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ABSTRACT
At low temperatures ammonia forms two stable hydrates

NH3.H20 and 2Nﬁ3.H20, ammonium hydroxide and ammonium oxide
respectively. The lattice constants of the hydroxide and the
crystal structure of the bxide have been determined at -100°C.
The structure of ammonium oxide contains planar chains of
alternatiné ammonig and water molecules bonded by hydrogen bonds
of the 0-H--N and N-H--O type. The chains:are cross linked into
a threevdimensional lattice by hydrogen bonds of the latter type.
The open Spacés in the lattiée coptain the remaining ammonia

molecules each having a single hydrogen bond to the molecular

lattice.
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, Department of Chemistry »
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INTRODUCTiON.

The system ammonia-water haslbéenuinvestigated by ﬁany workers,
Rupert (1909), (1910);.Smi£s and Postma (1911), Postma (1920),
Elliott (1924), Giauque and Hildenbrand (1953). All results
 indicate that the'system has two Stable-hydrates NHB;HZO and
2NH30H20, which will be referred to as ammonium hydroxide and
amﬁénium;qxide respectively. The crystal structure of neither of
"the two hydrates has been reported. The values mentioned for the
melting points vary for the different investigators. Giauque and
Hildenbrand'(1953).reportv194015°K for the hydroxide and 194.32°K
for the oxide.

The"crystal-structure”of the oxide'and'the'lattice constants
of theihydroxide have~been determined by X-ray diffraction”énd_the
" results are described below; Giaugque and Hildenbrand (1953) have.
‘found " that the.OXide hés a transition region at aboutv50+55oKox.As
our determinationvwas made at about =100°C our results pertain to

. the high temperature form only. °

Preparation‘of thé samples.,

The réquired amoﬁnﬁs of ammonia gnd wéter‘vapor were measured
out in a gas burette and condensed iﬁ a thin-walled Pyrex glass
capillary witﬁ liquidlnitfoéeq.  Egch gapillary had a smé11 bﬁlb
blown af the eﬁd ﬁo permit the use of a sizeable.sample; In’order
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to have the ‘liquid of the de31red comp031t10n, an eilowance was made
for ‘the fact that the vapor has a hlgher ‘ammonia content than the
liquid, After being filled, the caplllary was’ sealed off and used
as the X-ray diffraction sample.

- The ammonia was prepared from ammonlum chlorlde CoPo accordlng
to the method of Overstreet and Glauque (1937) The water was

' distilled twice.

Apparetus°

The following Roentgenphotographs were taken:. Debye-Scherrer,
oscillation, and equi-inclination Weissenberg. - The sample was
mounted vertioally in the Debye-Scherrer and oscillation cemeras.
and horizontally in the‘Weissenberg caﬁerau It pas,cooled with a
stream of cold nitrogen gas produced by electrical heating of . |
liquid nitrogen in a small Dewar. This Dewar was equipped. with
an automatic refilling mechanism governed by a float. In this
way, a picture series extending over several days was possible,
The quantity of .cooling gas and the size-of the duot were so chosen

that frosting over was not troublesome;

The diameter of the Debye~Scherrer:camera was 180 mm, and those-h o

of the oseillation and Weissenberg cameras. were 57°3vmm,,3

The preliminary investigations aod the_measurement¢ofathe ,
lattice constants were made with the Debye—Scherrer camera .

The structure factors were determined with the oscillatlon and
the Welssenberg photographs of single crystalso | |

The Welssenberg camera was modlfled for our purpose by u81ng

a f£ilm holder hav1ng only the lower half of the fllm so that the
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‘cooling was éot interrupted between exposizreso All.photographs were

taken with‘CpK;gxpgdiationv(fkps ;@54182}9V

Preliminary investigations. -

Samples were prepared with %idélyivarying concenﬁrations and
powder_photographg'takénbthéreof; Starting with pure ammonia
increasing amounts of water were added. Besides the lines of
amménia,:énéther'Set'éppeéfeé'wﬁich‘ﬁééAattributed to the émmonium
qxide;-‘Tﬁié set could be ihdeiéd as tetragonal with lattice

B

constantss

b= 8641‘$;0003K and

8

75033 0,028 at =95%'% “10%,

&

Increasing water concentratlon gave a thlrd set attrlbuted
to the ammonium hydrox1de° ThlS set could be 1ndexed as hexagonal

with 1attice constants:

', L 2
b = 11.21 * 0.05A and

i
0

4053 iooozgy at=950 : lOOC°

fo.
B

We were not ablé to get a ﬁlcture of ﬂhe conélu31vé corﬁerstone,,
ice and hydroxlde together, as the llquld supercooled and could
not be brought to crystallization,

The following table of compoéitions‘and SetS‘of'lines observed’

strongly supports our interpretations =



b

. Table 1

ﬁblé'fréétion of'ammonia ' - Sets of lines.Qbservéd in powder

in sample o © piecture - o e LI
1,00 - Ammonia
0.80 Ammonia, ammonium oxide
0,70 | ’ hAmmonia,rammonium oxide -
0.62 ' ~ Ammonium oxide, ammonium hydroxide
O.59v | .7 ~ Ammonium oxide, ammonium hydroxide
0.54 | Ammoniuﬁ oxide, ammonium hydroxide
0.52 . Apmonium hydroxide

- The ratios between the intensities of the lines in any one set
stayed the same, when the cohceﬁtration of ammohia was varied. In
no case weré lines @bserved‘not éftributablé to any of the three sets.

The growing of a single crystal of ammoniwm oxide:in the
capillary was extremely difficult when the mole fraction of ammonia
in the liquid was incorrect by only 0.02. This is a strong
indicationlthat the oxidé does not form sblid solutions with either
ammonia or ammonium hydroxide. A more accurate proof b;sed on:
thermal measurements will be given by Gisuque and Hildenbrand (1953)

elsewhere.

Determination of structure factorso

The single crystal required for the oscillation aﬁd Weissenberg
photographs was grown in a‘capillafy mounted in the camera by slow
1owering'of the temperature. From a set of nuclei in the coldest

end of the capillary, the one which has its ¢-axis parallel to the
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-axis of the eaplllary very soon grows ahead of the otherso As ‘the .
eaplllary is placed along the ax1s of the cyllndrical fllm a great
number of reflectlons are excluded from obser‘vatlon° Lack of tlme,v
however, dld not allow us to 1nvest1gate the posslbillty of obtain= '
1ng other orlentatlons of the crystal eega; w1th bent caplllarles“
and growing aronnd the corner. h - - -

The inten31t1es of the reflectlons were measured by v1sual
comparlson w1th known exposure scales° The 1nten51t1es of the
zero, flrst and second layer Weissenberg photographs were correlated
with each other with the help of the osclllatlon photographso ‘The
comparison with third andnfourth layers was made with the help of'
calculated structure factors. o o | o

The measured intensities were correeted‘with‘the Lorente and
polarization factors. The values for the Lorentz factor for the |

hlgher order. layers were those glven by Go Tunnell (1939) The ,

complete formula used was:

I IObSa X gin 26

corrected : : ,
l+c0326 " 8inb
where/Aw is the angle between the reflecting crystal plane and the'i.ﬁ

axis of rotatlono

The choice of space group.

- The volume of the unit cell is 377§%m ‘Rough measurements show
that the‘density of liquid ammonium oxide around the melting point
is a little over 0.8 g/bm3 and 'that\the;:solidfhasa'-h-ig'he_rvalueo If |
ﬁe assume ﬁour;molecules of ammonium . oxide per unit:.cell, the-solid-

has a density.of 0.916 g/6m3Q -This is aceeptables ::
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| Langseth (1932) has observed in the Raman spectrum of aqueous

solutlons of ammonia the rotatlonal bands of ammonia.. It is also
known that the degree of 1onization of aqueous ammonia solutions is
_ very small, It is thus very probable that the ammonia and water in
ammondi um oxidé are present as such'indJnot as ammbnium ion and
hydroxyl or even oxygen'ion. This means that thé unit cell of
ammonium oxide éontains-four'water molecules aﬁd eight’ammonia
molecules. B o

The observed structure factor magnitudes obeyed the follow-
ing relat;ops:.  o .. |
1) F(ukd) = P(Eke) = F(kkg) = F(RkZ)

2) F(hk() # F(khl) in general

fl

3) F(k0®) = O for h+ £ odd
4) F(OKf) =0 for k odd
5) E(QQI) =0 fqr,( odd (from Debyé-Scherrer pictures).

The crystal thué-is not tetragonal as its powder indexing
suggested, but orthorhombic with two axe$ equal within experimental
error. | _ , |

,The space groups'D%g - gpgg'and Cgv - Pbn satisfy the relations
betweéen the structure factors mentioned above. The eightfold '
positions in Pbnm are{

4) % ¥, 2 1/2-% 1/2+3,2 5% 2 Y2+% 12-3% 5
x, ¥ 12 - Z5 1/2 - g, 1/2 + 3y, 1/2 - z; %, x, 1/2 + z;
1/2 + X 1/2 - 3, 1/2 + Z.

'They require that two ammonia molecules be situated on top of

each other in the direction of the c-axis = 5.33A, while leaving
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great open spaces elsewhere in tne‘unlt cellgv
The special four fold p081tlons,' | ‘
a) 0, o 05 0, o 1/2, 1/2 1/2 o, 1/2 1/2 1/2._ _
b) _1/2_,_0,, o; 1/2 o 1/2, Q,_l_/z,_ 0; o 1/2 1/2 |
are not possible for the.same TEeason. o A: |
The general‘fouf.fold positions, _ S A
c) x, ¥ 1/4, X, Xy 3/hs 1/2 + %, l»/2_=». hig 3/43
| 1/2-x, 1/2 +x, 1/4, S
require that F(hk}) = F(hk, ,Z + 2) except for the dependence of
® on the atomic form factoro
Table 4 of observed 1ntens1ties shows that thls 1s.mery

nearly the oase, and for this reason anm is chosen as the space

group for the heavy atoms, oxygen and nltrogen. The reasons for

ch0051ng the symmetry of the hydrogens will be glven latero

Determination of the nitrogen and oxygen positions.

Approximate x and y parameters-forfthe-heavy%atOms'were*
obtained from a Patterson vector diagramsusing-the hkOareflectionS¢"
| Further refinements mefe made by trial andfefroro For these and
all following calculations of structure factors, molecular f-curves
were used based on the atomic f-values from Internationale Tabellen
(1935) and -on the assumption that the moleculés were rotating with
spherical symmetry. ThiS»prooedure‘is'alsofused?for Table 4, the
.final summary of observed and calculated structure’ factors.

When three four fold sets of positions are chosen, there are
three possibilities as toxwhich-will>5e assigned to oxygen. The’

final choice is based on the bond geometry and the arguments that -
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»0~H=~N bonds are shorter than N-H--0 bonds and that both are more
likely in the structure than N-H—N bonds, |

For a given set of x and X parameters there are only four
1ndependent ways 1n which zuvalues can be as51gned as either z = O 25
or g = 0.75. Consideration of the h.k,(-reflections with /Q odd showed
. only one way to be acceptable. |

| Using the observed_structure factors, a Fourier ;efinement was

made of the trial stnucfure at z =‘0.25. The'resultingvelectron
density map is shown in Figure 1, The calculated contributions of :
F(OQO) (= 120) and F(OQf) (not observed) were 1ncluded in the
calculation of this map. The p031tions of the heavy atoms were
found by graphical 1nterpolation.‘ The electron density is the highest.
at x = 0. 097, Yy = 0. 261 the p081tion assigned to oxygen. The density
~ ‘there is ll% higher than at X = 00411, x —~0 131 and 29% higher than
.atx—0847,x-0039. ' | |

A backshift correction was applied to the atomic coordinates
,calculaﬁed from_the electron density*section.. The calculated‘
structure»factors.used in this correction were multiplied by an
empirical temperature factor of the form _

A exp (-B Sinze/lz), _
_ " where B = 2,3 x 10“16 cm2

A comparison~cf.Fobé with.Fcalc~for the reflections at small
O shows the effecf,of ahsorption by the sample and\the glass
capillary, but no.correcfion for this error was attempted.

Table 2 gives the values_ofithe atomicvcoordinatesz, Table 3
and Figure,3-show thefdistances between .the afoms and the angles

- between the lines connecting them. Table 4 .gives the observed and
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calculated structure factors. The latter ones are multiplied by
the temperature factor given above.
The reliability factor, -

R =5:gﬁ‘Fob;>{ = i'Fcalcil bj
, | | leobs.' S _' \
calculated from Table 4 for the different layers is: 0.19; 0.19;

0.19; 0,13 and 0,19 for the zero, first, second, third and fourth

la&er reflections respectively, using only the observed reflections.

DPescription of the structure.

Figure 2 gives the interpretation of the electron density map
in Figure 1, The bulges in the ievel 1/2 3/23 around the O and one
of the two around the NI gtom’are considered tp be hydrpgen atomé°

'We have no explanation for theAsecond bulgeo Thus we assume the
water molecules to be completely situated in the mirror planes at ‘
g‘= 0.25 and 2z = 0075’Qith their hydfogens-close to the lines
directed_ﬁo_the nearest Ny and NII atpmé ip the same planqso

The»distances given ip»Table 3 fall into two groups: smaller
than 3°25ﬂ and larger than 3063° The former are considered to bé
bonded, the latter non-bonded. The bonded distances are bétween
nitrogen and oxygen atoms. The nitrogen-nitrogen and oXygenaoxygen _
distances are'éll iarger than 30630 The.oply pohd possiblé‘between>
nitrogen and oxygen, or mofe accuﬁatelyAammonia.and water, is a
hydrogen bqnd of either the.QfﬁffN or N-H-=0 type.

The fqur_néighbors of a Ny atom, all oxygens, are hearly tetra-
hedrally situated around it as the_ﬁaple of boﬁd angles shows. Two

- o [s) 0
are at a distance of 3.22A, one at 3.13A and one at 2.84A, The
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lgpterrhas_ips hydrogen pointed towards the nit?oggn’and it isvassgped-
'tpat this bond is of the OmHamﬁﬂtype and that the'ot?er three are of -
the»N=H==0‘typeo Of the three hydrogens on ;he.ammqpig:one is
situated in the same mirror plane as the nitrégen atom, the ofhers
are presumed to be along sjmme%ricéi bénds directed to the next
planes above and below. Thus the thfee N-H--0 bonds are not equivalent
and the one in the plane can be considered as stroﬁger:having the
shorter distance. |

The nearly tetrahedral arrangement iﬁ the ammonia molecule of
-the three hydrogens and the free electron pair (in our case thought
to be’albﬁg theAQ;HuéN bond) is ﬁot'much different frém'the-situatibn
in gaseous ammonia, Herzberg (1949)°

The'oxygen atoms have five nqighbérs, all nitrégens, two at a
distance of'3°22g, one at 30132, one at 20852 and one at 2084Xo' The
latter two are considered to be O-H--N bonds,.the others NeH-mO:bonds}_\
The gngle between the O—H—-N bonds ié lléo,lwhiéh is higher than the
bond angle in water, but still apcéptableo It is possible that this
angléiis smaller in the lowitemperature forn; as the observations of
Giauque and Hildenbrand (1953) in&iéate that the structure changes
in passiﬁg'tﬁé.iransition fegion;. - | | N

The two free electron pairs of the water are supposedly shared
by,th}ée N-H--0 bonds. A similar arrangement has been obsefved.in f
urea by Wyékoff and Corey (1934). -

The ammonia molecules at'thé NIi pdsitioné'héve"eleven neigh-
bors, ten of which are at distances of 3.7% or more, the eleventh,
an.O;étom at 2,858, As.mentioned'abo#é, fhis and'is}sﬁppOSéd to

be of the O-H—N type.



- The shape of the heat capacity curve observed by G1auque and
Hildenbrand (1953) suggests that at the transztlon reglon rotation
sets 1n° The ammonla molecules at the NII form only one bond and
thus do not form part of a molecular lattlce like the ones at the
Ny positions and llke the water moleculeso The most plaus1ble ;
1nferenoe is that the ammonia molecules at the NII positions rotateo
This agrees w1th the fact that the electron density at NII 1s about
20% lover than at Ny. '

The data are 1nadequate to show the exact positlons of the
hydrogens in the mlrror planes or approximately the p081t10ns of
those outs1de these planeso | p

In the proposed structure the hydrogens of NI are 51tuated
symmetrloally with respect to. the mirror planes and there is no
argument agalnst the same assumption for the average p051tlon of
. the hydrogens of NIIo The water molecules are completely in the
~planes at z = b°25 05"0,750 The.space group for the hydrogens is
assumed to be the same as for the heavy atoms Pbnom.

The structure thus caen be best described. as oohsisting of
planar chains of alternating hydrogen.bonded ammonia and water -
molecules, cross linked into a three dimensional lattice by .
hydrogen bonds with rotating ammonia molecules in the open spaces

‘ of the lattice.

Accuracy of the results.
The limits of error in the lattice constants are estimated from
the width of the observed lines in the Debye-Scherrer exposures. The

x and y paremeters of the heavy atoms were measured independently
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from oscillation and from Weissenberg photographs. The final set of

coordinates is the result of'the'Weissenberg Series, since this

series included over tw1ce as’ many reflections,' Thefaécnracylin‘the"‘f"

X and y° parameters is estimated from the differences between the two
results. The highest correction required by the backshift was O 003. |
Tt is clear that the mathematical accuracy in the z=coordinates 1
is less, as we have observed only four layere in the reciprocal
lattice. We feel certain, however, that the heavy atoms are situated
in the mirror planes for the follow1ng reasons: Fourler reflnements
of the gz parameter by means of data from both the oscillation
pictures and the Weissenberg pictures converge to z = O 25 and 0.75,
the final’ reliability factors are not bigger for the higher layers,
the bond geometry makes it improbable that a heavy atom is outside a
mirror plane°» It is for theee reasons that we have omitted the |
limits of error in the z—coordinates, and chosen anm as the space‘”
group. | | | ‘ |

~
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Teble 2. -

'Coordinates of the heavy atoms from'electrén.dgnsitz map in F%gpre 1,
$.{.[ R zvv.}. ;Zv.l fﬁ*;fzég&i;m éfﬁ‘ o &v

N o odu 0 oal ' 0.25
NII » B 00847 ' 00039 ) .. ' 0025
0 0,097 026l 0425

Coordinates after application of backshift correction to x and y
values, indicating estimated accuracy.

N 0.411 * 0.005 0.131 £ 0.005 0.25
Ny . 0.845 £ 0,005 0,037 0,005 -  0.25
O C . 0.100 i 00005 00261 : 00005 . 0025




Distances between heavy atoms.
_ The‘positions afe.indicated by the g,.x'andfg coordipéteé.-
between parentheses. The bonded distances are marked by the . -
‘letters a to h. The foiioﬁing'equélities are a result of the

symmetry of the_crystaisw a-$ f,.b =¢, ¢c=4d, g = ho_

‘ o Distance
From " To o in 8
a Ny (0.411; b.131; 0;250) 0  (0,100; 0.261; 0.250) 2,84
b | 0 {0.400; u092395i.00250) 3.13
c ' .0 (0.600; ('),,2‘39;_“ 0.750)  3.22
d 0 (0.6003 0,239; <0,250)  3.22
o N (0.589; =0.131; 0.750)  3.77
e 0 (0.600; 0.239; 0.750) Ny (0.589; -0.131; 0.750)  3.13
£ o - Ny (0.911; 0.369; 0.750)  2.84
g L o Nig (0.345; - 0:463;.. 0.750) = 2.85 -

N17(0.655; 0.537; 0,250) Ny (0.345; 0.463; 0.750)  3.78
| 0 (0.600; 0.239; 0.750)  3.69

Ny (0.911; 0.369; 0.750)  3.71

0 (0.900; 0.,739; 0.750)  3.77

Ny (0.589; 0.869; 0.750) ~ 3.90

h 0 (0.400; 0,761; 0,250)  2.85
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Table 3 (Cont'd)
- Bond angles = | " o
ApgleﬂabbinQiQates-the'angleqbetweenftheaponds a and beriox

Compare Figure 3.

Angle | Value iﬁ °
ab 11
ac = ad , 110 : .
' ‘ _ - tetrahedral arrange-
‘be=bd - 107 ment around Ny - '
o C112 |
ce = 73
cf - 125
g 80
,efi | 114

fg- © 116 ~ H-0-H bond angle.




Observed end calewlsted structurs factors.
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Teble 4

40 49

hkl ~ Fobs B “Feale - hkﬁ, 'ngks‘ | Fca.l‘c' '
200 6.6 7.1 530 S b2
@0 43 5.0 350 .2 -1.5
210 4.0 =32 600 7.5 6.2
120 2.9 A1 060 5.5 -3.7
220 9 ‘,-9.5 610 2.3 1.7
30 9.8 -10.2 160 7.0 7l
0 1m0 15.2 620 8.3 8.3
320 95 a3 260 YA
20 165 206 540 25 234
w0 161 -152 450 8.6 -8.5
040 61 7.1 630 5.3  -3.9
a0 33 3.8 360 66 6.5
140 5.6 4ob 710 5,0 5.0
330 "_‘ 7.9 7.2 170 2.6 -l
20 40 3. 550 24 o0a
240 4.0 ':T 1.1 640 Lo 1.6
3o % 5.3 460 33 2.2
340 .0 0.1 720 33 2.6
510 7.0 5.1 270 504 5.1
150 3 1.7 730 2.5 -0.1
520 5.0 b 370 25 03
250 74 5.9 650 33 1.
| 3.8 560 33 3.4
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_ Table 4 (Cont'd) .

Observed and calculated structure factors

Y

0.5_ . 1 o 490 <2’2 : 104

800 <5
080 . 5.5 46 . 70 <@l 3.
810 @u 2.0 10,00 <. : 2.2
180 @4 06 | 0,10,0 o 2.5 :j -3.8
740 20 17 860  @.0 0.4
G0 - <@ . -1 680 ',f;, 2.8 4.0
820 . <@ -0 10,1,0 .9 0.6
280 2.4 2.5 | 1,10,0 'N  a.9 AAo.?
660 3.0 2.0 10,2,07'»"A2.3 :»-3.2,
830 34 26 2,10,0 <47 0.3
% 24 17 9%0 A6 07
250 @ 03 . %0 17 16
570 <R 06 | | o

840 . @4 - 12 101 'jf?l 3.9 =47
480 ) | 40 =245 | . m 3.6 =62
910 - @uh 24 21 13k -15.1
190 0 340  ”. 2.4 :‘_ o 160 169
920 . . @4 27 2L 13.5 ’: A‘15°3
200 . @4 16 220 3.3 -l9
850 . 42 . 61 30 185 16,9
580 . @3 24 s 62 3.8
BO . .3 Q;. -0 131 i“' 0.6 9.3
390 @3 . 1.6 31 - 107 _'x 110.5
940 @2 12 21 aa -



Observed and calculated S'_tructure factors._.

__ Table 4 {Cont'd) .

F

hk &

hkl F;bs - calc Fobs. .Fcal’c.
041 5.3 6.5 631 2.6 ~0.2
411 <1.9 -0.5 361 3.9 408
141 2.5 - 1.3 701 6.9 6.7
331 <1.9 - 1.5 711 T 1.1
421 50b 5.2 171 2.7 0.2
241 3.3 1.9 551 657 503
501 . 8.0 649 641 3.1 ~1.7
431 6.9 =60 461 2.7 = =0.8
341 2.7 =0.7 721 @7 | 2.1
511 2.5 2.9 271 2.7 | 0.3
151 9.7 -10.4 731 3.9 b
521 3.8 ~3.1 371 2.7 -2.1
251 <XR.3 1.3 651 2.7 0,7
441 4o2 304 561 2.7 004
531 8.1 7.3 081 4eO kb
351 5.3 408 811 "<207 _ 0.6
. 061 3.1 1.9 181 4O =34
611 3.7 -2.0 741 .7 1ok
161 3.7- 2.3 471 Q.7 - 1.0
621 2,9 1.3 821 2.7 0.6
261 34 3.1 281 LT 0
541 Q.6 0.8 661 3.9 5.0
451 2.9 -1.1 831 349, 3.7



Observed

2y

Table 4 (Cont'd)

and calculated structure factors. -

hk £

Fobs -

: Fcalc:jv”

o

F

: obS'r*:i calc Sornl

381 50,2 - =4e3 402 o lhed - 11G7
751 2.6 0.5 042 48 5.6
571 2.6 ~lo4 L2 2.8 2.8
841 Q.5  -0.3 142 35 . 3.4
481 .5 2.8 332 602 563
901 4e3 5.0 422 3.0 2.3
911 Q. 0.7 242 3.0 0.8
191 Q4 =09 432 45 -ha2
921 2.3 0.6 342 2.5 ~0.1
201 <.3 0.9 512 57 b9
851 2.2 0.9 152 3.3 -1.6
581‘ 2.2 -0.1 522 40 bed
931 3400 27 252 5.3 5.6

' L2 3.6 3.6
202 4e3 5.1 532 4e3 - 4O
022 2.7 bk 352 2.8 1.2
212 3.6 3.0 602 5.1 5.9
122 2.0 0.5 062 3.9 3.5
222 6.1 7.0 612 @9 -l.5
312 6.0 6.8 162 5.1 6.9
132 6.9 -10.1 | 622 6.9 8.0
322 6.5 5.1 262 2.9 13
232 13.5  =15.1 542 2.9 2.8
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- Table 4 (Cont'd)

Observed and calculated structure factors.. =

ek Fobs Foale . -k Fobs

4—52 T 606‘\ 703A ) 832 <207 203

632 . 49 3.4 382 k7 1.4
362 5.1 5T 752 a7 =043

L7124 kb 12 @ ~0.6
172 3.0 1.1 82 @5  -L0
552 3.0 0 482 3.2 2.6
642 .0 -ls5 . 912 . <R 2.0
462 3.0 -1.8 192 <4 2.0
722 3.8 2.3 | 922 2.4 2.2
272 heh -hdd 292 @4 -1.3
732 3.0 01 852 . 3.7  =5.1
372 3.0 =03 582 . <«@.2 2.0
652 3.0 . =09 932 R 0.4
562 . <3.0 -3.1 392 d . -l
802 2.9 -0.1 942 <49 i -1,0
082 | b3 =39 42 9. ALl
8l2 . @9  -l6 72 . A9, =245

182 2.9 =06 | 10,0,2  <l.8, 1.8
742 .9 ~lod 0,10,2 A8 3.1
412 @9 . 1.0 862 A8 04
822 @9 0.3 N 682 . 2.5 - 3.2
282 @9 @ =21

662 . @8 1.8



Observed and calculated ‘structure factors. -

26~

~ Table 4 (Comt'd)

X7

L6

E%z'[“: 'FObef:'-Fcalcn f;‘ ‘hk<€f*:f* oﬁg«'(;;Fcalc“'y‘
113 37 4O 443 3.1 2.3
023 7.6 7.6 533 6.2 5.6
213 8.8 9.0 353 5.0 -3.8
123 7.3 7.5 063 3.1 ~1.5
223 <1.9 1.0 613 345 1.6
303 102 10,2 163 3.2 =1.7
313 2.5 ~2.4 623 .8 ~1,.1
133 6.7 -6.0 263 <8 - 2.4
323 6.9 6.8 543 <2.8 (WA
1233 2.2 1.1 453 <.8 0.7
043 4ol el 633 2.8 - 0.1
413 2.3 0.3 363 3.2 3.5
143 <2.3 -1.0 703 6.0 449
333 _<2,4'-’ -1.0 713 2.8 -0
423 o5 -3.1 173 - <.8 0o
243 25 0.9 553 5.0 3.8
503 - 5.0 5.0 643 <.8 1o4
433 42 43 463 2.8 0.6
343 <6 o.gi - 723 27 14
‘513 . .6 -1.8 273 <7 ~0.3
153 6.7 7.2 733 3.3 3.2
523 3.6 244 373 Q.7 1.5
253 -0.9 653 0.5



-
. Table 4 (Cont'd) - -

Observed and calculated ist;_;ugttiz;e, quctorfeg 0 e

hk,Q | Fobs . - Fcale_f”f‘ hk’e Fob'si'

563 - -';2,6;-», 04
083 2,8 . 3.2 |
813 @5 . 0k 204 - - 3.l 2.6
183 3.0: 2 N o4 2;;, =205
LAY .5 ~1.0 214 . 4.9 -l
473 .5 ~0,7 R4 2.2 . =003
873 2.4 04 224 3.7 =3.6
283 P> VA | 0 3 349 ~3.8
663 33 3.6 ' 134 . 5.0. - 5.6
833 2.5 -2.6 320 40 3.0
383 3.1 3.0 234 B84 8.5
753 2.2 0ok '404‘ 91 6.9
573 2.2 . 1.0 04 . 3.0 . 3.2
843 - .0 02 - 4L @ -6
483 <20 -1.8 . U4 2.5 . 1.8
903 2.6 ~3.2 C 334 - 51 3.4
913 . <9 0 424  es - 1.2
193 - .9 - 0.5 | 244 RSB =07
923 4.8 0.h 434 - 3.8 o 2.6
293 <1.8 ~0.6 344 - 6 . 0.
853 <16 0.6 5L 46 2.7
583 <1.6 0.1 154 3.1, 1.1

- 933 Rod -1.8 524 .. 3.l =27
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Table 4 (Cont'd)

‘Observed and calculated structure factorse

bkl Fahg Feaze Bk® o Fape o Feale

254 4k 2.9 esh . @0 06
bl Q.6 ~1.8 564 <2.0 1.8
534 3.7 2.4 804 4.9 0
354 <<.6 -0.9 - 084 : jqo 2.5
604 37 =34 "

064 3.1 -1.8

614 v $2}6 | " 6?81” et

164 b5 b
624 4eb 4B
264 <6 0.8
544, <2.6 2.1
454 4.6 -5.1
634 .5 2.5
364 3.9 3.9
714 . 3.1 . 3.1
174 Reh =08
554 @4 -0
6 @3 14
464 .3 “1,1
724, 2.3 1.6
274 3.0 - 2.8
734 Qol 0

37, <.l 0.2
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MU-4666

Fig. 1.: Electron density map at z = 0.25. The
' ) 02
solid intervals are at 1 e/A . The

0°R
dashed interval is at 1/2 e/A .
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MU-4667

‘Fig, 2. Interpretation given to the electron
density map in Figure 1. All contours

higher than 1 e/g2 are omitted.
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MU-4666

- Fig. 3. Distances between heavy atoms and bond
angles. The atoms in the plane z = 0,25
are circled. The solid lines are

hydrogen bonds.
as Projection on the plane 001.

b. Bounded projection of y = O to y = 0.5

on the plane 001.
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N ‘
o - : N

0. 255 H

%’\\ﬁ 0 g

- Fige 4.

05 - | 0 0.25 ()f755l
MU-466Y

Positions of the hydrOgen atoms., The
positions are not given on the same scale
‘as thésé of the heavy atoms, but are only
schematic. The heavy atomslin the plane

z = 0.25 are circled,

a. Projection on the plane 001,

b. Bounded projection of y = 0 to y = 0.5

on the plane 010,



