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‘Infrared Sample Preparatlon Tec

ICOLECIA R CrnnThn.
EMIL W.

Or, It's Not the Same Old Grind

recently recdived a bundle in
the mail from the editor of
this fine joumal that con-
tained many comment cards from
readers. [ was quite pleased to
discover that I seemed to have
touched a positive nerve with my
“primer” drticles that have ap-
peared during the past six months
or so. My goal has always been
to offset other journals™ attitude
that “if you have to ask how a
technique works, you can’t possi-
bly understand it.” I had grown
of articles that assumed |
' all about a technique and
all prigs ork done with it. Per-
haps you, gentle readers, don't
mind such statements as “Build-
ing on the work of Smith and
Wesson (220—234). we pro-,
ceeded to . . . but I really don’t
have time to look up endless ref-
erences while reading an article
for general knowledge.

That brings us to the topic of
this month's column. When [ was
teaching in college, I observed an-
organic chemistry teacher show-
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ample preparation at Pittcon
. the carly 1970s. 1'would like to
share what [ leamed there and in
the lab dunng thei mtervcnmg 20
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IR SAMPLE PREPARATION Thclight_beamisinuoducedsothat continue to grind. The pamclc size
Infrared (IR) is the miost versatile it “grazes” the samplé at  critical must be reduced before the sample -
" spectrometric method for structure angle, creating a sawtooth pattern mnbclubncated.lusmrlyun-
clucidation — — if used corecdy. If through the cell. The beam im- possxblctogrmdasamplewhﬂelt
we remember thit the energies are . pinges on the sample once witha is sliding all over the mortar, :
low and the extinction coefficients shorter cell 'or many times with a - When the paste is placed on the
 relatively high, much of what Iam longer cell (a frustrated multiple in- salt plates, use as little force or Iat-
discussing will make sense. The ma- temal reflection optical flat), Be- eral motion as possible. Even in its
joity of sample preparation tech- cause the IR beam doesn’t penetrate fmclygmundsm:.d\esamplexs
niques in IR are designed to dilute very deeply into the sample, dilu- merely a suspension of particles.
the sample; for example, a mull, tions are not needed. This mix makes a fine abrasive. Un- |
KBrpellet,ﬂunﬁhn(plamor One consequence of this is that l&sywhavcanunlmutedsupply
- A’I‘R).oradduuonmahqmdcell. dlcopucalﬂatmaybethesxdcor ofsaltplam(’mwhlchase.send
'I'hilﬁms.'l'hefasmtsample bottom of a chemical reactor, This me some, please); care musthe _
preparation technique is simp| . allows a reaction to be followed taken at this step. Clearly, this tech-
toplaccadropothmdsamplcbe- without withdrawing samples. An- nique causes less chance of evapo-
tween two salt plates (KBr, AgCl, other use is to analyze coatingson - ration of the solvet, but loss of
' andsoon)andswemgendylf Ppaper, metal, or glass without the film contact with both plates should
this is done properly, the film has interfering spectrum of the matrix be prevented as well. (Edge effects,
enough surface teasion to hold the on which the sample is coated. and all that, you know.)
plates together. Various attach- Some precautions are in order, Of course, you might guess that
ments from reputable companies Fusundforemost,dnedepdnof the mincral oil has a considerable
(see annual product guides for ex- penctration will vary with wave- spectrum of its own, being a hydro-
amples) allow thin films to be intro- length. This could cause problems  carbon of high molecular weight.
duced into the light beam. if you are using a set of standards The C-H peaks are off the chart. A
Cauuonshouldbcusedtopre— dcvclopodonpuresunplmdlrough second spectrum of the unknown
veat air from getting back into the another technique. A computer must be taken using a solvent with
sample after it has been compress- swdwsuallyconsustsofpwkm- " no C-H peaks to speak of, such as
ed.’l‘bucbubblesmedgeef- tens:tymnos lnA'I‘R,themnos o, 'lhepomonsoﬂhemw~
fects and popsible fringe effects . - , diff ... - fra that are “solventless™ are thety <
along’sébasqu Care should also. ‘ ‘ lems '-coﬁibmed.'lhxshtdcfwlsm
:bctahnioavoidcvapormonof mmnhmnvemk(forwh&nmr : umeslostmmelmiofdlsoowy
volatdcsampl&&mcuohngetfea IR is the preferred mode of analy- . Potassummerm
of evaporation may-cause conden: - sas).whmnuosdouldbeu'uly Myfavomesampleplepuanon
 sation and create water peaks in the .skewed if wavelengths used for techmquclstheKBrpcllct.lnlﬁts
spectrum or cloud the salt plates, - quantification aré relatively far method, 2 0.3%-0.5% solid sotn-
: Evapomuonomﬂd also cause adis- apart in the spectrum. However, if - nonofﬂneo:gamcsmplemdmd
pmpomonauonofmatmalsma . 'pm:txonsaretakm.dnslsagrmt .potmumbmmndelspxepned.'ﬂlc
mixture by concentrating the less téchnique, twomamalsmgmundtoaﬁnq
volatile ones. Mineral oil mulls. Arclatively  powder either in a mortar and:pestle
Attenuated total reﬂectanee simple sampling method for softer (agate, again) or in a small sigin- .
{ATR).: 'ﬂuslsastmpleandelegant organic samples is a mull. The less-steel or plastic coniainer using
nmhodtocmateashonpadnlcngth proper approach is to use an agate hardballsofﬂlcsamemma?md ]
wuthomdfsuoymgmesamplc The - nuurmdpesde(small.ofeoutsc) a reciprocal motion (a vi ibeating™ .
cell usually consists of a trapezoidal  Place a few milligrams of the sam- zruxerswmstobed\cnmhodof
pnsmof[R-ﬂ'ansparen(matcnal . ple into the mortar and grind it until choice).
The sample (liquid or solid) is it looks like a thin film. At this The mixture lsthenpouredwoﬂ
... Placed on one or both paralle! faces. point, add a drop of mineral oil and peuetpmssconﬂsungoft:m“pus»
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tons™ in a smooth, cylindrical
chamber. Pressure of up to 25,000
psi is then applied (under a vacuum,
whenever possible, to remove sol-
vents) for varying amounts of time.
The pistons are removed and the
pellet popped out and placed in a
holder (some hand-tightened dies
allow analysts to place the pellet in
the sample beam while it is still in
the holder). In most cases, a clear
pelletis produced. However, sev-
eral major faults may appear. I'll
treat them by their appearance.

‘The first problem appears as a
white, transhucent pellet. You may
have used too much sample. If the
pellet is more than, say, 1-2 mm
thick, you probably should regrind
and remake it with less material.
For “quick and dirty” scans, you
could probably get away with the
first pellet, but you may well lose
fine details because of the lack of
transmitted light.

The second problem I call the
half-moon. The pellet displays a
half-moon shape (or “Cheshire-cat”
smile). This is simply due to the
fact that you poured the powder
down one side of the die. (You can
assure yourself of this by measuring
the thickness of both the clear and
opaque sides.) Again, regrind and
remake.

A third problem is the freckled
look. Tiny but distinct spots are ap-
parent throughout the pellet. This
arises from insufficient grinding.
‘The sample may be used, but a
sloping bascline will be most obvi-
-ous between 4000-3000 cm™!. (This
phenomenon also appears in mulls
— a good diagnostic tool showing
that more grinding is required.)
Once more, regrind and remake.

Another common problem is one
I call chocolate chip cookies. The
spots in this case are larger than the
previous case, more like chips in a
cookie. They are caused by lack of
or insufficient vacuum during
pressing oc poorly dried KBr; that
is, the sample is wet. The extreme
form of this is seen when a per-
fectly thin pellet comes out of the
press cloudy. The water has been
dispersed throughout the entire
sample. You know the routine by
now.

General caveats. Beware of
cellulose peaks in an ATR of a
polymer on paper. The light may
penetrate just deep enough to “see™
the matrix. Another common prob-
lem is cross-contamination from
mortars. I didn’t specify agare mor-
tar and pestles because I own stock
in them; [ mentioned them because
they aren’t porous. Cheaper porce-
lain models can easily cross-conta-
minate your samples. They may be
easier to use, but “cheap is cheap.”

Another source of ghost peaks is
the use of polypropylene balls and
containers to grind the KBr and
sample. These obviate the need to
clean, but severely limit the grinding
time to between “poorly ground”
and “where the heck did these peaks
come from?” (1). The stainless-steel
containers and stainless-steel or
agate balls should be used for sensi-
tive work.

Sinusoidal waves may appear
and coincide with the spectrum.
These are most often caused by in-
ternal reflectance between two new
or repolished parallel salt windows.
1 used to eliminate the waves by
breathing on the windows to cause
micropitting (garlic acts as a cata-
lyst for this reaction, so don’t per-
form this feat after shrimp scampi).
These sine waves can even be used
to measure the true distance be-
tween windows, but that should be
covered in any good instrument
text.

Basically, analysts must remem-
ber that the spectrum will only be as
good as the effort put into the sam-
ple preparation. “No matter how
hurried you are, you will always
have time to do it right the second
time” (2).
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(1) Emil Ciurczak (the Elder) in a lecture
to his stubbom son, Emil W. (the
Lesser), Northern New Jersey, ca.
1961.

(2) Emil Ciurczak (the Elder), later in the
same lecture, regarding painting the
house, if 1 recall correctly.
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The elegant solution

There is true beauty in pure functionality. Thar’s
why the Philips PW 2400 sequential x-ray spec-
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