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I. INTRODUCTICN 

~?he structure of liquids has been of interest to man 

for many decades. flany methods of experimentation have been 

devised and applied to the search for structural information; 

among these methods is x-ray diffraction. Although x-ray 

diffraction studies had been developed early for the crystal­

line solids and for low pressure gaseous systems, the appli­

cation of this method to the investigation of liquid systems 

has been a more recent development. 

An elaborate set of manipulations--calculations and 

graphings--must be carried out on the raw data taken from an 

x-ray dlffractometer to obtain a structurally indicative 

radial distribution function. The graphings and some of the 

calculations, performed manually, require several days to 

completEl. Computerization of these calculations and graphings 

promises the saving of many hours of tedious Nork and the 

freeing of the researcher to spend more time interpreting the 

final form of the data. The computerization of the treatment 

of liquld x-ray diffraction data became the goal of this 

research. The result of this project is the subject of this 

thesis. 



II. THEORY 

Debye (6) formulated the analytical basis for investi­

gation of liquids by x-ray diffraction methods when he showed 

that a noncrystalline array of one kind of atoms scatters 

x-rays ~rith an intensity given in electron units by the 

equation 

I = ~ ~ f f sin srmn 
c 01'1 L.. m L.. n m n--s~r-= 

mn 
( 1 ) 

in which 

s = (4 7T sin e ) Ix, (2 ) 

e is the scattering angle, X is the wavelength of the 

radiation, fm and fn are the atomic scattering factors (12) 

of the mth and nth atoms. The double summation is taken 

over all pairs of atoms; no consideration is necessary for 

directional orientation. 

~his equation made it possible for early workers in 

the field to use the experimental intensity function as a test 

of their ~ priori assumptions about the atomic configuration 

of a system. Zernlke and Prins (29) were first to suggest a 

mathe~3tical inversion of the experimental intensity function 

to a radial distribution function (RDF) by means of the Fourier 

integral theorem. l~odern theory depends on the analysis of 

the RDF 1llhich, in view of the system composi ti on, yields infor­

mation a"bout the time-averaged environment of particles wi thin 
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the sol-Cltion; after such an analysis is made, assumptions 

about the structure are dral'm. The formation of an RDF is 

based upon the folloi'Ting theory. 

"Jnder experimental conditions x-rays are scattered 

coherently and il1coherently by electrons (4). '1'he coherent 

scattertns, TI',odulated by atomic and molecular configuration, 

can be analyzed to yield information about the short-range 

ordering of the electrons (27); the incoherent scattering, 

due to the Compton effect (3), has no dependency on the struc-

ture of the sample. Therefore, the incoherent portion of the 

intensity is theoretically computed and subtracted from the 

total experimentally observed intensity scaled to absolute 

units; the remaining coherent intensity scattered by l'i atoms 

is expressed per atom as 

lcoh = ltot-l lncoh = i Lm Lnf mf n sin r srmn (4). (3) 
smn 

It is further desirable to separate the intra-atomic 

scattering or self-scattering, due to phase differences within 

an atom, from the rest of the coherent intensity; this can be 

done because each atom is at zero distance from itself (1(l,). 

The remaining portion of the coherent intensity is the intra­

and inter-molecular scattering and contains the structural 

information about the system. rEhe separated intensi ty can be 

expressed for a polyatomic system (18) as 

- 1 ~ -: f2 1 ~ N" ~ f f sin sr lcoh = NLm~m m + NLm1 mLn m n mn 
srmn 

(4 ) 

The function Pij(r) is introduced (29) where 

47T"r2pij(r)dr ,s:ives the number of atoms of type ,i at a 

distance between rand r + dr from an atom of type 1 (18); 
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Pij(r) is an atomic probability function and is assumed to be 

continuous. Also, since l\T is defined as the number of atoms 

present, 1 L Ni can be expressed in an equivalent form as LXi 
N 

where Xi is the mole fraction of the i th element. 'l~hus, the 

coherent intensity of a polyatomic system is rewritten as 

Icoh = LXiff + LXiLrroftfj47Tr2pij(r)sin srij. (5) 
Jo Srij 

The double sum now contains the sum of integrals of 

the fi functions; the solution is complicated by the fact 

that these atomic scattering factors are different functions 

of s (19). ','larren, Krutter, and Iv~orningstar (27) approximated 

a solution to this problem by using the reduced scattering 

factor fee This factor is similar to the scattering factor 

of one electron, as shown by fe = fi/Ki where Ki is the 

effecti v,e number of electrons per atom of type i (17a), and is 

therefore approximately the same for atoms with similar atomic 

numbers. Inclusion of the reduced scatterin~ factor, multi-

plication by s, and rearrangement of equation 5 yields the 

ne'N expr,ession 

S(Icoh-LXi fI)f;2 = LX i LI:i Kj j'E7Trpij(r)sin sr dr. (6) 
o 

'l'his integral does not converge, but Harren and 

Gingrich (26) discovered that the addition and subtraction 

of the integral 

fo~77'rLXi LKiKjXjpo sin sr dr (7) 

would yield the converging integral 

s (Icoh- Xiff )fe~ = LXi LKiKjfo~ 7T r[pij (r )-XjpJ sin sr dr 

+ LXi LKiKjXjfo 4 7T rpo sin sr dr. (8) 

The additive term 1s negligible (10). A sine transformation 
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of the intensity function by the Fourier integral yields the 

equation 

47T:t:'[2: Xi 2:KiKjPij(r)-2:xi 2: Ki Kj XjPo ] = 

fe2 sin rs ds. 

j~quation 9 can be expressed in a more general form as 

47r-.::2p(r) = 47Tr2F:, + z;.fo~i(S)i'i(s)sin rs ds (10) 

l'lhere 

(11 ) 

Iv:(s) is a modification function of s containing fe 2 and a 

damping term; p(r) is an electronic density function (11) 

equivalent to 2:xi 2:Kif\jPij(r); and ~ , the mean electron 

densi ty" is expanded to include (2:xi Zi) 2, l'There hi has been 

approprlately approximated by I':';i' and thus is now the average 

electrons squared density. 

~:he term 47Tr2p" is the RDF expected for an electroni-
o 

cally homogeneous system. The addition of the integral-

containing term gives the characteristic form of the RDF of 

the actual system which is the time-averaged distribution of 

electrons squared at a distance r from a reference atom. At 

intermed.iate values of r, the two curves differ appreCiably, 

but wi tr., increasing r, the RDF damps to the 47r r2Po curve 

because of the lack of long-range ordering in liquids. 

Various techniques are used to interpret the nature of 

the areas under an RDF (18). In general, estimations are made 

of the number of i-j pairs contributing to a peak, ~, the 

number of atoms of type j at a distance r from a reference 

atom of type i. This time-averaged number of nei~hbors and 
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the distance of their approach can sometimes lead to construc­

tion of reasonable three-dimensional models of the liquid 

structure. 



III. DATA COLLECTION 

S:his thesis discusses the computer program developed 

to treat liquid x-ray data. Actual calculations are performed 

on scattering data from a sample of aqueous 1.2 molar silver 

ni trate. 'l'hese data were collected by fellow investigators 

in the liquid x-ray diffraction laboratory at Ball State 

Universlty as follows. 

First, the sample ,vas carefully prepared with accurately 

noted 't<reights and volumes; the density was obtained gravi­

metrically. The solution was placed in a sample holder that 

allowed the scattering of x-rays from its free surface and was 

mounted on a specially constructed theta-theta liquid x-ray 

diffractometer (23). 

3econd, the scattering pattern of the sample was 

collectE~d as a molybdenum x-ray source and the detector 

rotated around an axis through the effective free surface of 

the sample. The reflected beam was monochroIT:atized by a 

lithium fluoride monochromator before entering the detector 

systerr. '\'rhich included a NaI scintillation crystal, photo­

multiplier, preamplifier, linear amplifier, pulse height 

analyzer, scaler, timer, and printer. Disturbances in the 

sample surface were minimized by the fact that the diffrac­

tometer rested on an isolation pad (20). 
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'rhe data were collected at intervals of, or integral 

multiples of, 0.50 28, where 8 is the scattering angle, from 

a minimurL of 40 28 to a maximun: of 111 0 28. Around 29 0 28, 

the slit combinations were changed and at 76 0 28 the angular 

increments were changed from 0.50 28 to 1.00 28. The 

observed times were printed out automatically and the slit 

and increment changes were noted by the investigators (23). 



IV. DATA TaSAT1'!ENT 

rhe typical treatment of x-ray data is discussed in 

the immediate paragraphs. (This is the method used by another 

investi~ator to obtain the hand-calculated radial distribution 

functio::1. from the previously mentioned silver ni trate data and 

used later.) Unfamiliar terms ~'Till be explained more fully 

in later paragraphs of this section. 

'l'he observed intensities are corrected for background, 

polarization, absorption, and changes in slit combinations in 

a small computer progra~. The resultant relative intensity 

curve is graphed and smoothed. At ten tabulated values of s 

the indf~pendent intensities are calculated and visually 

matched to the relative intensity curve in the high s re8;"ion. 

The rest of the independent intensity curve is drawn and the 

value of the relative intensity ffiinus the independent intenSity 

is tabulated at small intervals in s. 'l'hese di fferences are 

multipl~_ed by their corresponding s values and the reciprocal 

of the scaling factor so that the resultin8;" si(s) is placed 

in absolute units. The si(s) 1s ~raphed, smoothed, and visually 

interpolated at even smaller intervals in s. Another small 

computer pro~ram is used to evaluate the integral and calculate 

the ?.DF as given in eo_uation 10. 'rhe RDF is o;raphed and 

interpretation of the results follo'NB (18,27,28). This may 

necessitate the calculation of several other curves, among them 
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the 4 7T r2 p.. curve; these are calculated by hand and visually 
o 

interpolated, if needed. Altogether, many hours of viOrk and 

much attention to detail are required in this method of 

converting the observed intensities to a radial distribution 

function. 

10 reduce the time and effort required by this method, 

several small computer programs ,·rere developed to perform 

various portions of these calculations and a method was 

devised to combine these prograI0S into one large, yet easily-

handled program. This cOhiputerized method of the foregoing 

data treatment perrr;its direct calculatio~ of an RDF; the cal-

culations performed by the computer program and their corre-

sponding equations are discussed at length herewith. Easy 

reference to the actual program contained in the appendix is 

provided by noting that the following section headings corre-

spond tc headings in the program. .All computations shown 

here i'Tere performed on an 13Iv: System/)60 T'~odel 50 computer 

Hi th 20eK available core; the compiling system 1,ras an 1m: 

G level Fortran compiler and a CalComp 56) plotter produced 

the figures. (The time required for this particular program 

11as 10.55 minutes; approximately 951\. core storar.;e w-as 

necessary.) 

VARIABLE DSCIJ-\lli\TICITS The implicit statement (21) 

modifies standard Fortran convention because it causes the 

computer to treat all variables beginning 1'7i th H or C as 

integers instead of real nurr:bers. Since the accuracy of the 

calculati~ns is limited to three significant figures, this 
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program is calculated in eight-digit single-precision. When, 

however I' it is desirable to perform the calculations with 

tl'Tice the number of digits per variable, the program is easily 

changed to double-precision by the addition of ,REAL*8(A-G,P-l) 

to the implicit statement. 

All variables that must be calculated over a wide range 

of values and used in further calculations are stored in 

forty-tw·o one-dimensional arrays. Fifteen of these arrays are 

initialized to zero in the non-executable data statements. 

~rhe statement function RAD(X) is used to convert an 

angle of X degrees into radian measure--the necessary form 

for the calculation of the sine or cosine of the angle. The 

program also calls upon these Fortran IV library functions: 

absolute value ABS(X), square root SQRT(X), sine SIN(X), 

cosine COS (X), and exponentiation EXP(X). If the computations 

are performed in double-precision, these functions must be 

changed to the corresponding double-precision functions: 

DABS(X) 11 DSQRT(X), DSIN(X), DCOS(X), and DEXP(X}. 

13. DA'rA IDEN'I'IFICATION The first data card contains 

an eighty-character Hollerith field; by putting information 

about the solution composition, run numbers of the raw data, 

values of key variables, etc., on this card, the program user 

can readily identify the data calculated. 

C. SOLUTION CCIVcPCSITION DATA Various equati ons used 

in solving for the RDF use !role fractions and atomic numbers 

of the elements in the sample, ~, see equations 5 and 9. 

l,veight fractions are needed to calculate the linear absorption 
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coeffictent fi. (16). 'l'hese basic solution composition calcu­

lations are performed in this portion of the program in the 

following manner. 'J:lhe number of elements in the solute, in 

the solV"ent, and in the solution, and the atomic weights ATWT, 

atomic numbers ATNC, and stoichiometric formula coefficients 

COEF of the elements are supplied as input data. To check 

for errors, the formula weights and atoms per molecular unit 

are caleulated for the solute and the solvent. For molal 

solutions, the program user supplies the number of grams of 

solute per thousand grams of solvent GPTU and the bulk density 

of the sample DENSI; for molar solutions, the number of grams 

of solute per liter GPLU and the number of grams of solvent 

per liter GPLN are supplied. 

The following variables are calculated in the molal or 

molar sections and either are used in later calculations or 

provide a check on the other variables: molality or molarity 

FMOLU, moles of solvent F~OLN, bulk density DENSI, total 

number of moles TCTXI, mole fractions of each element in the 

solute X and solvent XN, total weight TCT".-lT, and weight frac-

tions of each element in the solute Wand solvent I,m. Also 

includec. in this set of computations are the number density 

EKCV and the electrons squared density RRCZE. The number 

density or mean atomic density of the solution is defined and 

calculated as the number of atoms per cubic Angstrom, ~ where 
V 

N is defined as before and V is the volume of the sample in 

cubic Ar.,gstroms. The calculation of the electrons squared 

density in equation 10 is according to its definition as 



13 

the number of electrons in the average aton, squared, and 

multiplied by the nuober density, or 

p := ~( l>~iL;i)2 (19) (12) 

in units of electrons squared per cubic Angstrom. 

The user of the pro~ram rrust define the mole fraction 

XS for ,s8ch element in the solution as the sum of its rrole 

fractions of the solute and of the solvent, previously cal-

culated as X and :C·;. In like w.anner, the 1'Jeight fraction 

\'TS for each element in the SOll)tion 1s the sum of H and ~,ll'; 

for that element. 11 convention as to the order of the 

elements must be adopted at this point and be followed 

through8ut the rest of the program. The user also supplies 

the mass absorption coeffiCients (}-LIp) .3.EC for each element; 

this furnishes the rest of the necessary information for the 

calculation of}-L. The linear absorption coefficient is cal­

culated as indicated in the equation 

(13) 

llhere p is the bull{ densi ty of the sample, ',..li is the 1·reight 

fraction of the ith elenent, and (}-Llp)i is the IEass absorption 

coeffic:lent (16,17b) of the ith elerr:ent. This quantity 

provides a validity checl{ in this rnanner: an overview' tech-

nique of sample viewing that is dependent on the optics of 

the machine and the }-L of the sample has been developed (20) 

and eliminates the need for an absorption correction. Samples 

wi th a I.L of less than three cannot be overvie1r.Ted and must have 

the absorption correction applied to them. Since this 

correct:_on is not a program option, by checl{ing the value 
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of fL, o::1e can determine the validity of the rest of the 

computations and sWsGest a reason for failure of the relative 

and absolute intensity curves to have the same General form, 

if this occurs. 

:). 2ELAI'IVE II';TS:·JSITY CU~iVE The raw data from the 

x-ray d:Lffractometer are arranged as input in the manner 

described herewith. 

'l'he number of segments NP of data due to changes in 

slit size, angular increment, or preset count, the Bragg 

angle Cl ALPHA of the mOl1ochroma tizing crystal, the 1\faVe­

length X. liLBD..r'\ of the radiation in Angstroms, and the back­

ground radiation 3CKGR in counts per minute are supplied 

first. Preceedin0 each data segment, the overlap index 

LULT, ,,[hich is equal to one if the data segment does not 

overlap an earlier segment, the preset total count CCUl·;'l', 

the Im·;er limit THhD: of angle in degrees 28, the upper limit 

r:L,'HbAX of angole in degrees 28, and angular increment DELTE in 

degrees 28 are given. Il'he observed times, in seconds, for 

that segment for one TOE, t't'TO T'C.i32, or three 'l'C'B3 runs are 

suppliec.. ':';"hese times are sUIruued and chanGed. to minutes in 

the program. 

J~he function s S of the scattering angle is computed 

as in ecuation 2. Another function of the scattering angle, 

the polarization (1) F, is computed according to 

p(8) = ( 1 + cos 2 2a.cos2 28)/{ 1 + cos 2 2a); (14) 

this is the factor by Hhich the crystal monochromator and 

the sample reduce the observed intensities. 
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The relative intensity is then calculated as the 

lntensi1;y in counts per minute and corrected for background 

scatterlng and polarization as indicated by 

e - CCUNT e I re l( ) - (TOB($) - BCKGR)/F( ). 

The statistical error is equal to the square root of the 

preset c.ount divided by the preset count and multiplied times 

the relative intensity. 

Since the relative intensity is usually not continuous 

over the entire angular range of the scattering pattern 

(because of the changes in slit geometry), a matching factor 

Fl":ULT is found that brings each succeeding porti on of the curve 

into continuity with the preceding portion. Two continuous 

arrays, of s values SVAL and of the relative intensity 

RELn~T at these s values, are obtained. A graph of the 

relative intensity of the silver nitrate solution is shown 

Before the calculations continue, a series of pararreters 

must be ,supplied as data; these parameters are the tolerable 

per cent error ETA, the lower Sll ,11:\ and upper ShAX limi ts of 

the integral in equation 10, the delta s value DELS, the lm'1er 

R.lVlIN and upper Rf'lAX bounds of the interval over which the iillF 

is to be found, the delta r value DELR, and damping factor 

BEXP. These terms will be explained in more detail when used 

later. 

E.. INDEPENDENT CURVE An array of the independent 

intensities, at the s values just computed as a function of 

e, is calculated; defined as the sun: of the intra-atomic 



.: 

'v 

'\.: 
\ 

I. 
'. 
~ 
\ 
\ ., 
\ 

\ 

\ 
\ 

16 

, r 

~ r - \. 
I .~ 

,-----·---·-·y--------~·r------_r__--

l l'" ..:: L.' j L.... , ., 

,lj ... 

Figure 1. 



17 

coherent scattering, it has the equation 

Iindep(S) = LXifi(s) + Tf(s)LXtInci(S) (16) 

where Inci is the incoherent scattering function of elerr.ent 

i, Tf is the total correction function, and other symbols are 

as before. 

The total correction function is composed of two func­

tions of s--the Breit-Dirac (2,7) correction factor and the 

empirical monochromator transmission factor. 'l'he former is 

a correetion factor for relativistic effects and has been 

tabulatE~d (24); the latter reveals the portion of the incoherent 

scatter~,ng that passes through the monochromator and is 

unique to each laboratory set-up. The latter factor has been 

tabulated by persons conducti ng experimental work in this 

laboratory (20). 

':~abulated values of the incoherent (16,24,25) and the 

coherent (5,16,25) intensities as a function of the scat-

tering angle and wavelength of the radiation are found in 

several sources. Noticeable differences in the final RDF 

can be observed that are dependent on the approximation of 

the atonic scattering factors (18); therefore, the user must 

choose c:arefully and consistently those sources which best 

fit his need. From such tables the user selects n points 

that give an accurate representation of the curve and notes 

whether the functions are in units of s (see equation 2) or 

in units of x = sine/~. This data is entered into the program 

as the number of points N, the literature index LITS (set 

equal to one if in units of S; otherwise, a correction 
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factor of 4 -n- ~Ti 11 be applied to the x value), and then the 

pairs of' points as (y,x) coordinates. These data are first 

supplied for the incoherent scattering functions of the 

elements in the predetermined order, then for the total factor, 

and finally for the coherent scattering functions of the pre­

arranged elements. 

\'Then the interpolations and the final summation are 

complete, the resultant independent curve is in units of 

scattering power, 

P. nTTEI'~SI'l'Y FUl'JCTICH 'l'he relative intensi ty curve 

is norme,lized froIT relative units to absolute units by 

multiplying it by a scaling; factor, T'he scalin~ factor is 

calculated by avera~ing the factor needed to match the two 

curves at high values of s where generally little detail 

occurs in the relative intensity curve, Larger values of s 

must be selected for those syster:Js \';--i th a greater degree of 

atomic ordering (17a). rrhe values chosen for the lower IA and 

upper IB limits to the matching interval may be changed as 

the program user desires. A graphical display of the inde­

pendent intensity curve VIi th the normalized relative 1ntensi ty 

curve oscillating around it 1s illustrated in Figure 2. 

The differential intensity i(s) F03IND is the saI:le 

functio:r. defined in equation 11 and is found by subtracting 

the independent curve from the relative curve, Thus, the 

intra-atomic coherent scattering and the i~coherent scattering 

passed cy the detector system are removed from the experi­

mentally determined relative intensities, and the 
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structurally-sensitive portion of the coherent data, the 

second term on the right in equation 5, remains. 

lv,ultiplication of the differential lntensi ty by its 

corresponding s value CORRS yields an intensity function 

si(s) as illustrated in Figure 3. In the evaluation of 
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the integral containin~ this intensity function, the increments 

of s must be equal. Since it is assumed that at s = 0.0 the 

relative intensity is equal to the independent intensity, an 

si(O.O) = 0.0 was added to the arrays. All pOints in the s1(s) 

evaluated from s equal zero to the s equal to or greater 

than the value of the upper integral limit SEAX were 

interpolated by the subroutine. Values for the inter-

polated si(s) SIS from the lower integral limit to the upper 

integral limit are obtained at equal intervals of s TERPS; 

the natu.re of this curve is illustrated in Figure 4. Due to 

the impossibility of choosing infinity, the upper limit of 

the integral of equation 10 is chosen at a value of s where 

the si(s) effectively damps to zero. The value of the lower 

limit is rarely different from zero. 

G. RADIAL DISTRIBU'fIC'J FUNCTION This program segment 

evaluates the radial distribution function 4~r2p(r) as it 

is giver.~ in equation 10. 

The modification function M(s) is calculated first; 

it consi sts of the sharpening functi on f~2 Fr<S and a corre­

sponding damping function. The sharpening function was 

introduced in equation 7 and is approximated according to 

the expression 
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(17) 

where all symbols retain their previous meaning. An analytical 

approximation (9) of the atomic scattering factor of the form 

fi(s) = Ai e-a i s2 + Die-biS2 + Ci (18) 

has been adopted for use in this program. The five parameters 

CAPA, A, CAPE, B, and CAPC for each element are the last bits 

of information supplied by the program user. If desired, 

the pro'sram can be easily modified to include the scattering 

factors approximated when forming the independent intensity 

curve. The damping term, or artificial temperature factor, 

included in the modification function FI~!SEXP, is calculated 
" 

as e-bs '- where b 3EXP is the damping constant introduced 

earlier .. Finbak (8) developed this term to reduce the 

emphasis given to high s values by the sharpening function 

which possibly introduces spurious maxima in the lIDF. 

The differential radial distrlbution function aFIXT 
I (Smox 

has the form (2r!1T )JoSi(s)i~;(s) sin rs ds. The integr9.1 is 

evaluated by Simpson's rule for irregular integrals (13). 

If an even number of divisions occur in the si(s), the final 

segment is evaluated by the trapezoidal rule. The calculation 

of the homogeneous radial distri bution function or 4 1T r2po 

curve RHCZa2 is a separate entity so as to maintain a reference 

for the structurally-affected curve. The sum of the differential 

RDF and ":he homogeneous RDF yields the final RDF, shown in 

Figure 5:. wi th the parabolic 41T r2po curve. 

As a matter of interest, the pair correlation function 

g{ r) (11;' GCFR is calculated by the equation 
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g(r) = p(r)//7, 

it can bo3 used as an aid in the determination of interaction 

distances at larger r due to its extreme sharpening. 

H. FORI"JAT SPECIFICATIONS rrhe formats used in this 

program are grouped in numerical order for easy reference. 

I. SUBROUTINE The subroutine TERPCL interpolates 

using Aitken's method of iterated interpolation by approxi­

mating polynomials (14). The arguments passed into the sub­

routine are the number of given pOints N, two arrays containing 

the x and the corresponding y coordinates Z and F of the pOints, 

a percentage error limit ETA, the number of points at which 

interpolation is to occur NPTBC, and the x coordinates TERPS 

of these points. The given points are first rearranged in 

order of increasing differences between the given x values and 

the x value of the point to be interpolated. The evaluation 

of a cross-product followed by a division yields an interpolated 

value corresponding to a polynomial approximation of the 

highest possible degree (one less than the number of pOints 

used), and it is into this evaluation the given pOints are 

then fed. 'l'he sequence of approximations terminates l'Then two 

successive approximations (of orders t and t + 1 and using 

t - 1 and t pOints, respectively) differ by less than the 

maximum tolerable error--the percentage error limit. If the 

sequence fails to "effectively converge" by the time it reaches 

its highest order approximation (either of an order one less 

than the number of given pOints or of order twenty, whichever 

is smaller), it is denoted as such in the w-ritten output and 
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the value of the quadratic approximation is assumed for the 

interpolated value. 

Plotting subroutines (22) are interspersed throughout 

the main program to produce the first five figures used in 

this paper. Although the program can perform its calculations 

without these plots, they are an invaluable aid in picturing 

the computations performed and in checking for errors in the 

calculations. 

;'Tow that the discussion of the program computations is 

completE~, it seems appropriate to remark on the results of 

the program as compared "Ti th results obtained tradi ti onally. 

The final radial distribution functions of a 1.2 molar aqueous 

silver nitrate solution obtained from the same raw data 

(referred to in Sections I II and IV) but by the t\olO different 

methods are plotted together in Figure 6. It can readily be 

observed that beyond an r value of 2.2, the curves are very 

well matched. The average percent difference of this portion 

of the curve, containing the maj or peaks, is only tl'lO percent. 

The great deviation at the smaller r values has several sources, 

but is mainly due to the differences in the computed and hand­

calculated siCs), which in turn has great effect on the 

integraJ_ at small r. Since this portion of the curve contains 

no structural information, the value of the overall result is 

not lessened by the deviations, and the researcher uses 

its shape only to determine the nature of errors present in 

the relative intensities or the data treatment (8). 
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V. CCNCLUDING REf'iARKS 

As mentioned previously, the computer program contained 

in the appendix was developed to eliminate tiresome, lengthy 

hand calculations and graphings associated with the treatment 

of liquld x-ray data, and an example of comparable results 

from the two methods is given. However, as in all first 

developments, there are areas which could be improved and 

refined.. This section includes suggestions to make the pro-

gram more efficient, easier to use, and more valuable to the 

researcher. 

Suggested further improvements include the followingl 

(a) simple manner of correcting obviously erroneous pOints in 

the relative intensity curve and s1(s), (b) alternate method 

of approximation involving exponential expressions, (c) easy 

selection of coherent scattering factors from the various 

tabulated values, (d) inclusion of the absorption correction 

if the 

from a 

sample is not overviewed, 

l
sma~ 

formula such as 0 si(s) = 
and (e) calculation of smax 

0.0 (15). The time and 

storage required for the execution of this program also could 

be minLnized. And, as laboratory techniques are refined, the 

program must be kept abreast of these developments. 
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Thus one can conclude that the program accomplishes 

its objective--computerizing the treatment of liquid x-ray 

diffraction data to reduce the time and effort needed to 

obtain the final structurally si~nificant RDF--with results 

extremely compatible to those obtained traditionally. 

------------.-~--
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

001 
C 
C 
C 

((' 2 

or ~ 
Cf4 
ooe; 
006 
0(7 
(\('~ 

onq 
010 

C 
C 
C 

011 
C 
C 
C 
C 

,1"112 
r 1 3 
C 1 't 
015 

C 
C 
C 

016 
C 
C 
C 

A. 

B. 

VII. APPENDIX 

VARIABLE DECLARATIONS 

1. IMPLICIT STATEME~T 

IMPLICIT INTFGE~*4(H-O) 

2. DIMENSION STATEMENTS 

o I "IE I\j S ION A TNO ( ~O, , A TWT ( 30) ,C OE F ( 30 ) ,RH 0 ( 30) ,X nO) ,W ( 30' , XN (30 ) ,WN 
1 (30),XS(30),WS{10),HEADt20, 

Dlf\.1["lSION (APA{ 15) ,A( 15) ,CAP~( 15) ,Be 15) ,CAPC1l5),FE{ 3(0) 
CP"ENSION F"'SEXP(~OO) ,R(21S),RDF(215),RHOlR2(215) 
DIME~SlnN SIS(300),FOBINO(300),CORRS(300) 
DIMENSION SVAL(252),RELINT(252) 
o P" ENS ION A R RAY 1. ( 300' tAR RAY 2 ( "3 no) , F I NO E P ( 300 ) 
OIME~510N EIREL(250',FIREL(250),P{250),S(250),TOB(250',TOB2(250) ,T 

1081(251')) 
DIMENSION F(300',zt300),TERPS(300),TFRPI(300) 
DIMENSION YARRAY(300) 

**DIMENSION IBUF IF AND ONLY IF THE PLCTTER SUBROUTINES ARE CALLED. 
Dltv1ENSlON lRUF(2000) 

~. nATA STATEMENTS 

DATA A~QAY1,ARqAY2tFINDfP/gn('*0.~on/ 

OAT fl. TO B , Tr) £3 2 , TUB 3/ 15 0* f") • I")!) C I , D, S tEl PEL , FIR E L 11 0 00* 0 • 0 DOl 
DATA F,l,TEP P S,TERPl/120C*O.0001 
DATA YARRAY/300*O.OOOI 

4. STI\ Tt:"1ENT FljNCT ION 

RAD(X)=O.')1745*X 

DATA IDENTIFICATION 
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017 
01 8 

C19 

::120 
=,21 

=22 
~:2 '3 
:24 
:2 '5 
~)2 6 
)27 
;? H 
:)29 
~I~ C 
)31 
~ 32 
:33 
"\ 3 /1-

:->3') 
:"36 

"'.37 
138 
)39 
)40 
~41 

'·42 

)43 

C 
C 
C 

C 
C 
C. 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 

C. 

*HEAO IS ~N aO-CHARACTER ALPHANU~ERIC. ARRAY. SUGGESTED DATA 
*INCLUDES SOLUT ION NAME, DATA RUN r-WMRERS, DATE, VALUE OF SMAX AND 
*BEXP, FTC. 

PEAD(5,5011 .... EAD 
WRITE(6.502) HEAD 

SOLUTION COMPOSITION DATA 

1 • G ENE R A l CAL C UL A TI ON S 

*JC IS THE NUMBER OF ELEMENTS IN THE SOLUTE, KC EQUALS JC + 1, LC 
*IS THE NUMBER OF ELEMENTS IN THE SOLVENT, AND 0 IS THE NUMBER OF 
*DIFFERENT FLEMENTS IN THE ENTIRF SOLUTION. 

READ(5,?721 JC,KC,LC,O 
*ATWT, ATNn, AND COEF ARE ARRAYS CONTAINING THE ATOMIC WEIGHTS, 
*ATnMIC NU~BERS, AND TOTAL FORMULA COFFFICIENTS OF EACH ELEMENT IN 
*T~E SOLUTE AND OF EACH ELEMENT IN THE SOLVENT. 
PEAO(S,22S)(ATWT{I},ATNO(II,COEF(I),I=l,Je) 
READ(S,2?'» (ATWT( I) ,ATNO( I' ,COEF( {), I=KC,LC) 
WRITF(6,226) 
WRITE(A,2271(ATWTfl),ATNO(I),rOEF(II, I=l,JC) 
WPITft6,2?71 (ATWT( I ),AINOt I ),COEF( I), I=KC,LCl 
FRWTU=O.O 
ATPMU=O.O 
DO 8 l=l,JC 
ATPMU~ATPMU+COEF(I) 

8 FRWTU=FRWTU+ATWTC!)*COEF{I) 
FR'\"JTN=O.O 
ATPMN=O.O 
DO 9 I=KC,LC 
ATPMN=ATP~N+COEF{t' 

9 FRWTN=FRWTN+ATWT(I)*COEF(I) 
WRtTE(!-',228) 
WRIT~(6,229) FRWTU,ATPMU,FRWTN,ATPMN 

*IF A MOLAR SOLUTION WAS RUN, GPLU AND GPlN (GRAMS OF SOLUTE PER 
*LITER AND GRAMS nF SOLVENT PER LITER) ARE READ IN. IF A MOLAL 
*SOLUTfON WAS RUN, GPTU AND DENSI (GRAMS OF SOLUTE PER 1000 GRAMS 
*Of- SlLIJF"lT AND THE SOLUTION OFNSITY) MIJST BE READ IN. 

READ('5,!>31) GPLU,GPLN,GPTlI,OENSI 
WRITE(6,232) 
WRITE(6,233) GPLU,GPLN,GPTU,DENSI 

11 IF(GPUJ-GPTU) 13,12,22 
12 WRITE(6,234t 

STOP 

C 2. CALCULATIONS FOR MOLAL SOLUTION 
C 
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~4{+ 

}4 '5 
'46 . 
'47 
)4~ 

")49 
)1)0 

, 51 
"5~ 
"1)1 

:'154 
)55 
"56 
-:;&j 7 
) '5 '3 
}5 9 
")60 
')A 1 
"'62 
:63 
)64 
"At:; 

':'66 
"67 
~6 8 
On 9 
~J7f"\ 

)71 
')72 
)71 
')74 

:J 7 '5 
,)7A 
')77 
}78 
.... 79 

rig J 
~R 1 
J82 
:'e 3 
084 
:J85 
~e6 

087 
"813 

r 
" 

F MOllJ=GPTU/F R WTU 
FMnLN=lOOO./FRWT~ 

WRITF(6.237) 
WRITE(6,23R) FMOLU,OENSI,FMOLN 
TOTXI=O.0 
00 14 I=1,JC 

14 TOTXI=TOTX!+FMOlU*COEF{I) 
DO 1'5 I=KC,LC 

1~ TOTX[=TOTX I+FMOLN*COEF( I) 
wRITE(6,240) TOTXI 
WRITE(6,242) 
DO 16 I=l,JC 
X { ! 1= F MOL U*C 0 EF ( ( ) / TO T X I 

16 WRITE(6,245) X(I) 
DO 17 I=KC,LC 
XN{!)=FMOlN*COEF(I)/TOTXI 

11 WRITF(6,245' XN{[) 
TOTWT=FRWTU*FMOlU+FRWTN*FMf1LN 
wRITE(6,247) TOTflT 
WR IT F (6,248 I 
DO 1P 1=I,JC 
W ( I I =COEF ( I , *A TWT( I , *FMOl\J/TOTWT 

18 WRITE(6,245) 101(1' 
on 19 I=KC,lC 
wN{ I I=COEF( I '*AhlT( [, *FMOlN/TOTWT 

19 WRrTE(A,245) WN([) 
fNOV=(FMOLU*ATPMU+FMOLN*ATPMNI/TOTWT*oENSI*O.6022152 
WRITE(6,239) ENOV 
SUM=O.O 
DO 119 I=1,JC 

119 SUM=SUM+X(I'*ATNO(I) 
DO 120 I=KC,lC 

1 20 SUM = S U "1 + )( N ( I ) * A T NO ( I ) 
RH01E=ENDV*SUM**2 
WRITE(6,27f"1) RHOlE 
GO rJ 30 

C 3. CALCULATIONS FOR MOLAR S8LUTION 
c 

22 WPITF(6.250) 
FMOLU=GPLU/FRWTU 
FIvIOlN=GPLN/FRWTN 
DENS[={GPLU+GPLN)/1000. 
WRITF.(1:l,251) 
WRITF{6,23S) FMOLU,oENS{,FMOLN 
TOTXT=O.O 
on 23 1=1, JC 

23 TnTXI=TnTXI+FM8lU*COEF(I' 

34 
15/06/48 
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JA9 
i9Q 
)91 -
"'Cj2 
:'93 
"'94 -

)95 
"'0 C 

'97 
~qF 

"'qq 

teu 
101 
1 (' ? 

t C' l 
1 C 4 
105 
1 n 6 
107 
108 
109 
tlO 
III 
tl2 
113 
114 
t 1 ') 
1I6 

C 
C 
C 

11 7 
C 
C 
C 
C 
C 
C 
r 
C 
C 

LI8 
119 
120 
l21 
122 
L 2 3 
124 

no 24 [=KC, LC 
24 TOTX[=TOTXI+FMOlN*COEF(II 

WRITE(6,240} TaTXI 
wRITE(o,242) 
DO 25 I=l,JC 
X(I):FMOLU*COEF(I1/TOTXI 

25 WRITE(6,245) X(I) 
00 26 I=KC,LC 
XN( I) =FMOlN*COEF( I )/TOTXI 

26 WRITf.t6,245) XN(I} 
TOT WT =G PLN+GPl U 
WRITE(6,247) TOTwT 
WQITE(6,248) 
no 27 I=l,JC 
W( I )=6.TWT( 1 )*cnEF( I,*Ff-40LU/TOnn 

27 WRITE{6,245)W{I) 
o Q ? g I =K C, L C 
WN(!)=ATWT{I'*COEFCI'*FMOLN/TOTWT 

28 WRITE(6,24,) WN(I) 
ENOV=(FMOlU*ATPMU+FMOlN*ATPMN'*.602252/1000. 
WRITE(6,2~9l ENOV 
SUM=O.O 
DO 125 i=l,JC 

125 SV"=SU~+X( I )*ATWJ( I' 
00 126 I=KC,LC 

126 SUM=SUM+XN(I)*AT~O(I) 
RHOIE=ENOV*SUM*SUM 
WRITE(6,270) RHOlE 

4. DFFINITION OF XS AND WS ARRAYS 

~O CONTINUE 
*IN THE ~OLlOWING STATEMENTS THE PROGRAM USER MUST DEFINE THE 
*WEIGYT FRACTIO~ ARRAY WS FOR THE DIFFERENT ELf~ENTS IN HIS 
*PARTICULAR SOLUTION AS SUMS OF THE WEIGHT FRACTIONS PREVIOUSLY 
*CALCULATED AS THE WEIGHT FRACTIONS OF EACH ELEMENT IN THE SOLUTE 
*W(l-JC) AN~ OF EACH IN THf SOLVENT WN{KC-LC'. IN LIKE MANNER THE 
*USEK "'lUST ALSO DEFINE THE "10lE FRACTION ARRAY XS FOR THE 0 
*DIFFERENT ELEMENTS. IN THESE AND LATER CALCULATIONS THE 0 
*DI~FERENT FL~MENTS MUST ALWAYS HE IN THE SAME ORDER SO THAl THE 
*NTH SUBSCRIPT ALWAYS REFERS TO THE SAME ELEMENT. 

XS{l)=X(ll 
XSf2'=)(N(4) 
XS('3)=)«(2' 
XS(4)=X(3'+XN(5, 
WS(l)=W(l) 
WS(2)=WN(41 
WS(3)=IH2) 
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2" 
.26 
.27 -
.2 Q 

l29 

l30 
l31 
l32 
133 
l34 
l 3 ') 
l~6 

l37 

l38 

l ~ q 
14:) 
141 
l42 
l43 
l44 

l45 
l46 
L47 
148 
l49 
150 

1') 1 
L52 

c 

W S ( 4 ) =1" ( 3 I + W N ( 5' 
WR rTE (S, 248) 
WRITE(6,231) (WS(I), 1=I,n) 
WR IT E ( ,~ , 242 ) 
WRITE(6,23U (XS(I), 1=1,0) 

C 5. CALCULATION OF FMU 
C 
C 
C 

r. 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 

*RHn IS THE ARRAY OF THE ~ASS ABSORPTION COEFFICIENTS OF THE 0 
*DIFFERENT ELEMENTS. 

READ(5,2621 (RHOITl, 1=1,0) 
WRITE(~,263) 

WRITE(6,2451 (RHOCI), 1=1,0' 
FMU=I).O 
00 32 1= 1 ,n 

32 FMU=FMJ+WS(I'*RHO(I) 
FMU=OE'JSI*FMU 
WRITf{6,266' FMU 

D. RELATIVE INTFNSITY CURVE 

PI=3.14159 
*NP IS THE NUMBER OF SEGMENTS OF RAW DATA DUE TO CHANGES IN SLIT 
*SIlE, COUNT, OR ANGLE INCREMENTS. ALPHA IS THE BRAGG ANGLE OF THE 
*MONOCHRC~ATnR CRYSTAL, AMBO! IS THE WAVELENGTH OF THE RADIATION, 
*ANO RCKGR IS THE BACKGROUND RADIATION IN COUNTS PER MINUTE. 

REAO(S,51U NP,ALPHA,AMBDA,BCKGR 
WRITE(6,511' NP,ALPHA,AMBOA,BCKGR 
COMP= COS(RAOt2.*ALPHA"**2 
SCnMD-=4. *PI lAMBDA 
JREL=0 
DO 60 K=1,NP 

*fACH SEG~ENT OF DATA MUST rlAVE DEFINED TH~IN (MINIMUM VALUE OF TH, 
*WHERE TH IS TWICE THE SCATTERING ANGLE), THMAX (MAXI~UM VALUE OF 
*THI, D~LTH (INCREMENTS OF THl, COUNT (TOTAL PRESET COUNT), AND 
*MULT (AN INDEX WHICH IS SET EQUAL TO 1 IF THE DATA DOES NOT 
*nVERLAP A PREVIOUS DATA SEGMENT). 

READ{5,5l1) MUlT,COUNT,THMIN,THMAX,DELTH 
WPI TE (6,511' ~UL T ,COUNT, THMI N. THMAX, DEL TH 
JOLD=JREl 
N=(THMAX-TrlMIN)/DELTH+l.OOl 
TH=THMTN-Df:lTH 
PCORR= SQRT(COUNT)/C0UNT 

*T08 rs THE 09SERVED TIME IN SFCCNDS. IF TWO OR THREE RUNS ARE 
*MAOE, ADOITIONAL READ STATEMENTS MUST BE SUPPLIED FQ~ ARRAYS 
*TOB7 AN!) TOB3. 

READ( 5, 101' (TOB( I), l=l,Nl 
WRITE(6,IOl} (TO~(I"I=),N) 
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1 '5 3 
1 '54 
155 . 

15h 

157 

J 5 B 

161 
162 
163 
164 

t 6 '5 
166 
161 
16K 
16g 
17(' 
111 

177 
J71 
174 
175 
176 
177 
L78 
l.7Q 
L80 
181 

IV G LEVEL 

C 
C 
C 

MAIN 

DO 35 I=1,N 
TOR( I l= (TOB( I) +TOR2 (I '+T08 3{ I) J/6e. 
TH=Trl+DElTH 

1. FUNCTION OF SCATTERING ANGLE 

S(Il=SCO~P* SIN(RAOfTH/2.» 
C 
C 2. PGlARIlATION CORRECTION 
C 

DATE = 11265 

P(Il=(l.+COMP* COS(RAO(TH»)**2)/(1.+COMP' 
C 
C 3. 8ACKGROUND CORRECTION 
C 

35 FIREL{{'=(COUNT/TOB(I)-RCKGR1/P(II 
C 
C 4. MATCHING FACTOR 
C 

37 
15/06/48 

IF(K.EQ.l.OR.MULT.EQ.l) GO TO 31 
FMULT=(FIOlD1/FIRELfl)+F[OLD2/FIRElf2)+FIOL03/FIREL(1)+FIOLD4/FIRE 

C 

1 L ( 4 ) + F IOL 0 51 FIR E L ( '») ) 15. 
~7 IF(K.EQ.l' F~ULT=1.00000 
38 WRITE(6,522) FMULT 
41 on 4 S I = 1 , N 

FIREU ['=fIREL( I )*FMULT 

C 5. ERROR LIMITS 
C 

c 

E IRE L ( I » = FIR EL{I ) * PC 0 R R 
JREl=I+JOLD-5 
IF{K.EQ.l.OR.MULT.EQ.ll JREl=JRFl+5 
R EL I \IT( J REl , =F IR EU I) 
SVJ\UJRFL)=S( I) 

45 WRITE(b,S33' I,S(I),P(J),EIREL(I),FIREL(l) 
IF(K.EQ.1.0P.MUlT.EQ.ll GO TO S'5 

C 6. OATI\ fJVERLAP 
C 

55 

QFLINT(JOlO-4)=(~ELtNT(JOLO-4'+FIOlDl)/Z. 

R H PJ T ( J OL D- 3 ) = ( R ELI N f( J OL 0 - i ) + F TO L D 2) /2. 
RELINT(JOlD-2)=tKELINT(JCLO-2)+FIOLD3)/2. 
PElINT(JOlO-l)={RFLINT(JOLO-1)+FIOL04l/Z. 
PElINT(JOLQ)=(RELINT{JOLO)+FIOLD,»/2. 
FIOLnl=FIREL(N-4l 
FIOlO?=FIREL(N-3) 
FIOLD3=FIREl(N-Z) 
FIOLD4=FIREL(N-l) 
FIOLD'5=Fll~EL(N) 
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182 
1 B 3 
lR4 . 

1St:; 
1~6 

187 
188 
189 
190 
1 q 1 
1 Q 2 
1 q 1 
194 
1°') 
196 

1 Q 7 
198 

199 
2CC 
201 

202 
20.3 
204 
205 
206 
207 
208 

C 
C 
C 

C 
r 
C 
C 
C 
C 
C 
C 
C 

C 

60 COt-JTI~UF 
WR fT E (f, ,544 ) 
WRrT~(6,555} (I,SVAL(I),RELINT(I),I=I,JREL) 

**PlOTTER SUBROUTINES FOR RELATIVE INTENSITY CURVE 
SVAUJREl+l'=O.O 
SVAL(JREL+?}=Ol.OO 
RElPH ( J R E L + 1 ) =0 .0 
RELINT(JREL+2l=1000.O 
CAll PLOTS( IBUF,2000,1) 
CALL PlOTCO.0,1.0,-3l 
CALL FACTOR(.48) 
CALL AXIS(O.O,O.O,24H(4*PT*SINE THETA)/L4MBDA,-24,15.0,O.O,O.O,l.' 
CALL AXIS(C.0,O.O,14HRELATIVE UNITS,14,13.0,90.0,O.O,lOOO.C} 
CALL FLINFCSVAL,RELINT,-JREL,l,I,I) 
CALL SYM~OL(7.0,12.0,.2R,24HRELATIVE INTENSITY CURVE,O.,24) 
CALL PlOT(20.0,O.O,-3' 

*ETA IS THE PERCENT ERROR AllOWfD IN THE INTERPOLATICN OF VARIOUS 
*FUNCTIONS OF S. S~IN IS THF LOWER LIMIT OF THE INTEGRAL ANO IS 
*GENERI!,lLY C.O, DELS IS THE INCREMENT SIZE AND IS USUALLY .l!::.O.lO, 
*SMAX IS THE UPPER LIMIT OF THE TNTFGRAl AND USUALLY OCCURS AT THE 
*POINT THE SICS) lOSES ITS DETAIL. RMIt-J AND RMAX ARE THE LOWER AND 
*UPPf~ ROUNDS OF THE RDF AND OElR IS THE INCREMENT OF P. BEXP 
*RANGES FR~M 0.0 TO 0.1 AND DETERMINES THE STRENGTH OF THE 
*DAMPE~ING TER~. 

RfAO(S,1041 ETA,SMIN,DElS~SMAX,RMIN,DElR,RMAX,BEXP 

wRITE(6,104) ETA,SMIN,DELS,SMAX,RMIN,DELR,RMAX,BEXP 

C E. INDEPENOf"lT CURVE 
C 

C 
C 
C 
C 
C 
C 

194 
196 

JU!==~*!J+l 

DO 11 NELT=l,JOE 
IJE=NElT-(O+l) 

*z IS THE: ARRAY OF N S VALUES ANC F IS THE ARRAY OF CORRESPONDING 
*FUNCTIONS OF S. LITS IS AN INDEX SET EQUAL TO 1 IF THE S VALUES 
*AQf 1\ UNITS OF (4*PI*SINE THETAI/LAMBDA. THE PAIRS OF AqRAYS 
*SHOULI1 BE ORDERED TO INCLUDE THE INCOHERENT FUNCTION OF THE 0 
*DIFFEqENT ELEMENTS, THEN THE TOTAL FACTOR FUNCTION, AND FINALLY 
*THE Cf'lHEKENT FUNCTIONS OF THE 0 ELEMENTS. 

REAO(I),lt7) N,lITS,(F{l)tl(II.I=L,N) 
IFflITS.EQ.l) Gn TO 3~6 

DO 39' .. I=l,N 
Z (I) =4.000*P I*l( I) 
WRITE(6,121) N,lITS,(F(I) ,Z(I),I=l,N' 
CALL TERPOl (ETA,F,I,N,SVAl,TERPI,JREL) 
WRITF(6,104) {SVAlfI),TFRPI(II,I=l,JRElI 
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209 

21~ 

?11 

212 

21 1 
214 
21'5 
::'16 
217 

218 
n9 
?~r 

221 
722 
223 
124 
?2'> 

226 
? 2 r 
228 
229 
23" 
231 
23,) 
233 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 
C 
C 

88 

77 

F. 

DO 88 J=l,JREL 

1. CALCtJLATION OF INCOHERENT PORTION 

IF(NElT.LE.OI ARRAY2(JI=ARRAY2(JI+XS(NELT'*TERPI(J. 

2. CORRECTION FOR TOTAL FACTOR 

IF(NElT.EQ.(O+l) ARRAY~(J)=ARRAY2{J'*TERPI(J) 

3. CALCULATION OF COHERENT PORTION 

IF(N~lT.GE.(O+21) ARRAYIIJ)=ARRAYl(J)+XS(OE'*TERPIIJI**2 

4. UILCULATION OF TOTAL CURVF 

FINDEP(J)=ARRAYl(J)+ARRAY2(JI 
CONT P1UE 
WRITE[6,52"i) (SVAL(J),FINOEP(J),J=l,JRELI 
CONTINUE 
WRITE!:6,526) (SVAL(J) ,FINOEP(JI ,J=l,JREL) 

INTENSITY FUNCTION 

1. C4LCULATION OF THE SCALE FACTOR 

FACT=O.O 
111=76 
T B= 116 
o 0 '3 8;3 I = { A , T B 

388 F AC T =F I NO!: P ( I) IREll NT ( I ) +F ACT 
TEMP=TB-I HI 
FACT=FACT/TE~P 

WRITE(6,130) F~CT 

C 2. T~BULATION Of DIFFERENTIAL INTENSITY 
C 

C 
C 

DO 3~1 l=l,JREl 
REl I1\lf( I )=RFlINT( r )*FACT 
FORIND( I+U=REl INT( I)-FINOEP( II 

'389 CORRS( I+lI=$VAl( It 
FOBINf)( l}=().OOOO 
CORRS(l)=O.OOOO 
JREll=JRFL+l 
WRITE{~,5?7) (CORRS(J),FCBlNOeJ),J=l,JRELL) 

C **PlOTTER SUBROUTINES FnR RFLATIVF CURvr MATCHFO TO INDEPENDENT 
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)34 
~3') 

2~h 

231 
?3 q 

?3g 
240 
?41 
242 
?L~ 

244 
245 
?4h 
7.47 
248 

249 
? 5('1 

2'31 

252 
?53 
2'3 It 

255 
256 
::'57 
25q 
259 
260 
261 
262 
Z6~ 

264 
;:>65 

266 
261 
2~f3 

'269 
27C 
271 
272 
273 

IV G 
40 

LEVEL '-'1AIN DATE = 71265 15/06/48 

C 
C 
C 
C 

C 
C 
C 

C 

~97 

SVAL(JREL+l)=O.O 
SVnL(JQEL+2)=1.no 
R[LINT(J~EL+1)=O.O 

RELINT(J~FL+21=4.0 

FINDEP(JR~l+1)=O.0 

FINOEO{JREL+2'=4.0 
CALL PLOTCO.O,1.O,-3) 
CALL FACP1R(.48) 
CAll AXISCO.C,O.O,24H(4*PI*SINF THETA)/LAMRDA,-24,15.0,O.O,C.O,1.) 
CALL AXIS(O.O,O.O,16HSCATTERING U~ITSf16,10.0,90.0,O.O,4.0) 
CALL FlINE(SVAL,FINOEP,-JREL,1,1,11l 
CALL ~LI~E(SVAL,RELINTt-JREl,l,l,l' 
CALL SYM~OL(7.0,9.S,.28,26HRELATIVF INTENSITY MATCHED,O.,26} 
CALL SYMf)flLt7.0,9.0,.2fh20HTO INDEPENDENT CURVE,O.,20) 
CALL PlOT(20.0,O.O,-3' 

3. TA9ULATION OF INTENSITY FUNCTION 

00 3q1 1=1,JRELL 
FORIN!)( [)=FOAIND( n*CCRRS( I) 

WRITEi6,S2B) (CORRS(J"FOBINO(J.,J=1,JRELL) 

**DLOTT~R SUBROUTINES FOR SI(S) 
FORINJeJRELL+1)=-25.0 
Hl'3I"lJ(JRELL+21=5.0 ~. 

CORRSIJRELL+1)=O.O 
CORRS(JRELL+2)=1.0 
YARRAY(JRfLL+l)=-25.0 
YARRAY(JRELL+2)=S.O 
CALL PLOT(O.O,I.0,-3J 
CAll FACTOR(.4BI 
CALL hXIS(O.C,O.O,24H(4*PI*SINE THETA)/lA~BDA,-24,15.0,O.O,O.O,1.) 
CALL AXIS(0.0,n.O,16HSC~TTERING UNITS,16,lO.O,90.0,-25.0,5.0) 
CAll FLINE(CORRS,FOBIND,-JREll,l,l,lO) . 
CALL LINf(CORRS,YARRAY,JRELl,l,O,3) 
CALL SYMBOL(6.R,9.~,.2B,5HSI(S),O.,5) 

CALL PLOT(20.0,O.O,-1) 

JCUT=1 
DO 3g9 J=2,JRElL 
JCUT=JCUT+l 
FOBP.JD(JCUT)=FO'3INO{1 ) 
CORRS(JCUT'=CORRS(ll 
IF{CORRS(I).GE.SMAX' GO TO 399 

398 CONTINUE 
3qq WPITE(6,528) (CORRS(J ),FORINO(J' ,J=I,JCUT) 
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274 
275 
276 . 
271 
278 
279 
280 
781 

2H2 
283 
?84 
28 t; 
286 
2B 7 
288 
289 
?90 
291 
292 
293 
?94 
?9'5 
2gb 
2 0 7 

298 
Z9Q 
300 
3n 1 
302 
303 
":1,(4 

305 
"306 
307 

C 
C 4. INTERPOLATlnN OF INTFNSITY FUNCTION 
C 

NS=(5MhX-S~IN)/DElS+l.OOl 

ES=SMIN-DELS 
DO 390 l=l,NS 
ES=ES+DElS 

390 TERPS'[I)=ES 

C 
C 
C 

C 
C 
C G. 
C 
C 
C 
C 

C 

WRITF:[6,104) (TERPStI ),I=l,NS) 
CALL TEQ,PflLtETA,FOBIND,CORRS,JCUT,TEPPS,SIS,NS) 
WRITt=[6,5Z9} (TERPS( I ),SIS( [) ,I=l,NS) 

**PLOTT~q SUBROUTINES FO~ INTERPOLATED SI(S) 
YARRAY(JRELL+l)=O.O 
YARRAY(JRELL+2l=0.O 
YARRAY(NS+l)=-30.0 
Y ARR t\y (NS+2 ) =5.0 
TFRPS(NS+l) =0.0 
TERPS(NS+2l=1.0 
SIS{NS+l)=-30. 
SIS P·1S+2t=5.0 
CALL PLOT(O.O,l.0,-3) 
CALL FACT:)R ( .65 t 
CALL AXIS(0.0,O.0,24H(4*PI*SINE THETA)/LA~BOA,-24,6.5,O.0,n.Otl.0) 
CALL AXIS(O.O,O.O,t6HSCATTERING UNITS,16,lO.O,90.0,-30.0,5.0) 
CALL FLINE(TERDS,SIS,-NS,1,1,10) 
(ALL LINE{TERPS,YARRAY,NS,1,O,3) 
CALL SYMSOL(1.4,9.5,.21,leHINTERPOlATED 51(5),0.,18) 
CALL PLOT(20.0,0.0,-3) 

RADI~L DISTRIBUTION FUNCTION 

*THE FIVE COEFFICIFNTS OF T~f ANALYTICAL APPROX. OF THE ATOMIC 
*SCATTERING FACTORS BY FORSYTH AND WELLS MUST BE SUPPLIED FOR THE 
*0 OIt=t=ERFNT FLE~E~TS. 

REA D ( 5, 2 0 3 ) ( CAP A ( I ) f A { I I ,C APR ( I) ,R ( I ) f C A PC ( I , , I = 1, 0 I 
W R 1 T E (6 f 203' ( CAP A ( I ) , A ( I ) , CAP B ( I ) , R ( I ) ,C A PC ( I ) , 1= 1 to, 
NR=(RMAX-RMINJ/DELR+l.OOl 
CONST1=(4.**2'*{PI**2' 
ES=S'~I~-OEL S 
WRITE(A,93) 
no 94 I=l,NS 
FE( 1)=(1.0 
fS=ES+OELS 
00 92 J=l,O 
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~ 1 i~ 
311 
~12 

31~ 

314 
~ 1 5 
316 
317 
31 8 
319 
32° 
321 
322 
323 
124 
325 
326 
321 
328 
-~ ?9 
33(; 
331 
332 

,31 
334 
~3 5 

336 

337 
33 ~ 

C 1. CALCULATION OF SHAPPENI~G FUNCTtnN 
C 

C 

92 FEC I,=FE{ I'+XSCJ'*(Ct\PA(J'* EXP(-A(JI*ES**?/CONSTIJ+CAPBfJ)* EXP(­
IB(J'*ES**7/C8NST1'+CAPC(J" 

FMS={ FE( II/FF{ I) 1**2 

C 2. If\i(LUSlfJN OF DA~PENING FUNCTION 
C 

C 

F~SEXD{I)=F~S* EXP(-~EXP*~S**21 

94 WPITE(~,204)I,ES,FE(I'tF~S,F~SEXp{r) 
WR fTF (I), q7) 

RHnZE=4.0*PI*PHOZE 

C 3 • E V A L U A TIn N 0 F D IFF E R FtH I ALP A 0 I A l 0 1ST RIB U TI 0 N F lJ NeT 10 N 
c 

c 

CONST2=QELS*2./3./PI 
P(ll=R"HN 
GOFR=C".O 
00 96 J=l,NR 
IF(J.EO.ll GO TO 3 
R(J)=Q(J-l)+DELR 

3 SUM=1. 
1=1 
ES=/').C 

1 SUM=SU~+SIS([ '*FMSEXP{I 1* SIN(ES*R(J.) 
1=1+1 
ES=ES+OELS 
SUM=SlJ~+SIS(I)*FMSE)(P{(,* SIN(ES*R(J),*4.0 
I = 1+ 1 
ES=ES+DELS 
SUM=SUiIo1+S (S (I ,*F,.,SEXP ([ ) * S I N( E SORt J) I 
TF(I.LE.(NS-2). Gf) TO 1 
I F ( 1 • E Q. N S I GO TO 2 
SUM=SU~+~./2.*(SIS( II*FMSEXP(I'* SIN(ES*R(J)+SIS(I+l)*FMSEXPCI+l) 

1* SIN«ES+OElS)*R(J»)' 
1=1+1 

2 FINTc=SUM*CONST2 
RFINTc=R(J)*FINT 

C 4. C~.lClJlATION OF HOMOGENEOllS SYSTEM ROf 
C 

RHOIR2(J)=RH01E*R(J)**? 
C 
C 5. cnMDUTATION OF RADIAL lISTRI~UTrDN FUNCTION 
c 

c 

ROF(J'=RFINT+RHOlR2(J) 
IF (J.EQ.l) GO TO 96 
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~3CJ 

34 r , 

341 
342 
~4'3 

344 
345 
346 
341 
348 
349 
":\")(' 

-3 I) 1 
~~5 2 
353 
:54 

3'51 
358 
3CSG 
31',('1 

361 
362 
363 
364 
')6") 

366 
3f-7 

368 
369 
'37" 

C 6. C~,LCUL/l.TION nF PAIR CORRELATIO"J FUNCTION 
c 

C 
C 
C 

C 
C 

GOfP=RDF(J)/RHOlR2tJ) 
96 WPtTE{~,51(2) J,I,R(J),fINT,RFINT,RHOIR2(Jl,ROF(J),GOFR 

**PLCTTER SUBROUTINES FOR RDF AND 4*PI*R*R*RHO-IERO 
R("JR+l)=i).O 
R(NR+2)=1.i) 
R[)F(!\lR+l )=-50.0 
R[1F(~R+2}=1f)O.O 

RHOIR?("JR+l)=-I)O.O 
RHnl~2(NR+2)=lOO.O 

CALL PlnT(O.I),1.O,-3) 
CALL FACTOR(O.65} 
CALL AXls(n.O,O.O,19HRADTUS IN ANGSTROM$,-19,R.?5,O.O,O.O,I.O) 
CALL AXISIC.O,O.O,30HELECTRCNS SQUARED PER ANGSTROM,30,12.5,90.0,-

150. C, trW. 0) 
CALL FLINE(R,RHOlR2,-NR,1,1,O) 
CALL HINE(R,RDF,-NR,1,1,2' 
CALL SY~RnL(1.00,12.0,.21,?8HRADIAL OISTRIBUTION FUNCTION,O.,28) 
CALL PLnT(12.0,O.O,999' 

C H. FORMaT SPECIFICATIONS 
C 

93 FORMAT (11":\Xt'cnUNTER',9X,'S',RX,'FE',1X,'F~S',3X,'FMS*EXP'/) 

97 F[JR~AT {113X,'C[JUNTER',16X,'Q',7X,'FINT',6X,'RFINT',5X,'RHOlR2',8'1.. 
1, 'RDF',1X,'GnFR'/' 

101 FOR~AT (SF10.1) 
104 FOR~AT(AF10.4) 
117 FORMAT(2I,,)/(2FI0.4» 
1~7 FORMAT('I'/6X,'NO. OF POINTS = ',I2,3X,'LITS = ',IlI19X,'FUNCTION 

lAT S--OUR S VAllJE'/(8X,F9.4,6X,F-~.4/)) 
130 FOR~Al(IIT25,'SCALE FACTQP = ',IPOI6.1) 
203 ~ORMAT (11X,5FI0.3) 
204 FORMAT (II0,7FIO.4. 
22~ FORMAT(FIO.5,FIO.I,FlO.D) 
226 For<MAT (/T6,'ATOM[C WEIGHT' ,T21,'ATCMIC NUMRER' ,T35,'FORMlllA COEFF 

lICIPH') 
221 FnR~AT(T8,FI0.3,T23,FIO.1,T43,FI0.2) 
2?~ FORM!\T(IIT6,'SOLUTE' ,T42,'SOLVENT'/T6,'FOR~"ULA WEIGHT',T22.'ATOMSI 

IMOlFCULE',T42,'FORMULA WEIGHT',T~q,'ATOMS/MOLECULf') 
229 FOR~AT(T5,F14.4,T?1,F14.2,T45tF14.4,TI)8,F14.21 
231 FnRMAT(4Fl~.4' 

212 FORMAT(IIT6,'MOlAR SOLlJTION',T41,'MOLAL SOLUTrO~P/T6,'SOlUTEttT24, 
l'SOLVF~T',T41,tSOLUTE',T53,'DENSITY'/TIO,lGRAM$/lITER',T27,'G~AMSI 

2l ITEQ', T44, 'GRAMS/1000') 
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371 
372 
H3 
1,74 
375 
37 f., 
377 
~78 

37 9 
~P("\ 

-~ R 1 
3P 2 
~81 

3R4 
3R5 
:lQh 

387 
388 
3!:l9 
390-
yq 
3q? 
393 
1<)4 
39 c; 

396 
"97 
398 
199 

400 
4r>1 

402 
403 

233 FORM~T(TIO,FI0.4,T21,FIO.4,T41,FIC.4,T55,FIC.4) 
234 FORMAT(?X,'INSUFFICIENT DATA FOR STATfMFNT ELEVEN') 
2V, FORMA1"(IITA,'MOLAL[TY CALCUlATIQi\JS') 
Z~7 FORMA~(IIT6,'~nLALITY',T21,'DFi\JSrTY' ,T36,'MOLES Of SOLVENT') 
238 FOR~AT(3X,3FI5.5) 
239 FORMAT(IIT6,'NUMBER OENSITY=',E16.Q) 
240 FOR~A'r(!IT6,'TnTAL NU1l1BER "F ~r;u::s PRFSF:NT=',T36,FIO.4) 
242 FOPMAf(IIT6,'MOLE FRACTIDNS') 
245 FORMAT{7X,F8.4) 
247 FORMAT(IIT6,'TOTAL WEIGHT JF SOLUTION=',T32,F9.4) 
148 FOR~AT(!!T6,'WE(GHT FRACTI~NS') 
250 FORMAT( IIT6, n.,OLARITY CALCULATION') 
251 FORMA r (/IIOX,'MOLAqITY',8X,'DENSITY',3X,'MOLES OF SOLVENT'!) 
?62 FORMAr(Fll.~l 

263 FQRMt\T(IIT6,'INPUT DATA---~U OVER RHO') 
266 FOR~AT(!!T6,·FMU=',F8.4) 
270 FORMAT(!IT~,'RHO ZERO [S ',IP016.7,3X,'FOR THIS SOLUTION') 
272 FOR~Ar (4110' 
501 FORMAT (20A4) 
502 FORMt\r (lYl/III/IIIT5,ZOA4/IHll 
511 FORM~T (IIO,4F12.4) 
57? FORMAT (T25,f~ATCHING FACTOR [S ',F9.6) 
525 FCR~AT (3(2F!2.4,3X») 
52A FORMAT(!llnX,'INDEPENOE~T CURVE'!{15X,2F12.4») 
,27 FilPM:\T (!1l0X,'SCALED RFLATIVE CURVE MINUS INDEPENDENT CURVE'/(l5X 

1,2F12.4)) 
528 FGRMAT(f/lOX,'SI CF S BFFnp.f [1'HEPPOLATION'!(15X,2F12.4)' 
529 FORMAT(/llnX,'INTERPOLATED SI OF S'/(15X,2F12.4}) 
533 FORMAT (11X,16,4F12.Z) 
544 FORMAT (!I/T35,'ONE nIMfNSIONAl ARRAYS'/T26,'OF RELATIVE INTENSITY 

1 AT C~RRESDONDI~G S'//T41,'svnL',4X,'RELINT'!) 
5Cj5 FORM4T (25X,I3,8X,F6.2,?X,F8.21 

"ilO~ FOQMAT (11'1, 16,6Fll.2) 
STOP 
EN !) 
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') C 1 
002 
o () :3 
C( 4 

00') 

006 
007 
()(' 8 
c C' C) 

elC' 
011 
(', 12 
(' 1 3 
014 
i'll'S 
r16 
01 7 
018 
019 
!)20 
i!21 
O?~ 

023 
024 

(\2') 

026 

027 
028 

C 
C I. SU8WJUTINF=: 
c 
C 
C 
C 
C 
C 

( 

1. A~GUMENT LIST 

*TERPS, NPTRC, N PAIRS OF DATA (l,FI, AND AN ERROR PERCENTAGE ETA 
*ARE ALL GIVFr-.J TO FIND THE Y VALUE OF I\JPTBC PAIRS OF DATA (TERPS, 
*TFRDI) P,Y AITKEN'S METHOD OF fTER.ATIVE INTERPOLATION. 

SIJBR:JUTINE TERPQUETA,F,l,N,TFRPS,TERP[,NPTBCI 
IMPLICIT INTEGEQ*4(H-O' 
o T "" [!I..J 5 ION F ( r-.J ) ,1 (N , , X ( 3M\ , , Y ( 300 , , TF RP S ( N P T BC) , T ER P I ( NPT Be ) 
no 67 J=l,NPTBC 

C 2. ~FRAY REARRANGEMENT 
( 

C 
( 

C 

( 

( 

( 

( 

( 

( 

NA=N-l 
DO 3 .j ILL = 1 ,I\JA 
MARY=JILL 
MARYA=:JIlL+l 
DC' 2 I=MARYA,N 

? IFf Ar:S(Z(I)-TERPS(J').LT. AHS(Z(MARYI-TERPS(J))) MARY=I 
SAVE=F(JILL) 
F(JILL}=F(,.,hRY) 
F(MAQY)=S4VE 
SAVF=l(JIlLl 
Z (JILLI=l(MARY) 

., 1 (MA R '1") = SA V E 
~2 X(1)=2(l)-TERPS(J) 

Y(I'=Hll 
K=2 

37 L=K-l 
X(K)=7(K)-TfRPS{J' 
Y(K)=F(K) 

47 
DO 47 M=l,L 
Y{K)={Y(M'*XfK)-Y(K)*X(M»)/(XCK)-X(Ml} 

3. P~ECISION (ONTROl 

IF{ AhS(Y(K,)-Y(L»).lE.( ABS(ETA*Y(U)') GO TO 51 
K=K+l 

4. n~GREE LIMITATION 

IF(K.(.T.21) GO TO 55 
IF(K.LE.N) GO TO 37 

5. JUAORATI( ASSIGN~ENT 


