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SYNOPSIS 

This report outlines the limitations of the ?tomic-absorption (AA) programmes supplied with the 
Hewlett Packard H.P.97S programmable calculator, and proposes ways in which these limitations can be 
overcome. Three new programmes, for A A on-line analysis, off-line analysis, and an automatic system, are 
described. 

SAMEVATTING 

Hierdie verslag gee in hooftrekke die beperkings van die atoomabsorpaeprogramme (AA) wat saarr. 
met die programmeerbare Hewlett Packard-rekenaar H.P.97S verskaf word en doen maniere aan die hand 
waarop hierdie beperkings oorkom kan word Drie nuwe programme vir gekoppelde AA-ontleding, 
nie-gekoppelde ontleding en 'n outomatiese stelsel word beskryf. 
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1. INTRODUCTION 
Computer programmes :o calculate results from the data given by atomic-absorption (AA) 

transmissions are numerous and varied, and their applications, versatility, and usefulness have been 
demonstrated by numerous investigators. At larger laboratories, such as those at the Council for Mineral 
Technology (Mintek), almost all the processing of AA data is computer-orientated. 

Recently, Mintek acquired a Hewlett Packard H.P.97S programmable calculator that was supplied 
with a standard pack of computer programmes, including several tor use in the on-line mode, i.e., coupled 
direct to the AA spectrometer. Unfortunately, the calculator has a very limited storage capacity and, 
consequently, cannot accommodate data from more than 5 standards, or from several repetitions of these 
standards. This limitation also applies to the off-line programmes. 

An investigation was therefore initiated into the construction of new programmes to overcome these 
disadvantages. At the same time, other applications of this calculator were considered. 

2. EQUIPMENT 
The equipment used in this investigation consisted of a Varian Model AA-475 AA Spectrometer and a 

Hewlett Packard H.P.97S Programmable Printing calculator. The calculator is connected to the 
spectrometer via an interface and a cable supplied by Hewlett Packard (H.P.). 

3. PROGRAMMING OF THE H.P.97S 
The H.P.97S uses its own language, which is not BASIC, and which cjjn best be described as a 

simplified machine language. The method is fully described in the manual that is supplied with the 
calculator. The manual is well written, and the programming method is comparatively uncomplicated. 

Apart from the fact that programming and debugging are tedious (compared with languages such as 
BASIC), the programming language appears to be sound. 

During the execution of a programme, two methods of data entry are possible: via the keyboard (by use 
of the restart or R/S button) and through the interface. (When the REAP button on the spectrometer is 
pressed, the value for absorbance is obtained through the interface.) 

The biggest disadvantage is that the storage capacity is so limited. Six registers are available and can be 
addressed direct. An additional 10 registers are available that can be changed to address a further 10 
registers, but tht se and the previous 10 are interchangeable, so that only one set can be used at a time. Data 
must be loaded into the X and Y registers, where all the possible mathematical operations can be 
performed. The numbered registers cannot be used for mathematical operations because they cannot be 
addressed direct. Several statistical functions are built into the H.P.97S. When these are evoked, six of the 
10 secondary registers are used, and are then no longer available for storage. 

The programme steps are not numbered, and directions or options, which are readil) available to the 
operator, can be chosen by GOTO and LABEL loops. Conditional loops. jch as X> 0, X= 0, and so on are 
also available, as well as a flag-sensing routine that can be used in the choice of a different direction, 
depending on whether the flag is set to ON or OFF. 

There is also a very useful but complicated system for the counting of repetitions by use of the T 
registei. 

Programmes are developed on the calculator by use of the PROG mode (as opposed to the RUN mode, 
which runs completed programmes). A printer is supplied (it is built into the H.P.97S), and several print 
formats are available and programmable. However, alphanumerical printing is not possible. 

Programmes are stored (and retrieved) on small magnetic cards. 

4. CONSTRUCTION OF PROGRAMMES 
4.1. Main AA On-line Programme 

This programme converts absorbance data to concentrations in the on-line mode using the H.P. 
interface. 

4.1.1. H.P.97S Method 
The standard number and its concentiation are entered to a maximum of five standards. The standards 

are aspirated, and, when the READ button of the AA spectrometer is pressed, the value for absorbance is 
entered into the programme. Each standard can be aspirated repeatedly and *»?? average will be computed 
and used in the drawing of the calibration curve. However, the standards cannot be aspirated in sequence a 
second or a third time (the method most often used in practice). 
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Provision has been made for the analyst to aspirate any standard again, but the computer then re-slopes 
the calibration curve on the basis of the newly entered standard data. This is not a desirable or 
fundamentally correct procedure. 

The H.P.97S has several curve-fitting programmes stored in its read-only memory (ROM) and. 
depending on the number of standards entered, the appropriate curve-fitting routine will be called. 

On completion of the linearization and calibration, the sample number can be entered. The value for 
absorbance collected through the interface after aspiration is entered into the calibration curve, and the 
concentration is printed. 

As mentioned previously, the lack of register space imposes several severe limitations on the 
programme as written. These are as follows: 

(a) the limitation to five standards. 
(b) the inaccuracy and inconvenience of the re-slope facility, and 
(c) the lack of facilities for the application of mass or dilution factors. 

4.1.2- NewMHhod 
As part of the curve-fitting programme, several registers must be set aside as summation registers, viz 

R9(n), R8(Ln),R7(ï> : r),R6(iv),R5(S.r I), and R4(SJT), where t is the concentration andv the absorbance. 
Once the absorbance data have been linearized, linear-regression analysis, which uses these registers, is 
invoked. 

The new programme will also use these registers. However, data for individual standards 
(concentration and absorbance) need not be stored. 

The programme that has been used for the last ten years at Mintek was devised by Pearton'. In that 
programme, he used a hyperbolic relation to follow the AA calibration curve, viz: 

ax 
y = — ..where a is the slope constant, and b the curvature constant. 

From 

_ ax 
y ~ I + tor * 

a I . a 
y = -j , or — + b = — , 

a \ , 1 a, L 

and this is in the form of a straight line 

y = ax + c, where c is the intercept on the v-axis of the graph. 

Therefore, if absorbance is converted to 1 /ab«"rbance and concentration to 1 /concentration, a straight line 
would be observed when y was plotted again». x{y = 1/absorbance, x = 1/concentration). 

This is the linearized form of the calibration curve. From this curve, the regression analysis can be 
carried out by use of the standard method built into the calculator and the registers set aside for this purpose 
(as mentioned earlier). 

The procedure for regression analysis is fully described in the manual. 
The procedure for an AA analysis is as follows. 
1. The various required parameters are optimized, and the controls of the AA instrument are set. 
2. The H.P.97S interface cord is plugged into the spectrometer. 

2 
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3. Button D is pressed to initialize the programme. 
4. The concentration (parts per million) for the standard is entered via the keyboard by use of the R/S 

control, and the standard is then aspirated. 
5. The absorbance reading is collected through the interface, and the computer then takes the inverse 

of the concentration and the inverse of the absorbance and stores these in the relevant 
accumulation registers. 

6. The next standard concentration is entered and aspirated. The computer does the summations as 
before. 

7. Any numbe of standards, or repetitions of standards, can be entered in this manner, because the 
individual figures for concentration and absorbance are not stored but are processed immediately. 

8. Once all the standards (and all the desired repetitions) have been entered, button C is pressed. The 
computer goes through the regression analysis and prints "a\ V and the correlation coefficient. (At 
this stage, the computer is ready to process the data on the sample.) 

9. The sample number is entered (for permanent record). 
10. The mass of the sample, the first dilution, the aliquot portion, the second dilution, the aliquot 

portion, and the third dilution are entered. 
11. The sample is aspirated. The computer inverts the absorbance value, substitutes this into the 

calibration function, and determines die concentration, after which it applies the dilution factor and 
prints the final result. It is then ready to process further data for the next sample. From the nature of 
the process, it can be seen that each sample can be read as many times as required. 

12. A further standard or several standards can be entered at any stage so that the stability of the 
'chain', consisting of the lamp, the burner, the aspiration, and the spectrometer, can be checked. To 
do this, the operator presses button B. 
The standard concentration is entered, the standard is aspirated, and the computer then adds these 
data to the previous totals in the accumulator registers. If button C is pressed when all the required 
standards have been aspirated, the calibation curve is again determined by use of all the previous 
data plus the new data. In this manner, any number of standards and samples can be read or 
repeated in any order as often as is desired. 

4.1.3. Options 
The following options have been built into the programme. 

(1) Standard Blank 
The operator can use the standard blank by entering the concentration of the standard as 0. This 
indicates to the computer that the next aspiration is for the blank and, when this is collected, it is 
stored in register R0. Each time a value for the standard or the abscrbance of the sample is collected 
through the interface, the blank value is subtracted and the net absorbance inverted, and the 
summations are carried out. The operator can change this blank value at any time by entering 0 for 
concentration and aspirating the blank again. 

(2) Sample Blank 
A sample blank can be incorporated in the same way as for the standard blank. If the sample 
number of the first sample entered is 0, the computer will store the absorbance as a blank value in 
register RE to be subtracted from all subsequent values for sample absorbance. A new value can be 
incorporated at any time as it can for the standard blank. If no blank value is available for the 
sample, the blank value for the standards is subtracted from the value for absorbance of the sample. 

(3) Instrument Zero 
The programme as written has two types of data entries, viz, through the keyboard (entry of 
concentrations of standards, blanks, sample numbers, and dilution factors) and through the 
interface (for absorbance values). At any time that the programme is available for a keyboard 
entry, any or all of the following operations can be carried out: determination of the instrumental 
drift, blocking of the burner, zero stability, changing of integration times, or test aspirations. 

Appendix I gives a full listing of the programme. 

4.2. AA Off-line Programme 
For this programme, which will be used some time after the analysis of the sample, the interface cable is 

disconnects All the data, including the absorbance readings, are entered manually via the R/S button. 
This is the only difference between the on-line and off-line programmes. 
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4.3. Programme tor the GoM Analyser 
Valuable work has been done at Mintek by Robert and Orairod* on an automatic system for 

measurement of the residual gold in tailing solutions. Briefly, this comprises a system of pumps and valves 
through which test solutions and standards are aspirated into a carbon-rod atomizer mounted on an AA 
spectrometer. During the duty cycle, six different solutions are atomized in the following prescribed order: 

blank. 
first standard. 
sample A. 
second standard. 
sample B. and 
third standard. 

The duty cycle commences every hour. and. after the aspiration of each solution, the resultant 
absorbance value is displayed on a chart recorder. At a convenient time the values can be measured and 
converted to concentrations, and the gold in the tailing solutions can be determined. 

4.3.1. Application ot HP 97S 
For this application, in which no repeated readings are to be taken, the H.P.97S is interfaced direct to 

the spectrometer (as it is in the first programme). The abiorbance values for the standards and samples are 
collected, and the sample values are processed to yield concentrations that are then printed. 

This makes it possible for the concentrations of gold in the tailing solutions to be read direct. 
Furthermore, statistics, which can be printed on demand, are kept of the lowest and highest standards. 

The full listing of the programme is given in Appendix II. To initialize the programme, the operator 
presses button D. and. as requested by the computer, enters the concentrations of the three standards. The 
H.P.97S awaits information through the interface, and the operator starts the gold-analyser system. The 
following sequence of steps takes place. 

a. The H.P.97S obtains the blank absorbance from the interface. No action is taken, and this figure is 
ignored. 

b. As each subsequent absorbance is received through the interface it is stored in its appropriate 
register. 

c. When the cycle is complete, the following action is taken. 
(i) The H.P.97S calculates Che first factor (F). which is the ratio of concentration to absorbance 

for the first two standards. 

r 

1_ I Standard 1 (p.p.m.) Standard 2 (p.p.ro.) 
2 [ Absorbance of standard 1 Absorbance of standard 2 

(ii) The absorbance of the sample is multiplied by F, to give the sample concentration, which is 
then stored. The statistics for the first standard are calculated in parts per million by use of the 
following expression: 

Concentration of standard 1 (derived) = Absorbance of standard I x F , . 

(iii) The second factor is then calculated: 

r - _L I Standard 2 (p.p.m.) Standard 3 (p.p.m.) 1 
2 I Absorbance of standard 2 Absorbance of standard 3 J ' 

(iv) The concentration of sample 2 is calculated as before by use of Ft, as is the derived value for 
standard 3. 

After each cycle, the concentrations of samples I and 2 are printed and the derived figures for 
standard» 1 and 3 are entered into the accumulation registers. After 10 cycles have been completed, the 
statistics of standards 1 and 3 are printed, and the operator has a good idea of the overall precision of 
measurement. 
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4.3.2. Options 
The statistics on rite lower and npper standard can be obtained at any tone if bnttonBnpresced. After 

printing these statistics, the computer retnrns to section E and is ready for dK next cycle. 

5. CONCLUSIONS 
The first two prngnmnm (on-line and off-line) for the analysis of tanmlrt by the repeated use of 

several standards were fufly tested and foand to be totaty satisfactory. 
Tests with the H.P.97S linked to dK automated analyser yielded satisfactory r.snlts. The system 

analysed cootinuouily for long periods, rr quiring little or no assjstanrr from the operators. 
With any of these new programmes, rite H.P.97S programmable calculator provides versatile, 

comprehensive assHtancr in AA analysis, with significant improvements in tine and ease of operation. 
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APPENDIX I 

ArOMIC-ABSORPTlON PROGRAMME FOR CONVERSION OF ABSORBANCE DATA TO CONCENTRATIONS 
BY USE OF THE H.P.97S IN THE ON-LINE MODE 

001 •LBLD 21 14 058 CHS - 2 2 115 Fl? 16 23 01 
002 CLRC 16 - 5 3 059 PRTX - 1 4 116 e» 33 
003 Ps=fS 16 -51 060 ROLE 36 15 117 STOA 35 11 
004 CLRG 16 -53 061 - - 4 5 118 PRTX - 1 4 
005 P**S 16 -51 062 X=0? 16 - 4 3 119 RCLB 36 12 
006 1 01 063 e 33 120 PRTX - 1 4 
007 SF2 16 21 02 064 1/X 52 121 P*±S 16 -51 
008 •LSLb 21 12 065 RCLB 36 12 122 GTOE 22 15 
009 DS;M - 6 3 01 066 x - 3 5 123 •LBL1 21 01 
010 R/S 51 067 RCLA 36 11 124 DSPO - 6 3 00 
Oil PRIX -14 068 + - 5 5 125 CF3 16 22 03 
012 X=0? 16 -43 069 1/X 52 126 R/S 51 
013 GT01 22 01 070 RCLC 36 13 127 •LBLA 21 11 
014 1/X 52 071 X - 3 5 128 CHS - 2 2 
015 STOA 35 11 072 SCI - 1 2 129 PRTX - 1 4 
016 DSPO -63 00 073 DSP3 - 6 3 03 130 STOO 35 00 
01? CF3 16 22 03 074 PRTX - 1 4 131 STOE 35 15 
018 R/S 51 075 GTOE 22 15 132 GTOB 22 12 
019 •LBLA 21 11 076 •LBLC 21 13 133 •LBL2 21 02 
020 CHS -22 077 P**S 16 -51 134 GT03 22 03 
021 PRTX -14 078 SPC 16 -11 135 R/S 51 
022 RCL0 36 00 079 RCL8 36 08 136 •LBLA 21 11 
023 - -45 080 RCL4 36 04 137 CHS - 2 2 
024 1/X 52 081 RCL6 36 06 138 PRTX - 1 4 
025 STOB 35 12 082 X - 3 5 139 STOE 35 15 
026 RCLA 36 11 083 RCL9 36 09 140 GTOE 22 15 
027 ENTT -21 084 -=- - 2 4 141 R/S 51 
028 RCLB 36 12 085 - . -45 
029 1+ 56 086 ENTf -21 
030 GTOB 22 12 087 ENTT -21 
031 •LBLE 21 15 088 RCL4 36 04 
032 SPC 16 -11 089 X2 53 
033 FIX -11 090 RCL9 ?6 09 
034 DSPO - 6 3 00 091 + - 2 4 
035 R/S 5) 092 RCL5 36 05 
036 PRTX -14 093 X»*Y - 4 1 
037 X=0? 16 -43 094 - - 4 5 
038 GT02 22 02 095 + - 2 4 
03V R/S 51 096 STOB 35 12 
040 DSP4 - 6 3 04 097 X - 3 5 
041 PRTX -14 098 RCL6 36 06 
042 1/X 52 099 X1 53 
043 DSPO -63 00 100 RCL9 36 09 
044 R/« 51 101 J . - 2 4 
045 PRTX -14 102 CHS - 2 2 
046 X -35 103 RCL7 36 07 
047 R/S 51 104 + - 5 5 
048 PRTX -14 105 + - 2 4 
049 + - 2 4 106 DSP4 - 6 3 04 
050 R/S 51 107 PRTX - 1 4 
051 PRTX -14 108 RCL6 36 06 
052 X - 3 5 109 RCL4 36 04 
053 STOC 35 13 110 RCLB 36 12 
054 CF3 16 22 03 111 X - 3 5 
055 R/S 51 112 - - 4 5 
056 •LBLA 21 11 113 RCL9 36 09 
057 SPC 16 -11 114 + - 2 4 
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APPENDIX II 

PROGRAMME USED WITH THE ATOMIC-ABSORPTION GOLD ANALYSER 

121 PoS 16 -51 
122 PRTX -14 
123 1 01 
124 0 00 
125 X-Y? 16 -33 
126 GTOC 22 13 
127 GTOB 22 12 
121 •LBLC 21 13 
129 T 16 53 
130 STOA 35 11 
131 X**Y -41 
132 STOB 35 12 
133 S 16 54 
134 STOC 35 13 
135 X**Y -41 
136 STOD 35 14 
137 SPC 16 -11 
138 RCLA 36 11 
139 PRTX -14 
140 RCLC 36 13 
141 -i- -24 
142 1/X 52 
143 1 01 
144 0 00 
145 0 00 
146 X -35 
147 PRTX -14 
148 SPC 16 -11 
149 RCLB 36 12 
150 PRTX -14 
151 RCLD 36 14 
152 -i- -24 
153 1/X 52 
154 1 01 
155 0 00 
156 0 00 
157 X -35 
158 PRTX -14 
159 SPC 16 -11 
160 SPC 16 -11 
161 P*zS 16 -51 
162 0 00 
163 ST04 35 04 
164 ST05 35 05 
165 ST06 35 06 
166 ST07 35 07 
167 STOB 35 08 
168 ST09 35 09 
169 P**S 16 -51 
170 GTOB 22 12 
171 R/S 51 

001 •LBLD 21 14 
002 CLRG 16 - 5 3 
003 PUS 16 - 5 1 
004 CLRG 16 - 5 3 
005 FIX -11 
006 DSP2 - 6 3 02 
007 R/S 51 
008 PRTX - 1 4 
009 STOl 35 01 
010 R/S 51 

on PRTX - 1 4 
012 ST02 35 02 
013 R/S » i 

014 PRTX - 1 4 
015 ST03 35 03 
016 P«*S 16 - 5 1 
017 SPC 16 - 1 1 
018 •LBLB 21 12 
019 DSP0 - 6 3 00 
020 CF3 16 22 03 
021 R/S 51 
022 •LBLA 21 11 
023 CHS - 2 2 
024 PRTX - 1 4 
025 CF3 16 22 03 
026 R/S 51 
027 •LBLA 21 11 
028 CHS - 2 2 
029 RCL0 36 00 
030 - - 4 5 
031 PRTX - 1 4 
032 STOI 35 01 
033 CF3 16 22 03 
034 R/S 51 
035 •LBLA 21 11 
036 CHS - 2 2 
037 RCL0 36 00 
038 - - 4 5 
039 PRTX - 1 4 
040 STOA 35 11 
041 CF3 16 22 03 
042 R/S 51 
04? •LBLA 21 11 
044 CHS - 2 2 
045 RCLO 36 00 
046 - - 4 5 
047 PRTX - 1 4 
048 STO2 35 02 
049 CF3 16 22 03 
050 R/S 51 
051 •LBLA 21 11 
052 CHS - 2 2 
053 RCLO 36 00 
054 - - 4 5 
055 PRTX - 1 4 
056 STOB 35 12 
057 CF3 16 22 03 
058 R/S 51 
059 •LBLA 21 11 
060 CHS - 2 2 

061 RCLO 36 00 
062 - - 45 
063 PRTX -14 
064 ST03 35 03 
065 DSP4 -63 04 
066 RCL1 36 01 
067 P»*S 16 - 5 1 
068 RCLI 36 01 
069 + -24 
070 1/X 52 
071 STOC 35 13 
072 RCL2 36 02 
073 Pc*S 16 -51 
074 RCL2 36 02 
075 J . - 24 
076 STOD 35 14 
077 RCL3 36 03 
078 PctS 16 - 5 1 
079 RCL3 36 03 
080 . 4 . -24 
081 1/X 52 
082 STOE 35 15 
083 P**S 16 - 5 1 
084 RCLC 36 13 
085 RCLD 36 14 
086 + -55 
087 2 02 
088 -i- -24 
089 STOC 35 13 
090 RCLD 36 14 
091 RCLE 36 15 
092 + - 55 
093 2 02 
094 - U -24 
095 STOE 35 15 
096 RCLA 36 11 
097 RCLC 36 13 
098 X -35 
099 PRTX -14 
100 SPC 16 -11 
101 RCLI 36 01 
102 RCLC 36 13 
103 X -35 
104 STOC 35 13 
105 RCLB 36 12 
106 RCLE 36 15 
107 X -35 
108 PRTX -14 
109 RCL3 36 03 
110 RCLE 36 15 
111 X -35 
112 STOE 35 15 
113 RCLE 36 15 
114 ENTT -21 
115 RCLC 36 13 
116 Ï + 56 
117 SPC 16 -11 
118 SPC 16 -11 
119 P**S 16 -51 
120 RCL9 36 09 
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