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Abstract 
Techniques are being developed which have as 

their  objective improvement  in the accuracy of 
in f ra red  absorbance measurements  and more 
exact recording of the t rue band shapes. F rom 
these improved spectra, accurate quant i ta t ive 
parameters  are being obtained which can sup- 
plement  or even supplant  the present  chart  
recordings as the fundamenta l  spectral  repre- 
sentations. These techniques include methods for 
processing spectra to eliminate most of the in- 
s t rumenta l ly  introduced ar t i facts  and to resolve 
the corrected spectra into algebraic representa-  
tions in the form of sums of distribution func- 
tions. The consequences of the increasing use 
of these techniques will be to improve signif- 
icantly our abili ty to do both qualitative and 
quant i ta t ive  analysis. 

1Presented at the AOCS-AACC Joint ~Ieeting, Washington, D.C., 
April, 1968. 

FIG. 1. Inter face  hardware  for  four infrared and ultraviolet 
spectrophotometers. 

Introduction 

F OR TIlE PAST FEW decades, the p r o g r e s s  o f  a n -  
a l y t i c a l  chemistry has been associated with the 

development and exploitation of various black boxes. 
These black boxes, the various emission and absorption 
spectrometers and the chromatographs,  have made it 
possible for  us to delve deeply into the s tructure of 
mat te r  and  to more exactly define its composition. 
We now have a new black box, the digital computer. 
This one, however, is of a different kind. I t  t ran-  
scends the specific analytical  techniques and has ap- 
plication to all areas of analytical  chemistry. In  a 
sense, it is a black box for the other black boxes. 

I t  is not difficult to devise uses for the digital 
computer  in analytical  chemistry;  in fact, many  of 
us have used one for  the calculation of s tandard 
deviations or perhaps  for  an analysis of variance or 
for the fit t ing of a curve to calibration data. Wha t  
I intend to describe, however, is a more intimate 
union between the computer  and analytical  instru- 
mentat ion and, more par t icular ly ,  the results and 
fu ture  promise of the union of a digital computer 
with an in f ra red  spectrophotometer.  

Procedures 
I n t e r f a c i n g  

While one can transcribe points f rom an inf rared  
spectrum into punched cards to be entered into a 
computer,  it is much easier to punch tile cards or 
paper  tape directly. Several devices to do this have 
been described ; for  example, the card system described 
by Rawlins and Shore (11), or the paper  tape sys- 
tem repor ted by Peterson et al. (8). An even better 
system, however, is to have the digital computer  read 
the data direct ly as the spectrum is being scanned. 
Ordinar i ly  one does this by equipping the speetro- 
photometer  with a pair  of eneoders mounted on the 
wave number  and t ransmit tance  drive shafts. These 
encoders are read, decoded and t ranslated into com- 
puter  legible numbers by an interface unit  which 
also provides the t iming pulses which direct the com- 
puter  to read the points at controlled intervals. 

The interface hardware  used in our laboratory for 
a system of four  inf rared  and ultraviolet  spectro- 
photometers is pictured in Fig. 1. This system is 
composed of four  modified Perk in-Elmer  eneoder 
readouts which are wired directly to the encoders 
and to an IBM 1800 computer.  The digitizers allow 
us to control the digitizing rate in steps, s tar t ing at 
one point  per  10 em ~ to a maximum rate of one 
point per  0.1 cm -1. Associated with this installation 
~s a t y p e > p r i n t e r  through which the analyst  can 
communicate with the computer,  directing it to pro- 
eess the acquired data by any  one of several stored 
programs.  The analyst  uses the keyboard to t ransmit  
such informat ion as sample identification, cell num- 
ber, and sample weight and type, as well as to 
communicate the choice of calculation method. 

While the details of the interface units are in- 
teresting enough, of more concern here is what is 
actual ly done with the numbers,  what  we can expect 
to do in the future,  and, fur thermore,  how this can 
be of use to the analytical  chemist. 

I n s t r u m e n t  C a l i b r a t i o n  

What  we would like to do is to insert  the sample 
into the spectrophotometer  press the s tar t  bu t ton ,  
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SEND TO SPECTROSCOPY LAB - 2C49 

WAVENUNBER CALIBRATION 

INST. NO. 22 
DATE 4 /  3 0 /  6 8  TIME 1 0 . 5 9  PEAK 10 OF PS AT 1 0 6 9 . 1 C M - I  

CORRECTION CHANGED BY - 0 . I #  CN-I IN  33DAYSt -O.ObHOURS 
NEW CORRECTION 1.77 CM-i 

FIG, 2. Computer printout of the results from a wave number calibration run. 

enter the sample description into the typer ,  and, a 
short t ime later, have the computer  p r in t  out a 
complete qualitative and quanti tat ive analysis. 

In  order to do this, we need to provide means for 
accurately calibrating the ins t rument  wave number  
and t ransmit tance  scale, determining the cell thick- 
ness and correcting the observed spect rum for  errors 
introduced by the finite slit width and by the dynamic 
response of the spectrophotometer.  

Wave number  calibration is not so difficult. In  
practice, we set the ins t rument  to scan an absorption 
band of a s tandard,  such as polystyrene or indene. 
The computer  is then directed to locate the t ransmit-  
tance mininm, to compare them to tabled values of 
the t rue positions and to compute wave number  
corrections. These corrections are stored in a table 
in computer  memory and referred to whenever wave 
number  correction is required. A computer  pr in tout  
f rom such a calibration scan of a single polystyrene 
band is shown in Fig. 2. The next  step is to have 
the computer  fit the correction data f rom the table 
to an equation and then use the equation to produce 
a point by point correction of the spectrum. 

Transmit tance  scale calibration is most effectively 
accomplished using the rotat ing disks devised by  
Jones (4). These rota t ing disks are accurately  cali- 
brated by  pho togrammet ry  and have provided trans-  
mittance calibrations to 0.2%. The calibration data 
for the t ransmit tance scale can be used to correct 
observed t ransmit tance readings in the same manner  
as is used for the wave number  correction. 

With  the wavenumber  correction known, one can 
determine the thickness of an absorption cell f rom 
its interference pa t te rn  in the conventional manner  
using the computer  to locate fr inge maxima and 
to pe r fo rm the calculations. We have chosen to use 
a short method devised by Burr i l l  (3) which com- 
pletes the calculation a f te r  locating only three fr inge 
maxima. The maxima are located using a modifica- 
tion of the smoothing and differentiating technique 
described by Savitzky and Golay (13). The pr in tout  
f rom this procedure is shown in Fig. 3. 

The effect of the finite slit width is to degrade the 
resolution of the spectrometer,  the spect rum obtained 
having bands reduced in intensi ty and  increased in 

SEND TO SPECTROSCOPY LAB - 2C49 

CELL CALIBRATION 

CELL I0 DATE 4/ 30/ 68 11.29 HOURS INST, NO. 22 

THICKNESS 0.05036834 + -  0.00000631CH. 

CHANGE 0.00056134 IN 32 DAYS 

CORRECTION 1.63 CH-1 AT 1181.4 CM-1 

MAX. USED I191.B2 1181.07 1171.49 
THICKNESS 0 . 0 5 0 3 6 4 2 9  0 . 0 5 0 3 7 7 8 2  0 . 0 5 0 3 6 2 9 4  

MAX. FOUND 
1191.32 
1101.07 
1 1 7 1 o 4 9  

0 . 0 0  

0.DO 

FIG. 3. Computer printout of the results obtained 
for the determination of sample cell thickness. 

width over tha t  to be expected f rom the ins t rument  
dispersing element and optics. A method for  re- 
ducing the effect of finite slit width has been described 
by Jones and co-workers (5,6). In  this procedure,  a 
spectrum with improved resolution is obtained by  a 
successive approximat ion method termed "pseudo- 
deconvolution." 

The dynamic error observed in a spect rum is caused 
by the time delay introduced by the finite t ime re- 
quired for the spectrometer  to respond to the change 
in signal level. This t ime delay depends on the rate  
at which the signal is changing and is not s imply 
a displacement of the total  spectrum. The response 
of a spectrometer  to a sudden change in signal level, 
such as is produced by rapidly  removing a total  
absorber f rom the sample bean, is shown in Fig. 4. 
Appropr ia te  mathematical  analysis of this response 
curve (7) yields a response function for  the spec- 
t rophotometer  which is plotted in Fig. 5. This 
response function, of course, will va ry  with instru- 
n~lent settings and can be in terpre ted  as the at tenua-  
tion and t ime shift  produced by the ins t rument  in a 
signal which is changing with the given frequency. 
For  example, the figure indicates that  if  the in- 
terference pa t t e rn  of a cell were scanned so tha t  one 
cycle or f r inge were completed in one second, the 
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FIG. 4. Response of an infrared spectrophotometer on 

abrupt removal of a total absorber from the sample beam. 
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:Fig. 5. Response funct ions ealcu]ated f rom the response 

of  the spectrophotometer  at  two ins t rument  settings. 

curve would be only 0.9 times its true amplitude 
and would be shifted by 50/360 of a second. 

Now, any infrared spectrum can be represented 
as the sum of a series of s~ne waves of varying 
frequency and amplitude. The effect of the response 
function is to attenuate these sine wave terms and to 
shift their phase. Results which could be expected 
on a Gaussian shaped band are shown in Fig. 6. 
The dynamic effect has caused a reduction in inten- 
sity, an increase in half width, and the introduction 
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FIO. 6. Calculated effect of ins t rumeut  response funct ions 
on Gaussian absorpt ion band  at  two ins t rument  settings. 

of a definite asymmetry. Similar effects can be ob- 
served in spectra as can be seen in Fig. 7 which is 
a portion of the cyclohexane spectrum scanned under 
three sets of instrument conditions. 

Correction for the dynamic error can be made using 
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Fro. 7. Observed effect of ins t rument  response funct ions  on cyelohexane bands  at two ins t rument  settings. 
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SEND TO SPECTROSCOPY LABORATORY - 2C49 ITC 

SAMPLE NUMBER 

DETERMINATION OF AMIOE 

DATE 3 /26 /68  
TIME 21-  I 

CELL 4 
THICK. 0.0471 
INST.NO. 22 

COMPONENT PERCENT 
FREQUENCY 1618 .0  1 5 9 2 . 0  1517 .0  
ABSORBANCE 0.i00 O.173 0.055 
D E AMIDE 0 . 3 4 7  
M E AMIDE 1.073  
AMM ANIDE 0 . 2 1 2  

FIG. 8. Computer printout of the results obtained for the determination of amides in a detergent product. 
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the mathematical techniques of the Fourier  Trans- 
form;  however, this has not yet  been worked out 
in an efficient manner. 

D ata  Reduction 

Presuming that  we can now produce an accurately 
corrected infrared spectrum, one which is independent 
of instrument  conditions, we must consider what we 
wish to do with the numbers. A complete spectrum 
can contain more than 35,000 points, severely taxing 
the capacity of most computers. We wish to select, 
therefore, only those features of the spectrum which 
are important  to the problem at  hand. 

We might want to perform a quantitat ive analysis. 
We can have the computer sort through the spectrum 
to locate specific absorption maxima and minima, 
make baseline corrections, and enter these into a set 
of simultaneous equations to perform a multi- 
component analysis. Such an analysis for a three- 
component amide mixture in a synthetic detergent 
is i l lustrated in Fig. 8. For  this method, the calibra- 
tion data were also determined by the computer from 
s tandard samples of known composition and stored 
in memory to be retrieved when required for this 
analysis. 

At  the present time, we have most of our quantita- 
tive methods on the computer. A collection of general 
purpose programs allows the choice of analytical wave 
lengths and methods of calculation. The analytical 
conditions are stored in the computer memory in 
tables and are referred to by the stored programs 
when the specific methods and sample descriptions 
are entered by the analyst. 

Qualitat ive Analysis 

Fo r  data storage and retrieval purposes, what we 
would like to do is to take the inked line f rom the 
graphical spectrum and wad it  up in such a way 
as to eliminate the blank paper  yet  be able to re- 
generate the graphical spectrum at any time. One 
way to do this is to find an algebraic funct ion which 
would fit the spectrum. We could then use the 
parameters f rom the algebraic equation as a descrip- 
tion of the spectrum in much the same manner  as 
one represents a calibration curve by the linear equa- 
tion which fits it, using the slope and intercept  as 
parameters. 

Sophisticated procedures for  doing this have been 
reported by Pi tha  and Jones (9,10), and by Bell 
and Biggers (2) using the methods of "non-linear 
least squares" and fitting the spectra to sums of 
Voigt distribution functions. The result of these 
procedures is a table of parameters  that  are related 
to the peak position, peak height, and half  width 
and which are a complete quanti tat ive representation 
of the original spectrum. This table of parameters 
can be used to regenerate the original spectrum from 
the computer or to generate absorbances for use in 

quantitat ive analysis. Of greater interest, however, 
is the potential i ty for  qualitative analysis. 

I would like to mention briefly three qualitative 
analysis procedures which are now made possible or 
improved by the techniques described above and the 
fu r the r  use of computers. 

The first of these is the ASTM IBlV[ punched card 
system. Fed  with accurate quanti tat ive parameters 
which add the dimension of peak intensity and using 
the powerful  sorting techniques, such as those de- 
scribed by Anderson and Covert (1),  we will surely 
at tain considerable improvement m speed and 
capability of this system. 

A second type of spectrum identification, useful 
for  a limited subset of reference spectra, is the cor- 
relation method described by Reid and Wong (12). 
Using the normalized vector dot product  as they did, 
or the more complex statistical correlation coefficient 
as criteria of similarity, spectral matching can b e  
performed easily and automatically. 

C O R R E L A T I O N  C O E F F I C I E N T S  
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Fro. 9. Correlation coefficients obtained between five spectra. 
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The algori thms used for calculating the vector 
(Rv) and statistical (Rs) correlation coefficients are:  

11 
Z AIBi 

i=l 

A l 2 .  
i = l  i 

AIBi - { At Z B t / n  
i = l  i = l  i----1 

R,  --~ 

Al 2 -- Z 2 Al/n 12 -- 
i----1 i----1 "---- ~2-- lBi/n 

where Ai and Bl are the corresponding absorbances 
or t ransmit tances  at wave number  i, and n is the 
number  of points in the spectrum. These coefficients 
are normalized so tha t  a perfect  match between 
spect rum A and B are indicated by a value of 1.0; 
fur thermore,  the coefficients are independent  of the 
ampl i tude of the spec t rum and sensitive only to the 
shape. 

Port ions of the in f ra red  spectra of five mixtures 
and the statistical correlation coefficients obtained are 
shown in Fig. 9. These calculations were made by 
taking the spectra and summing the point-by-point  
p roduc t  of each pa i r  of absorbance values as indicated 
in the preceding algorithm. H a d  we s tar ted f rom 
the table of quant i ta t ive parameters ,  these coefficients 
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could have been obtained more direct ly f rom an 
algebraic expression derived f rom the above equation 
by integration. 

The th i rd  method for qualitative identification in- 
volves wri t ing a computer  p rogram which incor- 
porates all of the empirical  rules spectroscopists now 
use for interpretat ion.  The computer  can look for  
carbonyl bands and other indicators of functional 
groups and summarize the results of such a search 
for the analyst.  A major  advantage of such a p rogram 
would be that  the computer  would never forget  the 
rules that  had been programmed,  and new correla- 
tions could be added by the introduction of a few 
program statements. 
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