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Abstract :
 The noble-metal tetrafluorides IrFA ,',RhF4 and PdF,
have been synthesized. All three fluorides are isostructural
with PtF, the unit cells being face centred orthorhombic,Z = 8,
(probable space Fdd2) with the following parameters :

. o o

| aj(A) b (A)  c_(A) v
| IrF, '9.64(2) 9.25(2)  5.67(1) 505.8
RWF,  9.71(2)  9.05(2) 5}63(1), 494.7
PAF 9.37(2) 9.24(2)  5.84(1) 505.6

_ .PdF4 is diamagnetic (low spin g6) whereas'RhF4 and
IrF4 are paramagnetic. The magnetic susceptibility of the latter
obeys a Curie-Weiss law over the temperature range 100-300°K
(6= -60°K) with Hogg = 1-89 B.M, Below 100°K significant. |
deviation from the Curie-Weiss relationship occurs. This
and the large negative value of the WeiSs temperature are
.consisteht with antiferromagnetic coupling_betWeen adjacent
iridium atoms. This is in harhony with.a propeeed structural -

"model.



- INTRODUCTION

Within recent yearé our knowledge of the binary fluorides
of the platinum metals has been extensively-revised.

In 1958, the fluoride long known (1) as OsFg was shown -
by Weinstock and Malm@) to be OsF6 and, in 1965, the fluoride of
iridium, reported (3,4) on two occasions to be a tetrafluoride
was shown-(S) by Bartlett ‘and Rao to bé'a pentafluoride. New
hexafluofidés and pentafluorides (9, 10, 11) (in addition to RuF
which had long been known) have now established hexafluorides
and pentafluorides for all of the plétinum metals_other'than |
palladium. Moreover, the trifluorides, RuF3, RhF3; PdF3 and- ,
IrF3 have been established by X-ray crystal;structure analysis (12)
although that of palladium has been shown (13) to be the mixed
oxidation state compound Pd(II) Pd(IV)Fs. So far only one binary
fluoride of the platinum metals, Psz, has been reported (14, 15, 16)

The establishment;of pentafluorides of rhodium and.
iridium (5)’aé well as the trifluorides raised the possibility
of each element also making a tetrafluoride (17). On the other hand
the mixed oxidation state character (13) Qf ﬁPdF3" (Pd(II)Pd(IV)FG)
raised the possibility of the tetrafluorides RhF, and IrF, being
M(III)M(V)F8 compounds. At thevsame time the existence of PA(IV)
in the compound Pd(II)Pd(IV)F6 indicated the probable existence

of PdF4.

The tetrafluorides. were also, however, of considerable
'interes:forAtheif structuralfeatures. Oétahedralcoordination.was
already thé established platinum-metal atom coordination in the hexa-
fluorides(18), pentafluorides (19,20 ), trifluorides (12) and PAF, (16)
but the preliminary structural findings of Bartlett and Lohmann (21}
on PtF4 héd indicatéd the_possibility (22)‘of that fluoride being

a structural relative of UCl4 (in which the uranium atom is
eight-coordinated in chlorine atoms in two .flattened-tetrahedral-
four—fold sets, one close and the other more diétant from the

metal atom (23). Of course such a structure in a tetrafluoride



renders all of the fluorine ligands equivalent whereas adoptlon of
octahedral metal-atom coordination 1mmed1ately requlres F-ligand
’ 1nequ1valence. Such 1nqu1valence had already been established (19,
20) for the platinum metel'pentafluorides, in which somewhat
distorted MF6 groups are linked by a sharing of two of the F.
ligands (in cis relationship to each other) with 2 other octahedra
to form cycllc tetrameric units (MF5)4. _
The tetrafluorldes of iridium, rhodium and pallad1um(13)
.have been establlshed by the work reported in this paper and

‘together with PtF, constitute a-structurally‘related set.
EXPERIMENTAL.

Materials. Finely divided or-Sponge'platinem-metals of

high purity were obtained from Johnson, Matthey and Mallory Ltd.,

(Rh, Pd)and Engelhardt Industries Inc., (Ir), and the iridium

and rhodium were used as obtained. The’palladium wés.always
.cohverted'to-£he.dibromide prior to fluorination. PdBr2 was

prepared by dissolving palladium sponge 'in concentrated hydrobromic
acid containing bromine. The solution was passedethroughva sintered
glass fiiter and was then evaporated to drynese. The final drying

was achieved byuplacing the powder in a glass ampoule which was

_ theh pumped down to a hard vacuum for several hoﬁrs. The ampoule

was subsequently opened only in the dry atmosphere of a VAC }
Corporation "Drilab". Bromine trifluoride obtained from Matheson‘ ;
Company, East Rutherford'N.J;,vU.S.A., was vacuum distilled and the
more volatile impurities were rejected. Fluorine was used as

supplied by the Matheson Co.

AQEaratus.' Flﬁorinevand bromine trifluoride were used ‘
1n systems 51m11ar to those prev1ously described(24). A nickel or :lonel
contalner was used in the synthesis of ‘each tetrafluorlde as
detailed below.

Irldlum Tetrafluoride

Preparation. Although it was possible to prepare IrF,
by direct fluorination of iridium sponge with a slight excess of

: fluorine (31 psi) at 310° the best synthetic approach proved to be
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from the interaction»of'IrF5 (in excess) with iridium metal sponge.
Iridium pentafluoride was prepared by heating iridium sponge with
the stoichiometrically reqﬁired quantity of fluorine. A typical
synthesis involved 2 to 3g metal contained in a Monel véssel of

~ 100 ml capacity, the pressure of F2 gas being N2 to 3 atmos-
pheres. The base of the vessel (25) was heated to 300° (10 hrs)

and the 1lid (Which,was provided with a Teflon gasket) was kept
cold with a stream of cold air. The pentafluoride was removed

in the "Drilab", as a vellow crystalline solid, from the 1id and
‘upper walls of the reactor . , )

"In a typical 1r1d1um tetrafluoride synthes1s, sponge
iridium (~ 0.1 g) was heated with a large excess of the. penta-
fluoride (v 1lg) in a small nickel vessel. This vessel was made
by welding a cap to a 3 in. length of 1/2 in.-diam. nickel tUbing,
The tubeiwas-provided,with'a Swagelock stopper, the fitting and
gaskéts being of Monei metal._The materials wére;loaded, in.a
small nickel bﬁcket into the vessel in the dry nitrogen atmosphere
(1 atmos.) of the "Drilab" and the vessel Wasvséaled before 1its
femoval; The ehtire vessel was immersed in a sand bath and the
upper région was maintained at a slightly higher.temperature (400°)
than the base (350°) . The vessel was maintained at this temperature
~ for A~ 12 hours and was then allowed to cool slole to 180° at
‘which temperature it was held. for 10 hours. This'last step was to
facillitate recrystallization of IrF4 from'liquid iridium penta-
fluoride. The excess IrF5 was removed from the IrF4vby heating the
opened small container within a large container (similar to that
used in the IrF5 synthesis) under vacuum at 260°.

v On occasions traces of Ir metal remained with the IrF,

(as revealed by X-ray powder photography and the magnetic behaviour) .
It was then necessary to mix the material with'IrF5 and repeat

the above proceedure! ' '

The solid was llght brown and hydrolysed slowly in moist
air to yield a violet product. Analysis by pyrohydrolysis (26) for F
followed'by reductién in hydrogen for Ir, ylelded F, 27.8 ; Ir, -
72.4 3. IrF4‘requi£és F, 28.2 ; Ir, 71.8 %;.°X—Ray Powder Data
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for IrF4_arevgiven in Table 1. They establish the isomorphism of
IrF, with PtF, (which in the original paper (21) is described in
terms of a special body-centred monoclinic cell (a = c¢) which is .
The obser&éd reflexions obey

the conditions : hk 1 : h+%k, k+ 1, (1L + h) =2n ;

0kl :k+1=14n, (k, 1 = 2n) { ho1l : 1 +h 4n (l; h = 2n);
hkO0Oz: (h, k=2n) ; 0kO: (k=4n) ; 001 (1 =4n) and
"indicate the space group Fdd2 (N°. 43 in the International Tables
(27) . R

Magnetic Susceptibility Data for IrF4'Were obtained from

‘truly face-centred orthorhombic).

for X-Ray Crystallography)

a sample enclosed in a Kel Fcapsule, using a Princeton Applied
Research Corp. vibrating-sample magnetometér- Measurements were
made in the temperature range 4.2 to 300°K with applied magnetic
fields up to 12.5 kOe. The variation of theimagnetization of IrF,
with the applied magnetic field was found to be linear. Figure 1
shows the dépendence of the inverse of the Susceptibility of»IrF4
upon the temperature and Table 2 gives the numerical data. From 100
to 300°K there is a Curie-Weiss relatibnship*with a Weiss tempe-
rature of -60°K but below 100°K there is a marked departure from

this dependence.

Thermal Stability of IrF, . The tetrafluoride is stable

to 400° in a dynamic vacuum but above this temperature dispropor-
tionates : ' '
ZIrF4 - IrF3 + IrF5

A sample contalned in a nickel boat and
- quickly and quantitatively yielded" IrF5

‘containing end of the tube was inserted

Rhodum Tetrafluorlde.

s i e e amm Gy et et . — ————

Preparation. The synthetic

“for IrF4 but the

>51m11ar to that given

sealed -in a quartz tube,
and.IrF3,vwhen the sample-

in a furnace at500°.

proceedure for RhF, is
lower stability of RhF4

with respect to disproportionation requires that the temperature

not exceed 290°.

Fluorination of rhodium trifluoride. (12), at

250° for several days, with a slight excess of elemental fluorine

in a Teflon gasketed Monel reactor similar to that employed in the

- IrF

Analy51s by pyrohydro—
vielded F,

5 synthe31s yielded a sandy- -brown: solid.
1y$is for T, £oll owed by hydrozen reduction for Rh,
43.7 ; Rh, 36.09,RhF4 requires F, 42.5 ; Rh, 57.5 %.
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Our material in no way resembles the RhF, described by
Sharpe (17). Following Sharpes proceedure we obtained material
similar to that described by him. It gave an X Ray: powder pattern
which indexed on the basis of a face~-centred cubic cell, a =10. 31A
v = 1097 A3,
RhF4 or for any other binary fluoride composition were never

but satisfactory analyses for the st01ch10metry

obtained. We belleve that this material obtalned from bromine
trifluoride is not RhF4. _

The tetrafluoride as prepared by our proceedure hydro-
lyses rapidly in moist air and liberates ozone smelling gases
in the process. The solid was found to be paramagnetic but low
temperature studies have not yet been<oarried out.
| X-Ray Powder Data for'RhF4 given intTeble 3 indicate that

the compound is isomorphous and structurally related to IrF4 p

,PdF4 and PtF4.

'space .group FddZ2.

As for IrF4, the systematic absences indicate

Palladium Tetrafluoride.

Preparation. Since a pentafluoride'of Pd is so far

unknown the synthesis of PdF4 requires the fluorlnatlon of one

of the lower fluorides. Although it is possible to oxidize "PdF3
with gaseous fluorine the process is slow and becomes increasingly
more difficult as the “trifluoride" becomes more crystalline.

The preparation is carried out in a bomb similar to that described
else:where (25)_for the synthesis of'RhFS. Palladium (11)

hexa fluoropalladate (1IV), Pd2F6, may be conveniently prepared by
Sharpe's proceedure (17). This interaction of PdBr2 with bromine
trifluoride yields a material of comp031tlon BrF3 PdF3 the constl-
tution of which is presently unknown. It is of importance to the
effectiveness-of the PdF4 synthesis that this oomplex be decom-
posed at the lowest possible temperature, under vacuum. Decompo-
sition within a quartz bulb connected to a line of Pyrex trape'
prov1des for following the loss of BrF3 from the-complex, visually.
Decomp051t10n can be effected at temperatures sllghtly in excess

of 210°. The resultlng PdeF6 is pocrly crystalline and suitable
for the moderate pressure (~ 7 atmos.) fluorination, at 300° to

vield PdF ‘It is best to re-charge the bomb with fluorine at least

47
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once, as fluorine is consumed. The oxidation to PdF4 is slow and -
serious contamination with Pd2F6 may only-be'avoided by fluorination
over a period of several days. (It shoud be noted that fluorination
(13) of PdSnFG, which may be prepared from SnBr2 and PdBrZ in . BrFB,
ylelds an equimolar mlxture of SnF4 and’ PdF4 which is not contami-
nated by PdeFs,
PdF4 is a pink solid. It is a powerful oxidizer and 1is

and this mixture is diamagnetlc)

rapldly hydrolysed by moisture in the air. Analysis by water-vapour
hydrolysis, for F, followed by hydrogen reduction, for Pd, yielded :
F, 40.7 ; Pd, 58.5 % . PdF, requires : F, 41.7 ; Pd 58.3 %.

X~Ray Powder Data for PdF4 are given in Table 1. They indicate

isomorphism with RhF4 ’ IrF4 and PtF4, and the systematic absences

again,indicate,space group Fdd2.

_ DISCUSSION

' The demonstrated existence of IrF,, RhF, and PdF, as true
+4 oxidation state metal fluorides brings the oxidation states known
for the binary fluorides of the platinum metals to those indicated in
Table 4. It is of interest that the ready disproportionation of RhF
and IrF4 1nd1cates a preference (as 1n the Pd(II)Pd(IV)F6 case ' and
the dlsproportlonatlon (21) of PtFg to PtF. and PtF, ) for even
numbered d electron conflguratlons (Rh(III) and - Ir(III) belng low
spin d6 and Rh (V) and Ir(V) low spin d ) . The observed magnetlc
propertles of IrF4 clearly demonstrate the +4 oxidation state
(low spin d ) the magnetic susceptlblllty being akin to that
previously reported (28) for the isoelectronic PtF6 ion. The nature
of the temperature dependence of the magnetic susceptibility is also,
in harmony with the proposed structure, as is discussed. below.

The most 1mmed1ately 1nterest1ng aspect of the new tetra-
fluorides is the structural one. The X-ray powder data show that

IrF RhF PdF, and PtF4 all have the same space group and are plobi—

4’ 47 4
bly isostructural. Bartlett and Iohmann had noted (21) the’ similarity
of the PtF, cell to that of UCl, (23) . and Rao and Bartlett had

conjectured earlier (22) on all four tetrafluorides possessing this
structure. More recently we have realized that.a structure, other
than that of UC14, which has the appealing feature of preserving
the ha bitual "octahadral! COor”1na ion of the —wetal atoms, 1s also

possible. We have already’briefly described (29) this structure
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for the IrF4

in figure 2. ' ' : : .

case. The essence of the structural model is illustrated

[}

The unit cell volume is in all cases close to 500 A3 which
on the basis of Zachariasen's criterion (30) that the cell volume
of a fluoride structure is primarily determined by the number of

[+

fluorine atoms. (of effective volume ~ 16 A3 in IrF3 (12) and

RhF5 - (19)) indicates 8 formula units per unit cell. Certainly
the observed line intensities are consistent with eight metal atoms
in the speclal positions 0, 0, 0 ; % ’ % R % '; + (7 ’ % , 0 ;

% , 0, % and 0, % ’ %). Thus each metal atom (as in the UCl4 struc~-
ture) is surrounded by a flattened tetrahedral set of metal atoms

at a distance of ( Ya_ % + b %+ e’ /1) A . The ideal values

of'important distances and angles are given in Table 5. Calculations
based on this structure (for IrF, ) yield much superior’agreement
with the observed line 1nten51t1es (with a conventlonal R value of
o 10 %) than do refinements based on the UCl4 structure Wthh
yvielded a best R valuew1l? % which is indeed slightly inferior to
that'obtained from a calculation which omitted the F atoms

entlrely (RM16.5 %) . ‘

The metal atom placement just described, is generated
naturally in our structural model by the particular linkage of
octahedra by corner sharing. Of the si% F~ligands, octahedrally
coordinating each metal atom, four are shared (one to one) with
four other octahedra. Thus the stoichiometric requirements (MF4)
are fullfilled, in that each metal atom is coordinated uniquely
to two F ligands and has (on the average) a half share in four others
The- unlque F ligands in this structure are in cis relatlonshlp to
one another, in contrast with the NbF4 structure (31) where the
the unique F ligands are trans.All of the shared F ligands in the
IrF4Ftype structure‘are equivalent and are in the 16 fold general
positions of the space group. ‘

In the 1deal structure the octahedra are linked by corner
sharlng such that each shared F ligand (F ) makes an angle M-F-M
of 135°. A segment of the bridging system in one plane can be
represented thus o ‘

\;’( | : ﬁl\\“/ Y
4 TN

»
o
o
o
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A similar bridging system occurs in the plane at right angles.
‘Thus each M atoﬁ is linked to two M atoms above it and, in a plane
at right angles to the first, to two M atoms below it.

This structure is related to rutile and'the F centred
orthorhombic unit cell of MF4 can be derived'from a 2x2x2 stack
of rutile cells by omitting, in an ordered way;-half of the metal
atoms._Therevare, of course, important differences from the rutile
structure. These differences have particular relevence to the
magnetic behaviour. ' ‘
o In the simple magnetlc rutile dlfluorldes, magnetic
coupllng within the parallel sets of edge-shared chains of octahedra,
which run parallel to the ¢ ax1s of the body—centred tetragoral cell,
is much less important than coupllng between those chains (32).
(This is generally true when only one tran51tlon element is involved
in the structure) The antlferromagnetlc coupllng observed in N1F2
and certain other transition metal difluorides is con31stent
with dominance of the rgtgr—chaln coupling over intra-chain coupling.
Moreover in the MnAlF5 structure (34), where rutlle like edge- shared
octahedral chains (contalnlng the Mn(II) atoms) also occur, but
where sharing of F ligands between the chains does not occur, /
there is no-. evidence of magnetic couplihg dOWh-to liquid helium
temperature..In IrF, the edge—shared chains no longer exist, but
the F llgand sharlng, between the broken chalns, allows for
coupllng. It may well be that the large value of -60° found for
the Weiss temperature and the dev1atlon of the % versus T°K plot
(figure 1) from llnearlty, below 100 K, is due té;antlferromagnetlc
coupling by the agency of the shared F llgands

Our efforts are now directed towards the growing of. 51ng1e
crystals of RhF4 and IrF4 to determlne, with prec151on, their-
structural parameters and to define the magnetic behaviour more
certaihly . »
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TABLE 1

4

(orthorhombic unit cells at 23+2°; CuKo radiation,

=]

Ni filter : IrF, a ,9.64(1) b ,9.25(1) c ,5.67(1) (&)
PAF, a ,9.37(1) b ,9.24(1) b ,5.84(1) (&)
IrF, ~ PAF,
hid 1/a%x10" _1/ax100
~“obs..  calc. /1o phot.} obs. calc,—\ /I, (vis )

111 539 | 535 100 523 524 vs

220 902 | 899 52 927 | 924 s

311 1400 | 1392 42 1,1436

131 1474 | 1476 39 1453 1 {4607 s

202 1681 | 1671 29. 1634

022 L729 | (17135 '8 1642 | {1436} s

400 2 14713 847 | (18244 )

040 1871 | 1881 7 {1872 mw

222 | 2143 | 2141 9 2112 | 2096 ns

420 2188 | 2192 VW - 2292

240 J338 | (23993 26 2309 115358 m

331 2332 2387 | 2372 ns

113 | 3039 | 3022 20 2875 | 2868 ms

511 | - 3114 | 3104 *21 3277 | 3260 m

151 3341 | 3357 26 3349 | 3332 m

422 3428 | 3428 58 501 | (3464,

242 | 3543 | 3552, 125 13500 Vs

440 | 3586 | 3594 13709 | 3696 ms

313 3882 | 3877 17 3780 -

133 3961 | 3961 19 | 3806 | {3504] s
531 4047 | 4047 24 4244

351 4189 | 4211 24 | 4239 | {4395} s

620 4317 | 4323 20 4596 | 4572 ‘o

260 4640 | 4640 14 4668

333 4802 | 4816 14 4724 {4707} m

004 4973 | 4973 14 laess

602 | - 5095 | 5117 38 5289 | * 5276 m

062 5423 | 5455 15 5399 | 5384 n
622 , 5586 - 5744 -
513 5586 | {5503] 10 5619~ | 5568 ns

711 5662 | 5696 9.5 | ~6075 || 6068 w7

153 5836 | 5827 8 |i - || 5677, -

224 | | (5872 56191 5612 ms

262 5872 {5881} 45 - 7| s840

551 Usgs1 6075 | 6068 nw

171 6094 | 6151 19.5 | - 6140

533 6483 | 6535 16 | 6578 | 6541 m

731 6567 | 6631 16 | 6956 | 6932 mw

353 | 6686 - | | (6589 m

404 16664 | {gg97) 22 16578 _{6515 m
044 6830 | 6841 8 16563 n

_l { ) _!
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TABLE 2

IrF, magnetic susceptibility temperature

dependence
Temp . (°K x gx106 | oo Ry . X gx10°
- mp- . ) {Cc.g.s.unitsg p- (c.g.s.units)
1293 4.70 112 9.59;
283 |  4.82 ' | 90 1 10.68
270 | 5.02. 72 11.63
247.5 '5.42 | 62 12.40¢
226 5.82 | 49 | 13.46
199 6.39 36 - 14.14,
174 7.03 20 | 15.15
154 7.714 6 ~ 16.66,
133.5 8.44 '
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TABLE 3

X-Ray Powder Data for RhF,

(Debye—Schérrer data, CuKa radiation from a

graphite monochromator. Unit cell

orthorhombic
. . . o ) o, o
a, 9.71(2) ; b,9.05(2) ; ¢, 5.63(1) (An) ; VvV, 495 (A3),

Z =8, $.G. Fad2)
_ YY) ——
hk1 il V4 5. | /I vis.)
111 543 543 s
220 912 - 905 vvw
311 1391 1415 w
131 1519 1519 m
202 1684 _ , .
400 16967 1678 - m,b
022 1748 — |
040 1952 1950 v
222 2172 _ :
420 2184} 2165 - s,b
331 23675
240 ' 2376} 2390 w
113 3063, _
511 3087} .3076 wm,b
422 3444, o -
151 3471} 3470
242 3636
313 3911 3861 yw
133 4039 L
620 4304
351 4319} 4329 vVW
260 4816
004 5040 .
711 - 5631,
062 5652 5731 - vw,b
224 5945 — :
153 5991 —
551 6015 _
171 63393 6389 ~ vw,b

* vvw<vw<w<wmn<m<ms<s<vs

; b

broad line




-16-

TABLE 4

Oxidation States of the Known Binary Fluorides
of the Platinum Metals. : '

-4_Ru o , Rh - - Pd

62 ch

50 51

4° 43 43

3d 34 -

2

Os Ir: Pt

7e

6F 6" 6™

59 s 5h
47 l 4"
a

a, ref.7; b,0. RUFF and E. VIDIC, Z. anorg. Chem., 143, 163 (1923).
¢, J.H. HOLLOWAY and R.D. PEACOCK, J. Chem. Soc., 1963, 3892.

d, ref.12 ; e, O. GLEMSER, H.W. ROESKY, K-H HELLBERG, and H.U.
WERTHER, Chem. Ber., 99, 2652 (1966). .' o

£, ref. 2 ; g, ref. 10 ; h, ref. 8 ; i, ref. 11 and 19 ;
j,'presént work ; k, ref. 4 : ' S |

l, ref. 5.; m, ref. 6 ; n, ref. 9 and 20.
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TABLE 5

Comparison of Distances in IiﬁF4 - Type.Eluorides

IrF4 RhF4 PdF4 o PtF4
Closest M-M o ,
distance(a) *  3-63 3.60 '3.60  © 3.63
ide 1 M-F *r
seeat Ay, 1.96 1.94 1.93 1.96
distance (A)
* Ref. 21 _ . ' ,
¢+ The closest M-M distance is \/'aoz + b021¥'c02 / 4
%* 3

If the‘octahedfa are packed with ideal hexagonal close

packing M—Fb~Mv= 135° (see ref. 20). If, furthermore ., the
bridging F ligands are equidistant from the two bridged metal
atoms and have the coordinates x = y, z = 0 etc., then. |
M- F = Vg;2 + bo2 / 4 (1 + cos 45). Other studies (see ref.20)
indicate that M-F  will be less than M—Fb'
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' FIGURES CAPTIONS

F:Lg 1 : Dependence of the inverse of the susceptlblllty of IrF4

' upon the temperature _ o o
Fig. 2 : Progectlon of the IrF4 type structure 1n the (001) plane -
' showing the linkage of the MF6 octahedra.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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