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Three-dimensional neutron and X-ray diffraction structural analyses have been carried out on 
protonated, deuterated and null-matrix (63 % H, 37 % D) crystals of ammonium oxalate monohydrate. 
The null-matrix composition is such that the neutron hydrogen and deuterium scattering lengths cancel 
(bH=--0.378x 10 - t 2  cm; bD=0"65x l0 -12 cm). Absorption and extinction corrections were applied 
and refinement was by full-matrix least-squares calculations with anisotropic temperature factors. It 
was shown statistically that different sets of coordinates and temperature factors resulted if extinction 
corrections were not applied. In the null-matrix crystal the deuterium atoms were found to show a 
preference for the ammonium ion sites and the protons for the water sites, with a separation factor 
(H/D)w.,ter/(H/D) . . . . .  ium of 1"07 (2). There was no significant expansion of the hydrogen bonds on 
deuteration. X-N maps for the deuterated and protonated forms (difference syntheses derived from 
neutron parameters and X-ray data) revealed deviations from spherical symmetry of the atoms, consis- 
tent with bonding and lone-pair electron distributions. These features were not observed with the X-ray 
data for the null-matrix crystals because of excessive extinction and would not have been seen for the 
deuterated and protonated crystals had extinction corrections not been applied. 

Introduction 

Recent work has shown that X-ray and neutron-dif- 
fraction data for crystals containing lighter atoms can 
be combined to give information on the bonding elec- 
tron distribution. The basis of the method is to deter- 
mine atomic positions and temperature factors by 
neutron-diffraction methods and to use these to calcu- 
late X-ray structure factors with spherical-atom form 
factors. Systematic differences between these and the 
observed X-ray structure factors, as revealed in a dif- 
ference synthesis, the 'X-N map', are due to distor- 
tions from spherical-atom symmetry caused by elec- 
tron redistribution due to bonding. Coppens (1967) 
first applied this method to reveal bonding and lone- 
pair electron density in sym-triazine. Coppens, Sabine, 
Delaplane & Ibers (1969), hereafter CSDI (1969), have 
also found bonding electron and lone-pair density 
effects in e-oxalic acid dihydrate. Duckworth, Willis 
& Pawley (1970) detected lone-pair density on the 
nitrogen atom in hexamethylenetetramine. Bonding 
effects in the X-ray data for a number of published 
structures have been discussed by O'Connell, Rae & 
Maslen (1966). Distortions from spherical symmetry 
in the X-ray charge density of bonded atoms also 
gives rise to systematic differences between X-ray and 
neutron-diffraction positions: the 'asphericity shift' 
(Coulson, 1970). 

Coppens (1970) found that the H and D atoms in a 
null-matrix crystal (63 % H, 37 % D) of e-oxalic acid 
dihydrate, for which the combined H and D neutron- 
scattering lengths cancelled, were not distributed ran- 
domly over the H,D sites. Instead, non-zero effective 
scattering lengths were measured at these sites and 

they indicated a preference of H for the stronger hydro- 
xylic hydrogen bond. Full deuteration in this crystal 
also lengthens the hydrogen bonds by about 0.02 A. 
(Delaplane & Ibers, 1969). 

Ammonium oxalate monohydrate was selected for 
further study of these bonding and isotope effects for 
the following reasons: 

(a) it has not as yet been subjected to a full three- 
dimensional neutron-diffraction analysis, having been 
the subject of a two-dimensional neutron study by 
Padmanabhan, Srikantha & Mehdi Ali (1965) and a 
three-dimensional X-ray study at 30~'K (Robertson, 
1965); 

(b) because it consists of first row atoms, these 
effects should be readily detectable; 

(c) because it is an oxalate, the effects should be 
comparable with, and provide additional evidence for, 
the effects observed in e-oxalic acid dihydrate. 

Experimental 

Protonated, deuterated and null-matrix crystals were 
grown from water, 99.8% D20 (three recrystalliza- 
tions), and from a solution of null-matrix composition 
respectively. 

The three forms are designated HOX, DOX and 
NOX. The basic crystal data are listed in Table 1. The 
cell dimensions of NOX and DOX were determined by 
least-squares refinements of powder data (using 60 and 
67 powder line positions respectively) with the program 
of Mueller, Heaton & Miller (1960) (Philips 114.6 mm 
diameter camera, Co Ke radiation). 

Three-dimensional neutron-diffraction data to 
sin 0/2 ~ 0.66 with 2 = 1.17 A were collected in one oc- 
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tant of reciprocal space at room temperature for the 
neutron crystals, labelled HOX(N), DOX(N) and 
NOX(N). The automatic neutron diffractometer 
(Pryor, Ellis & Dullow, 1968) on HIFAR, the A.A.E.C. 
research reactor, was used. The statistical uncertainty 
in the recorded intensity was less than 1.4% for 
DOX(N), 2 % for NOX(N) and 3 % for HOX(N) for 
most of the reflexions. 

X-ray diffraction data were obtained with the Sydney 
automatic diffractometer (Freeman, Guss, Nockolds, 
Page & Webster, 1970) using Ni-filtered Cu Kc~ radia- 
tion and a constant scan speed. As this machine has 
Weissenberg geometry, two crystals of each isotopic 
form mounted about different axes were used. The 
two sets of data for each form were not combined as 
they did not have the same extinction characteristics, 
but were refined separately. All reflexions in each data 
set were measured in at least two octants and the 
results were averaged. The X-ray crystals studied were 
labelled HOXl(XR),  HOX2(XR), NOXl(XR),  
NOX2(XR), DOXI(XR) and DOX2(XR). 

Analysis of data 

(a) Data reduction and absorption corrections 
The X-ray intensities were corrected for absorption, 

and the intensities were then converted to Fo(hkl) 
values with associated standard deviations using the 
Sydney University Chemistry School series of com- 
puter programs for data reduction. 

The neutron-diffraction data sets were corrected 
for absorption and reduced to Fo(hkl) values (with cor- 
responding standard deviations) by the program 
DRACULA (written by Drs B. M. Craven, Margaret 
Elcombe & G. W. Cox at this Establishment). The 
neutron transmission factors were obtained by direct 
measurement. 

(b) Extinction corrections 
Extinction corrections were included in the least- 

squares refinements of the diffraction data by using the 
program LINUS, which is a modification of the crystal- 
lographic least-squares program ORFLS (Busing, Mar- 
tin & Levy, 1962a) by Coppens & Hamilton (1970). 

The program is based on the Zachariasen (1967) 
formulae and distinguishes two kinds of crystals: type 
1 in which the extinction is controlled by the mis- 
orientation of the mosaic blocks; and type 2 in which 
the major cause of the extinction effect is the size of the 
mosaic blocks. Extinction may be anisotropic (aniso- 
tropic Gaussian mosaic spread distribution for type 1, 
or ellipsoidal rather than spherical average particle 
shape for type 2), for which case the extinction coef- 
ficients are the six independent components of a sym- 
metrical second order tensor. From the extinction 
coefficient g' (isotropic), an equivalent mosaic spread 
parameter r /and spherical domain radius r can be ob- 
tained; from the anisotropic extinction coefficients Z u 
(type 1) equivalent mosaic spread parameters r/ij can 
be obtained, while from the anisotropic coefficients W u 
(type 2), equivalent r~j may be obtained. The relevant 
equations are given in Coppens & Hamilton (1970). 

(c) Refinements 
The refinements listed in Table 2 were carried out 

using LINUS. The least-squares weights were %kl= 
[a(Fnk~)] -2 and the function minimized was ~w(Fo- 
IFcl) 2. In the X-ray refinements, the hydrogen coor- 
dinates were refined but the hydrogen atoms were 
given fixed isotropic Debye-Waller B factors of 4.0 A 2. 
The X-ray scattering curves for C, N, O and H were 
taken for neutral atoms from International Tables for 
X-ray Crystallography (1962), and were not corrected 
for anomalous dispersion. The neutron scattering 
lengths used were bc=0.66, bN=0.94, bo=0"58, bH= 
-0.378,  in units of 10 -12 cm (Neutron Diffraction 
Commission, 1969). For deuterium bD was chosen 
as 0.65 since crystallographic work (Coppens & 
Sabine, 1969) indicates that the Commission value 
of 0.62 is too low. In the case of NOX(N), the (H,D) 
atoms were assumed to have the same positional and 
thermal parameters as in DOX(N), and the 'effective' 
scattering factors at the five (H,D) sites were equal 
to mb where the occupancy factors m were refined and b 
was arbitrarily given the value 0.65 x 10 -12 cm. In the 
DOX(N) refinement, the neutron-scattering factor for D 
was multiplied by 0.95 (an assumed percentage of 98.5 % 
D by weight), to allow for incomplete deuteration. 

Table 1. Crystal data for ammonium oxalate monohydrate, deuterate and null-matrix crystals at 21 °C 

Space group P212~2. 
HOX, (NH4)2C204. H20 DOX, (ND4)2C204. D20 NOX, N[(H, D)412 • C204. (H, D)20 

F.W. 142.11 152.03 145.73 
Orthorhombic Orthorhombic Orthorhombic 

a (A) 8.035 (4) 8.027 (2) 8.025 (2) 
b 10.309 (4) 10.298 (2) 10.300 (2) 
c 3.795 (2)* 3-816 (1) 3.799 (1) 
U (A 3) 314.4 315.4 314.0 
D,,, (g.cm -3) 1.50" 
Dx 1.501 1.601 1-541 
Z 2 2 2 
/z(Cu K~) (cm- 1) 13 
It (neutron) 3.0 0.65 2.2 

• Robertson (1965). 
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Table  2. Final unweighted and weighted R values, Rv 
and Rw, together with 2" values 

Refinement Extinction Ru Rw Z 
HOX I(XR) Iso 0-070 0.035 2.4 
HOX 2(XR) Iso 0.040 0.017 1-5 
HOX(N) Iso 0-045 0.043 1.5 
HOX(N) Aniso 1 0.039 0.034 1.2 
HOX(N) Aniso 2 0.045 0.042 1.5 

NOX 1 (XR) Iso 0.035 0.035 12.8 
NOX 2(XR) Iso 0.025 0.018 5.1 
NOX(N) Iso 0.034 0.044 1-5 
NOX(N) Aniso 1 0.034 0.042 1.4 
NOX(N) Aniso 2 0.037 0.044 1-5 

DOX I(XR) Iso 0"027 0"019 4"0 
DOX 2(X R) Iso 0"024 0"021 7"4 
DOX(N) Iso 0"030 0"037 2"5 
DOX(N) Aniso 1 0.027 0.032 2.2 
DOX(N) Aniso 2 0.028 0.033 2.3 

Table  4. Positional parameters (×  104) 

HOX(XR) denotes the average of HOX 1 (XR) and HOX 2(XR) 
and similarly for NOX(XR) and DOX(XR). In the X-ray case, 
hydrogen coordinates have been averaged over all refinements. 
Refinements are with isotropic extinction corrections, except 
for HOX(N), which was anisotropic type 1. 

o(I)  

0(2) 

(d) Results 
The final unweighted  (Rv) and  weighted (Rw) agree- 

ment  indices (Busing et al., 1962a) are given in Table  2. 
The  quan t i ty  X = [Y.w(Fo- [F¢I)Z/(NO- NV)] 1/2, where 
N O  is the n u m b e r  o f  observat ions  and  NV the n u m b e r  N 
o f  variables,  is also given for each ref inement ;  this 
should  be uni ty  for  cor respondence  between theory  
and  exper iment .  The  R values were very low. The  2' 
values were close to those expected for this k ind  o f  
exper iment ,  except perhaps  in the case of  D O X 2 ( X R ) ,  O(W) 
and  more  especially N O X I ( X R )  (2,= 12.8). The  lat ter  

Tab le  3. Extinction parameters, with corresponding 
mosaic spread and domain radius values 

(a) Isotropic 

Crystal g' 
HOX I(XR) 0.36 (5) 
HOX2(XR) 0.39 (2) 
HOX(N) 6.3 (4) 

NOX I(XR) 10"2 (1) 
NOX2(XR) 0.69 (2) 
NOX(N) 0.43 (2) 

DOX I(XR) 5.3 (1) 
DOX2(XR) 0.55 (2) 
DOX(N) 2.0 (1) 

Mosaic Spherical 
spread, domain 
r/(sec) radius, r (p) 

16"2 0"6 
14.9 0.6 
0.9 7"4 

Crystal x y z 
HOX(XR) 917 (4) 230 (4) 707 (11) 
HOX(N) 923 (2) 233 (2) 705 (5) 
NOX(XR) 927 (2) 244 (4) 702 (4) 
NOX(N) 921 (1) 232 (1) 701 (3) 
DOX(XR) 929 (2) 244 (2) 710 (3) 
DOX (N) 922 (1) 237 (1) 703 (3) 

0"6 15"7 
8-4 1"1 

13"5 0-5 

HOX(XR) 2021 (3) -591 (2) 1416 (9) 
HOX(N) 2017 (2) -580  (2) 1439 (7) 
NOX(XR) 2017 (i) -587  (1) 1410 (3) 
NOX(N) 2018 (2) -587  (2) 1423 (4) 
DOX(XR) 2015 (1) -589  (l) 1410 (3) 
DOX(N) 2017 (2) -586  (2) 1410 (5) 

1"1 8"2 
10.6 0"8 
2"9 2"3 

HOX(XR) 1178 (3) 1406 (2) 20 (10) 
HOX(N) 1177 (3) 1406 (2) 19 (7) 
NOX(XR) 1182 (1) 1408 (2) 15 (4) 
NOX(N) 1176 (2) 1410 (2) 12 (4) 
DOX(XR) 1178 (1) 1408 (1) 18 (3) 
DOX(N) 1176 (2) 1406 (1) 22 (5) 

H(W) 

H(1) 

H(2) 

H(3) 

H(4) 

HOX(XR) 3876 (5) 2264 (3) 4249 (10) 
HOX(N) 3868 (2) 2265 (1) 4245 (4) 
NOX(XR) 3869 (1) 2262 (3) 4253 (4) 
NOX(N) 3867 (1) 2266 (1) 4251 (2) 
DOX(XR) 3867 (1) 2265 (1) 4259 (4) 
DOX(N) 3868 (1) 2266 (1) 4251 (2) 

HOX(XR) 0 { 1860 (13) 
HOX(N) 1879 (9) 
NOX(XR) 1860 (4) 
NOX(N) 1855 (5) 
DOX(XR) 1877 (5) 
DOX(N) 1835 (6) 

* 841 (103) 4829 (18) 467 (54) 
HOX(N) 968 (6) 4821 (4) 375 (13) 
DOX(N) 957 (2) 4811 (1) 382 (4) 

* 4749 (77) 2657 (40) 2902 (112) 
HOX(N) 4747 (5) 2677 (4) 2614 (11) 
DOX(N) 4750 (2) 2678 (1) 2638 (4) 

* 4248 (54) 1519 (44) 5425 (141) 
HOX(N) 4327 (6) 1492 (5) 5608 (12) 
DOX(N) 4335 (2) 1475 (1) 5587 (4) 

* 2912 (123) 2007 (36) 2882 (147) 
HOX(N) 2891 (6) 1981 (4) 2745 (12) 
DOX(N) 2874 (2) 1970 (2) 2723 (4) 

* 3553 (58) 2935 (54) 5810 (146) 
HOX(N) 3492 (6) 2969 (5) 6034 (13) 
DOX(N) 3501 (2) 2970 (2) 6021 (4) 

* Average over all X-ray refinements. 

(b) Anisotropic type 1 
Crystal Z~t Z22 Z~3 
HOX(N) 22 (4) 12 (2) 58 (7) 
NOX(N) 0"19 (6) 0"22 (7) 0-40 (5) 
DOX(N) 2-3 (3) 3"2 (3) 5"6 (4) 

Tab le  3 (cont.) 

Z h  Z h  
0 (2) - 5  (4) 

-0"07 (3) 0.10 (7) 
0"6 (2) 0"6 (3) 

(c) Anisotropic type 2 
Crystal W ~ W ~z W ~3 W ~z W ~3 
HOX(N) 0"04 (1) 0"08 (1) 0"47 (4) 0"01 (1) -0"06 (2) 
NOX(N) 2"2 (2) 0"8 (1) 2"1 (8) 0"0 (1) 1"8 (3) 
DOX(N) 0.18 (2) 0.18 (1) 0.33 (6) 0.07 (1) -0.15 (4) 

- 8 (4 )  1-2 1 .7  0-8 
-0.14 (8) 13.2 12.4 9.2 

0.7 (4) 3-8 3-3 2"5 

w;3 (r~) (r ,)  (r3) 
0.09 (1) 5-9 4-2 1"7 

0"7 (3) 0"8 1-3 0"8 
0-26 (2) 2"8 2-8 2-0 
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crystal  suffered f r o m  very severe ext inct ion;  refine- 
ments  with anisot ropic  extinction pa rame te r s  (assuming  
the s y m m e t r y  of  the an i so t ropy  was tha t  of  the crystal)  
gave no significant improvemen t  accord ing  to the 
R-value  rat io test o f  Hami l t on  (1964). R-value rat io 
tests on the results in Table  2 showed tha t  at  the 95 % 
confidence level there was no i m p r o v e m e n t  in going 
f r o m  isotropic to anisot ropic  extinct ion,  except in the 
case o f  H O X ( N ) ,  which was o f  type 1 (extinction 
d o m i n a t e d  by mosa ic  sp read  effect). Aniso t rop ic  re- 
f inements  were also car r ied  out  for  the X- ray  da t a  
sets; these gave results which were not  significantly 
different  f r o m  the isotropic  ref inements  and  are not  
given in Table  2. Thus,  in this crystal ,  there was little 
to gain in going f rom isotropic to anisot ropic  extinc- 
t ion correct ions .  

The crystals  were p robab ly  of  type 1 (extinction 
d o m i n a t e d  by mosaic  spread) .  There  were large var ia-  

t ions in crystal  perfect ion in the crystals  s tudied;  the 
crystals  had  either low or  very high ext inct ion p a r a m -  
eters. The crystals  with high g' values were clear  
needles, e.g. H O X ( N ) ,  D O X ( N ) ,  D O X l ( X R )  and  
N O X l ( X R ) ,  whereas  the crystals  with low g '  were 
opaque  squa t  pillars, e.g. N O X ( N )  and  D O X 2 ( X R ) .  
This var ia t ion  is also seen in the mosa ic  spreads  a n d  
particle sizes in Table  3. A Lang t o p o g r a p h  (Michell  
& Smith,  unpubl i shed  work)  of  H O X ( N )  showed 
pendel l6sung fringes character is t ic  o f  a perfect  crystal .  

The extinction pa rame te r s  and  co r respond ing  mosa-  
ic spread  and  d o m a i n  radius  pa rame te r s  are in Table  3. 
The final posi t ional  and  thermal  pa rame te r s  are given 
in Tables  4 and  5 and  in te ra tomic  dis tances a n d  angles  
uncor rec ted  for  the rmal  mot ion ,  as given by the pro-  
g r a m  ORFFE (Busing, Mar t in  & Levy, 1962b), in 
Table  6. The final observed and  calculated s t ruc ture  
factors  for  the nine crystals  are given in Table  7. 

Table  5. Thermal parameters ( × 10 4) 

The temperature factor expression is exp [-(flxlh2 + 2fl~2hk...)]. HOX(XR) is the average of HOX 1 (XR) and HOX2(XR), and 
similarly for NOX(XR) and DOX(XR). Refinements are with isotropic extinction corrections except for HOX(N), which was 
anisotropic type 1. 

Crystal fll~ fl22 fl33 fl12 fix3 fl23 
C HOX(XR) 60 (9) 52 (4) 284 (34) - 1 0  (4) - 2 8  (14) - 3  (9) 

NOX(XR) 57 (2) 40 (5) 269 (10) - 8  (2) - 7  (3) 0 (3) 
DOX(XR) 59 (2) 38 (4) 262 (11) - 3 (2) - 11 (4) 2 (4) 
HOX(N) 40 (3) 31 (2) 227 (12) - 3  (1) - 1 6  (4) 15 (3) 
NOX(N) 49 (1) 35 (1) 310 (5) - 5  (1) - 6  (2) 8 (2) 
DOX(N) 43 (2) 31 (1) 261 (7) - 5  (1) -11  (3) 11 (2) 

O(1) HOX(XR) 60 (5) 48 (2) 628 (29) 11 (3) 0 (12) 54 (7) 
NOX(XR) 60 (1) 47 (2) 636 (9) 4 (1) - 2  (3) 52 (3) 
DOX(XR) 58 (1) 42 (2) 624 (9) 5 (1) - 2  (4) 53 (3) 
HOX(N) 41 (3) 45 (2) 554 (19) 6 (2) - 5  (6) 50 (5) 
NOX(N) 58 (2) 51 (2) 593 (9) 4 (1) - 2  (3) 46 (3) 
DOX(N) 48 (2) 44 (1) 600 (12) 3 (1) - 4  (4) 55 (3) 

O(2) HOX(XR) 74 (5) 38 (2) 643 (30) - 1 3  (3) - 3 7  (11) 34 (7) 
NOX(XR) 72 (1) 39 (4) 599 (10) - 15 (1) - 4 4  (3) 46 (3) 
DOX(XR) 70 (1) 24 (2) 642 (10) - 1 2  (1) - 5 0  (4) 39 (4) 
HOX(N) 62 (3) 31 (2) 532 (19) - 1 0  (2) - 4 6  (6) 38 (5) 
NOX(N) 65 (2) 43 (1) 579 (10) - 1 3  (1) - 4 6  (3) 34 (3) 
DOX(N) 63 (2) 33 (1) 568 (12) - 1 3  (1) - 4 4  (4) 40 (4) 

N HOX(XR) 85 (8) 49 (4) 377 (37) - 1 3  (4) 5 (16) -11  (8) 
NOX(XR) 80 (1) 42 (3) 377 (10) - 10 (1) 1 (4) - 2  (3) 
DOX(XR) 80 (1) 40 (2) 389 (10) - 1 2  (1) 4 (4) - 6  (4) 
HOX(N) 70 (2) 38 (2) 284 (10) - 8  (1) 8 (4) - 5  (3) 
NOX(N) 80 (1) 48 (1) 344 (4) - 1 2  (1) 0 (2) - 5  (1) 
DOX(N) 77 (1) 43 (1) 317 (6) - 9  (1) - 1  (2) - 6  (2) 

O(W) HOX(XR) 73 (10) 60 (4) 516 (41) - 6  (5) 0 0 
NOX(XR) 66 (1) 58 (3) 528 (10) 0 (1) 
DOX(XR) 66 (2) 58 (3) 518 (12) 1 (1) 
HOX(N) 45 (4) 49 (3) 387 (20) 4 (3) 
NOX(N) 64 (2) 62 (2) 447 (10) 1 (2) 
DOX(N) 61 (3) 47 (2) 450 (13) - 5  (2) 

H(W) HOX(N) 83 (6) 80 (5) 612 (35) - 3  (4) 25 (12) - 3 7  (11) 
DOX(N) 65 (2) 57 (2) 523 (10) - 1  (1) 35 (4) - 5  (4) 

H(1) HOX(N) 87 (7) 71 (4) 516 (27) - 12 (4) 32 (11) 4 (9) 
DOX(N) 86 (2) 69 (2) 442 (9) - 18 (1) 41 (4) 3 (3) 

H(2) HOX(N) 156 (8) 67 (5) 450 (28) 1 (5) - 1 3  (13) 28 (9) 
DOX(N) 126 (2) 48 (1) 451 (10) 4 (1) -21  (4) 30 (4) 

H(3) HOX(N) 110 (8) 77 (4) 513 (29) - 1 7  (4) - 4 0  (12) - 1  (9) 
DOX(N) 84 (2) 66 (2) 470 (10) - 2 2  (1) - 3 2  (4) - 8  (4) 

H(4) HOX(N) 125 (7) 69 (4) 530 (30) - 2  (4) 43 (13) - 6 0  (10) 
DOX(N) 121 (2) 54 (1) 410 (9) 0 (1) 33 (4) - 3 5  (4) 
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Table 6. Interatomic distances and angles, uncorrected 
for thermal motion 

The X-ray values were averaged over the X-ray refinements 
(isotropic extinction corrections, except for NOXI(XR) and 
NOX2(XR) which were anisotropic type 1). The neutron 
results were averaged over the three forms (anisotropic type 1 
refinements). 

X-rays Neutrons 
(average) (average) 

C - - - - C  1-565 (14) A 1.557 (2) A 
c - - - - o ( 1 )  1.254 (5) 1.248 (2) 
C ----0(2) 1-248 (9) 1.254 (3) 
N----H(I)  0.966 (57) 1.030 (3) 
N----H(2) 0.943 (49) 1.026 (4) 
N----H(3) 0.974 (106) 1.024 (3) 
N----H(4) 0.951 (42) 1.035 (3) 
O(W)-H(W) 0.887 (58) 0.976 (4) 
O(W)-H(W)..O(1) 2.767 (4) 2.767 (4) 
N----H(2). • -O(2) 3.172 (4) 3.172 (4) 
N----H(3). • .O(W) 2.905 (4) 2.910 (4) 
N----H(4) . - .  0(2) 2.835 (6) 2.836 (4) 
N----H(5). • .O(1) 2.850 (3) 2.849 (4) 

O(1)--C-----O(2) 125.9 (4) ° 125.6 (2) ° 
O(1) - - C - - - - C  116.7 (12) 117.5 (4) 
O(2)--C-----C 117.4 (5) 116.9 (2) 
O(W)-H(W)-O(I) 163.4 (49) 166.9 (4) 
N -H(1)--O(2) 169"7 (38) 172"5 (3) 
N H(2)--O(W) 175.2 (34) 175.2 (4) 
N H(3)--O(2) 175"1 (43) 177"8 (4) 
N H(4)--O(I) 172.4 (42) 1696 (4) 
H(W)-O(W)-H(W) 104.0 (80) 109"3 (6) 
H(2)--N H(I) 111.3 (27) 1120 (3) 
H(2)--N H(4) 112.7 (35) 109.1 (4) 
H ( 2 ) - - N - - H ( 3 )  106.6 (10) 109.4 (3) 
H(4)--N----H(3) 109.6 (29) 110.4 (3) 
H(3)--N----H(I)  113.5 (50) 108.2 (3) 
H(1)--N H(4) 103-0 (54) 107.5 (3) 

Discussion 

(a) Effects of  extinction on coordinates and thermal 
parameters 

The effects of extinction corrections on the accuracy 
of a refinement are illustrated at this point using the 
DOX(N) results, for which g'=2.0(1). The DOX(N) 
results with and without extinction corrections are 
given in Table 8. The extinction corrections reduced 
the R indices and Z values by a factor of 3 and the 
coordinate and temperature factor standard deviations 
by a factor of ,,~ 5. The effect on the coordinates them- 
selves did not appear large, but the correction increased 
all the temperature factors by a factor of ,-, 1.3. 
Results before and after correction were compared 
statistically. First, the positional parameters were con- 
sidered. 

The A~ values in Table 8 were converted to A~/a 
where A~ is the absolute difference between a corrected 
and uncorrected result, and a is the standard deviation 
of the difference. The total number of A~/a values was 
28. For statistically identical data sets the number of 
values in ranges of A~/a should be predictable from the 
normal distribution. A X 2 test (Hamilton, 1964) was 
used to see whether this hypothesis was true at the 
99.5% confidence level. With the data for a >  1.25 

taken as a single group 

X 2 : [  [ (N°b~-Ncx"~¢ted)2 

Nexpected ] 

was 26, whereas for six groups (five degrees of freedom) 
Zs. 0.005 = 16.8. Thus it was extremely unlikely the two 
coordinate sets were the same. The same result was 
obtained with smaller numbers of groups. The Z 2 test 
also failed with the two temperature-factor sets. 

Thus, while it is generally recognized that the lack 
of an extinction correction gives artificially low tem- 
perature factors, the possibility that the positional 
parameters are also affected should not be overlooked. 
The worst affected reflexion in the DOX(N) data was 
021, for which the intensity was reduced by a factor of 
seven. 

(b) Isotope distribution in null-matrix crystal NOX(N) 
The measured scattering lengths at the various H, D 

sites in NOX(N) are listed as b(H, D) values in Table 9. 
These values showed the crystal differed slightly from 
the null-matrix composition (59.9 + 0.3 atomic % in- 
stead of 63.2 % for a null-matrix). The scattering length 
residual at the water site, 0.021(3) x 10 -lz cm was 
lower than the residuals at the ammonium sites, sug- 
gesting a preference of hydrogen for the water site and 
deuterium for the ammonium sites. Defining a separa- 
tion factor as 

S =  (H/D)w"'¢r 
(H/D),~mmonium ion ' 

it was found that S =  1.07 + 0.02, and the isotope sep- 
aration effect was small but significant. Coppens 
(1970) has carried out a similar analysis on a null- 
matrix crystal of u-oxalic acid dihydrate; for his results 
we find S =  1.42 (3) for that compound, a larger effect. 
In u-oxalic acid dihydrate, the hydrogen atoms prefer 
the hydroxyl site, which has a shorter and presumably 
stronger hydrogen bond than the water sites. There is 
no marked differentiation of hydrogen-bond distances 
in ammonium oxalate monohydrate. The isotope effect 
in the present analysis was not detectable before extinc- 
tion corrections were introduced. 

(c) Asphericity shifts 
Dawson (1964) noted that the use of spherically 

averaged fcurves  in least-squares refinements of X-ray 
data gave shifts (~0.02 A) and apparent thermal an- 
isotropy, which were actually a compensation for an 
incorrectly assumed atom shape. 

Coulson (1970) calculated that the true centroid of 
charge is displaced 0.04A towards the lone-pair 
electrons for the nitrogen atom in ammonia. For the 
oxygen atom in a nitro group, the displacement to- 
wards N due to the cr and rc bonds was 0.023 A and the 
displacement away due to the lone-pair effects was 
0.039 A. giving a net displacement of 0.016/k towards 
the lone-pair. Duckworth et al. (1970) found a dis- 
placement of the nitrogen atom in hexamethylene 



J .  C .  T A Y L O R  A N D  T .  M .  S A B I N E  3 3 4 5  

T a b l e  7.  Observed and calculated structure factors 

F O  a n d  F C  refer to  the  m o d u l i  o f  the  s t r u c t u r e  f a c t o r  a n d  the  F O  are e x t i n c t i o n - c o r r e c t e d .  A s t e r i s k s  d e n o t e  u n o b s e r v a b l y  s m a l l  
re f l ex ions .  

__ H K FO FC H K FO FC H K FO FC H K FO FC H K FO FC H K FO FC H K FO FC H K FO FC 
~ X I  L - O  

2 ~ 6 . 0 6  6 . 4 9  
4 0 2 2 . 3 4  2 2 . 9 6  
6 B 4 . 5 2  • . 7 8  
8 0 8 . 9 6  7 .98  
2 1 9 . 6 5  9 . 7 0  
3 1 3 5 . 0 8  3,5.62 
• 1 5.63 ,5.66 
5 1 6 . 6 9  6 . 9 2  
6 1 5.,52 4 . 4 9  
7 1 1 8 . 3 9  11 .34  
8 1 ~ 1 . 8 7  1 .86  
9 1 4 . z n  3 . 1 8  

22 g . . . . . . . .  t~ 1 . 4 3  0 . 2 7  
3 2 3 a . ~ 4  3 1 . 3 3  
4 2 19 .81  1 9 . 1 4  
5 2 6 . 4 8  6 . ' ; 9  

1 2 . ! 5  1 2 . • S  
8 2 5 . 2 5  5 . 0 3  
9 2 3 . b 4  3 . 5 6  
1 3 7 . 4 7  7.67 
2 3 2 0 . ~ 8  2 1 . 6 1  

3 9 . 9 ~  Q.93  
4 3 19.  '.O 1 9 . 8 3  
5 3 J~ 2 . 2 7  1.7,5 
6 ,3 1 6 . 1 7  18.~,5 

3 11.9,5 12 .31  
9 ~ 2 .5O e . e 9  

3 2 . ' ; 9  : . 8 1  
0 4 2 1 . 8 2  2 : . ~ 8  

4 2 8 . 3 3  2 8 . 7 3  
• 1 8 . 9 Z  12.8,5 

3 4 4 . 1 6  1 . 7 7  
4 4 6 . 7 3  7 . 2 9  
6~ 4 ~ 1 . 6 3  2 . 7 5  

• It 1.98 0 . 7 2  
7 4 ~ 1.87 ~ . 3 3  
8 4 ~ 1 . 7 9  1 . 2 3  
9 4 ~ 2 . 9 1  ! .04  
1 ,5 1 4 . 1 ,  13.,54 

5 2 4 . ~ 7  2,5.6~ 
5 ~ 1 . 7 6  2 . 3 3  

4 ~ 1 8 . ~ 5  lZ, 7,5 

4 . ~  3 . 1 8  
7 5 5 . 2 7  5 . 4 6  
8 5 4 . ~ 3  4 . 3 5  
8 6 ,5.63 ,5.70 
1 6 1 0 . 6 4  1 0 . 3 3  

6 1 4 . 5 2  1 4 . 2 9  
6 7.67 7 .61  

4 6 *f 2 . 2 3  1 . 2 :  
5 6 It 1 . 9 3  2 . ~ 5  
6 6 # 1 . 9 8  i . 8 :  
7 6 3.98 3 . 8 9  
8 6 ,5.23 [ , . 23  
1 7 8 . , ; 7  7 . 9 3  
2 7 4 . ~ 9  5 . 3 9  
3 7 7. ,5:  7 .77  

7 • . ' . .6  8 . 3 ~  
7 2 1 . 2 S  2 2 . ; ~  

6 7 ~ . 6 9  ,5.12 
7 7 a 2 . ~ :  2 . a :  
8 7 ~ 2 . : 1  : . ~  
3 8 8 . : 6  7 . 3 3  
~. ~ • 2 . 3 7  : . 2 6  
2 ~ 1 2 . ~ 2  1 2 . 5 3  
3 8 5 . : ~  5 . 7 4  
~; 8 7 .77  7 .67  
5 8 ~ 1 . 7 9  0 . 6 8  
6 6 A 1 . 7 2  : .2~I  
7 8 * 2 . : 2  2 . 2 6  
1 9 8 . 9 9  9..~8 
3 9 1 1 . 1 3  11 .6 ' :  

9 • . 2 6  ':.28 
4 9 ~ 3 . 3 6  2 . 6 8  
5 9 3 . 6 7  3 . 9 3  
6 9 3 . 9 2  3 .51  
8 10 7 . • Z  7 .61  
2 10 1 0 . 7 2  1 ~ . 7 4  

18 5 . 8 2  5 . 9 3  
3 18 8 . 4 1  7 .69  
4 10 5 . 0 5  4 . 5 2  
5 10 4 . 6 2  3 . 2 6  
1 11 3 . 9 ;  3 . 6 6  
2 11 4 . 2 8  3 . 6 7  
3 11 N 1 . 6 8  0 . 6 2  
4 11 • 1 . 5 7  : .8~  
8 12 • 1 . 4 3  2 . 2 6  
1 12 ~ 1.,57 8 . 0 3  
2 12 k 1 . 5 4  2 . 2 6  

EIOXI L - I  

2 8 2 . 8 6  2 . 7 5  
3 8 It 1.,51 0.7~. 
• 8 6.~10 3 . 8 2  
5 0 13.15 13.67 
6 0 ~ 1 . 9 5  1 . 6 7  
7 0 4.89 3.76 
0 0 m I 84 ~ . : 7  

8 ~ 1 . 6 2  2 . 8 5  
1 4 8 . : ~  3 9 . 6 6  

3 1 2 2 . 8 0  2 2 . • 4  
• 1 1 1 . 6 3  1 L . 3 6  
5 1 8 .71  8.8.~ 
6 1 1 4 . 9 1  1,5.49 
7 1 6 . 3 ~  6 . 6 7  
8 1 6 . 7 8  6 . 9 9  
9 1 5 . 3 2  4 . 9 :  
1 2 27.73 2 7 . 5 5  

1 6 . 7 5  1 6 . 4 5  
4 2 1 1 . 2 : 1 0 . 6 8  
~6 8 . 0 ~  8.1,3 2 

6 . 2 ~  5 . 7 5  
7 7 . 2 ~  7 . 0 6  
8 2 ~ 1 . 0 8  1 . 8 4  

J~ 1 . 8 4  1 .60  
I 3 2 2 . 0 9  2 : . o 9  

1 2 . 6 7  1 2 . 2 9  
3 5 . 8 8  5. ' . ,5 

3 9 . 1 7  8 . 9 9  
5 3 ~ . 9 7  6 . ¢ 9  

3 ~.~ ..... 
3 ~ 7.7",. 8 ~ 4: . . . . . .  

9 t 2 . 5 1  3 . 9 7  
• 1 4 . 3 3  1 3 . 6 4  

1 4 1 0 . 2 ~  ~ 3 . 1 7  
2 4 4 . 6 5  4 . 2 2  
3 4 11.,57 1 1 . ; : )  
4 4 1 / . 7 6  1 7 . 5 1  
,5 • 5 . 1 9  5 . 3 5  
6 4 6 . 9 7  7 .23  

7 4 4 . 2 5  3 . 9 6  
8 4 ~ . 8 8  ,5.,57 
0 5 • 1 . 6 6  1 .~1  

6 . 8 3  7 . 1 2  
3 5 18 .~3  1 8 . 4 1  
4 5 1 2 . 2 9  11.54 
5 5 1 0 . 1 0  8 . 9 1  
6 5 ,5.89 6 . 6 2  
7 5 4 . 9 7  4 . 6 3  
8 ,5 ~ 1 . 6 6  0 . $ 6  
8 6 14 .81  1 4 . 1 1  
1 6 16.5,5 1 6 . 8 6  

6 l e . 7 8  l O . 5 8  
6 7.,54 7.,59 

• 6 11.83 11 .,52 
5 6 ~ . 8 5  5 . 9 6  
6 6 5 . 7 2  5 . 4 7  
7 6 5 . 1 9  5 . 0 7  
B 6 6 . 0 1  6.,50 
8 7 1 2 . 6 8  1 2 . 7 8  

7 4 .,50 4 . 3 6  
7 It. 2 . 8 0  1 . 6 2  

3 7 • 2.87 3 . 0 4  
4 7 6 . 3 8  5 . 6 4  
5 7 8 . 4 7  8 . 9 6  
6 7 ~t 2 . 9 ~  3 . 8 1  
7 7 if 2 . 1 8  2 . 1 3  
8 0 3 . 8 5  2 . 4 7  

22 ~ . . . . . . . .  7.,52 7 . 1 8  
3 8 1 4 . 1 8  1 4 . 3 6  
4 8 5.1,5 5 . 3 6  
6 8 • 1 .91  3 . 3 9  

0 3 . 2 2  3 . 4 4  
7 8 B.87  8.09 
0 9 5 . 5 9  ,5.47 

9 g" 1 . 9 9  2..~4 
2 9 A 11.,52 1 2 . 3 2  
3 9 1 .91  2 . 6 4  
4 9 5 . 8 0  6 . 1 8  
5 9 6 . 3 5  6 . 9 8  
6 9 5 . 9 3  5 . 9 9  
0 l e  5 . 6 8  5 . 9 0  
1 18 ~ 3 . 3 4  3 . 8 3  
2 10 ~ 1 . 9 1  2 , 5 4  
3 18 4 . 6 4  • . 4 7  
• 18 ~ 3 . 2 8  3 . 2 3  
,5 10 g 1.,58 1 . 2 7  
0 11 5.55 5 . 7 8  

~ 1111 . . . . . . . .  1 . 7 7  3 . ~ 3  
3 11 4 . 8 4  4.138 

11 ~ 1 . 4 7  1 . 3 7  
0 12 • 1 .51  0 . 7 7  
1 12 3 . 5 5  3 . 1 7  

H O X I  L . 2  

2 0 2 . 8 9  2 . 3 8  

* 0 9.,57 • . 2 2  
7 0 3 . 8 5  4 . 1 ~  
8 0 ' . .7 : '  < .71  
2 1 1 1 . 7 5  11.9,5 
3 I ~ 1 . 5 8  2.1.3 
4 1 • 1 . 7 6  2 . 8 0  
5 1 ,5.92 5 . 9 7  
6 1 4 . 5 5  5 .C8  
7 1 ~ 1 . 9 1  3 . 3 9  
8 1 7 .64  5 . 6 1  
8 2 9 . 0 2  9 . 3 0  
; 2 1 3 . 6 4  13.~6 
3 2 1 0 . ~ 4  1 0 . 7 8  
4 2 7 . 3 3  7.,54 
5 2 9 . 8 2  9 . 2 2  
6 2 6 . 0 5  6 . 5 2  
7 2 6 . 8 1  6 . 7 6  
8 2 3 . 9 2  3 . 1 0  
8 3 9 . 1 9  9 . 3 6  

3 4 . 4 7  4 . 2 9  
1 • . 4 6  1 4 . 3 2  

3 3 1 5 . 6 8  1 5 . 3 4  
4 3 6 . 6 4  6 . 5 5  

3 X. 1 . 9 4  2 . 2 8  
6 3 7 . 0 3  7 . 3 9  
7 3 5 . 8 8  6.09 
8 3 ~ . 4 4  3 . 6 1  
0 4 6 . 7 9  7 . 1 6  

2 3 :  . . . . . . . .  5 . 1 7  4 . 2 8  
4 • 8 . 1 1  8 . 0 7  
5 4 4 . 3 5  4 . 2 4  
6 4 5 . 5 6  ,5.53 
7 • ~Q 2 . 2 8  2 . 7 2  
8 4 • . 1 4  3 . 6 1  
8 ,5 7 . 4 2  6 . 9 7  
1 ,5 9 . 8 2  1 0 . 1 4  g ~ . . . . . . . .  

6 . 7 6  6 . 2 7  
4 5 ~ 1 . 9 5  2 . 7 4  
,5 5 3 . 5 5  3 . 3 6  
6 ,5 7 . 9 9  7 . 6 8  
7 ,5 ~ 1 . 7 2  0 . 6 8  
8 6 ~" 1 . 8 3  2.,56 
2 6 ,5,21 4 . 2 4  
1 6 5.,58 7 .11  
4 6 8 . 7 2  0 . 8 0  
5 6 3 . 9 5  3 .31  
6 6 7 .31  7 . 3 4  

6 J~ 2 . 0 9  1 . 7 •  
8 2 ~ 1 , 8 7  1 . 7 0  

7 1 1 . 4 1  1 1 . 2 7  
7 8 .11  8 . 3 5  

• 7 8 . 3 0  : . 9 5  
5 7 5.3,5 :~.24 
6 7 ,5.12 5 . 5 b  
0 8 5 . 7 4  5 . 6 8  
1 8 4 . 2 0  4 . 6 3  
3 8 ~ 1 .91  2.17 

8 5 . 1 0  ~ . 4 9  
4 8 6 . 6 0  6 . 6 6  
5 8 5 . 2 9  • . 7 1  
6 8 ~ 1.,54 2 . 2 8  
0 9 9 . 4 5  9 . 7 8  

9 V 1 . 8 3  2 . 0 9  
9 7 .61  7 . 1 8  

3 9 ~ 3.B3 2.38 
4 9 4( 1 . 7 6  1 . 4 3  

9 3 . 9 8  4 . 0 7  
1 18 4 . 1 7  4 . 6 7  

10 6 . 4 4  6 . 5 7  
18 6 . 5 8  6,3Z 

8 11 • 1 . 5 4  0 . 3 5  
1 11 4 . 6 2  3 . 6 9  

H O X |  L - 3  

2 0 ~ 1 . 5 2  2 . 3 0  
3 0 ~ 1 . 6 2  1 . 1 3  
• e 9 . 0 3  9 . 5 2  
6 ~ 1 .81  8 . 5 4  0 

e 4.,54 4.28 
7 0 5 . 7 8  ,5.56 
1 1 6 . 2 6  5 . 7 1  

1 7 . 1 3  7 .44  
1 7 . 7 2  7 . 7 0  

4 1 ~ 2 . 1 7  1 . 9 6  
5 1 5 , 2 2  5 . 2 9  
6 1 3.,50 3 .84  
7 1 6 . 9 0  6 . 4 6  
8 2 6 . 8 2  7 . 0 4  
1 2 1 0 . 7 6  11 .37  
2 3 ~  . . . . . . . . .  

5 . 7 8  6 . 2 8  
• 2 5 . 5 1  ,5.66 
5 2 7 . 6 4  7.,59 
6 2 4 . 0 8  3.,51 
7 2 4 . 3 5  3 .~7  
0 3 3 . 4 3  3 . ~ 3  
1 3 4 . 6 8  5 . 2 0  
2 3 5 . o e  ,5.45 
3 3 7 .08  ( ' . 97  
4 3 It 1 .81  3 . $ 5  
5 3 3 . 6 5  3 . 5 6  
6 3 K 2 . 8 9  1 . 8 8  
0 • 8 . 2 6  8.25 
2 4 4 . 4 3  4 . ~ 2  

4 .11  4 . 0 8  
3 4 S ~ 2 . 3 8  3 . 1 7  
• 4 . 0 3  4 . 5 9  
5 4 t(" 1 . 81  1 . ~ 9  
6 4 • . 0 3  3 .71  
• 5 6 . 2 7  6 . 0 0  

4 . 8 4  • . 2 4  
3 5 7 .81  6 . 7 7  
4 5 ,5.8,5 6 . 8 3  
5 5 ~ 2 . ~ 9  2 . 3 4  
6 5 6 . 9 8  5 . 8 1  
0 6 3.,54 3 . 5 8  

6 3 . 8 5  3 . 6 9  
6 J( 3 . 5 8  3 . 5 7  

3 6 5 . 2 ~  4 . 7 7  
4 6 N 3 . 6 8  • . 6 9  

76 . . . . . . . .  3 . 4 6  2 . 9 2  
1 7 5 . 9 2  ~ . 8 3  
~3 7 ~ 1 .81  2 . 9 1  

7 4.8,5 3 . ' ; 8  
4 7 ~ 1 . 7 0  1 .99  
8 8 4 . 1 5  4.,59 
1 8 ~ 2 . 2 4  3 . 7 5  

0 8 .2C 7 . 9 5  
8 N 2 . 8 ~  2 . 9 1  

0 9 3 . 4 3  2 . 6 9  
1 9 < . ' : I  4 . 1 6  

HOX2 L - 0  

1 2 8 . 9 2  8.93 

3 2 . 5 3  3 2 . 2 5  
4 2 1 9 . 3 7  19.3,5 
5 2 6 . 0 9  6 . • 0  
1 3 7 . 2 3  6*93 
2 3 2 2 . 8 8  2 2 . 7 0  
3 3 1 0 . 1 5  1 0 . 2 3  
4 3 1 8 . 7 2  1 8 . 8 6  
5 3 K 1 . 4 6  0 . 9 9  
0 4 2 0 . 9 8  2 1 . 1 9  
1 4 2 8 . 0 ~  27 .71  
3~ 4 1 2 . 3 8  1 2 . 2 6  

• 4 . 0 9  4 . ~ 9  
4 4 6 .34  6 . 1 7  
5 4 3 . 0 7  3 . 8 1  
1 5 1 3 . 6 8  1 3 . 6 7  
2 5 2 6 . 2 9  2,5.?4 
3 5 2 . 3 3  2 . 1 3  
• 5 1 0 . 4 0  1 0 . 2 7  

6 . 8 7  5 . 6 5  
1 6 1 0 . 0 3  10.8,5 

6 1 3 . 9 8  1 4 . 4 2  
6 8 . 0 4  8 . 2 8  

4 6 N 1 . 3 9  1 . 6 4  
,5 6 2 . 8 6  3 . 1 2  
1 7 8 . 8 9  8 . 0 4  

7 ,5.04 4 . 9 4  
7 7 .74  7 . 6 8  

• 7 9 . 1 1  8 . 5 ~  
5 7 2 1 . 0 3  2 1 . 3 0  
8 8 7 . 3 5  7 .23  

8 ~ 1 . 3 9  ! . 7 2  
8 1 2 . 7 5  1 2 . 2 6  

3 8 5 . 6 2  ~ . 9 6  
4 8 7 . 5 8  7 . 7 8  
5 8 J~ 1 . 8 5  0 . 5 1  
1 9 8 . 7 0  9 . 2 0  
2 9 1 1 . 0 6  1 1 . 2 ~  
3 9 4 . 6 7  4 . 1 6  
4 9 N 3 . 8 3  2 . 8 ¢  

• 3 . 5 2  3 . 6 5  
10 7 .41  7 . 6 6  

2 10 1P.,57 1 ~ . 6 ~  
10 ,5.78 ,5.71 

3 10 8 . 3 2  7.•8 
• 10 4 . 9 2  4 . 5 ~  
5 10 2 . 6 2  1.91 
1 11 3 . 4 8  3 , o 2  
2 11 4.Z8 3 . ~ 0  
3 11 & 1.27 0 . 9 2  
4 11 • : . 4 6  1 . 7 8  
8 12 2 . 3 9  2 . ' 9  
1 12 ~' 1 .14  0 . 2 6  
2 12 1 . ' . 5  1 . 8 8  

HOX 2 L • I 

e 8 3 8 . • 4  8 8 . 8 6  
I 0 1 ,5 .2 .  1,5.18 
2 0 2 . 4 2  2 . 2 9  
3 9 ~ 1 . 0 5  0 . 3 7  
• 8 3 . 7 3  3 . 7 0  
5 0 1 2 . 7 8  1 3 . 0 9  
8 1 1 4 . 6 0  1 4 . 7 6  
1 1 2 3 . 6 2  2 3 . 9 2  

1 3 9 . 7 3  3 9 . 7 ' ;  
1 2 2 . 6 8  2 2 . 8 2  

• 1 1 1 . 2 2  1 1 . 1 7  
5 1 8.28 8 . 4 5  

7 . 5 9  7 .58  
3 2 1 6 . 3 6  1 6 . 5 6  

4 2 1 1 . 0 0  1 0 . 8 1  

23 . . . . . . . .  2 . 4 5  1 . 7 2  

1 2 . 3 3  1 2 . 3 5  
3 8 4 . 4 0  4 . 7 6  
4 3 9 .01  8 . 7 4  
5 3 6 . 2 3  6 . 3 9  
0 4 13 .94  1 3 . 8 2  

• 9 .91  9 . 7 1  
4 . 3 4  3 . 9 6  

3 1 1 . 3 6  1 1 . 3 0  
4 17.3,5 1 7 . 3 3  
,5 4 4 . 8 2  5 . 0 3  
0 5 ~ 1 . 2 3  1 .77  
1 5 6 . 9 0  6 . 7 5  

23 ~ . . . . . .  , ,  10 .31  1 0 . 1 7  
4 5 1 1 . 4 8  1 1 . 7 8  
,5 5 8 . 1 2  8 . 4 4  
0 6 1 1 . 8 0  1 " . P 6  

6 1 6 . 1 a  1 6 . ~ 8  
6 1 0 . 2 0  10 .21  

3 6 7 . 1 5  7 .26  
< 6 1 1 . 4 5  1 1 . 7 2  
5 6 ,5.98 6.2,5 
8 7 1 2 . 1 8  1 2 . 5 0  

7 4 . 3 2  4 . 3 2  
7 "~ 1 .74  1 . 6 8  

3 7 3 . 2 8  3 . ~ 3  
4 • 6 . 8 7  5 . ? 7  

7 8 . 4 0  8 . 5 5  
~9 8 K 1 .81  2 . 5 6  

8 8 . 7 5  ' ) . 1 2  
8 7 . 4 5  7 . 3 0  

3 8 1 4 . 1 6  1 4 . 1 5  
• 8 5 . 1 8  5.,58 
5 8 ~ 1 . 8 ~  2 . 7 5  

9 4 . 7 2  ,5..~4 
1 9 3..53 2 . 3 0  

• 1 1 . 9 1  1 2 . ~ 2  
9 t~- 1 .81  2 . 3 8  

4 9 6 . 0 8  6 . 0 3  
5 9 6 . 8 7  6 . 6 1  
8 18 5 . 5 7  5 . 9 4  
1 19 3 . 5 5  3 . 0 7  
2 18 ~ 1 . 8 1  2 . 3 5  
3 18 4 . 2 5  4 . 3 3  
4 18 2 . 5 0  3 . 1 8  
5 18 ~ 1 . 1 8  1 . 2 8  

11 ,5.,59 5 . 6 2  
1 11 7 .29  7 ,84  
2 11 2 . 9 3  2 . 9 9  

11 4 . 4 5  4 . 2 8  
0 12 ~ 1 . 1 2  1 . 1 4  
1 12 3 . 3 2  3 . 0 6  

HOX2 L . 2  
O 0 2 0 . 0 9  2 0 . 4 6  

22 : . . . . . . . . . .  2 . 4 5  2 . 3 5  
:~ 8 8 . 0 7  8 . 5 8  
4 8 2 1 . 7 6  2 1 . 3 1  
5 8 e 1 . 3 9  1 . 0 2  
0 I 1 2 . 8 7  12 .91  

1 1 6 . 6 9  1 6 . 8 5  
1 1 1 . 8 3  11 .74  

3 1 "J(' 1 . 7 4  2 . 1 4  
4 1 2 . 7 7  2 . 5 4  
5 1 5 . 8 7  5 . 8 9  
0 2 9 . 0 1  9 . 2 8  
1 2 1 3 . 2 6  1 3 . 4 2  

I ; . . . . . . . . .  1 0 . 6 6  1 8 . 3 9  
4 2 7 . 2 6  7 . 4 7  
; ~  . . . . . . . .  

9 . 6 5  9 . 4 5  
1 3 3 . 8 9  4 . 8 7  g ~ . . . . . . . . . .  

1 ~ . • 3  1 5 . 8 6  
4 3 6 . 8 5  6 . 6 5  

6.5,5 6 . 0 8  
I • 1 3 . 2 3  1 3 . 4 2  
2 • 7 .51  7 . 6 4  

• 4 . 5 5  4 . 4 6  
• 4 7 . 8 0  7 . 9 0  
5 4 3 . 6 6  4 . 0 9  
8 5 6.6,5 6 . 8 5  
1 5 9.,53 9 . 7 5  
3 7 . 3 2  7 . 4 3  5 

6 . 1 4  5 . 8 2  
4 ~' 1 . 8 1  2 . 5 4  

3 . 2 9  2.,53 
1 6 it" 1 . • 3  1 . 5 6  

6 4 . 7 1  4 . 5 9  
6 6 . 1 7  6 . 6 1  

4 6 8 . 6 5  8 . 6 8  
5 6 3 . 6 2  3 . 1 5  
0 7 41 1 . 4 5  1 . 2 6  

5 . 3 7  5 . 5 3  
7 8 . 2 5  8.03 

4 7 7 . 0 4  7 . 8 5  
5 7 • . 5 8  5 . 1 6  

8 5.,51 5.,51 

& 2 . 3 1  2 . 2 8  
3 0 ~ . 6 ~  5 . 2 4  

4 I • 1 . 5 3  1 . 9 8  
5 1 5 . 1 0  5 .81  
0 2 6 . 0 4  6 . 9 6  

'N 1 . 7 4  1 . 4 6  
3 2 5 . 8 3  5 . 9 8  
4 2 5 ,C3 5 . 2 1  

: I . . . . . . . .  3 . 9 8  3 . 6 2  
1 3 • . 4 7  5 . 8 8  
2 3 5 . 2 5  5 . 3 8  

6 .81  6 . 7 5  
• ~ 2 . 3 4  2 . 8 6  

3 3 . 8 4  3 . 5 7  
4 7 . 9 9  8 . 0 4  

3 . 8 4  3 . 9 5  
4 . ~ 2  4 . ( ; I  

3 4 J~ 2 . 6 6  3 . ~ 8  
4 4 4 . 5 6  4 . ~ 8  
5 4 ]J 1 . 5 6  1 . 1 7  
0 5 6 . 9 0  7 . 2 2  

3 . 5 8  3 . 5 5  5 
5 4 . 1 2  4 . 0 0  

3 5 6 . 8 3  6 . 6 6  
4 5 6 . 0 8  5 . 6 2  
5 5 2 . 6 7  2 . 1 8  
8 6 3 . 4 •  3 . 2 4  

22 ~ . . . . . . . .  3 . 6 8  3 . 5 9  
3 6 4 . 7 6  4 . 7 7  
4 6 4 . 5 5  " , 1 6  
5 6 6 . 7 6  6 . 5 9  
0 7 3 . 3 1  2 . 2 5  

7 5 . 9 ~  5 . 6 0  
7 3 . 8 3  2 . 6 9  

3 7 3 . 7 0  3 . 2 1  
7 e 1 . 2 1  1 . 6 5  
8 4 . 3 3  4 . 1 8  
8 2 . 8 0  3 . 5 1  

2 8 7 . 6 3  7 . 6 3  

~. 96 . . . . . . . .  3 . ¢ 3  2 . 6 8  
2 9 3 . 9 4  3 . 9 1  

9 4 . 6 8  4 . 2 6  

HOX2 L ' 4  

i "* . . . . . . . . .  
3 . 9 9  3 . 9 3  

8 ~ 1 . ~ 9  1 . 7 5  

2 . 8 7  2 . 0 6  
0 1 4 . 8 8  4 . 0 6  

22 I ~ . . . . . . . .  1 5 . 8 7  5 . 7 8  

I I . . . . . .  ,9 1 .21  0.73 
8 2 ~ 1 . 7 3  2 . 1 0  
1 2 4 . 0 8  3 . 8 8  
2 2 e 2 . 7 2  2 . 6 1  
3 2 1 . 2 7  0 . 6 6  
• 2 1 . 4 2  1 . 2 6  

3 '5 .40 5 . 5 6  
4 . 1 9  4 . 7 0  

2 3 . 6 8  3 . 8 9  
3 3 4 . 6 7  4 . 0 8  
4 3 3 . 3 8  2 . 9 1  
0 4 4 . 8 4  4 . 8 ~  
1 4 3 . 0 6  3 . 2 1  
3 • ~ 1 . 4 2  0 . 7 2  

• 4 . 0 9  3 . 7 7  

1 1 .21  8 . 6 9  

3 . 3 1  2 . 9 9  

kq )X !  L - O  

2 2 . 4 3  2 3 . 3 5  

65 .* . . . . . . . .  7 . 2 7  7 . 2 7  
3 1 1 8 . 7 2  1 8 . 5 8  

3 2 . 4 7  3 6 . 1 2  
4 5 . 5 2  5 . 5 6  
6~ 1 6 . 7 4  6 . 8 3  

1 4 . 9 8  4 . 9 6  

1 . 4 3  1 . 7 3  
9 1 3 . 7 2  3 . 6 5  

22 ! . . . . . . . .  N' 8 . 3 2  8 . 3 5  
3 38 .41  3 1 . 7 4  
• 2 2 0 . 0 2  1 9 . 4 2  
9 2 6 . 2 7  6 . 7 3  g . . . . . . . .  

1 2 . 6 8  1 2 . 2 0  : g . . . . . . . .  
3 . 5 4  3 . 7 1  

2 3 . 2 2  2 2 . 9 9  
3 3 1 2 . 1 7  1 8 . 7 9  
4 3 2 8 . 0 4  1 9 . 0 6  

3 1 .11  1 . 4 6  
6 3 1 8 . 8 7  18 .51  
7 3 1 2 . 1 7  1 1 . 9 8  
8 3 1 . 5 8  1 . 1 5  
• 3 1 . 5 7  1 . 5 ~  
8 • 2 0 . 0 2  2 1 . 7 5  
1 • 2 6 . 3 4  2 7 . 6 9  
2 • 13 .04  1 2 . 3 0  

4 8 6 . 1 6  6 . 3 6  3 • 3 . 9 6  4 . 8 9  
5 8 4 . 4 4  4 . 5 7  • 4 6 . 4 2  6 . 2 0  
8 9 9 . 4 2  9 . 6 1  56 4 3 . 8 5  3 . 2 4  
1 9 ~ 1 . 3 9  1 . 9 3  4 ~V 0 . 2 6  8 . 6 2  
2 9 7 . 1 3  7 . 1 7  7 4 J~ 0 . 3 6  0 . 4 4  
3 9 ~( 2 . 6 8  2 . 2 5  ~ • 0 . 5 4  0 . 5 9  
4 9 4' 2 . 3 8  2 . 0 3  4 2 . 1 2  2 . 0 9  

9 3 . 8 0  3 . 8 2  1 55 1 3 . 9 3  1 3 . 7 9  
0 10 3 . 8 8  3 . 6 1  2 2 6 . 4 7  2 5 . 6 1  
? 10 4 . 8 4  4 . 4 3  3 ~ 2 . 1 8  1 . 8 7  
2 10 6 . 8 3  6 . 4 2  • 1 1 . 0 6  1 0 . 6 1  
3 18 6 . 5 8  6 . 3 8  5 ~ 4 . 6 5  4 . 8 6  

6 2 . 3 7  2 . 6 2  0 11 N 1 . 1 2  0 . 3 6  5 4 . 7 3  5 . 1 2  
1 11 3 . 3 2  3 . 4 Z  8 5 3 . 2 8  3 . 5 9  

HOX 2 L • 3 8 6 6 . 8 7  6 .P6  
2 6 9 . 9 7  9 . 7 4  

0 e J; 1 . 4 5  1 . 7 9  6 1 4 . 8 ~  1 • . 9 8  

22 ~ . . . . . . . . . . . . . . . . . . .  • 1 . 4 9  2 . 1 0  • 6 0 . 8 8  1 . 1 7  
. . . . . . . . . . .  : : . . . . . . . .  
4 8 9 . 4 4  9 . 2 5  1 . ~ 1  1 . 3 5  

8 6 1 . 4 6  8 . 5 0  7 6 4 . 2 6  4 . 3 9  
1 1 0 . 5 7  1 0 . 5 1  8 6 4 . 4 6  4 . 4 9  

~, . . . . . . . . .  1, . . . . . . . . .  
1 7 . 2 0  7 . 8 2  7 5 . 2 6  5 . 1 9  

3 1 7 . 4 2  Y .47  3 7 8 . 9 6  8 . 1 3  

4 7 • . 4 4  9 . 1 9  
5 7 2 2 . 6 4  2 1 . 7 0  
6 7 5 . 0 2  5 . 8 2  
7 7 3 . 1 2  3 . 1 2  
8 7 2 . 5 8  2 . 5 5  
8 8 7 . 4 8  7 .23  
1 8 1 . 3 1  ; . .42  
3 8 1 2 . 7 2  1 2 . 2 7  

6 . 1 9  5 . 9 9  
• 7 . 5 9  7 . ~ 8  
6~ 8 8 . 9 3  8 . ~ 6  

8 1 . 0 5  1 . 2 1  
7 2 . 6 2  2 . 6 5  

9 8 . 8 7  9 . 2 5  
9 1 1 . 3 6  1 1 . 2 4  

3 9 4 .51  4 .3~  
4 9 2 . 9 4  3 . 0 8  
5 9 3.,19 3 . 5 7  
6 9 ~ .81  3 . 9 4  
8 18 7 . 5 8  7 .61  
2 18 1 0 . 7 8  1 0 . 7 0  

18 5 . 7 1  5 . 6 5  
3 l e  8 . 5 4  8 . 1 6  
4 10 • . 7 0  4 . 7 8  
5 18 2 . 2 3  2 . 4 8  
1 11 3 . 6 8  3 . 8 1  
3 11 3 . 8 7  3 . 8 5  

11 0 . 9 5  8 . 7 5  
• 11 1 . 0 8  1 . 1 9  
8 12 2 . 3 •  2 . 6 6  

12 9 . 7 5  e . 1 7  
1 2  2 . 2 3  2 . 1 ~  

H O X I  L .  ] 

8 . 8 9  9 . 4 5  
• 8 3 . 4 7  3 . 6 9  
6 1 3 . 6 0  1 3 . 7 0  e 

0 1 . 8 0  1 . 9 4  
7 8 3 . 3 8  3 . 8 4  
8 8 0 . 4 3  c . e 9  

3 6 . e 8  3 9 . 7 8  
3 2 2 . 3 2  2 3 . 0 9  

1 1 . 5 5  1 1 . 3 1  
5 8 . 6 7  0 . 7 8  
6 1 1 5 . 3 9  1 5 . • 3  

1 6 . 4 4  6 . 8 •  
8 1 6 . 7 0  6 . 7 7  
9 1 5 . 1 3  5 . 0 8  
1 2 26.53 27.53 g . . . . . . . .  

2 6 . 7 1  1 6 . 6 8  
• 2 1 1 . • 2  1 1 . 0 0  

8 . 8 5  8 . 0 0  2 
2 5 . 6 2  5 . 7 6  

7 2 7 . 2 2  7 . 0 9  

96 ~ . . . . . . . .  5 . 9 7  5 . 9 6  
8 3 2 . 0 3  2.07 

12.7"~ X2 .ZZ  
3 3 • . 58  4 . 5 8  
• 3 9 . 2 3  9 . 8 3  
6 6 . 4 3  6 . 4 4  3 

3 5 . 9 7  5 . 9 7  
7 7 .41  7 . 7 6  
8 3 • . 6 8  4 . 8 8  

4 ~ . . . . . . . .  1 3 . 6 5  1 3 . 2 7  
4 9 . 9 8  9 . 7 7  
4 4 . 3 0  4 . 1 1  

3 • 1 1 . 7 6  1 1 . 5 2  
4 4 1 8 . 3 1  1 7 . 5 7  
5 • 5 . 2 6  5 . • 8  
6 • 7 . 8 5  7 , 8 8  
7 4 4 . 2 6  4 . 1 8  
8 4 6 . 1 2  6 . 1 5  
8 5 1 . 8 8  1 . 4 2  

22 ~ . . . . . . . .  6 . 6 4  6 , 6 9  
3 5 1 8 . 3 8  1 0 . 2 2  
• 5 1 2 . 1 8  1 2 . 8 2  

5 . 7 6  6 . 9 4  

8 . 6 9  0 . • 5  
8 6 1 4 . 1 4  1 4 . 2 6  
2 6 2 6 . 0 5  1 5 . 9 2  

6 1 8 . 2 5  1 8 . 1 1  
3 6 7 . 3 3  7 . 2 8  
• 6 12 .11  1 1 . 9 2  
6 6 6 . 2 4  6 . 3 7  

6 4 . 9 9  5 . 1 2  
7 6 4 . 6 8  4 . 7 5  

6 6 . 3 4  6 . 2 8  
1 2 . 0 9  1 2 . 3 2  

1 4 . 2 4  4 . 1 1  
g ; . . . . . . .  2 

3 . 1 0  3 . 4 8  
• 7 5 . 9 8  5 . 9 7  

7 8 . 6 0  8 . 5 1  
6 7 3 . 4 6  3 . 4 8  
7 7 2 . 4 8  2 . 3 9  
9 8 2 . 6 4  2 . 5 1  

2296 . . . . . . . .  7 . 2 3  7 . 2 2  
3 8 1 • . 2 8  1 • . • ; :  
4 8 5 . 2 5  5 . 3 9  
5 8 2 . 8 1  2 . 9 8  

4 0 2 3 . 7 8  2 1 . 8 7  
6 0 9 . 5 9  9 . : 2  
7 8 4 . 3 2  " . ~ 6  
8 0 . i .?e  4 . 8 2  
2 1 1 7 . 1 2  1 6 . 6 3  

1 1 2 7 ~  11 9 ~  
3 : 2. ' .2  2 . ' :  
4 1 2 . 8 4  2 .9 . '  
5 1 5 . 7 0  ~ . 9 5  
6 1 • . 5 6  ".90 
7 1 3 . 1 1  3 . 1 6  

6522 . . . . . . . .  8 . 8 7  8 . 7 •  ~ g . . . . . . . . . .  
1 . 8 8  1,32 

3 2 1 1 . 1 6  1 8 . 8 1  
4 2 7 . 4 0  7 . 5 6  
5 ? 9 . 2 1  9 . 4 0  

76 ~ 6 . 5 2  6 . 8 1  
6 . 7 ~  6 , 8 0  

8 2 3 . 4 0  3 . 2 9  

: I . . . . . . . .  3 . 9 9  4 . 8 3  g ~ . . . . . . . . . .  
16 .01  1 5 . 1 8  

4 3 6 . 7 7  6 . 8 9  
5 3 2 . 1 1  2 . 3 2  
6 3 6 . 9 6  7 . 8 1  
7 3 6 . 4 2  6 . 3 8  
8 3 3.34 3 .~1  
8 • 6 . 7 6  6 . 7 6  

1 3 . 4 8  1 2 . 8 7  
23 • 7 . 5 •  7 . 6 5  

4 4 . 3 8  4 . 3 6  
4 4 8 . 1 5  7.~.9 
5 • 3 . 8 3  4 . 0 7  
6 • 5 . 3 2  5 . 3 7  
7 • 2 . 4 0  2 . • 2  

• 3 . 3 0  3 .5S 
5 6 . 5 7  6 . 5 9  

1 S 9 . 6 4  9 . 6 4  
2 5 7.29 7 . 4 8  

I I . . . . . . . .  2 . 2 8  2 . 4 8  

7 . 8 4  7.5;9 
7 5 1 .14  1 . 1 5  

i 66 . . . .  259 1 . 5 6  1 . 6 8  
4 . 4 6  4 . 5 0  
6 . 3 7  6 . 5 9  

6 8 . 5 5  8 . 7 2  
5 6 2 . 9 3  3 . 0 0  

6 7.48 7 . 3 3  
7 1 . $ 9  1 . 6 1  
8 7 9 . 7 4  1 . 1 8  
1 7 1 1 . 8 5  1 1 . 8 2  
2 7 5 . 4 1  5 . 5 3  

8 . 8 6  8 . 9 1  
5 7 5 . 1 5  5 . 2 1  
6 7 4 . 9 3  5 . 2 0  

4 . 4 2  4 . 3 7  
3 8 2 . 2 3  2 . 1 4  

8 5 . 2 4  S . 3 6  
6 . 5 6  6 . 6 5  

8 4 . 3 3  4 . 4 9  
9 9 9 . 8 3  9 . 7 7  
1 9 1 . 9 9  1 . 8 8  

9 7 .01  7 . 1 2  , , . . . . .  52 
1 . 8 1  1 . 9 0  

65 11 . . . .  385  3 . 2 2  3 . 9 6  
2 18 3 . 8 4  • . 63  

18 5 . 6 6  6 . 6 2  

: I '  . . . . . . . .  W 8 . 2 8  0 . 3 5  

J~OXl L . $  2 : : . . . . . . .  
0 . 9 3  8 . 9 1  

I , . . . . . . . .  J . 6 7  8 . 7 5  
76 : . . . . . . . .  

5 . 6 3  S.41  
1 1 6 . 6 7  6 , 8 1  

23 I . . . . . . . .  7 . 7 2  7 . 5 6  
4 1 1 . 8 7  2 . 1 1  
68 1 5 . 1 1  5 . 1 4  

1 3 . 8 2  3 .91  
7 1 6 . 5 8  6 . 2 3  
8 2 6 . 2 6  6 . 2 9  

22 g . . . . . . . . . .  1 . 3 4  1 . 5 2  
3 2 6 . 1 1  6 . 2 3  
4 2 5 . 2 4  5 . 8 8  
5 2 7 . 7 6  7 . 4 3  

g 23 . . . . . . . .  3 . ~ 4  8 . 5 8  
1 3 4 . 7 1  4.95. 

7 . 8 1  6 . 9 •  
• 3 2 . 8 7  2 . 9 8  
6 3 . 7 5  3 . 6 2  3 

3 1 . 7 3  1 . 6 9  
g 7 . 9 8  8 . 2 1  
1 • 3 . 5 6  3 . 8 2  

76 65 . . . . . . . .  ~ . . . . . . . . .  9 . 0 3  8 . 5 1  4 2 . 9 3  3 . 8 1  
8 99 4 . 7 6  5 . 2 5  4 4 4.45; 4 . 5 3  

22 . . . . . . . .  : . . . . . . . . .  9 1 2 . 1 1  2 2 . 1 6  • 3.95; 3 . 9 1  
3 2 . 4 4  2 . 5 0  • 5 7 . 0 5  7 . 1 8  

. . . . . . . . . .  22 ; . . . . . . . .  5 9 6 . 8 0  6 . 8 1  3 . 9 3  3 . 8 9  
6 : . . . . . . . .  43 ~ . . . . . . . .  

1 5 . 5 4  5 . 8 2  5 . 0 1  5.77 

2 18 2 . 5 9  2 . 4 9  3 . 4 5  3 . 4 7  

4 18 3 . 1 6  3 . 1 3  3 . 4 8  3 . 3 0  
5 18 1 . 1 5  1 . 1 5  34 6 4 . 6 9  4 . $ 5  
8 11 5 . 9 1  5 . 8 6  6 4 . 4 8  4 . 4 3  

2 11 3 . 1 1  3 . 1 9  2 . 8 4  2.77 
3 11 4 . 5 4  4 . 5 0  21 7 5 . 0 4  5 . 7 3  

7 2 . 7 6  2 . 6 8  
4 11 i l . 7 2  8 . 7 4  43 7 3.23 3 . 3 3  
8 12 1 . 8 2  1 . 3 4  7 1 . 7 6  1 . 7 5  
1 12 3 . 3 5  3 . 3 4  8 8 4 . 1 1  4 . 1 3  

.ox, . . ,  22 ~ . . . . . . . .  7 .91  7 . 7 8  

2 • . . . . . . . .  .~ 96 . . . . . . . .  3 il 8 . 9 8  8 . 9 2  2.4~. 2 . 6 3  
1 9 3 . 3 6  3 , 8 8  

NOX2 L . 3  

2 8 6 . • 6  6 . 5 0  
4 0 2 3 . 3 7  2 3 . 2 8  
6 0 • . 6 6  4 . 7 •  

8 7 . 2 1  7 . 4 3  
1 1 0 . o 6  l e . 2 o  

3 1 3 7 . 2 7  3 6 . 7 3  
4 1 5 . 4 3  5 . 4 9  
5 1 b . 7 6  F . 8 5  
6 1 8 . 1 1  5 . 1 8  
7 1 1 0 . 4 9  12 .64  
8 1 1 . 6 9  1 . 5 8  
• 1 3 . 7 9  3 .61  
3 ~J 0 . 7 5  ~ . , 1  2 

g 3 2 . 1 5  32 .C9  
4 1 9 . 9 3  19 .38  
5 2 6 . 3 0  6 . 5 7  
76 ~ . . . . . . . .  

1 2 . 0 7  1 2 . 3 2  
96 ~ . . . . . . . .  

3 . 6 6  3 .71  
23 ~ . . . . . . . . . .  

1 8 . 5 2  18 . , t9  
4 3 1 9 . 1 1  1 9 . 8 4  
5 8 2 . 2 1  1 . 4 7  

1 1 . 4 4  1 1 . 6 9  

: I . . . . . . . .  1 . 8 4  1 . 6 8  
2 • 1 2 . 4 8  1 2 . 4 3  
3 4 . 9 7  4 . 1 3  
4 4 6 . 6 6  6 . 4 6  
5 • 3 . 1 9  3 . 2 3  
6 4 ~r 1 . 4 4  8 . 5 4  
7 4 N 8 . 4 3  8 , 3 8  
8 4 8 . 7 7  0 . 5 9  

4 2.21 2 . 1 8  
5 2 6 . 5 3  2 5 . 6 3  
5 2 . 2 7  1 . 8 2  

4 5 1 9 . 7 1  1 8 . 8 5  
5 5 4 . 6 6  5 , 8 2  

7 6 1  . . . . . . . .  4 . 6 9  4 . 9 5  
6 5 3 . 3 4  3 . 3 3  

NOX2 L * I  

1 l 1 5 . 6 2  151.•6 
2 8 2 . 2 8  2 . 1 6  
3 8 ~ 0 . 3 8  8o62 
• O 3 . 5 6  4 . 9 5  
5; 8 1 3 . 6 3  1 3 . 6 4  ; ; 2 . . . . . . .  

3 . 4 6  3 . 6 7  96 : *  . . . . . . .  
3 . 0 8  2 . 8 0  

8 1 1 4 . 7 9  1 5 . 1 9  
1 1 2 3 . 7 6  2 4 . 0 2  
2 1 3 9 . 1 3  4 0 . 8 6  
3 1 2 3 . 2 4  23.25;  
4 1 1 1 . 6 8  2 1 . • 4  

1 8 . 7 8  8 . 8 •  
1 1 5 . 2 8  1 5 . 3 7  

7 1 6 . 4 5  6 . $ 6  

96 *, . . . . . . . .  5 . 1 9  5 . 0 4  
1 2 2 6 . 7 6  2 7 . 2 5  
2 2 7 . 7 6  7 . 6 6  
3 2 1 6 . ¢ 3  1 6 . 7 2  
4 2 1 1 . 5 7  1 1 . 8 5  
5 2 8 . 2 3  8 . 1 6  
6 2 51.71 5 . 5 5  
7 2 7 . 1 8  ? . 1 4  
6 1 . 7 8  1 . 6 7  2 

2 5 . 9 9  5 . 9 3  
8 3 2 . 2 8  2 . 3 7  
1 3 2 1 . 3 8  2 1 . 9 4  
2 3 2 2 . 7 4  1 2 . 5 5  
3 3 4 . 6 5  4 . 6 7  
4 3 9 . 3 4  9 . 2 0  
5 3 6 . 6 7  6 . 5 7  
,6 ~ . . . . . . . .  

7 . 3 6  7 . 5 8  
8 3 4 .61  4 . 7 1  
9 3 4 . * •  3 . 8 5  
8 4 1 3 . 7 8  1 3 . 8 4  
1 • • . 8 5  • . 8 6  

4 4 . 4 2  4 . 3 8  
4 1 2 . 6 2  1 1 . 6 1  

I : . . . . . . . . . .  5 . 3 9  5 . 4 2  
4 7 . 0 5  7 . 8 9  
• 4 . 3 9  • . 3 8  

65 i . . . . . . . .  1 . 1 2  1 . 1 9  
2 6 . 9 9  6 . 0 7  

~ 6 . 7 9  6 . 6 7  
3 1 8 . 4 8  1 1 . 4 8  
4 5 1 1 . 9 3  1 2 . 2 4  
5 8 . 5 2  9 . 1 5  5 

5 5 . 8 5  51.99 
7 5 51.03 51.13 
8 5 J~ g . 4 o  8 . 2 9  

NOX2 L . 2  

i . ,  . . . . . . . . . .  

Bg 2 3 . 6 8  2 3 . 6 1  
2 . 7 8  2 . 5 1  
8 . 9 6  8 . 7 7  

8 : *2 .73  2 2 . 2 2  

I ' . . . . . . . .  9 . 6 3  9 . 2 8  
7 8 4 . 5 6  4 . 3 2  

51.18 4 . 8 1  
1 2 . 9 7  1 3 . 1 5  

1 1 6 . 7 7  1 7 . 8 1  

I I . . . . . . . . . .  2 . 1 1  2 . 0 5  
4 1 3 . 5 9  3 . 8 3  
5; 1 5 . 8 0  5; .97 

2 4 . 9 1  7 4 . 8 3  
3 . 1 1  3 . 2 8  : 22 . . . . . . . .  
9 . 3 8  9 . 3 6  

1 2 1 3 . 7 8  1 3 . 7 1  
1 . 1 5  1 . 4 7  2 

2 1 1 . 1 3  1 1 . 8 S  
4 7 . 6 6  7 .81  

'6 ~ . . . . . . . .  6 . 7 2  6 . 5 •  
7 2 6 . 9 3  6 . 8 3  
6 3 . 7 4  3 . 4 2  2 

3 1 8 . 8 0  9 . B •  
22 3 4 . 6 5  4 . 4 5  

3 14.518 1 • . 7 4  
3 3 1 5 . b 9  1 5 . 4 2  
4 3 7 . 8 4  7 . 1 3  



3346 I S O T O P E  A N D  B Ü N D À N G  E F F E C T S  I N  A M M O N I U M  O X A L A T E  M O N O H Y D R A T E  

Table 7 (cont.) 
H K FO FC H K FO FC H K FO FC H K FO FC K L FO FC K L FO FC K L FO FC K L FO FC 
6 ~ 2.25 2 . 2 1  

7.23 6.94 
7 3̀ 6.50 6.42 

7 . 0 4  7 . 1 5  
1 4 1 3 . 4 1  1 3 . 3 6  
2 4 7 . 0 5  7 . 8 2  

4 4 . 6 5  4 . 6 2  
4 4 0 . 3 9  8 . 3 8  
6~ • 4 . 0 2  • . 1 5  

4 5.51 5.61 
? • 2 . 5 6  2 . 6 7  
8 4 `3.63 3.62 

~ 1,3.65 1 3 . 7 2  
2 6 . 1 9  20.94 

5 1 . 9 9  1 . 6 9  
• 5 1 0 . 5 4  10 .41  
5 5 4 . 7 3  4 . 9 2  
6 ~ ? . ~ 9  Z .79  
7 55 ~ . 7 6  4 . 9 9  
8 3.`32 3 . 6 5  

6 6 . 2 0  6 . 1 •  
6 1 0 . 0 7  9 . 0 6  
6 1 4 . 4 1  14 .39  

`3 6 8 . 3 5  8 . 1 8  
4 6 ~J 0 . 5 6  1 . 0 5  
6 6 2 . 7 ?  2 . 8 7  

6 1 . 4 9  1 .57  
7 6 • . • •  4 . 1 9  
8 76 ¢ . 5 1  4 . ~ 5  

8 . 2 2  7.Q6 
7 5 . 2 5  5 . 8 4  

3 7 7 . 9 2  O . l l  
4 7 9 . 1 5  8 . 9 7  
6~ 7 2 1 . 8 1  2 1 . 9 •  

5 . 9 2  5 . 0 •  
7 3 . 2 5  3 . 2 0  
8 ? 2 . 6 4  2 . 3 7  
o 88 7 .ee  7 . 4 4  
1 1 . 6 5  1 . 7 3  

8 1 2 . 5 1  1 2 . 5 3  
6.`34 6 . 0 9  

• 7 . 6 3  7 .60  
5 8 0 . 7 7  0 . 4 8  

8 0 . 8 5  1 .14  
8 2 . 8 2  2.66 
9 6 . 9 2  9 . 4 3  
9 11.`35. 1 1 . • 0  

8 9 4 . 5 3  4 . 4 0  
4 9 3 . 1 2  2 . 0 9  

9 `3.64 3 . 5 4  
9 4 . 0 0  3 . 9 n  

e lO 7.87  7 .91  
1 lO lO . 76  1 0 . 9 8  
z lO 5 . 8 1  5 . 7 6  
o ~.0 8 . ~ 6  ~ . 3 ~  
• 10 5 . 0 5  5 . 1 6  
5 10 2 . 4 1  ? . 6 9  

11 `3*94 3 . 9 7  
11 4 . 0 5  3 . 8 5  

3 11 ~r 0.65. 0 . 8 0  
• 11 1.`36 1 . 5 4  
I0 12 2 . • 3  2 . • 9  

l Z  ~ 0 45 0 . 0 6  
2 12 2 . • 5  2 . 1 3  

DOXi  L . !  
2 0 2 . 2 7  2 . 1 0  
3 o ~1 0. • `3  0 . 5 7  
• o 3 . • 4  3 . 8 5  
5 o 1 3 . 2 6  1 3 . 6 2  
6 o 1 , 9 4  2 . 0 9  
7 o 3 . 6 e  3 . 9 5  
8 o ~ 0 . 5 2  0 . 0 9  
9 o 2 . 8 7  2 . 8 2  

1 1 5 . 0 7  15 .32  
1 39 .81  3 9 . 7 5  

3 1 22.99 2 3 . 0 1  
4 1 1 1 . • o  1 1 . 3 2  
5 I 8 . 6 •  8 . 7 3  
6 1 1 4 . 9 6  1 5 , 3 2  
7 1 6 . 4 •  6o64 
8 • 6 . 6 9  6 . 5 9  
9 i 5 . 1 7  5 . e 7  

2 7 . 1 9  2 7 . 4 7  
2 7 . 6 6  7 , 4 8  

`3 22 1 6 . 7 0  1 6 . 6 8  
4 11 .31  1 1 . 0 4  
5 2 7 . 9 9  7 . 9 5  
6 z 5 . 5 4  5 . 5 5  
7 2 7 . 1 9  ; . 1 5  
o ~ 1 . 6 9  1 . 6 6  
9 5 . 8 4  5 . 0 8  
0 3 2 . 2 1  2 . n •  

3 2 1 . 6 3  2 1 . 4 2  
3 1 2 . 6 5  12.24 

`3 `3 • . 6 5  4 . 6 5  
• ~ 9 . 2 •  9 . 2 e  
5 6 . 5 0  6 . 5 1  

6 . 0 0  5 . 9 3  
7 7 . 1 8  7 . • •  
8 ~ 4 . 5 0  4 . 7 5  
9 3 . 6 8  3 . 7 8  
0 • 14 .11  1 0 . 7 9  

4 9 9 7  l e . e 7  
• • . • 2  4 . 1 6  
• 1 1 . 4 3  1 1 . 3 3  

• 1 7 . 5 5  1 7 . 5 6  
5 4 5 . 3 ?  5 . • 8  
6 7 . 0 2  7 . 1 6  
7 • 4 . 2 ~  ~..09 
8 6 . 2 5  6 . 1 1  
0 55 ! . 2 7  1 . 5 •  

7 . 0 2  6 . 7 5  
5 6 . 9 1  6 . 9 0  

3 55 1 0 . • 0  1 0 . 3 6  
• 1 1 . 6 0  1 1 . 8 1  
5 55 8 . 6 1  8 . 7 9  
6 5.64 6 . 0 1  
7 ~ 4 . 0 8  • . 8 2  
8 ~ 0 . 7 1  0 . 3 6  
o 6 1 4 . 4 8  1 4 . 2 5  
1 6 1 5 . 8 3  1 5 . 9 0  

6 1 0 . 4 2  1 0 . 3 2  
6 7 .31  7 . 3 6  

4 6 1 1 . 8 8  12 .01  
5 6 6 . 1 4  6 .31  

6 4 . 9 0  5 . 1 9  
6 4 . 7 0  4 . 6 4  
6 6 . 2 1  6 . 2 4  
7 12 .41  1 2 . 6 0  

4 . 3 7  ~ . 2 6  
7 1.95 1.63 

3 7 `3.17 3 . 3 8  
• 7 6 . 2 1  5 . 8 7  
5 7 8 , 4 1  8 . 7 1  
6 7 8 . 5 5  `3.57 
7 7 2 . 4 8  2 . 6 7  
o 8 2,79 2 . 3 4  
1 8 0 . 9 9  9 . ~ 6  
? 8 7 . 3 9  7 . 3 0  
3 8 1 • . 8 8  1 • . 5 7  

e 5 . 2 3  5 . 3 9  
5 8 3 , 0 5  3 . 0 0  
6 8 `3.38 3 . 3 2  
7 8 8 . 7 ?  6 . • 5  
o 9 • , 9 6  5 . ~ 6  
1 9 2 . 1 3  2 . 7 7  
? 9 1 2 . 3 0  1 2 . 5 6  

9 2 . 4 7  2 . 4 8  
4 9 6 . 3 8  6 . ? ~  
5 9 6 . 7 6  6 . 7 3  
6 9 6 . 1 0  6 . 2 5  

8 lO 5 . 8 1  5 . 8 0  
lO 3 . 6 5  3 . 8 9  
1o 2.92 2 , • 6  

3 10 • . 7 1  4 . 5 6  
10 8 . 2 1  3 . 2 •  

~ '  10 1 . • •  1 . 0 9  
i ~.1 6 . 0 9  5 . 9 6  

• 1 8 . 3 4  0 . 1 8  
11 3 . 1 •  3 . 0 3  

3 11 4 . 6 5  4 . 6 6  
4 11 J~ 0 . 6 1  0 . 8 4  
o l Z  1 .08  1 . 3 0  
1 12 3 . 4 n  3 .34  

DOX |o L ' 2 2 . • 1  2 . 4 6  

3 o 8 . 7 1  8 . 8 1  
4 0 2 2 . 1 9  2 1 . 7 5  
6 0 9 . 8 6  8 . 9 0  
7 0 4 . 5 0  4 . 4 2  
o o 4 . 8 0  4 . 6 6  ~ . . . . . . . . . .  

1 1 . 7 8  11 .oo  
3 1 2.28 2.!I 
4 1 2 . 7 5  2.00 
5 1 5 . 5 7  5 . 9 3  

1 4 . 6 8  4 . 0 8  
3 . 3 5  3 . 1 9  

8 5 . 1 0  5.22 
2 9 . 0 0  9 . 1 8  

1`3.33 1 3 . 3 2  
2 1 . 1 2  1 . 4 6  
8 2 1 0 . 9 1  1 0 . 7 2  
• 2 7 . 3 •  7 . 6 5  
5 ~ 8 . 9 4  9.5.0 
7 6.52 6.56 

2 6 . 8 0  6 . 8 3  
a 32 `3.62 `3.27 
o 9 . 7 2  9 . 7 9  
1 3 4 . 1 4  • . 2 5  
2 3 1 • . 3 9  14 .32  

• 1~ .54  1 5 . 3 5  
• i 6 . 7 ~  6 . 9 1  
5 2 . 8 2  2 . 3 6  

3 6 . 7 7  6 . 7 6  
3 6 . 1 9  6.33 

o `3 3 . 3 8  3 . 3 •  
0 44 6 . 9 0  6 . 9 2  

13.26 13.13 
• 7.67 7.51 

3 4 4 . 6 2  4 . 5 1  
• • 0 . 2 9  3 . 1 3  
s • 4 . 0 2  4 . 1 2  
6 • 5.42 5.•3 
7 • 2 . ~ 6  2 . 8 2  
8 4 3 . • ?  3 . 5 5  
o 5 6.68 6.62 
1 5 9 . 6 3  9 . 7 7  
2 5 7 .<2  7 .61  
3 55 5 . 9 9  6 . 1 3  
4 2.?O 2 . 5 9  
5 5 3 . 5  ~, 3 . ? 2  
6 5 7 . c 2  7 . 7 0  
7 5 1 . 5 7  1 . 2 3  
0 6 3 . e ~  2 . 2 0  
1 6 1,6~ 1. •5 .  

6 . 4 7  6.R1 
• 6 8 . 4 6  8 . 6 6  
5 6 3 . 0 9  3 . 1 1  
6 6 7 .51  7 .43  
7 ~ 1 , 6 4  1 . 5 0  
o & 8 . 5 5  1 .37  

7 1 0 . 9 6  1 ; . 2 1  
7 5 . 6 1  5 . 8 2  

3 7 0 . ~ •  8 . ? ~  
4 7 8 . 0 5  7 . 9 7  
~6 7 5 . 2 4  5 . ? 3  

7 5 .O9 5 . Z •  
e 8 5 . 6 ~  5 . 8 1  
1 8 • . 6 6  4 . 5 3  

5 . 5 2  5 . • 1  
4 8 6 . 7 1  6 . 7 6  
5 8~ • . 7 3  4 . 6 2  
6 Z . 4 0  2 . 4 4  
o 9 9.92 9 . 0 2  

9 2 . 1 9  2 . 0 5  
9 7 .27  7 .17  

3 9 2 . 8 4  2 . 5 7  
• 9 2 . 2 7  1 . 7 6  

o lO • . 1 4  • . 0 9  
1 l O  4 . 6 7  4 . 7 8  
2 16 6 . 9 8  6 . 8 3  

lO 6 . 5 5  6 . 4 7  
11 ~ 0 . 5 3  0 . • 1  

1 11 3 . 0 5  3 . 6 3  

OOXl L . 3  

2 o 2.02 2 . 4 4  
3 e 1 . 0 5  S.1~. 
• o 9 . 1 9  9 . 1 0  
5 0 1.790 e . 3 2  
6 o 4 . 3  4 . 2 0  

1 1 5 .  6 . < 9  
2 1 7 .14  7 .18  
3 1 7,41  7 .61  

1 1 .O9 2 . 1 •  
1 5 . 0 7  5 . 1 5  
1 3 . 9 3  3 . 7 8  

7 ~ 6 . 4 3  6 , 1 9  
o 6 . 6 8  6 . 7 9  ~ . . . . . . . . . .  

1.'~2 1 .54  
3 2 6 .11  6.31 
• 2 5 . 2 9  5 . 2 3  
5 ?? 7 . , 9  ? .47  
6 3 . 4 5  3 .31  
7 2 3 . 2 0  3 . 1 3  
o 3 • . 0 •  4 .C3 
1 3 • . O 6  5 .01  
? 3 5 . ? 3  5 . 3 1  

3 6 . 9 3  6 . 9 o  
3 3 . 3 •  3 . 0 /  

5 3 . 9 5  3 . ~ 5  
6 3 : .96 I .O3 
o • 0 , 0 5  8.12 
1 • 3 .68  4 . 0 7  
2 • • . 0 2  3 . 9 6  
3 • 3.~;*  1 . 1 9  
4 4 • . 4 7  • . 5 2  
5 • 1 . 2 7  1 . 3 8  
e6 • • . 1 o  3 . ~  

5 6 . 0 4  7 . 8 8  
1 ~ 3 . • 7  3 . 4 8  
2 4 . 0 8  4 .07  

5 6 . 9 1  6 . 7 2  
• 5 5 . 8 9  5 . 8 6  

6~ 55 2 . 1 8  2 . 3 8  
5 . ? 9  5 . 7 1  

0 6 8 . 6 ~  3 . 6 ~  
6 3 .71  3 . 6 4  
6 3 . 6 2  3.32 

3 6 • . 7 7  4 . 7 0  
• 6 4 . 6 4  4 , 4 2  
5 76 7 . 0 2  6 . 8 8  
o 2 . 9 5  2 . 7 4  

7 6 . 0 9  5 . 7 1  
7 2 . 9 5  2 . 9 2  

3 7 3 . 3 6  3 . • 1  
• 7 1 . 9 9  1 . 6 8  
0 8 • . 2 8  • . 1 9  
1 0 3 . 6 9  3 . 6 6  
2 o 8 . 0 9  7 . 9 5  
3 8 3 . 0 3  2.07 
3 9 2.93 2.72 
1 9 4 . 1 9  4 . 2 0  

DOX 2"H - 0  

K L FO FC 
1 . 0 6  2 , 3 4  

o 4 Z . 0 6  1 . 6 5  
1 1 1 4 . 6 7  1 5 . 0 1  
1 2 13 .13  1 3 . 3 2  
1 3 11 .9<  1 1 . 3 4  
1 • • . 1 6  4 . 3 9  

7 . 0 4  6 , 9 2  
2 • 2 . • 3  2.50 
3 1 2 . 2 6  2 . 1 7  
3 2 1 0 . 0 2  9 . 7 9  
3 3 • . • 5  • . 1 7  
3 • 5.62 5 . 9 7  
4 1 1 • . 0 ~  1 4 . 7 5  
• 7 . 0 9  7 . 3 0  
4 3 S . 2 6  8 . 6 2  
• • 4 . 4 3  4 . 4 8  
5 1 1 . 1 5  1.c-~ 
s 2 ~ 2  6 . a s  

3 7 . 4 2  7 .51  
• 1 . 9 ~  2 . ? 0  

DOX2 H . I  

o 1 1 5 . 5 5  15 .59  
o 32 2 3 . 3 5  2 3 . 7 3  
o 0 . 9 7  C.61 
8 • 4 .81  4 . 1 4  
1 1 23 .C5  2 4 . 2 5  
1 ? 1 , .  " :  1 6 . 9 0  
1 43 7 , 1 5  7 . 0 6  

1 . 7 8  1.6`3 
2 15 .76  1 3 . 9 1  

2 11.30 11.21 
2 • 4 . 2 3  • .22 
3 1 2 Z . 0 5  2 2 . ~ 8  
3 32 4 . 9 0  • .05 
3 5..Ol 5 . 1 0  
3 • • . 9 •  4 . 9 7  
4 ~ 1 0 . 0 5  l e . 0 1  
• 1 3 . 5 7  1 3 . 4 1  

3 3 . 7 0  4 . 3 3  
• • 3 . 2 9  3 . 4 4  

9 . 7 7  9 *86  
5 3 `3.66 `3*92 
5 4 "K" 0.26 1 . O l  

0 0 X 2  H . 2  

o 1 2 . 1 9  2 . 2 0  
e 2 2 . 7 9  2 . 5 0  
o 3 2,23 2 . 1 5  
o • 2 . 0 0  2 . 2 1  
1 o 10.04 l O . • O  
1 12.15 12.23 
1 3 7 . 5 9  7 .55  
1 4 6 . 0 6  5.95 

o 0 . 7 0  o . 0 4  
1 7 .01  7 . 7 6  

2 2 1 .31  1 . 5 7  
2 3 1 , 5 6  1 . 5 5  
2 • 2 . 8 8  2 . 9 2  
,3 o 2 4 . 2 8  2 3 . 4 9  

1 4 . 6 3  1 • . 8 7  
3 3 5 . 4 7  5.50 
3 4 3 . 9 5  • . 1 5  
4 I~ S 2. '~a 12.2'~ 
• 1 4 . 4 2  • . 2 •  
• 2 7 .80  7 . ? •  
4 43 • . 0 9  • . 9 4  
• ~ 0 . 5 9  6 . 6 5  

• 2 7 . 8 7  2 7 . 3 3  
• 6 . 0 0  6 . 0 9  

• . 20  • . 2 3  
5 • 2 . • •  2 . 4 4  

DOX2 H - 3  

0 1 ~ 0 . 2 8  0 . 3 1  
o 2 8 . 8 8  8 . 7 7  
o 3 1 . 1 1  1 . 0 9  
o • 3 . 2 5  3 . 2 8  
1 1 2 3 . 1 s  2 3 . 3 8  
1 2 2.20 2 . 0 8  
1 3 7 .79  7 ,89  
1 • 2 . 3 9  2.38 
2 1 1 7 . o o  16 .69  
2 2 1 1 . 2 8  1 1 . 0 3  
2 3 6 . 3 6  6.•6 
? 4 ~ 0 . 4 6  0 , 6 0  
3 o 10 .7~  l O . 7 o  
3 1 4 . 7 0  4 . 6 5  
3 2 1 5 . 7 9  1 5 . 4 8  
3 3 7 . 2 9  7 . 8 6  
3 • • . 3 . ~  • . • 3  
4 o 4 .11  4 . 1 2  
4 1 1 1 . 6 8  1 1 . 6 7  

3 . : 5  3 . 0 6  
• 4 • . 1 5  • . 3 1  
5 0 2 . 3 6  2 . 1 1  
5 1 10 .54  1 0 . 6 0  
5 2 6 . 0 5  6 . 5 0  
5 3 7 , 0 8  7 .17  

DOX2 H , 4  
o o 2 2 . 3 4  2 2 . 9 0  
o 1 3 . 5 4  3.02 
o 2 2 2 . 0 5  2 1 . 0 6  
0 3 9 . 2 8  9 . 3 7  
0 4 2 .31  2 . 1 2  
1 o 5 . 7 4  5 . 6 5  
1 ~ 1 1 . 7 0  11.62 
1 3 .61  3 . 0 7  
1 3 2 . 0 4  2 . 0 8  

1 • 0 . 6 8  0 . 8 1  
0 2 0 . 3 2  1 9 . 0 2  

2 1 1 1 . • 9  1 1 . 0 9  

5 . 5 0  5 .5O 
2 • 1 . 2 5  1 . 1 8  

0 1 9 . 6 6  1 9 . 3 0  
3 1 9 . • 9  9 . • 8  
`3 6 . 9 8  7 . 1 2  

3 . 0 •  3 . 1 3  
4 o 6 , 8 0  6*62 
• 1 1 8 . 0 •  18 .44  
• 2 8 . 5 9  8 . 3 0  
• 8 • . 8 3  • . 8 1  
5 o 1 0 . 8 2  10 .A4  
5 1 1 1 . 9 5  1 2 . 0 8  

6 . 0 8  6 . 1 6  

1~3X2 H . S  

o ~ 1 3 . 0 4  1 3 . 6 4  
1 . 6 3  1.06 

3 0 . 5 9  0 . • 9  
1 o 6 . 9 •  7 .11  
1 1 8 . 7 •  o . o •  
z 2 5 . 0 9  5 . 9 7  

3 5 . 3 4  5 , 2 6  
o 6 . 3 8  6 . 5 4  

9 . 0 •  9 . 3 7  
2 3 7 . 7 6  7 .64  

o 2 . 1 0  1 . 1 0  
1 6 . ; 9  6 . 6 3  

3 2 2,32 2 . 3 3  
3 3 3 . 9 7  3 . 9 0  
• o 3 . 7 5  3 . 1 7  
• 1 5 . 5 3  5 . 4 2  
• 2 3 . 9 1  • . ~ 7  
• 1 . 3 8  1 . 2 8  
5 0 • . 7 3  • . ~ 5  

, ~ . . . . . . . .  
2 , 3 9  2.39 

DOX2 H - 6  
0 0 • .6`3 4 .6O 
o ~ 2 . 0 2  1 . 8 8  
o 9 . 4 3  9 . 3 6  
o 03 4 . • 8  4 . 4 6  
1 5 . 2 5  5 . 2 2  
1 1 1 5 . 1 6  15 .80  
1 ~ 4 . 0 8  4 . 0 7  

4.11 3 . 9 5  
0 • . 1 4  • . 0 9  

2 1 5 . 6 0  5 . 6 2  

3.63 3 . 7 0  
3 0 1 8 . 6 3  1 8 . 9 0  
3 1 6 . 1 9  ~.~'9 
3 ~ 7 .~e  7 . 3 3  
3 1.92 1 . 8 1  
• 0 ~ 0 . 3 3  0 . 2 3  
4 1 7 . 1 9  ? . 2 4  

• . 26  4 , 2 8  
o 2.14 2.71 
1 5 . 8 7  6 . 0 9  

5 2 o . e 6  8 . 0 3  
3 5 . 9 2  6.12 

OOX 21H " 7 
e `3.61 3 . 7 0  
o 32 4 . 4 6  4 , 4 6  
e 5 . 7 0  5 . 7 0  
1 0 1 0 . 5 7  1 0 . 0 3  
1 1 6 . • 9  6.64 
1 2 0 . 2 5  `3.15 

.3 . . . . . . . .  
1 2 . 3 3  1 2 . 3 7  

2 1 7 . 0 7  7.•1 
2 2 6.96 6 . 9 2  
2 3 . 3 •  3 . 2 4  
8 o 1 1 . 6 4  1 1 , 7 0  
3 1 7 . • 6  7 . 5 3  
3 2 6 . 5 6  6 . 5 6  

0 0 . 8 9  0 . 6 9  
• 1 4 . 4 7  4.4`3 
• 2 2.65 2 . 5 8  

5 . 0 1  5 . 1 •  
5 2 1 .51  1 . 5 2  

OOX2 H ,8  
0 e 7 . 1 0  7 . 1 0  

1 * 0 . 8 3  0 . 0 5  
o 2 • . 9 4  • . 7 6  
1 0 1 . 5 0  1 , 4 6  
1 ~ 6.78 6 . 7 7  
1 5 . 3 0  5 . 3 2  

e 5 . 2 9  5 . 3 7  
1 1 . 7 7  1 . 6 3  

2 2 `3.79 3 . 4 3  
3 8 1 . 3 3  1 . 3 2  

1 • . 7 •  4 . 6 •  
`3 2 8 . 6 0  3 . 5 0  
• o 5~ 0 , 3 1  0 . 4 8  
• 1 6.32 6.27 
• 2 3 . 6 7  `3.70 
5 9 3 . 3 0  3 . 6 1  
5 1 0 . 5 3  0 . 3 3  

COX2 H . 9  
9 1 3 . 8 6  2 . 8 5  
1 o 3 . 8 6  3 . 6 9  
1 1 5 . 2 4  5 , 0 7  
2 0 3.64 8.69 
2 1 6 . 0 6  5 . 8 4  
3̀ 0 1 . 5 6  1 . 7 2  

3 1 3 . 9 2  `3.88 
• o 2,23 0 . 4 0  

HOX NEUTRO, H H ,  o 

o 2 4.`36 4 . 3 1  
o 3 1 . 6 6  1 . 7 3  
• • 2 . 0 0  ' . . .9O 
0 15 0 . 9 •  1 . 0 9  
1 2.B2 2.02 
1 32 2.89 2.89 
1 4 . 3 8  • . 3 4  
1 4 1 . 7 5  1 . 6 9  

• • . 0 5  • . 1 0  
`3.36 3 . 3 7  
4.29 4 . 3 9  

3 1 . O l  0 . 9 7  
• 0 . 4 0  e . 1 8  
1 1 . 0 8  1 .11  

3 32 2 . 8 2  2 . 9 5  
0 . 9 9  6 . 9 7  

`3 • 3 . 9 0  3 . 7 6  
• 0 2 . 2 0  2 . 1 •  
4 ~ 8 . 6 9  8 . 7 5  
4 1 . 3 6  1.35 
• `3 3 . 4 0  `3 . •0  
4 4 2 . 5 0  2 . 8 9  
5 I 8 , 3 7  0 . • 5  

32 . . . . . . . .  3 . 2 1  3 . 2 2  
5 4 0 . 8 •  0 . 0 8  
6 0 1.18 1,15 
6 I 3 .91  4 . 0 8  
6 2 1 . 5 3  1 . 5 ~  
6 43 1 . 1 7  1 . 0 9  
7 1 . 4 7  1 . 3 0  

1 1 . 5 1  1 .51  
7 32 0 . 1 5  0 . 2 7  
7 0 . 1 2  0 . 0 7  
7 • 2 . 9 2  2 . 8 1  
7 ~ 0 . 2 0  8 .S~  
0 e 2 . 4 5  2 . • 5  
8 ~ 0 . 3 6  0 . • 7  
8 1 .39  1 . • 1  
8 3 1 . ~  S . ~ 2  
8 4 0.,~6 0 . 5 ~  
9 ~ . : .  ~,6 o . 5 a  
9 2 . 8 9  2 . 8 3  
9 3 1 . 2 3  1 .27  

IO o 2 . 7 3  2 . 6 7  
l o  ~ 1.66 1 . 6 9  
10 0 . 8 3  0 . 8 1  
10 3 1 .11  1 .11  

HOX NEUTRON H .  I 

o 1 1 .71  1 . 7 4  
oo 2 5 . 7 7  5 . 6 9  

3 `3.45 8 . 4 0  
0 4 3 . 3 9  8 . 2 3  
1 o ~ . 7 7  • .o ,~ 
1 ~ ~ . 5 9  3 . ~ •  
1 • . 7 9  • . 6 7  
1 3 • . 1 5  • . 0 5  
1 • 2 . 1 4  2 . 8 9  
1 5 1 ,15  1 . 2 7  
? 0 0 . 7 1  0 . 6 5  
2 ~ 2 . 1 6  2.23 
2 2 . 5 9  2 . 6 4  

2 . 0 8  1 . 9 3  

32 ~ . . . . . . . .  1 . 5 0  1 .51  

1 . 3 9  1 . 3 6  
`3 3 2 . 8 9  2 , 0 •  
3 • 2 . 4 2  2 . 3 6  
• 8 2 . 2 9  2 . 3 2  
• ~ 2 . 0 2  1 . 9 9  
• 2 . 9 7  2 . 9 1  
4 ~ 1 . 7 8  1 . 8 3  
• 1 . 9 9  1.90 ~ ~ . . . . . . . .  

`3.31 3 . 3 9  
5 23 2 . 2 3  2 . 2 7  

1.71 1.A7 
• 0 . 3 6  0 . 3 7  

6 o 0 . 6 7  0.66 
6 ~ 3 . 0 1  3 . 0 3  
6 2 . 2 6  2 . 7 7  
6 3 1 .51  1 . 5 2  

• 1 . 1 7  1 . 0 6  
o 5 . 7 0  5 . 7 3  

7 1 1 . • 4  1 . 4 2  
7 2 4 . 1 2  • . 1 5  
7 `3 2 . 0 6  2 . 1 1  
7 4 1 . 3 5  1 . 3 8  
7 5. 0 . 7 9  0 . 9 3  
0 0 0 . 4 8  0 . 3 5  
0 ~ 4 . 5 2  4.26 
8 0 . 9 7  0.,.92 
8 3 1 . 6 3  1 . 6 8  
9 3 . 9 8  4 . 0 ~  
9 1 2 . 6 6  2 . 5 8  
9 3? 0.6`3 0 . 6 6  
9 1 . 3 0  1 . 3 •  

10 lO 4 . 7 8  4 . 6 7  
lO 0 . 9 1  0 .91  
10 ~ 2 . 0 4  2 . 0 •  
10 0 . 4 2  0 . 5 2  

~)X NEUTRON H • 2 

0o ? . . . . . . . .  0 . 1 2  o . 1 3  

: 32 . . . . . . . .  0 . 0 3  0 . 7 8  
0 • 0 . 1 2  0 . 0 7  
1 01 1 . 1 5  1 . 1 3  
1 2 . 8 4  2.95 
1 2 1 . 7 2  1 .74  
1 3 2 . 2 5  2 . 2 7  
1 • 2 . 2 2  2 . 2 8  
2 1 0 . 6 3  0 . 6 3  
2 32 1 . 0 8  0.99 
2 0.66 0.68 
2 • 1 . 8 1  1 .01  

0 2 . 4 2  2 . 4 1  

3 . 6 2  3.69 
3 3 0 . 9 7  0 . 9 6  
3 4 1 .03  1 . 6 •  
• o 1 . 5 8  1 . 5 3  
• ~ 0 . 6 5  0 . 6 0  
4 1 . 1 0  1 . 0 7  

3 2 . • ~  2 . 3 0  
• • 0 . 6 7  0 . 7 4  

1 . 9 7  1 . 9 6  
5 ~ 3 . 0 7  3 .07  
5 0 . 8 1  0 . 7 5  

• 1 . 1 9  1 . 2 1  
6 10 2 . 7 3  2 . 7 1  
6 1 . 0 7  1.87 
6 3~ 2 . 2 3  2 . Z 6  
6 0 . 7 8  0 . 7 8  
6 4 2 . 9 4  2.72 
7 o 2 . 6 5  2 . 6 6  

1 . 9 8  2 . 0 5  
7 • 0 . 0 7  0 . 9 6  
7 5 0 . 1 5  0 . 1 2  

2 . 2 5  2 . 2 •  
0O ~ . . . . . . . .  

3 . 5 6  3 . • 9  
9 o 2 . 0 6  1 . 9 9  
9 ~ `3.76 8 . 7 2  
9 2 . 1 2  2 . 1 9  

3 0 . 9 5  e . 9 z  

D 5 6 . c 3  6 . 0 6  
1 5 9 . 8 8  9 . 0 2  

6 . 3 9  6 .5 ( ,  
• 5~ 2 . 2 6  2 . 8 6  
~6 `3.58 3 . 3 1  

5 8 . ! 0  7 . 9 0  
7 1 .64  1 . 5 0  

HOX2 L . 3  

0 • 1 . 7 2  1.9`3 
1 B 1 . 2 4  0.6`3 
2 i 2 . 2 2  2 . 2 8  
`3 ~ 0 . 9 7  1 . 1 1  
• 9 . 6 6  9 . 5 1  
5. O 0 . ~ 6  0 . 4 0  

5 . 7 5  5 . 6 3  
e ~ 1 0 . 6 9  10.97 

7 . 1 0  7 . 0 0  
I 7 . 5 4  7 . 6 7  

3 I 7 . 8 3  7 . 8 0  
• ~. 2 . 0 4  2.~-7 
5 5 . 3 3  5 . 2 0  
6 1 4 . 0 5  " . ~ •  
7 1 6 . 5 1  6 . 3 6  
0 ~ 7 , 1 o  6.88 
1 1 !  . 20  1 1 . 2 8  
z ~ 1 . 8 6  1 . 6 6  
3 6 . 2 1  6 . 4 2  
4 2 5 . 5 :  5 . 5 4  

4 . 6 3  3 . 6 8  
7 32 `3.37 `3.21 
o 4 . 0 8  3 . 8 6  

5 . 5 2  5 . 4 8  
3 `3 7 . 1 4  7 . 4 6  
~ ~ . . . . . . . .  

• . ~5  3 . 9 0  
0 3 1 . 9 4  1 . 8 •  

• 8 . 2 6  8 . 5 7  
4 `3.78 4 . 1 8  
• • . 0 3  4 . Z 3  

8 4 `3.23 3 . 1 5  
• 4 4 . 7 1  4 . 8 1  

4 1 . 2 8  1 . 4 8  
4 . 1 5  4 . 3 9  

o 7 . 6 3  7 .<7  
• 55 `3.77 3 . e 6  

4.17 4.16 
3 55 7 . 3 3  7 . 1 2  
• 6 . 1 0  6 . 2 5  

I ~ . . . . . . . .  6 . 1 1  6. ,~6  

NOX2 L . 4  

o o 1 . 6 3  1.46 

• 88 4 . 0 6  4 . 1 8  
i 2 . 2 1  2 . 2 1  

ss `3.23 3.2"_ 
4 o 2 . 3 1  ? . 2 5  
: I 3 . 9 5  " .3 '~  
, ~ 1 . 7 5  1 . 5 0  

1 6 . 8 0  6 . 2 7  
3 1 2 . 3 2  2 . 3 0  
• 1 8 . 7 3  ¢ . 3 6  
• 2 2 . 6 1  2 . 5 4  

2 . 5 1  2.91 
3 22 1 . 2 1  0 . 7 1  
• 1 . 2 5  1 . 2 1  
o `3 5 . 7 2  5 . 0 •  

`3 4 . 0 5  4 . 9 3  
3 4 . 0 5  ~ . 2 8  

`3 ~ 4 . 4 =  4 . 4 8  
• `3.09 3 . ' 5  
0 • 4 . 4 2  4 . 3 3  

• 3.31 8 . • 5  
• 1 .C4 0 . 5 0  
4 4 . 0 7  • . 2 0  
5 1 . 0 2  2 . 7 2  

! ~. ~ 0 . 6 •  ¢ . 9 6  
2 5 2 . 3 •  2 . $ 3  

_ ~  

DOX1 L - O  
2 • 6 . 4 7  6 . 6 0  
4 B 2 2 . 9 3  2 2 . 7 2  
6 o 4 . 5 8  • . a 5  
8 o 7 . 2 8  7 . 3 2  
2 1 9 . 9 6  ! 0 . 1 8  
3. 1 3 6 . 3 6  3 6 . 5 9  
4 1 5 . 7 8  5 . 6 7  
5 1 6 . 8 7  6 . 9 0  
6 1 5 . 2 2  5 . 0 3  
7 1 1 0 . 7 3  1 0 . 8 7  
8 1 1.81 1.51 
9 1 3 . 8 6  3 . 6 9  
1 2 9 . 2 9  9 . 3 2  
2 2 ~ 0 . 4 2  0 . 9 0  
3 2 `31.32 3 1 . 6 5  
4 2 0 9 . 9 3  1 9 . • 1  
5 2 6 . 2 9  6 , 5 3  
6 2 4 . 0 ~  4 . 0 0  
7 2 1 2 . 3 ~  1 2 . 3 1  
8 2 5 . 1 2  5 . • 5  
9 2 3 . 6 2  3 . 7 3  

3 7 . 7 ~  7 . 4 5  
2 2 . 3 7  2 2 . 5 5  

• 3 1 0 . 5 7  1 0 . 6 6  
• ~ 1 9 . 1 4  1 0 . 9 1  
6 1 8 . 4 6  1 0 . 4 7  

1.12 0 . 9 9  
9 `3 1 . ( 6  1 .64  
o • 2 0 . 9 ?  2 1 . 2 7  

4 27 41 2 7 . 6 4  
• 1 2 . 3 0  :.-~.'~ 1 

.~ • • . 0 •  • . 2 2  
• 4 6 . 5 6  6 . ' 3  
5 • `3.16 2 . 9 3  
6 • ~ 0 . 5 6  0 . 3 9  
8 • 0.52 0 . 5 7  
9 4 2 . 2 3  2 . 1 7  

10 o 3 . 1 0  3 . ! 8 .  
10 1 0 . 1 2  0 . 1 0  
10 2 `3.54 3.50. 
10 `3 0 . 9 0  1 . 1 2  

HOX NEUTROH H • 3 

o ~ 1 . 3 7  1 . • 8  
o 2 . 0 6  2 , 9 2  
o ~ ~ .~?  0 . 9 3  
0 • ; . 7 9  1 .O4 
o 5 0 . 7 9  0 . 7 •  
1 o 3 . 6 6  3 . 0 3  
1 1 • . 3 4  4 . 4 5  
1 2 . 5 6  2 .65  
1 3 3 . < 8  3 . , 8  
1 • i . ~  1 .86  
2 o , : .21 ,~.25 
2 1 3 . 6 0  3 . 5 6  
2 2 2 . ~ 1  1 . 9 ¢  

3 ? . 6 5  2 . 6 ~  
• 3 . 7 6  0 . 8 ~  

3 8 2 . 9 9  2 . 3 3  
3 1 1 . 2 3  : .20  

2 . ~ 2  2 . 1 2  
3 2 . 9 8  2 . 2 •  
• 3 0 . 2 ~  0 . 0 •  
4 ~ `3.8b 3 . 8 7  
• 1 . 57  1 . 5 3  
• 3 ; . 2 ~  1 .21  
• 4 1 .~.3 1.oo 
s 0 0 . 2 3  0 . : 8  
5 1 2 .31  2 . 3 2  
5 2 2 . 5 0  2 . 5 8  
5 3 2 . 3 8  2 . 3 3  
5 4 1.3'~ 1 . 2 8  
6 e 6.1"* 6 . 0 9  
6 ~ 1 . 3 2  1 . 2 5  
6 2 . 2 6  2 . 2 7  
6 3 .0 .90 1 .61  
,. ,I I ~e .  1 . 2 : '  
7 o 2 . o •  1 . 9 8  
7 1 1 . 5 3  1 . 5 4  
7 2 `3.15 8 . 1 1  
7 `3 1 . 0 2  0 . 9 8  
7 • 1 . 5 0  1 . 6 3  
7 5 1 . • 2  1.6~ 
8 o o . 1 2  o . o •  
0 1 6 . 9 7  6 . 6 7  
8 2 1 .01  1 . 7 8  
8 3 1 . 3 2  1 . 9 9  
9 0 1.19 1.19 
9 1 0 . 9 :  1 . 0 8  
9 3? 1 .37  1 .`33 
9 2 . 1 2  2 . 1 7  

lO 0 5 . 0 9  5 . 0 2  
lO ~ 1 . 7 8  1 . 2 6  
l o  2 . o 0  2 . 7 9  
10 `3 1 . 1 9  1 . 3 0  

HOX NEUTRON H ,  6 
0 0 4 . 5 4  • . 7 6  
0 1 0 . 3 6  8 . • 5  
0 2 2 . 7 4  2 . 8 2  
0 3 2 . 1 o  2 . 1 9  
o • l . z z  1 . 1 9  
1 0 0 . 2 7  0 . 2 •  
1 1 2 . 1 0  2 . 1 6  
1 1 . 4 0  1 . 4 0  
1 3 1 .57  1.5.~ 
1 4 0 . 6 9  0 , 6 1  
2 0 • . 9 2  5 . ~ 3  
2 1 1 .71  1 .67  
2 2 3 . 0 0  3 . 0 0  
2 3 1 . C l  1 . ee  
2 • 1.12 1.19 
3 o 3 . 7 9  3 . 8 •  
`3 ~ 1 . o o  1 . O l  
3 2 . • 8  2 . 4 5  
3 3 1 , 0 6  1 . 0 7  
3 • 1 . 9 2  1 . 7 9  
• 0 1 . 0 3  0 . 9 8  
• ~ 5 . 4 3  5 . 4 ~  
• o . 6 9  0 . 0 8  
4 3 1 . 9 8  1 .91  
4 • 1 . 1 5  1 . 0 6  

0 1 . 1 5  1 . 1 2  
3 . 5 3  3 . • 2  

SS 1 . 9  a 1.94 
3 2 . 2 4  2 , 2 6  
• u . o v  e . / , s  

6 0 1 .71  1 .71  
6 1 3 . 0 6  2 . 9 9  
6 2 3 . 1 7  3 . 0 9  
6 3 1 . 9 5  1.91 
6 • 0 . 6 9  0 . 7 3  
7 0 1 . 2 5  1 .31  
7 1 1 . 6 0  1 . 5 2  
7 32 2 . 8 4  2 . 0 8  
7 z . c l  0 .V7  

2.0,~ 2 . 0 4  
8 32 2 . 2 9  2 . 2 5  
8 1 . 5 0  1.50 
9 o 2 . 7 9  2 .71  
9 1 1 .5( ,  1 , 5 6  
9 2 0 . 5 5  0 . 6 2  
9 1 . 9 3  1.92 

10 o 2 . 0 0  2 . 0 7  
lO 1 0 . 8 0  0 . 7 9  
10 2 1 . 5 1  1 . • 5  

HOX NEUTRON H .5 

0 1 • . 9 2  5 . 0 •  
o 2 1 . 8 9  1 . 8 •  
e 3 0 . 1 ~  o . l o  
o • • . 0 3  `3.00 
1 o 3.16 3 . 2 6  
1 1 3 . 9 7  • . o •  
1 ~.37 ~.41 
1 5 1 . 9 7  1 . 9 8  

• 1 . 8 •  1 . 2 6  
0 2.53 2 . 5 9  

? 32 `3.51 3 . • 9  
2 . 3 7  2 . 3 9  

4 0 . 7 2  0 . 6 8  
0 3 . 1 5  3 . 0 6  
1 2,1• 2 . 1 4  

3 ~ 1 . 4 •  1 . 4 7  
3 1 .~5 1 . 0 6  
3 • 0 . 0  0 . 6 0  
• o 2 . ~ 0  2 . 5 1  
• 1 2 . 5 7  2 . 5 •  
• ~ 2.18 2 . 1 5  
• 0 . 6 5  0 . 6 3  
• • 2 . • 9  2 . 5 8  
5 o 1 . 1 5  1 . 0 8  
5 ~ • . 5 0  • . 3 3  
5 1 . • z  1 . 8 9  

`3 G.63  0 . 6 2  
• 0 . 9 7  0 . 9 9  

6 0 0 . 1 2  0 . : 5  
6 ~ 2 . 3 9  2 . • 2  
6 o..~0 0.5`3 
6 3 2 . < ?  2 . ~ 6  
7 0 0 . 2 7  7 . 8 9  
7 ~ 2 .C6 1 . 9 7  
7 2 . 7 9  2 . 7 )  
7 3 0 . 7 0  8 . • 0  
8 a 0 . 2 8  0 . • 7  
6 ~ 0 . 8 3  0 . 8 7  
s 1 . 6 2  1 . 6 8  
O 3 0 . 1 o  o . 2 5  
9 o 0 . 7 4  e . 7 a  
9 ~ 3 . 5 5  `3.57 
9 1 . 5 7  1 . 6 7  

13 0 0 . 6 5  0 . 7 1  

0 . 0 6  0 . 8 7  

HOX NEUTR'(~ H • 6 
o o 2 . ~ 6  2 , ~ 9  
0 1 e . 3 7  0 . 2 6  
o 2 1 .73  1 .69  

0 • 0 . 2 1  ~ . ~ 0  
1 0 2 . ? ?  2 . 2 2  
1 1 • . ~ 1  • . 6 o  
1 32 1.95 1 . 9 2  
1 2 . . ;7  2 . • 9  

• C .79  0 . 9 7  
0 2 . 4 9  2 . 4 7  

2 1 1 . 7 9  1.76 
32 . . . . . . . .  

0 . 9 2  0 . 9 3  
2 • O.B 0 . 3 2  
`3 o 5 . ~ 2  5 . 7 6  

`3.12 3 . 0 6  
8 `3 o . • 3  0 . 4 6  
3 • 1 . 8 5  1 . 9 0  
• 8 1 . 8 0  1 . 7 7  
4 1 2.6`3 2 . 6 0  
4 2 1 , 4 8  1 . 5 7  
4 `3 1 . 0 7  1 . 1 8  
• • o . 8 8  o . 0 6  
5 o 1 .56  1 . 6 9  
5 1 2 . 5 0  2 . 2 2  
5 2 2 . 0 1  1 . 9 8  
5 8 `3.12 `3.04 
6 e 0.81 o.81 
6 ~ 1 . 7 3  1 . 6 0  
6 2 , 0 1  2 . 8 5  
6 3 8 . 7 6  9 . 6 4  
7 o 2 . 0 7  2 . 1 9  
7 1 1 , 3 8  1 . 4 2  
7 2 2.`35 2.`36 
7 `3 0 . 7 1  0 . 0 1  
8 o 8 . 2 •  o . 1 7  
8 1 1 . 4 o  1.`38 
8 2 0 . 5 3  0 . 6 2  
9 0 0.7.3 0 . 8 2  

1 2 . 3 9  2 . 4 9  

1 0 . • 5  8 . 2 3  
10 1 1 . 2 4  1 . 2 8  

HOX NEUTRON H • ? 
1 ,3 1.07 1.95 
1 • 1.5.2 . 1 , 4 6  

0 3 . 5 8  3 . • 4  
1 1 . 8 9  1 . 8 2  

2 2 2 . 9 0  2 . 9 0  
2 3 1 .01  11.97 
3 0 1 . 6 9  1 . 6 4  
3 1 • . 9 5  • . 0 5  
33 2 2 . 7 1  2 . 6 9  

3 0 . 0 3  0 . 6 3  
• 0 0 . 5 ~  0 . 5 0  
• 21 2 . 1 6  2 . 0 ~  
• 1 . 1 •  1 . 0 8  
• 3 1 . 8 3  1 . 8 0  
5 1 2 . 2 2  2 . 2 6  

: . ,~3  1 . 7 8  
6 10 2 . 2 •  2 . 2 0  

B . 9 0  0 . 9 4  
£ . 9 9  8 . 9 9  

7 1 .24  1 .2 . ;  
7 1 o . l z  0 . 0 7  
7 2 1 . 9 8  1 . 9 6  
8 8 1.51 1.54 
o 1 4 . 5 7  • . 3 1  
a 2 8 . 8 0  0.86 
9 e 0.50 8 . • 8  
9 1 o . 9 3  • . 9 5  

lO o 2 . 9 4  `3.go 

HOX HEUTR~4 H • 8 

o o 3 . 1 9  `3,07 
0 1 . 3 5  1.`33 
0 2 . 3 0  2 . 1 7  
0 0 . 3 3  0 . 6 2  
1 1 . 6 6  1 . 7 5  
1 2 . 5 5  2 . • 6  
1 1 . 5 •  1.5.9 
1 o . 5 7  0 . 7 2  
? 2.5.7 2 . • 9  
2 0 . 9 0  0 . 9 1  
2 1.79 1.78 
2 0 . 4 1  0 . 5 5  
3 1 . 7 2  1 . 7 •  

1 . 9 6  1 . 9 0  
1 . 2 3  1 . 2 6  
0 . 4 1  0 . 5 6  

4 0 . 1 7  0 . 1 1  
4 2 . 1 4  2 . 9 9  
4 1 . 0 4  1.1`3 
• 2 . 5 6  ~.5`3 
5 2 . 1 8  2.2,3 
5 0 . 4 9  9 . 5 9  
~ 3 2  . . . . . . . .  

1 . 1 2  1.1`3 
6 0 1.•7 1 . 5 3  
6 1 1 . 9 5  1 . 9 7  
6 2 1 . 3 8  1 . • 2  
7 m 1 . 0 5  1.5.6 
7 ~ 0 . 9 2  0 . 8 6  
8 3 . 0 8  3 . 0 5  
0 1 1 . 0 2  1 . 0 7  

HOX HEUTRO~I H • 9 

e 1 1 . 3 9  1 . 3 6  
I ~ 2 . 5 7  2 . 5 0  
? 1 . 7 7  1 . 6 2  

I 1 . 3 4  1 . • 9  
2 0 . 3 4  8.`33 
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Table 7 (cont.) 
K L FO FC K L FO FC K L FO FC K L FO FC K L FO FC K L FO FC K L FO FC K L FO FC 

o O . l e  0.27 
1 . 1 o  1 . o 9  

3 •.38 1.45 
4 8 0.84 0 . 9 1  
4 • 0 . 5 •  0.46 
4 2 1.90 2 .02 
5 0 0 . 6 7  0,66 
5 • • . 2 6  1 . 1 6  
6 o 0 . 2 3  0.07  

HOX NEUTROH H • IO 

3 o S.71 5.211 
o 1 0.99 1 . o o  
1 o o . 3 1  8 . o 2  
1 • 2.46 2.38 
2 0 1.31 ~.77 
2 1 2.96 2 .80 
,3 0 0.42 0 .46 
3 1 0.78 8 .89 
• o 1 . 9 3  2.03 

HOX NEUTRON H • 0 

C 8 4.31 4.13 
o 3 0 . 4 4  0.42 

5 • . • 3  • . 1 0  
1 ~ 1.67 1.08 
i 2 2.28 2 .32 
1 3 3 . 0 1  3 . 0 ~  
• ~ • . 4 7  • . 4 6  
1 5 0 . 8 3  0.77 
2 0 • . 0 3  • , 8 0  
2 • 6.99 6 .42 
~ ~ . . . . . . . .  

1 . 0 8  1 . 0 5  
2 4 0 . 4 7  0,46 

5 • .68 • . 5 6  
2 2.58 2.65 

3 3 0 . 9 0  0 . 9 8  
4 2.30 2.37 

4 . 3 0  4.39 
4 • 1.94 1 .96 
4 ~ e .09 0 .18 
4 3 1.76 • . 0 1  

4 • . • 7  • . 5 3  
4 5 0 . 2 6  6.22 

0 . 6 1  0 . 6 5  
2 1.48 1.45 

9 3 2 . 9 8  ,3.02 
5 4 0.23 0 . 3 6  
5 5 1 . 6 5  1 . 6 7  
6 o 0.54 0 . 5 1  
6 1 3.68 ,3.68 
6 2 0.51 0 . 4 3  
6 3 1.B9 1 . 1 7  
6 4 1 . 2 0  1 . 1 2  
6 5 0.37 0.26 
7 1 2.52 2 .60 
? 3 1 . 4 9  • . 4 4  
7 4 2 .79 2 .80 
7 ~. 8 . 0 9  0.1,3 
8 o 2.,30 2 . 2 9  

e.3o 0 . 3 3  
8 1.85 1.88 

3 • . 2 3  • . 2 2  
8 • 0.65 0.87 
8 5 0.74 0 .80 
9 • 0.71 0 . 6 0  
9 2 3.39 3.29 
9 3 1 . 6 9  • . 6 7  

lO o 1.77 • . 8 7  
10 1 1 . 1 9  1 . 2 0  
IO 2 1.10 1.O7 
18 3 0 . 3 3  0 . 3 1  

HOX HEUTI~H H • I 

o • 1 . 1 7  • . 16  
o 8 4 . 6 8  4 . 6 5  

3 0.20 0 . 1 9  
o 4 2.17 8 . 1 1  
c 5 0 .31  0.33 
1 0 2.24 2.1~ 
1 1 3.2? 3.77 
1 2 3.33 3.U0 

2.10 2.07 3 
• • . 0 6  0.99 

1 5 1 . : ;  1.?~ 
8 1 . 1 5  1 . 2 ~  

`3.45 3.48 
g 2 .go  2.-"2 

3 3.~3 3.c8 
2 4 1.27 • . 2 8  

5 1,49 1.38 
8 0.84 0.84 
1 2.3e 2 .39 

~ 32 . . . . . . . .  
1 . 5 8  1 .61  

3 4 1 . 9 7  2 . 0 0  
5 0.98 o.e4 

4 o 2 . 9 •  3 . t 4  
4 1 8.63 0 . 5 9  
4 2 3.~0 3.47 
4 3 1. • •  1.13 
4 4 1.77 1.79 

5 0 . 5 7  0 . 5 8  
0 • . 6 7  1 . 7 •  
1 1.76 1.83 

5 2 • .90 2 .02 
5 3 1.66 1,69 
5 4 0 .89 O.09 
5 5 1 . 7 1  1 . 7 2  

0 0 . • 3  0 . 1 1  
1 3 . 0 4  3,82 

6 2 0 .73 0.69 
6 3 1.74 1.00 
6 4 0 . 6 1  0 . 5 1  
~ '~ . . . . . . . .  

2 . 6 9  2 . 7 3  
7 1 0.68 0.67 
7 8 3.27 3.30 
7 3 1.56 1 . 5 7  
7 4 1.60 • . 6 3  
7 5 0.59 0.5e 

8 01 0.35 0 .02 
3.81 2 .97 

0 2 1.26 1.85 
8 3 1.22 1.21 
8 4 0.64 0 .67 

2.71 2 .69 
9 I 1.46 1.44 
9 2 0 . ; 4  8 .73 

**0 o 3.72 3.77 
lO • ~.63 0 .69 
18 2 1 . 8 •  1.87 
lO 3 0 . 1 3  0 . 1 2  

HOX HEUTROe4 H • 2 

0 0 1 . 1 6  1 . 1 6  

0.73 0.7`3 
0 3 0 .49 0 .47 
o 0 . 5 7  0. '51 

9 8.24 0 .34 
• 0 2 .21 2.2`3 
1 • 5.35  5 .22 
1 2 1.31 • , 2 9  
1 3 • . 8 3  • , 0 2  
1 4 2 . 8 8  8.01 
1 5 1.80 1.19 

22 ~ . . . . . . . .  0 . 4 1  0 . 5 •  

1 . 1 3  1.08 

1.94 • . 9 4  
3 3 1 .21  • . 1 5  
3 4 1.20 1.29 

1,79 • . 9 0  
4 • 0.88 0.81 
4 2 1 . 5 1  1 . 5 1  
• 3 1.92 1.87 
4 4 0 .20 0 .27  
4 5 1.12 • . 1 6  

3 . 6 5  `3.09 0 
1 0.82 0 .85 

• .33 1.29 
4 0 . 6 9  0 . 6 9  

• .64 1.59 
6 2 .22 2 .29 

08 ~ . . . . . . . .  2.20 2.?7 
6 3 1 . 1 2  • , 1 0  

0.37 0 .08  
7 0 2,26 2 .50 

2 . 0 •  2.07 
7 3 0.72 0 . 6 7  
7 4 0.98 0 .96 
7 5 o.09 o .12 
8 0 2 . 6 •  2 .72 

2 2.23 2.20 
8 0 . 8 0  0 . 7 7  
8 3 3 . 6 7  `3.49 
8 4 0.49 0 .49  
9 o 3 . 0 5  8 . 9 5  
9 1 3.9~ 3 . 8 0  
9 2 2.10 2.04 

lO o 1.29 1.38 
1o • 0 .69 0.71 
lO 2 3 . 0 3  3 , 0 1  
l g  3 1 .Ol  1 . 1 o  

HOX NEUTRON H • 3 

0 • 8.43 0 .29 
0 2 2.08 2.13 
o 3 0 . 4 •  0.40 

• . 50  1 . 4 6  
0 0 . 6 7  0.66 
1 o 3.99 3.70 
1 1 3 . 2 7  3.18 
1 8 1.20 1.23 
1 3 2.69 2.66 
1 4 1.`35 1 .`34 
1 5 1 . 0 2  O.96 

2.08 2 .06 g g . . . . . . . .  
2 . • 8  2 . : 2  

2 • 0 . 4 1  0 . 4 5  

1 .71  1.72 
3 ~. 0.~9 0.48 
3 2 3.55 3.63 

3 1.86 1.88 
3 2.05 2.00 
3 5 0 .62 0 .6~ 
4 8 0.~S ~.36 
• • 2 . C l  2.6o 
• 2 1 . 8 6  1 . 2 5  
4 3 0 .86 ~.03 
• 4 1.55 • . 5 9  
4 5 1.16 1.00 

o 0.64 0 .66 
2.49 2 . 5 3  

5 • . 2 1  1 .21  
5 3̀ 2 .80 2 .79 
5 4 e . 6 :  8.49 
5 5 0 .96 0 .83 
6 a 1 . : o  3 . 1 3  
6 • 1 . 1 8  • . 1 9  
6 2 1.89 • .94 
6 3 • . 5 6  1.57 
6 4 1 . 3 9  1o40 
6 5 0.72 0 .76 
7 0 2 . • •  2.22 
7 1 8 . 7 1  0 . 7 2  
7 2 2.96 2,93 
7 3 0.96 0.92 
7 • 1 . 8 0  1.78 
7 5 0 . 8 4  0.90 
8 o 1 . o 3  1 . 1 4  
o 1 4.09 ~ .64  
s o : . 0 7  1.~6 
u .5 1.24 1.22 
8 4 • . 1 1  • , o 6  

9 0 1 . 6 5  1 . 6 •  
9 • 1 . 2 5  1 . 2 3  
9 2 • . • 5  1 . • 2  
9 3 1 . 5 5  1 . 5 3  

lO o 3,69 3.74 
18 1 : . 1 4  1 . 1 1  
1o 2 2.62 2 .69 
10 3 0 .56 0 .66 

HOX NEUTRON H • 4 

0 0 5 .29 5 .06 
8 1 O . l l  o . 1 7  : g . . . .  5.•0 

8.17 2 .22 
• 0 .0  0.28 

0 .82 e.e2 
1 0 . 3 7  0.32 

8.11 8 .19 
1 0.94 0 .87 
1 3 1 . 1 5  • . 0 7  
1 4 0 . 2 1  0.29 

3 . 2 9  3.24 
2 1 3.18 3.19 

32 . . . . . . . .  1 . 5 6  • . 56  
2 4 0 . 6 6  0 . 6 4  g ~ . . . . . . . .  

3.38 3.32 
3 1 1 . 3 3  1 . 3 4  

2 2.31 2.29 
3 3 0 .78 0 .88 

4 1.48 • . 3 8  
3 5 0.36 0.11 
4 O 0 . 8 9  0 . 9 •  
4 • 3.49 3.48 
4 2 2.12 2 .15 
4 3 1 . 6 2  1 . 5 7  
4 4 1 . 3 3  1 . 7 8  
4 5 0.39 0 .29 
5 ~ 1.99 • . 9 7  ~ g . . . . . . . .  

0 . 0  z . 2 1  
5 3 2.41 2.38 

1 .~1  1 , 1 0  
6 e e . 2 6  0 . • 7  

08 12 . . . . . . . .  2 . 5 0  2.46 
6 3 • .'~e 1.46 
6 4 0.98 0.96 

5 0 . 7 6  0 . 8 3  
o 2.58 8 .60 

7 • 1.49 1 . 4 9  
7 2 2 .96 2.97 
7 3 1 . 0 5  1,87 
7 • 1 . 4 5  • . 3 1  
7 5 0 .67 0 .61 
8 0 ?.32 8.41 

2.20 2 .16 
o 3 1.92 1 , 8 3  
9 0 1 . 1 3  1 . 1 8  

1 2.26 2.38 
9 2 1 .e6 1 . 0 8  
9 3 1.64 • . 6 6  

lO o 1 . 3 8  1.34 
1o 1 0.74 0 . 7 •  
10 2 2 . 8 6  1 . 8 1  

HOX HEUTRON H • S 

0 1 2 .36 2.36 
o 2 1 . 4 5  • . 4 2  

,3.70 3 . 8 1  
8 5 0.74 0 ,7? 
1 0 1.94 1.90 
1 • 2 . 5 6  2.58 
1 2 1.74 • . 8 0  
1 3 • . 6 6  1.66 
1 4 ~.84 •.19 

1 2 1  . . . . . . . .  1 . 0 2  1,84 

22 12 . . . . . . . .  2.17 2 .22 

0 . 7 8  0oO5 

329, . . . . . . . .  1.77 • . 7 •  
3 1 9 .96 0 .96 
3 2 0 .60 8 . 6 0  
3 3 •.31 ! .32 

4 0 .9? B.06 
3 5 0 .40 0 .~2  
4 o e.97 0 .95 
4 • 1.~6 1 . 1 3  
4 2 2 . • 7  2 . 1 6  
4 3 e.25 o .8o 
4 4 2.76 7.80 
4 5 8 .16 0 . 8 •  

0 0.65 0 .8? 
,~ 1 3.18 3 . • 4  

? • . 1 2  1 . o o  
3 0.6~ 0.64 
4 8 . 6 ~  8.67 
5 0 . 0 6  e.8e 

6 o g.37 0.42 
6 1 2.04 ?.e8 
6 2 0 .58 0 . 5 •  
6 3 2.92 2.64 
6 • 0.50 8.5' ;  
6 5 0.94 0.94 
7 ~ 6.6~ 6.3~ 
7 1 •.7~. • . 6 6  
7 2 2 . • 9  2,14 
7 3 0 . 8 0  0.83 
7 4 0 .43 0.42 
8 0 0 . 7 •  0 . 7 4  
8 • 0.92 0 . 9 0  
8 2 • . 7 8  • . 7 2  
8 3 0 . 6 7  0 . 6 6  
9 8 0 . • 8  0.?3 
9 1 2.79 2.02 
9 2 1.88 1.63 

lO 8 8 . 6 3  8.¢,6 

HOX NEUTROH H • 6 

0 8 2 .q9 2 . • 5  

: 12 . . . . . . . .  2 . 8 6  2 . 9 0  

0 . 9 9  o . 0 7  

91 : . . . . . . .  5 0 . 2 9  0.21 
1 I 4.83 4 . • 6  
1 2 1.65 1 . 6 6  
• 3 1.62 1.60 
1 • 1 .14  1.80 

1 . 8 5  0.37 

1 . 8 8  • . 8 5  

; I . . . . . . . .  0 . 2 8  e . 3 5  
32 ; . . . . . . . .  

5 . 8 1  4.60 
3 1 1 .o3  • . o 0  

2 2 . 6 5  2 . 5 9  
3̀ o .61 0.81 

4 1.07 1.08 
5 0.73 0.77 

• 1 . 1 7  1 . 1 9  
4 • 1 . 8 1  1 . 8 7  
4 2 1.67 1.67 
• 3 1.70 1.70 
• 4 1 .~1  0.97 
4 5 0 .50  ~.5S 
" o 1 . : '6 1 . 3 0  
5 1 2.19 2 . 2 •  
5 2 2.44 2 .43 
5 3 1.98 2.05 
5 4 0 .86 0.84 

1 . 7 0  ! . 7 5  
6 2 2.74 2 . 6 7  
6 3 1 . 0 9  1 . O l  
6 4 1 . o o  0.95 
7 o 8.25 8.26 
7 1 e .89 0.07 
7 ~ ~.~S ~ . : 1  
o 0 0.68 0.70 

08 12 . . . . . . . .  1.13 1.16 
9 0 1 . 1 o  1 . 0 0  
9 1 2 . 1 9  2.26 
9 2 1 . 0 0  1 . 0 2  

lO 0 0 . 5 •  0 .42 
1o ! 1.07 1.07 

NOX NEUTRON H " 7 

0 1 1.25 • . 8 2  
0 2 1 . 2 1  1 . 2 1  
o 3 2 .19 2 .22 

0 .70 8 .67 4 
0 . • 0  0.59 

1 2.91 2.91 
1 1 2.24 2 .22 
• ? • .2•  1.29 
1 3 2 . 6 0  2.50 
1 4 1.51 1.47 
• 5 0 . 5 1  0 . 0 2  
? o 3 .32 3.87 

g 12 . . . . . . . .  2.26 2 .29 
2 3 • . 8 6  • . 0 1  

4 • . 2 8  1.70 
3 0 3.38 3 . • 7  

1 2.25 8.21 
3 2.64 2.59 

• .49 1.43 
4 o 0 .33 0.29 
4 1 1.91 • . 7 6  
4 2 0 .89 0 .85 
4 3 1.22 1.21 
• 4 0.56 0 .62 
5 o 1 . 6 0  1 . 6 5  

0.43 0 .45 

0.59 0 . 5 2  
6 0 2 . 4 •  2 .32 
6 1 1.61 1.60 
6 2 0.45 0 .45 
6 1 0.98 0.98 
7 8 0.80 0.77 
7 2 1.95 1 . 9 ~  
8 o o . 2 2  0.33 
8 I ~ . 4 9  3 . 4 9  
8 8 1.2`3 • .89 
9 o 0.45 0.02 
9 1 0.92 0 .90 

lO o 2.93 2 .90 

NOX NEUTRON H • 8 

o o 2 . 6 0  2.66 : g . . . . . . . .  
1 . 7 9  • . 7 7  

o 3 0 . 8 1  0 . 6 6  
0 4 0.72 0.69 
1 o 0 . 8 3  o . 0 1  
1 1 2.16 2 .09 
1 2 1 . 6 3  • . 6 9  
1 ,3 9 . 6 3  0 . 6 4  
1 4 0 . 5 7  0.55 
2 0 8.33 2.2'9 

• 0.99 • . 0 4  
2 8 1.39 • . 44  
8 3 0 . • 5  8 . 1 1  
2 4 0 . 9 0  0 . 9 3  

• • . 5 3  1 . 4 9  
3 8 1 . 3 0  1 . 3 1  

0.80 0 . O l  3 
• • 0.83 0 .86 
4 8 0 .86 8 .86 
4 • 2 . 4 ' :  7 . 3 6  
4 8 0.36 2.87 
4 3 1.49 1.51 

O 0 . 8 4  0 . 8 6  

5 21 0 . 6 7  0 . 6 4  
0 . 9 4  0.88 

6 o 8 . 6 3  0 . 6 9  

12 2 . . . . . . .  0 . 9 4  8 . 9 7  
o 1.38 1.30 
1 0.98 0 . 9 3  

0891 . . . . . . . .  1.38 1.36 

NOX NEU'n~o~ fl * 9 

0 1 0 . • •  o .47 
0 2 2 . 9 6  2 . 9 8  
o 3 o .70 0 . 7 0  
1 O 1 . 2 5  1 . 1 8  
• 1 1 . 8 1  • .88  
• 2 • . 3 3  1.30 
2 O 0.78 0 .82 
8 • 2.24 2 .20 
2 2 0.22 0 .10 
3 0 8.09 0 .09 
3 1 1.81 1.23 
3̀ 2 0.54 0 .51 
4 8 0 .45 0.44 
• • 0 .39 0 .28 
• 2 1.99 2.07 
5 o • . 6 8  • . 6 4  
5 1 1 .25 1.22 
6 0 0 . 7 •  0.67 
6 1 1.2`3 1.34 

I~X  HEUTROH H • |0 " 

0 0 5 .24 5 .02 
8 • • . 8 6  • . 87  
• o 0 .73 0 .66 

1 1 . 9 5  2.01 
o 1.73 1 . 7 3  

32 • 2 .72 2.74 
O 1.28 1.27 

2 .26 2 .25 

DOX HEUTROH H • 0 

0 • 8 .76  0.74 
2 3 .96 4012 

o 3̀ 1.57 1 . 5 0  
o 4 0 .04 0 . 7 9  
o 5 1 . 6 ~  1.54 
1 • 1 . 7 3  1 . 7 3  

I 32 . . . . . . . .  1.51 1.52 
2 4 1 . 3 2  •.,31 

o 3.30 3 . 2 •  

: 12 . . . . . . . . . .  2.61 2 .55 
3 1 . • •  1.13 
4 0 .03 0 ,70 

2.34 2 .39 

0 . 9 4  0 . 9 5  
• 0 7.33 7.75 
4 1 0 .72 0 .60  
4 2 1.51 1.44 
4 ~ 0 . 4 3  0.~5 
• • 0 .5~ e .6o 
5 1 2 .89 2 .28 

~' 32 . . . . . . . .  3.22 3 .20 
5 • 0 . 5 3  0.57 

3 . 4 5  3.45 

• .44 1.39 
4 1 . 1 4  1 . 0 6  

4.55 4.52 
7 2.94 2 .89 
7 3 4.04 3 .99 
? 4 3 . 0 0  3 . 5 9  
o o 2 . 5 •  2.$2 
8 • • . 6 4  1 . 6 6  
8 2 2 .99 3.03 
8 3 • . 0 5  1.02 

4 1 . 6 6  1 . 6 7  
9 • 0 . 9 6  0 . 9 7  
9 2 4 . 8 0  4.75 
9 3 3 . • 7  3.86 

• 0 0 0 . 9 0  0 . 9 1  
10 1 o.0o 0.77 
lO 2 • . 8 8  • . 8 2  
10 ~ 0 .78 0 .70 

oox HEUTROH H • I 
• I 0 .49 0 .42 
0 2 ~ .50 3.58 
0 3 4.58 4 .47 
o 4 2.09 • . 1 1  
1 o 0 .70  0 .52 
1 1 2 .79 8.81 
1 2 0 . 6 5  0 . 6 6  

3 1 . 8 1  1 . 8 1  
4 0 . 7 3  0.78 

2 O 2.13 8.02 
2 1 5 . • 0  5.45 
2 2 8.35 8 . 3 9  
2 3 1.79 • . 0 2  
2 • 1.98 • . 9 8  
3 o 6 .39 0 .32 
3 1 4 . 5 5  4 . 5 5  
3 2 1.01 0.99 
33 1 .81  • . 8 0  3 

4 1 . 0 9  1 . 8 3  
4 0 4 .43 4.38 
4 • 1 .50 • . 5 8  
4 2 4.88 4 .86 
4 3 9 .95 9 .95  
4 4 2 . 9 1  2 . 8 8  
5 o • . 3 3  1.31 

2 .20 2.84 

43 2 . 0 5  2 . • 0  
0 . 5 9  0 . 5 6  

6 0 1 . 4 5  1 . 4 7  
6 • • . T O  '1.87 
6 2 • . 6 9  1 . 7 0  
6 `3 2.43 2.52 
6 4 0 . 9 :  0 . 9 2  

• .24 • . 2 5  
7 2 2 .50 2.63 
7 3 • . 4 8  • . 4 4  
7 • 2 , 6 1  2 . 6 0  
0 8 0.24 0 .?6 
8 1 1.27 • .28 
0 2 1.96 2.00 
0 3 0.84 0 ,93 
8 4 0.7`3 o.71 
9 0 1.22 1.28 
9 1 0.28 0 .33 
9 2 1 . 5 9  1 . 5 6  
9 `3 , 3 . •5  3 . • 5  

10 o 2.83 2 . 7 6  
10 1 0 . 6 8  0 . 7 2  
lO 2 1.95 2 .03 
1o 3 0.72 0 .76 

DO: NEUTRON H • 2 

e o 2 .92 2,91 
• 1 8.35 0.04 
o 2 1 . 9 8  1 . 8 9  
0 `3 0.20 0 .12 
0 4 1 .20 • .25 
1 0 6 .44 6 .92 

I 12 . . . . . . . .  0.72 0 .73  

2 .14 2 .13  

2 .00 2 .06 : g . . . . . . . .  
0.96 0 . 9 3  

0 . • 4  11.47 g ; . . . . . . . .  
3 . • 7  3.57 

0 .03 0.02 
4 0 2 .53 2.48 
4 2.455 2.84 1 

2 3.23 3.85 
• 3̀ • . 7 8  • . 8 4  
4 4 8 .76 0 .77 

3 .33 3.`34 

2 . 3 •  2 .31 
0 . 1 3  0.`32 

Ie 1 .7o •.75 
3 . 4 0  3.43 

2 4 .47 4 .47 
6 3 8.89 2 . 8 6  
6 3.27 3 .17 4 

• 2 .49  2 .46 
7 1 2.88 2 . 0 •  

2 .49 2 .56 2 
3 1.39 • . 4 3  

8 6 . • 9  6 . 0 3  ~ ~, . . . . . . . .  
2.93 ? . 9 3  

8 `3 4 . 6 ~  4 . 4 7  
9 o 5 . 3 •  5 . 0 3  
9 1 5 . 0 6  5.02 
9 2 2 .30 2 .41 
9 3 `3.30 3.28 

10 O • . • 4  • . 1 7  
18 1 2.15 2.24 
• o 2 2.84 2.77 
10 3 1 . 6 9  • . 6 7  

DOX Ht~tTROH H • 3 

o I 1.38 1 . 3 3  
• 2 1 . 0 5  1 . 0 9  
0 ,3 0.48 0 . • 7  

4 1.49 1.53 
1 0 3.50 3 .50 

1 . 5 4  1 . 5 7  
3 8 . 9 1  0.85 

• 2.07 2 .07 
4 1.05 • . 0 9  
o 4 .00 3 . 9 8  

4.O1 3.98 
2 3 2 .00 2 .06 
3 • 0 .28 0.27 

o 0.99 0 .96 
3 • 0.70 0 . 7 d  

5 . 1 1  5 . 1 0  2 
3 1.66 • . 6 8  

,3 2 . 7 •  2 .65 
4 o 0 . 9 5  0 . 9 4  
4 1 o . 0  2 . 1 8  
4 2 3 .50 3 . 5 •  
4 3 0 . 6 1  0.59 
4 4 1 . $ 8  • . 5 9  ; : . . . . . . . .  

3 . 8 7  ,3.97 

; 32 . . . . . . . .  3.87 3.88 
5 4 1 .73  • . 8 1  

2.45 2 .52 
~ 32 . . . . . . . .  

2.95 3,00 
6 • 2 .38 2.32 
7 B 2 . 8 •  8.81 

0.44 0 .39 
32 3,84 3.94 

7 1.53 • . 5 7  
7 4 3 .10 3.OO 
o 0 2 . 7 8  8.77 

~ 12 . . . . . . . .  0 . 5 9  0 . 5 6  
0 3 2 .49 2 .52 

9 0 2.44 2 . 3 6  
9 • 2 .32 2 .35 
9 2 • . • 0  1,46 
9 3 1 . 0 9  • . 1 0  

lO o 2 . 4 7  2.46 
• 0 • 1.07 • . 9 |  
16 2 3.19 3.75 
• 0 3 " • . 9 4  2 . 0 •  

DO: N~JTROI4 H • 4 
9 5 . 5 9  5 . 6 8  
2 0.4o 0.32 

0 0.9,3 0 . 9 •  
3 2 . 5 6  2.58 

0 4 • . 2 7  • . ?8  
1 n 0.,:e, u . • '~  
• • 2.46 2 .52 
! 2 0.97 0 .97 
1 3 1.20 1.24 
1 • ,~.54 e.,~¢ 

0 0 .45 0.'~3 
• 5.95 6.06 

2 2 • . 6 •  1 .~9 
2 2.59 2.65 3 

4 2 . 5 6  2.54 

2 .79 2.~52 

1 . 7 0  • . 7 6  
3 4 • . 1 7  : . 1 6  

o 0.89 0 . 8 7  
4 1 8 . • 5  2 .81 
• 2 4.05 4.64 
4 3 1 . • •  1.40 
4 • 2.05 2,08 

2.73 2.77 

3 .09 3.05 
4 • .96 1.98 
• 1 . 9 1  1 . 9 1  

6 • 4 . 9 7  4 . 9 1  
6 2 • . 9 4  2 . 0 0  
6 3 2.1• 2.18 
6 4 1.~.o 1 . ~ 6  
7 o 5.15 5 . 0 9  

; 12 . . . . . . . .  3 . 6 3  3 . 6 5  ; .3 . . . . . . . .  
2 . 3 6  2 . 3 6  

8 • 1 . 9 8  1 . 9 7  
8 2 2.56 2.58 

: 8 3  . . . . . . . .  0.90 0 .97 
9 • 4.76 4 .69 
9 2 2.08 2.04 

1 0.63 0 .62  
20 • • . 0 2  • . 8 5  
18 2 0 . 5 8  0 . 4 6  

OOX H E ~  H • S 

o • 1.42 1.35 
o 2 1 .05 1 .06 
o `3 1 . 1 6  • . • 9  
0 4 5.24 4 .99 
1 0 0 .28 0.13 
• 1 2 .48 2 .42 
1 2 0 .55 0 .54 
1 3 • . 8 3  1 . 0 7  
1 4 1 . 3 9  • . 1 1  
2 13 • . 3 4  1 . 8 6  g ~ . . . . . . . .  

e . 7 5  e , 7 6  g ~ . . . . . . . .  
0 . 9 5  8 . 9 9  

33 ~ . . . . . . . .  
3 , 5 5  3 . ~ 7  

3̀ 2 0 .9b 0 .92 
3 2 . 3 9  2 . 3 7  3 

1 .,37 • .39 
4 I 2.81 1.95 
4 2 2 . 8 •  2 .02 
4 3 0 . 7 9  0 . 0 0  
4 • 4 .52 4 .18 
5 0 0 . • 8  8 . • . I  

2 . 6 2  2 , 6 3  

0.00 0.74 

0812 . . . . . . . .  0 . 5 5  0.17 
6 3 4 . 3 9  4 . • 6  
7 o ,c.72 4.60 
7 1 • . 3 3  1.37 
7 2 1.55 1 . 5 2  
7 3 • . 5 •  1 . 5 8  
8 1.09 1.~7 a 

• 1.22 • . 2 4  
8 2 2 .07 2.06 
8 3 • . 6 6  1.72 

2 .50 2 . 4 6  
9 2 2 .60 2.62 

lO o 1 . 3 3  • .`34 
lO 1 0.83 0.77 
19 2 0.7`3 0 . 6 9  

DOX NEUTROH H • 6 

o 0 3.4~ 3.44 
• 1 2 . 1 8  8.21 
: g 5 . . . . . . .  

• .49 1.55 
4 0.15 e.•7 
1 2 . 7 •  2 .69 

1 3.90 3 . 8 9  

1 3 2  . . . . . . . .  0.93 0.86 
• 4 2 . 0 6  2.79 
g 91 . . . . . . . .  

3.12 3.•1 
2 2 2.71 2.7• 

2 43 2.67 2 .70 
1.80 • .12 ] :  . . . . . . . .  
• .33  1 . 3 3  

3 2 • . 1 6  • . 0 7  
3 • . 6 7  4 • . 6 4  

0.$7 e .57 
4 • 3 .10 3.08 
4 2 2 .53 2 .52 
• 3 3.09 2 .99 
• 4 1.72 • . 6 9  
5 0 0.91 8.94 

2 3.00 2.97 
5 3.12 3.3? 

3 • . • 4  1.13 
2.06 2.81 
2.17 2.2'2 

6 3.14 3 .q8 

2.90 2 .92 
7 • 0 .20 0.2`3 

2.05 2 .03 S 
3 0 .40 0 .20 ~ : . . . . . . . .  

• .66 1.63 

2.03 2.01 
9 • 2.53 2 .10 

• o o • .20 1.1• 
10 • 2.35 2.32 

COX HEUTROH H • 7 

• .31 • . • 9  

91 32, 3•, 
1.91 • . 9 4  

1.37 1.4: 
] . . . . . . .  86 

• .14 •.15 
33 3.o5 32 3.06 

1 .62 • .62 
• 0 1.46 1,47 

• .57 1.53 
• 2 • . 2 1  1.21 
• 3 1.•11 1.o8 
5 0 1.32 • . 3 0  

1,13 1.14 
5 3 3 . • 8  3 .13 
6 o 2 .89 2 .83 g . . . . . . . .  

0.48 0 .49 

3 . 2 3  3 , 2 4  
7 1 1.30 1.26 
e7 0.7• g.83 3 

0 , . 7 3  • . 7 5  

0812 . . . . . . . .  8.24 2 .27 
9 0 0 . 6 9  0 . 7 6  
9 • 1.13 • . •7  

DOX NEUTROH H • 8 

• 8 2.15 2 .16 
8 1 0.10 0 ,13 
0 2 1.3,3 • . 3 0  
as 3 1 . 5 5  • . 6 •  
• e 0.25 0 . • 8  
1 1 2.9• 1.96 
• 2 2.30 2 .34 
1 3 0 . 8 0  0.79 
2 O 2.30 2.37 

I • .56 1.59 
• .16 1.13 

: 83 . . . . . . . .  0.52 0 .40 33 ~ . . . . . . . .  
1 . 8 8  1.02 3̀ 

2 . 3 9  2 , 4 •  
4 • 3 .46 3.38 
4 2 0 . 6 1  0 . 6 3  
5~ 0.97 1 .00 e 

1 1.oo 1 . • 2  

0 .50 0 .43 
6 • 3.68 3 . 6 0  
6 2 0 .49 0.42 
7 o 1.45 • . 5 0  
7 1 •.43 1.17 
0 o 3 . 6 8  3.45 
8 • 2.30 2.31 

oox NEUTROH H • 9 

o 1 0 .82 0.84 
• 2 4.94 4.77 
1 o 0 . 3 6  o . 3 1  
• • 1 .0o • . 0 3  
~ 2 • . • 9  • . 2 3  

0 0 .43 0 ,43  

0 .60 0.67 
o 0.23  0.1`3 
1 1.77 • . 81  

2.76 2 .80 
4 1 0 . 4 •  0 .37 
• 2 2 .69 2 .60 

i :  . . . . . . . .  • . 68  1 . 6 8  
6 o • . 3 6  • .36 
6 1 1 . 0 7  1 . o o  

OOX HEUTRO~ H • 10 

0 e 6 . 5 4  6 . 2 6  
o 1 3.95 3 . 9 1  

1 • . 8 5  1 . 0 0  
0 3.24 3 .28 

2 ,3.7• 3 . 6 4  
o 2.08 2 .76 

,3 1 1 . 4 1  • . 4 5  
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Table  8. Refinements of DOX(N) data with and without an isotropic extinction correction, g '  = 2.0 (1) 

AI = Absolute value of difference between parameters before and after extinction corrections. 
A2= Difference between X-ray and neutron temperature factors, with extinction corrections in each case, 

(a) R values and Z 

(b) Coordinates 

(c) Temperature factors ft. 

Before extinction correction After extinction correction 
Rw = 0.104 Rw = 0.032 
Ru =0.108 Ru =0.027 
Z =7.2 Z =2.5 

104,dl for x 10aAI for y 104A1 for z 
C 1 (5) 5 (5) 18 (13) 
O(1) 13 (7) 16 (7) 16 (19) 
0(2) 13 (7) 5 (5) 48 (19) 
N 7 (5) 3 (4) 9 (10) 
O(W) - -  - 52 (28) 
H(W) 25 (7) 3 (6) 33 (19) 
H(l)  14 (8) 1 (6) 5 (18) 
H(2) 12 (9) 9 (6) 19 (19) 
H(3) 11 (7) 8 (7) 5 (17) 
H(4) 11 (8) 8 (7) 77 (17) 

(i) For ,8~t (ii) For//22 
104d1 104,42 104At 104Z12 

C 25 (6) 17 (3) 11 (5) 8 (4) 
O(1) - 1 4  (8) 11 (2) 19 (6) - 2  (2) 
0(2) 16 (7) 9 (2) 32 (5) - 8  (2) 
N 19 (5) 4 (1) 9 (4) - 2  (2) 
O(W) 5 (13) 6 (4) 11 (8) 12 (4) 
H(W) - 2 (9) 22 (7) 
H( 1 ) 14 (9) 14 (7) 
H(2) - 9  ( l l )  13 (6) 
U(3) 25 (8) 13 (6) 
H(4) 30 (9) 1 (7) 

(iii) 
104A1 

143 (28) 
336 (40) 
101 (46) 
140 (25) 
89 (65) 

- 19 (53) 
14 (40) 
66 (44) 
31 (42) 

143 (36) 

For J~33 
104A2 

- 2 7  (12) 
0 (13) 

50 (14) 
49 (12) 
44 (16) 

Table  9. Measured scattering lengths b(H, D)  at the H, D 
sites in NOX(N) 

b(H,D) 
Site in 10 -12 cm 

H(W) 0.021 (3) 
H(I) 0.038 (3) 
H(2) 0.042 (3) 
H(3) 0.034 (3) 
H(4) 0.034 (3) 

t e t ramine  o f  0.018 I t  t owards  the lone pairs  (the dif- 
ference between X-ray  and  neut ron-di f f rac t ion  loca- 
tions). The d isp lacement  was four  t imes the s t anda rd  
deviat ion.  H y d r o g e n - a t o m  electron-densi ty  centroids  
were displaced by abou t  0.1 ~ towards  the bonded  
a t o m  (Coulson,  1970). 

In this analysis ,  the averaged  pa r ame te r s  f rom the 
D O X I ( X R )  and  D O X 2 ( X R )  ref inements  were com- 
pared  with the D O X ( N )  results (see Table  4). Within  
the exper imenta l  errors  the C, O(1), 0 (2 )  and  N a toms  
were not  significantly shifted in the X- ray  ref inements  
by aspherici ty effects. The lone-pai r  effects in the 
oxygen a toms  O(1) a n d  0 (2 )  were p robab ly  ba lanced  
by a and  n bond ing  effects; no shifts were expected 
for  the more  symmetr ica l ly  b o u n d  ca rbon  and  ni t rogen 
a toms.  However ,  there was a d isp lacement  of  0.013 
+ 0.003 A of  the wate r  oxygen towards  its lone-pai r  
orbitals.  This shift was significant and  was of  the same 
magni tude  as observed for  the N in hexamethylene-  
te t ramine  ( D u c k w o r t h  et al. 1970). 

The bond  lengths O - D  and  N - D  measu red  for  the 
D O X I ( X R ) ,  D O X 2 ( X R )  and  D O X  ref inements  are 

Table  10. Bond lengths O - D  and N - D  measured in DOXI(XR), DOX2(XR)and DOX(N) refinements, 
uncorrected for thermal motion 

[DOX 1 (XR) + DOX2(XR)]/2 DOX(N) 
length (A) length (A) A(X-N) A 

O(W)-D 0.825 (40) 0.969 (3) -0.144 
N-D(I)  0.930 (50) 1.031 (2) -0.101 
N-D(2) 0.949 (60) 1.032 (2) -0.083 
N-D(3) 1.006 (50) 1.035 (2) -0.029 
N-D(4) 0.958 (60) 1.032 (2) -0.074 

A(X-N) = - 0"086 + 0"037 A. 
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Fig. 1. Crystal structure of a m m o n i u m  oxalate monohydra te .  
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Fig. 2. (a) X - N  map in the plane of the water molecule in DOX. 
Contours  0.05 e.A -3, zero and negative contours  dashed. 
(b) X - N  map in plane perpendicular  to water molecule 
plane in DOX and bisecting the D - O - D  angle. Con tour  
levels as in (a). 

given in Table 10 (uncorrected for thermal motion). 
The mean asphericity shift for D was -0 .086  + 0.037 A 
(standard deviation), about the value suggested by 
Coulson (1970). 

(d) Hydrogen bonding 
The hydrogen bonding in ammonium oxalate mono- 

hydrate forces the oxalate ion out of its planar con- 
figuration and the carboxyl planes are twisted about 
28 ° relative to each other. The structure a:~d hydrogen 
bond scheme are shown in Fig. 1. Wate r . . .O(1 )  
hydrogen bonds link the oxalate ions in the direction 
of a. The ammonium ion H or D atoms form N . - .  O 
hydrogen bonds. The water molecules and ammonium 
ions are both in tetrahedral hydrogen bonding en- 
vironments. The ammonium ion is nearly regular with 
H - N - H  angles between 107-5 (3) and 112.0 (3) ° (Table 
6); this is in contrast to the results of the two-dimen- 
sional neutron study of Padmanabhan et al. (1965) on 
this compound which gave angles between 104 and 
I17 °. The present results with the three-dimensional 
neutron data are more accurate. 

The hydrogen-bond distances and angles are given 
in Table 6. The hydrogen bonds are non-linear with 
O-H.  • • O and N - H .  • • O angles lying between 166.9 (4) 
and 177.8 (4) ° . The water molecule angles 109.7 (4) ° in 
DOX(N) and 108.9 (7) ° in HOX(N) are identical in 
both isotopic forms, in agreement with the work of 
Coppens & Sabine (1969) on the protonated and 
deuterated forms of c~-oxalic acid dihydrate. We have 
averaged the bond lengths and angles over the isotopic 
forms in Table 6, as very little difference occurred be- 
tween the three forms. 

In Table 11, the hydrogen bond lengths in HOX and 
DOX are compared. The bond-length changes on 
deuteration are not significant when compared with 
their standard deviations. In c~-oxalic acid dihydrate 
(Delaplane & Ibers, 1969) all three hydrogen bonds 
expand significantly on deuteration by about 0.02 A. 

Table 11. Changes in hydrogen bond lengths roox-rlJox 
in ammonium oxalate monohydrate on deuteration 

Bond rDOX--rHox 
O ( W ) - H ( W ) .  • .0 (1)  - 0 . 0 1 0  (6)/~ 
N - - - - H ( 2 )  . . . .  0(2)  + 0"003 (6) 
N - - - - H ( 3 )  . . . .  O(W) + 0.009 (5) 
N - - - - H ( 4 )  . . . .  0(2)  + 0"005 (5) 
N - - - - H ( 5 )  . . . .  O(1) +0.003 (6) 

(e) Thermal parameters 
The effects of the lack of an extinction correction on 

thermal parameters derived from least-squares refine- 
ments were discussed above in {} (a). When extinction 
corrections are applied, X-ray thermal parameters are 
were larger than neutron values because of bonding ef- 
fects. This is shown in Table 8, where the A 2 values 
are mainly positive. 

In Table 12 are listed the r.m.s, displacements along 

A C 28B - 16 
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the principal axes R1, R2 and R3 of the vibration el- 
lipsoids calculated with the program ORFFE (Busing 
et al. 1962b) for the DOX(N) data. The vibrations of 
the oxalate atoms were very anisotropic. The angles 
which the principal axis R3 makes with e were small 
for the oxalate ion and the water molecules, in agree- 
ment with the anisotropic thermal expansion of the 
crystal, which, in going from 130°K to room tem- 
perature, expands most in the direction of c (~  1.6 %) 
(Robertson, 1965). The ammonium ion vibrations were 
largely isotropic. 

( f )  Bonding electron effects in X-ray data 
X-N maps were calculated for the (HOX1 + HOX2)/ 

2, (NOXI+NOX2) /2  and (DOXI+DOX2) /2  X-ray 
data sets with corresponding neutron parameters. The 
X-ray scale factor was refined after including the neu- 
tron parameters. The (NOX1 + NOX2)/2 map showed 
no bonding features. This was probably due to the 
fact that extinction in the NOX1 (XR) crystal was severe. 
The protonated and deuterated crystals, however, 
showed features which could be attributed to bonding 
effects. The results for the deuterated crystals, which 
gave the best maps, are shown in Figs. 2-5. In all these 
maps, the contour interval is 0.05 e.A -a with zero and 
negative contours dashed. 

(i) Water molecule 
There was a positive peak at the back of the water 

oxygen atom, O(W), of 0.15 e.A -~ [Fig. 2(a)]. This was 
similar to the peak found at the back of the water 
molecule in e-oxalic acid dihydrate by CSDI (1969). A 
higher negative peak at the oxygen position occurred 
in the latter case as the X-ray scale factor was not 
refined after inclusion of neutron parameters. The 
positive peak was also extended in a plane perpendicular 
to the water plane bisecting the water angle, Fig. 2(b), 
suggesting some tetrahedral disposition of the lone- 
pairs, and some s-character in the oxygen lone-pair 
orbitals. The peak behind the water molecule was con- 
sistent with the O(W) asphericity shift of 0.013+ 
0.003 A in the direction of the lone-pairs [§ (c)] and 
the tetrahedral extension was compatible with the 
O(W) tetrahedral environment. 

,1  / / / I 
/ I / / ; ~  ~, ",. / / "- ' / ( ,-, - "  ' 

/ I I , / ,-< ) , 

," / . - - - - : ~ c - < E 4 ' \  I - ~  " y ] 

Fig. 3. X-N map in carboxyl plane in DOX. Contours levels 
as in Fig.2(a). 
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Fig.4. (a) Extension of mid-bond peaks in (X-N) map for 
or-oxalic acid dihydrate (CSDI, 1969) in a direction per- 
pendicular to the acid molecule plane. (b) Extension of 
mid-bond peaks in (X-N) map for DOX in a direction 
perpendicular to the carboxyl plane. 

Table 12. R.m.s. thermal displacements & ]k along the principal axes R1, R2 and R 3 of the vibration ellipsoids 
and the angles between the principal axes and the unit-cell edges 

R.m.s. displacement along Angle between R3 and 
R 1 (/~ x 10 3) R2 (A x 10 3) R3 (/~, x 103) a b c 

C l l3  (3) 126 (3) 151 (3) 104 (3) ° 67 (5) ° 27 (5) ° 
O(l) 122 (3) 141 (4) 224 (3) 90 (1) 68 (2) 22 (2) 
0(2) 114 (4) 143 (3) 219 (3) 106 (2) 74 (2) 22 (2) 
N 140 (3) 159 (2) 167 (2) 138 (7) 52 (4) 105 (11) 
O(W) 139 (5) 159 (4) 187 (4) 90 90 0 
H(W) 139 (4) 173 (4) 206 (3) 77 (2) 96 (5) 14 (3) 
H(1) 145 (3) 189 (3) 204 (3) 125 (3) 44 (7) 113 (8) 
H(2) 149 (4) 193 (3) 205 (3) 33 (11) 96 (6) 123 (10) 
H(3) 139 (4) 193 (3) 205 (3) 126 (2) 45 (9) 67 (12) 
H(4) 150 (4) 187 (3) 206 (3) 41 (7) 109 (5) 56 (5) 
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served deuterium asphericity shift, (Table 10). The 
features in each plane are similar. 

The r.m.s, standard deviation of the X - N  maps for 
(DOXI+DOX2) /2  was about 0.05 e.A -3, according 
to the formula 

a(A~) = (z~02> 1/2 . 

The above features in the (X-N) maps would appear 
to have some qualitative significance; they are also in 
accord with the above mentioned a-oxalic acid di- 
hydrate results and hybridization theory. 

We wish to thank Drs Margaret Elcombe and G. W. 
Cox for programming assistance. 

Fig. 5. (X-N) map of DOX in two H-N-H planes of the 
ammonium ion. References 

(ii) Carboxyl plane 

The (X-N) synthesis was evaluated in the carboxyl 
plane for (DOX1 +DOX2)/2.  The map is shown in 
Fig. 3. A simple hybridization scheme for the oxalate 
ion oxygen is: 

(ls) 2 (2spZ) 1 (2sp2) 2 (2sp2) 2 (2p~) t 

(Is) 2 (2sp2) ' (2sp2) 2 (2sp2) 2 (2pr02 

with both trigonal sp 2 and x-bonding orbitals. The 
oxalate ion (X-N) map was similar to the X-N map 
in the plane of the oxalic acid molecule in CSDI (1969). 
Both maps had bond overlap peaks of 0.25 e.A -a at 
the centre of the C-C bond, overlap peaks of 0.1- 
0.15 e.A -3 between the C and O atoms and peaks of 
0.1-0.15e.A -3 in trigonal positions around the 
oxygen atoms (predicted lone-pair density). Corre- 
sponding negative peaks occurred at the atomic 
centres. 

The peaks in the midpoints of the bonds were also 
extended in the present analysis in a direction perpen- 
dicular to the carboxyl plane (see Fig. 4). The exten- 
sions appeared to be greater than in a-oxalic acid di- 
hydrate (CSDI, 1969) where the extension was con- 
sidered to be due to ~z-bonding overlap. [The re-overlap 
should appear as an extension of the mid-bond peak 
in the perpendicular plane rather than peaks directly 
over the bonded atoms, as the a-bonding leaves a large 
negative area above the atoms which is partly filled by 
the rc contribution (O'Connell et aL, 1966)]. 

(iii) Ammonium ion 

The (X-N) synthesis was evaluated in the NH(1)H(3) 
and NH(2)H(4) planes of the ammonium ion (Fig. 5). 
Overlap density between the N and H nuclei appeared 
to be present, which would be in accord with the ob- 

BUSING, W. R., MARTIN, K. O. & LEVY, H. A. (1962a). 
ORFLS. Report ORNL-TM-305, Oak Ridge National 
Laboratory, Oak Ridge, Tennessee. 

BUSING, W. R., MARTIN, K. O. & LEVY, H. A. (1962b). 
ORFFE. Report ORNL-TM-306, Oak Ridge National 
Laboratory, Oak Ridge, Tennessee. 

COPPENS, P. (1967). Science, 158, 1577. 
CA)PeENS, P. (1970). In Thermal Neutron Diffraction. Edited 

by B. T. M. WILLIS. Chapter 6. Oxford Univ. Press. 
COPPENS, P. & HAMILTON, W. C. (1970). Acta Cryst. A26, 

71. 
COPPENS, P. t~ SABINE, T. M. (1969). Acta Cryst. B25, 

2442. 
COPPENS, P., SABINE, T. M., DELAPLANE, R. G. • IBERS, J. 

A. (1969). Acta Cryst. B25, 2451. 
COULSON, C. A. (1970). In Thermal Neutron Diffraction. 

Edited by B. T. M. WILLIS. Chapter 5. Oxford Univ. Press. 
DAWSON, B. (1964). Acta Cryst. 17, 990. 
DELAPLANE, R. G. & IBERS, J. A. (1969). Acta Cryst. B25, 

2423. 
DUCKWORTH, J. A. K., WILLIS, B. T. M. & PAWLEY, G. S. 

(1970). Acta Cryst. A26, 263. 
FREEMAN, H. C., Guss, J. M., NOCKOLDS, C. E., PAGE, R. & 

WEBSTER, A. (1970). Acta Cryst. A26, 149. 
HAMILTON, W. C. (1964). Statistics in Physical Science. 

New York: Ronald Press. 
International Tables for X-ray Crystallography (1962). Vol. 

III, pp. 202-203, Birmingham: Kynoch Press. 
MUELLER, M. H., HEATON, L. & MILLER, K. T. (1960). 

Acta Cryst. 13, 828. 
NEUTRON DIFFRACTION COMMISSION (1969). Coherent Neu- 

tron-Scattering Amplitudes. Acta Cryst. A25, 391. 
O'CONNELL, A. M., RAE, A. I. M. & MASLEN, E. N. (1966). 

Acta Cryst. 21, 208. 
PADMANABHAN, V. M., SRIKANTHA, S. & MEHDI ALI, S. 

(1965). Acta Cryst. 18, 567. 
PRYOR, A. W., ELLIS, P. J. & DULLOW, R. J. (1968). J. 

Appl. Cryst. 1, 272. 
ROBERTSON, J. H. (1965). Acta Cryst. 18, 410. 
ZACHARIASEN, W. H. (1967). Acta Cryst. 23, 558. 

A C 28B - 16" 


