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INTRODUCTION

Reliable HR PMR measurements made till now- in Solid-State on Single-crystal specimens for the determination of Shielding Tensor parameters which can be extracted from the experimentally measured rotation patterns, required that the specimen be of spherical shape.

If the experiments are carried out on Spherically shaped specimens, then the bulk susceptibility contributions to the Induced fields at the site of the proton become tractable which otherwise inextricably get compounded with the near-neighbourhood contributions and Intramolecular contributions to the shielding at a proton site. The near-neighbourhood contributions can be calculated-out using a magnetic dipole model and lattice summation procedure over a region of 100 A( radius from the proton site. This contribution from the spherically shaped inner semimicro volume element when calculated out and separated, then from the region outside this sphere the bulk susceptibility contribution would be zero if the macroscopic specimen outer shape is also spherical. This inner volume element which is a hypothetically carved out sphere is referred to as the Lorentz’s sphere. If the material inside the sphere can be considered as non-contributing for any reason, in such contexts this can be effectively considered as a spherical cavity. 

The lattice-sum type calculations for Induced field contributions from induced magnetic dipoles within the Lorentz’ sphere is found to result in constant value for the total contribution within a radius of about 100 A( since contributions included from regions beyond this radius do not add to the total obtained for upto 100 A(. This if we may call  as a trend to converge to a limiting value for a spherical volume element, this  has not been considered in any more greater detail than simply stating that at lattice point in Cubic Crystal Lattices, this sum converges to a total of zero value.

Obviously it is the HR PMR measurements which have clearly established the importance of this convergence within the semimicro spherical volume element, identifiable  as the limiting intermolecular contributions to the Shielding tensor. Significantly this can be calculated, and corrected for, to obtain reliable intra-molecular shielding tensor values of protons in single crystals of organic molecules and similar systems.

If an ellipsoidal semimicro volume element is considered instead of the spherical element, what could be the type of convergence-trends? What consequence this would have in HR PMR measurements made and can this indicate the trends for arbitrary shapes and not only for the known regular shapes? How much can this lead to a relaxation in the stringency of the required Spherical Macroscopic specimen shape?

DIMENSION RP(20,20,20),RM(20,20,20),AGLPR(20,20,20),IL(50),

     1AGLP(20,20,20),AGLM(20,20,20),SIGP(20,20,20),SIG(20,20,20),

     2AGL(20,20,20),RADL(50),SIGTR(50),Y(50),IYP(50),IC(50)

      DIMENSION IX(50),IB(50),GS(50),YS(50,10)

      CHARACTER IX*1,IB*1,AA*1,AB*1,AC*7,AD*1,IL*1

      DATA IX/50*' '/,IB/50*' '/,AA/1*'X'/,AB/1*'!'/

      DATA AC/1*'-------'/,AD/1*':'/,IL/50*' '/ 

      OPEN (5,FILE='FLEINP.INP')

      OPEN (6,FILE='FLEOUT.OUT')
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ANOTHER VARIATION in the Chart Options for the

same MSEXCEL Plot displayed as the upper Graph in

the previous sheet. The calculations using Fortran

Program

(4 minutes) and export of OUTPUTDATA

(2 minutes

)to MS EXCEL and obtaining

(4 minutes / depends on Chart option choices) the

resulting final Graph totally requires about 15 minutes.

      OPEN (7,FILE='FLEOUT2.OUT')

      READ (5,60) IYSF

  60  FORMAT (I2)

      IYS=0

  52  IYS=IYS+1

      IF (IYS.EQ.IYSF) GO TO 53 

      READ (5,51) A,B,C

  51  FORMAT (3F4.1)

      READ (5,50) RLT, RLTINC, CZ, BY

  50  FORMAT (F5.1,3(F4.2))

      DO 10 L=1,48

      RLT=RLT-RLTINC

      LL=1

      SIGT=0.0

      DO 2 I=1,20

      DO 2 J=1,20
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Single Crystal, CUBIC-LATTICE, Convergence characteristics for a

spherical 

semimicro volume element:

The Graphical-plots displayed have on the X-Axis the Radius values of

the inner volume element, and on the Y-Axis the total summed–up Induced

Field values are scaled for each radius value. The Radii decrease from left

to right. The variations in the sum of contributions is evident in the smaller-

radii-value regions on the right and the values display a constancy beyond

about 200A

°

 (the Units are not mentioned in the plots-Valid for the Angstrom

units dimensions and it is only the relative dimensions which seem to matter

and not the actual Units). Cubic-lattice constants are changed in steps of

0.1 units from 10 to 9.5

The change of the range of Induced field values on the Y-axis (and

consequently the scale set for the Y-Axis) in the plots changes the

qualitative appearances because what is depicted in detail in the lower plot

( Scale set 1 division= 2 x 10

-9

 units ) becomes compressed in the plot

above (Scale set 1 division =5 x 10

-9

units). The upper graphical plot has

about 2.5 times compressed display as compared to the lower plot. Thus the

summation reaches a converging limit

 on the Y-axis 

at about 250 units

(Angstrom) of the radius

 for the inner sphere (L.H.S of the plots).

This trend can be seen in the next sheet where convergence limits (for

summation) are displayed for CUBIC lattice 

constatnt values from 10 A

°

units to 9.1 A

°

 units insteps of 0.1 A

°

.

Imporatant to Note:

 The convergence limit on the Y-axis for lattice

constant values 10 to 9.1 

does not

 show any monotonically increasing or

decreasing trends with the changes in lattice parameter values even at

equal intervals.  

There is a trend of alternation about a mean value of zero

for cubic cases.

      DO 2 K=1,20

      AIP=I

      AIM=-I

      BJP=J

      BJM=-J

      CKP=K

      CKM=-K

      RM(I,J,K)=SQRT((AIM*A)**2+(BJM*B)**2+(CKM*C)**2)

      RP(I,J,K)=SQRT((AIP*A)**2+(BJP*B)**2+(CKP*C)**2)

      PZ=CKP*C

      PMZ=CKM*C

      AGLPR(I,J,K)=(PZ/RP(I,J,K))        

      AGLP(I,J,K)=ACOS(AGLPR(I,J,K))

      AGLM(I,J,K)=(PMZ/RM(I,J,K))

      AGL(I,J,K)=ACOS(AGLM(I,J,K))

      AGLP(I,J,K)=AGLP(I,J,K)*(180.0/3.14)

      AGL(I,J,K)=AGL(I,J,K)*(180.0/3.14)

      SIGP(I,J,K)=2.0*(1.0-3.0*(AGLPR(I,J,K)**2))/RP(I,J,K)**3

      SIG(I,J,K)=2.0*(1.0-3.0*(AGLM(I,J,K)**2))/RM(I,J,K)**3
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      RLTEP=RLT*AGLPR(I,J,K)/CZ                                   C

      RLTEP=RLTEP**2

[image: image4.wmf]The PLOT in the Lower Graph is obtained as the output of the FORTRAN

PLOTPROGRAM. The formatted output of the data was EXPORTED to MSEXCEL

and the resulting XCL Plot is displayed in the UPPER Graph
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      AGLS=(1.0-AGLPR(I,J,K)**2)

      RLTES=(AGLS*(RLT/BY)**2)
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ANOTHER VARIATION in the Chart Options for the

same MSEXCEL Plot displayed as the upper Graph in

the previous sheet. The calculations using Fortran

Program

(4 minutes) and export of OUTPUTDATA

(2 minutes

)to MS EXCEL and obtaining

(4 minutes / depends on Chart option choices) the

resulting final Graph totally requires about 15 minutes.
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Single Crystal, CUBIC-LATTICE, Convergence characteristics for a

spherical 

semimicro volume element:

The Graphical-plots displayed have on the X-Axis the Radius values of

the inner volume element, and on the Y-Axis the total summed–up Induced

Field values are scaled for each radius value. The Radii decrease from left

to right. The variations in the sum of contributions is evident in the smaller-

radii-value regions on the right and the values display a constancy beyond

about 200A

°

 (the Units are not mentioned in the plots-Valid for the Angstrom

units dimensions and it is only the relative dimensions which seem to matter

and not the actual Units). Cubic-lattice constants are changed in steps of

0.1 units from 10 to 9.5

The change of the range of Induced field values on the Y-axis (and

consequently the scale set for the Y-Axis) in the plots changes the

qualitative appearances because what is depicted in detail in the lower plot

( Scale set 1 division= 2 x 10

-9

 units ) becomes compressed in the plot

above (Scale set 1 division =5 x 10

-9

units). The upper graphical plot has

about 2.5 times compressed display as compared to the lower plot. Thus the

summation reaches a converging limit

 on the Y-axis 

at about 250 units

(Angstrom) of the radius

 for the inner sphere (L.H.S of the plots).

This trend can be seen in the next sheet where convergence limits (for

summation) are displayed for CUBIC lattice 

constatnt values from 10 A

°

units to 9.1 A

°
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°

.

Imporatant to Note:

 The convergence limit on the Y-axis for lattice

constant values 10 to 9.1 

does not

 show any monotonically increasing or

decreasing trends with the changes in lattice parameter values even at

equal intervals.  

There is a trend of alternation about a mean value of zero

for cubic cases.

      RLTE=SQRT(RLTEP+RLTES)                                                         A

      IF (RP(I,J,K).GT.RLTE) GO TO 7                                                 
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      SIGT=SIGT+(SIGP(I,J,K)+SIG(I,J,K))

  6   RLTEM=RLT*AGLM(I,J,K)/CZ                      B                      Z
      RLTEM=RLTEM**2                                                   

      AGLMS=(1-AGLM(I,J,K)**2)                                     Y                   X
      RLTMS=(AGLMS*RLT**2)/BY**2

      RLTM=SQRT(RLTMS+RLTEM)   

      IF (RM(I,J,K).GT.RLTM) GO TO 2

      SIGT=SIGT+(SIGP(I,J,K)+SIG(I,J,K))

      GO TO 2

  7   GO TO 6            

  2   CONTINUE

      RADL(L)=RLT

      SIGTR(L)=SIGT

      YS(L,IYS)=SIGTR(L)

 10   CONTINUE                 

C      PRINT 3,(((RP(I,J,K),K=1,2),J=1,2),I=1,2)

C      PRINT 3,(((RP(I,J,K),K=1,3),J=1,3),I=1,3)

C      PRINT 3,(((AGLP(I,J,K),K=1,2),J=1,2),I=1,2)

C      PRINT 3,(((AGLM(I,J,K),K=1,3),J=1,3),I=1,3)

      WRITE (6,44)

  44  FORMAT (2X,'Lorentz Cavity Shield Calculations for Increasing',/,

     12X,'Spherical/Elliptical Cavity Radius around the Nuclear Site',/,

     22X,'Printed out serial number,Radius value,Induced Field Sum')        

      DO 14 L=1,16

  14  WRITE (6,12) L,RADL(L),SIGTR(L),L+16,RADL(L+16),SIGTR(L+16),

     1L+32,RADL(L+32),SIGTR(L+32)

      WRITE (6,*) (' PROGRAM FOR PLOTTING, PRESS"ENTER" ')

      PAUSE

      YMAX=SIGTR(1)

      YMIN=SIGTR(1)

      DO 30 I=1,48

      IF (SIGTR(I).LT.YMIN) YMIN=SIGTR(I)

  30  IF (SIGTR(I).GT.YMAX) YMAX=SIGTR(I)

      DO 31 I=1,48

      Y(I)=SIGTR(I)-YMIN            

      Y(I)=Y(I)/(YMAX-YMIN)

  31  IYP(I)=16.0*Y(I)+1.0

      WRITE (6,*) (' NORMALISED AND INTEGERISED sum VALUES')

      DO 40 I=1,16

  40  WRITE (6,41) Y(I),IYP(I),Y(I+16),IYP(I+16),Y(I+32),IYP(I+32)

  41  FORMAT (3(1X,E12.6,1X,I4,3X)) 

      PAUSE

      ILINE=18

 34  ILINE=ILINE-1

      IJ=0

      DO 32 I=1,48

      IF (IYP(I).EQ.ILINE) IJ=1

      IF (IYP(I).EQ.ILINE)GS(ILINE)=SIGTR(I) 

  32  IF(IYP(I).EQ.ILINE)IX(I)=AA

      IF (IJ.EQ.1) GO TO 47

      WRITE (6,36) (IX(J),J=1,48)

      GO TO 49

  47  WRITE (6,48) GS(ILINE),(IX(J),J=1,48)

  48  FORMAT (2X,E10.4,2X,48A1)

  49  DO 46 I=1,48

  46  IF(IYP(I).EQ.ILINE)IX(I)=AD

  36  FORMAT (14X,48A1)

      IF(ILINE.EQ.1) GO TO 35

      GO TO 34 

  12  FORMAT (2X,3(1X,I2,1X,F5.1,1X,E10.4,2X))

  3   FORMAT (3X,/,'----->>',5(2X,F8.3))  

  35  WRITE (6,38) AB,AC,AB,AC,AB,AC,AB,AC,AB,AC,AB,AC,AB

  38  FORMAT (14X,6(A1,A7),A1)

      WRITE (6,39) (RADL(I),I=1,48,8)

  39  FORMAT (14X,6(F5.1,3X),'<---Radius values')

      GO TO 52

  53  DO 56 L=1,48

  56  WRITE (7,54) L,RADL(L),(YS(L,IYS),IYS=1,IYSF-1)

  54  FORMAT (I3,1X,F6.1,7(E12.5))

      STOP

      END








A,B and C are the Lattice Constants for the three AXES in the rectangular axes system


RLT=The Maximum Radius for the inner Volume element


RTLINC=The decrement in the radius of the inner volume element for the next summation


CZ / BY = ratio determining the ellipsoidal shape factors. The ellipsoid is set to have its PRINCIPAL axes z,y, and x along the C,B and A axes. Hence from the value of RLT in any direction with a polar angle the maximum radial distance would be calculated to conform to the Ellipsoidal Shape








A Listing of the FORTRAN 


PROGRAM used for the


CALCULATIONS reported in this


POSTER presentation


(--- 4 display sheets---)





AFTER theFortran Statement # 14 in the previous sheet, at the PAUSE Statement


the PLOT program begins which results in the plot output as in the sheets


following this PROGRAM LISTING Sheets
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ANOTHER VARIATION in the Chart Options for the same MSEXCEL Plot displayed as the upper Graph in the previous sheet. The calculations using Fortran Program



(4 minutes) and export of OUTPUTDATA 



(2 minutes)to MS EXCEL and obtaining



(4 minutes / depends on Chart option choices) the



resulting final Graph totally requires about 15 minutes.
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Description of the Contents of  The following  FIRST THREE display Sheets

Convergence Trends for the CUBIC LATTICES for the Variations in Lattice Parameters

Single Crystal, CUBIC-LATTICE, Convergence characteristics for a spherical semimicro volume element:


The Graphical-plots displayed have on the X-Axis the Radius values of the inner volume element, and on the Y-Axis the total summed–up Induced Field values are scaled for each radius value. The Radii decrease from left to right. The variations in the sum of contributions is evident in the smaller-radii-value regions on the right and the values display a constancy beyond about 200A( (the Units are not mentioned in the plots-Valid for the Angstrom units dimensions and it is only the relative dimensions which seem to matter and not the actual Units). Cubic-lattice constants are changed in steps of 0.1 units from 10 to 9.5

The change of the range of Induced field values on the Y-axis (and consequently the scale set for the Y-Axis) in the plots changes the qualitative appearances because what is depicted in detail in the lower plot ( Scale set 1 division= 2 x 10-9 units ) becomes compressed in the plot above (Scale set 1 division =5 x 10-9units). The upper graphical plot has about 2.5 times compressed display as compared to the lower plot. Thus the summation reaches a converging limit on the Y-axis at about 250 units (Angstrom) of the radius for the inner sphere (L.H.S of the plots).


This trend can be seen in the next sheet where convergence limits (for summation) are displayed for CUBIC lattice constatnt values from 10 A( units to 9.1 A( units insteps of 0.1 A(.


Imporatant to Note: The convergence limit on the Y-axis for lattice constant values 10 to 9.1 does not show any monotonically increasing or decreasing trends with the changes in lattice parameter values even at equal intervals.  There is a trend of alternation about a mean value of zero for cubic cases.
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The PLOT in the Lower Graph is obtained as the output of the FORTRAN


PLOTPROGRAM. The formatted output of the data was EXPORTED to MSEXCEL


and the resulting XCL Plot is displayed in the UPPER Graph
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