is also shown in Fig. 3. The a of the 
fit is also given. A precision of 20% on the 
retrieved mixing profile was established by 
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FIG. 2. The three thermal profiles used in retrieving 
the ethane mole fraction on Neptune. The horizontal 
dotted lines mark off the region of C2H6 line formation 
as illustrated by the weighting functions (see Fig. 6). 
The Nominal profile is the Appleby profile given in 
Tokunaga et al. (1983) and was used in the photochemi­
cal model and in fitting the photochemical model to our 
data. The Orton profile is from Orton et al. (1987), 
supplied by G. Orton. This was used in comparing our 
observations to Orton et al. (1987). The warm profile 
(dashed curve) represents a 15 K increased temperature 
profile (from 6 to 0.03 mbar). This warm profile pro­
vided the best fit to our data using the K = 105 mixing 
profile. 

introducing random noise of the same a on 
the best fit solution and fitting the new 
"data" with the atmospheric model. Ten 
such fits were generated and the standard 
deviation from the mean is the determined 
uncertainty. Although our result indicates 
50% lower C2H6 abundance than the mean 
retrieved by Orton et al. (1987, 1990), the 
value is within two of their standard devia­
tions. 

K = l 06 mixing profile. The data were also 
fit using the more realistic mixing profiles 
derived from the combined condensation 
and photochemical models of Romani and 
Atreya (1989) shown in Fig. I. We used the 
same temperature-pressure profile in our 
radiative transfer calculations and modeling 
of the C2H6 spectrum as was used in the 
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FIG. 3. The measured ethane spectrum (histogram) 
and best fit to the measurements (Q6, = 3.0 ± 0.6 x 
10-6) using the constant mixing profile are shown. The 
spectrum calculated using the value retrieved by Orton 
et al. (1987), Q = 6 x 10-6, is also shown for com­
parison. 

photochemical model (Romani and Atreya 
1989). The profile is given in Fig. 2. It comes 
from theoretical calculations by J. F. 
Appleby as given in Fig. 3 of Tokunaga et 
al. (1983). This profile lies in between curves 
d and c in Fig. 5 of Appleby (1986) in the 
pressure region where our contribution 
functions peaks (0.2-2 mbar). So it is a 
"warm" Appleby profile with only curve c 
being warmer by about 10 K. 

The spectrum calculated using the model 
with K = 106 cm2 sec- 1 at the methane 
homopause is plotted in Fig. 4. The spec­
trum is compared to our observed data and 
the best fit spectrum. The model mixing 
(mole fraction) profile is ~4.5 times lower 
than that obtained from the best fit to the 
data (also shown in Fig. 4). An ethane mole 
fraction of Q = 3.0 x 10-6 at the 0.27-
mbar pressure level (line center contribution 
function peak) was retrieved. The precision 
uncertainty in the results was determined as 
in the constant mixing profile case and is 
also ~20%. 

K = 1()5 mixing profile. The calculated 
model spectrum and best fit spectrum for 
the K = 105 cm2 sec - 1 mixing profile model 
of Romani and Atreya (1989) are presented 
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FIG. 4. Comparison of the spectrum calculated using 
the K = 106 mixing profile model of Romani and Atreya 
(1989) and the best fit to the observations ( 4. 5 x the 
model). 

in Fig. 5. The retrieved mole fraction profile 
for C2H6 is ~2.8 times the model profile. An 
ethane mole fraction of ~3.3 x 10-6 at 0.27 
mbar (line center contribution function 
peak) was retrieved. The precision of the 
retrieval is again ~20%. Figure 6 illustrates 
the temperature profile used, the resultant 
mixing profile and the contribution func-
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FIG. 5. Comparison of the spectrum calculated using 
the K = I 05 mixing profile model of Romani and Atreya 
(1989) and the best fit to the observations (2. 8 x the 
model). Note that the lower eddy mixing yields a some­
what better agreement with the data (compare to Fig. 
4). 
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FIG. 6. The retrieved C2H6 mixing profile using the 
K = 105 model shape in the iterative fitting routine. 
The retrieved mole fractions were 2.8 times greater at 
all altitudes than the model of Romani and Atreya 
(1989). The calculated contribution functions and tem­
perature profile used are also given. Note that the con­
tribution functions and, hence, the observations cover 
predominantly the 0.02 to 2 mbar pressure region. 

tions. The pressure region probed lies be­
tween about 0.02 and 2 mbar. This range of 
pressures is similar in all three retrievals 
described here. 

DISCUSSION 

Uncertainties. The various sources of un­
certainties and their cumulative effect on 
the retrieved C2H6 mole fraction are now 
discussed. We distinguish between the un­
certainty associated with the ability to fit the 
data with a given set of input parameters 
(precision) and the uncertainty due to the 
input parameters (accuracy). As was de­
scribed earlier, our precision is 20%. The 
accuracy is dependent on the effect of abso­
lute intensity calibration ( - I 5% uncertainty 
on the mole fraction retrieved), the knowl­
edge of the true ethane molecular line inten­
sities (10%), the uncertainty in the mean 
viewing angle ( - 10%), and the knowledge 
of the period of rotation of Neptune (6%). 

The cumulative accuracy uncertainty due to 
these uncorrelated and (assumed) random 
errors is 21%. In the worst case, if the errors 
add directly, a 41 % accuracy uncertainty 
can be expected. Including the precision un­
certainty, a 30% error limit on the retrieved 
mole fractions is obtained, with the worst 
case uncertainty of 45%. The lack of knowl­
edge of the true atmospheric model (temper­
ature profile) introduces a much greater ac­
curacy uncertainty. This uncertainty can be 
greater than a factor of two (see Tempera­
ture section below). 

Eddy mixing effects. These observational 
results, as a test of the photochemical model 
(Romani and Atreya 1989), indicate that the 
model produces too little ethane. One possi­
ble way to reconcile the model with the ob­
servations is to lower the eddy mixing coef­
ficient in the model in the lower stratosphere 
(e.g., for the case where K = 105 cm2 sec- 1 

at the methane homopause, K - 104 cm2 

sec - 1 in the C2H6 line formation region). 
There are two sources of ethane in the pho­
tochemical models. The first is from direct 
photolysis of methane which peaks where 
an optical depth of unity is reached in the 
strong solar Lyman-a line due to CH4 ab­
sorption (µ,bar level). Eddy diffusion then 
transports the C2H6 down to its condensa­
tion sink to ice crystals near the temperature 
minimum. The second source occurs if the 
column density of acetylene (C2H2) be­
comes large enough so that an optical depth 
of unity is reached in C2H2 absorption at 
wavelengths beyond the methane cutoff at 
1500 A. Due to both the lower absorption 
cross sections and lower relative abundance 
of C2H2 compared to CH4 , this occurs in the 
millibar pressure region. The photolysis of 
C2H2 can catalytically convert CH4 to C2H6 . 

For the upper stratospheric source of ethane 
(CH4 photolysis), lowering the eddy diffu­
sion coefficient in the lower stratosphere 
(millibar region) increases the ethane mixing 
ratio there. This is because the column 
chemical production rate of C2H6 remains 
relatively unchanged, so the downward flux 
must remain constant. If K goes down then 
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the mixing ratio in the lower stratosphere 
must increase to keep the downward flux 
the same. Not only is the ethane mixing ratio 
increased, but so is the C2H2 mixing ratio, 
for the same reasons. This increase in C2H2 
can then make the second mechanism for 
the production of C2H6 more significant. A 
photochemical model developed by Strobel 
and Summers (M. E. Summers, 1989, per­
sonal communication, Naval Research Lab­
oratory, Washington, DC) with lower K's 
than used here shows a two-fold increase in 
the C2H6 mixing profile in the lower strato­
sphere. 

The ethane mixing profiles on Neptune 
derived from our line measurements yield 
values considerably greater (2.0-5.8 times) 
than the theoretical models predict. Better 
agreement is obtained with the lower eddy 
mixing coefficient model (K = 105). Since 
the measurements are sensitive to emission 
from the 0.02- to 2-mbar pressure region 
(see Fig. 6), as was discussed above, greater 
reduction of K there would increase the eth­
ane abundance even more and provide 
closer agreement. The requirement oflower 
eddy mixing coefficients in the lower strato­
sphere of Neptune is, therefore, consistent 
with our retrievals. 

Preliminary analysis of the Voyager 2 
Ultraviolet Spectrometer (UVS) data sug­
gests an eddy mixing coefficient on the order 
of 3 x 107 at the methane homopause 
(Broadfoot et al. 1989). Although higher 
than the values used here, this result does 
not conflict with our conclusion, since the 
UVS data pertain to the microbar pressure 
region on Neptune, while the present argu­
ments address primarily the region near 1 
mbar. 

Temperature. The retrieved ethane abun­
dances are greatly dependent on the temper­
ature-pressure profile used in the analysis. 
A much warmer temperature profile in the 
line formation region of Neptune's strato­
sphere may help to reconcile the differences 
between the model and the observations. 
This would not only increase the emission 
per molecule, but it would depress the con-

densation layer and thus increase the C2H6 
mole fraction in the lower stratosphere, fur­
ther enhancing the observed emission. 
However, the effect of such an abundance 
increase will be tempered by the sharp drop 
in temperature near the tropopause (see 
Fig. 6). 

We have shown that the present observa­
tions require more ethane on Neptune than 
the photochemical model of Romani and 
Atreya (1989) derive. Colder temperatures 
will only increase the model-observation 
mismatch. Since we attempt here to test the 
photochemical model, we will not consider 
colder temperature profiles. 

The preliminary analyses of Voyager 2 
observations of the thermal profile of N ep­
tune do not help constrain the profile where 
needed. The thermal profiles retrieved from 
Infrared Interferometer Spectrometer 
(IRIS) observations (Conrath et al. 1989) 
cover pressures greater than 10 mbar. And 
while the Radio Science (RSS) observations 
(Tyler et al. 1989) extend to lower pressures 
(-2 mbar), their thermal profiles are depen­
dent upon the mean molecular weight which 
is not yet well constrained (primarily the 
CH4 abundance). Their derived temperature 
near 2.5 mbar (their lower pressure limit) 
is -20 K cooler than our nominal model 
indicates, and corresponds more closely to 
the value in the Orton et al. thermal profile 
(Fig. 2). This pressure region, however, is 
outside the atmospheric region which con­
tributes to the observed line emission (see 
Fig. 6). The thermal profile retrieved from 
Voyager 2 UVS measurements (Broadfoot 
et al. 1989) covers only the very low pres­
sure region ( <0.1 mbar). They retrieve a 
temperature of 150 K between 1 and 100 
µ,bar. At 0.1 mbar their temperature is -5 K 
warmer than our nominal profile. Although 
these pressures overlap the region of ethane 
line formation, they correspond to the upper 
wing of the contribution function (see Fig. 
6), and small temperature differences in that 
region would have little effect on our re­
trievals. 

We used two different temperature pro-
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files (Fig. 2) in fitting the different mixing 
ratio profiles (constant mole fraction vs pho­
tochemical model results, Fig. 1). Compar­
ing the two temperature profiles indicates 
that they are not significantly different and 
cannot greatly affect the retrieved results. 
As can be seen in Fig. 2, in the line formation 
region, the nominal profile used with the 
photochemical models is within 2 K of the 
temperature profile used in Orton et al. 
(1987). At pressures greater than ~2 mbar, 
our profile is significantly warmer, but 
there is little contribution to the C2H6 

line from this region of the atmosphere (see 
Fig. 6). 

Appleby ( 1986) does give a range of theo­
retically derived temperature profiles, one 
of which (as mentioned previously), profile 
c in Fig. 5 of that reference, is about 10 
K warmer than our nominal profile. Other 
profiles given are much colder (~50K 
colder) at pressures below 2 mbar. 

Attempts to fit our measurements to the 
various ethane mixing profiles were made 
using a temperature profile where the tem­
perature was increased in the 6 to 0.03 mbar 
region. For an increase of 10 K the best 
fit for the K = 105 model retrieved a mole 
fraction profile within a factor of 1.3 of the 
model, which is within our 30% retrieval 
uncertainty. The K = 106 mixing profile 
model also showed some improvement (2.3 
times model) but, as before, the agreement 
was poorer than with the K = 105 case. The 
temperature profile which yielded the best 
agreement with the K = 105 mixing profile 
model was 15 K warmer in the 6-0.03 mbar 
region than our nominal profile (Fig. 2). As­
suming this to be the "best" temperature 
profile, the temperature spread for a l<T un­
certainty in the resultant mixing ratio profile 
is IO to 23 K warmer than our nominal tem­
perature profile. Therefore, to reconcile the 
differences between the results from the 
photochemical model and the present mea­
surements either the temperature must be 
increased to ~ 15 K above the nominal 
model for Neptune or the ethane abundance 
must be greater, as discussed earlier. 

The effect of these higher temperatures on 
the photochemical models themselves must 
be considered. The photochemical models 
are sensitive to temperature changes 
through the temperature dependence of the 
reaction rates. The effect of changes on the 
order of 10 K on the photochemical models 
is usually not significant, but needs to be 
quantified. There is, however, an uncer­
tainty with temperature within the models. 
This is because many of the reaction rates 
have been measured only at temperatures 
well above the range pertinent to modeling 
the stratosphere of Neptune (50-150 K). 

Methane abundance. The photochemical 
models are also dependent upon the CH4 

abundance. However, varying the CH4 mole 
fraction at the lower boundary from 0.2% to 
4% in the photochemical model used here 
did not significantly change the resultant 
C2H6 mixing ratio profile. This is because 
the C2H6 production rate is photon, not 
methane, limited. Varying the mixing ratio 
of methane does shift the level where CH4 

photolysis takes place (to higher altitudes 
for larger mixing ratios). This does effect the 
ethane mole fraction slightly, with the trend 
of higher peak abundances for greater val­
ues of methane. 

CONCLUSIONS 

Ethane mixing profiles on Neptune were 
retrieved from high resolution heterodyne 
measurements with a cumulative uncer­
tainty (excluding temperature profile uncer­
tainty) of 30%. The resultant profiles were 
compared to previous observational results 
and used to test recent photochemical-con­
densation models. The value of the C2H6 

mole fraction retrieved using the thermal 
profile and constant mixing profile model of 
Orton et al. ( 1987) was lower than the Orton 
et al. result, but within two of their standard 
deviations. 

Scaling the mixing profiles derived from 
the theoretical model of Romani and Atreya 
( 1989) to fit our data required 2.0 to 5 .8 times 
more ethane in the ~0.02-2 mbar pressure 
region than predicted, depending on the pro-
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file used. Better agreement is obtained for 
the lower eddy diffusion coefficient (K = 
105 cm2 sec- 1

) profile. Lower eddy mixing 
in the lower stratosphere and higher temper­
atures (> 10 K higher) at altitudes above the 
6-mbar level can reconcile the discrep­
ancies. 

As always, the accuracies of the C2H6 

mixing profile retrievals are limited by the 
input parameters, primarily the atmospheric 
model. The accuracy of our intensity cali­
bration, and knowledge of the molecular line 
intensities, the beam profile, and rotational 
broadening contribute a total of about 21% 
uncertainty. As was seen, the atmospheric 
model variations can account for factors 
greater than 2. Hopefully, further analysis 
of Voyager 2 results will provide improved 
atmospheric parameters (i.e., temperatures) 
and also information on acetylene and per­
haps even ethane on Neptune, which will 
help to further constrain and improve the 
existing photochemical models for 
Neptune. 
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