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SOME PROPERTIES OF OCTAFLUOROCYCLOBUTANE (C4F8) OF INTMEST 
I N  X-BAY ABSOLUTE INTENSITY EXPERIMENTS 

R .  W .  Hendricks and L. B .  S h a f f e r ’  

ABSTRACT 

The number d e n s i t y ,  i so the rma l  corri-pressibility, and 
l i n e a r  absorp t ion  c o e f f i c i e n t  (CuK, r a d i a t i o n )  of oc ta f luoro-  
cyclobutane a r e  t a b u l a t e d  as func t ions  of temperature and 
p r e s s u r e .  

INTRODUCTION 

The abso lu te  x-ray d i f f e r e n t i a l  s c a t t e r i n g  c ros s  s e c t i o n  of a sample 

may be determined experimental ly  i f  t h e  i n c i d e n t  x-ray power i s  known. 

Two techniques used t o  determine t h e  power a r e  (1) d i r e c t  a t t e n u a t i o n  of 

t h e  i n c i d e n t  beam u s i n g  absorbing f i l t e r s  or mechanical devices  and 

( 2 )  measurement of t h e  s c a t t e r e d  power from a sample f o r  which t h e  abso lu te  

d i f f e r e n t i a l  s c a t t e r i n g  cross s e c t i o n  i s  known. Shaffer2 and Sha f fe r  and 

B e e m m 3  showed t h a t  of t h e  p o s s i b l e  s a - p l e s  wi th  known d i f f e r e n t i a l  s c a t -  

t e r i n g  c ros s  s e c t i o n s ,  gases make e x c e l l e n t  s t anda rd  samples because 

(1.) t h e  necessary thermodynamic d a t a  are well krown, ( 2 )  m u l t i p l e  s c a t -  

t e r i n g  e f f e c t s  are n e g l i g i b l e ,  and ( 3 )  t hey  are easy t o  use. 

e n t i a l  S c a t t e r i n g  c ross  s e c t i o n  a t  zero angle f o r  a gas not  near  i t s  

c r i t i c a l  po in t  may be expressed as” 

Tne d i f f e r -  

10RA_U Research P a r t i c i p m t  , on leave  from Anderson Col lege ,  Anderson 

2L. I3 e S h a f f e r ,  “Absolute X-Ray S c a t t e r i n g  Cross Sec t ions  of Liquids 

31,. E. Shaf fe r  and W .  W .  Beeman, J .  Appl. Cryst. 2, 379 (1970). 
4A. Guinier  and G .  Fourne t ,  

Ind iana .  

anc Solu t ions  , I ’  Ph.D. t h e s i s ,  Univers i ty  of Wisconsin (1964). 

I 

Small-Angle X-Ray S c a t t e r i n g ,  p.  47, 
Wiley, New York, 1955. 
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where 

da (0) 
= 7.3110 x cm2 and i s  t h e  'Thompson e 

dR 
or c l a s s i c a l  cross  s e c t i o n  of a.n e l e c t r o n ,  

Z = number of e l ec t rons  pe r  molecule,  

c = number of  molecules pe r  u n i t  volume, 

B = i so thermal  compress ib i l i t y  , 
k = Zoltzman's cons t an t ,  and 

T = absolu te  temperature  i n  degrees Kelvin.  

Note t h a t  f o r  an ideal.  gas ckTB = 1. 

A comparison of several .  gases  showed octaf l i ioracyclobutane ( C L + F ~ ) %  

t o  b e  an i d e a l  choice because (1) t h e  s c a t t e r i n g  i s  i n t e n s e  ( Z  = 9 6 ) ,  

( 2 )  t h e  niolecule i s  sitiall ( R  = 2.16 i) and,  hence,  t h e  s c a t t e r i n g  n e a r  

zero angle  decreases  only slowly with  ang1.e , ( 3 )  - the  d i spe r s ion  correc-  

t i o n s  f o r  CiiKc, r a d i a t i o n  a r e  n e g l i g i b l e ,  and (4) t h e  thermodynamic prop- 

e r t i e s  are accura t e ly  known. " 

( c )  , and the  isoth,ormal compressibil-i ty , 

g 

The mass dens i ty  ( p )  , t h e  nurnber dens i ty  

may be computed from t h e  equat ion of s t a t e  f o r  t h e  g a s ,  For C q F g ,  t h e s e  

p r o p e r t i e s  may be computed from t a b u l a t e d  da ta6  or  computed d i r e c t l y  from 

Liie equati-on of s t a t e . 5  These computations become t ed ious  because of t h e  

necessary conversion of B r i t i s h  t o  centimeter-~ra_m-second u n i t s  and be- 

cause of t h e  l a r g e  number of computations r equ i r ed  t o  determine by 

e i t h e r  numerical  d i f f e r e n t i a t i o n  of t h e  t a b u l a t e d  d a t a  o r  a n a l y t i c a l  

s o l u t i o n  of t h e  equat ion o f  s t a t e .  

i n t e r p o l a t e  i n  tlne t a b u l a r  da t a s  t o  determine c and p and t o  compute 1'3 

We have prepared a compu-Les code t o  

* T h i s  compound i.s also known as Freon C-318, which i s  t h e  Regis te red  
Trade Mark of  'ihe E .  I .  duPont de Nemours Company, Wilmington, D e l a w a z e .  
It i s  a v a i l a b l e  i n  convenient cyl.inder s i z e s  from t h e  Matheson Company, 
Iric. ,  932 Paterson Plank Road, E a s t  Ruther ford ,  New Je r sey  07073. 

5J. J .  Mar t in ,  J. Chem. Eng. D-C>~- x, 68 (1962). 
6"Therrfiodynamic P rope r t i e s  of Freon C-318 Ref r ige ran t  ," Tecliriical 

B u l l e t i n  ' T - - C 3 1 8 ,  Freon Products Divisi.on , E .  I .  dii'Pont de Nemours and 
Company , Wilinington , Delaware, 1964. 
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from t h e  equat ion of s t a t e s 5  The appendix p resen t s  our  r e s u l t s  f o r  tem- 

pe ra tu res  and p res su res  commonly encountered i n  t h e  l abora to ry .  

To f i n d  t h e  x-ray power i n c i d e n t  on t h e  sample, t he  observed scat- 
t e r e d  power m u s t  be  co r rec t ed  f o r  sample a b s o q t i o n .  The mass absorp t ion  

c o e f f i c i e n t  f o r  C4Fg irradiated wi th  CUK, x-rays is computed from 

= 12.096 cmz//g , 

where 

an d 

~ / p ) ~  = 14.56 ctm2/g ( re f .  9) . 

Note that t h e  above mass absorp t ion  c o e f f i c i e n t s  f o r  carbon and f l u o r i n e  

are somewhat d i f f e r e n t  from those  f'ound i n  t h e  In te rna t iona l .  %&le5 f a r  

X-Kay Crys ta l lography.  V d u e s  of t h e  linear a b s o m t i o n  c o e f f i c i e n t  

u(crn-l) were computed and are p resen ted  i n  t h e  appendix wt th  t h e  o t h e r  

p e r t i n e n t  thermodynamic data. 

We are g r a t e f u l  t o  the  Oak Ridge Associated Un ive r s i t i e s  For a 

t r z v e l  grant t o  one of US (L.B.s.). 

7R. W .  B a t t e r m a n ,  Rev. S c i .  I n s t  a, _ -  1132 (1958). 
*C . J .  Sparks ,  unpublished r e sea rch .  

91!. W .  Wendricks, unpublished research .  

Y Y I ~  Kynoch Press, Birmingham, England, 1962. 
' -OInternational. Tables f o r  X-Ray Crys ta l lography,  v o l  111, 





APPENDIX 

FOUR PARAMETERS OF C4F8 AS A FZmTCTION OF TEMPERATURE AXD PRESSURE 

Parameters : c ( 9 rno1ecu1.e~ /em3 ) LI (erne1) 

B (10-6 cm2/*ne) ckTB 
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