Bruker Tensor 27 FT-IR & OPUS Data Collection Program

(V 1.1)

Collecting a FT-IR Spectrum Using the Standard Pike ATR cell.
Here is a quickutlinefor what to do to collect an FIR using the standard Pike ATR cell.

1)
2)

3)
4)

5)

6)

7)

8)

9)

10) Basic Tab:Run your sample spectrum by clicking on |

Click on the Advaned Measurement icon:

Basic Tab:Check that the correct XPM
experiment file is being used. This will
usually be th&ensor27_ATR.xpm
experi ment
experiment file is loaded, reload the
Tensor27_ATR.xprexperiment file (or your
cugom XPM file) by clicking on the Load
button.

file. I f

. &

Measurement

ﬂ Basic IAdvanced] Optic ] Acquisition] FT ] Display] Eackground] Check Signa\]

s 0 PE"b %6 | e} e § s

Operator Hame: |George Stanley

Sample Name: |isopropano| [wash grade]

Sample Form: |F'ike single-bounce ZnSe ATH cell
Path: Dr:A\StanleysFTIR-datah

Filename: izopropanaol-test2

Basic Tab:Type in a description of your sample

AdvancedTab: Type in the name for the file

that your IR spectrum data will be stored in.

Make sure the path to YOUR directory is sef.

AdvancedTab: Checkthe resolution is set to
4 cml, background & sample scans = 16,
result spectrum = ATR spectrum.

Optic, Acquisition, and FT Tab&heck that
these settings are OK (see details later).

Check SignalCheck the IR intensityshould
be around 4808000 caints.

Basic Tab:Run your background with the
cell empty. After you click on the
| button the FTIR

Backaround Single Channel

u Basic Advanced l Optic ] Acquisit\on] FT I Display] Eackground] Check Signa\]

Experiment: Save Tensor27_ATH.xpm

Filename: |isopropanaltest?

Path: [D:%StanleysFTIR-datah

Resalution: |4 cm-l
Sample Scan Time: (16 Scans -
Background Scan Time: |16 Scans -

Save Data from: |4UDU om-1 ta: |?50 o

Result Spectum: |ATR Spectrum j
[~ Additional Data Treatment

Interferagram size: 14220 Paints FT size: 16 K

Data blocks to be saved
v ATR Spectrum
¥ Single Channel
™ Sample Interferogram

™ Phase Spectium
I Background
™ Background Interferagram

will start scanning the background. The progress of the scans is indicated in the bottom

middle of the screen_Easkaraund 2 'scans

Basic Tab:Add your sample to the cstal (see sampling details under Pike cell)

| button.

Sample Single Channel

The progress of the scans is indicated in the bottom middle of the s(ample 2 scans

Your spectrum (ATM corrected absorbance mode) should then disglaglly autoscales, but if

not click on the autoscale ico @ )
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Bruker Tensor 27 FT-IR & OPUS Data Collection Program

Tensor 27 FT-IR Introduction

The departmental FIR system is a Bruker Tensor 27 system (purchased 2004) and is located in
Choppin 704Figure 1) It is equipped with a room temperature DTGS detector;IRisource (4000
to 400 cmt, anda KBr beamsplitter. Maximum retution is 1 cmt. ThIS system is free to use. The
FT-IR software keeps a log of every user so there is No s § &
physical log to fill out. There is an identical Tensor 27 y
FT-IR system located in Choppin 616 mainly used by |
the Stanley group for catalytic stedi but available as
backup or for extended specialH studies.

This is a singldbeam instrument so it is very
important togenerallyrun a background spectrum ’
first!! The background will often be the empty cell, but
for solution spectra you shouldrrthe solvent as the
background. This is discussed in the data collection
section.

To use the FAIR in Choppin 702 you must first
ask Bob Zinn or Greg O06DEHT: BEREP DT R WCRYR or 1
to set up an account on the computer (Windows XP). They will also aetsgrname for you to login
to the OPUS FIR data collection program. See Bob or Greg for any general computer problems you
have with this systemYou are responsible for backing up all your data on a regular bdstsork
access instructions are prdedtowards the endf thisdocumenu nder A Comput er Net w

Once you have an account you should either get Prof. George Stanley (Choppi3414, 8
gstanley@Ilsu.edwor another student in your group familiar with thelIRTto check you outSee
Prof. Stanley if you have questions about the optical bench, sample cell, ortRes&ffware
program (OPUS).

Sample Cells

The standard sample cell in the-FR'is a Pike Miracle singleounce attenuated total reflectance
(ATR) cell equipped witla ZnSe single crystalZnSe absorbs strongly below 650-¢émnd data
should not be collected below this wavenumbBEme cell is shown in Figure 2(ayith closeups of
the top of the cell in Fig(®) showing the orange color of the ZnSe crystal spot woch the sample
lis placed. Fig2(c) shows the bottom of the crystal plate with the bulk of the ZnSe crystal that you do
not see.

(b)

Figure 2. (a) Pike Miracle ATR cell. (b) Close-up of the top sample plate with the ZnSe crystal
illuminated. The sample should cover the orange crystal surface. (c) bottom of the sample plate
showing the rest of the ZnSe crystal that the IR beam travels through.
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The ATR beam path for the cell and crystal is shown in Figure 3. The sample isgitacty
on the small crystal spot and the arm rotated over and turned
down to press the sample down onto the crystal face to get
better contact. The IR beam penetrates aboun®thto the
sample. If your sample is extremely strongly absorbing (e.g.,
carbon nanotubes) you will not get much oflR spectrum.

But thisZnSe ATRcelwor ks wel | f @nmganimo s
and inorganicamples.For extremely strongly absorbing
samples a Germanium crystal works better for ATRe don ot
have one)or your make a dilute KBr pellet or a thin film on

KBr.

The sample that is placed on the ATR crystal can be  Figure 3. IR beam path for Pike ATR cell.
solid, gel, liquid, or solution (neoorrosive, naturally). Since
it will be out in the air the sample needs to be oxygen and moisture stable-ferséive samples
read on). Yownly need enough sample to cover the crystal surface and, if a solid, enough for the
Aicrank down armodé to press the sample onto the
The ZnSe is fairly soft, sobecareuli t h Ahardodo solid sampl es.

The turning handle has a bdiitt clutchthat slips when enough downward force is appked,
you dondot h a voeertighteningio it alspswends out df the way at any point above the
crystal and ude#intdiptaeetalooheahe orystal surface or at the 90° away mark. If it
gets out of alignmerdskProf. Stanley to readjust it.

Figure 4 showspart ofthe sequence of events to measure a sample of plasti®raf(m).
First, measure a backgralispectrunwith nothing on the crystgtliscussed under the OPUS software
section)!! Then place the sample onto the crystal, movievee arm over so it snaps into place above
the crystal, then turn the top handle so the slightly concave stainledipspeesses the sample onto
the crystal face.

(@) (b)
Figure 4. (a) Placing plastic film on crystal surface (way too big, but OK). (b) Sample depressing arm has
been rotated over the crystal and turned down till the clutch slipped. Sample IR was then run.
For traditional solid samples, powdeverk best. Although one could place a large single crystal
of a compound directly onto the ZnSe crystal, mingkal crystals (hard) couldefinitely scratch up
the relatively soft ZnSe sampling crylstdlost organics and transition metal coordination
compounds/complexes are softer or have similar hardness to the ZnSe.

Gels can be smeared right onto the crysBa.especially carefidboutcleaning up gooey or gel
like samples.
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Liquid or Solution: A pure nonvolatile liquid can be placed directly onto the crystal for a
measurementThe sample pushing lever arm has a slight concave inner surface that will trap some
liquid againstthecrystal o it doesndt e v,doyibis reothirdighty Baittise s o qui
generallygood to lowetthe armto trap the liquid against the crystal surface.

For solutions or liquids that evaporate more quickly there is a liquid sampling accessory sitting
on top of the FAIR in a ziplock bag. Figure 5 showké sequence of photos for using this.

(b) (d)
Figure 5. (a) Three parts of the liquid sampling accessory. (b) Place disk with Teflon depression onto
sample plate, ZnSe crystal should be centered in the middle of the hole. (c) Screw on black outer ring to
press the Teflon portion tightly against the crystal rim. (d) Pure liquid: run background spectrum before
adding your sample, then add sample into the Teflon depression (just a drop), cover with brass plate to
minimize evaporation and run your sample spectrum. Solution: run background spectrum with your
solvent in the Teflon depression (just a drop) after covering with the brass plate, then use a Q-tip or Kimwip
to soak up the solvent and give it some time to dry. Then add your sample solution, cover with brass plate
to minimize evaporation and run your spectrum. Aqueous solutions are OK. NO strong acids or bases.

(a) =

Although the Teflon disk makes a pretty good seal against the base plate, there may be a bit of
leakage underneathd&p this in mind when cleaning up).

This cell is NOT very sensitive for samples in solution. You need fairly concentrated samples
(around 0.2 M) to get a sefreasonable spectrungome dilute sample solution spectra are shown
later undethe data colletion and scan time sectidrtheyare not very goadThose of you that
experiment with solutions with this Pike singdleunceATR cell, please provide me feedback and |
will include that here.

You can also use this liquid sampling accessory for saBdbe conical Teflon section is useful
for directing the solid sample onto the crystédbu would not use the brass cap for a solid sample.
Instead, crank the arpress tip down onto the solid to make sure it is pressed firmly against the crystal
surfae.

CLEAN-UP: It is very important to clean the cell surface well after you are done. There should
be a bottle of isopropyl alcohol, kimwips, aneti@s to the right of the optical bencRlease refill or
replace these from your own labs as they are ad up.

Acetone is OK for cleaning the callirfaceBUT it maytake the paint off the IRptical bench
and eat away at some of the plastics (note damage on computer daseélipT FORGET to clean
the bottom of the steel lever arm that pushes down onsgoaple!! If you use the liquid sampling
setup shown in Fig. 5, make sure that you clean the stastkssgTeflon disk well.
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Salt Plate/Pellet/IR card Holder: This is shown in Figure 6 and is
sitting on the shelf on top of the AR optical bench.The pellet/plate
holder is inserted (Fig. 6, bottom) but can be removed. This can allow
to insert other disposable 4€ard type sample holders such as screen, K
or polyethylendilm (Fig. 7).

4

REAL CRYSTAL™
Ais IR CARD

(PATENT PENDING)
Sample
DATE

SANRES m

T ey IR Cards
Disposable Substrates for
Qualitative IR Analysis

Patent Pending

Figure 6. (top) IR card-salt
plate holder and separate
Figure 7. IR screen (gooey samples), KBr real crystal, and poly- pellet holder.
ethylene sample cards. (bottom) assembled.

To switch cells one just needsmove the existingell by preseng the cell release lever located
at the right front of théase locking plate (Figure 8), tilt the front of the cell up and out of the front
locking plate, then remove the cell.

The new cell is inserted with the cell base plate
electronicsconnection pointed to the baokthe FFIR
cell locking system. Fit the back portion of the cell in
first with the front of the cell tilted up, then press down
and lock into place.

Most of the newer cells for the Tensor 27 have bas
plates with electnoics that uniquely identifies the cell to
the spectrometer. There is an automatic accessory
recognition (AAR) feature that can pl@ad reference
background spectra for a cell, set data collection =
parameters, and enable simple sample collection. This  Figure 8. Cell base plate unlocking lever.
AAR featureis not currentlyactivated but may be in the
future See Prof. Stanley and later sections in OPUS for more information.
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SpectraTech CircleATR Solution cell: This cell is shown in Figur@ and can be obtained
from Prof. Stanley. Althougt is an older technology it works well for solutions and small scale
reactions. The sample cell hag.a.cm long cylindrical ZnSe crystal rod. The IR beam bounces

(@) (b) 9%

Figure 9. (a) SpectraTech Circle micro-ATR solution cell. (b) close-up of removable ATR microcell.

through the rod resulting in multiple sampling points throughout the solution. Thiesalalume
neededs about0.5mL. The sample concentration in solution should be at ExastM. 100-200 mM
sample concentrations will give good specffaereoriginally was a thin metal plate tmverthe top

to limit solution evaporation. Thive is missing, but we can rig up some plastic to do the same job

Due to the longer IR beam pathlength through the crystal rod the more sensitive liquid nitrogen
(LN5) MCT (mercurycadmiumtelluride) IR detector needs to be used. The MCT detector edsitor
Choppin 616 with the other Tensor system and can be obtained from Prof. Stanley. Instructions for
using or filling the MCT detector with LjNare given in the next section on the-FRroptical bench.

SpectraTech High Pressure/Temp Circle ATR Solutin Reaction Cell: This is a 40 mL Parr
stainless steel mirautoclave with a hole drilled through it for a ZnSe ATR crystal rod. It can handle
gas pressures up to 1,500 psig (100 atm) and temperatures up to 208cimatic drawing and
photos are showin FigurelO.

/stirrer o

gas inlet

\ 27L/ thermocouple
>I- XXX x-x-x x- /ZrIC?yeS’t:TR
e

thermocouple port

(a) Heater ports (b) (C)
Figure 10. (a) Schematic drawing of high pressure circle rxn cell. (b) Photo of cell bottom mounted in holder. (c) Photo of
cell bottom along with the stirrer head piece, valves, thermocouple, and electronic pressure transducer.

This circle rxn cell is operated by a Pa85@autoclave process
controller shown in Figurell which can control and track the
temperature, stirring rate, and the pressure of thelawt along with
the pressure of aexternal high presse gasreservoir. A manual
pressure regulator is available with the external gas reservoir to deli
a constant pressure gas oOor gas
group has used this cell for studying hydroformylation catalysis by
monao and dnuclear rhodium conipxes. For their studies that focus

I [ oo
aon

#ni o R eEos

=

Figure 11. Parr controller for the
high pressure circle rxn cell.
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on the metatarbonyl band region (2260700 cmi, typically strong absorbances) metal complex
concentrationsf at least 3660 mMwere needetb get decent spectra of just the metabonyl
region

As with the regular solution circle ATR cell discussed above (very similar ATRaoédies),
the high sensitivity MCT detector must be used.

For more informatioron this system, see Prof. Stanley.

Air -Sensitive Samples:Collecting the FTIR of oxygen or moisture&ensitive samples can be
quite achallenge. Asmensi ti ve solution | R6s can-prdssuref ai rl vy
circle rxn ATR cell discussed above. A septum replaces the head assembly for ambient solution data.

A nujol mull of an airsensitive solid sample prepared in a glove box can be put between two
KBr plates and into a zip lock bag for transfer out of the glove box and to thie f6f use in the KBr
plate sample holder. The diffusion 0§ @r moisture into the ceer of the mull sandwiched between
the two plates is generally slow enough to obtain gootiR=3pectra on the central portion of the
plates.

For other aksensitive sampling methodsd special procedurese Prof. Stanley.

Tensor 27 Optical Bench

The Tensor 27 FIR optical bench has nexternalcontrols and is operated completely (aside
from the power switch on theabk) from the computer system. The optical path of the bench and
major components are shown in Figuge 1

Figure 12. Schematic of Tensor 27 optical bench, IR beam path, and major components. A = mid-IR
source, B = aperature wheel, C = filter wheel, D = exit port (not used), E = beamsplitter, F = switch mirror,
G = sample compartment window (KBr), G &= optional window (not present), H = sample holder/cell, | =
detector (DTGS standard).



