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anormales correspondent k des effets physiques r$els ou 
un  manque  de precision daiis les coordonn~es atomiques.  

Nous 4tudions s imultan~ment  la structure du d~riv6 
brom4 de l 'ac~tamide, isomorphe du d~riv~ chlor~, afin 
de pr~ciser l ' influence du halog~ne sur le compor tement  
de la molecule. 

Nous remercions Monsieur le Professeur Brasseur pour 
l 'int~r~t qu'fl a port6 k ces recherches, Monsieur Toussaint 
pour les pr~cieux conseils qu'fl nous a donn4s. 
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Recent ly  Carpenter (1952; hereafter  referred to as C) 
and  Truter  (1954; hereafter  referred to as T) indepen- 
dent ly  have re-examined the  crystal s tructure of NaNO2, 
and  have obtained results in good agreement  wi th  one 
another  (except for the calculated errors) and  similar to 
the  early results of Ziegler (1931). The present  note  
reports the  cont inuat ion of the  least-squares ref inement  
of C, wherein (a) more data  are included, (b) the  scale 
and  temperature-factor  parameters  are allowed to vary  
simultaneously with the atomic coordinates, and (c) an 
improved weighting scheme is employed.  In  addit ion,  
the  effects of several factors on the s tandard deviations 
of atomic positions are examined.  

New multiple-fi lm "Weissenberg photographs were pre- 
pared by Mr Lincoln Eks t rom from a crystal ro ta t ing 
about  the c axis (notation of C). The structure-factor 
magni tudes  of C were combined wi th  those from the new 
films and were supplemented  by 17 values used in T 
(Truter, pr ivate  communicat ion)  to give values for a total  
of 83 reflections.t  

The combined structure factors were used in two fur- 
ther  cycles of least squares ref inement  of atomic coordi- 
nates and  scale and temperature-factor  parameters.  The 
tempera ture  factor was taken  to be exp ( -- ah ~ -- flk ~ - yl s), 
as in C. The weight w of a structure factor was calculated 
from the formula (Lee, unpublished) ~(p/w) = 
0-00883 A- 0"01021UIo + 0.00430 sin 0 A- 0.0350] UIo sin O, 
where ]U[o is the observed uni tary  structure-factor magni- 
tude and p is the number  of independent  measurements .  
This formula resulted from empirical examinat ion of the  
errors in other non-centrosymmetr ic  structures deter- 
mined  from visual intensi ty  values. These weights do not  
differ radically from those used in C, but  they  are be- 
l ieved to be better.  

Coordinates, dimensions, s tandard deviations and dis- 
crepancy factors from several sources are summarized 
in Table 1. The final coordinates and  dimensions (C') lie 
between those of C and those of T, but  are believed to be 
bet ter  than  either. The s tandard  deviations a from the 
least-squares calculations were calculated from the usual 

* This work was supported in part by the Office of Naval 
Research under Contract Nonr 562(04) with Brown University. 

t Copies of the final list of structure factors may be obtained 
on request to the author. 

Table 1. Atomic coordinates, dimensions, standard 
deviations and discrepancy factors Jar NaNO~ 

Quantity Z* T* C* C'* 
ZNa/C 0"583 0 " 5 8 5 2  0 " 5 8 7 0  0"5862 
ZN/c 0"083 0 " 1 2 1 7  0 " 1 1 8 0  0-1188 
Yo/b 0"194 0 " 1 9 4 6  0 " 1 9 4 1  0-1944 
N-O (A) 1.13 1.247 1-233 1-236 
O-N-O (°) 132 114.2 115-7 115-4 
~(Z~a) (A) - -  0"01 0"0068 0.0106 
~(ZN) (A) - -  0-03 0"0147 0.0212 
a(Yo) (A) - -  0.018 0-0084 0.0100 
~(N-O) (A) - -  0.035 (0.017) 0.014 
a(0-N-O) (o) __ 4 - -  1.73 
R - -  0.154 0"110 0.123 

* Z" Ziegler (1931). 
T: Truter (1.954 and private communication) from the 

'modified Fourier method'. 
C: Carpenter (1952) but with errors in standard deviations 

corrected. The value in parentheses for a(N-O) was calculated 
by Truter from the coordinate standard deviations above it 
in column C. 

C': The present least-squares refinement. 

expression (Shoemaker, Donohue,  Schomaker & Corey, 
1950). In  the  calculation C', the eovarianee between 
Z~ and Yo is negligible, unlike tha t  in the  'modified 
Fourier me thod '  of T. 

Detai led examinat ion of these calculations shows tha t  
the  increases in the  s tandard  deviations on going from 
C to C' result chiefly from the larger errors present  in the  
extra  reflections included in C'. The corresponding in- 
crease of the  discrepancy factor indicates this also. This 
means tha t  the weighting system failed properly to de- 
emphasize these reflections. Since, however,  most  of the  
values taken  from T occur in this group, and  the  weight- 
ing system need not  apply as well to values de te rmined  
in another  laboratory by different techniques,  this is no t  
unreasonable.  The lesser s tandard  deviations in C' com- 
pared to T appear to result from the smaller errors in 
the  former. 

The effect on atomic coordinates of ignoring changes 
in scale and temperature-factor  parameters  was large in 
the  first cycle of the present  ref inement  (coordinate 
changes respectively -- 0.0023, -- 0.0022 and 0-0055 /~ 
instead of --0-0029, 0.0040 and 0.0000 /~), where these 
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parameters  changed appreciably from those used in C 
because of the inclusion of more data  and  the  different 
weight ing system. The effect was much  smaller in the  
second cycle (changes --0-0015, --0.0000 and 0.0021 /~ 
instead of --0.0016, 0.0008 and 0.0015 ~).  Allowing the  
scale and temperature-factor  parameters  to change simul- 
taneously with the  atomic coordinates here accelerates 
the  ref inement  while these parameters  change appre- 
ciably, but  the coupling between these parameters  and  
the  coordinates would presumably be smaller in another  
structure composed of more atoms in more general posi- 
tions. 

The s tandard  deviations at  the  end of the  first cycle 
of this ref inement  would differ only slightly from those 
under  C'. Neglect of scale and  temperature-factor-para-  
mete r  changes has a smaller effect on the  s tandard  
deviations than  on the  atomic positions; in fact, neglecting 

all off-diagonal elements in the normal  equations yields 
s tandard  deviat ions differing by less than  10 % from the 
correct values. 

The author  would like to thank  Mr Lincoln Eks t rom 
for preparing photographs,  Mr F. S. Lee for details of his 
weight ing scheme, Dr Truter  for informing h im of her 
results before publication, and the  Office of Naval  Re- 
search for financial support.  

R e f e r e n c e s  

C A R P E N T E R ,  G.B.  (1952). Acta Cryst. 5, 132. 
SHOEMAKER, D . P . ,  DONOHUE, 5 ,  SCHOMAKER, V. & 

COREY, R. B. (1950). J.  Amer. Chem. Soc. 72, 2328. 
TRUTh.R, M . R .  (1954). Acta Cryst. 7, 73. 
ZrEGLER, G . E .  (1931). Phys. Rev. 38, 1040. 

Acta Cryst. (1955). 8, 853 

C a l c u l a t e d  f o r m  f a c t o r s  f o r  t h e  1 8 - r e s i d u e  5 - t u r n  a - h e l i x . *  By  Li~-t~s PAVLrNO, ROBERT B. COREY, 
HARRY L. YAKEL, JR.t and RICHARD E. MARSH, Gates and Crellin Laboratories of Chemistry, California Institute 
of Technology, Pasadena, California, U. S. A .  

(Received 1 August 1955) 

Cochran, Crick & Vand  (1952) have derived expressions 4 0  

for the  evaluat ion of the Fourier  t ransform of a toms on 
a helix. Wi th  the help of these expressions we have cal- 30 
culated form factors for the  equator  and  first 28 layer 
lines of the  18-residue 5-turn c~-helix. 

For  a toms arranged in a helical structure,  the  form 
factor expression, as derived by Coehran et al., is 

Fh(R, ~, Z/c) 

= ~.~" ~ fiJn(2r~Rri) exp {i[n(~v--~i-b½z) +2xdzi/c]}, 
n J 

where R, ~ and  1/c are cylindrical coordinates in reci- 
procal space, r# ~i and  z i are the  cylindrical coordinates 
of a tom j in real space, fi  is the atomic form factor, and  
• In is the  nth-order  Bessel function. The summat ion  
extends  over all values n tha t  satisfy the  condit ion 

n i p  +m/p  = 1/c , 

where P is the  pi tch of the  helix and  p is the  vertical  
spacing between equivalent  a toms;  m and  n are integers. 

Table 1. Atomic coordinates for the 18.residue 5-turn helix 
(left.handed configuration) 

Atom r (A) q0 (o) z (A) 
C 2.28 0.0 1.48 
N 1.57 29.1 0.62 
C' 1.61 74.6 1.09 
O 1.76 83.5 2.29 

tiC(i) 3.20 -- 19.3 0.65 
tiC(2) 3.44 16.1 2.12 

*Contribution No. 2023 from the Gates and Crellin Labo- 
ratories of Chemistry. This work was performed under Con- 
tract No. Nonr-220(05) between the California Institute of 
Technology and the Office of Naval Research. 

t Present address: Oak Ridge National Laboratory, Oak 
Ridge, Tennessee, U.S.A. 
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Fig. 1. Plots of F 2 for the most prominent layer lines of the 
18-residue 5-turn a-helix. The solid curves are for the fl- 
carbon atom in position 1 (d configuration for the left- 
handed helix) and the dashed curves are for the ti-carbon 
atom in position 2 (1 configuration for the left-handed helix). 
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