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1.0  INTRODUCTION  

The Far-Infrared beamline at the Canadian Light Source (CLS) is dedicated to high 

resolution spectroscopy, in the 5-1000 cm-1 region (10ï2000 ȉm; 0.6ï25 meV; 0.3ï30 

THz). The term high resolution may refer to either high spectral resolution or it may refer 
to high spatial resolution. In general  high spectral resolution is more relevant for gas 

phase studies and high spatial resolution is more appropriate for use when studying 
condensed phase samples.  

Currently, the Far-Infrared beamline is being commissioned for use as a high spectral 

resolution beamline. While high spatial resolution abilities will be added in the future , this 
report will  focus almost entirely on high resolution gas phase spectroscopy.  

Previously only limited work has been done at various synchrotrons (MaxLab, Lure, Lund 
and Paris) on using synchrotron radiation to achieve very high spectral resolution in the 

infrared region. Therefore there is virtually no precedent to the work being done on the 

Far-Infrared beamline. The Far-Infrared beamline at the CLS is the first user facility to  
offer this type of capability . (However, several facilities in Europe and Australia are 

expected to have similar capabilities in the very near future).  

Due to the fact that the instrumentation on the Far -Infrared beamline is capable of 

operating effectively without the benefit of the synchrotron by using its own internal 
thermal sources, the most important commissioning criteria is the comparison between 

the performance of the beamline with and without the synchrotron radiation.  

Through-out this report reference will be made to a large numb er of spectra collected at 
the Far-Infrared beamline. In order to avoid the need to constantly state the details of 

the collection parameters, in this document, all of the parameters have been listed in 
Appendix 1. They will be referred to by a number in the following manner {#} the 

number within the brackets  referring to the entry number in A ppendix 1.  

2.0  INSTRUMENTATION  

2.1  BEAMLINE VACUUM  

Figure 1 shows a 3 dimensional representation of the Far-Infrared beamline. The area to 
the left of the diamond window (DW) is the ultra high vacuum region (UHV) while the 

rest is the rough vacuum (RV) region. The typical pressures ranges for the regions are 
9.0 × 10-10 to 7.0 × 10-9 and 18.0 × 10-3 to 7.0 × 10-3 torr respectively. The UHV and RV 

sections are separated by a 20 mm diameter, 0.5 mm thick  diamond window. Upstream 
from the window there is a gate valve to afford the high vacuum region a further degree 

of protection. The RV section is connected to the IFS 125 HR spectrometer; another gate 

valve allows the spectrometer to be separated from the RV section so that the IFS 125 
HR can be purged with nitrogen to allow maintenance or for modifications  (for example 

changing beamsplitters). The storage ring is protected by a safety interlock system (SIS) 
in both the UHV and RV sections; the SIS will be triggered, shutting the g ate valves if the 

pressure rises too quickly or above a pre-determined threshold level. It  is important to 

note that the g ate valve upstream from the diamond window should be opened prior to 
injection into the storage ring and remain open, as opening  or closing it may dump the 

beam. With the exception of the  gate valve separating the RV region from the IFS 125 
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HR, only the beamline scientist is permitted to alter the vacuum system controls.  

 
Figure 1-  Comput er Model of the Far - IR bea mline  

2.2  BEAMLINE OPTICS  

The ñbeamlineò which directs synchrotron radiation from the storage ring to the IFS 125 
HR spectrometer consists of 8 mirrors (M1ïM8), 1 Diamond window (DW) and 2 

retractable copper targets (T1 and T2).  

 

Table 1 List of optical elements used at the far - infrared beamline. Mirrors are 
either planar or ellipsoids, A diamond window (DW) separates the UHV from 

the RV sections. The two retractable copper targets (T) are used as alignment 
aids.   

Label  
Optical 

Element  

Length 

mm  

Width 

mm  

R1 mm 

A 
Major  

R2 mm 

B 
Minor  

Ratio  
Source 

mm  

Image 

mm  

M1 Planar 62 73      

M2 Ellipsoid 202 112 2055.5 1449.3 1.16 2211 1900 

T1 Target 150 75      

DW Window ű=20  0.5      

M3 Planar 182 122      

M4 Ellipsoid 272 162 2464.0 1742.3 1 2464 2464 

M5 Planar 160 90      

T2 Target 75 50      

M6 Ellipsoid 362 210 2298.0 1532.0 2.32 3064 1532 

M7 Planar 194 112      

M8 Planar ű=75        

 

The layout of the optical elements can be seen in Figure 1 and a list of the characteristics 
of each element can be found in Table 1. M1 has a 6 mm slot cut into it to allow high 
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energy photons to pass through to an absorber, this design is based on one used at 

BESSY [1]. The position of the M1 mirror can be adjusted thanks to three motors. M2, 
M4 and M6 are ellipsoid mirrors and each have six separate motors for use in adjusting 

their position. The planar M5 and M6 mirrors are also controlled by the same type of six 
motor systems. However, M3 is a fixed planar mirror and M8 which is located within the 

source compartment of the IFS 125 HR spectrometer can only have its horizontal and 

vertical tilts adjusted, which is achieved via 2 manual knobs. The only mirror that can be 
adjusted by users is the M8 mirror. The computerized motor control system which allows  

the adjustment of M1, M2, M4, M5, M6, and M7 may only be accessed by the beamline 
scientist. It is very important at all adjustments be recorded in the beamline log book.  

2.3  SPECTROMETER 

The Far-Infrared beamline is equipped with a Bruker IFS 125 HR spectrometer (shown in 
Figure 2). The IFS 125HR has a maximum optical path difference of 9.4m, which allows it 

to achieve resolutions better than 0.0009 6 cm-1.  

 
Figure 2-  Picture of the Far - Infrared Beamline at the CLS, the Bruker IFS 12 5 

HR Spectrometer and the 2 meter multi -pass gas cell.  

  

Aside from synchrotron radiation the IFS 125 HR is equipped with several other light 

sources including a Globar, a mercury (Hg) lamp and a tungsten halogen lamp. Several 
interchangeable beamsplitters are available allowing the IFS 125 HR to access several 
distinct spectral ranges 75 µm Mylar (~ 12ï35 cm-1), 6 µm Mylar (~ 30ï360 cm-1), Ge/KBr 

(~400ï4800 cm-1) and CaF2 (~ 1850ï20000 cm-1). The IFS 125 HR has been equipped 

with a wide range of detectors. Tw o liquid nitrogen cooled MCT detectors are available, 
one wide band which is covers the ~ 450ï10000 cm-1 region and a narrow band MCT 

which only covers the ~750ï10000 cm-1 region but is more sensitive. One liquid nitrogen 
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cooled InSb detector sensitive in the 1850ï10000 cm-1 range. Two very sensitive liquid 

helium cooled detectors are available; a Ge:Cu detector for the 330ï1900 cm-1 region, 
and a Si bolometer which is sensitive in the 10ï370 cm-1 region. Finally, two room 

temperature DTGS detectors are available: one with a KRS5 window for use in the 100ï
3000 cm-1 range and one with a polyethylene window for detection in the 15 ï700 cm-1 

range. 

2.4  SAMPLE CELLS 

Two sample cells are available for use, the choice of which depends on the nature of the 

sample. The first cell is a 30 cm multi -pass cell capable of reaching path lengths of up to 
10 meters. (See Figure 3) In general this cell is meant for use at room temperature. 

However, recently it has been shown through the careful use of heating tape 
experiments at temperatures moderately above room temperature are possible (< 100ęC). 

The second is a 2 meter multi -pass cell capable of pathlengths up to 100 meters (visible 

in Figure 2). The later cell can be cooled to temperatures of below 200 K. Both cells can 
be equipped with either KBr or polypropylene windows.  

 
Figure 3-  30 cm multi -pass gas cell.  

3.0  BEAMLINE P ERFORMANCE 

The performance goals for commissioning the Far-Infrare d beamline have been laid out 
by the commissioning beamline team, in the ñFar Infrared Beamline, Canadian Light 

Source Beamline Commissioning Planò (BCP). The BCP plan states that the parameter of 

importance is the signal to noise ratio (S/N) of spectra collected using the synchrotron 
compared to the S/N of the same spectra collected using a conventional thermal source. 

The goal being to achieve a S/N at least three times greater than can be achieved using 
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the thermal source using the synchrotron. Since this S/N will not be a single number but 

will vary depending on frequency and resolution,  the BCP outlines 3 spectra regions for 
testing, 150-250 cm-1, 500-700 cm-1 and 800 cm-1-100 cm-1. Spectral resolutions outlined 

by the BCP are 0.005 and 0.002 cm-1; in the 150-250 cm-1 region 0.00096 cm-1 is added. 
The approved molecules for commissioning studies are CO (Carbon Monoxide), CO2 

(Carbon Dioxide), N2O (Nitrous Oxide) and CH2CHCHO (acrolein). Ultimately, the BCP 

recommends that the beamline should be considered operational when the S/N ratio of 
spectra collected using the synchrotron (SR) source exceed those of the from the Globar 

source by a factor of 3 in two of the  three spectral regions. This document concentrates 
on spectra at 0.002 cm-1 resolution. For this document N2O is used as the test sample for 

the 500-700 cm-1 and 800 cm-1-100 cm-1 regions and acrolein for the 150-250 cm-1 
region.  

3.1  CALIBRATION  

Because Fourier Transform instruments like the Bruker IFS 125 HR use a frequency 
stabilized laser to track the movement of the interferometer, generally calibration is not 

needed. However minor alignment issues can cause very small shifts in the spectrum, 
which can be observed. When high frequency accuracy is needed it is advisable to collect 

spectra of a well known standard for comparison. 
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Figure 4-  Comparison of 226 N 2O transition frequencies from the N IST 

Physi cal Data Reference [2 ] to peak position determined from data at the CLS 

Far- Infrared beamline  at 0.00096 cm -1 resol ution (details in {1 } and {2}) .  
The bottom trace shows the relationship between the literature and observed 

values, while the top trace show s the deviation between said values.   
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It is important to note that there are relatively few molecules which are known to this 

degree of accuracy, in the regions that are of interest for the Far -Infrared beamline, OCS 
and N2O are the most notable examples. 

Figure 4 shows the agreement between the literature frequencies of selected N2O 
transitions from the NIST Physical Data Reference [2] and observed values from data 

collected at the CLS Far-Infrared beamline with 0.00096 cm -1 resolution, details are listed 

in {1} and {2}. The average deviation between the observed and literature data is 
0.000427 cm-1 and the largest deviation is 0.000731 cm -1. These values are within an 

acceptable range. 

3.2  SIGNAL INTENSITY  

The usefulness of the far-infrared beamline will ultim ately be determined by how it 

compares to traditional thermal sources. The signal intensity will vary depending on the 
frequency, the most efficient way of determining this is to collect a single beam spectrum 

without any sample in place. For this purpose lower resolution spectra are acceptable.  

  
Figure 5-  (Bottom) Spectra collected with t he IFS 125 HR spectrometer at 4 

cm -1 resolution, with the following sources : synchrotron (Red, upper);  Hg 

Lamp ( Orange, lower ) and G lobar ( Blue , middle )  (collection parameters in 
{3}, {4} and {5} respectively) . (Top) Ratio o f the signal strength for the 

synchrotron  source over the Hg Lamp (Dark green , lower ) or Globar (Light 
green , upper ) .  

 

In order to get information for the range between 35 an d 350 cm-1 using the synchrotron 
source, the Globar source, and the Hg Lamp, the parameters listed in {3}, {4} and {5} 

respectively were used with a 2 mm aperture . The resulting spectra are shown in the 
lower panel of Figure 5. It is evident that the synch rotron source offers significantly more 

signal than either the Hg lamp or the Globar source.  

0

10

20

30

40

50

60

100 200 300
0

1

2

3

4

5

6

7

8

 

 

In
te

n
s
it
y
 (

a
rb

it
ra

ry
 u

n
it
s
)

Frequency (cm
-1
)

S
R

/T
S

 

 

 

 



 

 
[Date-YYYY-MMM-DD]  Far-Infrared Beamline Commissioning Report Page 7 

 

Figure 6-  (Bottom) Spectra collected with the IFS 125 HR spectrometer at 4 
cm -1 resolutio n, with the following sources synchrotron (Red , upper ) and 

Globar ( Blue, lower ) (collection parameters in {64} and {65 } respectively). 

(Top) Ratio o f the signal strength for t he synchrotron source over the G lobar 
(Green).   

 
Figure 7-  (Bottom) Spectra collected with the IFS 1 25 HR spectrometer at 4 

cm -1 resolutio n, with the following sources synchrotron (Red , upper ) and 
Globar ( Blue , lower ) (collection parameters in {6} and {7} respectively). 

(Top) Ratio o f the signal strength for the synchrotron  source ov er the G lobar 

(Green) .    
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It is also important to note that the Hg lamp offers more intensity than the Globar 

source. The top panel of Figure 5 shows the ratios of the signal provided by the 
synchrotron source and the other two sources. 

The synchrotron sources signal intensity ranges between ~9 and ~23 times that of the 
Hg lamp. When compared to the Globar, the synchrotron signal strength can be shown 

to be up to ~50 times stronger. Based on this increased signal intensity the advantage of 

the synchrotron in the 35 -350 cm-1 region is clear. 

To get single beam spectra in the between 335 and 535 cm -1 the parameters listed in 

{64} and {65} were used  (1.3 mm aperture) . The results are shown in Figure 6. As can 
be seen in Figure 6 the synchrotron offers signal intensity between ~7 an d 13 times 

what is produced by using the Globar.  Similarly single beam spectra of the 450-1000 
cm-1 region are shown the bottom panel of Figure 7 . Using the instrumental setup 

described in {6} and {7}  (1.3 mm aperture) , single beam spectra were collected using 

the synchrotron source and the Globar source. Clearly, the signal intensity is much higher 
for the  synchrotron source than for the Globar. The top panel of Figure 7 shows the 

ratios of the signal provided by the synchrotron  source and the Globar. The synchrotron 
sources signal intensity ranges between ~2.6 and ~12 times that of the Hg lamp. It is 

therefore evident that there is a significant signal advantage when using the synchrotron 

source. However this advantage decreases significantly with increasing frequency. 

3.3  RESOLUTION  

Resolution is nominally a function of the reciprocal of the optical path difference, by this 
criterion the nominal maximum resolution as already stated is 0.00096 cm-1. However, 

the true resolving power of the instrument can only be measured by looking at line 

widths.  Spectra have been collected using the Far-Infrared beamline which to the 
authorôs knowledge are among the highest ever recorded using a commercial FT-IR. Dr. 

Appadoo and Dr. McKellar recorded spectra where line widths of 0.0007 cm-1 have been 
resolved. [3]    

3.4  SPOT SIZE  

Since the far-infrared beamline is currently not setup to take achieve high spatial 
resolution, spot size is not in itself an imperative parameter. However, it is still extremely 

important due to  the effect of aperture size, since smaller apertures are required for 
higher resolutions. Figure 8 show how the intensity o f the signal derived from the 

synchrotron source varies with aperture size, at different frequencies.  

   
Table 2- Results of fit of intensity versus aperture size to equation 1.  

Frequency (cm-1) a1 a2 xo (mm)  R2 

451 0.043±0.004  0.0265±0.00035  0.64±0.05  0.977 

500 0.12±0.01  0.066±0.001  0.58±0.06  0.967 

600 0.19±0.02  0.099±0.001  0.53±0.05  0.967 

700 0.21±0.0 3 0.106±0.00 2 0.48±0.05  0.964 

800 0.21±0.03  0.097±0.001  0.45±0.05  0.961 

900 0.21±0.03  0.094±0.001  0.42±0.04  0.962 

1000 0.19±0.02  0.085±0.001  0.41±0.04  0.966 
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The resulting values for the intensity versus aperture can be fit to the following equation  

            )/exp(21 oxxaaI éééééééééééééééé(1) 

where I is the signal intensity in arbitrary units a 1 and a2 are variables x is the aperture 
size in millimeters and xo is a variable that can be considered an estimate of the beam 

diameter [4]. The fits to this equat ion are shown as red lines in Figure 8.The results of 
the fits are shown in Table 2. Not surprisingly the estimate of the beam size (x o) varies 

from 0.41 mm to 0.64 mm as the frequency is reduced. This is likely due to the 

difference in the way the various  wavelengths travel through the beamline. Furthermore 
it is gratifying to note the a 1 and a2 parameter are fairly constant save for outliers for 451 

and 500 cm-1 in a1 and 451 and 700 cm-1 in a2. The relevance of this is unclear at 
present. 
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Figure 8-  Plot of signal intensity versus aperture size using  data from an 
averages of ten spectra collected with varying apertures and the synchrotron 

source (detailed collection parameters given in {8} -{23} inclusive. Each color 
represents a different frequency at which measurements were taken 451 cm -1 

(Black), 500 cm -1 (Red), 600 cm -1 (Green), 700 cm -1 (Blue), 800 cm -1 (Purple), 

900 cm -1 (Orange) and 1000 cm -1 (Violet) . The red lines are fits to an 
exponential equation (see text) (8 -23)  

3.5  SI GNAL/NOISE  

The signal to noise ratio (S/R), is the most important parameter for the commissioning of 

the Far-Infrared beamline. Beyond the d ifferent sources (synchrotron, Globar, Hg Lamp 

etc.) a number of other parameters will affect the S/N, including resolut ion, aperture size 
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and spectral region. It is important to note that data acquisition time (for equal S/N) 

varies inversely as the square of the S/N. So, for example, an increase of a factor of 3 in 
S/N yields a 9-fold reduction in acquisition time.  

It can be very difficult to get reliable estimates of S/N at high resolution because often 
the linewidths of the spectral lines are on the same order as the noise. Therefore, S/N is 

estimated herein by looking at single beam spectra of empty cells. Furthermore, the S/N 

is calculated in 0.2 cm-1 steps across a given spectrum, because otherwise fringing 
caused by windows and/or optical filters, which is often present in these spectra, will be 

treated as noise, which is not appropriate. The bottom panels of F igures 9-11 and 14ï22, 
show the signal to noise plotted against frequency for different frequency ranges, 

resolutions and instrumental setups. In each case data for both the synchrotron source 
and at least one thermal source is given. The ratio of these is shown in the top panels. In 

all cases the data has been smoothed using the Savitzky-Golay algorithm, with a 2 nd 

order polynomial function and 25 points to either side of the point in question. The data 
has been arranged into three regions purely based on the beamsplitter/detector 

combinations being needed to access said regions.  Since the synchrotron beam is well 
focused on the aperture, an increase in aperture size does not offer as large an increase 

in signal as it does for thermal sources which are less focused. Hence, in general the 

synchrotron will offer a greater S/N advantage for higher resolution work due to the need 
for smaller apertures. The effect of frequency on the S/N advantage offered by the 

synchrotron source is due to two competing factors. As has been shown in Section 3.2, 
the signal advantage offered by the synchrotron source increases at lower frequencies, 

however, the synchrotron source is also affected by low frequency noise more than the 
thermal sources. This is at least partially due to the  longer path the synchrotron radiation 

must follow to reach the spectrometer. The practical result of this is that as one goes to 

lower energy the synchrotron source gains in signal advantage over the thermal sources, 
while the thermal source gains noise advantage; overall S/N advantage is essentially due 

to the weighting of these competin g effects at a given frequency.  

3.5.1  35ï350 cm -1 Region  

The 35ï350 cm-1 region is covered using a Si Bolometer and a 6 µm beamsplitter. The Si 

bolometer is more responsive using slower scanning rates, offering its best sensitivity 
when using a scan rate of 5 kHz. (The Bruker spectrometer measures mirror scan 

velocity in terms of He-Ne laser (628 nm) fringe rate.)  Unfortunately, using a low scan 
rate shifts the low frequency nois e from which the synchrotron suffers into the spectral 

region of interest, which is detrimental to the S/N. It has been found that a scan rate of 

30 kHz offers the best compromise between detector sensitivity and shifting the noise 
away from regions of int erest. However, the Hg Lamp does not suffer as badly from low 

frequency noise and therefore achieves better S/N if the 5 kHz scan rate is used.  In 
Figures 9, 10 and 11 the S/N for single beam spectra collected using the synchrotron 

source at 30 kHz are compared to the S/N of spectra collected using the Hg Lamp with 

scan rates of both 30 kHz and 5 kHz.  Figure 9 shows this comparison for spectra 
collected at 0.00096 cm-1 resolution. The details of the collections are given in {50}, {51} 

and {52}.  It is cle ar that the synchrotron source maintains a very large advantage over 
the Hg lamp when the 30 kHz scan rate is used. However, when compared to spectra 

collected with Hg lamp and a scan rate of 5kHz the synchrotron doesnôt start to have any 
advantage until 120 cm-1, above this frequency the S/N advantage enjoyed by the 

synchrotron source fluctuates, at times being reduced to 1 or less and at times being 

greater the 3 times. It is not until over 270 cm -1 that the synchrotron maintains a S/N 
advantage over the Hg lamp using a 5 kHz scan rate, reliably greater than 3 times.  
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Figure 9-  Signal  to noise comparison for the 35 to 350  cm -1 region  at 0.00096 
cm -1. Bottom: S/N plotted  against frequency  (see text for details) synchrotron  

source  singl e beam spectrum collected at 30 kHz  (Red) {50 } , Hg lamp source 

singl e beam spectrum collected at 30 kHz  (Blue){51 }, 5 k Hz (Orange ) {52 } . 
Top: Ratio of synchrotron  S/N collected at 30 k Hz to Hg l amp collected  at 30 

kHz (Red) and  5 k Hz (Orange ). The gree n line  indicates where this ratio is 3 , 
the black  line  1.  

 
Figure 10 - Signal to noise comparison for the 35 to 350 cm -1 region at 0.002 

cm -1. Bottom: S/N plotted against frequency  (see text for details) synchrotron  
source singl e be am spectrum collected at 30 kHz  (Red){53}, Hg lamp source 

singl e beam spectrum collected at 30 kHz  (Blue){ 54}, 5 k Hz (Orange){55}. 

Top: Ratio of synchrotron  S/N collected at 30 k Hz to Hg l amp collected at 30 
kHz (Red) and 5 k Hz (Orange ). The green  line  ind icates where this ratio is 3 , 

the black  line  1.  
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Figure 11 - Signal to noise comparison for the 35 to 350 cm -1 region at 0.005  

cm -1. Bottom: S/N plotted against frequency  (see text for details) synchrotron  
source single beam spect rum collected at 30 kHz  (Red){56}, Hg lamp source 

single beam spectrum collected at 30 KHz  (Blue){57}, 5 k Hz (Orange){58}. 

Top: Ratio of synchrotron  S/N collected at 30 kHz to HG Lamp collected at 30 
kHz (Red) and 5 k Hz (Orange). The green  line  indicates w here this ratio is 3 

the black  line  1.  

Figure 12 - Spectra of 249 mTorr of acrolein, co llected at a resolution of 0.002  

cm -1, 30 kHz scan rate, and the synchrotron source (Red) or Hg Lamp source 
(Blue). Collection Parameter details for Synchrotron source spectrum in {24}, 

for Hg Lamp spectrum {26}, backgrounds {25} and {27} respectively.  
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Figure 13  Spectra of 249 mT orr of acrolein, collected at a resolution of 0.002 
cm -1, 30 KHz scan speed  and the synchrotro n source (Red) or Hg Lamp source 

and a 5 KHz scan rate (Blue). Collection Parameter details for Synchrotron 
source spectrum in {24}, for Hg Lamp spectrum {28}, backgrounds {25} and 

{29} respectively  

A similar scenario can be observed in Figure 10, which shows the same comparison as 
Figure 9, save for a resolution of 0.002 cm -1. The details of the parameters used are 

given in {53}, {54} and {55}. Not surprisingly, the S/N advantage the synchrotron 
source at 0.002 cm-1 is lower than for 0.00096 cm -1. 

While for much of the region above 110 cm -1 the synchrotron source does obtain better 

S/N than the Hg lamp using a 30 k Hz scan rate, if a 5 k Hz scan rate is used with the Hg 
Lamp source, the Hg lamp obtains better S/N below 260 cm-1.  

At a resolution of 0.005 cm -1 (Figure 11), the Hg lamp using a 5 k Hz scan rate provides 
higher S/N than the synchrotron source using a 30 kHz scan rate. Again if a 30 kHz scan 

rate is used with the Hg lamp the S/N achieved is lower than what is observed for the 
synchrotron source over most of the region. The details of the parameters used for are 

given in {56}, {58} and {59}.   

Note that the localized dips in the S/N of the synchrotron spectra  in Figs. 9 ï 11, which 
correspond to localized regions of higher mechanical vibration noise, can be ñmoved 

aroundò by changing the mirror scan rate (e.g. the dip at about 180 cm-1 in Fig. 9 could 
be moved to 216 cm-1 by scanning at 25 kHz instead of 30 kHz). 

Figures 12 and 13 show a spectrum of the ɜ18 band of acrolein collected with the 

synchrotron source compared to the same collected with the Hg lamp at 30 kHz and 5 

kHz respectively. Note, considerable saturation is observed in the spectrum collected 

using the Hg Lamp and a 30 kHz scan rate.    
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3.5.2  335 -535  cm -1 Region  

The 335-535 cm-1 region can be accessed using the Ge:Cu detector and a 6 µm 
beamsplitter. While this region was not chosen as one of the commissioning regions in 

the BCP plan it is still of interest to check the beamline performance in this region. 
However, the t reatment will be briefer  than the other regions. S/N analysis for this region 

has been done at 3 different resolutions 0.001, 0.002, and 0.005 cm -1.  

The analysis can be seen in Figures 14, 15, and 16 respectively. In each case the 
aperture size used was the largest that would al low the desired resolution up to 535   

cm-1. Figure 14 shows that at 0.001 cm -1 resolution the synchrotron achieves S/N as 
much as 7 times better than the Globar source. Details about the collection parameters 

can be found in {30} and {31}.  

Figure 14 - Signal to noise comparison for the 350 to 535 cm -1 region at 0.001 

cm -1. Bottom: S/N plotted against frequency (see text for details) synchrotron 

source single beam spectrum (Red) {30}, Globar source single beam spectrum 
(Blue) {31}. T op: Ratio of synchrotron source S/N over Globar source S/N 

(Red). The green line indicates where this ratio is 3.  

Similarly Figure 15 shows that the synchrotron offers S/N as much as five times that of 

the Globar source at 0.002 cm-1 resolution. Details on the collection of this data can be 

found in {32} and {33}. At 0.005 cm -1 the increase in aperture size has improved the S/N 
achievable using the Globar to the point where the synchrotron source only has a 3.5 

times advantage at most, and less than 3 time s in much of the region. This is shown in 
Figure 16, for which the details of the data collection are given in {34} and {35}. From 

the data presented here it is clear that in the 350 -535 cm-1 region use of the synchrotron 
source offers a significant advantage over the Globar even at relatively low resolution.  
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Figure 15 - Signal to noise comparison for the 350 to 535 cm -1 region at 0.002 

cm -1. Bottom: S/N plotted against frequency (see text for details) synchrotron 

source si ngle be am spectrum (Red) {32}, G lobar source single beam spectrum 
(Blue) {33}. Top: Ratio of synchrotron source S/N over G lobar source S/N 

(Red). The green line indicates where this ratio is 3.  

Figure 16 - Signal to noise comparison for th e 350 to 535 cm -1 region at 0.005 

cm -1. Bottom: S/N plotted against frequency (see text for details) synchrotron 
source si ngle beam spectrum (Red) {34}, G lobar source single beam spectrum 

(Blue) {35}. Top: Ratio of synchrotron source S/N over G lobar source  S/N 

(Red). The green  line  indicates where this ratio is 3.  
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3.5.3  500 ï1000 cm -1 Region  

The 500-1000 cm-1 region covers two of the three spectral regions outlined in the BCP. 
Once again S/N is calculated three different resolutions; 0.001 cm-1, 0.002 cm-1 and 

0.005 cm-1. However, in this region for each resolution 2 different aperture sizes have 
been used, one that will allow the given resolution to be achieved up to 1000 cm -1, and a 

larger aperture that would only achieve the resolution up to 700 cm -1. This is done so 

that the S/N calculated can reflect what would be achieved if only the regions outlined in 
the BCP were of interest.  

To achieve 0.001 cm-1 up to 700 cm -1 the 1.3 mm aperture is  needed. The details of the 
data collections used are given in {36} and { 37}. T he S/N plots for the 0.001 cm -1 

resolution 1.3 mm aperture data, shown in Figure 17 shows that the synchrotron 

achieves a ~6.5 advantage over the G lobar at 500 cm-1, however, this advantage is 
reduced to ~1.9 approaching  1000 cm-1. The synchrotron source maintains a S/N 

advantage of 3 or more up to ~ 795 cm -1. To achieve 0.001 cm-1 resolution up to 1000 
cm-1 the aperture had to be reduced to 1.15 mm (details of collection in {38} and {39}). 

Under these conditions the synchrotron achieves an S/N advantage of ~ 8 times over the 
Globar source at 500 cm-1 (Figure 18). At 1000 cm-1 the synchrotron source maintains a 

S/N advantage of ~2.6 tim es. The synchrotron maintains a S/N more than thr ee times 

that of the G lobar up to ~865 cm -1.  

To achieve a resolution of 0.002 cm-1 up to 700 cm -1 or 1000 cm-1, apertures of 1.7 mm 

and 1.5 mm respectively were required. The details of the data collections using the 1.7 
mm aperture with the synchrotron and G lobar sources are given in {40} and {41}. 

Likewise {42} and {43} list the parameters used for the 1.5 mm collections. The S/N 

results at 0.002 cm-1 resolution with 1.7 and  1.5 mm apertures are shown in Figures 19 
and 20 respectively. The synchrotron source achieves its maximum advantage in terms 

of S/N at ~ 500 cm -1 using either the 1.7 or 1.5 mm aperture, demonstrating S/N ~5.7 
and ~6.4 times that found using the G lobar respectively. As expected the S/N advantage 

the synchrotron enjoys at 1000 cm-1 is less pronounced, the synchrotron S/N being 1.4 

and 1.7 times that of the Globar for the 1.7 and 1.5 mm apertures respectively. Using the 
1.7 mm aperture the synchrotron S/N advantage over the Globar slips below 3 at ~650 

cm-1. Using the 1.5 mm aper ture it fares  better slipping below 3 at ~75 0 cm-1.  

Reducing the resolution requirement to 0.005 cm -1 allows larger apertures to be used. A 

3.15 mm aperture can be used if data to 700 cm -1 is desired. This must be reduced to 
2.5 mm to extend this resolution to 1000 cm -1. The details of the data collections using 

the 3.15 mm apertu re with the synchrotron and Globar sources are given in {44} and 

{45}. Likewise {46} and {47} list the parameters used for the 2.5 mm collections. As can 
be seen in Figure 19 when a 3.15 mm aperture is used at a 0.005 cm -1 resolution the 

synchrotron source only offers S/N 3 times better then the Globar below 520 cm -1, by 
700 cm-1 the S/N for the synchrotron source is ~1.4 times that of the Globar.  Above 

~870 cm -1 the Globar has a better S/N. Reducing the aperture to 2.5 mm, does increase 

the S/N advantage for the synchrotron, however not by noteworthy amount.  

Figures 23 and 24 shown comparisons of spectra of N2O taken with the synchrotron and 

Globar sources for the 590 and 940 cm-1 bands respectively. The parameters used for the 
synchrotron and Globar source spectra of N2O shown in Figure 23 are given in {60} and 

{61} and the parameters for the backgrounds can be found in {62} and {63}. Likewise 
the parameters used for Figure 24 can be found at {48} and {49} for the N 2O 

synchrotron and Globar source spectra and the parameters used for the relevant 

backgrounds can be found at {42} and {43}. S/N estimates are given for the peaks 
inside the green boxes, the peak absorbance is taken as the signal and the RMS noise 

estimated in a 0.2 cm -1 region beside the peak is taken as the noise. Notice that in both 
cases the S/N advantage seen using the synchrotron source is roughly in agreement with  
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Figure 17 - Signal to noise comparison for the 500  to 1000  cm -1 region at 0.001 

cm -1 using a 1.3 mm a perture. Bottom: S/N plotted against frequency (see 
text for details) synchrotron source si ngle beam spectrum (Red) {36}, G lobar 

source single beam spectrum (Blue) {37}. Top: Ratio of synchrotron source 
S/N over G lobar source S/N (Red). The green line indi cates where this ratio is 

3.  

Figure 18 - Signal to noise comparison for the 500  to 1000  cm -1 region at 0.001 

cm -1 using a 1.15 mm aperture. Bottom: S/N plotted against frequency (see 
text for details) synchrotron source single beam spectrum (Red) {3 8}, G lobar 

source single beam spectrum (Blue) {3 9}. Top: Ratio of synchrotron source 
S/N over G lobar source S/N (Red). The green  line  indicates where this ratio is 

3.  
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Figure 19 - Signal to noise comparison for the  500  to 1000  cm -1 region at 0.002 

cm -1 using a 1.7 mm aperture. Bottom: S/N plotted against frequency (see 
text for details) synchrotron source single beam spectrum (R ed) {40}, G lobar 

source single beam spectrum (Blue) {41}. Top: Ratio of synchrotron sour ce 
S/N over G lobar source S/N (Red). The green line indicates where this ratio is 

3.  

Figure 20 - Signal to noise comparison for the 500  to 1000  cm -1 region at 0.00 2 

cm -1 using a 1.5 mm aperture. Bottom: S/N plotted against frequency  (see 
text for details) synchrotron source single beam spectrum (Red) { 42 }, G lobar 

source single beam spectrum (Blue) { 43 }. Top: Ratio of synchrotron source 
S/N over G lobar source S/N (Red). The green  line  indicates where this ratio is 

3.  
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Figure 21 - Signal to noise comparison for the 500 to 1000 cm -1 region at 0.005 
cm -1 using a 3.15 mm aperture. Bottom: S/N plotted against frequency (see 

text for details) synchrotron source si ngle beam spectrum (Red) {44}, G lobar 
source single b eam spectrum (Blue) {45}. Top: Ratio of synchrotron source 

S/N over G lobar source S/N (Red). The green  line  indicates where this ratio is 

3.   

Figure 22 - Signal to noise comparison for the 500 to 1000 cm -1 region at 0.005 
cm -1 using  a 2.5 mm aperture. Bottom: S/N plotted against frequency (see 

text for details) synchrotron source si ngle beam spectrum (Red) {46}, G lobar 
source single beam spectrum (Blue) {47}. Top: Ratio of synchrotron source 

S/N over G lobar source S/N (Red). The gree n indicates where this ratio is 3.  
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Figure 23 - Comparison between Synchrotron and Globar source for the 560 ï 
630 region of the N 2O spectrum. Collected with 0.003 torr of N 2O, using the 

MCT WD detector, full details of the collecti on parameters are given in {61} 

and {62} for the N 2O spectra and {62} and {63} for the Backgrounds. The 
Green boxes indicate the peaks used for S/N estimates (see text for details)  

 
Figure 24 - Comparison between Synchrotron and Gl obar source for the 560 ï 

630 region of the N 2O spectrum. Collected with 0.003 torr of N 2O, using the 

MCT WD detector, full details of the collection parameters are given in {48} 
and {49} for the N 2O spectra and {42} and {43 } for the Backgrounds. The 

Green  boxes indicate the peaks used for S/N estimates (See text for details).  
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that shown in Figures 19 and 20. The disagreements observed are likely due to noise 

increasing or decreasing the apparent intensity of the peak in question.  

4.0  SOFTWARE AND EASE OF USE 

Data acquisition and analysis is done using Bruker OPUS software. This is commercial 
software that is relatively powerful and user friendly. Through an agreement with Bruker 

the CLS is allowed to distribute copies of OPUS to its user community for the sole 
purpose of working with data collected at the CLS. While there ar e some issues with the 

robustness and error handling of the OPUS software package, it would be incredibly 

difficult  to make in house software that could offer the same functionality as OPUS.   

5.0  USER SUPPORT 

Users are provided with a computer equipped with dual monitors and internet access for 
the analysis of data. This computer has OPUS spectral analysis software, JavaHAWKS (for 

accessing the HITRAN database), OPEN Office and other standard software packages.  

 
Figure 25  Picture of user computer station, in the outer hutch of the Far -  

Infrared beamline.  

This computer can also be used to view the Far-Infrared beamline Wiki site which serves 
as the beamline manual, it includes all the information needed for the safe operation of 

the beamline including PDFôs of most of the relevant equipment manuals. Hard copies of 
the IFS 125 HR spectrometer manual and the OPUS software manual are also available. 

Internet access is available via ports for two further computers if users prefer to bring 

their own notebook computers. A picture of the user work station is shown in Figure 15. 
Note the monitor which displays the beam status and the first aid kit. Data can be 

uploaded directly to the CLS experiment server from the computer operating the 
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spectrometer, once there it can be accessed from any computer with internet access 

(with the proper passwords). Limited remote access to the Far -Infrared beamline is 
available. The process for this is to request the beamline scientist to  set up the data 

collection with a specific set of parameters, as the data is collected it is uploaded to the 
experimental server where the user can view the data at their home institution and 

request modifications as needed. It is important to note this service is only available 

under appropriate conditions, and at the discretion of the beamline scientist.  

 

6.0  ISSUES 

As with any scientific instrumentation it is important to be aware of quirks that may 

occur.  

-Occasionally, the IFS 125 HR will experience what is assumed to be an issue with its 

data buffers. The effect of this is to place previously collect ed interferograms  with-in the 

data that is being collected rendering the data unusable. This issue can be repaired by 
simple rebooting the instrument and restarting OPUS. 

-It is important to be aware that sometimes the IFS 125 HR will send a ñbench errorò to 
OPUS which will cease data collection. OPUS will display a message asking the user if it 

should ignore the error. If the user clicks yes the data collection will resume. It is 
therefore important that the user check the instrument routinely.  

- The Far-Infrared beamline is very sensitive to vibrations and therefore activity around 

the CLS can adversely affect data collections. For this reason it is strongly recommended 
that data be collected in blocks consisting of 2 scans and the data be inspected for 

anomalies prior to being averaged. While this practice requires a large increase in 
storage space of data storage, it limits the possibility of large amounts of time being lost.  

6.1  OUTSTANDING ISSUES  

The major outstanding issue for the Far -Infrared beamline is the contribution of 
mechanical vibrations to the noise present on the s ynchrotron source. By reducing this 

noise the performance of the beamline could be enhanced dramatically. The sources of 
these vibrations range from the pumps located in the basement, near the beamline, to  

turbulence in the waterlines inside the ring, to vibrations from events outside the 

beamline. Isolating the Far -Infrared beamline from these vibrations is a difficult process, 
and will be undertaken in stages. The first step taken will be to install an active optics 

system similar to the one currently in use on the Mid -Infrared beamline. This has been 
effective in stabilizing the synchrotron beam on the Mid -Infrared beamline and is 

expected to reduce the synchrotron source noise on the far-infrared beamline 

significantly, especially at lower frequencies corresponding to the important lower 
wavenumber range (<200 cm -1). If further reductions in vibration are needed, the IFS 

125 HR spectrometer may be stabilized with active vibration isolators (AVI). Testing on 
the suitability of AVI systems for this purpose is currently being undertaken. 

Furthermore, modifications to the mounts for the beamline optics, to make them less 
susceptible to vibrations are currently under consideration.  

7.0  CONCLUSIONS AND FUTU RE DEVELOPMENTS 

The Far-Infrared beamline is judged by the S/N improvement it offers over thermal 
source (Globar or Hg Lamp). While this is a difficult comparison to generalize as it 
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depends of a number of parameters such as aperture size and resolution some guidelines 

can be given. For resolutions of ~ 0.001 cm -1 the synchrotron source offers S/N that is 3 
or more times better than a thermal source from ~270 cm -1 to ~865 cm -1, and at least 

some improvement between ~120 cm -1 and over 1000 cm-1. If the resolution is reduced 
to 0.002 cm -1 the synchrotron offers an S/N 3 or more times that of the thermal so urce 

between ~350 cm -1 and ~ 650 cm -1 or 750 cm-1 (depending on the aperture size). It 

offers improvement from ~260 cm -1 to over 1000 cm -1. At 0.005 cm-1 resolution there is 
no region where the synchrotron offers S/N greater the 3 time that of the thermal source 

and the synchrotron can only be said to offer an advantage between ~350 cm -1 and 870 
or 890 cm-1 (depending on the aperture size). It should be noted that t he aperture sizes 

were chosen to achieve the desired resolutions in the regions described in the BCP, if 
smaller apertures were used the synchrotron would gain a greater advantage. Strictly 

speaking the above does not meet the commissioning criteria of S/N 3 times that of the 

thermal source at 0.002 cm -1 resolution in 2 of these 3  regions 150-250 cm-1, 500-700 
cm-1 and 800-1000 cm-1, laid out in the BCP. However, these results do show that the 

Far-Infrared beamlines Synchrotron source does offer a significant advantage over 
thermal sources particularly at high resolution. Furthermore the BCP itself refers to these 

criteria as arbitrary. Therefore the Far -Infrared beamline is considered commissioned. 

However, it is essential that the beamline continue to work to reduce the effect of noise 
on the beamline so that the original BCP can be achieved and surpassed. A number of 

initiatives are being undertaken to address the noise issue. The first of these will be the 
installation of active optics similar to those found on the Mid -Infrared beamline. These 

optics should cancel out a significant amount of the vibration, reducing the noise 
substantially.  

Future work also being initiated includes: 

 The design, construction and installation of optics to allow high pressure 

spectroscopy using a diamond anvil cell to be performed on the Far-Infrared 
beamline.  

 The design and construction of various cells for the study of unstable species.    
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9.0  APPENDIX 1  

 

Table 3- List of Collection Parameters used for this report  

#  Sample 
Pressure 

(torr)  
Pathlenth 

(m) 
Detector 

Filter   
(cm-1) 

Gain Beamsplitter 
Resolution 

(cm-1) 
Aperture 

(mm) 
Scan Rate 

(KHz) 
Source 

# of 
Scans 

1 N2O 0.004 24 Ge:Cu 490-1190 4 KBr 0.00096 1.3 40 Synchrotron 100 

2 N2O 0.5 24 Ge:Cu 490-1190 4 KBr 0.00096 1.3 40 Synchrotron 156 
3 None N/A 24 Si bolometer None 200 6 µm Mylar 4 2 5 Synchrotron 20 

4 None N/A 24 Si bolometer None 200 6 µm Mylar 4 2 5 Globar 20 

5 None N/A 24 Si bolometer None 200 6 µm Mylar 4 2 5 Hg Lamp 20 
6 None N/A 24 Ge:Cu 490-1190 200 KBr 4 1.3 40 Synchrotron 20 

7 None N/A 24 Ge:Cu 490-1190 200 KBr 4 1.3 40 Globar 20 
8 None N/A 24 Ge:Cu 490-1190 4 KBr 4 12.5 40 Synchrotron 20 

9 None N/A 24 Ge:Cu 490-1190 4 KBr 4 10 40 Synchrotron 20 
10 None N/A 24 Ge:Cu 490-1190 4 KBr 4 8 40 Synchrotron 20 

11 None N/A 24 Ge:Cu 490-1190 4 KBr 4 6.3 40 Synchrotron 20 

12 None N/A 24 Ge:Cu 490-1190 4 KBr 4 5 40 Synchrotron 20 
13 None N/A 24 Ge:Cu 490-1190 4 KBr 4 4 40 Synchrotron 20 

14 None N/A 24 Ge:Cu 490-1190 4 KBr 4 3.15 40 Synchrotron 20 
15 None N/A 24 Ge:Cu 490-1190 4 KBr 4 2.5 40 Synchrotron 20 

16 None N/A 24 Ge:Cu 490-1190 4 KBr 4 2 40 Synchrotron 20 

17 None N/A 24 Ge:Cu 490-1190 4 KBr 4 1.7 40 Synchrotron 20 
18 None N/A 24 Ge:Cu 490-1190 4 KBr 4 1.5 40 Synchrotron 20 

19 None N/A 24 Ge:Cu 490-1190 4 KBr 4 1.3 40 Synchrotron 20 
20 None N/A 24 Ge:Cu 490-1190 4 KBr 4 1.15 40 Synchrotron 20 

21 None N/A 24 Ge:Cu 490-1190 4 KBr 4 1 40 Synchrotron 20 
22 None N/A 24 Ge:Cu 490-1190 4 KBr 4 0.8 40 Synchrotron 20 

23 None N/A 24 Ge:Cu 490-1190 4 KBr 4 0.5 40 Synchrotron 20 

24 Acrolein 0.249 24 Si Bolometer None 1000 6 µm Mylar 0.002 3.15 30 Synchrotron 92 
25 None N/A 24 Si bolometer None 1000 6 µm Mylar 0.002 2 30 Synchrotron 100 

26 Acrolein 0.249 24 Si bolometer None 1000 6 µm Mylar 0.002 3.15 30 Hg lamp 92 
27 None N/A 24 Si bolometer None 1000 6 µm Mylar 0.002 2 30 Hg Lamp 94 

28 Acrolein 0.249 24 Si bolometer None 200 6 µm Mylar 0.002 3.15 5 Hg Lamp 16 




