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Table 2. Observed and calculated structure factors forYb3Ge~ 

h~ I%1 I%1 
010 26"9 19"9 

020 25'2 14"0 
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040 0'0 7"5 
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Table 3. Interatomic distances ~ for Yb3Ges 

The e.s.d.'s include only the uncertainties in the 
positional parameters. 

Y b - 4  Ge(2) 3.015 +0-006 A, 
- 4 Ge(1) 3.016 + 0.002 
- 2 Ge(2) 3"356 + 0"021 
- 4 Yb 3-778 + 0"005 
- 2  Yb 4.166 

G e ( l ) -  3 Ge(2) 2.585 + 0.017 
- 6  Yb 3.016+0.002 
- 3 Ge(1) 3.928 

Ge(2) - 2 Ge(1) 2-585 + 0.017 
- 2 Ge(2) 2.979 + 0.044 
- 4 Yb 3"015 ___ 0.006 
- 2  Yb 3-356+0-021 
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Bhuiya & Stanley (1963) proposed a method of  refinement 
i n which each parameter, u~, is varied in turn from u~- ndu~ 
to to + ndu~ in 2n increments of  du~. The lowest value of  the 
residual, R=IIIFol-IF~ll/IIFoh within the range o f  vari- 
ation is noted and the corresponding value of  u~ is taken as 
the best value of  the parameter within the permitted range 
of  variation. This method has worked very well in two- 
dimensional  studies and the rate of  refinement in two dimen- 

sions has been studied in detail by Stanley (1964) who 
showed that, for small errors, the rate of  refinement could 
be related to the average error in the coordinates on the 
basis o f  the figures given by Luzzati (1952) for the residual 
as a function of  error in coordinates and sin 0. 

Tables 1 and 2 give values of  the residual R for centro- 
symmetric and non-centrosymmetric space groups, for 
three-dimensional data, as a function of  the standard devi- 

Table 1. Values of (i)R as a fimction of a(r) and B 

,,<0"~1 o.o 1. o 
O. O0 
O. 02 
0.04 

O. O0 
O. 08 
O. i0 
O. 12  
O. 14 
0.16 
0.18 
O. ~0 
O. 2~ 
O. Ze 
O. ~6 
O. 28 
O. 30 
O. 32 
0.84 
O. 36 
O. 08 
O. -*0 
O. 4Z 
O. 
O. ,*6 
O. -~8 
9. 50 

Table 2. Values of (l)R as a fimction of a(r) and B 
~ n  

~.0 ,5.0 ~.0 5 . 0  O.O ( . 0  8.0 ~.0 Z J.u afd~% 
O. 000 O. 000 O. 000 O. 000 O. 000 O. 000 O. 000 O. 00~ O. 000 O. 000 O. 000 O. O0 
O. Ii,~ O. 109 O. 105 O. I00 O. 096 O. 092 O. 088 O. 08,~ O. 080 O. 0~ 
O. El90. ~ll O. 90~ O. 194 O. 186 O. iv70.1"40 0.162. O. 166 O. 149 

O. ~1~ O. 80~ O. ~91 O. 29~ O. :~08 O. Z56 O. Z46 O. ~35 O. ~::~6 O. 2[~ 
O. 598 O. ~84: O. 370 O. 556 O. 34~Z O. 328 O. 315  O. 30~ O. :~91 O. ZSO 
0.471 0.4:56 O. 439 0.4~ O. ~08 O. 393 O. 3'¢80. 365 O. 850 O. ~3( 
O. 554 O. 518 O. 501 O. 48~ 0.'.66 0..50 O. ~33 O. ,.18 O. 4:03 O. 39(2 
O. 587 O. 570 O. 553 O. 535 O. 51Y O. 5UO 0 . 4 8 3  0.,~6'( 0 , 4 5 1  O..~b¢ 
0 . 6 3 0  0 . 6 1 4  0 . 5 9 7  0 . 5 7 g  0 . 5 ~ i  0.5,~e~ 0 . 5 2 6  0 . 5 1 0  0 . 4 9 4  0 . ~ ¢ 9  
O. 66'/ O. 651 O. 65'* O. 61o O. 599 O. 582. O. 564 O. 54:80. 5~20. 517 
O. 696 O. 681 O. 665 O. 648 O. 631 O. 61"* O. 59"¢ O. 581 O. 555 O. 651 
O. YZO O. Y05 O. 690 O. 6t,* O. 658 O. 6.*'20. 6~60. 610 O. 595 O. 680 
O. 738 O. 7~5 O. 711 O. 696 O. 681 O. 660 O. 650 O. 635 O. 6~0 O. 606 
0.752 0.740 0.72Y 0.71,* O. YO0 0.685 O. 6YI 0.65Y 0.6~30. 6Zg 
O. 764 O. 756 O. Y~I O. 72.90. '116 O. YO~ O. 689 O. 6Y60. 663 O. 650 
O. qTZ 0.763 0.'159 0.741 0.'12.90. Ylt O. ~0`* 0.59'2 0.679 0.667 
0.780 0.771 0.76~ 0.'151 0.740 O. ,~v O. ~17 O. ~06 0.69z~ 0.683 
O. 786 O. ?78 O. 76V O. 750 O. YSO O. ~3~ O. 7w.90. 118 O. Y07 O. 696 
O.q~l 0.78"* 0.776 0.76Y 0.'158 0. Y49 O. Ib90.Y~9 0.719 O. ,09 
0.790 0.788 0.781 0.773 U. ~65 0. r56 O. r,*( O. r38 0.129 O. YZO 
U. TBd 0.795 0.786 0.779 O.'/YI 0.163 O. ~55 0.146 0.138 O. YM8 
0.801 0.796 0.790 0.786 0.777 0. Y69 0.'161 O.(5e 0. Y45 0.738 
0.80.* 0.799 0. Y94 0.788 0.781 0.(15 O. f6~ 0.760 0. Y53 0.'1~3 
0.807 0.80~ 0.797 0.791 0.785 O. 119 0.'(~3 0. Y66 0. Y59 O. Yb2. 
O. 809 O. 805 O. 800 O. 795 O. 789 O. ' / 83  O. '(t'? O. 7(10. 76`* O. 758 
O. 817 O. 807 O. 80~ O. 7g80. 79~ O. t8'? O. ?81 O. YY50. YTO O. '/63 

0 . 0  "L.O . . 0  5 . 0  4 . 0  b.O 6 . 0  
O. 030 0.--000 O. 000 O. 000 O. O00 O. OuO O. 000 

J.O'/4, 0.02, 0 .0 '13  0 . 0 ¢ 0  0 . 0 6 8  0 . 0 6 5  0.(762. 0 . 0 5 9  0 . 0 5 6  
O. 1.3 O. 04 O. i ~,,t O. 138 O. 152 O. l~t O. I~i O. 116 ,). ii0 
O. ~09 0.06 O. 911 O. 903 O. 195 O. 187 O. 179 O. i,i O. 163 
O. ~'70 O. 08  O. 9¢~  O. Z62, O. 2.5~ O. 2.4~ O. 23Z O. ~ O. ~18  
O. 32.6 O. i00. 325 O. 314 O. 303 O. 2.91 O. 2.80 O. 268 O. ~J8 
O. 37t O. 19. O. 370 O. 859 O. 346 O. Z34 O. 5gZ O. ~i00. Z98 
O. ~23 O. 34 O. 4:0~ O. 391 O. 384 O. 3'11 O. 359 O. 3~50. 33~ 
0.465 0.16 0.4-41 0.~2.9 0.416 0.404 0.391 0.078 0.365 
0.503 0.18 0.467 0.406 0.443"0.431 0.418 0.~06 0.395 
0.586 0.~0 0.488 0.477 0.466 0.454 0.4~I 0.,~29 0.417 
0.566 0.2.~ 0.505 0..--95 0.48`* 0.~73 0.4:61 0..~,9 0.'*5'/ 
O. ,59'2, O. ~40. 51~ O. 509 O. 499 O. 488 O. ̀ *'I( 0..,66 O. "*55 
O. 616 O. ~60. 52.90. 5~00. 511 O. 501 O. 4:91 0.,~80 O. 4'I0 
0.68Y 0.'2.8 0 . 5 3 /  0 . 5 2 9  0.521 0.51~ 0 . 5 0 2  0.~30.~Sb 
0 . 6 5 6  0. 3 0 1 0 .  5~A- 0 . 5 3 6  0 . 5 9 ~  0 . 5 2 ±  0.  o I ~  0 . 5 0 ~  0 . 4 9 4  
O. 679. O. 3 2 1 0 .  5 e 9 0 .  5 , ' , 3 0 .  5 3 6  O. 5 2 8  O. 5;dO O. 5 1 z  O. b 0 4  
O. 686 j O. ~ 4 0 .  503 O. o ~ (  O. 5 , - 1 0 .  684 O. 5 Z t  O. 51~ O. 51Z 
O. 0~9  O. & 6 0 .  55Y O. 5 5 2  O. 5 4 6  O. 5 4 0  O. 5.53 O. 0 ; ¢ 6 0 .  5 1 9  
O. 711  O. 38 O. 5 6 0  O. 5 0 5  O. 5 5 0  O. 5- '~  O. 538  O. 5,5;d O. 5 ~  
O. 721 O. 40J O. 563 O. 5b~ O. 553 O. 5 4 : 8 0 .  0 * 3 0 .  537 O. 0~I 
O. t S o  O. 42J O. 565  O. 061  O. 5 5 (  O. 5 5 2  O. 5~-'I O. 5 . - , 1 0 .  b o o  
0 . 7 3 8  0. 4-~10. 56 ~ 0 . 6 6 3  0 . 5 5 9  0 . 5 5 5  0 . 5 5 0  0.5-~5 0.5.-,0 
0 . / 4 5  0 . 4 6 l  0 . 5 6 ~  0 . 5 6 5  0 . 5 6 2  0 . 5 5 8  0 . 5 5 8  0 . 5 , ~ 9 0 . b - * ` *  
O. ( 5 2  O. 4 8  O. b cO O. 56 ' i  O. 5 6 4  O. 5 6 0  O. 5 5 6  O. 5o;e O. 5 ' ,7  
O. '757 O. 50 O. 5 ( 2 0 .  5 6 9  O. 5 6 5  O. 5 6 2  O. 5 5 8  O. 55.-* O. b 5 0  

~. 0 8.0 ~. 0 1<', o 
O. OOu O. 000 O. 000 O. 000 
O. 054 O. 051 O. 049 O. O`*Y 
o. lO6 o. lOi o. o9,1 o. 093 
O. 156 O. I~90.1,3 J. 13Y 
O. 204 O. 19b O. 18'I O. 18u 
O. ~70. ~38 O. 229 O. 220 
O. 2.8'/ O. 2'I"6 O. ~.66 O. L:5'/ 
O. 522 O. 311 O. 300 O. 290 
O. 355 O. 3~2. O. 331 O. 321 
O. 381 O. 369 O. 358 O. 348 
O. 405 O. 394 0. 383 O. 372 
O. ~2.60. ~15 O. ~0.~ O. 39~ 
0.~-4-* 0.~84 0.~3 0.418 
O. 460 O. ~50 0. ~-~00. 4:31 
O. ~73 O. 46-~ O. ~53 O. 446 
0.,,85 O.-~Y60. 46t 0.,~59 
0.,~95 O. 487 O. ~Y9 0. 471 
O. bO,~ 0.'*96 0..*89 0.481 
O. 512. 0. 505 O. ~98 0.,*~I 
0.519 0.51Z 0.505 0..*~ 
O. 6Z5 O. 518 O. 512 O. 506 
O. 530 O. 5Z,~ O. 518 O. 013 
O. 535 O. 52.90. 5~ O. 519 
O. 539 O. 58~ O. 529 O. 5~ 
O. 542 O. 598 O. 553 O. 5:d8 
O. 546 O. 541 O. 58Y O. 555 
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at ion of  the coordinates ,  a(r), and  the general  t empera tu re  
coefficient, B, calculated f rom the relat ionship 

I Smax 4ns2R(a,s)f(s) exp ( - Bs2/4)ds 
0 

R 
l Smax 4rcs2f(s) exp ( -  BsZ/4)ds 
do 

where  the integrals are taken  over the range of  s = 2 sin 0/2 
l imited by the sphere of  reflection of  Cu K~, rad ia t ion  and  
f(s) is the scat ter ing factor  for  ca rbon  a toms of  the type 
proposed  by Vand,  Ei land & Pepinsky (1957). 

IAru[ 2 
Using the expression O a -  2No" given by Stanley (1964) 

and  the values of  a and  dR/da f rom the tables cor respond-  
ing to the observed values of  R a compar i son  can be made  
between the theoret ical  reduc t ion  in R as the ref inement  
progresses and  tha t  observed in practice. The  example  used 
is that  of  a p roblem with six a toms  in the asymmet r ic  uni t  
(space g roup  P21/c) whose  s t ructure  has been de termined 
and  refined by D r  G. G e r m a i n  (private communica t ion) .  

Table  3 gives the details of  the progress in ref inement  in 
one typical cycle. The  agreement ,  for  a six-atom problem,  
is reasonably  good.  

Table  3. Progress of  refinement in a typical cycle 

Initial value of R = 24.705 % 
Atom No. IArul R JR obs. AR calc. 

1 0.10 A, 24.007 % 0.698 % 0.686 % 
2 0.15 22-109 1.898 1.711 
3 0.05 21.973 0.136 0.191 
4 0.16 18.013 3.960 2.311 
5 0.07 17.895 0.118 0.462 
6 0.05 17.692 0.203 0.232 
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In a recent  c o m m u n i c a t i o n  (Fraser ,  M a c R a e  & Miller, 
1964) a tomic  coordinates  were  given for the asymmetr ic  
uni t  of  the coiled-coil  model  for ~-keratin. An er ror  has 
since been discovered in a compu te r  rout ine  used to list 
these coordinates ,  and  Table  2 in the original  communi -  
cat ion should  be replaced by the following. The  rout ine  
was not  used in the Four ie r - t rans form calculat ions.  

(a) Atomic coordinates of asymmetric unit 
x y 

P - C 0 )  8-400 0.000 
~-C(1) 7.350 0.887 

N(1) 6.242 1.151 
C(I) 5.090 1.658 
O(1) 4.804 1.974 

fl-C(2) 4.636 2-845 
~-C(2) 4.082 1.843 

N(2) 3.855 0.547 
C(2) 3.634 - 0.563 
0(2) 3.577 -0 .647  

fl-C(3) 2.169 - 1.591 
0~-C(3) 3.424 - 1.795 

N(3) 4-598 - 1.960 
C(3) 5.835 - 1.893 
0(3) 6.149 - 1.693 

p-C(4) 6.748 - 3.509 
ct-C(4) 6.892 - 2.101 

N(4) 6.679 - 1.095 
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Table  2 
in a coiled-coil with r0 = 5"2 A (Oz= major helix axis). 

z x y z 
0"000 C(4) 6.487 0.182 4.180 

- 0.697 0(4) 6.466 0.683 3.040 
0.233 fl-C(5) 7.541 0.990 6.338 

- 0.155 ~-C(5) 6.282 1.040 5.456 
- 1.315 N(5) 5.135 0.511 6.202 

2.016 C(5) 3.992 0.191 5.633 
0.998 0(5) 3.742 0.301 4.437 
1.636 fl-C(6) 2-583 0.753 7.621 
0.966 ~-C(6) 2.939 - 0.342 6.618 

- 0.256 N(6) 3.487 - 1-509 7.305 
2.712 C(6) 4.114 -2 .488  6.691 
1.864 0(6) 4.302 - 2.547 5.473 
2.721 /~-C(7) 3.383 - 4.259 8.317 
2.275 0~-C(7) 4.595 - 3.602 7.647 
1.089 N(7) 5.469 - 3.009 8.666 
3.996 C(7) 6.438 - 2.164 8.376 
3.392 0(7) 6.727 - 1.778 7.225 
4-444 

(b) Bond lengths and angles 
Bond Maximum Undistorted Minimum 

flC-0~C 1-541 1.535 1.527 
~C-N 1-471 1.465 1.461 
N-C* i-318 1.317 1.315 
C-O 1.248 1.237 1.226 
C-~C 1.555 1.546 1-537 
N .  -- O'{" 2-864 2.841 2.812 

in a coiled-coil compared with values in an undistorted 0~-helix. 
Angle Maximum Undistorted Minimum 

f lC-~C-N 110.57 109.91 109.31 
~.C-N-C* 123-65 123.16 122.71 
N-C*-O*  125-27 125.00 124.66 
O-C-~C 122.44 121.79 121.08 
C-0cC-flC 110-27 109.75 109.21 
N-C*-~C* 113.71 113.21 112.70 
C - ~ C - N  108.94 108" 86 108" 74 
C * - N "  • • Ot  116-00 115"44 114-88 

t Hydrogen-bonded atoms. * Indicates next residue. 


