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NOTES 

F O R T R A N  1V P R O G R A M  FOR C O M P U T I N G  d-SPACINGS 

AT 0.01 ~ (20) INTERVALS 

(Received 1 April 1976) 

It is often desirable to obtain d-spacings at closer 20 inter- 
vals than those normally found in published tables (most 
tables are in tenths of a degree 20). In many instances 
examination of X-ray powder diffraction peaks with a plas- 
tic overlay is sufficient for resolving constituent minerals. 
However, in some cases it is desirable or necessary to 
obtain a more precise determination for d-spacings. Such 
circumstances commonly result in larger distances between 
degree marks thereby allowing measurement to 0.01 ~ 20. 
It is an elementary task to interpolate between d-spacings 
published at tenths of a degree 20 in order to obtain the 
desired value. However, this becomes quite time-consum- 
ing, especially if several spacings are to be determined for 
each pattern and there are numerous patterns to interpret. 

The availability of a table for d-spacings at 0.01 ~ 20 in- 
tervals is apparently lacking. Therefore, it is the purpose 
of this note to make available a simple program which 
computes and prints d-spacings at 0.01 ~ 20 intervals for 
any given radiation. 

The program as it is reproduced here (Fig. 1) uses the 
wavelength for CuK,1 radiation (2 = 1.54056, Klug and 
Alexander, 1974). Consequently, the d-spacings (in 
angstr/Sm units) are only appropriate for CuK~I radiation. 
Wavelengths (WAVEL) for other sources of radiation may 
be substituted for 0.77028/~. Approximately 2501( is 
needed for storage on an IBM 360/370 system. Close to 
2800 lines of d-spacings are printed at 0,01 ~ 20 intervals 
from 1.00 ~ 20 to 180.99 ~ 20. 

A sample of the output is given in Fig. 2. This section 
of print-out was chosen because it is frequently necessary 
to distinguish kaolinite in the presence of chlorite or vice 
versa without chemical treatment. As described by Biscaye 
(1964, 1965) the fast scan (2 ~ 20/min) ~ 3.50 A doublet can 

often be resolved into the 3.54 A (004) peak of chlorite 
(25.12 ~ 20 = 25.14 ~ 20) and the 3.58/~ (002) peak of kao- 
linite (24.84 ~ 20 = 24.87 ~ 20) at slower goniometer speeds. 
Therefore, with this table it is an easy and quick task to 
determine d-spacings from peaks which may cluster around 
25.0 ~ 20. 

Use of this table is quite simple. To find a d-spacing 
from an angle measured to tenths or hundredths merely 
scan the left hand margin of the table until the desired 
20 degree (in tenths) is reached, read the second column 
under "0.00" for resolution to tenths. If the angle was 
measured to hundredths of a degree 20 continue to read 
across the table until the desired hundredths column is 
found, read the corresponding d-spacing. For example 
24.86 ~ 20 (CuK,1 radiation) has a d-spacing of 3.57859 A. 

Mr. Donald Murphy offered many helpful comments in 
simplifying output formats. 

Marine Sciences Institute, MORTON E. WAKELAND, JR. 
The University of Connecticut, 
Groton, Connecticut 06340, U.S.A. 
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Notes 209 

DOUBLE PRECISION I ) ( i80 ,100) , IHET,WAVEL 
DIMENSION DD(iO),  SYM(iOi) 

C WRITTEN BY MORTON E. WAKELAND, .JR. ,  MARINE SCIENCES INSTITUTE, UCONN 
C PROGRAM COMPUTES "D" SPACINGS FROM 1.00 TO 180.99 DEGREES 2-THETA 
C THIS PROGRAM IS FOR CU K-AL.FHr RADIATION ONLY 
C D ( I , J )  IS THE STORED ARRAY FOR "D" SPACINGS 
C DD(,J) IS USED FOR PRINTING TENTHS OF A DEGREE IN LEFT MARGIN OF PRINT OUI" 
C READ IN SYM(I) TO SEPARATE 2-THETA ANGLES AND D-SPACINGS 
C ANY SYMBOL MAY BE SUBSTITUTED FOR THE STAR ( * ) ,  USE ALPHANUMERIC FORMAl" 

READ(5, i04)  (SYM( I ) ,  I = i , i O i )  
i04 FORMAT(GOAl ) 

DD(I ) = .00 
DO 400 J = 2 , i 0  
,J,J = ,J - i 
DI)(J) = DD(JJ) + . i  

400 CONTINUE 
C' BEGIN "D" SPACINGS AT i DEG!REE 2-THETA 
C RADIANS MUST BE USED FOR THE ARGUMENT ON IBM SYSTEMS, THEREFORE 
C .5 DEGREES = , 0 0 8 " 7 2 6 6  RADI#~NS 
C FOR COMPUTATION USE . 5  DEGREES SINCE SIN(THETA) IS NEEDED NOT SIN(2-THETA) 

THET = .0087266 
C COMPUTE "I)" SPgCINGS USING THE BRAGG EQUATION FOR CU RADIATION 
C WAVELENGTH FOR CU IS i,54056 A, THEREFORE WAVEL/2 = ,77028 
C WAVEI... IS THE VARIABLE NAME FOR THE DESIRED RADIATION WAVELENGTH 

DO 50 I = i , i O 0  
D(] !35 J = I , i 0 0  

C VALUES FOR OTHER TARGETS .EHOULD BE SUBSTITUTED FOR WAVEL 
WAVEL. = . 7 7 0 2 8  
D(I,J) = WAVEL/(DSIN(THET)) 

C INCREMENT BY ,()I DEGREE 2-THETA 
THET = THET + ,000i74533/2, 

55 CONTINUE 
50 CONTINUE 

WRITE(&, i Oi ) 
WRITE(6, i07)  (SYM(1), [ = i , i O i )  
I I  = i 
IIl = 4 

GO TO i5() 
i40 IT = II + 4 

I F ( I I  -- i 8 i )  i 4 5 , 9 9 9 , ~ 9 8  
i45 I I I  = I I I  + 4 

C WRITE OUT COLUMN HEADINGS FOR HUNDREDTHS OF" A DEGREE 
IgRITE(6, i@i)  
WRITE(6,i()7) ( S Y M ( I ) ,  I = i , i O i )  

i O i  F O R M A T ( i H i , / / / / / / /  , i T X ,  ' . O 0 ' , ' 7 X , " . O i  ' , ' T X ,  ' . 0 2 '  , T X ,  ' ^ @ 3 ' , 7 X ,  ' . 0 4  
i ' , T X ,  ' . 0 5 ' , ' 7 X ,  ' . 0 6 ' , ' : ' X ,  ' . ( - ) 7 ' , ' 7 X ,  ' . 0 8 ' , ' 7 X ,  ' . 0 9 ' )  

i 07  F I ]RMAT( i2X , iO iA I )  
150 D(] 301 I = I I , I I I -  

JJ = i 
J J J = i O 
IT = I 

C :WRITE OUT A BLOCK OF "D" SPACIN(3S AT .`9i DEGREE 2-THE'FA INTERVALS 
DO 2~0 K = l , l e  
14RITECG,I02' I ' [ , D D ( K ) , S Y M ' i ) , ( D ( I , J ) , J  = JJ , JJJ )  

i 02  FORMAT(IH , 4 X , 1 3 , F 3 . 2 , 1 X , A I , I O F I O . 5 )  
I `90 JJ  = JJ + 1,9 

I F ( J J -  ~0 i )  I0' .5,300,998 
I05 JJJ = JJJ + i`9 
21~0 CONTINUE 
3`90 WRITE(6,103, 
I07.: FORMAT(IH , / )  
301 CONTINUE 

GO TO 140 
9 9 8  STOP 90,8 
95'9 ~],OP 'i 

END 

Fig. 1. Compute r  p rogram for comput ing  and printing d-spacings at 0.0l ~ 20 intervals (CuK,1 radiation). 
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210 Notes 

. 0 0  . 0 1  . 0 2  , 0 3  . 0 4  . 0 5  , 0 6  . 0 7  . 0 8  . 0 9  

24,0 * 3.'70484 3.70332 3.70180 3,70029 3,69877 3,69725 3,695"74 3.69423 3.69272 3,69120 
2 4 . 1 0  * 3 . 6 8 9 7 0  3 . 6 8 8 1 9  3 . 6 8 6 6 8  3 . 6 8 5 1 8  3 . 6 8 3 6 7  3 . 6 8 2 1 7  3 . 6 8 0 6 7  3 . 6 7 9 1 7  3 . 6 7 7 6 7  3 . 6 7 6 1 7  
2 4 . 2 0  * 3 . 6 7 4 6 8  3 . 6 7 3 1 8  3 . 6 7 1 6 9  3 . 6 7 0 1 9  3 . 6 6 8 7 0  3 . 6 . 5 7 2 t  3 . 6 6 5 7 2  3 . 6 6 4 2 3  3 . 6 6 2 7 5  3 . 6 6 1 2 6  
24.30 * 3.65978 3,65830 3,65681 3.65533 3,65386 ,~.6!~238 3,65090 3.64943 3.64795 3.64648 
2 4 . 4 0  * 3 . 6 4 5 0 1  3 . 6 4 3 5 4  3 . 6 4 2 0 7  3 . 6 4 0 6 0  3 . 6 3 9 1 3  3 . 6 3 7 6 7  3 . 6 3 6 2 0  3 . 6 3 4 7 4  3 . 6 3 3 2 7  3 . 6 3 1 8 1  
2 4 . 5 0  * 3 . 6 3 0 3 5  3 . 6 2 8 9 0  3 . 6 2 7 4 4  3 . 6 2 5 9 8  3 . 6 2 4 5 3  3 . 6 2 3 0 7  3 . 6 2 t 6 2  3 . 6 2 0 1 7  3 . 6 1 8 7 2  3 . 6 1 7 2 7  
2 4 . 6 0  * 3 . 6 1 5 8 2  3 . 6 t 4 3 8  3 . 6 1 2 9 3  3 . 6 1 1 4 9  3 . 6 1 0 0 4  3 . 6 g l ] 6 0  3 . 6 0 7 1 6  3 . 6 0 5 7 2  3 . 6 0 4 2 8  3 . 6 0 2 8 5  
24.70 * 3.60141 3,5?9?8 3,59854 3,59711 3.59568 3.59425 3.59282 3.59139 3.58996 3.58854 
2 4 . 8 0  * 3 . 5 8 7 1 1  3 . 5 8 5 6 9  3 . 5 0 4 2 7  3.58285 3 . 5 8 t 4 3  3 . 5 8 0 0 1  3 . 5 7 8 5 9  3.57718 3 . 5 7 5 7 6  3 . 5 7 4 3 5  
24.90 * 3.57293 3.57152 3.57011 3,56870 3.56729 3.,56589 3.56448 3.56308 3.56167 3.56027 

25.0 * 3,55807 3.55747 3.55607 3.55467 3.55327 3.55188 3.55048 3.54909 3.54770 3.54631 
2 5 . t 0  * 3 . 5 4 4 9 2  3 . 5 4 3 5 3  3 . 5 4 2 1 4  3 . 5 4 0 7 5  3 . 5 3 9 3 7  3 . ~ 3 7 9 8  3 . 5 3 6 6 0  3 . 5 3 ~ 2 2  3 ~ 5 3 3 ~ 3  3 . 5 3 2 4 5  
2 5 . 2 0  * 3 . 5 3 1 0 7  3 . 5 2 9 7 0  3 . 5 2 8 3 2  3 . 5 2 6 9 4  3 . 5 2 5 5 7  3 . ~ 2 4 2 0  3 . 5 2 2 8 2  3 . 5 2 1 4 5  3 . 5 2 0 0 8  3 . 5 1 8 7 1  
25.30 * 3.51734 3.51598 3.51461 3.51325 3.51188 3.5~I052 3.50916 3.50780 3.50644 3.50508 
2 5 . 4 0  * 3 . ~ 0 3 7 2  3 . 5 0 2 3 7  3 , 5 0 f 0 1  3 , 4 9 9 6 6  3 , 4 9 8 3 0  3 . 4 9 6 9 5  3 . 4 9 5 6 0  3 . 4 9 4 2 5  3 . 4 9 2 9 0  3 . 4 9 1 5 6  
25.50 * 3,49021 3.48886 3.48752 3.48618 3.48483 3.4~349 3.48215 3.48081 3.47947 3,47814 
25,60 * 3.47680 3.47547 3,474~3 3,47280 3.47147 3.4~014 3.46881 3.46748 3,46615 3.46492 
2 5 . 7 0  * 3 . 4 6 3 5 0  3 . 4 6 2 1 7  3 . 4 6 0 8 5  3 . 4 5 9 5 3  3 . 4 5 8 2 1  3 . 4 ~ 6 8 9  3 . 4 5 5 5 7  3 . 4 5 4 2 5  3 . 4 5 2 9 3  3 . 4 5 1 6 2  
25.80 * 3,45030 3,44899 3,44767 3.44636 3,44505 3.44374 3.44243 3.44112 3.43982 3.43851 
2 5 . 9 0  * 3 . 4 3 7 2 1  3 , 4 3 5 9 0  3 , 4 3 4 6 0  3 . 4 3 3 3 0  3 . 4 3 2 0 0  3 . 4 3 , 9 7 0  3 . 4 2 9 4 0  3 . 4 2 8 1 0  3 . 4 2 6 8 0  3 . 4 2 5 5 f  

2 6 . 0  * 3 . 4 2 4 2 1  3 . 4 2 2 9 2  3 . 4 2 1 6 3  3 , 4 2 0 3 3  3 . 4 1 9 0 4  3 . 4 1 7 7 5  3 . 4 1 6 4 6  3 . 4 1 5 f 8  3 . 4 1 3 8 9  3 . 4 1 2 6 0  
2 6 . 1 0  * 3 . 4 1 1 3 2  3 . 4 1 0 0 3  3 . 4 0 8 7 5  3 . 4 0 7 4 7  3 . 4 0 6 1 9  3 . 4 0 4 9 1  3 . 4 0 3 6 3  3 . 4 0 2 3 5  3 . 4 0 1 0 8  3 . 3 9 9 8 0  
2 6 . 2 0  * 3 . 3 9 8 5 2  3 . 3 9 7 2 5  3 . 3 9 5 9 8  3 . 3 9 4 7 1  3 . 3 9 3 4 3  3 . 3 9 2 1 6  3 . 3 9 0 9 0  3 . 3 8 9 6 3  3 . 3 8 8 3 6  3 . 3 8 7 0 9  
2 6 . 3 0  * 3 . 3 8 5 0 3  3 . 3 8 4 5 6  3 . 3 8 3 3 0  3 . 3 8 2 0 4  3 . 3 8 0 7 8  3 . 3 7 9 ~ 2  3 . 3 7 8 2 6  3 . 3 7 7 0 0  3 . 3 7 5 7 4  3 . 3 7 4 4 9  
2 6 . 4 0  * 3 , 3 7 3 2 3  3 . 3 7 1 9 8  3 . 3 7 0 7 2  3 . 3 6 9 4 7  3 . 3 6 8 2 2  3 . 3 6 6 9 7  3 . 3 6 5 7 2  3 . 3 6 4 4 7  3 . 3 6 3 2 2  3 . 3 6 1 9 7  
26.50 * 3.36073 3.35948 3.35824 3,35700 3,35575 3.354~I 3,35327 3.35203 3.35079 3.34956 
2 6 . 6 0  * 3 . 3 4 8 3 2  3 . 3 4 7 0 8  3 . 3 4 5 8 5  3 . 3 4 4 6 2  3 . 3 4 3 3 S  3 . 3 4 2 1 5  3 . 3 4 0 9 2  3 . 3 3 9 6 9  3 . 3 3 8 4 6  3 . 3 3 7 2 3  
2 6 . 7 0  * 3 . 3 3 6 0 1  3 . 3 3 4 7 8  3 . 3 3 3 5 5  3 . 3 3 2 3 3  3 . 3 3 t t t  3 . 3 2 9 8 8  3 . 3 2 8 6 6  3 .32"744  3 . 3 2 6 2 2  3 . 3 2 5 0 0  
2 6 . 8 0  * 3 .323 "78  3 . 3 2 2 5 7  3 . 3 2 1 3 5  3 . 3 2 0 1 4  3 . 3 1 8 9 2  3 . 3 1 7 7 1  3 . 3 1 6 5 0  3 . 3 1 5 2 8  3 . 3 1 4 0 7  3 . 3 1 2 8 6  
2 6 . 9 0  * 3 . 3 1 1 6 5  3 . 3 1 0 4 5  3 . 3 0 9 2 4  3 . 3 0 8 0 3  3 . 3 0 6 8 3  3 . 3 0 5 6 2  3 . 3 0 4 4 2  3 . 3 0 3 2 2  3 . 3 0 2 0 2  3 . 3 0 0 8 2  

2 7 . 0  * 3.29962 3 . 2 9 8 4 2  3 . 2 9 7 2 2  3 . 2 9 6 0 2  3 . 2 9 4 8 3  3 . 2 9 3 6 7  3 . 2 9 2 4 4  3 . ~  t 2 4  3 . 2 9 0 0 5  3 . 2 8 8 8 6  
2 7 . t 0  * 3 . 2 8 7 6 7  3 . 2 8 6 4 8  3 . 2 8 5 2 9  3 . 2 8 4 1 0  3 . 2 8 2 9 1  3 . 2 8 1 7 3  3 . 2 8 0 5 4  3 . 2 7 9 3 6  3 . 2 7 8 1 7  3 . 2 7 6 9 9  
2 7 . 2 0  * 3 . 2 7 5 8 1  3 . 2 7 4 6 3  3 . 2 7 3 4 5  3 .2722"2  3 . 2 7 1 0 9  3 . 2 6 9 9 1  3 . 2 6 8 7 3  3 . 2 6 7 5 6  3 . 2 6 6 3 8  3 . 2 6 5 2 1  
2 7 . 3 0  * 3 . 2 6 4 0 3  3 . 2 6 2 8 6  3 . 2 6 1 6 9  3 . 2 6 0 5 2  3 . 2 5 9 3 5  3 . 2 5 8 1 8  3 . 2 5 7 0 1  3 . 2 5 5 8 4  3 . 2 t ~ 4 6 8  3 . 2 5 3 5 1  
2 7 . 4 0  * 3 . 2 5 2 3 5  3 . 2 5 1 1 8  3 . 2 5 0 0 2  3 . 2 4 8 8 6  3 . 2 4 7 7 0  3 . 2 4 6 5 4  3 . 2 4 5 3 B  3 , 2 4 4 2 2  3 . 2 z 3 0 6  3 . 2 4 1 9 0  
2 7 . 5 0  * 3 . 2 4 0 7 5  3 . 2 3 9 5 9  3 . 2 3 8 4 4  3 . 2 3 7 2 8  3 . 2 3 6 1 3  3 . 2 3 4 9 8  3 . 2 3 3 8 3  3 . 2 3 2 6 8  3 . 2 3 1 5 3  3 . 2 3 0 3 0  
2 7 . 6 0  * 3 . 2 2 9 2 3  3 . 2 2 8 0 9  3 . 2 2 6 9 4  3 . 2 2 5 ' 7 9  3 . 2 2 4 6 5  3 . 2 2 3 5 1  3 . 2 2 2 3 6  3 . 2 2 1 2 2  3 . 2 2 0 0 8  3 . 2 1 8 9 4  
2 7 . 7 0  * 3 . 2 1 7 8 0  3 . 2 1 6 6 6  3 . 2 1 5 5 3  3 . 2 1 4 3 9  3 . 2 1 3 2 5  3 . 2 1 2 1 2  3 . 2 1 0 9 B  3 . 2 0 9 8 5  3 . 2 0 8 7 2  3 . 2 0 7 5 8  
2 7 . 8 0  * 3 . 2 0 6 4 5  3 . 2 0 5 3 2  3 . 2 0 4 t ?  3 .2030"7  3 . 2 0 ~ 9 4  3 . 2 0 0 8 t  3 . 1 9 9 6 8  3 . 1 9 8 5 6  3 . t 9 T 4 3  3 . t 9 6 3 t  
2 7 . 9 0  * 3 . 1 9 5 1 9  3 . 1 9 4 0 7  3 . 1 9 2 9 4  3 . 1 9 1 8 2  3 . 1 9 0 7 0  3 . 1 8 9 5 9  3 . 1 8 8 4 7  3 . 1 8 7 3 5  3 . t 8 , ~ 2 3  3 . 1 8 5 1 2  

Fig, 2. Sample out-put  from the computer  program,  24.00 ~ 20-27.99 ~ 20. 

https://doi.org/10.1346/CCMN.1976.0240409 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1976.0240409

