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ABSTRACT

The analytical aspects of the use of a graphite cup
electrothermal atomizer in combination with inductively
coupled argon plasma-~optical emission spectrometers has been
investigated as a means of dnalyzing small volume samples in
solution and for the direct analysis of solid samples.

Preliminary investigations using single element sol-
utions and a single channél detector system have illustrated
the temporal behavior and analytical capabilities of electro-
thermal atomization-inductively coupled argon plasma-optical
emission spectroscopy. The temporal studies have shown that
changes of wmission background are present during atomization
and that‘the aﬁalyte emission profile changes with increas-
ing analyte'amount. The analytical studies have shown that
a linear dynamic range of three to four orders of magnitude
is possible.

A study of the effect of a NaCl matrix on the emission
of Pb has shown that changes take place in the vertical
emission profile and in the background emission levels.

Use of a matching reference blank and proper choice

of slit height and position have been shown to allow cor-
rect analysis of lead at a NaCl concentration greater than
that of sea water.

Spex G-Standards and National Bureau of Standards-
Standard Reference Materials have beeh used to test the

.
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direct analysis of solids. These studies show that matrix
effects are present but that direct solids analysis is,

possible.
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A

CHAPTER 1

Introductiqn

Optical emission spectroscopy (OE§) utilizing an
inductively coupled argon plasma (ICAP) source is the
direct descendent of Bunsen and Kirchhoff's discovery that
the spectra of flames colored by metallic salts were
characteristic of the metals. 1In inductively codpled
argon plasma-optical emission spectroscopy (ICAP-OES) the
ICAP replaces the flame as an energy source capable of
transforming a sample from a solid, liquid, or gas into

atomic vapor and then exciting these atoms to a higher

electronic energy state from which photon emission can take

place. This photon emission process can be thought of as
encodiﬁ@ information about the sample in terms of fre-

quency, intensity, time, and space. Decoding and recovery

of this information about the sample is generally accomplished

by means of a spectrometer. A general diagram of this
process is shown in Figure 1 (1).

Research in the use of an ICAP (then called an
induction-cbupled plasma torch) as an optical emission
source was independently performed by Greenfield (2) and
Fassel- (3) in the early 1960's and the first commercial
instrument was.introduced in 1974 (4). 1In the six short

years since, ICAP-OES sales have captured an important
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share éf the OES instrument market because of several
important characteristics of the ICAP source. The high
temperature, chemical inertness and'optical thinness of
this source result in low detection limits, high sen-
sitivities, linear résponses of four to five orders of
magnitude with respect to concentration, and low inter-
ference effects. ICAP-OES with the various commercial
instruments cén be used to simultaneously analyze
qualitatively and quantitatively for 25 to 35 metal and
. metalloid elements in 30 or more samples per hour.

A major limit on ICAP-OES has been the almost ex-
ciusive use of pneumatic nebulization to introduce samples
into the plasma. This sample introduction method requires
that samples either be liquid or be converteda to a solution
and that several mL of sample be available. The use of
sample: in solution has several advantages such as the
following, which are taken from an article by Boumans (5):

a) Many samples are given as liquids, e.gq.
biological fluids, surface and effluent waters,
oils, soil extracts, samples in wet chemical
laboratories,

b) Dissolution of solids prior to analysis
circumvents interferences due to the solid
structure; consequently accurate results can
be attained with relatively simple reference
samples (standards).

c) Bulk analysis of inhomogeneous samples is
feasible.,"

While most samples can be converted into a liquid form

this is often a difficult and time-consuming process and

PO

i
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analytical errors often enter the analysis at this step.
These problems are again summarized well by Boumans (5):
"l) the dissolution of a solid sample may be
time-consuming and difficult;
2) there is a risk of contamination;

3) there is a risk of losses of volatile elements;
4) the dissolution of a solid entails a dilution,
and this may lead to poor detection limits

unle§s high efficiency of sample introduction
and eéxcitation compensate for this."

Boumans' summary of the performance of ICAP-OES and
other established methods is shown in Table I from Reference
5. This comparison shows that ICAP-OES has the multi-
element capability lacking in flame atomic emission and
absorption (AES/AAS) or furnace atomic absorption (furnace
AAS) and better precision and/or accuracy than furnace
AAS, Arc AES, or liquid analysis with the spark-rotrode .
cogpination. X-Ray fluorescence spectrometry (XRFS) is
aﬁisfcelleqt technique except that without preconcentration
its det§€tion limits for liquid samples are approximately
three orders of magnitude greater than those of ICAP-0QES.
The major weakness of ICA?*OES is then in the area of
solid sample analysis, Another weakness of ICAP-0ES, which
has received very little attention, is the requirement
that liquid samples have a volume of at least several
milliliters. This is a requirement of the. means used to in-
troduce the sample into the plasma, the pneumatic nebulizer.

Whether the nebulizer used is of a cross-flow or con-

centric construction type their liquid uptake rate is

1
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)
generally between 2 and 5 mL per minute. Since flush out,

signal stabilization, and analysis times generally total
1 to 2 minutes it is easy to see why a sample volume of
several milliliters is required.

The ICAP was first developed by Reed (6) for use in
growing refractory crystals. Figure 2 shows Reed's mod-
ified induction-coupled plasma torch. Reed's torch was the
precurser of present analytical torches and consisted of
three concentric quartz tubes with three independent gas
flows. The plasma was formed and centered within the
torch by the gas flowing through the outer and intermediate
tubes. The powdered refractory material flowed through the
central tube in a high velocity stream of gas. This stream
was able to punch through the center of the plasma where
it was efficiently heated. Reed's intent was to raise
the temperature of the powdered refractory material only
to the melting point so that it could resolidify and thus
allow boules of these refractory materials to be grown. One
area needing improvement noted by Reed was that when small
particle sizes were used these small particles tended to
vaporize and this caused a "considerable increase in
radiétion". This statement is the start of ICAP-OES.

Since this first application of the ICAP was with a
solid material it might be supposed that strong development
in this area would continue, however tr. = majority of work

has been with liquid sample techniques. The first report

e e
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of solids analysis by ICAP-OES was in 1967 by Hoare and
Mostyn (7). The syster qf Hoare and Mostyn was used for
the analysis of powdered samples and is shown in Figure
3a. The sample J;s contained in a cup and a combination
of mechanical agitation and swlrll/g by a stream of
argon gas caused the powder to be/ome suspended in the
argon stream for transport to e torch. Hoare and Mostyn
reported no difficulty in transporting or smoothly exciting
powders of widely different densities with this system,
however they found that "the preparative history of the
standards is of majér importance and should be as near
as possible identical to that of the samples”. They also
reported that it was necessary tc use very small particle
sizes (#300 mesh screen) and low injéction rates since
larger particles pass through the plasma virtually unchanged.
éerosol injection of powders has also been reported
by Dickinson (8) and by Dagnall, Smith, and West (9).
The sample introduction systems used by Dagnall, et al.
are shown in Figure 3b and 3c. The first ‘'of these is a
swirl cup system similar to that used by Hoare and Moétyn
(7). The second system utilized a fluidised bed design
and according to the authors was found'to work better than
the swirl cup arrahgement. Mechanical agitation of both
systems was found to help smooth delivery of the powder
to the plasma. The authors tested sample matrices And

rejected several because of particle sticking, high emission
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background, or a high contamination level. With a Mqgo
matrix’they were able to analyge for added Be and B but
found that the powder feed rate decayed exponentially,
therefore readings had to be taken after a selected deigy
time. The calibration curves for Be or B are linear over
only about two orders of magnitude compared to the normal
three or four orders‘of magnitude range common t& ICAP-OES.

In general the following seem to apply to direct
aerosol injection of powders into a plasma:

a) Sample history and matrix are critital.

b) - The sample particles must be non-sticking, less than
about 10 um_in diameter, and have a small size range.

c) Sample sizes of several grams are required.

d) %?ission may vary with time, thereby complicating the
measurement.

Pneumatic nebulization of powdered samples suspended
in liqdid as a slurry;has been reported by Chapman and
Gordon (10) and Dahlquist‘(ll) hés reported vaporization
of a slurry from a graphite yarn electrothermal vaporizer,
however very little informatiqn is available about these
xprocedures. Fassel and Dickinson (lZf have reported that
low-melting alloyg candbe hnalyzed by using ultrasonic

nebulization of the molten material but this techniqﬁe is

obviously limited in applicability.

S PR VT ataie 1 A

Conductive metals or briquetted materials have been

analyzedrby a combination of producing an aerosol by
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sampling the matefial with a spark or an arc and then ¢
exciting this aerosol to produce emission with an ICAP.

The use of a remote d.c. arc sampling deviée was first
reported by Dahlquist, Knoll, and Hoyt (13) in 1975. iiis
device, in the form of a small remote sampler known as a
Direct Solids Nebulizer (DSN), is now ¢commercially “available
from Applied Research' Laboratories, Sunland, California;

The DSN has been applied -to the analysis of a lar ‘
variety of metals ranging from aluminum to steel&ﬂl‘he

. DSN-ICAP COmbinatiod:ggs been reported as giving excellent
detection limits, linear calibration curves of two to three
orders of magnitude, minimum matrix effects, and excellent
g~ecisionf In contrast direct emission analysis by a.c.
spark or d.c. arc suftc.s from large matrix effects,

limited linear working ranges, poorer spark detection

limits, and poorer arc precision. The use of an a.c.

By e N

spark has been investigated by Human, Scott, Oakes, and :
West (14), Norris and Watters, Jr. (15), Brech (16), and

Beaty, Crawford, and Wahlers (17). The SSEA, or Separate

T

Sampling and Excitation Analysis, discussed by Brech and

Beaty, et al. is based on the work of Norris and Watters and
makes use of a controlled waveform spark source' for improved )
sampling. While this system is not commercially available _ ;
it appears to have similar characteristics to Fhe DSN .

|
system. The major limit on these systems is that they




obviously require electrically conductive samples.

The compination of laser vaporization and separate
a.c. spark excitation for OES is a we!l known method for
microprobe analysis and for the analysis of nonconducting
materials. Laser vaporization with separate ICAP excitation
for OES has also been applied to the analysis of airborn
particulates collected on a filter by Abercrombie (18) and
for powders and metals by Salin, Carr, and Horlick (19),
Carr and Horlick (20), and Carr (21) . Abercrombie con-
sidered the results to be only semiquantitative and used
the technique agvi_screening method. Carr and co-workers
results are more complete and show excellent detection
limits, fair precision, and reasonable analytical ranges
but severe matrix effects were noted. The expense of a high
power laser for vaporization must also be considered as a
drawback to this technique.

As mentioned earlier the use of a nebulizer for
analysis of liquid samples by ICAP-OES generally requires
a sample volume of several milliliters. 1In many cases,
such as with biological samples, this can be a severe
restriction. Often dilution of the sample cannot Ee used
since this might reduce the element of interest to below
an acceptable analytical concentration. In order to
analyze 50 to 100 uL size biological samples Baddiel and

Skerten (22) utilized a flow injection system connected to

12
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an ICAP nebulizer. Greenfield and Smith (23) and Kniseley,
Fassel, and Butler (24) found that as little as 25 uL of
biological fluids could be analyzed by connecting a uL
pipette to the nebulizer liquid intake. A short pdlse of
analyte aerosol was thus produced by each of these means and
carried to the ICAP torch in the normal manner. The
detection limits obtained with these pulsed emission
systems would be expected to be considerably higher than
those obtained with integration of a steady emission level
obtained by normal nebulization techniques. The poor
aerosol prodﬁction by nebulizers (nominally 2-10%) also
means that the sample was inefficiently used.,

In the field of atomic absorption spectroscopy eleétro-
thermal atomization has become an important technique
since it efficiently uses small liquid samples
and produces bery low detection limits. Electrothermal
vaporization techniques have‘been applied to ICAP-OES for
liquids analysis by several researchers. Dahlquist, Knoll,
and Hoyt (13) have reported using a graphite yarn electro-

thermal vaporizer for simultaneous multielement analysis

'v of urine for Hg, As, and Pb with a 25 uL sample. Detection

limits comparable to or better than those obtained with a
nebulizer were reported for 28 elements and the linear

analytical range was given as greater thanvtyo orders of
magnitude. A tantalum strip electrothermal vaporizer was

reported by Nixon, Fassel, and Kniseley (25). Good precision



and very low detection limits were obtained with a sample
size of about 100 HL. Recently Gunn, Millard, and
Kirkbright (26), Kirkbright and Snook (27) , and Millard,
Shan, and Kirkbright (28) have reported in a series of
papers their work with a graphite rod electrothermal
vaporization device for ICAP-OES. Thi%x work has con-
centrated on the analysis of small liquild samples utilizing
carrier distillation-ﬂ:lbwer the detection limits of
several elements. .,

The reported uses of electrofhermal vaporization
have been limit=¢ to liquid samples, however one thermal .
véporization technique has been reported for both liquid
and solid samples. Salin and Horlick (29,30) have pub-
lished preliminary results for a direct sample insertion
device (DSID) in which the sample is placed in a d.c. arc
Cup electrode with a boiler cup and this combination
directly inserted into the ICAP. Their early datavindicates
that detection limits and precision comparable to those of
d.c. arc can be obtained for liquid samples and that the
analysis of powdered samples is possible.

In consideration of some of the previous work above
it was decided to investigate-the possibility of developing
‘@ sample handling device which could be used for the
analysis of both small volume liquid samples and solid

samples, Requirements for this device were:

14
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1. uL size liquid sample handling capabilities.

2. Solid sample handling capabilities.

3. Single or multielement analysis capabilities.

4. Reasonable analytical ease and speed.

5. Useful detection limits and sensitivity.

6. Useful accuracy and precision.

7. Low matrix effects.

In order to achieve the above goals it was decided to use

an AAS graphite carbon cup electrothermal atomization

device for sample vaporization and to transport the
vaporized sample in a flowing argon stream to the ICAP for

OES analysis. The major reasons for this decision were:

1. Carbon cup electrothermal atomizers are able to rapidly
reach temperatures capable of vaporizing most elements.

2. The carbon cup electrothermal atomizer is relatively
compact and thus could be enclosed in a small flow
through cell to keep vapor volume at a minimum and
thus detection limits low.

3. Liquid samples can be easily injected into the cup
with a syringe allowing rapid and easy analysis of
liquidwsamples..

4. The cup can be easily éhanged allowing solid materials
to be added to the cups and sample weights determined
externally.

5. Matrix effects are common in furnace AAS but separate

s Gedmata oo

A s sk s s
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excitation with the ICAP was expected to reauce this.
6. A large body of literature was available on carbon

Cup or tube electrothermal vaporization.

16



CHAPTER II
Instrumentation: Description and Modifications

A generalized block diagram of a spectrochemical
measurement system was given in Fiqgure 1. 1In this chapter
a more detailed description of the spectrochemical measure-
ment system used for this experimental work will be
presented. Two types of systems were used for decoding
the analytical information, a monochromator-photomultiplier
detector system and a photodiode array based direct reader
system. Each of these systems are shown in detailed
‘block diagrams in Figures 4 and 5 and are described in
Section D of this chapter. The..readout system is based
*on the use of a mlnlcomputer for data storage and mani-
pulatlon and is very similar for both detection systems

and will also be described in Section D.
A, The Graphite Furnace

The graphite furnace used throughout this experimental
work was developed from a commercially available Varian
Model-63 Carbon Rod Atomizer (31) . The Carbon Rod Atomizer
as it is normally used for atomic absorption spectrometry
is shown in Figure 6 from Reference 31. With the Model-63
unit either a tube furnace or a cup furnace may be used.

The furnace is held between two graphite rod electrodes

Whlch are in turn held by water cooled chromlum plated

17
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steel clamps. Electrical contact with the elec®rodes-
furnace assembly is also provided by these clamps. For
this work the carbon cup shown.in the lower right of Figure
6 was used although the carbon cup was modified.

The Model-63 Carbon Rod Furnace was enclosed in a quartz
cell which was attached to the bottom of the ICAP torch by
a 10 inch long Pyrex tube. The quartz vaporiéation cell,
shown in Figure 7, is in two parts and is constructed from
a quartz 35/20 ball-and-soéket joint. The two piece con-
struction allows easy access for sample or sample cup
changing. The ball-and-socket joint construction also
allows flexibility in joining the two halves of the cell
after opening and for thermal expansion. Argon flqwing
through the cell sweeps the analyte vapor from the furnace,
out the top of the vaporization cell, and.into the plasma.

The vaporization cell is approximately 1 inch in
diameter and 4 inches in height with a volume of about
50 mL. Emiséion intensity is dependent upon the concentration
of the anélyte in the argon gas introduced into the plasma
therefore it is important to keep the vaporization cell
volume small. The electrode rods pass through the walls
of the lower half of the vaporization cell. O-rings form
a seal between the vaporization cell and the steél clamps
of the Model-63 Carbon Road Furnace assembly. These o—;ings

are. made by punching a 3/16 inch diameter hole through a
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Figure 7. Vaporization cell for graphite cup EA-ICAP-OES.
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high temperature gas chromatograph septum. O-rings made
from varian No. 69-000179~01 septums have proven to be
useful for between 50 and 100 atomization cycles. The
argon gas inlet for the vaporization cell is located at the
“lower rear of the bottom half of the cell.

- The top of the upper half of the vaporization cell is
a 12/5 socket to allow connection to the ICAP torch by means
of the intermediate Pyrex tube mentioned earlier. Although
not shown in Figure II-2 an injection port was added to this
part of the vaporization cell to facilitate the intro-
duction of liquid samples.

The 10 inch intermediate tube which connects the
vaporization cell to the ICAP torch_.is constructed of 0.5 mm
internal diameter Pyrex tubing. The lower end of the tube
is a 12/5 ball to mate with the vaporization cell while the
upper end is a 12/5 socket which mates with the torch.

About i 1/4 inches. from the lower end is a 3-way stopcock
which allows the cell to be flushed to the atmosphgre or

connected straight through to the plasma torch. "

1. ’Modifications of the Graphite Cup

o

A detailed drawing of the graphite cup is shown in

Figure 8 to illustrate the first major modification. The o

normal carbon cup is designed as a two part cup. Electrical

2
-

resistance heating takes pPlace in the lower portion of the
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cup. This heating is controlled by varying the electrical
voltage applied to the unit. WithAthe Model 63 this heating
control is in three seperate stages for sample drying,
ashing, and atomizing. N |

The first two stages can range from 0 to 60 seconds
long with the applied voltage changing instantly at the
start éf each stage and remaining constant in that stage.
Thenatomization stage can be either a step heating or a ramp
heating one. The step heating mode is like the drying and
ashing ones except that it ié limited toiabout 10 seconds
or less. 1In the ramp heating mode the applied voltage
increases linearaly as a function of time until a pre-
selected makimum is reached and heating ceases. The slope
for the voltage increase, and thus the heating rate, is
variable over a wide range. Shown in Figure 9 (31) is
a diagram of applied voltage vs time for the step mode of
ope;atign. Typically a temperature of 90~110°C is used for
dryinc 500-900°C for %shing and during the atomization
stage temperatures in excess of 2500°C may be used to allbw
atomization of virtually all elements.

‘The upper portion of the cup is the atomic absofption
cell. The atomic vapor produced in the lower portion of the
cell during atomization diffuses upward into the atomic

absorption spectrometer optical beam, which passes through

the apertures in the upper hal: of the cup, and then out

25

R e abaee o fania

-t

S e e

BBt



26

uetiep ayz jyo uotjzexsdo 30 °8pou ds;y

13534 »

JZIWOLV HSINIL

JWIL -

"IS9ZTWO3V poY uoqae) ¢9 TOpPOW
§ 103 swl3 sa abejzToa paryddy

3ZINOLY LHVLS HSY 1HVIS  37DAD ANQ
HSY HSINIA AHQ HSINIH 14v1s
—-Is03s0L-0 $035 09— 0 = 03509 — 0
31DA0 AHQ
n 7 T L 0
ﬁ | AV = 10 Ag'L-0 378V IHVA
_ 318VIHVA ¥
A6—T A R I
378VIHVA
| 379AD HSV
3ZIWOLY d31S
SL10A

d/0

‘6 @2anbta



27

of the cup. For atomic absorption spectrometry it is de-
sirable to keep the vapor inside the absorption cell for a
fairly long time to simplify the absorption measurement and
to obtain the greatest absorption possible. A long vapor
retention time is achieved by making the cup'quite deep with
respect to its width (2.4:1). ’

One of the difficulties that can be encountered with
this type of furnace is caused by the fact that while the
lower portion of the cup is heated electrically the upper
portion is only heated by conduction. The result is that
the temperature of the upper portion lags behind that of the
lower portion. When'fhe bottom of the cup passes through
the vaporization temperature for the element of interest it
will vaporize and then’ condensation-revaporization can océur
in the upper portion of the cup. This process is accentuatea
when ramp atomization is used since the slower heating allows
"a longer time for the condensation-revaporization process
to occur. When this process does occur analyte vapor pro-
duction is not a smooth, continuous process but proce;as as
an irregular and prolonged processhand the maximum analyte
vapor concentration is depresged.

The carbon cup atomizer was used in this e;perimental
work only as a sample vaporization device and a low re-

, tentjon time for the sample vapor was desired. 1In order to

reduce the retention time most of the upper half of the
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atomization cup was cut off and discarded. The small amount

of the upper portion left formed a small iip around the top

of the cup which aided in the vertical positioning of the

cup between the graphite electrodes. The remaining cup was

approximately 0.1 inch deep and had a volume of approximately

2 x 10—2 inches3 or 30 L. This modification resulted in

four desirable changes.

1. The sample vapor retention time was reduced.

2. Conaénsation-revaporization in the upper part of the cup
was eliminated. “

3. The mass of the cup was reduced, therefore the heating
rate was increased.

4. A higher temperature was obtained at any given power
setting than with the larger normql cup.

The second modification was to change the nature of the

carbon cup itself. 'Normélly graphite is a layered struc-

ture with an inner atomic distance of 1.415 ; within the

layer and a separation of 3.35 A between the layers (32).

It is possible for many ' molecules or atoms to penetrate

this loose, layered structure at high temperatures.

Sturgeon and Chakrabarti (33) have determined that the

rate of loss of Mo and‘V atomic vapor from an uncoated

atomic absorbance graphite tube furnace was increased by

21% and 12%, respectively, over that obtained with pyro-

lytic-graphite-coated tubes. The pyrolitic-graphite coating
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porosity, defined as the pe. . entaae L. solume of the pores
in relation to the total volume, ‘s ctfecty zero, as
compared to 17% for regular high-purity ur .phite (34).
This reduction in porosity is brought about by the elimin-
ation of the layered structure of regular graphite. The
use of pyrolytic-graphite-coated furnaces has become quite
common since the reduction of loss through the furnace walls
' incréases sensitivity. The pyrolytic-graphite-coating is
also mechanically strénger and has a higher sublimation
point than reqular graphite therefore furnace life is
extended. The Varian No. 56-1000159-00 carbon cup furnaces
used in this experimental work'were pyrolytic-graphite-
coated. |

Many elements are also known to react with carbon to
form a variety of types of compounds. For atomic absorption
spectroscopy the reduction of several metal oxides to the
free metal by carbon is extremely beneficial, however Some
elements can react to form.non—volatile refractory carbides.
This loss of volatile analyte can be reduced by the use of
pyrolytic-graphite-coated furnaces or by first converting
the furnace carbon into a nonreactive form. This change is
easily accomplished by treating the furnace with a suitable
carbide-forming compound suéh as lanthanum, zirconium,
silicon (35), or tantalum (36) prior to use. These stable

carbide coatings can reduce carbide formation by other



elements in two ways. The first is by reducing the porosity
in a manner similar to pyrolytic-graphite-coating and the
second is by preventing contact between carbon of the
furnace with the sample.

The treatment of the carbon cv furnaces used in this
work with a TaF5 solution in the ai- »n in Reference
36 was used. The carbon cups were placed in a TaF5
solution ‘contained in a plastic dish in a vacuum desiccator.
The desiccator was evacuated for about one minute and then
allowed to refill with air. After a secoéd evacuation |
the cups, fillgd with TaF5 solution, weréﬁp&aced in an oven
at 110°C for several hours. Immediately %;ior to use the
furnace was assembled and three or four fiﬁings at high
temperature completed the reaétion between thsATa and the
carbon of the furnaces. These firings also served to clean
any contamination out of the furnaces. The experimental
results indicated that there was some increase in the sen-
sitivity of several elements but there was a loss in the
mechanical strength of the furnace. This loss of strength
was not important when liquid samples were analyzed and
the cups were satisfactory for 50 to 100 atomization cycles.
Deterioration was mainly caused by afcing between the
electrode rods and the furnace cup. This arcing was present
in untreatgs cubs but was worse with the Ta treated cups,

perhaps due to a change in electrical conductivity or to a

30
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small change in dimensions causing gaps between the electrode
rods and the cup. With solid samples the cups must be
removed and replaced with each sample and the Ta treated

cups were found to deteriorate much more rapidly than the
untreated ones. Because of thé design of the furnace'

used, this arcing problem couid not be overcome and the

use of Ta treated cups was discontinued with solid samples.

2. Modification of the Varian Model 63 Carbon Cup Atomizer

Control/Power Supply «

The controller/power supply of the Varian Model 63
Carbon Rod Atomizer normally controls all Operation of the
carbon rod furnace. This uni£ contains all necessawy
electronics for controlling the temperature and timing of
the three sequential stepg&used - Dry, Ash, and Atomize
(réfer to Figure 9). In order to properly acquire data
it was necessary té synchroniée data acquisition and the
atomi;ation step. The "Triggerh pulse available from the ’
controller/power supply was used for this purpose with the
PMT data acquisition system. Additional’e%ternal circuitry
was necessary with the photodiode array spectrometer systems
to accurately synchronize the start of the atomization
step with the start of an integration cycle of the photo-
diode array.

Timing in the Model 63 is by means of a series of three
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ramp generator-comparator blocks. A simplified diagram of A
a TIMER BLOCK is shown in Figure 10 (31).

When an INPUT TRIGGER pulse is received the HOLD
CIRCUIT opens the RESET SWITCH and closes the switch
connecting the +15 V supply to the RAMP GENERATOR input
circuit causing its output to ramp negative at a constant
rate. When the negative ramp exceeds the magnitude of
the TIME input voltage, set by a front pannel voltage
divider, the COMPARATOR output switches from -15 V to '~ .
This pulse is differentiated and the negative pulse is clipped
off to produce a positive OUTPUT PULSE. This pulse is fed
backward to the RESET of the HOLD CIRCUIT and forward As
the INPUT TRIGGER of the next TIMER BLOCK. At the com-
pletion of the Ash step thQiOUTPUT PULSE is also used as
the.external TRIGGER pulse.

A complete diagram of the TIMER BOARD ASSEMBTY <is
shpwn in Figure 11 (31) and a complete descriptic:: ¢f the
' _circuit operation can be found in Reference 2. I1. order
to connect thé external ciréuitry necessary t z:ynchronize
the photodiode array spectrometer systems it was n.cessary
to modify the cdnnectioh between the ASH TIMER BLOCK and
the RAMP/STEP swiggh. The area modified is enclosed in
the heavy dashed line in Figure 11. The modification,
external circuit, and timing diagram are shown in Figure 12.

When switch S1 is in the INTERNAL position the Varian
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Figure 12. (a) External circuitry ‘and Model 63 modification
for synchronizing atomization and photo-

diode array spectrometer system data
acquisition.

(b) Timing diagram.



63 power supply operates in the nofmal manner; When switch
S1 is in the EXTERNAL position an externally generated

INPUT TRIGGER is connected to the ATOMIZER TIMER BLOCK.

The model 63 TRIGGER pulse from SKTS causes JK1 to- be "set"
aﬁd then the next photodiode array READOU%uSTART signal
"results™ JK1. These operations produce a positive pulse

at the Q output of JK1, the negative edge of which triggers
MONO stable 1. When MONOstable 1 is triggered the Q

output changes from -5 V to 0 V for 1 msecond, causing the
output of COMParator 2 to'momentarily chénge from -15 V to
415 V. This generates a pulse which is retu?ﬁed to the
RAMP/STEP switch via pin 5 of SKTS5 and starts the atomization
step. At t* end of the pulse from MONOstable 1 the Q output
of MONOstable 2 changes to 0 V for 1 msecond. This moment-
ary ground signal is transmitted- to the LPS11 parallel

input and serves as the data acquisition READY flag.
Succeéding photodiode array READOUT START signals trigger

acquisition of photohiode array data.

B. Inductively Coupled Argon Plasma

R et .

The ICAP used for this work was a 5 KW ICAP manufactured
by Plasma-Therm Inc. (Kreston, N.J.). The ICAP torch used
is shown in Figure 13. The torch supplied by Plasma~Therm

has a constricted outlet for the central, or sample tube.

This central tube was replaced with a 1.5 mm internal diameter
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stfaight bore tube to provide a more laminar flow of sample
gas through the torch and thereby reduce the chance of
sample particles adhering to the walls of this tube. This
type of torch proved to be easy to construct and operate
and the Operating\characteristics were very constant from
torch to torch. Table II lists the ICAP specifications and i

operating conditions. %
C. "Monochromator

The ménocﬂromator system used was the Heath Scanning
Monochromator Model EU-700-70 with accompaning electronic
'Control Unit Model EU-700-51. This Heath monochromator is
a single-pass Czerny-Turner design ;ith folding mirrors to
provide entrance and exit beams on a common optic axis.
Selected 9gpecifications are given in Table III, from
Reference 37. |

The plasma was imaged on the entrance slit of the

monochromator by a 100 mm focal length quartz lens. With

the PMT data acquisition image magnification was -0.5.

With the computer-coupled photodiode array spectrometer
ﬂsystems an image magnification of -0.5 was used for spec-

tral studies and of -0.25 for spatial emission studies.
D. Détector-Readout Systemns $L,

The detector-readout systems used are of two basic
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Table II

ICAP Specifications and Operating Conditions

Plasma:

R.F. Generator:
Frequency:
Power Available:
Power Used:

Plasma Argon Flow:

Auxiliary Argon Flow:

Sample Argon Flow:

Observation Height:
»

ICP 5000 (Plasma-Therm)

Type HFS 5000D (Plasma—Therm)
27.12 MHz

5.0 Kw

1.5 Kw

17.0 Lpm

1.2 Lpm

0.8 - 1.0 Lpm

Centered at 15—17 mm above load

coil

39
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Table III

Specifications for Monochromator Unit Model EU-700-70

Type of Mount:

Aperature Ratio:
Focal Length:

Resolving Power:

Stray Light: 7

Reciprocal Dispersion:

Grating:

S@%t Width:

Slit Height:

Single-pass Czerny-Turner mounting

‘'with folding mirrors to provide en-

trance and exit beams on a common
optic axis.

/6.8 at 2000 angstroms.
350 millimeters.

Better than 1 angstrom; Line-profile
half-width less than 0.5 angstrom,
with 3 mm slit height.

0.1% or less within * 1-1/2 band-
widths of a given line. &
Approximately 20 angstroms per mm at
exit slit with 1180 lines per mm
grating, depending on wavelength.

e St - e

Precision plane grating replica;
48 mm x 48 mm ruled area. Stan- .
dard grating of 1180 lines per mm,
blaze wavelength 2500 angstroms.

Continuously variable between 5 and
2000 micrometers.

12 mm maximum. -




41

types--photomultiplier tube (P.M.T.) and photodiode array
(P.D.A.) based systems. The P.M.T. has a venerable history
as a single channel detector for O.E.S. The reasons for
the almost universal use of the P.M.T. detector are mainly

i

its low dark current, its high sensitivity, and a linear
‘.

response range of up tq 6 orders Qf magnitude.

Multichannel detection in O.E.S. has traditionally
been done with a wavelength scanning single channel detec-
tor, a photographic plate multichannel detector, or a series
of single channel detectors as in a direct reader. Al-
ternatives to these systems which have been proposed for
multichannel detectors are television camera tubes (38,39)
and photodiode arrays (40,41,42,43). These electronic
multichannel detectors have the advantage of providing for
a real time readout of spectra. A resporse raice of several
orders of magnitude can be easily obtained by vsing in-
tegration times varying from 100 msec. to 52.4 seconds for
each cycle of the array readout and by time averaging the
information from a number of readout cycles. The individual
cycles can also be used for time studies of 0.E.S. siqnals

y

which vary with time (44).

Following either the P.M.T. or the P.D.A. detector
systems used in this work was a digital data acquisition-

readout system. The basic components of these systems were

amplifiers to condition the signals, an analog-to-digital
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convertor, a computer for data storage and manipulation, a
printer and an incrimental plotter. These systems will be

discussed in greater detail in the following sections.
1. Monochromator-Photomultiplier Readout System

The P.M.T. was chosen as the detector for single
element analysis in this experimental work because of the
characteristics mentioned earlier. The long linear response
range is particularly significant siﬁce it matches the
similar linear response range of the ICAP.

The P.M.T. used was a 1P28 which was operated at
600.0 V. This‘S.M.T. was powered by and enclosed in a
Heath Photomultiplier Module EU-701-30 which is a companion
module to the Heath Monochromator Module EU-700-70. Thet
spectral range coveréd with this P.M.T. is from about 185 nm

to 650 nm. No work was attemptéd at wavelengths below 200

nm since light absorbance by O2 begins to become significant

in this range and because there were no emission lines

{ﬁpertinant to this work below this wavelength.

Conversion of the P.M.T. current signal into a voltage
signal and amplification/filteri of this signal was per-
formed by two systems in this woiit\\;;\Ehe early work a
curreht-po-voltage convertor constructed ffom a Burr-Brown,

Tucson, Arizona, 3308/12C operational‘amplifier which was

used with a Tektronix Inc. (Beaverton, Origon), AM 502

42
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Differential Amplifier to provide further amplification and
filtering. 1In the latter part of the work a Keithly
Instruments, inc. (Cleveland, Ohio) Model 427 Current
Amplifier was used. The Kiethly amplifier proved easier to
use but no significant differences in performance were noted
between the two systems.

The circuit diagram for the current-to-voltage con-
vertor is shown in Figure 14. The i/v convertor has an
RC time constant of 0.01 second which allows the rapid
changes in emission intensity from electrothermally vapor-
ized analytes to be accurately followed. The i/v convertor
was constructed to allow operation in two amplifier ranges.
The first has an output voltage of 10 V for an input current
of —10—6 amps and the second has an output voltage of 10 \Y
for an input current of -10.-5 amps. Photomultiplier re-
sponse is generally only linear up to about 10“6 amps.
therefore only the first amﬁ{ifier range was used for
analytical work and when the current exceeded lO_6 A a
neutral density filter, ODl, was interposed between the ICAP
and the Monochromator to reduce the P.M.T. current to less
than 10-'6 amps. Table IV lists the calibration data for
this i/v convertor. |

The Tektronix AM 502 Differential Amplifier used with
the i/v convertor served mainly to provide final filtéring

if necessary, further amplification, and a d.c. offset to




Table IV

Calibration Data for Current-to-Voltage Convertor

“in
1.0001
0.5000
0.7501
0.2500
0.1000
0.0750
0.0500
0.0251
0.0100
0.0075
0.0050
0.0024

0.0011

1= Vin/Rin

i (pA)

1.0001
0.5000
0.7501
0.2500
0.1000
0.0750
0.0500
0.0251
0.0100
0.0075
0.0050

© 0.0024

0.0011

_ 6
= vin/l.ooo x 10" Q

Vo(lo—6 Range)

10.16
5.07
7.62
2.54
1.015
0.762
0.508
0.255
0.1029
0.0768
0.0521
0.0252
0.0118

VO(IO"5 Range)

0.

0

0.

.002
.501
.751
.250
.1o0
.0754
.0502
.0253
.0102
.0076
0052
.0026

0013

G W e e
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Figure 14. Current-to-voltage convertor for use with PMT
detector in EA-ICAP-OES spectrometer system.



¥5 v before anal9g—to-digital conversion which was per-
formed at 100 Hz;

Digital data conversion was performed by a Digital
Equipment Corporation (DEC) Laboratory Peripheral System
Model LPS11 (45,46). This data acquisition unit contains
'ali the electronic components for connection to external
analog, digital, and timing signals and interfaces directly
to a DEC PDP-11/10 sixteen bit minicomputer. The LPS unit
contains a 12-bit analog-to-digital convertor giving a
resolﬁtion of 1:4096 and can perform conversion under
program control at up to 20,060 Hz (50 psec/conversion). A
total of two or three digital inputs and one analog input
were used during data acquisition. The LPS11 internal
cldock provided the A/D conversion clock.

The DEC PDP-11/10 minicomputer was operated under the
RT11-026 disk-based operating system with 16 K words of coré
memory available. Programming was in Fortran and Macro 01C
assembly language. Mass storage was available by means of
a single‘2.5 megabyte DEC RK~05J éartridge disk drive.
Alphanumeric and graphic display was available with a DEC
'VE—SS video terminal. Hard copy output was ;vailable from
the internal printer of the VT-55, a Decwriter II, or a
Zeta Research Corporation, Lafayette, California, 100/1200
Series Incremental Plotter (45,47). A deséription of
software includiﬁg a description and documented printouts

is contained in Appendices A and B.

46
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2. Computer Coupled Photodiode Array Readout Systems

The computer coupled photodiode array readout systems

used in this work have been developed in this laboratory over

the last eight years. A number of articles have been written

about these systems by Horlick et al. but of particular
interest are References 48 and 49 which are general review
articles concerning the characteristics of these syétems for

spectrochemical measurements.

The first system used was the computer coupled photodiode

array direct reading spectrometer shown in Figure 5. 1In
this system an array, consisting of 1024 photodicdes

0.001 inéh wide by 0.017 inch tall, is placed horizontal-
ly in the exit focal plane of a Heath Monochromator Model
EU-700~70. The dispersion of this monochromator varies
slightly with wavelength but is approximately 20 R per

mm and therefore £he 1.024 inch photodiode array gives

a spectral window of slightly more than 50 nm (500 g).

The computerfbésed data acquisition system operates at up
to 20 KHz and the photodiode array is generally clocked at
this rate. 1Integration times of an array cooled to about
-20°C can v%ry from 0.1024 to 52.4287 seconds between
readout cycles of the photodiode array and individual
readout cycles can be stored under computer control or can
be time averaged and background subtracted.

The second photodiode array based system uses a photo-

»
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diode array mounted vertically in the exit focal plane of

a Heath Monociass “*g}!Model EU-700-70. 1In this system an

array df‘ZS.; Bhies 0.001 lnch wide by 0.001 inch tall
o direct readout of the vertical spatlal

emission i £e {r%f a s@urce (50 51). When clocked at

20 KHz 1ntegratlo§”cytle times between 0.0128 and 52.4280
seconds are possible when the photodiode array is cooled
to about -20°C. Time averaging of readout cycles and back-
ground subtractioﬁ are also available under computer control.
The remainder of the data acquisition system and readout
System are similar to that described in Section Dl with the
Tektronix AM 502 Differential Amplifier being used to
amplify and filter the photodiode array signals prior to
analog-to-digital conversion. With the photodiode array
systems A/D conversion clocking was provided by the photo-
diode array electronics. Software descriptions and doc-
umented printouts are contained in Appendices C, D, E, and

F.
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CHAPTER III

'ﬂ Characterization of EA~ICAP-OES Emission Behavior

for Single Elements in Solution

The discussions in Chapters I Jand II introduced the con-
cepts involved in EA-ICAP-OQES) descriptions of the sys~-
tems used for data acquisition were provided. 1In this chap-
Fer the experiments using the PMT data acquisition system
will be discussed.

‘ Reference to Figure 1 will show that the emission in-
formation may be encoded in up to four ways--frequency,
intepsity, time, and space. With a single channel data
acquisition system frequency decoding was performed eﬁ-
tirely by the monochromator. Extensive spatial information
is very difficult to decode for transient signals with a
PMT-based data system as only one area at a time can be
observed. < It will be seen in Chaptér IV that spatially
resolved spectral measurements can be easily accomplished
with a photodiode array mounted veftically in the exit
focal plane of a monochromator. The PMT-based system is
used best in decoding the emission signal to recover the

time and intensity datas

Lo

A. Temporal Behavior of EA-ICAP-OES System

From the very beginning of this work it was apparant

¥
that the EA-ICAP-OES prodess would show a temporal behavior

49
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because of the use of an atomic abssrption graphite furnace
atomization system for sample vaporization. Sturgeon and
Chakrabarti (33) give an excellent review and discussion
of the temporal behavior of the carbon furnace atomizer
process. The absorption pulse characteristic times is
shown in Figure 15 (Reference 33, 'R. 40) for a gfaphite
furnace. This same figure can also be used to describe the 5

emission pulse characteristics of the EA-ICAP-OES process

and to point out the similaritie$ and differences between

the two analytical methods.

At the beginning of the AAS atomization cyclé a large
current is passed through the furnace causing rapid heating.
A curve representing furnace temperature vs time for such a
case is shown in Figure 15. As the furnace temperature
exceeds the analyte vaporization temperature the concen-
tration of analyte atoms in the absorptidn cell starts to
rise. At some point the absorbance signal will rise above
the b;ckground level. This is the appearance time
(Taépearance) which is measured from the start of the at-
omizatioh'cgaggﬁ There are a number of factors which may
affect this appearance time such as:

1. Furnace heating rate.
2. Element being investigated.

3. Mass of analyte (and matrix if Present)

4. Chemical form of element.

50
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If there are no compljcating competing processes, such
as chemical reaction with the carbon of thé furnace, and
if heating continu?f long enough then atomization will
continue until all of the analyte has been vaporized. Under
normal conditions this is a rapid process and the result %E
that the concentration of analyte in the absorption cell *

rapidly increases to a maximum a the ond of the analyte

)

atomization. The time of maximum absoEbances (Tpeak

is the sum of appeérance time (Tappnalance) and atoffization
J

t ime (_Tl) .

Diffusion of" the analyte out of the absorbance cell & .

will cause the absorbance signal to fall after the Tpeak"
is reached. The residence time (1;) is the mean length of
time spent by an atom within the absorbance cell and is the

time necessary for the absorbance signal to fall to a value

of 1/e A max’ As the analyte continues to diffusé"from the

JEQQbsorbance cell the absorbance will finally reacﬁ the back-

,ground,level again at Tend" Jﬂ¢ .

¥

The emission signal for.the EA- ICAP OES system used 1is

very531m;lar in apped%ance to the absorbance 51gna1 de-

. scribed .above but the processes involved are different in

detail. The vaporization cell replaces the absorbance cell
and as the analyte is rapidly vaporized its concentration

rapidly raises in the celi.¢ As before, the maximum concen-

,gration is reachquBE the end of the vaporization and then

v S B
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decreases.. With the EA-ICAP-OES the reduction of vapor
' - . X
concentratinntwithfh the vaporizatid&‘cell i1s caused by the

flushing of the vapor out the top of the cell to the plasma

‘-

by the &&gaﬁ enterlng the bottom of the cell. Tappearance’

péak'qfl' 12, and Tend MaY then be determined, if desired,

,from the emission peaks in a manor analogous to their de-

termlnatlon with graphlte furnace AAS. With EA-ICAP-OES
¢
all tlmes will be delayed about 0.5-0.6 seconds since the

vapor must travel through the connecting tube and torche

- a distance of about 16 inches, before emission can occur,

Figure 16 is an example of the emission .intensity ébtained
for lOO‘ng df leau using the EA-ICAP-OES system' developed
fer this experimental work.

This experimental work was primarily an investigation
into the use of a graphite fu;nace based qystem for ana-
lytlcalEA ICAP OES therefore vaporlzatlon conditions were
adjusted to glv%as little variation ‘in temporal behavior
as possible in'eﬁe emission signals of the various elements.
The condltlons‘whlch met this crlterla we:e primarily the
use of a standard and reprodu01ble torch design, a fixed
value of sample argon flow rate, and the highest possible

G

furnace heatlng rate attainable with the equlpment used.

v

4
i . .
When these condltlons were met the temporal behavior varled
. '.7

only a small amount from: element to element, with the quan-

t1ty present, and with the matrix. Typical values were:

.y e, S

D
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- 0.6-0.8 seconds

Tappearance

~
?peak 0.9-1.2 seconds
Tend - 2.0-3.5 seconds

T, values were no% determined for the EA-ICAP-OES system,
The distribution of sample vapor was 1nvestlgated by

o , .

visually observing the spread of NH Cl vapor as it was
vaporized from the furnace. The distribution was v;ry
unhomogeneous with the greatest concéntration at the top
of the cell and with almost no°vapor being %?en below the
samplée cup. This distribution wasAeasily unéﬁﬂftood since
there was approximately 0.8 Lpm of argon entering the bot-
tom of the ceil for thg purpose of sweeping the analyte
vapor out the top of-the cell. Contributing to the un-
homogeneous distribution was also the fact that the sample
wﬁs vaporized from a cup which opens upwards, therefore the
vapor was expelled in an upward direction. The fact

that any vapor was seen below the vaporization cup was
undoubtedly due “to turbulent flow of argon in the cell.

‘o

When a pulse signal, such as found in graphite furnace
AAS or in EA-ICAP-OES is“to be analyzed, then é;re must be
exercised in the design of the detection: readout system;
In many cases a chart recorder has been used to record the
transiens signal being, obtained from the analytical s' stem.

Most ear%%géfaphite furnace AAS systems used this q‘adout\

system. The-EA-ICAP-OES system of Nixon, Fassel and



Kniseley (25) and of Kirkbright et al. (26, 27, 28) also used
chart recorders as readout systems. Chart recorders have a
fairly long response time é%hpared to the time behavior of
either a graphite furnace AAS system or a.EA-ICAP-OES, there-
fore a great deal of distortion in the recorded sigﬁal could
be expected. Sturgeon and Chakrabarti (33) discuss this
problem thoroughly in connection with graphite furnace AAS
and show clearly how inereasing the time constant of the
~recording system reduces the peak height obtained while in-

1A
creasing Tand® This distortion of the signal is accompanied

by a loss of fine detail. : ' ¥

Figure 17 is a recording of the emission from 10 uL
of 10 ppmﬁPb (100 ng) .as recorded by a Heath Laboratory. Strip
Chart Recorder Model EU-20B. The response time of this re-
corder is l'secondF¥ull scale (0.1 sec/inch). 1If this re-
édrding is cempareé with.Figure 16, which was recorded wfrh
,'theinulpment @escribed in Chapter II having a RC tlme con-
stant of 0. Olrgegond, the 51gnal distortion is readily
agﬁbrenl The sttip chart recordlng has a peak height of
0.19 x 10 -8 amps, includi@é pen overshoot, ae compared with
a va;ue of .2 x I0~ 8'}h§$ from the detector-readout system
developed for this experimental work.’

Several features are clearly visible in Figure 18, a

recording for 10 ng of Fb,tbat were less easily seen in

Figure 16 which was recordegiat a lower amplification level.

56
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0.19 <1078 A

e — ‘
10 SEC

Figure 17. EA-ICAP-OES temporal profile for Pb(II) emission
at 220.353 nm from 100 ng of Pb. Recorded with
a Heath Sf?ip Chart Recorder, Model # EU-20B.

‘ %
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lgn addition to the lead emission peak several rapid changes
in the background level are seen prior to the emission peak
and another change in background level is seen at between

6 and 7 seconds. These changes in background level are more
cléarly shown in Figure 19 which is a recording of background
emission during atomization of a blank (1 pL of distilled
water). The rapid changes in background emission level
during the first second of the atomization cycle are ap-
parently caused by . rapid changes in sample argon flow rate.
These changes are caused by the rapid heating of argon in
the vaporization cell causing a pressure increage and thus
an increase in the fiow rate of the argon leavigg the cell.
Similar plasma backéround emission level changes can be seen
in the temporal profiles published by Nixon and Fassel (25)
and by Kirkb%ight et al. (26,27,28). The rapid increase in
emission level between 6 and 7 seconds is caused by the
cooling of the argon in the_vaporization cell at the com-
pletion of the atomization cycle.

The fast response of the system used  in this gxperi-
mental work has proven very valuable in another area. 1In
Figure 20 the emission signal recorded is obviously not as -
expectedi In this"tase the electrode rods were found to be
making poor contact with the graphite cup furnace with the
result that heating and atomization did not proceed smoothly.

The sharp emission spikes at about 1.25 and 1.5 seconds in
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Figure 20. EA-ICAP-OES temporal profile for Mg(II) emission
at 279.553 nm from 1000 ng M&:5 Recorded with

computer system.



Figure 21 are caused by particles contaiping Zn breaking
loose from the vaporization cell. These SPikes generally
occur only after the system has been used for long periods
of time without cleaningor after samples €Ontaining very
§Qigh levels of analyte have been run And Are eljminated by~

cleaning of the vaporization cell a;4d consécting

The detail available in the emission recordings

be very vdluable in system fault detectiop and maintenance.
B. Analytical Results for Single Elementg in Solution

%he emission pulses obtained with the electrothermal
vaporization system developed for~this work were shown in
the previous séétion to have many similar features with
those obtained by graphite furnace AAS.‘ BeCause ‘0f these
éimilarities'it was at fir§t assumed that, as-with graphite
furﬂace AAS, either dﬁe peak height vélue, Ep’ or the back-
ground corrected integrated peak area, fgtdt; Coyld be used
to characterize the peak.{

Early work disclosed several facts which leg to the
rejection of analytical measurements based Oh peak signal
values. The first problem encountered was the fact fhat

the emission signal is not e§p}usive1y due t0 analyte emis-

sion. The signal is the sum of thé’analvtg leqSIOn and the

changes caused in background olasma emlsslon by the sample
érgon flow fluctuatlons during sample vaporizatiop.
. ' B £
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e Figure 21. EA-ICAP-OES temporal profile for Zn(I) emission

-

at 213.856 nm from 20 mg Zn. Recorded with com-
puter system. ’ '
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These plasma background emission changes were shown in
Figure 19 and discussed in the previous seetion. Small
changes i#f Vaperization conditions were found to cause
fairly large changes in the minzuum found just before
analyte emission starts te rise quickly and to a lesser
extent in the background emission levels in general.
Background and analyte emission plots are shown in
Figure 22 through Figure 29. Digital fllterlng of the
data was performed Prior to plotting to smooth the ap-
pearance of the plots. The background becomes too small
with respect to analyte emission in Figure 26 through
Figure 29 to be clear, but can be easily seen in Figure 22
through Figqure 25. These backgrounds, which were collected
immediately hefore the analyte data and under the same
conditions, show the variations just mentioned. These changes
are probably due to changes in the sample argon flow rate
caused by fluctuations in the furnace heatlng rate. These
background emission level changes from vaporlzatlon to
vaporization Mmade it 1mp0881b1e to assign a single p01nt or
area in an analyte em1551on plot as a background level for

{;\

Ep measurement.

Integrated background values were found to be fagrly

. consistent therefore an average value codﬁﬁ be subtracted
‘h

from the lntegrated em:lSSlOn area values to obtain’ Smnalyte

'only integrated emission area for analytical-uses.
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~ signal for up to.lO—6 amps up to 1ooq'ng, The results are

TIYTN it e e e e ey - e LR LT Chwen

F

'The second problem.eneountered is one common to graphite
furnace AAS, that of changing temporal behavior with in-
creasing sample sizefor matrix. An example of one of the
changes possibhei%éeen in the series of emission peak
recordings shown in Figures 22-29.

The same vaporization cohditions were used throughout,
thus all of these,’bgks should superlmpose, however as tﬂp

\

quantity of anal 'hgreases Tpeak and Tend increase and.

the shape of the .ion curve becomes irregular at the

s

. highest quantities._ Values of Tpeak and approximate Tend

\‘:) :
values are given in Table V. Even though these pédak shapes
’ “%

change with amount of analyte, the integrated emission area
should increaseviinearly with quantity. |
A éest of the use of peakﬁﬁéight.and integrated emission
area for characterlzatlon of theAanalyte emission peaks was
parformes with magnesium. The Mg(I) emission line at 285.213
i

nm was used and the -.concentration range of 1 to_1000 ng

was covered. The amplifiers were set to give a full scale

73

. _ ‘ , |
signal for 10 7 amps up to 50 ng of Mg and then a full scale’j

v

shown in Table VI and in ﬁigureiBO through Figure 33. As is

shown by'the data and figures,’gzigbrﬂFion plots caﬁ be

: prepared with elther peak height or bacﬁground corrected

P

.v'

Y emission area values, but.the\rQIHEQVe standard deviation
]

(RSD) values are substant1a1ly~}esa‘wrth the background

ve N . 2
L
corrected 1ntegrated peak area values. ‘
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Table V |
- Emission Peak Characteristics for Zn(I) - 213.85 nm@
u ] _
Quantity Theak ‘ R
_(ng) (seconds) (seconds)
2 3 0.78 1.17
5 ? 0.78 1.27
20 0.86 L .1.60
>0 0.86 - s 1.6
200 . 0.88 u .
500 0.88 - 2.31
2000 . 0.94 2.65 ;

>000 0.95 - 3.14
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Table VI
Calibrati Data for Mg(I) - 285.213 nm
¢ alibration gl N o
% _ * )
Amount'YMg E RSD fEtdt . RSD
(ng) P % %
1 57 7.0 7,311 4.6
2 101 12.6 12,010 7.5
5 346 17.5 27,698 6.0
10 & 496 2.5 7 46,294 3.7 "
X ) ve, ~ . -
20 %@zs 11.9 . 86,729% “.x5.8
50 2,154 15.1 231,1497 4.0
100 4,953 9.7 418,640 4.5
200 ‘ 7,647 7.1 778,950 2.5
500 13,883 10.7 1,848,150 5.4 =
, : R
1000 27,697 ¢ 3.2, % 3,562,130 1.2 .
0(10v=10"" amps) - - 65,605 \ . 4.3 ‘
0(10v=10"% amps) - - 1,238,160  (0.7)
- P LY
AY
& S Y foypt
( Slope = 0.89“3’9 Slope =.0.91 .
. ) o - .
“R 1.0 R = 1.0 .

* -—
The average Ep or TE dt values are shown in their entlrlty

oy

A for clarity, however it should be realized that based on the %

figures.

RSD value$ these values are only accurate to 3 significant

N’

.
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All subsequent analytical data were obtained by inte-
gration of the computgf data system recorded emission peaks.
Table VII is a compilation of the éna}ytical data for a
number of elements t&sted. Table VIIi through Table XVI aré
the calibration data for each element tested while Figure
34 through Figuré 41 are the log-log calibration plots for
that data.

In order to compare the sensitivity of this E» system
with the normal nebulizer—baéed sysfem calibration data
was collected for both the 405.783 nm Pb(I) and the 220.353
nm Pb(II) emission lines while using a commercial Meinhard
concentric glass nebulizer. The experiméntal arrangement
of plasma, monochromator, and PMT detector remained the éame
as with the graphite furnace system but the Laboratory
Data Acquisition System developed in our laboratory by
M. Blades (52) was used for data acquisition. _..is Data
Acqu;sition System is a.-microprocessor-controlled integrat-
ing DVM based on the use of a voltage—to—frequency convertor
and counters. Full letails of this Laboratory Data Ac-
quisitién System are given in the above reference. The
results are summarized in Table VII and full data and
calibraticrn plots are given in Table XVI and Table XVII
and Figures 42 and 43. When measured at ébout 100 .times
the detection limits the RSD of both nebulizer and EA

Systems are about equal. The detection linits are also about



Table VII

EA-ICAP-OES Analytic- 1 Data

Range Detection
_Analytical Line (nm) (ng) = Limit (ng)
Pb (I) 405.783 101-104 53
Pb (I1) 220.353 101-10? 9
Mg (1) . 285.213 10°%-103 1.2
Mg (I1) 279.553 10%-103 0.1
Ag (1) 328.068 10%-103 0.1
Cu(I) 324.754 1071-102 0.06
cd (1) 228.802 10%-10% 1.4
cd (11) 214.438 10%-104 1.0
Zn (1) 213.856 10%-104 0.8

Meinhard Nebuliier

Pb (I) 405.783 10%-103 3.6 ppm

0 3 1

Pb (II) 220.353 10°-10 .0 ppm



Table VIII

i Calibration Daté Pb(I) - 405.783 nm
Weight Pb TEtdt RSD

ng $
50 7,807 80.3
100 30,056 21.8
200 61,974 16.2
500 : 115,621 19.7
1000 270,360 8.8
2000 541,627 19.5
5000 1,392,077 7.2
10,000 2,804,412 3.4
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Table IX

Calibration Data Pb(II) - 220.353 nm

Weight Pb TEtdt,
ng

10 2,357
20 5,182
50 14,916
100 , 29,302
200 70,160
500 182,635
1000 358,830
2000 774,870
5000 | 1,696,250
10,000 4,029,133
Slope = 1.1

RSD
%

27.2

16.6

83
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Calibration Data Mg (II)

R i LT,

Weight Mg
- ng

1

2

5
10
20
50
100
200
500

1000

Table X

JE,dt

4,958
10,358
28,578
42,372
73,228

200,654

472,733

820,927,

1,791,657

2,813,737

- 279.553 nm

84
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Table XTI

85

» Calibration Data Ag(I)’ - 328.068 nm

Weight Ag
—ng
1

2

5

10

20

50

100

200

500

1000

TEtc_it

2,137
3,043
11,289
20,249
56,643
128,700
271,;58
542,116
1,366,645

3,016,789



Table XII
Calibration Data Cu(I) - 324.754 nm
Weight Cu | . fEtdt
__ng
0.1 3,660
0.3 10,061
0.5" . 13,543
1 57,483
3 76,605
5 146,582
10 ~ 488,370
80 °7 - 884,835
50 2,083,550
100 5,269,633

RSD

59.1

36.6

12.7

14.1

86



87

Table XIII

Calibration Data Cd(I) - 228.802 nm

Weight ca TEtdt RSD
ng b

1 ﬁ 483 24.2
3 3,390 33.4
10 13,316 1§l3‘
30 , 69,050 5.7
100 415,967 5.0
300 . 3,564,925 3.x\
1000 17,022,000 6.7
3000 39,943,000 6.3
10,000 115,312,250 5.7
Slope = 1.4
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Table XIV

Calibration Data Cd(1I) -

Weight Cd JE dt
ng

1 839
3 11,952
10 60,260
100 2,216,100
1000 33,252,000
3000 75,508,333
10,000 213,180,000

1.3

214.399 nm

RSD

622

88
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Tabxg Xxv oo TN
¢

N
)

Calibration Data 2Zn(I) - 213.856 nm

Weight 2Zn TEtdt RSD
ng %
1 . 926 23.8
2 ' 3,160 28.1
5 9,412 20.2
10 22,899 22.4
20 30,546 15.6
50 101,034 9.2
100 286.799 7.7
200 597,191 7.0
500 1,971,730 6.8
1000 4,361,705 5.2
2000 5,745,205 3.1
5000 11,718,955 2.3
10,000 16,440,230 1.8
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Table XVI
Calibration Data Pb(I) - 405.783 nm - Meinhard Nebulizer

‘Conc. Pb TEtdt RSD

_ppm ¥

1 236 1061

10 12,220 22.8

100 75,732 4.9

1000 715,782 2.1



Table XVII

Calibration Data Pb(II) ~ 220.55 nm - Meinhard Nebulizer

Conc. Pb TEtdt | RSD

ppm ' %
1 3,538 49.8
10 35,800 16.0
100 318,892 4.3
1000 A31284,320 4.0
Slepe = 1.0
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equal. The detection limit is defined as the concentration
(or quantity) of analyte which gives a signal equal to twice
the standard deviation in the b55kground signal. A simple
calculation will show that, for instance, the 1.0 ppm
solution which can just be detected with the Pb(II) em-
ission line and the nebulizer can just be detected when the
graphite furnace EA system is used with a 10 uL semple since
10 yL x 1.0 ppm = 10 ng. Similar results are als;~obtained
with the Pb(I) emission line. It is possible to extend the
"concentration" detection limit for the graphite furnac¢ FA
system to a lower lawel by repeatedly adding 10 to 20 uL
samples with drying between additions. This technique is

commonly used in graphite furnace AA and has been found to

work well,



CHAPTER 1V
Effect of NaCl Matrix on Pb(II) EA-ICAP-OES Analysis

Perhaps one of the most widely analyzed materials by
graphite furnace AAS is leadf Unfortunately this analysis
suffers from severe matrix effects. The most common matrix
which causes trouble is NaCl which is found in sea water,
blood plasma, and urine. This matrix material causes loss
of lead as molecular lead chloride, reducing the amount
of lead produced as an atomic vapor.” The NaCl also
causes both molecular absorption and light scattering from
recondensed NaCl particles which interfere in the light
absorption measurement. These intgrference problems have
been investigated by a large number of workers and several
techniques have been deGelOped to reduce these interfer-
ences. The use of background absorption correction helps
but chemical modification techniques have also been shown
to be very helpful. The most common chemical modification
teéhniques are the use of added HNO3 (53,54), NH4NO3 (55,
56), or La(NO3)3 (57,58). The use of a constant temperature
Woodriff AAS furnace has also been suggested as a means of
overcbming the interference effect of NaCl or other salts
on Pb determination (59).

Matrix interference effects ir ICAP-OES have generally

been found to be quite small when c:mpared to the inter-

103
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ferences found in flame emission or in either flame or non-
flame atomic abs rption spectrometery. A short review of
the matrix interferences in ICAP-OES is given in Reference
5 and it is pointed out that when ICAP operating conditions
are properly chosen these interferences can be reduced to
ﬁegligible proportions.

The results presented in Chapter III have shown that
with EA-ICAP-OES large amounts of analyte have caused changes
in the vaporization behavior, but good analytical results
could still be obtained by using a signal integration tech-
nique. The determination of Pb in a NaCl matrix was chosen
as a test of the effect of matrix interference on EA-ICAP
OES. This system was chosen because it was felt that EA-

-

ICAP-OES might offer an alternative solution to determination

“

of Pb by AAS.

This study of NaCl matrix interferences on Pb emission
can be separated into three parts. The first is a study of
Pb(II) emission and plasma background emission temporal
changes, second is-a study of background correcied Pb
emission intensity changes, and the third is a study of
changes in spatial emission intensity. The first two
studies will be discussed in this section and the spatial

study in the next.

A. Effect of NaCl Matrix on Pb(II) Emission Temporal Be-

havior and Emission Intensity
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The study of changes in temporal behavior can be sum-
med up in four plote of emission intensity vs timef FPigure
44 is a normal blank plasma background while Fiqure 45 is
the plasma bad%ground when 200,000 ng of sodium as NacCl
are vaporized as a blank. The NaCl blank shows a sig-
nificant rise in the plasma background emission level,
especially after the first two seconds while a distilled
water blank shows a decrease in plasma background emission
after the first two seconds. This change in plasma back-
ground emission is large énough to cause an increase in the
Pb .emission intensity value at high NaCl levels unless a
blank of approximately equal NaCl concentration is used.

Figure 46 is aplot of emission intensity vs time for a
10 uL sample of 10 ppm soluticr 100 ng Pb) in distilled
water. The peak shape is normal in that it shows a quick
rise to a maximum and a smooth decay to a level background
level. Figure 47 is also an emission vs time plot for
100 ng of Pb, but with 200,000 ng of sodium as NaCl also
present. The peak height is obviously depressed, the decay
is no longer smooth, and emission is extended over a
slightly longer time. The temporal changes caused by the
large amount of matrix material appears to be similar to
those caused by a large amount of analyte. One possible
explanation of these témporal effects is that the larger.

mass of material requires a longer time to vaporize, thus

»
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Figure 46. Temporal profile, 100 ng Pb(II) - 220353 nm.
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Figure 47. Temporal profile, 100 ng Pb(II) - 220.353 nm.
Matrix of 200,000 ng of Na't as NaCl.
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reducing the peak emission and extending the time of emission.
Table XVIII gives the Pb emission intensity data for a
series of solutions containing zero to 20,000 ppm of added
sodium as NaCl which is‘greater than the concentration of
NaCl in sea water. The data given is background connected,
where the background is for a blank solution containing the
same concentration of NaCl as the Pb solution. The sample
size was 10 pyL, therefore the Pb quantity was 100 ng and
thé sodium quantity ranged from 0 to 200,000 ng (0.2 mg).
The results are shown graphically in Figure 48. Although
the plot shows a slight rise in Pb emission intensity Qith
increasing NaCl concentration this increase is not sig-
nificant. This increase in intensity is probably due to
instrumental drift during the four hours required for this

experiment.
B. Matrix Effects on Pb(II) Spatial Emission Profiles

In Chapter II the use of a photodiode array mounted
vertically in the focal plane of the monochromator was
introduced as a tool for measuring vertical spatial emis-
sion }ntensity profiles. References 50 and 51 are examples
of how this technique has been used. Data given in Ref-
erence 59 for Ca(II) emission at 393.3 nm and Cr(I1I1)
emission at 283.5 nm show that as the ratio of andeasily

ionized matrix material to analyte increases the emission



Effect of Sodium on Pb(II) - 220.353 nm Emission

All Samples 100 ng Pb

Wt. Na as NacCl

0

2

20

200
2,000
20,000

200,000

Table XVIII

fEtdt

43,992
46,110
38,729
43,754
43,653
48,629

46,820

RSD
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Figure 48. Effect of Sodium ion Pb(II) - 220.353 nm emission.



profile of the analyte shifts lower in the plasma. 1In

order to check for this type of behavior 5 uL samples of
1000 ppm Pb in distilled water were vaporized both with

and without 5 or 10 uL additions of 20,000 ppm sodium as
NaCl. The vertical spatial emission profiles obtained for
the Pb(II)‘emission line at 220.353 nm for ratios of Na/Pb =
0 and Na/Pb = 20 are given in Figure 49 and 50. The results
obtained.are consistant with the results shown fof Ca(II)
and Cr(II) in Reference 51 in that the emissioﬁ showé an
increase at lower heights above the coil and a decrease in
emission at higher heights. The point of maximum emission
has also shifted from 14.7 mm above the load coil to 12.2
mm. This spatial shift would be expected to increasé,asrthe
ratio of matrix material to analyte increases, therefore,
the choice of siit height and the height of observation can
be very important. As an example, if the slit height were
chosen to be small, for instance 1 mm or 2 mm, and centered
at about 15 mm above the load coil then a large excess of
matrix could cause the measured signal to decrease. On the
other hand if the slit was centéred at 12 mm above'the load
coil the émissioﬁ intensity could increase under the same
conditions.. 1In the measurement described in section B a
slit height of 12 mm centered at about 17 above the coil

and an image magnification of —O.5n@anfthat the height

Observed was from about 5 mm to 30 mm abovexthe load coil.
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Figure 49. Vertical emission profile, Na/Pb = 0.



115.

SPATIAL PROFILE PB - NA

115.04

MISSION
48.01

RELATIVE E
2?.@@

! |
4.40 - 9,48 14,

56 1&.64 2&.72 55.80
HETGHT ABOVE COIL 1

N MM

Figure 20. Vertical emission profile, Na/Pb = 290.
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With these conditions spatial shifts would be expected to
cause little change in measured emission intensity as

observed in the work reported in section A.



CHAPTER V

Direct Solids Analysis by EA-ICAP-OES Using a
Computer Coupled Photodiode Array

Direct Reading Spectrometer

One of the main objectives of this experimental work
was to test the graphite furnace EA-ICAP-PES technique as a
direct solids analysis technique. Direct solids analysis
is in many ways the most difficult type of analysis to
perform. The matrix is frequently complex and the elements
being analyzed for are qeﬁerally only present in small
amounts, frequently at the ppm level. Volatilization be-
havior can vary because of inhomogeneous particle sizes if
powders are analyzed and in almost all cases there is an
inhomogeneous distribution of analyte. This last problem is
particularly difficult or impossible to overcome and can be
a limiting factor in direct solids analysis when sample size
reaches the level of about 2 mg or less. In the review
entitled "Direct Analysis of Solids by Atomic-absorption
Spectrophotometry"”, Langmyhr (60) summarizes this problem:

"Brittle inorganic materials are usually analyzed in

the form of powders. The errors introduced by the

sampling of powders for trace analysis vary consid-

erably with the distribution pattern of the analyte."
and

"In the sampling and treatment of solid materials of

human, animal and plant origin, the diversity of the
samples and the widely differing properties of the
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analytes make it difficult to give any general pro-

cedure. The amount of material available is often

small and the elements to be determined may be in-
homogeneously distributed, and consequently sampling
errors may occur."

The fact that d.c. arc analysis and graphite furnace
AAS analysis dre widely used for the direct analysis of
solids clearly demonstrates that the above problems can be
overcome to an acceptable degree. It must be noted, how-
ever, that in direct soiids analysis a much higher RSD is
generally acceptable than in the analysis of solutions by
such techniques as flame AAS.

One technique which has been successfully used in d.c.
arc analysis to minimize or eliminate the problems en-
countered in direct solids analysis is the use of an internal
standard. 1In this technique a known amount of a material
not normally present is added to the sample and the analysis
is based.on the ratio of the analyte emission intensity to
that of the internal standard. This technigue assume. that
the internal standard and the sample will behave in a similar
manner during sample volatization, excitation, and emis-
sion, therefore the choice of internal standard can‘be very
impoftant.

The use of an internal standard requires the sim-
ultaneous measurement of the analyte and internal standard

emission and thus requires multielement analysis capability.

It was felt that the use of an internal standard might be



helpful in this experimental work therefore it was decided
to use the photodiode array direct reading spectrograph
developed in this iaboratory over the last 8 years. This
instrument also has the advantages of allowing quick check-
ing for spectral interference by other elements present in
the sample matrix and allows the measurement of the plasma
background emission at a wavelength adjacent to that of the
analyte. This was felt to be a very useful feature in view
of the fact that the background emission was found to vary

with the matrix as shown in the previous chapter.
A. Analysis of Spex G-Standard Mixture

The Spex G-Standards manufactured by Spex Industries,
Meluchen, N.J., are commonly used as standards for d.c.
arc emission spectroscopy. These standards consist of a
graphite matrix containing a known' amount (0.0001% to 0.1%)
of 49 elements and 0.1% of In as the internal standard.
Th?ﬁe standards were chosen as model solids for a test of

EA—iCAP—OES direct solids analysis.

Analyte emission te poral behavior has been shown earlier

to be affected by the matrix therefore it is obvious that é
time study of emission with direct solids analysis would be
necessary. The PDA direct reading spectrometer has been
sthn to be useful for such studies (44) with d.c. arc

emission and while the temporal resolution is much less than

Y
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with the PMT system it was felt that it would be ad-

equate for this purpose. The results are seen in Figure 51.
The PDA integration time was set tec approximately 0.4
seconds and each scan is stored and then plotted separately.
The wavelength region covered is from about 250 nm at diode
number 0 to about 195 nm at diode number 1024. Some of the
emission lines shown are identified in Figure 52. Exam-
ination of Figure 51 will show, for instance, that cd and
Zn, present at the 0.001% level, show emission bethen 1.2
and 2.8 seconds with their maximum emission occurring in‘the
integration period between 1.2 and 1.6 seconds. The internal
standard In which is present at 0.1% shows emission start-
ing at 1.2 seconds, reaching a maximuﬁ at 2.0 seconds, and
is still showing emission at 2.8 seconds, the last scan
pPlotted. The results of this time study are that the
emission of Cd and 2n show similar, but not idegtical,
behavior to that of‘the internal standard, and that the PDA
signals must be time-averaged for about 3 second; to includer

Y

all the emission due to Cd, 2n, or In. The calibration data

v

and curves for Cd(I) and 2n(I) in the G-Standards are shown
in Table; XIX and XX and Figures 53 through 56 where con-
centrnotion of Cd and Zn are plotted vs. the ratio of the
analyte emission to the sample weight and to the internal

standard emission. Acceptable calibration plots*can be

prepared from .either of these types of data but in all



Table XIX

Calibration Data for Cd(1) - 228.802 nm

in Spex G-Standards

RSD TEtdt(Cd)/7Etdt(In)

121

Amount Cd TEtdt(Cd)/Spl.Wt. RSD
% % %
0.00033 56.5 19.6 0.0182 23.8
0.001 1,004.5 14.8 0.288 11.5
0.010 23,440.1 36.4 4.273 /31.3

JE_dt(cd)/spl.wWt.:

Slope = 1.7

R = 1.0

Tﬁtq;(cd)/TEtdt(In):
% Slope = 1.5

R = 1.0



Table XX
Calibration Data for Zn(I) - 213.856 nm

in Spex G-Standards

AN]

122

Amount zn TE_dt(2n)/Spl.Wt. RSD JE_dt (2n) /TE dt(In) RSD
3 % %

0.00033 237.2 11 0.0756 6.5
0.001 897.8 11 0.258 12.9
0.01 24,324.5 26 4.439 1.0
TEtdt(Zn)/Spl.Wt.:
Slope = 1.4
R = 1.0
Tttdt(Zn)/TEtdt(In):

P

Slope = 1.2

R = 1.0
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Emission Between 1.2 and 1.6 Seconds
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4.

3.20 2"0. 20 19,929 60. 202 .2
DIODE NUMBER rXiot )

Figure 52. Spectrum}taken between 1.2 and 1.6 ‘second from
Spex G3 Standard time study, Figure 51.
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SPEX STANDARDS CD(1)-228.802NM

il

)
4. 00
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|
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Figure 53. Log-log calibration plot for Spex G-Standards
Cd(1) - 228.802 nm/sample weight.



126

SPEX G STANDARDS CD(1 -228.87
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Figure 54. Log-log calibration plot for Spex G-Standards
(CA(I) - 228.802 nm)/(In(II) - 230.606 nm).
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Log-log calibration plot for Spex G- Standards
Zn(I) - 213.856 nj/sample weight.
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SPEX G STANDARDS ZN(I1)-213. 856NM
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Figure 56. Log-log calibration plot for Spex G-Standards
(Zn(I) - 213.856 nm)/(In(II) - 230.606 nm) .



cases the slopes of the log-log plots indicate that a matrix
effect is present. The slopes of the log-log plots of the
ratio bf Mn emigsion to that of In, the internal standard
plots, are closg} to 1 therefore these show the least matrix
effect. The RSD values for the Cd(I) and Zn(I) emission
lines vs. weight of sample or the internal standard In(II)
emission are quite similar. This indicates that with these
Spex G-Standards the major cause of anaiytical error was
variations in the sample vaporization, and was not due
sampling errors.

The linear range covered with these curves is only
from 0.00033% (3.3 ppm) to 0.01% (100 ppm). The use of an
Ob 1 filter would have allowed extention to higher analyte
concentration but this was felt to be unnecessary since this
was only a preliminary test of fhe system. Extention of‘
the analytical curve to a lower concentration was not found
to be possible with this PDA based direct readinc sp:c*ro-
meter system since the integration time was limited o ~»- =
0.4 seconds by the-need to keep the Tn emisc- o rom sat-
urating the array. At longer integration time. "e Cd(I)
and Zn(I) emission could be detected but the saturation of

the In(I) emission line meant that its emission could not be

accurately recorded.
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B. Analysis of NBS Standard Reference Materials

: }
Several U.S. National Bureau of Standards-Standard

130

Reference Materials (NBS—-SRM) were used to test how well direct

solids analysis of "real" materials could be performed with
EA-ICAP-OES. These materials were four botanicals, two
coal samples, and one coal fly ash sample representing a
wide range of sample matrices. |

The NBS—SRM'S were prepared for analysis by grinding in
a vibrating ball mill a mixture of 100 mg of the SRM and
100 mg of spec* s ic graphite containing 0.2% In. The
spectroscopic grar (. ‘ntaining 0.2% In was prepared by
grinding together 48.4 mg of finely powdered In2‘03 and 10 g
of the spectroscopic grade graphite powder. The grinding
containeré and balls Qere plastic to keep contamination of
the sample as low as possible during this process and all
materials were ground together for at least 10 minutes to
ensure that mixing was as thorough as possible.

It must be noted at this point that the amount of In203
dispersed in the graphite is quite small and there exists
a large chance for non-homogeneous distribution. The amount
of SRM used is also quite small and sampling of the SRM may
also be non-homogeneous. These probiem. are emphasized by
the fact that only 2 to 3 mg of the mixture were vaporized
during these experiments. As will be seen, the results in-

dicate that there is indeed a problem with non-~homogeneous
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distribution.

Because of the complexity of the matrices, another
problem was encountered in analyzing these "real" solid
samples, that of spectral interference. The resolution
available with the PDA based direct reading spectrometer
places the lower limit on the resolution obtainable. 1In
order to maximize the resolution the monochromator entrance
slit was set to about 8§ Hm and all electronic fllterlng of
the PDA signals was eliminated. Under these conditions a
strong emission peak forms an image about 14 diodes FWHM
which means that emission lines 0.67 nm apart could be
baseline resolved.

Figure 57 is a plot showing the emission spectrum
produc~d by 300 ng each of manganese and zinc. The samples
were in the form of single element solutions and 3 ulL each
of their 100 ppm solutions were used with the EA~ICAP-OES
system. The Mn(II) emissioh peaks are at 260.569 nm,
259.373 nm, and 257.610 nm and the zZn(I) and 2Zn(II) emission
peaks are at 213.856 nm and 206.191 nm respectlvely The
257.610 nm Mn(II) line an} the 213.856 nm "= (I) line were
chosen for the analytical lines because they are strongest

and had the least spectral interference from overlapping
emission lines.

Figure 58 is the spectrum for 2000 ng of Fe while Figure

59 is for 10,000 ng of Si. These materials are present in

N .. BN i I N
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very high'concentration in several of the NBS-SRM's. An
example of spectral overlap interference can be seen in the
Féfspectrum where several small lines overlap the 260.569
nm and 259.373 nﬁ Mn(II) emission lines.

Figures 60 through 66 are'the spectra recorded for the
seven NBS-SRM's used. The plots have been scaled to keep
the Mn(II), In(I), and 2n(I) emission lines on scale. With
the exceptionAof the Pine Needle spectrum the spectra are
quite complex and it is easy to sée why spectral inter-
ferences are common and why the choice of an analytical line

can be very important.

The sample vaporization time was 3 seconds but to insure

that all sample emission was recoraed the PDA was_clocked at
15 KHz and 75 .scans of 0.137 secondd each were time-averaged
together for a total integration time of 10.24 seconds.
Plasma background and PDA fixed pattern clocking noise were
also integrated and subtracted from the emission signals.
Emission values were obtained by summing up the values’
recorded at the 5 diodes representing the peak of the em-
ission line and subtfacting the sum of 5 diodes reading
background near the emission peak. The Mn(II) emission line
at 257.610 nm appears to be clear of spectral interference
however the Zn(I) line at 213.856 nm and the 2n(II) line at
206.191 nm both show spectral interference.

Table-XXI lists the Mn and Zn concentrations in the
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Concentrations of Mn and Zn in NBS-SRM

Material

Coal

Coal

Coal Fly Ash
Spinach
Orchard Leaves
Témato Leaves

Pine Needles

Table XXI

Concentration 2n

SRM '# Concentration
1632 40 + 3
1635 21.4+1.5
1633 493 + 7
1570 165 + ¢
1571 91 =+ 4
1573 238 + 7
1575 675 + 15

37 + 4
4.720.5
210 + 20
50 + 2
25.1 3
62 * 6

ppm
ppm
ppm
ppm
ppm

ppm
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SRM's used and the analytical results are given in Table
XXII and Table XXIII for Mn(II) emission at 257.610 nm and
Zn(I) emission at 213.856 nm. The Zn(II) emission line at
206.191 nm is too weak to be recorded under these operating
conditions.

Log-log calibration curves are shown in Figures 67
through 70 for the Mn(II) and Zn(I) emission lines. The
plots are for the ratio of analYte emission to weight of
sample and for the ratio of analyte emission to internal
standard emission. In these cases the slopes of the log-log
plots show that matrix effects are present, however neither
type of plot is clearly preferable. The RSD values of the
emission vs sample weight or internal standard emission are
also similar, with neither being clearly better. These )
L
results indicate that the major problem in these analyses :

was sampling error, which may be impossible to overcome.
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The inductively coupled argon plasma was first in- ’
troduced commercially as a source for optical emission
spectroscopy in 1974 and its use has been growing rapidly
ever since. The dominant sample introduction technique for
plasma emission spectroscopy has been the nebulizer, re-

quiring that samples be in solution and that several mL of ’ %

l‘\'a

.
SO’ "tion be avai}able. In our laboratory sample introduction

techniques to alfow the analysis of small volume (pL) N 9
r .

Pty

samples in solution and the direct analysis of solid samples
by ICAP-OES have been under investigation. In this work,

the analytical aspects of the use of a graphite cup electro-

ot i AL I 251

"
ot
ther: .l atomizer in combination with the inductively coupled

argon plasma for the analysis of small volume samples in

solution and the direct analysis of solids ﬁﬁs been studied.

The graphite cup electrothermal atomization device

bty oy e

used for this work was constructed from ag¢Varian Modéi 63
Carbon Rod Atomizer used for atomic absorptioﬁ spectroscopy.
The graphite tarbon cup used was enclosed in a small quartz
cell. Argon gas flowed through the cell to carry.the
vaporized sample material into the plasma.

Preliminary iAvestigations of the temporal behavior
and analytical capabilities of the EA-ICAP-OES technique

were carried out with single element solutions and a single

?;3
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channel monochromator-PMT detector system coupled to a
computer-based data acquisition system. The plasma emiqgion
background was found to vary duriﬁg the atomization, pro-
bably due to pressure/flow changes caused by the heating of
the argon inside tRe vaporization cell. The background
emission profile was found to vary in detail from atquzatlon
to atomization, possibly due to small changes in the héatlng
during atomlzatlon, but the integrated em1551on durlﬁg the‘»iy;
atomization was fairly constant.

Temporal studies of analyte emission durlng atomization
showed the emission profile to be peak shaped’ with a rise
time of about 0.1 second and a fall time of 1 to 3 seconds.
The emission rise and fall times were found to increase as
sample weight increasqg. Emission peak height measurements
had greater relative standard deviations (RSD) than back-
ground subtracted peak area measurements therefore peak
areas were used for analytical measurements. The analytical
results show that a linear dynamic range of three to four
orders of magnitude are possible with a RSD of 5 to 10% at
about 100 times the detection limi%. |

The analysis of lead is widely performed by, carbon
furnace AAS but suffers from severe matrix interference
affects. A study of this effect of a Nacl‘matrix on EA-~
ICAP-OES analysis of Pb showed that even at a NaCl co--

4

. L
centration g\fsater than in sea water only a small chinge :LQ
&2y :
)“_ -
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emission peak area was found. This peak area chénge was
mainly due to a change in the plasma background emission

and compensation was possible by using a blank of similar

NaCl concentration. A studgﬁgf\gpe'vertical emission profile
of Pb showed that the emission maximum shifted lower in the
plasma with a high NaCl concentration. This finding meant
that the choice of slit height and position was very im-
portant.

The study of direct solids analysis was carried out

with the use of Spex G-standards and National Bureau of
Standards-Standard Reference Materials. The use of a computer
coupled photodiode array direct reading spectrometer a119wed
multichannel analysis so that the internal standard anél;sis
v technique and backgrouhd subtraction were possible. Four
botanical materials, two coal samples, and a sample of coal
f1y ash were used to provide a variety of samplé matrices.
‘These SRM's were mixed 50:50 with graphite containing .
'i;q}um.as an internal standard and a sample size of about*

. ‘4

3 mg Was used.-

e

The results show that while there are

. oW )
matrix effects itAWas.possible to construct reasonable

hn ’ "A s

catibration curves for Cd and zn in the Spex G-Standards

and for Mn and Zn in;gthNBS-SRM's.
Future work can be envisioned in all areas investigated
J
in this experimental work. A recent article by Price,

Dymott, and Whiteside (61) on the use of graphite cups for



introducing solid smaples into a graphite-furnace for AAS
shows one possible method for improving the atomization step.
Ramp atomization was rejected for this work because it

did not provide a long enough heating time for complete
vaporization, but the background emission changes were much
less than with step atomization. . Modification of the power
supply so that ramp heating to a plateau several secénds
long and feedback control of the heating are certain to
improve the technique.

The use of a computer based system was found to be
excellent for thetemporalstudieiﬁ&?ut the systems limited
dynamic range required the use of%&ariable signal amplif-
ication which resulted in varying background levels, thus
complicaﬁ}ng the gnalytical_work. The use of a data ac-
quisitionvsystem with significantly larger dynamic range
so that the variable amplifier could be eliminatéd should
have a high priority. An excellent candidate would be the
use of an integrating digital voltameter system similar to
the Laboratory Data Acquisition System (52) developed by
M. Blades of our laboratory.

The present work has shown that combining a carbon
furnace for sampie at&mization with ICAP-OES analysis shows
good potential,-but it h;; also shown that much work still

needs to be done.
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APPENDIX A

Software Developed for the Monochromator—Photomultiplier

Readout System
A. Introduction

The software programs developed to interface the photo-
multiplier detector system with the minicomputer and to
allow manipulation, readout, and storage of this data'are
described in this section. Prograﬁming was ‘done in Fortran
01C and Macro 01C languages under the RT11 03C operating
system on a DEC PDP 11/10 16 bit minicomputer;

The programming pPhilosophy in this program, and in the
following ones, was to break each task into a separate
modhle and to then select the desired task module from a
menu. This type of programminé has proven to be very ef-
ficient since modules can be easily used in several dif-
Uferent programs with only small modifications if necessary.

Since Fortran programs are fairly easy to understand
only descriptive headings are given at the start of each
module. The data acquisition sybroutines are written in
Macro assembly language which is more difficult to under- -
stand therefore/éaph line of the program is fully described.

~

Refer to the appropriate DEC manuals for further information.
- :
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' r—”

ADCPMT - Main Program for Monochromato “hotomultiplier

Readout System

Purpose: This program provides an interface between the
system user and the data acquisition subroutine and
provides the means for obtainfﬁg readout or storing data
on the disk under user defined names.

Operation: 'This program consists of 9 task modules which
are menu selectable. This program is entered via menu
selection #4, RESTART (START), where the operator enters
the‘number}of data points to be acquired, the data ac-
quisition rate (master clock rate + number of master
clock pulses between samples), a delay after the start
pulse until the start of data acquisition, and the sample
name. The date and time are automatically read from the
operating system. After these entries data acquisition
takes place via subroutine GDPMT and then the menuvis
entered. ’ 2

From the menu task modules are selected to allow:

PLOT: Plot data acquired on the VT-55 'screen.

LIST: List data acquired on the VT-55 screen.

BTASTICS: Perform statistical analysis of the data,
i.e. calculate the mean value of a set of dath, the
standard deviation within that set, and calculate the

‘o

signal to noise within that set. o
_ e

T

-
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RESTART: Restart data acquisition. '

WRITE DISK: Write the data acquired on disk under a user
P

selected name. W

EXIT: Exit from fhe program.

TOTALS: Allows calculations of the totals for selected
portions of the data thus providing a means of calculating

the integrated signal intensity.

READ DISK: Allows a named data file to b€ read from

8

disk.

_ SMOOTH: Allows 2 simplified least squares smoothlng of

the data based on the procedure of Savitzky and Golay.

.

‘wid
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/ ¢ ] %
; " .
S8
3
c :
c . FROGRAM ADCPMT.FOR (20-NOU-79)
c . «
c PURPOSE ; . _ «
c TO ACQUIRE AND FROCESS DATA FROM THE PHOTOMATIPLIER Tupg,
c 3
C SUBROUT INE'S NEEDED:
c PLOTSS
c GDFMT
c " SYSLIp
c /F
c
c S T T
c XWRITTEN x
c *BY: x - : .
c XDONALD HULL % .
c L T ) o he
c v ‘
c ° <
TIMENSION . TITLE(B);ANP(i)vDAT(B)rTIH(J)yAIK3Q) M -
INTEGER%2 A(1040>r3<1040)'C(5201.naLKg4),anon<30),n DN(30)
EQUIVALENCE (B(513),C(1)) R - / - S
COHHON/DRH/A:NPrHCR'ISPLF;NDELAY. “ . , RS

INTEGER ATTACH, SELGR, STATUS, N, HGRD» UGRD» MARKER, ORIGH c ,
1 VEQEs CURPOS,. ERASCR, ERALEN., DISPLY, ESCCMD» UP, DOWN; HOME, T P
! ESCRN,» ELIN, ENHOLD,» DSHOLD, COPY, .ENFRNT» LSPENT; BEL( - , ‘

DATA AP P TITLEIDATSTIN/O. wB%0. 1 340, 350 . o

DATA *  DBLK/3RDKO,3RDAT,3RA. r3RDAT. -

(. : < o
Y DATA ATTACH) SELGR, STATUS, N, HGRD, UGRD, MARKER. ORIGIN,

1 VECT,» CURPOS, ERASCRwy ER ISPLY, ESECMD, UF, DpOWN. HOME, ,
1 ESCRN» ELIN, ENHOLD, DSHOLD, C Y:»ENFRNT: DSPRNT, BELL - ] e
¢1/0:112r3v4!5!6177879710!11112v13{ 3146 72174;75191r92;93r94;95r7/ /
~  CALL DATE(DAT) o K / . .
S11 WRITE(7,51)DAT é@
51 : F0RHAT<1X.3@4> - -
GO0 70 6 .
400 WRITE(7,%4% .
54 FORMAT(* -, 7 INPUT #POINTS. /)
READ(SvS?yERR=120:END=120)XNP - s
WRITE(7,55) - , . . .
55 FORMAT(" -/, INPUT MASTER CLOCK RATE, -’

1s//97 741 MHZ=27,//," “r7100 KHZ=4’,//, ‘r’10 KHZ=6¢"
297797 4y KHZ=8'//, - “r 7100 HZ=10’,//, “r 60 HZ=14") ° . ;
READ(Sr59:5RR=120;END=12@)XHCR . '

1 THE START oOf DATA AQUISITION-F10.3")
READ(Sv59vERR=l20iEND=120)XDELAY
IF (XDELAY ,EQ. OIXDELAY = 0,001
440 HCR-IFIX(XHCR+257.) .
IF(XMOR .EQ, 2.)FRED=IOOOOOO'/XSEL .
IF (XMCR .EQ. 4.)FRED=100000./XSPE : ‘ ‘ *
IF(XMCR .EQ. 6)FREO-10000./XSPL :
IF (XMCR: .EQ, B)FREOHIOOOo/XSPL
IF&XHCR +EQ, 10)FREQ=100., /XSPL

59 FORMAT(F10.0) ‘ :
WRITE(7,48) , o ;

68 - _FORMAT(* , "INPUT THE NUMBER OF MASTER cLOCK FPULSES _ :
1 BETWEEN SAMPLES. ') . , v !
READ(S.59.ERR=120.END=120>xspL \ ' H

IF(xSPL ,gQ. O)XSPL = t,0 - - ' . {
WRITE(7,469) 4

69 FORMAT(” ‘,INPUT DELAY AFTER START PULSE UNTIL ;
3

i




3

3

.
&

IF(XMCR .EQ. 14)FREQ=60./XSPL

IFREQ=IF IX (R Q)

~+  ISPLF=I6M (X§PL) "
NP=IFIX( v b4

LAYX1000)

' INPUT SAMPLE NAME IN 3A4-FORMAT
”READ(Sv52:E!R=120:END=120)TITLE

- FORMAT(3a4)

v CALL TIME(TIM)
.sRI 7;170)TITLE:DAT;
“dR )

171) -

FOR ‘v 'STRIKE CARRAGE RETURN 0

READ (5,597 ERR=120,END=120) TENP '
DO 401 I=1,1040 o

A(I) =0 » ﬁ*&

ACQUIRE DAT‘AU{TH SUBROUTINE GDFMT AND
Cc HEY " s ’ '
> .
CALL GDFMT
CALL TINE(TIMY 5
v

» -MINIMUM, ANﬂ,ﬁfNGE

1 A(NP+1)=NP s oo
A(NF+2)=1FREQ L
s AINP+3)=A(4) . T
A(NP+4)=1 : . .
"TAINP+S)=A(4)
AINFP+6) =1
DO 1000 1=5,NP

TIMyNP, IFREQ
SE¥ UF

Py

“CALCULATION of MAXIMUM

RN
a

el
R

;
- . Sy

,MAXIMUM AND SUBSCRIET DETERMINATION

a0

IFCACNP+3)" LT, ‘ACT))A(NF+3)=a( 10 J

- IFCAINP+3) '.EQ, AT ANFIAI=T

%

> . ) . "A ?-
& HINIMUM aND SUBSPRIPT DETERMINATIONS

agon

+GT., ACI) YAINP+5)=A(T)
.EQ. ACI))A(NP+6) =T

IF (ACNF+5)
100Gmy  IF (AINP+5)
c

c d!NGE DETERMINATION.

C .

k. A(NP+7)=A(NP+3)-A(NP+5)
URITE(7;170)TITLE!DQTITI";A(NF+1)7A(NP+2)
URITE(7!56)(A(NP+I)rI=3:7)

i FORMAT ¢/ ’!'HRX='!16'2XI'SUB=‘116"

1 I652X9’SUR=’4y1¢, RANGE=",14,/)

56 MIN=,"

PROCESSING REQUEST,

A

WRITE(7,57) .

FORHAT("'-’PLOT=11 LIST=2,
1 WRITE DISK=S’,/,- EXIT=4, TOTALS=7,
2 REPEAT=10")

READ(S,58)ERR=

FORMAT(1I2)

CaLL PLOTSS(ESCCHD»HOHE:O)

CAaLL PLOTSS(ESCCHD;ESCRNrO)

GO TO(100:200:300-40075001600770078009900v4

' GO TO ¢ ’

donn

STATISTICS=1, R
READ DI

1207END=120)NTEMP
r

;8

> .

YE YT-%5 SCREEN,

»

o0

DISPLAY A PLOT. OF DATA Ov

oy

NPLOT=NP

)
7

R A N
SToRgignkn{ﬁﬁi.h* . :

164

[

C’)

FOR DATA AQUISITION, - )

Tt

S ¥

N >
B o .
o YE

@" M
OF vALwES4%e.

'Jﬁ

,:," ‘ i
N ne d =

ey 33

o,

4

o ' -

ESTART=4,
SK=8, SMOQOTH=9,

]

<

40) yNTEMP



150

#

- ,(Nptor +LE. 512)60 TO 151 ' H
- LL : S ®

151

156
153
¥ W30

~

NOOo -

00

63
251
253

250
252

g

* D1=FLOAT(A(I))

) 165

WRITE(7,101) g
FORMAT(’ *, 'NORMALIZED PLQT? YESe1, ND=0")
READ(S,59,END=120,ERR=100) XNORN e o
IF(XNORM .EQ. 1.0)SCFAC=FLDAT(A(NF+7)) & )

IF (XNORM .EQ. 1.0)50 TO 102

WRITE(7,103) - \

FORMAT(’ ‘4 "ENTER SCALING FACTOR, F10.07)

READ (5,59, END=120+ER=100)SCFAC g

CONTINUE - ; “
CALL PLOTSS(ESCCMD»MOME,D) e
CALL PLOTS®UESGEMD,ESCRN,O) . -
CALL RLOTSS¢TURPOS,0,0) ) _ .
WRITE(7,170)TI ErDATs TIMsACNP+ g (NP+2) N . ,
WRITE(79S56) (AINP+I),1=3,7) o e i

D2=FLOAT (A(NF+S) ) { . e N
Do 150 I=1,N9

D=((D1-D2) %106 /SCFAC 1 " p s
B(D)=IFIX{D) ‘ _— v ‘ 2 I
CALL PLOTSS(STATUSYS47,474) v s .

CALL PlOTSS(SELGRYO,0)

CALL RROTS5(CURPAS,0,0) 3R, b : , s

CALW PLOTSS(HGRDy1:0,0) - AV

LOTS5(STATUS,551,472) . "
- CALL PLOTSS(SELGR»1,0) T : ’ _
CALL PLOTSS(HGRD,1, 101) &%y

- IF(NP ,GT, 5i2>N§ggT=512 .- ) )
CALL PLOTSS(SELGRY®,0) ‘ a ) : .

o+ w#xCALL PLDTSS(gﬁIG 10,0) - ‘ 2>
’ '#b%LL PLATS5(N,~NPEOT,R) U - ’ . ;L;ﬂ;
®ohy ~ ;

»

IF(NP .LE, 512)GO“TD 153 - . A

NPLOT=NP-512 3
CALL PLOTSS(SELGR,1,0)

DO 156 I=1,NPLOT - o
C(I)=C(I)+101 : _ . L
" CALL PLOTSS(N»~-NPLOT;C) P R

CALL PLQESS(DISPLY n@,BELL) °
READ(S, SOBEND=180 , ERR=120)NSTOP

CALL P (ESCCMD/HOME»0) . ;
CALL PLOTSS(ESCCMDFESCRN,O) : .
CALL PLOTSS(STATUS»0,1023)
60 TO 6 . -

THIS SECTION LISTS THE DATA ON THE yT-S5 COFIER,

CALL PLOTSS(ESCCHD:HDHE;O) 3

CALL PLOTSS(ESCC DyESCRN»O)

CALL PLOTSS(DISP Y»Os»BELL)
URITE(77170)TITLE7DAT;TIH;A(NP+1)7Q(NP+2),
FORMAT (¢ "39413X!3A4r'/’r3ﬁ473X!' . NP=',16,3X,°SPL, FREQ.="16,/)
- DO 250 I=1,NP+7,200

DO 251 J=X,1+4150,10 b
URITE(7163)J1(A(K)7K=J’J+9) . )
FORMAT( - ’71472X7’}"10(1571X))
IF(K .6T. (NP+7))G0 TO 252 °
CONTINUE .
REQD(S;5815RR=120'END=420)NSTOP
CALL PLUTSS(ESCCHD!NOHE!O)

CALL PLOTSS(ESCCHD!ESCRN!O)
CONTINUE

CALL PLOTSS(ESCCHD;HOHE!O)

CALL PLDTSS(DISPLY!O!BELL)
READ(S!SB!ERRalzovEND=120)NSTOP
GO TO 120



aonoo

woo

30!

302

66

308 CONTINGE ;
7 CONTINUE # P

by
R

309

303 -

305
‘304

67
310 .

uonoe

00

onon

1+/7/9 ‘4 AND THE NUMBRER oF DATA POINTS FER SET OF DATA.  3F10,07)

1 STD. DEVY, S/N’) ¢
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A

IS IS‘:REPEATED AS DESIRED,

CALL PLOTSS(ESCCHDrHOHErO)

CALL PLOTSS(ESCCMD;ESCRN;O)

WRITE(7,301)

FORMAT ¢’ ‘» "ENTER STARTING DATA POINT, THE STOPFING DATA FOINT, -

READ(S;302rEND=120:ERR=120)STARTrSTOP»SET
FORMAT(3F10.0)
ISTﬁRTleIX(START)
ISTOP=IFIX(STOP)
ISET=IFIX(SET) ©
URITE(77170)TITLE!DAT!TIH!A(NP+1)rA(NP+2)s por
WRITE'(7;56)(4(NP+I);I=3;7) .
WRITE(7,46) g .
. FORMAT(* -, - FOINT NOS, MEAN "~ ‘i‘

Pl

: "'}":l

DO 319 I=ISTART,»ISTOP,ISEF v

SU"=O'0 .

SQAUARE=0Q, - .
IO 309 J=Is (I+ISET-1) L - N
SUM=SUM+FLOAT(A(J)) , - ,
SQUARE=SQUARE+<(FLO@;(A(J)))*§2> . ,
IfCY LT, IsTor)Go fo 308 8]

d=J41v

v SET=FLOAT(J¥,

GO TO 303

xaenczsun/<ssr> W
STDE SGRT((SGUARE-((SUH!*Q)/(SET)))/(SET—i))
" IFXSTDEV ,GT, 0)GQ T0 304 >
wRITE<7.3os>f,(J—1>.XMEANysrnEv . '
FORMAT (14, TO '.14.1x12<4x.F1o.4>.1ox.'xxxx') . .
GO" TO 31e 1

- SNR=XMEAN/STIEY -
wRITE<7,67)(254-1>,JGEAN,STDEU, SNR
FORMAT (14, * TO-"»T4r1Xs3(4X,F10.4))
CONTINUE -
CALL PLOTSS(ESCCMD,HOME, o)
CALL PLOTSS(DISFLY,0,REL4 T -
READ 65,58, END=120, ERR=120 )NSTOP
‘!65 10 Y20 -

4 i, - R ’
THIS SECTION WRITES tHE PROGRAM ON DISK WITH THE CHOOSEN NaMpP,

REWIND 1 . - t > . 5
URITE(?;170)TITLE1DATrTIHpﬁ(NR&1)rA(NP+2) . 55];
wRITE(7v56)(A(NP+I);I=3;7) ) ’ ¢
ANP (1) =FLDAT (NP) : . ’

CALL ASSIGN(lr’QK:FTNI.DQT’:—l;jNEU’:’NC’yl)

WRITEC(1)(ANP (1) . .
HRITE(I)(TITLE(I):I=1’3)
URITE(I)(DAT(I)yI=173)
URITE(I)(TIM(I)!I=173)
WRITE(l)(A(I)rI=1rNP+7)

ENDFILE 1 :

CALL ®LosE(1) '

GO TO 120

THIS SECTION CALCULATES THE TOTALS FOR SELECTED
PORTIONS OF THE DATA.



700

705

782

701
781

718

735

F 716

800
810

e

c
c
c
c

PO 705  U=1,30
Al() -0

NDIQL: :2=0Q
NDIOND( J)=0
CONTINUE

CALL PLOTSS(ESCCMD»HOME,0)
CALL PLOTSS5(ESCCMDyESCRNYO)
- oWRITE(7,170)T]

WRITE(7,56) (A(

«JR=0
'%ITE(77782)
ORMAT(‘ *, "ENTER THE STA

" ENTER EXTRA C
READ (5,781 ,END
FORMAT(2F10.0)
IF(DIODPE .EQ.
JR=UR+1
NDIOD(JUR)=TFIX
NDIODN(JR)=IFI
IF(JR .GE, 30)
80 TO 701

CALL PLOTSS(ES
CALL PLOTSS(ES
WRITE(7+170)TI
WRITE(7,740)
FORMAT(* 7y
DM 716 wK=1,JR
DO 718 L=NDIO
AL(K)=A1 (k) +A(

TLE;DAT;TIH;A(NP+1)yA(NP¥2)

NP+I)»Ix3,7)

ARRAGE RETURN

R¥ING FOINT # AND # OF POINTS.; '/,

TQ COMMENCE FROCESSING. /)

=120+ERR=701)DIONE, NTODEN

0G0 TO 710

(DIODE)
X(LIODEN)
GO TO 710

CCMD»HOME . 0)
CCHD;EQFR!;O%»
TLE:QA?;T

N

m'.

HrA(NP+1)rA(NE+2)

. N 'Q{ [N
STA NF'ﬁ. TOTAL )

D(K) » (NDIOD(K)
Ly

+NDTORR(K 21 g .,

URITE(?r?SS)NDIOD(K)vNDIDDN(K);AI(K)

FORMAT(3X,14,3
CONTINUE
READ(5,58sEND=
Go Tq'120

THIS Secfrion READS A FILE FROM.TVE DISK

WRITE(7,810)
FORMAT(” *,- E
CALL ASSIGN(1,
READ(1)(ANP(1)
NP=IFIX(ANF (1)
READC1)(TITLE(
READ(1) ¢(DAT(I)
READC1) (TIM(T)
READ(1)(ACI),I
ENDFILE 1

CALL CLOSE(1)
GO TO 120

2
THIS SECTION D
SQUARES PROCED
ANAL . CHEM.»3s
e B

C - oy :
900"~ ¥ifa{¥e 7,999) : ,
FORMAT( ! *7*INPUT FILTER SIZE:;/p/) 1as POINT FILTER’,
ILTER'»/y* 329 POINT FILTER',

999

?1Q
915

Ad N~

[

/v’ 2=7 POINT F
/1’ 4=11 POINT
/v’ 5=13 POINT
7+’ 7=17 POINT
. 9=21 POINT FI

Xr14,F12,0)

120,ERR=120)NSTOF . ‘ -
[ Y

NTER DATA FILE NAME AS K——-—__ +DAT . "+ /)
’nK:FTNi.EﬁI’;llr’OLD'r’NC’§1)

>
)

I)yI=1,3)
rI=1,3)
pI=143)
=1yNP+7),

v

DES

E
P

\\-‘ °

Y

-

SMOOTHING OF DATA RY SIHPLIFIEQ LEAST

URE FROM SAUITZKY AND GOLAY,

(8)+1P1627(1964)
oo . LT ‘ul§“Ab"

>

<.

FILTER',

FILTER’+/y’ 6=15 POINT FILTER,

FILTER v/y’ g=

LTER")

19 FPOINT FILTER’,/, B

READ(SISGIERR=9OOVEND=120)NGU .
7930!940195019607970:980;990)rNGO

GO TO (910,920
DO 915 1=3,(N
B(I)=IFIX(((~F
H(FLOAT(AC(T) ) )x

P-2)
LOATC(ACI-2)+A(
17>/35)

I+2)))}3+(FLOAT(A(I—1)+A{I+1))5*12

167




P16

?20
?25

936

937
940
945

P46

P47

950

935

956

957

960

965

P66

967

" 970
975

1

i N

NN -

GIN

DO 916 I=3,(NP-2) §
A(I)=B(I) .
A(1)=A(3)

A(2)=A(3)
A(NP-1)=A(NP-2)
A(NP)=A(NP-2)

GO TO 91

DO 925 I=4,(NP-3)

B(I)=IFIX(((—FLOAT(A(I—3)+A(I+3)))t2+(FLOAT(A(I—2)+ﬁ(I$2)))*3

HFLOAT(ACT-1)4+ACI+1)) K&+ (FLOAT(ACI) ) ) %7) /21)
DO 926 1I=4,(NP-3) - .
ACI)=B(I) -

AC1)=A(4)

A(2)=A(4) N

A(I)=A4) — -
A(NP-2)=q(NP-3) Lo Co T
A(NP—1)=A(3§53) - . -
A(NR) =A(NP-T) " o ,

60770 91 * ; '

DO 935 I=5,(NP-4) ¢

B =IFIX(((~-FLOAT(ACI-4)+A(I+4)))%21

+(FLOAT(A(I-3)+ACI+3))) %14 ,

HCFLOATC(ACI-2)4A(I42)))*394 (FLOAT(ACI-1)4+ACE+1)) ) %54

+(FLOAT®A(I)))%59) /2843 '

DO 938 I=5y(NP-4)RETH :
A(I)=B(I) = “res .9 o

DO 937 1I=1,4 )

ACI)=A(S) W
A(NP-I+1)=A(NP-43 -~
GO TO 91.. .

DO 945 I=6y(NP-5)
B(I)=IFIX((T-FLOAT(A(I~S)+A(I+5 ) )%x36

HFLOATC(ACI-4)+ACI+4)) ) K9+ (FLOAT(A(I-3)+A(I+3))) %44

+H(FLOAT(ACI-2)+A(I42) ) )§69

H(FLOATC(ACI-1)+A(TI+1)))%84+ (FLOAT(ACI) ) )%89) /429)

DO 944 I=4»(NP-5S) ‘

ACIN=B(I) ,

DO 947 I=1,5 -
ALI)=A(S)

A(NF-I+1)=A(NP~-5)

GO TO 91 -

DO 955 1I=7,(NP-6) -

. B(I)=IFIX(((—FLOQT(A(I—6)+A(I+6)))111.

HFLOATC(ACI-4)+A(1+4))) %9+ (FLOAT(ACI-3)}ACI+3) ) ) %16

+HFLOAT(ACT=2)+A(T+2)) ) X214 (FLOAT(ACI-1)4+ACTI+1)))>%24

+(FLDAT(ACI)))I%*25)/143)
DO 956 I=7,(NP-4) _
ACID) =R(I) y
D0 957 I=1,6" - ‘ B
acld=A(?) ~ g
“AINP-I+1)=A(NP-6)

—_—

-+ GO 'TO 91

(2N S

‘DO 965 I=8+(NP-7)

AT (ACI-5)+ACI+5)) ) %424 (FLO
+(FLOAT(ACTI-3)+ACI43) ) ) 1224 (FLO
H(FLOATC(ACT-1)4+ACI+1)) ) %162+ (FLOAT(ACI) ) )%167)/1105)

DO 966 I=Bys(NP-7) .7 .
AlI)=B(I)

DO 967 J=1,7 -

ACT)I=A(B) 4 :

A(NP-I41)=A(NP-7)  #

GO TO ¢ ’ ’ .
DO 975 1=9,(NP-8)

B(;ésxFIx<((—FLOAT(A(I—?)+A(1+£ég%t —(FLOAT(ACI-4)+ACI+6)) %13
: ¢
. .

B(I)=IFIX(((-FLOAT(Q(I—8)+A(I+B)))121+(—FLDAT(A(I—7)+A(I+7)))*6

+(FLOAT(A(I-6{?QOE46)J)¥7+(FLOAT(A(I—5)+A(I+5)))*18

~

Y,

I-M A (I44) ) 087
(ATI-2)4A€I142))) %147

168



s

169

2 +(FLOAT(A(I%@)+Q(I+4)))12/0(FLOAT(A(I~3)+A(I+3)))t34

:3‘+(FLOQT(ﬂ(Iﬂ2)+A(I+2)))¥39+(FLOAT(Q(I~1)+9(I+1)))t42
4 +(FLOAT(A(1)))*43)/323) . ’

- DO 978 129, (NP-B)
976 ACD)=R(I) . ' .
DO 977 1=1.8 5w T L
ACI)=A(9) ’ . ey S
977 A(NP-I+1)=A(NP-g) < .
. GO TO 91 . ‘”
90& DO 985 I=10,(NP-9) = - , v
Y 985 B(I)nIFIX(((—FLDAT(A(I—9)+A<J+9)))t136~(FLOAT(A(;—B)+A(I+8)))#51 o
o 1 +(FLOAT(R<I~7)#n(I+7)1)124+(FLOAT(A(I~é)+ﬁ(I+6)))tB?” : )
‘ 2 +<FL0AT<A(1—5>¢A(I+5)>>t144+<FL0AT(A<1-4>+A(I+4>))*189
© 3‘%(FQOAT?A(I~3)+A(I+3)))1224+(FLOAI&A(&~2A&A&I+2)))#249 ,
4~»<FL0AT<A<I~1>+A<I+r))):264+<FL0AT<A<I)>)x269)/2261> s "
-0 986  I=10,(NP-9) Ny p . : ‘
A(I)=R(1) . g A <
DO 987 -1=1,9 T '
. ACI)=A(10) Y -
WHRAUNP~T41)=A (NP9 ) - o '
A&oro91 oy v o
~ DO 995 r511,<~eé’0) . g . e sl
BCI=IF MK 4 (~FLOA <n<1+1o>+n<1+xo>>>fy7g ~ . -
CFLOAT(ACI~9)4ACT49) ) xg .- 200002 ' . !

+(FLOAT}A(I—B)+A(;+8)))*9+(FLOAT(A(I~7)+AKI+7f))*84 :
+(FLOAT(A(Ij¢)+A(I}6)))t149+(FLOAT/A(I~J)+A(I+S)O)#204

CUL LI~
+
-~
-
ol
o
>
—'
-~
>
-~
s
1
»
A
+
>
-~
~
EY
-
-
o
-
N
ES
Ay
-+
-
"N
r
=]
>
—
-~
D
~
-
i
w
-+
>
=
+
o
-
-
*
3
n
o

+(FLOAT<A(I¥))*329)/3059)
v DO 99¢ I=11,(NP-10) -
996 ACI)=R(I) N ‘
DO 9297 1=1,10

ACI)=AC11) . .“ Vs
. 997 A(NP-I+1)=A<NP~1q> L S RO R
. GO TO 91 A 3 .
C . »:««t'* (el
c THIS SECTION CAUSES AN EXIT FROM 'THE PROGRAM.,
600 SToP . '
END b
X
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GDPMT - Data Acgquisition Subroutine

This subroutine acquires the data from the Photomultiplier
Readout System vig A/D conversion by the LPS 11 unit and
transfers the ébQuired data to the main program ADCPMT.
Data acquisition is started by a signal from the carbon

furnace power supply and clocked by the .LPS 11 internal

clock. ﬁfﬂ | R

R “ A
B “ne
) %,
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PROGRAM

FURFOSE?

GDPMT . MAC (4- JAN-78)

TO ACQUIRE DATA FROM A PMT WITH THE

DEC LFS UNIT,

AND TO TRANSFER

THE DATA TO THE MAIN FROGRAM.,

OK X KKK ¥OK KK KKK 1
* X ’
*WRITTEN RY!x%
x X
*DONALD HULLX
* X
*WITH HELF %
3 ¥
*FROM ¢ X
x *
*ROBERT HALLX
x X
KRR KKK KK
+TITLE
»MCALL
MEALL
0'U200
+REGDEF
+GLORL GDFMT
STR=170400 ’
ADB=170402
DIBUF=170412
CLK=170404
RUFP=12684046
KBFRD=177562" .
N
+CSECT '
-
COPMT: NEG ISPLF
NEG NDELAY
RESTRT: MOV + #1040, ¢R1
2 MOV #A¢R3
LPO? MOV #0s (R3)+
DEC—~._y R1
BNE LFO
MOV #0,CLK

SET UP FOR DATA ACQUISITION

STRT1?

+PRINT #WAIT

MOV NPyR1

MOV #AsR3
DIBUFsR4

MOV
o

#SET ADDRESS
iSET ADDRESS
#SET ADDRESS
$SET ADDRESS
FSET ADDRESS
#SET ADRDRESS

GET DATA FRDOM A FMT WITH THE LPS UNIT @
++VU2, . REGDEF» .FETCHs .CLOSE» .PRINT
+EXIT» WRITW1,SRESET, .ENTER, . TTYOUT» ,TTYIN

§

A/D STATUS REGISTER
A/D BUFFER ° .
DIGITAL sINPUT RUFFEFR
CLOCK STATUS FEGISTER
LPSKW BUFFER/FRESET
KEY BOARD

x

N

sNEGATE # MCR PULSES BETWEEN SFLS
#NEGATE DELAY TIME

#SET ADLIRESS

$CLEAR WRRAY (A)

-#SET POINT COUNTER

OF ARRAY(A)
Lo

s DECREMENT ROINT COUNTER -
JRETURN IF POINT COUNTER NOT ZERO

iS POINT COUNTER
i ADDRESS ARRAY(A)
$CLEAR DIGITAL PBUFFER

171

»
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|
BEGIN DATA ACQUISITION

SPL? TSTR
EFL
. MOV
DEC
BNE
FINISHED. EXIT
RTS
+EVEN
+CSECT DRH
Al +BLKW
NP - ,WORD
MCR? +WORD
ISPLF?! 4. WORD
NDELAY?! .WORD
’ +CSECT
+EVEN
WAIT: +vASCIZ
END? +END

ST g f‘h,
‘ \&1 ‘ ’ 'a.‘n
. e
MOV R4>DIRYF
LP2: MOV DIBUF sR4 #CHECK DIBITAL BUFFER FOR
RIT #2+R4 FSTART PULSE ON BIT 1
BEQ {LP2, JRETURN IF NO START PULSE
MOV #0,RUFP ICLEAR BUFFER/PRESET
MOV NDELAY » BUFP PHMOVE IN DELAY TO BUFFER/PRESET
MOV #11,CLK }SET CLOCK FREQUENCY AT 1KHZ,NON-REFEAT
LP3¢ TSTR CLK +TEST FOR END OF COUNT FLAG
RPL LP3
-DATA: MOV #0, RUFP tCLEAR BUFFER/PRESET , 625
MOV #0,CLK PCLEAR CLOCK FRIOR TO LOADING.BUFP
MOV ISPLF s RUFP 1SET UP BUFFER/PRESET FOR SPL FREQUENCY
MOV $40,STR }SET UP TRIGGER ON A/D SFYATUS REGISTER
MOV MCR»CLK #SET UP MASTER CLOCK RATE

STR $TEST FOR A/D END OF CONVERSION
SPL. #ON BIT 7 OF A/D STATUS REGISTER
ADR, (R3)+ $STORE SAMPLE DATA o z

FDECREMENT POINT COUNTER  °
FRETURN FOR ANOTHER POINT IF NOT FINISHED

-

e
q

1040,
0
0
0
)

Y -,
/WAITING FOR START PULSE/ < R
GDPMT . )

O TR
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APPENDIX B

Software Developed to Plot the Monochromator-
Photomultiplier Readout System Data on a

Zeta Incremental Plotter”

S

" This program consists of 5 menu. Qlectable task modules

-'a 'u

and allow the data acquired with thef"notomultlpller Readout

System to be plotted. The sectlonf' ‘ .

1.

2.

i g qfa‘hﬁ!.sk
AXIS: Draws the’ ‘plot axis using bpe%’ﬁor defined axis A

READ DISK: Reads %ta from”a narﬁdi‘

4

names, s.1zes, and dimensions.

P
.

PROT: Plots the data within the axis dw by Mbdule 2.
4
RESTART: Restarts program to allow a new data flle to

read for plottlng.

EXIT: Exits Lrom program. x

: -
A

-

173 - ‘ oy,
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0onon

700
110

111

aon

100

120

1

PROGRAM PMTPLT.FOR(22-0CT-79)

PURPOSE §
TQ PLOT» WITH THE XY-FLOTTER, DATA STORED ON DISK,

SUBROUTINES NEEDED:

XYLIR
SYSLIR
/E
' ., - i
KRR KK KK i .
AWRITTEN * -
XBY :
*DONALD HULL* 4 :
HHOKKKKRORAKK KK . o - .
DIMENSIQN ANP(1)'TITLE(3)yDAT(3)yTIH13)9¥'1040)rY(4040)
DIMENSION XAXIS(S) 4 YAXIS(S) s TITPLT(S) g
INTEGERX2 DBLK(4)rA(1040),R(1040) ~ ¥

DATA PAT»TITLE» TIM/3X0. » 3%0, y3%0,/
DATA - DBLK/3RDKOy3RDAT-3RA ' »3RDAT/

THIS SECTION RESTARTS PROGRAM BY CLEAFRING X % Y ARRAYS,

WRITE(7,110) ‘ ¢

FORMAT(® “,” ENTER THE NUMBER OF FAGES TO ADUANCE THE FEN.
READ (5,111)PAGES

FORMAT(F10,0)

ADU=PAGESRE .5 ,

CALL PLOTST(0.005sIN’)

CALL PLOT(ADV»0.0:-3)

CALL PLOTND . N

DO 701 1=1r1040 ° ’ .
X(I)=FLOAT(I) : *
Y(I)=0,0 ,

THIS SECTION SELECTS THE PART OF THE PROGRAM TQ BE EXICUTED,

-

WRITE(7,50) .
"FORMAT(’ “, ‘READ DISK=1, AXIS=2, PLOT=3, RESTART=4, SMOOTH=S
PEXIT=6") . L
READ(5,51)NTEMP 2T

FORMAT(I2) ! - -
IFCNTEMP .LT. 1 ,OR. NTEMP .GT. 8)G0 TO 1 ;
GO TO(100+500s400,700,900,800) » NTEMP

THIS SECTION READS DATA FILE FROM nISK: -
WRYTEW?,120)

FORMAT(’ “,’ ENTER DATA FILE NAME AS X—-———n yDAT . 7 ¢ /)
CALL ASSIGN(1s ‘DKIFTN1.DAT y-1,70LD"»’NC*s1)
READ(1) (ANF(1)) ¥
NP=IFIX(ANP(1))

READ(1) (TITLE(I) yI=1+3)

READ(1) (DAT(I)rI=1,3)

READC1) (TIM(I)sI=1+3)

READ(1) (ACI) »I=1sNP+7) .

ENDFILE 1
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470
480
490
491

o000

G
c
c
1000
c
c

- C

492

493

454

oY s)

500
501

502

520

321
3504

»

1

CALL CLOSE(1)

THIS SECTION DO

DO 480 1=1,NP+
Y(I)sF_OATC(ACT)
DO 491 I=7,1,-
Y(NP4+2+41)=Y(NP+

. THIS SECTION SE
‘*‘ﬁs MAXIMUM VAL
“PLOTTING PUREQS

ES RPOOK KEEPING ON THE DATA ARRAY,

v
)
1
v &

-
TS THE MINIMUM
UE TO BE EQUAL
ES

L4

v

VALUE TO 0.0 AaND
TO THE RANGE FOR
"

»

.

CALCULATION orﬂnawxn&g. MINIMUM, AND RANGE OF UMLUES. e
Y (NF+5)=Y(S) . Y
Y(NP+&)=FLLOAT(S) ®

Y(NP+7)=Y(5) v - &
Y(NF+8)=FLOAT(5) ) -

MAXIMUM QNDJ§UBSCRIPT DETERMINATION.

DO 1000 I=4,NP

IFCYANPHS) LT, Y(I))Y(NP45)=Y(T)

Lo .
ﬁINIHﬁﬁ‘ANDJSUBSCRIPT‘&GQERHINATIDN. -

IF (Y(NP+5) ,EQ, YCIDMY(NP+4)=FLOAT (1)

IFGY (NF+7) .GT-'Y(I%)YiNP+7)=Y(I)

"IFCY(NP+7) EQ.
L .
* RANGE DETERMINA

Y(Nﬁ49)xy<NP;§p
DO 492 =i,
Y(I)=Y(I)~Y(NP+
Y (WP+5) <Y (NP+5)
Y(NP+7)=0.0

WRITE(7,»4939rIT
FORMAT(’ “,3a4,
WRITE(77494)(Y(

Y(I))Y(NP+8) =
TION. ?
~Y(NP+7) -

7) ;
~Y(NP+7) ‘
. 1}
LEyDAT»TIM,Y (N
3A4y /' »3A4,3X
NP+I),1=5,9)

FLOAT(I)

P+3) Y (NP+4) 5.

!'NP=’F4.073X7'FRED=’;F4»0)

FORMAT( * ’r'HAX*'vFl0.0v’Q’rF4.0r’ MIN=‘,F10.0»

‘@ yF4.0y’ RANGE
GO To 1 C

=’9F10,0) .

THIS SECTION DRAWS THE AXIS OF THE PLOT.

WRITE(7,501)
FORMAT(’ *,’ NE
READ(S5»111,ERR=
IF(XNEW .EQ.0)G
FORMAT (5A4)
WRITE(7,510)
FORMAT(’ “,/ EN
READ(5,502)XAXI
WRITE(7,503)
FORMAT(’ *, /ENT
READ(S»502) YAXI
WRITE(7,520)
FORMAT(‘ ’,- EN
READ(5+525)XLON
WRITE(7,504) .
FORMAT(’ *4’ENT
READ(S,%02)TITP

W XY TITLES AND AXIS LENGTHS? YES=1,N0=0")
500, ENI=500 ) XNE W

0 TD 521 +

TER THE TITLE FOR THE XAXISs 20 CHARACTERS MAX., ‘)

]

ER THE TITLE F
S

TER X AND Y AX
G» YLONG

ER THE TITLE F
LT

Do

OR THE Y AX454,20 CHARACTERS MAX. ‘)

1S LENGTHS, 2F10,0./)
Y
OR THE PLOTs 20 CHARACTERS MAX. ‘)
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525

420

623

550

aoocoon

999

?10
?15

9?16

XMIN=0Q,0

176

XMAX=Y (NP+3)

YMIN=0,0

YMAX=Y (NF+5)
FORMAT (2F10.,0)
WRITE(7,494) (Y(NF+1),Ia%,9)

URITE(7v620‘

FORMAT ( / NORMALIZED PLOT=1, SCALED PLOT=0.") *

READ(S»51)NTEMP

IF(NTEMP .EQ. 1)GO TO 550

WRITE(7,625)

FORMAT(’ “y’ ENTER NEW VALUE FOR Y RANGE: F10.0.’

READ(S»111)YMAX o

xc P+1)=XMIN ‘
P+2) dpKMAX~XMINJ /XLONG N L

X(NPiﬂ)-X(NP+2)/Y(NP*4)

CAL]

Y(NP£1)=YMIN
Y (N2 = (YHAX-YMIN)/YLONG %
LOTST (0,005, “IN*) ‘ v

CALL PLOT(1.5,1,0,-3)
CALL AXIS(0.070.0,XAXISs=20,XLONGI0rX(NP+1) s X(NP+9))

CALL AXIS(0,050.0sYAXIS7+20% YLONGr90.0sY (NP+1),Y (NP+2)).
TITLNG=(XLONG-2,8)/2 - AR
CALL PLOT(TITLNG»(YLONG+0,5),3) .
CALL SYMBOL(TITLNG»(YLONG+0, 50.14,TITPLT,0,20)

CALL PLOT (0.0»YLONGr+3)

UQCALL PLOT(XLONGyYLONG»+2) - v -
CALL PLOT(XLONBi0.0v+!) i

CALL PLOT(0.0,0.0+43) ] : T
CALL PLOT(-1.5,-1, Ov-3)

CALL PLOTND o g

GO T0 1
¥

THIS SECTION PLOTS THE DATA, |

. e

X(NP+1)=XMIN ¢

X(NP+2)=(

Y(NP+1)=YMIN - .

Y(NP+2)=(

XMAX-XMIN) /XLONG ' I

YMAX-YMIN)/YLONG ’ : } S

CALL PLOTST(0.005»’IN’) : ‘
CALL PLOT(1€;1.0’-3) < e /
4

CALL LINE(X
CALL PLOT(0.0+0,.0s+3) . .
CALL PLOTI-1. Sr-1.0s-3) o
CALL PLOTND . /

GO 70 1

THIS SECTION DOES SMOOTHING OF nm? BY SIHPLIFIED LE#ST ’
SQUARES PROCEDURE FROM SAVITZKY and G i

»NP+1+,0,0) : / K

OLAY»

ANAL . CHEM.»36(8)sP1627(1964)

HRITE(7v999)

FORMAT (’

‘v "INPUT FILTER SIZE!’s/s/9¢ 1=5 POINT FILTER’»

1 /+* 2=7 POINT FILTER+/»’ 3=9 POINT FILTER’,
2 /5’ 4=11 POINT FILTER’,

3 /»’ 5=13 POINT FILTER’s/+* 6=15 POINT FILTER',

4 7»’ 7=17 POINT FILTER’s/y* 8=19 POINT FILTER x/s
S ’ 9221 POINT FILTER’) o

READ(S5, 51

»ERR=900,END=1)NGO

GO TO‘£?19'92079307940’95099601970;980;990)uNGO

DO 7% I=34 (NP-2)

B(I=1F

1 +(FLOAT(A
DO 916
A(I)=B(I)

ACL)=A(3)

(((~FLOAT(A(I~ 2)+A(I+2)))¥3+(FLOAT(A(I 1)+A(I+1)‘)t1”

3))%17)/3%5)
=3y (NP-2)



?20
?25

?30
935

?36
?37

?40
P45

P47

?50

P55 -

?356

957

?60
P65

964

967

970
?75

1

W M)

NN -

W N e

(RSN

L TR SR

A(2)=A(3)
A(NF-1)=A(NP-2)

ACNP)=A(NP-2)

GO TO 470

DO 925 I=4:(NP-3)

B(I)=IFIX(((-FLOAT(ACI-3)4A(I+3)))K24 (FLOAT(ACI-2V4ACI4+2))) %3
+(FLOAT(AC(I- 1)+ACI+1))) 46+ (FLOAT(ACIY))¥7)/21)

DO 926 I=4,(NP-3)

A(D) =BR(I)

AC1)=AC4) . -
AC2)=A(4)

A(3)=A(A)

ACNP-2)=A(NP-3)

A(NP-1)=A(NF-3)

A(NF)=A(NP-3)

GO TO 470

DO 935 I=5,(NF-4)

B(I)=IFIX(((-FLOAT(A(I-4)+A(I+4)))%21

T+ (FLOAT(A(I-3)+A(I+3)) ) %14

+(FLOATC(ACI-2)+ACI42)) ) X394+ (FLOAT(A(I~1)+A(T+1)) ) %54
+(FLDAT(ACI)))%S9)/231)
DO 936 I=5y(NF-4)
ACI)=B(I)

DO 937 1I=1,4
A(I)=A(S)
A(NP-I+1)=A(NP-4) .

GO TO 470

DO 945 TI=6s (NP-5)
B(D)=IFIX(((-FLOAT(ACI-S)+A(I45))) %34
+(FLOAT(A(I-4)+ACI4+4))) X9+ FLOAT(ACT-3)+A(I+3)) ) ¥44
+(FLOATC(ACI-2)+A(TI42)) ) %49

+(FLOATC(ACTI- 1)+A(I+1\))tB4+(FL0AT1A(I)))*89)/4“9)

DO 944 I=&s (NP-5)

A(I)=R(I)

DO 947 I=1,5

ACI)I=AK6)

A(NP-I+1)=ATRP<5)

GO TO 470

DO 955 I=7, (NP-¥%)
B(D)=IFIXC((-FLOAT(A(I-6)+A(T+4)))%11
+(FLOAT(ACI-4)4+ALT+4)))%94+ (FLOAT(ALI-3)+A(I+3)))I¥16
+(FLOATC(ACI-2)+8(I+2)))%21+(FLOAT (A I— 1)+h(I+1\))t“4
+(FLOAT(ACI))
DO 956 I=7¢(NP-6)

ACI)=R(I)

DO 957 I=1,4

A(I)=A(7)

A(NF-T+1)=A(N - )

GO TO 4790

DO 945 I=B,'NF 7)
BOD)=IFIX(((-FLOATC(ACI-7)4+A(I+7)))%78-(FLOAT(ACI-&)+ACI+6)) I k13
+(FLOATC(ACI-S)+A(I45)))%424+(FLOATC(ACI-4>+A(I+4)))%87
+(FLOATC(A(I-3)+A(I+3) ) %1224 (FLOAT(A(I-2)+ACI+2)))%147
+(FLOAT(ACI- 1)+A(I+1)))t162+(FLOAT'A(I)))t167)/1105)

DO 946 I=8y (NP<7)

ACL . BT

DO <47 I=1,7

ACII=A(8)

A(NP-I+15=A(NP-7) . -
GO TO 470

DO 975 ‘I=9,/NP-8)
BE(I)=IFIX(((~FLOAT(ACI-8)+A(I+8)) ) X214 (~FLOAT(ACT-7)}ACI+7))) %6
+(FLOAT(ACI-6)+A(T+6)))%7+ (FLOAT(ACI-S)+A(I+5))) %18
+(FLOAT(ACI-4)+ACT144)) ) %274 (FLOAT(ACI-T)+A(I+3>  x34
+(FLOAT(ACI- 2)+A(1+°))):39+<FL0AT(A(I 1 4ACI4: | x42
+(FLOAT(A(I)))%43)/323)

)
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77

2680
85

?86

?87

?90
?95

’
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DO 974 1I=9,(NP-B8)
A(T)=B(I)

DO 977 11,8
A(I)=A(9) :
A(NP-I+1)=A(NP-8)
GO TO 470

DO 985 1I=10,(NP-9)
BCI)=IFIX(((~FLOAT(A(I-9)+A(I49))) 8136~ (FLUAI \ACI~B) +ACI+8))) xSt

.+(FLOAT(A(I-7)+A(I+7)))*24+(FLOAT(A(I~6)+A(I+6)))té?

+(FLOAT(A(I—5)+A(I+5)))1144+(FLOAT’A(I—4)+9(I+4)))tlB?
+(FL0AT(A(I—3)+A(I+3)))¥224+(FLOAT(Q(152)+A(I+2)))t249
+(FLOAT(#(I—1)+A(I+1)))i264+(FLOAT(A(I)))!269)/2261)
DO 986 I=10s(NP-9)

A(I)=R(I)

DO 987 1I=1,9 -

A(I)=A(10) .

A(NP-I+1)=A(NP-9) .
GO TO 470 Co

DO 995 1I=11,(NP-10) . .
B(I)=IFIX(((-FLOAT(ACI-10)+ACI+10))) %171
~(FLOAT(ACI-9)+A(I+9)))%74
+(FLOAT(A(I—8)+A(I+8)))t9+(FLOAT(A(I-7)+A(I+7)))184
+(FLOAT(A(I-6)+A(I+6)))tl49+(FLDQT(A(I-5)+A(I+5)))*204
+(FLOAT(A(I—4)+A(I+4)))t249+(FLOAT(A(I—3)+A(I+3)))*284
+(FL0AT(A(112)+A(I+2)))#309+(FLOAT(A(I—1)+A(I+1)))¥324
+(FLOAT(ACI)))IX3I29)/3059)

DO 996 I=11,(NP-10)

A(I)=B(I)

DO 997 1I=1,10

A(I)=A(11)

A(NP-I+1)=A(NF-10)

GO TO 470

THIS SECTION CAUSES AN EXIT FROM THE FROGRAM .

CALL PLOTST(0.005, " IN’) .
CALL PLOT(8.5+0.0s-3)

CALL PLOTND -
STOP

END

&
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APPENDIX C

Software Developed for the Computer Coupled

Photodigde Array Readout Systems

ADCFUR - This main program is. much like ‘that described in
Appendix ?, Section B and contains several of the same
task modules although they may be slightly modified.

The task moduleé a;e:\

PLOT

LIST

PEAK LOCATE: Searches for and lists the value and diode
number for all peaks. ”

RESTART

EXIT

WRITE DISK

READ DISK

TOTALS

179
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PROGRAM ADCFUR.FOR(31-DEC-79) .

PURPOSE$ . 4
TO ACQUIRE AND PROCESS DATA FROM THE FHOTO-DIODE ARRAY.

SUBROUTINES NEEDED:
FLOTSS
FGDFUR
SYSLIB/F

RKRKRRKN KN RR

¥WRITTEN x

*xBY!? x

XDONALD HULLX .
KEEXRXERKENEK -~

DIMENSION TITLE(3)+DAT(3),C(1040),A1(30)

INTEGERX4 AC1040)

INTEGERX2 B(1040),D(520),NDIOD(30) yNDIODNC30O)

EQUIVALENCE(B(S13),D(1))

EQUIVALENCE(A(1),C(1))

COMMON/DRH/A»NS»NP» IRKD

INTEGER ATTACH» SELGR» STATUS, Ns HGRDs» UGRD, MARKERs QRIGIN»
1 VECT» CURPOS» ERASCRs ERALIN» DISPLY, ESCCMDs UP» DOWNs HOME»
1 ESCRNy ELINs ENHOLD, DSHOLDs, COPYs, ENPRNT» DSPRNT, BELL

DATA DAT+TITLE/3%0,3%0,./

DATA ATTACHs SELGRs STATUS, N» HGRDs YGRD» MARKER, ORIGIN,
1 VECT, CURPOS» ERASCRr ERALINs DISPLY)» ESCCMD, UPy DOWN: HOME,
1 ESCRN, ELINs ENHOLD, DSHOLDs COPY, ENPRNT, DSPENT, BELL
L/Orl'27374757677v979110v11712!13165!66072!74;75!9179299319479577/

CALL DATE(DAT)

WRITE(7+52)DAT

Do 91 I=1,1040 /

C(I)=0, '

R(I)=0

FORMAT(’ ‘»3A4)

WRITE(7:,53)

FORMAT(’ ‘s INPUT SAMPLE NAME IN 3A4-FORMAT.’)

READ(S5»51,END=120)TITLE

FORMAT (3A4)

WRITE(7+54)

FORMAT(’ ‘» INPUT #SCANS, ')

READ(S,»59END=120)XNS ’ s

WRITE(7»55)

FORMAT(’ ‘5 “INPUT #POINTS.’)

READ(S5s59+END=120) XNP

FORMAT(F10.,0) .

WRITE(7+68) - .

FORMAT(’ “»’DO YOU WISH RACKGROUND SURTRACTION? YES=1, NO=0’)

READ(5,»59,END=120)BKD ’

NS=IFIX(XNS)

NP=IFIX(XNP)

IBKD=IFIX(BKD)

NP=NP+4

X

-

ACQUIRE DATA WITH SUPRROUTINE  FGDFUR.

CALL FGDFUR



/
CONVERSION OF DATA FROM INTEGER%4 TO REAL

acaon

DO 90 J=5» NP
90 C(J-a)=AJFLT(ACI))
- NPaNP-4
C(NP+1)=XNS
C(NP+2)=XNP
C(NP+3)=RKD \

CALCULATION OF MAXIMYM, MINIMUM» AND RANGE OF UALUES.

o000

. C(NP+4)=C(1)
C(NP+5)=1,
C(NP+4)=C(1)
C(NP+7)=1,

DO 1000 I=2,NP

MAXIMUM AND SUBSCRIPT DETERMINATION.

000

IF(C(NP+4) LT, C(I))C(NP+4)=C(I)
IF(C(NP+45 VEQ. C(ID)IC(NP+5)=FLOAT(I)

MINIMUM AND SUBRSCRIPT DETERMINATION.

onon

IF(C(NP46) .GT. C(I))C(NF+6)=C(I)
1000 IF(C(NP+&) EQ. C(I))C(NP+7)=FLOAT(I)
c '
c RANGE DETERMINATION.

C(NFP+8)aC(NP+4)-C (NP+6&)
WRITE(7+58)(C(NP+1)+1=4,8)
56 FORMAT(’ ‘4 ’'MAX=’,F10,012Xs @ »FS5.0y " MIN=’9F10.0»
1 2X+’@°sF5,0+’ RANGE=‘,F10.0) ’ P

PROCESSING REQUEST. °

-
.

*000n

WRITE(7,57) ' . o
57 FORMAT(’ ‘y’PLOT=1, LIST=2, PEAK LOCATE=3, RESTART=4s’s/,
1 ¢ EXIT=S, WRITE DISK=6» READ DISK=7, TOTALS=87)
©  CALL PLOTSS(DISPLY,O,RELL)
READ(5+58,END=120)NTEMP
$s FORMAT (12) -
CALL PLOTSS(ESCCMDsHOME»0) -
' CALL PLOTSS(ESCCND,ESCRN,O) .
GO T0(100,200+300+400+500+600s700,800) s NTEMP
GO TO & ) .

DISPLAY A PLOT OF DATA ON THE VUT-SS SCREENl

on0on

100 NPLOT=NP
WRITE(7,101) _ . '

101 FORMATC’ *» 'NORMALIZED PLOT? YES=1, NDx0’)
READ (5,59 » END=120) XNORM
IF(XNORM .EQ. 1.0)SCFAC=C(NP+8)
IF(XNORM ,EQ. 1.0)60 TO 102

1 WRITE(7,103) :

103 FORMAT(’ ‘, ’ENTER SCALING FACTOR» F10.0°)
READ (5,59, END=120) SCFAC

102 CONTINUE
DO 150 I=1,NP
B(I)=IFIX(((C(I)~C(NP+6))%100.)/SCFAC)
IF(B(I) .GT. 100)B(I)=100

150 CONTINUE
CALL PLOTSS(ESCCMD»HOME,0) ,
CALL PLOTSS(ESCCMDyESCRN»0) .

-~
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C

5

151

156
153
120

[*EoNeRe]

170.

251

253

S

”)

HODOO

00

64

66

252
“# ~- CALL PLOTSS(DISPLY»OsBELL)

4

CALL PLOTSS(STATUS»S47r4f6)

CALL PLOTSS(SELGR+0,0) . .
CALL PLOTSS(CURPDS»0/,0)
WRITE(7+170)TITLEsDAT9C(NP+1)sC(NP+2)+sC(NP+3)
WRITE(7+356)(C(NP+1)+I=4,8)

CALL PLOTSS(HGRD+»1,0,0)

IF (NPLOT .LE. 512)G60 TO 151

CALL PLOTSS(STATUS,SS1,472)

CALL PLOTSS(SELGRr,1+0)

CALL PLOTSS(HORDr14101)

IF(NP .BT. S12)NPLOT=512

CALL PLOTSS(SELGR»0+0)

CALL PLOTSS(ORIGIN+0,0)

CALL PLOTSS(N»—-NPLOT,R)

IF(NP .LE. 512)80 TO 153

NPLOT=NP-512

CALL PLOTSS(SELGR»1,0)

DO 156 I=1,NPLOT

D(I)=D(I)+101

CALL PLOTSS(N»-NPLOT,»D)

CALL PLOTSS(DISPLY,O,BELL)
READ(S»58+END=120)NSTOP

CALL PLOTSS(ESCCHD,HOME,O)

CALL PLOTSS(ESCCMDJESCRN0)

CALL PLOTSS(STATUS:»0,1023) s
GO TO 6

THIS SECTION LISTS THE DATA ON THE VUT-55 COPIER.

CALL PLOTSS(ESCCMD,HOME(O)

CALL PLOTSS(ESCCMD,ESCRN»s0)

CALL PLOTSS(DISPLY»OsRELL)
WRITE(7»170)TITLErDATsC(NP+1) yC(NP+2) sC(NP+3)
WRITE(7r58)(C(NP+I),I=4,8)

FORMAT (‘ *»3A4,3A4,3Xs 'NS="+F10,093Xs NP2’ ,F10.0,

1 3X,’BKGD=’,F10.0)

DO 250 I=1,NP+8,100

DO 251 J=I1,1+495,5
WRITE(7983)Jr (C(K)rKm)y J+4)
IF(K .GT. (NP+8))G0 TO 252
CONTINUE
READ(S»S58,END=120)NSTOP
CALL PLOTSS(ESCLCMDsHOME, Q)
CALL PLOTSS(ESCCMD+ESCRN,O)
CONTINUE

FORMATC(’ “»I1492Xs’>’'9s5(F10.0s1X))
CALL PLOTSS(ESCCMDs»HOME»O)

READ(S5+58,END=120)NSTOP
GO TO 120

‘THIS SECTION DETERMINES PEAK LOCATIONS AND DISPLAYS
THE LOCATION AND PEAK VALUE ON THE VT-55.

CALL PLOTSS(ESCCMD,HOME0)
_LEALL PLOTSS(ESCCHMD»ESCRN,0O)
WRITE(79170)TITLEsDAT»C(NP4+1)sC(NP+2)»C(NP+3)
- WRITE(7¢56)(C(NP+I)71=4,8)
WRITE(75,64)
FORMAT(’ ‘»‘ENTER THE THRESHOLD+F10.0’)
READ(S,359,END=120) THRES
FORMAT(” ‘»’POINT NO. ANMPLITUDE )
DO 320 J=1,NP
NCNT=0
WRITE(7+66)
DO 310 I=J,NP

182
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>

IFC(C¢I) .LT. THRES)GO TO 310
IF(C(I+1) .GT. C(I))G0 40 310 .
IF(C(I) .LE. C(I-1))G0 TO 310
WRITE(7+67)I+C(T)
NCNTNCNT+1
J=1 4
IF(I .GE. NP)GO TO 320
IF(NCNT .EQG. 20)G0 TO 311
310 J=I. .
IF(I .GE. NP)GO TO 320
311 READ(5,358/,END=120)NSTOP
CALL PLOTSS(ESCCMDsHOME»0)
CALL PLOTSS(ESCCﬂDrESCRNgO)
320 CONTINUE v
67 FORMAT(SX»14+6X3F10,0) .
CALL PLOTSS(ESCCMD+HOME»Q)
CALL PLOTSS(DISPFLY,0,BELL)
READ(S5,58,END=120)NSTOP
CALL PLOTSS(ESCCMD,ESCRN,0)
GO TO 120

THIS SECTION WRITES THE DATA ON DISK AND NAMES THE DATA FILE.

x000M

00 REWIND 1
WRITE(7,170) TITLE,DAT»C(NP+1),C(NP+2),C(NF+3) '
WRITE(7156) (C(NP+I)rI=4,8)

WRITE(7,720) )

CALL ASSIGN(1, DKIFTN1.DAT »=1, NEW’»'NC’s1)
WRITE(1)(DAT(I)yI=1,3)

WRITEC(1)(TITLE(I),I=1,3) .

WRITE(1)(C(I)rI=1,NP+8)

ENDEILE 1 : .
CALL™CLOSE (1)

GO TO 120

\]

THIS SECTION READS DATA FILE FROM DISK,

o000

700 WRITE(7,720)
720 FORMAT(’ 7, ENTER DATA FILE NAME AS Re——-—— (A DATY. " /)
CALL ASSIGN(1+'DK:FTN1.DAT »=1,'0LD s 'NC’»1)
READ(1)(DAT(I)yIn1,3)
READ(1)(TITLECI) »I=1,3)
READC1)(C(I),I=1,NP+8)
ENDFILE |
CALL CLOSE(1)
.GO TO 120

(@]

THIS SECTION CALCULATES THE TOTALS FOR SELECTED
PORTIONS OF THE DATA.

DOOO

00 DO 805 J=1,30 - . .
A1(J)=0
A NDIOD(J)=0
NDIOND(J)=0
- 805 CONTINUE 2
CALL PLOTSS(ESCCMDsHOME+0)
CALL PLOTSS(ESCCMDsESCRN,0) -
WRITE(79170)TITLEsDATsCINP+1),C(NP+2),C(NP+3)
WRITE(7556) (CCNP+1),I=4,8) .
JR=0
WRITE(7,882) .
882 FORMAT(" ‘s 'ENTER THE STARTING FOINT ¢ AND # OF POINTS.,’/, .
_ 1 7 ENTER EXTRA CARRAGE RETURN TO COMMENCE PROCESSING, ) .
801 READ (5,881, END=120,ERR=801)DIODE » DIODEN
881 FORMAT(2F10,0)
IF(DIODE .EQ. 0)GO TO 810
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JR=JR+1
NDIOD(JUR)=IFIX(DIODE)
NDIODN(JR)=IFIX(DIODEN)
IF(JR .GE. 30)GB0 T0 810"

G0 TO 801

CALL PLOT3S(ESCCMD+»HOME,O)
CALL PLOTSS(ESCCMD,ESCRN,0)
WRITE(7+170)TITLEDATSsC(NP+1)»C(NP+2) C(NF+3)

-WRITE(?7¢36) (C(NP+1)sIn4,8)

WRITE(7,840)

FORMAT(’ ’»’ START NP . TOEAL’)
DO 816 K=1,JR

DO 818 L-NDIOD(K);(NDIOD(K)+NDIODN(K) -1)
AL(K)=AL1(K)+C (L)
URXTE(?-B55)NDIOD(K)oNDIODN(K)rAl(K)
FORMAT (3X»14,3X»14,F12.0)

CONTINUE

READ(5,58,END~120+ERR=120)NSTOP

GO TO 120 N

THIS SECTION CAUSES AN EXIT/FROH THE PROGRAM.,
sSTOP
END
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FGDFUR - This subroutine acquires time-averaged data from
the Computer Coupled Photodiode Array Readout system via
A/D conversion by the LPS 11 unit and transfers the
acquired data to the main program ADCFUR. Data may be
background subtracted before transfer to ADCFUR if desired.
Data acquisition is started by the combination of the
start signal from the carbon furnace power supply and the
photodiode array start signal. Data acquisition is

clocked by the photodiode array clock.
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PROGRAM FODFUR.HAC(X-OCT77¢t%

PURPOSE ¢

\.

7O ACQUIRE DATA WITH THE DEC LFS UNIT.»
DO AVERAGING OF THE DATA.
THE DATA TO THE MAIN PROGRAM.

AND TO TRANSFER

l

+TITLE FAST GET DATA FROM LPS UNIT
+MCALL ..V2,.,, .REGDEF» ,FETCH/s.CLOSE,.PRINT
+MCALL  .EXIT».WRITW,.SRESETs . ENTER» . TTYOUT»,TTYIN

EXEEXRARRRNER
'Y '
SWRITTEN BY:%
x *
. #DONALD HULL%
X *
SWITH HELP %
* %
®FROM: x
x .
YROBERT HALLS*
* X
EXRREXRRRRRER
A
‘X
L ov2,,
.REGDEF
.GLOBL FGDFUR
‘ STR=17Q400
ADR=178002
DIBUF=170412
KBRD=177542
.CSECT
FGDFUR: MOV #1,BKD
RESTRT: MOV €2080.,R1
MOV #A,R3
LPO!? MOV 00, (R3)+
DEC R1
BNE LPO

$SET
$SET
ISET
$SET

$ISET

ISET
ISET

ADDRESS A/D STATUS REGISTER
ADDRESS A/D BUFFER

ADDRESS DIGITAL INPUT BUFFER
ADDRESS KEY ROAFRD

UP PACKGROUND FLAG

POINT COUNTER
ADDRESS OF ARRAY(A)

ICLEAR ARRAY(A)
SDECREMENT POINT COUNTER
RETURN IF POINT COUNTER NOT ZERO

WAIT FOR KEY BOARD FLAG TO REGIN DATA ACQUISITION

LP1?

SET UP FOR DATA ACOQUISITION

+PRINT @DATAG
+TTYIN

BCS LP1
CMPB RO,#12
BNE LP1

1ASK
$GET

FOR KEY BOARD FLAG
CHARACTER FROM TTY

SWAIT FOR INPUT

tWAS

LAST CHARACTER=LF?

SRETURN IF NOT FINISHED

186
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N
' \
MOV DIBUF,R4 'CLEAR DIGITAL INPUT BUFFER
MOV R4, DIRUF
LP10: Moy DIBUF R4 'TEST FOR ASH CycLE FINISH FLAG
BIT #2/R4 JON BIT 1
REQ LP10O 'RETURN IF NO FLAG o
STRT2: MOV NS,R2 /SET SCAN COUNTER
STRT1: MOV NP/R1 ’SET POINT COUNTER
MOV #B,R3 /SET ADDRESS ARPAY(p)
MOV R2sRO IMOVE VALUE OF NS TO KCD- INPUT
’
) BEGIN DATA ACOUISITION
[
DATA: :ov DIRUF ,R4 'CLEAR DIGITAL INPUT BUFFER
\ MOV R4,DIBUF
. LP2: MOV DIRUF,R4 JTEST FOR START FLAG ON
N BIT *1,R4 IBIT o
BEQ LP2 FRETURN IF NO FLAG
' .
MOV #20,STR /SET UP TRIGGER ON A/p STATUS REGISTER
SPL: + T8TH STR . /TEST FOR A/D END OF CONVEPRSION
,  BPL SPL JON BIT 7 OF a/D sTATUS REGISTER
i MOV ADB, (R3) + 'STORE SAMPLE DATA
‘ DEC R1 'DECREMENT®'POINT COUNTER
BNE spL 'RETURN FOR ANOTHER POINT IF NOT FINISHED
]
’ DOUBLE WwORD ADD
; .
MOV NP,R1 ’SET UP POINT COUNTER
MOV #A/,R3 FSET ADDRESS ARRAY(aA)
MOV #B,RO 'SET ADDRESS ARRAY(pR)
LP3: ADD (ROY4s(R3)+ fLOW-ORDER WORD ADD
ADC (R3)+ #CARRY BIT aDD
DEC R1 ’BECREMENT POINT COUNTER
BNE LP3 'RETURN FOR ANOTHER POINT IF NOT FINISHED
DEC R2 JDECREMENT SCAN COUNTER
BNE STRT1 FRETURN FOR ANOTHER SCAN IF NOT FINISHED
TST IBPKD PTEST BACKGROUND FLAG aND
BEQ FIN
’
$ WAIT FOR KEY BOARD FLAG TO START RACKGROUND SUBRTRACTION
‘ €
. BKGD: ‘PRINT #BKDAQ JASK FOR KEY ROARD FLag
LP4: JTTYIN JGET CHARACTER FROM TTY
RCS LP4 FCHECK FOR INPUT
CMPB RO,#12 JWAS LAST CHARACTER=LF?
BNE LP4 FRETURN IF NOT
MOV #0,BKD JCLEAR BPACKGROUND FLAG
' .
’ SET UP FOR BACKGROUND SUBTRACTION
'
STRT4: Moy NS,R2 ISET SCAN COUNTER
STRT3: Moy NP»R1 'SET POINT COUNTER
MOV ¢B,R3 }SET ADDRESS OF ARRAY(p)
MOV R2sRO e IMOVE va OF NS TO BCD-INPUT
’ BPEGIN BACKGROUND SUBTRACTION ' .
’ .
BKG? MOV DIBUF,R4 'CLEAR DIGITAL INPUT PUFFEP
MOV R4, DIRUF
LPS: MOV DIBUF,R4 FTEST FOR START FLAG ON
BIT #1,R4 IBIT o
BEQ LPS 'RETURN IF NO FLAG
. MOV 20,STR FSET UP A/D STATUS REGISTER
LP&! TSTB STR PTEST FOR A/D END OF CONVERSION
-BPL LPs 'AT BIT 7 a/D STavUs PEGISTER
'STORE BPACKGROUND DATA

MOV

ADB» (R3)+4
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N
DEC R1
BNE LPé
DOUBLE wORD SUBTRACTION
MOV NP, R1
MOV $AR3
MOV #B/,RO
SUBK? sus (ROY+, (R34 -
8BC (R3)+
DEC R1
BNE SUBK
DEC R2
BNE STRT3

FINISHED, EXIT

FINS RTS
EVEN
+CSECT DRN
At «BLKW
NS +WORD
NP «WORD
IBKD!  ,woRD
+CSECT
JEVEN
BKD! +WORD
1) BLKW
DATAG: .a8CIZ
BKDAQ: ,ASCIZ
END: +END

FROM SUBROUTINE,

PC

2080, rd
0

0
0

0
1040,
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IDECREMENT POINT COUNTER
JRETURN FOR ANOTHER POINT IF NOT FINISHED

ISET UP POINT COUNTER

!SET ADDRESS ARRAY (A)

/SET ADDRESS ARRAY (B)

'LOW-ORDER WORD SUBTRACTION

}CARRY SUBTRACTION

!DECREMENT POINT COUNTER

PRETURN FOR ANOTHER POINT IF NOT FINI9MED
IDECREMENT SCAN COUNTER

'RETURN FOR ANOTHER SCAN IF NOT FINISHED

/8TRIKE CR TO START DATA ACQUISITION,/
/8TRIKE CR TQ START BACKGROUND ACGUISITION. /

FGDFUR



APPENDIX D ,

Software Developed to Plot‘tHgLComputer-Conbrblled.
\ Photodiode Array Readout System Data on a

2eta Incremental Plotter -

This program consists of 6 mehu éelectable,task modules
and allow plotting of th; dafa acquired wﬁéh the photo-
diode array-based systems. The task moduies‘ﬁre: :
READ DISK g

AXIS

PLOT

RESTART .

SMOOTH: A Smoothing rbutiﬁe'based on ihe‘simplified .
least squares smoothing procedure of Savitzky gnd Gciay.

. ? o € B R N

EXIT
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FROGRAM PDAPLT,.FOR(S-DEC-79) : O

PURFOSE ! SRR
70 PLOT, WITH THE XY-PLOTTER, FLOATING POINT PHOTO DIODE ARRAY
DATA STORED ON DISK, ‘
-/
N “' .
SUBROUTINES NEEDED!
XYLIR _
SYSLIR ¢
/F
ERRRKA KRR
*WRITTEN  x
*BY X
*DONALD HULL*
XXX KRRk :
y
DIMENSION TITLE(3)»DAT(3) nX(1040) Y (1040) »F(1040)
DIMENS ION XAXIS(7)yYAXIS(7)y TITP(7)
INTEGERX2 DBLK(4)

DATA DAT,»TITLE/3%0.,3%0,/
DATA DBLK/3RDKO»3RDAT»3RA »3RDAT/

THIS SECTION RESTARTS PROGRAM BY CLEARING X % Y ARRAYS,

CALL PLOTST(C ,n5,7IN‘)
CALL PLOT(B. -,0.¢ -3)

CALL PLOTND

DO 701 I=1.1040

X(I)=FLOAT( >

Y(I)=0,0

WRITE(7+110) .
FORMAT(’ /,“INF IT * DATA FOINTS. )

READ(5,111)XNP

FORMAT (F10,0)

NP=IFIX(XNP)

THIS SECTION SELECTS THE PART OF THE PROGRAM TO RE EXICUTED.

WRITE(7,50)
FORMAT(’ “,‘READ DISK=1, AXIS=2y PLOT=3, RESTART=4,

rSMOO0TH=5y EXIT=4’)

READ(S»S1)NTEMP
FORMAT (12)

: IF(NTEMP ,LT, 1 .OR. NTEMP »GT. 6)GO 70O 1

Go TO(IOOvSOOoéOOr7001900’800)rNTEHP
THIS SECTION READS DATA FILE FROM DISK,

WRITE(7,120) .

FORMATC(’ “,’ ENTER DATA FILE NAME AS ¥-w—ee- »DAT, "+ /)
CaLL ASSIGN(Iv'DK:FTNI.DAT’;-I:'OLD”’NC’rl)

READ(1) (PAT(I),I=1,3)

READ (1) (TITLE(CI)»I=1,3)

READ(1)(Y(I)yIn1,NP+8)

ENDFILE 1

CALL CLOSE(1)
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C
C THIS SECTION DOES ROOK KEEPING ON THE DATA ARRAY,
c
490 DO 491 I=B8,1,-1 - ®
491 Y(NF4+2+4I)=Y(NP+I)
C
> THIS SECTION SETS THE MINIMUM VALUE TO 0,0 AND
c THE MAXIMUM VALUE TO BE EQUAL TO THE RANGE FOR
C PLOTTING PURFOSES
c
c CALCULATION OF MAXIMUM, MINIMUM, AND RANGE OF VALUES,
C
?1 Y(NF+6)=Y (1)
Y(NF+7)=FLOAT (1)
Y(NP+8)=Y(1)
Y(NF+9)=FLOAT (1)
DO 1000 I=2,NP
c .
c MAXIMUM AND SUBSCRIPT DETERMINATION.
c
IF(Y(NF+6) LT, YCID)Y(NF+&)=Y(I)
IF(Y(NP+4) LEQ. YCID)Y(NP47 ) =FLOAT(I)
c
C MINIMUM AND SURSCRIPT DETERMINATION,
c

IF(Y(NP+8B) ,GT, YCID)YINP+8)=Y(I)

1000 IF(Y(NF+8) ,EQ. YC(I))Y(NP+9)=FL.OAT(I)

c

c RANGE DETERMINATION,

c
Y(NP+10)=Y(NP+4)~Y (NF+8) .
IF(NTEMP .EQ. 3)G0 TO 495 .
DO 492 1I=1,NP

492 Y(I)=Y(I)~Y(NP+8)
Y(NF+&)=Y(NP+&)-Y (NP+8)
Y(NP+8)=0.0

495 URITE(?;493)TITLE7DAT;Y(NP+3)yYﬂNP+4)vY(NPf5)

493 FORMAT (" ’v3A4:3A4y3Xr’NS=’F4.073Xr'NP=’rF4.073X1’BNGD=’9F4{O)
WRITE(77494) (Y (NP+I),I=6510) '

474 FORMAT ("’ “r'MAX="1F10.0, '@’ +F4,0, MIN='+F10.0,

1 ‘@’ +F4.0y" RANGE=‘,F10,0) :
GO TO 1 .

.C ’

c THIS SECTION DRAWS THE AXIS OF THE PLOT.

C .

500 CONTINUE

502 FORMAT (7a4)

WRITE(7,510) <

S10 FORMAT(’ “,’ ENTER THE TITLE FOR THE XAXISy 28 CARACTERS MAX.’)

’ -READ(5,502)XAXIS
WRITE(7,503)

303 FORMAT(‘ ‘,’ENTER THE TITLE FOR THE Y AXIS, 28 CARACTERS MAX ')
READ(5,502)YAXIS
WRITE(7,504)

504 FORMAT(” “,’ENTER THE TITLE FOR THE PLOT, 28 CARACTERS MAX, ')
READ(5,502)TITP ) ' ~
XMIN=0,0 - *

{ XMAX=Y (NP+4)
WRITE (7,505)
505 FORMAT(’ “, 'XMIN=D ¢ XMAX=NP, * 5/

1 ’ ENTER 1 TO CHANGE, CARRAGE RETURN IF NO CHANGE DESIRED, ')
READ(S5,S51)NTEMP .
IF (NTEMP ,NE. 1)G0 TO 504

WRITE(?7,507) ©
507 FORMAT(’ ‘» "ENTER NEW VALUES FOR XMIN AND XMAX: 2F10,0, )
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READ (39 523)XMIN, XMAX
YMIN=0.0
YMAX=Y (NP+6)

WRITE(7,520)
FORMAT(’ “»’ ENTER X AND Y AXIS LENGTHSr 2F10.0., ")

READ(S,525) XLONG » YLONG y
FORMAT(2F10,0)

WRITE(7,494) (Y(NP+I)sI1=6,10)

WRITE(7+620) '
FORMAT(’ ‘»’ NORMALIZED PLOT=1:. SCALED PLOT=0,’)
READ(S,51)NTEMP

IF(NTEMP .EQ. 1)GO TO S50

WRITE(7,425)

FORMAT(’ ‘»’ ENTER NEW VALUE FOR Y RANGE: F10,0.7)
READ(S»111)YMAX

X(NF+1)=XMIN

X(NF+2)=(XMAX~ XHIN)/YLONG

Y(NP+1)=YMIN

Y (NF+2)=(YMAX-YMIN) /YLONG

CALL PLOTST (0,005, IN’)

CALL PLOT(1.5¢1.,0,-3)

CALL AXIS(0.0+,0.,0yXAXIS;—=28¢XLONG»O ., O»XINF+1)sX(NF+2))
CALL AXIS(N.0+,0.0sYAXIS:+28:YLONG»90.0:Y/NP+1),Y{(NF+2))
CALL PLOT(XLONGrO»+3)

CALL PLOT(XLONGsYLONGs+2)

CALL FLOT(O»YLONGs+2)

CALL PLOT(0» (YLONG+0.5),+3)

CALL SYMEOL(Os (YLONG4+0.,5)50.14,TITP:0:28)

CALL PLOT(0.050,0+4+3)

CALL PLOT(-1.5,-1,0,-3)

CALL PLOTND

GO TO 1

THIS SECTION PLOTS THE DATA.

WRITE(75610)

FORMAT(’ ’»’ CHANGE Y-RANGE? YES=1, NO=CARRAGE RETUFRN’)
READN(S5s51)NQ

IF(NQ .EQ. 0)GO TO 611

WRITE(7,625) -

READ(Sr111)YMAX

X(NP+1)=0.0

X (NP+2)=XNP/XLLONG

Y(NP+1)=YMIN

Y (NP+2)=(YMAX-YMIN) /YLONG N
CALL PLOTST(0.005»’IN’)

CALL PLOT(1.5,1.,0,-3)

CALL LINE(XrsYsNP»1,0:0)

CALL PLOT(0,0:0.0:+3)

CALL PLOT(-1.5,-1.0+-3)

CALL PLOTND

GO T0 1§ !

THIS SECTION DOES SMOOTHING OF DATA BY SIMPLIFIED LEAST
SQUARES PROCEDURE FROM SAVITZKY AND GOLAY,
ANAL, CHEM.»36(8),P1627(1964)

WRITE(7,999)

FORMAT(’ “»“INPUT FILTER SIZE:’s/+/s’ 1=5 POINT FILTEF',

/y’ 2=7 POINT FILTER’»/s’ 3=9 POINT FILTER'>»
/9’ 4=11 POINT FILTER’»

/9’ 5=13 POINT FILTER’»/»’ 6=15 POINT FILTER'»

/v’ 7=17 FOINT FILTER’y/s’ 8=19 POINT FILTER’ s/,
/ 9=21 POINT FILTER’)

READ(S, 58, ERR=900, END=1)NGO i

FORMAT(I2) .
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GO TO (910,920,930,940+950:940+970,980,990) » NGO
DO 915 I=3,(NP-2)

FOI) ==Y CI~2)4Y(T42) )0 k3+ (Y (I-1)4Y(I41))) %12
+CYCI)))IR17)/3S)

PO 916 I=3,(NP-2)

YCI)=F (1)

Y(1)=Y(3)

Y(2)=Y(3)

Y(NP=-1)=Y (NP-2)

Y(NF)=Y(NP-2)

GO TO 91

DO 925 I=4,(NP-3)
FOI)=C(=CY(I=3)+Y(I+3) ) )24 ((Y(I=2)4Y(142)) ) %3
Y CI=1)4Y CI4H1) ) IR+ C(Y(TI)) ) %7)/21)

DO 926 I=4y(NP-3)

Y(I)=F(D) '
Y(1)=Y(4)

Y(2)=Y(4)

Y(3)ay(4)

Y(NP-2)=Y (NP-3)
Y(NP-1)=Y(NP-3)

Y(NP)=Y (NP-3)

GO0 TO 91

DO 935 1=5,(NP-4)
FOI)=C((=(Y(T-4)4Y(TI+4)))%21
FCCY(I-3)4Y(I43)) ) %14
HOOYCI=2)4Y (T42) ) )X+ (Y(I-1)4+Y(I+1)) ) k54
+C(Y(I)))N59)/231)

DO 938 I=5,(NP-4)

Y(I)=F(I)

PO 937 I=1,4

Y(I)=Y(5)

Y(NP-I+1)=Y(NP-4)

GO TO 91

DO 945 I=4+(NP-5) :
FOD=(C(-(Y(I-5)+Y CI+5) ) )%3
HOOY(I=4)4Y (T44))) K9+ (Y(I=-3)4Y(I+3)) ) %44
FOCYCI=2)4Y(I42))) %69

A COYCI=1)4Y(I41)))¥8A4((Y (1)) )%89)/429)

DO 9468 I=6,INP-5)

Y(I)=F(I)

DO 947 I=1,%

Y(I)=Y(6)

Y(NP-I41)=Y(NP-5)

G0 TO 91

DO 955 I=7,(NP-6)

FCI) = (= (Y(T-46)+Y(I+6)))I %11
HOOY(I~4)4Y(I+4))) X9+ ((Y(I-3)+Y(I+3)) )16
HUYCI-2)4Y(I+2)) )21+ ((Y(I-1)+Y(I+1))) %24
+((Y(1)))%25)/143)

DO 956 I=7y(NP-6)

Y(I) =F(I)

DO 957 1I=1,4

Y(I)=Y(7)

Y(NP~I+1)=Y(NP~-4)

G0 TO 91

DO 965\ I=8,(NP-7) i )

FAD) == (Y (I=7)4Y(TI+7)))%78-( (Y (T-&)+Y(I+6)))¥13
HOYCI=5)4Y(I+5)))%A24((Y(I-4)+Y(I+4) ) ) %8>
HOCY(I=3)4Y(I+3) ) )RI224 (Y (I~2)4Y(I+2))) %147
HYI=1)+YCI41))I%1624C(Y(I)))%167)/1105)

DO 966 I=8,(NP-7)

Y(I)=F(I)

DO 967 I=t,7

Y(I)=Y(8)

Y(NP-I4+1)=Y (NP=7)
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™ GO.TO 91
DO 975 1=9,(NP-B)
FOI)=mCe=CY(I-8)4Y(I48))) X214 (~(Y(I-7)4Y(I47)) %6

1 +COYI=6)4Y(T46))) %74 C(Y(I~-S)+Y(I+5)) ) %18

2 Y (I-)4+Y(T4+4)))¥274 ((Y(I=-3)4Y(TI+3)) ) %34

3 AV CI=-2)4Y(T42) ) XIP+(CYCT=21)4YC(I+1)) )42

4 +((Y(1)))n43)/323)

DO 976 1=9,(NP-8)
Y(I)=F(I)

PO 977 1I=1,8
Y(I)=Y(9)
Y(NP-I+1)=Y (NP-8)

* GO TO 91
DO 985 =10+ (NP-9)

FOD = (=Y (I=9)+Y(I+9)) ) X13&-C(Y(I-B)+Y(I+8)))%51

1 +0YCI=-7)4Y(T47)) ) %244 C(Y(I-6)+Y(I46) ) ) %89

2 Y I-S)4Y(L45) ) ) M1 44+ ((Y(I-4)4Y(I+4)))%x189

3 HOYCI-3)4Y(I43))) %2244 ((Y(I-2)4Y(I42)) ) %249

4 HOYCI=1I4Y(I41)))IR2644((Y(I)) )%269)/2241)
DO 986 I=10,(NP-9)

Y(I)=F(I)

DO 987 1I=1,9

Y(I)=Y(10)

Y(NP~I+1)=Y(NF-9)

60 TO 91

DO 995 JI=11,(NP-10)
FOI)=CC(=(Y(I-10)+Y(1410)))%171

1 =Y (I-9)+YCI49)) ) %74

2 HOYCI-B) Y (I4B) ) )XPH((Y(I-7)4Y(I+7)) ) %04

3 HOCYCI~8)4Y(TI46))IKLA9+((Y(I-5)+Y(I+5) ) )%x204

4 HOY(I-4)FY(T44)))IR2494+((Y(I-3)+Y(I+3))) %284

5 HOYI=-2)4Y(I+2)))K309+C(Y(I-1)4Y(I+1)) )%x324

6 +(C(Y(I)))I%329)/3059)

DO 996 I=11,(NP-10)
YCI)=F(I) .
RO 997 1I=1,10
Y(I)=Y(11)
Y(NP-I+1)=Y(NP~10)
GO TO 91

THIS SECTION CAUSES AN EXIT FROM THE PROGRAM.

_CALL PLOTST(0.,005, IN’) .
CALL PLOT(8.5/,0,0,-3)

CALL PLOTND

STOP ;

END
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APPENDIX E

Software Developed for Time Studies with the Computer-

Coupled Photodibde Array Readout Systems

MULTFR ~ This main program is much like those described
in Appendix A and C except that the individual photodiode
array scans are not time averaged but are stored seq-
uentially on disk‘as individual seans by ;he subroutine
MULFUR and each individual scan may then be read from the
disk by menu selection #4, READ DISK. The task modules
are:

PLOT

LIST

PEAK LOCATE

READ DISK: Reads any selected scan from the sequential
file stored on disk by MULFUﬁ.

RESTART

WRITE DISK: Writes the selected file on disk under the
operator selected name.

TOTALS

EXIT
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PROGRAM MULTFR,FOR(S-DEC-78)

'

PURPOSE ¢
TO ACQUIRE AND PROCESS MULTIPLE SCANS FROM THE PHOTO-DIODE AFRRAY,

SUBROUTINES NEEDED:
PLOT3S
MULFUR
SYSLIR
s
EREERRERERKE
XWRITTEN X
¥BY! X
XDONALD HULLX
(2233238224324

nnnnnnnnnnnnnnnnnnn

DIMENSION TITLE(3),DPAT(3)yC(1040)+AC100),A1(30)
INTEGERX2 B(1040),D(520)»DRLK(4);NDIOD(30),NDIODN(30)
EQUIVALENCE(R(S13),D(1))
INTEGER ATTACHs SELGR» STATUS» N» HGRD, YGRD» MARKER, ORIGIN,
1 VECT» CURPOS, ERASCRs» ERALINs DISPLY, ESCCMDr UP» DOWNs HOME »
1 ESCRN» ELINs ENHOLD» DSHOLD:, COPY» ENPRNT» DSPRNT, RELL i
DATA DBLK/3RDKO»3RDAT,»3RA  +»3IRDAT/
DATA DAT»TITLE/3%0.»3%0,/ rea
DATA ATTACH, SELGR» STATUS» Ns HGRDr VUGRDs MARKER S ORIGIN,
1 VECT» CURPOSs ERASCRr ERALINs DISPLY, ESCCMD, UP» DOWN» HOME .
1 ESCRNs» ELIN» ENHOLD» DSHOLD:» COPY», ENFRNTs DSPRNT, RELL
1/07112737415767718'9!10711712713765766v72r74v7519179219379479597/
CALL DATE(DAT) .
WRITE(?,S2)DAT
500 CONTINUE ’
52 FORMAT (' ‘,3A4) !
WRITE(7,54)
54 FORMAT(’ ‘4 INPUT #SCANS.’)
READ (5,59 ,END=120)XNS
" NBLK=IFIX(S%XNS)
WRITE .7 95"
55 FORMAT ¢~ "INPUT #POINTS.’)
- READ(S5,%5 . i ND=120)XNP
59 FORMAT(Fio O
NS=IFIX( xpr -
NP=IFIX (XN~
NPX=NP +4
WRITE(7,53)
53 FORMAT ( - '7'&yPVT SAMFLE NAME IN 3A4-FORMAT.’)
READ(5,S51,END* "HTITL"
51 FORMAT (3A4)
T OWRITE(7,60)
60 FORMAT(’ “» ' NEW JATA ENTE® 1, OLT TATA ENTER 0.7)
READ (5,59)DATA
IF(DPATA NE, 1 GC "0 120

ACQUIRE DATA WITH SURROUTINE MULFUR,

CALL MULFUR(NSyNPXsNRLK

0o o000

PROCESSING REQUEST.
AN

ﬁ
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AN N RN
(o , e .
é HRITE(?;170)TITLEtDATvXNSvXNPrC(NP+3) ) Vel

WRITE(7+S6)(CI(NP+I),Im4,8)
- WRITE(7,57)

57 FORMATC(’ ‘»‘PLOT=1, LIST=2, PEAK LOCATE=3, READ DISK=4',/,

17 7+ 'RESTART=S, WRITE DISK=&, TOTALS=7y EXIT=8’)
CALL PLOTSS(DISPLY,O0»PELL)
READ(5+358/,END=120)NTEMP
58 FORMAT (12)
CALL PLOTSS(ESCCMD»HOME,O)
CALL PLOTSS(ESCCMDsESCRN,O) .
Go TO(100-200;300;400.500»600:700-800)'NTEHP

GO 70 &
c
C- READ INDIVIDUAL SCANS FROM DATA.DAT FILE ON DISK,
c .
400 WRITE(7+68)NS ’ ) .
48 FORMAT(’ “+12,° SCANS AQUIRED, WHICH SCAN PO YOU WISH? ENTER

8 IN I2 FORNAT. )
READ (5,58/,END=120)NUMSET
720 XNUMST=FLOAT ({NUMSET)
NBLK=(S®(NUMSET-1))
PO 91 I=1,1040
C(I)=0,
91 R(I)=0
ICD=L 0OKUP (0»DRLK)
ICODE=IREADW (NPX»B»NBLK,O)
CALL CLOSEC(0)
CALL IFREEC(9)

c
c CONVERSION OF DATA FROM INTEGER®2 TO REAL
c ,
DO 90  J=5,NPX
'90 C(J-4)=FLOAT(B(J))
C(NP+1)=XNS
C(NP+2)=XNP
C(NP+3)=XNUHST
IF (NTEMP .EQ. 7)GO TO 715
c
\S .
c CALCULATION OF MAXIMUM,» MINIMUM, AND RANGE OF VALUES.
c .
J  CINP+araC(1)
- C(NP+5)=1,
C(NF+6)=C(1)
C(NP+7)=1,
DO 1000 I=2,NP
c
c MAXIHUM AND SUBSCRIPT DETERMINATION.
c
IF(C(NP+4) LT, C(I))C(NP+4)=C(I)
IF(C(NP+4) .EQ. C(I))C(NP+5)=FLOAT(I)
c
c MINIMUM AND SUBSCRIPT DETERMINATION,
c

IF(C(NP4+&) ,GT. C(I))C(NP+6)=C(I)
1000 IF(C(NP+&) .EQ., CCIICINP+7)=FLOAT(I)

c
c RANGE DETERMINATION,
c
C(NP+8)=C(NP+4)-C(NP+4)
56 FORMAT ¢ - ‘e MAX=3F10,0,2Xr @' »FS5.0,’ MIN=’3F10,0,
1 2X+’@°9FS5.0s’ RANGE=’,F10,0s/)
GO TO 120 :

DISPLAY A PLOT OF DATA ON THE VUT-55 SCREEN,

0o0on



100

101

-103
102

150

1351

156

153
120

NOOO

170

NPLOT=NP
WRITE(7,101)

FORMAT(’ ‘, NORMALIZED PLOT? YES=1, ND=0’)
READ(S+39,END=120)XNORM

IF(XNORM .EG. 1,0)SCFAC=C(NP+8)

IF (XNORM .EQ. 1.0)60 TO 102
WRITE(7,103)

FORMAT(’ ‘»"ENTER SCALING FACTOR, F10.0)
READ(S,59,END=120)SCFAC

CONTINUE

DO 150 1I=1,NP
B(I)=IFIX{(((C(I)-C(NP+4))8100,)/SCFAC)
CALL PLQTSS(ESCCMD,HOME,OQ) .
CALL PLOTSS(ESCCMD,ESCRN,O)

CALL PLOTSS(STATUS,S47,476)

CALL PLOTSS(SELGRs0+0)

CALL PLOTSS5(CURPOS,0+0)
WRITE(7r170)TITLE»DAT»C(NP+1),C(NP+2) sC(NF+3)
WRITE(7+S6)(C(NP+I)s1=4,8)

CALL PLOTSS(HGRD»1,0,0)

IF(NPLOT .LE. 512)G0 T0 151

CALL PLOTSS(STATUS,S51,472)

CALL PLOTSS(SELGR»1,0)

CALL PLOTSS(HGRDy1,101)

IF(NP ,GT, S512)NPLOT=512

CALL PLOTSS(SELGR+0,0)

CALL PLOTSS(ORIGIN+O0,0)

CALL PLOTSS(N»-NPLOTsR)

IF(NP .LE. 512)G0 TO 153

NPLOT=NP-512

CALL PLOTSS(SELGRs1+0)

DO 156 I=1,NPLOT

D(I)=D(I>+101

CALL PLOTSS(Ns~NPLOT»D)

CALL PLOTSS(DISPLY:OsRELL)

READ (5,58 END=120)NSTOP

CALL PLOTSS(ESCCMD»HOME,»O)

CALL PLOTSS(ESCCMD»ESCRN»0)

CALL PLOTSS(STATUS»0,1023)

GO TO &

THIS SECTION LISTS THE DATA ON THE UT-S% COPIER.

CALL PLOTSS(ESCCMDsHOME,O)

CALL PLOTSS(ESCCMD»ESCRN»O)

CALL PLOTSS(DISPLY»O,RELL)
WRITE(75170)TITLEsDAT,C(NP+1)»C(NP+2)yC(NP+3)
WRITE(7956) (C(NP+I)+1=4,8)

FORMAT (" “r3A4,3A4,3Xy ‘NS='sF10,0+3Xs ‘NPa’4F10,.0,

1 3X+»SCAN #=',F10,0)

DO 250 1I=1,NP+8,100
DO 251 J=I1,1+9%,%
WRITE(7+63) Iy (C(K)sKm_Jy J4+4)

IF(K .GT. (NP+8))G0 TO 2%2

CONTINUE

READ(S»SByEND=120)NSTOP

CALL PLOTSS(ESCCMD,HOME:0Q)

CALL PLOTSS(ESCCMD,ESCRNsO)
WRITE(7+170)TITLE»DATsC(NP+1) sC(NP+2) sC(NP+3)
WRITEC7+S6)(C(NP+1)yI=4,8)

CONTINUE

FORMAT(’ “+1452Xy’>’35(F10.051X))

CALL PLOTSS(DISFLY,0,RELL)
READ(S+S8,END=120)NSTOP

GO TO 120

198
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64

&6

310

311

320
67

o000

aooo0o

705

706

780

199

THIS SECTION DETERMINES PEAK LOCATIONS AND DISPLAYS
THE LOCATION AND PEAK VALUE ON THE VUT-55,

CALL PLOTSSC(ESCCMD»HOME,O)
CALL PLOTSS(ESCCMDESCRN,O)
WRITE(7+170)TITLE»DAT,C(NP4+1),C(NP42),C(NP+3)

WRITE(77,56) (C(NP+1),1I=4,8)

WRITE(7,44) . , o
FORMAT(* ‘4 “ENTER THE THRESHOLDsF10.0’)

K

" READ(S/,59,END=120) THRES

FORMAT(’ ‘4 'POINT NO. AMPLIFYDE *)

"CALL PLOTSS(ESCCMD»HOME»O)

CALL PLOTSS(ESCCMDsESCRN,O)
URITE(?-170)TITLEvDATvC(NP+1)rC(NP+2)rC(NP+3)
WRITE(7+S6)(C(NP+]),I=4,8)

DO 320 J=1,NP

NCNT=0

WRITE(7+66)

DO 310 I=J,NP

IF(CCI) .LT. THRES)GO TO 310

IF(C(I+1) .GT. C(I))60 TO 310

IF(C(I) .LE. C(I-1))G0 TO 310
WRITEC7+47)1,C(1)

NCNT=NCNT+1

J=1

IF(I .GE., NP)GO TO 320

IF(NCNT .EQ. 20)G0 TO 311

J=I

IF(I .GE. NP)GO TO 320
READ(S,58,END=120)NSTOP

CALL PLOTSS(ESCCMD,HOME,»O)

CALL PLOTSS(ESCCMDESCRN,O)
URITE(?y170)TITLEvDAT't(NP+1)rC(NP+2)'C(NP+3)
WRITEC(?»S6)(C(NP+I),I~4,8)

CONTINUE

FORMAT (SXr14»6XsF10.0)

CALL PLOTSS(DISPLY,O,RELL)
READ(S,S8yEND=120)NSTOP

GO TO 120

THIS SECTION WRITES THE DATA ON DISK AND NAMES THE DATA FILE,

REWIND 1
URITE(7;170)TITLE;DAT;C(NP+1)rC(NP+2)'C{NP+3)

WRITE(7y56)(C(NP+I)s1=4,8)

CALL ASSIGN(I-’DK:FTNI-DAT’:-Iv’NEU‘r’NC’rl)

WRITE(1)(DAT(I),Im1,3) .
WRITE(1)(TITLE(I)»I=1,3)

WRITEC1)(C(I) T=1,NP+8)

ENDFILE 1

CALL CLOSE(::

GO TO 120

THIS SECTION READS DATA FROM THE DISKr AND CALCULATES THE
TOTALS FOR SELECTED PORTIONS OF THAT DATA,

PO 705 U=1,100

ACY)=0

DO 706 J=1,30

AL(I)=0

CALL PLOTSS(EXCCMD,HOME,O)

CALL PLOTSS(EXCCHD,ESCRN,O)
WRITE(7y170)TITLE »DAT » XNS » XNP

WRITE(7,780)

FORMAT(’ “,/,* *WHICH SETS DO YOU WISH TO USE FOR TOTALS

1 CALCULATIONS?’



781

798

782

701

710

794
711

7135

793

795

796
797

718
716
725

740

200

1s/+/9' ’+» ENTER THE & OF THE STARTING SCAN AND THE ¢ OF SCANS. ')

READ(S,»781+END=120)START » XLENTH &
FORMAT(2F10.,0) k.
NSTART=IFIX(START)

NLENTH=IF IX(XLENTH)

WRITE(7,798)

FORMAT(’ “,1X»’RAW DATA OUT=1, NOT=ANYTHING ELSE’)
READ(S,56)I10PT :

JR=0

TDI0D=0

WRITE(7,782)

FORMAT(’ ‘y ENTER THE STARTING DIODE @ AND & OF DIODES. s/r/»
‘» "ENTER 0,0 TO COMMENCE PROCESSING. ')
READ(S,781,END=120)DIODE » DIODEN
TDIOD=TDIOD+DIODEN i

IFCTDIOD .GT. 1Q0)G0O TO 710

IF(DIODPE .EQ@. 0)GO TO 710

JR=JR+1

NDIOD(JR)=IFIX(DIODE)
NDIODN(JR)=IFIX(DIODEN)

G0 TO 701

CALL PLOTSS(ESCCMD,HOME,O)

CALL PLOTSS(ESCCMD,ESCRNsO)

IFCIOPT .NE. 1)GO TO 711

NC=0
WRITE(7+170)TITLEsDAT+C(NP+1).CINP+2)
WRITE(7»794) )
FORMAT(* “»1Xs *SCAN’ »SX» DIODE +» 7X s * VALUE * )
DO 725 NUMSET=NSTART, (NSTART+NLENTH-1)
GO YO 720

N=0

IFCIOPT .NE. 1)GO TO 797

FORMAT(’ “s3XsI12+6XrI1492XsF10.0)

DO 797 K=1,JR

DO 796 L=aNDIOD(K)»(NDIOD(K)+NDIODN(K)-1)
NC=NC+1

IF(L .EQ. NDIOD(K))WRITE(7+793)NUMSET»L,C(L)
IFCL .NE. NDIOD(K))IWRITE(?,795)L,C(L)
FORMAT (12X I452X»F10.0)

IF(NC .LT. 20)80 TO 796

NC=0

READ (5,58, END=120)NSTOP

CALL PLOTSS(ESCCMD,HOME+0)

CALL PLOTSS(ESCCMDsESCRN/,O)
WRITE(7»170)TITLE,DAT»C(NP+1)+C(NP$2)
WRITE(7,794)

CONTINUE

CONT INUE

DO 716 K=1,J4R

DO 718 L=NDIOD(K)s (NDIOD(K)+NDIODN(K)—1)
N=N+1 _

AN =A(NY+C (L)

A1(K)=A1(K)+C(L)

CONTINUE

CONTINUE

READ (5,58, END=120)NSTOP

CALL PLOTSS(ESCCMD»HOME»O)

CALL PLOTSS(ESCCMD+ESCRN,O)
WRITE(?+756)TITLE»DAT»START » XLENTH
WRITE(7+740)

FORMAT(’ ‘»1Xys‘DIODE’ +9X, ' TOTAL” » 4Xs ‘GROUP TOTAL *)
N=0

NC=0

DO 760 K=1,JR
NCOUNT=NDIOD(K)+NDIODN(K)-1

DO 750 L=NDIOD(K)y (NDIOD(K)+NDIODN‘K)-1



781

798

782

701

710

794
711

715
793

795

796
797

718
714
723

740

S

1¢/9/9’ *+’ENTER THE # OF THE STARTING SCAN AND THE ¢ OF SCANSe>)

READ(SU?BXrEND'l?O)STARTrXLENTH
FORMAT (2F10.0)

NSTART=IFIX(START)

NLENTH=IFIX(XLENTH)

WRITE(7,798)

FORMATC(’ “,1X, "RAW DATA OUT=1, NOT=ANYTHING ELSE’)
READ(S,58)10PT

JR=0

TDIOD=0

WRITE(7+782)

FORMAT(’ ‘4 ENTER THE STARTING DIODE # AND ¢ OF DIODES. v/, /y
"7 ’ENTER 0+0 TO COMMENCE PROCESSING. ‘)
READ(S:?B!vEND'l?O)DIODEvDXDDEN
TDIOD=TDIOD+DIODEN

IF(TPIOD .GT. 10060 TO 710

IF(DIODE .EQ. 0)60 TO 710

JR=JR+1

NDIOD(JUR)=IFIX(DIODE)

NDIODN(JR)=IFIX(DIODEN)

GO 10O 701

CALL PLOTSS(ESCCMD,HOME,0)

CALL PLOTSS(ESCCMD,ESCRN,0)

IF(IOPT .NE. 1)00 TO 711t

NC=0

URITE(?:170)TITLEvDAT'C(NP+1)rC(NP+2)

WRITE(7,794) -
FORMAT ¢/ ’-IX-'SCAN'vSXv’DIODE’v?Xr'UALUE’) 8

DO 723 NUHSET-NSTART-(NSTﬁRT+NLENTH-1)

60 TO 720

N=0

IF(IOPT .NE. 1)B0 TO 797
FORMAT ( ‘e3Xv12+6Xr1452XsF10.0)

DO 797 K=1,UR

DO 796 L-NDIOD(K):(NDIOD(K)+NDIDDN(K)-1)
NC=NC+1

IF(L .EQ. NDIOD(K))URITE(7v793)NUHSETerC(L)
IF(L .NE. NDIOD(K))URITE(7:795)L'C(L)
FORMAT(12Xv14,2X+F10.0)

IF(NC LT, 20760 TO 794

NC=0

READ (S, 50, END=120)NSTOP

CALL PLOTSS(ESCCMD s HOME »0)

CALL PLOTSSC(ESCCMD+»ESCRN»O)
URITE(?;I?O)TITLEvDATvC(NP+1)pC(NP#Z)
WRITE(7,794)

CONTINUE

CONTINUE

DO 716 K=1,JR

DO 718 L-NDIOD(K)r(NDIOD(K)+NDIODN(K)—1)
N=N+1

AINI=AIN)+C(L)

AL(K)=AL1 (K)+C(L)

CONTINUE

CONTINUE

READ(5+58,END=120)NSTOP

CALL PLOTS5(ESCCMD»HOME ,0)

CALL PLOTSS(ESCCMDsESCRN»O)
HRITE(?v756)TITLE:DAT»STARTyXLENTH
WRITE(7,740)

FORMAT( “ 'vIXr'DIODE’:?X;’TOTAL'rQX;’GROUP TOoTAL %)
N=0

NC=0

DO 760 K=1,JR
NCOUNT-NDIOD(K)+NDIODN(K)-1

D0 750 L-NDIOD(K)r(NDIOD(K)#NDIODN(K)-l)
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733
733

750
760
751
732
736

c
c
c

- CBOO
f
k P

r Al ’ -t

N=N+1
NCeNC+1
IF(L .E0. NCOUNT)G0 TO 73S

"WRITE(Z?,751)LrA(N)

60 10 753
WRITE(7+752)LsA(N) rA1(K)

IF(NC .LT. 20760 TO 730

NC=0

READ (5,508, EMD=120)NSTOP

CAaLL PLOTSS(ESCCMD» HOME »0)

CALL PLOTSS(ESCCMHD» ESCRN,O)
URITE(7v754)TITLE:D&T;STANTrXLENTH
WRITE(7,740)

CONTINUE

CONT INUE

FORMAT ( - ‘2 iXe IS»2X9F12.0)
FORMAT ( / P1Xr IBs2X52¢F12,0,3X))

FORMAT ( * ‘23A4,3A4/,3X, 'STARTING SCANO-’.F4.0;3X;’. SCANS=",F4.,0)

CALL PLOTSS(DIBPL{;O!DELL)
READ (5,58, END=120 )NSTOP
G0 TO 120

STOP
END

(\THIS SECTION CAUSES AN EXIT FROM THE PROGRAM.
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a
MULFUR - This subroutine first acquires a background scan
and stores this. The 1nd1V1dua1 scans are then added to
a negatlve background to give 1ndiv1dual background
subtracted scans which are sequentially written into the
file DATA.DAT. Data acquisition is started by the com-
bination of the furnace start signal and the photodiode
array start signal. Data acquisition is clocked by the

photodiode array clock.

ad
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PROGRAM MULFUR,MAC (46-NOV-78)

FPURFOSE :

204

-

TO ACQUIRE MULTIFLE SCANS UIfH THE FHOTO-DIODE

ARRAY AND TO TRANSFER THESE SCANS INDIVIDUALLY
TO THE DISK(IN BLOCKS) FOR TRANSFER 70
. THE MAIN FORTRAN FROGRAM FOR FURTHER FPROCESSING,

KA KKK
x X
YWRITTEN BY!xXx
X x
XDONALD HULL X

L 4 x
*WITH HELP «x
X X
XFROM L §
X 4
XROPERT HALLX
b § 4
139223 330333¢
'TITLE  MULTIFLE SCANS OF FURNACE DATA
'MCALL ., ,v2,., .REGDEF s ,FETCH»,CLOSEy . PRINT
+MCALL +EXITr JWRITW, .SRESET s ENTER» . TTYOUT». TTYIN
V2., )
+REGDEF .
+GLOBL MULFUR
STR=170400 §SET ADDRESS A/D STATUS REGISTER
ADE=170402 #SET ADDRESS A/D BUFFER
DIBUF=170412 #SET ADDRESS DIGITAL INFUT EUFFER
KBRD=177562 #+SET ADDRESS KEY ROARD
+CSECT
MULFUR: MOV (R5)+,R1 rRECEIVE DATA FROM FORTRAN
MOV @(RS)+sNS
MOV @(RS)>+sNP
MOV B(R5)+sNBLK
MOV #0,BLK
»SRESET
+FETCH #CORSPC, #FPRT
RCC GO1
JMP RADFET
GO1: +ENTER #AREA»#0,#FPRT s NBLK
BCC RESTRT
JMP RADENT -
RESTRT: MOV #1040,,R1 $SET POINT COUNTER
MOV #B,R3 $SET ADDRESS OF ARRAY(R)
LPO? MOV #0 (R3) + #CLEAR ARRAY(A)
DEC R1

iDE?REHENT POINT COUNTER



. . .

. W e

- T e o e

.. wr e

- e .

. w w

WAIT FOR KEY BOARD FLAG TO REGIN DATA ACQUISITION

LP1?

BNE

+PRINT
+TTYIN
BCS
CMFR
BNE

SET UP FOR DATA

STRT2!

LP10O?

STRT1:

MOV
MOV
MOV
MOV
BIT
BEQ
MOV
MOV

LPO

$DATAQ

LP1
RO,#12
LFP1

ACQUISITION

NS,yR2
DIBUF»R4
R4,DIRBUF
DIRUF yR4
#2,R4
LP10O
NPrR1
#B,R3

BEGIN DATA ACQUISITION

pafa:

LP2:

SPL ¢

WRITE A

FINISHED,

FIN:

B:

NS?

NP2
NBLK?
BADFET:
BADENT:
BADWRT ¢

BLK!
FPRT:

MOV
MOV
MOV
BIT
BEQ

MoV
TSTB
BPL
MOV
DEC
BNE

ON DISK

JWRITW
BCC
JHP
ADD
DEC
BNE

+CLOSE
RTS

'EVEN
+BLKW
+WORD
+WORD
+WORD
+EVEN
+PRINT
JEXIT
+PRINT
+EXIT
+PRINT
+EXIT
+WORD
+RADS0

EXIT

DIRUF,R4
R4:DIRUF
DIRUF,R4
#1,R4
LP2

#20,STR
STR
SPL
ADB, (R3)+
R1 ’
SPL

AS DATA. AT FILE

205

JRETURN IF POINT COUNTER NOT ZERO

4
fASK FOR KEY ROARD FLAG

?GET CHARACTER FROM TTY

tWAIT FOR INPUT

#WAS LAST CHARACTER=LF?

RETURN IF NOT FINISHED

#SET SCAN COUNTER

_3CLEAR DIGITAL INPUT BUFFER

#TEST FOR ATOMIZE FLAG ON
JRIT 1

fRETURN IF NO FLAG

fSET POINT COUNTER

#SET ADDRESS ARRAY(R)

PCLEAR DIGITAL INPUT BUFFER

$TEST FOR START FLAG iON
iBRIT 0 '
FRETURN IF NEFFLAG

#SET UP TRIGGER ON A/D STATUS REGISTER
fTEST FOR A/D END OF CONVERSION

ON BIT 7 OF A/D STATUS REGISTER

#STORE SAMPLE DATA

#DECREMENT POINT COUNTER

fRETURN FOR ANOTHER POINT IF NOT FINISHED

$AREA,#0: 4B /NP RLK

GO2

BADWRT

#5yRLK

R2

STRT1

FROM SUBROUTINE.

$0
FC

1040,

#FMSG
$EMSG

#UMSG

/0K 7

*DECREMENT SCAN COUNTER
?RETURN FOR ANOTHER SCAN IF NOT FINISHED



AREA:
FMSG:
EMSG:
WMSG ¢

CORSPC:
DATAQ:
BKDAQ:
END:

+RADSO
+BLKW
«ASCIZ
+ASC1Z
+ASCIZ
+EVEN
+BLKW
+ASCIZ
+ASCIZ
+ENRD

/DATA  DAT/
10

/BAD FETCH/
/BRAD ENTER/
/BAD WRITE/

400 L
/STRIKE CR TO START DATA ACQUISITION, /
/STRIKE CR TO START BACKGROUND: ~CQUISITION, /

MULFUR

206



APPENDIX F

Software Developed to Plot the Time Studies Obtained with

the Computer-Coupled Photodiode Array Readout System

A. PLOT3D - This plotting program allows any of the selected
individual scans acquired under MULTFR to be plotted as
3-dimensional plots. The individual pPlots are separated
by operator chooéen X and y axis' values and the program
is written to prevent lines being drawn through previously
dfawn lines. The task modules are:

1. READ DiSK: Reads the selected individual scan. .

2. AXIS ‘

3. PLOT: Plots the individual scans at operatdr choosen
X, Y increments..

4. RESTART ' | ‘

5. EXIT

207
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PROGRAM PLOT3D.FOR(7-JUL-79)

PURPOSE ¢
) TO PLOT IN 3-DIMENTIONS WITH THE X-Y PLOTTER, DATA

STORED ON DISK RY THE PROGRAM MULTFR.

SUBRROUTINES NEEDED!
XYLIR
SYSLIR
/F

HOOKOR KKK KK
XWRITTEN X
¥BY? X
¥DONALD HULLX
HOOKKKOK KRR KKK

.

nnnnnnnnnnnnnnnnnnnn

DIMENSION ANF(1),X(1040),Y(1040),C71040)

DIMENSION XAXIS(5) s YAXIS(S)y TITPLT(S)

INTEGERXZ DBLK(4),A(1040)

DATA DBRLK/3RDKO»3IRDAT»3RA ,3RDAT/ -

THIS SECTION RESTARTS PROGRAM BY CLEARING X t YDATA ARRAYS,

000

700 WRITE(7,110)
110 FORMAT(* ‘,* ENTER THE NUMBRER OF FAGES TO ADUANCE THE PEN.’)
READ (5,111)PAGES
111 FORMAT(F10.0)
WRITE(7,720) .
720 FORMAT(’ ‘y’ENTER # SCANS. ‘)
READ(Ss111)XNS
WRITE(7,725) :
725 FORMAT(’ ‘,’% POINTS = 1024,’,/)
XNFP=1024,
NS=IFIX(XNS)
NP=IFIX(XNF+4,0)
PV=PAGES%8.,5
CALL PLOTST(0.00S, IN’)
CALL PLOT(ADV,0,0,~3)
CALL PLOTND
DO 701 I=1,1040
XCI)=FLOAT(I)
701 - Y(I)=0,0

c THIS SECTION SELECTS THE PART OF THE FROGRAM TO BE EXICUTED.

1 WRITE(7,50)

S50 FORMAT(’ ‘,’READ DISK=1, AXIS=2, PLOT=3, RESTART=4. EXIT=5")
READ(S5,S1)NTEMP

51 FORMAT (12)
IF(NTEMP .LT. 1 .OR. NTEMP «GT., 8)60 TO 1
GO TO(100,500¢600,700,800) yNTEMP

READ INDIVIDUAL SCANS FROM DATA.DAT FILE ON DISK,

o000

100 WRITE(7,48)NS
1) FORMAT(’ “,12,°SCANS AQUIRED, WHICH SCAN DO YOU WISH? ENTER

x
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1 & IN I2 FORMAT,’)

READ (5,58)NUMSCN

58 FORMAT(I2)
XNUMSC=FLOAT (NUMSCN)
NP=IFIX(XNF+4.)
NBLK=IFIX(S%(XNUMSC~-1))
Do 91 I=1,1040
C(I>=0,

?1 A(I)=0
ICD=LOOKUP (0O»DRLK)
ICODE=IREADW(NF/»A»NBLK,0)
CALL CLOSEC(0)
CALL IFREEC(0)

CONVERSION OF DATA FROM INTEGERX2 TO REAL

o0on

DO 90  J=%5,NP
90 C(J-4)=FLOAT(A(J))

NP=NP—4

C(NP+1)=XNS

C(NP+2)=XNP -

C(NF+3)=XNUMSC , i

CALCULATION OF MAXIMUM, MINIMUM, AND FANGE OF YALUES,

aoon

C(NP+4)=C(1)>
C(NP+5)=1,

. C(NF+6)=C(1)
C(NP+7)=1,
DO 1000 1=2,NP

MAXIMUM AND SUBSCRIPT DETERMINATION.

sReoNy!

IF(C(NP+4) ,LT. C(I))C(NF+4)=C(I)
IF(CC(NP+4) EQ. C(I))C(NF+S)=FLOAT(I)

MINIMUM AND SUBSCRIPT DETERMINATION,

000

IF(C(NP+6) .GT. CCI)IC(NF+&)=C(I)
1000 . IF(C(NP+6) .EQ. C(IN)CINP+7)=FLOAT(I)

Cc

C RANGE DETERMINATION.

Cc

C(NF+B)=C(NP+4)-C(NP+4)

THIS SECTION SETS THE MINIMUM YALUE TO 0.0 AND

THE MAXIMUM YALUE TO BE EQUAL TO THE RANGE FOR
PLOTTING PURPOSES

ol NsNoNe]

DO 492 1I=1,NP

492 CCI)=C(I)-C(NF+6)
C(NP+4)=C(NP+4)-C(NP+64)
C(NP+6)=0,0
WRITE(75493)C(NP+1)sCINP+2)»C(NP+3)

493 FORMAT (- *r3Xs “NS='F10,0+3Xr "NP='F10.0,3Xy ' SCAN #='yF10,0)
WRITE(77494)(C(NP+1)s1=4,8)
494 FORMAT(’ “ 9 ’'MAX=’3F10,05°@*+sF4.0y" MIN='»F10.0y"
1 ‘@2’»F4,0,’ RANGE=',F10,0)
GO 7O 1 ‘
Cc .
c THIS SECTION DRAWS THE AXIS OF THE PLOT.
c
500 CONTINUE
502 FORMAT (5A4)
WRITE(7,510)

510 FORMAT(’ ‘»’ ENTER THE TITLE FOR THE XAXIS» 20 CHARACTERS MAX., ')



503

504

601

T 402

520

525

620

6235

550

OO0

605

610

615

READ(S5,502)XAXIS
WRITE(7,503)

FORMAT(’ “y’ENTER THE TITLE FOR THE Y AXIS» 20 CHARACTERS MAX.’)

READ(S,502)YAXIS
WRITE(7+504)

FORMAT(’ ‘» ENTER THE TITLE FOR THE PLOT» 20 CHARACTERS MAY. ')

READ(S,»502)TITPLT"
WRITE(7+601)

FORMAT(’ “»“ENTER X AND Y ORIGIN OFF SETS IN INCHES~2F10.0, )

READ (55 402)XOFF » YOFF
FORMAT(2F10.,0)

OFF=0

YOFFY=0O

XMIN=0,0

XMAX=C(NP+2) -

YMIN=0.,0 .
YMAX=C (NF+4)

WRITE(7+520)

FORMAT(’ ‘y’ ENTER X AND Y AXIS LENGTHS, 2F10,0.,7)
READ(5,525) XLONG» YLONG . )
FORMAT (2F10.,0)

WRITE(7+494)(C(NP+I)yI=4,8)

WRITE(7+620)

FORMAT(’ ‘»‘’ NORMALIZED PLOT=1, SCALED PLOT=0.")
READ(S»S1)INTEMP

IF(NTEMP .EQ. 1)G0 TO 550

WRITE(7+625)

FORMAT(’ ‘y’ ENTER NEW VALUE FOR Y RANGE» F10,0.,)
READ(5,111)YMAX :
X(NP+1)=XMIN

X(NP+2)=(XMAX~XMIN) /XLONG

Y(NP+1)=YMIN

Y(NP+2)=(YMAX~YMIN) /YLONG

CALL PLOTST(0,005,"IN’)

CALL PLOT(1.55,1.0,-3)

CALL AXIS(O‘OIOoO!XAXISy*QOrXLONGrO.07X(NP+1)7X(NF+2))
CALL QXIS(O‘0!0oO!YAXIS7+207YL0NG’90.07Y(NP+1)rY(NP+2))
CALL PLOT(0,Ss(YLONG+0.5),3)

caLL SYHBOL(O.Sr(YLONG+0.5)70014ITITPLT70120&
CALL PLOT(0.0,0.,0,43)

CALL PLOT(-1,5+-1.0,~3)

CALL PLOTND )

GO TO 1

THIS SECTION PLOTS THE DATA. 3

NOFFX=IFIX{XOFFXX(NP+2))
OFFY=YOFFYXY (NP+2)

DO 405 I=1,NP

C(I)=C(1)+0OFFY

DO 610 I=1,(NP-NOFFX) .
IF(YC(I+NOFFX) .GT. CCINIC(IN=Y(I+NOFFX)
CONTINUE

DO 415 I=i,NP

Y(I)=C(I)

CALL PLOTST(0.005,"IN’)

CALL PLOT((1.540FF)»1,0,-3)
CALL LINE(XrYsNPy1:0,50)

CALL PLOT(0.0:0.0543)

CALL PLOT(-(1.540FF)»-1,0,~3)
CALL PLOTND

OFF=0FF +XOFF
YOFFYaYOFFY+YOFF

GO TO 1

THIS SECTION CAUSES AN EXIT FROM THE PROGRAM ,
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800 CALL PLOTST(0.005, IN’)
CALL PLOT(8.5¢0.0,-3)
CALL PLOTND
STOP
END



APPENDIX G

Software Developed to Calculate the Linear Least Squares Best
Fit Equation for Emission Data and ‘-

Plot this Data and Calculated Line

A. LFIT - After entry of sample concentration ar- em1 ssion
1ntens1ty values this program will calculate the 1 r.ear
least squares best fit equation for that data. The
linear fitting may be performed on the data as entered
or after the logarithm has been calculated for the data
thereby allowing log-log linear fitting as well as the
normal linear-linear fitting. This feature was fre-
quently used in this workisince the concentration-emission
intensity data normally covered three to four orders of
magnitude.

The plotting section of this program allows plot-
ting of the calculated line, average y values (emission
intensity values), and 95% confidence limits within axis

" for which the operator may choose the size, ranges,

and titles.

<<) N

12



nnnnnnnnonnnnnnnnnnnnnnn

1

500
502
504

119
117

149

159

[
2
O -

nd
12
118
130
131

505

N

]

FROGRAM LFIT.FOR(17-JUL-B80)

SUBRROUTINES NEEDED:
SYSLIP

XYLIR
VTLIE

LPSLIR

/F

OF KRR YK 0K KOk
*¥WRITTEN RY:x
X X
¥BOR HALL x
x x
¥REVISED RBRY:x
X X
*¥DONALD HULLx
WORKOK N OK KOk KK KK

DIMENSION X(A5),Y(45,32),
DIMENSION YAVE(45),YSS (45
DIMENSION XGT(320),YGT(320)
DATA STAT/12.706r4.30373.18272.776;2.571v2

r2.,262y2,228,

DATA XrYrYPy»XAXIS,
XSrYS/45%0,.0,1440%0.0,
1 45*0.0745*0‘Ov45*0745¥0-078¥’ ’

WRITE (5,590)

FORMAT (¢’ “,“LINEAR L

WRITE (5,502)

FORMAT (’ “,'TO TERMINATE ENTER ~CTRL Z’,//)

FORMAT (I5)

1,960/

D0 130 JJ=1,45

WRITE(Z,117)
FORMAT(’ 7,

INFUT #REPTS PER

READ(Ss504END=118)NRFTS

N=JJ

NR(JJ)=NRFTS
WRITE(?7,149)
FORMAT ("’ ‘4~

INPUT X VALUE

READ(S5,121,END=119)XS(4J)
DO 120 IJ=1,NRPTS )

CALL LED(IJ,~
WRITE(75159)
FORMAT (" 7,

I47)

INPUT Y vALUE"

)y

“)

)

READ(S5s121,END=119)YS(JJ,IJ)

FORMAT(F10.,0)
CONTINUE

GO TO 130
Jd=J4~1

GO 10 131
CONTINUE
WRITE(7,50%5)

X VALUE

FORMAT(’ ’,’L0OG-LOG PLOT? Y=1¢,N=0")

READ(S»504,END=131,ERR=131) JG

DO 139 I=1,N

YP(4S)yXAXIS(E)rYAXIS(B)rIX(lOOO)
NR(45)rYPE(45)ySTAT(11)9TITP(8)
rXS(A45),YS(45,32)

+447,2.36592,.306

YAXISrIXrYAUEvYSSyNRrYPEyTITP;XGT;YGT:

45%0.,0,8%’ ,8x%x” "r1000%0,

v320#0.07320*0.0745*0.0v1440&0,0/

EAST SQUARES FIT TO v=AxX + B )

)
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139

89
140

703

».
2060
501
702

800

803

804

805

YAVE(I)=0,
YSS(I)=0,

YPE(I)=0.

YTOT=0.

NTOT=0

SYS=0.0

YT=0.0

E=0.

F=0.

C=0.

YSD=0,

NT1=0

[0 140 I=1,sN

KK=NR(I)

X{(I)=XS(I)

IFCJGL.EQ. 1)X(X)=ALOG10(X(I))

DO 129 J=1.KK

Y(Ird)=YS(Is )

IF(IG.EQ. 1)Y(Ir)=ALOGIOCY(I, 1))
YAVE(I)=Y (I, J)+YAVE(I)
F=F+X(I)xY(1+J)

C=C+X(I)

E=E+X(I)*X(I)
YSS(I)=YSS(ID+Y(I»J)¥Y(IyJ)
YT=YT+YAVE(I)
YAVE(I)=YAVE(I)/FLOAT(NR(I))
NTOT=NRC(I)+NTOT :
SYS=SYS4YSS(1)

IF(NR(IN.EQ.1)G0 TO 89
YFPE(I)=YSS(I)~(YAVE(I)X¥2%XNR (1))
YTOT=YPE(I)+YTOT
YFECI)=SQRT(YPE(I)/FLOAT(NR(I)-1))
YSS(ID)=C(YPE(I))/(YAVE(I))%*100.
NT1=NR(I)-1+NT1

CONTINUE

CONTINUE

IF(NT1.EQ.0)NT1=1
XA=YTOT/FLOAT(NT1)
IF(XA.EQ,0)XA=1,

AN=FLOAT(NTOT)

G=0.0

ANX=(ANXE-C¥C)

A= (ANXF-C*YT) /ANX .
B=(EXYT—-CXF)/ANX

WRITE(7,203)

FORMATC(’ 4/ N XCI) pBXy'Y(I)0us’)
DO 702 II=1,N

KK=NR(II)

DO 2000 NG=1sKK:S
WRITE(Z,SO1)IT+X(II)»(Y(II)Id)» JI=NQr (NQ+4))
IF(JJ GT., KKIN@=KK

CONTINUE

FORMAT(I4,4(F12.3))

CONTINUE

WRITE(7,800)

FORMAT(’ 'y’ CHANGE X OR Y VALUES Y=1,N=0‘)
READ(Sy» 504 END=702,ERR=702)NJ
IF(NJ.EQ.,0)GO TO 801

WRITE(7,803) P

FORMAT(’ “» ‘SPECIFY X(I)»Y(I+K' TO CHANGE 2F10.0’)
READ(S»804»END=702YERR=702)1»_
FORMAT(2F10.0)

WRITE(7+805)

FORMAT(’ ‘y’INPUT X AND Y VYALUES 2F110.07)
READ (3,804 rEND=702,ERR=702)X(I)»Y(I s 1)
XS(I)=aX(I)
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801
So08

509
13

115

YSC(IrvJ)mY(Iy )

GO 70 131

WRITE (5,508)

FORMAT (- '//73Xr'N'rllX!'x"BXr'YﬁVE'ISXr'YSTDDEV'IZXv'Z REL S.D,
'rSXr'YCﬁLC’!éXI'DIFF.'!?X!'S/N')

NJ=0

AMUT=-1000000.

ANVT=100000,

XMIN=100000.

XMAX=~100000.

DO 13 I=1,N

YP(I)=AKX(I)+R

Q=YAVE(I)-YP(I)

NN=NR(1I)

BO 113 J=1,NN

NJ=NJ+1

XGT(NIY=X(T)

IF(XHAX.LT.X(I))XHAX=X<I)‘

IF(XHIN.GT»X(I))XHIN=X(I)

YGT(NJ)=Y(I,J)

IF(QNVT.LT.YGT(NJ))AHUT=YOT(NJ)
IF(QNVT.GT.YGT(NJ))ANUT=YGI(NJ)

QA=Y (I, )~YP(I)

G=G+Q0axQQ

IF(NR(I)AEO.I)YSS(I)’“I.

WRITE (5:,509) IrX(I)rYAVE(I)rYPE(I)IYSS(I)!YP(I)’Q!Y]OO./YSS(I))
FORMAT (I14,7F12.3)

CONTINUE

S0=G/(AN-2,0)

DO=SQRT(S0) .

SA=SOXAN/ANX R
DA=SQRT(SA) )
SB=SOXE/ANX

DB=SQRT(Sk)

IF((NTOT—Z—NTI).EQ.O)NT1=2

XC=(G—YTOT)/FLOAT(NTOT—2—NT1)
R=(AN*F‘C*YT)/((SQRT(ANX))*fsaRT(AN*SYS-YT‘YT)))

WRITE (5,510) AsR

FORMAT (’0‘,*THE BEST FIT LINEAR EQUATION IS Y=‘2F12.307 X 4~
rFl14.4)

WRITE (S5,511) DA»ARS((DA/A%X100.))

FORMAT (* -, ‘THE STANDARD DEYIATION OF A=’3E14.4,3Xr %= *,FB.3)
WRITE (5,512) DB+'ABS((DB/B%100.))

FORMAT (’ *4‘THE STANDARD DEVIATION OF B="sE14.6:3Xs ‘%= *,FR,3)
WRITE (5,513) DO

FORMAT (‘ ‘,QUERALL STANDARD DEVIATION ="yE14,6)
WRITE(S,y155)XA»XCrXC/XA

FORMAT(’ ‘4 'P,E. “yE14.4, L.OF.FIT ’vE14.4," F TEST <1,F10.5)
WRITE (5,514) R

FORMAT (‘ ’,“CORRELATION COEFFICIENTs R=’»F10,6)

CALL INIT(IX»1000)

CALL SCROL(5,1020,%)

CALL APNT(1.91.9-1+s5y-1,-1)

CALL SCAL(XHIN!QNUT!XHAXIAHVT)

YPN=1,E20

YPM=-1,E20

DO 215 JJy=1,N

IF(YPH.LT.YP(JJ))YPH’YP(JJ)

IF(YPN.GT}YP(JJ))YPN=YP(JJ)

CONTINUE

DO 115 JI=1sNTOT

XX=XGT(JJ)

YY=YGT(JJ)

CALL APNT(XXsYY) R
CONTINUE

YP1=YPN
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519
320

65
600
601

602

711

604
6035

606

607

608

60
é1

62

63

673

XP1=XMIN :
YPN=YPM-YP1 .
XPN=XMAX~-XMIN

CALL APNT(XF15YP1s=1,3s-141)

CALL LVECT (XPNyYFN) ,

CALL APNT (XMIN,AMYUT)

CALL LVECT(O0.,~(AMUT-ANVT))

CALL LVECT ((XMAX=XMIN)»0.)

WRITE ($5,520)

FORMAT (°07y'DO YOU WISH A PLOTT Y=i,N=0")

READ (7+504,END=S19,ERR=519) JS

IF (JS .NE. 1) GO TO 19

WRITE (5,600)

FORMAT ¢‘ ’, "ENTER TITLE FOR X AXIS, 32 CHARACTERS MAX, )
READ (7,601 /END=S19,ERR=519) XAXS

FORMAT (B8A4)

WRITE (5,602)

FORMAT ¢ “,ENTER TITLE FOR ¥ AXIS, 12 CHARACTERS MAX. ')
READ (7,601 /END=S19,ERR=519) YAXIS . &
WRITE(7,711)

FORMAT(‘ 4 *INPUT TITLE FOR PLOT 32 CHARACTERS MAX. )
READ (5,601 END=519,ERR=S19) TT TP

WRITE (5,604)

FORMAT (“ ‘, 'ENTER STARTING % FINISHING POINTS FOR X ANLS,2F12,9 )

READ (7+605,END=519,ERR=519) XMINy XHAX
FORMAT (2F12,0)
WRITE (5,606)

v

FORMAT (’ *, "ENTER STARTING & FINISHING FOINTS FOR Y AXIQE%F!Q.O‘)

READ (791605/END=519,ERR=51%) YMINy YMAX
WRITE (5,407)

FORMAT ¢ ‘', "ENTER LENGTH OF X&Y AXIS IN INCHES Y MAX=7, 0, 2FL2. 00

READ (7/605,END=519/ERR=519) XLONG» YLONG
X (N+1)=XNIN

YAVE (N+1)=YMIN

X (N+2)=(XMAX~XNIN) /XLONG

YAVE (N+2) = (YMAX-YMIN) /YLONG

WRITE (5,608)

FORMAT(’ 'y "ENTER LINE START & FINISH X VALUES, "5/

" IF X1=X2 THEN NO LINE WILL BE PLOYTED. )

READ (5,405) XAsXE . r
IF(XA.EQ. XB)GO TO &75 :

IF(XA ,GE. XMIN .AND., XA .LT. XMAX)GO TD %0

XA=XMIN

IF(XR ,06T. XMIN .AND. XR LE, XMAXIBD TO 61

XB=XMAX ‘

YAzAYXA + B .

YR=AXXB + R :

IFC(YA .GE.. YMIN .AND. YA .LT, YMAX)EO TO 42

YA=YMIN '

XA=(YA-B) /A

JF_SYB .GT. YMIN .AND, YR .LE. YMAX) GO TO &3

YB=YMAX .

XB=(YB~B)/A

CONT INUE

XGT(1)=XA

XGT(2)=XB

XBT(3)=X(N+1)

XGT(4)=X(N$2)

YGT(1)=YA

YGT(2)=YB

YGT(3)=YAVE (N+1) \

YOT(4)=YAVE (N$2)

CONTINUE

DO 811 IK=1,N
KK=NR ( IK)
IF(KK.EQ.1)60 TO 477 «

?
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811

987

988
989

&7?

678

676

e

NKKaKK~1
IF(NKK.GT.10) NKK=1}
ST-YPE(IK)tSTAT(NKK)/BORT(FLOGT(KK))
YSS(IK)=YAVE (IK)+5T
YPEC(IK)=YAVE(IK)-ST

WRITE(7,987)

FORMATC’ “»’ THE 9% X CONFIDENCE INTERVAL AROUT

Y-HIGH Y—~AVE Y-LOW’)

DO 988 I=1,N
WRITE(7,989)1,YSS(I) s YAVE(T),YPE(T)
CONTINUE
FORMAT(1Xr I3, 3(2XyF12.4))
YSS(N+1)=YMIN
YSS(N+2)=YAVE (N+2)
YPE(N+1)=YMIN
YPE(N+2)aYAVE (N+2)

PLOTST (0.00%5: IN’)

- CALL
- CALL

CALL
CALL
CAaLL
CALL
CALL
CALL

FLOT
AXIS
AX1S
PLOT

PLOT

PLOT
PLOT

(1.,091,0,-3)
(0.070.OvXQXISv~32vXLONG!O.O!X(N+1)vX(N+2))
(0.010.OvYAXISv+321YL0NG'9OnO'YﬂVE¢N+1)thUE(N#?))
(0. 0rYLONG,»+3)

(XLONG» YLONG» +2)

(XLONG?0.,09+2)

(0.02,0.0¢+3)

IF(XA.EQ.XB) GO TO 478
CALL LINE (XGTrYGT+2+1+0,0)

CALL PLOT (0.0+0.0s43)
IF(KK.EQ.1)B0 TO 476

CALL LINE(XrYSSeNslr~1s17)

CALL PLOT(0.»0.53)

CALL LINE(XsYPEsNsl1r~1,18)

CALL PLOT(0.:0.+3)

CALL LINE(X»YAVE)Nvir~1+4)
TITLNG=(XL.ONG~4.48)/2,

CALL PLOT (TITLNGyYLONG4+0.%,3)
CALL SYHBOL(TITLNG!(YLDNG+0.5)70o14vTITPv0732)
CALL PLOT (7.5+~1.0/,-3)

. CALL PLOTND

WRITE (5,518)
FORMAT (¢~
READ (75504) UK

CALL SCROL(~1y-1,~1)

CALL
CALL

IF (UK

STOP
END

INIT
FREE

“#*TYPE 1 TO REPEAT CALCULATION OR O TO EXIT*)

+EQ. 1) 60 TO 131

THE MEAN’ 1/
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ACS Reagent-Grade Chemicals (or equivalent).

o

APPENDIX H

Preparation of Solutions

.y

All solutions used for this work were prepared from

The water used

for dilution was the distilled water provided on tap by the

Department of Chemistry.

Distilled water blanks were run

throughout this work and none of the elements testec

analytically (Table VII) were present at detectable levels.

Single element stock solutions of 1000 ppm of the elements

were prepared from soluble salts and all other solutions

were made by serial dilutions as necessary.

Stock Solutions

Element Compound

Pb Pb (NO,)

Mg MgCl, - 6H,0

Ag AgNO3~

Cu Cu (NO,) , * 3H,0
cd Cd(NO,) ,*4H,0
Zn 'Zn(N03)2°6H20
Na* NaCl

Solvent

Weight (g/L)

1.5898 Water
8.3625 Water
1.5746 Water
3.8023 Water
2.7444 Water
"~ 4.5506 Water
2.5421 Water

*
Na was prepared as a 20,000 ppm solution.

I’d
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