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Crystal Structure of Cerium Magnesium Nitrate Hydrate
Allan Zalkln, Je D. Forrester, and David H. Templeton
Lawrence Radlation Laboratory and Department of Chemistry,

. University of California, Berkeley, California

According to s1ng1e crystal x-ray dlffractlon data,

crystals of Ce MgB(N03)12.2hH20 are rhombohedral, space
~ group R3.

- ¢ = 34,592 2

The hexagonal cell with a = ll ool ¢

|

!

o

!

0 012 A contalns 3 formula units. |

Atomic ‘
parameters were refined by least squares, and interatomic

-distances were corrected for thermal motion, The average‘

- N—O0 bond distance in nitrate is 1.26 k. The Ce atoms,

on the :3-fold axis at z = t 0.2497, are each surrounded

by 12 oxygen atoms at an average dlstance of 2. 6h A.
These oxygen atoms, belonglng to 6 nitrate ions, are

i C at the corners of a somewhat irregular icosahedron. The ) B
' ' Mg atoms are of two. kinds, located respectively at the

origin and on the 3-fold axis at z = + 0.4279. Each

Mg atom is surrounded by 6 water molecules with the
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oxygen atoms At‘the co}ners of an octahedron ﬁith'ant
ﬁj favcraéc"Mg-O.distancé of.2.07 X. One-fourth of the
'A\ ('-;'5-_:: .wéter-rblécules are not coordinated to cations.
,'.;A::{-f “f ;Evzdence for the hydrogen atom posztzons from the
| diffractzon data indlcates that 6 of the 8 1ndependent

~,-'hydrogen gtoms are involved in normal hydrogen bonds.

© INTRODUSTION
‘Cerlum magnes1um nltrate hydrate is a typlcal member'of.the
7Tu exten51ve series of double nitrates of ‘generic formila T2D3(NO3 12.2hH2O, .
"éfwhere T is a trivalent catlon (e. g+, Bi or an ion of the Lf ‘group). .
‘and D is a dlvalent cation (g. ges Mg or-an ion of“the 3d group).
“a,"Doublc-hitrate crystals have been used extensively in'éXperiﬁents o
'iinvolvzng magnetlc cooling, nuclear allgnment or paramagnetlc resonance.l -

':f-Large crystals are easy to grow, and the cations are at. 51tes of favorable

symmetry and sufficlently far enough apart for these purposes. Con51derable

' ‘1n£ormatlon pertainlng to. the structure has been obtalned from the resonance 5"-

experlments and by x-ray dlffractlon, but the complete structure has not
been determined previously. Lack of this 1nformation has hlndered the 77
intefprctation of péra@agnetlc resonance studles.gv We 1nvest1gated thls ?i
structure tecause of the wide interest in these substances'and becauscvoﬁ‘tg
our interest in tydfogen-bonding in salt hydrates{ | =
wc hate obtained x-ray diffraction data for a singie“crystal cf
cerium magnesium nitrate hydrate of sufficient accuracj to locate all of.'

the atoms ‘including hydrogen. -These data showed irmediately a discrepancy



| single:crystal of approximate dimensions 0.09 X 0.20 X 0,15 mm was

Z inteﬁsity., Reflections with odd ¢ are systematieally weaker than
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with previous repdrts of the sjmmetry. The other double nxtrates are

expected to have structures very sxmllar to that reported here for the .

i

cerium magnesiunm salt.

. EXEER IMENTAL

An aqueous solution of cerous nitrate and magnesium nitrate in’
the correct proportions was allowed to evaporate, and 51ngle crystals

of the double nitrate grew readily in the form of thick hexagonal plates.

X-ray photographs obtained with the Welssenberg technlque and copper 7\

{

" radiation. established the diffraction symmetry of the crystal. A |

- used for collecting intensity data. Intensities were measured with a.

General Electric XRD-5 goniostat equipped with a scintillation counter

“and a pulse-height discrihinator; MoKa radiation was used throughout.

"The unit cell dimensions are based on \ = 0.7092% R for MoKa1

The- 2381 independent reflections permitted by the space group 1n !

the sphere’w1th sind/A less than 0.705‘(26<:6O ) were measured with =

;counting times of 20 sec each. Of these, 561 were assigned zero.

those of even ¢, especially at large diffraction angles. Zero

intensity was assigned to only'onevreflection with even &. Among

" the 478 odd=¢ reflections for 50°& 26 <60°, 327 were recorded as
‘zero and 119 as 0.5 counts/sec (the smellest‘increment recorded by

vthe scaler). None was stronger than 2 couhts/sec.‘>In the same angular

range; only 2 of the LS7 even-£ reflections were recorded as 2 counts/sec

or less.
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~ Such a large block of zero or nearly-zero intensities was considered

undeéirable in the least-squares calculations, and wé arbitrarily - y

asszgned zero welght to the 788 reflections which were measured as

- less than 2 S counts/sec and for which 26 exceeded ho . Unit we;ght )

was assigned to each of the remalning 1593‘ref;ections, including

- 109 recorded as zero. . '

IR,

No corrections were made for either absorption or extinction, *

\
i
but the crystal was dipped in liquid nitrogen in an endeavor to reduce

the latter. . With = 22,7 em 1

for Mo radiation, fLr'is~O.23 or less.‘
- Thus absorption, though small, is not_négligible and is‘a limiting
factor in the accuracy 6f the intensity datéi
" Calculations were made ﬁith IBM-709 and 7090 computers using a -
.fuli-métrix least-squares program written by P. K. Gantzell, R. A. |
Sﬁarks and K. N. Trueblood, with minor changes, and Foﬁrief and distaﬁce
prograns written by Zalkln. Wé minimized Aﬁlw(lF [-|Fg 1)2/£LIWF 2
- Atomic scatterzng factors were taken as the values given by Ibers3
2 .

for Mg"¢ and neutral N, O and H, and the values given by Thomas and

: Umedéhrfor Cé*?: Dispersion is unimportant for these atoms with Mo |
5 ' - '

radiation,” and no dispersion correction was made.

UNIT GELL AND SPACE

WP NN N

GROUE .
The primitive cell contaxnlng one formula unit Ce2Mg3(NO )12.2hH
‘is rhombohedral w1th dlmensions- ' '
a(r) = 13.165 & 0.006 A, . alr) = L9.37°
The4correéponding hexagénal cell containing three formula uniﬁs has
»dlmen51ons' | |

{ as= 11,00k £ 0, 006 A, ~§‘- 34.592 & 0.012 A.



: “"Culvahouse, . Unruh and Sapp

' collected with the gonlostat confirmed the 3-fold symmetry but showed '

, @"our structure determlnatlon conflrms 3 as. the p01nt group and RB as the

5 UCRL~10902

' . These reSults{are compared in Table I with some previous measurements.
';;xn the often-quoted but unpublished work of Powell6 the weak odd-¢
reflectlons were overlooked, and the ¢ dimension was assigned half of

, 1ts correct value. Except for thls error, whlch was recognized by

T and by Swanson, et gl.,a the various

results are in reasonable agreement..
‘From our x-ray data the density is calculated as 2.10 g cmf3:
A measurement by a flotation method gave 2.08 g'cm73.

Reflections are absent unless h-k-¢ = 3n, showing that the primitive

lattice is rhombohedral. No further systematic absences were observed.

A careful examination of 'the Weissenberg photographs and of the data

4

, that there - are no vertical mirror planes, in dlrect contradiction

“to_the result'of Culvahouse, Unruh and Sapp.7 Thus the laue group

| is 3-(Cji). These facts leave the choice of space group between: the
- cenirosymmetr;c R3 (C ;) and the noncentric R3 (Ch) Crystal morphology9f',
- suggeSts a center'of symmetry, while the pomnt group is llsted as 3m ”

' ("trlgonal skalenoedrlsch") the observed faces are equally consistent: N

” w1th poxnt group 3 because of the absence of general forms. On the other35

hand, the observed faces would correspond to equal development of four

‘ noneequlvalent pairs of forms if the point group were 3 The success of

bt

. space group. e T ]lr‘ :kfnﬁ"'

A three-dimensional Patterson function was celculated from thevobserued"

: intensities after correction for lLorentz and polarization effects.
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The hexagonal unit cell contains 6 Ce atoms which are 1dent1ca1
.accordlng to magnetlc ev1dence.10 The only 6-fold set avallable is

122, 2 1 1)

6(C)= i(0,0 ‘z) + (O 0 0; 3‘,3 3’ 3 3 3

" We selected z = 0.25 because any other value is inconsistent with the
weak reflections w;th ¢ odd. There is also a huge Patterson peak at
0 O’?’ but 1t turned out that mnch of this peak is due to many pairs
of light atoms. '
'p.Paramagnetlc resonance data11 indicate that there are two diffefeﬁtp
- types of divalent ijons. The»é,Mé atoms:ﬁnst be assigﬁed to a 3-fold'set w.
t,and a 6-fold set. Without_loss of generality, the 3-fo1d set is choseh”i:
Mg (1) in-'3'(a): (ooo) + (0,0,0 %%,%;
The.Patterson functlon contains peaks correspondlng to Ce-Mg 1nteracttonsﬁ"':

w1th_Mg(2)»1n 6(c) with z = 0. h3 (or 0. 07) The chomce 0.07 places Mg

*l.;_atoms uhreasonab 1y close together and does not flt p0351b1e Mg-Mg o

v"interactions.in-the Patterson functlon.» The parameter 0. h3 places' }‘ﬁ.

-palrs of Mg atoms nearly equldlstant from each other and from nelghborlng‘v
; Ce atoms along ‘the 3-fold axis, and is conflrmed by the subsequent B
' All other atoms are in general posxtlons R c' - o | :,n cﬂtﬁftﬂ

, , 122,211

‘18(f)‘ ‘*(strz: “¥2X=Y,25 Y<X5=X,2 ) + (0 0 0, 333 3933
B ﬁThe structure requlres 2 sets of N atoms, 10 sets of oxygen atoms, and '
. 18 sets of H atoms. | ' '

From the Patterson functlon we chose coordlnates for 5 sets of

"T:oxygen atoms. The parameters of the 8 sets of atoms S0 far located

";were reflned by least squares uslng 617 low-angle reflectlons. Three
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cycles reduced R = Z|IF |-|7, ||/§:|F | to 0.10. With phases detefmined
;by these 8 atoms, an electron den31ty functlon showed the locations of. |
.the 2 sets of N atoms and the remaining S sets of © atoms.
’ With these 15 atoms, 617 reflections and isotropic temperature

2sin 0) least-squares refinement resulted

vfactors of the form exp(-BK

inR = 0.086,aftef three cyeles. Further refinement with all the data

| (1593 terms selected as described eatlier) after 3 cycles gave R = O, Oéh.;

‘These 15 atoms were glven anlsotroplc temperature factors of the form :

- exp(éﬁll 2 -322¥2‘-533 2ﬁ12hk 2ﬁ13h8 2ﬁ23k&) The atoms on the

3-fold axis (i. €., Ce and Mg) had thelr,parameters coAStrained S0

 that |

BByt 2,9 and By = B3 = O

 As a result of 3 cycles, R fell to 0.0LO.

| An electron den51ty difference function, with all atoms except H |

“_subtracted out, was calculated u51ng the results of the anlsotroolc -

reflnement. From thls difference function, 7 of the 8 hydrOgen posztlons .

& _(all in general sets 18(f)) were unambiguously determlned. The elghth'l‘“‘f‘i.
: prOVed to be more difficult to determlne as the dlfference function i

7’;was confused in the approprlate region, leav1ng a ch01ce of two 1ocatlons; o,f

| The more llkely of these had much too high a peak helght, possibly due |

.i:‘uO an 1ncorrect thermal descrlptlon of the oxygen atoms, but it was more~;3
j»reasonable on the_bas1s of bond geometry. B | |

vAThree cyeles Of least squaree refinement were-caloulated with'aii'”

23 atoms, 15 of whlch ‘had anlsotroplc temperature factors and the remalnang ;'

o 8 (the H atoms) lsotroplc temperature factors. W1th 1h9 1ndependent

V>“'parameters and_usmng all the_data (we;ghted as descr;bed_earller) thet;ﬂb3b

;”[ finaijﬁ'waev0.036.jeThe observed and‘calculated ;tiucture faotors f;ém['"”,-“H

Y



UCRL-10902 .

this last refinement are compared in TAble II. Coordinates of‘atoms are
" listed in Table III, and thermal parameters are given in Tables IV éndv‘ :
{f3 V. .Standard de&iatiqns of the parameters of the'heaVy atoms were calculateé
- assuming ﬁhat the diécrepanciés invthe.strﬁcturé f;ctors represent r;nddm
. errors and with neglect of the hydrogen parameters, Limitations of our
computer programs did not permitvus to eétimételthe standard deviatidns of
- the hydrogéh pérameters by the method of least squares. From the resﬁlts
- for 0—H bond dispances, we estiﬁate that the standardvdeviations of H

coordinates correspond to about 0.2 A.

| DESCRIPTION OF IHE SIRUCIURE ¥
A section through the structure parallei.to ¢ and [ilO]'is showni |
' ianig. 1. The structure consists of Cé:atoms'surrounded'by”nitrate*fphs,:
‘and Mg'atoms'surfbundeq by water.  One set of Water‘molecules (Wh) is 25
./.not closely asSoéiated with.any cation, but pariicipates in the hydrdgég
- bonding which connects the nitrate ions and water. o . - %
Much of the structure nearly repeats with a translation of 2/2."
- Only ihe Mg and H atoms diverge substantially from this:pattern. The
Ce'positiéns conform to this false translation within 0.0i‘ﬁ. This‘,,’
repetition explains the general weakness of the odd-¢ refleétions.
~ The symmetry of the Ce environment (the site symmetry) is 3_(C3),
but it can.be;considered to be ﬁore syﬁmetrical if fof some purpose
' only'some'éf the neighbors are important. If.one considefs only Ce
neighbors; phe site symmetry is 3m (C ) and ver& nearly 3m (DBd)‘
_ The nearest Ce neighbors are 3 at 8. 56 R and 3 at 8. 59 &, "If one =

considers also the Mg atoms, the site symmetry is still 3m, but deviates

drastically from 3m. The nearest Mg nelghbors (Flg.-2) are 1 at 6.17 &,
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.-‘3 eaoh at 6.36; 6.98 and 8.31 A, and 1 at 8.6L &.

The nearest neighbors of the Ce atom are oxygen atoms of niirate A
ions (Fig. 3) arranged a£ the lé corners of an irregular icosahedron.
Their.poaitions conforﬁ closeiy to inversion symmetry so that the site '
symmetry is ap?roximately 3 (CBi)'if only the nitrate ions are considered. -
The coordination by nitrate ions was predicted by Bleaney et al. 12
from;paramagnetic resonance data, but with a differeht number and arrangemeht .

/

of nelghbors. Erom spectroscoplc data Judd13 deduced icosahedral symmetryw _

of these nelghbors in qualitative agreenent with our result. Accord;ng f

1L

to,Hellwege and Hellwege spectroacoplc data show the symmetry of ther]_”

- crystal field to be C To make the 12 oxygen atoms conform'to verticai '

3v’
mirror planes or to make the 1cosahedron regular requlres that they be
moved distances of the order of 0.5 A. Thls result may 1nd1cate a ;f.ﬁljf<'
- 11m1tat10n ‘of the preclslon with whlch crystal fleld effects can be “??}54“A
used to determine the symmetry of atomic locations. i
| The 12-fold" coordination of . Ce, which may seem hlgher than normal

is permatted by the fact that two oxygen atoms in the same nltrate 1on 1;j

are closer together than when not bonded to each other.‘ The dlstances ;](‘

s of these nelghbors from Ce are nearly equal (Table VI) and. average 2 63 A ergh".

[

before correction. for thermal motion. If a thermal correctlon is maaef, _ '

’i on the assumptmon that O "rides on" Ce, the average dlstance is 2. 6h A

‘The accuracy of thls assumptlon is dublous, but 1n any case the thermal

_correctlon 1s not a large effect.

| The V-—O bond dlstances are llsted in’ Table VII. In each of the two

' 1noependent nltraue ions the oxygen not next to Ce is observed at a shorter f L

-dlstance and thh larger thermal motxon uhan the others. For. these bonds

the assumptlon that O "rides on" N seems plausmble.‘ Correctlon on thls
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basis brings the bond'lengﬁhs more nearly together, but leaves a
‘diserepancy which is of doubtful significance. The average distance = *

1.26 L is estimated to be accurate within 0.01 A including'uncertain£§

.‘-_ﬂin“the thermal correction. We do not,know'of'any other more accurate

:4determination of this bond distance in nitrate,ion. .
. . {
vThere are two distinctly different types'cf Mg atoms in the strucéﬁre;_
“The.atoms Mg(})‘at the origin heve site'symmetryf§ (CBi); If only Ce % ; -
and Mg neighbors are considered, the site symmetry is 3m (b3 L. The !; B
_ . .

neighbors (Fig. L) include 6 Ce at 6.98 A (at the corners of a tfigonal{f

' antlprlsm) and 2 Ce at 8. N A - The nearest Mg neighbors are & Mg(2) at |

7,15 A.

' The atoms Mg(2) have site‘symmetry'B (03). - Considering only Ce ang ,

’;;;Mg neighbors, this symmetry is 3m <03v)' The neighbors (Fig. 5) incluce

i paramagnetlc resonance data.

1 Ce at 6.17 A and 3 Ce each at 6.36 and 8.31 A. The nearest Mg neighbors.
are 1 Mg(2) at 4.99 & and 3 Mg(l) at 7.15 A. This arrangement is rather

.dxfferent from that suggested by Culvahouse et 31.7

on the basis of
: Each kind of Mg has six water neighbors. vThe oxygen atoms are atc
_ the cornere of an octahedron which would be regular if bond angles were .
-j;chagged by less than 1° for Mg(1) and by up to 50 for Mz(2).. The Mg-O
‘distances (Table VIII) agree closely. Correctlon for thermal motlon .
' ‘wiih the aesumption thai 0 rldes on“ Mg changes them only a small amount.
A  The average corrected dlstance 2.07 A agrees closely'w1th the 51m11ar o
"’;dlstances_obeerved;SA16 in Mg(NHh)z(SOh)2.6H2O end MgSOh.6H2O.I”That~:
: the divalent ions'are'octahedrally“hydrated ﬁas alfeady established' :

17

and nuclear magnetlc resonance experlments

18

_'by paramagnetlc resonance,

o showed uhat water was dlstant from ‘the cerium 31tes.
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' We may formulate this substance as
| (Mg (H 0)6)3(Ce(NO )6) -6H,0
as a con01se 1nd1cation of ‘the coordlnatlon of Mg and Ce and the

'chemlcally dlstlnct nature of the fourth set of water molecules,
H{DROGEN. BQNDING

"Hydrogen bonding is extensive in this crystal, but it does not
seem to dominate the structure as much as it does in many-hydrated
‘vsaits. Six of the 8 H atoms are involved in normal hydrogen bonds
with lengths ranging from 2.78 to 2.98 R'(Table IX). The angles
that these bonds make w1th each other and with the O0—Mg vectors are E
llsted in Table X. In each case the angles are approprlate for- reasonable
v‘.orlentatlons of the water molecules with their dipoles away from the

Mg atoms. | -

The accuracy of the hydrogen p031tlons does not Justlfy a detalled
llstlng of the dlstances and angles to these atoms. The O—H bond
'd;stances range from 0.5 to 0.9 A. The 0—H bonds make angles of 8° :
dto'29° with the O-—O'vectors of the corresponding hydrogen bonds. |
s-These results are as good as can be expected if the standard dev:atlons
of hydrogen coordlnates correspond to 0.2 i.
| For o(wh; no neighbor is at a suitable distance and angle for the
d"secona H atom to make a normal hydrogen ‘bond. Two neighbors, 0(N22)

Cat 2 98 i and 0(N21) at 3.09 i, are close enough for weak bondlng, but
at poor angles. The hydrogen atom H(2wh) is dxrected w1th1n 28° of}‘f‘fJ.
Q(N2l) and wlth%n LOo-of 0(N22). This kind of arrangement (Flg. 6)?dnfﬁ
has been called a "bifurcated’hydrogen bond®, In the present case,;f;f"

'theodistances suggest that the bonding is weak.



.

| of 120°, We conclude that it is not significantly involved in-hydroéénr.

. bonding. . : : ' 7 S 1}1'5

'.water (Wh) accepts two hydrogen bonds and makes a third to nltrate.‘fl,ﬂif-

. Ww«éy 3
.';l2f '

For the second hydrogen of O(WB) the bonalng 51tuat10n is even

poorer. The 0(W3)-H(2w3) vector is within 29° of another 0(W3) at

3. 20 4 and within 54° of 0(N22) at 3.08 A. Thié hydrogen atom was the - ”
'one most xn doubt in the difference functzon, but its position correspondlﬁ'

f{to an H—0—H angle of 111° for the water molecule and an,H—-O-—Mg anglgx‘ﬂ‘

thé'hydrégen anding ties the structure together as follows. Wafef"'

:1; (W2) is bondéd tb two oxygen atoms of two different nitraté ions. hhter
'-(w3) is. ‘bonded through only a single hydrogen bond to the 1nterst1tlal

) '.water (WM) water (W) is. bonded to a nitrate ion and to water (Wh).

- Its. "blfurcated bond" involves oxygen atoms of two other nitrate 1onsf“f

' The effect of all these hydrogen bonds is to tie all parts of the structure'_,§»'7

togg;her.
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f110;88 ;;:fFﬁ:' ﬂiv? f};lésaviiijowell (Ref 6)

ﬁf11;030553;5=f’. B _3;1h1}: f Swanson et al. (Ref._"“'8"j

C - 3076% Grot <Ref-. 28

"S{fjdpﬁﬁleditd c6ﬁfbrm?ﬁitpfq6rfé§§fcé;i;”}'

31351;}11. Observed structure factor magnltudes (FOB) and calculated7_5) ffvf

V'i‘f  factors (FCA)

An asterlsk (’) marks each reflectlon?whlch

was glven zero welghz,.” :

“(Table to be reproduced photographmcally 1n three part .)




L RVY Y o

HoK= 0y 0

F0B FCA
-39 34
264250
118 113
44 =38
10 -15
346346
67 62
32 -18
51 =55
15 -7
66 66
ur 122

HoKs 1,1

FOB FCA
391-363
101 94
176 176

0o 1
4T1=4T4
0 -17
306 310
32 24

0 0.

15 14
132 137

34 26»

114-115
2

6 3s

79 83

0 <~4s

Ho= 1y O

FOB FCA
58 =51
402 368
100 94
65 -64
10 10
232 237

HeK=' Xy 2
L FOB FCA
2 31 22
5 116 107

35 =24
10 9
291296
12 -9
-168 173
41 42
196-203
0 -8
193 193

24 9s

90 -87

1] Oe

106 99

0 2e

HoKz 1, 3
L FOB FCA

19 =22

& 175 180
7T 95 90
10 368-368

4 103 100
65 63

7
10

68 -64

17 ~19»

157 150

18 10s

99 -97

19 18+

99 98

0 =~12e

90 -86

HyKa 1,10

L
0

FUB FCA
108 110

Q -10#

158-155

36 27e

127 121

0 ~15+=

83 -8l

0 2e

80 719

0 5

16 =69

HeK= 1,411

FOB FCA

112-120
o 1

96 97

0 1s

71 -65

0 lé4e

65 63

0 =3

HeK= 1412

FOB FCA

0 3

95 97

0 15e

68 ~70

0 <3

66 67

HeKa 2,4-2

46

FOB FCA
31 -29
428 422
67 55
400-402
20 20
356 364
24 21
215-222
0 13
217 228
16 10
134-138

30 30+«

T4 4

20 -19=

92 -90

HoK= 24~1

FOB FCA
3Fr 29
522-504
38 28
40 46
11 -8
323-322
38 34
231 233
48 ~41
121-121
40 37
146 145

32 ~16»

69 -65

0 16+

82 85

HeK= 24 0

FOB FCA
78 -74
121 112
169 171
56 ~44
94-100
53 46
154 153

31
37

27
33

5 43 47
8 239 240

11 33 -38
14 59 -63
17 711 76
20 93 100
23 0 4
26 155-159
29 0 10
32 74 13
35 0 17
38 101 -97
41 28 -24%
44 130 131

HeK= 2, &
L FOB FCA
1 57 =56
4 207 208
7 1107114

10 357-364
13 58 -61
16 199 205
19 0 17
22 159-160
25 35 35
28 148 144
24 -32+
34 94 -96
33 26+
40 119 110
43 0 -9s

HeK= 24 5
L FOB FCA
0 145 150
3 1] [
6 186-184
9 23 26

12 220 216

21 15 17
24 173 173
0 ~21e
30 90 ~-91
26 29+
36 108 108
39 20
42 51 -53

HeK= 2, 6
L FOB FCA
2 57 ~-62
5 24 25
8 282 281

0 11
14 173~172
17 o -3
20 145 146

12 652 665
0

-g®

-14a-

23 0 18
26 110-108
29 26 20s
32 68 68
35 0 1s
38 95 -92
41 21 -le

HiK= 24 7
1 FOB FCA
1 26 24
4 138 141

HyK= 2,4 8
L FOB FCA
0 191 190
3 16 -10
6 128-122
9 0 44e

12 686 87
15 24 <26»
18 126~-121
21 18 19»
24 114 114
27 19 Te
30 89 -87
33 0 4

HyK= 2, 9
L FAB FCA
2 95 -95
S 25 13«
8 43 40

11 18 -12+
14 83 -82
17 19 21+
20 112 113
23 0 2
26 82 -8l
29 0 2

HeK= 2,10
L FOB FCA
1 0 -8»

HeK= 2,11
L FOB FCA
0 154 160
3 o 1le
6 69 —69
9 20 21e

12 713 712
15 0 ~14s
18 83 -87
23 0 11

HyK= 2,12
L FOB FCA
2 66 ~69
5 0 -5«
8 59 S7

HeK= 3,-3
L FOB FCA
3 72 69
6 193-205
9 63 61

-8

18 287-293
21 82 83
24 185 192
21 21 -22
30 190-195
32 17 "34e
36 30 28
39 19 -27s
42 55 ~50
45 0 8e

HoK= 3,-2
L FOB FCA
2 230-237

¢ -0
30 152-150
33 0 8e
36 76 73
39 19 =17
42 70 -T0

HoKe 3y 4
L FOB FCA
2 183-18%
5 18 23
8 218 219
il o -3
14 717 -81
17 14 19
20 146 149
23 o 12
26 10 -67
29 0 3e
32 149 145

15 45 -47
18 96 -96
21 56 58
24 138 131
27 0 ~l4ea
30 68 -69
33 0 8a
36 81 17
39 0 S5e

HeK= 3, 7

L FOB FCA

2 175176

5 0 2

a8 153 151

11 28 15+
14 138 -34

17 17 6e
20 148 144
23 18 6e
26 86 -88

29 19 22+
32 13 69

35 0 O»

HeK= 3, 8
L FOB FCA
1 0 -O»
4 93 90
T 24 26»
10 97 -92
13 0 -11»
16 164 163
19 19 18+
22 91 -89
25 0 16#
28 88 78
31 0 -1

HeK= 3, 9

L FOB FCA

0 110 113

3 4] 20
6 102 -97

9 [} 9e
12 176 171

15 19 S5e
18 115~114

21 20 22+
24 T0 68
27 0 =13

HeK= 3410
L FOB FCA

8¢ -85
19 1l6e
68 61
0 -l
87 ~79
0 =le
15 718
0 1i0e

HeKz 3,11

L
1
4
7
10
13

FOB. FCA
o 6

68 81
0 -0e
46 -49
1] 4o

HeKe 4o-4

FOB FCA
130-140
45 47
121 123
20 13
118-124
28 13
204 209
2] 9
178-181
o -2
140 142
18 15+
95 -93
19 -0»
114 113

Hyk= 4,4-3

L
1
4
7T
10

46

FOB FCA
52 53
219 226
30 27
299-304
11 =11~
204 208
68 66
290-292
29 -30
197 203
16 -3¢
81 -81

31 33¢

128 131
0 =158
15 ~-82

HeKz= &44-2

FOB FCA
16 15
223-224
69 65
355 355
44 =47
83 -g]
9% 94
225 230
26 =32
96 -99
0 23e
142 135
19 18e
98 -97
21 lé6e

HoK= 4y-1

t

FOB FCA
632-632
22 22
391 387
0 5
76 66
30 34
111 111
14 17
124-127
0 4
80 74
17 3
131-133

0 -4c
134 134

HeK= 45 0

L
1
4
7

FOB FCA

0 -5
283 284
53 55

10 .225-222

13
16
19
22
25
28

17 -22
264 251
60 61
322~322
¢ -7
167 163

0
20 37 36
23 0 40
26 94 ~94
29 [} Be
32 117 114
35 20 ~Be
38 55 -61

HyK= 4, 2
t FOB FCA
2 296-297

11 o 11
14 235-239
17 24 31
20 183 184

22 169~167
25 0 -2
28 173 173
31 0 10e

37 19 1S5e
40 112 114
43 0 -6

HeK= 4y 4
L FOB FCA
0 166 '165
3 53 55
6 41 -43
9 14 19

12 168 168
15 21 -33
18 208-206
21 12 68
24 135 133
21 42 ~40
30 99-103
33 19 l4e
36 140 133
39 20 14e

HeK= 4y 5
L FOB FCA
2 208-214
5 0 -5
8 178 175

11 26 28
14 96 -99

16 1tl1 107
19 25 23e
22 84 -82
25 0 13
28 125 123
31 0 &0
34 . 54 =54
21 22e¢

Hoks &y 7
L FOB FCa
0 133 133
3 0 -3
6 198-203
9 [¢] 4o
12 131 126

] Qe

18 73 -68
2L 32 28e
24 105 99
27 0 ~1i0e
30 86 -83
33 0 i4e

HeK= 4, 8
L FOB FCA
2 96 -98
5 25 28e
8 72 63
11 0 Le
14 136-137
17 0 -3
20 126 126
23 20 10=
26 65 =59
29 Q =90

HeK= 44 9
L FOB FCA

16 157 158
19 14 16
22 221-221
25 0 7
28 214 20
31 o -7
34 175-173
31 27 240
40 107 115
43 0 ~13e

Hollz 544
L FOB FCaA
3 ¢ -1
6 129-132
9 118 119
12 159 163
15 57 -58
18 210-210
21 58 57
26 96 96
21 27 -31
30 l29-127
33 17 -le
36 171 174
39 19 12e
42 72 -70
45 21 15+

HoK= 5,-3
L FOB FCA
2 254-249
5 11 -13
8 401 401
1L 86 85
14 152-159
17 [ &



20 45 49 L FOB FCA
23 14 =20 2 108~-112
26 88 -86 5

29 0 20 8 12 18
32 142 144 11 25 22
35 0 8o 14 4T -49
38 115-107 17 0 -3
41 20 8s 20 138 143
44 87 85 23 317 37

HoKe 54-2 29 18 ~Be
L FOB FCA 32 116 118

1 44 46 35 0 3=
4 621 616 38 113-118

7 0 -6 41 ] Te
10 152-152

19 59 61 1 0 =2
22 255-265 4 190 193
25 0 -6 1 0 2
28 S50 42 10 69 ~69
31 0 -12+ 13 27 30
34 80 -84 16 172 170
37 18 16% 19 23 17»
40 130 139 22 178~175
43 0 -7« 25 18 -17«
‘46 85 -84 28 97 97

HeK= 54=1 34 76 -73
L FOB FCA 37 0 11s
3 72 68

27 47 -53
30 17 -11
33 46 46 21 31 35e
36 125 123 24 101 92

39 0 8e 27 G —1l4»
42 94 -93 30 101-100

45 0 2+ 33 0 17+

6 405-39¢4 Hel= 5, 5
9 12 18 L FOB FCA
12 89 92 0 161 163
15 38 -43 3 22 25
18 278-278 6 143-14])
21 49 52 9 32 28
24 236 232 12 201 201

15

18

Hek= 5, O )
L FOB FCA HesK= 5,4 6
2 66 =69 L FOB FCA
5 59 49 2 83 -83
8 282 218 S 29 29«
11 43 41 8 184 184
14 250-251 11 0 =0«
17 [} 1 14 86 -85
20 282 280 17 18 17«
23 37 32 20 3717 30
26 140-135 23 19 5a
29 16 Te 26 101 -93
32 67 60 29 0 -10e
35 18 30 32 T2 64
38 108~-108
41 20 4e HeK= 54 7T
44 12 63 L FOB FCA
1 31 =34»
HeKs 55 1 4 81 85
L FOB FCA T 18 18«
1 34 -35 10 114-112
4 185 186 13 18 -le
7 51 82 16 109 110
10 188-188 19 0 ~7«
13 0o -3 22 100 -95
16 269 268 25 20 1l4e
19 14 18 28 111 108
22 205-208
25 0 3 HeK= 54 B
28 178 176 L FOB FCA
3 [} 3s 0 155 158
34 163-161 3 ] 4n
37 21 23e 6 102-101
40 715 13 9 19 S»
43 21 =200 12 97 94
15 20 11«
HeKs" 5, 2 18 100-100
L FOB FCA 21 20 17e
0 357 357 24 18 8l
3 0 10
6 143-147 HoeK= 5, 9
9 33 135 L FOB FCA
12 132 133 2 79 -8l
15 [} 3 5 20 l4e
18 216-216 8 114 111
2} 34 32 11 20 -0
24 111 109 14 62 -58
2T 34 -38e¢ 17 0 10e
30 99-100
33 18 23e HiK= 5,10
36 136 133 L FDB FCA
39 0 ~3e T 21 -2
42 51 =52 4 87 92
7T 21 15+
Holk= 54 3

H

H

114~119
53 48
18 77
20 -20v
85 -89

K= 695
FOB FCA
.36 ~40
53 54

129 133

18 22
199~198
0 10
171 168
0 9
114-118
0 =-2»
153 155
26 27s
93 -95
0 9e
67 171

K= 6a=tb
FOB FCA
¢ 6
17
30 32
30 -37
26 -23
362 359
49 55
111=113
0 11
176 176
17 15e

1Kz 6,3
FOB FCA
43 43
167-171
66 67
324 321
37 -36
221-227
80 78
51 46
36 -35
120-118

26 28
175 176
14 -10
132-133
] 1
208 205
25 240
111-109

37 27 20e
40 96 93
43 0 =17«

HyK= 6, O
FOB FCA
377 393

31 24
148-147

-
DMN DO WO
' ~

~

~N

~

~N

-3

41 [} 9

HeK= 64 2
L FOB FCA
1 48 -45
4 197 205
7T 53 50
16 52 =57
13 26 22
16 214 212
19 0 7
22 141-145
25 24 22+
28 108 109

2L 29 27«
24 119 117
21 26 =23
30 75 -718
33 28 2¢6¢
36 95 93
39 21 -2

HeK= 69 4

L FOB FCA

2 98-102

5 16 15

8 154 154

11 16 8¢
14 102-106

17 0 12»
20 124 133

23 18 11e

26 91 -90
29 [} 9s

32 115 108

35 21 Te

HyK= 6y 5

L FOB FCA-

i 0 -12s

4 83 82

7 38 38

10 182-179
13 17 -5«
16 139 136
0 T

22 75 =16

+-14b-

HoK= 6y 6
L FOB FCA
0 133 132
3 18 =9+
6 64 -65
9 25 19e
12 95 97
15 19 10+
18 63 ~64
21 19 e
24 114 110
27 20 -5e

30 76 ~79

HeK2 6, 7
L FOB FCA
2 81 -84
5 21 27
8 65 70
11 19 -10+
14 67 -68
17 0 8
20 116 111
23 21 10e
26 47 =53

HyK= 6, 8
L FOB FCa
1 0 ~1lle
4 103 105
T 20 16+
10 63 -62
13 0 b
16 62 62
19 4] 1s

HeK= 64 9
L FOB FCA
0 91 92
3 ] Os
6 100-104
9 [} Ge

14 110-110
17 15 -9
20 136 133
23 33 37e
26 81 -80
29 0 ~16#%
32 99 95.
35 0 l2e
38 90 -86
41 30 12e

HeK= 79-6
L FOB FCA
1 %6 -59
4 217 222
T 23 23.
10 239-233
13 40 38
16 69 66
19 34 -36
22 125-126
25 0 13
28 185 185
31 0 15
34 116-112
37 [} 9e
40 79 82

HyK= To-5
L FOB FCA
3 Q 3
6 201-207
9 27 30
12 223 221
15 0 T
18 179-184
21 41 139
24 132 133
27 17 =23e
30 90 -93
33 37 34e
36 96 97
33 0 -12»
42 47 -S0

HeK= 754
L FOB FCA
2 258-254
5 29 30
8 97 102
11 23 -25
14 227-222

17 [¢] 5
20 230 232
23 16 15
26 89 -88
29 0 15
32 111 112
35 0 1le
38 T3 -8l
41 0 -2»

HoKn 7,-3
L FOB FCA
1 o -1
4 147 147
7 58 56
10 303-296
13 14 =26
16 170 166
19 21 20

28 171 171
31 0 -2»
34 10} -97
37 0 2i»
40 105 103
43 0 ~1é+»

HyK= T4~2
L FOB FCA
3 36 38

21 51 50
24 219 220
27 ] Te
30 155-157
33 32 32+«
36 58 56
39 20 -l4s
42 15 -719

HyK= T,-1
L FOB FCA
2 29 18
5 80 78
8 69 67
11 0 -10
14 236-230
17 15 =2
20 58 54
23 0 6
26 124-122
29 25 -23+
32 174 169
35 27 24s
38 75 ~-78
41 0 (1]

HeK= Ty O

L FOB FCA

1 68 -67

4 132 131

7 66 63.
10 252-253

13 0 1

16 161 157

19 38 -28
22 80 -73
25 4) 40
28 177 176

31 0 [
34 116-~118

37 o lle
40 62 71

HoK= T4 1
L FOB FCA
0 322 322
3 4] 1
6 191-186

6
12 176 173
15 ‘22 20

Hik= 7, 2
L FOB FCA
2 222-225
5 26 35
8 134 138
10 -12

-

14 118-121
17 16 S5»
20 109 103
23 18 6e
26 101 -99
29 0 1
32 85 8l
35 0 30
38 4T =44
Hellz 7y 3
L FOB FCA
1 16 6
4 143 144
T 56 52
10 152-150
13 29 =27
16 171 171
1¢ 25 27s
22 130-128
25 [ -1
28 107 110
3l 0 -7
34 68 -T2
HeK= 7o &
L FDB FCA
0 106 102
3 0 ~20+%
6 121-122
9 38 138
12 214 217
15 18 -20«
18 130-133
21 19 10s=
24 83 80
27 0 Se
30 84 -87
33 0 T+
HoK= 74 5
L FOB FCA
2 40 -34
5 25 26+
8 57T 52
11 18 ~1ll#»
14 145-145
17 19 3s
20 55 56
23 0 -6+
26 67 ~64
29 0 =-1l#
HyK= T, &
L FOB FCA
1 0 ~l6¢«
4 92 89
7T 19 1l=»
10 81 -76
13 0 40
16 71 72
19 Q 4hea
22 82 -84
25 0 10+
HoK= 74 7
L FOB FCA
0 106 113
3 20 Te
6 101-100
9 0 9e
12 57 52
15 0 -10e
18 78 -75
21 0 1le
HeK= 7, 8
L FOB FCA
2 69 -T1
5 21 Te
8 86 87
11 0 2+
HoK= 84-8
L FOB FCA
1 o -3
4 2715 271
7T 48 40
10 124-120
13 0 13
16 107 102
19 0 -9o
22 115-115
25 25 14+
28 98 97
31 33 3e
34 99 -98
37 0 S5e
HoKa 847
L FDB FCA
3 35 32

6 250-252
? 15 -26
12 179 182
15 -3 13
18 117-120
21 62 58
24 B4 79
2T 36 ~&44»
30 64 -67
33 39 350
36 61 67
39 0 ~1le
HeKa 8y=6
L FOB FCA
2 226-23%
5 56 61
8 103 105
11 o -2
14 163-168
17 [} 1
20 179 179
23 29 280
26 42 =45
29 0 -5e
32 88 89
35 0 Ta
38 70 -73
41 o &
HoKz 8,~5
L FOB FCA
1 53 -48
4 222 223
7T 11
10 99-100
13 15 -14
16 327 331
19 31 37
22 208-211
25 29 34«
28 66 63
31 26 -26+
34 133~130
37 0 11«
40 66 T2
HeK= B8,-4
L FOB FCA
3 24 -29
6 262-261
9 45 46
12 212 204
15 33 -17
18 181-186
21 0o -3
24 191 189
27 25 17+
30 101 -99
33 0 23e
36 78 716
39 20 -23e
HyK= 8,-3
L FOB FCA
2 34 -45
5 37 41
8 148 144
11 14 -20
14 59 —-63
17 38 4l
20 105 111
23 0 13e
26 186-187
29 0 -4»
32 122 124
35 1) 8e
38 73 -710
41 0 -9»
HyK= By=2
L FOUB FCA
1 Q 9
4 151 151
7 53 53
10 161-164
13 21 =26
16 65 66
19 0 12
22 120-121
25 0 9
28 204 205
31 0 7=
34 117-117
37 20 20e
40 84 82
HyK= 8o~1
L FOB FCA
3 [+] 6
6 149-149
9 21 26

12 160 162
15 o -9
18 113-113
21 29 32
24 157 154
217 0 ~17¢
30 85 -79
33 19 23¢
36 85 84
39 0 =Se

Helle 8, O
L FOB FCA
2 126~127

11 0 -9
14 119-120
17 16 13e
20 15 81
23 25 19+
26 19 =72
29 0 -3
32 58 58
35 0 Te
38 96 -93

HeK= B, 1
L FUB FCA
I 22 -25.
4 207 213
T 42 36
10 155-159
13 0 -10»
16 102 102
19 24 -8e
22 113-123
25 18 12«
28 114 118
31 0 =4v
34 73 -15
37 0 12

WK= 8y 2
FOB FCA
94 91
16 -9
249-245
33 33«
137 143
30 -270
59 -49
21 18 22e
24 151 149
27 19 12
30 87 -81-
33 0 10

-
@VMNOOCWOrXI

HyK= 8¢ 3
L FOB FCA
2 56 ~-59
S 17 10«
8 129 129

HiK= 8¢ &
L FOB FCA:

0 90
4 100 103
7 26 260

11 0 Se
14 61 -66
17 0 -6»
20 60 57

HyK= B8y 7
L FDB FCA

12 198 195
15 0 ~b4»
18 109~-108
21 18 22«
24 110 106
217 ¢ ~0»
30 84 -86
33 20 13s
3 16 7TO

HoK= 9,-8
L FOB FCA
2 58 -63
5 27 30
8 155 154
11 16 21
14 163-165
17 17 8e
20 42 43
23 0 9as
26 87 -82
29 19 -lle
32 103 110
35 0 le

HyKz 9,-7
L FOB FCA
1 o -8
4 101 102

[} 7

10 112-112
0 5

28 139 137
31 0 6o
34 98-108
37 0 1le

HoKe Qo-6

L FOB FCA

3 15 ~t0

6 138-133

9 26 24

12 122 123

15 0 =5

18 153-}52

21 171 22e
24 126 126

27 0 -1l
30 103-100

33 0 lé6e
36 84 84
39 21 -6e

Hek= 9-5
L F0B FCA
2 258-256
5 33 28
8 70 67

1137 -42

35 0 14e
38 90 -91

Hok= 94-4

L FOB FCA

1 21 -7

4 161 158

T 1T

10 172-170

13 44 -38

16 214 214

19 23 19=
22 56 ~57
25 31 3le
28 113 108



31 Q ~17s
34 93 -97
37 21 2le
HeK= 9,-3
L FO8 FCA
3 21 -23
6 193-199
9 55 55
12 224 223
15 16 -26
18 105-106
21 29 32«
24 18 81
21 0 le
30 94~104
33 0 5a
36 58 58
39 0 ~10e
HoK= 9o-2
L FOB FCaA
2 99 -97
5 0 3
8 153 154
11 16 11
14 142-138
17 16 lé6»
20 150 145
23 0 3
r26 96 -98
29 0 lé6»
32 98 98
3% 0 2»
38 51 =51
HeKz 94-1
L FOB FCA
1 ] 3
4 153 155
7 0 0
10 118-115
13 0 -4s
16 200 199
19 38 36
22 167-165
25 0 -l=
28 117 119
31 0 =4
34 b4 -62
37 21 lé6s
HeK= 9, 0
L FOB FCA
0 136 136
3 16 21
6 176-174
9 16 las
12 105 100
15 17 ~16#
18 138-130
21 40 37
24 147 14)°
27 0 ~1l4s
30 81 -18
33 0 15=
36 13 17
HeK= 9, 1
L FOB FCA
2 122-125
5 [\] 8e
8 115 118
11 0 -2
14 17 19
17 18 16e
20 135 134
23 19 22+
26 101-105
29 o 4e
32 12 1M
HoK= 9, 2
L FO8 FCA
1 ] 6e
4 97 101
7 30 33s
10 96 -94
13 26 -20»
16 82 83
19 19 9
22 107-109
25 0 Te
286 89 88
31 0 -7
HoK= 9, 3
L FOB FCA'

0 164 165
3 0 -5«
6 14T-146
9 26 20«

12 92 90
15 19 -15e
18 93 -93
21 0 18+«
24 89 81
27 0 3e
HeK= 9, 4
L FOB FCA
2 118-122
5 19 Se
8 12 80
11 0 -0»
14 56 =56
17 Y 9
20 76 81
23 0 T
HeK= 94 5
L FOB FCA
1 0 Se
4 113 113
7 0 b
10 97 -95
13 0 2
16 59 66
19 ] 1]
HeKs 9y 6
L FOB FCA
0 62 68
3 0 11s
6 T2 -19
9 0 2%
HeK=10,10
L FOB FCA
2 81 -83
5 17 23
8 159 161
11 35 ~11is
14 72 -é68
17 37 35«
20 15 16
23 19 -3s
26 119-111
29 -6=
32 671 10
HeK=10,-9
L FOB FCA
1 0 -9+
& 62 63
T 24 27
10 196-194
13 25 -19+
16 151 149
19 18 lé4e
22 118-115
25 0 1e
28 114 117
31 0 ~10e
34 60 -56
HyK=10,4-8
L FOB FCA
3 16 12
6 73 -68
9 33 32e
12220 222
15 17 -13»
18 113-111
21 44 43
24 15 13
27 271 -20+
30 109-107
33 0 le
HeK=10,~-7
L FOB FCA
2 B8l -82
5 16 -13
8 124 122
11 16 8o
14 15 =75
17 0 1i»
20 81 87
23 18 8e
26 106-105
29 0 3e
32 105 103
35 ] 12
HoK=10,~6
‘L FOB FCA
1 0 -12
4 113 107
T 28 25
10 141-145
13 0 -2#
16 95 95
19 17 16e

22 143-140
25 18 <=5
28 118 120
31 0 -9
34 84 -83
37 0 11e

He®=104~5

L FOB FCA

3 o -1

6 195-194

9 32 25

12180 174

15 17 -13+
18 71 -7
21 18 21e
24 114 113
27 0 -5e
30 75 -76

33 29 21e
36 69 66

HeK=104-4
L FOB FCA
2 125-124
5 0 13
8 150 149
11 0 -2e
14 116~119
17 17 19+«
20 68 63
23 0 <11+
26 19 -718
29 0 5
32 15 78
35 0 12«

HeK=104-3
L FOB FCA
1 0 6
4 106 97
7 32 30
10 156-153
13 24 =26+
16 147 144

28 109 108
31 0 -1l6»
34 68 ~68

HyK=10,-2
L FOB FCA
3 0 2
6 88 ~79
9 29 36s
12 199 196
15 24 -12e
18 165-163
21 36 35e
24 101 99

27 21 -17e,

30 12 -72
33 o 9

HyK=10,~1

L FOB FCA

2 151-155

5 0 -2s
8 94 97

11 17 8e
14 108-116

17 18 —13s
20 116 112
23 19 15+
26 87 -79

.29 0 2

32 712 18

H,K=10, O
L FOB FCA

19 G 18+
22 96 -99

HeK=10y 1
L FOB FCA
0 92 88
3 0 2e
6 101-104
9 0 1lie
12 106 100
15 19 ~11=

18 76 =74
21 36 24
24 102 104
27 0 -9e
30, 90 -90

HeK=10, 2

L FOB FCA

2 135-129

5 0 16e
8 53 49

11 19 -2+«
14 64 -62

17 Q14
20 106 106

23 0 1#
26 55 ~66

HoK=10, 3
L FOB FCA
1 19 -8+
4 128 130
T 28 25+
10 48 -49

L FOB FCA

- HeK=104 5

L FOB FCA
2 13 -715
5 0 =2«
8 56 58

HyK=lly11
L FOB FCA

T 4% 42
10 126~123
13 19 -5e
16 84 83
19 20 0
22 86 -86
25 0 6
28 92 88

HeK=11,10

L FOB FCa

3 0 ~-5»
6 106-105

9 36 27«
12 183 176

15 0 3
18 103-102
21 o 9e
24 96 91
271 21 -T7e
30 90 -86

HyK=114~9
L FOB FCA
2 178 -15
5 17 12+
8 148 146
11 18 12+
14 112-115
17 19 -3+
20 78 79
23 0 3
26 87 -85
29 0 Te

HyK=11,-8
L FOB FCA
1L 24 20+
4 129 126
1 0 =~6¢
10 84 -78
13 Q 2.
16 116 113
19 37 39
22 133-136
25 0 ~l4»
28 108 109
31 ] 0

HeKall,=T7
L FOB FCA
30 14e
6 144=144
9 34 33e

-14c-

87 80
35 -~33e
70 -69
37 31
142 138

0 -10=
84 -87

[ 8s

HaK=11,-6

L
2
5

FOB FCA
106-105
17 17+
152 155
0 l4e
17 -26
18 10«
109 106
19 Te
101 ~94
¢ -l
65 71

HeK=11,-5

FO8 FCA
0 -13»
197 196
29 35e
137-132
17 1le
99 93
18 ~-1e
91-101
19 Be
69 63
0 =4
94 -91

HaK=11,-4

L

FOB FCA
0 le
134-131
24 19e
167 170
18 Se
85 -86
26 17+«
17 14
20 -17+
61 ~57
21 19»

HeK=11,y-3

FOB FCA
106 -98
24 23
156 156
18 9»
80 -85

HeyK=11,~2

L

FOB FCA
0 4w
152 153
0 2s
19 -83
0 T»
148 141
27 25+
134-132
o -2«
84 77
0 -0s

HeK=11,-1
L FOB FCa

18 18+
100 -97
18 leée
140 138
26 ~16%
97 ~-96
39 38e
85 83
21 =22+
56 -56

HsK=11y O

L

FOB FCA
61 -53
18 13
97 94
271 15e
85 -85
19 ~0e«
66 62

23 0 4e
26 59 -57
HoK=11y 1
L FOB FCA
1 27 -20e
4 81 81
7T 19 13
10 97-105
13 20 le
16 103 105
19 0 3e
22 69 -T4
25 0 10«
HaK=ll, 2
L FO8 FCA
0 94 101
3 0 =5
6 88 -94
9 ] 8e
12 97 99
15 20 14
18 72 -72
21 0 39
HyK=11,y 3
L FOB FCA
2 58 -64
5 0 19«
8 77 718
11 0 =3«
14 73 -7%
Hek=12412
L FOB FCA
0 -3s
6 102-104
9 ‘28 9e
12 81 8%
15 0 -1
18 58 -48
21 o 9e
HyK=12,411
L FOB FCA
2 68 -64
5 27 27«
8 92 -95
11 19 0s
14 71 -69
17 0 =3¢
20 61 S8
23 [ 5¢
HeK=12410
L FOB FCA
1 0 -2s
4 108 105
T 19 -le
w0 73 -70
13 19 14
16 118 113
19 0 12¢
22 89 -89
25 0 [
HyK=12,-9
L FOB FCA
3 0 1le
6 91 -88
9 32 27
12 104 103
15 27 -22+
18 95 -97
21 28 27e
24 70 69
27 0 -15¢
HeK=12,-8
L FOB FCaA
2 136-131
5 [} le
8 123 123
11 18 8e
14 81 -81
17 ] 3
20 51 57
23 20 =5e
26 65 -61
29 0 lae
HoK=12,-7
L FOB FCA
1 0 ls
4 175 173
T 18 12e
10 123~121
13 0 Qe
16 101 100
19 19 Te
22 104103

25 20 3e
28 115 114
HoK=124~6
L FOB FCA
3 18 9e
6 166-167
9 0 2=
12 100 98
15 - 0 Qe
18 138~-133
21 19 12+
24 127 123
27 20 -21=
30 51 -46
HyK=12,-5
L FDB FCA
2 8l -84
5 40 39
8 88 88
11 0 8e
14 94 -89
17 19 =2¢
20 120 118
23 20 17e
26 10 =76
29 0 -7«
HoK=12,-4
L FOB FCA
1 25 =25+«
4 91 99
7 31 2l
10 37 -37
13 0 9s
16 112 113
19 0 =4«
22 97-101
25 20 6+
28 102 110
HyK=12,-3
L FOB FCA
3 0 2+
6 95 -92
9 18 15
12 70 67
15 0 -B#
18 89 -93
21 20 17e
24 64 65
27 0 -8¢
HeK=12,~2
L FOB .FCA
2 133-134
5 19 3
8 109 108
11 19 13
14 51 -51
17 0 10=
20 60 60
23 20 -2
26 36 =36
HyK=124~1
L FDB FCA
1 [ 1»
4 111 112
7 0 1l0»
10 99 ~99
13 0 -5¢
16 87 94
19 0 12+«
22 55 -52
25" 0 2
HyK=12y O
L FOB FCA
0 98 102
3 o 3e
6 118-112
9 28 1le
12 96 97
15 0 ~ls=
18 15 -73
21 0 10
HoK=12, L
L FOB FCA
2 45 -4l
-5 20 25
8 115 120
11 0 -le
14 81 =82
17 (4 42
HyK=2120 2
L FOB FCA
1 0 -1l
4 55 63

7 0 10e
10 85 -85
HyK=13,13
L FOB FCaA
2 36 -35
5 29 .1lle
8 78 18
11 0 5%
HyK=13,12
L FOB FCaA
1 0 ~15«
4 49 50
7 0 6o
10 71 -76
13 0 4e
16 47 $3
HeK=13,11
L FOB FCA
3 20 13e
6 91 -88
9 0 3e
12 67 65
15 0 ~-le
18 62 ~67
21 0 17
HsK=13,10
L FOB FCaA
2 104-113
5 19 17
8 68 73
11 0 Le
14 49 =49
17 0 -5e
20 15 16
23 0 [-13
HyK=13,-9
L FDOB FCA
1 G -1e
4 111 112
7 19 15»
10 99 =97
13 20 ~17s
16 96 94
19 [+] Ts
22 15 -7117
25 0 12e
HyK=13,-8
L FOB FCA
3 o 4
6 98 -96
9 0 15
12 102 98
15 0 -4s=
18 106-100
21 20 14e
24 83 80
HyK=13,-7
L FOB FCA
2 53 -54
5 21 28s
8 103 105
11 [} 2s
14 101-108
17 0 -5e
20 103 100
23 0 Te
26 63 ~-67
HeK=13,-6
L FOB FCA
1 0 =5=
4 94 93
7 1% 1l=
10 93 -93
13 0 9
16 90 8%
19 20 =-8e
22 117-111
25 0 =4e
HeK=13,-5
L FOB FCA
3 1] 9e
6 65 -65
9 0 Ye
12 88 86
15 [ le
18 82 -8l
21 0 lée
24 78 718
HiK=13,-4
L FOB FCA
2 80 -87
5 19 25¢

64 65
0 ~1ls
68 -68

0 7e
61 59
2] 2¢

HeK=13,-3
L FOB FCA

0 -S»

4 100 102

34 260
8t -76

70 -74

HeK=13,~2
L FO8 FCA

3

] 3e
79 -81
20 20»
73 79

0 ~lé4e
91 -89

[+ 8¢

HyK=13,~1
L FOB FCA

2
5
8
11
14
17

15 -74
0 -2+
61 58
0 -l
15 -78
o 1e

HeK=13, O
L FOB FCA

1
4
7
10

0 -5e
69 71
21 15«
79 -86

HeK=14,12
L FOB FCA

2
5
8

51 -50
0 19
56 51

HeK=14011
L FOB FCA

1
4
T
10
13

0 =~6¢
82 83
0 10e
51 -55
0 4o

HyK=14,10
L FOB FCA

3
6
9
12
15

4 bn
86 -87
[} Te
80 179
0 -7

HeK=14,~9
L FOB FCA

2
5

- B

11
14
17

82 -19
20 13s
53 55
0 -8+
1T -12
0 8e

HyK=14,-8
L FOB FCA

20 =3«
68 82
20 22
92 -86
0 -10e
87 90
21 (12

HoK=1l4,4~7
L FOB FCA

21 lés

HoKzl4y-6
L FOB FCA

2

76 -T2
0 lée
871 84
0 4o
84 ~79

17 0 Te
20 BT 8l
HoK=l4y-5
L FOB FCA
1 0 -Te
4 69 60
7T G lae
10 78 -19
13 0 -0»
16 90 92
19 Qo -3
HyK=1bo~4
L FOB FCA
3 0 2s
& 78 -78
9 o 8s
12 105 109
15 0 =-2e
HeKz14,4-3
L OB FCA
2 71 -15
S 0 lae
8 55 58
11 0 -6
14 63 =61
HyKz144y-2
L FOB FCA
1 21 2e
4 86 89
7T 0 19+
10 56 -53
HeK=15,10
L FOB FCA
1 0 =-4e
4 51 o0
T 0 21
HyK=15,-9
L FOB FCA
3 0 ~4e
6 51 ~46
9 o 10e
Hek=15,-8
L FOB FCA
2 46 =47
5 [ 6o
8 47 54
11 0 ~10#
HyK=15,-7
L fOB FCA
1 0 -2¢
4 15 16
7 o 9e
10 70 -6
HeK=15,~6
L FOB FCA
3 [} ls
6 100 -99
9 0 -0=
HeK=15,-5
L FOB FCA
2 51 -60
5 o 8e
8 60 60
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. Table III. Atomic coordinates from least-squares refinement. Stahdard“  -
':{ deviations are o(x) = o(y) = 0.0005 for O and N, o(z) = 0.0001 for .

: ,‘Mg(2),‘0, and N, and o(z) = 0.00002 for Ce. -

Atom?‘ x I ¢ L_ Tz

¢t o .0 0.2L9%66

Mgl) o o . o ¢

| ffi_o(mll)v },' -0.0563 0.1202 0.3089

CoGm2) | o.Ml 0.3k 0.3185
o(m3)  0.1088 - 0.2l . 0.2712 -

 o(we) . 0.12%6 a2 0.1926

o(N2) - 0.350 0.0l 0.18ML

| ' ; 7”5"f_;T?~‘ 312 1 Q(N23)",'; 0.2650  0.1526 0.2310
. PR ',‘o(w1) 0.0128 0.1576 0.03k9
. omw2) 0.1607 0.0173 0.3938 |
to(w3) - 0.1567 _> 0.15L8 o.u609‘ '

I : o ogw) ~ . 0.1669 . 0.2282 . 0,10k

3 SN 0.0316 & 0.2450 0.3002 |
; N2 o.2k9s  0.2136 . 0.2023.

Hawe) , "" 0.055L - 0.1962 - 0.052k
..x(2w1)" - =0.0065 “10.2062 - 0.0278

CH@W2)  0.761 . 0.0800 © 0.3813
- ;H(zwzj,' 0.6k9 © -0.0535 N L 0.3976
H(1W3) | o;23371.: Co0a9m1 *9.&556"
H(2W3) 0.1118 0.187h 0.473L
H(1WL) ©0.2131 0.1871 ~0.111L

H(2ls) 0.1171 0.2006 0.1237

atom O(Nij) is bonded to N(i); H(iWj) is bonded to O(Wj).
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. Table IV. Anisotropic thermal parameters (each X 105).

:N(Z)

Atom Pn B B3 P B13 Ba3
Ce b33 (W33»® 28 (a7 ©) (0)
Mg(1) 600 . (600) L (300) B (0) ()
Mg(2) - S8z (%82) 31 (291) () . (0)
o(mi) 582 620 w16 3 7
o(N12) 1012 672 67 L57 20 -85
o(M13) 631 L% 51 226 s 5
o(N21) 502 1027 50 | 337 13 65
o(w2) 725 110k 187 37 130
on23) 623 889 k2 Lo8 27 73
o6m) 1112 e sL 5% S
L o(w2) g7k T2 51 L9 L2 W
om3) - 8ul 82l 63 325 -26  -100
o(W:) 1103 137 .61 133 -1 -3
N1 b7k - 618 32 290 25 -7
L2 568 W 168 23 3

afParentheses indicate parameters which are subject to constraints.
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Isotropic thermal parameters of hydrogen atoms.
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Table VI.x Ce—0 dlotances. A

Dlstance,aiﬁ”ff:;“ Dlstance,b ﬁf;';.x
(uncorrected) : _(corrected)_,aﬂyi'”

¥?2;616éf5f§f f*1£f:  
.Jf}z;éééE 1;;;

§ | ——

e

oGy

ek

Cte—0(N3) o 2.616

CCe—0(N21)

f; Standard dev1atlons are O OOS A

CabCorrected for thermal motlon w1th assumptlon_thatf“
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' | - Table VII. Bond distances in nitrate ions.
~ Atoms | | e _Distance;avﬁ | 2 Dist.ance,b )
* (uncorrected) (corrected)
N(1)=0(N11) o 1.259 . 1.270
N(1)—o(M12) 1,220 o 1,242
N(1)—0(N13) - 1,268 12T
N(2)=o0(N21) . . 1,262 . 1.273
N(2)—0(N22) 1228 L1281
N(2)—O0(N23) 1.257 | 1.268 .
: : —_— ' —_ : s
: Ave. 1,28 S 1.263 RS
. / , . )
®Standard deviations are 0.008 i. - - o
bCorrected for thermal motion with assumptiion that O rides ‘
- on N.
Table VIII. Mg—O0 distances.
Atoms , ‘ Distance,® A ' ” Distance;b A
(uncorrected) (corrected) \
C oMg(U)=—o(W) 2.058 S 2,067
! Mg(2)—0(W2) . 2.0% 2,061
: Mg(2)—0(¥3)  2.088 . 2.070 |
il © Ave. N 2,057 2.066
2standard deviations are 0.005 A.

derrected-for thermal motion with assumption that O rides.

on Mg. . R o
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Table IX. Hydrogen-bond distances.

>

Ave.

Atoms 0—0 distance,® i
_‘ 0 (WL)—H{(1W1)—0 (W) 2.82
0 (W1)—H(2w1)—~0(N12) 2.98
0(W2)—H(1w2)—0(N11) 2.96
O(W2)—H(2W2)—~0(N13) 2.718
0(W3)—H(2W3)—o0 (W) 2.81
O (W) =—H(1wk )—0(N23) 2.88
2.87

BN

"Table X. Some

bond angles.

' ' 35tandard deviations are léss than 0.01 A.

 0(N23)—0(is)—0(3)

AL - A e G

Atoms Angle
 0(Wly)—0 (W2 )—0 (112) 121°
| 0(ML1) =0 (W2)—0 (N13) 98°
0 (3l ) =0 (W1 ) — Mg (1) 121°
0 (N12) =0 (WL)—Mg (1) 108°
o(N11>4-o(w2)?~Mg(2) 125°
O (NL3 ) —0 (W2 )—Mg (2) 112
‘O(Wh)--O(WB)_"Mg(Z) o .1zo°<
~0(N23)~—0 (W) —0(wWL) - 114° o
A

. UCRL~10903
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_ _ A (Figure captions) _
| ;'Fig,.i. Crystal’ structure of Ce IivB(NO )12.2hH 0. 'Atons of Ce |
r. gnd‘Mg:which lie in'a section parallel with ¢ and Ello}‘are shown,
\togethér with the nitrate ioﬁs”and.water molecﬁles near thié‘sectiog.éjfi
 *;'mxamples are ‘shown of each klPd of hydrogen atom and bond. o o
Fig.’ 2. The magnesium enylronment of the Ce atom. Distances éreﬁf;j?‘
?,in-ﬁ; | | o
v; Fig# 3.. The coordination of the Ce atom by niiféte iqns,'Viewed'&.f“
"_;along the 3-fola axis. Alternate nitrate ions are above and béiow £53;  3
.Ceygtom,. - .
: Fig-'h.' The cerium environment of the.Mg(l).atom.(at Oriéin);llh |
Distances are in K.ﬁ | 7

. Fig. 5. The cerium environment of a pair of Mg(2) atoms. Distancés'

P

‘ I‘:Lg. 6. Environment of fourth water molecule show1ng proxlnlty
1 i; of H(ZWh) to two oxygen atoms. Distances (in i) are those calculated‘

‘7’fro@;the~C°°len3tes of H atoms found by least squares;,
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This report was prepared as an account of Government

sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

’

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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