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Chapter l"
- INTRODUCTION

Routine hon-destructive analyses of rocks and minerals in slab‘orf
powder form may be prgcticgble by the application of the technique of
attenuated totai reflection [ATR]'invinfrargd [1R] spectrophotometfy.

An atlas éf spectra would serﬁe fhe analyticalvchemist and geolo-
gist, who in turn.would serve the miner, the lapidariéﬁ, ahd.other‘groupsv
interested in roqks and minerals.

| No'effort‘has been made to. produce an étlas-of spectra of roéks
and minéréls byiATR. No ATR spectra of rocks and minerals were found in
thg literature. The history of ATR indicates that it is still in its
early stages of development. The application of alllphasesvof IR to the
study of minerals has been employed much less than to the study éf orgaﬁ--
‘icé. Iyon [1962] in a seven-year seafch and bibliography cbmpilation
lists a fotai of 44O papers that have been published by September, 1962, -
Concerning mineral-related IR studies worldwide. A listing for each year
since 1943 showed a gradual increase in papers}'the greatest number of.
papers in one year was S7, in 1961. Modern methods of IR analysis involve
modifications either of IR’transmission through the sample or reflection
from the sample. vFahrenforﬁ [1961] iptroduced the technique of ATR as an
application to IR spectfophotometry. Harrick [1967] in a bibliography of
450 references attempted‘to include "all the literature on internal re-

flectance spectroscopy gVailabie" by February, 1967; 182 references were




dated pre-1962 or previous to the introduction of ATR; the titles of Lk
of the references specifically included ATR; one title indicated ATR of

inorganic ions; no title indicated ATR of'minerals. - Nyquist [1971] 1lists

approximately 900.IR'spectré of inorgenic compounds, including 9 minerals,

none by ATR. A,literature search of abstracted articles'throﬁgh 1974 in- .

dicated no titles of articles involving ATR of minerals.

For the analysis of rocks and minerals, ATR is more versatile and

. more convenient then most methods. It is applicable for both opague and
~ transparent materials of thick or thin films. Tt often reguires no
sample preparation.

This study of ATR of minerals involves the development of an

atlas of mineral powder spectra and of mineral sleb spectra, the compari-

son of the two sets of speétra with each'other,:and the comparison of
powder spectra from ATR with transmission spectra in the literature. The

study is confined to the spectrai range of 0.5 - 15.5 microns.

oy 1




Chapter 2
" ROCKS AND MINERAIS

The composition of minerals varies:from simple binary compounds
to §er§ cémplex'compounds. The éomposition of rockS"varigs from pure
stoichiometric cbmpounds, through a major intermédiafe group of varisble
but predictable composition, to unpredictable congiomerate'mixtureé;
 Probab1y every natural huclide, with the exceptioﬁ of the rarevgasés, can
be found as an integral constituent of rocks. .

Mineralbgists typicaliy classify the iock—forming miﬁeralé
according to the classifications bbeeer [1967]. The fivevciassgs are:
1. Ortho and ring silicates; 2. Chain silicates; 3. Sheet silicates; |
b, Framework silicétes; Se Non-silicates.. An IR study of mineralé is
more informative to the anﬁlytical chémist if the minerals are grouﬁed
from the siﬁplesﬁ to the most complex, insﬁead of being grouped in
mineralogists' classifications. |

Rocks consisting of simple'biﬁary compounds may show IR activi£y
Af there is covalent bonding betweéﬁ the two elements. ATRiprovides an
qopportunity to study.the béndihg of metals with nonfmetals without in;
volving the complicafions of solvents, heat, or chemical reagénts.
Minerals conéisting of relatively pure binary compounds~--such as galeﬁa
[FPbS], pyrite [FeSz], or hematite [Fep(3]---are common. In binary com-
pounds, there may be bonding between metal end non-metal, but if the

bonding is only between two atoms of non-metal, as in FeSp, there would

E




not be any IR activity, because there would not be any ¢hange in dipole
‘momento fhe.spectrél range of 0.5 - 15.5 miqrons is inadeqﬁate in the
study of bonding and identification of binary compounds.;zNyquistA[1971]_
has extended the range up to 25 mibrons wifh adeqﬁaﬁe results.

A second group'of rocks consists of-relatively pure single com-
pounds of onlj two kinds of ions, but in which at least one of the ions
is complex--—;uch as cafbonates; sulfates, titanaﬁes, phosphates; and
silicates. In these cases ATR senéitivity is usually sufficiqnt‘to
determine the effect of thé metallic ioﬁ upon the complex and therefore
identify the metallic ion. The identification 6f the' complex sﬁécies is
unambiguous. | | | . |

‘The third groub of‘rocks consisfs of mixtures of tw0'similai com-
- péunds--;as in the case of dolomite, & mixture of CaC0s and MgCQ%. Cther
'examples_are serpentine, talc; and kaolinite---all soméwhat stoichio- |
metric combinétions‘of‘oxides of metals with éilicon dioxide. TIn these
cases quantitative abundance of the compouhds can be determinéd by ATR.

All other rocks can be groupéd as compléx, with three or more
metallic elements possiﬁle. Mixtures involving complex minerals are

difficult but not impossible to identify in quantitative ATR analysis.




‘Chapter 3
INFRARED SPECTROMETRY

Thatiﬁart of the electromagnétiC~sp¢ctrum consisting of wave-
lengths 0.2-200 microns has been designated as infrared [IR].
~The energy of a molecule can be described in terms of translation-
a1; rotational, vibrational, and eléctrénic.contributions. " Those cgntri-
butions involving IR are rotational and vibrational. - In the solid state
molecular rotational energy is negligible. Vibrational énergy'is the
only type that is of importance in the IR studies of solids.
| . Vibration of atoms of a moleculé with respect to each oﬁher is_a ‘
type of molecular motion. Electrbmagnetic radiation can induce transi;
tions among the vibrational-energy levels. For energy to be transferred.
between'the_radiation and the vibrating mblecule, ah eiactrical coupling
must be present. This coupling can occur if the vibrating molecule
produces an osciilating dipole momeﬁt'that can interact ﬁith?fhé_oscil-
lating electric field associated with ail electromagnetic;r§q1ationf
During the interaétibn, energy is transferfed from the radiatiﬁn to the
molecule, or vice versa. Homonuclear distomic mqlecules dobnbt interact»
with the radiation. - |
The vibrations between any two adjacent atoms in a mblecule
involve defofmétion of the chemicallbond between them. The bond
behavior cén.with good aﬁproximation be compared to Behavior of a spring

end is governed by Hooke'!s law:




- : k[m + wz] %
v = 1 .7 5 where:
2¢[pi] . mmp o

¥ = the whyé nutber [which is the frequency divided by the speed of

light] in cm'}; m, = the mess of one atom in grams; mp = the mass of

the other atom in grams; ¢ = the speed of light in em sec'l;» k=

the.fdrcé constant'in dynelcm'l;

‘Thé force constant measures the force required to deform a bond
by & giVeh amount and is characteristic for each bond in aispecific
molecﬁlar species; it is approximately1charécteristié for the §ame.bond
in vérious differing‘moleéuies. The value of the force constant can be

determined by observed absorption; its value can be approximately pre-

dicted by use of the empirical equation of Gordy [19L6]:

k = eN[xxg / a2 3/% + b, where:
k = the force>constant in dyne em™l; a = a constant of value 1.67;
N = the,bond'ordef; Xp old xp = the Pauling electronegativities of
étoms A and B respectively; d = the internuclear distance in angstroms}
b = a constant of value 0.30. -

The ma#imum number of normal modes of vibfation of a molecule is
determined by the fact that eachvnucleus has three degrees of freedom of
motion; the totalvnumber_of degrees of freedom in thevaIeculé of n
number of stoms is 3n. Three.degrees most be deaﬁcted froﬁ fhis for
translafion of the molecule as a rigid unit and three for rotations about
each principal axis. The @aximum number reduces to 3n - &, excépting for
& linear moleéule which has 3n - 5. The number may be reduced further if
the symmetry of ﬁhe molecule may bé such that certain péirs or triadé of
tﬂe_fundamenﬁal vibrations'are exactly equal. |

‘Almost all molecules occupy the zérofpoint vibrational energy




, 7
level at ordingry temperatures; .ﬁherefore the.mbét dominant interaction
with electromagnetic radiations is thét of ébsorptiona Eaéh absorption.

. yields ah éﬁsorptibn band. The‘number of aBSOrption ban@s exhibited by

 the IR spectrum of a molecule can be- increased by the production of over-

tones and by combinations of fundamental or harmonic bands. The intensity

of an IR absorption band is‘proportionai to the square of!the rafe.of
change of dipgle moment ﬁith respect to the displacement of the atoms.
Weakly polar bonds_yield'weak absqrption yahds,fand partially'ionic’bohds
&ield strong absorption bands. Thé inténsityApf all bands is proéortionai
to the amount of the sample in the path of the IR radiation.

| Increasing the»masses of the atoms-deéreases the frequency of'the‘
ebsorption band, and inéreasing‘the ﬁond 1eng£h-decreaées the frequéncy.
of the"absérption‘band. The reéording of ail absorptions over a spép of
wave-lengths Yields-a consistently reproducible "fingerprint” of a sub;
stance. | | | | |

biffering crystalline forms of the same compound have differing

spectra. Differing lattice structures result in different symmetries,
‘and thus in different‘vibrétions. These lattice vibrations often’result
in additional absdrption bandsAfor crystalline polyatomic inorgénic con-
‘ éounds. The lattice vibrations result in mutually displaced ebsorption

bands in different crystalline forms of the same compound. Non-identical

spectra of two crystalline forms of the same compound meke it analytically .

possible to distinguish between them.

oa T O TP T
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. Chepter L
ATTENUATED TOTAL REFLECTION

The follow1ng terms dealing w1th internal reflectlon spectros;
copy have been approved by the sponsorlng committee and accepted by the
American Society for Testing Materials [ASTM] [197}]; .

1; INTERNAI,REFLECTION SPECTROSCOPY [IRS] ,The.techniOue of recording
opt*cal spectra by placing a sample material in contact with a trans-
parent medium of greater refractive index -and measuring the reflectance
[single or multiple] from the interface, generally at angles of incidence

greater than the critical angle. °

2. SPECTRUM, INTERNAL REFIECTION. The spectrum.cbtained by the technique

of Internal Reflection Spectroscopy. Note: Depending on the angle of
incidence tne spectrum recorded may guaiitatifely resemble that obtained
by conventional transmission measurements, may resenble its mirror:image
or mey resenble some composite of the two. |

3. ATTENUATED TOTAIL REFLECTION [ATR].  Reflection which occurs when an
absorbing coupling mechaniem acts in fhe process of total internal re-
flection to make the reflectance less than unity. Note: In this process,
if an absorbing sampie is placed in contact with the reflecting surface,
the reflectance for total internal refleétion will be aﬁtenuated to some
‘value between greater than zero and unity in regions of the spectrum
where sbsorption of the radiant power can take place.

4. INTERNAL REFLECTION ELEMENT [IRE]. The”transparent optical element

used in Internal Reflection Spectroscopy for esteblishing the conditicns

8
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‘9
neceésaryfto obtain the internai reflectioh spectfa of materials. “Note:
_ Ragiant power is propagated through it by means of internal reflection.
The sample material is placed in-contact with the réflecting‘surface or

it may be the reflecting surface itself. If ohlyka single reflection

takes‘place'from the internal reflection element, the element is said to

N LIS [N T

he a single;reflgction‘element; if}more than one.réflection takeé plécei
the element is said to be a'mﬁltiple-refigciioh‘élé@ent.'_When tﬁe elgment_
has & recognized shape it is identifigd according to_each shape, for
example, internal reflectioh brism,....internal refleétion»plate,....etc.
5 SINGLE-?ASS INTERNAL REFIECTION EIEMENT.- An internal reflectionJ
kelementvin which the radiant power.ﬁraverses the'length of the element
only once; that is, the radiant-power:entersvgt one egd‘of~the optiéal
‘element and leaves via the other end.
6. FiXEDaANGLE INTERNAL REFLECTION EIEMENT. An internal reflection
element which is designedvto be operated at a fixed angle of incidence.
In his studies of the total refléctioﬁ of light at the interface
between two media of different refractive indiées Newton discovered,
‘more'than 250 years aéé;'that an evanescent wave extends inté the rarer -
medium beyond the reflecfing surface that is in contact with the rarer
medium. Since 1959 it has been knoﬁn-ﬁhat optical absorption spectra can
conveniently be obﬁginéd by a measure of the interaction 6f the evanes-
‘cent'wave with the‘external medium. A standing wa?e normal to the
vreflecting surfaée is established in the denser medium and there is an
evanescent, non-propagating field in the rarer medium‘whose electric-
field amplitude decays exponentially with the distance from the surface.
The evanescent ray can either be reflected at a displaced position or be

absorbed by the rarer medium.




10
When the sample constitutes_the rarer medium, the reflectivity is
: é measure of the interaction ofvthe evanescent wave with the samplg‘mat-
erigl and the resulting spectruﬁ iS'alsé a characteristic of the samplé
material.b‘Strong_absorptions of the_evanescent’wave by the samplevcan be
v‘obtained at cgrfain angles of incidenca._ Relative to Trahsmission[T]'
spectra, the absorption bands of reflection are iliéhtly.displaced to
~longer wave-lengths [never more than one wave-length] and are broadeﬁed
on the long wave;length‘side. ‘At largef angles of incidence'féflecﬁion
spectra resenble T spectra more closely than with smaller'angle51 |
Light s+r1k1ng an interface between two transparent semi-infinite .
media of dlfferent refractive 1nd1ces will be partlally reflected and
partially transmitted. The transmitted ray travels at a difierent veloc-
ity from the reflected réy. The’velbcity of .monochromatic light is a |
characteristic for each medium. Because of its different velocities iﬁ‘
the twd media,,the transmitted ray is refracted as described by Snell's
law: |
ny sin_e = ng éin;¢, vhere:
n and np are the refractive 1nd1ces of the two respective medla, and ©
and ﬁ are the angular dev1at10ns of the light beam from ‘the normal in
media 1 and 2 respectively; When ny f ny, the beam is refracted at the
interface. When n; is greater than ng, then © is less than . 9,.¢ and
"interfacial normal aﬁgles are always in the same plane; this plane is
called thé plaﬁe of incidence; If © is the angle of the incident beamj
there is a value ofle less than 90° at which @ is 90° or parallel to the 
inte}face;lsuch‘angle o is called the critical angle tec]; All values of

© larger thaﬁ_@c result in 'total reflection'. Because of the evanescent
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ray, the.term"totél refleétion! is not preciselj total.

When the.second medium is absqrbing, the extent'of the inferaction
of the evénescent wéve ﬁith,the absorbing medium when m is greater-tﬁén |
nz can be determined through the classical reflection eQuations'of i
Fresnel. It is advantageous to first consider ﬁhe relatively simple.
equations for non-absofbing media and then modif& them for the éaSeiof
gbsorbance by the second medium. It is knpwn that all reflected light is
paftiaily polaiizéa and that there 1s an angle of inéidence for the inter-
face betweeh any two media in which‘the reflecfed light is completely

~polarized; this angle is called the;polarizing angle or Bréwster's ahgle;
and its value.is a characteristic of the two'ﬁedia. Fresnel's equations
describe the reflected ampiitu&es separatély.for pefpendicular polariza-

~tion and parallel polarization:

rL = and Ty

sin [¢ + o] . " tan [§ + 0]

=

-sin [ - o] | tan [§ - €]
. , - Where:

L

electric vector vibrates in the plane perpendicular to the plane of in-

r is the reflected amplitude for the perpendicular polarized beam [the

cidencé] and r,, is the reflected amplitude for the parallel polarizedv
beam. Both r, énd r, arevexpressed as fractional valﬁes of the incident
beam amplitude. © 'is the anglg of incidence and ¢ is the refracted angle.
At values of é greater than’ec; © becomes imaginary and the
Fresnel equations become:
| cos © ~ 1 [5in?0 - [np/m 12] /2

r o= and
L o

cos © + i [sin20 - [np/m )? Y2
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!
[nz/ny 1% cos © - 4 [sin® © - [na/m 127
L = ’ . .~ Where:

2

tna/nl]a cos © +14 sin® 0 - [na/ny ]2‘» »1/2
i = [-1]"7=, | |
N When'né is less than m, and the rarer medium. is absorbing,
Fresnel's eQudtioﬁs are valid if_the refraéﬁive index of the ?arer.medium

is replaced by‘the complex refractive index: |

| fla = nz [1- iks], iwhere |
fio = the complex refractivé index and kp = the attenugtidn indek or abf
_ sorption'index.’ Theiattenuation index of ; médium is related to the‘aﬁ-
sorption coefficient [& ] through the_Lamberﬁ absorption law,'which,. '
yiélds,the relationship: | |

nk = &c/igv, where
n = the réfractive index, k = the atteﬁuation index, ¢ = the speed‘of.
light, and v = the frequency of the radiaﬁt beam. Solutions to the sub-
stituted Freshelrequations ére 1aboribus Qithouﬁvthe‘aidiof a‘éomputer.
The reflectivity, which représents the percentage of reflected

power relative to the incident power is given by the square of the -
emplitude. For,non;absorbing media the squéres of the Fresnel equatiohs
give the total reflectivity and are reduced o §

R #*é;f[ngh; nl]a»/'[ng +ml1% , where
R = the reflectivity, and ny and nz are the refréctive indices of the
respective media. The reflectivity of an absorbing rarer medium becoﬁeé:

[ne - m1® + [ noka 12
“R = . .

[z +ni)% + [ heke]?

Use of Fresnél's equations reveals that during total reflection
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the:refracﬁive'index of ah absdrbing mediﬁm is not a conétant but is de-
pendent on the angle of ;ncidepce; the é:itical angle becomes a rangebof
: angles rather than a pfecisely'locéted angle; the penetration depth by-‘
the evanescent ray is greates£.near thebcritical anéie; the penetfation
depth increases with increasing.ﬁave-length of radiation [Khortlm: 1969].

The application of»refiéction theory to analysis involves fhe‘
desirébility of strong absorption of the evanescent ra& by the saﬁple to
yield significant absorption bands. Strong absorption can‘bé achieved
when the angle of incidencé'is.near thé criticel anéle to allow deep pene-
tration of the evanescent ray: this deeﬁer penétfation, however,‘is ac-
companied by a greater lag éf the subsequént reflection of that portion :
of the evanescent ray that is not ébsorbed; this resu;ts in broader ab-.
sorption bahds'displaced toward the longervwave-lengthf

The proéess of' attenuated total reflection [ATR] achieves the
. combination of both strong absorption and sharp relatively undisplaced
spectra by adjusting the incident angle to be considgrably_larger than .
the critical angle to yield only small abéorption per refiection, while
_the same incident beam is reflected many fimes. For example, é trape-
zoidal prism of the'optically denser medium can have the beam enter one
of the sides fhat forﬁs an dbliqué anglevwith'the two parallel faces.
Wheﬁ bofh faces are in contact with the rarér medium and the angle éf
incidence to the two faces iS much greater than the critical angle, the
beam will be reflected from face to face és it progresses between then.
The evanescent wave can be absorbed during each reflection, resulting in
multiple identical weak absorptions. The beam is progressively attenu-
ated. The sbsorption bahd is AOt only strong but also sharp and only

-s8lightly displaced. Under these conditions the lack of deep penetration
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of ‘the evanescent ray [Penetration mey be as léw as one-tenth wavé—lehgth.]
makes total absorptionvinsignificant unless the rarer medium is in
intimate contact with ﬁhe prism. Fof gtrdng absorption the rarer medium
can be a gas, liquid, or polished solid fhat mékes abuﬁdant cbntactvalong

the path of the reflected beam.




Chapter 5
- OTHER ANATYTICAL METHODS

Every sucgessfui analytical method has its advantagés and dis-
~adventages. Wainerdi's [19Tl]vmonograph has surveyed the methods of
mineral analysis and hes an extensive bibliography. A brief discussion

of some of the most used methods for mineral analysis follows.

IR TRANSMISSION

IR transmiséiéh problems invdlving inorganic crystalline matefials
‘center primariiy around‘thg sample; they include: |
1. Typical windows neceSsary when using mulls are pfone to ion-exchapgé,
with the sample; this eliminates KBr, NaCl, CsBr, and CSI as windovs for
most samples, BaFg windows have been employed with some success.
2, It is necessary to:use more than éne mulling agept fbr each spectrum
unless only a narrow range is needed; the absorption_bands from the
mulling agent would otherwise inferfere with fhe spectra. Fluorolube is
satisfactory in the range 2.63 - T.SQ microns, and Nujol is adeguate for
7.50 - 25, |
5. The sample must be ground to less than Svmicron diameter; large size
causes refraction, distorts spectra, and reduces contrast ig absorption
bands. |
b, It is difficult to accurately regulate the thickness of the sample,
“making quantitgtive analysis difficult.
5. Use of compressed disks involving diluting agents suchbas KBr, intro-

15
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duces lon-exchange probabilities tetWeen semple and KBr.

The general descriptions of many inorganic transmission spectra

have been established. Transmission spectra are similar but not identical

to reflection spectra. Transmission spectral data for some specific

minerals ‘are llsted in the sectlon on data discu381on. Some generalities

by‘Nyqulstv[1971] are listed here in microns:

2,94 - 5,00
2,70 -'3,13
2.78
2.94
2,94 - 3.13
2.70 - 2.73%
6.06
6.06 - 6,25
6.67 - 33.3

16.67 - 1000
25 - 1000
33.3 - 1000

33.3 - 1000

Strong to medium-strong multipeaked 0-H stretching that is

. characteristic of very acidic protons of ac1d salts, in

cluding HCQs-, and HPO, 2, and~HSO4~.t

Strong sharp vand for O-H stretching of hydroxyl groups and
water.

Strong sharn band for O—H stretching~of water of hydration.
One or more strong sharp bands for O-H stretching of water

of hydration.

.Strong broad band for O-H stretching of free water.

Strong sharp O-H stretching of hydroxyl groups.

H-O-H bend ing

H-OHH bending, medium multicomponent water of hydration.
Polyatomic anions stretching and bending.

Most inorganies.

Iattice modes.

Most lattice modes.

Heavy metal oxides.

WET CHEMICAL ANALYSIS

In wet chemical analysis the. sample is first dissolved either

direétly_by suitable acids or fused with a. flux and then dissolved in
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acid. Thefcohstituents’to ﬁe determined are.separated from inte?fering
substances, either by precipitéting the'iﬁterfering éubs£anc§s or ‘the
,vdesired-constituénts,'or they arg sepératéd by selectivg‘solvent ex~ - -
fractdon. The constituents are then determined by‘gravimetric, volu-
ﬁetric, or,fire’aséay énalysis.‘ _

The technique of wet chémical analysis is still, perhaps; the
most valuablejtechnique in the anélysis of natural materials, since m#ny
of the modernlph&sical methods are dependent onvstandards analyged in the
classical way. Itvis a laborious ﬁethod;'howevef, and for many elements

the detection limits are poor. Further, except for the simple routine

analysis, experienced analysts are required to conduct delicate chemical .

manipulations.

MICROSCOPIC METHODS

Heinriﬁh [1965] asserts that the recognitioﬁ of minerals by means
of their optical properties is the single most widely used and most
widely applicable method of mineral‘iaentificétion. Optical methods
applied to minerais in thin section havé long been used and were devel;
oped to a state'of'conéiderable refinement before the immersion method
became widely known.

Microsgopic methods of minéral'analysis have now become virtually
synonymous with the détermination of the refraétive index by the immer-
sion method. The immersion method has been the only technique available
for determinipg:the refractive indéx'or indices of minute; translucent
solid particlés. In this method the particles are'placed in liquids of
knownlrefractive indices and examined with & petrograpﬁic microséppe,

which reveals thaﬁ'the-particle has either a higher or lower refractive
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index than ‘the liquids.
~ For purposes of“;ﬁentification only, the refractive index of a
mineral typically needs to be measured no more accurately than to 0.01.
But to determine the approx1mate compositlon in 8 series, the accuracy
needs to be in the order of O. 005 |
Factors that influence the aécuracy of refractive index deter-
3 minations of solids via immersion have been summarized by Allen [195]:
1. Limitatipns inﬁérenﬁ in fhe_meéhaﬁical deéign aﬂdfbptical chdracﬁer_
istics of the microscopé.
2. The skill,'éxpérience; and visval acuity of the observer.
5. The size and shape of the parﬁiclés, théir visibility,aﬁd their
indices---fhe lower indices can be determined more accurateiy. Accuracy
in birefringent crystals ié more diffiéult to attain. |
hg The uniformity of the index throughout the specimen.
5. The precision with which the ligquids ofna set ére calibrated for their
indices and the accuracy of the tempéfature coefficients, combined with
the smallnesé of the intervals between adjacent members of the seiies.
6. The accuracy ﬁith which the actual working temperatures of the liquids

are determined,

“TION EXCHANGE CHRCMATROGRAFPHY

Ion exchange chromatogfaphy is a versatile method of separation
and concentration of ions. It is applicablé to many kinds of analyses,
including mineral analysis. ‘Manj minor elements commonly océur in con-
centrations below the limit of spectrographic detection, and for this
reason alone separation and preconcentratioﬁ is required.

The experimental technique is simple and in most cases fairly
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rapid. After the sample has‘been dissolvéd,vthe ions'aré isolated“of con-~
centratedbby use of substances, ﬁsually'resins, which will give up a
“cation, sucﬁ as hydrogen ion, for the cations in fhe sahple. Or another
- resin will give ué an anion,-such as hydroxide ion, fof the anions'in the
vsamplé. | | |

. The net result, héwever; is'that ion-exchangé is merely a step in..f'

-~ another analytical process..
COLORIMETRY

Chemical colofimetry has been‘a_leading analytical method‘for the :
determinationvof small amounts gf iﬁorganic éonstituents'in the range of
1075 to 5% by wéighé. concentrations. This method lends i_tseif_ well to
trace element anaiysis in minerals. Even lower concentrations can be -
determined through the use of ion-exchange to concéntrﬁte‘the constitu~
ent; This method is.now more co@mdnly called visiﬁle spectrophotometry
and no longer depends upohvthe human eye‘td determine concentrations.
The method is often reliable to less than -% relative error.

Solution spectrophotometry is based on Beer's Léw, which accur-
ately prédicts the percentage of incident light that ﬁill be transmitted
through a solution. ExpréSsed'mathematically in one of the moSt useful
forms: | | H

log Po/P =  abe, where:

Po

#

the intensity of the incident light [monochromatic],
P = The intensity of the transmitted light through a medium conteining
ing the absorbing constituent being measured,

a = a constant characteristic of the absorbing constituent,

L2 % " = the length of the path of light through the medium,
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¢ = the concentration of the absorbing constituent.

As in so many methods, standards need to be used from known values.

OPTICAL EMISSION SPECTROSCOPY

Emission spectroscopy, oftenﬂreferréd to‘as spectrochemistry, was
the first direcf instrumental analytical technique to be widely used in
geochemical iﬁvesfigations. Its deteétibnblimits ére of'ten in the iow;
ppm range. Recently, with sophiSticatian-of comparaﬁors and with com-
.puterization, the ﬁethoa noﬁ gives Qu;ntitative resﬁits‘in @any caées.

No solutions nor separations are necessary. vNevertheless,»the average
laboratory has aﬁ beét the ability to determine only semi4quantitatively.

The method is based on the fact that excited planetary electrons
emit discrete quanta of energy when they fali back to a lower energy .
level. The various quanta can bexseparafed by‘a prism.or diffraction
. grating. Photogfaphs of the many diffracted emissions possible show‘up
as lines représenting-sﬁecific ﬁave;iengﬁhs.iﬁ'tﬁe ultrééviolet and
visiﬁle range. Some emissions happeﬁ more comﬁonly than others fér each
element, and the pattérn of inténsity is characteristic of each element.

| The sample is often powdéred, but often even this is unnecessary.
Its greatest value is in the determination of metallic elements. Aside
from high cost and:the.need for an experienced operator, spectrochemistry.
is an excellent and veluable tool for geochemical énaLysis for elements in
which all the elements are experimentally determined simultaneously. |
. NeVertheless, this method yields éssentially no information on

molecular structure or on bonding.
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 ATOMIC ABSORPTION

Atomic absorption depends on the phenomenon whereby atoms ofben
element are sble to absorb electremagnetic radiation. 'This oceurs when
the atoms are unionized and unbonded to other kinds or to similar atome;'
The wave-length‘of.light st which atomic:absorption proceeds is épecificf
for the type of atom and occurs at ifs fesonant frequencies. These fre-
"quencies correspond to the electrenic transition between the‘first allow-
able eﬁergy level and the ground state of the atoﬁ{ '

Atomic absorptioﬁ provides a simple &nd inexpensive technique
wherein a wide range of elements in‘many differeﬁt types of mateiials may
be determined eccurately and.preeisely.v It is a powerful, relati#ely new
fool. eThe prime disadeantages seem to be the facts that the sample must
be brought into solution aﬁd that only one element can'be‘analyzed at one
time.

It‘is true that sometimes there are interferences of the chemical,
molecular, and spectral categories. 'The moiecular interferences could
possibly result in information on bonding, as the tachnique gains in its

spectacular rise in pbpularity.

-X~RAY DIFFRACTION

X-ray diffractioﬁ establishes crystal structure. If the -sub-
staﬁce being studied has ever undergone this process in the past and has
had its identity established, merely referring to the library,‘or.indeﬁ,
of diffraction»patterns on file cen match this unknoWﬁ with a substance
in the index and therebyvestablish its identity. .

The.meﬁhod ﬁtilizes the fact that many X-rays have wave-léngths of

approximately the same value as the distance between planes of atoms ina
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crystai;_therefbre, the crystals are able to act as diffraction gratings

for the X-rays, as illustrated in figure A:

crystal plane 1

7
\k.

crystal plane 2i--'

Figure A. " Diffraction of X-rays by a Set of Crystal Planes.

The only way that the X—rayjbeam 2 can reinforce beam 1 is for

distance CBD to be an integral multiple of the wave-lengthvof the X-ray.

The distance CBD is equal to 24 sin ©; TFrom this information Bragg‘formu-

lated the equation:

nx = 2dsin 0, where:
n = -an integer, A = the wave lehgth of the X-ray,
d = the distance between crystal planes, and
© = the angle of incidence.

The above equation is an expression of Bragg's{iaw. If the X-ray 5eam is
monochromatic, there will be a limited number 6f angles at which diffrac-
tion of the beaﬁ will occur. This pattern can be photographed. vaery
crygtaliiné substance.scattérs the X-fays in its own unique diffraétion
pattern, producing a "fingerprint" of its atomic and molecular structufe.
One unique feature of X-ray diffraction is that components are identified
~ as specific compounds.

Cost, dangers of high voltage systems, dangers of exposure to
X~-rays, and therefore the nece331ty for an expert operator tend to limit

the use of X-ray dlffractlon more than otherwise.

T
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NUCIEAR ACTIVATION ANATYSIS

Nuclear activation analysis is a technique for determining @ualif
tative and quantitative composition by means of huqlear transmutgtion and
the subsequent measurement of émitted'radiation‘from an unknown substance.
Baéically, somé of.the atoms present in the unknown materialvinteracﬁ with‘
the bombardihg particies éﬁd, in maﬁy cases; are converted into fadio-
nuclides with known nuclear characteristics. |

.The three basic steps.in nuclear decay activation énﬁlysis are: |
1. irrediation of the sample to induce’the desired radioacti?ity.
2.‘méasurément of the emitted radiations from the ﬁample.'

3. interpretation of the data to obtain the qualitative and quantitative
analysis of the sample.

The metﬁod is limited primarily to avéilébility of r#diation -
source and té the kinds of nuclides that will respond to.a épeéific

.source. There are also the dangers of human exposure to radiation.




'1Chapter 6
" INSTRUMENTATTON

The instruments andvequipment'used_in this project were tﬁé Perkin-

Elmer Model 21 Double Beam Recording Infrared Spectrophotbmeter, the Wilks =

Model 12 Double Beam Attenuated Total Reflection Attachment, KRS-5

. ) 0 ’
reflector plates with 45 . entrance edge, and the slab sample-holder.

DOUBLE BEAM RECORDING INFRARED SPECTROPHOTOMETER

In a double beam spectrophotometer [Figuie B] two eguivalent beams
are taken from.the source. One beam travels through the sémple, the other
: traVeis either thrqugh a blank or throﬁgh:air only. Eaéh one is alter-
nately interrupted by a roﬁating mirror-choppér of directed to a mono-
chroMator—detector system. While one beam is interrupted, the other ié
directed. The detector changes_the IR signals to electric signals.u
These signals.are then amplified, and if the sample signal differs froﬁ
the reference signal an alternating current results. The current |
activates s sérvc'mechaniém which governs the amount of reference beam
~allowed fo reach thé defector.'.The reference beam is regulated until
"both beams are the'same intensity. The servo mechanism is also cdnnected

to a recorder pen. vThe movement of the recorder pen as the beams are
gradually equalized’constitutes a measurement of the relative transmit-

tance of the sample.

ol
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Preamplifier Detector
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Figure B. Perkin-Elmer Model 21 Optical System [Willaid: 19657

WILKS MODEL 12 DOUBLE BEAM ATTENUATED TOTAL REFLECTION ATTACHMENT

The Model 12 [Figuré C] is an ATR attachment for a double beanm
infrared spectrophotometer; it is’attached'externally between the IR
source and the chopper. The attachment consists of two‘identical parts;
one part directs the reference.beam, and the other part directs the |
sample beam. Each pert consisté of four rotétablé mirrors and of anchor
pins to poéition the removable samplé reflector plate holder or reference
reflector plate holder. When the samplé plate and holder are in position,
two mirrors are employed to reflect the sample beam into’the plate and

two mirrors direct the beam.from the plate to the chopper. vThe same pro-
cess occurs with an identical system to direct the reference beam

through the reference plate.
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Figure C. Wilks Model 12 ATR Attachment [Wilks: 1965]

KRS-5 INTERNAL REFLECTION EILEMENT

Internal Refléction Element [IRE] ié the‘transparent optical
elemént,used in internal reflection séectroscopy for establishing ?on-
ditions necessary fo'obtain the iﬁtefnal reflection spectra of materials.
IRE of many designs have been employed to fit the needs of the Qarious
ATR attachments. One.of‘the moét common shapes is the trapezoid [Figure
D). The distance between the parallel faces, the thickness, is much less
than the dimensions of either face, creating a thin plate. The_slope of. o
the edges of the IRE is typically 459 some are 60°% a few are jOo. IRE

with edges of any angle can be used ; they are limited in use only to
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limitations of the ATR attachment and to the critical angle created by the

sample. JRE and attechments ‘are designed to allow the‘IR beam to enter

the plate through the center of .one of the edges at an. angle normal to the

edge. The beam exits through the center of the. opposite edge and normal o

to it. The ratio of the length to the thickness of the IRE is_critical
for maximum transmittance. The ratio of}the length to thicknese should
be chosen so that the central ray'enters and leavee viavthe‘center of the
“entrance end exit.épertUres respectively. IRE feciai surfaces must be
highly poliehed for maximum internal reflection. There is an optimum
length of IRE in each ATR systen_whiCh attains the maximum ebsorption via
‘maximum number of reflections before the radiation loss by diffusion
attendant with each reflection reduces the response of the spectrophoto-

meter below a s1gnificant and discriminating value.

Figure D. Internsl Reflection Element.
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IRE materials [IREM] typically have high refractive indices. Any -

'IREM needs to have a higher refractive index than the substance béing

analyzed. The IREM need to be IR transpareht with no significant absorb-

ance within the spectral range of the analysis to avoid interference with
the sample spectrum. bThe TREM must be chemically inactive} with‘certain
types §f samples one IREM is saﬁisféétory but not for others and'vice '
versé,' The_IREM.should be dureble--hard, tough, able to keep a high sur-
face poiish on the two faces. A combination of all of the‘above facfors
assure high fransmission of the reflected beém'and long life of the IRE.
There.are nO-knéwn IREM oufs%anding in all of-thebabove proﬁerties. Sbme

of the most successful IREM are listed in table one:

MATERIAL  USEFUL RANGE REFRACTIVE COMMENTS

(microns ] INDEX
AgCl O.k-20 - 2.0 .. _ Very soft, can be molded but
. : difficult to main surface finish.
AgBr 0.45-30 2.2 ~ Soft [Slightly harder than AgCl],
: otherwise attractive material for
IRS. : ’
KRS-5 0.6-40 2.4 Toxic;-relatively soft, has
o convenient index and useful over
wide wave length range.
Gals 1,0-17 3.3 Good beyond 15 microns. Properties
’ ' ‘ to Ge. Very expensive.
Ge 2-12 - 4.0 Good and relatively inexpensive.

Table 1: Some Infrared Element Materials.
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'ATR REFLECTCR PIATE HOLDER FOR SLAB'SAMPLES

The purpose of the ATR'reflector plate holdér fpr slab)samples_is
to hold the sample under the proper éonditions for‘méximum trénsmission'
of the IR beam and fér maximum absorption bqnds of the sample. To accomp-
1ish this purpose, the holder is positioned rigidly on the designated
positioning. pins of the ATR attachment; the plate is placed in a permenent
slot to keep the polished'facés in a verticalvaSition, to keep the length

of the plate in a horizontal position, and to keep the plate at the proper

height for the beam to enter the eenter of thevend—edgevahd'exit from the |

center of the obposite’edgéa The position of the plate can Be‘adjusted
horizontally in the Slot to’échieve maximuh beam transmission throuéhv
reflector plates of slightly'différent thickness or length. Thg holder is
provided with pressure plates %o assure-intiméte contact éf thé:éample
throughout a_lérge'area of both faces of the plate. The reference plate
holder does nof need pressure plates. The faces of the reference plate
are in contact ohly.with air. |

In the sample plate holder of Figure E the sample .is held in place

by 1two separable interlocking steel sections. A flat section holds the
sample against one face of the plate. The other section has a rectangular
prism steel projection from a flat steel base which ensures contact with
the sample on the secﬁnd face of the reflector plate through a rectangular
hole in the holder [The holder is made of Teflon and is approximately /4
inch thick]. The ultimate size [length and width] of a siab sample is
limited to the contact area of the reflector plate faces. The size 1is
limited further by the size of the hole in the holder. The steel plates
can be connected and pressure applied via a thumbscrew to draw them close

‘together and thereby apply pressure on the sample in contact with both

 pT e aE
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~ faces of the reflector plate. The maximum thickness of the slabs is
limited by the_length of the connecting posts on the pressure plate.
~The. sample plate holder for slabs is also quite ada@uate for>

powders.

REFLECTOR PLATE \ _

Figure E. ATR Slab Sample Holder Assembly;
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‘Chépfef T
- EXPERIMENTAL PROCEDURES

-

'Experimental procedurés consist of four steps: beam balancing,

sampling, spectrum'recordihg, reflector plate reconditioning.

BEAM BAIANCING

* Balancing the signal_froﬁ the IR source using a double beam ine

strument involves three stages: balancing the instrument, rough adjust-

ment of the ATR-éttachﬁent before attaching it to the instrument, fine ad-

justment of the attachment on the instfument._

The stabiliZed IR spectfophotometér musﬁ have iﬁs Sample and re-
ference beams balanced»ﬁithoutfthe attachment'in precisely tﬁe samé,
manner and freqpency as if ordinary transmission‘specﬁra were being
recorded.

Rough adjustment of the ATR atﬁachment is accomplished in the
following order: ‘ , |
1. A clean KRS;S reflector plate is held at its edges,'not tbuchingbits
facgs_nor the end-edges. It is inserted ihto the slot of the holder with
“itslsloping sides facing awéy from the hoider; the design of the h@lder
should ﬁake this directive»obvidus. The sample reflector platé's hori-
zontal positioning'in the slot is adjusted‘to a predetermined position
from experience or from a guide pin, or in the absence of both aids it
is placed midway between vertical sides of the holder; the plate is

anchored with é‘tightening screw. The reference reflector plate is

- 31
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adjusted in the same manner'in its hoider. |
2. Both plate holders_are inserted on the designated positioning nins
[In this use,'the'pins marked th] with'the reflector piates facing their_
7 respective mirrors. The sample side of the ATR attachment is the side
nearest the operator; it is the same as in ordinary transmis51on.
3. The image of each end of each plate is centered in the entrance or
exit sl t [or slot] of the ATR attachment by adJustlng [rotatlng] each
,palr of mirrors closest to the respective s11t whlle looklng 1nto the
mirror through the sllt.
Fine adjustment of the beamsvtc achieve maximum transmissicn of t
~each is accomplished in the following order: |
1. The ATR attachment is placed cn the stabilizedUspectrophotometer_by
matching thevguides of the attachment with those of the sample and re-
ference holders of the instrument. vThe}attachment is anchcred with the
anchoring Screws. It is'imperative that the attachment be anchored
firmly to prevent any Shlft in the beams.'
2, Max1mum transm1ss1on of the ‘TR beam through the sample plate is
achieved before adanstlng the reference side. Procedure is as follows:
A. Rotate the metal comb near each exit slit in & direction to eliminate
all interference of light between its .closest mirror and the exit slit.
There are no combs near the entrance slits.
B. If the instrument registers 0% T, rotatebthe comb on the reference
side until the indicator ia on the scale [for example at BO%J. -If, how-
ever; the instrument registers 100%3 feather the comb on the sample side
until T registers T0-80%. - Throughout the procedure keep the % between
0 and 100% by use of the combs, usually in the 70-90% range.

_ C. Note the % T3 then proceed as follows:
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['1] Carefully rotate the mirror directly in line with the entrance slit
- on the sémﬁle side until maximum % T is attained. If 100% T should be
reached befére maximum value is attained, remove theAcomb from the refer-
ence beam and if necessary feéther in the comb at the sample beam.

[2] Repeat. the procedufe with the mirror that directs the beam_into-thé-
reflector plate. | |

[3] Repeat procedures [1] andi[2].

[4] Repeat procedure [1] for the mirror that.dirééts the sample beaﬁ into
the instrument.

[5] Repeat procedure [1] for the mirror fhatireceives the beam frém the
reflector plate. | |
'[6] Repeat procedures [4] and [5].

3. Adjust the reference side in exactly the same manner as the sample
side with one major difference; all adjustments of mirrors are made to‘
give minimum T. .

b, If the instrument response is sluggish, it ﬁay‘be necessary to reposi-
tion the reflector plates: if so, the entire set Of.fine adjustment.pro-
cedures must be repeated. | |

5. After maximum T on the sample side and minimum Tron the reference side
is attained, removebany comb that may be in‘the beam, Operate the instru-
ment it is recording at approximately 5 microns [if not already there].
Adjust the % T to exaétly 100% by feathering one of the combs. The

instrument is now ready for use.
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.Sampling of slabs:ﬂy‘@uﬁders consists of thiéeAstages: sample
seleétion,.preﬁafation,,application. The procedures of the three stages
are as follows: " | |

1. A nmediel sectioﬁ from a rock can be. used. Seigction of a rock
sample is usually quite simple to make after the slabs have been cut; the "
operator is often,in a posipion, if he desires, to églegtivgly'éut dff
those portions of a slab that ¢onstitute an obvious second phase and
‘then analyze the two phaées separately. If the phases are highly mixed,
separation may not be practiéal, and a fepreséntative sample involves
Judicious selection of a portion of a slab that represents the average;

Seiection of powered'rock samples is-similar to selection of slab
samples. It is.advantageous to first slab the rock if it is Sufficiently
cohesive to be siaﬁbed. In such cases representative portions of the
slab can be used. With slabs of highly‘mixed phases it is sometimes
practicable to‘powder small portions of eéch phaée and aﬁalyze7them_

. separately. When rock samples are ﬁoovbrittle ﬁo be Slabbed, again it
may be possible to,selecfively isolate differing phases. If it is not
practicable to isolate the phases, reguiar classical sampling procedures
after pulverization or'partia1 pu1verization may be necessary.

2, Preparatioh of slab samples involves the use of a good lapi-
darists! sléﬁbing saw. To obtain a representative sample from a rock, -a
slab can be cut through a section near the center. The cut should be
uninterrupted and by a good diamond saw with automatic_feed. Any stops
in the cutting or any movement of the rock“iﬁ its vise causes ridges in

the slab. After the first cut the carrier containing the section of -the
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rock remaining in the vise is adjﬁsted to cut a slab of the desiréd
thickné;s. At no time is the rock allowed to shift in the vise. AThe
slab is made by making the sgéond cut in the samé manner as -the first.
This procedure guarantees smooth slabs.of'uniform thickness and frée of!
‘rldges. The slab can be trimmed to the desired lehgth and width with’av
trim saw. Two slabs of thg same dimensions can be made from one'slab.
All édges of one face of éach of_thevtwo slabs should be slightly rounded.
to‘avoiq unneccessary damage to the reflector plate. Intiﬁate contact‘of
sﬁft slabs with the reflector plate is fair without.any further prepéra-

tion; polishing improves the contact. Polishing of hard rock slabs is

- mandatory to attain sufficient contact for significant absorption bands.

The polishing method should keep the slab face perfectly flat; the method
emplo&ing the lapidarists’ dop-sfick,is unsafisfactory--the slab face
does not remain flat and the dopping adhesive contaminates the slab.
Slab contemination interferes primarily with bowder enalysis that méyv
follow slab analysis. S

| Pfeparation procedures of powdered-rock samples §aries slightiy
with the hardness of the rock. Any rock too soft to be slabbed can be
powdered directly with a mullite ér agate mortar and pestle. Harder
rocks are first pulverized with a Plattner mortar and pestle. Rocks
that are as hard as agate can have the éntire.powdering operation pér-
formed in the Plattnef. Almost all hard rocks are brittle, and the

Plattner powdering operation is difficult only in determining when every

particle is sufficiently small to avoid damage to the surface of the -~ 7.

reflector plate.
The amount of sample can be small. When the sample covers the

usable surface area of the reflector to a depth of five microns, any
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excess samblebwill not further affect the spectrum.

3. To apply the rock slabs te’the reflector plate, 1lift the
" sample holder out of the ATR éttachment; place the flét steel‘section on
& bench; place one}slab rounded—edge-up on the section; £it the hbider
onto the section orienﬁed in-such mahner as to have the metal toueh:the
reflector plate if the siab weren't present; place the qther slab e
fhrough the hole in the'holder with rounded edges teward the face of the
refliector. The elab that is placed thfoﬁgh the‘hole in the hoider should
be of dimensionS'that‘nearly fit.the‘hole; the other slab should be of
approximately the same dimensions as the first and can be placed almost .

exactly opposite .the first one by estimation. The pressure plates are

connected and the-thumbscréw turned as tightly as possible with thumb and

finger. Increased pressure'by tools could demage the soft reflector
vplate, |

To avoid damage to the reflector plate, the application of
powder sample to the reflector plate is more difficult. An amount of
fine powder is applied to fhe same area.of the flat steel section that &
slab would have occupied. The powder is spread.aed packed with a small
metal spatula. if the packed layer is not too thick, the operator can

usually detect and remove any partlcles likely to damage the plate.

Wlthout dlslodglng the packed layer, the holder is fitted onto the steel '

section.. A representative amount of sample is carefully spread through
the hole in the hqlder onto the face of the reflector. Care ié used to
avoid touching the reflector plate with the metal spatula. The sample is

Spread on the reflector plate by gently tamping it a few times with the

projection of the steel section. Finally, the steel section is fastened

to~the first one, and thumbscrew pressure is applied as in the case of
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'slabo. ‘ |
The sample holder is tipped to its uprlght position. Excésév
powder that has fallen from the reflector plate is brushed away from the '
holder with a fine brush;o The holder is placed in its proper position

on the ATR attachment.

RECORDING SPECTRA

- In the preparation of an at;a§ of spectra it_was deemed advisable
to use simiiar conditions for all spectra if practicable.v The controls
of the Perkih-Elmer Model 21 werevadjuofed for all spectra as follows:
Resolution--9.26 auto; Responsé--h; Gain--5; Speed--4; Suppression--6.

The previously balanced instrument was set ot O.5~microns,vandv
..the.pen>was allowed to stabilize before boing applied to the paper.

- The scan was made for the eotire range of the chart paper
[0.5-15.5 microns]. Wherever the pen bottomed out o:,went over lOO%,
attempts were made to make each area . more infofmative by rerunﬁing those
areas and one or two microns on each side .of the areo after feathering
one of the combs to keep the scan area on the scale.>

When both slab and powder spectra were obsefveo. for the same
somple, the‘same chart paper was used. The slab spectrum was identified

- with an £ and the powder with a P.

RECONDITIONING THE SAMPLE REFLECTOR PIATE

The recOnditioning.process involves three steps [occusionally
four]; they are as follows: 1. Removing semple holder'from ATR attach-
ment and disassembling it, including the removal of the reflector plate

from the holder; 2, Cleaning_and drying the holder, pressure plates, and
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- reflector plate; 3. Polishing thé.refléctor platé; ki, Grinding the re-
vflector plate. | '

| Only the refléctof piate reqﬁiresvgreat.care>in éleaning. Some-~
tiﬁes a fine soft brush is advantageous for removing cakéd-oh powder from
thé reflector plate. At other times very bfief expoéuré of the plate to
avsﬁream of cold tap watef accoﬁpanied by loosening the mudeith'thumb
or:fingers‘is necgssary. -Prolonged eXposure to the waterishould 5e-‘:
vavoidedibeEause of the slighf solubility of the KRS-S; solﬁbility in
warm water is considerably greatér, and suéh}exposure must be compleﬁely
avéided. The plate can be témped dry with cotton’balls.

o Polishing the reflector plate was accomplished by lightly making I
10-15 figure eights'with eaéh face'across a stretched oﬁt 8 x 10 inch‘
piegé of felt. A few light motions acrosé fhe felt were made with the
end-édges. The plate was held at the.side edgesrto afoid fingerprints on
the plate faces and ends.

'Grinding‘was typically unnecessary until several samplés had been
run and it was impossiblebto otherwise achievé-more'than 50—60% T with
unfeathered combs.i The grinding'process rapidly thins the plafe and
increases the probability of uneven surfaces; in both caseshdiffusion
will increase af the .expense of'regular internal reflection.,

Grinding was accomplished by adding less than‘l ml of rouge or
other fine grinding agent near one end of a second stretched out felt

.¢loths 2 or 3 ml of methanol were poured‘on'top of the rouge. Fingercots
vere placed on the thumb, forefinger, and middlefinger of one hand. 2 or
3 figure eights wére perfqrmed with the réflector face in the wet rouge,
then 2 of 3. in the wet portion containing no originally piaced rouge,

then 8-10 rapidly on the dry portion. The ebove action removes - consider- -
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'ab;e KRS-5, which is toxic and corrosivé; the fingercots prdvide ﬁrotec-
tion. After the other face was:ground, the beveled ends'were'checked for
freedom fpom,contaminafion...The ground plate was removed from the grind-

- ing cloth and polished on the polishing cloth.

REBATIANCING THE SYSTEM

After the platé has been returned to the holder and the unit has
been placed in position on the ATR attachment, it is nec¢essary to repeat
the entire fine tuning procedure of the sample-side-only before the

system is ready for a new sample.




_Chapter 8

DATA DISGUSSION AND UNKNOWN DETERMINATION

Slab spectra were not satisfactoﬁy except in é féw céses_df the
softgst slabs. Fahrenfort [1961] suggested the use of Carﬁon disulfide
"on the contact sirface between solid ﬁnd reflector plate; €Sz improves
effectiﬁe contact of solid'wifh reflectér;'h0wever, the absofption bands
of CSa'at 3.5,'4.5, 7, and 11.8 microns sufficiently interfere with |
spectrg to significéntly reduée its value. Carbon disulfide was not used.
in this project. | |

Powder.spectra by ATR weré comparable”to powder by T. Unless
otherwise indicated in the chapter, ali-diééuSSiéﬁS'of ATR,spéctra are
of powders. All referencés to T spectfal‘data are of powders and aré
from Hunt [1950],_un1ess otherwise indicated. All’specﬁra values are
recorde@ in microns.

This cha§ter consists of three sectioﬂs: 1. A discussion of eaéh
of seven chemical groups; 2. Table.two ligts ﬁhe most significant bands
for all the minerals studied in both ATR and T values; 3. A discussion of
the spectrum of each:minerél éfudied.

A severe instrument‘noise has marred all ATR spectra at 9.23

microns.
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METALLIC CXIDES AND SUIFIDES

The binary compounds of metal with non-metgi that were studiéd are
' hematité [Fe203], pyrite fFeS], and galena [PbS]; | o
- ATR spectrum of ﬁematite was considerably more.sensitive’than T.
. ATR pands at 11.46 and 13.83 microns Wére completely absent in T.
Nakamoto [1963] indicates that the ﬁydroxide'ion is charaqterized by a
sharp band in the region of 2.70 - 2.85 microns; the absénge of this baﬁd'
‘Indicates a probable abseﬁce bf hydration of” the o#ide. The presence of
a band near 11.35 micronsvindicates'the possible preéence of O-Qvéﬁretch— .
ing that would not be 02—2; because itbwould be>IR inactivé. Most metal
to bxygen bond stretching occurs in the range 20-25 microns which is
beyond the range of our ins@rﬁment.: Fe[III] and O stretching is at 23
microns. A thoroﬁgh IR stﬁdy'bf bonding in binary compounds of metal
with non-metal should include the far TR.

ATR sﬁectrum of pyrite was totally devoid of‘a meaningfull sigﬂalf
T had a strong twin band at 9.7 microns and 9.9 microns. Nakamoto [1963]
lists no bands for Fe-8, and the values listed for HoS and.HZSg [which
could have formed during the water settling stage] are sufficiently
removed from the above values‘as to be unlikely. There is étrong possi-
bility that the T scén is for énother compound.

Galena showed only a very weak peak at 15.05 microns for ATR; T
did not show this, but it did show three other weak peaks. Nakamoto
[1963] does not list PbS bands, and Nyquist [1971] did not report a PbS

spectrun.
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METALLIC CARBONATES

The metallic carbonateéustudied ére calcite [CaCle,'aragénite
[CaC0Os], argillaceoﬁs limestoneY[CaCng;vmagnesite [MgC0s], rhodochrosite _
[(MnCOs], cerrusite [PbCOs], &and dolomite [CaMg][COa]g;

All carbonates, excepting cerrusite; héﬁevtheif most dominant band
near T, é sharp and’strong band near 11.5, and a third dominant sharp band
near 1k, thnesitevhas a fourth broaé but. less dominating band near 10.
The fourth band is missing in calcite and aragonite, bﬁt in rhodochrosite
ﬁhe band’i§ sharp and has equal dominance with the other fhree‘bénds.

The difference betweén calcite and aragonite spectré is due to differénce

_in erystalline étruéture; the third band in arﬁgonitevhas been split into .
two sharp'dominant bands. Cerrusife has each of -the four bands, bﬁf théy :
.are in éuite different appearance. There is excellent correlation of ATR"

with transmission. Slabs had fair senéitivity.'

METALLIC SULFATES

The sulfates studied were gysﬁm‘[CaSO4§2HgO]féna barite [BaS0.].

Both‘ATR and T had three major bands in cloéely comparable
positions, but the'generél appearances of the two spectré were consider~
ablj different. Barite has the bands'displaced appréximately 0.7 micron

toward longer wave lengths. :

METALLIC PHOSPHATES

Phosphate rock [Cas[P0s]z +.Cag[PO4ls . OH] was the only phos-
phate spectfum scanned. It showed three obvious bands; one was a strong

almost sharp band with two characteristic shoulders centered at 9.66;. the
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the 6ther two were weak, one at T and the other at 11.60. No T data were

.available.
STLICA

The silica [Si0z] spectra taken were quartz, chert, opal, agate,
and flint, of these, the only pure s111ca is quartz, and opal is’ hydrated.

Silica has its most dominating very broad band near 9.5 micfons,
a Secbnd'véry strong but less broad band near-12;75 microns, and a third_
sharp, medium to-stroﬁg band near 14.5 microﬁs. In quaftz the second
band has two lobes. In opal and chert the third band is absent or weak.

Tt is interesting that the orthosilicate iog[SiO4-4] has two
vibrational frequenéies close to those of the quartz spectrum, 12‘5O and
.9.52’microns.

As expected, the ATR and T spectra corresponded verylclbéely'in'
quartz, a pure substance, and léast in chert, an impure substance. They
also corresponded well invopal; giving credence ﬁo the possibility that
. the hydration is. probably of & spec1f1c type and amount.ﬁ T’spectra of
agate and flint were not avallable, but they were very s1m11ar to each

other in ATR.

| METALLIC SILICATES

The spectra of the metallic silicates are of wollastenite CaSiQs,
serpentihe 3Mg0.25i02.5H20, tale MgSis00[0H]n, augite CaMg[SiO3]a,
tremolite 2Ca0.5Mg0.85i0sHa0, olivine [Mg,Fel2510,, actinolite
Cao' 3[Mg,Fe]0:1Si0s, albite Naz0°A1203° 6510z, nephelite E

B[K,Na]ao hA1203 9810z, feldspar [oligocla°e] [Naz,Ca]0*Alz03¢ 50102, and
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muscovite Kz0+3ALa0a 65102+ 2Hz0. |

In the simple silicates, such as.ﬁollastenite; tﬁe broad band of
siiica remains at 9.5 micrqns,'buf band two hés disappeared andfband"
three has increased iﬁ-strength and shifted fo 15.5 microns.r.Allvcomplex.
silicates containing more than one metal, have the.broad.band shifted to
‘betﬁeen 10 aﬁd 11 microns. The apbeéran¢e or non4appearance.of bands two
and three is analytically unmistakable in nearly all cases. TFor example,
in alblte band two has spread 1nto four fingers ranging from 12 5 to 13.9

microns, and band three is at 15. 5 microns.
UNKNOWNS

Unknown 1, "Petrified Mud" from the Columbia River Basin, has a
:spectrum aimost identical with quartz. The color and general appearance
indicate considerabie impurity; nevertheless; the percentage of “impurity
is either very slight, or the impuritie§ are non-absorbing through the
range of 7 -15.5 microns. Based on that spectrél iange, "Petrified Mud"
is 98% quartz.. |
Unknown 2, from Plymouth, California, is a soft crumbling rock
that powdered into a golden brown material. It is being mined and
exported by the Arabs. The spectrum is like £hat of kaoiinitevwith no
additional absorption bands and containing all of the bands that kao-
linite has. There is, however, & lack of détail and therefore a lack of
vpurity. The appearance of no other bands suggests greater than 90%
kaolinite.
Unknown 3, a green rock somewhat resembling "green quartz", has
the spectfﬁm of glaés’ It has a stronger ﬁand near T micfons ﬁhaﬁ does

laboratory glass; this is the major band for carbonates; Inasmuch as this
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"rock" has undoubtedly weathered a long time, it is understandable that
it would have a higher percentage of carbonate than lab glass.

Unkngwn h, the meteorite, somewhat resembles biotite; its B
spectrum is beﬁtef defined than bietite's; The éieb was full of holes
resembling the crosé-section ef a.spoﬁgeb& it is probeble that mahy iﬁeb
| purities were trapped during the meteorite's'residualitime on the Earth.
This could account for the slight carbonate bahd at 7.

: " Unknown 5, “Wyoming'Jade",’has a very strong modefaﬁel&'Bfoad
band at 10.25 microns; thisiband has a wide shoulder et 9f25 microns;va
slight shoulder at 9.00 mierdns, and a characteristic shape near maximum
absorption. Of all the ATR spectra nephelite fits this perfectly. .Nephe-
lite has a second strong band at 14.6 micrens; whereas that band on the
unknown would occur at approxiﬁately 15.6 microne. “Albite differs in
detail ffom the unknown at the major band, but albite has a bend similar
to the unknown at 15.6 micrens. Albite also has a four peaked band near
13.5 microns that the unknown does’th. aJadeite'has a eomposition inter-
rnediate between that of nephelihe,and albite; this fact suggestsvthat the
unknown is Jjadeite. .

2Na.AlSigoev-_-.—_-— NeAlSi0, =+ NaA1SizOg

Jadeite | ‘_ nepheline albite
Equilibrium is shifted to the left at high pressures in the order of
20-30 kilobars. The liquid cooled at 25 kilobars would give pure jadeite
[Deer: 1967].

The complete absence of'a band at either 14.5 of 15.5 microns
casts soﬁe_doubt>that it is jadeite. A third factor, which is the fact
that jadeite has a different er&stalline structure from the other twb

" minerals, causes even greater indefiniteness, because that difference
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could affect all bonds. However, such structufal differencé could elim-.
inate of move soﬁg'bands but not othoro{ So the fact that jadeite'is a
choin silioété'of ﬁhe pyroxeﬁe.group ond bothlnephelino'ond albite are
framéwork silicotes and the fact that jadeite is a‘hatural produof from .
nepheline and aibite support the assumpfion fhaﬁ the‘sample is jadeite.

| Unknown 6;_a black rock from'theiApache-National Forest, has the
Spectium of quartz with vefy few impurities. Tho main band has broadened
somewhot toward the longer Wave-leﬂgth{ iodioating pOSsible'smail amount .
of silicate impurities. Tho moderate’broéd band befween 6 and T microﬁs
indicates another possibility of ; very'smail amount of carbonete. The
pfesence, howéver, of the entire basic Spectrum of quartz, including the
fwin lobes between 12.5 and 13 microns, indicates over 90%vquartz;

UnknownIT, submitted as "Green Quartz", ﬁas six major bands;

three can be attributéd to quartz and three to magnesito. With a-series
of known peroentage comparison scans one could acourately determine the
percentage composition.” However, bosed on the strength of the band at_
11.52 microns coupled with the general appearance of the spectrum, it is
probable that the rock is more than 50% maghesite and therefore less than
50% quartz;

. Unknown 8, a gray and yellow rock, hasba spectrum that is princi-
pally quartz but also.appreciébly dolomitic limestone, possibly 75% |
quartz and 25% dolomiﬁe. |

vIn all eight unknowns only the presence and obsence of indicated
minerals are definite. In thé aosence of comparison data of known

mixtures,ﬁperoentage compositions are only estimates.




Table 2. Comparative Spectral Positions of ATR and Trarsmission Infrared Absorption Bands of Minerals
s = T [Hunt, 1950]

Wave-length Range, Microns: First Line Values = ATR, Velues in parenthese
. . 2-6 7 .8 9 10 1 12 13 o 15 ;
METALLIC OXIDES + SULFIDES .
Tizenite, FeTi0s  10.48p-vb * 13.90m-sd i
. . [10.00m, 10.30m] . {
Hematite, FezOs 7.00s-b : 10.30s=vb 11.46m ]
: [7.05w] . [10.20s] e 13.%3m e
Pyrite, FeS NO BANDS : . . : }
. . - ; ; {
Galensa, PbS - : ‘ : - ' . 15.05w‘ :
METALLIC SULFATES v «
Gypsum, CaS04°24n0 6.18w-sp - : 9.0ks-vb - i5.°55-sp i
{6.15s] . [7.80s] , o : {15.15n] v .
Berite, BaSOy [6.80m] €.9Tm {7.55w18.06m-sd 9.50s-b  10.22w-sp{10.16m] s e 15.02w;15.70s Lo :
[9.20s] - - - - - [15.90m} S
. : : 3
METALLIC CARBONATES ’ : . . .
. Calecite, CaCOs 5.60w 7.125-b 8.07w-sd : 11.4Tm-sp 11.81w-sd - 14, 10m-sp . . o ;
) : [5.58w] [6.955] ‘ [11.40m] [11.80w] -7 [14,02m] . - S v
Aragonite, CaCQOs 6.88s e ' 8.50w-8d ’ 11.72s-sp , . : ) .. 14,10m-sp, 1k.35m-5p
- {6.95s] ) : [11.40m,11.65v] R : ’ : < [1h,02m} [14.30w1 ¢ T :
Argillaceous Limestone 5.38w-sp- T.10s-b  ° 8.67w-sd - 9.Tls-b . ) : .. 11.50s~gp, 11.83w-8p St 13.82v-84 o .11s-sp R :
CaCos - 5.76w-sp, 6.13W-b ‘ ‘.' I , S 12.53m,12.90m = - o ]
¥agnesite,, MgCOs 7.05s-b 9.96m-b 8 11.43s-5p, 11.TOw-sd S 13,hhg-sp : . b
{6.90s] . [9.90m] : [1r.2551 [11.70w]. . [13.33m] '
Rhodochrosite, MnCOs 6.35w-sd  7.13s-b 9.928-8p . 11.62s~sp : 13.83s~sp ’ 15.03w-b
[7.00s] o [11.50m} ' (13 72m} L :
Cerrusite, PbCOs3° -6.98w-b - 8.70m-sd 12.65m-5d,12.93m : ) 14 .5hm 15.00w-5d :
. - [7.10s] ’ . [11.283] -[24.00w] . : .
Dolomitic Limestone 5.T6wsp,6.92ssp 8.12v 9.56m-b 11.39s-sp 13.78m-sp .
.. Cedg(Cos e [5.52%],{6.90s1 : o {11.30s] _ [13.70m] e
METALLIC PHOSPHATES
Phosphate Rock ‘ 6.90m 7.03m : 9.66s5-sp 10.42w-sd . 11.60w ’ o ) . .
Cag[POy)p and [7:15m]  [7.kOm] {9.358]  [10.00a] [13.10m] . R PIEIEARE L E

Cog[POg)a“CH |

T

§
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Table 2. [continued]

Wave-length Range, Microns: First Line Values = ATR, Velues in parentheses = T [Hunt, 1950]

2-6 T 8" 9 10 11 . 12 13 1k 15
SILICA . ’ ’ .
Quartz, Sils 9.40s~b- 12.60s,12.91s 1. L6m-sp 15.02w
{9.20s] [12.52m}{12.82m] [14.52m)
Chert, SiOs T.00w-b 9.50s-b 11.07s-vb 12.58s,12,90s = 13.90w-sd 14 .6om-sd
. [9.20s] [12.52m}{12.82m] [14.40m]
Opel, Si0p 8.65w~sd  9.50s-b 10.17w-sd 12.80s 15.02w
[9.20s] {12.55m]
Agate,S10s 9.50s-b 12.78s 14, k8s-sp 15.00w .
Flint, $i0p 8.70m-sd  $.70s-vb 12.80s 1%4.50m-sp 15.00w-5d
© METALLIC SILICATES
wollastenite, CaSiCy 8.42m-sd. 9.50s-b 10.20w 15.50s
. [9.10s3,[9.40s]  [9.75s] {15.50m]
Serpentine 8.56w-sd  9.50m-sd 10.50s-b 11.50w-sd 15.50s
2g0r 251 0a" 5Ha0
Talc 10.55s-vb 12.50w-5d 15.07s
¥gSis0 0l OHl2 [9.80s] o {1k.90m}
Rugite 9.50s 10.50s-b 11.5%s-vb 12,50w-5d . 15.00m
CaNg[Sidslp [9.37s] [10.38s] [11.45s) : {14.95m]
Tremclite 9.15msd, 9.6kmsd  10.55svb, 10.9w 12.67w-sd 13.18m-sp 1k, €66m-sp 15.05w-~sd
2020+ 5¥g0-85105-Ha0 [9.00s1,[9.30s] [10.555][10.85] [13.15n] {1k.60m] {1k.95m}
Olivine 6.30m-sd, 6.95s~sp ) 10.25m 11.50s-b,11.95wsd 13.35w-5d -
¥g,Felz8104 {10.00s} {11.20s3,[11.90m] [13.10w]
fetinolite 9.15m-s4,9.55m 10.60s-b 11,00w 13.26m-sp ik, 66m
Ca0-3{Mg,Fe]0-4S10n : {9.00s],[10.10s] [10.50s] [10.85s] _ [13.15m} [14.60m] :
Albite ’ 8.70s 9.18s,9.80s-sd 10.18s-vb : 12. 76m-sp 13,19m-sp - : 15.50m
Nl £1a05+68i00 [8.70s] [9.10s1,[9.70s] [12.68m] ~ {13.10m] {15.5m]
Nephelite 6.90m-b 8.12w-sd 10.34s-b 1%.11w-sd1k,58sb
3{¥,181p0°4A1505-9810; [10.10s] ’ f14.05m1{15.00m]
Feldspar [oligoclese] 8.92s-sd 10.165-vb 13.07s-sp13.88ssp 15.6s
© I¥ez,Cal0-21p05-58302 [8.70s] [9.90s] [13.70u}{13.80m] [15.6m]
Muscovite 2.79m-sD,5.5m-b,6.08mb]  T.00w 10.30m-vb 13.50w-vb 15.Chw
X2C-3A150:-651C2~2Ho0 [3.70s] .

8h
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Table 2. [continued]

Weve-length Range, Micz_'ons: First Line Values = AIR Values in parentheses = T [Hunt, 1950}

o 2-6 8 9 10 11 12 13 1k . - 15
METALLIC SILICATES [continued] ©- ‘ ’ ’
Topaz 8.61n-sp 10.10m-sd 11.50s-vb 14.19m-sp 15.6s
© Alp03+[OH,F]-8i02 ) . ‘ :
Biotite : 9.75,msd 10.18s-vb 13.50w-vb 15.0bw
[X,H1z0.2[Vg,Fe]O- [A1,Fel204-3510 - [10,00s]
Hornblende 6.96m-sp 10.96s-vb 12.635w-sd 13.80w-p
RO- [Na2, Ko, H2J0+R203- 25102 » { 9.8¢s] {12.75v]
¥z20linite . 9.0ts-5d,9.Ths-sd 10.05s-b 11.00s-b - 12.7hm 13.%4m 14.85m-vb
Alz05+25100+2Ha0 [8.93s] [9.65s] [9.90s] [10.95s] {12.50m] {13.30m]  {14%.50m] -
Howlite : 6.97s-m - 11.34s-5p,11.73wsd 13.40s-sp
4CaC.-58505.25102-5H20 . o
Pyrex glass . 6.5w-b 10.50s-vb 13.15m-vb
Nap0:Cal. 63102 +K+8 :
UMICICWIS .
Petrified Mud 6.10m, 6.58v,6.93w 8.70m-sd 9.358-b 12.63s,12.90s 1. 4Sm-sp
Colurbia River Basin .
Plymouth, CA 6.98m-sp 8.65m-sd 9.35s~sd 10,00s-b 11.06m-b 12.7Tm-b 14, 60m-b
Aral Expert ’
Gemmell €.9Tm-sp 10, 30s-vb,10.75s5-b 12.7Tm-vb
Meteorite 6.90m-vb 8.98usd 10.605-\@ 11.50w-sd
Vyoming Jade 6.50m-vb 8.38m-b 9.45m-5d 10.40s-b v 15.7s
Apache Nat'l. Forest 6.2Tm-vb 8.70,msd 9.455-vb 12.65s,12.90s 14.48m-sp
Creen Quartz 6.92s-nm 8.67Tw-sd 9.-h5$-vb 11.36s-sp 1é.89m-sp 13.438-sp 14 .L45m-sp
Lrake 6.95m-sp 8.15m-5d 9.263-b 11.40m-sp -12.59ssp, 12.90ssp 13.68w-sd 14.08w,1%.4Tmsp - 15.02w

'6+;
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In the discussion of the following individual minerals, all T

values listed by Hunt [1950] are compared to all values»determined by ATR.

ATR~powder;speetra1~values—aref}istedfonf%heftopgiine;fovaiues?afegbﬁA-
the next line; ATR sleb values, when listed are on the thira 1ine.b_
Spectral values at the saﬁe pbsition are corresponding absofption bands
fér the different methods; those_valﬁes that have no counterpaft in the
Other‘method are on separate positions.’ Letters'immediately.following
the numbers indicate the smount of abébrptioﬁ [s = strong, m = moderate,
w = weak, v = veryl; those following a hyphen describe.appéarance of bénd
[sp = sharp, sd = shoulder, b =fbfoad]. A11 spectré1 values are in

microns.
HEMATITE = FezOs

. ATR slab.sPectrum.was totally without definite aﬁsorption_band 5;

Only by comparing slab and powder spéctra éan the indications of sabsorp-

tion bands be identified in slabs. - ATR was considerably more sensitive

than T. ATR bands at 11.46 and l3.83 were complefely‘absent-in T. The
- hydroxide ion is characterizéd by a sharp band in the region 2.70-2.85.
The absence of this band ihdicates a,probébleAabsenée of hydration of the
oxide.  Theipresen§e of & band.near 11.35 indicates the possible presence
of 0-0 stretching that would not be 05"2 nor 0571, because both would be
IR inactive. _Most metal to oxygen bond stretchiﬁg occurs in the range
20-25, which is beyond the range of the Model 21. Fe[III] and O stretch-
ing frequency is 23. A thorough Study of bonding in binary compounds of
© metal with non-metal should include the far IR.

7.008 10.30s © 11.46m 113.8%m
7,05 ©10,20s
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 PYRITE - FeSa

. Pyrite was totally devoid of ATR meaningfull signal in the ?owder;

Anofattempt7was;made$oh;théfslab1 'E—haafa4s$rong4twin4band—atf9f7?énd 9.9+

Nakemoto [1963] listsvno‘value for Fe-S. The T values listed for HéS and
HoS2, ﬁhich could have formed during the water settling stage in the T
procedﬁre, are‘sufficiehtiy remévédifrom the spectral values as to be un-
likely. Nyquistv[l971} hés’no sbeétrﬁm for FeSz. There is strong possi-
5ility fha£ the T spectrum ié mislabeled for another compoﬁnd. Only T
bands are listed.

9.7s'  9.9s o 10.95w o 12.6w
GALENA  PbS

Galena showed only a very weak peak at 15.05; this was just as:
evident in the slab as in ATR powder; T did not show this. The dnly
correlation with T was the absence of all moderate or'strong bands.
Nakamoto does not quote PB-S, and Nyquist.has no spectrum for PbS.

. ' | ‘15.05w

6.9w . 9.50w  11.50w g

QUARTZ  Si0s

Excepting'fof the absence of weak peaks at less than 9, ATR
powder resembles T very'closely. It is interesting that Sio4_4 has two

vibrational frequencies close to those in the quartz spectrup, 12.50 and

9.52. -
| 9.40s 12.60s
501W 5'38w 5'6w 5-95W 602W 8-6W 9.203 10-95W 12.52m
12.91s ] 1, 4ém 15. oow T
12.82n b ko
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CHERT . 8102 [impure] -

The.general'resemblanCé of ATR powder spectra for chert is fair, -

- but not as good as for quartz. This‘is to be expected; quartz is pure

and chert can vary in its impuritiesI

- _ j 7.000 9.50s 11.07s-b
5.1w  5.38w - 5.6w  5.95w 6.2w 8f6w 9.20s o
12,58s  12.90s  13.90i-b 14 60w

12.52m 12.82m | 1. k2w
OPAL  510z.nHz0

ATR and T‘powder épectra are quite similar, indiéating a.pro-
bable specific type and amount of hydrafion, The tﬁin peaks near 12715
in quartz and chert have blended into oné,_and theAband'at 14.6 has disap-
peared. . . | _ |
| 8.65w  9.50s 10. 17w-sd 12.80m 15.02w
6.1w - 9.20s 10.50w 12.55m

AGATE  Si0>  [impure]

Agate, or banded chalcedony, has extraordinarily strong ATR bands
ranging from over-balanced above 100% to boﬁtoming-out at 0% at two posi-
tions.  One band of such strength is not unusual, but two such bands

occur with nb other spectrum. T spectra were not available.

9.50s-b 12.78s 14.&8;fsp .. 15.00w
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FLINT Si0s  [impure]

Flint and agate have exceptionally similar sﬁeétra; the ohly

- fundamental difference is the feilure of flint to have total transparency

between the three major bands. No T spectrea were available. .
8.70m-sd = 9.70s-b  12.80s - 14.50m-sp - 15.00w
. CAICITE = . CaCOg

The spectrum of calcite was one of the very few with any ATR sen-
sitivity at 0.5-T7. Slabs had greater than average response, but not
throughout the spectrum. Correlation with T is very good, with ATR powder
having the greater sensitivity in the middle range.
5.60w  6.85w T.12s- T.68w 8.07w 10.50w 11l.47m " 11.81w 14.10m-sp

5.58w . ’ 6.95s . ' 11.40s  11.80w 14.02m

N D e D S ML Y S W v TS = L W . S S s W w0 G0V TR G G T S P T G b e G B TS L W SIS N WS W G D G WS G D G e W W e e A O G R AR Sw W W o

1450w 15.03w
ARAGONITE  CaCOs

Many of the soft and brittle minerals cannot successfully be
slabbed; aragonite is one of them.

The differences between calcite and aragénite spectra are due to
differences in crystalline struéture. |

5.63w 6.88s 11.72s 14.10m-sp " 1k4.35m-sp
L.,02w 5,58w 6.95s 11.40m .02 14.30w
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ARGILIACEOUS LIMESTONE  CaCOs

"Argillaceous ILimestone Standard Reference Material" powder from

the National Bureau of Standards has very fine particle size. There is
- some indicetion that fine particle size increases the signal, especially
at short wave-lengths.

No T values were available.

2. 91w-sd, 3 L3y-sd, 3. 99w-sd, b.3Tw-5d, 5. OSw-sd, 5, 58w-sp, 5.T6w~sp,6. l}w
7.10s-b, 8. OOw-sd, 8.67w. sd, 9. 25m-sd, 9.71s-b, 11.50s-sp, 11 83w—sp,

12.58m, 12.90m. 13. 82w-sd, 14,11s-sp, 14.4Ow-sd.
MAGNESITE  MgCOs.
There is very close correlatlon between ATR and T.

7.05s-b  9.9m-b  1l.hk3s-sp - 1l. "(Ow-sd 13.hhs-sp
L., 00w 5.52w 6.90s - 99m . 11.25s 11. 70w 13.33m .

RHODOCHROSTTE ~ MnCOs

ATR end T spectfa are similer with one major exception; the domin-
ant band at 9.92 with ATR is totally missing with T.
L 6.35w—sd T.13s-b  T.50w-sd  Q.Mbw-sd  9.63w-sd
I, 05w 5.58w . T Os

9.92s-sp 11.62s~ ~-Sp 13. 83m -sp 15. 9;W ---------------
11.50m 11.95w 13.72m

CERRUS ITE FbCOs

Cerrusite yields a considerably different spectrum from reagent
gréde.lead carbonate examined via T by Miller [1952]'in the form of a

Nujol mull.
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6.10w~b  6.98w-b  8.70m-sda 9.45s<b 12;65m-sd' 12.95m  1k4.S5km
o Telvs . o ' : 13.6w

. G P 3 B S S P WD S GU D . T T S S L T S D G0 e O R ED G e W Gy S N A T D Gt G S GE M ER R TS D WS WD M D W R s wp AP N S W W e W

15.00w-sd 15.18w-sd

DOLOMITE CaMg[COa]é

"Dolomitic Limestone Standard‘Reference Material No. 88A" powder
from NBS had ;irtually the same ATR spectrum as that of dolomite powdered
by the writer. One notable additicn by NBS sample.was the.sharp_band at -
_5.76. éomparisoh of specfra gave iess‘distortiqn of ATR from T with NBS
sample than with other dolomitic samples. | o
.. S.T6w-sp . 6.15w 6.92s-sp T.50w-sd . 8.12w 9.56m-b,

4, Ow 5.52w o 6.9s 5w - 9.8w

11.39s-5p 11.75w-sd 12.30w-sd  13.25w-sd  13.78m-sp

GYPSUM  CaSO4*2Ha0

Although the three major bands in ATR and T were comparable, the
general agreement of the spectra were not really close. T spectrum for
CaS04 anhydrous was also available. Comparing the two T with ATR sug-
gested that the drying procesg in T sample preparation caused partial'de-

hydration of the gypsum.
BARITE  BaSO,

ATR and T were quite comparable, but T showed more detail. T
listed a moderate band at 15.70; at the end of the ATR spectrum [15.50]
there was definite indication that there would be strong band in' the

vicinity of 15.70.
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- 6.97Tm T.lhw-sd | 8.06w-sd  9.50s-b. 10.22w .
" 6,80m © T.55w 9.2 - 10.26m -~ 11.30w
15.02w - o
12, 75w 15.70m

IIMENTTE FeTiOs -

Ilmenite has only one broad ébSorption.band in the T-15.5.

Correlation of ATR with T is fair.

10.48m-b
10.0m
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i Chapter 9

CONCLUSION

The spectfa_of films and of powder were excellénf. They were . -
oftén more sensigi#e in the 7‘15.5.micfoh range thanHtraﬁéﬁiséi&niépéééféj'
' the>reverse was txue ip the O.S-f miqfon iaﬁge. . o

All but one of eight unknowﬁs were positively identified and semi-
quéntiﬁatively analyzed; the eighth was tentatively ideﬁtified. ' |

Because ihorganic compounds.typically have bonding between heavier
atoms than organic compounds, a better fingerpriht of inorganic spectra
would be at longer wave-lengths. Inasmuch as KﬁS-S pl#tes are trans- -
pareht to 25 microns, an excellent ATR spectrum fange for minerals would
be 6-25 microns;.

The attainment of significant slab spébtra was essentially a
failure. There were %ufficient successes, however, fo'cause optimism
for some future>projéct. vIt is believed that some combination-—Qwith
very flat, polished slabs of uniform thiékﬁéss; with é redesign of the
sample holder to‘allow uniform and increased pressure, with an insoluble
IR transparent liquid on the surface'of the slab and of the same re-
fractive index as the.plate, with & simple system for melting and re-
casting plates to obtain high polish, or with reflector plates of harder
material---the éystem éould be successful.,

The future of ATR is bright. It is a simple system that gives
highly relisble results with no chemical complications. Use would be

considerably more extensive if the system were easily balanced and if the

o7




plates were of more durable material.
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APPENDIX




LIST OF SPECTRA OF MINERAIS BY ATR

i

NAME OF MINERAL [S = slab, P = powder] - SPECTRUM Mo
HemBEIte « « o v o v b e e e e e e e e e . 1
PUTIEE v v o v o et e e e e e e e e e e e 2
Galena ..o« o o . A
Quaftz e e e e e e e e e e e e e ; .
Chert o v e e .‘. e e e e e e e e e e

| Opal . oo u . R
Agate T .

Flint ¢ 8 & o o ¢ o l’ . LI ] 'A *® o o s l‘ * o & 2 & o e

W © =N O\ v

CalCi'te & & & & * ¢ 0 ‘o‘ * & o6 ¢ & 9 & @ b5 e & ¢ © * o

Aragonite . ... I T 10
Argillaceous LimeStone - o « o o o o o o 0 o 0 o 4 0 0 n
 Magnesite . ¢ . o .‘. e e e e e e e s e e e e e e e 12
RhOAOCHTOSIEE o o o ¢ o o o o o o s o o o s o o o o o « 13
Cerrusite . + . . . ¢ e .\. e e ; c e e e e Ve e 14
Dolomitic Limestone « « ¢« « « & & » . . . .‘. .« o : 15
"GYPSWH  » e e o o s o b s o ; e v s 2 e e e e e s e .16
Barite « v 0 v 0 e 0 s e e e e s 4 v e e e 7

lenenite ’ - ® L] . . L] * » . » . . [ ] L] L] L L ] * ® L] . L ] L] . 18
wollastenite . L IR ] . . L] L] * . L4 - . *» * . * . L I . L] N 19
Phosphate ROCK v o o o 4 o o o 0 0 o s o 0 0 0 o 4 o o 20°

Serpentine L3 . L3N . . L . . . L] L . ® L] . . o‘ . ° . ’ ) 21 .

62
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.~ NAME OF MINERAL - S ~ SPECTRUM NO.

Talc ‘0 =4 ® ® LN o @ L ® L] . * ® e @ . L4 .. ° L] ® L] . - N B 22

.Augite | L] *» .0 . Ll . b. L4 L] ® * . . ) . o ® L] * . . ® L] . L] ' . 23

Tremolite e e e e e e e e e e e e ; o« o e s ; j oo

' :Olivine' I I R 25
Actinolite .+ v 4 4w a a4 .. e e 26
BIBItE v v e v e e e e e .-..} e 27

NeDHELite o o v o o o o o o 6 o o o s o o o b0 o o s o 28

Feldspar —« o v ¢ o o ¢ v v 0 v 0 0 0 0 o s e e e e _ 29
MUSCOVAEE o v v o o o e b e e e e e e e e e ; . B 30
MUSCOVIBE v v o o o o v v v o o 4 0 b e 0 o0 e e a 51
Topaz A .V. . 32
BIOLILE 4 v e e e e e e e e e e e e e 53
Hormblende  « « v o o v e e e e e e e e B
CKAOLINIbe 4 e e e e e e e Ce . 35
Hovlite . . . e e e 36
Borosilicate G1lass « « « 4 o o 4 o e e e v e 37

Unknown No. 1, "Petrified Mud" v ¢ « ¢ o o o o o o o & 38
Unknown No. 2, "Plymouth Rock" . .‘.'. C e ae e 39
Unknown No. 3, "éreen Rockﬁ' v.v. R S A 4o
Unknown-No. L, "Meteorite” v v v e e b e b e e e ha
Unknown No. 5, "Wyoming Jade" e e e e e e e e e e Lo
Unknown No. 6, "Apache Rock" « & ¢ 4 o 0 o o o o o o 43
Unknown No: T, "Green Quartz" ~ . . . e i by

© Unknown No. 8, "Gray and Yellow Rock" e e e T ks
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