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erivation of ZR ~ ..cal onat ants of A.rosois

and Polyc:yti~~~ rte Surfaces

Isp.catlar Rsflecti-~ oy ~~ess.d Crystal powders~

Freder~~: E. Vols

Air Force C.O~ IT t L C S  Laboratory

SAASCO. Air force Zsse , Massa chu setts 01731

Ifttroduct ion

The specular ta~~l,tctan ~~tt ~f -:014 pressed c rys :~~. : . .w :,~rs has obtained very Little attention ~n ZR

spectroscopy a~~J :~ y s1. - qraphy , itt contrast -se of Loose powders in diffuse reflectar.ce

speetroscopy for enicsl &n alysis (Pube1ka—Mu ~ s — theory ) and in reflectance and emission stUdies F

of minerals for ZR remote sensing applications. This nethod ~~~~ earlier proposed by the author
1

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

identity of spectra of (N H 4 ) ,504 both in crystal forttt and as pressed powder (PR). Nowever, this

may not generally be true. i~einkober
2 probably ~ as the first to use — for lack of crystals — PPS to

measure Rest atrehien bands. Sanderson~ s3 coctparison of such results with rsflectance IE of cyrstals

indicated generally reduced R and some shifts. Working in the far  ZR , Barnes 4 reported considerable

change of R .1  crushed pressed marble with particle size and pressure. Though some crystal powders

can be pressed i nt o  glassy, transparent pellets ~K 3 r, (N H 4~~,.~C 4 ( .  harder substances will visually

be opaque with no trace of gloss and therefore might ttave insuificient specular R in the ZR. too.

Most crystals exhibit a vibration band only in certain orientation and beam polarization, and their

pressed powders nay at best show some averag ed bend intensity. For better insight into the probiam.

some measurements with pure crystal powders wer, performed and compared with published spectra , and

where possible with our own eeasur~~~nts of reflectio n off crystal faces. -

~~periosntal

Pellet. of pressed powders were generally prepared fro. moderately to extensively ground powders by

pressing under vacuum at 120.000 PSI — 8200 kg/em2 — 820 ePa between polished rams of a standard

~~r 4.te, and usually inapectad for viau*l, sur f ace gloss and bulk appeerance. Zn a few cases. 2 to S

tiase higher d.ns iftcation was obtained by repressi ng ( under vscuum) parts of such pellets between

old r ams which beca.a. slightly indented in the process. ‘ro investigate rsfl.ction of fused materials ,
th. salt — where possible — was molten and pr.ss.d between cold glass plate., or a layer ( 0 .5  — I

Siaa~ y to be presented at
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~~~~~~~ of melt was allowed to cool on black anodized brass. Crystals ~or comparative measur ements

.ere either borrowed .~-uertz, gypsum , cleaved calc~ te or attempt , -~er - ‘ ade to  ~row ‘~ em ~rcm sol u—

t i~~n .  ~n 1y the latter were , when necessary . polisned . ;~ 1 work ~as :,rt e at  outside temperatur e of

les3 than -S’C, eliminating any probl ems with mo ist ure.

:p.~~cal measurements were sad, with the micro reflectance attachment (sample area less than i me2 )

of t-, Perkin Limer Mode l 180 spectrometer and usuall y restricted to the spectral range of bands.

Me. .~r ’rt’ots beLow 300 cm~~ have not yet been made. BeeS angle on the t.anple is about 20’x20’

( r e ~ - .:~’i from 20’xlS’) with one side of th. cone only 2’ from normal incidence. Thougn beam polari-

sat . ~~~~~.i~~oes from about 12 to 67% in  eacn of the grating range s (500 to EO cm”1 and mul t ip l e s ) ,

a po~ar~ :er was normally not used. At those small incidence angles the errors are small (Sioon 5)~

ref .e~ :a-:e (without polarizer) in a plane .1. to the optic axis of a quart :  :~ ystai face (which

produces beth the ordinary (0 )  and extraordinary (.1 spectra with polarizer) shows only traces of

the strong e—bsnd at 540 cm. Wa polarization effects ar. expected (and were not observed) of PP

rsfleccsr~ce. This makes the method attractive to aerosol optics which cannot generally handle

anisot ropic scattering.

Res u it S

1. tsco~etric for nearly so). As already mentioned , crystallographic cuts, crystal faces (‘roan et

end pp of WE4)2S04 rnoabic , but only slightly trichroitic in the spectral range considered )

gave the same a - spectra , with maximum of 42% at 1100 cm~~ . Instead, we discuss PlaC lO3 (cubic

structure, with the same a spectrum from all faces, Anderman and Dews7) in Figure 1. The branches

of the V 
~ 

band of crystals appear again in PP spectre, but reduced in amplitude by about 30% as

in fused .~~~l,*. Zn a pellet prep ared from not previously crushed crystals, a could be eaximiz.d

to asi at certain locations of the pellet. That the a peak of the main band exhibited varying

details in different  PP samples was an experience with other salts, too. In the cas, of Srli03
( also cubic) with very high crystal reflectance below coo om 1 apart from a deep min imum at 480 om 1.

the seduction 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 ZR bands of CaCO3 (hexagonal ) are

strongly polarized (Rellwsqs et .1.8), that is reflection in the V 3—band from a principal section

( cut U to the C axis) approaches 90% for sjc while no band is seen in ~lI C: the opposite is true of

the 
~
‘
2 vibration (Figur e 2). In calcite, this cut is oblique to the faces and cleavage pl anes,

but a from faces obviously is more important in the powder problem . While the crystallographic cut

2 
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Figures 1—3, S.f lect.snce Spectra of Crystals (cuts and faces) and of Pr essed Powders.
Wave nuabers in cm 1.

produces (at least at small incidence angles) a rather symmetric /3 band (dotted in Figure 2), —

cleavage faces mostly give asymmetric bands (solid tines). Zn th. rather weak PP reflectance , this

assymetry featur e is not as much pressrved as one night expect from th. crystal face spectra. In

the 12 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 the V’3 ba nd. The same band shape and cut situation is observed with NaNO 3 (Heliwege

et al.8) since it ~s isamorphous with calcite. However, the PP reflection in the ~ 3 band is much

less reduced. Though the chlorate pellets have specular R to the eye , the high gloss of th. calcite
— pellet should have made it a perfect reflector in the ZR, too. A further sample (NaNO 2, Axe

9, Pig. 3

involving a rhombic crystal for which polarized R spectra may be different for all 3 axes shows in

the 1300 cn~~ band low face reflections (possibly because of inferior quality of the tiny specimen)

• and even lower pp reflection than calcite. More difficult to discuss crc the results fro. biaxial

materials like $rSO4 and SaSO4. Polarized spectra indicate strong, but well separated band s Ix

the three principal ex.s, but the peak of the weak PP spectra seems to be )uxt outsid. of the crystal

band area . If a simple mixture rule for peak reflectance of the main bands of biaxial crystals,

1 — ~‘1~RI~R~ (R a~Rb~Ro R3—R, for uniaxia l crystals) is applicable to the PP problem, one

weul4 expect i’.0.32 for calcite and MaCb 3 while measured values are 0.28 and 0.60. In the case

of 8i02, the broad , largely overlapping bands at~~ 1100 om 1 (R0—R,—0.9) would be expected to

yield RNO.9, but measured is 0.33 — an indication that the extraordinary ray nay 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 tha n our standard pressure

wee found to reduce R, even 3 t imes higher densiftcatjon had only the effect to enhance features on •

3
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the low freq uency aid. of the main band (also observed -.vtth 5102 ) w i thou t  Lncreasing R as such.

Bowever, normally white, brittle pellets (Ca CO3. SiO-,j became har i  and g la ssy but not really

tranaperent because of cracks and inclusions (of air , accorftng to appearance of Christiansen bmnds

in trans mittance measur ements).

3. Amo rphou. and polycrvstalline powders. Pellets of f inely ground glass, sandstone and basalt

~~ 

_

sho~.*I 33 to 45% of the parent mater ial s reflection. Howe ver , smoothness of the pressed sur face

• ( and • f the polished sandstone and basalt) may have been insufficient.

Concl~:sic~ 5 
., 

-

Rsa5~rerents of Reststrahlen bands of pressed powderc of crystal, with po or small orientation

af f e c t s  sr.c~- .~ ~~ general only SO to 70% of the crystals specular reflectance though some pressed

substan es \H4)2S04, ~Br) reflect like the crystal or nearly so (Sb 2 ) .  Strong ly polarized

bands of calcit, produce the expected powder reflectance , but Wa1103 and NaWO2 seem to reflect

twice as strong. Powder spectra (even without pressing) of Ba504 differ considerably from crystaU o—

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 &nd mineral spectroscopy ( remote sensing).
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