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This is a discussion of how an infrared 

spectrophotometer can be used to determine cell thickness in 

the five to forty micron range. The two standard methods 

for cell thickness measurement, supermicrometer and counting 

Newton's Rings, were not acceptable in this range. The 

least count of the supermicrometer is 2.5 microns. At forty 

microns, 2.5 micron resolution is equivalent to six percent 

uncertainty. As thickness decreases, the 2.5 micron 

resolution becomes a proportionally greater percentage 

uncertainty. The Newton's Ring method (see Internal Report 

84-01, A Thin Cell for Time Resolved Spectroscopy) relies on 

a person's ability to elastically compress the front surface 

until zero thickness, and then count fringes as pressure is 

released. To compress cells greater than ten microns, one 

has to place considerable force on the front surface. 

Forces this great should not be applied to delicate thin 

cells. The infrared spectrophotometer provided us with a 

very accurate method (1.6 percent error at 11 microns> for 

measuring cell thickness between five and forty microns. 

The infrared method relies upon interference within the 

cell cavity. When cell thickness is an integral multiple 

of the incident wavelength, then internal reflection within 

the cell will cause constructive interference at the 
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opposite side of the cell. The best way to explain this 

phenomenon is with a good diagram (see Fig. 1). 

The contributions from internal reflection, indicated 

by the circled two and three on the figure, will add to the 

purely transmitted component (circle one) only if the 

thickness is an integral multiple of the wavelength. By 

scanning across the IR spectrum, one will record maxima at 

places where the wavelength is some integral multiple of 

twice the cell thickness. 

Formally, the condition for constructive interference 

is 2t = ml (where t is the cell thickness and m is 

some integer). Solving for A , we see that A = 2t/m 

Over a given range of A, when cell thickness is increased, 

there will be more wavelengths that satisfy this equation. 

Sapphire is transparent to infrared radiation between 2.5 

and 4 microns. For a 10 micron cell, there are fringes at 

4, 3.33, 286, 2.5 microns. A five micron cell, lower limit 

for this method, will produce two fringes When cell 

thickness is increased above forty microns, upper limit for 

this method, the fringes may be too dense for accurate 

analysis. 

When cell thickness on the order of millimeters are 

approached, the fringes are too numerous to detect. 

the internal reflections within the front and back disks of 

sapphire can be ignored, since the spacing between the 

fringes is infinitesimal for these relatively thick disks. 
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Since the internal reflection within the front and back 

surfaces of the cell are negligible, a simple geometric 

series is used to model the fringe phenomenon. Fresnel 

equations were used to obtain percent refraction and 

transmission of the electric field at the cell walls. With 

an index of 1.76 for sapphire and 1.0 for air, the following 

were obtained: 

(air-sapphire interface} 

(sapphire-air interface} . 

The minus sign denotes a 180 degree phase change upon 

reflection. 

By inspecting Fig. 1, one can arrive at the geometric 

series: E <Electric field at back cell wall) = 0.84 Eo + 

2 1 0.84Eo(0.28 > + 
2 2 

0.84Eo<0.28 > + 2 3 0.84Eo(0.28 > + 

Since the sum of all the terms is 0.906Eo, and the sum 

of the first three terms is nearly 0.906Eo, one can see that 

most of the fringe intensity is due to the first three 

cycles of internal reflection within the cell. It is 

important to note, if one wants to maximize fringe 

intensity, , one should use an empty (air-filled) cell. 

Because an air-filled cell will have a maximum difference of 
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index of refraction between the sapphire surfaces and the 

air in cell cavity, thus providing maximum reflection and 

therefore fringe intensity. 

Several complications should be mentioned about using 

the infrared method. The first is the fact that sapphire 

absorbs wavelengths above four microns. Luckily, the 

spectrophotometer scans down to 2.5 micron wavelengths, so 

that one can scan a range between 2.5 and four microns. 

As mentioned previously, this reduced scanning range 

sets the measuring range of this method between five and 

forty microns. One may be able to successfully apply this 

method to a cell greater than forty micron thickness, if the 

cell walls are parallel within a few microns. Cell walls 

that are not parallel will cause the fringes to become less 

intense. Because, cell walls that are not parallel i ntroduce 

phase shifts which diminish the fringe intensity. 

The slit height of the Perkin Elmer is about 1/2". I 

was able to obtain the most intense fringe by adjusting the 

retainer ring set screws on a thin cell until there was a 

1/2" 

slit. 

long Newton Ring directly in front of the 1/2" tall 

Thicker cells do not have set screws in the retainer 

ring for parallelism adjustments. To augment parallelism, a 

five mm mask can be placed in front of the cell to reduce 

the area over which the cell thickness varies, thus 

increasing fringe intensity. 
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The final problem I encountered was an absorption band 

near 3.2 microns due to water vapor in the cell. To remove 

the troublesome water band, I placed my cells in a 

dessicator for several hours prior to an infrared scan. 

The Perkin-Elmer model 467 spectrophotometer found in 

Troy Hall first floor was used for all of th~ scans. The 

operation is straightforward--see attached instructions, but 

I shall mention a few helpful hints. The noise level can be 

decreased by increasing the time constant to the number four 

setting . This has the effect of reducing the response time 

of the pen; since the response time is reduced, the scan 

speed should be reduced to the slow setting. The signal to 

noise ratio can also be increased by setting the slit to the 

seventh setting. The instructions for the spectrophotometer 

claim that one can adjust the gain such that the pen reads 

95 percent with the reference beam blocked. I was only able 

to obtain a maximum of 70 percent with the reference beam 

blocked , but this seemed to provide adequate sensitivity. 

If one wants to eliminate virtually all the noise, one can 

redvce the gain. However, doing so wi ll not increase the 

all-important signal to noise ratio. 

After obtaining a good set of fringes on the chart 

paper, it is time to calculate the thickness. 

equation: 

10 • lim 
thi cf<ness = 2n( _l_ _ _l_) 

>,. l >,. 2 
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can be arrived at by manipulating the conditions for 

constructive interference of the multiply reflected waves--

2t = m ;\. See the attached page titled "Thickness Equation" 

for the algebra. The factor of ten in the equation is a 

multiplier to convert from cm to mm. To calculate the 

thickness, one needs to measure th~ distance between 

fringes and then multiply by the wavenumber change per 

division. The wavenumber change per division is [20 1/cmJ 

for wavelengths between 2 . 5 and 5 microns, only. Turning on 

the wavenumber marker will generate little spikes on the 

strip chart record ' every 100 1/cm. One can check the 

wavenumber change per division with the above mentioned 

wavenumber marks. 

The infrared method produces beautiful fringes (see the 

attached strip chart). Using a monochromatic light source, 

one can see Newton's Ring's .up to a thickness of thirty 

f-/e! '-"C ve y 
microns• • the front surface cannot safely be compressed 

further than ten microns. The infrared method conveniently 

fills the gap between ten and forty microns• if-1,e NeH-l!or, Rir,g 

less thafi 10 IRiEFBFlS. 

Error was approximately two percent. Parallelism of the 

cell affects fringe intensity. Since Newton's Rings can be 

seen up to thirty microns, one can use the rings as a way of 

measuring how much the cell thickness varies over the middle 

five mm of the cell. 
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1) POWER Push Button 
Switch (front panel) 

2) SLIT Control (front panel) 

3) GAIN Control (front 
panel) 

4) BALANCE' Control (side 
panel) 

5) Manual Chart Drive­
Control (at rear of 
recorder) 

6) 100% Control (front 
panel) 

7) FAST FORWARD/ 
REV.ERSE Switch (top panel) 
and Inching Wheet (near base 
of instrument) 

8) TIME CONSTANT 
Control (front panel) 

-. 
9) SCAN-MODE Swttctt­

(front panel) 

10) START and STOP Push 
Buttons (green and red 
push buttons on top 
panel) 

990..:saas 

MODEL 267 and 467 OPERATING SUMMARY 
1) Press to turn on all power to the instrument (indicator glows red). Wait 15 minutes 

for instrument warm up. (For chart paper installation, see Sec. 1 B, 6 of the instruc­
tion manual.) 

2) Set the SLIT controrto the position desired (see Table 1). 

3) Set the GAIN control as follows: 
a) With the Fast Forward/Reverse switch, scan to 4000 cm- 1. 

b) With the TIME CONST ANT control set to position 1, set the pen to approximately 
95% T with the 100% control. 
c) Setthe TIME CONSTANT control to the SB position .. 
d) Block the reference beam. 
e) Set the GAIN control so that the pen deflection equals that obtained in step b, 
above, Unblock the reference· beam, and set th& TIME CONSTANT control to 
position 1. 

Note: The pen need not be set to 95%T. The purpose of this adjustment is to make the pen 
positions in the single and double beam modes equal. 

4) Partially block the sample beam until the pen is near midscale, then rapidly block 
both beams simultaneously in such a way that the pen remains near midscale. 
Adjust the BALANCE control until the pen shows either no drift or very slow upscale 
drift. 

Note: If a major change in the BALANCE control is required repeat the GAIN control setting 
(step 3, above). 

5) Make certain that the chart grid is synchronized with the wavenumber setting, i.e. 
that the red drive sprockets and the marked chart perforations coincide. Make 
certain that the settings of the-chart and the wavenumber scales are synchronized; 
use the, Manual Chart Drive control if necessary. (Press the control in and rotate 
it to advance or reverse the chart.) After releasing the control, rotate it a little 
in both directions (until resistance is felt) to make certain that the chart drive is 
engaged. • 

6) Set the pen to 100%- transmittance with neither beam. blocked. 

Note: The zero adjustment should be verified once a week; the pen should rest at zero transmittance 
on the chart when there is no radiation in the sample beam. If the pen does not rest at zero, 
make the zero adjustment as described in Section 4 of the instruction manual. 

7) Set the instrument to the desired starting wavenumber. Use the FAST FORWARD/ 
REVERSE switch if the scan is to start at 4000 cm-1• It the scan is to start at 
other·than 4000 cm-1, use the FAST FORWARD/REVERSE switch to approach 
the starting wavenumber and use the Inching Wheel to complete the setting. 

8) Set the TIME CONSTANT control to the position desired (see Table 1). 

9) Set the SCAN-MODE switch to the position desired (see Table 1). 

·10) Press the START button· to initiate the scan; if the scan is to be halted before 
reaching the low wavenumber limit, press the STOP button. 
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11) ORDINATE EXPANSION, 
Switch (front panel) 

Objective 

Fast survey 

Slow survey; 
calibration spectra 

Qualitative 
Analysis 

Quantitative 
Analysis 

High Resolution•• 

Differential 
Analysis . 

Spectrum obtained 
with reference 
beam attenuator 
(e.g., when studying 
micro-samples) 

7/72 

11) If ordinate scale expansion is to be used. determine, from a spectrum run without 
scale expansion, the transmittance range to be expanded and locate the closest 
equivalent range in column B of Table 2. Scan to any wavenumber position at 
which the transmittance corresponds to that given •in c.olumn A for the desired 
expansion range and depress the ORDINATE EXPANSION push-button switch 
(indicator lit). Determine the noise level by observing. ttie pen fluctuation about 
its mean value. If the fluctuation is considered excessive it can be decreased 
by increasing the TIME CONSTANT control setting and/ or by increasing the setting 
on the SLIT PROGRAM selector. If the time constant is increased the scan speed 
should be decreased to allow for slower pen response; if a wider slit program 
is used the GAIN setting should be decreased. (The ORDINATE EXPANSION.switch 
should be off when changing the setting of the GAIN control.) 

Table t-Controf Settings for Various Problems 

SLIT Control • TIME CONSTANT SCAN-MODE 
PoslUon Control Position Control Setting 

N 1 F 

4,5, or N 2 or 3 s 

4,5, or N 1 or 2 M 

7 2 or 3 M orS* 

1,2, or 3 1,2, or 3 Sor VS 

Nor 7 2 or 3 M or .s• 

Nor 7 2 or 3 M orS 

*The slow scan speed and normal slit program are recommended when the spectrum contains sharp bands, i.e. bands where 
the width at half height is less than 20 cm-1• 

'"*For precise wavenumber assignments of the bands, it is recommended that the wavenumber marker (push button on front 
panel which_ provides calibration marks every 100 cm-_1 ) be used for high resolution work. 

Table 2-Transmlttance Values and Ranges, 
I 

Column A ColurnnB Column A Column B 
Tranamlttance Approximate Tranamlttance Approximate 
value at which Tranamlttance· value at which Tranamlttance 

to engage scale range covered by to engage scale range covered by 
expanalon scale expanalon expanalon scale expanalon 

0 0-20 52 42-62 
4 3-23 56 45-65 
8 6-26 60 48-68 

12 10-30 64 51-71 
16 13,,33 68 54-74 
20 16-36 72 58-78 
24 19-39 76 61-81 
28 22-42 80 64-84 
32 26-46 84 67-87 
36 29-49 88 70-90 
40 32-52 92 74-94 
44 35-55 96 77-97 
48 38-58 100 80-100 
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