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1.0 INTRODUCTION

Contamination from the exhaust plume of small thrusters used for attitude control
maneuvers can pose severe problems for long-life satcllite systems. Engine exhaust products
can conftaminate sensitive optical surfaces located upstream of the nozzle exit plane (referred
to as the backflow region). Sensor systems, which require cryogenic cooling 1o achieve
maximum sensitivity, are particularly susceptibie to cryopumping cngine exhaust products
that reach the backflow region. The contaminants reaching thec back flow region are thought
to originate from the engine nozzle boundary layer. Gases in the boundary layer iravel at low
velocities and are therefore able to expand through very large angles and flow upstream of
the nozzle exit plane.

To identify better the possible contaminants from bipropellamt (MMH/N,Q,) and
monopropellant (N,H,) engines, the infrared (IR} spectra of monomethyl hydrazine
(MMH), nitrogen tetroxide (N,Qy), and hydrazine (N;H,) propellants were measured. The
normal transmission spectra were measured using 20 and 77°K germanium as a subslrate
material. Germanium was chosen as a substrate because it has an absorption edge at 1.5 gpm,
a flat transmission of 47 percent between 2 and 10 pm, and lattice absorption bands between
10 and 20 pym. It is one of the most commonly employed substrates for cryocooled optical
components because of its higher thermal conductivity as compared to pure dielectrics, the
Irtrans®, or polycrystals, for example.

Complete experimental details have been given in Ref, 1; thus only a basic outline of the
chamber and apparatus is presented here. The absolute transmission of thin solid films of
MMH, N,O,, and NaHy, ranging in thickness up to 9 um, is presented. Finally, a theoretical
model of window plus film transmission is derived and is subsequently employed with the
experimental results to determine the complex refractive index (A = n - ik} ol each of the
above-mentioned propellants. The subtractive Kramers-Kronig treatment for calculation of
the film refractive index has also been employed, and results are compared to those of the
least-squares determination.

2.0 INSTRUMENTATION

A schematic drawing of the experimental apparatus, showing the [R interferometer
(Digilab Mcdel FTS-14), the high-vacuum chamber containing the cryocooted window, and
the IR source location is given in Fig. 1. The chamber is an all-stainless-sieel cell equipped
with a liquid-nitrogen {LN;)-cooled liner. A water-vapor-free vacuum of 108 torr can be
routinely obtained. The substrate holder can be actively cooled with either liquid nitrogen
(LN;) (77°K) or gaseous helium (GHe) (20°K). Three platinum resistors located on the
window holder gave temperature readouts accurate to 0.5°K.
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The germanium window was mounted for cryogenic cooling as shown in Fig. 2. To
ensure that the germanium window did not act as an optical stop in any manner, a stop was
located in the ““back-of-window’ gas baffle. This stop was 1.50 in. in diameter, and the
clear aperture of the germanium was 2.0 in. in diameter.

The spectral resolution of the inicrferometer system could be selected between 16 and 0.5
cm!, but 4-cm-! resolution was found to be sufficient for all work reported herein. The
wavelength accuracy of the interferometer is near 0.02 cm'!, since the interferogram
sampling interval is governed by an auxiliary helium-neon (He-Ne) laser interferometer.
Transmission data were recorded in the 500 (0 3700-crv! wavenumber region. Transmission
measurements were performed by rotating the germanium out of the beam and recording a
reference power spectrum. Up to 16 interferograms were generally co-added before
execulion of the Fourier transform, improving the signal-to-noise ratio. Next the window
was rotated into the beam and the process repeated. The reference file was then divided into
the sample file and plotted by a digital incremental plotter, producing the final data record
on a linear ordinate scale of - to 100-percent transmission.

Controlled contamination of the cryocooled germanium window was accomplished with
the gas induction system shown schematically in Fig. 3. A torcidal-shaped header with
thirty-six 1/16-in.-diam orifices spaced 10 deg apart dirccted the gas toward the
germanium window, The upstream pressure was determined from the vapor pressure of
the liquid, and the gas flow raie was regulated by the variable lcak valve, The chamber
pressure would rise from 1 x 108 up to 4 x 102 or from 1 x 107 up to 1 x 10 torr during
deposition at 20 and 77°K, respectively, indicaling good ¢ryopumping by the liner and
subsirate. Gas was prevented from condensing on the back of the germanium window by a
gas baffle positioned close 10 the back-of-window holder. This baffle also held the optical
stop mentioned earlier. The gas induction system, although quite simple, worked well in that
the deposition rate could be easily controlled and the final thin-film thickness was very
uniform across the 2-in.-diam exposed window area. Film uniformity and absolute thickness
are two important parameters since the ultimate objective of the experiment was 1o
determine the complex refractive index of the thin film, a quantity derived by comparison of
experimental transmission versus thickness data with a theoretical model. Any error in
absolute film thickness is directly introduced into the film complex refractive index results.
A dual-laser-beam technique (Ref. 2} was emploved (o measure the film thickness and also
the film refractive index at 0.6328 pm. Basically, iwo He-Ne laser beams are specularly
reflected oft the germanium window for 1wo different and accurately measured incidence
angles. As the gas is condensed 1wo interference patterns of different periods are monitored

in the reflected laser light. If the ratio of interference pattern periods is termed 8 then the
refractive index of the film (n} is given by
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[al:.zfplh -— B:: -.m‘:aa] 3

T

where 8, and 8, (tvpically 18 and 68 deg) arc the two laser-beam incidence angles. Once
m, has been established the thickness, d,, of the film is readily calculated from m A = 2nd,
[1- (sin?b,/nH))*2, where m is the order of the interference maxima for incidence angle 8,.
The dual-laser-beam thickness monitor yielded thin-film refractive index values accurate 1o
within two percent. A quartz cyrstal microbalance (QCM) was used in conjunction with the
dual-laser-beam technique 10 determing the density of each comaminani. The QCM
operates on the principle of 1he crystal vibration frequency changing lincariy with a change
in mass deposiied on the erysial, The QCM was located adjacent to and just above the
germanium window (see Fig. 2) so that the mass deposition rale would be the same as on the
germanium window. The surface density in gm/cm? was determined from the QCM and the
film thickness determined from the interference patterns. From these two values the film
density was calculated.

3.0 PROCEDURE

The chamber was initially pumped down to approximately | x 10-7 1orr using the
diffusion pump and the LN; liners. Chamber pressures in the low 10¥-1orr range were
obtained when the permanium window, holder, and transfer lincs were cooled to
approximately 20°K with the Collins cryostat (2-kw capacity).

Samples of MMH, N,(Q,, and N:H; liquid were obtained from the fuel drums. A
laboratory chemical analysis was done on cach sample to determine the purity level. The
remainder of the sample was transferred to an evacuated cvlinder thal was then attached to
the chamber gas bleed-in system. Absorbed gases and sample impurities were removed from
the cylinder and sample using a mechanical pump to pump directly on (he sample. The vapor
pressure cxerled by the sample of propellant supplied the forepressure for the metering valve
that was adjusted to give the devired deposition rate.

Deposition of the gas on the cold germanium window was monitored using the two HeNe
laser beams with the two-angle interference technique. Generally, transmission
measurements were made upon reaching an interference maxima in the lower angle (18-deg)
beam, at which point the gas llow was shut off. Upon completion of the transmission
measurcments, the gas flow was again started and deposition occurred until a film thickness
corresponding to the nexi interferenge maxima was reached, et¢. In some instances in which
very strong absorption bands were observed, transmission measurements were alternately
made for each interference minima and maxima. This was done since determination of the
optical properties {n and k) required the use of as many thicknesses as possible to increase
accuracy. :
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After completion of a series of transmission measurements for all the thicknesses, the
' cryagenic flow rate to the germanium substrate was turned off and the substraie and
deposited film allowed 1o warm up. Transmission measurements were made at intervals
during warmup. The time required for the interferometer to scan the sample (16 scans) was 2
to 3 minutes with a similar time required for the refercnce beam. With the time required for
obtaining the Fourier transform and the plotting of the data, this resulted in a time interval
of about 10 minutes between measurements. The lemperature given on each warmup data
plot is the temperature at the end of the sample interferometer scan.

The main intent was to obtain transmission measurements for as many thicknesses as
possible during an experiment on each propellant. The number of thicknesses actually
obtained depended considerably on the particular gas. For *‘well-bchaved® deposits, 16 to
25 thicknesses {inlerference maxima or minima) werc obtained, whereas in some cases only 2
to 3 thicknesses were possible. The so-called fracture or shattering effect was the primary
cause of the problem. In other cases the deposit was more highly scattered, which caused the
interference patterns to be washed out at thinner film thickness.

4.0 RESULTS - EXPERIMENTAL

4.1 MMH ON 20°K GERMANIUM

Transmission spectra of MMH were gbtained for several thicknesses varving from (0.233 ’
wm (one interference fringe) to 3.27 pm (14 interference fringes). At the He-Ne wavelength
{0.6328 um) the refractive index was measured and found (o be 1.40 + 0.02; in conjunciion
with the thickness measurement, a QCM measured the mass per unit area giving a density of
0.82 gm/cm? for the MMH deposit at 20°K. This yields a Lorentz-Lorenz value
{[(n2- 1)/(n2+ 2)] 1 » 1/p} of 0.294 cm3/gm at 0.6328 pm. '

Transmission data obtained for the 0.47-, 1.17-, and 3.27-um-thick deposits are shown in
Fig. 4. These thicknesses correspond to interference maxima of 2, 5, and 14, respectively.
(The dashed curve is for the bare 20°K germanium transmission.) The absorption bands are
listed in Table 1 (the 77°K data are also listed and will be discussed later), and the vibrational
assignments of Durig, Harris, and Wertz (Ref. 3) are listed for comparison; their
assignments were obtained for liquid MMH, whereas the spectra in the present case were for
thin solid films of MMH. The MMH spectra show 1wo wavenumber areas of considerable
absorption — the region from 800 to 1700 ¢m-! and the region from 2700 to 3400 cm-!. No
noticeable absorption is noted between these two regions. The broad dip in transmission
centered between 1900 and 2300 cm-! (Fig. 4c) is actually an interference minimum and is a
part of the channel specira. As shown in Fig. 4c¢, some of the transmission curve lies at

10



AEDC-TR-79-50

values higher than the initial germanium base surface transmission. This is the result of the
thin MMH film acting as an antireflection coating that increases the transmission over that
of the bare germanium.

Comparing the spectral locations of the absorption bands listed in Table 1 with those
from Durig et al. (Ref. 3) reveals a few differences. In Fig. 4¢ a relatively strong band can be
* pbserved at 3164 cm-!, whereas no such band was observed by Durig et al.; this may be due
to the bands being sharper in the solid phase. Similarly, a weak band at 3032 cm! was not
observed by Durig et al., nor was the splitting of the »4 and #< bands located at 2964 and
2934 cm-), respectively. The other band locations were nearer to the values obtained for the
liquid phase.

After the data in Fig. 4 were oblained, the 20°K GHe flow to the germanium subsirate
was stopped and the MMH-germanium surface system was allowed to warm up slowly.
Spectral transmission measurements were made at intermediate temperatures before the
MMH film sublimated. Essentially no change occurred in the transmission for temperatures
up to 145°K. Between 145 and 160°K a phase change occurred in the MMH, as is evident
from a comparison of Figs. d4c and 5. The overall transmission was reduced considerably.
The-phase change from an amorphous solid to a crystalline structure caused a large increase
in the scattered radiation (Fig. 5), thereby reducing the transmission of radiation through the
MMH-germanium composite. Visually at this time the MMH film appcared translucent or
milky. The absorption bands also are much less prominent than previously recorded, with
some of the weaker bands being underectable. The »3 band located at 836 cm-! before the
phase change split into two bands located at 845 and 860 cm-!. The relatively broad band
located at 1004 cm-! before the phase change is very sharp and shifted to 985 cm-! afterward,
which makes it agree with the location of the ¥;¢ band of Durig et al. (Ref. 3). Considerable
variations werc seen in the shape and location of the other bands. The two doubler bands
near 1104 and 1206 cm-! before the phase change appeared as a single band after the phase
change. The bands in the 2700 to 3400-cm-! range showed little resemblance to those before
the phase change, as shown in Figs. 4 and 5, and thus a comparison of band locations before
and after warmup is difficult. [n general, the shape of the bands was much sharper afier the
warmup. This was especially true in the 700 to 1700-cm-! region. After the phase change, the
temperature of the germanium substrale was allowed 10 increase further until the MMH had
completely evaporated, which occurred between 175 and 180°K. The chamber pressure at
this time was approximately 5 x 10 torr.

4.2 MMH ON 77°K GERMANIUM

Thin films of MMH were also deposited on LN;-cooled germanium, and transmission
spectra were obtained as belore at each interference maxima. The refractive index at 77°K
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and A = 0.6328 um was 1.47 + 0.02, the density was 0.98 gm/cm3, and the Lorentz-Lorenz
constant 0.284 cm¥/gm. For the transmission measurements, film thicknesses up to 40
interference maxima thick {8.84 pm) were deposited and the spectra rccorded. Figure 6
shows the spectra obtained for thicknesses of 0.44, 2.21, and 8.84 pm, which are
representative of the results obtained. The band locations and assignments (see Table 1) are
gssentially the same as given previously for the 20°K spectra. Essentially all of the bands
observed at 77°K are within 10 cm-! of the corresponding bands observed a1 20°K.

For the films formed at 77°K no problems with fracturing occurred. Figure 7 shows the
spectra obtained after the film was allowed to warm up to 161°K. A crystalline phase change
occurred between 150 and 160°K as previously noted, but the transmission values (see Fig. 7)
arc considerably higher than that obscrved in the previous warmup data for the 20°K case
(see Fig. 5). This is evidently caused by smaller size particles or crystals being formed when
no fracture occurs before the amorphous-crystalline phase change. The fracture evidently
increases the particle size, which, in turn, reduces the transmission by increasing the amount
of energy scattered out ol the radiation path.

There was not much change in the spectra before and after warmup. However, one
significant change was the emergence of a strong, sharp absorption band at 3340 cm-! not
present before warmup. Evidence of its presence is found in the 20°K warmup curve (Fig. 5)
as a weak band observed at approximately 3340 ¢cm-!. This band appeared prominently
during the 77°K warmup in Fig. 7 and is either the vy or v; fundamental. The splitting of the
5 band at approximately 840 ¢cm-! into bands located at 835 and 860 cm! (see Fig. 7) was
also observed in the 20°K warmup curve and is the resull of ithe amorphous deposit
transforming to the crystalline phase since the splitting of the band was not observed for
liquid MMH {Ref. 3). All other band locations were very close for the 20 and 77°K
condensed films. Several weak bands appear in the 1700 to 2660-cm-! range after warmup
(see Fig. 7); these were not observed in either the 20 or 77°K data before warmup. These
weak bands are combinations or lattice bands whose assignments are unknown at present.

-

4.3 N0, ON 20°K GERMANIUM

Shown in Fig. 8 is the IR transmission spectrum of a 1.45-pm-thick (6 interference
maxima) N»Q, film deposited on the 20°K germanium window. In contrast to the MMH, the
N20Q4 exhibits strong absorption only at the lower wavenumbers (700 10 2300 cm!). The
refractive index at 0.6328 um and the density were measured and found to be 1.53 + 0.02
and 1.81 gm/cm3, respectively, at 20°K. This yields a Lorentz-Lorenz value of 0.171
cem3/gm. During deposition the N;Oy films fractured or changed phase abruptly when a film
thickness of 1 to 3 xm was reached. This behavior was characterized by a sudden change
(within five seconds) from a clear transparent [ilm to a highly diffusc scattering film, with
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the result that the thin-film laser interference patierns could no longer be abserved. Inlrared
channel spectra were washed out at this time also.

The identifiable N2O, bands are listed in Table 2. These data were compared with 77°K
N:0; measurements of Wicner and Nixon (Ref. 4} and the N2Q, gas phasc mcasurements of
Bibart and Ewing (Ref. 5); band assignments follow those of Wiener and Nixon (Ref. 4)
unless indicated otherwise. The major vibration bands are the »;; band located at 750 cm-!,
the #; band at 1260 cm-!, the »< band at 1720 cm-!, and the vy band localed ar 1742 em-l.
The remaining N2O,4 bands are cither weaker fundamentals or combination bands.

To help identify the bands listed in Table 2 it was necessary (o consider the 1ransmission
of the N1O, film after the substrate had been allowed to warm up from 20 to 153°K (sce Fig.
9). Transmission measurements were madce at intermediate temperatures, but they are not
presenied. Upon warmup to 153°K the »1; band located at 750 ¢cm-! in Fig. 8 splits into two
bands located at 745 and 765 cm-! in Fig. 9. The splitting had not occurred ar 138°K. When
N20j is deposited at 77°K, this band exists as a doublet {Ref. 6) as observed in AEDC dara
1aken at 77°K (shown later) and also found by Wiener and Nixon (Ref. 4}. The three weak
bands observed in Fig. 8 at 785, 820, and 850 cm-! became much sharper after warmup (Fig.
B) and are more easily distinguished. There was a broad absorption band between 940 and
1060 cm-! before warmup. After warmup to 153°K only a narrow band still remains at 1050
c¢m-!; this band finally disappeared between 200 and 207°K. The sharp band located at 1050
cm-! iy arributed 10 some form of nitrate (Ref. 7) (NO:2) that remained on the surface after
most of the other film had sublimed.

The broad band initially between 940 and 1060 cm-! is assigned {Ref. 8) to N2Oj; since a
large part of the band disappeared at an intermediate temperature of 8¢ to 90°K (not shown)
at a chamber pressure of 106 torr. No vapor pressure curves are available for N,Os, but it is
known that N;O; vapor pressure is higher than that for N2Q,. Other gascs that sublimate in
this temperature region are NO at 60 to 70°K and N,O at 80 to 90°K; however, ncither of
these gases exhibits absorption in the 940 to 1060-cm-! region. (N.Oy4 and NO; sublimate at
approximaiely 160°K for a chamber pressure of (-0 torr.)

The 1wo strong, sharp bands in Fig. 8 located at 1260 and 1305 ¢cm! are the »;, and
r11 + R N20, bands, where R represents a torsional lattice mode. (The »), + R band was not
observed for N2Qy deposited at 77°K in the AEDC studies.) Both of these bands are still
present after warmup to 1533°K (Fig. 9). The #»\; + R band of N.Q, at 1305 em-! (20°K) is
also masking a nirrate band. Hence, the 1305-cm-! band in Table 2 is lisred as an N2Oy and »4
nitrate band.
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The band at 1450 ¢m-! in Fig. 8 before warmup shifts to 1385 cm-! after warmup (Fig. 9).
This is the N3O4-2 »7 band and is evidently highly temperature-dependent. In Fig. 8 a sharp
band is located at 1618 cm-! with a side lobe at 1395 cm!. In the warmup data between 20
and 90°K these bands became quite distinct, and the 1618-cm-! band disappeared upon
warmup to 90°K. For this reason the 1618-cm-! band was identified as the »> band (Ref. 8) of
N>0j;. The band at 1595 cm! was identified as the NO»-»; band.

In the region of 1700 cm-! (Fig. 8) there are three distinct bands located at 1720, 1742,
and 1765 cm'} assigned to be the vs, vy, and vy + R N2Oy4 bands, respectively (Ref. 4). Upon
warmup to 153°K the band at 1720 cm'! has disappeared, as shown in Fig. 9. The 1880-cm-!
band is the N3O4p4 + s combination band and shifted to 1860 cm'} upon warmup to 153°K.

The 1980-cm-! broad band in Fig. 8 disappeared upon warmup to about 90°K and does
not appear in Fig. 9. Since it disappears at the same temperature as the 940-to-106¢ and the
1618-cm-! bands, it also is assigned 1o N>O; even though this band is locared some 50 ¢m-!
from that observed for gaseous N2Q; by Bibart and Ewing (Ref. 8).

The band labeled 2135 ¢cm-! in Fig. 8 was strongly temperature-dependent, shilting some
85 cm-! 1o its location of 2220 ¢m-! in Fig. 9 at 153°K. Further temperature increases to
180°K caused the band to further shift to 2260 cm-1. At this temperature the N;Q4 and NQ;
had aiready sublimated, leaving only a deep blue film on the substrate. This band is most
likely a nitrate combination band, possibly »a+ 1, which could result from the »» and »;
bands recorded by Kato and Rolfe (Ref. 7). Furiher indications that the film remaining at
this temperature was a nitrate were the relatively strong absorption bands at approximately
1340 cm-! and a weaker one at 1050 cm-!, corresponding to NO; fundamentals v1 and »,
respectively (Refs. 7, 9, 10, and !1). The film had compietcly sublimated upon reaching a
temperature of 207°K.

Two sharp bands located at 2235 and 2345 cm-! were also found. These two bands were
eliminated when the warmup temperature reached 90°K (not shown). The 2235-cm-! band is
attributed to the strongest N;O fundamental »3; the 2345-cm-! band is assigned 1o be the
strongest CO; fundamenlal va. Only trace amounts of N>O and CO; are required for these
bands to show up. Other weak bands marked in Fig. 8 between 2900 and 3200 ¢m! are
aftributed to NyOy and are the #s + v|; band at 2970 cm-', the 227 + vg band at 3115 em™?, and
the 2r7 + »9 + R band at 3155 ¢cm-!. These bands appear very weak in Figs. 8 and 9, but they
are more prominent when N2Qy is deposited on a 77°K surface,

Finally, it should be mentioned that the v; fundamental band, which is located at 685

cm-! in the gas phase, was nolL observed in the solid films studied here. This band is
considerably weaker in the solid phase (Ref. 4).

14
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4.4 N,0O4 ON 77°K GERMANIUM

Thin films of N,O, were also condenscd at 77°K. For A\ = 0.6328 um the refractive index
was determined to be 1.55 + 0.02 and the density was 2.01 gm/cm?. These values yield a
Lorentz-Lorenz value'of 0.159 cm3/gm, which shows only fair agreement with the value of
0.171 cm3/gm obtained for the 20°K measurements. No fracture problems were encountered
for the N2Q, deposited at this higher temperature. During warmup the N>Oj started
evaporating at approximately 150°K and a chamber pressure of about 1 x 106 torr.

The infrared transmission spectra for the thin films condensed at 77°K are shown in Fig.
10 for thickness of 0.42, 1.25, and 4.18 um. For the smallest thickness, 0.42 um, only the
bands at 1740 and 1760 cm-! are very intense. The bands at 1255 cm-! and the double band at
740 and 760 cm-! show up strongly at the two larger thicknesses. The latter band existed as a
single band located at 750 cm-! when deposited at 20°K, but the splitting was observed later
when the films were warmed up. The 1255-cm-!-#); band showed up as a singlet until a
warmup lemperature of between 147 and 155°K (see Fig. 11a) was reached, at which point
the 1305-cm! (#); + R) band also became quite strong. This latter band was observed at
20°K before warmup, which is in contrast to the trend observed previously. The general
trend is for a film condensed at the lower temperature to be of the amorphous form and to
exhibit less spectral structure than the crystalline deposits formed al a higher temperature,

From the spectra for the 4.18-um-thick film (Fig. 1ia), a weak band is observed at 1460
cm-! (2v7+ R) and a sharp band at 1620 cm-!. A very sharp narrow band is observed at 1700
cm! (#5) and the strong double band ‘I@,gatcd at 1740 (»y) and 1760 cm! (r¢+R). The
remmainder of the bands are relatively weak and are located at 1840, 2240, 2340, 2580, 2620,
2965 (vs+vyy), 2985, 3100 (2v7+ ), and 3140 (¥7+w+ R) cm!. The 2340-cm’! band is
believed to be the #y CO; band, and the 2240-cm-! band is duc to N>O impurities that are
absorbed in the liquid N-Q,. Some of the weak bands, such as the 2580- and 2620-cm-!
bands observed at 77°K and not observed at 20°K, may bc due to the much larger film
thickness deposited at 77°K.

No significant differences in the warmup spectra were observed from those in the
warmup spectra of Lhe films formed at 20°K other than the previously mentioned band at
1305 ecm'!. After warmup to 155°K (Fig. 11a) some of the N»0O4 was already sublimating.
Figures 11b and ¢ are spectra obtained aflter the N3Oy had come off but a very thin film
remained on the substrate. At 174°K (Fig. 11b} a double band was abserved in the region
from 1300 to 1400 cm-! and a weaker band a1 2220 cm-!. Further warmup to 183°K (Fig. 11c)
completely eliminated the 2220-cm-! band, but a single band at approximately 1370 cm-!
remained. At this temperature a brilliant, dark blue film was observed on the germanium
window and holder. This film had sublimated when the germanium temperature reached 197
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to 207°K for a chamber pressure of 1 x 10-7 torr. This film is probably some typc of nitrate
impurity in the N;O4.

4.5 N;H; ON 77°K GERMANIUM

The other fuel studied was hydrazine (anhydrous). A sample was collected from a fuel
drum of NaHy, and a chemical analysis showed the composition (by weight) 1o be
99.2-percent NyH,, 0.6-percent H;Q, and 0.2-percent amines.

Deposition was first attempted for the germanium window cryogenically cooled to 20°K.
However, only a few (2 to 6) interference maxima were oblained before dying out because of
a fracture-type phenomenon. This phenomenon sometimes occurred as a sudden fracture
with the immediate cessation of the interfererence patiern or was a rapid deterioration of the
interference pattern quality. The spectra of 1hese deposits before fracturing, however, were
not unlike those obtained lor the 77°K measurements; Lherefore, they are not presented
here. With the germanium window at 77°K, hydrazine films up to 32 interference maxima
thick were obtained befare fracture occurred. The refractive index at (0.6328 um was found
to be 1.50 + 0.02 and the density 1.17 gm/cm; al 77°K. These values yield a Lorentz-Lorenz
constant of 0,253 cm¥/gm at this wavelength. At a chamber pressure of 3 x 10 torr, the
hydrazine films evaporated between 180 and 190°K.

The transmission spectra of hydrazine formed at 77°K germanium for thicknesses of
0.22, 2.16, and 4.74 um are shown in Figs. }2a through ¢. Locations of the major absorption
bands arc at 890, 1060, 1305, 1345, 1620, 2955, 3180, and 3340 cm-! and are listed in Table 3.
Some of these bands agree with previously published data {Refs. 12 through 14) obtained on
solid hydrazine, such as the 3340-, 3180-, and the 8%0-cm-! bands. The relatively weak band
al 2955 cm-! shown in Fig. 12¢ was also obscrved in Ref. 12, but was not identified.

The two relatively weak bands at 1305 and 1345 em-! were observed in Ref. 12, but the
relative intensities were reversed. In Fig. 12¢ the band located at 1305 cm-! is stronger than
that at 1356 cm-!, whercas the relative intensities of the two bands were reversed in the data
of Ref. 12, The two simple bands observed in Fig. 12¢c at 1060 and 1620 cm-! both appear as
doublet bands for solid hydrazine in Ref. 12. The data of Ref. 12 were also obtained lor the
N>H; condensed at LN: temperatures but in a gas ccll. Although nort stated in Ref. 12, the
deposits are believed to have been condcensed at a relatively high pressure and formed in the
crystalline phase. The NaH, deposits formed in this study were condensed at a chamber
pressure of approximatcly 1 x 107 torr and were of the amorphous form. As such, the
spectra may be representative of a supercooled liguid as contrasted to a crystalline solid.

. 16
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Warmup studies of NaH; condensed at 20°K and subsequently warmed up until it had
evaporated showed that the amorphous film changed phase and crysiallized at some
temperature-between 95 and 127°K (see Fig. 13). At 95°K 1he spectrum was cssentially the
same as in Fig. 12c, but after warmup 10 127°K the deposit had alrcady changed phase at
some intermediate temperature, and the band location in the spectra of Fig. 13 agrees with
the data of Ref. 12. The single bands a1 1060 and 1620 cm-! became double bands with
locations at 1075 and 1130 em-! and 1595 and 1650 ¢m-l, respectively. Also the relative
intensities of the two bands at 1305 and 1345 ecm-! reversed, with the 1345-cm-! band now
being the more intense, which also agrees with the spectra presented in Ref. 12.

Noticeably missing in FFig. 12¢ is the torsional v+ band that was observed in Ref, 12 for
the solid crystalline phase bul is not present in the liquid or gascous phases. After warmup
and phase change (Fig. 13) a strong band at 630 ¢m-! was observed that corresponds to the
previously missing »7 band in Fig. 12c and shown in Rel, 12, This also indicates that the
amorphous solid phase is more characteristic of a supercooled liguid than the crystalline
solid form.

The fracture phecnomenon behaved differently spectrally in a couple of cases. In one
instance the spectra obtained atter fracture showed no indication of the band at 635 cm! nor
the splitting of the 1060- and 1620-cm! bands. In another experiment, where fracture
occurred after a 6.89-um-thick NaH4 film was continuously deposited at 77°K (sce Fig. 14),
the first spectra obtained immediately afier fracture showed both the presence of the
635-cm-! band and the splitting of the 1060- and 1620-cm-! bands. Thercfore, whether or
not the fracture is directly associated with a crysialline phase change is somewhat uncertain.
The two cases where shattering (or fracture) occurred for liims condensed a1 20°K showed
no spectral evidence of a phase change. The film condensed at 77°K beforc shatiering (or
fracture) did spectrally show the crystalline change, but this film was also considerably
thicker when it fractured than was that at 20°K. The fracture phenomenon occurs while the
film is being deposited, e.g., while the film is growing in thickness. The phase change occurs
after a certain film thickness is reached and the film temperature then is allowed 1o increase.
The deposit whase transmission is shown in Figs. 12a through ¢ reached a thickness of 22
interference maxima (4.63 pm}. During deposition of the 23rd maxima the film ruptured into
many hairlike fibers that curled up from the center of the germanium window back to the
outer edge (out of the IR beam). A speciral scan of the germanium window after this
occurred showed that all of the film was removed.

5.0 OPTICAL PROPERTIES DETERMINATION

To account for the influence of these fuel constituents as contaminants it is necessary to
know the solid condensed-phase optica! properties. These properties are necded to compuie
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the reflectance change of a surface or to compute the transmission change of an optical
component. Knowing these properties can help correet for the effects of condensed

constiluents on an actual surface. The optical properties desired are the refractive index, n.
and the absorption index, k.

To deiermine the complex refractive index (1 = n - ik} of the thin solid film from the
transmission versus thickness data for wavenumbers beiween 700 and 3700 ¢m-', an
analytical model of film plus substrate normal transmission was developed (Refs. 15 and 16).
It was assumed thar the germanium window acted as a thick film, and thus there was no
phase coherence belween multiple internal reflected rays, Moreover, the real part of the
germanium complex index, ng, is known and given by Ref. 17:

ng = As Bl s ClmxDAs Fat (hH

where

L = (A - 028!

A = 39993
B = 0391707
¢ = 0163192

D = - 0.000006

Eo= 0.000000053

The gecometry describing the transmission is shown in Fig. 15, For convenience the ditferent
laycrs have been subscripted 0, 1. 2, and 3, where subscripts 0 and 3 are vacuum and | and 2
are the thin condensed film and the thick germanium substrate, respectively. The model
emploved to fit the experimental results is for normal incidence only. As shown in Fig. 185,
E,* is the amplitude of the incidence radiation that undergoes an infinite number of
multiple reflections after passing into the thin tilm. Following multiple reflections the total
amplitude of reflected and transimitted radiation is given by Bl and Ea *» respectively. Ey*
internally reflects from the back of the germanium window, becomes Al and Cl, and again
undergocs thin-film multiple reflection in medium 1. This results in the rays B2 and A2, and
so on. Analytically the reiationships between the amplitudes of the various waves are the

following: " o .
l'-l-) = |0 1 2".‘:
At = A3, (2)

18
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with
.-\] = EE I'2
A3 < A2 s
3
“3 = ,'\'I- TE ( )
with
Cl = k2
C2 = t5 A2
(4)
C3 = 1, Al
and with
B = B ropn
B2 - Al ta1g
5)
B3 = A3ty (
Bl = AS5t,,,

wherce 13 designates the amplitude transmission of light traveling from medium 2 10 medium
3, r2 designates the amplitude reflection of light incident upon medium 3 from medium 2,
ro12 designates the amplitude reflection of light that is incident [rom medium 0 and is
refiected back into medium 0 after undergoing thin-film interference in medium 1, rypy
designates the amplitude reflection of light that is incident from medium 2 and is reflected
back inro medium 2 after undergoing thin-film interference in medium 1, tyg2 designates the
amplitude transmission of light incident from medium 0 and transmitted into medium 2
after undergoing thin-film interference in medium 1, and ts); designates the amplitude
transmission of light incident from medium 2 and transmitted into medium 0 after
undergoing thin-film interference in‘medium 1.

The power transmitted through the thin-tilm, thick-film combination is given by

&=yl C11%4ng| C2[7 4 e (6)

19
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where ny = ng since medium 3 and medium 0 are both considered as vacuum and with Lthe
constant ¢/4x (c being the speed of light in vacuum) being omitted for convenience since this
constant will be lost when dividing to determine the overall transmittance.

Substituting Eq. (4) into Eq. (6) vields the transmitted power as

¢ = "o.lglz[lE‘;;.2 + AZ2 - ran? o oagl® - ] ™

Next, combining Eqs. {2) and (3) yields

2 1 2
14212 = RoRyy0lESl
1412 = R3R3,5'E3l (8)

2 It pr2
46,2 < RIRY G}

where
Ry = Iryl? ®)
Roig = Iraygl (10)
Ty = |12 (L

Inserting Eq. {11) into Eq. (7) results in the transmitied power being given by
£ = n,ToE52[1 + RpRgygp = RIRG)5 + RIR3;0 + -] (12)

where the infinite sum coverges to the closed-form expression,

noT2|EE|2 (13)
T 1= Rylyg

The transmittance is defined as the transmitted power divided by the incident power. The
incident power is given by

Eo = "olE?? (14)

" and the expression for the overall transmittance is obtained by ratioing Eq. (13) to Eq. (14),
ie.,

T, E}|? (15)

T-£ .
& [1- RyRy 0l B

20
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But from Eq. (2)
21k

1 2
e to12:” = Tgye (16)
1]

and the final result for the overall normal (ransmittance is given by

___TeTois (17
[T - RgRypol

The result in Eq. (17) is valid only when the substrate is a nonabsorbing medium. 1f the
substrate is also absorbing, i.e., the imaginary part of the complex refractive index of the

substrate is nonzero, then Eq. (17) becomes

. «a,D

T -
e D {18)
I~ RoRgpp e ®
where
D = the thickness of the substrate (gevmanium)
a, = (-hrkg) /A is the absorption coefficient of the substrote {(germanium)
k!z = imaginary component of complex refractive index of the substrate (germanium)
A = wavelength in vacuum

Having developed Eq. (18), which is the normal transmittance of a thin film deposited upon
a thick partially transmitting film, it is now necessary to define the expressions Tz, Toi2. Rz,
and Ryp in terms of the optical constants of the thin film, the substrale, and wavelcngth.
The derivation of these quantities is straightforward, although tedious, and is outlined in
detail in Ref. 16. For completeness, the expressions required to evaluate Eq. (18) are listed
. below (Fresnel coefTicient for normal incidence):

n

(“2‘_“2 ; (19)
32 + n,

] 2n,
(n, + mo)

Hg = ]r2!2 =

(20

Loy
Ty = by

21 N
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The expressions for Ty z and Ry g are somewhat more complicated 1o evaluate and will be
considered separately from R; and T,. The expressions for T2 and R based on the work
of Ref. 16 are given by

2 2 -%h
oo ol 21y €72 (21)
012 [ 1ra|2|r]:.l2 ertb 20'2b“'lclrurhl cos 2a - Imir, r,) sin 2al]
and
“ral2 + |rb|2 e""h + 22'2hiﬁe(rh::] cos 2a + lm(rbr;) sin 2af] (22)
R = ,
210 h+ I'a\2|'b12 e-4b . '24-2b iHe{rarh) cas a + lm(rarb] sin 2al]
where )
v, = - — . (23)
fla = M,y
n, - n
Y a9
n o
°n
ld. = — ]_ ('25)
ﬂ] T l'l2
- (26)
iy = 1)
ﬁ]=nl'—l|\.1=n—ik=ﬁ (27)
2md
s dyn, [29}
A
ndk
_ ! 30
b = — (30)
d; = crvodeposit thickness (D
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and * denotes the complex conjugate. The optical constants of the cryopumped constituents
were determined by using this analytical transmission model in conjunction with a nonlingar
leasi-squares convergence routine, Also the subtractive Kramers-Kronig relation (which is
based on solid-staie physics) between n and k was used in conjunction with (for 20 and 80°K
N.0;) and in comparison with (for 20 and 80°K MMH, also for 80°K NaHg} the nonlinear
lcast-squares determination of n. The subtractive Kramers-Kronig relation is given by

RS YN TR T (NP TR T T (32)

nfvl = nfy, J+=1 - dv
7 . .
! i )""—\-2 oy 2

) " J
where vy, is a reference frequency (2500 cm for 20°K MMH and N>O, and 2200 cemy! for
80°K MMH, N20,, and N:H,) and P indicaics the Cauchy principal value of the integral.
Integration was performed using the simple trapezoidal rule; the k(v ') values used in Eq.
(32) were those determined by the nonlinear least-squares technique.

’

The transmission data recorded for all deposiis discussed here were digitized every
2 ¢cm-l. I[n the determination of n, transmission spectra ar 14 thicknesses (HeNe laser
interference fringes) (0 — 3.25 pm) were used: for MMH at 80°K, data at 11 thicknesses
(0 — 2.29 um) were used; and for NoH, at 80°K, data at 22 thicknesses (0. — 4.74 ym) were
used. The optical constants are shown in Fig. 16 and Table 4 for 20°K MMH, in Fig. 17 and
Table 5 for 80°K MMH, and in Fig. 18 and Tabie 6 for 80°K N;H,. These optical propertics
were determined solely by use of the analytical model with the nonlinear least-squares
convergence technique; the Kramers-Kronig dctermination of n is shown only for
comparison purposes. The results of the two technigues arc in excellent agreement.

For N>QO4, absolute transmission spectra at 7 thicknesses {0 to 1.45 am) for the 20°K
deposit and 9 thicknesses (0 — 6.63 um) for the 80°K deposit were used in determining the
optical properties. Usually a minimum of about 15 thicknesses is desired for the analytical
model to converge upon a well-defined value of n. The n value appears 1o be primarily
defined by the period of the transmission versus thickness curve at each wavenumber. When
only a few lhicknesscs arc obtained, the transmission versus thickness (for each
wavenumber} curve is not well defined. It was found that for high wavenumbers
{> 2100 cm-!) the analytical model had no problem in defining n; however, at the lower
wavenumbers a neighborhood (range) of n values seemed to satisfy the transmission data.
The k value, which is primarily defined by the magnitude of the (ransmission, did not have
this difficulty and was well-defined over the whole spectral region (700 to 3700 ¢em-!), Thus
to determine n, the k values were used with the subtractive Kramers-Kronig relationship 1o
compute n; these new n values were then used in the analylical model {(along with the k
values) to see if good agreement occurred with the transmission data. For all wavenumbers,
the Kramers-Kronig n’s along with the least-squares k’s yielded good agreement when the
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analytical model and transmission data were compared. The optical constants for 20 and

80°K N;O4 are shown in Fig. 19 and Table 7 (20°K), and Fig. 20 and Tahle 8 (80°K),
respectively.

The optical properties presented are important for calculating the effects of possible
deposits upon crvogenically coeled surfaces. Such surfaces as cryogenically dooled sensor
oplics and telescopes will be Tuncrioning in the wavenumber region investigated. The
interpretation of information from these types of insiruments, when contaminated with thin
films, will requirc spectral knowledge of n and k. Shown in Fig. 21 arc the transmission
versus thickness curves at a varicty of wavenumbers for the 20 and 80°K data. The excellent
agreement between theory and data is typical of the results obtained over the entire spectral
region (700 to 3700 cm-'). Figure 21 illustrates the good agrecment between theory and data
at both high and low wavenumbers and in regions of high absorption.

6.0 SUMMARY

Experimentally determined transmission measurements of condensed propellant gases on
a cryogenically cooled germanium window have been made. Thin films of monomethyl
hydrazine {(MMH), nitrogen tetroxide (N;O4), and hvdrazine(N:H,) werc formed at 20 and
77°K. The infrared spectral transmission was studied over the 500 to 3700-cm-! wavenumber
range. The propellant thickness was accurately determined using a two-angle laser-
interference technique. The density of the films was determined using quartz-crystal
microbalances (QCM’s) and by determining the refractive index at 0.6328 um to allow
accurate thickness determination. Some [racture and shattering cffects were observed for
the films condensed at 20°K.

From the transmission data, the optical properties n and k, which are the real and
imaginary paris of the refractive index, were determined for the 700 to 3700-cm-!
wavenumber range. Thesc results are presented in graphical and tabular form for a
wavenumber interval of 2 em-!. These optical properties can be used 1o calculate the amount
of optical contamination caused by thin films ol these gascs deposiled on any mirror or
window substrate, provided the n’s and k’s of the substrate material are also known.

No major spectral differences were observed between the transmission results of films
formed at 20 and 77°K for the same propellant. For MMH, the n's and k's showed little
variation: The n values for 77°K were slightly larger than for 20°K; (he k values in the
absorplion bands for 77°K were also slightly larger than for 20°K, The N-D; opiical
properties showed a stronger variation with temperature than did the MMH. For N,Qy the
n's and k's were larger at 77°K than 20°K for the three sirongest absorption bands.
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Pyroelectric detector and collection optics,
Stainless steel high vacrum chamber, 85 cm fall by 70 ¢ in diameter
(33.5in. by 27.5in, in diameter),
3. Cryogenically cooled infrared window; germanium, 4 mm thick by

70 mm square (0. 158 in. by 2. 76 in. } and QCM,
4 Helium-neon laser (0, 6328 pm) beam (one of two shown! employed

to measure cryofilm thickness.
5. Infrared beam, 38 mm in diameter (1,5 in, ).
6. 2-mw He-Ne laser.
7
8,

o N

. Michelson interferometer.
Infrared source and collimator mirrar.

> D \ek G

0

Scale, in.

Figure 1. Schematic of the infrared Optical Transmission Chamber
{IROTC} with FTS-14 interfarometer-spectromater.
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o

Infrared beam, 38-mm-diameter (1. 5. ).

2, Optical siop required to underfill cryocaoled window with infrared beam, Also,
this step is supported by a 3-in. -10 pipe that prevenis gas added to chamber
from crycpumping on rear of window.

Aluminum holder with cryogenic passageways,

Germanium window heat sunk with an indium gasket to the aluminum holder.
Cover plale,

Gasecus helium or [iquid nitrocen inlet,

Gaseous helium or liquid nitrogen outlet,

Crasshatched area illustrates area of window heal sunk tc helder. Clear
diameter is 50. 7 mm (2 in, } while infrared beam diameter is 38 mm (1.5 in.),
9. QCM heat sunk with indium gasket to aluminum holder, .

L

".--'_—‘" @

Plan View

Elevation View

e
—

Figure 2. Plan and elevation views of cryogenically
cooled sample holder.
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Table 1. Absoprtion Band Locations and Vibrational Assignments

for Monomethyl Hydrazine (CNaHg)

After Warnmup

After Warmup

Liquid 0MH

20°K to 160°K 77°K to 161°K {Rei. 3) Assignment
836 845 840 833 813 Vg
-— 860 —-— 860 -—= -—
1004 985 1015 1010 985 Y16
1104 1105 1105 1120 1094 v15
1132 1130 1140 1140 1120 v13
1206 1220 1220 1220 1194 Vig
1320 1350 1335 1345 1295 Y14
1410 1410 1415 1405 1417 Vin
1444 1450 1450 1440 1438 vg
— —_— — 1460 _— -_—
1482 1480 1480 1490 1472 Va
1624 1620 1630 1620 1608 Vg
—_— um—nem —_— 1720 -— —_—
—_— —— —_— 1850 - -
—_— —— — 2020 —_— —
-— _— - 2060 — —
- -— —-—— 2140 -— -_—
— _— _— 2210 -— _—
-_— —_— -— 2340 -— —
-— -— -— 2660 -— -—
2778 2795 2780 2780 2784 Ve
2854 2865 2860 2860 2858 gtV40
2934 2945 2940 2940 2937 vy
29@4 2990 2980 2980 2963 vy,
3032 -— 3020 3020 _— vatvig
3164 3165 3160 3140 - v3+v11- 10
1256 3260 3260 3215 3250 Vg
-— 3360 —_— 3340 —_— v, or v

G2
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Table 2. Ahsorption Band Locations and Vibrational Assignments
for Nitrogen Tetroxide {N>Qy4)

After Warmup After Warmup Assignment
20°K to _153°K 17°K to 155°K 195°K_(Ref. 4) {Ref. &)

750 740 740 740 738 Vig

785 760 160 760 756 u12+R

— 790 —_— -— - -—

820 825 —— 815 (813 gas) v,

850 860 ——— 845 —_— -
940-1060 965 _— 940-1220Q —_— ——
1050 1040 1110 1110 o —_—
1260 1260 1255 1260 1256 Yy
1305 1305 —_— 1300 1280 vy R
1450 1400 1460 1420 ———— —
1565 1595 -— — ' -_— o
1618 —_— 1620 1620 — —_—
1720 —— 1700 1690 1696 Vg
1742 * 1740 1740 1745 1734 Vg
1765 1760 1760 1760 1760 u9+R
1880 1865 1840 1840 1859 v s
1980 -— ——— -— e -—
2135 - - — —_— -
2235 2220 2240 2220 - -——
2345 _— 2340 - - ——

—-— -— 2580 2575 2584 vty

— 2625 2620 2620 2628 2v7+\)11
2970 2965 2965 2960 2958 vetv,

— —_— 2985 2985 2986 vetv, 4R

- —-— - 3050 3058 v1+v9
3115 —_— 3100 3100 3105 2v7+v9
3155 —_— 3140 3135 3136 2v7+v9+R

——— —— — 3420 3430 v5+v9

- -— — 3460 3460 v +v9+R
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Tahle 3. Absarption Band Locations and Vibrational
Assignments for Hydrazine (NyH,)

After Warnmup Solid at 80°K Vibration Number

77°K to 127°K {Ref. 12) Assignment (Ref. 12)
- 630 627 vy

890 89a 884 Vg

1060 1075 1066 Vg

—_— 1130 1126 Vg

1305 1305 1304 v,

1345 1340 1350 Vi

1620 1595 1603 Vg

— 1650 1655 Y10

2955 ——— - —

3180 3180 3200 vy

3340 3300 3310 VgsVy
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Table 4. Condensed MMH Optical Properties at 20°K

v, cm _n_ kK
3950 _ wp,011100
KL ) l,a224u42 0,01a800
3930 1.426540 0,015700
3920 1.427282 ©,011100
izlo 1,624758 0,0039000
‘3300 1.423519 0,013000
3840 1.424278 0.,v11100
3480 1.425719 0,013200
3870 l.42004Y% 0,010100
3860 1.925318 0,010900
3850 1.424410 0.0109uQ
384l ) .4248H0 0,011300
3830 1.424220 0,0i0000
3820 l1.424300 0,011200
3810 1.423791 U,0149300
3500 1.,423618 0,Uly900
3790 1,4235%1 0,012100
37R0 1.423774 v,010800
3770 1,423276 0,011800
3760 1423958 (0.012000
3750 1.423843 p.01u300
3740 le423ul> 0,010200
3730 1,642301v ¢,01l2100
3720 1.424751 0,0i11700
3710  1.423931 0.vlleov
3700 1.,423u5H  0,.010200
3690 1.s22481 0.ul020u
3040 1.422239 0.01uvyb0
3670 1.422009  u,010600
3660 1.421557 @.010300
365y 1.4218up  0.011700
364y 1.4215«1 0,010000
2630 1.420093 0,01v80Y
3620  1.420973 0.011%00
3810 1.421373 0.010300
3604 1.421138 0,010800
4590 1.420203 0.003200
35R0 1.418894  (.009800
3570 l.ula8368  0,011000
3560 l.wl5803 0,010700
3550 1,6182Zd9 0,010]100
3540 J1.e17439 0,010%0v
3530 1,4)6779 0,010600
3529 l.alo6f0  0,011300
3510 1l.,4l04ud  V.Ulusoe

-1

Vv, cm

3500
3490
“34RY
3670
Juni
3450
3ua)
3430
3420
3410

3400

33948

33967

3394
3392
3390
3388
31346
J3mg
3342
ERIT)
3378
‘3376
3376
3372
3370

3368
33¢6
3J(:14
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n _k
lealni? U.,01luvalu
deslaliv 0.01uduy,
l,4ld%+3 J.0luouy
1e013124 0,0]11200
tadldde2 V. U1l0w0D
leslllel u,ullS5gv
lewlusis 0,01200u
Faa99«7 Q. ylldvp
l.4vuovyld 0,0L2300
les0/72us  0.011800
T.404906 (.012000
1.,404884 0,012500
T75647?3 '6TOIéaﬁﬁ
le60uud0  0.012100
lo40389) y¢,012000
lasuldZeob U.012000
le4U2I63 0,012300
loaa02Z2340 d,012200
lawuZlasb P,012100
lesul3ve 9,012u0u
l.400/23 0,012600
1.40030d  0,042400
1.3997uY 0,012300
1.39894> 0,012509
1.39%a%uv/! U.D125600
1.397759 0,012500
1.396538 0, Ui2000
1.395118 0,01270v
1.3%94400 0,013600
1.3938%d 0,013790
1.39275%2 0.013700
1.391512 0,014200
1.3903vy0 U, 0isJ00
1.3895u8 0,015000
l1.3485bd 0 016000
1.387113 0,Ulb200
1.385328 0.017200
1,383959 0,018700
l.368288d 0,020000
1.381717 0.021200
1.38030% 0.022600
1.378J%v5  ©,024500
1.378124 0,027000.
1.377664 (,02880u
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1,3769170

l1.37612a
1,373974
1.3759¢>
1.,375924
1,370313

L, 3770a7

1377860

1.3787u3

1.3798u8
, 1 380Ya2
1.381939

143672635
l.343732
}o385044

1.3804d9

1.38754
EEELL bl

1,.,,39u299
1.392537

1.393944

le394dyd>
1.395896
1,3969008
1.39813v
1.399292
1.40063u
1,402153
1 ,4038%b
leaisTob
ey blo

lea09393
“1.41]16u3
let413739

l.4157n2
1617970
loa20273
lan22447
l.42w80>
laa2iguy
1 w23l s
1. uillol
le3dusan

loww308/]1

1.4639393

l. 441767

Table 4. Continued

k

0.03u500

0.0330Y0
0.033400
0.U37700
0.0a0000
u. D“E’UO

0.047000
0.049000

U.051000

0.u32000
V. 053900
U, 055500
9.057500
04059000

UL LL

0,001500

0.062800

D.0b653090

0.055600

0,06&100
0.066700
V.0b67500

D.u6d8700

V.0e9700

L, 070700

0072100
D, 073200
Calaaly
U,07-3500
C.0/6100
LDL.077J00
0.073100

8.078200

0.0/5800

0,079300

0.079400
0.074600
0,u73700
Ue079400
0.L7%300
L. 078500
V077300
0,077200.
0.070200

0,0749060

66

V, cm n _E_
3240 lessa3aeld 0,073300
3238 1o6536b372 U,.,071200
3236 1.448]aw 0,060450Q
3234 La449U042 0,UB9500
3232 1.450048 0.0641700
3230 l.45 140 D.VU62800
3228 l.45217/8 0,0608u0
3226 1e453126 0.058700
3224 1,453979 0 USodu0
322 Jaub42/8 0.053500
J220 lat5awU73 0.091000
$218  1,4534s0 0.048700
3216 loaogbod 0,040800
3214 1.452034  0,04540y
3212 1.451567 V.vede00
4210 libddUble 0,00jibul
AZ04 loaa93ys 0,04010UL
J20b lesaldn?  0,03dJ0y
3204 loaus5480 0,038000
3202 do445215 G,037100
*3200 lavaidbo3d (0.030300
319e l.441973 0.030000_
jilge l.gauwd8 0.036000
3194 Jeb38996 V.030000
3l9e 1.437539 (0.U30%00
3190 1.430157 0,037000
3lH8 1.432011 0.037900
JlKe  1.433974 0.034900
3184 l1.6433227 0,04Q0200
3182 1e432704 |0.U8)0U0
3lHD 144325971 V043140
3178 1.4328uy 0,044700
3176 1,4333d2 uU.Ua2%00
3174 1,83su3¢ 0,.047100
172 los34ds7 0.0adlog
3170 1.,435925 0,049200.
d16d l.4371od U.lsdBU0
3166 daaidnidgs 0.050300
3leé4 le4dvons 0.0%91u000
16 1,441397 U0.030704
3160 1.442277 0,0%¢200
3158 l.a43290 0.059800
3156 lad448ds 0,053800
3154 1.446219 0.050000
ils2 letu 7294 L, 089700
3150 leaboado UV,Us93040




Jilud
3lub
3lus
3la?
3149
3138
Ji3e
3134
Jlaz

3izu
3118
3ile
3114
3112
3110
3las
3106
30
3loe
3100
RUCTS
3096
3094
“Jovy2
3049y
“duBs
3udse
3ude
3u8le
3UR0
an78
3070
3074
‘3078
3970
3068

] ety 7wl

L45u9gs
1 aa923u2
g.aSJdUJ

1.453d10b
) 4456537

i .MdeUU

1.453600
leaDb2uu
let56627
T.udnidl
l.496dug
l.450d4d7
1.“:"’_6\.’3
lo450000
]l 455427

T.e55029

1.&54?34
LouBaas)
leaos028
loa%3adi
1.453012
1,452 4wy
1.452135
1.451157

l.udpcud

lenbaby]

1l.4408b4

l.abolgy
14447516
TebabYdl
1eb44bbd4e
ladboisy
l.,4604922
T:ELZT?&?
l.QQJbIQ
l.442817
1,0u421da
14641319
1, absud
l.addos2
l.64354994
lya3s3pd
1.637553
l.43671Y

J.u35882

Table 4. Continued

k

—

U, uadsiu
Ve 043000
U.,vasbI00
U0, 045400
0 U400
0,043400
D 0»8000
U, 02u300

0.,049700

0033200

VIRV Y- Y AT]V]
d.,uv35200
0.u360U0
V.032000
0.v31200
V.03030u
V029500
V.0287v0
b.027800
D.02670UD
0.025900
U.025400
U,024400
V.,0e3200
0,022300
0,021500
0.021500

0,021100

U, 0206004
0,020300

0.,020000
0.014500

0.01d900

0.018600
U 0100
0,018100
.0179040
0.017500
0.Ul 7490
0,01720u
0.01730v
D, 017300
V.01 7300

0.0172u040

u.,017200
0.,017400

67

Vv, cm n

3056 lattdnlald
3054 leu343cdd
3052 1.643935
3050 1.432857
KUY 1.,432421
3086 1.431738
30as l.431l16
3jug 1.430716
o4y 1.630653
4uls l.43uios
EIVEL l.63104q9
Joia 1.431235
3032 1.43)uo3
4030 1.431825
du2s 1.43195]
3620 1.,4318148
KPS 1.431523
30242 l.,udll1%1
02067 1.430738
idle 1.43u332
3016 1.a29830
3014 1.4291 176
3ole l.a42830¢
3010 l.4277do
3008 l.,420059
3voé l.4258683
dyow l. 424882
002 l.a4cibly
jooo 1.422213
é95d  1,42091v
2990 l.419050
29G4 Jslbuuy
2992 le16dz3
29‘30 lo‘_"lq‘q_ﬂ_f
2988 1,41 443>
2986 l.alelée.
2984 1.410913
€982  1,4U9858
2980 l.409 704
297H 1.40v29v
2976 1,40994]
2I)rL lo4l1133
29te T.a127ar
91 1.415066
2968 l.tl8los
2966 1,4218u3

AEDC-TR-78-50

k

——

0,01700y
0.01730y
0,01%20U
d,0ldr00
U, Ul92uUy
0,013600
Jo02v20u
0.021100
0,02190v
v.022500
U.023000
0,023100
t.02340U0
t.,023%UY
0.022300
0.022500
V,0223u0
0.0£1300,
J.02144uy
J.U21bvy
J,U21300
U.02110v
Q.u2loud
0.020700
VT P VE- TV ]
0,020590
O.UeUUUO
¢.020600
B.02090Y
0.021609
0,022J0¢
0,022040
U,023800
O-UdSSUU
Q,Uloalv
D, u24300
0.030900
0,033500
Q0,U036600
0.035400
0,043100
0.946200
W Uav100
0.052000
U, 054400
delo>700



AEDC-TR-78-50

Table 4.
v, em * n k
—_— e — _—
2964 1.,42955%6 0,056104
2962 1,429101  0.055300
2Yo0d 1.,431dof V.U053a00
2958 1,433430 0,051000
2956 1.434858 0 Uaglul
2954  1,433231 J.us46700
2952 1,431930 0Q,Us3600
2950 1,430202 0,045200
2948 l.427959 0,045500
2946 1,425657  0,047600
244 l.42437% 0,051100
2942  1,424481 0.055200;
2940 l.426079 0,059600
2938 1.429413  U,063d0u
2936 l.u3a3le  U,0664800
2934 1.440078  0,059009
2932 lowaS937  0.067500
2930 1,4511ul  0,085109
2928 1.455112 0.U0B61500
2926 1.458124 (0.0533u0
29724 1l.4600T72 Q.ub4lly
2922 1,46D896  0,050200
29240 1.a4b60929 Q0,046600
2914 1.460420 @.943500
d91lo 1. L4SY921 J.0w0300L
2914 1,458327  0.0348500
2vlé l,u5%69a] 0D.030700
€916 1.455548 L.U035200
29(a 1,454010 ¢,0340u00
2906 1.452348  0.0331090
2904 l.,450b9w?  0,0324800
2902 l.,4492d42 0.032d00
2990 1448216 U 03310p
2898  1,447300 D0,033300
23896 1846087 0.033600
2694 lo44blUY  0.033900
2u9e l.4dab72 D. U3au0y
2a90 la44s933 (0.034300
288d l.648367 U.03470U
2pA6  1.443Y67  1.033300
2has lo04d7%2 0,U33400
2882 1.443544 0,030200
ZMB0 l,e43345 0,036600
2878 },e93235 J,037200
2HT6 }L443336 0,037700
2874 1,46432350 4,037700

Continued
v, em* n k
2H72 levt72dnd 9.038100
2870 1442459 J.0386000
LT 1.46479>4 0,039300
cdhb lewuldida D,040500
Pbhae l.aalusd Ueuw2iud
2rne Laa4alb2? 0.044400
2H6r0 loa42734 0,046300
2u54d l.464392 (.,047300
2tnn 1.460920 Q.U049000
2354 lesav41?7 U,U049200
LY 1.451boa4 0,048700
2450 1.453419 0,0a7400
28u8 }u.aB54846  0,045700
28uwb 1.455349 0,0435000
2844 1.455002 0,0643000
2062  1,45583u  0.045000
2840 1,4964954 0,045500
2838 l,437714 0.040200
2H3b lo45v843 0,046800
2834 lotbed230) 0,0u46500
2832 1.465524 0,Us5600
2830  1,6468237 0.043200
2d7e ITKIUEEE' 0. 0audo0
2d26  1.471463 0.036500
2b24a 1.47147> 0.032700
gp?& 1_570:4o_ 0.029n00
2820 lasb92ou U, U27100
28148 1.467919 0,0d5000
2876 I.Abbash 0.uZ30Qu
2814 1.464568 0,0£140u
2H12 lea6202a4 Q,U20100
2010 l.ebuby! 0,019200
2Hu8 laeSe/ul 0.018%00
2805 l.as6os2 0,017700
2304 1.45a20]1 0.0.7600
£d02  1l.451997 0.017800
23040 leaa96yo d.Ul4109
2794 l.4470yy  0,018900
2796 leassaai 0,ug0500
2794 1,4421u]  0,022000
2132 l.440024 D.,025400
2790 1,4383496  0,023000
2788 l.437601 0,033400
2746 l.438130 0,03douv
2THG 1.,440%3 0,U&d900
21ae l.444962 0,04d600

68



2660
:E1

Table 4. Continued

n_ K
1.451041  0,051%00
de427640 0,09)vy00
le46370U  0,.050100
l.snd?26 0,04l0uy
1.472318 DB.9u2v00
Jeade504  0,034200
l.a?5334 0,034009
laado229 0,030000
1.474335 0,02b6500
les73144 0,029100
Lea471790 0,021800
1.679343  ¢,020200
l.4084d 49 J.ul1840v
1.467534  0,017400
1 abollbd 0.017000
l-“b“itl__q_glcﬁgq
l.a037u3 0,0lcluv
laisb2? e DaUls900
leabZ28lo  0,.015BUD
le4bl392 0,015600
l,400893 0,.015400
l.4b0lga. 0,015100
1.45Y%0¢ ¢,01500¢
l,950967 0,u}ed00
low58429  0,djs8ud
1.457957  0.016700
la4b7518 DaOlusby
leto69583  0,0l4500
lewoba9] UeUluau0
1.455091  0,014lu0
1.455910 0,014700
1.455592  0,014600
1.455345  0,014000
1455085 0,014600
1.454875 U,01440y
Le4D8450  0,014300
1,656215 U.014400
J.433850  0,014200
1.453545 Q0.01430¢
1e453189  0.0194090
1.453046 0,014500
1.452180 0,014600
1.4513%06 0,0i4500
1.450910  w,01s200
la4Sueda  0,014700
1.450500  0,014900
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v, cm n -
26410 1.6450213 0,014300
2630  1,44993%  0,01sl00
2620 1.643555 0.013s90
2610 1.469032 0.013100
2600  |.a480e4 U,00340y

- 2599 l.4482un  0.013000
2580 l.ealds3  0.,013000
£270  l.ssfaus  U,0125u
2500 l.44a982 0,012500
2550 lidaossd 0,.012300
2540 l.496093 0. 012600
2539 l.uablvy? U,012800
2520 l.4aeldy U,012200
25090 1,405000 0,0119v0
2630  l,6%4952 0.01180v
€aT0  l.,44409> 0.01lb00
2460 1.443B0s 0.,011900
2450 l.493657 0,011su@
2440 lJeus3384 0,Ul1600
2430 1,431+ 0,011800
2420 1.,642929 0,011500
2410  1,642503 0.011509
2400 l.““zlﬁ’ 01011300
2390 1.641911 0,011/00
2330 l,641609 0.011700
2370 l.44l%é6 U,011800
236l lossllis 0,011900
2350 1.441073 0,012300
2349 1.441170 0,012300
2330 l.aallol 0.01210u
2320 leaguds? 0,012000
2310 l.uw0732 0,012)00
2300 l,4407+3 0,vl2200
2290 l.44069d U, 011800
22R0 l.wGU2ny 0,011600
2e7u l.e3v928 U,UL11700
22690 lau39235 0,011700
2250 l1.4390vs 0,011300
2240 1439152 0,012700
2230 1a439430 0,012200
22240 1.4391l61 0.012000
2210 lao38993 0,011900
2200 1.438351 0,012500
2190 1.+3H377 0.012600
) ED l.eindis D.0126000
2170 1.438100  0.012500
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Table 4. Continued

-1
v, cm _n kK
2160 1.437928 0.0123800
2150 1.437799 0,012300
2140 l,03769y 0,013200
2130 l.#d70un 0,013200
2120 l1,43/0l« 0,013300
2110 1.437629 0,013400
2100 1.437604 0,013200
209y 1.,43735¢ 0,013300
2080 l,437293 0,013300
2070 l.437024 0Q,013500
2060 l.,430897 0,013500
2050 l.436660 Q.413700
20490 1.,436656 0.014000
2030 1.43669s 0.01«100
2020 1.436659 0,014000
2010 lo¢30492 0.014200
2000 l.430406 0,014200
1990 1436310 0,014500
1980 lo436204 0,014500
1979 1.436323 0,014900
1960 1.,43649449 0,014800
1950 1.436548 (0,014900
1940 1.,436659% 0,0148490
1430 12436623 0.,014500
13240 1,436410 0.014400
1710 1,636293 0,014400
1900 1,436015 0,014100
1890 ].4356%2 0,014200
1480 1.,43531l4 0V.01%300
1870 let4du¥37 0.01awi0
1860 lea434Tae (0,014800
1850 1.4346077 uU.,015000
1840 1.434592 0,015200
1830 1.434566 0,015400
1820 1l.434541 0.015500
1810 1.434557 0.015600
1300 l.434550 0,015600
1790 lo.34d82 D,U15600
1780 l.43414Y0 U.OleuD.
17740 1,43%060 0.,015500
1760 1.,033372 Q.015500
1750 1.4336d4 0,015500
17490 l.433445 0,013300
1730 1,633149 0,015100
1720 lo0l326a2 0,014300
1730 1,631787 0.014400

70

v, em™*  _n_ kK
1700 1.,430353 90,014100
1693 l1.4303u6 Q,014300
1696 low300u2 0,014000
1694 1.425814  0,01420U
1692 1.,029542 (0,U134900
1690 1.428980 0.013600
1684 l.u28370 0,.013900
1680 1,428137 4,014200
lbub l.a427850  (1.,013900
1642 1027492 (,013300
1630 leaZ20?93 0.013400
1678 l.025039 0,013200
lo76 l].424599 0.013900
1674 14623831 0,014}100
1672 1.422650 0,014300
1670 l1,8#21577 0,015+00
JR-1-1-) loa2069) 0,016100
1666 1.419774 Q.0L7100
1662 1,418307 0,019500
1660 le@l75u3 ¢,u2uvdy
1658  l.417018 (.022804.
165b lealo794  ,024200
1654 l.416873 0,026500
1652 1417313 0,028400
1650 lo417876 0,029900
1648 1.418372 0.031600
1646 1.419222 0,033500
1644 1.420357 £.035100
1642 1,421655 0,0366U0
1640 l.423070 0.,U038000
1634 1.424577 0,039200
1636 1.420333 0,040600
1634 1.428736 0,041d00
1632 1.430963 0, 041700
1630 1.,432631 0,041800
1628 lots344T73  (0,042500
1626 lo436577 0,042400
1624 1.438792 0.042600-
1622 l.441205% §,042200
1629 1.443332 0,041100
1618 l.045314 0,040500
1616 1.44721% 0.039100
1614 l.448995 0,033000
1612 1.450930 0,036700
1610 1,452797 0,034600



Table 4. Continusd

v, cm_ o k
1608 1,454075 0,032300
1606 1,455021 0,030000
leu4 1453772 0,027600
1602 1,456024 0,024300
1600 1.455%597 0,022300
1598 1.,454893 0,u20200
1596 1.454235 0.018500
1554 1,4%3351 0,016400
1592 1.45207/2 O0,ule8ud
1590 1.450742 0,013600
1588 1.449244 0,012500
1586 1,4647900 0.012100
1584 l,446875 0,011700
1582 1,445983 0,011200
1280 ls44%146 Q,0109400
1578 1.444376 0,010200
1576  1,443471 0,009800
1574 1,442427 0,009200
1572 1.441249 0,003900
1570 1,44%0147  9,0u2000
1568 1,439337 0,009000
1566 1.438507 0,008900
1964 1.,43751k5 0,008300
1562 - 1.436530 0,.009140
1560 1.435953 0,009609
1554 1.435716 0.,009700
15%6 1.435i82 0.009200
1554  1.433954  p.ubaANRYD
1552 1,432737 0.0uvad)
1550 1l,431906 0.010000
1548 1.43)287 0,010300
1546 1.430651 0,.011u00
1544 1.430163 0,011400
1542 1.,429687 0,011900
1540 1,4293¢3 0,012400
1538 1,428785 0,012600
1536 l.428188 (0,013200
1534 1.427765 0,0139u0
1532 l1.42747T4 (,Ul4s00
1530 l.427116 0.013000
1528 1.426T21 0.,0135U00
1526 ].420371 0.016400
1524 l.426241 0,017200
1522 ). .42bss? 0.018200
152v 1.42674f 0,01d600
1518 1.426931 0,019000

7l

AEDC-TR-75-50

v, cm n k
1516 1.,427112 0,019400
15]4 l.427189 0,019500
1512 l.27114 0,013900
1510 1.427009 0.020200
108 1.427093 0.020900
1506 1.427426 0.021300
15n4 l,427T042 0,021300
1502 l].627623 0.,021500
1500 1.427600 0.021700
1498 1.427503 0.021900
1496 l.4273443 0,022200
1494 1.42713¢ 0,022600
1492 1.426971 0.,023200
1490 l.426397 0,023900
1488 1.42705%4 0,024300
1486 1.427934 0.0257090
1484 l.428318 0,026400
1482 1,429347 0,026700
1430 1.430432 0.026700
1474 1l.431448 0.026200
1475 l,431l832 0.024900
1474 1.4315%21 0.023900
1472 1.4305u2 0.0231u00
1470 1.429174 0,023200
1468 l.aZ28318 0.024200
1466 1,428040 0.024909¢
lagn le27702 V,023300
la6bé 1.427139 0.,u025700
1460 le420378 0,026500
1458 1425550 0.027500
1456 1.424469 0,028700
1454 1.422937 0,030700
1452 1,421633 0.,034300
1450 1,421713 0,U39600
1448 l,424340 0.0423600
1446  1,6299356 0,0510u0
laas l.437186 ¢,.0923700
laa2 l.446264 0.053400
1440 l.450346 (,050300
1438 1.461111 U,044600
1436 1.465129 0.030500
1434 1.465737 0.024300
1432 l.464021 0.021300
1430 1.46uUY%15 0,016400
l=28 l.456941 0.012900
1426 1,4531n% U.uU11200
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Tahle 4. Continued

v, cm _n_ x_
1424 lagd9vyns 0,010300
1222 l.447veld  ¢,009900
lazy l.a4udue uv,01u399
1414 Leu4dbuu 0,011200
lal6 1.,4411/0 0. U1190v
l4ls  1,46u229 0,013400
1412 Jeauu432 U,Ul4u900
l«4]1u lewéi330 0,0153u0
l408 l.aa22«+ 0.015000
1406 1.6442899 0.014100
1404 1.443135 0,012800
lap2 1.442669 0.011200
1«00 loal?82 0.,010200
1398  1,6440707 0.0U9300
1396 1,439775 V.093700
13964  1,4345+1  0,u089uU0
1392 l1.437256 0,0074400
1390 le430192 0,00d000
1348 l1.435442 0,0U07900
1386 1.,434532  0,007800
13d4 1,4336Us 0,007800
1382 1.432673  0.008000
13u0 l.4320072 0.008300
1378 1.431472 0,0U8500
1376 1.43U0930 0008400
1374 1,430250  U.008%00
1372 1.42999d 0,004<400
1370 1.428B811 0.008300
1368 1.427954 0,008300
1366 l.426808 0,008300
1304 l.4é5802 P.uafuu
1362 1l.424956 0,009200
1360 lea424134 0,009400
1356 l,422103 D.,ulosS00
1354 1.421019 0,01})200
1352 1.4201»7 0.,012300
1350 1,419%27 0.013400
1348 lo41897T0 0,014500
1346  1.418430 0.,015000
1344 1418121 0.016800
1342 lu4l17727 0.,013100
134u 1.417845 0,019600
1338 1,417940 0.020900
1336 l.418510 0v.U22200
1334  1.41%887 0,023>500

72

Vv, cm n _k
1332 loa202u]l V,024600
1334d 1.42174l 0,023500
1324 1.421027 (0.022600
1325  1.,420538 0,027300
1324 lo4l249]1 U, ulisvu
1322 loaZ24413 0,07d8290
1320 1,425963 0.02d820u
L3ln ls4lflUen 0,024800
1316 1.427994 0.02770y
1314 la82vl42 0,027204
1312 1-4300“0 U|OEDBDU
1310 1.431185 0,020000
1308 1.431807 0,025u00
1316 1.a32370 0,024900
1304 lea3dful v,.,0231uv
1302 1,433173 0,922100
1300 l1.433«07 0,.020900
1298 l.433442 y,019900
1296 1.433055 0,0l183v0
1254 load3dZoids w,0ll2uuy
12ve led2UZa ¢,01b200
1290 l.431419 4,015300
less lettduluo 0,01a200
1286 l,43003« 0.061300V
12ha l.a29v90 0,412600
1262 l.428u29 ¢.012000
12RQ l.a420862 0,011400
1278 l.au2b040 0,010900
276 loe24416 0,.010300
1274 1.423310 0.010500
1272 1.422V87 10,010400
1270 loea2u9?2 0,010400
1263 leoalvd8uy 0.01d300
1266 l.418544 0,010300
1264 1.417238 0.010+00
1262 1.413903 0.,u)07y0
1260 1.414783 T.011100
1298 1.413030 y,011300
1256 l.w12271 D,.011600
1254 1.410893 0,012100
1252 1.409532 @.012700
1250 1,408l«0 0,013300
1248 l.40606%0 (,014104
1240 1.4952%93 10.015000
1244 1.403695 0,015800
1242 1.401%uv4 0,017100



Table 4. Continued

v, em t _n_ k
1240 l.a002d9 t.ul48800
1238 1.398dd4  0,020900
1236 1.397517 0,022700
1234 1396407 0.,025200
1232 l.395%%4% 0,027700
1230 1,394638 0,030400
12248 1.394043e 0,033700
1226 1.3941%9% U,0373u00
1224 1.3949y7 0.040900
1222 1.396213 0,U44300
1220 1.397222 0,04T7700
1218 1,40038y  0,051100
1210 1.403619 V,U54100
1216 1.407507  0.050300
1212 l.all797 0.0574800
1210 lealbvas  0.u05dlu0
1203 lat19523 U.US78400
1206 1,423649 0,05880Q,
1204 lew29229 U, USd8600
1202 1.435336  0,054900
1200 1.439212 0,050000
ii98 l.Girlol? V. 045000
1196 l.a42836 V,039600
1194 lo442186 0,0342040
1192 lolalZl] 0,023200
1150 1,439105 0.025000
1188 laft3doini 0.,021700
1186 le433292 Ua0L9U0v
184 l.430d26 0.017100
1182 1.426793 0.015600
11AD le23a b 0.,014700
1178 le420298 0014400
1176 Poaud73%] 0.014300
1174 ladlaals Ue014200
1172 lu4llibus 0.,014600
1170 l.suB86%1  0,013200
11638 l.405rwy 0. 015900
1166 1,4U291% 0.010300
1164 l1.39991% 0,013300
1162 1.3970%58 V.020209
1160 1e3944% 345 0.,022500
1158  1,392luve  0,025000
1156 1,3899372 0.027800
1154 1.387927 U,U3uB0U
1152 1.386170  u,.034400
115v 1.384911 U.U3d4300

73
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v, em ! n k-
llad 1.384342 ¢, 042000
lla6 1.384305 0,0646800
1laa 1.384833 0.051100
llag 1,3801790 0,055600
1140 1.388341 0,059000
1138 1,391156 0,063200_
1136 1.394540 0,0605200
A3« 1,398620 0.064600
1132 1.403led 0.069700
1130 1,407573 0,089%vy
11248 1.411517 0,088000
112e le4la?92 B,0B5300
1124 l.4161%« D, 060900
1122 1.414853 0,056400
1120 1,4107+6 0,053300
1118 1,404543 0,052600
e 1.3970u2 0,056100
1114 1.392U13 0.063500
1112 1.389724 0.074500
1110 1.392617 0.057300
1108 1.401040 0.098300
1106 1.413903 0,106400
1104 1,429349 0,109900
1102 1.464967 0.107200
11o0 1.458744 0,100100
1096 1.469762 0.083500
1096 1477095 0,.076200
1094 1.480023 0.061700
1092 1.478526 U.ual800
1090 1.473446 0.036000
1uB8 l1.46643% 0,027500
1086 1.458997 0,021500
1DR4 1.,651425 (,017400
1042 1.444377 0,U15300
10480 1.438290 0.014300
lu78 1,432811F 0.013600
1076 },427822 0,U13500
1074 1.42329) 0,013500
1072 1.,419004 0,013600
1070 le4lals>o. 0,U13700
1068 1.,410414 0,014000
1066 1.406283 0,0145Q0
1064 1.4018«1 0,014700
1062 1.396826 0,015200
1060 1.391374 0,036400
1058 1.38564% 0.0L3100_
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Table 4. Continued

v, cm _n_ K
1056 1,379530 0,020700
1054 1.373272 0,024300
1052 1.366992 0.029200
10590 1,361263 0.035700
1048 1.356Bol 0.043700

1040 1.3540d3 0,052100_
lg4as 1,352049 0¢,060700
1042 1.352657 4,0639400
1040 1.35445)1 0.U77800
1034 1.350c968 0,044500
1036 lo329401 U.090300
1034  1,361545 1.0963400
1032 l.364%933 0.1u2200
1030 Je3684ys 0,107300
1024 1,372112 0.,112300
1026 lo376037 0.116400
1024 1.380204 (.121100
1022 14384847 0.123100
1020 1.389457 0.128200
lo18 1.393986 0,131500
1016 1.3989s7 0.134700
10]4% l.404379 0,137200
1012 1.409637 0.139100
101¢ le4l4971 d.140900
lo08 1.4207ud 0,142600
1006 1.426577 0,143200
1004 1.432221 U.143400
1002 1.6437835 0,143400
1000 la43274  0,142500

498 les6biny 0,141600
990 1.45337/0 D,.l4vspv
994 J.a58219 D0,)38800
992 lo962926 0,137000
990 1467474 0,134800
9838 1.471518 0.132v000
9n6 1.475216 0.129600
84 1.478913 0.126900
982 l.4823«y ¢.123800
280 1.485361 ©0.120600
978 1,4B8115 0,117400
976 ; 1,490233 0,113800
974 l1.6922d6 0.111100
972 1.494709 0,108300
370 1.497098 " 0,104600
968 1.498613 0,10060v
966 1,499504 U,047100
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vV, cm n k
964 1.500499 0,094]40
962 1501491 0,090900
950 1.502437 0,087900
958 1.5036830 0,084900
256 1.504571 0,080900
954 _1.504693 0,077100
932 1.50+712 0,07+100
950 leSu4Ecd U, UTUBO0U
GyH 1.504829% p. 067200
946 1.504426 0,064500
Yoy 1.503417 Q.,u59900
942 1,502%93 0,.LS7100
Q40 1.501590 De0254900
%38 1.500173 0,050600
236 la49a6}0 0.048200
934 1497542 0,.045900
LKF 1oa96599  0,043000
930 1,4953U7 0,039900
w2 [.493628 0,036700
926 1.491639  0,033600
M4 1489176 4, 4930300
9Pz lo4862671 ¢,027400
220 l.a82712 Q,0Z24200
¥18 Jdeaiglds u.022300
916 loe4fuB8d83  0,021400
Sl4 1.47122]1 u,020200
9212 1.467620 0.019700
910 l.46435] 0.0143u0
quB l.460%08 0,01d4600
906  1.457520 0,.014800
904 1.454549  0,013%900
902 1.45l4749  0,014500
9no l.448297 0.,019000
BYB 1.465597 0,019300
896 le4%286d8 0,019100
B34 12439731 0,0id200
ag92 1.4303v2 0.014700
Iy 1.432226 D, UL1490Y
B88 l.42884]1 v.0i9600
886 loa25007 0,020200
dB4 11-421":"4 0V.0149900
BR2 Jdes17194  v,0290200
480 1.412547 0.021300
878 le407812 ¢,021700
B7e 1.402007 ¢0.022300
874 14395447 (¢,023900




Table 4. Concluded

vo emt  _n_ _k_
872 1.3882u7 (.020000
870 1.380742 0,023300
868 1372965 0,.,034000
Bho 1,300437  0,040500
Bé6&4 1.360723 U0.043000
B&2 Jde3bU6dl  0,0406500
60 1.330U0391  ¢,099900
B58 1a323013 0,071000
B56 1.313043 0,090200
854 1.307802 Q.11190Q
852 1.306292 0.135800
B50 130931y 0,160900
848 1.317713 0,186100
846 1,331922 0,210500
Baa 1.351135 0,230300
Ba4g  1,373195 0,246000
8B40 1.397124 4,257200
838 1.422002 (,264000
836 l.446859 0.266300
834 lea70H/6 (0,264600
832 1.493201 0.259100
830 1.512959  0.250300
8428 1.530040 ¢.24020u
826 1.5464840 0,228400
824 1.556879 (0,215209
Bz2 1.5%66005 0,202100
B20 l. 573005 0.189200
Hl8  1.5783«f 0,177200
#4)6 1.58182  0.,164800
Bl4  1,58383]1 0,154500
B1é 1.585363 0.14e30y
810 1.58042% 0,135300
808 1.5867«]1 0,127300
806 1,566fue 0,119700
804 1.586478 0,112700
802 LaS86495 0,106400
840 1.5468%s  0,100100
798 1.587128 0,093200
796 1.5867T44 (0,0861400
794 1.585936 0,072300
792 1.584586 0,072100
740 1.5872308 0,069000
THE 1,57893% ¢,058100
786 1574618 (,052400
T84 1,570111 0043000
TR2 1a565714_ 0,044100
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v, emt  n Xk
T80 1.561070 0.,040400
7748 1.55b47F5 0,038600
776 1.552190 ¢.037000
174 1l.54duid_  0,036200
772 1,545011 0,035400
170 154215y 0,035200
768 1.539608 0.034900
166 12537268 0,0364500
764 1.535351 0,035000
162 1,533%49 0,034500
758 1.531074 0.034200
756 1.530151 0,034100
75"" 1-5298“1 01033300
752 1.5276820 0,032400.
' 750 1,526245% 0.032300
748 1.52518s 0,032300
746 1,524413 0.032200
Taa 1.52393« 0,032000
Ta2 1.523406 0,031100
Tag l1.S52220 0.u30000
738 1.52074% 0.029700
7136 1.51905% 0.029300
134 1.518048 0.023500
i32 1.617919 0.029300
73u 1.517uvY¥ 0,029200
728 1.5 0,029300
726 1.5159i2 0,029200
724 1.515423 0,028700
Jzae 1.514703 0,028200
720 l 5137d4 0,027800
118 1.,512753 0.027500
Ti6 1.511997 1U.027500
714 1.510899 0,0248100
712 1.510512 ©,023100
710 1,509664 0,027500
708 1.5085%25 0,028200
706 1.507 /54 0.028600
704 1.907/962 0.029300
702 1,507667 0,030100
700 0.030800
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Table 5. Condensed MMH Optical Properties at 80°K

v, em™  n
3700
3690 1,437059
3680 2 1,436899
3670 1.436474
3660 1.435876
3650 1,43566]
3640 1,435365
3630 1,434703
3620 1.,434570
3610 1.434100
3600 1.,433188
3590 1.,432317
3580  1,431927
3570 1.431428
3560 1.430575
as5(Q 1429794
BS540 1.429267
3530 1.,428536
3520 1.427590
35190 1.4256841
3500 2 1.429873
. 3490 1.,424796
3480 1.623813
3470 1.,422750
HGE0 1.621499
3450 1.420348
3440  l.419176
343¢  1.,417855
‘3470 l.4161495%
3410 l.,414237
3400 l.412161
3398 1.411685
3396 1,4110v1
3394 1.410495
3392 1.409906
3390 1.409470
3388 1.408410
3386 1.408175
[33B% 1.407603
3382 1.407009
3380 1.406390
3378 1.405439
‘3376 1.604279
3374 1.403376

k

0,002400
0,001800
0.,002200
0.001100
0,001600
0,001600
0,001100
0,001200
0,001300
0,00070Q0
0,000300
0.000900
0.000800
0,001000
0.000400
0.001200
0,001000
0,001000
0,001100
0.001300
0,001300
0,001400
0.002000
0,001800
0,002400
0.002700
0.,003000
0.003300
0,003200
0.004700
0,003900
0.003900
0.003900
0,004000
0.004200
0.004200
0.004200
0,004400
0.008900
0,004500
0.004500
0,0064300
0.,004400
0.005000

v, em™t

n k.
3372 1.402644 0,005100
3370 1.401617 0,005100
3368 1.400462 0,005500
3366 1,399471 ¢,005900
3364 1.,398416 0,.006100
3362 1.397190 0,006400
3360 1.395741 0.006700
3358 1.394245 0,007400
73356  1.392874 0,008200
3354 1.391585 0,008900
"3352 1,389923 0,009400
3350 1,387993 0,010400
3348 1,386141 o,0Tiv00
3346 1.384339 0,013300
“3344 1,382524 0.015300
3342 1.381115 0.017600
3340 1,379941 0,019700
3338 1.378659 0,021800
3336 1.377279 0,024300
3334 1,376199 0,027300
3332 1.375568  0.030500
3330 1,3753%96 0,033700
33287 1.375731 0.037000
3326 1,376504  0,039800
3325 1.377262 0,.0642200
3322 1.377877 0.044500
3320 1.378444 0 ,047000
3318 1,379189 0.049600
3316 1,380765 0,052700
3314 1.382556 0,054300
3312 1.383573 0,055600
3310 1.384929 0,058400
33087 1.386%967 0,059800
3306 1.388314 0,060500
II0%  1.389264 0,.062200°
3302 1.390789 0,063900
3300 1.392647 0,065100
3298 1.394065 0,065500
32967 1.394703 0.066100
3294 1.395243 0.067600
32927 T1.3962%% 0.0609300
3290 1.397501 0,070700
IZBE 1.398912 0, 012300
3286 1,400465 0.073300



Table 5. Continued

voend  n X
328% 1.401603 0.074200°
3282 1,402539 0,075600
280 Y. 403TSE 0,.077200
3278 1.405138 0,078800
3276 1.408851 0,080500
3274 1.408971 @,082100
32727 1.410U725 0.082600°
3270 1.411896 0,084000
268 1,413718 0,086300
3266 1.416358 0,088000
3264 1.418966 0,0d9100
3262 1.421848 0,090700
a260° 1.425261 (0,091600
3258 1.428121 0,091400
32567 1,430Tad 0,092300
3254 1.434385 (¢,093400
3252 1L438205 T0,092800
3250 1.441538 0,092100
3248 1.444833 0,091200
3246 1.447933 0,089800
T324%° 1.450627 0,088400
3242 1053444 p,08T7100
TNZG0 T{.a56217 D.,085200°
3238 1.458540 0,082800
3236 1.460330 0,080600°
3234 1.461783 0,073300
3232 1.463033 0,076400°
3230 1.464445 0,074600
3228 1.,465680 0,072300
3226 1.466616 0,070200
3224 1.,467562 0.,068300
3222 _l"£§§215 0.065800
“3220 1.46B698 0,063800
3218 1,469096 0,061700
3216 1.46918Y @¢,.059300
3214  1,469016 0,057400
3212 1.,4687T07T (¢,05S300
3210 1.468134 0,053400
3208 1.467300 0,051700
3206 1,466257 0,050200
3204 1.465221 0,049300
3202 1.464511 0,048500
3200 1.463765 0,047400
3198 1.,462732 0,046400
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v, cm n k
3196 1.461593 0,045800
3194 1.460434 0,045200
3192 1.459190 0,044300
3190 1.457779 0,044700
3188 1.456259 0,045000
3186 1.455062 0,046000
3184 1.,454166 0,046900
3182 1,453604  0,048200
3180 1.4593314 0.049400
3178 1.453135 0,050600
3176 1.,453386 ,052400
3174 1,454344  0,053800
3172 1.455251 0.054500
3170 1,456000_ 0,055500
3168 1.657263 0,056900
3166 1,458971 0,057500
3164 1.46055% 0.05?360
3162 1.462114% 0,058100
3160 1,463813 0,058200
3158 1,465536  0,058000
3156 1.466993 0,057500
3154  1,468416 (,057300
3152 1.670127 0.,057100
3150 1.,471812 0,056200
3148 l.473364 0,055600
3146 1.47516% (,054800
3144 1.676908 o'osaaou
31462 1,478258 0,051800
3140 1.6479437 0,050400
3138 1,480618 0,048800
3136 1.,481747 0,047100
3134 14482573  0,045000
3137 1.483001 0,043000
3130 1.483240 0,041300
3128 1.483645 (,039600
3126 1.483945 0,037700
3124 1.484026 0.,035700
3122 1,483708 0,033600
3120 1.483139 0.031900
3118 1.482527 0,030400
3116 1,481961 0.,029000
3114 1.,481384 0,027700
3112 1.480719 0,026300
1o 1,479987 0,025200
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Table 5. Continued

vem™ o X
3108  1.479318 (,024100
3106 1,478652 0,023000
3104 1.,477908 0,021900
3102  1,477003 0,020800
3100 1.476014 0.020000
3098 1.475178 0,019400
3096 1.474461 0,018700
3094 1,473778 0,018000
092 1.6473017 0.017200
3090 1,472081 0,016400
3088  1.471169 (,016000
3086 1,4706448 0,015500
3084 1.,469756 0,014900
3082  1.,468930 0,014200
3080 1.467984 0,013600
3078 1.466965 0,013100
3076 l1.465914¢ 0,012700
3074 1,464936 0.012500
FOTZ 1.464133 0,012300
3070 1,463249 0,011800
3068 1,462171 0,011500
3066 1.461106 0,011400
3064 1,460144 0,011300
3062 1.,459166 0,011200
3060 1.458116 0,011100
3058 1,457064 0,011200
‘3056 1,.456056 0,011300
3054 1.454978 0.011400
3052 1.,453946 0,011800
3050 1.452953 0.012100
J048  1.451969 0,012600
3046 1,451127 0,013300
3044 1.450%44 0.013900
3042 1.449804 0,014600
3040 1.449367 0.015400
3038 1.449131 0,016100
3036 1.448949 0.016600
3034 1,448824 0,017200
3037 1.44892) 0,017700
3030 1.449130 0,017900
3028 1,44924%6° 0D.017800
3026 1.449190 0,017600
3024 1.448987 0.007300
3022 1.44BS71 0,017000

78

yiem n K
30200 1L,448119 0,016800
3018 1.447622 0,016500
3016 T.446953 0.,016100
3014 1.446073 0,.015800
3012 T1.,445070° 0.,01I5600
3010 1,443947 0,015500
J00H 1.442883 0.,015600
3006 1.441719 0.015700
3004 1.440529 0,015700
3002 1.439144 0,015800
3000 1.437545 §,015900
2998 1.,435743 0,016300
2996 1.433740 0.016800
2994 1.431529 0,0L17700
2992° 1.429201 0,013000
2990 1.426938 0,020800
2YAB-  T.4247T10° 0,022900
2986 1.,422422 0,025400
2984 1,420303 0,028R00
2982 l.618011 0,032700
29607 1.417483 0.,037300
2978 1.417359 0,042600
2976 1.418435 0,047900
2974 1.420575 0,053000
2972 1.423819 0,057800
2970 l.423121 0,061800
2988  1,.,433352 ¢,064800
2966 1.439135 0,066300
2964 1.444914 0.066100
2962 1.450158 0.064500
2960 1,454270 0,.061300
2958 1,456801 0,057500
2956  1.,457596 0,053400
2954 1,456531 0,049700
2952 1.454021 0,0a07500
2950 1,450925 0,047000
2948 1.,447859 0,048100
2946 1,445224 0,050700
2944 1,443602 0,054800
2942  1,4436640 0,060000
2940 1.445564 0,065300
2938  1.449311 0,070400
2936 1.455067 0,074700
2934 1.462573 0p,077100



Tahle 5. Continued

v, et n k_
2932 1.470398 0,076400
2930 1.477320_ 0,073800
2928 1.,4B3139 0,069900
2926 1.,487589 0,064700
2924 1.490278 0,059000
2922  1,491555 0,053700
2920 1.491715 0,048600°
2918 1,490970 0.044200
2916 1.489581 0,040500
2914 1.487939 0,037600
2912 1,486252 0.035300
2910 1.484606 0,033300
2908 1,482821 0o,03is600
2906  1,480994 0,030300
2904 1.478217 0.029400
2902  1.,477465 0,028600
2900 1.475639 ¢.028200
2898  1,473%42 0,023200
2896 1.472500 0,028500
2894 la471341 0,023900
2862 1.,470313 0,029300
2890 1.469377 0.029800
2888 'TIZBB??S"G{OSO&OU
2886 1.467694 0,031200
28R4 Y.467Z213 0.032300
2882  1,467058 0,033200
2880 1.467095% 0,034100
2878 1,467268 0.034800
2876 1.,46748Z 0,035300
2874 1.,467673 0,035800
2872 'f;467795 0.036100
2870 1.467614 0,036300
2868 1.467152 0.036900
2866 1.466647 0,037900
2864 1.,466231 0,039400
2862 1,466286 0,041600
28540 1.467293 0,044200
2858 1.469375 0,046500
2856 1.,472236° 0,0648100
2854 1.475549 0,048800
2852 1,478960 0,048500
2850 1,481966 0,047100
2848 1.,483993 0.045000
2846 1.485053 0,.043100

79
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2844
2842
2840
2838
2836
2834
2832
2830
2828
2826
2824
2822
2820
2818
2BI6
2814
28)2°
2810
z2808
2806
2804°
2802
2800
2798
2756
2794
2792
2790
27688
2786
2782
2180
2778
2716
2774
271
2770
2768
2766
2164
2762
2758

v, cm

n

1.488554
1.485865
1.,4862348
1.,487099
1.,488808
1.491376
l1.494404
1.,497467
1.500076
1.501745

“1,502076

1.501211

1.4995%96

1,497556

1.495252

1.492854
1.490403
1,487949

1.485566

1.,483230
1.480720°
1.,478007
12475163"
1.472153

AEDC-TR-79-50

k

0.041700

0.040800
0.040500

0,040700

0,041100
¢.040900
0,039800
0.037600

0.,034300

0.030100
0.025500
0,021300

0,017800

0,014800
0.012500
0,010600
6.009200
0,008100

0.007400

0.006800
0.006300
0.006200
0.006500
0.007200

1,469075
1.4660066

1.,463248
1,460906
1,459624"
1.460158

1.4625972

1.468l182

1.475331

1.483367
1.430987
1.69706]

1.501064%

1.502973

1.503056

1.501982
1.500437
1,498644

Y. 498654

1494652

0,008700
0,010800
0.013900
0.018000
0.023400
0,029700

0,036000

0.041500
0.,044900°
0.045500
0,043300

0,038700
0.,033100

0.027000
0.021500
0.,017000
0.013500
0,010600

0,008300°

0.006700
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v, — n_
2756 1.492823
2754 1691159
2752 l.489620
2750 1.488202
2748 1,686959
2746 1.,485861
274% '1,4B4B6Y
2742 1.483966
2740 1.483096°
2738 1.48224%
2736 1.4B1533
2734 1.480891
2732 "1.480255
2730 l 479652
27287 1.479096
2726 16478532
224 T1,4780%1
2722 1.477609
2120 T.6477157
2718 1.476690
2716 1476257
2714 1.475862
2712 TL,475&470
2710 1,475107
2708 1.,474739
2706 1.474398
270% 1.6474036°
2702 1473679
2700 1.473314
2690 1,472033
2680 1.470996
2670 1,470088
2660 1.,6469431
26S0 1.468968
2640 1.468513
2630  1,467849
2620 1.467265
2610 1.466040
2600 l 465972
2590 l1.465316
2580 1.4864750
2570  1.464070
2560 1,463404
2550 1.6463013

Table 5. Continued

k

¢.005500
0.004600

0.003900

0.003400

0.,003100

0.,002800
0,002600
0.002400
0,002200
0.002100

0,002100°
0.002000
0.00190¢
0,001900
0.001800
0,001800

0.001800

0,001800
0.001700
¢,001700
0,001700
0.001700

0.001700

0.001700
0.001700
0,001700
0.001700
0.001700
0.,001800
0,002000

0,002200

0.002300
0.002500

0.002500
0,002200

0.001900
0,001800
0.001500
0,001300

0,001300

0.001100
0.001100
0.001100
0.001400

80

Vv, cm n _E__
2540 1.462682 0,001300
2530 1.462443 0.001500
2520 1.462203 0,001200
2510 1,461764 0,001000
2500 1.,461302 0.001000
2490  1,460909 9,000900
24B0 1.,460405 0,000800
2470 1,459993 0,001000
2460 1.459689 0,001000
2450  1,459497 0,001100
2440 1.459234 0,000900
2430  1.458%20 0.000800
2420 1.458%523 @0.000700
2410 1.458052 0,000500
2400 1.457435 10,000600
2390  1.456964 0.000800
2380 1.456578 0.001100
2370 1.,456267 0,001300
2360° 1,456101 0,001800
2350 1.456139 0,002000
23540 1.456318 TD,002100
2330 1.456372 0,001900
2320  1.456238 0;001300
2310 1,456200 0,001600
2300 1,455943 0.,001400
2290 1.,45574) 0,001200
2280 1,455420 0,001100
2270 1.454941 0,000800
22600 1,454530 0.001200
2250  1.456392  0,001200
2240 1.,454223 0,001200
2230 1,453963 0,0031100
2220 1.4536%0 0.001100
2200  1,453000 0,001300
2180 1.452652 ¢,.001500
2170 1.452468 0,001500
2160 1.452168 0,001500
2150 1.451934 0,001800
2140 1,451969 0,001900
2130 1.451918 0,001800
2120 1.451771 0,001800
2110 1.451603 0,001700
2100 1,451432 0,001700
2090 1.451260 ©¢,.001600



[
2080 1,450984
2070  1,450680
2060 1,450371
2050 1,450074
2040 1.,449933
2030 1.449798
2020 1.449587
2010 1.469353
20000 1.449039
1990 1.6448690
1980 1,448435
1970 1,448551
1980 1,4648776
1950 1,44879]
1940 1,44849]1
1930 1.448079
1920 r.ab759a
1910 1.,64693S
1500 1.446192
1890  1,445492
1880 1,444859
1870 1.444292
1860 1,443825
1850 1.443519
T840 T1.443250
1830 1442998
TH20 1.442721
1810 1.442356
1800 '1:441889'
1790 1.,441320
I780 - 1.440600
1770 1,439830
1760 1.,438918°
1750 1.,43805¢0
17407 '1,437090°
1730 1.,435897
1720 1.434527
1710 1,433028
1700 1.431411
1698 1.,430800
16967 "T.430397
1694 1.429804
1692 1.429234
1690 1.428532

Table 5, Continued

k

—

0,001500

0.001500
0.001500
0.001600
0.001800
0.001700
0.001700
0.001700

0,001600

0.001800
0.062000
0,002300

0.0062200

0.,001700
0,001300
0,001000
0.000700
0,000400

0.000400

0,000500
0,000700
0,001000
0.001300
0,001700

0,001800

0.,002000
0.002000
0.001900

0.001900

0.,001700
0,001700
0.001700
0.001700
0.002000
0,002000
0.002100

0,002500

0,002700
d;bbaibo
0,003200
0,003400
0.003400

0.003500

0.003800

81
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v, Cm_ n k
1688 T1.427963 0,004000
1686 1,427343 0.004400
T6BG  TL.4268387 0,004600
1682 1,426035 0,004700
T6B0 T,4251272 0.005100
1678 1.,424216 0,005700
1676 1 L4234497 '0,006300
1674 1.422563 0,0064900
1672 T1.421604° 0,007600
1670 1.420594 0,.008600
1668 1,419717 0,009700
1666 1,41882% 0.010900
1664 1.4617998° 0,012300
1662 1.,417262 0,013900
1660 "1.416717 0,015600
1658 1.416249 0,017400
18%6 T1.415B60D 0,019300
1654 1.415685 0,021600
16527 1,416032 0.024000
1650 1,416551 0.026000
“1648° 1e417183 0,.028200
1646 1.418115 0,030500
Té644 "1,.,4193-3 0,032500
1642 1.420650 0,034500
16407 1,422170 0,036300
1638 1.424087 0,038600
1636 T1,426449 "0.040300
1634 1.428850 0,041500
1632 l.631294 0.042700
1630 1,434025 0,043800
1628 1.437037 0,044400
1626  1,44007S 0,044600
1624 T 1,443059 0,044400
1622 1,445971  0,044000
1620 1.449008 0.043400
1618 1.,452167 0,042300
1616 1.455176 0,040500
1614 1.,457675 0.038200
1612 1.459842 0,035900
1610 1,461713 0,033200
1608 1.463132 0,.,030200
1606 1.464018 0,027200
1604~  1,464460 0,024100
1602 1,464375 0,021100
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Table b. Continued

v, cm 1 n_ k_ 3,_cm"1 n k
Teoo 1.463878 0,018300 1512  1,.433733 0,018100
1598  1.462952 0,015700 1510  1,433944 0,018400
1596 1.461696 0,013500 1508 1.,436234 0,018800
1594  1,460334 0,011800 1506 1.434573 0.018900
1592 1.459006 0,010300 1504 1.4346389 0.013300
1590  1.,457610 '0,009000 1502 l.434564 0,018900
‘1588 1.456101 0,007900 1500 l1.434490 0,019200
1586 1.454698 0,007300 1498 1.434532 0.019500
1584 1.453493 0,006700 1496 1.434503 0,.019600
1582 1.452302 0,006100 1494 l.434343 0,019900
1580 1.451081 0,005700 1492 "1,434l180 0,020300
1578 1.44991% 0.005400 1490 1,434170 0,020900
3576 1.44B896° 0,005300 1488 1,434268 0,021400
1574  1,448001 0.005100 1446 1.434401 0,021900
1672 1.4470417 0.004800 1484  '1,434703 0.022600
1570 1.445983 0,004700 1482 1.435361 0,023100
1568 1.446962 0,004700 1480  1,436200 0.,023200
1566 1.444062 0.004900 1478 1.436757 0,022600
1564° 1.443237 0,005000 14786 1.436691 0.021900
1562  1,442545 0,005300 1474 1.436014 0,021400
1560 1.442089 0.005500 1472 1.435046 0.021500
1558  1.,441631 0,005300 1470 1.434155 0,022200
1556  1.440855 0,005000 1468 1.433623 0.023200
1554  1.439844 0,004900 1466 1.433589 0,024400
1562 1.,438746 0,005000 1464 1.433867 0.025100
1550 1.437645 0,005300 1462 1.433919 0,025400
1548 1.,436598 0,005800 1460  "1,433660 0,025800
1546  1,435744 0,00650v 1458  1,433085 0,026100
1544 1434992 0.007100 {456 1.431610 0,0264%00
1542  1.434297 0.007800 1454 1.429274 0.028100
1540 1,433729 0,008600 1452 1.426983 0,031700
1538  1,433187 0,009200 1450 1,425997 0,037400
1536 1,432572 0,010000 T44B [.427595 0.044500
1534 1.432107 0.011000 1446 1.432501 0.,051400
1532 1,431869 0,012000 1444 )1 ,440354 0,056400
1530 1,431762 0.012900 1442 1,450046 0,058300
1528 1.431744 0,013800 T&aDd  I.460194% 0.056700
1526  1,431765 0,014600 1438 1.469340 0,051500
1524 1.,431886 0,015500 1436 "j,475850 0.043300
1522 1.432249 0,016400 1434 1.478758 0.033900
1520 1.432784 0.016900 14327 1,478286° 0.025200
1518 1.433162 0,017200 16430 1.,475408 0,018200
1516  1.43340S 0,017500 Ta28  T1,471574 0,013700
1514 1.433608 0,017800 1426 1.467896 0.010800



Table b. Continued

v, em™t n k_
Ta24 "1.664514 0,008700
1422 l1.461251 0,007400
1320  1,458214 0.006800
1418 1,455362 0,006800
T416 1,452862 0,007600
1414 1.451368 0,009400
1412 1.,451244 0,01i000
1410 1.452027 0.011800
1408 '1,3453062 0,011600
1406 1.4538%2 0,010600
1404 1.454169 0,009000
1402 1.453719 0.007200
1400 1.452635 0,005700
1398 1.,451303 0,0064500
1396 T1L,449725 0.003700
1394 1.448218 0,003400
T392° 1 446B82° 0.003200
1390 1.,445600 0,003)100
TIBBT 1.4443%93 0,003200
1386 1.443375 0,003400
TIBEG 1.442447 (.003500
1382 1,441469 0,003600
‘T380 "1.4%0513 0.003900
1378 1,439752 0,004300
1376 1,439199 0.004600
1374 1.438740 0,004700
1372  1.,43B123 0.004500
1370 1.437191 0.004300
1368 1.436108 0,004400
1366 1.435037 0,004600
1364 1.433964 0,004900
1362 1,432866 0,005300
1360 1.,431736 0,005800
1358 1.430593 0,006500
1356 1.429553 0,007400
1354 1.428647 0,008400
1352 1.427776 0,009400
1350 1.,427027 0,010700
1348 1.426475 0,012000
1346  1.,426028 0,013300
1344 1.425712 0,014800
1342  1,425644 0,016300
1340 1.42578B4 9,017800
1338 1.426055 0.019200

83

AEDC-TR-79-560

=1
v, om _n k
1336 1.426498 0,020700
1334 1.427274  0,022200
1332 1,428298 0,023400
1330 1,429406 0,024400
1328 1.430728 0.025400
1326 1.432150 0,025900
1324 1.4335%2 0,.026300
1322 1,43505]1 0.026600
1320 1.436666 0,026500
1318 1,438160 0,026100
1316 1.439562 0,025500
1314 1,440851 0,024700
1312 1.441997 0,023600
1310 12442891 0,022400
1308 1.443533 0,021000
1306 1,464062 0,019800
1304 l.444443 (0,013200
1302 l.444434 0,016600
{300 l.444267 0,015100
1298 1,443867 0,013600
1296 1.443270 0,012200
1294 1.442554 0,010900
1292 1,4415062 0.009500
1290 1.440343 0,008500
[2a8 1.439272 0.007700
1286 1,438092 0,006700
1284  1,436650 0.005900
1282 1.435150 0,005400
12890 1.433685% 0.,005000
1278 1.432204 0.004700
1276 1.430669 0.004500
1274 1.429178  0,004500
1272 1.427714  ¢,004500
1270 1.426165 0,004500
1268 1.424625 0,00644800
1266 l.423106 0.005000
1264 loa2la?2 Q,003300
1262 1,417857 0.005900
1260 l.415418 0,0060500
1258 1.416862 ¢,006900
1256 1.414972 ¢,007400
1254 1.413029 0.008500
1252 1.411303 0,009700
1250 1.409593 0,.010900
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Table 5. Continued

v, em " _n_ k
1268 1.407677 0.,012200
1206 1,405810 0,014100
1244 1.404111 0.016100
1242 1.402491 0,018300
1240 1,400963 0,020900
1238 1.399656 (0,023700
1236 1.398631 0.026900
1234 1.397897 0,030200
‘1232 1,397537 0,033900
1230 1.397666 0,037700
1228 1.398162 0,041500
1226 1.399078 0,045600
1224 1.40073% 0.049900
1222 1.403054 0,053900
1220 1.6406035 0,057900
1218 lebuatlw Yy, UB170V
1216 lo414552 p.ubadpu
1214 1,419972 0.067300
T212 T1.425%936° 0.068700
1210 1.4324716 0,069100
1208 1.439230 0,06d4100
1206 1.445805 0,065500
1204 1.451774 0.061500
1202 1.456866 0,056200
1200 1.460472 0.069500
1198 1.462267 0.042400
1196 1,462315 0,033300
1194 1,460641 0.028500
1192 1,457523 0,022900
1190 1.653664 0,018600
1188 T1.449460 0.015400
1186 1,445242 0,013300
1184 "1.,a41248 0.012000
1182 1.,437422 0.011100
11807 1.433837 0.010900
1178 1.430563 0,010900
TI76° T.42738% 0.00io000
1174 1.424279 0,011500
‘Tir2 T.a2l290 0,012100
1170 1e418291 U,01290u
U163 17415173 u.013900
1166 1e9411990 U.015400
Tl64 l.60890GY 0.017400
1162 1.406137 0.419900

84

-1

v, cm _n_
1150 1,403604
1158 l,4012+5
TIS6 1.39925¢
11%4% 1.3979%4
1152 1.397309
1150 1.396938
Ti4B 1.397181
1146 1.398370
T14% 1.400078°
1142 1.402353
T18D  1,4055(08
1138 1,409438
1136 1.4139338
1134 1.418773
1132 1.423385
1130 1,427557
1128 1,431236"
1126 1.43404])
1124 1435349
1122 l,434400
1120 1.430700
1118 1.424291
1116 1.416%19
il114 1.409207
1112 l1.,4048¢05
1114 l.404862
1108 l.410402°
1106 1.420902
1104 1,434980
1102 1.450743
1100 loub96 T4
1054 leaTTZ234%
10967  '1.,uBaba?’
1094 1.,487605
1092 1.486105
Lu90 1.480920
10AH ] 473493
1046 l.abbm2Ja
1084 1.45710l
1082 1,449885
1080 l.443402
1078 1.437518
1076 1.,432102
1074 1.426957

k

———

D.D22600
0D.023700
TV
V,033%90

0.,037500

0,041500
0.046100
0.050500
0.054400
0.058400

0,062100

0.064900
0.,067000
0,067700
0.067200
0.065700
0,063300
0.059600
0.055000
0.,049700
0.045100
0.042500
0,043800
0,049600
0.059100
0.071100
0,083200
0.092700
0,093000
0.097900
Ue.0%1600
U.0840800
D.067600
0.0S3100

0.038900

0, 026900
0.,017900
0,011700
0.,008100

0.006000

0.004800
0.004200
0.,003800
0,003700



v, cm

1072
1070
1068

1066
1064
1062
1060
1058

1056

1054

1052

1050
1048
1046

1044

1042
1060
1038

1036

1034 -

1032
1030
1028
1026
1024
1022

1020

10148
1016
1014
1012
1010
1008
1006
1004
1002
1000
oG8
T 996
994
- 992
990
988
986

n

1.421861
1.416656
1.411513
1,406401

1.401035

1.395247
1.388974
1.382133

- 1374761

1.366981
1.359149
1.351956
1.345971
14341543
1.338919
1.338126

1,339010

1.341166
1.343738
1346479

1.350122°

1.354905
1.360225
1,365557
1.370960
1.376824
1.383409
1,390573
1,39795%
1.405625

1.413570

1.421799

1,6430545

1.439363
1.447669
1.455641
1.463927
1.,472064
1.479740
l.4B7404
1.495039
1.902093
1.508437
1,514401]

Table 5. Continued

k

0,003500
0.003700

0.004200

0,004800

0.005400

0,006300
0.007600
0.009500

0.016500
0,022300
0.030000
0.039100
0,045400

0,060300

0,071300
0,081900
0.091600
0.100200
0,108700
0. 117600
0.125600

0,132700

0.139000
0.145200

0.151400

U.197200
0.102200
0,166600
0.170600
0.173800

0.176 700

0.178800
0.179700
0.179600
0.179500
0.173100
0.177400

0D.175400

0,173300

0.170000°

0.166200
0.161700
0.157500

0.012400

85

v, cm_
984

9A2
9aQ
978

- 976

374
972
910

- 968

966

964

962

960

358

956

9S4
952
950

948

946

ETYY

42
940
938

G536

934

932

930
928
926

924

922
920
918
916
914

$1z

910
%908
906
904
902

900

898

n

1,519998
1.525066
1.529640
1.533955
1.538121
1.541816
1.544618
1.546775

1.548503

1.549993
1,551151
1.551909

1.552165

1,551778
1.550960
1-5500‘01
1.548721
1.546850
1.544545
1.542155
1.,539322
1.535959
1.,532667
1,529805

AEDC-TR-79-50

k

0.152500
0.147400
0.142200
0.1363800
0.,131%00
0.125000
0.118600
0.112400

0.106200

0.100400
0.094100
0.088]100

0,081800°

0.,075600
0.070000
0.066400
0.058800
0.053300
0.048300
0.043700
0.038900
0.034800
0.031600
0.028400

1.526579

1.522698

1.518783

1.515284
1,511856
1.,508361

T.504834

1.501175

1.497626

1,494519
1.491566
1 488427
1.485029
l1.481763
l1.478814
1.4759705
1.472351
1.469024

1,465548"

1.462122

0.024800
0.021600
0,019600
0.017600
0.015800
0,014000
0.012600
0.011200
0.010500
0.010000
0.009000
 0.008200
0.007300
0.007100
0.006800
0.005900
0.005700
0.005200
4.005000
0.004800
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Table 5. Continued

-1
Yy, cm LI X
B96  1,458576 0,004600
894 1.454811 0,004400
B92  1,450906 0,004400
890 1,446779 0.,004300
BB8  1.442332 0.004400
886 1,437453 0,004600
B84  1,432502 0,005500
B82 1.4275%0 0,000300
880 1.422271 0,006800
878 1.416081 €,007500
876 1,409251 0,008800
B74 1.401700 0,010500
872  1.393179 0,012800
B70 1.,383720 ¢,016500
868  1,373535 0.021500
866 1.3625831 @,028300
864 1.351283 (.037600
862 1.3640477 0,049600
B6O 1.,330626 '0,063900
ase 1,321543 0,080200
BS6 1.313675 0.099900
854 1.,307677 0,122600
B5Z 1,305289 0.1495800
850 1.309641 0,.180800
‘848  1.,322076 0.210900
B46 1.340825 0,237600
B44  1,364770 0,.2560800
B42 1.392886 0,278700
840 1.423766 0,2%0700
B38  1,455830 0,296700
836 1,487429 0,296100
834 1,516974 0.290500
B32 1.544244 0,280700
B30 _1.568058 0,266500
828 1.587521 0,243700
826 1.603041 0,232500
B24 1.615110 0.214100
B22 1.623908 0,196600
az0 1,630338 0,179600
818 -1,634921 0,163300
816 1,637320 0,147300
814 1.637819 0,132800
812 1.637329 0,119800
Bl10 1.636196 0,107600

v, cm n k_
808 1.634190 0,096000
806 1.631549 0,085700
804 1.62833]1 0,.075700
802 1.624558 0,066900
800 1.620357 0.058700
798 1.61595¢ 0,051500
756 1.611409 0,044900
794 1.606592 0,038700_
792 1.601273 0,033300
J90  1,596002 0.029100
788 1,591070 0,025500
786 1.586241 0.022100
ek '1;5612ba 0.013300
782  1.576471 0,017300
780 1,57181% 0,015600
778 1,567377 0.,014700
776 1J563565 0,014500
174 1.560548 0.014300
7712  1.,557783 0,013800
170 1,555087 0,013400
768 1.552633 0,013300
766 1,550262 0.012900
T64 1.547939 0,013000
Te2 1.546192 0,013500
760 "1.,544833 0,013400
758  1,543609 0,013200
756 1"542T95 0,012800
754 1.540870 0.,012700
752" 1.539714 0,012500
750 }.538611 0,012100
748 1.537443 0.011800
746 1,536415 0.011500
Tub "1,535314 0.011000
742 1,534136 0,010600
740 1.,533019 0.010400
738 1.531853 0,.009%00
736 1.530550 0.009800
734 1.529585 0,010000
732 1.528955 0,009900
730 ).528222 0.009400
728 1.,527239 0.009000
726 1.526142 0,008700
724 1.525022 0.008600
722 0.008800

1,524173



n

1.522886
1.521861
1.520519

"1,519295

1.518690
1.518333
1.517646
1.516879
1,516373

Table 5. Concluded

k

'1.523568 0,00a700

0.008300
0,007900
0.007600

0,008200

0.008800
0,008900
0.008800
0.009000
0.009600
4,009900
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Table 8. Condensed N;H4 Optical Properties at 80° K

wem o k.
3700 0.000100
3690  1.458706 0,.000100
3680 1.458220 0.000300
3670 1,457710 0,000100
3660 1.457023 0.,000100
1650 1.456255 0,000100
‘3640 1.455415 0,000200
3630 1.454748 0,000600
3620 1.45%4255 0,000700
31610 1.453624 0,000500
‘3600  1,452659 u.oooiod
35990 1.451436 0,000300
3580 1.450414 0,001000
3570 1.449592 0,001000
3560 2 1.448538 0.001100
3550 1,447231 0,001200
3540 1,446064 Q,001700
3530 1.464703 0.001700
3520 1.,643240 0.002200
3510 1.441753 0.002700
3500 1.440475 0,003200
3490 1.438881 0,003400
480 1.437163 0,003700
3470 1.6435272 0.004200
3460 1.433208 0,004100
3450 1.430485 0,004400
34507 1,.a2le87 0004600
3430 1.424050 0,005200
34207 1.420031 0,005200
3410 1.415112 0.005900
3400 1.408498 0,005700
3358 1.407231 0.006000
3396 1,405532° 0.006100
3394 1,404001 0,.006200
3392 1.402093 0,006400
3390 1.400353 0,006600
3388 1.398297 0.006400
3386 1.3963%5 0,007100
3384 Y.394253 0,00720vV
3382 1.391931 0.007100
3380 1.388979 (.007100
3378 1.385842 0,.007400
3376 1.382494 0,008000
3374 1.378850 0,008300

88

v, cnm n i_
3372 1.374676 0,009200
3370 1,370461 0,010400
3368 1.,365487 0.011200
3366 1,35%$581 0,013000
3364 1.353334 0,016100
3362 1.347232 0.019900
3360 1,340615 0,024200
3358 1.333710 0.030100
3356 1.327041 Q,037600
3354 1.320979 0,046300
3352 1.,315430 0.056500
3350 1,311311 0.064600
3348 1.308911 0,081600
3346 1.30835¢ 9,095300
3344 1,310184 p,110100
3342 1,314661 0,.124000
33406 ) ,320727 0,136800
3338 1.328845 0,149%00
3336 1.33874% 9160100
3334 1.349549 p,168700
3332 "1.362134 0,177100
3330 1.375026 Q.180200
3328 1.385471 ¢,181600
3326 1.394743 0.184700
33724 1,405322 0.187300
33z2 1.417132 0.183800
3320 1.4282647 0,188300
3318 1,437653 (0,183800
‘3316 1,445378 0,.180000
3314 1.452472 0,177300
3312 1.,45916& 0,170000
3310 1.464989 0,169600
"3308 T1.,469286 0,166200
3306 1.473747 0.163500
3304 1.478355% 0.161000
3302 1.482860 9,157400
3300  1L487457 0.,155000°
3298 1.491%49 0,149900
3296 1.493714  0,145900
3294 1.495587 0,143200
‘3297 1.,498052 0,14090¢
3290 1.500664 0,138400
3288 T1.S03433 p,.136000
3284 1.5060204 0,133200




!4.2243 LB
3284 1.508538
3282 1,511358
3280 1.513998
3278 1.515862
3276 1.517998
3274 1.5206497
32727 1.522201
3270 1.523183
3268° 1,524252
3266 1.5255%41
324 1,5266055
3262 1.527368
32607 1.527603
3258 1.527772
32567  1,527943
3254 1.527695
32527 1.527125°
3250 1.5266480
32438 1.525984
3246 1.524055
3244 1.522790
3242 1.520576
3230 1.518131
3238 1.515677
32367 1.,513249
3234 1.510914
3232 1.507172
3230 1.503591
3228 1.4998d6
3226 1.,695866
3224 1.491344
3222 1.,486503
3220 1,481443
3218 1.47eled
3216 1,4704023
3214 l1.464604
3212 1.45914%
3210 1.6454197
3208 1.449763
3206 1,446105
3204 1.443885
3202 1.443124
3200 1.643382
3198 1.444733

Table 6. Continued

k

——

0,130600
0.128200
0,1246100
0.121300
0.,118800
0.115600
0.,111100
0.107700
0.104500
0,101300
0.097600
0.093800
0.,090100
0,086700
0.083300
0,079300
0.070100
0.072700
0.068900
0,065100
0.061500
0.058400
0,055500
0.053100
0.050700
0,048100
0,045700
0.044000
0,042400
0.,041000
0.,040000
0,039600
0.039900
0.040600

0.042200

0.,045000
0,049100
0.,053800
0.059900
0,066700
0.074900
0.,0B3000
0,090900
0,099600
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v, em™! n k
3196 1.,44759)1 0,107700
3194 1.451996 0,115900
3192 1.,457365 0.122300
3190 1,463068 0,128300
3188 1.,469695 0,134300
3186 1.477660 0,139000
3184 1,486041 0.142000
3182  1,493933 0,143500
3180 1,501413 0,144900
3178 1.509327 0.146100
3176 1.517232 0.,145800
3174 1.525054 0,145500
3172 1.,533732 0,144800
3170 1.542385 0.141400
3168 1,549097 0,136700L
3166 1.555135 0.133600
3164 1.561860 0,129900
3162 1.568576 0,124500
3160 1.574)159 0.118300
3158 1,578499 0,111300
3156 T.581897 0,105000
3154 1.584518 0,093000
3152 1,58649]1 0.091800
3150 1.588072 0,085400
3148 1.589006 0,078800
3146 1.,589344 0.,072600
K 1.589280 0,066600
3142 1.588488 0,060600
31490 1.587168 0,055200
3138 1,585519 0,050100
3136 1,583595 0.045500
3134 1.581419 0.041200
31327 1.,579065 0,037400
3130 1.576626 0,034000
3128 1.574261 0.031000
3126 1.571850 0,028100
3124 1,569366 0.,025500
Jlz2 1.,566779 0,023200
3120 1.564191 0,021200
3118 1.561729 0.,019700
3116 1,559490 0,013200
3114 1.557291 0,017000
3112 1.555267 0,01%800
3110 1.553183 0,014600
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-1
Vv, Cht _n
3108  1.55)1«8
3106 1.549371
3104 1.547637
3102 1,545785
3100 1.5644066
3098°  1.5642550
3096 1.5411483
3094 1.53%9827
3092 1,53839%
3090 1.536995
3088 1.535708
1086 1.534518
3084 1.533477
3082 1.532442
3080 1.531311
3078 1,530205
3076 1.529211
3074  1,528313
3072 1.527414
3070 1.526428
3068 1.525470
3066 1.52463]
3064 1,523826
3062 1.523023
3060 1.522236
3058 . 1,521424
3056 1.520640
3054 1.,519933
30527  1.519166
3050 1.518396
3048 1.517777
3046 1.517273
3044 1.5]166Y4
3042 1.516116
3040 1.515582
3038 1.515056
3036 1,514363
3034 1.513734
3032 1.513268
3030 1.512839
3028 1.512354
3026 1.512055
3024 1.511757
agze 1.511453

Tahle 6. Continued

k

0,013800
0.013100
0.012200
0,011500
0.,011100
0.0l10700
0,010300
0.009800
0.,009300
0.009100
0.,008300
0,008700
0.008500
0.008200
0.007900
0,007800
0.007700

0.007600

0.007400
0,007200
0.007200
0.007200
0,007100
0,007100
0.007000
0.007000
0.007000
0,007100
0.007000
0.,007200
0,007400
0.007500
0.007500
0.007600
0.007700
0,007700
0.007700
0.008000
0,008300
0.008400
0.,008700
0008900
0.009100
0.,009200

920

gi_cm_l n k
3020 1.511096 0.009300
3018 1.510762 0.009500
a0re 1.510433 0,009600
3014 1.510094 0,009800
2012 T.509769 0.,01000u
3010 1.509539 0.0i0300
3008 1.509372 0,010500
30906 1,509262 0,010700
3004 1.509135 o0,0ip0800L
30p2 1.509004 (Q,Q10900
3000 T1.5088%40 0,011000
2998  1,508716 0.011100
2996 1.50861% 0,011200
2994 1.,508349y 0,011100
2992 ‘1.508061 0,011300
2990 1,507960 0.,011700
988 ) ,50800¢ 0.011400
2986 1.5040]15 0.011900
2984 1.507946 0,011900
2982 1,507881 0.012000
2980 1.507830 0.012100
2978 1.507772 0.012}00
2916 T 507732 0,012300
2974 1.507743 0,012300
2972 1.507714 0,012400
2970 1.507726 0,012500
‘2968  '1,507808 0.,012600
2966 1.50788Y 0.012600
2964 1,507932 40,012a600
2982 1.508042 0,012700
2960 1.508152 0.012600
2958  1,508241 0.012600
2956 1.508403 0.012600
2954  1.508572 0.012400
2952 1.508603 0,012200
2950 1.,508611 0.012100
2948 1.508639 0,012000
2946 1,508690 0.011900
2944 1.508735 0,011800
2942 1.508808 0,011700
2940 1.508883 0.011600
2938  1,509038 0.011500
2936 1.509219 0,011300
2934 1,509281 ©,010900




Table 6. Continued

v, cm n ..1.5.._
2932+ 1,509190, ¢,010700
2930  1,509156 0,010600
2928 1.509322 0,010600
2926  1,509586 0,010300
2924  1,509652 0.009800
2922  1.509568 0,009500
2920 1.509552 0,009300
2918 1.509625 0,009000
2916 1.509617 0.008600
2914 1.509490 0,008200
2917 71.509342 0.008000
2910 1.509358 0,007800
2908  1,509340 0,007400
2906  1,509236 0.007000
2904 1‘5@5631 0.006700
2902 1,508888 0,006400
2900 'TISoBEEQ‘ 0.006200
2890 1.507968 0.004600
2880  1,506735 0,003200
.2870 1.505185 0,002200
2860 1.503772 0.001700
2850  1,502395 0.001200
28B40 1,501014 0,000900
2830 1,499805 0,001100
2820 1.,498823 0.001000
2810 1,497879 0.00)1200
2800 1.49707% 0,001300
2790 1,496372 0.001500
2760 1.495689 0,001600
2770 1,695129 0,001900
27607  1.494701 0.002100
2750 1.494341 0.002200
2T40  1.,494056 0,002400
2730 1,.,493784 0,002300
2720 1.493557 0.,002400
2710  1,493295 0,002200
2700 1,492875 0.,002000
2890  1,492519 0,002200
2680 1.492216 0.,002000
2670 1.491969 0,002000
2660 1.491703 0,001900
2650 1.491454¢ 0,001800
2640 1.491126 0.001600
2630 1.,490886 0,001600
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v, cm_ n k
2620 1.490629 0.001300
2610 1,490226 0.001000
2600 1.489737 0,000900
2590 1.489238 0,000700
2580 1.48882] 0.000800
2570 1.488445 0,000600
2560 1.487731 0,000300
2550 1,487087 0,000700
2540 1.486704 0,000900
2530 1,486349 0,001000
2520 1,485897 0.,001200
2510  ).485557 0.001500
2500 1.4853d6 0.001900
2490 1.485309 0,002000
2480 1.485193 0,002200
2470 1,485130 0,002300
2460 1.485118 0,002400
2450 1.485042 0,002300
2440 1.484887 0,002300
2430 1,484814 0,002400
2420 1.484795 0,002300
2410 1.484725 0,002200
2400 1.4B4678 0,002100
2390 1.484563 0.001800
2380 1,486350 0,001600
2370 1,484136 0,001400
2360 1.483882 0,001100
2350  1,483477 0,000800
2340 1.482949 0,000600
2330 1.482464 0,000500
2320 1.481896 0.000400
2310  1,481291 0,000500
2300 1,4B0784 0,000700
2290 1.480348 0,000900
2280 1,479889 0.001100
2270 1.,479%49 0,001500
22860  1.4793)07 0,001800
2250 1.479061 0,002000
2240 1.478892 o.onasoo'
2230 1.478897 0,002700
22207 1,478937 0,003000
2200 1.479000 0.,003200
2180 L&79228 0,003100
2170 1.479271 0.002900
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-1
v, €M _n
2160 1.,4791%)
2150 1.4T79065
2140 1.478917
2130 1.478649
2120 1.478244
2110 1.,477745
2100 i.d??lis
2090 1,476514
2080 1.475896
2070 1.475333
20600 1.476834
2050 1.4743a0
2040 1474017
2030 1,673790
20207 1.473627
2010 1.473567
20007 N1 4TI469
1990 1.,473304
1980 1.,473139
1970 1.472978
1960 lea 72700
1950 1.472274
1940 1,471767
1930 1,471171
1920 1.470521
1910 1.669764
1900 1.468991
1890 l.468124
1880 1.467199
1870 1.466328
1860 1.,465566
1850  1,464b22
1840 1.463684
1830 1,462733
1820 1.461639
1810 1.460293
1800 1.4599035
1790 1.457784
1780 1,4563d6
1770 1,454815
1760 1,453238
1750  1.,451468
1740 16449527
1730 1.4473682

-

kk

—

0,002600
0.002400
0,00210¢
0.001700

0.001400

0.001100
0.000900V
0.000900
0,000900
0,001100

0,001300

0.,001500
0.001900
0,002100
0,002400
0.002500
0.002500
0.002400
0,002400
Q0.0u2100
Q0.001900
0.001500

0.001300

0,001000
0.000800
0.000600
0.000500
0.000400
0.,000400
0.000000
0.000700
0,000600

0,000900

0.000900

0.000900

0.001100
0.001500
0,001900
0,002100

0.002700_

0,003200
0.003800
0,006500
0,005300
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Table 6. Continued

v, em™ 2 n
1720 1.4448040
1710 1,441510
1700 1.437155
1698 1.,436184
1696 1.,435088
1694 1.,434000
1692 1.432616
1690 1,431109
1688 1.429401
1686 1.427563
o4 1.425757
1682 1.420044
1680 1.,422047
1678 1420013
1676 1.418229
1674 1.416951
1672 1.415967
1670 1.615293
1668 1,415089
1666 1.415253
1664 1.415630
1662 l.616415
1660 1.417299
1658 1.6418200
1656 V419074
16564 1.,420059
1652 T.421345
1650 1.422775
1648 1.424099
1646 1,425554
1644 1.42710S
1662  1,428648
1640 1.430204
1638 1.431880
1636 1.433858
1634 1,436286
1632 1,438874
1630 1,441330
1628 1,443937
1626 1o447094
1624 1.450640
1622 1.454736
1620 1.,459511
1618 1,465072

k

0.00600Q0
0.007000
0,008300
0.008700
0,009100
0.009500
0,009800
0,010400
0.011100
0.012000
0,013500
0,014800
0,016400
0.018600
0,021300
0.024400
0.,027400
0.030700
0.034200
0.,037300
0,040600
04.0a3700
¢.096400
0.049100
0.051700
0.054400

0,057300

0.059600
0,062100
0.064500
0.067000
0,069400
0.071500
0.074600
0,077500
0.,080400
0.082900
0,085400
0.083400
0.091600
0,094600
0,098000
0,101200
0.104300



v, em™ L

1616
1614
1612
1610
1608
1606
1604
1602
1600
1598
1596
1594
1562
1550
‘1588
1586
1584
1582
1580
1578
1576°
1574
1572
1570
1568
1566
1564
1562
1560
1558
1556
1554
1852
1550
1548
1546
TS54%
1542
1940
1538
1536
1534
1532
1530

n

1.4716u8
l.479)12
1.487443
1.496815
1.5069497
1.517636
1.528256
1.537855
1.545383
1,55026%
l.552]2¢
1.550892

1.567329

1.542305
1,536589
1,531002
1525915
1,521290
1.517194
1.513635

1,510594

1.507851
1.505410
1.503276

1.501362
1,499530
1.497778
1.496031
1.494647
1,493526

1,492389

1,491119

1.489900

1.488783

1.487710°

1.48B6616

1.485678"

l1.484887

T.484116

laaa83231
1482445
l.48l64a6

T.s810014

1.480294

0,004800

Table 6. Continued

k

0.107300
0.109300
0.110800
0.111100
0.,1U9800
0,106500
0.100900
0,092400
0.081800
0,063800
0.057200
0.045200
0.035000
0.026700
0.020%00
0.016300
0,013200
0,011000
0.,009600
0,008500
0.007900
0.007100
0.006800
0.006400

0.006000

0.005700
0.005300
0.005200
0,005300
0.005200

0.004600

0.004400

0.004400
0,004200
0004200
0.,004300
0,004300
0.004200
0.004100
0.004000
0.004100

0,004000

0,003900

AEDC-TR-79-50

v, cm_ n k_
15287 1.479512 0.0038p0
1526 1.478707 0,003800
1524  1.477948 0.003900
1522 1.477386 0.004100
1520 0 0 1.4T6B34 0,004000
1518 1.476236 0,004000
‘1516 1,4759618 0,004000
1514 l.4749a47 0,003900
1512 1.,474261 0,004100
1510 1.6473692 0,004200
T508  1.4732d7 0.004%00°
1506 1.47283% 0,004500
150& 1472403 0,004400
1502 1.47)1860 0,004400
I500 2 1.471331 0,004500
1498 1.470899 0.004600
1496  1,470585 0,004700°
1494 1.470169 0.0045600
‘1492 1.469727 0.,004600
1490 1.469329 0,0064600
1488 1.468918 0,004500
1486 1.468620 0,004400
1484 1.467905 0.004400
1482 l. 467440 0.006400
1480 1.466836 0,004300
1478 l.466346 0,004400
1476 1.465871 0.004500
1474 V465427 0,004500
1472 1.464957 0,004600
1470 1,466513 0,004600
1468 1,064061 0,004700
1466 1.6063621 0,004700
‘1464 1.,463182 0,004300
1462 1.462741 0,004800
1460 1.462295 (.004900
1458 1.461936 0,0035000
1456 l.461641 0.003000
1454 l1.461234 0,004800
1452 1,460b39 0,004700
1450 1.460072 0,004800
16448 1.459624 0,004900
1446 1.459138 0,004800
lbad 1.458597 0.004900
l4a2 1,458070 0,004900
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Tahle 6. Continued

vy cm A kK
1440 1,457532 0,005000
. 1438 1.457041 0.005100
1436 1.,456620 0,005200
1434  1.,456120 0,005100
1432 1.45%533 0.005200
1430 1.455069 0,005200
1428 1.454533 0,005200
1426 1.4653961 0,005200
1424 1.,453379 0.005200
1422  1.452667 0,005100
Té20 1.451979 0.005300
1418 1.,451305 0.005300
i&ai6 1.450616 0.005400
1414 1,449898 0,005500
1412 1.449119 0,005500
1410 l.448263 0,005700
1408 T1,447479 o:oosbon
1406 1.446602 0,006000
1404 1.445676 0,006300
1402 1. 464764 0,006600
1400 1.443818 0,006900
1398 1.442773 0.007300
1396 1,441816 0,007900
1394 1.440889 0.008400
1392 "1.,439870 0.008%0v
1390  1,438733 0.009600
1388 1.,437669 0.010500
1386 1,436681 0,011500
1384 1,435816 0,012600
1382 _}_934957 ¢.013700
1380 1.,434204 0,015000
137B 1,433603 0,016400
1376 1.433136 0,017700
1374 1,632763 0.019200
1372 1.,432599 o.oeoaod
1370 1.432534 0,022000
1368 1.432549 0,023300
1366 1.432652 0,024700
1364  1.432B8S 0,026000
1362 1.433334 0,027400
1380 1.433958 0,028500
1358 1.4364577 0,029400
1356 1.435167 0,030300
1354 1.435828 0.031100

94

-1
v, cn

. Kk
1352 1.436638 0,031900
1350 1,437489 0,032300
1348 1.438265 0,032600
1346 1.43891¢ 0,032700
1344 1.436392 0,032700
1342 1.439771 0.032300
1340 1.440179 0,032800
1338 1,440428 0,0325600
1336  1,440653 0.032400
1334 1.440278 0,032300
1332 1.440044 0,032300
1330 1.,439645 0,032300
13728 T1.,439046 0,.032400
1326 1,438320 0,032900
13247 1,437570 0,033500
1322 1.436854 0,034600
1320 l.436381 0,035900
1318 1.436138 0.037400
1316 1.436120 0.039000
1314 1.436489 0,040900
1312 1.437261 0,042600
1310 1,438397 0,044300
{308 1.439807 0,045700
1306 1.441413 0,046900
1304 1.443225 T10,048000
1302 1.445344  0,048800
“1300° 1.667606 0,049200
1298 1,449899 0,049200
1296 1.452226 0,049000
1294 1,454538 0.,048300
1292 1.456791 0,047400
1290 1.,459014 0.046100
1288 1.,6461041 0,044300
1286 1.462686 0,042200
128G 1,464034 0,040000°
1282 1,46513%  0,037600
1280 - 1.465965 0,035000
1278 1.466378  0,032200
1276 1,466369 0.029400
1274 1.,466023 0,026700
1272 1.665403° 0,024000
1270 1.466369 0.021300
1268  T.4630014 0,018900
1266 1,461448 0,016700




Table 6.
-1
Vv, cm _n_ ..
12647 1,459650 0,014600
1262 1.,457656 0.012900
12607 '1,455626 0,011400
1258 1,453546 0,010100
1256 TLASI478 UU009000
1254 1,449309 0,007900
1252 1.647067 0.007100
125¢ 1.,604832 0,006500
1248 l.442663 0.006000
1246 1.,440516 0,005700
BY-I1) 1.438460 0,005400
1242 1.436405 0,005300
1240 1,434413 0,005100
1238 1.432444  0,005100
12367 1.430499 0,005000
1234 1.428516 0,005000
T232 1.,426565 0,005100
1230 1424677 0,.005200
12287 1.422837 0,005300
1226 1,420948 0,005300
1224 l.418%44 0,005300
1222 1,416913 0,005500
T220  1.414907 0,005800°
1218 1.412877 0,005800
12167 1.410799 0,.005900
1214 1.408691 0,006100
1212°  1.,406508 0,006200
1210 1.404178 0.006300
1208 1.401806 0.006600
1206 1.399308 0,006700
1204 1.396614 0,007000
1202 1.393981 0.007600
1200 1.391387 0.007900
1198  1,38R329 0,008200
1196  1.385404 0.0048600
1194 1.382200 0,009300
1192 1.379004 0,010000
1190  1.375645 0,010600
1188  1,371910 0,011200
1186 1,367838 0.012100
1184 1.,363446 0,013200
1182 1.358729 0,014700
1180 1.353896 ¢,016800
1178 1.349052 0,019200

AEDC-TR-79-50

Continued
v, cm n k
1176 1.343914 0,021800
1174 3,338622 0,023300_
1172 1.333502 0,029400
1170 1.328542 0,033900
1168 1.323743 0,033100
1166 1.319284 0,044800
1164 1.315306 0.,051100
1162 1.311931 0.057700
1160 1.309065 Q0.064400
1158 1.306516 0,071200
1156 r:jodééa 0.,078300
1154 1.302749 0,085700
1152 1.301699 0,092900
1150 1,301033 0.100100_
1148 1.300804 0.107300
1146  1,300834 0.114100
iTa4 1.300974 0.121000
1142 1.301315 0,127900
1140 1,301972 0.134900
1138 1.303031 0,141900
1136 1.304412 0,148600
(1134 1,305B834 0.155100
1132 1.,307370 0,.,161700
1130 1,309141 0.168300
1128 r;311033 0.174700
lleé 1,313043 0,181300
1124 1.3154787 0,188000
1122 1.318256 0.1%4300
1120 1,320911 0.200200
1118 1.323220 0.206200
1116 13256497 0.212900
1114 1,328825_ 0,219700_
1112 1.332357 0,226000
1110 1.335537 0.231800
1108 1.33%434 0.238200
1106 1.341507 0,244900
1104 1.344762 0.251900
1102 1.,348208 0,259400
1100 1.352264 0,267300
1098 1,356757 0.275400
1096 1.36]684 (,283600
1094 1.367533 0,292900
1092 1.374546 0.301400
1090 1.382233 0.309900

95
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v, et _n_
T088 1.390024
1086 1.398266
1084 1.408099
1082 1.419082
1080 1.430306
1078 1.44249
1076 1,455838
1074 1.469816
[o7e 1.484855
1070 1.50131¢2
1068 1.518361
1066  1.536046
1064 1.555072
1062 1.575124
1060 1.,595373
1058 1.615640
1056 1.636191
1054 1.657529
1052 1,679052
1050 1,699626
1048 1.718495
1046 1.735684
1044 1.7506%90
1042 1.763199
1040 1.772%86
1038 1.,779405
1036 1,782029
1034 1.781475
1032 1le 777737
1030 1,771235
1028 1.762927
1026 1,753253
1024 1.742413
1022 1.,731007
1020 1.719643
1018 1.708540
1016 1,697525
1014 1.686868
1012 1.676955
1010 1.667750
1008 j.659253
1006 1.651450
T00%  1.,644064%
1002 1.636975

Table 6. Continued

k

0.3i7600
0,326300
0,335500
0,343100
0.350500
0.353200
04364900
0.371000
0.376900
0,381900
0.384900
0.387800

0.,389400

0.388900
0.386400
0.382200
0,376700
0.369300
0.353700
0.345000
0.323700
0.310500
0.289800
0.267600

D.244000
0.218800
0.193900
0,169700
0.,146400

0,125200

0.106400
0,089400
0.,074800
0,062400
0.052300
0,043600

0.036300

0,030700

0.026300

0.,022700
0.019500
0.017500

0.015300

0.013600

26

v, em™1 n k
10007 1.630409 D0,012400
998 1.,626462 0,011400
T9964 1.618730 0.010200
9G4 1,613302 0,009400
9972  1.,608128 0.008700
990 1.603123 0.008000
Qa8  1.598274 0,007700
986 1.594039 0,007700
T 388 1,590130 0,007200
982 1.586130 0,006500
980 1.582128 0.006200
978 1.578186 0.005600
976 1.574187 0,005400
974 1.570468 0.005400
972 1.567069 (,005300
970 1.563547 ° 0.004800
968 1,559809 0,004600
966 1.5562491 0,004800
T 964" 1,553006 0.,004700
962 1,549613 0,004500
864 1.546180 0.004500
958 1.5427482 0,004400
356 1.539272 0,004300
954 1,535621 0,004300
T 952 1.,532073 0.004600
950 1.528549 0.004700
T9L8 1.524924 0,004700
Q46 1.,521145 0.005000
944 1.517365 0.005200
942 1,513392 0,005400
940 1.509341 0,005800
938 1,505195 0,006100
936 1.500640 0,006200 -
934 1.495847 0,006900
932 1.490949 0.007«0V
930 1.485712 0.007900
928 1.47985%4 0,008400
926 1.473294 0.009100
924 1.466039 0,010400
922 1.458098 0,012000
920 1.449208 0,014300
918 1.439272 0,017500
916 1.428180 0,022100
914 1,416084 0,028700




Table 6. Continued

v, em’ n k
912 1.403518 0,038000
910  1.391050_ 0,050000_
908 1.379196 0,065100
906 1.368707 0,083500
S04 1.360768 0,105300
902 1.356348 0,129600
900 '1.355713 0.155300
898 1.359043 0,182300
B96 1.,366957 0.209900
894  1,379791 0,237000
892 1,397002 '0.262200
B%0 1.418278 0,285700
‘BAB  1,444062 0,307000
886 1.474415 0,324300
884 1.508168 0'356300
882 1.543985 0,342500
880 1.581405 0,343300
878  1.619633 0,336900
‘876 1.656140 0,322300
874  1,688415 0.301000
872 1.715%56 0,274800
870 1.736376  0.244000
‘868 1.,749282 0.210600
866 1,754400 0,178400
BAHE  1.753295° 0,148700
862 1,7478u6 0,123000
860 1,739161 0.100800
858 1.728193 0,.082500
8567 1.716706 0,069200
854 1.705930 0,058400
852 1.695577 0,049700
850 1685954 0,043400
848 1.677492 (,038300
Bab 1.669838 0,034000
844 1.662734 0,030400
842 1.656238 0.027600
840 1.650353 0,025200
838 1.645033 0,023200
836 1.640076 0,021300
836 1.635300 0.019600
832 1.63u743 0,018400
B30 1.626537 0.017400
‘428 1.622637 0.016700
826 1.6189d4 0,016100

97

v, cm_ n
B24  1,615728
B22 1.612858
820 1.610219
818 1.607T70S
“B16 1.605108
Hl4 1.602564
312 1.,600549
aid 1.598790
8h8  1.596988
806 1.595258
804 1.593530
ag2 1.592138
‘800" 1,590487]
798 1.589440
796 1.587921
794 1.,586497
792 1.58489]1°
790 1.583211
788 1.581758
786 1.580572
784 1.579231
782 1.577567
T80 1.57616
778 1.575215
776 1.574178
774 1.573185
772 1.,572515
770 1,572130
768  1,571790
766 1,571647
764  1,571510
162 1.571378
760 1,571191
758 1.570945
I58 1.5T71064
754 1.571561
752 . 571425
750 1.570830
T4L8 1.570605
T4b 1.5704068
TLG 1.57¢140
T42 1.569666
740 1.569135
738 1.568316

AEDC-TR-7950

k

0,015900

0.015600
0.,015200
0.,014900
0.014300
0.,014400
0.014600
0.014400
0.014200
0,014100
0,013900
0.016080
0.013700
0,013200
0.,013000
0,012700
0,012300
0.012300

0.012500°

0.012600
0.012400
0.012400
0,013200
0,013700
0.013900
0.014700
0.015300
0.016000
0.,010300
0.016800
0,016900
0.016900
0.017100
0.016800
0.017500
0.016990
0.015900
0,015500
0.015400
D.014800
0.014l100
0.013700
0.012900¢
0.012400
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=1
v, cm

736
734
732
730
728
726
124
122
720
718
TI6
714
712
710
708
706
704
702
700"

1

1.567670
1.567207

"1.566506"

1.56559]

1.564782

1.564534
1.564545
1.,564021
1.562910
1.562000

T.561204

1.560281

1.559130

1.,557882
'1.557026
1,556631

1.556340

1.556398

Table 6. Concluded

k

0.012300

0.011500
0,011300
0,011100

0.,01T100

0.011500
0.011000
0.010000

0.009500 °

0.,009500

0.009300

0.009000
0.009100
0,009200
0,010400
0,010900
0,011600
0.,012400
0,012600

98



36840

3610
3660
3650
3640
3630
3620

610
3600

3580
3570
3560
3550
3540
3530
3520

3500

3480
3470
3460
3484,
3440
3430
3420
2410
3400

3380
33710
3360
2350
3340

3320
3300

3290
3280

Table 7. Condensed N,Q, Optical Properties at 20°K

1 £86297
1,497327
A 497484
1.498334
1.498117
1.496201
dea94b0n2
1,496845
1.498653
1.497778
1.,4972171
1.49720S
1696287
1496333
1.49600S.
1,495945
1.495712
1.494959
l.4892410
1.493002
1493234
1.492830
J.491679
1.491139
J1.49]1986
1.493518
1492668
1.491526
1.491234
1.492548
1.492055.
1.4915]19
1.492273
1.493372
1492931
1.492673
d1.491643
1,492182
1492624
1,492679

T le4a92736

1.493772
1.493357

k
0.008000
0,004300.
0.005700
0.006200.
0.006400
0,004400
0.004000
D, 005600.
0,009400
0.005800
0.004500
D.005800.
0,003800
DL,004500.
0.004700
0.003700
0.004500
Q.003000
0.002200
L.003800.
0,005600
D,004200
0,004800
D 006400
0.006000
A.007700.
0,006800
0.005200_
0,006000
0.007300
0.008100
0,006300.
0.007700
0.003200
0.007500
0.002600
0.007000
0.,007100
0,009000
0.004000.
0.008100
0,0088040.
0.008400
D, 002400

99

-1
vV, cm

3260
3250
3240
3230
3220
3210
3200
3190
3180
3170
3160
3150
3la0
3130
3120
3110
3100
3090.
3080
3070
3060
3050
3040
3030
3020
3010
3000
2990
2980
2970,
2960
2950,
2940
2930,
2920
2910
2900
_2R90
2880
2870
2860
2850
2840
2830

n

B
L

1.493966
1,493678
1.494]134
1.49307a
1.,492219
1.491081
1.491510
1.690379
1,490854
d.4890338.
1,491640
1491600
1489125
-1 486714
1,488723
T 499038
1.490795
-1.491717-
l.492068
le491B58.
1,490776
1490147
1.489976
J. 490489
1.489542
d.488386
1.,487241
Jd.487150_
1.486709
1488852
1.492317
1.49367R.
1,492098
d1.49062]1.
1.488710
1+ 4R8555
1.489175
J.489197
1.488861
1.489288
1.489358
Jd.a89724]1
l.488709
Jd.4B87902

AEDC-TR-79-50

K

0.008200
D, 006600
D.006800
0.003400
0.004700
0.006800
0,005300
0. 007000
0.006400
0,008200-
0,005900
0.0076040-
0.002100
0, 009000
0.009800
4.,010000
0.,008500
0.,010000-
0.007200
0.,007700
0.003800
0,007200
0,007000
D.007200
0.005600
0,006300
0,007000
0,008500.
0.,009400
0.012600.
0.012000
0007500
0.006200
£$.005100.
0,005200
0. 007300
¢.007000
0.,006300.
0,006800
D.006500
0.006000
1,005200.
0.004500
Q.003300.
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v, cm
2820
2810
2800
2790
ZTAQ
2170
2760
2750
2740
2730
2720
2710,
2700
L6300
2680
2610
2660
L5850
2640
£630
2620

.2610
2600
2590
Z25R0
2570,
2560
2550
2544
2530
2520
2500
24840
2470
2460
2450
I
2430,
2420
L2010
2400
2380_
23178
2376
2374
23712

1

n

1,48B6897

1.4B6539

1.,486032

Table 7.

k

—

Q.003900
0.004300
0,0039900

d.485481 0,003900

1 1:,484605
J.484338
1.484490
1.484322
1.483535
A 483223
1.,483125
1.482934
l.482947
d.487223]1
1.481437
1.480093
1l.479834
dat?94)]1
1.4791U4
d.479HH2
1,4797706
d.a1BSS4
l 04773‘07
d.478210
l.478471
d.a7783]
l.476758
1,47354¢6
l.aTalag
e YR
1.4727T42
14569000
1,468044
d.467723
1.467322
d.4b61222.
l.46663%
de06b533d
1 4664203
-1 +463500.
1.4625938
1460500
1.65955]
J 4595485
1.458626

0.004100
0,004500
0,005300
0D.003800
0.,004600
0.004400.
0.004700
0.004400
0.003900
L.004400
0,003000
0.003%04
0.004300
L.003800
0,005500
0.005500
0,003800
£.003900
0,.004200
0.005000
0.003900
0.002600
0.002600
0.001400
0.002100
0.,002200
¢.001900
£.0019040
¢,004000
L.003]100
0,004500
0,005000
0,004100
0,006200
0.004600
0,004800
0.004300
0.004600
0,004300
0.004200.
0.004000

1,458223 0,003300

Continued

100

1.457409
1,457230
1.456261
1.455B57
1.455149
1.454154
l1.45346]
1.451933
1,450379
l.449122
1.,449163
J--451435
l.4554a04
1.460969
1.465878
1.,467379
1.465220
1.4618469.
1.459804
Jd.a58949
1.,458232
J1.457546.
le457168
d,456610
1.455786
A,455213
1.45445]
J.653632
1.453200
d.452911.
1.452372
d.45210h.
1.4518648
d.451544
1.451060
Jdea5089538.
1,.4508326
1.4650179
1.449327
1.a489%2
1.4483567
1.447728
1446945
latab3sg
1.464596173
l.445161

kK

0.,004500
0,004200.
0.,004500
0.0564800
¢.0065100
0.005300.
0,005100
D,00b6004G
0.007500
0D,009800
0.003900
D.,017490
0,019909¢
4,020200
C.016700
£4,010500
0.006100
B.0064400
0.005000
0.00S200
0,003000
0.00S5100
0,005100
0.004600
U.004500
0.004700
0.004300
D, 004700
0.005200
£0,.005100
0.005300
0.005604
0.005600
0,.008500
0.005600
0,005500
0,005500
0.004800
0.005100
0.0403200
0,004900
0.005000
0.00509u
C.005100
0.005400
0. 005400



2278
2276
2274

2272
2270

2268
2266
2264.
2262
2260
2258
2256
2254
2252
2250
2248
2246
2244
2242
2240,
2238
2236
2234

2232,
2230

2228
2226
2224
2222
2220
22148

2214
2212
2210
2208
2206
2204
2202
2200,
2198
21596
2194

2190

ledéaal00
1.444163
1.443580
I 403243
1. 642347
Jsaldle
L.a4O4T6
I 4I96TS
1.438b32
1.437537
].4359384
1633971
1,431842
1430080
1.428338
1.426838
1.,425841
l.426060-
1.,427367
1428614
1.429990
1433435
1.437767

Y l.440926

1.442301
1.461846
1.,439620
d.,436513
1.433114
J.430)04
l.428286
1.426978
1.4255%97
d1.424213
1.,423175
1.622193.
l.42139%0
J1.420815
1.420510
J.4203)1
1.419680
1,.,419550
l,419492
1.419218.
1,418658
l.418884

Table 7. Continued

k

0.005900
0.005400
0.006000

0005700
0.,005200

0-.005500-
0.005600
04005600
0.005600
0,005500
0.005500
04005500
0.006900
0.008100
0.010000
0,012200
0.015200
0,018700
0.021400
0.022900.
0.025400
0.023000.
0.027400
0.024500
0.021400
0.017000
0.014500
0.012400
0.012600
0.013200
0.015000
0,016100
0.,017000
0,018600.
0.0193900
0.021500
0.023000
0.024900
0,025900
£.027700
0.028900
0£.030700
0.032000
0.033000.
0.034800
0.036700.

101

-1
vV, cm

2186
2184
2l8e
2180
2178
2116
el74
2172
2170
2168
2le6
2184
2162
2160
2158
2156
2154
2152
2150
£la8
2l4a6
2144
2142
2140
2138
2136,
2134
2132
2139
2178
2126
2124
2122
2120
2118
2116
2114
2112
2110
2108
2106
2104
2la2
21040
2098
20856

n

—

1.419168
1.419316
l1.4194d0
1420063
1.420254
da42ashs
1.,421111
1.422008
1.422550
1423386
1.424255
A 4266483
1.4254]17
d.42662])
l1.427276
d.a28066
1.429191
14430339
1.431268
da432399
1.433620
1.435150
lat036443
1437798
1.438884

~19440133

1.4415]13
-l s 442992
lodeatlns
1 445480
lab446303
d g leed 29
1,048477
1449776
1.450730
1.45191y
1.453197
dl.45433]
l.45483]
1.,455453
1.45614d5%
1. 456573
1.457126
l.458246
1.,458853
-+ 3589207

AEDC-TR-79-50

k

—

1,033200
0.039200.
0.041300
0,042300_
0.,043700
0.045000
0.,047100
D,048000
0.049200
0,0507200.
0.051500
0.052300.
0.054100
0,085000
0,055500
1,052100.
0.058000
0.058800
0.054700
1. 0660500
0.0681600
0.062100
¢.062600
0., 0629500
4.063200
0.063600-
0,U064100
$,063300
0.064000
0063800
0,063500
0.063500
0.,0639040
0.,063200
0.063300
0.062700
0.062700
0.,061500.
0,060700
0.0560500
0.,059800
Q4DSQJDO
0.,059200
.0.058800
0,057600
0.053200.
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M, Ch

2094
2092
2090
2048
2086
2084,
2082
2080
2078
20726
2074
2012
2070
2068
2066
20664
2062
2DA0
2058
2056
2054
2052
2050
2048
2046
20484
2042
2040
2038
2036
2034
2032
2030
2028
2026
2024,
2022
2020
2u18
2016
2014
2012
2010
2008
2006
2004

n

—————

1.,45994]
A 460634,
1.460957
J.4B81689
l.462180
desbra10
l.46244]
A, 462688
1,6462%934
1a.46303)
1,462929
d.ab3654
l.4635¢9¢
Jd.463111)
1.462585
1.462309
1.461913
A 462063
1,462029
d.461012
l.460781)
Jaa59968
1.458945
d.458364
1,458088
AL 4STTIR
1.,457108
JaaS6394
1.455642
d.,455313
1.454661
1.453586.
l.452216
d.4513449.
1.4506156
A bsa9TH
1.448559
1. Gh7TuS.
le446987
1. 446944
1,446262
1446291
1.445685
Y I
1.443776
ll.443272

Table 7. Continued

k

0.,057000
{..055400.
0.055300
D.0564800
0.053500
0., 052700
0.051800
0.051200
0.050500
0,049300.
0.043900
DL, 048300
0.046700
D.0a5700
0,045100
0,064300
0,0644000
D.043400
0.,042600
0.041000
0.040600
D U35500
0.039400
£4,039300
0,033200
0.038500
0.037900
0,03760Q0
0,03720640
0.037200
0.036200
0.035700
0.035600
0,035900
0.036100
0.035700
0,036100
D.036500
0.037200
0,037300
0.038200
0,038600
0.0373900
0.038300-
0.033300
0.,.039500-

102

v, cm™ T n
2002 1.442732
2000 1442632
1998 1,442204
1998 l.442050
1994 1442080
1992 002717
1990 leba2anyg
A19RB. 1 ,.,44194]1
1986 1,441922
1984 A, 442660
1982 1.442701
18980 1.442733
1978 1.442680
1976, 1. 443009
1974 1443589
1912 Jehia]l3a.
1970 l.444159
1968 doh4abT2
1966 1.445230
1964  1.445955
1962 1446259
A260  1.446555
1958 l.446524
1986 446720
1954 l1.446749
1952 1. 44B6AR
1950 1.446137
1948 1445693
1946 l1.445}12
1944 14441725,
1942 l.4436y%
13940 Jdetu2bbS
1938 l.44%1586¢
1936 dL.439898
1934 1,437310
1932 434837
1930 1.432149
1928 1.429855,
1926 1.426921
1926 1,423871
1922 le420252
1920 1.4169u9
1918 1,412439
1214 L 4074923
1914 1,403121
1812 1.398018

kK
0.040300
0,040900-
0.041500
D.042000
0.043200
0.0a43400
U0.043000
D+043500-
0,044700
0.045000-
0.044780
0,045190-
0.0454904
0, 045709-
0.046400
LD.045500
0.043800
DL.V45800.
0.045500
0. 045200
0.044000
0.0436040
0,04230Q
D.041800
0.,040700
0,032100.
0.,038300
4,036600-
0.,036000
D.034200
0.032500
0.,031500.
0.029400
D.021500.
0.025500
L.0248300

"0.023500

0,02314040.
0.021600
0,021000
0,020400
0.020000
0.019500
L£.019300
0.021300
2,022200



vifcm_l n
1910 1.393402
1908 _]1,388566
1906 1,383024
1904 _1.377613
1902 1.371961
1900 1,367265
1898 1,363260
1896  1,359578
1894 1.35587y
1892 1,354654
1890 1.35853}1
1888  1,359107
1886 1.364079
1884 1.370658
1882 1.3786485
1880 1.388427
1878 1.,39943]
1876 14l2723
1874 l.426224
1872  1.,440082
1870 1.453924
1868  1.,467148-
1866 l+477455
1884, ] 4BRS5Ta4.
1862 1.,49252¢
18560 1488327
1858 1.50266«
1856 1,505165.
1854 1.505005
1852 1,5023u02
185D 1.496902
1848 1,491339
1846 1.,484326
1844 31,476500
1842 1067646
1840 _J,459410
1838 1.451006
1836 _1.,443754
1834 1.436482
1832, 1.430202
1830 1.423559
1828 1,417760
1826 1.411935
1824  1,405776.
1822 1.399658
1820 1.394633

Table 7. Continued

k

0,024400
0,026700
0.029700
£.,033700
0.033800
0,065300
0.052300
0,059600
0.069500
0,080700
0.092200
0.103800.
0.113900
0,123a00
0.133000
0.140200
0.,147400
O-+1520080-
0.153300
0.153100
0.150000
0143600
0.134500
04125300
0.115800
-0..105200.
0.093100
0.081100.
0,067900
0,.055100.
0.044300
0.035400
0.026600
0+019500-
0.014400
0-.010600-
0.008300
-0-006800-
0,005700
-0+ 005200-
0.,004400
0.004500
0.004000
0.,004000.
0,004300
0.004500

103

D |

Vv, cm

1818
816
1814
812
1810
-1808
1806
1804,
1802
800
1798
17196
1794
1792
1790
1788
1786
1784
1782

:

1778

;

1774

;

1770
17868
1766
1764
1762
1260
1758
1756
1754
1752.
1750
1748
1746

1742
1760
1738
1736
1734
1732
1730
1178

n

1.388174
_1.,381749
1.374900
1368757
1.361350
-1,.354432_
1,346233
1.,3380049
1.328029
1318389
1.300654
1294039
1,279343
1264056
1.,245071}
1,224907
1.203649
1.1844643.
1.164240
1.14499%5
1.14465]
d1,148784
1,161297
1.191300
1,226649
1263997
1.2465480
d.264544
l1.289567
1.3083835
1.316026
1.317127
1.311884
1.291578
1.2746090
1.27G460
1-299024
13510107
1.42698}
1.534353.
l.648384
Y72 Ete
1,8835138
1. 921092
1,8738]13
1.8072.30

AEDC-TR-79-50

k

——

¢.003400
0.,003800
0.004400
0.0065600
0,004900
0.,005500.
0.005700
D,005300
0,006900
D, 008700
¢.,009600
-0.0119090.
0.015800
0,.0204090.
0.026900
L.038000
0.,054500
£,075500
0.101000
0.137400
0,178300
0.216800.
0,258900
0.296400
0,310300
L.303100
0.316100
0.,3u4900
0.,347700
D,343200
0.344400
02342600
0.352200
0,.356700
0.393100
0,459800
0.,520800
0.590200
0.641300
0,67173700
0,666700
04 629306
0,536700
By 3518400
0-2“4600
-Ve177800
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1726
1724
1722
1720
1718
17116
1714
1112
1710
1700
1698
1696
1694

1690
1688
1686
1684
1682
1.684.
ie7e
A6T6
1674
612
‘1670
1668
1666
1664
1662
A6A0
1658
1656,
1654
1652
1650
1668
1646
RETYS
1642
d640.
1638
1636
1634
1632
1630
1628

le740178
1.692302
l.668821
1662639
1.665217
1.680276
1.,696413
1.318936
1.725987
1.690078
1.6775v8
1.655248.
1.643648
b 26929
1,617045
1..603921
1.596453
1.586502
1.580808
l.572241
] .566919
1.559405
1-554644
1547118
1.543475
1.537223
1.532799
1.526681_
1.52248548
1516849
1.512328
1.506214
1,501955
1.495H29
1.4911929
l.685225
1.4809176
loealttis
1.468660
l.461718.
1,455840
lateteTerll
1.439202
1 428445
1.416995
1.401832

Table 7. Continued

k

0.154700
0.103700-

0.173000 .

L,193700
0.204200
0,210209.
0.205300
0190400
0.166200
0,060400.
9.028700
£.021800
p,017100
0.013900
0.011%900
0,0L1500
0.010900
0,011400
0,010600
0,010300
0.010100Q
0.009800.
0.009300
D,009400
0.009700
0.009100
0.009000
0.009100
0.309200
0.008400
d.008600
D.0087200
0.009100
0.009}100.
0,009600
0,010400
0.010800
DL,010600
0,011100
0,012200.
0.012500
N,012800
0.014000
4.015300
0.018000
Q,021700

104

-1

Vv, cm n
1626 1.385748
laré 1.373951
1622 1.368970
1620  1.336454.
1618 1,300077
d6l6 1.301040_
1614 1.,346%00
1612 l.a01l4l
1610 1,4668342
1608 1.508252
1606 1.504733
As04  1.501972
1602 1.523884
1600. 527627
1598 1.519%945
596 3-+520514-
1594 1.520354Y5
1592 1.5248 74
1599 1.5284063
1588 1.5347496
1586 1.539644
1584 -1 4545558,
1542 1.550426
1580 -1 555692
1578 1.558676
1576 1,562564
1574 1.5659G4
A572 1,568685%
1570 1.568252
JASK8B 1 .5AT7424
1566 1.565935
1584 J.SB42R9
1562 1.,561021
15580 J).8553378
1558 1.55304905
1556 1.5481499
1554 1.542757
1552 ]1.537830
1550 1.,53333¢0
1548,  .1.529387
1546 1.524610
A1Sau. 1,520274
1542 1.515190
1540 1.510782
1538 1.507126
1536 1.503905

k

0,031900
0.0a7700.
0,062000
0.051100
0.107200
0.,182800.
¢.236400
g.264100
0.262200
0.232000
0.169700
£,208700-
0.181200
D+162300-
0.156600
-04-155000-
0.154300
0.153900
0C.153000
0.151300
0.147300
Oe-laa3io
0.139800
0D.133900-
0.,127400
0122300
0,115100
0, 106400
0.097500
0.0890400.
0.083600
0D.,0761400.
0,009500
0.0635400.
0,057400
0,053300
0,049400
0. 046900.
0.043300
D.,042600-
0.040900
LL.039600-
0,.038100
0,038300.
0.,038800
0.,0371800
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Table 7. Continued

105

v, em?  n k v, cm?! n k_
1534 1.699771 0,037800 lag2 1.458066 0,153800
1832 le.496144 0,038100. Jh4l -1..464355 0,155200-
1530 1.492458 0,038600 1438 1,470590 0,154200
1528  _1,488381 0,0394600_ 1436  ),416166 -0,151-300-
1526 1.6486338 0,039900 1434 1.480285 0.147700
1524 d,483248]1 0,040200 1432 1483451 0.]144700
1522 1,479301 0.049600 1430 1.486396 0,142900
1520  1.476485 0,0643200 1428  1.,499036 0,134700
1518 14474277 0,044000 1426 1,491803 0.134500
1516 1.471957 0,044600 1624 1.493061 0.130100
1514 1,468553 D, 045400 1422 1,492368 0,125700
1512 1.666438. 0,04647700. lae20 1.,4921489 0,123500
1510 1,463989 0.,048200 1418 1.491498 0,120300
1508 1,461392 0,049200 1416 1,49)7288 0,117700
1506 1,458784 0,051000 1414 1.,489803 0,115000
1504 1.457231 0,052300 1412 1.488513 0.,112400
1502 1.,453750 0.052900 1410 1.48664]1 0,111800
1500 1.451046 0,055500. 1408 1.486098. 0,109900
1498 1,4488839 0,058200 1406 1.,484817 0.109000
1496 1.447302 0.058900 J404 J<484082 0.,106900
1494 1.444786 0,062100 1402 1,482743 0,106200
1492 l.4428486 0,062600 1400 1482100, 0.134100
14990 1.439918 0,06550D 1358 1.,479667 0.102000
1488, d,.43819a 0,068200 13s6 1477954 0.,101900
1486 1,436933 0,070900 1394 1476493 0,101400
484 1.434842 0,071300. 1392 415229 _0.,099800.
1482 1.431591 0,074500 1390 1.473168 0,100200
d480 1,429543 0,078000 1384 l.472859 0.1002040
1478 1.427676 0,081100 1386 1.472875 0,100000
1476 1.425192 0,083900 1384 l1.473830 0.098200D
1474 1.6423480 0,089600 1382 l1.473425 0,095000
1472 3, 423194 0,093400- 1380,  1.472106. 0,091700.
1470 1.422727 0,096300 1378 l,469647 0,089400
S4568- d 422081 0,100600- pEchi.3 1.4569057 . 0,.08a8000
l4b6b 1,420131 0,103300 1374 1,467374 0,083300
1460 418692 0,109904- 1372 1,.464926. 0,074900
labe l1.419444 0,116300 1370 1.460193 0,074900
1660 1 .020594 0, 120400- 1388, 1456627 0, 072500
1458 1,4216l6 0,126700V 1366 1,451%37 0,068000
1456 dela2adll]l. 0.1.32700- 13k4 1447132 0.065400
1454 1.427408 0,137000 1362 l,441044 0,050900
1452 d-431554. D,143100- 1360 le634040 _0,056100
1450 1.436860 0,146800 1358 l1.,424446 0,053000
AEYN.B dewa28293. 0,150000 1356 leal5340 0,.051300
1446 1,447637 0,150700 1354 1,404250 0.049000
ldaa. leub29aS. 0,153509 1352, 1.392642 _1.049600
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-1

vV, cm

1350
348
1346
1344
1342
13640
1338
1336
1334
4332
1330
1328-
1326
1324
1322
-1-320-
1318
d316
1314
1312
1310
1308
1306
13064
1302
1300
1298
1296-
1294
1292
1290
1288
1286
1284
128¢
1280
1278
1216
1274
d2712.
1270
1268
1266
1264
1262
1260

n

1.380736
1.371121
1,359229
1348749
1.337737
d.328500
1.31859]
1.310030
1.298504
1. 287516-
1.275334
1. 2bulB7-
].2094652
1.234309.
1.215532
A1956564.
l.1752u8
. 161743
1.151171
1+152134.
1.168616
d.20308%
l.206053
1.297071
1.346231
1.391206.
1.4195049
1433459,
T.434835
A28k
1.379094
1.320484
1.268154
23433756
lo20778Y
1.201308
1.202387
da2lal129
1.228476
.1.2556148
1.27ab62T
314135
l.367464
1.433910
1.502440
1.593700.

Table 7. Continued

k

0.052800
D.055600_
0.058300
0.063900
0,069600
0., 075800
0.082300
0.083200-
0.,094200
05-101000-
0.111200
0.,118300-
0.128600
0.139600-
0.154700
£+173700.
0.,202900
0,.239500.
0.,273600
£.330500-
0.383300
D, u27400-
0.460000
0,476000-
0.,476600
0£.458600-
0.428000
4393600
0,362400
0.323900-
0.282900
0,289300-
0.318200
0.361200-
0.913700
0,6471600
0.529200
0,578800.
0.639300
(688400,
0,739000
0,810200
0.870400
0.913600.
0,9729900
1.005900-

106

v, em n ‘k
1258 1.692505 1,050200
1256, 1.815905 _1,056700
1254 1.935321 1,054900
(1282 2,077381 1.025200
1250 2.211649 0.973000
1248 2,374649. 0.873700-
1246 2.553176 0.,744B800
1244 2.55539). 0,320000
1242 2.394390 0.216200
1240 2,272919 0,153500
1238 2.210900 0,129300
1236, 2.1482u2 0,105400
1234 2.,110494 0,085200
1232  2.065501 0,063700
1230 2.036674 0,037700
1228 2.002502 0,047600
1226 1,979851 0,039600
1224  1,95241l9 0,033100
1222 1.934182 0,027800
1220 l1.911860. 0.023700
1214 1,8969%1 0,019800
1216 1.8782u0. 0.017000-
1214 1.865843 0,014500
1212 1.850205 D.012400
1210 1.839950 0,010000
3208 _1,.8249456. 0,006800-
1206 1.812627 0,005600
1204. -1,799216. 0,009300-
1202 1.793832 0,011900
1200 -),785488. 0,010000
1198 1,779830 0,010200
1196 1.771175 0.008900
1194 1.7655u% 0,008200
192 1.757567 0,008800
1190 1.752915 0.,007«00
A1RB 1.745071. 0.007600
1186 1,740771 0,007300
1184  3,7348s4 0,008300
1182 1.731021 0,007000
1180 1,724715 0,007600
1178 1.721457 0.,007700
2176, 1.716696 0,007800-
1174 1.713567 0,006700
1172, 1,708217. 0,006600
1170 1.705%21 0.007000
1168, 1.700784 0.005700.



1166
1164
1162
1160
1158
A156.
1154
1152.
1150
Jia8
1146
1144
1142
Al40
1138
1136
1134
1132
1130

1126
1124
1122
1120
1118
A1l16.
1114
1112
1110

1106

1lo2
1100
1098

1094
1092
1090
1088
1086
084
1082
1080
10748

1,697432
J-5892154.
1.690391
1.686262.
1,683957
14hR1I994]
1.677871
16746548
1.673123
1.670259
1.668050
du6B4 )64
l.662076
1 .658640
1.656763
1.654127
1.652673
Je 649960
l.648193
1645083
1.644452
l.642953
1.6407956
l1.638843
1.,638550
1635824,
1.635116
1+ £340566.
1,632683
leB295]14.
1.627245
1+ 623608
1.622451
la622104
1.6222175
l.6819284_
1.6171048
lafladss
11.613141
‘l.6l0202
1.609365
1.607520_
1.6078508
1.606277
1,603393
600664

-

Tabla 7. Continued

k
0.005900
-0+006200-
0.006400
0,006400-
0.006400
4.006600.
0.006800
0.007300-
0.007200
0.0070040.
0.005400
0,0056100.
0.,005800
0,006100
0,006700
0,007000
0.,007100
0,007000
0.007200
0.007300
0.009600
0.007300
0.007300

" 0,009600

0.007500
0,943 109
0.008200
0,008100
0.005500
0.005500
0.005100
0+ 005800
0.008100
0.008500
0.C05300
D.005200
0.005100
4. 005300
0.005600
0004900
0,008000
0.005800
0,003900
0.,005300
0.00300
001800

107

v, em™ n

1074 1.599520
1072 1.,5963715
10790 1.596341
1068-  3,594518
1066 1.592116
106a 1 ,S5BBGLY.
1062 1.585%259
1060  1,5826b62
1058 1,58121°2
1056 1-580243
1054 1.580683
10s2  1,.,5789718
1050 1.5740387
1048 1568659,
1046 1.564843
1044 15632569
1042 1,561553
1040,  1.,562438
1038 1.565(82
1036 A5 10T 30
1034 1.570972
4032 1566438
1030 1.565119
10238 1572819,
1026 1.578248
024 1.57B696_
1022 1.578699
1020 1.583124
1018 l1.58B448
da1se l1.58RT4T
1014 1.585773
1012 1.580888
1010 1.579%97
1008  1.582663
1006 1.5B4525
1004 1.583133
1002 1.582799
1000 1.583023
398 1,582977
996, 1.578432
994 1.574364
9972  1.581998
930 1.592471
_988 1.593994
9R6 1.596768

_9B&4_  1.593%17

AEDC-TR-79-50

K
0.004000
4,007600
¢.007300
D, 006300
0,.005400
£.005000
0.006200
0.010100
v.010200
U.014000
0.0129500
£.,012200
4.009300
0,014200
0.016600
4.024400
0.025700
0.034300.
0.037000
0,060200
0.035600
0.,034200-
0,047500
0,048800.
0.049500
0,042400.
0.049100
0.048000-
0.045900
.0<033100.
0.036400
0,.033900
0.040900
N.040600.
0.038900
0.036A00.
0.038100
1.037000
0,035900
0,.033300
0.033400
0.052200
0.044500
0.0351400
0.037300
Q,.0183040
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v, em ! _n_
982 1.583136
98B0,  _1.S771%93
973 1.5759338
916 1.572905
974 1574094
272 1.571432
970 1.569807
S8 1.577845.
366 1.588011
S64. 1,58347)
9h2 1.583455
[&0. 1.5781u8
958 1,576005
- L1-1 l.577634.
954 1.577160
952, 1.575111
-950 1.575432
948 1.573418
946 1,570183
SabL 15724335
942 1.579070
940 1.57843
938 1.57449Q
-936- 1564177
934 1.552345
-932- 1-+553250-
930 1.560039
928. 1+563082
926 1.559598
w74 1.559668-
922 1,563351
9[920. 1+561600
918 1.55464b
|6 1+5529385.
14 1.549131
Y32. 1+539644
910 1,538414
908, 1.546258
906 1.549261
S804 1.543140
902 1.53695]
500 1.532585
498 1.546814¢
BY96  1,519624
894 1.,522051
892 1,528656

Table 7.

k
0.,018500
L.024900
0.022000
D,028200
0.030300
0.024000.
0.036400
0,0u6200-
0,037700
0.,027900.
4,0197040
4.,022100
V.023600
0,.025100
¢,022200
0N.013900
D.024700
0.015000
0,0213900
0,025900-
0,0138%00
0,013000
0.005700
0 90001
0,003800
0820800
0.020700
£.015400
0.014300
L,014100
0.013100
0D,000900
0.007300
0,004000
0.002200
-0,00000].
0.014300
£,015500.
0,005500
0.000001
0.,000001
0,0000401-
0.000001
0.,001900
0,010400
0.008400

Continued
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B90
BR8.
HRA
884
Bg2
_BR0.
878
BTA
B74
a1z
870
fAe8
B66
N-1.18
62
_Bal
8548
HSb
B854
B2
550
Balb
Bab
-118
Ba2
BaQ
233
836
834
B32
830
828
826
824
agze
B24
s218
816
814
212
810
=08
s06
B04
802
BOW

1.5243913
l.514740.
1.510694
1.50763646
1,505685
1.500600.
1 .49‘#60?
d.eB86478
1.47451%
1,473470
lot¢Ta7Q1
d.672633
1., 468931
d.ab8476
1.,482503

T 1499004

1.501332
Jb4Qlan?
1.,4867T74
d1.485H32
1.4B5569
1.484916
1.,484174
leaB80337
1,4883749
1482233

k

0.000001
L.0000401%
0.006300
0,003400
0.00%100
0.002800
0.007300
0.007200
0,.,013300
N.025100
0.031400
0.,035500
6,042300
0,056600
0.071400
DV, 06574040
0,0a47600
N,0645400.
0,049800
0.053100
0.053800
L0,.057300
0.056100
N.063400
0.05730¢
0.,055500.

1.,484023
1,484428
1.480659
l.472124
1.,4576a41
doah]lvr?y
1.,455167
14523603
l.4422396
laeald72E8
1.436159
1.436714
1.438726
Jefbdw?8
1.446129
leaaS1lay
1.450553
-l. - 4562-’“
1.,4947613
l «+633002-

0.054600
0.055300
0,047900
Lo064T700
0. 06400
0.053900
0.070600
0,057990
0.071400
0.0475100
0.088900
0,094000
g.10]1700
0108700
0.1u08000
£,.110200
0,117200
L£.,110500-
0, 093400
-0—. 1 0340 0—



798
.J96.
794
TJ92-
190
2a8
746
T84
782
280
778
176
TT4
12
770
JHA.
766
T84
The
J60_
758
1556,
754
A52
750
J48
Tab
dha
Tu2
140
738
d36
134
13z
7340
128
126
124
722
220
718
q16
Tl
12
710
J08_

].426403
d.4212«3
l,411204
1405181
1.,407999
4419335
1.433717
d.448786.
1.452278
d.438102-
l.407410
Jd.371102
1.352937
d.32582n.
1.284990
1247588
1.227981
1.231862
1.249]60
d.283447
1.321189
135878
1la42079})
J.48904+1
1.564527
l1.646607
1.716405
l.793191
1.874199
1915029
2.086542
2.119874
2.057575
d1.96991S
1.923767
1.916525
1.308514
1.880579
1.866783
1. B4290)n
1.82193%
1. 7988a].
1.720%10
11754949
1.7671%>
J.2152021-

Table 7. Concluded

_k_
0.111000
Ue113900.
0,122700
e 1600t
0,158200
0, 1207 00-
0.175100
0.,.168300-
0,147T7040
0.125000-
0,115600
0,12464100.
0.140200
0., 147600
0.169800
0.213000-
0.285200
0D,355200.
D,4681400
0.5246‘00
Ve 526200-
0.616400
0.,652200-
0.680700
D,6764300-
0,074800
0.659200
0,634100
D.596600.
0.,526600
. 306800
0.223200
De1333040.
0.178800
0150200
0.121100
0:103604
0.084700
0,022300
0,054900
060800
0.,057200
L., 06T70iu
J.US1llvu
L. 4363480

109

1

v, cm n
T06 1,728410
04 1,.709982
702 1,714605
700

AEDC-TR-79-80

k

0.033000
0.0546600
0.067700
0. 066500
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Condensed N, 04 Optical Properties at 80°K

Table 8.

v, cm_ n k
3690 0,000100
3684 1.53/540 0,000100
3670 1.5374%5 0,000637
3660  1.537535% 0,000100
3650 1.536958 0,000339
3640 1,530140 @,0u0lu0
3630 1.537063 ¢.003014
3620 1.,538l48 0.000606
3610 1.537757 0.000255
3600 1.536909 0.000100
ABGY 1.5468B21 U.000100
3580 1.5363i% 0,000181
3570 1.536246 0,000212
3560  1.535975 0.000366
3550 [.535899 §,000100
3540 1.535367 0,000100
3530 1.5352483 D.000306
3520 1.534841 0,000100
F5T0T 1.534443 (0.000100
3500 1.533739 0,000261
3490 1.533241 0,000517
3480 1.533138 0,001812
3I8T0 1.53347v og.0vuidz
3460 1.532984 0.0ulabe
3450 1.532746% 3,0uld05
3440  1.532771 0,002302
J430 1,531996 U, 001403
3429 1.531420 ©0,003508
3400 1.533172 0,0043999
3390 1.533254 0.004736
3380 1.532894 0,003119
3370 1.,932703 (,004162
3360 1.533112 0,003916
3350 1.53320% @G.003917
3340 1.53318Y  ¢,003396
3330 1.533uv7 0.003059
3320 1.53¢2653 0,002481
3310 1.532536 ¢L0u39le
3300 1.532426 0,00418Y9
32907 14532477 0,0u3748«
3280 1.532226 0.003195
3270 1.532614% ¢,003668
3260 1.932236 D,002390

110

v, cm_

32540
3240
3230
3220
3210
3200
Jizu
3140
3170
3164
3150
3140
3130
3120
3110
J1lo0
3090
3080
3070
3060
3054
3040
3039
3620
3016
3000
2990
2980
8979
2960
2950
2940
2930
2920
2910
2900
2830
28840
2870
2864
2850
2840
2870

1

n

1.931319
1.5299493
l1.530uUn]
1.9301u3
1.5297uv
1.52nbb4s
1.5283v1
l1.52674d6
1.525064
l1.523422
1.95228u5
1.5267481]

‘v.0U01870

0.00265%
0.003294
0,003657
V. 0udd9y
0.00335%
0.0u3192
0.0029285
Ja004094
0.000427
0. 009300
0.015801

1.,531234
1.5306065
1531611
l1.534440
1.535431
1,5341176

0L.ui2401

D.0udvds
0.013817
D,0uU9276%
O.uus??l
0.,005118

T.5326u0
1.531216
1.531441
1.529387
1.527538
1.524851

0., 00ubed
0.005121
t.,00a345
0.0u3165
0.,003191
004963

1.524304
1.522672
1.523903
1,522117
1.524751
1.540516

0.006775
0.009108
0.012163
D.0l4a78
0.,020322
0.034650

1.5490408
1.540858
1.535256°
1.535044
1.5329068
1.533006
T1.531862
1.531214
1,530062-
1.530401
1.529320°
1.52886Y9
1.6281a1
1.5248113

0,009112
0.003410
V.0031727
0.00361¢
0.003109°
V. 003394
oLo002927
0.002467
0.003305
0.,002911
0,0u2385°
0.,002557
DL.uP2406
4.002552



v, cm

2800
2150
2780
2770
2760
2750°
2740
230
2729
TV
2100
2690
2640
L0

Table 8.

n k

1.527320° 0.002475
1.527155% 0.002463
T.5926232 0. 002073
1.525937 0.002507
T1.52521% 0,002271

1.525003

1.524232

1.52394?

T.523165°

1.523211

0e002487

0.002188

0.002401
0. 002504
D.0u253%

T.522276 T,002205
1.521916 0,002334
1.520910 '0,002542
1,520716 0,002460
T.5193065 0,002693

2660 1.519300 0.003321
Z650 T.S17552 U, u0332T
2640 l1.916324 0,004351
263 1.519%03 v,012li2
2620 1.523263 0,003153
eI 1,s2071la 0.0vueTal
2600 1.518450 0,002636
2590 T.518796 U,.004096
25890 1.519172 0.,0u3249
25707 1.518808 v,001591
2560 1.51721v ¢,001192
2580  1.51608%5 Q,0uuB4d
2540 1.514842 0.001053
2530 1.514¢45 ¢,001232
2520 1,513322 0.000872
2510 1,512130 0,.000646
2500 1,51071¢ 0,0003976
2490 1.509830 0.001696
2480 1.509269 0.002143
2470 1.504608 0.002093
2460 1.507843 0,002306
2450 1.507334 0.002589
2440 1.506630 0,002345
2434 1.5057¢1 u.002300
2420 1,504792 0,002397
2410 1,503806 (0.002342
2400 1.502478 0,002319
2398 1.502264 0.002423
2396 1.502122 ¢.00206%U

AEDC-TR-78-50

Continued

v, cm n _k_
2394  1.502004 (,002435
2392 1.501657 0.002427
2390 1.501427 0,002562
2388 1.501194 ©0.002465
2386 1,.500934 0,002500
2384 1.500608 0.002422
2382 1.500243 0.002429
2380 10499649 0-0024?9_
2378 1.499524 0,002588
2376 _1.499138 0,002578_
2374 1.498750 0,002691
2372  1,498220 0.002619
2370 1.497672 0,002455
2368 1,497105 0.003025
2366 1.496498 0,003103
2364 1.495575 0,003367
2362  1.4942407 0,003819
2360 1,492559 0,005246
2358 " 1.492119 0.,00B377
2356 1.493770 0.011158
2354 1.49479% (,010762°
2352 1.6494213 0,012391
23%0 T 1.497287 0,018101
2348 1,504773 0,018509
2346 T1.50921 u,0l11246
2344  1.507872 0.005756
2342 T1.505197 0(1.004255
2340 1.,503554 0.003464
23387 1.502345 0.003067
2336 1.501272 w.002777
23347 T 1.500300 0,002844
2332 1.499697 0.00299v
330 T l.49vall ¢, 003271
2328 1,4992da 0,003027
2326 T 1.494823 0.002787
2324 laa¥nei?yd u,0020U5
23227 T1.491738 0,002613
2320 1.,497280 0,002580
2314 1.4969]4 v,002767
2316 l 490614 0,002763
231% T 1.4963ub (.0U0Z6Y%4
2312 1.496007 U.002772
2310 1495732 0,002606
23u8 1.4951adl 9,002422

BN
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Table 8. Continued

v, em™t n_ k v, cm t o k
2306  1.494715 y.p02726 2218 1o681934 y,0v3vl2
2304 1,494525 0,002919 2716 l.48l6ySs P,00S9314
2302 le4Y4409 (,002819 2P1% 12481343 0,005484
2300 loa94ku2 0,002683 2212 1.4810604 (.005447
2e9d 1.493734 y,.00240% 22T0 17480609 QI0usSade
2296 1.493242 0,002425 2208 1.4801u3 0Q.005679
2294 le32771 (.002w4b 2206 F.479600 g,005al) "
2292 1.492300 0.002517 2206 1.4T9239  0,006099
2290 l.491346 0.002616 22007 1oa78B40 0.0U6487
22¢8d 1,491470 0.002815 2196 1477895 D,.006T701
22867 1.49113+ 0,002930 2I9%  1.,477641 0G.007067
2204 1.490817 0.003092 2192 1477476 0,007215
2262 T YLu907a80 0,003379 “2190 14772323 0.,007319
2270 1.490606 0,002939 21R8 1677089 U.Q0T7465
2218 1.489950 0.0020«7 2186 1.476866 0.0u7521
22170 l.489343 0,003050 2134 le476507 0.007396
2214 1.,4890433 ¢.003155 T2 1.a7602% TT,007361
2272 1.488723 0,003090 2iul le72037 0,0070l7
2270 1.4882u9% 0,003051 2178 1.675554 0,008023
2268 1,487648 0,003142 2176 1.4754U9 0.,007899
2266  1.,487114 0.003225 2174 1.475011 0.0uf315
2264 1.486512 0,003262 2172 1.474553 0.,00791S
2262 1,485474 Q,003147 2170 YLaT-T14 T,008083
2260 1.,484093 0,003796 2168 1.473911 0.0uR4e32
2258 1,483283 0.005497 2lab 1e47375U0 Q.,00daa?
2256 1.483608 (0.007052 21lk4 leaT3d03 y.00d32V
2254  Y.4B4373 0,00761% 2182 12473157 O.0ust?y
2252 1.484384 007275 2160 1473093 0,008585
2250 1.483435° 0,007749 2158 1.472719 0.008327
2248 1.483292 0.009916 2156 1.472176 0.0ud3Yo0
2246 1.485097 T[.012038 2154 147180/ u.0uHn38
2244 1.487922 0.011942 2152 1.471939 0.00851>5
P22 1.4B9Bud 0.,009940 2150 1.471155  ¢.0Ua497
Zauy 1.490102 ,007696 2143 1.470056 0.008448
2238 1.4B9317 0.006026 2146 loafU0pS 0.,008470
2236 1.488272 0.,003174 2lad l.4694d1 0,0087948
72346 1.a81239 U,00al44 2lal T.469082 0,009117
2232 1.,486378 0,004371 2lay 1.468978 0,009569
P30 1.485557 0,00446Y 2138 1.4688386 (,009440
2228 1., 484899 ¢,0043738 2136 1.46H420 0,009265
2226 TL4Bu227 0.004454 2134  1.,468023 0,009698
2224 1.,683629 0,004336 2132 1.467919 0.009786
2222 1.a83132 Uu.0¢a74vy 2130 M1e66T7T7ua 0,0U9583
2220 1.48256]1 0.0U4664 2128 1.4071d7 0,009472



Table 8. Continued

v, cm™1 n k
2126 1.466622 0.009573
2124 l1.466307 (,.01000%
2122 1.46613% 0,009305
2120 1.465682 0,009797
2118 1.4653¢4 0,010111
2116 l.ubdiwd 0,010047
2114 l.404940 (,010082
21l¢ l,464602 y.0u9744
2110 l.464Udl Q,uuv654
2103 1.4630d5 p,0u9734
2106 T.,a64234 0.069ﬁ23
2104 1.462565 ¢,009322
s 1.461938B 0,009489
2100 1.46143% 0,009450
2093 1.460834 0,009554
2096 1.460296 y,009712
2054 1.459895 0,009932
2092 1,459529 (0,009932
20907  1.45912¢ 0,009965
2048 1.458773 - p,009972
2086 1.458300 [, 009754
2044 1-"45?7(_'5 0000952?
2082 1.456941 Q. 009487
2080 1.4563up  Q,009707
ZU0T8 1,455731 0.009717
2076 1.455123 0.009779
2074 1‘454:1? 9.009943
20712 l.65%40171 u,010033
20Ty 1.45353y0 y.uludlu
ZHnd lewn271l O,0U¥70n
euhd  l.452v949  y,0i048s
2ub+ loaSlold 09,0104e3l
ZORS 1451335 'u'UIGEEE
Zuny latbubog y.0luess
Pubs laadyuh? 0. 010325
2056 l.449433 (,010300
2054 1,44d889> 0,010349
2052 l.448298 0,010193
2050 1.aslfend 'o"dTHTGE'
2U43 led4dobub D 010217
204D 1.46459d4] 0.010384'
2044 ladasSe?s ,01034u
duks JesaD37 0,010e6l
2040 l1a0438dY 0,.010611

"AEDC-TR-79-650

yyem  n k.
2038 1.44329« 0,01u574”
2U36 ledeZ2a4l G, 010370
2034 l.abluss 0,010497
2032 lousybll ¢,010870
2030 1640078 0,010980
2028 1.439359 0,010914
2026 1.438933 U,.010991
2uz- laadllla V.ulluas
- leadmoly u . 0iluys
2320 lew3danay U dlléso
ey Teudocwn J 011712
Zulb let 3udad U, Vilaoy
2014 T.adisio 0.0lldbos
20)2 1.432249 0,011865
2010 1.431759 0.012529
2008 1.431153 0,012245
2006 i.430127 0.012293
2004 1.429296 0.012453
2002 1.428795 0.012931
2000 1.4278%0 0.012628
1988 1,426813 0,.012916
1996 1.,426092 0.013351
1994 1.425514 0D.013364
1992 1.424700 0.013139
1530 1.423526 0.0172940
1948 1.422347 0,013329
1986 1.,42152%° 0,013700°
1934 lo420775 0,013752
1982 1.419899  0,014761
1980 1.418942 0.013816
1474 l.4176890 U001 3407
1976 l,alb923 0.014233
1974 le4l62dy U.Ula399
1912 l.alow4? U,0L4073
T9/d lawlosod U ulwylds
L#Ad l.4l3add  U,013962
1966 l.aleddo UL.UL37U9
1304 feallufo U.013930
1962 J1.41028% 0,0141355
1960 1.409846 0,014232
19%8 1.409237 d0,013510
1956 1.408226 0,012721
1554 1407043 0,011994
1952 l.40%4608 0,0)10810

113
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Tahlea 8. Continued

v, cm_ n k_
1950 1.403344° Q.010040Y
19448 lo.401134 0,009812
TIE6  1.39905% p.00970b
1966  1.397213 0,009863
1942  1.39%4u06 0,009653
1940 1.39338Y 0,009440
7938 1.39131e 0.,009583
1936 1.389326 (,009593
934 1.3d7223 0,009083
1332 1.38937/6 0.010119
1530 1.383642 0,010061
1928 1.381743 0,.009358
1978  T.379667 4,00932%
192« 1.377691 0,.009041
TI922° 1.375367 0,009151
1920 1,372821 0,008929
TI9I8 T.36993& [, bu0aTed
1216 1367009 0,.0089U0
1914 1364371 0.0096U0«
1212 1.3620u+ U, QuYols
1914 N.359070 0,.004352
L9un 1.335d%9 Q,up9152
PETE) 130124 U,00909¢
I90a le3dsdlo u ulusyl
152 1.3ano¢l O;Ufléld
lvuy 1,34430d4 v,011948
1AYS 'T733E696" Vy,vleins
1496 l1.3453aF y,vlasay
1894 1.331651 Q.014853
1892 1.327831 0.015921
1890 1.3238481 0.017866
1388 1,320504 0,020120
1886 l.31728v 0.,022111
1854 1.314192 (,024238
1882 l.311250 0.02664Y9
1880  1.30673 0,02871¢
1678 1.306092 0,030953
1876 1.303829 ¢,032930
187a 1.301%93 0.,034900
1872 1.299541 0,036503
1870 1.297545 0,038108
1868  1.295711 0.,039173,
1866 1.,293659 0.040023
1864 1.291%41v 0.040289

114

v, cm ‘n ko
idal 1.,288042 0,.040633
1860 1.2897346 0,0u0B97
1858 1.282%48 1,04}285
1856 1.279429 (,04]1561
1854 1.276222 0.041843
1852  1.273140 0,041632
1850 1.269619 0,040900
1848 1.265627  0,039771
ldab l.2998532 0,0371996
Ldas 1.2544038 (,0ld8944
1847 1.250332 7 0,039=02
184y 1,245b32 (0,u3n6l15
L) 1.239656 4,.035031
1036 1.233657 0,033126
1834 1.229629 0,0289417
1632 1215442 0.026432
1#34 l.204udd (0,023024
1823 1.193243 ¢.025010
1826 l1.182022 0.025945
1824 1171029 0.02614)
EF 1.158799 (.026178
1820 1.146342 0,026398
islg 1.132447 0;026?63
1816 1.118217 p,v269438
iaia 1.102023 0Q.027429
1812 1.085312 (.028u085
15810 1.066253 0,029139
1508 1.046818 0,030594
1806 1.024526° ¢,032038
1804 1.001039 0,033436
Junz2 0Ve9729246 0.035474
1400 0.9«3%33 0,038682
1794 0L,908349 (. (ulsge
1796 0.873007 (.066795
1794 0.8247u3 6.046522
1792 Ve 71137 0,030491
1790 O.ha939dl D0,10707V
1744 0.590447  0,186060
17do 0.,551234! 0.266H2U
17R4 0.5210u5 0,351190
1782 0.502V28 u.43bjsu
17484 V.usd809 0.521500
1774 Deted=~U+3 p.6]14460
1776 DeI]1 914

Ve fudvau



Table 8, Continued

v, cm n .Ji_
1774 J.504348 Ty, 793«20
1772 0.,523106 (,8a5960
1770 D.5024271 p,.983340
17nd 0.5956230 1,0482100
1766 Vabévoid 1,1f4600
L TR4 Velll%l9 1.,267900
1162 vefos3020 1,371200
L 74U 0,906¥43 ].,461500
T758 1.04¥lls 1,932200
1756 1.2035%«3 1,.,552500
1784 1.351827 1,538100
1752 loa479045> ].485700
1750 1.57a8Z1 1407800
1748 1.631670 1,320000
11467 ).bealbd  1,228100
1 7un l1.608l5a },157400
1742 1.9235«7 }1,120900
1740 1,405468 1,172200
1738 1.287126 1,334200
1736 1.238801 1,629300
1734 1.445720 2,108300
1732 2.038287 2,445300
T30 2.764084 2,267600
1728 3,)69884 1,655800
1726 3,193401 1.151300
1724 3,067915 0,841540
1722 2.92618B5 (.6235740
172v 2.,794111  0,52307v
1718 2.706709 0,451000
1716 2.645454 0,334570
171le 2.60o086 0,33938Y
1712 2.56%113 0.274890
A7TIV  2.525435 (.20128V
1708 2.468121 (.142430
17067 2.402046 (,0843821
1704 2334302 '0,06]1312
TTGZ  2.277136 T.,040263
1700 2.224779 0,027329
T698 R1TETST p,021995
14496 2s135405 ,021238
T694 24102072 0,025977
169¢ 2.07d529 0,031u54
1690 2.060046 0,028919"
1b88 2.040126 0.023593

115
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v, em™L n k-
16886 2.019032 0,02u62]
1684 2.000203 0,018355
1682 T.9B2500 v.016727
16R0 1,965735 0.,015755
T678°  1.950817 0.014863
1676 1.,936770 0D.014260
RY-YLS 1.923909 0.012933
1672 1.911226 0.,0119%¢
T&70 1.899630 0,011104
1664 1.8R8072 0,009v4l
1666 1LEI1Z26 0,009180
1664 1.R66IY6  0,00864%
1662 1.856677 0.003446
1660 1 .B4bIHS  0,008077
1658 1.833075 0.0073038
1656 1.829124 0,007798
1654 "TRa21201° v,u07/701
1652 1,812859 0,007133
1650 1.804959 0.006941
Loub laTY0670 0,000804
1646 1.789143 0,005980
l1ouu 1.781025 0,000738%
16ac 1.773095 0.,006962
l1b40 1764240 0.007483
1648 1.753678 0,00d84Y
1636 lo745532 0,0105538
1634 1.734421 0,01la915
1632 1.724692 0.025437
1630 1,723041 0,033790
1628 1.728121 0,046754
1626 1.731707 0,046935
1626 1.7323715 0,048534
1622 1.733639 0.,usdb6d>
1620 _1,733484 0,047559
1618 1.732879 0,040993
1616 1,731640 0,04053>
1614 1.7313¢3 0,046399
1612 1.,730508 0,045174
1610 1.729898 0,043718
1608 1.728072 0.042131)
1606 1.726943 0,040877
1604 1.724423 0,039938
1602 1,723073 0.034963
1600 1.720960 0,037808
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Table 8. Continued

-1
y, cm o .5
1598 l1.719a96 0,037036
1596 1.717723 0.036250
1554 1.716538 0,034870
1592 1, 714430 ¢.033623
1590 2 1.712920 0.032504
1588 1.710a69 0.031091
1586 1.700%05 0,030369
1584 1.700203 0.030375
1582 1.705430 0.,030055
1540 1.704557 0.,029377
1S78°  1.704252 0.027488
1576 1702742 0.025264
1574 1.,700919 0,082673
1572 .1.697632 0,020748
1570 1.695407 0V.020109
566 1.690956 0.017615
1564 1.,6H79086 0,016608
1562 1.,685745 0.,016072
1560 1.683357 0.015913
T558 2 1.6821237 0,013277
1556 1,680020 0,0i4020
15%4 lob?78090 0,012796
1552 1.6751lou 0.011905
T680” 1.673006 0.,011551
1548 1.670423 0.011295
71546 - 1.6687T972 0.011139
1544 1.666772 U,0]u0904
1542 1.665733 0,0l0a71
1540 l.664bsy U,009341
1938 1.6619¢7 0,008459
1536 1,659%491 0,007965
153% 1.ba7666 0,007325
1532 1.655285% 0.007072
1530 l.6536%4 0.,000476
1528 1.651231 0.006036
1526 1.649549 0,005806
1524 l.647284 0,003592
1522 1.645918° 0.,003326
1520 1,643847 U.004922
1518 l.6421ln8 C.0ualdo
1516 1.639707 v,004102
1514 l.6382u5 - D,003703
1512 1.635828 0,00328~

116

v, em n k
1510 1.636¢l0Z2 0,003262
1508 1,631832 0,003191
1506 1.,630449 4g,u03178
15064  1.628317 Q.002772
1502 l.626b603 (,002459
1500 l.024113 0.002424
1458 lo622234F 0,002589
1496 1.620455 0.002755%
1494 1.618%34 (0,002621
14472 l.6165997 0.002T76U
T490" 1615203 0,002956
14484 l1.613058 0,0Q03053
T486 1.611702 0., 003118
l4R4 1609403 U,.003216
1482 1.60733d 0,003+433
1480 l.6026d4 0,003841
14748 l.604349 D,004110
1476 1.602262 0.004736
1674 1.601047 (,004931
1472 1.599132 0,00%691
14740 1.59819% ¢.005901
1468 1.590226 (0,.006220
Tasse 1.5951493 op.005787
1464 1.,5932d42 0,006952
1462 1.592293 0,007730
1460 1.590504 0,008072
1458 1.585794 (,008356
1456 1.588537 g,00v9452
[454 1.588153 0,0094333
1452 1.586384 0,009391
Teb50 1.585843Y (,0099%0
l4ad 1.584527 ¢,009926
Taade 1.583854% ¢,009592
1444 1.581981 ¢,009433
1442  1.581378 0.01u057
440 1.580045 0,010313
1438 T.579696 (., 009962
1436 1.578177 0,009742
14346 1.577560 0,00931v
1432 1.5715690 0,0084819
1430 1.574881 0,00870%
1428 1.573109 0,008265
14726 I.572Uns G,007576
l4za 1.5697494 ¢,pu74alb



Table 8. Continued

v, cm_ n K
14227 'I.568672 0.007191
1420 1.566555% p,007055
T4IT8  1,565726 0.0070423
1416 1.563627 0,.006248
T4T& T1,562525 U, 006137
1412 1.560124 0,0u5341
T&10°  1,5585%42 0,.0u4965
1408 1.555761 0.00496%
1406 Y.5548672 0,005159
1404 1.552217 0.004607
T40Z2 T.S5uv985 0. 004333
1400 1.548249 0,003926
T388" T.586692 pP.003244
1396 1.543245 0.003107
1364 1.541385 0.003182
1362 1.,538049 ,003286
T3S0 I.536275 0,00397T
1388 1.533892 D,004912
13R6 1.533536 0,0u4841
1304 1.531231 0,0036748
1382 1.529404 (,002306
13K0 1.52%5%8 (0,001624
T3IT8 1,5231e7 0,00l226
1376 1.519240 1,000925
1374 1.51690l Q.000867
1372 1.512940 0,000297
1370 T,510203 0.0udl00
1368 1,505830 0,009100
1366 1,503050 p,yu0l100
1364 1,498586 0.000100
1362 1.495634 0,900100
1360 1.4909v6 0,000100
1358 1.487693 ¢,000100
1356 1.482623 0,000100
1354 1.479070 0,000100
1352 l.47330% ¢,000i00
1350 1,469504 ¢.0uu0}l00
1348 l,463490 ¢,0uuliou
13«0 l1.458814 (,000100
1344 1.451603 0.000149
1342 1.446170 0.001284
1340 1.439160 0.002342
T338 1.4339%40 0,002808°
1336 1,426018 0.003252

117
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v, Ccm n k
1336 l.419941 0.003816
1332 1.410737 0.,004592
1330 1.403208 0,004733
1328 1.392307 0,004855
1326 1.382080 0.005505
1324 1.367932 0.0064335
1322 1.3%4uls 0,008784
1320 1.335462 0.012754
1318 1.317013 v.0203086
1316 1,295522 U.033230
1314 1.278386 0.051915
1312 1.265518 0G,070438
1310 1.266302 0.,099460
1308 1.2636u5 0,112200
1306 1.2996)lc 0,119320
1304 1.247240 04129670
1307 1.236552 0.145190
1300 1,2259409Y U.162%90
125 1.218007 U.174510
1296 1,206672 0,194580
1294 1.195314 U,252560
1292 1.182014 V.232100
1290 l.167611 0.252330
1284 1,151831 U,273480
12R6 1.121205 0.293700
1284 l.0u6817 0,31271V
1252 1.027202 0.,483410
12480 1.0779%9Y 0,560990
1278 lo136493 0,6U7550
1276 1.169533 0.6564040
1274 1.215428 0,b683982V
1272 1.2064755 0,72982¢
1270 T1.290650 U.Truilog
1263 1.329273 0.8113%90
1766° 1.382722 0.8407340
1264 letl8706 €,88254U
T262° 1.894571 0,948100
1260 1551210 0,959750
1253 1.626553 1,01110u
1256 1.692886 1,073100
1254 1. R46095 1.144800
1252 2.021luy6 1.203800
12%0 2.310445 1.,15340v0
1243 2.687T0u9 1,098200



AEDC-TR-79-60

Table 8. Continued

v, em™  m k_
1246  J.7609u> U, 340720
léas  2.5]4949 0,230l170
1242 2.349530 0,151400
1240 22719230 0.1u2250
123a 2.176122 0,089690
1236 2.137226 0.075154
1234 2.08093Y 0,06038v
1232 2,050738 0,.051932
T230 2.,00d97d §,0a7149
1228 l.9d9603 W,043413
1276 1.959025 0.040116°
1224 1.945904  0,037332
1222 1.922690 0.034758
1220  1.912353 0,031987_
iZis 1.892795% 0p,029227
1216 1.884056 0y, 027689
1214 1.868069 0,026060
1212 1.861322 0,024080
1210 1,8472u3 0,02234V
1208 1.R41240 0,021084
1206 1.828956 0,019774
1204 1,823839 0,018656
12027 1.81290d4 0.017884
1200 1.8084dY (0,017054
1188 1.799006 ©0,016922
1196 1.795792 0,016301
TI%94  1.7d¢318° 1,015335°
1192 1.784216 0.015090
TIS0 1.776793 0.014627
1148 1.774509 0,014031
1186 1.767612 0,013134
184 . 1,705216 (.0124%0
Tinz 1.758860 7,012169
1180 la750%921 0,011395
1178 1,.,750939° 6'010683
1176 17491l 0.010400
1174 1.7243604 0.009829
1172 1.742U57 0,003406
TI70™ T.73687Y 0.00d721
1168 1,735403 0,008432
TIG6  Y.730537 0.00772%
1164 1.729008  0,007249
TI6Z2 T./724310 Q0068999
1160 l.723d84 (,.006611

18

v, cm_ n k
1158  1,718722 0.006229
1156 1.717526 0.005834%
T154 Y1.77133456 0.003+94
1152 1.,712107  0,005095
115G 1.708150 0,0050b6U
1148 1707304 0,00%849
TIZ&  1.704832 0.0041%7
1144 1.702379 0,003828
IR Y-S 1.698462 0,003032
1140 1.6977>7 0.00402%
TI38  T.894444% 0,0u32B4
1136 1,693243  0,002784
1134 1,689%48 (,003118
1132 1.688945 0,003209
1I300 1.68%675 0,0u2768
1128 1.6844346 0,002639
TI26 T1.681T130 0.003300
1124 16480903 0,U03a8b
1122 1.6775+5 0,00356%
1120 1,676993 0,003939
1118 1.073827 (d.0us287
1116 1.674591  0.006639
11714 T.673%906, 0.006547
1112 1.674791 U0,003134
1110 1.672736° 0.003741
1148 1.6720u3 0U,0U2184
1106 1.668526 0, 00121%
1104 le6bT334 Q.0Ulabl
1102 lob6babés Q,001419
1100 1,663991 0.001382
1098 1.661936 0.,00183%
1496 1,.661370 0. 0LVOBLLUL
1094 1.658349 0,000733
1092 1.6583u8  0,001938
T090 l.656629 [,000576
10AH 1.,655737 0,00010U0
L0R6 1,692984 . 1»,0001090
L Ub% 1.652457  0,000242
10827 1.650144 0,Qu0l00
1080 1.649608 0,000100
1078 1.647304 0,000100
1076 l.646822 0,000100
1074 1.644570 (0,000100
1072 1.,644021 9,000100



Table 8. Continuad

b, om _n_ Kk
1070 1.64)80)1 D.0pueT2
1066 1.,639123 0.000447
1064  1,638543 0.000842
1062 1.636935 D0.001655
1064 1.637365 0.001627
1058 1.635655 0.000831
1056 1.635210 0,000809
1054 1.633322 0.000563
19052 1.632774 0,000100
1050 1.6305v6 0.000100
1048 1.62987F @,000100
1056 1.627778 0.000160
1064 1.626999  U.000100_
1042 1.624431 0.000315
(1040 1,623908 0,001475
1038 1.622557 0,002009
1036 1.,622318 0.001826
J03¢4 1.620197 0.002181
1032 1.620219% 0,003417
1030 1.619126 0,003242
1028 1,619019 0.003202
1026 1.617335 0,0U3419
1024 1.617278 0,003600
1022 1.615828 0.,003759
1020 16615697  0,003669
1018 T1.6J4lo3 U 0u3va7
1016 le6lalon 0,004054
1014 1612857 0.004105
1012 1.612926 ¢,004018
10 1.611ae> V,003695
1008 1.611259 0,003713
1006 1.610039 0.003761
1004 1.610052 0,003101
1002 1.608384 (.002644
1000 1.607946 0,0Ul316

994 1.6U6139 0,001493
9956 1.6053%5 0.,001555
You 1.603517 0.00lbua7
992 1.602v0% 0,001335
930 1.600773 u,001108
ya4 1.599c08 U,0014306
EET 1.597%17 0.001623
YAy 1.597615 0,002175

119
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Vv, cm” n __l_:_
982 1.5%0lue 0.001319%
_9A0 1.59451d  0,000851

973 1.59164¢% 0.00255%6
976 1.59174> Q,004327
VT4 1.5910u> 0,004077
972 1.590525 0.0u4l60
970 1.588%19 0,004777
968 1.588938 0,005336
966 1.587916 0,0035403
964 1.,587930 0.003322
962 1.586419 U 004924
P60 1,585720 U.004877
858 1.58421¢ U.005485
%56 1.584237 U.U005519
954 "1,582933 0.0US19%
952 1.582339 U, 004934
950 1.580941 0,0us2lu
948 1.580840 0,004858
546 1.578589 (.003539
Q44 1.576799 0,004259
9g 2 1.57545) 0,006094
940 1.,576305 0,0062%23
938~ 1.575424 0.,005u2l
936 1,574523 0.004376
934 1.97/3001 0,00460>5
932 1.572143 0.003768
930 1.569777 0.001991
928 1.567839 0,003711
876" 1.567610 0,005636
924 1.568761 0.003476
922 1.565966 0.000/744
220 1.563204 0,000990
918 1.5609088 0,002327
9l6 1.56u792 0,002120
974 1.559136 W.,0ul429
912 1.557620 0.000100
310  1.55a706 0,000100”
908 1.553031 0.,000100
906 1.5505386 0.000100
904 1.,5469003 V,000100
R4 1.5465317 0,000100
900 1.544905 0.,000100
898 1.542356 0.000100
896 1.54062d 0O,u0v0lbU
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Table 8. Continued

v, cm o _n_ X
B9% 1.937949 ¢,0u0lou
K92 1.536035 0,000100
A9 1.532098 0 (G.,000100,
RR8 1.530655% 0,000785
B8h  1.52H473 U.002032
R4 1.9272u3 0.001424
BAZT 1L.524443 U,001245
BAY 1.522421 0,001023
ATY 1.518%06 0.000129
476 1.515228 0,000139
BT+ T.5T1302 0.00l093
a7z l1.5080n3 (,.002297
870 1.505082 (0.003411°
8h8 1.5024485 0,004809
366 1.499717 0.005166
Ho4 1.497311 0,000486
362 1.493717 00,0079
BHU lea9illls Q. .009244
858 L.a89047 0,010971°
856 leaB /238 (,0L1050%
LY l.6d4lol 0,011023
85¢ l.ad8l%9dl 0,011733
BSU 1.4791%3 0,0i0721
Bas 1.475337 Q0,00376V
hat ™ 1.4fudvd (G,003877
Bhd 1.4058872 y, 019660
Bugd 1. 462244 (,012230
Aa) 1.459022 0,01171%
838 1.45384% 0,010191
830 lev4T850 0,010999
B3G  J.642503 (.011939°
832 1.,437931 0,012095
B30  1.431426 0.011469
A2y lo423308 0,011180
876 loalnY¥de 0,.01a0l2
B24 1.409924 {(,015781
822 1.6026850 ,015690
B20  1.394432 4,017280
818 1.,385d895 1,017400
816  1.3768U8 1,020735
814 1.366903 0,.019698
812 1.355398 0.024281
310 1345734 0,027229
808 1.,335831 0,03ul86

120

v, emt n k_
Hib 1.325596 0,030736
B0 1.311993 0,03un3%
BuZ  1.296103 0.v3visas
800 1.275672 0,03173%
768 1.2560649 0,035634
796 1.,229065 U,036287
T4 1.196241 4,.042019
792 1,158324  0,062518
790 1.128056 U.087216
N1 1.096304 0,.114880
746 1.080551 0.,1i56960
7AL 1.066U0% 0,1d0000
182 1.077471 0.,204090
750 1.03u262 u.159220
778 0.84b503 U,097661
776 0,715188 0,399190
TTu 0.7555rr'u.562360
772 0.831371 (0,682910
770 0.89579d 0. 773770
Tol 0,95027/8 U,439620
Teb 0,984950 0.904020
764 1.0903is 1,073100
T le202958 1,062700
7690 1.2879/7 1.117600
TS8  1.,385l4ay  l.ldasQu
756 1,535706 1,201200
T54 1e6539¢7 1.17a60U
752 1,771131 1.129700¢
750 1.843471 1,058300
Tu8B 1.875033 0.967510
746 1.R38123 0,939750
Ta4  1.8273d0 0.99102¢
Tae 1.850473 1,0849200
740 2.030000 *1,248200
734 2.2478u9  1,233400
736 2.958798 1.,197000
739 2.913139 1,027700
7132 2.9274u6 0,27019¢
T30 Z2.632732 0.1d8a480
728 2.462544 0,12473¢
726  2.3HZ971  0,092a8Y9
720 2.294733 V,ulJesd
772 2.2664245 0,0531743
7290 2.185122 G,040943



-1
v, cm

T7id
Y
N4
712
710
708
T0o
704
762
700

n

Z.la843]

2.1072d4

2.07871y

2.0057pY
2.02%6u04
2.002274
l.9801lay
l.965526
l1.9%2507

Table 8. Concluded

k

0 034379

Q.,u27786
U.,022106
0,021133
U,0211ue
0,019039
0,017309
J.ul83504
Jatl7913
0,0137cu
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