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THE APPLICATION OF MULTIDERIVATIVE INFRARED SPECTROSCOPY
TO IODINE NUMBER DETERMINATION
Jeffrey C. Lowry, M.A.

Western Michigan University, 1984

The Food and Drug Administration requires the disclosure of
total unsaturation of commercial products as an indication of nutri-
_tional value. This unsaturation is a guide to the expected stability
of food additives, such as edible oils and foods in which they are
used. Unsaturation is typically evaluated as an iodine number, cal-
culated for these additives based on their consumption of iodine
through addition acrecss the carbon-carbon double bonds. This titration
method can typically take 45 minutes.

The investigation presented develops an alternative method for
determining iodine numbers of some common oils using a computerized
infrared spectrdphotometer. The quantitation technique employed
involves multiderivative spectroscopy. Results of the analytical data
give iodine numbers with relative errors of approximately 1 percent.
The higher.order derivative quantitation technique.is limited by the
n&ise within the spectrophotometer. Tﬁe analysi§ time, as compared to

the titration method, is reduced by 20 fold.
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CHAPTER 1
INTRODUCTION
Infrared Spectroscopy

Infrared (I.R.) spectroscopy is one of the more widely used in-~
strumental technigues for studying the structure of chemical compounds.
Since its: discovery by Sir William Herschel in 1800 (1), it has found
application in many disciplines. throughout the scientific world. Infra-
red spectroscopy has become very important to the pbysicist, the biolo-
gist, and the chemist as a tool for solving a wide variety of problems.
Infrafed spectroscopy provides investigators with a powerful insight
into molecular structure and chemical identification.

The infrared region of the electromagnetic spectrum lies between
the visible and microwave regions. This region starts near the red
end of the visible spectrum at 14,000 cm._l or 0.7 ym and extends to
approximately 10 cm_l or 100b pym. - Both micrometers (pm) and wavenumbers
in reciprocal centimeters (cm—l) are used to characterizeée infrared wave~
lengths. BAs shown in Figure 1, the infrared spectrum can be divided

into three subdivisions according to the different kinds of molecular

NIR Fundamental FIR
_a -
- =1 ’ N/ N\
vicm ") 14,000 4000 1250 400 10
1 { (-2 1 . U ¢ }
v B Yy J 7 v v P A ) !
A(um) 0.75 2.5 8 . ‘ 4/25 1000
Group Freq. Fingé?ﬁrint

Figure 1. Common Subdivisions of the Infrared Region

1l
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information which they can provide. The first region, ranging from
14,000 to 4,000 cm-l, is called the near infrared (NIR) region. Ab-
sorption bands in the NIR region result from overtones or combinations
of, hydrogen. stretching vibrations. This region‘can be easily used for
quantitative analysis of certain functional groups containing unique
hydrogen atoms within a compound.

The majority of qualitative and quantitative work is done in the
middle region or the fundamental infrared region. This region's absorb—

" tion bands result from vibration and rotation of functional groups.
The fundamental region is divided into a group frequency rggion from
4,000 to i,250 cm-l and a fingerprint region from 1,250 to 400 cm_l.
In the group frequency region the absorption bands tend to be charac-
teristic of specific groups of atoms within the structure of the mole-
cule. The fingerpriﬁt region bands, on the other hand, result from
effects of the total molecular structure.

The far inf;ared (FIR) region gives information mainly about
rotational transitions, vibrational modes of crystal lattices, and
skeletal vibrations of large molecules. This region starts at 400 cm
and extends to the microwave region at 10 cm_l. It is generally nhot

~useful for quantitative analysis due to the relatively poor signal-to-
noise ratio implicit in long wavelength spectroscopy and by the rela-
tively low intensity of the absorption.bands (1) .

Mo;t quantitative infrared spectroscopic measurements are per-
formed in the fundamentai reéion. Several difficulties commonly occur
in quantitative I.R. analysis. The major problem arises from an instru-~

mental source and is commonly referred to as stray or scattered

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

-



radiation. Due to the small radiation energy available from I.R.
sources, relatively wide slit widths are used. This causes a propor-
tional increase in the scattered radiation and a broadening of the
absorption bands. .This distortion in the;maxima causes deviétions fiom
Beer's Law (2), the basic quantitative relationship in spectroscopic
analysis.

Another difficulty in I.R. quantitative analysis is the uncer-
tainty in determining the 100 percent transmittance level. This un-

" certainty is caused by the variability of path length of the very thin
cells commonly used in I.R., spectroscopy. The problem of determinihg
the 100 percent level causes variaﬁions in the baseline over the width
of an-absorption maximum. Thus, it is necessary to draw the best approx-—
imate baseliﬁe across £he peak for guantitation. This method is refer-
red to as the base-line method and assumes that the background is linear
over the width of the band. This assumption is often unjustified as
bands overlap, thus producing error in the peak height measurements.

Other common sources of error in quéntitativg I.R. arise from
solvent absorption, atmospheric absorption (humidity and carbon dioxide) ,
and heat of radiation. As absorption cells are exposed to the fairly
intense beam of infrared radiati;n, a warming effect océurs. The
result is that the temperature of the solution increases causing the
absorption bands to vary.

In spite of -all these problems, infrared spectroscopy can be used
to effect qﬁantitative analyses with accuracies on the order of 1 per-
cent (1l). 1In order to achieve this, extreme care must be taken to use

only the best analytical techniques. These techniques include: choosing
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the analytical wavelength for minimum interference, adjusting the sam-

ple thickness and concentration such that transmittance of the analyti-
cal band is between 30 and 40 percent, selecting the optimum slit width
for highest signal-to-noise ratio without losiné required resolution,

preparing the standards at expected sample concentrations, and mini-

mizing the atmospheric interferences.
Derivative Spectroscopy

Derivative spectroscopy is a relatively new analytical technique.
Even though it was introduced more than twenty-five years ago, it has
been acce"pted ohly hesitantly. This was partly due to the high cost
of instrumentation.l Reliable derivatives can now be taken electron-
ically and consequently this has resulted in a significant reduction
in the cost of instr.umentation. The derivative of a spectrum (3) is
a graphic representation of the mathematica‘ll differentiation of an

absorbance spectrum.

5

1st derivative = —— (1)
dv

where A = absorbance and v = wavenumber.

Actually, most electronically generated derivative spectra ére
differentiating the change in the abso'rbance signal with respect to
‘tr.lev time, rather than the wavelength or wavenumber (4). However, since

spectra are collected at a constant wavelength scanning speed, these

functions become equivalent.

4aa da | (2)

~where t = time,
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There are generally four methods for obtaining derivative spectra.
The first and most expensive is to use a specially designed optical
instrument. This instrument requires two monochromators to produce
two separa'te scans at the same time. This methc;d, referred to as
dual-wavelength (5), scans simultaneously with both monochromatars one
of which has a small wavelength offset relative to the other. This
produces the derivative by providing a difference in the absorbance
readings between the two monochromaters with respect to the difference'
"in their wavelength.

The second method for producing derivative spectra alsp employs
optical médification of the instrument. 1In this method, called wave-
length modulation (6), the wavelength to which the monochromator is
set is repetitively and rapidly scanned back and forth over a small
spectral interval. 'i‘his modulation interval produces an alternating
current at the detector which represents th'e derivative of the spectra
with respect to wavelength. Both the dual-wavelength and the modula-
tion walveléngth methods have been limited to first derivative spectro-
SCcopy .

More xjecently, derivative spectra have been taken using electronic
~circuits. Electronic circuits use the .original output of the detector
to produce the derivative instead of extensive instrumental modifica-
tioh. This method, referred to as electronic differentiation (3), is
'achieveq by using an operational amplifier in the differentiator config-
uration. The signal froin thé detector is connected to the amplifiexr
to produce the first derivative of the spectra. Multiderivative spectra

can be produced by connecting together a series of differentiating

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

. |



6
amplifiers. The major problem involved with the electronic differeﬁti-
ation technique results from the noise introduced into the spectra by
the operational amplifiers.

As a result of advancements in computer interfacing the fourth
method, numeric analysis (3), has become possible. The analog signal
from the detector is converted to a digital signal using an electronic
circuit called an analog-to-digital (A/D) converter. These data points,
which represent absorbance readings versus wavelength, are stored in

. memory within a computer from the A/DQ The digital spectrum is then
numerically differentiated by subtracting consecutive absorbance
readings. Therefore, the derivatiQe by this techniéue is the change in
absorbance with reépect to the change in wavelength which can be a

good approximation of the true derivative (5).

Lim —2 da (3)
Av+0 Ay dv

where AA = change in absorbanﬁe and Av = change in wavenumber. The
validity of this equation is improved as the change in wavelength
increments become smaller. The limit of change in wavelength is inher-
ently restricted by the resolution of the spectrophotometer used;
Higher order derivatives are easily obtained by repetitive differentia-
tion by the computer.

The derivative technique has found many applications throughout
thé field of spectroscopy. Derivative spectroscopy has been applied
in UV-visible (3), flame emission (7), flame absorption (8), lumin~
escence (7), fluorescence (9), and also infrared (10,11) spectroscopic

instruments. Most experimentation has been performed in the UV-visible
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region and has been restricted to the use of the first derivative.

fhe principal advantage of derivative measurements is the improvement

in the detectability of minor spectral features. This spectral enhance-
ment reduces the potential for measurement errors caused by overlap-
ping and unresolved bands. Minor differences in the spectra can be

so enhanced, that quantitation can become possible.

The derivative is a measure of the rate change in the slope of
the spectra, gigure 2 ;hows the absorbance spectra obtained for com~
pounds A, B, and a mixture of'A and B. .Between wavelengths ¢ and 4,

- the rate change in the slope for spectra B is greater than that for A.
Over the same wavelength range on spectra A + B, the raté change in
the siope is more sensitive to changes in compound B than it is to
changes in qompound A, Thus, the derivative emphasizes slope change
with respect to wavelength and can sequently provide selectivity of B
relative to A,

The application of quantitative derivative spectroscopy is based
on the measurement of the maxima and minima of the derivative spectra.

’ Pigure 3a depicts two overlapping absorption bands. Figure 3b depicts
the corfesponding derivative maxima. °‘The derivative maximum with the
grgatest response relative to concentrationare usually used for qugnti—
tation. Occasionally a lesser maximummay b€ used in ordér to improve
seleqti&ity.

Most derivative spectroscop& performed in the infrared region has
been done in the group frequency region between 4 and 8 um. In several -
investigations (10,11), the half-width peak height ratios for the over-

lapping bands were in the order of 1:2. The limiting factor in
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10
derivative infrared spectfoscopy is the inherent noise accompanying
the signal. As the signal-to-noise ratio decreases within the spectra,

the error in the derivative measurements becomes more significant,
Computers

The computer has made a dynamic impact on modern scientific instru-~
meqtation. It has made data acquisition, data processing, and instru-~
meht control extremely efficient and simple. Many modern spectrophoto;
" metic instruments are being designed with computer interfaces. This
makes derivative spectroscopy possible in the majority of instruments
currently available.

The digital coﬁputér (12) performs pperations in response to com-
mands called instructions. To perform a task, the computer uses a
sequence of these instructions called a program. The device within
the computer that executes the program is referred to as the central
processing unit (CPU). Most CPUs include a circuit that provides arith-
metic and logic operations (ALU) and a variety of registers for tempo-
rary data storage. This CPU which contains only a few integrated cir-
cuits is referred to as a microprocessor. In most -smaller computers,
the microprocessor is the CPU. This type of computer is called a micro-
qoﬁputer.

The principal component of the microcomputer is the microprocessor
or CPU. The CPU controls all main communication to ahd from the computer
through electrical lines called the processor bus. As shown in Figure
4 all other parts of the computer, including input/output devices and

.memory, are connected to the CPU through the data, address, and control

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

[



11

To3ndwo) Te3Thrq OISR ® JO 9In3onigs *p sanbTa

ITI3UNOD
- uexboxg

«—>

SJI03STSaY

3TUn oTbhoTt
OTIBUYI TV

<4+—>

oTboT
Toxzuod

v sng Toajuod

P sng ssoappy

3TU Bursseooad Texzus)

:-Disc

Keyboard -

:Tage
Clock
A/D Converter

A A A
A A A
\A 4 A \A A 4

aoezy aoeg
-I93uT =Iojul
Kzowspy andur andano

Disc

rer b |
Display‘“

Tape
D/A Converter.
Printer

v sng ejeg

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



12
lines of this bus. The céntrol bus uses the data and address busses to
input into the CPU (read) and output. from the @PU (write).

The standard microprocessor today is an B-bit processor. Examples
are the INTEL 8080A and 8088, the Zilos Z80, the Motorola MC6800, the
MOS . Technology MCS6500, and the Signetics 2650 (13). These micropro-
cessors are the buiiding blocks for most microcomputers on the market,
More recently, l6-bit microprocessofs have been introduced. These
processors have superior speed over the conventional 8-bit processors.
The most widely used 16-bit microprocessors.are the Motorola MC68000,
the Zilos 28000, the Intel 8086, the Texas Instrument 9900, the Digital
EQuipment LSI~11, and the Fairchild 9940 (14).

ﬁithin‘the cémputer, the CPU has a system of data storage and
retrieval called the memory. The memory contains space for both pro-
gram, needed to perform the current task, and data storage. There are
two types of memory. The first is the read-write.memory. The binary
digits within this type of memory can be changed,'as well as read by
the CPU. Read-write memory is commonly referred to as random access
memory or RAM. The second.type of memory is called read only memory
or ROM. The binary digits of the ROM can be read, but not changed by
the'CPU.

Dataare transferred to the microcomputer as binary digital signals.
There are two ways to input and output digital signals. The first is
called parallel communication (12,15).‘ parallel communication devices
latch on to eight bit digital words from a peripheral sourcé and allow
the computer to access this information through the data bus. They

“also hold data from the computer in their "latches" for use by a
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13
peripheral device. The daéa transferred between a parallel communica-
tion device and a peripheral source is in the fofm of a parallel digital
word. Most parallel commuﬁication devices are programmable.. These
devices, called programmable parallel input-output devices (PIO), per-
form a variety of functions. The PIO provides address decoding, data
I/0 buffering, and status information gathering from the peripheral
device. Through internal registers, the PIO can be programmed by the
computer to input or output data from any selected bit of the parallel
port. Due to the address decdder, the computer can treat the device
as addressable memory. Parallel communication devices supply parallel
digital word communication between the computer and peripheral devices.

fhe other type of digital communication is called serial communi-
cation (12,15,16). Instead of latching eight bits of parallel data, a
serial device gathers data on a single line, one bit at a time, until
it has the complete eight bit_word. There are two ways in which the
serial transmission may be utilized. The first is synchronous trans-
mission which requires the éomputer and the peripheral device to con-
currently know when data transmission starts and ends. Thus, a con-
sistent time interval must be utilized between the computer and the
peripheral to transmit dafa. The second serial transmission type is
asynchronous data transmission. .In this type>of communication, the
peripheral device signals the computer that it has data to be transmit-
ted. Upon receiQing the proper responses from the computer, the peri-
pheral device sends the data. Serial communicatién devices have two
functions: to take paral%el data and convert it to serial bit streams,

and to take a serial stream and convert it to parallel data. The
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Standard serial device is called the universal synchronous-asynchronéus
receiver-transmitter (USART).

Parallel and serial communication devices are the basic building
blocks in data acquisition systems from the real world. Within the
computer, all data transfer is achieved in the digital world. Outside
the computer, in the real world, most measurements or data transfer are
analog. Analog signals or voltage fluctuations assume a continuous
range of values, whereas digital signals assume only a finite number &f

" values. For an input signal to go into the compﬁter, an analog to
digital (A/D) conversion mﬁst take place. For a digital signal to be
understood in the real world, a diéital to analog (b/A) conversion
must take place.

The device within an interface system that is the link from the
real (analog) world to the computer (digital) world is called an analog
to digital converter. There are generally four techniques for A/D con-
version (15-17). The first is the succgssive approximation. This tech-
nique generates an initial guess of the input value, converts it to an
‘analog value, and then compares it to the actual input. Depending on
the result of the comparison, the initial guess will be increased or
decreased. Successive approximation is one of the most frequently used
A/D converter with microprocessof interface systems because of the high
speed, high resolution, and low cost.

| The second techniqﬁe for A/D conversion is called integration.
The dual slope integrating A/D is the basic type of integrating con-
verter. This method measures the time it takes for a capacitor to

charge to an unknown voltage and to discharge under an unknown reference
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voltage. The ratio of the times measured equals the ratio of the
.unknown and known voltages. ' This téchnique is often too slow to use
for many microprocessor interfacing appiications. It is commonly used
in digital voltmeters because of its excellent precision and noise
immunity.

The counter type converter is the third type of A/D conversion.

In this technique, the analog input voltage is compared with the out-
put of a D/A. The inpu£ of the D/A is supplied by a counter. When
the refe;ence voltage from the D/A. exceeds the unknown voltage, the

- output of the comparator turns off the counter. The value in the
counter is proportional.to the unknown voltage. The speéd of this
technique is dependent.on the unknown voltage.

The fogrth technique for A/D conversion is called parallel con-
version. This techniqgue of direct comparison converts simultaneously
all possible digital values into their analog form, and compares them
to the input signal. This method is extremely fast, but its precision
is poor.

The device within an interface system which is the link from the
digital world to the analog world is the digital to analog converter
(12,15-17). The basic D/A converter used today is called the weigbted
resistor ladder. In the resistor ladder technique, a variety of resistors
are connected in a parallel configuration to a reference voltage source
thréugh switches. - Each resistor‘represents a bit in the digital value.
The most significant bit of the digital number has the least resistance.
Thus, as a digital value appears, it closes the respective switches and

an analog value is produced through the resistors. TFixed gained
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amplifiers are connected at the output of the ladder to increase fhe
'analog value. Most D/A converters use this basic concept of laddered
resistors. The precision of the ladder D/A converter is dependent on
the precision of the resistors used.

D/A and A/D converters are the essential connection between the
digital and analog worlds. Within an interface system, they provide
data acquisition and control of‘the real wbrld through the computer

world.
Proposed Problem

The U.S. Food and Drug Administration requires the disclosure of
tqtal‘unsaturation in food additives, such as edible oils. ' The total
unsaturation of an oil is an indication of the nutritional value, as
well as a pértial guide to its expected stability. Food technologists
use the term iodine number as an expression of the level of unsatura-
tion in a sample; Iodine number of an oil is defined as the numﬁer of
grams of iodine absorbed by 100 grans of oil (18).

0ils are esters of glycerol and fatty acids. BAs shown in Figure

5, the general structure of an oil is.a triacylglycerol.
CH,,-0 g-R
2
0
0.
CH-0-C-R

i
J.‘HZ-O-C—R"

Figure 5. Triacylglycerol

Hydrolysis of common oils yields acyl (R) groups or unsaturated
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fatty acids, some of which are shown in Table 1. The carbon-carbon

Table 1
Common Fatty Acids from the Hydrolysis of Oils

Oleic Acid CH3(CH2)7CH=CH(CH2)7COOH

Linoleic Acid CH3(CH2)4CH=CH—CH2CH=CH—(CHZ)7COOH
Linolenic. Acid CH3CHZCH=CHCH2CH=CHCH2CH=CH-(CH2)7COQH
Eleostearic Acid CH3(CH2)3-CH=CH—CH=CH—CH=CH-(CH2)7COOH

-CH=CH-(CH2)7C00H

Ricinoleic Acid CH3(CH2)5-$H-CH2

oH

* double bonds of the fatty acids are the active reaction sites of the
oil utilized for the determination of the iodine number. The iodine
numbef is traditionally obtained from a titration technique called the
Wijs or Hanus method (19). 1In these titrations excess iodine is added
to a sample of an oil in order to add across the carbon-carbon double
bonds. The absorbed iodine is determined by back titration of tbe
ﬂnreacted iodine with sodium thiosulfate. The iodine solutions for
each method are some what different. The Wijs titration adds chlorine
to increase the reactivity of the iodine solution, whereas the Hanus
titratioﬁ adds bromine (20). The typical reaction time of the oil and
'thg iodine solution is 30 to 45 minutes. Mercuric acetate can be added
to the iodine solutions to speed the reaction time to 3 to 5 minuteé
(19). Total analysis time for an oil uéing these titration methods is
at least 45 minutes. |

Another method for determining iodine number ‘of an oil is the use
of a refractometer (21). The refractive indiées of an o0il can be

measured before and after iodination with the iodine solution. A ratio
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of the refractive indices of a standard versus an unknown oil corre-
"spondeds to the iodine number of the unknown oil.

Iodine numbers have been determined using nuclear magnetic reso-
nance, Raman spectroscopy, and electrolytic instruments. Although
iodine numberkdeterminations have been obtained through a variety of
instruments, the sodium thiosulfate titration remains the standard
method used by the.Association of Official Agriculture éhemists
(A.0.a.C.) (20).

More'recehtly infrared spectroscopy has been used to obtain iodine
numbers éomparable to thé titration methods (22). The infrared spec-
trum of a typical oil (soybean) is shown in Figpre 6. Two distinct
bands are obtained due to the carbon-carbon double bonds within the
oil. The first is at 3018 cm~l; This band is caused by the alkene
carbon to hydrogen stretching vibrations. Also in the same proximity
is the band caused by alkane carbon to hydrogen streﬁching vibrations.
Because of the high degree of overlap, the pand at 3018 cm-l can not
reliably be used forvquantitation of iodine numbers. A second band
due to the carbon-carbon double bond stretching vibrations is isolated
at 1654 cm—l. This weaker band can be used for iodine number determin-
ations in neat oils. Due to the large background caused by the carbon-
oxygen band ét 1750 cm-l, a correction method must be employed to facil-
itate quantitation.‘ A computer controlled background correction method
has been used to obtain peak height measurements of the band at 1654 cm-1
(22). Standard oils with known iodine values were used to compare with
standard deviations of 1 percent or less were obtained using the comput-

erized infrared background correction method. The time for an analysis
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was 2 minutes.

The to maxima of an oil at 1654 and 1750 cm T overlap each other
significantly. The partially resolved carbon-carbon double.bond peak
provides an excellent opportunity to employ the derivative technique.
Derivative infrared spectroscopy should improve the detectability of
the partially resolved peak at 1654 cm—l. This should produce én

improvement in quantitation of the iodine number of an oil.
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CHAPTER II
DESIGN AND CONSTRUCTION
Infrared Spectrophotometer

The infrared spectrophotometer used in the study was a Beckman

Acéulab 8 (23,24). This instrument employs a rotating wedge filter

. and a 100-line/mm grating (used in two orders) to provide a spectral
range of ‘4000 to 600‘cm—l.. The order break of the scan is at 2000 cm_l.
The source of radiétion for the double beam instrument is a nichrome
wire.. The resolution pfoduced by the optics at‘1000 cm“l is 3 cm-l.

_ The detector which converts the radiant energy into electrical signals
is a germaniun lens thermocouple.

The Acculab 8 is equipped with a connector terminal for limited
analog/digital output and control. The optical system may be con-
trolled through two lines which start, stop; and reverse the wavelength

_ scan. Four output lines provide both an analog signal from 0 to 1
volts of.the transmittance and a wavenumber pulsing signal from the
optical system. All logic circuit com%unication to and from the term-
‘inal is in standard transistor-transistor logic (TTL). This terminal

supplies enough information and control for data acquisition from the

instrument.
Heathkit ET-3400 Trainer Interface

Hardware Description

21
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Input

A Heathkit ET-3400 trainer (25) with an ETA-3400 memory accessory
(26) was usedvin the initial study for data handling and instrument
control. The ET-3400 contains a Motorola MC6800 as its central pro-
cessing unit (CPU). The MC6800 is an eight-bit parallel mircoprocessor.
The trainer provides 512 bytes of memory, but with the addition of an
ETA-3400 accessory to the trainer the memory can be‘expanded to 4096

_ bytes. The ETA 3400 also provides an RS-232C interface for video term-
inal connection, a cassette recorder interface for data and program
storage, and a Tiny Basic interpreter in ROM for higher level program-
ming.'

A programmable parallel input-output communication device (PIO)
was used for data acquisition and instrumen£ control in the interface
system. The PIO used waé the Motorola MC6820 peripheral interface
adap?er (PIA) . A description of PIA Qéeration is given in Appendix A.
Thirteen lines of the two eight bit ports of the PIA 1 are employed to
collect data through an analog-to-digital (A/D) converter from the
spectrophotometer. Attached to each of the thirteen lines is an inver-
ter circ;it to convert the output of the A/D to TTL logic. The A/D
‘converter provides a four bit binary coded decimal (BCD) number to PIA
1. This BCD number represents the transmittance from thé Acculab 8
which is an analog signal betweep 0.000.and 1.000 volt. This provides
transmittance readings as low as O.;%. The A/D converter employed in
the system was a Systron Donner Model 1234 integrating ramp type con-
verter. A description of the A/D operation and the TTL conversion

circuit is also provided in Appendix A.
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The control. of the interface system is achieved through . four liﬁes.
Three lines from port A of PIA 1 and one line connected directly to the
microprocessor. This is shown in Figure 7a, where the wavenumber scan
inhibit (pin 3) and the A/D reset (pin 46) are controlled through lines
8 and 9 of PIA 1 respectively. A description of the switching circuit
between line 9 and the A/D reset line is provided in Appendix Af The
wavenumber pulse and the order break of the spectrophotometer are con-
nected through a logic .circuit to the interrupt request line (Eﬁé) of

" the MC6800. This logic circuit provides wavenuﬁber pulsing only when

the monochromator is scanning. The wavenumber pulse from the mono-
chromator is also connected to liné 7 of PIA 1. This provides the
MC6800 microproceséor with the wavenumber position information. Thus,
the MC6800 need only.take data during the wavenumber range of interest.
The chart drive inhibit (pin 4) and the wavenumber reverse (pin 6)
lines of the spectrophotometer are connected to common logic ground.

This inhibits both lines as they are not used for data acquisition.
Qutput

After the acquisition of thg data from the Acculab 8 spectrophoto-
meter, the derivative was calculated within the MC6800. The derivative
was observed using PIA 2 as an output device. Data from PIA 2 was
directed to a digital-to-analog (D/A) converter, and subsequently stored
in.a digital storage oscilliscope. This way spectrawere immediately
viewed on the oscilliscope screen. A permanent recording of the spectra
was later obtained using a X-Y recorder connected to the oscilloscope

. A
output. Figure 7b shows the schematic of the hardware connections for
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the output of the derivative.

A Heath Model EU-800-GC D/A converter (27) was connected to the
eight-bit port A of PIA 2. Only eight of the most significant bits of
the 10-bit binary resistor ladder D/A converter were connected to PIA
2. The oscilloscope used was a Gould Model 0S4000 digital storage
oscilloscope (28) with the 4096 byte memory accessory. The oscillo-
scope is controlled by the microprocessor through port B (line 10) of
PIAa 2. A high signal on line 10 allows the trigger level of the oscil-~
. loscope to be adjusted manually. A low signal an line 10 allows the
oscilloscope to receive data from the PIA through the D/A converter.
This data is latched in the memory of the oscilloscépe. By pressing
the mémory output éf the oscilloscope a recording of the derivative
could be obtained on a Princeton Applied Research Model RE0074 X-Y

recorder (29).

Software Description

Input

The software for data acquisition and instrument control consists
of a Tiny Basic program apd four.assembly language programs. The cen-
tral basic program, called "Main Input", interfaces between the assembly
language programs and the real world. As seen in Appendix B, Flowchart
B-1, "3400 Input", the basic program sets the parameters for data acqui-

sition. These parameters consist of the starting wavenumber of the

instrument and the wavenumber range of interest. These are input through

the keyboard. The basic program then branches to an assembly language

program called "Input Control"., This program sets the system for input
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and starts the monochromator scan. It also counts the wavenumber pulses
from the optical system. Once the beginning of the wavenumber range of
interest has been reached,’ the program executes the Wait For Interrupt
instruction.

A high status from the wavenumber pulse to the interrupt request
(Eﬁi} line starts data acquisition. The IRA overrides all operations
in the microprocessor and starts an interrupt routine. This interrupt
routine searches addresses OOFA and OOFB of the RAM and loads their con-

" tents into the program pointer. This results iﬁ the starting of a new
assembly level program called "Take Data". The "Take Data" program
resets the A/D converter and acqui£es eight data points. It then
branches té anothef assembly language program to convert the BCD data
to hexadecimal. Thig subroutine, "BCD Convert", transforms the eight
4-bit data points to their hexadecimal equivalents. Subroutine "BCD
Convert" then returns to the interrupt subroutine, "Take Data". After
the data points are acquired, the "Take Data" program returns from the
interrupt routine to the assembly level program "Input Control". . The
v“Input Control" program checks for the end of the wavenumber range, If
the data acquisition is complete, it returns to the basic program "Main
Inputh. If the end of the wavenumber range is not reached, it returns
to Wait For Interrupt and continues to take data.

The "Main Input" program branches to another assembly language pro-
grém to stop the monochromator scan. This program, called "Stop Scan",
resets the system to output and inhibits the instrument from scanning.
The data points ére located between memory positions 0720 to ODFF.

A
They can then be stored on a cassette recorder or displayed on the
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monitor. Listings of all input programs may be found in Appendix B.

Data Processing

The data obtained from the infrared spectrophotometer represenfs
the transmittance readings from the wavenumber scan. .In order to aver-
age data points and calculate the derivative, transmittance values
mugt be converted to absorbgnce values. The software for the conver-
sion is compiled in Appendix B. The conversion is achieved using a

" transmittance-absorbance look-up table.

Referring to Appendix B, Flowchart B-2, "3400 Data Processing")
the software consists of two assemﬁly language progfams and a basic
program. The onlyvfunction of the basic program is to branch to the
assembly level program called "Transmittance-Absorbance Conversion"
(TAC). This program converts a hexadecimal data point into a 4-bit
decimal number. This decimal value depicts the percent transmittance
+0.1 percent. The program theq branches to a subroutine called "Set
Memory". This subroﬂtine uses the deciﬁal value to fix the correspon-
ding absorbance value in a prestored table. It then returns to "“Tac"
for data point averaging. After the conversion of the data set is com-
plete, the data is stored on a cassette recorder or displayed on a

monitor.

Outgut

The software for outputting the data consists of four programs.
As shown in Appendix B, Flowchart B-3, "3400 Output”, a basic program

1
accesses three assembly language programs. The first task in the
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software is to calculate the first derivative of the absorbance dﬁta.
This is achieved by branching to. an assembly level program called
"Derivative". This program calculates the first derivative and stores
it in half the memory spacé needed for the original data. It then
branches back to the basic program, "Main Output". This program sets
the trigger of the storage oscilloscope for manual level adjustment.
Once the trigger le&el is adjusted manually on the oscilloscope, the
basic program branches to a second assembly language program. This

'program, éallea "Output Data", outputs the derivative from the PIA

~ through ﬁhe D/A converte? to the ﬁemory of the oscilloscope. The deriv-
ative can be viewed immgdiately on the screen of the oscilloscope.

Higher order derivatives are calculated by branching from the basic

program to an assembly level program called- "Multiderivative". The
order of thé derivative of interest is entered through the basic pro-
gram. The program "Multiderivative" then calculates'the derivative
and returns to the basic program. The basic program then reuses.the
assembly level program "Output Data" to send the derivative to the

* osc¢illoscope. ‘This loop continues until the operator enters a stop
code of 10 for the order of derivative. Listings of the output pro-

grams are contained in Appendix B.

- Apple/Isaac Interface

Hardware Description

Input

A second interface system was developed in order to acquire data
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from the irnfrared spectrophotometer. This system included the Apble
TI (30) as the microcomputer. The Apple II contains an eight-bit MOS
~ Technology MCS6502 as its central processing unit.  The MCS6502 is

the most commonly used microprocessor of MOS Technology's 6500 series.
The microcomputer system provides 48 kilobytes of RAM with an énboard
basic interpreter called Applesoft. Two floppy disk drives were also
connected to the Apple II. Thié érovided data and program storage

and retrieval. The disk drives expahd the storage capabilities by 90
. kilobytes. An.BO-co;umn Epson MX-80 parallel printer and a high reso-
lution ménochrome monitog were aléo employed for data printout and
review.

The hardware for the interface system is that provided in the
Cyborg Inc. Isaac 91A unit (31). This universal interface system con-
tains all tﬁe electronic. devices to achieve a computer interface to
most real world deviées. Contained within the Isaac are analog I/0,
binary I/0, counter, and trigger devices. All these devices are.con—
trolled through software stored in the Apple II. This software is an
" extension of the resident Applesoft basic interpreter and is called
Cyborg Inc. Labsoft (32). Labsoft takes up 8 kilobytes in the Apple
.II RAM.

As shown in Figure 8, to collect the data from the spectrophato-
meter I1/0 terminal,'one of the sixteen 12-bit A/D converters in the
Isaéé unit was utilized. The A/D converters are successive approxi-
mation types. Three of the four binary resistor ladder D/A conver-
ters are connected to the Acculab 8 for instrument control. The

"Counterin 2" of the Isaac unit is connected as an input from the order
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break, line 8 of the specfrophotometer. Line 7, the wavenumber pulée
of the Acculab 8 I/0 terminal is connected to the "Counterin 1" of the
Isaac unit for determining the optical system status. These counters
are an externally clocked TTL up-counters., All these electronic de§ices

are controlled by a basic program which utilizes the Labsoft interpreter.
Output

The output of the data involves the monitor and printer, which
" are already part of the Apple  II system. The software to utilize
these peripheral devices is described in the Output section in the

Software Description.

Software Description

Input

Data acquisition and instrument control were achieved with one
basic program. This program.is called "Apple Input". ' "Apple Input"
uses the Labsoft basic commands to control the Isaac unit for I/0 oper-
ation. The ampersand (&) which preceeds all Labsoft commands is the
Applesoft's expansion character.” When the Applesoft interpreter
encounters the ampersand, it brapches to the Labsoft interpreter for
proper operation direction. A listing of "Apple Input" program is
located in Appendix C. |

The "Apple Input" program sets the parameters for data acquisi-
tion. Referring to Appendix C, Flowchar£ C—i, "Apple/Isaac Input",
the program then sets the instrument control lines to acquire data

through the D/A converter. The optical system status is monitored by
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the program through the "Counterin". This provides for data acquisi?
tion in the wavenumber range of interest. The data is acquired using
a subroutine called "Acquire". 'In the subroutine, each data point is
an average of ten data points. This is achieved by converting the |
transmittance data to absorbance during data acquisition. An average
of the absorbance values is calculated immediately. The absorbance
daga is then stored by the "Apple Input" program on a disk for further

analysis.
Output

The output and processing of £he data is achieved through a basic
program called "Dafa Analyzer". This program first loads the data
from the disk drive. Data smoothing is provided in the program using
the boxcar method. In this technique, a data point value is calculated
based on the average of itﬁelf with two subsequent data point values.
This data smoothing technique significantly decreases the noise in the
data. After the data smoothing option,.the program displays the wave-
number range of interest on the monitor. A copy of the absorbance
values can then be produced on the printer complete with their corre-
sponding wavenumber values.

The "Data Analyzer" program calculates any order derivative desired.
An input from the keyboard of zero for the derivative order terminates
thé program. Once the derivative is calculated, it is displayed on
the monitor'and subsequently printed. Appendix C contains Flowchart

C-2, "Data Analyzer" and a listing of the program.

\
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Systems Comparison

The Apple/Isaac interface system has many advantages over the
‘ET—3400 system. The hardware devices utilized in the conneétion to
the spectrophotometer were essentially eéuivalent. The Isaac 91A
unit's capabilities were not fully utilized in the interface system.
A smaller unit, the model 41A, from the manufacture can be configured
fo£ the minimal hardware neéds that are required.

The major difference in the two interface systems lies in the
available memory of the microcomputer units; The Apple/Isaac system
provides 20 times the onboard data storage, a faster access to mass

storage, and a higher level programming language.
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CHAPTER III
EXPERIMENTAL
Procedure

All data acquisition from the Acculab 8 was taken at the scan
speed of 120 cm-l/minute. The optics of the spectrophotometer were
_'set in the order break to start all scans at 2000 cm-l. The wavenumber
range of interest was enterea as 1750 to 1550 cm—l. This range suf-
ficiently covers the carbon-carbon. band at 1654 cm-}. A sodium chlofide
samplg cell was used in the sample beam with a one millimeter cell
- path thickness. This cell was polished before each day of analysis.

Each sample was scanned three times.

At the beginning of each day, the instrument's optical system was
cheqked by scanning a polystyrene film versus air within the wavenumber
range of interest. The 100 percent transmittance was set and the scan
was taken. The data was checked immediately for the band at 1601.8 cm-l.
‘In all cases, the band was found to be within the instrument's wave-
number resolution of 3 cm—l. Before the sample were scanned, the Accu-
lab 8 was set at 2000 cm—i. A b;ocking attengator was used in the
reference beam, while the sample cell was placed in the sample beam.

The 100 percent transmittance was then sét using the blocking attenuator.
Between sample analysis, a cell cleaning procedure was followed. First,

the cell was rinsed three times with chloroform. It was then dried

! 35
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with a stream of dry nitrogen and rinsed several times with the next
sample solution. Finally, the cell was filled with the sample and
tightly capped. The outside of the cell was rinsed with chlproform
and dried with nitrogen to remove all residual sample. Chloroform,ﬁas
used as a cleaning agent because it exhibits no absorbance bands in

the wavenumber range of interest.

Chfomophore Study I

The first study to utilize the computerized infrared spectro-
photometer involved standard solutions containing the two chromophofes
of interest. l-Hexene was used to' simulate the carbon-carbon band
found in an oil's épectnnnat]554 cm-l. The l-hexene absorbance maximum
is at 1640 cm—l. 2-Butanone was used to produce the carbon-oxygen
band at 1750 cm—l. Mixtures of these standards were prepared and
analyzed. The concentration range of the l-hexene was adjusted so that
the intensity of the band produced simulated the carbon-carbon band
intensities of some common ©ils. The range was between 0.05 and 0,25
milliliters of l-hexene per milliliter of 2~butanone.

The purpose of this study was to determine which derivative maxima
to use for the best quantitative results. This was achieved by per-
forming linear least squares analysis on the plot of concentration of
the l-hexene versus the peak height of each derivative maxima. A list
of‘these values is found in Table 2. Each peak height is the average
of three sample scans.

Within each derivative, comparing the slopes of the analysis gives

1
an indication of which maxima to use for quantitation. The maximum with
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Table 2
Selected Derivative Spectral Values as a Function of C=C Chromophore Concentration
2 2 2 3 3 3
C= Abs da(s,) da(s,) da(s,) a A(s,) d"a(s.) d A(s,) d"A(s)) a"A(s.) d"A(s.)
(mL/mL —-:-l -—_—-2 — 3 —_2-2 —-_—2-3 -—_2—4 —-__—3-1‘—-_—3'2 -T3'3
dv dv av dy dv dv dv - dv dv
sol)
0.050 0.133 0.0262  0.0683  0.0472 0.0302 0.0075 0.0305 0.0344 0.0215 0.0261
0.100 0.301 0.0333 0.104 0.0571 0.0429 0.0173 0.0353 0.0417 0.0381 0.0323
0.150 6.401 0.0328 0.125 0.0669 0.0453 0.0239 0.0416 0.0373 0.0328 0.0357
0.200 0.486 0.0371 0.150 0.0754 0.0485 0.0218 0.0451 0.0375 0.0371 0.0374
0.250 0'539 0.0395 ) 0.168 0.0779 0.0476 0.0176 0.0526 0.0459 0.0414 0.0420
% ,

c.C. 0.978 0.950 0.992 0.982 0.860 0.618 0.995 0.662 0.794 0.982
Y-Int 0.073 0.0266f 0.049 0.0410 0.0308 0.0103 0.0248 0.0337 0.0225 0.0236
Slope 1.99 0.06 0.49 0.16 0.08 0.05 0.11 0.04 0.08 0.07
* . .

C.C = Correlation Coefficient
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the greatest slope responée should give the best quantitation. As
shown in Table 2, the first derivative maximum with the greatest slope
response is (SZ)' The degree of increase in slppe response for maxima
(Sé) as compared to (Sl) and (s3) can best be visualized in the plot
shown in Figﬁre‘Q. With reference to Table 2, the second derivative
maximum with the larger slope response is (54); yet maxima (52) slope
value is not significantly smaller. Both maxima could be used for
quantitation. The two maxima of the third derivative with the greates£

'slope response are (Sz) and (53). Maximum'(sz) is not particularly
linear with respect to the ethylene concentration, as was evidenced
by the correlation coefficient of the least squares analysis. Thus,
the maxima of interest for further quangitative analysis studies are:
first derivative (SZ)’ second derivative (Sz) and (S4), and third

derivative (S3).

Chromopore Study II

The second study also involved standard solutions for simulation.
In order to simulate the fatty acids of the oil more closely, n-butyl
acetate was used as the standard for the carbon-oxygen band. This
combound contains the ester group common to all oils. A longer chain
;ikene was also used to produce the carbon-carbon band of the oils at
exactly 1654 cm-l. The alkene used in this study was cyclooctene.
The purpose of this investigation was to determine thé relative inde-
pendence of the quantitative derivative measurements from the concen=
tration of the carbon-oxygen band. Ratios of the two standards were

.mixed. Four standard sets were prepared. In each standard set, the
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volume of cyclooctene waé varied from 1.0 to 2.5 milliliters while
the volume of n-butyl acetate remained constant. The volume of the
acetate for the four standard sets (1 through 4) were 8.0, 10.0, 12.0,
and 14,0 milliliters, respectively. To assure the two liquids were
additive, 20lmilliliters of n-butyl acetate were pipetted into a 25
milliliter volumetric flask. Cyclooctene was added from a buret with
mixing until the flask was full. The amount of cyclooctene added to
the flask was found to be 4.95%0.05 milliliters. This error of 1.0%

" in the volume was not considered to be significant in these studies.
Thus, witbin each sﬁandard set, the concentration of the acetate
varies slightly over the cyclooctene range but the relative intensity
of the band remains the same.

A linear least‘squares analysis was performed on the data from
the plot of the concentration of cyclooctene versus the derivative
maxima values. The resulting slopes from the an&lysis are compiled
in Table 3. The variation in the slopes over the four standard sets
represents the dependency of each derivative maxima value on the
slope of the ester band. This variation is the percent mean deviation
of the slopes containéd in Table 3., The first derivative maximum (52)
is the least affected by the ester concentration wvariation of butyl
aéetate. However, the second derivative maximum (Sd) and the third
derivative maximum (S3) seem to have been effected significantly by

. the ester concentration. This may not be entirely trﬁe since a marked
loss in precision for higher derivatives may be obscuring tﬂe‘real
trends. Nevertheless, this deviation in their slope could cause a

.iarge uncertainty in quantitative analysis. The mean deviations of
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Table 3

Slope Values from the Least Squares Analysis of Concentration of
C=C Chromophore vs. Selective Derivative Values

Slope Values and Coefficients of Variation
Standard 3 3 3
Sample ml, C=C Abs ggﬁsz) d A(Sz) 4 A(S4) a A(S3)
Set # mL COOR av ] dGz d;2 d53
-1 1.0/8.0
: 1.5/8.0 0.330 0.121 0.076 0.01l6 0.050
2.0/8.0 (12.4) (2.3) (9.4) - (24.0) (17.5)
2.5/8.0
2 1.0/10.0 ,
1.5/10.0 0.412 0.106 0.092 0.029 0.070
2.0/10.0 (19.5) - (4.9) (22.3) (17.1) (26.1)
2.5/10.0 ’
3 ' 1.0/12.0
1.5/12.0 0.437 0.109 0.106 .0.048 0.075
2.0/12.0 (9.4) (2.7) (17.6) (6.9) (45.0)
2.5/12.0 :
4 1.0/14.0 .
1.5/14.0 0.359 0.113 0.092 0.045 0.125
2.0/14.0 (16.5) (10.8) (20.5) (19.8) (19.8) .
2.5/14.0
%-Mean Deviation 10.4 4.2 8.5 34.8 28.1 -
of Slopes
Average Coefficient 14 .4 5.2 17.4 . 17.0 27.1

of Variation (CV)

v
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the slopes for the absorbance peak height and the second derivative
maxima (SZ) are each approximately twice the first derivative maxima
(52) value. The first derivative would therefore be preferred in
order to better accomplish quantitation of the carbon-carbon band.

The coefficients of variation (34) for the slopes in Table 3 is
an indication of data scatter. The average coefficient of variation
(CV) over the four standard sets is also listed in Table 3. This
value shows an increase with increasing order of derivative which
. suggests that data scatter from the noise withiﬁ the spectrophotometer
is amplified as higher ordér derivatives are produced. Interestingly,
the CV for the first derivative ma#imum (Sz) is sigﬁificantly smaller
than the ¢V for thé standard base-1line method employed on the absorb-
ance peak., This is Qrobably due to the uncertainty in establishing a

reproducible base line in the absorbance mode.

Selected 0Qil Study

Six common unsaturated oils were purchased from local food
retailers and subsequently studied. They were soybean, corn, olive,
sunflower, safflower, and peanut oil. Each oil was scanned three times
as a neat liquid. The determination of the iodine numbers of the oils

were calculated based on Beer's Law relationship.

Cstd Cunk

A A
std unk : (4)

where std = standard and unk = unknown. Also ¢ = iodine number and

A = derivative maxima value.  All iodine numbers were based on a soy-

; § ;
bean oil ‘as a standard sample. The oils were also analyzed by the Hanus
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titration method (33). Exéerimentally determined iodine numbers of
the selected oils are listed in Table 4. Each iodine value determined
spectroscopically is the aberage from the three separate scans. Also
contained within the tables are the pooled standard deviation (34) and
the coefficient of variation for each derivative maximum studied.

As shown in Table 4, most of the spectroscopically determined
iodine numbers fall within the accepted range of literature values,
with the exception of olive oil. The olive oil iodine values were
significantly high. In order to determine if tﬂe original olive o;l
was adulterated, a second olive oi; sample produced by Fisher Chemical
Company was analyzgd. Again, the spectroscopically-determined iodine
numbefs of the olive oil were still significantly higher than the
accepted range. This implies that the technique was at fault and the
original olive o0il was not adulterated.

The probable cause for positively biased iodine numbers for
olivé 0il may be due to the effect of the band shape resulting from
overlapping bands of significantly different intensities. Fiqure 2
depicts two overlapping bands, which are significantly different in
intensities. This situation is analogous to the spectrum encountered
with oils where a very infense ester band (A in Figure 2) overlaps a
very much weaker ethylene band (ﬁ in Figure 25. Since the spectral
de;ivatives.are dependent on the slope of the original spectra, hope-
fully some :egioh of the spectrum (¢ to d in Figure 2) of the mixture
may be found whiqh is significantly dependent on the weaker component.
Nevertheless, the degree of dependence will necessarily be a function

1
of the ratio of the intensities of the major band (ester) to the minor
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Table 4
Iodine Numbers of Selected 0ils

Iodine Number * Standard Deviation

Variation (cv)

0il Accepted Iodine 5 > 3
Name ° Number Range(*) Abs.: da(s,) dAls,) ~ dAals)) a’A(S,) Hanus
d;z dGZv d;2 353 Titration
Sovbean 122-134 128 128 128 128 : 128 128+])
(std.)
Corn ‘ 111-128 120+7 1294 13916 129+4 129%16 1281
Olive 79-88 108+5 1322 138+£23 102x5 114+2 78%]
Sunflower 122-134 126+7 12817 119+12 131+5 ' 126x7 1zexl
- safflower 135-155 139+2 134+2 1015 1518 154+13 1361
Clive 79-88& 107+4 1247 9045 91+4 125+32 82+1
(Fisher)
- Standard Deviation 1.58 1.48 2.26 1.61 2.64 0.71
Pooled (s )
P
Coefficient of 1.32 1.14 1.92 ) 1.33 2.04 0.63

*
Reference 18

144
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band (ethylene). 1In the case of olive oil, this ratio, due to the
iower degree of unsaturation, is significantly larger than the corres-—
ponding ratio for soybean oil which was used as the standard. Thus it
follows that the best results will be obtained when a standard is
selcted such that its ratio more nearly approximates that of the sam-
ple. BAnother way of stating this is to say that the iodine number of
thg standard should be close to'that of the sample. The validity of
this argument is shown to be true in Table 5. The iodine number of
' peanut oil was determined using olive oil as the standard. Considering
the standard deviations, all the iodine values of the peanut oil agree
with the éccepted literature range.

The iodine nuﬁbers determined by the derivative spectroscopic
method tend to exhibit a high bias as compéred to the ﬁitration method.
The derivative maxima that best approximates values obtained by the
titration method of all the oils is the fiést derivative maximum (Sz).
This maximum also exhibits satisfactory precision as can be seen from
the coefficient of variation in Table 4. The CV indicates the pre-
cision of the technique employed. The first derivative's CV exhibits
the. lowest value and thus suggests that the iodine. number determined
by the maximum (Sz) of the first derivative providgs the be;t precision

aﬁd consequently should be the maxima of choice.
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Table 5

Iodine Numbers of Peanut 0il vs. Olive 0il

Iodine Number * Standard Deviation

-Oil Accepted Iodine = 5 > 3 -
Name Number Range (*) Abs. géﬂsz) d A(Sz) d A(S4) d A(S3) Hanus
av av? av? av> Titra=
: tion
Olive 79-88 78 78 78 78 78 781
(std.) '
Peanut 88-98 79%2 96£3 92+4 89+1 108+19 -

*
Reference 18

9%



CHAPTER IV
DISCUSSION
Advantages and Disadvantages

The main advantage of derivative infrared spectroscopy lies in
the increased quantitative éapabilities it provides relative to the
. standard quantitative techniques employed with infrared spectroscopy.
The infrared region has always been very useful for qualitative anal-
ysis. However, its utilization for quantitative analyses enhances
its power. In this investigation, it was shown thét quantitation of
iodine numbers of oils was accomplished quickly and accurately with
the derivative techniqué. Many of the problems encountered in the
standard titration method for determining iodine numbers are elimi-
nateq in the spectroscopic method. The typical analysis time for
the computerized derivative_infrared technique is approximately 2
minutes. - This decreases the analysis time of the standard titration
method used by food technologists by approximately 15 fold.

As a result of this investigation, it was found that the deriva-
tive technique is limited by the noise withinlthe spectrophotometer.
The inherent noise in the Acculab 8 infrared instrument limits the
usefulness of the quantitative derivative technique to the first
derivative., ' If higher signal-to-noise ratios could be achieved, as

with Fourier Infrared Spectroscopy, higher order derivatives would

A 47
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likely eliminate the problem of the choice of appropriate. standard

oils encountered in this study.
Conclusion

The infrared derivative spectroscopic technique provides a quan-
titative method that closely approximates the accepted method. The
quantitative derivative method provides data with a relative error of
aboutkl percent. This technique permits quantitation in the infrared
. region at approximately the same level of preciéion and accuracy as
the more elaborate computerized base-line correction methods.

This technique should be applicable to any coméound or compounds
containing measuranle amounts of unsaturation. A good application
would be in the agriqultural area to measure total unsaturation of
food products. Another industry involving unsaturation measurements
would be the petroleum and allied industries. Many in-process checks
involving unsaturation of the products can be accomplished quickly

and accurately by employing the derivative I.R. technique.
Recommendations

The construction of the interface system used in these studies
was built as a matter of convenience. A commercially built unit would
likely use the optimum amount of hardware consistent with the quality
of‘spectrophotometer employed. The best system might contain, within
the instrument, a microprocessor instead of a full microcomputer. All
the programming needed to control the instrument and to acquire and

1
process data would be resident as firmware in the system. The minimum
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RAM meeded to acquire data over the full spectral range would be
approximately 16 kilobytes (8 bit) .: The data acquisition hardware
would be comparable to that found in the ET-3400 interface system.
The cost of such a spectrophotometer interface system would be signif-

icantly lower than the Apple/Isaac system employed ih this Study.
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APPENDIX A
Peripheral Interface Adapter (PIA) Operation

The Motorola 6820 peripheral interface adapter (PIA) (35,36) has
two input/output (I/0) ports each possessing three independent regis-
ters. These registers are showh in Figure-A—l. 'They are referred
to as: the output regiéters (ORA and ORB), the data direction regis-

. ters (DDRA and.DDRB), and the'cont;ol registers (CRA and CRB). These

. six regiéters are each individually addressable by the microprocessor
unit (MPU). The A and B indicate the two different ports of the PIA.
The PIA provides two pérallel eight-bit ports (A and B) which can be
programmed as either an input, output, or special function port.

Figure.A-2 shows a diagram of. the MPU system interfaced with the
PIA. The MPU side of the total system includes three chip select
lines Cs0, Csl, and Ccs2 for selecting a particular PIA. These lines,
along with two register select lines, RSO and RSI, are connected to

" the address bus of the MPU. RSO and RSl are used in conjunction with
four interrupt control bits, CAl, CA2, .CBl, and CB2 to address the
six registefs within the PIA. The four interrupt lines are held at
a ﬁigh state in the interface by connecting each to the five volt~
supply through a one thousand ohm resister. This is to prohibit any
out;ide interruption of these liﬁes which would alter the PIA function.
The read/write (R/W) and reset (EEE} lines of the PIA are connected

to the same corresponding lines of the MPU. The enable line of the

PIA is pulsed by the 02 clock signal 6f the MPU. Lines IRQA and IRQB

51
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Address .
[TTTTTTT] output Register A -(ORA)
8000
side A Al l {1 1TT11] pata pirection Register A (DDRA)
goor [ | I 1T T I*1 1| control Register A (CRa)
(T TTTTT ] Output Register B (ORB)
8002 _ ' .
Side B FTTTTTTT] pata Direction Register B (DDRB)
8003 || |1 [J* |1 control Register B (CRB)

Figure A-l. Address Assignments of PIA Registers

—>
>
>

IROA CAl+-g———

[IRQB CA2+g—Pp—

e ———— w22 DAQ~DA 71—
-~ RSO
-p1-RS1
—-CSs0
-p-1-CS1

BO-PB

R /W PEQ-PRT b —

| Inable CB2{ P

} '.-ReS CBl‘+——

Control Bus

Address Bus

v

Data Bus

Figure A-2. PIA Interface
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are interrupt request lines for e€ach side of the PIA. These linés
are connected to the respective Eﬁﬁ'line of the MPU.

The logic scheme for addressing the PIA is shown in Figure A-~3(a).
Address memory locations 8000 to 8003 represent the two sets of inde~-
pendent register ports. These addresses on the MPU's address bus
initialize the chig select lines CSO, Csl, and cs2. The two register
select lines RSO and RS1 are coﬁnected to.the laét two significant
bits of the address bus. Thus, addresses 8000 and 8001 éontrol port
‘ A of the PIA; thle addresses 8002 and 8003 control port B of the PIA,

Figﬁre A-3(b)- shows the 1ogié circuit that enables the data
input/output bus. When the valid memory address (VMA), the address
line 15 (Al15), the con£rol select lines, CSO and CSl, and the R/W
lines are all high status, the NAND gate enables the read enable line
(EE}. Once the RE line ‘is enabled, the tristate datg bus from the PIA
to the MPU is opened which makes data transfer possible.

-Referring to Figure A-3(a), the two register select lines, ﬁSO
and RS1, control the operation of the PIA. Line RS1 selects which
" port, A or B, of the PIA will be addressed. A high status on RSl
selects port B, while a low status on RS1 selects port A. Line RSO
selects which register is affected by the MPU. When RSO is at high
stétus, the CRA or CRB is selected. A low status on line RSO selécts
the DDRA or DDRB.

'.To initialize the PIA, the MPU must first set the control register
to either output or input. An address of S001 on the address bus sets
the RS1 line at low status. This selects A port of the PIA and sets

RSO at high status, thus initializing the CRA. Bit number 2 of the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

P



54

MPU Decoding PIA
AlS (1) . :

ST Yo (6) Pin 23 o Cs2

O- .

o Al4 (6) '
Al3 o)\ (1) Pin 24 csl

0312 ©) J °

o-———-

o Al Pin 35 o RS1 chooses A or
F:X0) Pin 36 RSO B side

O— o]

o-All (0)
A3 0\ >c (1) pin 22 o cso

Y ©or ) Ny

o

(a) Addressing of PIA Decoding

. vMA (1)

gkAls 58) ‘
Ccs0 (1) >.'\ (0)

(o]

o Csl (1) | O . Data I/0 on MPU

% R/ (1) ' Logic (0) at Data I/0 activates

I/0 port

{(b) Data Input/Output Decoding

lFigure A-3. Addressing to PIA
1
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CRA is the control bit fof the selection of input or output for port
A. Bit number 2 is at high status by loading the hexidecimal number
04 into memory location 8001. This selects the.DDRA as an input reg-
ister. The data in the DDRA is located at memory location 8000. The
MPU only neeas to read memory location 8000 to receivé the data. For
the MPU to output data, the ORA has to be initialized.. This is done
by setting bit number 2 of the CRA to low status by loading 00 into
memory location 8001. 'The MPU can now output data. by writing data
' into memory location 8000. The PIA essentially becomes four memory
locations for data transfer in and out of the MPU.

Analog-to-Digital Converter Operation

(Systron Donnor Model 1234)

Model 1234 analog-to-digital (A/D) converter (37) is an inter-
grating ramp type converter. The converter contains five major elec-
tronic components. These are a voltage ramp gene;ator, two voltage
comparators, a érystal oscillator, and a counter. The voltage gener-
ator consists of a current source and an operational amplifier in the
integrator configuration. The generator provides a linearily decrea-
sing voltaée ramp from +12 to -12 volts. Referring to the schematic
;f the converter in Figure A-~4, the operation of.tﬁe converter starts
Qith a high status at the reset line. This signals the voltage famp
generator to start and also resets thevcounter.to zero, The ramp volt-
age is Eonnected to the inputs of the two comparators.  The ramp volt-
age is compared.to zero volts by comparator (1) and to the input volt-
age through compérator (2). At the time the ramp voltage is equal to

Zero a pulse is generated at the output of comparator (1l). This output
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Voltage Ramp Generator

Input voltage

S

(2),

ALY

Current
Source
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(1) Crystal
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Reset
(line 46)
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Figure A-4. Model 1234 Analog-to-Digital Converter
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gates the crystal oscillator to the counter. The counter continués to
count the oscillations until a negative signal occurs at the input of
comparator (2). This is caused when theée voltage ramp reaches the nega-
tive value of the input voltage. The digital value, a four bit BCD

number in the counter, is proportional to the analog input voltage.
TTL Conversion Circuit Operation

The output of the Model 1234 A/D converter is not TTL compatible.
' To accomodate this, the electrical circuit shown in Figure A-5 was

constructed. ' One of these conversion circuits was connected to each

+5 volts

o . O Output to

PIA
Input from A/D Inverter

Figure A-5. TTL Conversion Circuit
of the thirteen linés between the A/D converter and the PIA. The device_
conéisted of an inverter, a diode, and a 1 megohm resistor. When a
"logic 1" from the A/D converter (-15 volts) is input, the diode con=-
ducts to ground. This connects the input of the inQerter to ground also.

This causes the output of the inverter to have a high TTL status of
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approximately 3.4 volts. A "logic 0" (0O volts) from the A/b convertér
prevents the diode from conducting. This allows the +5 volts source
to float the input of the dinverter to +5 volts causing a low TTL status,

zero volts, at the input of the inverter.
Reset Switch Operation

The switch (38) used between the PIA and the reset line of the

A/D converter is illustrated in Figure A-6. It consists of a PNP type

=15 volts

10 k&

— ‘0 Output to
Reset line

10 k9

Input from '
PIA’ B - base

C = collector
E - emitter
éio kQ

+5 volts

Figure A-6. Reset Switch Circuit

transistor, which functions as a switch;'ans three 10 kilohm resistors.
An input from the PIA'of zero volts opens the base of the transistor.
This drains the -15 volt source acrdss the transistor and provides
an output to the reset line of zero volts. To reset the A/D converter

the PIA outputs a high status of +5 volts.  This closes the base of
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the transistor and opens the -15 volt source to the reset line,
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) parameters Control P
-4
Output to See Interrupt Initialize Input Count pulses
scan request mask > PIA to wavenumber for start of
input pulse range

Disable
interrupt
request
mask

l
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interrupt

Input high
on interrup

Initialize
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v
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Flowchart B-1l cont.
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1@
15
20
30
4@
1]
&0
70
80
90
100
110
120
130
140
150
160
170
180
190
230
240
250
260
270
280
290
300
310
320
360
370
80
389
386
S8

o0
88

400
410
4:0
430

"Main Input" (Tiny Basic)

PRINT "INPUT STARTING WAVENUMEER OF SCAN IN CMA-1“
PRINT "INPUT WILL BE 4000 CMA-1 OR Z00@ CMA—1"

INPUT A
PRINT "INPUT WAVENUMBER RANGE TO EBE STUDIED IN CMa-1"
PRINT "WAVENUMBER (MAX.2"

INPUT E

PRINT "WAVENUMBER C(MIN. )"

INPUT C :

PRINT "MAKE SURE THE I.R. IS SET AT",A, "CMA-1"

PRINT “THE AREA TO BE RECORDED IS EBETWEEN"
PRINT E,"CMA-1 AND",C, "CMA-1"
IF A=4000 GAOTO 14@ :
D=A-E
GOTO 150
D=C(A-BI /2
LET G=0
IF D(Z56 GOTO 230
D=D-256
G=G+1
GOTO 160
D=USR(719%, @001, D)
G=USR(713%, 000A, G
IF A=4000 GOTO =250
E=B~C
GOTO =90
E=(B~-C) /2
LET G=0
IF E{(:56 GDTOD 3I7@

E=E-256

G=G+1

GOTO =00
E=USR(713Z, 80@3, E)
G=USR(713z, 800=, G)

PRINT *'NOW. STRART THE I.R."

PRINT "BY PRESSING THE SCAN BUTTON"
J=USRC16E@)

PRINT "YOU MAY STOP THE SCAN NOW"
W=USR(1456)

PRINT

PRINT "NOW, ENTER NEXT PROGRAM FROM RECORDER"
END -
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06390
0692
PE3S
0E97
PE3A

069EB

PESE
BeA1
PER4L
REARS
0ERG
DEAS
oeA3
0GAR
0ERE
QEER1
Q6ER3
DERG
QeR7
Q6R3
DEEA
oeEC
VEEBE
26COo
PECE
PECE
RECS
o&eC3
pecec
QECE
QECF
BED1
RED.=
REDS
QD3
PeD3

oeDA
OEDE
QEDE
QEE1

DEES

QEES
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LDAA
STAA
LDRAR
sSTAA
SEI

LDAA

LSRA
LSRA
LSRA
TSTA
EEQR
NOP
LDAAR
STAA
LDAA
LDARE
SEA
LSRA
LSRA
TSTA
BER
ERA

LDRA

STARA
LDAA
LDAE
SEA
LSRA
LSRA
TSTA
BEQ
BRA
LDAA
STAA
CLI
WAI

SEI
LDX
CPX
REQ

BRA

RTS

26
B7

o
o

B7

B&

44
44
44
4p

-
o

01

o
o

E7

- BE

CE
1@
44
44
4D
27
20

[
w

B7
EE
Ce
10
44
a4
4D
27
Z0

=
<

B7
@
IE

64

"Input Control" (Asssmbly)

@7
rlr]
20
3]
0
44
44
16

@4

g0

[
L=

40

44
14¥43

17
EE
B4

o
L~

n
L]

co

44
44

oz
EE
0o

o
<

@4
@5
ralaj

4l
4t

@1
bo

44

a1
411

44

a1

o0
Q:

Load memory iocations with
initiatization data.

S22t interrupt mask so wave-—
number pulse doss nNnot interrupt.
Load from PIA wavenumber ivihibit
status.

Check wavenumbar inhibit status.

Branch if no wavenumb=y inhibit.
Set PIA port A to input.
Load PIA port A into Accum. A

Check wavenumbeyr pulse status,

Branch to start scan.

Set PIA port A to iviput.

‘Load PIA part A into Accum. A

Check wavernumber pulse status.

Branch to start scan.

Set PIA port A to output.

Ciear interrupt mask.

Wait for wavenumbeyry pulse

to interrupt, branch to
interrupt subroutine Take Data.
Check wavenumber rangs coveved, .

If gspectra rangs is covered
return to Tiny Basic.

If gsp=ctra range is not
covered raturn to wait for
interrupt or wavenumbar pulsse,
Returrn to Main Input program.
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ae00
B3
71210
@603
QEoRA
@eoD
2e10
o612
@615
D616
2613
ee1C
@61F
2621
0E24
EZ6
Be=29
@62B
A6ZE
BES1
beZ2
BEZ4
637
@AE=3
@e=C
@EZE
B4t
bess
bE47
@64n
@e4D
650

BESE
2656
Qe57
BeS3
B6eSC
@&eSE
veel
Beta
aee7
BEEA
@eED
0670
pe7z2
PE7S
Be78
0e73
P67B
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LDX
CPX

- BE®

ERA
LDX
CpPX
EBER
LDX
DEX
5TX
CLR
CLR
LDAB
STRE
LDAA
STAA
LDAA
STAA
LDX
DEX
ENE
LDX
LDAA
STAA
LDAA
STRAA
STAR
LDAA
5TRA
LDAA
5TRA
JSR

LbAAR
DECA
BER
5TAAR
BRA
LDX

LDAA

STAAR
LDAA

- STAR"

STX
LDAA
STAA
LDX
DEX
BNE
ERA

CE
BC
27
2@
CE
BC
27
FE
23
FF

7F
ol
F7

RB7

(=]
w

B7
CE
23
26
FE
g6
B7
26
B7
B7
EE
R7
EE
A7
ED

B&
s
27
B7
20
FE
EE
A7
BE

A7

FF
26
B7
CE
23
26
20

"Take Data" (Assembly)

a6
2o
0z
73
0o
@0
e3
710

0o

oa

(=]
i=

0o
00
s
4@
80
@21

FD
oo
2

o
A=

Q4

o
L=}

o
«

o]
<9

ralri]

P}
L)

0o

710

4}
Qo
CE
a1t
0a
va
2]t
]
ult]
o

o
s

[an)
o

FD
@D

0o
00

0o
oz
Bz
oz
[
oD
0E
21

(]}

[sa]
o

R4
24

o1

-r

-t

00
03
0z

[an)
L)

lu)

oE

oE

a4
oc
Be
@D

o
L)

04

i
v}

Check wavenumbeyry status.
Branch to acauire data.
Branch to input control.
Ch=cKk wavenumbeyry status.
Branch to input control.
Set current memory location
for data entry.

Initialize memory locations.
Szt numbey of data pPoint

to be taken.

S=t PIA port A to output.

Re=s=t A/D comverter.

Res=t output status.

S=t PIA ports A and H
to input.

Store A/D converteyr EBCD
Viumbear.,

.Branch to subrautine BCD

Coniveert.,

Check numbey of data points.

Stove converted data into
PropEy memory Loozation.

Szt PIA port A to output.

Timer toop for data acauire,
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@6e7Dh LDX CE 20 00 Timer 1oobp for no data.

PEE0 DEX 23 acquire.
2es1 ENE <& FD :
@683 LDX FE @3 0@ Decrem=nt wavenumber Status.

@626 DEX 29

Qes7 STX FF 00 00 :

BE2A RTI -~ 2 Return from interrupt

‘ to Input Control program.
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QEQD
QED3
QEQE
QER7
QEDA
QEQE
@EQE
@E11
OE14
QE1E
BE13
@E1C
@E1F
QEZD

@EZ1
QEZZ
QEZ4
QEZS
QEZ2
@EZE
@EZE
QEZD
QE33
QE34
QEZ?
OE3S
QE33
QEZA
@EIC
@E3D
QETF
QE4Z
DE4S
QE47
REA4T
QE4E
QE4E
RES!
RES3
RESS
RES?
BESA
RESC
OESF
PEED

QEEL

DEEZ
BEG&4
QEES
QEE7
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LDX
5TX
INT
STX
NOP
CLR
CLR
LDX
LDAA
ASLA
LSRA
LSRA
LSRA
TSTA
cLC
BEQ
NOP
LDX
8TX
LDX
LDRA
ASLA
ASLA
LSRA
LSRA
T8TA
CLC
REL)
DECA
LDAE
ADDE
STAE
RCS
ERA
LDAR
ADDE
STAB
ERA
ERA
ERA
LDX
LDAAR
LSRA
LSRA
TSTA
CLC
EELQ!
DECA
LDAR
RDDE

FE
FF
03
FF
01
7F

- 7F

AE
42
44
44
44

. 4D

2c
27

a1,

CE
FF

FE-

AE
48
48
4t
44
4D
oc
27
4h
CE
FE
F7
25
20
CE
FE
F7
)
20
20
FE
AE

a4
4D
ac
27
4R

FE

"BCD Convert" (Assembly)

oe
0o

20

00
o0
00
00

o
(=)

44
44

@7

@3
Qa
2o
2@

o
(o]

44

17

&4
@
%]
oz
EF
21
7417
ra1%]
ES
oz
E7
v
4]
a4

17

2A
oo

aa
]

2R
OB
oe

432

44

44

»
m

2}
QE

oA
oA

S
@

oB

Move data to new memary
foZation.

Initiatize memory locations,

Check status‘of BCD number
bit 4.

Add hexadecimat eauivalant
aof BCD bit 4 to memovy.
Check status of BCD munber
bit 3.

Add hexadecimatl squivalent
of BCD bit 3 to menaovy.

Ch=ck status of BCD viumbery
bit Z.

Add hexadecimal eauivalent
of BCD bit 2 to memory.
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QEEA
@EED
@EEF
QE71
QE73
QE7E
@E73
QE7E
QE7E
QEEQ
@EE3
QE34
QES7
QEES
@EE3
GESA
@ESD
QE30
@ESZ2
PE34
@E3E
DE33
@ES3C
@E3D
QEAD
DEAS
QERE
DEAE
GEAA
BEAC
OEAF
DEE2
OEES
PEEE
OEES
OEEC

STAE
ECS
ERA
LDAR
ADDE
STAR
ERA
1.DX
LDAAR
ASLA
ASLA
LSRA
LSRA
NOP
CLC
ADDA

STRA

BCS
EBRA
LDRAE
ADDE
STRAE
CLC
LDAA
ADDA
STRA
EBCS
BRA
LDAE
ADDA
STRAE
CLC
LDbAA
ADDA
STAA
RTS

oo
@z
EF
@1
0o
@
ES
uln]
]
ag

a4

00
@e

-

-

23

a1

ral)]
00

ralv}
7411
ulv]

L]
s

23
o1
)]
]t

ul)
ralva}
v}

OB

)]
)]

oA
oA

i)
@D
oD

oC
@ac

A
oc
oc

68

Check status of ECD riumber
bit 1.

Add hexadecimal equivalent
of BCD bit 1 to memoryy.

Return to Take Data interruet
SUbtroutines.
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0SEQ
25B2
@SBES

@SE7

BSBA

LDAA

"8TARA

LDAA
STAA
RTS

E7

fm
o

B7

A

69

"Stop Scan" (Assembly)

v}
20 01

[an]
<

g0 0o

Set PIA port A to cutput.
Inhibit irvistrumert scan.
Return from subrovtine to

Tiny Basic program Main
Input
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Initialize
Data

Processor

Convert % T
to location
in table

Convert data
- point to & T

‘# | <

Replace % T Return to
-with Abs. TAC
value

v

erage B
QZta goint Return to
Data
over range
. Processor

Flowchart B-2. 3400 Data Processing
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71
"Data Processor" (Tiny Basic)

1@ PRINT "THIS PROGRAM CONVERTS TRANSMITTANCE TO AESOREANCE ™

20 H=USR(153€) ‘
3@ PRINT "ENTER NEXT PROGRAM FROM RECORDER"

4@ END
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0e00
LEDd3
1201
0603
0EDC
0E0F
Be1Z2
0e14
0E17
2e1A
oe1C
061E
QE1F
ezl
Be23
- BEZS
BEZE
RE=3
0EZEB
0e=D

REZO-

PEZZ
0e=S
0eZ3
QEZB
06D
BEZE
0E40
BE4 1
oe4
E4LS
0E4E

. 0E4D
BE4C
@E4D

BeaF
] ey
654

QESE

eSS
B&SC
BESE
BeE1l
" BEES
PEE4L
BEEE
veE9
oeEA
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LDX

-8TX

LDX
STX.
LDX
STX

"LDAE

STAE
LDX
LDAA
LDRAE
SEA

" 8TAA

RCS
ERA
CLC
LDX

DEC

LDAH
STRE
L.DX
LDAE
CLR
LDX
LDAA

* ABA

STAA
NOP
ECS
ERA
cLc

CINC

LDAAR
DECA
EBEG

STAA
ERA
LDAE
STAE
LDX
LDAE
STX
LDAA
AEA
STAA
LDAR
DECA
BEC

@z
1]
B7
oo
oF
oF
o4
oF
oo
00
44

1]
Bz

2e

)]
alr]
23
]
ali]
20
alvi]
ulu]
@a

(710]

2z
o4

00

0o

uln]
E4
23
oo
Do
aln]
]t
4]

i1
20

"TAC" (Assembiy)

20
(4]

-~
-

oa

S50

2a

n
=)

ne

pe
20
o2

o1
0

21
1]

a7}

4]
741

@0

Initiatize tempovYary memovy
for beginming Of the data.

Convert bivary LSE's of data
to decimal percent
transmittance sauivalent.

Increment tempovrary memory
for LSE largsr than 93.

Check if conversion is com—
pPlete for LSR’s.

Convert binary MSE'S of data
to decimal percent
transmittance squivalent.
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@e6C
BEEF
PE71
0Ee74
0E78
.B873
D&e7A
o&e7C
Q&7E
ESD
BES2
0EB4
087
BeBE3
OECH
062D
PE3902
0ESZ
PESS
038
QESE
23D

DERD

BEAZ
BEAS
DEAE
PEAS
GEAE
BEAD
CEBD
OEEL
QEET
REES
OEES
BEEA
QEEF
RECD
. DECZ
_DECS
@ECE
@ECa
0ECE
RECC
RECF

REDZ

REDS
oED7
QEDA
QeDD
- QEDF
PEEZ
QEEZ
BEES

STAA
ERA
LDX
LDAA
DAk

. ABR

STAA
ERA
ERA
ERA
LDAE
ADDE
ERA
ERA
LDAA
STAA
LDAA
STAA
CLR
LDX
LDAE
STX
LDAA
STAA
SEA
STAA
LDX
LDAA
STAA
LDX
SECA
EMI
LDX
STAA
INC
cLC
ERA
CLC
LDAA
LDX
STRA
INX
STX
LDAA
L.DX
STAA
LDAA
LDX
STAA
LDAA
DECA
EEC
STAA

R7
20
FE
A6
F&
1B
A7
20
20
20
CE
FB
20
z0

[m]
o

B7
26

E7

CE
EE
EF
Rk
B7

10

A7
FE
RE
E7
CE
Az
2B
FE
a7
7C
oc
20
ac
EE
FE
A7

[}
()

FF
EG
FE
A7
BE
FE
A7

4n
27
EB7

(]
ED
@0
0
(ral

Qo
@D
@z
EF
D1
a1
es
AL
72}
ra]",]
3A
ra]ri)
ra]v]
alr
ralti]
20
{rajvi]
k)

2o
7:1]
1]
o
rair)
0o

)R

ra1vi]
v}
1a]%]

DC
20
BF
a]vi}

BF
ralra}

0@

20
22
alri]
0o
aF

as

aF

06

01

oA

@6
oc
DA
26
DE

Add carry to MSE’s from LSR’S.

Check for complete conversion.

Store decimal psrcent
transmittance in menory

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

73




QEES
BEEA
BEED
OEFQ
"QBF S
QEFS
@eF7

ERA
JSR
LDX
CPX

- BE®

ERA
RTS

20 9F
ED DE
FE 0@
EC 00
27 B2

20 99

oa
e
04

74

positions @F30 thvoush @F93.

Jume to subraoutins Set Memory.
Check for end of data. :

Return from subroutins . to
Tiny Basic program Data
Processor.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




PEDQ
QEDS
QEBS
QE®7
RE®S
CEDA
QE@D
GEQF
PE11
PE1LZ
RE1S
QE17
0E18
QE1A
QELC
"QELF
QEZ1
PEZ4
0EZE
QEZ2
PEZ23
QEZC
QEZE
REZF
PEZ1
QEZZ
REZE
REZS
QEZE
@EZD
QEZF
RE4Q
QE4T
. QE4E
QE43
~ QE4C
@E4D
QE4F
OES1

OES4 |

OES7
QES3T
PESA
BESC
QESE
"@BEEL
BEES
QEEE
QEE7
QEES
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LDX

- LDAA

L.DAR
SEA.
EMI
LDX
LDAA
LDAB
AEA
STAR
LDAR
SEA
BEO
ERA
CLR
NOP
LDX

LDAAR

LDAE
ABA
STAA
L.DAE
SBEA
EEC
ERA
CLR.
NOP
LDX
LDAA
LDAE
ABR

. 85TAA

CLR
CLR
LDAA
TSTA
EELQ!
LDAE
ADDE
STAE
BCS
DECA
BEQ
BRA
INC
ERA
LDAR
TSTA
BE®
LDAK

<R

" CE

"Set Memory" (Assembly)

BF
rlts}
oS

=
%]

oF

rlr

- 01

aF
oA

@z
27
or
21
oF

n1

oF
QA

0z
10
oF
D1
oF
a]7]
o1

oF
22
alrs
oF

14
&4
1]
oo

03

o7
F1
idla}
F&
oF

14
2R

92

91

31

31

90

=1}
oo
o1
p=17]

D1
a1

oa

91

Szt bit 1 from tenths position
of percent transmittarce.

Set bit 2 from ores position
of percent transmittance.

Set bit 3 from tens pasiticon
of percent transmittance.
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Set bit 4 from hundreds position

of peroent t ransmittance.

Count memory positions for
Count memory Positions for
bit 2.

ok



QEER
BEEE
RE71
QE73
OE74
BE76
QE7S
PE7B

QE7D

QESO
RES3
OESE
BESS
@ESA
@ESD
0ESO
PES2
0ESS
PES7
DE3A
PESE
@ESC
PESE
DERD
BEAS
OEA4
REAG
QEAS
BEAR
@EAD
@ERE
QEED
PEEZ
QEES
OEEE
QEES
QEEA
.BEEC
QEEF
 QECO
QECZ
OEC4
@EC?

@ECS |

RECA
Recc
QECF
@EDZ
BED4
"QEDB
@ED3
QEDA
QERC
OEDE
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ADDE
STAE
BCS
DECA
BECR

-BRA

INC
ERA -
LDAA
ADDA
STAA
ECS
ERA
INC
LDX
LDAK

“LDX

LDAA
ASLA
ASLA
AEA
STAA
LDAE
L.DAA
SEA
BGT
BLT
L DAE
LDAA
SEA
EBEGE
LDAR
LDAA
SERA
BGT

JBLT
- LDAE

LDAA
SER
BGE
LDAE
LDAA
SEA
EBGT
BLT
LDX
CPX
EMI
LDAE
LDAA
SEA
BEQR
NOP
L.DX

Fh
F7

Ll —4
v}

4f
27

~
r

7C
20

- BE&
" BH

B7

23

20
7C
CE
EE
CE
A&

o
(=)

o
=4

ik
A7
Ce
BE
10
ZE
2D
CE&
BE
10
2C
C&
BE
10
ZE
2D
ce
EE
10
=C
ce
BE
i@
ZE
2D
CE
EC
2B
CE
E&
10
27
01
CE

o0
Q5

oF

74

~
Lo

1]
oF

A

o1
01

0o
9z

a1

uw uae
Lol O

o
O]

30

91

=
2=

oF

SE
[ ]
=)

[m}
(=)

oF

g4
21
oF

48
L]
w

70
ar
SE
01
@F

-
S

01
94

290

31
909
e
31

b= 1%

09

Count memory positicons: for
b it 3.

Count memory positions for
bit 4.

Lagic for determining LSE
Of memory poasition of [aok—up
table,
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OEE1
@EE4
@EE6
BEES
QEEC
QEEE
PEF1
BEF4
BEFE
BEF3
@EFC
REFE
oF00
arFez
QFa4
OFoE
BFoE
oFOA
bFoc
BFQE
OF10
oF1:
oOFi4
OF16&
@Fie
BFi1A
@Fi1C
oF1F

OF 21
OFZ3
OFZ6

BF23

@FzC
BFZE
@FZ1

OF33
BF3S
OF 38
@F3B
OFZD
BF40
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CPX
EMI
LDX
cPX
BMI
LDX
CPX
BMI
LDX
CPX
BMI

LDAA

BRA
LDAA
ERA
LDAA
ERA
LDAA
EBRA
LDARA
ERA
LDAA
ERA
LDAA
BRA
LDAA
LDX
STAA

LDAE
ADDE
STAR
LDX

LDAA
LDX

STRA

INT
5TX
LDX
INT
STX
RTS

BC
g 3
CE
BC
=B
CE
EC
2B
CE
RBRC
ZE

g

g
o
[
[~}

20
o
=}

20

(=]
=

20
o
W

. 20

[n)
o

20

]
<

2@

[}
[}

FE

Ce

F7
FE
A&
FE
A7

[=}
[w)

FF
FE

[}
(]

FF
33

oF
2D

w
a2

o

iC
90
oF

16
oF
04
o7
1A
26
16
05
1z
o4
E

Rt
vt

2R
oz
D&
21
0z
]}
va
ulr]

0z
(]"]
20
20

91

]
31

2o
g1

lra}
91

ae

0@ .

20
o

(]
o

/4]
o0

-
)

20

Logic for determining MSE of
memMory position of (ook—-up
table,

Replace MSEB of transmittance
With absoarbance value from
ook—uP table.

Replace LSE of transmittance
Wwith absorbance value from

"lock—up table.

Return from subroutine to
TAC program.
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Py

nitialize
Derivative

Calculate 1st

Return to Initialize
derivative of| . Main Output PIA to
data set > ’ Output

of
O.scope

Output. to
set trigge

-4—
et trigger Initialize Output to
level of PIA to trigger
Output O.Sscope

Return to
Main
Output

Input order
of derivative

for stop

Calculate
derivative

i

v

Return to
Main
Output

Flowchart B-3. 3
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79

"Main Outeout" (Tiny Basic)

1@ PRINT "MAKE SURE YOU HAVE STORED YOUR ORIGINAL DATA"

20 PRINT "BECAUSE THE CALCULATED DATA WRITES OVER THE QRGINAL

DATA"
25 PRINT "IF YOU HAVEN’ T THEN ENTER @ @ (ZERO) AFTER THE ?
MARK "
26 PRINT “AND RECORD DATA USING THE MONITOR®
3@ PRINT "TO CALCULATE FIRST DERIVATIVE OF SPECTRA"
40 PRINT ENTER A 1 C(ONE) FOR INPUT AFTER THE ? MARK"
5@ INPUT A
S5 IF A=0 GOTO 60
53 GOTO 71
€0 C=18%
€1 D=USR(7135, 0005)
62 E=USR(715S, 0004
63 E=E#42S6
E4 E=E+D :
€5 PRINT "THE DATA IS BETWEEN",C."AND",E
€6 PRINT "REMEMEER THIS IS IN DECIMAL AND THE MONITOR"
7 PRINT “1S IN HEXADECIMAL SO CONVERT"
S PRINT "AFTER STORING DATA RESTART THIS PROGRAM EY"
€3 PRINT "PRESSING THE E ON THE KEYEOARD AND TYPING RUN"
70 E=USR(512@) -
71 B=USR(IE3E)
80 L=(E-C)/=
9@ PRINT “THE QUTPUT PROGRAM TAKES UP 55 USEC"
102 PRINT "YOUR DATA TAKES UP",L,"LOCATIONS IN MEMORY"
11@ PRINT "MULTIPLY THESE TWO NUMEERS AND ADJUST THE TIME"
120 PRINT "ON THE O-SCOPE TO COORDINATE"
1%@ PRINT "NOW ADJUST THE TRIGGER LEVEL ON THE O-SCOPE"
140 PRINT "SO THAT THE L.E.D. LIGHTS uUP“
150 F=0. '
16@ F=USR(7132, 32763, F)
17@ F=USR(7192,32771.F)
180 G=1
. 190 G=USR(719%, 32770, G)
@@ PRINT
1@ PRINT "NOW TO DISPLAY THE DERIVATIVE IN THE
NUMBER", A» "ORDER" ,
22@ PRINT "INPUT A 1 (ONE) AFTER THE 7 MARK"
7@ INPUT Y ' ‘
275 J=USR(3534)
24® PRINT “IF THE DISPLAY DOESN’T LOOK RIGHT ENTER A 1 AFTER

THE 7 MARK"
25@ PRINT "IF THE DISPLAY IS RIGHT ENTER A 2 AFTER THE ?
MARK" _

ZEQ@ INPUT Z

270 IF Z=1 GOTO 30

280 PRINT "ENTER NEXT ORDER., IF DESIRED, OF DERIVATIVE"
280 PRINT "ENTER A 18 IF YOU WISH TO STOP®

295 INPUT A
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296 L=L-1

300 IF A=10 GOTO 400
310 K=USRC(3IEIZ) .
320 GOTO 90

400 END
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PEBGO
EO2
QED®S
QE@6
PEB®S
QE®B
QEGE
GE11
QE1Z
QE1E
PE13
OE1lB
0E1E
QE1F
oEZZ
DEZZ
QEZE
PEZ3
OEZ=A
oEZC

LDAA
STAAR
NOP
LDAA
STRA
LDX
STX
L.DAA
STAAR
LDX
LDAA
STAA
INX
STX
DEX
CPX
RER
NOP
ERA
RTS

o6

B7

01

86
B7
CE
FF

n
o

B7
FE
AE
B7

FF
23
BC

ey

o1
20
39

81

“Output Data" (stemply)

oo
24
01
EA

o1
20
]

02
o0

00
oo

24

St PIA port B to cutput.

Set PIA port R to output.

Load first memory position
of data.

Trigger oscillioscope tio
receive data.

Send data to asci tloscope,

Check for end of data.

Return from subroutine to
Tiny Basic proaram Main
Dutput.
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BE70Q
@E73
@E7E
RE73
@E7C
RE7F
RESZ
QESS
@ESe
@ESE
@ESD
PE3D
PE9Z
0ESS
PESS
QE9A
@ESD
QESF
'DEAZ
RERS
0ERGS
@EAT
QEAE
QEAE
PER1
QEES
PEEE
QEES
QEBE
@EEBE
PECO
DECT
GECE
OECS
QECE
QECE
@EDQ@
QED3
QED4
RED7
QED2
GEDA
@EDD
@EDF
BEEZ
QEES
OEES
QEEE
@EEE

QEF@ .

LDX
STX
LDX
STX
LDX
5TX
LDX
STX
LDX
LDAA
LDX
SURA
STAA
LDX
LDAA
L.DX
SBCA
STAA
CLC
LDAA
LDX
sTAAR
L.DAA
LDX
STAA
LDX
INX
STX
LDX
INX
8TX
LDX
INX
STX
LDX
INX
STX
DEX
CPX
NOP
BEQ
NOP
EBRA
LDX
STX
LDX
5TX
LDX
LDAAR
LDX
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"Devivative" (Assembly)

o7
a1
av
0o
Q7
'al)
B7
oe

.2a

alri]
ali]
alri]

4]}

oo
ralra]

Rl]

]|
20

]}
20
0@
2@
1%
o0
v}

[ ]
o

(41"}
00

[ )
)

alt]
v

28

0o
2o

o]
1=

00

00

25
01
A3
a7
bo
a7
1]
411
610
417

Q&

BE

QE
(1]

ar

<

(]}

7]
4

2
o

g

01

=0
oz
21
&
ae

Initialize tempovary memory
for the begsinning of the
data. !

Load LSE of Nth. data point.
Load LSE of Nth.+1 data point.

Subtract LSE's of data points.
Load MSE of Nth. data paint.

Load MSE of Nth.+1 data point.
Subtract MSB’s of data points.

Advance tempPorary memory
positions.

CCheck for end of data.

Rezs=zt data positions.
Crunch data into minimum
storages.
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QEF3
QEFS
QEFE
QEF2
QEFC
OEFE
OF@1
QFQZ
OFOS
QFQ7
QF@3
QFOA
@FOD
OFOF
OF10
OF12
@F14
QF1E
oF17
@F13
QF1R
@F1C
@F 1E
oF21
QF23
OF24
OFZS
OF 27
OFz3
OF ZE
@FZC
OF ZE
OFZ0
BF 32
OF33
OFIS
OF 38
OF3A
OFSE
@F3D
OF 4@
BF4z
OF44
OF4S
QF47
@F4A
QF 4D
OF SO
OF 52
OFS4
OFS6
oFS7
OFSA
OFSD
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STRA
INX
STX
LDX
INX
STX
INX
crPx.
EEQ
ERA
cLe
LDX
LDAA
LSRA
STAAR
BCS
BRA
CcLC
LDAE
BRA
cLC
LDAR
LDX
LDARA
LSRA
AEA
STRA
LDAA
LDAE
RBEA
STPAA
BCS
ERA
cLC
LDAE
LDX
LDARA
AEAR
STAA
LDX
LDARA
LDAR
AEBAR
STRA
LDX
5TX
LDX
LDAA
ADDA
STRA
INX
STX
cPX
EER

A7
23
FF
FE

(o)
J

FF

[m]
[}

BC
27

20
A

(]

00
0o
ae

1%
0a
0z
EZ

00

.22

aln]
oz

o6

g=10]

-

M

e
a1
il

4[%]
2Q

S0

oa
2z
OB

1
["4J1]
0]

s
20
4l
@3

2o
a7
20
Q0

(=]
(=]

20
20

2o
%]}
o2

b
o

e

Qe

@4

o4

B4

a4

2@
10
10

10
Qa4

Reset temporary memory
Ppositions of start and =nd
data.

Load memory position of
bzgimming of data.
Convert data to positive
numbers,
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@FSF
oF61l
QFE4
@aFes
oFER
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ERA
LDX
DEX
STX
RTS

20 EC

FE Q@ B4
@3

FF @@ @4
9

Decrement -end of data memory
POSition by one.

Return ¥rom subroutine to
Tiny Basic program Main
Output. :
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Reprod

PEZD
QEIT
PEZE
PE33
QE3C
REIF
QE41
PE44
DELE
PE47
RE4D
QE4A
PE4C
OE4D
PES®
PEST
BESG
BES7
RESA
QESC
PESE
PESF
QEEZ
QEES
OEEE

LDX

"8TX

LDX
STX:
LDX
LDAR
LDX
LDAA
SEA
LDARB
AEBR

LDAA

INX
STX
LDX
INX
STX
cpX
BEG
ERA
CLC
LDX
DEX
STX
RTS

85

"Multiderivative" (Rssembly)

1}
20
Dz
DE

%]

i}

o~y 1

P
F:.
s

oz

13

4}
0z

0z
(ull

B4

o4

Initialize temporary memovy
positions for beginning of
data.

Load Nth. data point.
Load Nth.+1 data point.
Subtract data pPoints.

Convert differsnce to
pPositive numbey,

Stare derivative data point
it curvent memory positicon,

Chetk for end of data.

Decregment end of data memory
position by one.

Return £rom subroutine to
Tiny Basic eroeoram Main
OQutrut.
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= . Input
starting
parameters

Manually

Output to
inhibit
scan

processing
to output

Output to
scan

Initialize
.countin 2
to input

Input
sample name

Input
order
break
status

Input
wavenumber
pulse

input for
igh stat

Flowchart C-1l. Apple/Isaac Input
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Initialize
A/D to
Input

Initialize
Acquire

<4
Input Data Convert sT Return to
point to Abs. Apple Input

date poip

v

Average 10
data point
over range

Output
data to
disk

disk drive
to Input

" Flowchart C-1 (Conﬁ)
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89

"APPLE INPUT" (BASIC)

DIM BC2@

DIM AC248)

M=1

Q=0

P=0

B(@)=0 :

18 PRINT "ENTER STARTING WAVENUMERER POSITION OF INFRARED
MONOCHROMATOR"

2@ PRINT .

@ PRINT "FOR THE RACCULAR 8 I.R. THIS WILL BE EITHER 4200
CMa-1 OR Z0B@ CMa-—-1Y

ag PRINT

o0 INPUT S

91 IF S=4000 THEN GDTD 70

a9z IF S=zdB THEN GOTO 76

5% 6070 =8 ‘

E@ PRINT

79. PRINT

2@ PRINT "ENTER WAVENUMEER RANGE TO BRE STUDIED"

290 PRINT ‘

100 PRINT "WAVENUMBER MAXIMUM (CHMa-13"

119 PRINT

120 INPUT L

130 PRINT

140 PRINT "WAVENUMBER MINIMUM (CMaA-1)

150 PRINT

160 INPUT D

1ES PRINT

164 PRINT ‘

165 IF LD THEN GOTO 185

166 PRINT "RE-ENTER WAVENUMEBERS CORRECTLY"

167 PRINT

168 GOTO 2

180 PRINT ‘

183 IF &)L GOTO 120

186 GOTO 1E6 . .

190 PRINT "PREES ONE OF THE SCAN SPEED RUTTONS ON THE
ACCUL.AR 3¢

20D PRINT )

TZLO PRINT “ENTER THE SCAN SPEED"

215 PRINT "SLOW=1 3 MEDIUM=Z 5 FAST=3EY

228 PRINT

2EDOINPUT G

IF (=1 THEN C=700

IF G2 GOTO =200

IF G<1 GOTO Z0w

IF G=1 THEN £=7020

R PABUT, (DVI=4393, (CHdr=3

ACUT, DV =), (Ot =1

TEE& ADUT. CDVI =R, (CH) =2

0 ~dmaomp oy

o

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




240 PRINT
241 PRINT "ENTER SAMPLE NAME"
207 PRINT ‘
243 INPUT N
245 PRINT
TS & AOUT, (DVI=@, (C#I =1
6@ & AQUT, (DV)=@, (C#) =2
261 PRINT
ZEZ PRINT "PRESS THE SCAN EUTTON®
ZEE PRINT
264 PRINT "ARE YOU READY (Y OR N)"
265 INPUT Es -
ZEE IF E$="Y" THEN GOTD 270
2E7 GOTO 261
70 F=5-L
375 Z=L-D" '
282 IF S=4Q00 THEN Z=2/%2
8% IF S=4000 THEN F=F/Z
I8E & AOUT, (DV)=4095, (C#)=1
287 & ADUT, (DVI=4035, (C#)=1
I05 & CLRCOUNTER,.CCH#)=%
IVE & COUNTERIN, CTV)=E
307 IF E=1 GOTO 305
7039 & CLRCOUNTER, (C#)=1
710 & COUNMTERIN, (TV)=W
Zl: IF W=@ THEN D=0
T15 IF W=D GOTO 1@
20 IF O=1 GOTO 310
TES Q=0+
II0 IF @) =F GOTOD 350
IS 0=1
z4p GOTO 10
I50 GOSUR 2000
TED P=P+l
270 IF PY=Z GOTD 1000
380 GOTO 510
1000 & ADUT, (DV)=0, (C¥i=1
1010 PRINT
1011 PRINT "PLACE DATA DISK IN DRIVE #1"
1B1Z PRINT "ARE YOU READY"
1013 ITNPUT M$
1014 PRINT
101% PRINT "DATA BEING STORED UNDER"
1020 PRINT "SAMPLE NAME ", N#
1055 LET DS=CHR$ (4D
LET0 PRINT DE5 "OPEN" NS
1035 PRINT D5 "WRITE":NS
104 FOR J=1 T0 Z
LB45 PRINT AL
1050 NEXT J
1SS PRINT D#3"CLOSE" $NG
106N END
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"ACGUIRE" (BASIC)

0@ FOR I=1 TO 10

@@ & AIN, (TVI=X, (C#)=0
DD B(IN=LOG(X)#~. 4T42D44E7
ZB4D ACMI=AMI+BCD)

2045 X=0

2050 NEXT I

206D M=M+1

ZDES O=1

2070 RETURN
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Initialize 92

Disk Drive

Analyzer

Input data
from disk

Input NO
decision to
smooth data

<

Initializée
Labsoft
graphics

smooth data

Output dats
to printer

Input
order of ]
derivative

Calculate

Flowchart C-2. Data Analyzer
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"DATA ANALLYZER" (BASIC)

13 L=0
20 Ke=1739
0 P=0

500
S05
510
=20
50
B
54

55

56@
570

IR R S (W |
0w 0000030
3 EEIG IR S By B

=0

B4b

545

552
S ]

BE0

=B

&7

BT5S

opein]

(AT

700

7@

7208

752
L7418

10@2
121@

DIM D250, BC250) 2 ACZSA)

INPUT N

FOR I=1 TO 1@

PRINT D(I)

NEXT T

ILET D$=CHR$(4)

PRINT D#$3"0PEN";NS

PRINT D$3"READ";N%

FOR J=1 TO 220

INPUT D(JT) .

NEXT J

PRINT D%3"CLOSE";N%

FOR I=1 TO 200 |
IF LAABSIDCIY) THEN L=RBS(D(I) )
NEXT I .

FOR I=1 TO 200

BCII=D I+l

MEXT I

GOTH 620

PRI :

PRINT “SMOOTHED DATA"

PRINT N$

PRINT "WAVEMUMEER ABS.

. FOR I=E0 TO 150

PRINT K-I,BCID

2 MNEXT 1T

PRAD
& HIRESH
& BUROLLSET
FOR I=gi2 TO 190
FOR J=1 7TO =2
& NXTPLLT=BLI#120
MEXT J
MEXT ¥
PRINT "DATA SMOOTH AND RLOT?
INPUT M% ‘
IF Ms="pN" GOTO 700
IF pe=ty"* GOTOD 1000
GOTD . E&G
PRINT "DERIVATIVE 2"
ITNPUT M%
IF Ma="Y" GOTO 2208
IF Me="N" GOT0 €600
GOTG 708
FOR I=1 TO 127
BClp=@B I +RBCTHLD+RCTHED

VD BCLy=RClY /3
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1OF0 NEXT I
iBa% GOTO 610

P02 P=0

2005 INPUT Z

IAOE TEXT

PLD PRIMNT "ENTER NUMBER OF DERIVATIVE"
SPGB INPUT R ‘ s
@2 FOR I=1 T0O 200

2BEE ACI =R

2024 NEXT I

@RS IF R=0 GOTO 6000

ZQED FOR I=1 TO 18

2P4B FOR J=1 TO 198

205D ACTI=0CT+1~ACT D

ZBEQ NEXT J

2072 IF I=R GOTO 2082

2RS0 NEXT I .

08 PRE#L : :

PS4 PRINT N$. "DERIVATIVE =",R

2REE PRINT “WAVENUMBER DER. VALUE"
RES FOR I=ED TO0 150 .
P[0 PRINT K-I,A¢I)
I@HE NEXT I

2B94 PR#O

TOBD FOR I=1 TD 19@

TOBE E=P

IDID OIF PAARSCECINY THEN P=ABSCACII

SOED NEXT I

@73 & HIRESI

050 & SCROLLSET

IO FOR I=72 TO 190

4BOB FOR I=1 Ty 2

ADAD & NXTPLT=CACII+PI(1E7/Piw, S

LOZ@ NEXT J

4BTED NEXT I

43S & RETRCE

44D PRINT

4@ GOTH 220D

EDOB END

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




REFERENCES

1. Smith, A.L. Applied infrared spectroscopy. New York: John
Wiley and Sons, Inc. 1979.

2. Olsen, E.D. Modern optical methods of analysis. New York:
McGraw-Hill Book Co., 1975.

3. Schmitt, A. Application data bulletin: Derivative spectro-~
scopy. Perkin-Elmer Instrument Co., 1979.

4, Botten, D., Honkawa, T. & Tohyama, S. Application data Bulletin:
Second derivative spectroscopy.. Perkin-Elmer Instrument Co.,
1979.

5. o' Héver, T.C. & Green, G.L. Numerical error analysis of
derivative spectrometry for the quantitative analy51s of mixtures.
Anal. Chem., 1976, 48 312,

6. O'Haver, T.C. Derivative and wavelength modulation spectrometry.
Anal. Chem., 1979, 51, 91A.

7. Snellman, W. Flame emission spectrometry with repetitive optical
scanning in the derivative mode.. Anal. Chem. 1970, 42, 394.

8. Fowler, W.K. Double modulation atomic fluorescehce flame spectro-
metry. ‘Anal. Chem., 1974, 46, 601.

9. Kolb, D.A. & Shearin, K.K. Fingerprinting petroleum oils with
low temperature derivative fluorometry. Pittsburgh Conference
on Analytical Chemistry and Applied Spectroscopy, Cleveland,
ohio, 1977.

10. oO'Haver, T.C. & Green, G.L. Derivative luminescences spectro-
metry. Anal. Chem., 1974, 46, 2191.

-11. overland, J., Gilby, A.C., Russell, J.W., Brown, C.W., Beutel,
" J., Bjork, C.W. & Paulet, H.G. A Littrow-McCubbin high resolu-
tion infrared spectrometer. Appl. Opt., 1967, 6, 457.

12, .Malmstadt, H., Enke, C. & Crouch, S. Electronics and instrumen=-
" tation for scientists. New York: The Benjamin-Cummings Pub-
lishing Co., Inc., 1981.

13. Osborne, A. An introduction to microcomputers, vol. 2. New
York: Adam Osborne and Assoc., Inc., 1978.

95

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

' am



14.

15,

16,

17.

18..

- 19,
.- 20,

21.

22,
23.
24,

" 25,
26.
27.

28,

29,

30.

31.

96

Titus, C.A., Baldwin, A., Hubin, W.N..& Seaulon, L. 16-bit
microprocessors. New York: Howard W. Sams and Co., 1981.

Zaks, R. & Lesea, A. Microprocessor interfacing techniques
(3rd ed.). New York: Sybex, Inc., 1979,

Diefender, A.J. Principles of electronic instrumentation
(2nd ed.). New York: W.B. Saunders Co., 1979.

Hnatek, E.R. A user's handbook for D/A and A/D converters.
New York: John Wiley and Sons, Inc., 1967.

Astle, M.J. & Shelton, J.R. Organic chemistry. New York:
Harper Brothers publishing, 1953.

Hiscox, D.J. Determination of iodine numbers. Anal. Chem.,
1948, 20, 679-680.

Official methods of analysis of the association of official
agriculture chemists (10th ed.). 1965,

Murthy, R. & Bkat, G.S. Iodine number determinations of milk
fats and vegatable fats by refractometry. Amer. 0il Chem.
Soc., 1976, 53, 577-581.

Bernard, J.L. & Sims, L.G. Infrared determination of total
unsaturation. Ind. Res. and Dev., 1980, 22, 81-83.

Beckman Instruments, Inc. Acculab T.M. infrared spectrophoto—
meters operating instructions., 1979.

Beckman Instruménts, Inc. Acculab 7, 8, 9, and 10 service manual.
1978.

Heath Co. Microprocessor trainer model ET-3400 manual. 1977.

Heath Co. Memory I/0 accessory model ETA-3400 manual. 1979,

Heath Co. 10 bit D/A converter model EC-800-GC manual. #595-1371.

Gould Inc., Instrumental Division., Operating and service manual
for digital storage oscilloscope 054000 and output unit 054002,

1978.

Houston Instrument. Series"2000 Oomnigraphic X-Y recorder instruc-
tion manual, Princeton applied research model RE0074.

Apple Computer, Inc. Apple II reference manual. 1981.

Curtis, R.O., Mottola, R.M. & Reilly, J. Isaac 91A hardware
reference manual. Cyborg, Corp., 1982. '

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




32.

33.

34.

35,

36.

37,

" 38,

Curtus, R.0., Mottola, R.M. & Reilly, J. Isaac Labsoft reference
manual, 1982.

Harrow, B., Borek, E., Mazur, A., Stone, G.C.H. & Wasreich, H.
Laboratory manual of biochemistry {(5th ed.). New York: W.B.
Saunders Co., 1967,

Bhattacharyya, G.K. & Johnson, R.A. Statistical concepts and
methods. New York: John Wiley and Sons, 1977.

Moore, A.W. Microprocessor application manual, New York: McGraw-
Hill Book Company, 1975.

Osborne, A. 6800 programming for logic design. New York: Adam
Osborne and Assoc., 1977.

Systron-Donnor Co. Instruction manual model 1234 analogéto-
digital converter. 1965,

Malmstadt, H.V. & Enke, C.G. Electronics for scientists. New
York: W.A. Benjamin Inc., 1963.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

97

J—



	The Application of Multiderivative Infrared Spectroscopy to Iodine Number Determination
	Recommended Citation

	tmp.1510946364.pdf.fDIz6

