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ABSTRACT

This report summarises the up gradation of an old Infra Red Spectrophotometer using ape for
control, data acquisition, storage and analysis. The hardware link is made through RS232C serial
port. The control and data management is achieved through software. A brief account of the
facilities provided and versatility of the analysis package which was developed in-house in a
user friendly menu driven fashion is given here. This is support by the analysis and inter
comparison of infra Red spectra of organic/ inorganic reactants and products It has specific
application in synthesis and characterization of new extract ants, solvents, actinide and
lanthanides complexes and in the study of thermally and radiolytically degraded products.
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INTRODUCTION

Recently Infrared spectrophotometers are available for identification and study of organic /
inorganic compounds with improved resolution, reliability and accuracy and having inbuilt
spectral data management programs for digitalized processing. The detailed analysis and inter
comparison of IR spectra can be worked out by costly and sophisticated library search facility
software in the form of complete data stations. Since our work involves the use of many newly
synthesised organic extract ants, solvents, diluents, ion exchange resins and membranes which are
used in various processes like recovery and purification techniques for solid/liquid compounds of
lanthanides, actinides , labelled compounds, characterization and identification of the products
formed during the chemical and radiolytic degradation by ionising radiations. It was thought
proper to indigenously develop a simple and user friendly software which would cater to our type
of work for reliable handling of IR data and its inter-comparative analysis with already recorded
and stored spectra for identification, synthesis and purity checking. A PC based Data Station
linked to our IR spectrophotometer ( Pye Unicam model PU9512) for the above specific
applications has been developed which enhanced the flexibility and analysing power of the system
especially in terms of data storage and retrieval. The parameters for instrument set up, data
acquisition and analysis has been brought under computer control through user friendly software.
The computer is connected to the spectrophotometer instrument through the RS-232 port.

DESCRIPTION OF INSTRUMENT

The Pye Unicam PU9512 infrared spectrophotometer is precision optical instrument and it
has data handling capability with RS-232-C interface. Any molecule has internal energy related to
the total of its electrons, the vibration of its atoms and the rotation of molecule. A given
molecule can exist at various energy states or levels, and many organic molecules will absorbs
energy at specific infrared wavelengths with the result that they are excited from one level to
another. Conversely, homopolar molecules such as H2, N2, and O2 have no infrared absorption



because they are electrically symmetrical. Hence, for a sample placed in an infrared absorption
beam, only water vapour and CO2 in the air can affect the absorption spectra.

This instrument employs a double beam ratio recording system to overcome spurious
effects such as atmospheric absorption. Two beams, sample and reference, are derived from an
infrared source, passed through the sample compartment and then combined by a rotating mirror.
The beam then passes via a transmission filter, to remove stray light, to a monochromator, which
uses a grating plus inlet and exit slits to isolate a narrow band of radiation. The width of the slits is
set and adjusted with wave number so as to obtain constant energy; three slit width programs are
available to give a choice of bandwidth and energy in the beam. In order to extend the wave
number range from 600 to 200 cm"1, a second grating is used, together with a flip mirror, which
reflects the beam to the appropriate grating. To cope with stray light over the extended range,
additional reflection filters are used at the exit slit of the monochromator.

The pyroelectric detector (Mullard L-alanine doped triglycine sulphate) converts the
received energy into varying voltage. After linearisation, the signal is converted into digital form
for processing.

The electronics comprises of two central processing unit (CPU) printed circuit boards with
attendant interface boards, plus the front panel printed board and power supplies. The two CPU
boards operate jointly with shared tasks and a common bus. A switching mode power supply
unit provides power supplies for logic circuits.

The processors on the CPU boards control the instrument by driving the motors to operate
the monochromator, slit mechanism, flip mirror and filters, and by using optical sensors to sense
the operation of mechanics.

The control panel connects to the Applications CPU board via parallel ports on the CPU
board. Using the controls on the panel, the operator can control all functions and can programme
the instrument to perform a desired sequence of operations. Such sequences can be stored and
retrieved at a later date, even after the instrument has been switched off.

The chart recorder provides for the recording of spectra. It can be operated in synchronism
with monochromator so as to obtain a calibrated record of a scan. Either standard or A4 chart
paper can be used. The optical printer can print measurement results and instrument settings.

The RS-232-C serial communication interface is available for communication with the
external computer. The results of measurements on the PU9512 can be retrieved via interface for
storage or processing.

SOFTWARE

The software package for data acquisition and analysis has been developed in two phases.
The first phase was developed to acquire, analyse and output data & spectrum on a Dot Metric
Printer and is in QuickBasic Ver. 4.5. The second phase was developed in order to enable multi
spectrum segments to be printed on a colour DeskJet printer and is in Visual Basic Ver. 5 under
Windows environment. The software is developed in user-friendly, menu-driven easy way that
even a novice with little knowledge of computer can easily operate and work with the system.
These are described below in such a manner that this will also serve as instruction manual.

The software is started by executing the IRSPECT batch file from the DOS
prompt which opens with the main menu (Fig: 1 MAIN MENU) with all available options to be
chosen by soft function keys.



LData acquisition of spectrum

The Spectrometer can be either operated from front panel or through computer. When the
computer mode is selected, the instrument is fully under computer control and the front panel is
totally disabled. All the parameter settings for the instrument can be set through computer.

On selecting the Fl key on main menu, the computer establishes the link with the
instrument through RS-232 serial port after the handshake. We have set the baud rate to 4800
(optimum). The screen displays the scanning parameters (Fig:2 ACQUISITION PARAMETERS)
window with default values. The operator can change the values as desired. The program checks
for the validity of each parameter before accepting and prompts if the values are unacceptable.

After the parameters are entered and accepted, the computer transmits these to the
instrument and waits for the operator command to start the scan (the operator has to keep the
reference and sample in the compartment at this time at least). During scanning the spectrum
(Fig. 3 DATA ACQ. ) is instantaneously displayed on the grid screen with wave number on X-axis
and percentage transmittance on Y-axis. The current values of wave number and percentage
transmittance are displayed on the top right corner of the screen. During data acquisition only two
function keys Fl (for restart scan) and F2 (for abort scan and go to main menu) are in force. At
the end of the scan, the user is prompted for file name for storing the spectrum or default file
temp dat. In superimpose mode, the scanning is repeated for the same parameters and the new
spectrum is plotted in another colour on the same screen with a slight offset on the Y-axis. On
exiting from the data acquisition, the control passes on to the main menu again.

Spectrum data is stored in random access file in compact form to reduce file size. The
first few records store scanning parameters, date, time, identity and an empty record for peak
markers. The rest of the file st™™* spectrum data.
2.Spectrum analysis:

On entering this option through F2 in the main menu, the user is prompted for file name
under which the spectrum to be analysed is stored. Pressing the ENTER key gives the spectrum
file list in a window. Any key then gives more of file listings ESC key abort the listing and returns
to the input prompt. The full spectrum is then displayed on the lower half and the expanded part
in the upper half of the screen as shown in Fig: 4. The analysis package is very powerful and
versatile. It has facilities for expanding and contracting any part of the spectrum (x-axis),
changing y-axis scales, rolling on x-axis (slow & fast), selecting a particular peak and tagging,
cursor movements (slow & fast) and display of cursor values. There is on-screen display of keys
and their functions for these operations so that the operator need not memorize them. In addition,
ten function keys are also defined to facilitate the user. A short explanation of the editing keys is
given below The current cursor value is indicated on the left margin middle. The active cursor is
marked with an asterisk.

IMPORTANT NOTE: Absorption values are for every 2 wave numbers for the range 4000 to
2000 and thereafter for every wave number up to 200. This is the limitation of the instrument

Fl : This key is defined for entering the new identity (max. 30 characters) or altering the
existing identity by the user. Default identity will show the time and date of spectrum
stored.

F2: Defined for displaying the selected regions selected by user for printing



F3: Defined for displaying the list of spectrum files. Specify the required directory or simply
press the enter key for default directory.

F4: Defined for unloading the spectrum from the display (expanded spectrum area). Last
loaded spectrum will be unloaded first. The main spectrum under analysis cannot be
unloaded.

F5: Defined for loading the stored spectrum. Three spectra at a time can be on loaded and
displayed on the screen in different colours. (One main spectrum and 2 additional spectra.)

F6: Defined for displaying the main spectrum on lower half and expanded portion of the
spectrum on upper half of the screen.

F7: Defined for displaying the expanded portion of the spectrum on the full screen. (Without
full main spectrum)

F8: Defined for displaying only the full spectrum (main) on the full screen. (Without expanded
portion)

F9: Defined for peak marker. Select the peak using cursor in the expanded spectrum and press
F9. This wave number position is indicated with a small triangle on screen and the wave
number will be stored in data file for future reference. This is possible only on the main
spectra under analysis and not on additional spectra loaded through FS key.

F10: Exiting from the spectrum analysis mode and returning to main menu.

The following keys have been defined for various functions to assist spectrum analysis

Alt: Selecting the Regions Of Interest (ROI) and each region will be numbered so that
any sequence of ROI can be displayed on the screen and printed.

Home: Rolling the expanded portion of spectra left slowly. (Equivalent to moving viewing
window to right)

PgUp: Rolling the expanded portion of spectra left fast. (Equivalent to moving viewing
window to right fast).

End: Rolling the expanded portion of spectra right slowly. (Equivalent to moving
viewing window to left).

PgDn: Rolling the expanded portion of spectra right fast. (Equivalent to moving viewing
window to left fast).

Ins: Increase expanded portion of spectrum from 32 to 512 points in five steps. (32,
64, 128, 256, 512 points)

Del: Decrease expanded portion of spectrum from 512 to 32 points in five steps.
(Reverse of Ins key function)

Up-Arrow: Vertical scale expansion by factor of 2.
DnArrow: Vertical scale compression by factor of 2.
Left Arrow: Moving the cursor on expanded portion of the spectrum to left by single point.
Ctrl+
Left Arrow: Moving the cursor on the expanded portion of the spectrum to left fast

(jumping).
Right Arrow: Moving the cursor on expanded portion of the spectrum to the right by single

point.
Ctrl+
Right Arrow: Moving the cursor on expanded portion of the spectrum. To the right fast

(jumping).



Shift Tab: Active cursor changes cyclic among the displayed spectra. The current active one is
marked with an asterisk sign on the left margin indicator.

3(A). Printing spectra on a Dot Matrix Printer.

This procedure was developed to print multiple full spectra on a 132-column Dot Matrix
Printer. The user can bring to screen one by one spectrum from the already stored spectra, adjust
the vertical scale and position at a suitable height and fix it. Then more spectra can be brought to
screen and fixed after proper scaling. Thereafter there is provision for entering text for labelling
the spectra. Then the whole screen can be copied on to the DMP. Here the printer is programmed
to operate in graphics mode.

3(B). Plotting the spectra on a Colour DeskJet printer.

The IR spectrometry is frequently used for qualitative work and hence a great deal of
interpretation rests on inter comparison of different spectra segments which are of interest. Hence
the need was felt for obtaining the same segment of spectra under different conditions on the same
grid and then after proper adjustment get it plotted on an easily available, cheap, good quality
printer. This second phase of the software was developed with this in mind. As most of these
types of printers are supported by WINDOWS95 or later versions, it was decided to work in this
environment in Microsoft VISUAL BASIC Ver. 5

The software package is run from the windows desktop and two separate shortcuts with
icons are provided - one for printing full spectra and another for selecting and printing spectra
segments. The only difference in these two procedures is that in the full spectra mode the wave
number selection scroll bars are disabled.

The first screen (FIG. 5) displays list boxes for selection of drive, directory and file names
(max 3 files). The selected file names appear at the top of the screen. On clicking the mouse at the
"Next" box, the selected 3 spectra are displayed on the screen. Scroll bars are provided for
vertical scale adjustment, increasing/decreasing the gap between the traces and wave number
limits (only in the part spectrum printing procedure). The axes are labelled 'WAVENUMBER'
and 'TRANSMITANCE (in arbitrary units). In the full spectra mode the wave numbers
4000,3000,2000,1500,1000,500,200 are marked and in part spectra mode only the start and end
wave numbers are marked. Two lines of 80 characters each are provided at the bottom for
entering any text. This can be done by clicking the mouse in this area and entering the text
through keyboard. Inside the spectrum area, provision is made for entering a maximum ten labels
each of 8 characters. After proper selection and adjustment, the spectra screen can be printed on
a DeskJet printer. The spectra are printed in blue, red and green and all others in black.
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Utilization of the developed software in IR analysis and data management program

This developed software is a multi utility software and its main applications in form of
procedures adopted to acquire and manage the data are listed below.

Use of Analysis program in the synthesis and characterization of various aliphatic long
and branched chain substituted mono- & di-amides (RR-N-C=O) sulphoxidesfRR'- S=O).
Phosphine oxides (RR'R"-P=O) and beta di-ketones (pyrazolones)

IR spectra of reactants namely acyl chloride and secondary amine and resultant
product obtained after purification as per reaction (1)

I? °
R II R ||

) N - H + Cl - N - C - R " • ^ N - C - R " + HC1 (1)
R ' ' R " ^

Reactant -1 Reactant - II (Product)
(Secondary Amine) (Acyl Chloride) AMIDE
Where R = Dibutyl, Dihexyl, Methylbutyl and Di-ethylhexyl groups and

R'= Hexyl, Octyl and Decyl groups
Were separately recorded and stored in three separate files. Soon after spectral data acquisition
all the files are superimposed through software analysis mode (Fig. 8 and 9) which shows a
prominent peak around 1830 cm'1 of acyl group in acyl chloride (reactant-II) which completely
disappears from its original position in the amide spectra and emergence of new peak around
1640 cm'1 indicating the formation of -N-C=O (amide ) group in the substituted amide
(Product). The complete absence of 1840 cm"1 peak in the substituted amide spectra showed the
reaction is complete while rest of the amide spectra retained all other peaks of acyl and alkyl
groups showed the derived product is formed. The synthesis of amides involves various
combinations of R,R' and R" groups , the stored spectra of different reactants and products can
be recalled and superimposed to identify functional groups in order to get the information about
type of product formed . The easy storage,recall and superimposition facility is exteremely helpful
in the synthesis and chacracterisation of novel extractants having functional groups like S=O,
P=O, C=O besides N-C=O. A library of spectra of 40 newly synthesised ligands was generated
using this software (ref. 1).
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(2) Utilization of IR analysis software for the characterisation of aetinide complexes with
different organic ligands

This DR. analysis programme has extensively been used in the
characterisation of different type of complexes with various organic ligands such as

•*• 2 D H D A *

(Dihexyl decanamide)
h 2 BEHSOUO2(NC>3)2

UOj (NO3)2
(Bis-diethyl hexyl sulphoxide)

2CMP0
( carbamoyl methyl phosphine oxide)

UO2 (NO3)2. 2DHDA (2)
(solid complex)

UO2(NO3)2. 2BEHSO(3)
(liquid complex)

UO2 (NO3)2 . 2CMP0 (4)
(solid complex)

The IR spectral data of solid
DHDA complex (2) has shown a strong peak at 1570 cm1 as against 1645 cm-1 for the neat
DHDA carbonyl stretching frequency. A shift of- 75 cm"1 in the C=O frequency suggests strong
bonding of C=O group with uranyl ion through oxygen. In case of liquid Uranyl - BEHSO
complex (3) a strong and broad band at 970 cm"1 of S=O stretching frequency was observed as
against 1020cm-1 for the neat BEHSO ligand. This shift in the S=O frequency confirms the strong
binding of uranyl ion to sulphoxide group through oxygen. Similarly in the case of solid CMPO
complex (4) the shift in the P=O frequency from 1260 cm"^ neat CMPO) to 1145 cm'1

12



(complex) and a shift of C=O frequency from 1640 (neat CMPO) to 1570 cm'1 (complex)
suggests the binding of Oxygen from both the P=O and C=O groups to the uranyl ion.

Further more the nitrate ion (NO3-) frequencies were
characterised by appearance of four vibrations at 1520 cm"1 (rO, 1285 cm"1 fa), 1035 cm"1 fa)
and 750 cm*1 for all the above complexes. The average difference between r4 and r6 was found
to be more than 250 cm'1 which on intercomparision with earlier stored spectra suggests that
nitrate ion acts as a bidentate ligand. A weak doublet around 1750 cm"1 is due to combination
bands arising out of rl and r6 mode reaffirms the bidentate nature of nitrate ion . Strong and
sharp band ultimately concludes the presence of 0=U=O ie uranyl ion chararecteristic stretching
frequency. Ref(5) Fig. 10 shows the intercomparison of Dihexyl octanamide (DHOA),
Octyl(phenyl) di-isobutyl carbamoyl methyl phosphine oxide (CMPO) and Di-octyl sulphoxide
(DOSO) in terms of their respective functional groups whose characteristic frequencies could be
utilized for numerous types of studies in extraction, complexation, species formation and
synthetic chemistry through this user friendly program

*fr TBB
VW/E NUMBER

«GL 19: tmCmrcdspcc** of Ofodff Safphaxide (DOSC^ Oihebfi Oammmide
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(3) Utilization of analysis and printing program in solvent extraction and
chromatographic studies on actinide absorbed in solvent impregnated resins

_The analysis programme was extensively used for the study and intercomparision of IR spectra of
uranium (VI) extracted into organic phase (PC-88A) using KBr 0.1 mm liquid cells while solid
samples of uranium loaded on solvent (PC-88A) impregnated resin as KBr pellets.

BOO BOO 000 €00 300

Frequency

FIG. 11: Ir spactra old U(\fl) extracted intno PC88A and absorbed on solvent
impregnated resin. Curves: 1 -neat PC8GA. 2 -U(vT)/PC88A/dodecane from HNO3 .
• Gxalix acid. 3 -PC88A .Amberiyte XAEM 4 _PC88A (equilibrated with
HNO3)-XAD-4.5 -U(VT).PC88A/XAEM

In general the comparative spectra of ligand , resin
and extracted organic phase showed the peaks associated with the P atoms which is known to
be characteristic of dimeric organophosphorous acids. The recorded spectrum of neat ligand
exhibits three broad bands around 2860cm"1, 2340 cm'1 and 1689 cm"1 associated with bonded P-
OH. The peaks due to phosphonyl stretching band (P=O) and the O-C-0 stretch were observed
around 1202 cm'1 and 1042 cm"1 respectively. However, the appearance of a distinct P=O stretch
around 1200 cm"1 was observed. It was also noticed that the peak due to P=O in the neat ligand is
split into two distinct bands at lower fequency around 1170 cm"1 indicating strong complexation
of P=O with uranyl ion through oxygen. The strong and broad bands at 2324 cm"1 and 1689 cm'1

of P-OH stretching and P-OH deformation were also observed while the former almost



disappeared in the uranium loaded organic phase spectra and the latter shifted to 1663 cm"
further confirming the complexation of uranium A sharp and strong peak at 936 cm" for
O=U=O stretch indicated the covalent nature of the complex . The vibrations due to nitrate ion
were identified as n (1534cm1), r2 (1070cm1) and r4 (1306cm1). The average difference was
found to be >240 cm"1 which suggests the nitrate ion in the complex acts as a bidentate ligand .
The strong and broad bands appearing in the 3000-2800 cm'1 region could be attributed to the
stretching frequencies of aromatic and aliphatic C-H groups while four bands at 1607 cm", 1507
cm"', 1490 cm"1 & 1380 cm"' arising due to ring vibrations in combination with bending modes of
methyl and methylene groups. The bands appearing at 986cm1, 909cm"1, 835cm'1 and 7150m"1

are assigned to corresponding out of plane C-H bending vibrations. As apparent from fig.4 the
intercomparative representation obtained by analysis and printing programme has been extremely
reliable and useful in deriving the above conclusions (ref.3)

1200 800 40G 300

FfG 12: Infrared spectra of (A) Rb2U4O13 (B) Rb2U4O12
and (C)Ri>2U4O11

(4) Utilization of analysis and printing programme in the chacterisation of thermal and
radiolvtic degradation products of various salts and organic extract ants.

(A) Earlier recorded and stored IR spectra of alkali metal uranates ( Rb2U4O12 ,
Rb2U4O12 and Rb2U4O13) (Ref. 9) when compared through the analysis
programme showed absorption maxima in the 1000-800 cm*1 range was attributed to
uranium primary oxygen stretching vibration. The absorption bands of UO2+ at 900 cm"1

in Rb2U4O13 was shifted to 870 and 840 cm"1 respectively in Rb2U4O12 &

15



Rb2U4011 which shows that as the valency of uranium decreases the force of
attraction between uranium and oxygen decreases ultimately leading to increased U-0
bond strength and consequently lower U-0 frequencies The broad maxima observed in
the intermediate region 600-300 cm"1) could be assigned to uranium-secondary oxygen
bonds as evident from fig. 12.

(B) In the thermal degradation and X-ray structural studies of mixed metal oxalates
(NH4)LnIII.UIV.(C2O4)4.8H2O (where Ln = La, Ce, Pr, Nd, and Tb) as represented in
fig.. 13, printed and compared IR analysis programme the IR spectra of
(NH4)Tb.U.(C2O4)4.8H2O (I) and its thermally degraded product at 655K (II) have shown
characteristic absorption bands in the region of 3300 - 3050 cm'1 due to ammonium ions
while bands at 1310 and 810 cm"1 due to oxalate group. The absorption bands at 1630 cm"1

were due to oxalate group which overlaps with H-O-H bending mode of water molecules.
Besides this bending mode of water molecule , the normal O-H stretching also appeared
around 3600 cm"1 further confirming the presence of water molecules in the compounds. The
absorption bands around 480 cm"1 corresponds to metal oxygen bond in the structure. The
TGA, DTA studies on the loss of water molecules and consequent changes in the structure
as concluded by X-ray data was well corroborated through comparative IR spectral analysis
of samples at different temperatures. (Ref.8)

1. Radiolytic degradation of extract ants could be studied using this software
because of the new products with changed functional groups are produced due to
ionising radiations . A typical example can be illustrated from the gamma radiolysis
of amides where amines and carboxylic acids are the main radiolytic products formed
which could be ascertained by the emergence of new peaks for amines (~ 3500
cm'1) and carboxylic acid (-1730 cm"1) and simultaneous decrease in the peak
intensity of amide at 1640cm"1. Similarly the change in the IR spectra of gamma
radiolysed TBP indicating the formation of mono- and Di-butyl phosphoric acid
(MBP and DBP) at higher gamma doses was confirmed. (Ref. 10)

16
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FIG. 13 Infrared spectra of (NH4)TbU(C2O)4 .8H2O [1] and its intermediate
product at 655K [II] Absorption bands from mujol are indicated in an asterick

CONCLUSION

This developed software was extensively checked for its operational
efficiency in analysing, managing and printing of different spectra obtained during the synthesis
of many substituted Mono- and Di- amides, sulphoxides, Pyrazolones, organo-phosphorous
ltgands Like CMPO, DHDECMP, TBP and in characterisation of thorium , uranium complexes
with these ligands . It has also being utilized in the identification of different products formed
during the gamma radiolysis of some of the above extract ants The software generated and stored
spectra of many of mixed sulphates, molybdates, uranates and their thermally degraded products
have been extremely helpful in elucidation of their spectral and structural properties
supplimenting the X-ray crystallographic data. The indiginously developed software can be easily
upgraded and modified to generate database for different useful spectral parameters of actinide
and lanthanide compounds. The same software has a further scope of modification for the
management and analysis of spectral data in quantitative analysis mode.
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