AD-A083 761 AIR FORCE GEOPHYSICS LAB HANSCOM AFB MA F/6 7/4
DERIVATION OF IR OPTICAL CONSTANTS OF AEROSOLS AND POLYCRYSTALL==ETC(U)
APR 80 F E VOLZ

UNCLASSIFIED AF6L=-TR=-80-0118 NL

I : | ...-.-
AL
ADB3 T8




—_—
B TR
e o T
lllllL'- Pl £
-
IL2S flis e

MICROCOPY RESOLUTION TEST CHART
AL - IJ.:. R 9

NATIONAL BUREAU OF STANDARDS-1963-A




MH ——

Unclass:hed i =
SECURIT+ CLASSIFICATION OF THIS PAGE (When Data z.mmo

REPORT DOCUMENTATION PAGE

SR

y ¥

READ INSTRUCTIONS
BEFORE COMPLETING FORM

2. GOVT ACCESSIO

@CIPIEN T'S CATALOG NUMBER

b [ Ab-Ao3 761

RIVATION OF m%TICAL NSTANTS OF
ROSOLS AND CRYSTALLINE

5. TYPE OF REPORT & PERIOD COVERED

Scientific, Interim.

IRFACES AR BEFLECTION BY /

7 Yoy 4k

6. PERFORMING O3G. REPORT NUMBER

RESSED C XSTAL PO ERS)s

Frederic E. ,vg RS,

8. CONTRACT OR GRANT NUMBER(s)

9. PERFORMING ORGANIZATION NAME AND ADDRESS
Air Force Geophysics Laboratory ‘OPA)
Hanscom AFB
Massachusetts 01731

10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

11. CONTROLLING OFFICE NAME AND ADDRESS #
77

Air Force Geophysics Laboratory ‘OPA)

11 Aprl wsg /
RO R R-OF—RAGES~

ADAO837O1

Massachusetts 01731

4

14, MONITORING AGENCY NAME & AQH

15. SECURITY CILASS. (of this report)

Unclassified

15a. DECLASSIFICATION DOWNGRADING

Hanscom AFB
3 womc-)

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

- D

~LECTE
3 APR 3 01980

[ 4

| ‘ é
|
:

C[In#ﬁh’/m He):)\h; C_//

e ——————————————

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

C

18. SUPPLEMENTARY NOTES

of Arizona, Tucson, AZ 85721 18-~ 20 March 1980

Presented at Topical Meeting OPTICAL PHENOMENA PECULIAR TO
MATTER OF SMALL DIMENSIONS, Optical Sciences Center, University

f 19. KEY WORDS (Continue on reverse side if necessary and identify by block number)

Reflectivity CaCOg
Infrared NaC1Og
Densification NaNO2
Aerosol NapSOy4

o [N Qptical Constants

Powder
Crystals

A a - @JBSTRACT (Continue on reverse side if necessary and identity by block number)

Q pecular reflection of infrared bands of pure, pressed crystal powders is
< compared with that of crystal gflts (pubL,shed data) ap’.i faces of monocrystals.
e Samples are shown for NaCLOg, CaCO’3, and NaNOz.
)
Q TS BEST
Tﬁ!i‘l!! COPY FUPNTSHED T0 DDC AINED A /

;% Ve M8

w7 WEER OF PAGES WHICH DO ROT

EDITION OF 1 NOV 65 1S oBsoL EREPRODUCE %éﬁgssiﬁe‘d - 9—&7 7£

SECURITY CLASSIFICATION OF THIS PAGE (ﬂiln Data Entered)







rEp T

AFGL-TR-80-0118

Derivation of IR Op*ical “onstants of Aerosols

and Polycrvstalline Surfaces

[Specular Reflection by Fressed Crystal Powders]

Frederic E. Volz
Air Force Geophvsics Laboratory

Hanscom Air Force Fase, Massachusetts 01731

Introduction

The specular raflectance of cold pressed crysral powders has obtained very little attention in IR

spectrosccpy and crystallography, in contrast to the use of loose powders in diffuse reflectance

spectroscopy for chemical analysis (Kubelka-Munk =~ theory) and in reflectance and emission studies ’

of. minerals for IR remote sensing applications. This method was earlier proposed by the author!

for calculation of the optical constants of dry aerosol substance, but was solely based on the

identity of spectra of (NH4),SO4 both in crystal form and as pressed powder (PP). However, this

may not generally be true. Reinkober? probably was the first to use - for lack of crystals -~ PPs to

measure Reststrahlen bands. Sanderson'sd comparison of such results with reflectance fR) of cyrstals

indicated generally reduced R and some shifts. Working in the far IR, Barnes? reported considerable %
change of R of crushed pressed marble with particle size and pressure. Though some crystal powders |

can be pressed into glassy, transparent pellets (K3r, (NH4),5C4), harder substances will visually

be opaque with no trace of gloss and therefore might have insufficient specular R in the IR, too.

Most crystals exhibit a vibration band only in certain orientation and beam polarization, and their
pressed powders may at best show some averaged band intensity. For better insight into the problem,
Some measurements with pure crystal powders were performed and compared with published spectrs, and

where possible, with our own measurements of reflection off crystal faces.

rimental : |
Pellets of pressed powders were generally prepared from moderately to extensively ground powders by /
pressing under vacuum at 120,000 PSI = 8200 kg/cm? = 820 MPa between polished rams of a standard
KBr 41.. and usually inspectsd for visual surface gloss and bulk appearance. In a few cases, 2 to §
times hicher densification was obtained by rlpr;cninq (under vacuum) parts of such pellets between
0ld rams which became slightly indented in the process. To investigate reflection of fused materials,

the salt - where possible - was molten and pressed between cold glass plates, or a layer (0.5 = 1 mm
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thick) of melt was allowed to cool on black anodized brass. Crystals for comparative measurements
were either borrowed (quartz, gypsum, cleaved calcite) or attempts wer2 made to grow them from solu=-
tion. Only the latter were, when necessary, polished. All work was done at outside temperature of
less than =-5°C, eliminating any problems with moisture. it

Optical measurements were made with the micro reflectance attachment (sample area less than 1 mm? )
of the Perkin Elmer Model 180 spectrometer and usually restricted to the spectral range of bands.
Measurements below 300 cm™'! have not yet been made. Beam angle on the sample is about 20°x20°
(reduced from 20°x35°) with one side of the cone only 2° from normal incidence. Though beam polari-
zation changes from about 12 to 67V in each of the grating ranges (500 to 250 e~! and multiples),

a polarizer was normally not used. At those small incidence angles the errors are small (Simon3):
t;tlecunco (without polarizer) in a plane L to the optic axis of a q\;nr:: crystal face (which
produces both the ordinary (o) and extraordinary (e) spectra with polarizer) shows only traces of
the strong e~band at 540 em.”1 No polarization effects are expected (and were not observed) of PP

reflectance. This makes the method attractive to aerosol optics which cannot generally handle

anisotropic scattering.

Results

1. Isometric (or nearly so). As already mentioned, crvstallographic cuts, crystal faces (Toon et

a1.%) ana »p of (NH,) 50, (ranombic, but only slightly trichroitic in the spectral range considered)
gave the same R - spectra, with maximum of 42% at 1100 ', Instead, we discuss Nnclo, (cubic
structure, with the same R spectrum from all faces, Anderman and Dows’) in Figure 1. The branches
of the V ; band of crystals appear again in PP spactra, but reduced in amplitude by about 30\ as
in fused samples. In a pellet prepared from not previously crushed crystals, R could be maximized
to 85% at certain locations of the pellet. That the R peak of the main band exhibited varying
details in different PP samples was an experience with other salts, too. In the case of SrTioy

(also cubic) with very high crystal reflectance below 800 cm~! apart from a deep minimum at 480 cm~!,
the yeduction of the PP reflectance is 50% for a very fine powder (the surface showed visually high
gloss, but no specular reflectance). :

2. Pressed powders in strongly anisotropic conditions. The IR bands of CaCOy (hexagonal) are
strongly polarized (Hellwege et 11.3). that is reflection in the V's-bnnd from a principal section
(cut Il to the C axis) approaches 908 for ELC while no band is seen in El C; the opposite is true of
the Yz vibration (Figure 2). In calcite, this cut is oblique to the faces and cleavage planes,

but R from faces obviously is more important in the powder problem. While the crystallographic cut
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Pigures '-3. Reflectance Spectra of Crystals (cuts and faces) and of Pressed Powders.
Wave numbers in am~',

produces (at least at small incidence angles) a rather symmetric /3 band (dotted in Figure 2),
cleavage faces mostly give asymmetric bands (solid lines). In the rather weak PP reflectance, this
assymmtry feature is not as much preserved as one might expect from the crystal face spectra. In
the Y ; band, all faces give (for both polarizations) about 42% R in most situations, as compared
to the strongly different polarization effects in the C-cut. The PP band is very weak, even in
relation to they 3 band. The same band shape and cut situation is observed with NaNOj (Hellwege
et a1.%) since it is isomorphous with calcite. However, the PP reflection in the V, band is much
less reduced. Though the chlorate pellets have specular R to the eye, the high gloss of the calcite
pellet should have made it a perfect reflector in the IR, too. A further sample (NaNO,, Axo’, Pig, 3)
involving a rhombic crystal for which polarized R spectra may be different for all 3 axes shows in
the 1300 cm~! band low face reflections (possibly because of inferior quality of the tiny specimen)
and even lower PP reflection than calcite. More difficult to discuss are the results from biaxial
materials like SrSO, and BasO;. Polarized spectra indicate strong, but well separated bands ir
the three principal axes, but the peak of the weak PP spectra seems to be jutouuxda.dmezysul
band area.- If a simple mixture rule for peak reflectance of the main bands of biaxial crystals,
T 'mc (R, =Ry =R, Ry=R, for uniaxial crystals) is apyucnbh to the PP problem, one
would expect ﬁ-o.az for calcite and NaClOj while measured values are 0.28 and 0.60. In the case
of uoz. the broad, largely overlapping bqnda at x~ 1100 ca”! (ao-n.-o +9) would be expected to
y“ld. R=0.9, but measured is 0.33 =~ an indicatiop that the extraordinary ray may play a minor role.—
So far, the influences of pressure and powder size have hardly been mentioned. Indeed, the effects

are mostly within the range of reproducibility. Although smaller pressure than our standard pressure

was found to reduce R, even 3 times higher densification had only the effect to enhance features on
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she low frequency side of the main band (also observed with Si0;) without increasing R as such.

However, normally white, brittle pellets (Ca CO,, SiO;) became hard and jlassy but not really

t parent b of cracks and inclusions (of air, according to appearance of Chzugunun bands

in transzittance measurements).

3. Amorphous and polycrystalline powders. Pellets of finely ground glass, sandstone and basalt ! :

’
showed 30 to 45% of the parent materials reflection. However, smoothness of the pressed surface i

fand of the polished sandstone and basalt) may have been insufficient.

Conclusions
Mealurements of Reststrahlen bands of pressed powders of crystals with po or small orientation

effects show in general only 50 to 708 of the crystals specular reflectance though some pressed

F substances (NHg),80;, KBr) reflect like the crystal or nearly so (Si0,). Strongly polarized
bands of calcite produce the expected powder reflectance, but NaNOy and NaNO, seem to reflect { o

twice as strong. Powder spectra (even without pressing) of BasSO4 differ considerably from crystallo-

graphic spectra. Surface roughness and particles size have little influence. The results indicate

that interpretation (and extraction of optical constants) of reflectance spectra of pressed powders of

unknown composition will be difficult. The difference between crystallographic polarized reflectance

and surface reflectance certainly also applies to emission and mineral spectroscopy (remote sensing).
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