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Abstract

Climate varies naturally over broad temporal and spatial scales. By studying the natural variability
anthropogenic influences can be put into perspective. It is therefore with renewed interest that
researchers are assessing to what extent the climate of the past differed from today. A new
paleoclimate proxy, infrared spectroscopy, was investigated and the results of are presented for
species pine NM9a (one sample) growing in the high-altitude area of New Mexico. A procedural method
for scanning a tree core was created for experiment repeatability. A masking technique is defined to

focus the infrared radiation (IR) to the desired physical section of the tree core.

Introduction

Tree-rings as archives of paleoclimate information have several advantages over other natural
archives: they have wide geographical distribution, are easily accessible, provide accurate annual to
seasonal resolution, and absolutely dated chronologies now exist for the last 12,460 years (Friedrich et
al.,, 2004). Networks of tree-ring measurements exist for the last two millennia although replication
decreases back through time (Hughes, 2002). Trees in temperate zones act as excellent high-
resolution proxy archives and have proven critically important for evaluating the climate history of
regions with few and/or relatively short climate records and for documenting climate variability at multi-
centennial and millennial timescales (Briffa, 2000). Significant contributions to paleoclimatology within
the last decade have firmly established tree-rings as a valuable source of proxy data for evaluating
long-term climate variability/trends, and as useful tools for developing long-term records of extreme

climatic events (Briffa et al. 2004; Martinelli 2004).

The science of tree-ring dating, known as dendrochronology, uses the presence of annual rings in tree
stems to date precisely past events (i.e. climate, fire, insect outbreaks) (Fritts, 1976). New growth in
trees takes place in the vascular cambium by adding layers of cells to the sapwood surface (Fritts,

1976). Trees in temperate zones have annual periods of growth and dormancy related to cold weather



(Smith, 2008). In conifers, layers of relatively large, less dense, thin-walled cells (early wood) are laid
down early in the growing season and layers of narrower, denser cells, exhibiting thicker walls
(latewood) are laid down later in the growing season (Fritts, 1976; Schweingruber, 1988) (Figure 1.1).
The anatomical and color contrast between the early wood and latewood boundaries can be seen in a
stem cross section as a series of concentric tree-rings. Many species of trees in temperate zones

produce one growth ring each year, with the outer-most ring adjacent to the bark (Fritts, 1976).
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Figure 1. Successive tree-rings exhibiting early wood, latewood, and annual growth, also examples of
periods of low (narrow rings) and high (wide rings) growth.

The radial width of the rings varies from year to year, creating patterns of variation that are present
across different trees in a geographical region. For example, wider rings in high growth years and
narrower rings in poor growth years (Figure 1). This pattern can be visually matched (cross dated)
between trees to produce precisely dated tree-ring chronologies (Stokes and Smiley, 1968).
Dendroclimatology is a sub-discipline of dendrochronology and studies the relationships
between the annual growth of trees and climate (Fritts, 1976). Trees respond to climate, insect
predation, fire, and other environmental disturbances with corresponding changes in their annual
growth rings, a record is retained in tree-rings that can be examined using dendrochronological
techniques (Fritts, 1976). However, it is a tree’s ability to act as a natural archive at spatial scales of a
few hectares to hemispheres and temporal scales lasting from a few hours, such as an intense storm,
through decades of drought, to centuries of changed global atmospheric circulation that is unique
among natural archives (Hughes, 2002). Paleoclimatology uses the relationship between tree growth

and climate variability to reconstruct past climate; this is possible because the technique is based upon
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the assumption that the relationship between tree growth and climate forcing has remained unchanged
over recent millennia, this is known as the, “principle of uniformitarianism” (Lyell, 1837; Fritts, 1976;
Briffa et al., 1992). By measuring these characteristics in consecutive tree-rings it is possible to produce
annually resolved time series that are correlated to the climate of the growing season (Fritts, 1976;
Schweingruber, 1987; McCarroll et al., 2003). The dendroclimatic study of the relationship between
tree-ring growth and climate is primarily empirical; instrumental data of climate variables and tree
growth are calibrated and verified over a common period, this relationship is then used to estimate
climatic variables prior to the instrumental period and reconstruct past climate (Fritts, 1976; Briffa et al.,
1995). The strengths of dendroclimatology are the accuracy and precision with which tree-rings are
measured; rigorously calibrated and tested against instrumental records on a spatial scale and to an
extent that is unique among natural archives (Hughes, 2002). For example, the first sub continental
network of tree-ring width series mapped seasonal temperature, precipitation, and sea-level pressure
back to AD 1602 (Fritts, 1971; LaMarche and Fritts, 1971; Fritts 1991). Tree-ring paleoclimate
reconstructions utilize a wide range of physical and chemical proxies; including radial growth, maximum
latewood density, stable isotopes, and reflected light image analysis (Sheppard et al., 1996; Briffa et al.,
2002a & b; McCarroll et al., 2002; McCarroll and Loader, 2004; Grudd, 2007). Recent paleoclimate
reconstructions have utilized tree-rings, taking advantage of the wide range of sites and species
available to contribute to our understanding of the Earth’s temperature history (Jones et al. 1998, Mann
et al., 1998; Mann et al 1999; Crowley and Lowery, 2000; Huang et al., 2000; Briffa et al., 2001; Esper
et al., 2002; Mann and Jones, 2003; Moberg et al., 2005; Oerlemans, 2005; Hegerl et al., 2006).

The primary objective of this project is to search tree ring samples for their Infrared spectral qualities
related to water content. We studied the use of infrared spectroscopy with tree ring samples and

developed a method of operation.



Literature Review

Electromagnetic Radiation and Fourier Transform Infrared (FTIR) Spectroscopy
When studying the physics of radiation or light, one sometimes needs to consider that it is
composed of photons or tiny light particles; at other times, one needs to consider that light is composed

of waves.
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Figure 2. Radiation is measured on the electromagnetic spectrum [20]. The energy increases to the right.

This paper focuses on the infrared radiation (IR) effects on tree rings.

FTIR spectroscopy is a non-invasive technique that bounces and measures infrared radiation off
a sample. The radiation is measured by a sensor, which categorizes the light into reflected,

transmitted, or absorbed (see Figure 3).
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Figure 3. The path difference among reflection, absorption, and transmission of the incoming radiation as

explained by photons, which are tiny light particles. The sample can be anything solid, liquid or gas; the



sample is a solid tree core for the experiments in this paper.

The question of what proportions of the light is reflected/transmitted/absorbed is answered by
the Fourier transform mathematical process performed internally by the FTIR spectrometer. The user
may select the format in which to view results. The formats can include percent absorbance, percent
reflectance, and percent transmittance among others. The user selects the FTIR spectrometer IR

radiation range (see Table 1).

Table 1. Characteristics of the IR spectrum as explained by light waves. Wavenumber is proportional to
electromagnetic energy and inversely proportional to wavelength. FTIR spectrometers usually offer a

range of around five thousand wavenumbers for convenience.

Name Abbreviation Wavelength (nm) Wavenumber (cm?)
Near-infrared NIR, IR-A 750 — 1400 13333 - 7143
Short-wavelength infrared | SWIR, IR-B 1400 - 3000 7143 — 3333
Mid-wavelength Infrared | MWIR, IR-C 3000 — 8000 3333 -1250
Long-wavelength Infrared | LWIR, IR-C 8000 - 15000 1250 — 666
Far-infrared FIR 15000 - 1000000 666 — 10

Generally, IR spectrometers work with wavenumbers since they’re proportional to energy and
are also more convenient numbers than wavelength or frequency. There is a need to facilitate
comparisons among prior researchers’ spectral data, since they vary widely (data is reported in all the
three modes: percent transmittance, reflectance, and absorbance).

A simplifying assumption to read spectral data graphs is in place. All incoming radiation onto a

sample is either sent away (reflected) or taken in (absorbed or transmitted),

R + T =100 percent (eq. 1)

where R is reflection and T is transmission. This presumes that the sample is NOT transparent (light
does not travel through). Another assumption allows the inverted reading of a spectral graph: the
sample reflects more than 50% of the incoming light. Thus, a “peak” in percent reflectance graph

corresponds to a “dip” in percent absorbance graph.



All matter is composed of chemical bonds, whether they be single, double, triple, or other.
Infrared radiation causes vibrations in these bonds, and these vibrational modes are known as
stretching and bending. A tree core absorbs certain wavenumbers according to its chemical makeup:
matter yields a spectral fingerprint in the infrared! This fingerprint region is, for organic matter,
generally in the range of 1450 - 600 cm™ [21].

The wavenumber range 4000 - 1450 cm™ is higher in energy and can usually be attributed to
stretching vibrations of common diatomic molecular bonds. It's known as the group frequency region
(see Table 2).

Table 2. Assignments of infrared absorption wavenumber ranges. If the tree core yields a spectral peak
in one of these wavenumber ranges, it corresponds to stretching or bending of specific elemental bonds
within the tree core. Group frequency is the region that denotes common diatomic molecules while the
fingerprint region differs amongst samples. For example, the group frequency denotes whether a dog is
small, medium, or large while the fingerprint region characterizes the fur texture and colors to distinguish

between breeds.

Bonding Spectral Vibrational Bond Type Possible Wavenumber
Elements Region Effect Compound Range (cm™)
Name(s)

OtoH group stretching single water 3700 - 3000
frequency

NtoH group stretching single various 3700 - 3000
frequency

CtoH group stretching single various 3100 - 2800
frequency

various fingerprint bending and/or | various various 1450 - 600

stretching
CtoO fingerprint stretching various alcohols 1250 - 970

FTIR Research in Wood

Table 3. A timeline of research for infrared measurements in wood.

Year Authors Description of Experiment
2001 L.R. Schimleck and Used NIR spectroscopy to categorize Eucalyptus tree
coworkers [9] wood by its density, longitudinal modulus of elasticity,

and other features

2001 Peter Rosen and Used NIR spectroscopy to aid in restructuring




coworkers [12]

Sweden’s climate history of last 9300 years

coworkers [15]

2002 Rupert Wimmer and Used X-ray SilviScan method to rescale wood density
coworkers [22] markers; expanded time scale
2004 Carmen Boeriu and Characterized three types of lignin with FTIR
coworkers [3] spectroscopy
2011 Z. Li and coworkers [2] Extracted alpha-cellulose from tree spline; used FTIR
spectroscopy among other methods to determine
isotopic variations for 3!°C and 30 among tree rings
2011 Bjorn Jelle and coworkers | Examined responses of building epoxies to extreme
[13] climate change using FTIR spectroscopy
2012 Peter Niemz and Listed IR spectroscopy as dependable measurement
coworkers [1] for humidity and chemical analysis of impurities
2012 A. Alves and coworkers Defined an NIR partial least squares regression model
[11] that predicted wood density in two tree species
2013 Jun Hu and coworkers [4] Identified structural characteristics of two types of lignin
using thermogravimetric FTIR
2013 W.M. He and coworkers [6] | Predicted cellulose content of various woods with FTIR
spectroscopy
2014 Shan-Shan Chang and Noted structural differences between tension wood and
coworkers [16] opposite wood of poplar trees with FTIR spectroscopy
2014 Rodica Pena and Discovered spectral signature of fungi in the roots of
coworkers [18] various deciduous trees with FTIR spectroscopy
2015 X. Sun Li and coworkers Established NIR spectroscopy as viable method of
[7] measuring hemicellulose, cellulose, and lignin in
bamboo tree
2015 Mohamed Traore and Differentiated the FTIR spectra for wood submerged in

water versus wood above ground

Lignin, a complex polymer present in the secondary cell walls of plants, yields a spectral

signature characterized by the work of Boeriu and coworkers [3]. Lignin’s importance to plants conflicts

with its importance to the forestry industry; it is the “glue” that helps hold tree branches together yet

impedes a factory’s ability to produce paper. Lignin is thus removed from trees and repurposed.

Table 4. A short summary of the findings of Boeriu and coworkers. The wavenumber absorbance peaks

indicate presence of lignin in different types of trees. The hardwoods include maple, birch, and poplar

while the softwoods include Kraft lignin [3].




Wavenumber (cm™)

Lignin Presence in Hardwood

Lignin Presence in Softwood

817 Yes yes
1038 Yes yes
1220 Yes yes
1462 Yes yes
1514 Yes yes
1610 Yes yes
1717 Yes no

2845 Yes no

Every compound yields a different spectral signature; therefore, IR is used to characterize many

traits and properties. Traore and coworkers differentiate the spectral signatures of lignin and

carbohydrates within archaeological wood samples (see Table 5). The two wood samples originate

from Spain. The results of the FTIR-ATR (attenuated total reflectance, an average spectrum of a

surface) experiments are compared against pyrolysis theories.

Table 5. A summary of FTIR-ATR tree ring results of two types of wood: a softwood (pine) that is above

ground, and a hardwood (oak) that is under water. Success is achieved when the FTIR spectra and the

pyrolysis theory agree with each other [15].

Wood Description

beam from nave of cathedral

underwater shipwreck

wood type

Pine

oak

FTIR response

higher spectral signal for
carbohydrates

higher spectral signal for lignin

pyrolysis confirmation

due to the wood’s exposure to air,
lignin is oxidized therefore
carbohydrates dominate

due to the wood’s submergence
under water, the carbohydrates get
hydrolyzed and lignin dominates

FTIR measurements are subject to errors, one of which includes the presence in the tree core of

false rings. False rings are intra-annual bands of wood which are darker than the wood around it [8].




Marchand and Filion’s research is based on a drought period; the formation of false rings usually
happens when there are unusual alternations from a dry to wet year. This could mean that one year
has heavy rain from, say, an El Nino, and the next year has a very low amount of rain and may appear
to be a drought. Other physical conditions such as air pollution could affect how the rings form. Eighty

percent of their findings contain at least one false ring.

IR measurements as an index for wood density are applied in the paper industry. Schimleck,
and coworkers use IR to measure wood density of trees [9], [10]. The IR range is 1100 - 2500
nanometers or 9090 - 4000 wavenumbers. IR spectra for sixty-nine, single-species pine and one
hundred single-species eucalyptus tree samples are compared against x-ray diffraction calibrations. X-
ray diffraction, like FTIR spectroscopy, is also a non-invasive radiation measurement technique. It uses
higher-energy light waves and is less safe than IR radiation is to humans. Soft and hard wood density

markers are achieved, and IR is carefully proven effective to measure density.

There are periods throughout time where there were no instruments to establish a climate data
but tree rings can help discover paleoclimatic records of those regions. Paleoclimate is a climate that is
prevalent and important throughout a geological past. It is possible to see how climate affects tree rings

based on their wood density and thickness of latewood.

Methods

Wood Sample

A softwood pine tree originating from the high-altitude areas of New Mexico is chosen for its
numerous and conveniently thicker earlywood rings.

Section 1
(youngest) Section 2 (mid-age) Section 3 (oldest)

ring #s 14 -132 ring #s 132 - 272

AT TR AR VORI ‘

ring#s1-13
Figure 4. The NM9A pine tree originates from the high-altitude areas of New Mexico. The core’s rings are

numbered strategically to facilitate data analysis.



The pine tree sample is sanded and has a smooth surface, which increases the FTIR

spectrometer’s accuracy.

Instrumentation

Attenuated Total Reflection (ATR) Spectroscopy

The Thermo-Nicolet model 4700 Fourier Transform Infrared Radiation Attenuated Total
Reflection (FTIR-ATR) machine employs electromagnetic radiation at mid- to far- IR wavenumbers of
400 to 4000 inverse centimeters (about 25000 to 2500 nanometers in wavelength).

ATR is a mathematical scanning technique which enables samples to be examined directly in
the solid or liquid state without further preparation. This method takes an average of the spectra across
the tree core sample space. The instrument’s sample space is a 0.085-inch (2.159 mm) square zinc
selenide semiconductor crystal. An average IR reflection is acquired over the area of this crystal. A
detailed description of the ATR radiation paths for the instrument is in Appendix A.

It is important to develop a standard operation procedure to conduct a reparative study.
Appendix B describes the standard operating procedure for scanning the tree core sample without a

mask.

Microscope

The spectroscope has a microscope attachment that collects IR reflection or transmission data.
The microscope is not appropriate now for the tree core samples since it requires a sample with high
reflectivity or transparency. The tree core samples must be sanded or ground down to an extremely flat
surface, which is possible if the experiment has more time. Another option is to use samples that are
thin enough for visible light to pass through them. There are no samples of this type available, thus the

method is untested.

Initial Tests and Assumptions

The initial ATR spectroscopy tests of the wood sample involve setting the tree core down on the
FTIR-ATR machine and scanning one tree ring at a time: a late wood ring and an early wood ring (see
Figure 5).
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Figure 5. The early wood or late wood ring is chosen by hand to completely cover the ZnSe crystal.

Recall that the crystal is only .085 inches (2.159 mm) square, so this scanning method has the potential to

produce overlapping results.

There are a few spectral trends that are consistent with the tree core sample at a visual level.
The early wood is more reflective than the late wood, and this is consistent as the early wood appears

lighter in color (see Figure 6).
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Figure 6. The IR spectrum of the tree core sample using ATR method in percent reflectance mode. The
spectral noise (shakiness between 4000 — 3500 cm™) is likely due to water vapor in the air inside the
instrument. The broad dip at wavenumbers 3000 — 3500 indicate water inside the wood sample.

Wavenumbers 817, 1038, and 1220 — 1276 indicate presence of lignin (according to Table 4).

The experimental plots use percent reflectance versus electromagnetic wavenumber. Any

reflectance number higher than 100 indicates extra noise in the sample/machine interface.



A problem with this sampling method is the limitation of the crystal size. If a tree ring is smaller
than the crystal, the sample sections may overlap. While this may be undone analytically, the
processing and sample density required to achieve this proves to be too time-consuming. Thus, it is
essential to develop an alternative method.

Masking Method and Results

A hypothesis is that masking may be used to isolate a smaller sample area from the rest of the
tree core. The chosen mask width is 1 mm, which is smaller than the ZnSe crystal's 2.159 mm width.
This allows scanning the tree core along its length in 1-mm increments. The spectral data is then

spatially defined.

Tree core

nSe crysta

FTIR
spectrometer

]

Figure 7. A mask with a1 mm-wide slot is placed in between the tree core and the ZnSe crystal. This

allows scanning the tree core along its length in 1-mm increments.

Masking media are explored. The requirement of the medium be that it is thin enough to allow
the tree core sample to get very close (within .1 mm) to the crystal. Three readily-available materials
include plastic sheet, rubber sheet, and metal foil. Paper is ruled out due to its similarity to the tree

core. Figure 8 shows spectra of these materials.



Test of Various Thin Film Masking Materials
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Figure 8. Spectra are taken of various thin film materials alone. The instances of percent reflectance
exceeding 100% are due to oversaturating the crystal. This does not influence the location of the peaks.
Aluminum foil has potential to be a good mask due to its higher average percent reflectance evidenced by

a lack of sharp spectral peaks.

Rubber and plastic have their own spectral peaks in the 400 — 1500 cm™ range that are
signature to their makeup. However, aluminum foil presents little or no spectral peaks on its own due to
its high reflectivity. Further testing shows the aluminum foil's ability to mask the tree core. The plastic
and rubber do not mask well since these materials are unable to be cut accurately to maintain a

specifically-sized hole for masking.

Aluminum foil is chosen as the masking material, and tests are done to determine what shape
hole must be cut. A long narrow hole seems to allow spectra to pass through. A pinhole (~.2 mm
diameter) cannot allow spectra accurately due to fraying. There may exist a minimum size for the light

to pass through to properly take a spectrum of a sample.



Penetration of Aluminum Foil by Wood
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Figure 9. The logarithm of the inverse of reflectance spectra of an aluminum-masked tree core against an

unmasked tree core. The red and blue (flatter lines) represent wood completely blocked by the mask. The
yellow and purple lines are unmasked wood.
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Figure 10. The spectra of the aluminum-masked tree core at 8.0 and 8.1 cm away from the bark. The

orange line potentially represents an early wood ring, since it has a lower log 1/R value.

The aluminum mask performs as it should, removing spectral signals behind it. Figure 9 has
some peak shifting around the 2300 cm™ section. There is also a peak at around 1000 cm?, which we
believe to be attributed to silica dust left behind by the sandpaper during the tree core preparation

stage.

The aluminum hole/slit size of 1 mm yields a low signal strength of the tree core. This requires
a slightly longer scan time (setting on the FTIR machine) than ideal to resolve the data. If the slit size
increases, the signal strength gets stronger, but the spatial resolution drops. This is caused by the
phenomenon that the spectra become an average of a larger area. If the slit size reduces, the spatial
resolution increases and allows the scanning of individual rings more easily. However, the signal

strength becomes so low that there is little or no data to work with.

A discussion of possible methods for optimization is necessary. One option is to use a thinner
mask. A thinner mask allows the sample to get closer to the crystal and increases signal strength. This

may allow for a smaller slit to be used without loss of data. Another option is to mathematically analyze



the spectra. The latter option would be extremely difficult and time consuming, requiring very accurate
scans of each section.

Another option is to use an untreated and plane-cut sample. The sample would no longer have
a spectral peak due to the presence of silica from the sand paper. Also, the signal might be stronger as
the tree core would be completely untreated and raw.

The ATR section of the FTIR machine is very sensitive to its sample surfaces. The consistency
of the aluminum slit size is enhanced using a custom-made ATR fitting (Figure 11) that holds the
aluminum mask. This fitting ensures minimal movement of the aluminum foil mask. It is custom-built
from scratch so its dimensions match the ATR arm to fit snugly. It also facilitates shifting of the wood

sample, which reduces total scan time.

Figure 11. The aluminum ATR fitting attaches to the ATR arm and holds the aluminum foil mask steady.

Measurements of the tree core are facilitated.

Conclusions and Future Goals

A further set of tests to determine the effects of the optical properties of the opening itself was
not as conclusive as we would have liked and requires more spectral scans. A method for producing

consistent thin slits is desired.

The overall exploratory IR scanning concludes successfully and points towards possibilities of

using this methodology for development of a climate proxy. In Figure 12, we demonstrate a scan of a



tree core across the IR spectra. The individual tree rings of the core were examined and the reflectivity
information is shown.

Intensity of Reflected Light v Position v Wavenumber

section 1
(youngest)
rings 1-13

section 2

(mid-age)

rings 14-
132

Position (mm)

500 1000 1500 2000 2500 3000 3500
Wavenumber (cm'1)

Figure 12. A color plot of the spatial scans of the aluminum-masked tree core, which is lined up to the
approximate scale with which measurements are taken (bark is the top of section 1). Yellow areas on the
graph represent higher intensity reflection, while green-blue areas are lower intensity. Pure blue
represents data gaps. Alternation in intensities is seen between positions 65 — 100; this correctly
represents the difference between early wood and late wood (one is darker). By assigning red-green-blue

colors to intensities, one could more easily track specific wavenumbers and potentially relate them to
climate.
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Figure 13D.

Figures 13 A through D represent unmasked spectra of individual tree rings compared to standard white
20 Ib. copy paper. The graph legend indicates EW for early wood and LW for late wood. EW 5 and LW 6
are adjacent, young tree rings while EW 269 and LW 270 are adjacent, old tree rings. Figure 13A gives the
entire FTIR machine’s range of spectra, while the others zoom in for closer views. Lignin is described as
having a peak at around 1038 cm, so Figure 13D gives the closest look at this region.



This study focuses on the development of a standard operations protocol for IR scanning of tree
cores. The appendices in this report provide a procedural baseline and guidance for future research We
believe that with that developed procedure we can now explore various climatic signals and answer
some of the following questions: Why some tree rings are narrower than others, what the wavenumbers
corresponding to ring widths are, what the differences between older and younger rings are, are there

wavenumbers that do not appear in some rings?
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Appendix A: How Attenuated total reflection (ATR) works
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Figure A-1. Thermo-Fisher’'s schematic of the Thermo-Nicolet 4700 FTIR ATR machine internals.

The wood core sample is placed on top of the sample holder. The light path is as follows:
1. Light from IR source is collected and sent to beam splitter
2. IR lightis split and laser light is introduced
a. One path goes into Interferometry Arm
b.  One Path continues to Sample Compartment
Light passing into Sample Compartment interacts with the wood core sample
Light comes out of the experiment box
Detector picks up both signals

Software constructs interferogram based on phase difference

N o o bk~ w

Software performs Fourier Transform to achieve final data representation
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Figure A-2. Top and side views of the user-visible sample holder. The crystal to wood core size is nearly

to scale.

Figure A-3. The light bounces through the crystal on right, allowing for the wood core sample to respond.



Appendix B: Standard Operating Procedure: Scan Tree Core without a
Mask

Initial Setup

1. Power on the ATR (see figure B-1)

Figure B-1. The Thermo-Nicolet 4700 FTIR ATR machine’s power switch location

Log onto the computer; password is physics123

Open OMNIC program (might need to close, then reopen)

Select Experiment: Smart Golden Gate Accessory, ZnSe Lenses, GldGtzn.exp
Wait for System Status to turn green (top right corner)

Select Expt Set

o ok~ wDd

a. Collecttab

i. Type number of scans 64

ii. Choose resolution 2

ii. Final format: % reflectance

iv. Correction: none

v. Uncheck boxes:
1. Automatic atmospheric suppression
2. Preview data collection
3. Use transmittance data during preview
4

Use fixed Y-axis limits in collect window



5. Save automatically

6. Save interferograms
vi. Select Collect background after 60 minutes
vii. Experiment Title: type a short name of sample

viii. Experiment Description: type a short description if desired

b. Bench tab
Parameter Value
Sample compartment Main
Detector DTGS KBr
Beam splitter KBr
Source IR
Accessory Smart Golden Gate
Window None
Recommended Range 4000 - 400

c. Quality tab: set all sensitivities to medium (50)

Max Range limit

(type desired

wavenumber)

Min range limit

(type desired

wavenumber)
Gain: 8 Autogain
Optical velocity 0.6329
Aperture 100
Sample shuttle (uncheck)

Uncheck single beam and tone

d. Advanced tab

i
ii.
iii.
iv.

V.

Zero filling: none

Apodization: Happ-Genzel
Phase correction: Mertz
Checkmark in Set sample spacing based on spectral range, sample spacing 2.0

Checkmark in Set filters based on velocity, low pass filter: 11000, high pass filter:



200

vi. Uncheck Single-sided interferogram

vii. Uncheck Reset bench at start of collection

viii. Set zeros in Automatic blanking of regions

7. Calibrate the ATR: obtain background spectra
a. Lift ATR arm

i. Retract knob (turn counterclockwise; turning too far will remove knob)
ii. Undo latch (lightly press down, then turn counterclockwise)

iii. ATR arm will now raise (see Figure B-2)

Figure B-2. The ATR arm in the closed position. To open: retract knob, undo latch, raise
ATR arm.

b. Select Col Bkg (collect background), then OK to collect spectra of the background air
c. Background collection stops; choose yes for Add to Window (for comparisons)

Loading the tree core

8. Raise ATR arm and set tree core flat side down onto crystal

i. Setolder ring on top side of crystal (closest to the wall, see Figure B-3)

Wall
ATR
Machine g
WP

Scanning .
Crystal

Tree core
flat side,
“fuzzy” edge is older

Figure B-3. This view looks down at the scanning crystal on the Sample Holder. Note that some rings will

be thinner than the crystal (0.085 in or 2.159 mm). Place the tree core flat side down onto the crystal,



aligning with the desired ring to be scanned.
ii. Cover entire crystal to reduce spectral quality errors
a. Lower ATR arm and turn plunger clockwise (just tight enough so fingers slide off knob —
too tight will damage tree core)
b. Select Col Smp (collect sample)
i.  Type a specific name, for example:
1. LW_6_2017_02_22 corresponds to a latewood ring #6 on Feb 22, 2017
(today’s date)
2. LS _1mminc_1mmSS_15 corresponds to a 1-mm increment spatial scan
ii. Click OK
c. Sample collection stops after about one minute
i.  Ifthere are spectral quality errors, the following step is optional:
ii. Tighten ATR arm slightly and repeat steps 8a — 8b
iii.  Otherwise, click Add to Window; the spectral graph appears red
9. Save the spectra
a. Folder C:\Users\physics\Desktop\FT_IR User Spectra\ATR Spectra HRC create a folder
named with current date YYYY_MM_DD
b. Save as CSV file

i. File - Save - Set Filename to Title

ii. Save as type: CSV Text
c. Optional: save as Spectra file .SPA, usually only necessary when the data doesn’t need
to leave the OMNIC software
Plotting Spectra in Matlab

10. Create a folder with today’s date in the computer's MATLAB file
11. Copy and paste the desired CSV files into the folder and rename them numerically, starting with
1
a. Create a separate table to keep track of the file renaming scheme
b. Be careful not to rename the original files; only copies are placed into MATLAB file
12. Direct MATLAB to the desired folder
13. Open the Spectra .m file and click Run

14. Multiple spectra are outputted on Reflectance versus Wavelength



	Abstract
	Introduction
	Literature Review

	Methods
	Wood Sample
	Instrumentation
	Attenuated Total Reflection (ATR) Spectroscopy
	Microscope

	Initial Tests and Assumptions
	Masking Method and Results

	Conclusions and Future Goals
	References
	Appendix A: How Attenuated total reflection (ATR) works

	Appendix B: Standard Operating Procedure: Scan Tree Core without a Mask

