File PKREF.DOC

JEB. May 4, 2005;  

The program was modified in May 2005 to read and write type 2 SPC files as well as the original type 1 SPC files.  It writes the format it reads, although this can be changed with further (minor) programming if needed.

The programming may well be less organised and efficient than ideal, but the program has been quire extensively tested and seems to work without errors.

This file first gives the general outline and the input, then gives the scientific description of the program's action.

Program PKREF computes real and imaginary refractive index spectra from the pATR spectrum alone, where pATR means -log10 of the attenuated total reflectance (in mode KRK) or from the pATR spectrum plus an initial phase shift spectrum (mode RKR).  In mode KRK the initial phase shift is calculated by the KK transform described by Bertie and Lan (J. Chem. Phys. 105, 8502 (1996)).  In modes KRK and RKR the refractive indices are refined via the scheme proposed by Urban and Huang (Appl. Spectrosc. 46, 1666 (1992)), modified as described by Bertie and Lan above.   For mode RKR, the initial phase shift spectrum can be calculated, for example, by program MREPH3 available from JEB.  

PKREF assumes that the ATR spectrum was measured in a SPECTRA-TECH CIRCLE cell, i.e., at 45o incidence, equal parts of Rs and Rp reflection, and REF reflections with retention of polarization between reflections (See J.E. Bertie and H.H. Eysel, Appl. Spectr. 39, 392 (1985) for details of the CIRCLE cell.

Input is from file PKREF.INP

Note that all filenames must be in quotation marks, must be complete with extension, with a maximum of 12 characters including the period

Line 1:
 Either ‘KRK’ or ‘RKR’.  Recognized value, in quotes, of 3-byte variable KRK; 
IF you enter ‘KRK’, the program calculates the initial phase shift spectrum from the pATR spectrum via the KK transform described by J.E. Bertie and Z. Lan in J. Chem. Phys. 105, 8502 (1996).
IF you enter ‘RKR’ the program reads this initial phase shift spectrum.  In this mode the program does exactly what Z. Lan’s original PKREF does (but with different input).
In both cases the program refines the initial spectra following Urban and Huang, Appl. Spectrosc. 46, 1666 (1992), modified as described in Bertie and Lan above.

Line 2:
Three Filenames:
pATR.SPC:  
pATR spectrum file  
nROD.ASC:  
ASCII file with 2-column eq \O(n,\D\FO2()~) – n data for ATR rod
pkrefOUT.TXT : File for text output.

Line 3:
Four *.SPC filenames:
First for the final k spectrum
Second for the final n spectrum
Third for the final phase shift spectrum
Fourth for the final calculated pATR spectrum

Line 4:
3 Real numbers:  NINF, A2 and A4, from n = NINF + A2eq \O(n,\D\FO2()~)2 + A4eq \O(n,\D\FO2()~)4 for visible n

Line 5: 
Three numbers: REF, NCB,WNCRITIC


REF, a REAL number, is the effective number of reflections in the CIRCLE cell.


NCB, an INTEGER number, the maximum number of iterations.  Usually set to 250 to ensure convergence.


WNCRITIC, a REAL number is 0 if a the K-K transform is to use every data point at each wavenumber.
OR is the value of the critical wavenumber if the spectrum above the wavenumber WNCRITIC changes so slowly that it is sufficient to use every 100th data point above WNCRITIC and to omit these points from the KK transform for wavenumbers below WNCRITIC. Use of this approximation is much faster, and its reliability is determined by comparison with WNCRITIC=0.  The approximation is usually good for WNCRITIC>~4000 cm^-1 .  Note that the program automatically reverts to the full KK when very close to the iteration limit specified by FSUM1 below.

Line 6:
4 entries, each one ‘YES’ or ‘NO’   They are usually set to ‘NO’ but provide checks that are occasionally useful


YN
 ‘YES’ if *.SPC files are wanted of the k, n, and phase shift spectra in each cycle.  ‘NO’ if they are not wanted.  If you answer YES here, you must put at the end of the input one line for each cycle except the first (the file names for the first cycle are given in line 8) giving the *.SPC names of the files for the k, n, and phase shift spectra in that order.
N.B.  The program automatically writes the k, n¸and phase shift spectra every 5th. cycle, but overwrites the file each time so that only the last “5th-cycle” files survive.


INITOUT, enter ‘YES’ if .SPC output files are wanted of the initial k, n, and, if KRK= ‘KRK’, phase shift spectra.


Enter ‘NO’ otherwise.  ‘NO’ is the usual entry but this provides a useful check.


NRODSPC
‘YES’ if an .SPC output file is wanted of the interpolated spectrum of n of the ATR rod.


BIGSPC
‘YES’ if an .SPC output file is wanted of the extended file or the appended file input to the KK transform (see lines 8 and 12).  This must be included, but is only relevant if NREST is not zero in lines 8 or 12.  If NREST is +ve, this file is called BIGHLnRs.SPC for the 1/2 ln(Rs) spectrum and  Bigk.SPC for the k spectrum.  If NREST is –ve, this file is called APDHLnRs.SPC for the 1/2 ln(Rs) spectrum and kAFTAPND.SPC for the k spectrum.   The k spectrum output occurs on each cycle and overwrites the file from previous cycles, so only the extended or appended k file from the last cycle of refinement is kept.

Line 7
ONLY NEEDED IF INITOUT=’YES’ in Line 6
Two *.SPC filenames.  For the initial k and n spectra in that order

Line 8
ONLY NEEDED IF KRK = ‘KRK’ in line 1


NREST and RLAST; 

NREST, an INTEGER number that controls how the initial KK transform deals with lack of data to low wavenumber of the data set. 


   If NREST=0 the data is used as supplied.  


   If NREST>0 NREST points are added to the low wavenumber end with the same spacing.  If NREST points extends the file below 0 cm-1 the data is extended only to 0 cm-1.


   If NREST<0 an .SPC file is read in and appended to the file of 0.5*ln(Rs) before the KK transform.  This file must, of course, be a file of  0.5*ln(Rs)


RLAST, a REAL number; the value of Ln(Rs) wanted at the last extended point
If the extension ends at 0 cm^-1, RLAST must be zero.
RLAST must be given even if NREST is zero or negative.

Line 9
ONLY NEEDED IF KRK = ‘KRK’ in line 1 AND INITOUT = ‘YES’ in line 7
One *.SPC filenames:   For the initial Phase shift spectrum.

Line 10
ONLY NEEDED IF KRK=’KRK’ and NREST in line 7 is negative.  The name, *.SPC, of the file that contains the 0.5*ln(Rs)  spectrum to extend the data before the KK transform.

Line 11
ONLY Needed if KRK=’RKR’ in Line 1.
The name of the *.SPC file that contains the initial phase shift spectrum.

Line 12
2 numbers NREST and RLAST.  These have the same meaning as in line 8 except that now they control the KK transform from k to n that occurs in each cycle.

Line 13
ONLY NEEDED IF NREST in line 12 is negative.  The name, *.SPC, of the file that contains the k spectrum to extend the k spectrum before the k to n KK transforms.

Line 14
If WNCRITIC (0, two REAL numbers LSUM and LRMS


If WNCRITIC >0, three REAL numbers LSUM, LRMS and FSUM1.


LSUM, the sum squared deviations between the calculated and experimental pATR spectra required for convergence. It is usually set at 0.00002.


LRMS, rms percent deviation between the calculated and experimental pATR spectra required for convergence. It is usually set at 0.003.


FSUM1:  it should be greater than LSUM. This value is used only if the value of SYMBOL 110 \f "Symbol"CR is greater than zero.  The program uses the approximate KK when LSUM > FSUM1 and reverts to the full KK when LSUM <FSUM1. 
FSUM1 is usually set at 0.0005.

Sample files for the two modes follow:

For mode RKR:

'RKR'

'mwzp3.SPC'  'Nznse.ASC'  'JB1TST.OUT'

'JB1k.SPC' 'JB1n.SPC'  'JB1PH.spc' 'JB1pATR.SPC'

1.325 0.0  0.0

3.29  250  6000.0

'NO'   'NO'   'NO'  'NO'

'PH4PKREF.SPC'

1000   0.0

0.00005  0.1  0.0005

The following are not needed unless the first entry in line 6 is ‘YES’, but they will not be read if not wanted so they do no harm.

'K2.SPC'   'N2.SPC'  'PATRC2.SPC'

'K3.SPC'   'N3.SPC'  'PATRC3.SPC'

'K4.SPC'   'N4.SPC'  'PATRC4.SPC'

'K5.SPC'   'N5.SPC'  'PATRC5.SPC'

'K6.SPC'   'N6.SPC'  'PATRC6.SPC'

'K7.SPC'   'N7.SPC'  'PATRC7.SPC'

'K8.SPC'   'N8.SPC'  'PATRC8.SPC'

'K9.SPC'   'N9.SPC'  'PATRC9.SPC'

'K10.SPC'   'N10.SPC'  'PATRC10.SPC'

'K11.SPC'   'N11.SPC'  'PATRC11.SPC'

'K12.SPC'   'N12.SPC'  'PATRC12.SPC'

'K13.SPC'   'N13.SPC'  'PATRC13.SPC'

'K14.SPC'   'N14.SPC'  'PATRC14.SPC'

'K15.SPC'   'N15.SP5'  'PATRC15.SPC'

'K16.SPC'   'N16.S6C'  'PATRC16.SPC'

'K17.SPC'   'N17.7PC'  'PATRC17.SPC'

'K18.SPC'   'N18.SPC'  'PATRC18.SPC'

'K19.SPC'   'N19.SPC'  'PATRC19.SPC'

'K20.SPC'   'N20.SPC'  'PATRC20.SPC'

For Mode KRK:

'KRK'

'mwzp3.SPC'  'Nznse.ASC'  'JB2TST.OUT'

'JB2k.SPC' 'JB2n.SPC'  'JB2PH.spc' 'JB2pATR.SPC'

1.325 0.0  0.0

3.29  250  6000.0

'NO'   'YES'   'YES'  'YES'

'INITk.SPC'   'INITn.SPC'

1000   0.0

'INITPHAS.SPC'

1000   0.0

0.00005  0.1  0.0005

More Detailed Description of Program PKREF's action

In KRK mode:

The program calculates the initial phase shift spectrum from the pATR spectrum via the K transform described by J.E. Bertie and Z. Lan in J. Chem. Phys. 105, 8502 (1996). The program then refines the initial spectra following Urban and Huang, Appl. Spectrosc. 46, 1666 (1992), modified as described in Bertie and Lan above.

In RKR Mode

The program reads the initial phase shift spectrum from a previous run or from a run of the program NK2RsPHI.  PKREF then refines the initial spectra following Urban and Huang, Appl. Spectrosc. 46, 1666 (1992), modified as described in Bertie and Lan above.

Details of KRK mode

1)
The program reads the names of the SPC file containing the pATR spectrum, the ASCII file that gives the real refractive index of the ATR rod at several wavenumbers, and the name of the file into which the textual output is to be written

2)
It reads the names of the files for output of the final k, n, phase shift, and calculated pATR, spectra, in that order 

3)
PKREF reads the three parameters that describe how the electronic contribution to the real refractive index of the sample change with wavenumber in the infrared.  The equation is n = n( + A2 n2 + A4 n-4 and is calculated from the n values in the visible and, when known, from the infrared contribution to the n values at visible wavenumbers (see Bertie and Lan, J. Chem. Phys. 103, 10152 - 10161 (1995)).  If, as is frequently the case, only n( is known, the 2nd and 3rd entries are set to zero.

4)
PKREF reads the effective number of reflections in the CIRCLE cell (determined through calibration runs), the maximum number of iterations desired, and a wavenumber WNCRITIC that tells the Kramers-Kronig transformations whether it can shorten the time required by ignoring some input points at the end of the spectrum above about 5000 cm-1 where the curve usually varies only slightly.  With modern computers, WNCRITIC is usually set to 0.0 so that the program usually makes a complete calculation.

5)
Reads four entries that are either 'YES' or 'NO' that indicate what output files are wanted.  The usual entry is 'NO' in each case, but the 'YES' option can be useful if the calculations do not seem to be correct or complete.

6)
Reads two filenames, only if the value 'YES' was given as the second entry on the previous step.

7)
Reads an integer, NREST, and a REAL number,RLAST, for the initial KK transform of 0.5*ln(Rs) = ln ((Rs) to the phase of reflection.  These tell the program how to deal with the region below the lowest wavenumber point in the file.  Interpolating the input spectrum or appending a known spectrum to it can improve the accuracy of the result.

8)
Reads a filename only if the value 'YES' was given as the second entry in step 5.

9)
Reads a filename only if NREST in step 7 was negative.

10)
Reads the pATR spectrum and stops if the number of points is too large; Otherwise it writes out the instructions it has obtained from the input

11)
Calls pATR2PH to calculate the phase shift from the pATR spectrum, and writes out the initial phase spectrum if so instructed.

12)
Reads an integer, NREST, and a REAL number,RLAST, for the KK transform from k to n that occurs in every refinement cycle.

13)
Reads a filename only if NREST in the previous step was negative.

14)
If WNCRITIC in step 4 ≤0.0, reads two numbers that are usually 0.00005 and 0.1.  If WNCRITIC in step 4 >0.0, reads three numbers, usually 0.00005, 0.1 and 0.0005.

15)
PKREF enters the iteration phase; 
It calls RPH2K to calculate the k spectrum from the phase spectrum and the experimental pATR spectrum, 
converts the k spectrum to the nspectrum by KK transform, 
calls REFLCALN to calculate the pATR spectrum from the k, n and nROD spectra 
calls STATS to calculate the statistical data for this stage of the refinement, 
if the first value in step 5 is 'YES', reads filenames for the output of k, n, and pATR at the end of each cycle and writes the files
writes the k, n and pATR spectra to disk every 5th cycle, overwriting each time,
calls NK2PH to calculate a new phase spectrum from the current k and n spectra,
enters the next iteration.

Details of RKR mode

The same as for the KRK mode except as follows.

Steps 7 to 9 and 11 are omitted.

Step 7 becomes reads the name of the initial phase shift file, then reads the files content and checks that it is compatible with the pATR spectrum.

It then goes to step 12 and the subsequent steps of the KRK mode..

Equations involved

Equations Used to calculate the 45o reflectance and phase of reflection spectra from input n and k spectra.

a = n2-k2-no2 sin2 θo == n2-k2-no2/2 for 45o incidence.
a is called XA in subroutine NK2RsPH


a2 is P2A

b=2nk
b2 is P2B


((a2+b2) is CAB
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A is called YA
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B is called YB 

The program takes the positive root of B, so B is always positive.


WN0=no/(2


A2 + B2 -no2/2 =  YA2+YB2-WN02 =CHKCS
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computed as:

Rs = Rs(I)=CHKCS**2 + 4*YB*YB*WN0*WN0

and  Rs(I)=Rs(I)/((YA+WN0)**2 + YB*YB)**2
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Note that the sign of (sp is determined by the denominator since B is taken positive

Also of importance are:
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where B is taken positive so sinθs is +ve and 0<θs<
and
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which the sign is given by the numerator and is the same as that of (sp.

Thus:
 if CHKCS is +ve, θs and θsp are +ve, so  0< θs<π/2 and θs = θsp


if CHKCS is -ve, θs and θsp are -ve π/2< θs<π  and θs = π+ θsp
So NK2PH proceeds as:

If CHKCS < 1x10-7, CHKCS=0 and θs = PH2=π/2.

If CHKCS -ve, θs = PH2=π + 

If CHKCS +ve, θs=θsp =PH2 = 
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Equations Used

The program calculates the phase of reflection and the n and k spectra from an input CIRCLE cell pATR spectrum.

If M = measured CIRCLE Cell ATR spectrum, we have:

pATR = -log10(M)
(M = 10-pATR

M = ½(Rsm + Rpm) where at 45o incidence Rp=Rs2 so that M = ½(Rsm + Rs2m),

where m  = number of reflections 
By quadratic solution we have Rsm = ½[((1+8M)  -1] = ½[((1+10-pATR)  -1].

PATR2PH reads the pATR spectrum as array P;  It uses RSM for Rsm and calculates:

RSM=ABS{ ½[((1+8*10-P) -1]} .

PATR2PH then redefines P to be Rs via



P = RSM1/REF


where REF = m  
(m is usually called NRF, but it is not an integer number so REF is FORTRAN-convenient.)

PATR2PH then calculates ½ ln(Rs) for the KK transform and temporarily stores it as k via:

IMAGK(I)=0.5*LOG(P).

The phase shift correction equations are:
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Equation 17 of J. Chem. Phys. 105, 8502 (1996).
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Equation 19c
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Equation 19b
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Equation 19a

Thus
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Subroutine pATR2PH codes these equations as follows, where the initial PH1(I) are the phase shifts returned by the KK of Rs and then sign-inverted to allow for the minus sign in Equ. 17 above:

PH11=PH1(1)


(equals phase at eq \O(,\D\FO2()~)u)

DPHASE=2.0*ATAN(SQRT{1.0-2.0*[NINF/NROD(I)]2})

DPHASE=π-DPHASE

DPHASE=DPHASE-PH11

PH1(I)=DPHASE+PH1(I) 

Subroutine RPH2K calculates n and k from Rs and ( at each eq \O(n,\D\FO2()~) via:
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and
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followed by
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or k = ε˝/2n
RPH2K codes this as:

SP=SQRT(P(I))
recall that P(I) is now Rs
CS=COS(PH1(I))

SS=SIN(PH1(I))

AC=(1.0+P(I)-2.0*SP*CS)**2

X(I)=1.0+((1.0-P(I))**2-4.0*P(I)*SS**2)/AC

X(I)=X(I)*0.5

X2(I)=2.0*SP*(1.0-P(I))*SS/AC

REALN(I)=SQRT(X(I)+SQRT(X(I)*X(I)+X2(I)*X2(I)))

REALN(I)=REALN(I)*C2
where C2 is defined earlier by C2=1.0/SQRT(2.0)

REALN(I)=REALN(I)*NROD(I)

IMAGK(I)=X2(I)*NROD(I)/(2.0*REALN(I))

Appendix

Concerning the Kramers-Kronig Transforms.

The Kramers-Kronig transforms from the imaginary, k or ½ ln(Rs), to the real, n or phase shift φ, part of the functions is done by subroutine LZKKTSUB.  This subroutine uses the Mclaurin formula of summation (over every other point),as described by K. Ohta and H. Ishida (Appl. Spectrosc. 42, 952 (1988)).

The accuracy of LZKKTSUB, and its stand-alone version KKTDF, is described by Bertie and Zhang ( Can. J. Chem. 70,

 520 (1991).

There are two particular features of the program that we have found to be helpful when carrying out the transform from imaginary to real spectra.

The first is to allow the extension of the input imaginary spectrum linearly to low wavenumber when the k value is above the baseline at the lowest wavenumber in the file, as is frequently the case.
The second is to allow an approximate, but still very good, calculation of n in the very high wavenumber region (typically from 5000 to 8000 cm-1) which reduces the run time significantly.   These two features are described next.

EXTENSION OF k or ½ ln(Rs),  SPECTRUM TO LOW WAVENUMBER

An important feature of the program is that it allows you to extend the input k or ½ ln(Rs),  spectrum to low wavenumbers, in order to obtain an improved k to n or ½ ln(Rs) to φ transform in those cases in which the input ordinate is not zero at the low wavenumber end of the file.   You supply an integer, NREST that tells the subroutine how to proceed.  

If NREST = 0, the input spectrum is used as supplied and not extended.

If NREST>0 NREST points are added to the low wavenumber end with the same spacing.  If NREST points extends the file below 0 cm-1 the data is extended only to 0 cm-1.


   If NREST<0 an .SPC file is read in and appended to the file of kor of 0.5*ln(Rs) before the KK transform.  This file must, of course, be a file of k or 0.5*ln(Rs) and have the same spacing as the input file.

You also supply RLAST, a REAL number; the value of k or ½ ln(Rs) wanted at the last extended point.  If the extension ends at 0 cm-1, RLAST must be zero.
RLAST must be given even if NREST is zero or negative, even though it is not used in these cases.

If NREST>0, note that, if the file ends at wavenumber NULAST and the wavenumber spacing is DELNU, addition of NULAST/DELNU points takes you to zero wavenumber.   If you supply an integer greater than NULAST/DELNU the program assumes you want the last point at zero wavenumber.  The program then extends the spectrum as a straight line between the last point in the input spectrum and RLAST at the end of the extension.   Note that if, for convenience, you give NREST as an integer much larger than NULAST/DELNU, you must give RLAST equal to 0 (zero), otherwise the transform is done with non-zero absorption at zero wavenumber.

APPROXIMATE CALCULATION AT HIGH WAVENUMBER

A second important feature greatly reduces the run-time while also allowingthe k or ½ ln(Rs)  spectrum to be integrated with good accuracy from 9000 cm-1 to 400 cm-1or below.   You can choose to do the KK transform exactly over the whole range.

Alternatively you can supply a critical wavenumber above which the absorption is minimal; the program then evaluates the KK transform only at large intervals above this wavenumber and interpolates to give n at the file spacing.

There is little difference between the results of the exact method and the interpolation method when the critical wavenumber is chosen suitably.  4500 to 5000 cm-1 are typical critical wavenumbers in our work on methanol, water, or organic liquids.

To achieve this choice of methods, LZKKTSUB uses the subroutine KKT or KKTM to do the Kramers-Kronig transformation.

KKT does the KK transform exactly over the whole range.

KKTM is the same as KKT except that it does the approximate calculation at high wavenumbers to save time with minimal loss of accuracy. Above the critical wavenumber wavenumber the KK is done only at large intervals and the values at the (smaller) input spacing are found by interpolation.  Below the critical wavenumber the transformation is done at each input wavenumber, but the integration omits the data in the region above the critical wavenumber.   The omitted data covers a wide wavenumber range, and increases the execution time considerably when included (as when KKT is used), but all the k or ½ ln(Rs) values are near zero so the region contributes little to the integral.   A third calculation is then done for about 200 points below the critical wavenumber,to provide a smooth transition between the two regions.
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