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Table 2. Observed and calculated structure factors forYb;Ges
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Table 3. Interatomic distances A for YbiGes

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

Yb—4 Ge(2) 3-015+0-006 A

—4 Ge(1) 3-016 +0-002
-2 Ge(2) 3:356 +0-021
—4Yb 3-778 +0-005
-2Yb 4-166

Ge(1)—3 Ge(2) 2-585+0-017
—6Yb 3-016 + 0-002
-3 Ge(1) 3-928

Ge(2)—2 Ge(l) 2-585+0-017
—2 Ge(2) 2:979 +0-044
—-4Yb 3-015+0-006
—-2Yb 3-356 + 0-021

The rate of refinement of coordinates for the minimum residual method in three dimensions. By E. STANLEY,
Department of Physics, University of Saskatchewan, Regina Campus, Regina, Saskatchewan, Canada

(Received 2 November 1964)

Bhuiya & Stanley (1963) proposed a method of refinement
in which each parameter, u;, is varied in turn from u; — ndu;
to uj+ndu;s in 2n increments of du;. The lowest value of the
residual, R=Z||Fo|l—|F:||/Z|F;|, within the range of 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-

Table 1. Values of ()R as a function of o(r) and B

30 4.0 50 ©0 70 80 YU 1uu

» 000 0,000 0.000 0,00y 0.000 0,QUu 0,000 O, 000
0,02 0. 114 0,109 0,105 0,100 0,096 0,092 0,088 0,08+ 0.080 0.0 ¢ J. 074
0,04/0,219 0,211 0,202 0.194 0,186 0,17 O,1v0 0,162 0,166 U,149 0.1+3
0,06/ 0, 314 0, 302 0,291 0,291 0,208 0,256 0,246 0,235 0,226 0,217 0,%09
0.08(0, 398 0,384 0,370 O, 356 O, 342 0. 328 0.315 0,302 0,291 O, 230 O, 270
0.10{0.471 0,456 0,439 0.42+ 0.408 0, 393 0, 3¢8 0,363 0,350 0, 53¢ O. 326
0.12/0, 534 0,518 0.501 0,484 0,466 0,50 0.433 O.18 0,403 0.39C 0. 3¢
0. 14| 0. 587 0,570 0.553 0,535 0. 517 0.500 0,483 046" 0,451 0,wo'" O, 423
0,160,630 0.614 0,597 0,579 0,551 0,544 0,526 0,510 0,494 0,-:19 O, 465
0. 180, 667 0.651 O, 60+ 0,610 U. 599 0,582 0.564 0.548 0,532 0.51¢ 0,503
0.20]0. 696 0,681 0,665 0,648 0.631 0,614 0,59¢ 0,581 0,565 O, 551 0. 536
0.22|0, 720 0,705 0,690 0. 674 0.658 0, 622 0,666 0, 610 0,595 0,580 0. 566
O, 24[0.738 0,75 0,711 0,656 0.681 U, 665 0,650 0,635 0, 620 0, 606 0,592
0,26(0.752 0.740 0.72( 0.71s 0,700 0.683 U, 671 0,657 0,643 0,649 O, 616
0,28(0, 764 0,758 0,74l 0,729 0.716 0.'r0z 0.68Y 0.676 0,663 O, 650 O. 631
0, 30(0.772 0,763 0.752 0,741 0.729 0.1+ O, (O 0,692 0,67y 0,66 O.656
0,32(0,780 0,771 0.762 0,751 0.740 O, r¢v O.rl¢ 0. 106 0,694 O, 683 0. 672
0, 34 (0,786 0.778 0.769 0,760 0,750 0O, (35 0,2Y Va718 0. 10 0.696 0,686
0,36{0.Tvl 0,78+ 0,776 0.76% 0.58 0,749 O, (59 0,729 0,719 0. (09 0,099
0.0810, 795 0,788 0.781 0,773 0. (65 0,156 0. (4t 0,38 0,729 0,780 O, 711
0.0}V, 753 0,795 0.786 0.779 0,71 0,165 0. 155 0,46 0,38 0,'¥6 0, (21
0, 4|0, 801 0,796 0,790 0,786 0,777 0,169 0,761 O, (54 0,746 0,38 0,130
0. 4+|0.804 0,7vY 0.'794 0.788 0,781 0, (5 0,761 0,760 0,753 0.'/¢73 0,138
0. 460,807 0,802 0,9 0,791 0,785 O, (Y 0,73 0,766 0,159 0, b2 0, 145
0, 480, 809 0, 805 0,800 0,795 0.789 0. (83 Q. 0,7(l 0,764 0.758 0.152
2, 5010, 817 0, 607 0,802 0,798 0,792 0, 187 0, (8l 0,75 0,170 0,763 J.'(57

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 of the figures given by Luzzati (1952) for the residual
as a function of error in coordinates and sin 6.

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 2. Values of (1)R as a function of o(r) and B

o g 0.0 W0 ..U 50 20 50 6,0 0 80 %0 Ity
0,000,030 0,000 0, 000 0. 000 O, J00 0, Guo O, 000 V. JOC 0, 00C 0, 030 O, 000
0.02|0,073 0,0¢0 0,068 0,065 0,82 0,C5Y% 0,056 0,054 0,051 0,049 0. 047
0,04{0. 14 0.138 0,132 0,127 0,121 0.116 J.110 0,106 0.101 0,097 0,093

0.06(0, 211 0,203 0,195 0,187 0.179 0,171 0,163 0,156 0,149 0.1:3 4 137
0.08[0,2r2 0,262 0,252 0,242 0, 3% 0.<e2 0,213 0,204 0,195 0,167 0,18y
0, 10| 0. 325 0,314 0,303 0,291 0,280 0.263 Os <8 0.2+7 0,238 0,229 0.220
0,120, 370 0,369 0,346 0,234 0.3c2 0.310 0,298 0,287 0,276 0,266 0, <OV
0.14|0.40y 0,3y/ 0,384 0,371 0.35Y 0,345 0.384 0.32% 0,311 0. 300 0, 290
0.16{0,441 0,429 0,416 0.404 0,391 O, ©78 0.365 0.353 0, 3+2 0,331 0, 321
0.18(0, 46 Q.406 0,443-0,431 0,418 0.-+05 0,398 0.381 0.369 O, 358 0. 348
0.20(0.488 0,477 0,466 0.454 0.l 0,429 0.417 0,405 0,394 0.363 0, 372
0,22|0,505 0.::95 0.48+ 0.473 0.461 O, +:9 0,487 0,426 0.+15 0,40+ 0, 3v4
0. 240, 51% 0.509 0,469 0,488 0.4 0,406 0,455 Ou4b+ O, 434 0s+03 0.413
0,260,529 0.520 0.511 0.50} 0.491 0.480 0.470 0,460 0,450 0,440 0,431
0. 28] 0. 53¢ 0,529 0,521 0, 5lc 0.502 0,493 C.aBd 0,73 0,46+ 0,455 0,446
0. 30| 0. 544 0,536 0.52Y 0.52. 0,012 0,502 0.494 0,485 0.-x16 0.467 0.45Y
0. 32| 0, 549 0,543 0.536 0.528 0.5<0 O.5lc 0.504 0.+95 0,487 O.avy 0.471
0, 34| 0. 508 0, 04 0. 541 0,534 0,527 0. 5ly e 512 0,504 0,496 0,239 0.481
0. 36| 0. 55 0, 552 0. 546 0. 540 0,533 0.026 0.519 0,512 0,505 0,498 O, avl
0, 38| 0. 560 0. 555 0.550 0. 5+4 0,538 0. 532 04520 04519 04512 04505 U, 49y
0, 40| 0, 563 0. 508 0. 553 0. 548 0. b+3 0, 587 0.251 0,56¢5 0.518 0.512 O, 506
0,42| 0, 565 0,561 0,557 0,552 0.547 0.541 0,506 0530 0,524 0.518 O, 513
0, 44| 0,561 0,568 0.559 0,555 0.550 0,55 0, 5+0 0,535 0,529 0.5¢a 0,519
0, 46| 0, 56> 0,565 0.562 0,558 C. 555 0,544 0. b4+ 0,539 0.534 0,529 0,524
0.48| 0. 570 0,567 0,564 0,560 0.556 0,502 0. 547 0,542 0.5:8 0,503 0. 548
0. 50| 0, 52 0,569 0,566 0,562 J.558 O, 554 0. 50 0,546 0.541 0,557 0,553
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ation of the coordinates, o(r), and the general temperature
coefficient, B, calculated from the relationship

Smﬂ.x
g 4n52R(0,5)f(s) exp (— Bs?/4)ds
L1 0
R=

Sma.x
S 4ns2f(s) exp (— Bs2/4)ds
o

where the integrals are taken over the range of s=2 sin 6/4
limited by the sphere of reflection of Cu K« radiation and
f(s) is the scattering factor for carbon atoms of the type
proposed by Vand, Eiland & Pepinsky (1957).
2

Using the expression do= I%Q% given by Stanley (1964)
and the values of ¢ and dR/do from the tables correspond-
ing to the observed values of R a comparison can be made
between the theoretical reduction in R as the refinement
progresses and that observed in practice. The example used
is that of a problem with six atoms in the asymmetric unit
(space group P2/c) whose structure has been determined
and refined by Dr G. Germain (private communication).
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Table 3 gives the details of the progress in refinement 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. |4ry| R AR 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 21973 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 communication (Fraser, MacRae & Miller,
1964) atomic coordinates were given for the asymmetric
unit of the coiled-coil model for a-keratin. An error has
since been discovered in a computer routine used to list
these coordinates, and Table 2 in the original communi-
cation should be replaced by the following. The routine
was not used in the Fourier-transform calculations.
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Table 2
(@) Atomic coordinates of asymmetric unit in a coiled-coil with ro=5-2 A (Oz=major helix axis).
X y z x y z
B-C(1) 8-400 0-000 0-000 C(4) 6487 0182 4180
a—-C(1) 7-350 0-887 —0:697 0O(4) 6-466 0-683 3-040
N(I) 6242 1-151 0233 B-C(5) 7-541 0-990 6-338
(1) 5-090 1-658 —0-155 a-C(5) 6-282 1-040 5-456
o(l) 4-804 1-974 —1-315 N(5) 5135 0-511 6-202
B-C(2) 4-636 2-845 2016 C(5) 3-992 0-191 5633
a-C(2) 4-082 1-843 0-998 0(5) 3742 0-301 4437
N(2) 3-855 0-547 1-636 B-C(6) 2-583 0-753 7-621
C(2) 3634 —0-563 0-966 a—C(6) 2:939 —0-342 6618
0(2) 3-577 —0-647 —0-256 N(6) 3-487 —1-509 7-305
B-C(Q3) 2-169 —-1-591 2:712 C(6) 4114 —2:488 6691
a—C(3) 3424 —1-795 1-864 0(6) 4302 —2:547 5:473
N(3) 4-598 —1-960 2:721 B-C(7) 3-383 —4-259 8317
C(@3) 5-835 —1-893 2275 a-C(7) 4-595 —3-602 7-647
0(3) 6-149 ~1-693 1-089 N(7) 5469 —3-009 8-666
S-C(4) 6-748 —3-509 3-996 C(7) 6438 —2:164 8-376
a-C(4) 6-892 —2-101 3-392 o) 6:727 —1:778 7-225
N@4) 6679 —1-095 4-444

(b) Bond lengths and angles in a coiled-coil compared with values in an undistorted a-helix.

Bond Maximum Undistorted Minimum
PC-aC 1-541 1-535 1-527
aC-N 1-471 1-465 1-461
N-C* 1-318 1317 1-315
C-0 1-248 1-237 1-226
C-aC 1-555 1-546 1-537
N---Of 2-864 2-841 2:812

+ Hydrogen-bonded atoms.

Angle Maximum Undistorted Minimum
BC-aC-N 110-57 10991 109-31
o C-N-C* 123-65 123-16 122-71
N-C*-O* 125-27 125-00 124-66
0-C-aC 122-44 121-79 121-08
C-aC-pC 110-27 109-75 109-21
N-C*-aC* 113-71 113-21 112-70
C-aC-N 108-94 108-86 108-74
C*-N- - OFf 116-00 115-44 114-88

* Indicates next residue.



