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Least-Squares Refinement of Molecular Structures 
from Gaseous Electron-Diffraction Sector Microphotometer Data. 

III. Refinement of Cyclopropane.* 

BY O. BASTIANSEN,~ F. N. FRITSCtI AND KENNETH HEDBERG$ 

Department of Chemistry, Oregon State University, Corvallis, Oregon, U.S.A. 

(Received 1 May 1963) 

The method of least squares presented in the preceding two articles was applied to the cyclopropane 
structure, using data  from the Norwegian diffraction apparatus (Skaneke, 1960). The general 
refinement (including H • • • H interactions) led to the following results for the six distances (r and d) 
and root-mean-square  amplitudes of vibration (l), all in /~, and the two interesting angles: 
rc(~)c(1) = 1.510 ___ 0.002, r(C~)H(~) = 1"089 _ 0"003, rC(~)H(2) = 2'234 __. 0"006, dH(1)H(~') = 1"838 ___ 0"008, 
dH(~)H(2) = 2"521 ± 0"017, dH(1)E(2') = 3" 120 _ 0"010, /C(1)C(2) = 0"0483 -- 0"001~, /C(1)H(~) = 0"0843 ± 0"004~, 
lC(~)H(2) = 0" 1141 ± 0"006 s, /H(1)H(~') = 0"0511 ± 0"0238, IH(~)H(2) = 0"2143 ± 0" 107 e, IH(z)H(2') = 0"087z +_ 
0"0431, /__ H(1)C(1)H(I') = 115"1 ± 1"0 ° and A C(2)C(1)H(1) = 117.7 ±0.4 °. The distance values 
correspond to ra, which differs slightly from re; the mean amplitudes differ correspondingly from l~. 
The standard errors include estimates of all known systematic effects deriving from the experiments 
and method of data  reduction, and estimates of correlation among the intensity data,  However, 
tes ts  of various refinement conditions have revealed certain systematic changes in the values of 
the mean amplitudes of unknown cause, which suggest caution. No such effects on the distances 
were observed, and we feel they may be accepted with confidence. 

Introduction 

I t  has seemed worthwhile to i l lustrate  the  working of 
the  least-squares ref inement  method  presented in the  
preceding two articles (Hedberg & Iwasaki ,  1964, 
and  Iwasaki ,  Fr i tsch & Hedberg,  1964; hereaf ter  called 
H & I and I F  & H). Cyelopropane, besides being of 
considerable s t ruc tura l  interest,  is excellent for this 
purpose because it permits  demonst ra t ion  of the  major  
features  of the method in an  especially simple way.  
Fu r the r  a t t rac t ions  were the  existence of excellent 
d a t a  and  a s t ruc tura l  analysis  giving a very  good t r ia l  
s t ruc ture  (Skancke, 1960). We are grateful  to siv. ing. 
Skancke for use of his in tens i ty  da t a  (on which our 
ref inement  is based) and  for use of his s t ruc tura l  
results  before publication.  

The following section summarizes  Skancke 's  results. 
This is followed by  a description of the  general  refine- 
ment  (all dis tances and mean  ampli tudes included), 
and  then  of some other ref inements  reflectin~ the  

effect of s ta r t ing  model,  weight matr ix ,  d a t a  in terval  
(/Is), omission of H . . .  H interact ions,  and  others. 
The symbols used are defined in I F  & H and  explained 
there and  in H & I. A brief discussion of the  cycle- 
propane s t ruc ture  will be published in Acta Chemica 
Scandinavica. 

* This work was supported by the Directorate of Chemical 
Sciences, Air Force Office of Scientific Research, under 
contract AF 49 (638)-783. 

t On leave from the University of Oslo, Norway. 
~: Alfred P. Sloan Foundation Fellow. 

Pre l iminary  analys is  

The diffract ion d a t a  were obta ined in the  Norwegian 
appa ra tus  and  af te r  reduct ion yielded the  experi- 
menta l  in tens i ty  d a t a  given in Table 1; the  corre- 
sponding curve is shown in Fig. 2. The d a t a  m a y  be 
regarded  as described by  equat ion (14), H & I, with 
constant  coefficients nZ~ for C • • • C interact ions and  
var iable  coefficients n(Z-f)~Z~(Z-f)-61 and 

n(Z- f )~Z~(Z- f ) -d  2 for C " .  H and H . . .  H 

interact ions respectively.  
The exper imental  radial  dis tr ibut ion curves (Fig. 

3), one calculated with no damping and one wi th  

H(3) H(2) 

S 
H(3'/ / H(~ 

H(I') 

Fig. 1. Diagram of cyclopropane molecule 
showing atom numbering. 
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T a b l e  1. Intensity data for cyclopropane 
• ° 

s Iobs(s) 
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11 -- 925 
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12 -- 168 
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13 697 
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831 
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14 682 
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- -  123 
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- -  718 
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18 715 
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55 
19 -- 203 

-- 38O 
- -  510 
-- 560 

20 -- 524 
- -  421 
-- 230 
- -  34 

(Skancke, 1960) 

s Iobs(S) 

21 146 
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189 

'23 -- 4 
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24 -- 413 
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- -  231 
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25 90 
263 
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-- 357 

28 -- 387 
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- -  5 3  

- -  8 

46 12 
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47 37 
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d a m p i n g  t o  r e d u c e  se r ies  t e r m i n a t i o n  e r ro r s ,  s h o w  n o t  
o n l y  t h e  e x p e c t e d  t h r e e  m a j o r  p e a k s  c o r r e s p o n d i n g  

to  C-I-I, C - C  a n d  C -  • • H d i s t a n c e s ,  b u t  g ive  c l e a r  in-  

d i c a t i o n  of a l l  H . . .  H d i s t a n c e s  as  wel l .  T h e  f i r s t  
c o l u m n  of  T a b l e  2 l i s t s  t h e  d i s t a n c e  a n d  m e a n  a m p l i -  

t u d e  v a l u e s  r e a d  f r o m  t h e  d a m p e d  c u r v e ,  t h o s e  f o r  
C - H ,  C-C ,  a n d  C . . .  H b y  f i t t i n g  G a u s s i a n  c u r v e s  
t o  t h r e e  p o i n t s  of  e a c h  p e a k .  T h e  p a r e n t h e s i z e d  v a l u e s  
f o r  I c - m  /c -c ,  a n d  l c . . .  E r e s u l t  f r o m  a l e a s t - s q u a r e s  
f i t  of t h e s e  p a r a m e t e r s  o rdy ,  b a s e d  on  i n t e n s i t y  d a t a .  

G e n e r a l  l e a s t - s q u a r e s  r e f i n e m e n t  

I t  is o b v i o u s  f r o m  t h e  w e l l - r e s o l v e d  p e a k s  of t h e  r a d i a l  
d i s t r i b u t i o n  c u r v e s  t h a t  t h e  s t r u c t u r e  f o u n d  b y  S k a n -  
c k e  is a g o o d  one ,  a n d  t h a t  r e f i n e m e n t  c a n  l e a d  o n l y  
t o  s m a l l  c h a n g e s .  T h e r e  r e m a i n  s o m e  s t r u c t u r a l  r ea -  
sons  fo r  a p p l i c a t i o n  of l e a s t  s q u a r e s ,  n a m e l y  t h e  im-  
p o r t a n t  p r o s p e c t  of  r e f i n i n g  t h e  H . . .  H m e a n  a m -  
p l i t u d e s :  T h e  I t . . .  H i n t e r a c t i o n s  t h e m s e l v e s  w e r e  

r e a s o n a b l y  i g n o r e d  in  S k a n c k e ' s  r a d i a l  d i s t r i b u t i o n  
a n a l y s i s  ( t h e i r  t o t a l  c o n t r i b u t i o n  t o  t h e  i n t e n s i t y  is 

v e r y  s m a l l  as  m a y  be  s e e n  f r o m  :Fig. 2), e x c e p t  fo r  a 

c h e c k  a t  t h e  e n d  w h i c h  r e v e a l e d  g o o d  a g r e e m e n t  
b e t w e e n  t h e  o b s e r v e d  H . - - H  p e a k  p o s i t i o n s  a n d  

t h o s e  c a l c u l a t e d  f r o m  t h e  C(1)C(2),  C(1)H(1)  a n d  
C(1)H(2)  d i s t a n c e  v a l u e s .  

T h e  m o s t  g e n e r a l  r e f i n e m e n t  of t h e  c y c l o p r o p a n e  
s t r u c t u r e  pos s ib l e  w i t h  t h e  e x i s t i n g  l e a s t - s q u a r e s  
m e t h o d ,  a s s u m i n g  D3h s y m m e t r y  fo r  t h e  m o l e c u l e ,  
i n c l u d e s  t r e a t m e n t  of  t h r e e  of  t h e  s ix  d i f f e r e n t  dis-  
t a n c e s  as  g e o m e t r i c a l  p a r a m e t e r s  ( t h e s e  a r e  m o s t  

c o n v e n i e n t l y  t a k e n  as  C(1)C(2),  C(1)H(1) ,  a n d  
C(1)H(2))  a n d  a l l  s ix  m e a n  a m p l i t u d e s  as v i b r a t i o n  
p a r a m e t e r s  (see t t  & I) .  

The trial structure 
T h e  i n t e r a t o m i c  d i s t a n c e  a n d  m e a n  a m p l i t u d e  

v a l u e s  fo r  t h e  t r i a l  s t r u c t u r e  a r e  g i v e n  i n  T a b l e  2. 
T h e y  d i f f e r  f r o m  t h e  v a l u e s  in  t h e  f i r s t  c o l u m n  of t h e  
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Fig. 2. Intensity era'yes for cyclopropane. 

Io: Experimental. The dotted innermost portion was 
obtained from theoretical curves. 

I~: Theoretical. r and 1 values from 3rd cycle of general 
refinement. 

19." Theoretical. H . . .  H terms only from 3rd cycle of 
general refinement. 

I3: Theoretical. r and l values from poor trial structure 
(Table 2). 

table  for no important  reason except  for the  H • • • H 
distances  which,  of course, are calculated from the  
geometry  determined by  the  distance  parameters• 

The J matrix 

In  order to calculate  the  derivat ives  wi th  respect to 
the  distance parameters  the  J matrix  must  first be 
calculated.  Us ing  the  distance values  for the trial  
s tructure (Table 3) and proceding as indicated in the  
Appendix  of H & I the  fol lowing matrices  may  be 
formulated.  

x =  {rc-o, ro-~,, ~} 

Y =  {rc . . .  ~, &~(~. . .  mr) ,  dro l l . . ,  uw} ,  dm,~ . . ,  m,'~} 

= k o - o ,  

rl = {&,m...  mr), dum.. .  ~,l=~, d,~m.., m~'~, ~} 

[ 1 0 0 \ 
D ~ = /  0 1 0 / '  

[ 1 0 0 \ 

\ l :6Ss ilg0i ..... , 1 ; s70 /  

°,,~, 

v 

.& 
(b 

v 

E~ 

A 

t ~  t'.,- 

+1 +1 +1 ~ 

6 6 6  

t~ 

g 
4a 

¢0 

+1+1+1+1 +1+1+1+1 +1 +1 

o + 1 + 1 + 1 + 1  ~ l + l + l + l  + l  +1 

+l+l+l+I +1+1+1+1~+1~+1~ 

I 

o 

b0 

~ z  

g ~  
= 
e ~  

~Q 
=.~ 

c ~  

~ 4 a  

4a 

, g a ~  

g ~  

o 
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co) c(~) 

C(I) 

/ 

J 
H(1) ~ C(1) H(2) 

_ Experimental 
H(1) H(I') ~ ]  \H(1) H(2) H(1) [H(2') 

\ 
Theoretical 

0 0"5 1 "0 1 "5 2"0 2"5 3"0 3"5 

Fig. 3. l~adial d is t r ibut ion  curves for cyclopropane.  Expe r imen ta l  curves were calculated f rom 

P(r)/r ---- Z I ( s )  exp (--b89) sin sr, 
8 

theoret ical  curves f rom 

_P(r)/r = ~ ½An (XCkn)-½ exp [-- (rn-- r)~/(4kn)] where kn = ½1~n + b. 
n 

1. Exper imenta l ,  b---- 0. 
2. Exper imenta l ,  b ---- 0.0012. 
3. Theoretical ,  r and  l values f rom 3rd cycle of general  ref inement ,  b----0.0012. 
4. Theoretical ,  r and  1 values f rom poor tr ial  s t ruc tu re  (Table 2), b=0.0012.  

0 1.681 1.180\ 
/ 1 0.938 1.586| 

= [o.81o 1.74  - o 5 9 4 ] ,  
\ o  ............ 0 ................. i ........ / 

/  .992 3.4 2 -2. o7\ 
/ - 1 " 6 7 7  -1 .443 2.966|  

The partitioning corresponds to tha t  given in H & I; 
thus, the J matr ix  is the first three rows of D~, the 
elements of the first row, for example, being 

~rH(1).. . ~( l ' ) /  ~rc -c ,  ~rg(1) • • • H(I")/ ~ r c - ~  , 
and 

~rg(1)... H(I')/~rc... ~ • 

R e f i n e m e n t  cyc l ing  

The conditions selected for the refinement were 
P = E ,  smin=l '75, smax=51"75, and As=0.25.  The 
input  data  included this information, Fobs (Table 1), 
n--  6, i = 3, j = 6, the scale factor, distance parameters, 
dependent distances, and mean amplitude parameters 
of the t r ial  structure (Table 2), and the third row of 

D~ and the first three rows of D~ shown above. As 
may  be seen from Table 2, the results of the first 
cycle include an impossible value for IH(1)...~(1.). 
The large change responsible for this, although un- 
reasonable, is not altogether surprising in view of the 
small weight of the H • • • H terms. Accordingly, the 
second cycle was carried out using values for the 
l~ . . .  E's which included only small fractions of the 
changes derived from the first, tha t  is, reduced shifts. 
The values used are those parenthesized. The results 
of the second refinement justified this procedure, 
which was repeated for the last cycle. Only very small 
changes in the distance parameters were obtained, 
and therefore the same J matr ix  was used for all 
cycles. Convergence of the process is evident from the 
distance and amplitude values in Table 2, and from 
the values of V'PV, which steadily approach the values 
of N ' P N  in the preceding column on which the cycle 
is based. 

T h e  error m a t r i x  M a n d  f i n a l  resul ts  

The error matrix,  diagonal elements of which are 
squares of the s tandard errors and off-diagonal ele- 
ments the average products of the s tandard errors of 
the corresponding two parameters (H & I(20)), is 
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k 
0.48 x 10 s 
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Table 3. Error matrix M ( × l0  s) f rom 
To include an estimated effect of correlation among the intensity data the value of each 

rC(1)C(2) rC(1)H(2) rC(1)H(2) dH(1)H(I') dH(1)H(2) dH(1)H(2') /_ H(1)C(1)H(I') 
0"900 -- 0.862 -- 0.467 0"0721 1"26 1"07 147"0 
0.258 -- 0.0116 0.0367 0-333 0.0614 0"246 16-5 

3.56 0.903 6-36 -- 9-08 -- 3-60 -- 62-0 
11.8 -- 10.1 32.1 19-5 --2,490-0 

25-5 58.6 28-2 2,600-0 
125.0 69-4 -- 7,170.0 

39.5 -- 4,260.0 
0.511 x l0 s 

given in  Table  3. I t  mus t  be emphasized t h a t  these 
values are derived solely from the  da ta  of Table 1 
assuming no correlation, and  therefore they  are cer- 
t a in iy  too small. I t  must  be fur ther  emphasized t h a t  
in  order to arr ive a t  realist ic est imates of the  s tandard  
errors the  values obta ined from the diagonal  elements 
of M into which the  effect of correlat ion has been 
in t roduced must  be increased by amounts  reflecting 
the  effect of sources of sys temat ic  error. 

These considerations m a y  be applied to the  cycle- 
propane results as follows. We assume arb i t ra r i ly  t h a t  
only about  one-half of the  original da ta  are inde- 
pendent  and  the reby  double the  magni tude  of each 
e lement  of M. No strong a rgument  in support  of this 
a rb i t r a ry  factor  can be advanced,  but  i t  is not  con- 
t r ad ic t ed  by  the  results  of tes t  ref inements  made 
wi th  da t a  a t  different  in tervals  As which could be 
expected to reveal  evidence of correlation. The effect 
of sources of sys temat ic  error may  then  be es t imated  
by  considering separate ly  those which affect prima- 
r i ly  the  mean  ampl i tude  parameters  (photographic 
blackness correction, scat ter ing factors, and sector 
calibration) and  those which affect the  scale of the  
molecule (electron wave length  and camera distances). 
The first  of these may  be t aken  as about  0.02 l~j, a 
quan t i ty  which was obtained by  careful s tudy  in an- 
other  invest igat ion (Hedberg & Iwasaki,  1962) and  if 
any th ing  should be generous in the  case of cycle- 
propane. The second may  be fa i r ly  es t imated  as about  
0.0005r, from records of cal ibrat ions made about  the  
t ime of the  cyclopropane experiment.  The final  results  
derived from these considerations are pre~ented in 
Table 4. The error mat r ix  itself would seem to be largely 
unaffected by  unce r t a in ty  in the wave length  and 
camera distances and, except possibly for the H • • • H 
mean  ampli tude parameters ,  l i t t le  affected by  the un- 
cer ta in ty  in  the  scat ter ing factors and  in the  black- 
ness and  sector corrections. Except  for these H • • • H 
mean ampli tudes  then,  the  error matr ix ,  doubled to 
t ake  account  of correlat ion in the  original data ,  is 
felt  to present  a fair  es t imate  of the error correlat ion 
and  we offer i t  together  wi th  Table 4 as the fullest  
s t a t ement  of our results. 

Table  4. Final  results for cyclopropane 
Values are those obtained directly from treatment described 
in text and are not better than three places of decimals for 
distances and amplitudes and one place of decimals in degrees 

Distance* Mean amplitude* 
rc(1)c(~) 1.5096 __ 0.001 s A 0.048 a +_ 0.0017 A 
rc(1)H(1) 1"088 s __ 0"003~ 0-084 a ___ 0-0041 
rc(1)H(2) 2"234~. __ 0"005 s 0" 1141 __ 0-006 s 
dH(1)H(I') 1"837s _ 0"0081 0"0511 --- 0"0238 
dH(1)H(2) 2"5213 +__ 0"0171 0"2143 ----- 0"107s 
dH(1)H(2') 3.1200 +_ 0"0104 0"0871 +_ 0"0431 

/_ H(1)C(1)H(I') 115.122 1.01 ° 
/ C(2)C(1)H(1) 117.68_+0.42 

* The distance results are ra values (derived from intensity 
curve refinement). Both they and the mean amplitude values 
will differ slightly from re and 4. 

Other  r e f i n e m e n t s  

A number  of ref inements  were carried out in addi t ion  
to t h a t  described above in order to gain some experi- 
ence wi th  the  working of the  method.  Of considerable 
in teres t  is the  speed of ref inement  and qual i ty  of 
resul t  from a poor t r ia l  s tructure.  To tes t  this  a s tar t -  
ing model  wi th  values of the  major  parameters  quite 
different  from the best values and  excluding the  
H . - - H  interact ions  was refined. Other  condit ions 
were as in the  general  refinement.  The s tar t ing values 
and  results of the th i rd  cycle are shown in Table 2; 
in tens i ty  and radia l  d i s t r ibu t ion  curves for the  t r ia l  
s t ructure  are shown in Figs. 2 and 3. The agreement  
of these results wi th  those from the  general ref inement  
is excellent and provide~ demonstration of the ease 
with which simple structures may  be refined. Indeed,  
after  only one cycle all distance and mean  ampl i tude  
values were wi thin  0-01 /~ of the  best  values from the  
general  ref inement .  

The effect of weighting of the  observat ions was 
tes ted  by  ref inements  omit t ing H . . - H  in teract ions  
in which the  weight mat r ix  was calculated from 
P = j f f 8  e x p ( - b 8  e) instead of being t aken  as rarity. 
Other condit ions were as before. In  general, i t  was 
found t h a t  a choice of b which emphasized the  outer  
da ta  a t  the expense of the inner  led to an  increase 
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"th cycle of general refinement 
.... ent should be doubled, r, d, and 1 values in A, angles in degrees, b dimensionless 

/_ C(2)C(1)H(1) 
- -  6 0 . 5  

- - 6 . 8 1  
2 5 . 6  

1 , 0 3 0 . 0  
-- 1 , 0 7 0 . 0  

2 , 9 6 0 . 0  
1 , 7 6 0 . 0  

- - 3 , 8 1 0 . 0  
0 . 0 8 7 1  × 106 

/C(1)C(2) 1C(1)H(1) /C(1)tt(2) /H(1)H(I') /H(1)H(2) ltt(1)tt(2') 

24"7 41"0 58"4 - -  13"5 139"0 47"0 
- -  0 " 0 0 1 1 7  0"0115  0"0145  - -  0 " 0 2 0 0  0"321 0 " 0 1 1 5  
- -  0 : 0 0 5 0 3  - -  0"189 - -  0 " 0 0 7 9 4  0"0118  7 - 0 6  - -  0"315 
- -  0 " 0 0 3 5 2  - -  0"0438  2"16 2"68 117"0 - -  5"82 
- -  0 " 0 1 6 0  - -  0 . 3 2 5  - -  2 . 3 4  - -  2 . 9 2  - -  1 1 2 . 0  5 . 6 9  

0 " 0 2 7 4  0 - 4 9 0  6"43 7 - 9 0  322"0  - -  16"2 
0"0127  0"205  3"81 4"67 195"00  - -  9"73 

- -  1"05 3"64 - -  460"0  - -  573"0  - -  2 4 , 6 0 0 . 0  1 , 2 3 0 - 0  
0 - 4 3 3  - -  1 . 4 2  190"0 236"0  1 0 , 2 0 0 " 0  - -  508"0  
0"303 0 - 2 0 8  0"300  - -  0"0873  0"687 - -  0"243 

3"00 0"501 - -  0" 126  0"964  0"408  
10"2 - - 3 - 8 6  117"0 - - 4 " 1 2  

260"0  - -  25"4 0"838  
5 , 3 4 0 " 0  217"0  

8 5 5 . 0  

in the values of the mean amplitudes and the CH 
distances while leaving the C(1)C(2) distance practic- 
ally unchanged. With larger values of b, emphasizing 
intermediate and inner data (but not innermost), the 
value of the C(1)C(2) mean amplitude was markedly 
reduced (e.g., b =0.004 gave lc(11c(2)=0.0429_+ 0 . 0 0 2 7 )  

while affecting other amplitudes and distances only 
slightly. An example in which the outer data have 
been emphasized is shown in Table 2. 

The effect of taking data at larger intervals As is of 
interest. Refinements again omitting H . . - H  inter- 
actions, but otherwise with conditions as before, were 
attempted with As=0.5, 1.0, 2.0, and 4.0, but the 
last of these could not be made to converge for any 
of the parameters except, apparently, rc(1)c(2) and 
lc(1)c(2). This result is not surprising since the C(1)H(1) 
and C(1)H(2) terms are damped to 10% of their 
initial values at s values of about 25 and 18 respec- 
tively, by which time they are represented in only 
five or six data. The parameter values from the refine- 
ments with As=0.5  and 1.0 are essentially the same 
as is obtained with As=0.25,  while that  with As=2 .0  
gives slightly larger values, but except for rc(1)H(2) 
with associated standard errors overlapping those ob- 
tained with As = 0.25. The standard errors themselves, 
of course, are larger. The results for the refinement 
with As--2.0 are given in Table 2. 

D i s c u s s i o n  

The dependence of the refinement results for cycle- 
propane on the different conditions of refinement 
described above are typical of what we have observed 
in other, quite different, cases. Our experience can be 
summarized in respect to its bearing on the values of 
parameters determined by this method in general; 
the remarks apply as well to the cyclopropane results. 

The distance parameter values and errors may be 
accepted with confidence, we feel, keeping in mind 
that  the quantities measured (ra) actually differ from 
those with which they tend to be compared, e.g., re 
values from spectroscopic investigations and rg (cen- 
ter of gravity) values from electron-diffraction radial- 
distribution curve analyses. This feeling derives from 

the lack of any trend in the distance values with sys- 
tematic changes in the refinement conditions. The 
mean amplitude parameters on the other hand, which 
also differ from le values, together with their associated 
errors do not merit the same confidence. The decreas- 
ing trend in these values, as data at small scattering 
angles are increasingly emphasized, invites caution. 
For, despite appropriate allowance for the factors 
known to affect these parameters particularly, it must 
be admitted that  the cause of the trend is unknown 
and the error allowance may be insufficient. This ef- 
fect was first noted in an investigation of phosphorus 
trichloride (Hedberg & Iwasaki, 1962); if it proves to 
be common to experiments in other laboratories as 
well, the mean amplitude determination by electron 
diffraction will need careful investigation. 

Each cycle of the general refinement of cyclopro- 
pane required about an hour on ALWAC III-E, or 
about three hours in all. The speed advantage of the 
method over conventional methods is obvious, even 
with a slow computer. Moreover, for simple structures 
like cyclopropane the method is exceptionally easy to 
apply. Thus, the results of the general refinement 
could surely have been obtained without use of the 
radial distribution curve by making rough but reason- 
able guesses for the values of the C(1)C(2), C(1)C(1) 
and C(1)H(2) distances and their associated mean 
amplitudes, and refining the resulting poor trial struc- 
ture; using these values the general refinement could 
then be carried out introducing rough trial values for 
the H • • • H mean amplitudes. 
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