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CHAFTER I
INTRODUCTTION

Many coﬁpounds belonging to the class called "dioxo-
complexes" (i.e. those having two oxygen atoms linked only
to the central metal atom) are known. It has been observed
in a1l of these compounds studied that there 13 no band in
their infra-red épectra in the region 850 en=1 to 1050 cm-1,
This region is generally accepted as the diagnostic region
for the M=0 stretch (1, 2). However, & band was observed
in all these cases at about 820 cm~! (Table I-1) which could
not be assigned to any other infra-red active mode (3). In
an attempt to explain the absence of a band in the region
850 em~! to 1050 cm=l and the presence of the unaccounted
band around 820 cm-1l, Johnson, Lock and Wilkinson (3) postu-
lated that the latter band was caused by the M=0 stretch and
that the unusually low stretching frequency of the M=0 bond
was a consequence of the linear trans-dioxo-system. The
main aim of the present work is to investigate the correct-
ness of the postulated linear trans-dioxo- system-in the case
of dioxotetrapyridinerhenium(V) chloride by est;fllshlng

1ts crystal structure.



TABLE I-1

INFRA-RED STRETCHING FREQUENCIES IN COMPLEXES OF THE
TYPE [MOLy] 7+

Compound Vu=0 Reference
ceTETETEET T T TTEmeTT ToTTEETET (em=1) ~~~ ~~°°TT77C
@e(py)b,Oé]Cl.ZHgO 814 vs 11
[Re(py) 403] C1.H20 820 s 10
[Re(py) 402] I.H20 824 vs 11
[Re(py)yo2[1 823 s 11
[Re(py) 403] Br.2H20 819 vs 11
[Ijle(en)zoa C1l.2H20 814 vs il
[Re(en)z03jcr 830 s 10
[Re(en) 207 T 819 vs 11
MoO2(acac) 2 : 906 vs 11
K3 [Re02(CN) 4] - 780 vs 11
Cs2 [Ru02C14] 814, 824 13
K2 [0s02(0H) 4] 790 vs 14
K2 [0s02C14] | 837 15
csp [losoa(cN)y] ., 830 vs 14
E)st(NH3))JClz ’ 808 ' 15
[Re (py)402] BPhy ~ 812 vs 11
[Re(py)402] ,PtC14.4H20 816 vs 11
K2 @soz(ocrg)u] 820 15
[Re(NH3),02] C1 | 835 18

- - o D D T G S WD U A AD A G UG T - > - - - WD WD DG D D WP DGR G TS G TS W G W D WP - - W - - -

py = pyridine C5H§_N;' en =ethylenediamine (NHCH2CH2NH2) -
Ph: = phenyl(CgHs5)“;  (acac) = acetylacetonate (CH3COCHCOCHj)
vs = very strong; '8 = gtrong.
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The ﬁature of the rhenium-oxygen bond in l?e(py*)402}01
has been discussed in terms of a simple molecular orbital ’
approach (17). Of the five 4 orbitals, two (dxg_yg and
dzz) are involved in e=bonding. As a consequence of the
tetragonal dlstbrtlon from the octahedral field resulting
from the non-equivalence of the axial and equatorial llgandé,
each set of tZg orbitals 18 split into a degenerate pair
haﬁing eg symmetry and a singlet with bzg symmetry} The
bog (dxy) 6rb1tals are occuplied by the two 4 electrons of
Re(V) ion, as 1s indicated by the observed diamagnetism of
Re(V) complexes (11). The 4, and dyz orbitals of rhenium
atom, and the p, and Py orbitals of both the oxygen atoms,
are avallable for forming W-bonds. These six orbitals
together form two bonding, two non-bonding and two anti-
bonding orbitals, as 1s indicated in Fig.I-1,. There are
elght electrons from the two oxygen atoms to be accommodated
in these six orbitals. Four electrons occupy the two bond-
ing orbitals and the remaining four occupy the two non-bond-
ing orbitals. Thus é total of two r-bonds are formed
between the rhenium atom and the two oxygen atoms, or, on
the average one WM-bond is formed between each oxygen atom
and the rhenium atom. Each rhenium-oxygen bond 1s expected
to be a double bond.consisting of one & -bond and one W~
bond, with each oxygeﬁ atom contributing two out of the four

T -electrons for Tr-bonding. Each oxygen atom will be left

*(py) represents the pyridine group (CsHsN) ,



" 'Non-bonding Anti-bonding

The dy, and dy, orbitals of the rhenium atom and the four p
orbitals from the two oxygen atoms together glve rise to two
bonding, two non-bonding and two anti-bonding molecular -
orbitals.



with four non-bonded electrons. Thus, based on a trans-dioxo-
structure one expects a bond-order of 2 between the rhenium
atom and each oxygen atom, and also four non-bonded electrons
with each oxygen atom.
The Re-0 bonds in dioxo-compounds of the type
[MO2Ly]™* and the oxohydroxo-compounds of the type [MO(OH)LI;:]("-"’1)+

have been compared using the bonding scheme described above (11),

- 0 - (n+1)+
L\ /L | L \!/L
L/l\L | L/l\L

I. Dioxo-compound II. Oxohydroxo-compound

To a first approximation, the bonding in the oxohydroxo-
compound II‘1s same ag that in the dioxo-compound I, except
that all the four'nbelectrons.for the two TJ-bonds between

the rhenium atom and the oxo-oxygen atom aré now contributed
by the same oxygen atom. There 1s thus a triple bond between
the rhenium atom and the oxo-oxygen atom of compound II, con-
siéting of one g-bond and two 'ﬂ"-bonds. Aiso. because all
four pi-electrons of this oxygen atom are now 1n§olved in
r-bonding, there are only two non-bonded electrons with this

oxygen atom, In the dioxo-compound I there should be a
double bond between the rhenium atom and each oxygen atom

with each oxygen atom héving four non-bonded elecfroné.



while in the oxohydroxo-compound II there should be a triple bond
between the rhenium atom and the oxo-~-oxygen atom, with the
oxygen atom having only two non—bondedvelectrons.

The réductlon of the rhenium-oxygen bond order from
3 in the oxohydroxo-compound to 2 in the dioxo-comﬁound. and
the greater avallabllfty of non-bonded electrons 1in the dioxo-"
compound as compared to the oxo-compound, have been qualita-
tively found to be correct by indirect expérimental{evidence.

A comparison of the metal-oxygen bond-length between
dioxo-compounds and oxo-compounds suggests that the bond in
dioxo-compounds 18 longer. Thus, the M-0 bond® 1is 1.75(2) A
1n K5[0s0,C14] (#), 1.77 A in K3[080,5(0H)y] (5), and 1.87 A
in Ky[ReOp(CN)y] (6), but is only 1.6 A in the oxo-compound
ggggg;oxotrichlorobus(diethylphehylphosphine)rhenium(v) (7).

The longer bond-length in the dioxo-compound is indicative

of the decrease in the Re-0 bond order. Also, the Re-0
stretch occurs at about 967 cm=! in the case of the éxo-com-
pound, which 18 the suggested region for an Res0 bond (11),
compared with about 820 cm~! in the case of the dioxo-compounds,
1ndicat1ng a bond order considerably lower than 3.

Protonation studies have indicated the relative availa-
bility of non-bonded electrons in the dloxo-compounds., The equi-

1librium constants ki and k, for the protonation of the dloxo-

*The error in the bond distences 18 not included in cases
where the original reference does not indicate the error.
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écompounds have been determined for X = Cl, L = ethylenediamine,

1,2-propylenediamine and 1,3-propylenediamine (8).

[ReOZLzJ X v—%—é [ReO(OH)LL,,]XZ <——§§——> {Re(OH)zLLJ X3

It is found in all these cases that‘thé protonation of the dioxo-
compound to the oxohydroxo-compound is substantially more rapid
than the subsequent protonation of the oxohydroxo-comﬁound to

the dihydroxo-compound. The greater availability of non-bonded.
electrons in the dloxo-compounds as compared with oxohydroxo-
compounds supports the bonding scheme discussed earlier. Thus,
while in the dloxo-compounds each oxygen atom has four non-bonded
electrons, in the oxohydroxo-compound there are only two non-
bonded electrons with the oxo-oxygen atom, since now all four

pTT electrons of this oxygen atom are involved in T -bonding
with the rhenium aton. The same has been observed in the case
of [Re(en)zoz]CI, the monoproionation occurring relatively
rapldly leading to the oxohydroxo-species [Re(en)ZO(OHi]Clz.
while the subsequenf protonation of the oxohydroxo-specles to

the dihydroxo-species [Re(en)z(OH)21013 is so slow that the
equilibrium constant could onlj be estimated (8). [Re(py)uoé]CI
is converted to [Re(py)uO(OH)]Clz with such ease that even
passing hydrogen chloride gas over [Re(py)uOé]Cl at 200 C leads
to mono-protonation (9), while protonqtlpn of the resulting

- oxochydroxo~species could only be achieved in presence of 36 M

sulphuric acid (10).



In their comparison of Re-0 bond lengths between
dioxo- and oxohydroxo-compounds, Johnson, Lock and Wilkin-
son (11) have neglected the influence of the equatorial
1igands on the axial ligands. While the oxo-compound under
discussion had two chlorine atoms apd two diethylphenyl-
phosphine groups as the axial ligands, the dioxo-compounds
had pyridine, ethylenediamine, cyanide, chloride or hydroxo-
groups as the axial 1ligands. A rigorous comparison between
the Re-0 bond lengths in the dioxo~ and oxohydroxo-compounds
can be made only 1f the equatorial ligands are the same in
.the compounds compared. Thus it will be of interest to

compare the Re-0 bond lengths in the series

[Re02L4] N+, [Reo(0H)L4] (n+1)+, [Re(0H)21y] (n+2)+
where L 18 the same in all the three cases. The structure
investigation of the pyridine compound [Re(py)uozl Cl was

undertaken as part of the series

[Re(py)uozl c1, [Re(py)yo(0H)] C1,.  [Re(py)y(OH) ) Cly
When the structures of [Re(py)uO(OH)] Cl, and [Re(py)u(OH)z] Cly
are known, a more detalled. comparison of the theoretically
predicted differences in propertles of the dioxo- and 0XO0=-

hydroxo-compounds may be undertaken.



CHAPTER II

EXPERIMENTS

The compound dloxotetra(pyridine)rhenium(v) chloride
dihydrste was prepared in the following manner: Rhenium metal
(3 g) was dissolved 1in excess Hp02 (30%), and the solution
evaporated to dryness. The perrhenic acid thus formed was
dissolved in 18 N hydrochloric acid (7 ml), and the solution
" added to a stirred suspension of triphenylphosphine (25 g) in
glacial acetic acid (250 ml). | After being stirred for about
half an hour, the product was filtered and washed with gla-
cial acetic acid and diethyl ether, The resﬁlting trans-
oxotrlchlorobis-(triphenylphosphine)rhenium(V) (1 g) was
dissolved in excess hot pjridine and the solution allowed
to standVOVernight+. As the pyridine evaporated, needle-
shaped orange crystals of ‘?e(py)uOé}Cl.ZHzo were obtained.
(Found: C, 40.3; H, 4.3; N, 9.5: C1, 6.0; 0, 11,0%.
Caloculated for CpoHpyClNyOyRe: C, 59.6; H, 4.0; N, 9.2;
c1, 5.9: 0, 10.6%)"". |

+ No special precautions were taken to dry the pyridine.

#%* Microanalyses were performed by M/s. Galbraith Laborato-
ries, Knoxville, Tennessee, except for the oxygen analysis
which was performed by the Microchemical Laboratories,
Imperial College, London, by courtesy of Prof.G. Wilkinson.

9
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A single crystal (~~0.015 cm thick and 0,04 cm long)
was mounted on a glass fibré with 1ts long axis parallel to
the fibre. The Welssenberg camera and Cu Kel radiation were
used to obtain the zeroth, flrst and second layer phntographs.
An‘examination of these photographs indicated that the crystal
was monoclinic with a C-centered space group 1f the axis of
rotation were chnsen to be the ¢ axls. The oscillation
photograph showed that the odd layers were substantially
weaker than the even ones, indicating the existence of pseudo-
symmetry.

The goniometer head was transferred to the precession
camera and the crystal aligned so that the c* axis was paraliel
to the goniometer axis. Precesslon photographs of the [blo]
and [10@] zones were obtained with Mo Kol radiation.

From the Welssenberg photogréphs indexed as hkn (n=0,1,2)
and the precession photographs of the [016] and [1063 zones,
a search was made for any further syﬁmetry elements indicated
by systematic absences. The'f 0odd reflections were missing
in the [Old] zone photograph indicating the presence of a
c-glide plane, Further, all hk{ reflections with h+k odd
were absent, confirmiﬁg that the lattice was C~centered,

Since no other systematic absences were noted, the space group-
possibilities are Cc or C2/c.

The accurate unit cell parameters of the crystal were
obtained by callibration with tetragonal TiOz crystal as
standard, the 1att1§e rarameters for the latter béing taken
as a=u.5929(5) A and ¢=2.9591(3) A (19). The hkO reflections
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from the rhenium compound and the hk0 reflections from the

T102 crystal ﬁere recorded on the same film using Weissen-

berg camera and Cu Kea(radiation. The distance xpi g for a

few high angle reflections were measured, where Xxpyg is

the perpendicuiér distance in millimeters from the scvot indexed
as (hk0) to the zero-beam track on the Weissenberg film.

Only those reflections were measured fop which the «1 and &
components were completely resolved. The values for the
wavelengths of the Cu Ko doublet were taken as Aot =1.54081 A
and Aga=1.54433 A (20). The relation

6hko = ZL;%M (1)

was used to calculate the effective camera radius R, where
%x0 for the T102 reflection indexed as (hk0) is obtained
from the relation

ko = 2 dpko sin Bpyo

2 4+ x2
= 2 (h_gz_k_) sin ehko

The xpko values for a few high angle reflections of the rhenium

compound were then measured, | and the‘ehko values for these
reflections obtalined from relation (1), using the value of

R obtained above. | The values for gf and'g* were obtained by
means of a léast squares. fit to these calculate& vaiues of ©.
20 independent values of © were used in the refinement. The
final values for the parameters are gf =0,08203(2) A~l and

b" 80.08352(2) A-l,  The value for b* thus obtained was

used to get'the value of g’ from the (}OO] zone ﬁrecesslon
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rhotograph assuming lsotropic film shrinkage. The value

for @* was obtained from the {pld] zone precession photo-
graph. The final values for the parameters are a=13.592(2)A,
b=11.973(2)A, ¢=15.55(1)A, (=116.2(1)°,

The density of the salt was measured by the flotation
method using a mixture of bromoform and carbton tetrachloride
as the flotation medium. The composition of the mixture
was varied till the density of the mixed solvent was the
same as that of the crystals as determined by the fact that
the crystalé remained suspen&ed in the mediun. The solvent
mixture was then transferred to a calibrated 25 ml specific
gravity bottle and welghed. The density was found_to be
1.77 g per. mlt, The calculated density based on four mole-
cules of {Be(pj)402301.2H20 per unit cell was 1.78 g per ml.

Intensity photographe containing the (hof), (oxf) and
(hk2h) type reflections were recorded using precession tech-
nique and Mo K« radiation. Three exposures of each level
were taken to cover the full range of 1ntensities. Accurately
known exposure times of x hrs, 3x hrs, and 9x hrs with x=
1 hr 40 mins. were used. Precautions were taken to see
that the three films were developed under nearly 1dent1cél condi-
tions of developing .time, temperature and conceﬁtratlon of the
developing chemicals. The intensities of the reflections
were measured by visual comparison using a logarithmic scale.

If the intensity of a given reflection is assigned

+The‘measurements.were made at room temperature (~200 C).
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a value I{ on the film exposed for x hrs, the intensity of
the same reflection on the film exposed for 3x hrs should
be I = 3 Iy and that on the film exposed for 9x hrs for
the séme reflection should be I3 = 9 I, The logarithms
toithe base 3 of the intensities of the reflection under
consideration on the three films are then simply related

to each other, Thus, if logj I = y, then logj I, = 1+y,
and logg I3 = 2+y. For measurement of intensities, a
reflection of very low intensity was chosen on the film
exposed for i hrs, and arbitrarily assigned a value of y=1.
The intensities of this reflection on the logarithmic scale
are then 2 and 3 on the films exposed for 3x hrs and 9x hrs
respectively. These three svots were used as standards,
and the intensities of other reflections were estimated by
visual comparison of the darkening of the spots relative

to these standards,

Intensity photographs of hkn reflections (n=0 to 5)
were taken on the Weissenberg camera using Cu K&l radiation.
The multiple film technique (gl) was used for recordiné the
intensities. Three films were inserted in the camera and
exposed simultaneously. Each film of the vnack acts as a
uniform absofber and reduces the x-ray 1ntensit1és whlch
arrive at the film underneath it by a constant factor called

the 'Film factor'. This factor was taken as 2.75 for Cu Kok
radiation'and.the Ilford film used for photographing (22).
It was noticed that the odd layer line photographs (hkn with
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n=1,3,5) contained many refléctions which were in general
much weaker than the even layer 1line reflections, Conse-~
quently, the time for which the odd layer 1ine photographs
were taken was increased to twice that allowed for even layer
photographs, fhe intensities of the reflections were mea-
sured by the same method as that used for the n»nrecession
films, except that the factor by which the intensities of

the three films differ is now 2.75, as compared to a factor
of 3 in the,precession'case.

The lntensltles were corrected for Lorentz-polarisa-
tion effects. Corrections for absorption (23) were aﬁplied
assuming cylindrical geometry for the crystal (radius approxi-
mately 0.007 em). The corrected intensitlies were used to
prepare the Patterson synthesis. The Patterson function is

defined as
P(u,v,w) = VJIT P(x,y,2) P(x+u,y+v,z+w) dx dy dz

where P(x,y,z) is the electron density at (x,y,z). When

the expression

+60
?(x.y.z) = %{%}E Fnid exp -2111(hx+ky+?.z)
-0

1s substituted in the above equation, it reduces to

e
P(u,v,w) = %%%%Phkﬁl 2 exp 271 (hutkv+Ew)
-0

This function can be calculated using the measured intensi-
ties, since the Fourier coefficlents 'Fhkctz are directly

proportional to the measured intensities, The Patterson
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function can be visualised as the nroduct of electron densi-
ties at the two points (x,y,z) and (x+u,y+v,z+w). We expect
peaks in the Patterson function if there are atoms simulta-
neously at (x,y,z) and (x+u,y+v,z+w). The height of the
peak 1is proportional to the product. of the electron densities
at the two points, The Patterson function willl thus give |
information on the interatomlic vectors between atoms. If
the atoms at (x,y,2) and (x+u,y+v.sz) are electronically
rich or prominent x-ray scatterers, the peak at (u,v,w) will
be large. In the present case with 4 rhenium atoms per

unit cell having space group Cc, we expect 42 Re-Re peaks in
the Patterson, 4 of}which will be coincident with the origin
(corresponding to the self-vector between each rhenium atom).
The remaining 12 peaks will be made of 6 independent peaks,
and 6 peaks centrosymmetrically related to these peaks. The
height of a Re-Re double peak should correspond to 40% of the
hetight of the origin peak. Since rhenium in a general posi-
tion (x,y,z) has a symmetry-related rhenium at (x,y,3+z) in
addition to those generated by thé C-centering operation, one
would expect rhenium-rhenium interaction peaks at (0,2y,3)
and (%,%-2y.%). The Patterson syntheses using the intensity
data of the [010] , [00i] , and [100] zones showed no peaks
of thls height except at the origin and the symmetry-related
positions (0,0,%), (%.%.0)'and (3,%,%4). This can be inter-
preted by assigning the rhenium atom to the y=0 plane. The
values x=0 and z=0 were chosen for convenlience ané the rheniunm

atom was assigned the co-ordinates (0,0,0).
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The ambigulity in the choilce of the space group as one
of Cc or C2/c was solved using information from the Patterson
syntheses, The general position in space-group Cc 1s four=-
fold while in space-group C2/c it is elght-fold. Since the
unit-cell of [Ré(py)40é101.2H20 hes four molecules based on
density determination, the four rhenium atoms and the four |
chlorine atoms in one unit cell would lle in special positions
if the space-group were to be C2/c. The fhentum atém has
been assigned to the speclal position (0,0,0) based on infor-
mation from the Patterson mans. Thus, the chlorine atom
should occupy one of the remaining four-fold special positions
(0,y.,3), (£,%.%), (%,1,0) or (0,%,0), if the space group were
c2/c (24), With the rhenium atom at the origin, this should
lead to a Re-Cl peak at (u=0,w=%) in the Patterson in the
first case, at (u=%,w=}) in the second case, at (u=%,w=0) in
the third case, and at (u=0,v=%) in the last case. None of
these peaks were observed (Fig.II-1 and Fig.II-2), indicating
that the chlorine atom does not occupy any of these special
positions. Thus, 1t»has'to occuﬁy a four-fold general posi-
tion, and this suggested that the space-group should be Cec.

| The largest hon-origln peak found 1n'the'Patterson
was at (-0.07,0.37,0.12). This peak was assigned to an
Re-CL vector, and the chlorine atom was accordingly assigned
- the co-ordinates (-0.07,0.37,0.12). With the chlorine atom
at this position and with the rhenium atom at the origin,
structure factors, Fg(hki), were calculated for the 92 reflec-

tions of the [100] zone, 131 reflections of the [010) zone,


http:0.07,0.37,0.12
http:0.07,0.37,0.12
http:pos1t\.on
http:d.eterm1nat1.on

17

uojgoafoaa Acxé
0%HZ* 1D Mmo.a;mvmmu JO uoljouny uosaszjsd

*1-I1°31d

@9




18

Pig.II-2. Patterson funztior of [Re(py)L,Oz] Cl1.2H,0
[ho!] projection.
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and 121 reflections of the [00{] zone, using the expression

Fe(hke) =5 £y (hx) 21 (hxy+kyy+0z4) -B4 [s1n8) 2
c %_ 1 exp x1+ky1+02zy expi 1(_ﬁ }

where fy(hk) is the scattering factor of the ith species for
the angle of scattering determined by (hkp),(xy,yy,zy) are

the coordinates of the ith specles, and By are constants called
'temperature factors! and related to the mean square ampli-
tude of vibratlon of the ith species, the sum being taken

over all the species in the unit cell. The structure factor
Fc(th) thus calculated s related to the observed structure
factor Fo(hke) by a constant of proportionality, K; called

the scale constant, wvhere
K Fo(hkl) = P, (hki)

The scattering factors used in the calculation were obtained
from the Internationsl Tables (20) for.carbon. nitrogen, oxy-
gen and chlorine, and from the tabulation of Thomas and Umeda
(26) for rhenium. The scattering curves of 0~, C&~, and
Re(IV) species were used in the cases of oxygen, chlorine and
rhenium respectively, ahd the scattering curves of the neutral
species were in the case.of carbon and nitrogen. The scat-
tering factors for rhenium and chlorine were dor}ected for

dispersion effects using the relation
f=fg+ £° + 1"

where f' and f" are the real and imaginery dispersion correc-
tions (20).

The trial structure with the positions of rhenium and
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chlorine atoms had an overall reliability factor, B, of 0.17
on refinement of the vnositional parameters, individual isotro-

pic temperature factors and sceale constants, where

‘R = Eil\FAL - lel
ol

with the summation over all the measured reflections.

At this point, 1093 reflectione had been measured.
The data were scaled to F, and used to compute the three-
dimensional Patterson function sections along the z direction
at 1htervals of 2z=1/60, upto z=10/60, Since the structure
was expected to have the rhenium atom bonded to two oxygen
atoms and four nitrogen atoms with bond-lengths of the order
of 2 A, a search was made to find peaks within about 2,5 A
around the rhenium atom. Since there are two non-translati-
6nally equivalent rhenium atoms per unit cell, each with six
atoms bonded to it, twelve interactions are expected in the
Patterson, tdgether with their centrosymmetric counterparts.
Six of these intéractions were chosen approximately octahed-
rally arranged afound the rhenium atom, as the probable
rhenium-1igand positions. Four of these positions were at
about 2.1 A from the rhenium atom and the remaining two at
about 1.8 A, Since it is difficult to distinguish the nitro-
gen atom with'? electrons from the oxygen ion with 10 elec-
" trons in the presence of Re(V) ion with 70 electrons, use was
made of the known metal-oxygen bond distances in other dioxo-

compounds, and the twb positions at about 1.8 A were assigned
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to the two oxo-oxygen atoms and the four positions at about
2.1 A to the nitrogen atoms of the'four pyridine groups. The
two trial oxygen atoms were approximately centrosymmetrically
related to each other, and therefore indicated that the com-
pound has a Eggég-dloxo-structure.‘

These six posltlons'were included in the trial struc-
ture, and their positional parameters refined by least squares
method using a program written by J.S. Stephens for the IBM
7040, The overall unwveighted R-value for the 1093 reflec-
tions was 0.16, The R-values for the layers contalning
only even e reflections were much lower than those containing
only odd § reflections. Thus the R-values for the (hko),
(nol), (nk2h), (nk2) and (hkl) type reflections were 0.16,
0.23, 0.17, 0.14 and 0.15 respectively, while for the (hkl),
(hk3) and (hk5) type reflections the R-values were 0.43,

0.50 and 0,47 respectively. The poor agreement between
observed and calculated structure factors of odd ¥ reflec-
tions implies that the remaining atoms make a significant
contribution to the structure factors of odd 0 reflections.
. However, thelf contribution to the even b reflections will
be relétlvely small, since the rhenium atom dominates the 
contribution to their structure factors. The g¥eater
sensitivity of the structure factors of the odd § reflections

to the remaining atom positions indicated that it is useful
to employ only the odd § reflections for the initial deter-
mlnation of therremainlng light atom positions,

The refined positional coordinates of nitrogen atom
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NA (Fig.II-3) were used to choose position A3 of the para-
carbon atom of the pyridine group (NA;..AS) assuming benzene-
like arrangement of atoms in the pyridine ring, with distaqce
of 1.4 A between adjacent atoﬁs in the ring. Position Al of
the carbon atom;adjacent to NA was phosen érbltrarll& except
that the vectors Re-X and X-Al were perpendicular to each
other (Fig.II-3). Baséd on these coordinates of atom Al,
the coordinates of positions A2, A4 and A5 were calculated,
assuming the ring to be planar. This glves one possible
orientation for the pyftdlne ring, in which the position of
atom NA is known correctly, the position A3 of the para-car-
bon atom is approximately known, but the other positions have
been chosen arbitrarily.\ The straight 1line Re-NA-A3 (Fig.II-3)
was then kept fiied as the rotation axis and the pyridine
ring was rotated at 30° intervals starting from this posi-
tion. The R-value for the‘hzé reflections with odd § values
wag computed at each of these orientations. The orienta-
tion at which the R-value was lowest was then dhosen and the
cocordinates of atoms correspondlng to this particular orien-
tation of the pyridine group weré used in further refinement,
This procédure was repeated fdr the remaining pyridine groups
as well. The coordinates of these positions we;e included
with those of the rhenium and chlorine atoms in the trial
structﬁre,‘ Refinement of the positional coordinates of these
atoms and the scale constants using all the measured reflec-
tions gave an overall R-value of 0.15.

At this stage, Crulckshank welghting scheme was used


http:overB.11
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Figure 1I-3
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and each reflection assigned a weight w in the refinement
where w was taken as proportional to (a + bF, + cFoz) with
a= 13,0, b=0,015, ¢ = 0.001. (25). The overall weighted

R-value, Ry, defined as
) '

7.

Ry olZ Y2 - DIk
E:WZ\FO‘Z

with the summation over éll reflections, was 0.13.’

The trial structure at this stage included all the
atoms (except the hydrogen aJoms) of the unit [ﬁe(py)uoz]CI.
Electron density difference maps were prepared using the
{100} . [016} and [poi] zone reflections. Two peaks of
relatively large height were found in these maps which had
not been accounted for. These two peaks were assigned to
the oxygen atoms of two water molecules. This assignment
was based on oxygen analysis (Chapter II) and 1s supported
by better agreement between the measured and calculated den-
sities if the salt is taken to be the dihydrate rather than
the monohydrate or the anhydrous salt.

On including these two atom positions to the trial
structure and refining the positional parameters'and scale
constants, the oﬁerall.unweighted R-value, B, was 0.10
and the overall weighted R -value was 0.12, The temperature
' facteré‘of the rhenium and chlorine atoms were then converted

to anisotropilc temperature faoctors using the relation

B sin2e = (P11 h2+Pzp k2+P3302+P1 hk+Ppy kl+P 5 hl)


http:R-value,.Rw
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with ?12 and ?23 being taken as zero for the rhenium atom
because of the restriction of the rhenium atom to the glide
plane at y=0, The temperature factors of the other atoms
were varied isotroplcally. The overall unweighted R-value
was 0.099 and the overall weighted R -value was 0.117. The
final values of the positional parameteré of the atoms (except
hydrogen atoms), together with their esd's, are listed in
Table II-1, The égreement between the observed and calcu-
lated structure factors 1s shown in Table II-2. In this table,
the unobserved reflections are marked with an asterisk (%),
and the unreliable reflections with the symbol #. The
value of |Fo| quoted for the unobserved reflections is
lFm1n|°

The crystal structuré of the compound 18 discussed

in detall in the next chapter. -
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z=Z/c B(T)

v y=Y/b

TABLE II-1
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TABLE II-2. OBSERVED AND CALCULATED STRUCTURE FACTORS (x5)

UNOBSERVED REFLECTIONS ARE MARKEU WETH AN ASTERLISK (o), ANU UNRELIABLE REFLECTIQNS WETH THE SYMBUL (B).
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TABLE II-2 (CONCLUDED)
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CHAPTER III
CRYSTAL STRUCTURE OF |Re(py)u02]C1.2H»0

The unit cell parameters and space-group‘for the
crystal are listéd in Table III-1. The rhenium atom in each
molecule of the complex is bonded to two oxygen atoms and four
nitrogen atoms. The Re-~N and Re-0 bond distances, and the
angles'subtended by these atoms at the rhenlum atom are tabu-
lated in Table III-2. The rhenium-oxygen bond distances of
1.81(3) A and 1.71(3) A are not significantly different from
each other. The rhenlum-nitrogen bond distances of 2.18(5) A,
2.24(4) A, 2.21(5) A and 2.12(#) also do not differ signifi-
cantly. The average Re-N bond distance 1s 2.19 A and 1is
of the same order as found in [Re0(0H) (en);] (C104), where the
average Re-N bond distance 1s 2.13(3) A (27). The six atoms
bonded to the'rhenlum atom are located at the corners of an
irregular octahedron. The four nitrogen atoms are nearly
coplanar and the two oxygen atoms are perpendicular to this
plane. The angle subtended by the tvo oxygen atoms at the
rhenium atom is 180° within the 1limits of error, Thus the
molecule has the trans-dioxo- structure as had b;en predicted (11),
The angle subtended by each palr of trans-nitrogen atoms at

the central rhenium atom is also close to 180°, Thus as

far as these nqaranelghbour“atoms‘of rhenium are concerned,
- y
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TABLE III-1
\

|
Space group and unit cell parameters for

[Re(py)uog] C1.2H30

Space group: Cec¢
Monoclinic Symmetry
13.592(2) A |
11.973(2) A P= 116.2(1)°
15.55(1) A |

o I
] [}]

 [o]
]

De= 1.78 g/ml 2= 4

30
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TABLE III-2

Geometry of the irregular octahedral arrangement of the
four nitrogen and two oxygen atoms around the rhenium atom.
' (See Pig.III-3a) .

Bonded atoms Distance (A) Bonded atoms Angle ()
Re-NA 2.18(5) NA-Re~-NB 95.
Re-NB 2.24(4) NA-Re-ND 85.
Re-NC 2.21(5) NA-Re-01 93.
‘Re-ND 2.21(5) NA-Re-02 90.
Re-01 - 1.81(3) NB-Re-NC - 90,
Re-02 1.71(3) NB-Re-01 93.

NB-Re-02 92,
NC~-Re~ND 90.
NC-Re-01 89.
NC-Re=02 88.
- ND-Re-01 88,
ND-Re-02 . 87.
NA-Re~NC 175,
NB-Re-ND 179,

01-Re-02 17,
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thgre appears to be a pseudo-oehtre of symmetry at the rhenium
atom. The pyridine groups trans- to each other are also nearly
centrosymmetrically related to each other, In fact when
the structure-factors of the @ odd reflections were calculated
for various oriéntatlons of the pyridine groups as described
in Chapter II, it was found that the best agreement with thé
observed structure-factors was obtalned when the planes of
each palr of trans- pyridine groups deviated by only about 7
degrees. It thus seems that the complex is almost centric
with the rhenium atom at the centre of symmetry, and that the
pyridine groups are only very slightly but definitely dis-
placed from the ldeal centrosymmetric position. The geometry.
of the fourvpyrldine groups 1s given in Table III-3. The
nitrogen-carbon distances and carbon-carbon distances vary
between 1.22 A and 1.59 A. The angle subtended at each atom
by 1ts two neighbouring atoms in each pyridine group ranges
between 1000 and 1309, The error in the bond-distances
'1s of the order of 0.08 A and the error in the bond-angles
is about 89,

The atoms in one unit cell are shown in projection
on to the xz and yz planes respectively in Fig.III-1l and
Fig.III-2. All the atoms of the pyridine groups (NA...A5)
and (NC...C5) 1lie almost in the diagonal plane perpendicular
‘ to the xz plane. This is responsible for the large accumu-
lation of peaks ih the (hof) Patterson projection along the
(101) direction. The simllarity in the arrangement of

molecules between the two halves of the unit cell in the



TABLE TIII-3

The geometry of the pyridine groups (See Fig.III-3)
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Fig.I1I-1. The atoms in one unit cell
shown in projection on the xz plane,

The origin is at the centre of the plane. The pyri-
dine groups and the oxygen atoms associated with the
rhenium atoms in the y=0 plane are drawn in continu-
ous lines, The groups associated with the rhenium
atoms in the y=} plane are drawn in broken lines.
Thick lines have been used to connect atoms above the
plane and thin lines for atoms below the plane. The
chlorine atoms are represented by large circles and
the oxygen atoms of the water molecules are represen-
ted by smaller circles,



Fig.IIT-1. The atoms 1n one unit cell in rrojection

/

on -the xz plane.



Fig.I11I-2. The atoms in one unit cel}
shown in projection on the yz plene.

The origin is at the centre of the plane.,  'The
pyridine groups and the oxygen atoms assoclated
with the rhenium atoms in the x=0 plane are
drawn in continuous lines. The groups associa=-
ted with the rhenium atoms in the x=3% plane are
drawn in broken lines. Thick lines have been
used to connect atoms above the plane and thin
lines for atoms below the plane. Within each
pyridine ring, the orientation in the x-direc-
tion is indicated by representing that edge of
the pyridine ring which is pointing towards the
positive direction of the x-axis by double lines.
The chlorine atoms are represented by large
circles and the oxyren atoms of the water mole-
cules are represented by smaller circles.



Fig.ITII-2, The atoms in one unit cell in orojection

on the yz plane.
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c direction which leads to the observed pseudo-symmetry in

thé structure is clearly recognisable.

Fig.III-3a and Fig.III-3b show one unit of the dihydrate
of [Re(py)uOé]Cl in projection on the xy plene at z = 0 and
z = % respectl;ely. The two units are similar to each other,
with the difference that the signs of y-coordinates of all |
the atoms are reversed on translation from z = 0 to z = %,
The 31m11artty in orientation between the unit with rhenium
atom at (0,0,0) and the one with rhenium atom at (0,0,%) is
responsible for the pseudo-symmetry. If these two units
had been identical by transléttoh of ¢/2 in the ¢ direction
then the.unit ceil would have been only half as long in the
c direction as was actually observed.,

The question arises why this packing does not occur
and wh& only the pseudo-symmetric structure is observed.
The explanation lies in packing considerations. Thus, let
us assume that'the atoms ﬁith»coordinates'(x,y,z) repeat |
themselves‘at (x,y,3+2), reéulttng in a unit cell only half
the observed length in the c-direction. 'We will have the
arrangement shown in Fig.III-3a for the atoms of IRe(py)uoéXCI{
'2Hz0 with the rhenivm atom at (0,0,0). The atoms will repeat
themselves on translation by ¢/2 in the ¢ direction. With
"this arrasngement, one notices that the stom Cj at (0,12, 0.33,
-0.11 + 0.5) will be just about 1.5 A'away from atom O4 at
(0.02,0.39,0.35). Also, the pyridine group (NC...C5) asso-
ciated with the rhenium atom at (0,0,%) will be ﬁointing below

the z=% plane, and the pyridine'group (ND...DS5) aésociated
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Fig.III-3a. One unit of XBe(py)uOé]Cl. Fig.III-3%®. One unit of YBe(py)uo;&01.2ﬁ20
2 H,0 projected on the xy plane. with rhenium at (2,9,%) vrojectedi”on the

(Re at (0,0,0)). xy plane.
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with the rhenium atom at (0.0,0) will be pointing above the
z=b plane, and the lower end of the first pyridine group will
be too close to the upver end of the second pyridine group

to allow packing of the atoms, The same will hold true bet-
ween the pyridine groups (NB...BS5) gnd(NA...AS). Thus, with
the present arrangément of atoms, it does not appear feaslible
to achleve packing of atoms in such a way that the unit cell
1s only half as long in the ¢ direction as is actually obser-
ved, without extensive changes 1n the unit cell geometry.
However, one might speculate that 1f the atom O4 of the water
molecule hydrogen-bonded to the chlorine atom were not present
in the structure, then’it might be possible to tilt the pyridine
groups (NC...C5) and (ND...D5) relative to each other in such
a way that they are sufficiently far from each other to allow
packing of atoms without seriously altering the unit cell
geometry. Thus it might be possible to achieve the packing
of the atoms with‘the unit cell only hslf as long in the ¢
direction as is actuaily observed, if the chlorine atom did
not have one of the ﬁater molecules (the water molecule with
the oxygen atom labelled O4) hydrogen-bonded to it. It is
thus possible that the monohydrate of dioxo-tetrapyridine-
rhenium(V) chloride might crystallise with this ﬁnit cell.

It was also indicated above thnt the four pyridine
groups and the two oxo-oxygen atoms are pseudo-centric with
the rhenium atom at the pseudo-centre of symmetry. The only
atoms in the unit of [Re(py),0,]C1.2H,0 that are not related

in this fashion are those of the two water molecules and the
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chlorine atom, The centrosymmetric space-group with the
extinctions observed in the present case is C2/c. A point
to consider is why the compound does not crystallise with

the centrosymmetric space-group C2/c, but rather in the non-
centrosymmetrtc‘space-group Cc. The-apace-group C2/c has

an etght-fold genefal position. For the 4 molecules of
dioxotetrapyridinerhenium(V) chloride Czoﬂzu01Nu°uRe to be
arranged in the unit cell with space-group C2/c¢c, both ﬁhe
rhenium atom and the chlorine atom should lie at four-fold
special posittons. These are (0,0,0), (0,y,%2), (%.%4.3),
(+,%,0) and (0,%,0) for this space-group. With the rhenium
atom at (0,0,0), this leaves the positions (0,y,%), (%,%,%),
(2,%,0) and (0.%.0)'as the possible positions for the chlorine
atom, in ofder for the crystal to belong to the centrosymmetric
space-group C2/c. Calculation of interatomic distances with
the chlorine atom at the position (%,%,9) or (0,%,0) shows
that the unit celi will have to‘be considerably distorted in
order to accommodate the chlorine atom at either of these
positions. However, 1t is possible to aséign the special
position (1,%.,%) to the chlorine atom if atom 03 of the water
molecule were not present in the structure. It is also
possible to assign the 4-fold special position (b,y,%) with

y 220.4 to the chlorine atom if atom O4 of the second water
molecule were not piesent. Thus it is possible to achieve
packing of the atoms in the unit cell with space-group c2/c
ir either one of the tﬁo water molecules were not present

in the structure or if they occupied other positions, = The
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monohydate of dioxotetrapyridinerhenium(V) chloride could
possibly crystallise with the centrosymmetric space group
c2/c.

To pursue the matter of whether the dihydate can
still have the space-group C2/c with the chlorine atom at
one of the two four-fold special positions mentioned above,
there are two possibilities: (1) To assign the special posi-
tion (0,y,%) with y2 0.4 to the chlorine atom, and remove
atom O4 from the trial structure. This leaves atom 03 very
close to the special position (%4,4,0) and hence assigned to
this pésition in the space group C2/c. In this case fhe
oxygen atom of the second watgr molecule should also lie
in a 4-fold special position. This is not possible since
all the avéilable hofold special positions are already occu-
pied. (2) To assign the position (},%.%) to the chlorine
atom and remove atom 03 from the trial structure. This
leaves atom O4 ofAthe second water molecule in an eight-fold
general position of the C2/c space group, which will generate
the eight water moleculés in the unit cell cbntalning four
formula-weights of the dthydraté. However, in this case the
oxygen atom 01 at (x,y,%+z) and the oxygen atom 02 at (x+%,
~y+%,2z+%) will be at about 2.8 A from the chloriné atom.,
This is smaller than the sum of the ionic radii of C1l- and
0% (~3.21 A)._and there will have to be considerable distor-
tion of the rhenium atom environment in order to accomodate
the chlorine atom at (%,%,%). It is also noticed that there

18 no favourable hydrogen-bond formation between the chloride
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jon and the water molecules as they are greater than 3.4 A
apart.

This accounts for the observed non-centrosymmetric
space-group Cc .for the dihydrate, in which the water mole=-
cules are in favourable positions to form hydrogen-bonds with.
the chloride ion aﬁd with the oxo-oxygen atoms.

The atoms in the structure which can take part in
hydrogen-bond formation and which lie within 3.5 A from the
oxygen atom 03 and O4 of the two water molecules are listed
in Table III-4, The angles subtended by these atoms at the
oxygen atoms of the water molecules are also listed. Oxygen
atom 03 has 4 nearest neilghbours. 4 The distances suggest
that all 4 atoms are favourably located to form hydrogen
bonds with the water molecule contailning the oxygen atom
labelled O3. However, the angle of 112° subtended by atoms
O4 and 02(1) at 03 would sugéest that these are the two atoms
linked through hydrogen bonds to the atom 03. Oxygen atom
ION of the second water molecule has two neighbours, C2 and
03, at 2.94(4) A and 3.07(3) A respectively. The angle of
122° subtended by these two atoms at atom Ol suggests that
these two atoms are linked by hydrogen bonds to atom O4.

It is possible to draw some conclusions sn'the nature
of the hydrogen bond strength in the structure. The fact
, that the water molecules enter the cr&stal lattice from the
medium of crystallisation (aqueous pyridine) suggests that
energetically 1t 1s favourable for the water molecules"

to be in the crystal lattice in preferencé to the pyridine



TABLE III-4

Bond distances and angles between atoms likely to be
involved in hydrogen-bonding in the structure,

with thelr positional parameters.

x=X/a

0.226(2)
0.020(2)
-0.066(1)
0.434(1)
0.411(2)
0.105(2)
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~ Bonded atoms

 Distance(A)

03-04

03-Ct (1)
03-02(1)
03-01(1)

04-0
o4-C

e
2
04-03-01
02(1)-03-cl
02(1)-03-01
C (1)-03-01

03-04-ct



13

medium. Thus 1t can be expected that the hydrogen-bonds in
the crystal lattice should be relatively stronger than those

in aqueous pyridine.



CHAPTER IV
DISCUSSION

Chemical analysis of the compound dioxotetrapyridine=-
rhenium(V) chloride prepared by the‘method described in Ch.II
indicates that the salt is a dihydrate. There i1s some dis-
crepancy in the literature regarding the extent of hydration
of the compound (10). Thus, while Johnson et al report this
compound as a dihydrate (11), Beard et al report that their
analysis indicates the salt to be a monohydrate. Burovaya (12)
has reported the crystéllographtc constants of the salt
[Re(py)y05]Cl. Beard's explanation that the difference in
the extent of hydration i1s probably caused by a difference
in drying time or témperéture seems to be reasonable.

The postulated trans- dloxo-structure has been found
to be correct for the dioxotetrapyridinerhenium(V) chloride.
The trans-dioxo-structure was postulated for the dioxo-com-
pounds on the basis of the band at around 826 em~l in their
infra-red spectra. This has been found to be correct in the
case of the structures of the dioxo-compounds whose crystal
structures have been thus far established. Thus K [0802C14)
K2 [0802(0H) 4], KJReO2(CN)y} end [Re(py)y0z] C1.2Hz0 have been
shown to have the trans-dioxo-structures.

Evteev (28) is 1n disagreement with the formulation

by
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of {Re(en)zoé}01 as a dioxo-compound and’has reformulated it
as Eﬂe(en‘)z(OH)Q]CI. One of the reasons given in support
of this reformulation is the presence of a broad band at

3470 ecm~l in the infra-red spectrum, which has been assigned
by Evtgev to thé hydroxo-group. The'paper does not indlcate
whether the peak at around 820 em~! was observed at all in
the case of Evteev's compound. Johnson et al (11) and

Beard et al (10) prepared the compound by different methods
and observed & strohg peak at about 820 cm-1 in the infra-
red spectrum. Assuming that Evteev's compound is the same
as that of Johnson and Beard, Evteev's reformulation of
[Re(en)zoz]cl as the dihydroxo-compound [Re(en')z(OH)zJCI
fails to account for this peak. Johnson reports that his
compound was a dihydrate and that it was slowly hydrolysed

by water. In view of the fact that Evteev's compound was
prepared in aqueous medium, 1t 18 quite likely that his com-
.pound was in fact the hydrated dioxo-compound. This would
account for the broad band at 3470 en=1, Neither hydrogen
nor oxygen analyses are given for Evteev's compound. While
only the crystal structure determinatlon of the compound can
establish whether the compound has the dioxo~ or the dihyd-
roxo-structure, on the basis of the known strucfﬁres of this
claés of compounds it 15 felt that the dioxo-structure is

the more probable one. In addition to explaining the peaks
at 3470 cm~! and at about 820 cn-l the trans- dioxo-structure
would also account for the observed shift in the Re=0 stretch-

ing frequency on protonation.
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Betzner's crystal structure investigation (27) of
the compound [Re(en),0(OH)](C104), indicates that Evteev's
reformulation of this compound as [Re(en=) (en) (OH) 5 C104),
1s probably not correct. The dihydroxo-structure proposed
by Evteev should have two Re-0 bonds with bond distance of
about 2.1 A (29), while the reported value (27) is 1,84(3) A.

The observation that the odd layer photographs hkn
(n=1,3,5) contained reflections which were in general much
weaker than the even layer reflecttbns. 18 explained by the
fact that the rhenium atom is at fhe origin. The contri-
bution to the structure factor by an atom in general posi-

tion with space group Ce is given (30) by F = A + 1B where
A =4 cos2 2ﬂ(h+k)cos 2w hx+8z+8/4) cos 2mw(ky-4/4)
W
B = 4 cos? 2m (h+k)sin 2N (hx+8z+8/4) cos 2W(ky-L/4)
This simplifies to

A = U4 cos 2w(hx+lz) cos 2nky ‘
| for £=2n

B=4 sln-zw(hx+ﬁz) cos 2mky

and

>
n

-4 gin 2m(hx+bz)sin 2mwky
: for & =2n+1

4 cos 2m(hx+lz) sin 2wky

With the rhenium atom at the‘origln. reflections with even
- values have non-zero contribution to the structure factor,
since A # 0 and B = 0, However, reflections with & odd have

no contribution to the structure factor from the rhehipm atom
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since for én-atom with y = 0, both A and B are zero when {

is. -odd. Thus. for odd 9 reflections, the intensities
which are proportional to the square of the structure factors
are low, only the lighter atoms contributing to the intensi-
ties of these reflections. ‘

It was also polnted out in Chapter II that the'osc114
lation photograph with ¢ axis as the rotation axis had the
odd layer lines very weak compared to the even layer lines.
This indicates the existence of pseudo-symmetry in the struc-
ture. If the very weak odd layer lines had been completely
missing, the unit cell would have been just half the true
length in the ¢ direction. The very weak od¢ layer lines
imply that the arrangement of atoms in the unit cell is
similar to, but not identical with, the other half of the
unit cell in the ¢ direction. This difference between the
two halves gives rise to the wesk odd @ reflections, which |
would have been complétely absént if the two halves had been
identical (16).

Thus, there are two factors which cause the intensi-
ties of odd § reflections to be very wesak. First, only
11ght atoms (atoms other than rhenium) contribute to their
intensities; second, there s pseudo-symmetry 15 the struc-
ture, with the two halves of ﬁhe unit cell being similar to,

" but not identieal with. each other in the ¢ direction. It
follows that for good agreement between the observed and
calculated structure factors for odd reflections, (a) the

positions of the light atoms should be known quite accurately,
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and (b) the alfference in the two halves of the unit cell
which are similar to each other should be sufficiently
correctly broughﬁ out in the trial structure, Even slight
inaccuracies in these can cause a poor agreement between
the observed and caloulated structure factors for odd
reflections. This probably accounts for the relatively
large R-values for odd 8 reflections (0.235, 0.153, and
0.233 for hkl, hk3, and hk5 type reflections respectively)
as opposed to the lower R-values for even 4 reflections
(0.134,0.088, 0.098, 0.118, 0.103, &nd 0,099 for (hol),
(nx0), (0kl, b=even only), (hkZh), (nk2) and (nkk) type
reflections‘respectlvely.

Burovaya (12) has investigated the optical proper-
ties of the compound Re0,Cl.4(py) and has reported that the
crystal belongs to monoclinic symmetry with a:b:c = 1,62: 1: 1,01
and P= 106°, From the formula the commound is the anhydrous
dioxo-tetrapyrldtnerhénium(V) chloride. However, it 1is
possible to choose a set of three axes from the lattice of
trans-dioxotetrapyridinerhenium(V) chloride dihydrate which
corresvrond to those reported by Burovaya. Thus, the trans-
lations (2a3 - a1)/2, ap, and (2a; + a3)/2 have the interaxial
ratios 1.63: 1: 1.03 with‘P = 107° 30°. it is éuite likely
thathBurovaya's compound 1s the dihydrate of the dioxotetra-

pyr;dinerhenlum(V) chloride, fhe structure of which has been
described in this thesis.,
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